0 0O MAY 2006 -1 SPECI FI CATI ON METHOD AND APPARATUS FOR CUTTI NG APART A GLASS
SUBSTRATE, LI QUI D CRYSTAL PANEL, AND APPARATUS FOR FABRI CATING A LIQU D 5
CRYSTAL PANEL Technical field The present invention relates t[]cﬂ Aayefphod and
an apparatus for cutting apart a glass substrate, as used as a gl ass
substrate of a liquid crystal display elenent or the like, that has a 10
deposited-filmlayer, such as a thin fillmor filmlayer, formed on at |east
one surface thereof. The present invention relates also to a liquid crystal
panel conposed of a pair of substSPECIFEECATIOMNNded together with liquid
crystal sealed in between and with polarizer plates bonded to the outer
surfaces of the substrate cells, and to an apparatus for fabricating a
plurality of such liquid crystal panels by cutting apart a gl ass substrate
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that has_pal ari zer pl ates bonded to both surfaces thereof. Background art
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scribing, 20 specifically by first securing the glass substrate on a

wor kpiSec CRYSHALARANEEut t i ng nmachi ne by vacuum chucking or the like, then
formng a linear scratch called a scribed line, which actually is a kind of
crack (hereinafter referred to as a crack al so), on one surface of the glass
substrate by the use of a wheel-shaped cutter having the outernost edge

t her eof %Emgaﬂiel? superhard material, such as superhard all oy or dianond,
and then pressing the glass substrate 0 8 MAY 2006 -2 from behind the
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substrate, as used as a glass substrate of a liquid crystal display element or the like, that has a
10 deposited-film layer, such as a thin film or film layer, formed on at least one surface thereof.
The present invention relates also to a liquid crystal panel composed of a pair of substrate
cells bonded together with liquid crystal sealed in between and with polarizer plates bonded to
the outer surfaces of the substrate cells, and to an apparatus for fabricating a plurality of such
liquid crystal panels by cutting apart a glass substrate that has a plurality of pairs, arranged
15  adjacent to one another, of glass substrate cells bonded together with liquid crystal sealed in

between and that has polarizer plates bonded to both surfaces thereof .

Background art
Conventionally, a glass substrate is generally cut apart by so-called scribing,
20 specifically by first securing the glass substrate on a workpiece stage of a cutting machine by
vacuum chucking or the like, then forming a linear scratch called a scribed line, which
actually is a kind of crack (hereinafter referred to as a crack also), on one surface of the glass
substrate by the use of a wheel-shaped cutter having the outermost edge thereof formed of a

superhard material, such as superhard alloy or diamond, and then pressing the glass substrate
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such as a press or roller, so that the crack that has been fornmed in the
scribed line on the glass substrate in the direction perpendi cul to the
substrate surface devel ops until eventually the glass substrate @#5@&§WE
apart. 5 Today, liquid crystal display elenents and other display devices
simlar thereto are fabricated, with a viewto fabricating themat |ow
costs, by cutting apart a large-format gpass substrate material, having thin
films, such as a transparent electrode like an ITOfilm an insulating film
an orientgf | £ ] ] I f nd,
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in the scribing of a conventional glass substrate. For exanple, scribing the
fi | m deposibsteate sutheadirectiens perpendipulaets the phbyratehsurthsp disieleps antilreyentualiy the t he
scribed lines. This nakes the deposited filns scatter in the formof fine

parti cl esglassRabstratybresiacphm. unaccept abl e product quality. Even scribing the
opposite, non-fil mdeposited 15 surface results in the deposited filns being
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contact with the Stage i ng machine. A soludtion to these
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above inconveniences by scribing the glass surface opposite to the
f i | m depoimsulatings filnh,aare oritisasionfilm, ansf thedikeeformediog. the Zurfatee thesdoli befatelandps ed
I n Japanese Patent Application Laid-Open No. H11-64834 will be described,
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problems arise that were unimaginable in the scribing of a conventional glass substrate. For
example, scribing the film-deposited surface results in destroying the deposited films around
the scribed lines. This makes the deposited films scatter in the form of fine particles, and
may lead to unacceptable product quality. Even scribing the opposite, non-film-deposited
15 surface results in the deposited films being scratched or deformed as a result of the film-
deposited surface making contact with the stage of the cutting machine.
A solution to these inconveniences is proposed in Japanese Patent Application Laid-
Open No. H11-64834, which discloses a conventional method for scribing a large-format
glass substrate having deposited films formed thereon into strip-shaped sections having
20 desired dimensions. This method attempts to overcome the above inconveniences by
scribing the glass surface opposite to the film-deposited surface.
Now, with reference to Fig. 52, the method disclosed in Japanese Patent Application
Laid-Open No. H11-64834 will be described, mainly by quoting from its specification. A

glass substrate 101 has a deposited film 102 formed on one surface thereof The glass



103 serving as a workpi ece stage by an unillustrated chucki ng neans, such as
vacuum In the surface plate 103, rectilinear openings 104 are ﬁ I ot
predetermned intervals so as to permt a scribing nmeans 105 serving as a
crack-formng neans for formng a scribed line, i.e., 5 a crack, to nove

al ong the openings 104 while scribing the bottom surface of the glass
substrate 101. A pushing neans 106 and -& positioning neans 107, each realized
with an air cylinder or the like, work together to nove the glass substrate
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a pushing pinl provi ded at the ti er eof’; e positioning ans 107
has a posjtioning pin 111 provided at _the ti hereof. 10 A,pressin ans
105 pr bodit seRiobgr BolHecd! s ibat i rait bk epdy, sbsIbRS PSS FRce

t hereof, against the top surface of the surface plate 103 so as to hold the
gl ass sublstsusieee plate 103, residingarppeniigs d 04 pesformed abpredetenmpinrd intprvplsise as to
descri bed. Wen the surface plate 103 is located in position "a" indicated
Wit h dot pemhit a seréhing hnreand H¥ssesvibg tis aceackddrming pleaae fortfbaniagm seribedlbng i.e.,
unillustrated transporting nachine, and then the positioning pin 111 at the

tip ofs t GerRQSithi RN FloNRaNE operingA0RSWRRWSCiing ke SBREACKifEe tdTans Wifsace
plate 103 in response to a positironing signal froma unillustrated

controlli ans. . St in 110.at ' f 1k |l ng._means
106, et cAAanal Y  OFphidd BRI IRl bl 107, ek reb BB W B 103
in the direction jndjcated by horizontal arrowin the figure until th

gl ass sutkkadss O she ﬁ%& wa%e@ss@ﬁ& tcmoyr e glags sHbstrateotl gty PRe Predetenpingf; s
way, the places at which to cut apart the glass substrate 101 are aligned

wi th t he poption ager amtherNesThe puishing oneans| 1106 s reepushing pies110 providedtat she tipo
chuck the glass substrate 101 onto the surface plate 103, then nove the

pr essi ng thgesfs addthetpositioning memsWodr ks acposhionihg pinddil ngovidedat the nipotheredt. and
press it against the top surface of the glass substrate 101, and then nake
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gl ass substrate 101. The scribing neans 105 repeats scribing while
thereof, against the top surface of the surface plate 103 so as to hold the glass substrate 101 in
position.
Next, how the method works will be described. When the surface plate 103 is
located in position “a” indicated with dotted lines, the glass substrate 101 is placed thereon by
15 a unillustrated transporting machine, and then the positioning pin 111 at the tip of the
positioning means 107 swoops down on the surface of the surface plate 103 in response to a
positioning signal from a unillustrated controlling means. Next, the pushing pin 110 at the
tip of the pushing means 106 extends so as to move the glass substrate 101 on the surface
plate 103 in the direction indicated by a horizontal arrow in the figure until the glass substrate
20 101 makes contact with the positioning pin 111. In this way, the places at which to cut apart
the glass substrate 101 are aligned with the openings 104. Next, the controlling means gives
instructions to chuck the glass substrate 101 onto the surface plate 103, then move the

pressing means 109 to the place where scribing is going to be performed and press it against

the top surface of the glass substrate 101, and then make the scribing means 105 scribe the



traveling fromone opening to another by being fed at the intervals at which
to formscribed |ines. Thus, according to this nethod, the gla%% RMOSE at e
101 is scribed frombelow the bottom surface thereof through the openings
104 forned in the surface plate 103. Here, the 5 force with which the gl ass
substrate 101 is chucked onto the surface plate 103 by the chucking neans is
not sufficient to counter the scribing 414oad exerted by the scribing neans
105, and this insufficiency needs to be conpensated for by pressing the
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pressi ng neans 109. The conventional nethod and apparatus Tor scribing
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material .. Wth_a gl ass,substrate hayin thip fil such .as. an | film
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wei ght - shaped one 109 shown in Fig. 52, for countering the scribing | oad
from bel dattomsyirfage thereofi ghrough thefapeningeil 4 ferowedrio yhel surface ipdate 383 oHerehthe
pressing neans itself. 15 For further cost reduction of liquid crystal

di spl &y dbreevitiswhieh tienglas substeatd b@hischackediontccthe safade platel 188 dg-thoehmking ass
material after formng filns, such as a polarizer plate and a protective
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gl ass strate as conventionally pract een customary to bond
pol ari zer
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cell. This, jnvolving pgsitioning. of the filnms relative to the glass

subst r at éi‘eﬁ dFEQ:fGF‘?? ce thegsaf vathsthe prespingieans 1%t reducti on The thi ckness
of a deposited filmvaries according to its type; while a thin film such . as
an | TO fil m iBheacdneentionahimekhask andhappaeatys forfsctibingalgettingsapatt) descabpd hbovez er
plate, is 10 mto 0.6 mmthick. Wth a glass substrate having such a film
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the fil mdeposited surface thereof. Wth the conventi onal
on a large-format glass material. With a glass substrate having a thin film, such as an ITO
film, formed thereon, however, the use of a common pressing means, such as the weight-
shaped one 109 shown in Fig. 52, for countering the scribing load from below results in the
thin film being destroyed by the load of the pressing means itself.

15 For further cost reduction of liquid crystal display elements, attempts have been made
to cut apart a large-format glass material after forming films, such as a polarizer plate and a
protective sheet, thereon instead of bonding those films after the cutting-apart of the glass
substrate as conventionally practiced. It has been customary to bond polarizer plates to the
outer surfaces of an upper and a lower glass substrate in the last step of the process of

20 fabricating a liquid crystal cell. This, involving positioning of the films relative to the glass
substrates and requiring an extra step, hampers cost reduction

The thickness of a deposited film varies according to its type; while a thin film, such

as an ITO film, is a few um thick or thinner, a film layer, such as a polarizer plate, is 10 pm to

0.6 mm thick. With a glass substrate having such a film layer formed thereon, it is



met hod and apparatus for scribing described above, the presence of the film

| ayer nakes it inpossible to cut apart the substrate after scribing. On the
other hand, in the case of nedium to small-size liquid crystal jBahl 206in 5
particular those with screen sizes up to about 5 inches, it has been
customary to fabricate them by first cutting apart |arge-format gl ass
substrates already bonded together roughly into strip- shaped gl ass
substrates, then processing themin predeterm ned manners, as by putting and
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into a predetermned panel size to produce a plurality of individual cells
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liquid cr sta panel fab i C ted b th| conventional method will be

descri be quﬁl feitg cubapart the substate ﬁ’;5'é3ff’rspect|ve external views of the
conventional liquid crystal panel, vm th the figure at (a) showing the top

si de t hereof Smdthehesher hend; anthe (d@)e of angdigmy be shallisize bquid drissalepdnelsThns
liquid crystal panel 550 is conposed of a 15 pair of substrate cells 551a and

551 b Isongadichlagtiosewithcrebr ¥izegup toabodt § inchelit e deetlcistomdre ivvedricateikerend of
one 55l1a of the substrate cells protrudes fromone end of the other 551b,
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di spl ay region, (not shovvn% When the liquid crystal panel is designed for
use in as diquidycnystakin etwsefu.taerbﬁy@wapumps waaewleélyumaatqﬁlp@ve@e
display by transmtting light froma |light source, the polarizer plates 552a
and' 552b phsal sizedagindduce quplirality efmdanidua cells; andrthan@xdiimpd:leriiaq@tmmﬂwt her
with the liquid crystal cells 551a and 551b sandw ched in between. 0 8 NMAY
1006 106- individwed Q¥IBITD ippdtitice agihitality bE figuid et paies.i nvol ves bondi ng pol ari zer

pl ates one by

Now, with reference to Fig. 53, the liquid crystal panel fabricated by this conventional

method will be described. In Fig. 53, there are shown perspective external views of the
conventional liquid crystal panel, with the figure at (a) showing the top side thereof and the
figure at (b) showing the bottom side thereof. This liquid crystal panel 550 is composed of a

15 pair of substrate cells 551a and 551b bonded together and having liquid crystal sealed in
between. One end of one 551a of the substrate cells protrudes from one end of the other
551b, and, on the inner surface of the protruding portion 551aa are formed connection
terminals 553 by way of which the liquid crystal pane! is driven. Moreover, on the outer
surfaces of the substrate cells 551a and 551b, polarizer plates 552a and 552b are respectively

20 bonded so as to cover the display region (not shown). When the liquid crystal panel is
designed for use in a so-called backlit liquid crystal display device that achieves display by
transmitting light from a light source, the polarizer plates 552a and 552b have roughly equal

sizes and are so arranged as to face each other with the liquid crystal cells 551a and 551b

sandwiched in between.



one to individual cells, resulting in extrenely poor fabrication efficiency.
Even when a dedicated nmachine is used for that purpose, the inf|Uﬁ e of
static electricity inposes a limt on the rate at which polarizeﬂ Bﬁgtﬂgican
be bonded (typically, 8 to 10 seconds required per 5 polarizer plate). Thus,
to cope with demands for high yields (fabrication of as many liquid crystal
panel s as possible) on the market, a | arefge nunber of polarizer plates need to
be treated concurrently on a |arge nunber of machines. This greatly

i ncreases pl anhe 3BAvéGivhAMBthod HREGHbeA BbodE ol Bdﬁarr@ﬁ frizi 1408 bie BY
liquid crystal panels as end products. A way to avoid this is proposed, “for

exanpl e, | a e | cat.l | d- . . H6- 3 9, which
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pol ari zer, plate having cut, |ines, marking where to cyut apart, .fornmed at.
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plastic substrate is cut apart along the cut lines to produce a plurality of
| i qui d crpgharatpahwhich prdarered iplagest eant bei bonded Htypicallie8 tpdlasecends rpquited per

bonded to the substrate before the substrate is cut apart. This hel ps greatly

15 scal e panyigert pletept €Phust fetdpeokitiodesibmds fob @ighoyialds 1 fibribatadreof dshigny liguilds
possible to inprove fabrication efficiency wthout unduly increasing
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di sadvan First, a polarizer plate pol yvin
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Therefore, 20 when cut lines are formed in this polarizer plate, unexpected
appl i cat ispendsie, and dug incrrasestthe passs oliguid Pﬁyﬁqabpq@@@tamndpmw around the cut
lines, eventually |leading to warping or breakage of the polarizer plate. .In
particul ar, wiewayandwdid thisissproposed; ér examppn limdapamesePatent Appliatipo Iaed-

bonded thereto so that the cut liens are |located at predeterm ned places on
the sHPStOphNo. H342138CwERK diicRised & et fof fabridatidy apﬁ?.ﬁﬂ thathl pagd) iwterebyhi ch

I s di sadvantageous to cost 0 8 MAY 2005 -7 reduction of liquid crystal
panel's.  first a polarizer plate having cut lines, marking where to cut apart, formed at predetermined
places thereon is bonded to a plastic substrate, and then the plastic substrate is cut apart along
the cut lines to produce a plurality of liquid crystal panels. According to this method, the
polarizer plate is bonded to the substrate before the substrate is cut apart. This helps greatly
15 scale down the step itself of bonding the polarizer plate. Thus, it is possible to improve
fabrication efficiency without unduly increasing plant-and-equipment spending.

This method, however, has the following disadvantages. First, a polarizer plate itself
is formed of polyvinyl alcohol sandwiched between layers of cellulose triacetate or coated
with an acrylic resin, and is formed as a thin film about 0.2 to 0.6 mm thick. Therefore,

20  when cut lines are formed in this polarizer plate, unexpected application of a load thereto may
deform the portion thereof around the cut lines, eventually leading to warping or breakage of
the polarizer plate. In particular, when bonded to a substrate, the polarizer plate needs to be

bonded thereto so that the cut liens are located at predetermined places on the substrate.

This necessitates the use of a high-precision machine, which is disadvantageous to cost
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Second, when the substrate is cut apart, the polarizer plate is also cut
apart (even where a cut line is fornmed, the portions of the polari pl at e
across it are separated fromeach other). In particular when a gI§§QMY 2006
substrate, which is brittle, is used as the substrate, the 5 substrate and
the pol arizer plate have quite different properties, and therefore, unless
special care is taken, the gl ass substr/ate may break at i nappropriate

pl aces, or the polarizer plate nay exfoliate unexpectedly. That is, it is

extrenel yedqbtf,gﬂ gﬂlthd@yﬁwpa},ggm apart w thout degradation in quality. Thus,
this nmethod | eaves room for inprovenent. InC|dent ally, Japanese Pat ent
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as the substrate, and ‘gﬁfore te n uraII i ves no (E)Fmal
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conventional liquid crystal panel shown in Fig. 53, the individual substrate

cel I s 55bthegnd I paticatae wheinna @latse substrapes dvloch ¢ beitle, sbosed @ thetsubstrate, ntirg ,
and therefore the protruding portion 55laa, in particular, is nmechanically
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properties laid on one 20 another. As a result, at the edges of a polarizer
pl at e bod@s@datenains guality ot Thus| this method leavesorqash tohdmprayament: r Ingidentaliy
like. This makes it difficult to assenble a liquid crystal panel into a .

| iquid cdymanede Ratepl Applieationel.aidrOpeaNes HE134213P apresuppopdsathe wse el gilastice
fromthe substrate cell unexpectedly. Furthernore, in a case where a

r enoviabl guipstates of Whithithé Matefial & similar fohtfe nfatdrl ofthefpataizef, a8 tROJuBEtrEang! at e
so as to be |ntegral therewith, when the liquid crystal panel is 0 8 MAY 2006
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On the other hand, in the conventional liquid crystal panel shown in Fig. 53, the

individual substrate cells 551a and 551b are thin (when formed of glass, about 0.4 to 0.7 mm),

and therefore the protruding portion 551aa, in particular, is mechanically weak. Thus, when

15 the liquid crystal panel is transported from one place to another or assembled into a liquid

crystal display device, if it is hit or dropped, the protruding portion 551aa may be cracked or
deformed, or broken at a corner.  Accordingly, extremely cautions handling is required.

Moreover, in recent years, a polarizer plate itself has come to be given multiple

functions, and is formed of a plurality of sheets having various optical properties laid on one

20 another. As a result, at the edges of a polarizer plate bonded to a substrate cell, there are

often observed burrs and the like. This makes it difficult to assemble a liquid crystal panel

into a liquid crystal display device, or causes the polarizer plate to exfoliate from the substrate

cell unexpectedly. Furthermore, in a case where a removable protective film is laid on the

outer surface of a polarizer plate so as to be integral therewith, when the liquid crystal panel is



filmmay exfoliate fromthe polarizer plate unexpectedly and scratch the

pol arizer plate itself. Disclosure of the invention 5 It is an object of the
present invention to provide a nmethod and an apparatus for cutthg ?g@@t a
gl ass substrate having a deposited-filmforned thereon whereby t Qa
substrate can be cut apart without being affected by the presence or the

t hi ckness of the deposited filmwith re8pect to the scribing of the glass
substrate. It is another object of the present invention to provide a liquid

crystal RedAsporiedSRorh 'dadplddd tbmihewlﬁ%me&fmé@m%ﬁﬂ eAlstad PRt devided the €€
from unexpected exfoliation of a polarizer plate. Sinultaneously, it is also

an obj ectgof 1 i I 3 [ gating a
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a polarizer plate bonded thereto wherewith liquid crystal panels as

descri bed above can be fabricated wthout degradation in quality and with

i nproved fabrication efficiency. 15 To achieve the above objects, according
to the prRisdasureedthe inyentiom a nethod of cutting apart a gl ass substrate
having a deposited filmformed thereon, there are provided glass substrate

exposifig neandlt fioanrebjgxy iofghs tprésent irnetion 06 tprevide af methed cexdosi bpghritub foso as
to expose strip-shaped regions on the substrate, and crack form ng neans for

form ng bt I ; t he
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means. Her the_glass.s tr I:S.. CU on t he cracks., More [,
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gl ass substrate,.including a workpiece_ stage on which a glass substrate
having a %@eﬁqutfé@mfh TespeCh Fn g ss%@nseﬁaw?wa tatesecuri ng neans for
securing the glass substrate in a predeterm ned position on the workpiece
stage, crack flbisanegherwhiest pbthefpresennipventionkts pravide 8 ligiid ags@! panel fige fipimas s
substrate so as to permt the glass substrate to be cut apart along the
cracksp alodal wedkesing d nievhasicilotrefphl 4ig fréefrofmakexipedtsd RYfOIREAGS of @ polarizer

predeterm ned position, wherein the
plate. Simultaneously, it is also an object of the present invention to provide an apparatus
for fabricating a plurality of liquid crystal panels by cutting apart a glass substrate having a
polarizer plate bonded thereto wherewith liquid crystal panels as described above can be
fabricated without degradation in quality and with improved fabrication efficiency.

15 To achieve the above objects, according to the present invention, in a method of
cutting apart a glass substrate having a deposited film formed thereon, there are provided
glass substrate exposing means for removing strip-shaped portions of the deposited film so as
to expose strip-shaped regions on the substrate, and crack forming means for forming cracks
so as to permit the glass substrate to be cut apart along the strip-shaped regions exposed

20 thereon by the glass substrate exposing means. Here, the glass substrate is cut apart along
the cracks. Moreover, according to the present invention, in an apparatus for cutting apart a
glass substrate, including a workpiece stage on which a glass substrate having a deposited

film formed thereon is placed, securing means for securing the glass substrate in a

predetermined position on the workpiece stage, crack forming means for forming cracks on



~apparatus cuts apart the glass substrate into a plurality of blocks along the
cracks, there is provided a glass substrate exposing neans for renoving
strip-shaped portions of the deposited 5 filmso as to expose str%pymhqmﬁd
regions on the glass substrate. Here, the cracks are so forned that the

gl ass substrate is cut apart along the strip-shaped regi ons exposed thereon
by the glass substrate exposing neans. By this nmethod and with this
apparatus, it is possible to renove portions of the deposited film
sufficient to formcracks and then formcracks along strip-shaped regions 10

exposed the gl wbasse Sulastto glemit ah @tats subdiatedtoabs cotudpmitt slbfg tie Hacikstandpart
al ong the cracks. This nakes it possible to cut apart a glass substrate

havi ng aRyuinteneins 45PA8YihE thef drhéR fo?lhggjrpem% %%edeh{r&mea dﬁ@ﬁi%nf{whé&fmé as

an overcoating filmor transparent e ode to 'a filmsuch as " a polarizer

plate or_a deposited fi]lm to L to. 2 mmthi.ck h,as, a resin filmor,

D ot ect | eParaity st et ot elsBs sfbotral Cinfo A R HREof PEBR BloRg iR hfbokh BB
film 15 Moreqgver, to achieve the above objects, according to the present

i nvent i oRfovidediacglasg substipte eNpoping aneans forgpiaviag ship-shaped poiions ohide dgpesited| | s
bonded together with liquid crystal sealed in between and wth pol arizer

pl at e§ bihned asotooerpmse stripFshaped oégivimeos uhes iglaas sulssedates. Hane, thedirddksrare soe end
of one of the substrate cells protrudes fromone end of the other of the

subst r at gorafRl!thatSRe gRsd QbR R AaFtUlibAROthE Qfrip-SHaped tdxphsei@hérebbs by
way of which the 20 liquid crystal panel 1s drivenis forned on the inner

surface %oé} §S%£&¥MQBQPE%%£n’ and the polarizing plate so extends as to
ace o

cover the er sur € protruding portion. Thus, the protruding
portions is rejnforced by the .polarizer plate. This.enhances nmechani cal

D er engt . Mor BLURS TRt atd vl v @praBinit s OeRDIGMD T8MPYe AOHDs v, e
panel is conposed of a pair of substrate cells bonded together with |iqui-d
crystal <epgsited ifimpsuffieient tndorm cracks|andthen forng crasks abug stripshapedt egiansnded
to outer surfaces of the substrate cells. In addition, the edges of the

pol arlilz erexpgsedtoashaghass sufstratectd pesmitcthé glass aubsenatel todde @ @padnldnigahe beacksres

t hi nner and thinner toward the -

This makes it possible to cut apart a glass substrate having any type of deposited film formed

thereon, from a thin film such as an overcoating film or transparent electrode to a film such as
a polarizer plate or a deposited film up to 1 to 2 mm thick such as a resin film or protective
film, without being affected by the presence of the deposited film,

15 Moreover, to achieve the above objects, according to the present invention, a liquid
crystal panel is composed of a pair of substrate cells bonded together with liquid crystal
sealed in between and with polarizer plates bonded to outer surfaces of the substrate cells. In
addition, one end of one of the substrate cells protrudes from one end of the other of the
substrate cells so as to form a protruding portion, connection terminals by way of which the

20 liquid crystal panel is driven is formed on the inner surface of the protruding portion, and the
polarizing plate so extends as to cover the outer surface of the protruding portion. Thus, the
protruding portions is reinforced by the polarizer plate. This enhances mechanical strength.

Moreover, according to the present invention, a liquid crystal panel is composed of a

pair of substrate cells bonded together with liquid crystal sealed in between and with polarizer



substrate cells. This prevents the edges of the polarizer plates from being

caught accidentally, and thus hel ps prevent exfoliation thereofﬂqmﬁqQﬁpver
to achi eve the above objects, according to the present inventioH,i
apparatus for fabricating a liquid crystal panel, nore specifically one for
fabricating a plurality of the liquid crystal panel described above by
cutting apart a glass substrate that hago-a plurality of pairs, arranged

adj acent to one another, of glass substrate cells bonded together wth

i quid leagésfdﬁn& oe&t'ﬂklkﬁkwmhéﬁﬂbd%%?é ?JPQ.S RO hAiti ,Hh@k%%%f‘g?ﬁ@ agriie?ofm h

surfaces ereol, there are provi gl ass substrate exposin ans

r enovi ng rip-shaped.portions of. the polarizer plat.es so,as. to expo

Ser b o AR e 57 BRECREHA bR S tict 38R BAd Ems BiferaB ARingeH/EAAET e,
form ng cracks so as to permt the glass substrate to be cut apart along the
stri p- shaystratecgelln eXpissBEevemsr ten edgest RE the apeladzass platase fionp dsingg cavetis.
Here, the glass substrate is cut apart along the cracks. Thus, first,

por t i ons acdidenkatly paridathuz belpppraves eafoliatidn thereofied al ong t he boundari es bet ween
the substrate cells, then cracks for cutting-apart are forned along the

stripsshaped ©MeeoRS, BXRAREE He Ave BHisss, Ssidinl € A Bres&itlinbent@d id han the
gl ass substrate is cut apart along the'cracks. In this way, individual

SUDSL 2 SoBEe, B Rl Bl oS bt e LMY M3

IS pos e to cu radatt on
uality. reover, there is no need to . use special 20 equipnment to bond the
bol ari ﬁem?@vl&w? ths-fiqui cpistal pag Clessrihed STy B ias SR ALBuEss oubstisee that has
efficiency. Brief description of drawings Fig. 1 is a diagram schematically
showi ng hplralityepfains cafréngedaijacens to wac anotherh of glags sukstraecslls bandeg|tagesher
substrate cutting nethod of a first enbodi mrent of the invention, with a side
vi ew showith Hiuid ayysealcsealedl rinrietweeavarkhthan has pélagizerFplates Bohdedatd Bothasugfadesvi ew

of Fig. 1(a).

190 tl(lerlof, there are provided glass substrate exposing means for removing strip-shaped portions
of the polarizer plates so as to expose strip-shaped regions on the glass substrate, and crack
forming means for forming cracks so as to permit the glass substrate to be cut apart along the
strip-shaped region exposed thereon by the glass substrate exposing means. Here, the glass
substrate is cut apart along the cracks. Thus, first, portions of the polarizer plates are

15 removed along the boundaries between the substrate cells, then cracks for cutting-apart are
formed along the strip-shaped regions exposed on the glass substrate as a result, and then the
glass substrate is cut apart along the cracks. In this way, individual substrate cells are
produced that each form a liquid crystal panel. That is, it is possible to cut apart the glass
substrate without degradation in quality. Moreover, there is no need to use special

20 equipment to bond the polarizer plates on the glass substrate. This enhances fabrication

efficiency.

Brief description of drawings

Fig. 1 is a diagram schematically showing how a deposited film is removed in the



Fig. 3is a front view schematically showi ng how a crack (scribed line) is
formed in 5 the first enbodinent. Fig. 4 is a front view schemhhmk%
illustrating how a deposited filmis renoved in the cutting met 064
second and a third enbodi nent of the invention. Fig. 5 is a diagram
schematically illustrating how a deposited filmis renoved in the cutting
nmet hod of a fourth enbodi mnent of the inygntion, with a side view shown at (a)
and a 10 front view shown at (b). Fig. 6 a side view schematically show ng
anot her TS?{THI f i : [ 7] f '

schemat i ?a y bﬁr?ﬁfﬁsct ?gltgirﬁ%{%&c:\?v{egh eﬁg}sB :aplénde rEio?tmhei lgb%é%vggﬂitanﬂ({eﬁogewéﬂﬂwng
nmet hod of fifth embodi pent the invention. Fig. 8 is a side view

schemat i 855@9“4??’85%8%5%‘%8&"& deposited filmis renoved in the 15 cutting
met hod of a sixth enbodi nent, of the invention. Fig. 9 is a front view
schemat i cal | y Fighdus aryeerged viewsfi¥igsi(®brned in the cutting nethod of a
sevent h enbodi nent of the invention. Fig. 10 is an external view of the
cutter used i Fig Beiscaufrontmgewschemdatafallgrshewiigt iow andvaddi (seribedoling) e formednini on.
20 Fig. 11 is a side view schematically illustrating how a deposited filmis
renovead ke irsCemiddiiédt enbodi nent; Fig. 12 is a front detail view of the
cutter used in the eighth enbodinent; Fig. 13 is a sectional view along |ine

A T S e R e i

a perspective view of. the crack form .means, (scribing unit) used in the
cutting gbglggggqggo\%foflaﬁgc And & Ipéga;n diment of t‘ne invention.

Fig. Sisa diagram schematically illustrating how a deposited film is removed in the

cutting method of a fourth embodiment of the invention, with a side view shown at (a) and a
10 front view shown at (b).
Fig. 6 a side view schematically showing another example of the fourth embodiment.
Fig. 7 is a front view schematically illustrating how a deposited film is removed in the
cutting method of a fifth embodiment of the invention.
Fig. 8 is a side view schematically illustrating how a deposited film is removed in the
15  cutting method of a sixth embodiment of the invention.
Fig. 9 is a front view schematically showing how a crack is formed in the cutting
method of a seventh embodiment of the invention.
Fig. 10 is an external view of the cutter used in the cutting method of an eighth
embodiment of the invention.
20 Fig. 11 is a side view schematically illustrating how a deposited film is removed in the
eighth embodiment;
Fig. 12 is a front detail view of the cutter used in the eighth embodiment;
Fig. 13 is a sectional view along line m-n shown in Fig. 12;

Fig. 14 is a front view of the glass substrate cutting apparatus of a ninth embodiment



Fig. 16 is a plan view of the cutting apparatuses of the ninth and a tenth
enbodi nent 5 of the invention as seen fromabove; Fig. 17 is a fﬂrﬂomy mﬁaw of
the cutting apparatus of the ninth enbodinent, in the state before
deposited-fil mrenoval operation; Fig. 18 is a front view of the cutting
apparatus of the ninth enbodinment, in the state in the mddle of
deposited-fil mrenoval operation; 10 Figr-19 is a diagram schematically
illustrating the principles of the glass substrate cutting nethod of an

el event hyembadienBst of the invention and how a part of a deposited film is
renmoved %y an apparatus enploying the nethod; Fig. 20 is a diagram

schematical ly.illustrating the principles,of the glass, substrat ut t i ng

nmet hod of a tg\}& flg N 3rﬂ§’5sc§’|%%‘ﬁet Vl§¥v ?fﬁtggicmfé(n f’BH‘Sa‘ﬁaa’Howfﬁ“B%PP‘tﬁPs We¥Gsi t ed
filmis 15 renmoved and how a crack is fornmed by an apparatus enploying the
met hod; F¥HNE sAparaiuy0k 6ﬂ'ﬁh§@b9‘$ﬁ\ﬁﬂ%how ng how parts of a deposited filmare
renoved in the glass substrate cutting nmethod of a thirteenth enbodi nent of
t he i nventi onFigFil§.is 2 pldnsviewsdahé outting apparatmbesvfithe noth andiakenthreenblodimend i n
the cutting nmethod of the thirteenth enbodinent; 20 Fig. 23 is a sectional

Vi ew shoyf g ifventidtid seePfrom stewesited filmare renoved and how cracks are
formed in the cutting nmethod of a fourteenth enbodi nent of the invention;

panel Cof & f [ anat @ Sy U oP LRt UFphRRFRE RN el U o ¥"
embod moRore Jepgeitd g ey ORE B a1 cal 1y Shovi ng.how e proper ties of
the i qui d cr stal panel of the fifteenth enbodi nent vary as the edge angle
of the polari %@. 18]ine &rophyiewsof the cutting apparatus of the ninth embodiment, in the state in
the middle of deposited-film removal operation;
10 Fig. 19 is a diagram schematically illustrating the principles of the glass substrate
cutting method of an eleventh embodiment of the invention and how a part of a deposited film
is removed by an apparatus employing the method,
Fig. 20 is a diagram schematically illustrating the principles of the glass substrate
cutting method of a twelfth embodiment of the invention and how a part of a deposited film is
15  removed and how a crack is formed by an apparatus employing the method;
Fig. 21 is a sectional view showing how parts of a deposited film are removed in the
glass substrate cutting method of a thirteenth embodiment of the invention;
Fig. 22 is a sectional view showing how cracks are formed in the cutting method of
the thirteenth embodiment;
20 Fig. 23 is a sectional view showing how parts of a deposited film are removed and
how cracks are formed in the cutting method of a fourteenth embodiment of the invention;
Fig. 24 is a perspective view showing the appearance of the liquid crystal panel of a

fifteenth embodiment of the invention;

Fig. 25 is a vertical sectional view of the liquid crystal pane! of the fifteenth



Fig. 27 is a perspective view schematically show ng the appearance of the
liquid 5 crystal panel fabricating apparatus of a sixteenth enbodi nent of
the invention; Fig. 28 is an enlarged view of a principal portion of the

gl ass substrate; Fig. 29 is an external view of the wheel cutter J8aAY 2008
scribing; Fig. 30 is a perspective view schematically show ng the appearance
of the liquid crystal panel fabricating apparatus of a seventeenth

enbodi nent of the invention; 10 Fig. 3!3s a perspective view schematically
showi ng t he appearance of the liquid crystal panel fabricating apparatus of
an ei ght estddimemtbodi mrent of the invention; Fig. 32 is an external perspective
vi ew show ng exanpl es of the blade shape used in the liquid crystal panel

fabricating apgangliyy dferhhCschbingfeRyAEAR how The proidrics & ME'RARCHYYAI Vi oW

schematical ly ow ng the appearance” of 1 quid crystal pane
fabricatin aratus, of , a..ni net eent h enbodi nent..of fhe invention; Fig. 34 is
a per spe?:"’f"i%l/‘ifotSF g&/"?’?ﬁ&%ﬂ@ﬁ?‘lm%&f r?gg? Ngledgétggrpghgéeroqqatg 8% ade used in
the liquid crl\é.stal panel fabricating apparatus of the nineteenth enbodi nent;
Fig. 35 is anFigx@i7oletl PpsPegvet Vigw schefatagally hehomiing) shes mppesrange mfgthe diguids g
36 is a sectional viewillustrating the operation of the liquid crystal panel

20 f abr i egttalhpanalfabricting apgparathe ofia sigteerthtembedinoaht o tie;invention;37 i s a secti onal
vi ew showi ng the bl ade used in the liquid crystal panel fabricating

appar atus of Bt PRt dncdnfargstbae BERprintipaliRriidh/enthe s fibStrardd is a
per spective view schematically show ng the appearance of the liquid crystal

panel fabri cagigngggs%awav?& g{ttgr nategl-gu'ktrelsf- r%ggﬁgé;nent of the invention; O

8 MAY 2006 -1 ig. I's an ex view showi ng~t he bl ade used in the
L qurd oryst akpael obleating SppaLaLte o e HETLe el SThod et
used as E:rr;(satal panel fabricating apparatus of a seventeenth embodiment of the invention; _
10 Fig. 31 is a perspective view schematically showing the appearance of the liquid
crystal panel fabricating apparatus of an eighteenth embodiment of the invention,
Fig. 32 is an external perspective view showing examples of the blade shape used in
the liquid crystal panel fabricating apparatus of the third embodiment;
Fig. 33 is a perspective view schematically showing the appearance of the liquid
15 crystal panel fabricating apparatus of a nineteenth embodiment of the invention,
Fig. 34 is a perspective view schematically showing the appearance of the blade used
in the liquid crystal panel fabricating apparatus of the nineteenth embodiment;
Fig. 35 is an exploded perspective view of the blade shown in Fig. 34;
Fig. 36 is a sectional view illustrating the operation of the liquid crystal panel
20 fabricating apparatus of the nineteenth embodiment;
Fig. 37 is a sectional view showing the blade used in the liquid crystal panel
fabricating apparatus of a twentieth embodiment of the invention;

Fig. 38 is a perspective view schematically showing the appearance of the liquid

crystal panel fabricating apparatus of a twenty-first embodiment of the invention,



material of a liquid crystal panel enbodying the invention; 5 Fig. 41 is a
side view schematically show ng an exanple of a liquid crystal pﬁﬁ%*ﬁY 2006
fabricating apparatus with respect to the glass substrate shown i

Fig. 42 is a vertical sectional view of the glass substrate after being
treated by the liquid crystal panel fabricating apparatus shown in Fig. 41,
Fig. 43 is perspective view show ng t heléppearance of the glass substrate
after being 10 treated by the liquid crystal panel fabricating apparatus

shown in Fig. Figl;39Fisdan 4ktdrhalavReS SRGGHniY heVbiaHe UICMiRGhE hﬁ]dld %ﬁalcPMﬁ'}l al
panel fabricating apparatus of the invention running in the X direction;

Fig. 45 fa%n?atﬂghgﬂfrﬁﬁl's\é?t% ‘%“W c{‘rﬁeﬁtl quid crystal panel fabricating

apparatus o Invention ru eYdlrectlon 15 Fig. 46 is a
vertical sect] %.wew show n g |ll_@h st al ? fapricatin

appar at us of Y & RETSBECHVS ?‘ﬁj PYINEH e‘?’P UL 03, Blgjsgudsirate Eseéirﬁse‘kf’er nal
perspective view of a liquid crystal panel produced by the operation of the
liquid cmytsrial ofisdliguid ¢rssel paael embaddyingrthe invertiaman in Figs. 44 to 46; Fig. 48
is an external perspective view of the blade used in the operation of the

liquid 20 cryitall jganside fvidw ischémhatizabp phoaingsars kRavmpleoffFi diquiddérybtal pénel Fi 9.
49 is a perspecti ve view showing the liquid crystal panel fabricating

appar at U%bﬂﬁatin phARTPRSUT g éi.'ﬁs biRtrktehbeAliA Pip, 465 an exanpl e of the

preferred operati ereof; Fig a per spectl ve Vi éw showi ng the |liquid

i Yaction af 1 EKE Parin huePeAREGhal st AR iheh \Sheslo SREY SHRF baRst R T,

perspectl ve Vi ew shole g the liquid crystal. panel fabricating apparatus

shown i nligyid crystal pang! FabARAtNG qpaartaﬁt; shown inEig 8h for the second tine after

runnlnglntheY direction; -
Fig. 43 is perspective view showing the appearance of the glass substrate after being

10 treated by the liquid crystal panel fabricating apparatus shown in Fig. 41,
Fig. 44 1s a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the X direction,
Fig. 45 is a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the Y direction;
15 Fig. 46 is a vertical sectional view showing the liquid crystal panel fabricating
apparatus of the invention running in the Y direction;
Fig. 47 is an external perspective view of a liquid crystal panel produced by the
operation of the liquid crystal panel fabricating apparatus shown in Figs. 44 to 46;
Fig. 48 is an external perspective view of the blade used in the operation of the liquid
20  crystal panel fabricating apparatus shown in Figs. 44 to 46;
Fig. 49 is a perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the X direction, as an example of the preferred operation thereof,
Fig. 50 is a perspective view showing the liquid crystal panel fabricating apparatus

shown in Fig. 49 now running in the Y direction after running in the X direction,



Fig. 52 is a front view show ng an exanple of a conventional glass substrate
cutting 5 apparatus; and Fig. 53 is a perspective view showi ng the

appearance of a conventional liquid crystal panel. Best node for c QM Q@Eout
the invention 10 Hereinafter, methods and apparatuses for cutting @{)

gl ass substrate, liquid crystal panels, and nethod for fabricating a liquid
crystal panel, all enbodying the presentSinvention, wll be described one by
one in detail with reference to the drawings. In the drawings referred to in
the descri ptipigs 50fis taz@répwiivé dieal siyviangithengsid Gyahl @%b?i&hﬁn%ﬁpﬁh?ﬂtﬁst he
sanme functions anong different enbodinents are identified with the sane

; ent _embodi ren . sare”
ot o r Sl B850 d3wARplitE B3 RicAGh (BT the EH AR el R Ry ™

enbodi nment 9f the invention will be described. Figs. 1 to 3 show the gl ass
substrat 8T¢HPH ng nethod of the first enbodinent. Fig. 1(a) is a side view
schematical ly_showi ng how a deposited-filmformed on a glass substrate is
removed, and Figg521§ B)frang view shwingjaagxamply of a m@%enagnag dass fsubstsatheutting t
thereof. 20 Fig. 2 illustrates in nore detail the operation showm in Fig. 1,
and FB5g. appasdraspandow a scribed line (crack) is formed on the gl ass
substrate. Here, a deposited filmnmay be any type of film froma thin film

such as a ovefpO38iid peispBRiiie Vit WGhéwHg the Iam,éaear@efohialfé@ﬁoeﬁtiohm IFHAD At

pol ari zer plate, or aresin filmor protective film In Fig. 1, reference
nuner al bm#fpresents a gl ass substrate having a deposited film1l a 0 0O MAY
2006 -167 1orned thereon, reference nuneral 2 represents a shaving cutter,

li ke a wood chisel, serving as a glass substrate exposing nmeans for cutting,
shaving off, and thereby renoving strip-shaped portions of the deposited
filml a so as to expose the glass substrate 1, and reference nuneral 3

r epr eseniBestamogde foyicarying agbthgrinygntion t he gl ass substrate is placed and
secured. As shown

10 Hereinafter, methods and apparatuses for cutting apart a glass substrate, liquid crystal
panels, and method for fabricating a liquid crystal panel, all embodying the present invention,
will be described one by one in detail with reference to the drawings. In the drawings
referred to in the descriptions of the individual embodiments, such components as have the
same functions among different embodiments are identified with the same reference numerals

15 as far as possible, and overlapping explanations will not be repeated.

First, the glass substrate cutting method of a first embodiment of the invention will be
described. Figs. 1 to 3 show the glass substrate cutting method of the first embodiment.
Fig. 1(a) is a side view schematically showing how a deposited film formed on a glass
substrate is removed, and Fig. 1(b) is a front view of Fig. 1(a) as seen from the left thereof.

20 Fig. 2 illustrates in more detail the operation shown in Fig. 1, and Fig. 3 shows how a scribed
line (crack) is formed on the glass substrate. Here, a deposited film may be any type of film,
from a thin film such as a overcoating film or electrode film to a thicker film such as a
polarizer plate, or a resin film or protective film.

In Fig. 1, reference numeral 1 represents a glass substrate having a deposited film la



5in Fig. 1(b), the shaving cutter 2 has a cross section that is
substantially V-shaped with an opening angle 6. As the shaving cutter 2 is
noved fromleft to right as seen in Fig. 1(a) parallel to the top surface of
the glass substrate 1, with the cutting edge at the tip of the sha®iBnfY 2006
cutter 2 pressed against the glass substrate 1 so as to nake contact with the
bottom surface of the deposited filmla, i.e. the glass surface of the gl ass
substrate 1, the deposited 10 filmla rs5cut shaved, and thereby renoved in
the formof a waste strip Ib as shown in Fig. 1(a) that cones off along the

subst ant fariney théredm peferegecommreral 2 tépeesentsta shaving gatter]hiee 4 000 chisell bervinigals t he
shaving cutter 2 is pressed against the glass substrate is adjusted according

to the afgaﬁkm&ampaﬁhgrmahs @ér dutdngdQRAAS ff, hid fHel'é;bg rIBﬁB'vﬁ@' stiip-sh Rd_

pressure i s not higher than (newton) for a deposited f| such

resin fil S 5 few ns of
Nfor a P &]I“OR; ?%561 @sd)t e@‘ﬁlrtnel'l O%Q t&%{rﬁ&ﬁg g1 g?%’sé)sugs[tﬁ% 5 fﬁ{tegﬁgf"émsf t ween
t he shaving cutter and the surfac the gl ass substrate | .is adjusted
accor di nEFPISeRa wwiemégassr% wgléfheaglasfswéata &pBlaradeand secreda, A ASheWphe
shaving of the deposited filmis performed with the opti num angle. The angl e
0 betwesnFighd (Dhthe shgvingt custer 2 kasch £ross seetibn thatas gabstantiably aVishapeidowith 9@.
Where the deposited 20 filmla is athin filma fewtens of mthick, or a

qui te thippéning biglk BYerAs Be shavidgh@ites Rtib3MdvRASfromNeRaY &ight hbQedNH Pigd 1(H
adj usted according to the thickness and material of the dep05|ted film "so

that the pt i ylts

more det & Iaﬁ%l Ehﬁt}%é s?li'&%eaogﬁﬁcf ng?%%&%{} f W‘tgqgé ﬁm ?dlglerﬁtqge %‘é’ gp@%’l eved
by the shav cutter hown | nits s| | est for shavi ng
otter 5 SBRR S GoRressed andst B alths 3o%ats Lo iR ek e\RoRtagh Bt it e FoiAms )
by bend| ng a plate-shaped material with a thickness t into a substantiall-y
V-like sivaecevafithe depasgedifily kndleethe glesssudaee phtheiglasssabytraimd, therdepositadni ng
a clearance angle y all along the cutting edge as shown in Fig. 2. Fig. 3
showslthotilm lacds ichigdhavedgadd thecdbly emoved frotheEdrm iof atvisstes staipeld grshowa ib Higr med

1(a) that comes off along the substantially V-shaped groove of the cutting edge. The force
with which the shaving cutter 2 is pressed against the glass substrate is adjusted according to
the thickness and material of the deposited film la. Typically, the pressure is not higher than
1 N (newton) for a deposited film, such as a resin film, of up to a few tens of um thick, but is
15  equal to a few tens of N for a film of about 0.5 mm thick.
In Fig. 1(a), the optimum angle o between the shaving cutter 2 and the surface of the
glass substrate 1 is adjusted according to the thickness and material of the deposited film 1a,
and the shaving of the deposited film is performed with the optimum angle. The angle p
between the shaving cutter 2 and its cutting edge is usually about 90°. Where the deposited
20 film lais a thin film a few tens of um thick, or a quite thick film layer, or in other situations,
however, the angle P is adjusted according to the thickness and material of the deposited film
so that the shaving thereof is performed with optimum results.
Fig. 2 shows in more detail how the cutting and shaving of the deposited film 1a is

achieved by the shaving cutter 2 shown in Fig 1(a). In its simplest form, the shaving cutter 2



5 by the shaving cutter 2, by maki ng a wheel -shaped scribing cutter 4 serving
as a crack formng neans roll along the shaved groove while pressing it
downward. The scribing neans 4 serving as the crack forning rmear(s HAs 2Hb
cutter wheel 4a, of which the edge is formed of dianond, superhard alloy, or
the like, rotatably pivoted on a support shaft 4b. The edge angle of the
wheel cutter 4a is varied in the range.gf.from about 600 to 140 according to
10 the thickness and material of the glass substrate. Accordingly, the

openi ng I of. +shavid ng. cut . 5hQ i n Fi 1(b) s deternjned in
such a mﬁ;ﬁgﬁeqogs %ggag’ngthkt%haevésr?geeedéwgg‘? 8%\?%%\,?%“1&5 §§la§?fgt&§8d é’f‘?ger ?i'gnh' hat
the cutter wheel 4a, when formng the scribed line 5a_ on the surface of the
gl ass subhekngsse into ypbstaniially Vitlikersbare with an epening peele Ocag shewnin kigod(b) and

ot herwi se affect adversely. 15 Fig. 4(a) is a diagram show ng the cutting

nmet hod othed foEagE cRafaack 4ipMd v &if albhe thel vl ddes as MowomIaged with Fig. 1,
which illustrates the first enbodi nent, the shaving cutter 12 here has a

di fferent crogs- segt.i . . ' ' [ a)
i ttors trom Fhe orinpus b SRR, INITCRRER S AR THahe URER s’ Prosmsh™) e
shaving gutter, 12, where (t kes contact with the surface of the gl as
subst Pat BY thashrRg &uwsﬁabxdn"@ﬁ%ianyﬂﬁ-%medaﬁprms §H§ﬁre§ pang 23 Atk
radius R as shown in Fig. 4(a). The second enbodinment, whichis o

char act eforméng [myeans gol ralongh thee shayed grocsc while poéssingeitcdawnwayd e d@be stribing

shaving cutter 12, has, anong others, the follow ng advantages. It is

possi bl e nieans dcserdng apithe erack dofmiag médhs Hastd ol whére 4ahay echidi frvelge ishown
in Fig. 3, i.e., awder width in the exposed region (strip-shaped region)

on the glfmd%fhﬁna@}ﬁ,ewhﬁm biloy, 3¢ the it rcﬁﬁgﬂgim%oﬂ_ agg%ﬁogfy‘!ta bl N0 O

MAY 2006 -18- greater gin inthe positioning of the e e cutter .

wheel 4a. Moreovegr, the pressing f.orce .does n concentrate one .poi nt at
the. cut t HEF SEEobhe e BT 408 yar i e Phteeidram Adput Qo i ratForang (&
hel ps mai ntain the sharpness of the cutting edge of the shaving cutter 12
for ald onlepethigknessoehd Materinhdf the Ehassasudistrate opetuirdipghn ghe opdninghenglatd ohtheedge

are, as in the
shaving cutter 2 shown in Fig. 1(b) is determined in such a way as to permit the shaved
groove 5 to be so shaped and sized that the cutter wheel 4a, when forming the scribed line 5a
on the surface of the glass substrate 1, does not interfere with the deposited film la or
otherwise affect adversely.

15 Fig. 4(a) is a diagram showing the cutting method of a second embodiment of the
invention. As compared with Fig. 1, which illustrates the first embodiment, the shaving
cutter 12 here has a different cross-sectional shape. The second embodiment shown in Fig.
4(a) differs from the first embodiment in that the cutting edge at the tip of the shaving cutter
12, where it makes contact with the surface of the glass substrate, has not a V-shaped opening

20 but an arc-shaped opening with a radius R1 as shown in Fig. 4(a). The second embodiment,
which is characterized by the arc-shaped cross section of the cutting edge of the shaving cutter
12, has, among others, the following advantages. It is possible to secure a wider width at the

bottom of the shaved groove 5 shown in Fig. 3, ie., a wider width in the exposed region

(strip-shaped region) on the glass substrate, than in the first embodiment. This results in a



5 first enbodi nent, determ ned appropriately according to the edge angl e of
the cutter wheel 4a and the thickness of the deposited filmla. In other

respects, including how scribed lines are fornmed, the second enbg(gimnigﬁ
works in the same manner as the first enbodinment, and therefore overla P)I ng
explanations wll not be repeated. Fig. 4(b) shows the cutting nethod of a
third enbodi mrent of the invention. In ¢tb®- 10 third enbodi nent, the feature
of the second enbodi ment is further devel oped. Specifically, here, the

cross- segﬁemfl?Aargﬁnfﬁpa,eogoshmirfgdsftthegdgéiaﬁhg:cﬁ&afwhée@_49f Mb?eoilaa%@g%eg%te[‘ 22

I's conposed of a linear portion wth”™a w LI, which makes cont

the surfgce of t | as bstrat and. sl ant e ontions with .an, opening
angl o0 B fresiref soReRiRa3ne B af s ofie Gk BE oRE ey ultes 5 00 B <
the slanted portions, they are .connected together by two 15 small arcs r2.
This hel ﬁ@b%&nﬁa% mkhiehelps mapyaig fhe sheapaesy °g¥h°t‘}‘a’émwe?ﬁ£§iqfébe shaving Quttgr 4R
satisfactory results, and also hel ps prolong the working life of the cutting
edge of fdra lehgeripegiodcuiThe madi@PR 1 And cherppenang anglh of hiee swttiog)ddgndredasventhe t he
third enbodiment, in which the wdth at the bottom of the shaved groove 5 is

det er 81 nffkt BinbbdimeRE detdrmiRdsippropdiately idotding ttethetiidg_@ aSd10 B8 thefcuttbewhén vgd
groove. As in the second enbodi nent, the shape and di nensi ons 20 of the

cutting Qﬁjcgﬁne tRiRE sk é? fHe! dég&%]ﬁe&@hﬁﬁs Gh ottler ?Qs?ﬁge}},éin?lﬁﬁing gﬁ&i@gﬁj lines are

appropriately according t e angle o utter a an
t hi ckness_of .the deposited filmla, .ln,other respects, including how sqgribed
lines ar rF’SF’nﬂH’ Setcﬁ% tem%rogmé%o‘ﬁ?r#ﬁﬂ? Q%Is?(@eirﬂa'f asstgﬁﬁﬁaﬂﬁéq ment, H"é‘ﬁfi r st
enbodi nent, and therefore overlapping explanations will not be repeated. 0 O
MAY 2006 thereforemvgelapping explanatipaswillot bareneadnet hod of a fourth enbodi nent of
the invention. Fig. 5(a) is a side view showing how a deposited filml a .
formed on t heFid. aib) shovst thatoattingi method dfya thirdeemibeatimphtadfethe hayeationut Irette 32
and 32' arranged so as to face each other in the fourth enbodinment, and Fig.
5(b) 1ios #hifd eibodiinRHt, e fehRirébHtheXeddndsmbbRBMeht 9 Tulth@ JivélBpdd. OB pebidlicaidy, ed
here, the cross-sectional shape of the cutting edge at the tip of the shaving cutter 22 is
composed of a linear portion with a width L1, which makes contact with the surface of the
glass substrate 1, and slanted portions with an opening angle 6 1, which cut the deposited film
la. Where the linear portion meets the slanted portions, they are connected together by two
15 small arcs r2. This helps perform the cutting and shaving of the deposited film la with
satisfactory results, and also helps prolong the working life of the cutting edge of the shaving
cutting 22. As compared with the second embodiment, the third embodiment, in which the
width at the bottom of the shaved groove 5 is determined by L1, permits easier setting of the
dimensions of the shaved groove. As in the second embodiment, the shape and dimensions
20 of the cutting edge, specifically the values of L1 and 61, are determined appropriately
according to the edge angle of the cutter wheel 4a and the thickness of the deposited film la.
In other respects, including how scribed lines are formed, the third embodiment works in the

same manner as the first embodiment, and therefore overlapping explanations will not be

repeated.



5 by an arrow therein. In this enbodinent, to bring the edge of a cutter
wheel 4a into contact wth the glass surface of a glass substrate 1 when it
is scribed, a shaved groove is formed in the deposited film la by g mgs t wo
cutters, arranged substantially parallel to each other and kept in contact
with the deposited filmla, in the direction indicated by an arrow in Fig.
5(a) so as to cut the deposited filml _a. For exanple, the two cutters 32
and 32' are formed so as 10 to have a side shape as shown in Fig. 5(a), are
arranged with a cutting angle c appropriately determned in the range of,
for exanpl e, Figsnd 20d 6 sh&® the cuiting nmgthod dflacfottth elnbed snent df thedihesrtiah. oFig. he
deposited filmla, and are noved parallel to the glass substrate | as

i ndi cat ed(at) BYa tide vitiv showihig hewheddfosiseEine fa Bstaied<n the ghls dsbstr@teClls dub®
deposited filmla. As shown in Fig. 5 as in the third enbodi nent, ?’he

(b) )
I nt erval Lpel [ e h 5 tte nd
32" are g%gé‘%?'glratﬁ?%‘ghgfﬁgp%h?ggggzofa%ﬁgg%%%r%vﬁgéI?akﬂvﬁgge?slér{hgif%értp he
gl ass substrate 1, es t, interfere with.t deposifed filmla. In th
Pourth eRBBASHER: ,angg& OV %V&@bﬁfgesgﬁ)rﬁswaen oafLe gifesting indjsate
flat-plate- shaped cutters 32 and 32', the deposited filmla remains in the
form &f &yansrrewsthetem. | dnakis egthodiment, toibgingshe pdgeaefh cutter avhseleda inta contaste

strip I b needs to be shaved off and renoved in a 20 downstream step. This is

achi evedwithahe glasrphracemf asglassi suhstpdté 1awkery i€ iwsoribgd, 4 siiivel) glooveliaYorhgedcidt t er
as the one shown in Fig. 4(b), having a trapezoidal or C shaped cross section

g ! ) ! g :
and havi %%ﬁ@?&%%??'ﬂi&% 3 cat&rgan%gea%bga@ﬁgivy. Shalle] 88 edch ARQVYRd N

Fig. 5(b). _ I ment, cutting an i'ng are performed in
o mor e ShrBReEroHRh NP 11 S5 e 835G Bt B e B Fe e,
MR C R U R TR TR R e G AT
the cutter cheaply by using a well-known, commrercially available cutter
bl adel®@2lo havesherdm shapeFisgshdwnFindFig.75(a)) ans arrdmged with agutingrangdlecd apprbpridthly
enbodi nent of the invention. This
determined in the range of, for example, from 20° to 50° according to the thickness and
material of the deposited film la, and are moved parallel to the glass substrate 1 as indicated
by the arrow while being pressed against it so as to cut the deposited film 1a. As shown in
Fig. 5(b), as in the third embodiment, the interval L2 and the inclination angle 62 between the
15 two cutters 32 and 32’ are so determined that the edge of the cutter wheel, when scribing the
glass substrate 1, does not interfere with the deposited film 1a.
In the fourth embodiment, even after the deposited film 1a is cut by the two flat-plate-
shaped cutters 32 and 32’, the deposited film la remains in the form of a waste strip 1b as
shown in Fig. 5(b), and therefore this waste strip 1b needs to be shaved off and removed in a
20 downstream step. This is achieved, for example, by shaving off and removing it with a
shaving cutter, as the one shown in Fig. 4(b), having a trapezoidal or C-shaped cross section
and having a bottom width L1 equal to or slightly smaller than L2 shown in Fig. 5(b). Inthe

fourth embodiment, cutting and shaving are performed in different steps. This, however,

makes it possible to cut the deposited film la more sharply than in the first to third



5 enbodinent is a further devel oped version of the fourth enbodi nmen
Specifically, how cutting, shaving, and scribing are performed in ﬂﬂlfﬂw 2006
enbodi ment is the same as in the fourth enbodi nent except that a cutter 42
as shown in Fig. 7 is used instead of the cutter 32 shown in Fig. 5.
Accordingly, a left or right side view of Fig. 7 is identical wwth Fig. 5(b),
and is therefore omtted. W ereas in tRe-first to fourth enbodi nents the
cutter pernmits the cutting 10 and shaving of the deposited filmla only in

one di  e¢irbimdnts®. THh, SR adiegsﬁfeuqnm'aatmkaqu filthh B IPYRR safshacklys

enbodi nent the cutter is given a side shape as s own in Fig SO as

per i t Cghsmgqn%b?euef&egheMO%OVS " ARARION My dipect o @g?[moegailhg Fio

7 withou quiTT hg a Than ang

cutting direction is changed The cutting angles eI and c2 of the cutter 42
are so dé’fe@rliﬁoﬁ@dc%@mﬂ?“’élb'fa@?‘latbff?ec ﬁ'ﬁ%?%%awpmng Figohditions that fit the

t hi ckness and nmaterial of the_dep05|ted filmla. Wen the cutter 42 is used
to cut in bot Figli 7 eshoiverthe cuténg methody ofiragfih embadiches? ofirthe Uisvention. sThisequal
to each other. The shaving and renoval of the waste strip Ib is perforned

separ & eleyhboBinidhe is lacfurther dedlsped GisivATST 1k MfBGith Rtfoodinént TRRP&Ificully hatv t O
that used in the fourth enbodiment. Fig. 8 shows the cutting method of a

sixth e Iy ter
52 con?g?gﬁfngfﬁza‘f‘f s P S%'f‘z ﬁ%‘:&e‘)ﬁeﬁdrﬁwﬁ %ﬁrd%%zgfﬁf%:;?@% saﬁlssa@ﬁéte W of

e cutter sed to cut, and sha ilmla e cu
met hods *8¥°° HH%*’"FFF%%P £hat @ quftRr éﬁﬂ%gﬁ ‘?‘2‘3 &?sﬁgdnﬁfﬂﬁfxﬁé{t&?ﬁﬁu'ﬁg i@dg’g‘f"é‘d to
the cutter blade 52a of this enbodinent. The hol der portion 52b serves as a
handl e t HaFigd. dAcchedingly: edefhprashtsade vigweel Yige7 depiesticaavith Fig. 156b) endin and
shaved. In addition, by unifying and standardi zing the C 8 MAY 2006 -21-

| engt h anbertfose omiteel s &¥¢héreasain thé &ipst to fourtheerhioddimentsahé cotter paimits the catingpl e
into a rectangul ar shape havi ng predeterm ned dinensions, it is possible,

wher ejr GaBQRATIRS of thedpdsited filMda onhjaineshedifddtibi 6. ¢S a\the diréétidnsih v5l?1c]f1 theed to
a jig or machine, to use any of the Cutters of the first to fift

enmbodi ”e%ﬁelb%obgg & HPOEbO ndelf e Vel £ ﬂ%r@ed 4 Gid sh{lBaeCeﬂ' shSwn in Fig. 7 so as

to permit cutting also in the leftward and rightward directions as seen in Fig. 7 without

requiring a change in the arrangement of the cutter when the cutting direction is changed.

The cutting angles €1 and €2 of the cutter 42 are so determined as to offer the optimum

15 cutting conditions that fit the thickness and material of the deposited film 1a. When the

cutter 42 is used to cut in both directions, the cutting angles €1 and €2 are usually set equal to

each other. The shaving and removal of the waste strip 1b isv performed separately in the
leftward and rightward directions in a manner similar to that used in the fourth embodiment.

Fig. 8 shows the cutting method of a sixth embodiment of the invention. In this

20 embodiment, a shaving cutter 52 composed of a cutter blade 52a and a holder portion 52b is

used. Any of the cutters used to cut and shave the deposited film 1a in the cutting methods

of the first to fifth embodiments described above may be adapted to the cutter blade 52a of

this embodiment. The holder portion 52b serves as a handle that holds the cutter blade 52a

when the deposited film 1a is cut and shaved. In addition, by unifying and standardizing the



5 The hol der portion 52b is formed preferably of an appropriately elastic
material, for exanple resin such as Duracon or Delrin, or nore §§emyRbis
rubber such as silicone rubber or nitrile rubber, or, in sonme cases, wood.
By so doing, even if there are variations or the like in the t hi ckness or
har dness of the deposited filmto be shaved, the elasticity of the hol der
portion 52b absorbs variations in the tgpistance to cutting and shaving. This
can be used as a 10 safety nmechanismin a cutting apparatus to which the

techni qugs faﬁdf}hg ;F‘dég ?dtmﬁglt s of ARl &p n f’f&a‘férn&aﬁ@tlégﬁo 2 g%pr{%gl&?

gi ven el as C|ty |t|ng e action spring

Fi gs. e descri.bed | al I n con ectio n|nth
erbodi mestaPe fiasing BRering RS 08 portb Whe® A AG R Bt el '
lain the first to sixth 15 enbodinents _is formed of a common material, such
as car boshaved with the|shayinguttens? fixed tog jigroramachine; do usnanyiehthe wytereof the
treatnent or the |like as required. However, there is no restriction on the
mat er i al fioft te fifh embodimests Hyamgrchanging them capq)siogieijigtoeln)achinb. and shave vari ous
deposited filns |l a nade of different materials and having different

thickmesses. NhE MRURE p onld?ﬁSZBJisti%fmétﬁgﬁéférﬁblf}LBf ﬁmbp'iawaeely%s%meﬁﬂdfaﬂ I'm
la in this enbodinent has its cross 20 sectional shape, such as shown in

connect | %ﬁar}%ly? Jllb%!l.l({ﬂ £ssf)ur‘a%fntn Eﬂlrﬁﬁ%@%ﬁg Hexi btlé ?\565%9 su&n 9{'&11&{1‘18 dﬁBEé}d&d

| engt h. 0SSl ng €dge adgal n and again and

usethe bl ade Ion er period. Fi Qshowsth cutting nethod of

sevent h é‘HBE‘H“LPﬁ‘?ﬁ OB N SHTE| cﬁ%n‘f"f’%‘ﬁ g}‘l 5¢ H@ingc gyen ! ﬁ ghete effo @fxopshp%&e ke
enbodi ment, in an upstreamstep prior to scribin the deposited filmO 8 MAY
2006 - 22-n Ithe thickekssverdharduess efdhe depasited §lm dnebenthares, the elastictyeobthet Iaddéri r st
to sixth enbodi nents described above. Specifically, in the first to sixth
embodi mepostionai2babeybs iviridticns iBthetrbestateposittiag ahd Ishaving.i SThisitan bdhasedds aand

renoved so as to forma shaved groove 5 in the deposited filmla, and then a
Scri bjng sARANhekRani®Al Gn t chithg bSAths BewhRh LR tbhnRfuel F tBR3YRELdiment are
applied. The shaving cutter 52 may be given elasticity by exploiting the action of coil
springs 77a and 77b (see Figs. 15 and 17), which will be described later in connection with a
ninth embodiment.
The blade of the cutter used to cut and shave the deposited film la in the first to sixth
15 embodiments is formed of a common material, such as carbon tool steel or martensitic
stainless steel, hardened by heat treatment or the like as required. However, there is no
restriction on the material of the cutter so long as it can appropriately cut and shave various
deposited films 1a made of different materials and having different thicknesses. Moreover,
the cutter used to cut and shave the deposited film la in this embodiment has its cross-
20 sectional shape, such as shown in connection with the first to fifth embodiments, formed
along an extended length. This makes it possible to grind the cutting edge again and again
and use the blade for a longer period.

Fig. 9 shows the cutting method of a seventh embodiment of the invention. In the

cutting method of this embodiment, in an upstream step prior to scribing, the deposited film



5 groove 5, i.e. along a strip-shaped region on the glass substrate 1, while
pressing it so as to forma scribed line 5a. In the seventh enbodi nent, the
gl ass substrate is cut apart by scribing the surface thereof ode%MWész t he
fil mdeposited surface thereof. As shown in Fig. 9, the glass substrate 1 is
secured on the workpi ece stage 3 by an wunillustrated securing neans such as
vacuum chucki ng. In the workpi ece stage283; an 10 elongate opening 3a is
formed to permt the scribing neans 4 to scribe the bottomsurface of the

gl ass substd gtaed and Rehbiel BN Mnanfer 6 ih R of the tﬁﬁt ﬂossiﬁﬁréﬁ?q*d%?ﬁtge
f I mlc of the

bottom surface of the glass substrate 1, right below the botto

shaved gno for.me t. fac f e;.gl ass_supstrate.l Jby,one of
the. et noaefed ab e SpRIEbIR. of s Tk, BT o DEIRERS" of SR B B8 i 1
In the gl ass, substrate cutting step follow ng the scribing step, a_pressing
force i sde%’éﬁ?‘rﬁmt b theus shr¥ede a8 ptsEI0ved 159 hia form wnshaned 1ggoayer $ e dhei ne
Is fornmed so that the crack in the scribed |ine develops until the gl ass

subst r at degositekSlmmparand then arsdrivongs mieansib imAde s@ rolbalnng thedboten' kir ofétie savietie
bottom | c of the shaved groove 5 fornmed in the deposited filmla, in the

cutti g giceRe fSOL.b OMbME a tstreh-Siped réios bR Rhe Elasd SubRBERSE atbilel frediY ¥ s8 AMtESSI Ng
force and cut the 20 gl ass substrate from bel ow the surface thereof opposite

e RS 8, L1 bRl B G L

surface, m deposi ted surface, aced
di tl .th f | at d | qad i lied t f b b
pr eas. or e fie S FesBfSepopls eitng Ao B8 e sBFESE e g1 ase subst at e

may destroy or deformthe deposited filmlayer placed directly on the

wor kpi ece st ad. sheyndafigaRi the jghass isubgirate fis seqyoesl on the workpiesg stagerfobly @R t he
sevent h enbodi ment, a pressing force exerted by a plate-shaped pressing jig
or a rol ueillusttatpd sdciring neashapeh asdvatuomnshuwkingof Inheheswarkpibcgrstagee 35 anan be
applied in the direction indicated by an arrow B so as to concentrate on the

bot t om | @ldafateMPeninR34as fEHRAUE Pefmit MRV L ribihghinBansX tol$tribe RIRY Bdtiom bilacedfl bed
line 5¢c to develop vertically to
the glass substrate 1. In this embodiment, a scribed line Sc is formed on the bottom surface
of the glass substrate 1, night below the bottom 1c of the shaved groove 5 formed on the top
surface of the glass substrate 1 by one of the methods described in connection with the first to
sixth embodiments.

15 In the glass substrate cutting step following the scribing step, a pressing force is
applied to the surface opposite to that on which the scribed line is formed so that the crack in
the scribed line develops until the glass substrate breaks apart. In methods in which scribing
is performed on the bottom 1¢ of the shaved groove 5 formed in the deposited film 1a, in the
cutting step following the scribing step, it is necessary to apply a pressing force and cut the

20 glass substrate from below the surface thereof opposite to the scribed surface. Thus, for
example, in methods in which the scribed surface, i.e., the film-deposited surface, of the glass
substrate is placed directly on the surface plate and a load is applied thereto from above by a

press or roller, the pressing force applied to cut apart the glass substrate may destroy or

deform the deposited film layer placed directly on the workpiece stage. By contrast, in the



5 achieve cutting. Thus, it is possible to cut apart the gl ass suél)%tl\ram
W t hout pressing or touching the deposited filmla. Figs. 10 t of 5 t he
cutting nethod of an eighth enbodi nent of the invention. This enbodinent is
devi sed to achi eve satisfactory shaving and renoval of a deposited film
before scribing when dealing with a glass substrate having a relatively thick
deposited film 10 about 0.05 mmto 2 ap3thick, typically such as a resin
film formed thereon. Here, the advantages of the shaving cutters used in

the first,@ngd maredbrembodveR témefscﬁmegggs ?F‘%siné %?émk%eggm{] ilpﬁil%xj;:s-kyﬁpehhe

shape of the cutting edge used In the r second e or med

out of a_raound-.bar-shaped terial. This rmts th eppsited filmto,be
shaved RITH®EEE 2 %Zlgﬁlaggp&ecigo &egs_ha[i%a cﬁgﬁe"é'q‘ﬁso ttﬂ?/is qved Iowves? A Peew of
the shaving cutter 62 used .in this enbodinent. A round-bar-shaped material,
such as gnﬁ@dnamp direction andigaled by ap agIows Bl as tp songestratern thedottam khabtheof
the shaving cutter. The external dianeter dl of the round-bar- shaped

mat er i al shaved grevei lcestiowppn didg.i &t €This permorscthageritedt live $dhiccdevekp wrticaily to
deposited filmto be shaved, and is typically 5 to 10 mm The synbol F

repr eseniéhigve b@tinglol Tas, RO F@d%ib‘lé\@& cuf apdht thy BRAs Bubgritd WAthoBMRYesdinp Wt | ON
of the circunference dl parallel thereto as shown in Fig 10. The hol der

portion surface relative to which other portions are
f or med, %cg{r?ﬁﬁ Itg%d 8§{\§%a‘saﬁlgpfaﬁnction simlar to that of the holder portion 52b

shown in Fig. 8. e tqtal length L3 of the shayin utter 62 |S.so .
det er ni ned as F&- ;[Btmtﬁeg}m aﬁvnm%ﬁ’q{ ?tef’% el’%’l‘*&i%m&ﬁém?% oiﬁb%u“h‘{eﬂgo%n
which it is used, and is set equal to 35 nmmin this enbodinent. As 0 8 MAY
2006 - 24 Thishembpdimentris devised to, pehipvst satisfgctompshayingnand remayeheba Mepesitgd £ilm
substantially V-shaped cross section with an opening angle of An is forned
from an ®efbre seribdng when tdealirghenith agglasst substrdie havingra eeldtivehyt thidkddepbbited/Ailmie of
An wi |l be discussed in detail later. The blade length L4 is determned in
the rangebabt 6.09HM th® Hiin THICRCHPIANPSUER ab Reredm! flnh 2formed thete6kNedsreOthet he
advantages of the shaving cutters used in the first and second embodiments are combined
together; specifically, the shape of the cutting edge used in the first or second embodiment is
formed out of a round-bar-shaped material. This permits the deposited film to be shaved
with better results.

15 Fig. 10 shows a front view and a side view of the shaving cutter 62 used in this
embodiment. A round-bar-shaped material, such as superhard alloy or carbon tool steel, is
formed into the shape of the shaving cutter. The external diameter d1 of the round-bar-
shaped material is determined appropriately according to the thickness of the deposited film to
be shaved, and is typically 5 to 10 mm. The symbol F represents a flat holder portion that is

20 formed by cutting away a portion of the circumference d1 parallel thereto as shown in Fig 10.
The holder portion serves as a reference surface relative to which other portions are formed,
and also serves a function similar to that of the holder portion 52b shown in Fig. 8. The total

length L3 of the shaving cutter 62 is so determined as to fit the member by which it is held

and the apparatus on which it is used, and is set equal to 35 mm in this embodiment. As



I 7
"5 deposited filmto be shaved, and is set equal to 7 nmin this efp tqmmt.
The portion of the blade groove |ocated on the right of the portion i
shown in the figure is formed as an arc- shaped groove with a mld curve RS,
and serves to snoothly eject the linear waste strip |b that has been shaved
off. In this enbodinent, R3 is set equal to 38 nm The curve R4 of the
bottom of the bl ade having a V-shaped cpéoss section is determned in the
range fromabout 10 0.5 to 1 mmaccording to the material and thickness of

the deposidhiiil Heacl oo kigeto] 9@%@&9@ HGi b s%hafg%s o licoss

enbodi nent I'S set equa e cuttin esi gned
to shave and renove the de Slt defJ | et el efore SO
formed aSeHBnAYiLaR PReURE, nd 183" 'ég%gp a"![’@ citier 3
represents the distance fromthe cutti ng edge to the boundary bet ween 07 and
08. The de¢rad leagthrlet. sﬁﬂwmailue df8rawill bevdseessed indetaihdateli. r thiei badedength Fidgis 12.
In this enbodi nent, Is set equal to 0.3 mm 07 is set equal to 30, and 68

i's set eqe@imined ?xﬁtheBbén € iffoh Bltoemua}n 5&0%11%@“’!6 ﬁﬁteﬁ?ﬂxﬁd Qn&neﬁgbe ih]

pOSSIb|e to set e eff ctive tip angle 07 relativel e., equa

aghi eve havi.n or man e ti angle
30 L3, A LB S N ) YHAIRER MBS P Adoh bPuR
mechani cal strength at the cuttin fg edge. of _the shavi ng cutter 20 62. Next,
the wor kPlge gspoverecaiedAr theHBRRIbAPORion “Ihehares ity thsdigusf informed poanarel aced
on what is illustrated in the figures. Fig. 11 shows how a deposited filmla
f or med oshaped|grssve withat mdd eutvei R3 sindveedveartd smewthipctjdoy the By iwagtecsttip db 62.
The angle 09 at which the shaving cutter is arranged relative to the gl ass

subst r at g4 Gag B&OsHASed Offt NEh thik EmBEEMRNIMRNs WBt §quaPtdd38VMn 209K citPe RAWL | NG

and shaving are performed, and is det er m ned appropriately in the range of

from 35 t]tl 03{5 f{%% 1449 bt hafin F*}evtsﬁ FEANESS s@&ﬂmﬁ?ﬁ?ﬁ :ﬂ{nﬁgfin {h*%‘% Wﬁht‘aﬁgutf' Im

In this sangevvas set equa
e - GHIT AT R R e
of the scribing cutter. In this embodiment, R4 is set equal to 0.5 mm. The cutting edge
needs to be designed to shave and remove the deposited film completely, and is therefore so
formed as to have tip angles 67 and 68 in two stages. In Figs. 10 and 13, t1 represents the
distance from the cutting edge to the boundary between 67 and 68. The details are shown in
1S a view seen from the direction C in Fig. 12. In this embodiment, t1 is set equal to 0.3 mm,
87 is set equal to 30°, and 68 is set equal to 40°. By setting t1 equal to as small as about 0.3
mm, it is possible to set the effective tip angle 67 relatively small, i.e., equal to 30°, to achieve
satisfactory shaving performance while setting the tip angle 88 in the cutting edge portion t1
equal to 40° to secure sufficient mechanical strength at the cutting edge of the shaving cutter
20 62.
Next, the workings of the eighth embodiment will be described with the focus placed
on what is illustrated in the figures. Fig. 11 shows how a deposited filmla formed on a glass
substrate 1 is shaved and removed by a shaving cutter 62. The angle 69 at which the shaving

cutter is arranged relative to the glass substrate comresponds to the rake angle with which



5 the direction H, cuts and shaves the deposited filmla. The waste strip |Ib
shaved off is snpoothly ejected al ong an arc-shaped groove nar ke(gﬂaﬁs/_w(%m(]]ﬁn
Fig. 10. The pressing force wth which the shaving cutter 62 is presse
vertically downward agai nst the surface of the glass substrate 1 is about |
to 40 N. A stronger pressing force produces a scratch on the glass surface
bel ow t he deposited film which adversepy.affects scribing. 10 Now, a
description will be given of On shown in Fig. 10 with reference to Fig. 12,

which is enl arged front view of ,t.he shavi cutter 62.. The openin pal e
03  or ety 2 iaving ¥ PerapEcdand it deReningg dperopeitelyon the deeg 9k IR 300 t he
range of fromb50 to 140 according to the tip angle of the scribing cutter.
The opentndS aagbediggl torthesthrokdesstand meliesialaoft theodepdsited filin.mminf thomembediment,i ng
edge is made snmaller than 03 by an angle in the range 15 of from3 to 6. The

purpose gagh ﬁﬂé’i‘ﬂgléi‘g}%sgf:tgé’@'% 2044 2 IRh-fick RBPeBas Sted TRATWRE Al D

i ?ﬂldk%
reference to Fig. . 3 1s a sectional view of the cutting edge of the
shaving qutter .. 62 .shown in Fig...12 taken alqng.line mn, as seen from
Sbove. VAR it AP BroD et Fig NG e Hecspakipe Beb 2 b Eampring g
direction K to cut_and shave the deposited filmla, it forns an angle 52
r el at Pvetheodirestion Jl.t ¢uty and shaves she deprsited ddmnt® oFhe wasteatip dbeshavest offsist o 20
i ncrease what is called the shear angle in the theory of cutting, and thereby

pernmts tioothiegected atbngi dnnarcahbgedcgriooas thaskel &01Gnint Figh@0t eThé @sasking .folcs
experinments, a 1 mmthick resin deposited filmwas cut and shaved with far

hi gher cylifhl WRKcR RRY SEinOERR1d2 15Yprédded Geftichity doWn/akd Xg%ﬂﬁ&h%ﬁﬁa&ooﬁﬁ\ev"as
when . In this o f

present, i.e., 03 and 04 were set equal. I ment, for
o vy 2080 e T SRl 4 RLA0 Bu° ) Houis P ERRShr EBRAHRA L Sereleh o 1 ne
Qual i 1y 85 DRSS BUEW ARG RN b ST MR AHATFE AT RR 103 by an angle TN the -
range of from3 to 6. The inprovenent of cutting quality achi eved by making
t he dfeni ng aiNgive Bdgscaptien wils bargreerf oHom shewhiip Fg. theithhafErerge to Fig. 12,
which is an enlarged front view of the shaving cutter 62. The opening angle 63 formed by
the cutting edge of the shaving cutter 62 is determined in the range of from 50° to 140°
according to the tip angle of the scribing cutter. The opening angle 64 measured at a
distance of 3 to 10 mm from the cutting edge is made smaller than 83 by an angle in the range
15 offrom3°to 6°. The purpose and advantage of making 64 smaller than 63 will be described
with reference to Fig. 13. Fig. 13 is a sectional view of the cutting edge of the shaving cutter
62 shown in Fig. 12, taken along line m-n, as seen from above. With 84 smaller than 63,
when the shaving cutter 62 moves in the direction K to cut and shave the deposited film 1a, it
forms an angle 52 relative to the cutting direction. The presence of this angle 2 serves to
20 increase what is called the shear angle in the theory of cutting, and thereby permits the
deposited film to be cut and shaved with better results. In experiments, a 1 mm-thick resin
deposited film was cut and shaved with far higher cutting/shaving workability and cutting

quality than when no 82 was present, i.e, when 63 and 64 were set equal. In this

embodiment, for example, when 84 was set equal to 80° and 83 was set equal to 84°, i.e, with



5 cutter, smaller than the opening angle 93, at the tip of the shaving
cutter, was observed nmarkedly with a resin or rubber-based deposiggepaf 7iom
0.5 mmor nore thick. In Fig. 10, 61 indicates that the cutting edge is not
perpendi cular to the circunference of the shaving cutter 62, but is slightly
inclined inward fromtop to bottomas seen in the figure. This nmeans that
maki ng 03 smaller than 94 results in pr@ducing 81. On the other 10 hand, in
Fig. 12, 05 and 96 are shown in a sectional view of and around the cutting

edge as hé [ g S r e 3is
set equafaa;35 gﬁgy gﬁ]&tdg?lo p%qg%tdggoqsu%?m@ %’g;ag\ivéfrt\ﬁ?#e B%s?irgﬂs&g’m é‘ql‘}%p@{‘gi bgo and
08 is set_equal to 40 in Figs. 10 and 12, 05 is equal to about 22 and 06 is
equal to2b®sutalmast gompagally |S3tisfagtary icuttingt gralibh wasngbtained svhesn O swis srvdeed by
formng a heat-treatable 15 material such as superhard all oy or carbon tool

steel i ngmallérsthah@ebyrad anBRNinSthR] RAEE B fiokn BO to fEeat The embprev@inesi bheﬁuiagl y at
the cutting edge or in entirety. The eighth enbodinent is characterized by

11 ondydly 4R RN BT ' ot SRR o ARBREDRN, BE i o U e e

by the nethod exenplified by the first enbodinent or the nethod of the
seventh ewttesdismalier. thag theopeniag anghd AB hatethsotp ofrthe shavihg dutter rwasoshserved
cutting apparatus enploying the cutting nethods of the first to eighth

enbodi memiasketily witha rekis 61 hibber-bdsed depldited filn diSaghaNmdre khig.r at i ng the front
face of the cutting apparatus enploying the cutting nethods of the first to

ei ght h enbodi qﬁ?geg;.lgR ;g{d?é}?ees tﬂyﬂﬁé @Ltﬁigg ﬁﬁ%{%@oﬁ@é@eﬁ?iﬁlﬁé P%@gtc@x&ﬁg%% has

a scribing cu h a shaving €

scribing ynjt 66, nmoves the 0 6 2006, 27 scribing cutter and the shaving
cut tor T oM FRRINE O Ut BeP ytlﬁsllwq%glawerdgfrsagtoa Bubeiiom 25 jseersin the"
conposed of a well-known ball slide or the like while pressing themwth a

pr edet er figned Thischeangathat making| @k smalldrsharmb4 rdsulty in ipeodusimgdil. arOn the other
unillustrated wel | -known pressing nmeans exploiting hydraulic pressure,

CONMPrRSS Gidndtiih FIg SF5 W5%nd Gt are ShbIvh GR @Sselliordl FRW BBandhroLlE td Kfting edge as
seen from the direction C. This means that, for example, when 83 is set equal to 84° and 64
is set equal to 80°, even if 67 is set equal to 30° and 08 is set equal to 40° in Figs. 10 and 12,
85 is equal to about 22° and 06 is equal to about 31°.

As described earlier, the shaving cutter 62 is produced by forming a heat-treatable

15 material such as superhard alloy or carbon tool steel into its shape and then subjecting it to
heat treatment either only at the cutting edge or in entirety. The eighth embodiment is
characterized by the shape of the shaving cutter used to shave the deposited film and by how
it is shaved, and the scribing step following the shaving step is performed by the method
exemplified by the first embodiment or the method of the seventh embodiment.

20 Next, as a ninth embodiment of the invention, a cutting apparatus employing the
cutting methods of the first to eighth embodiments will be described. Fig. 14 is a diagram
illustrating the front face of the cutting apparatus employing the cutting methods of the first to
eighth embodiments. Reference numeral 66 represents a scribing unit that has a scribing

cutter and/or a shaving cutter provided at the bottom. The scribing unit 66 moves the



5 In the exanple shown in Fig. 14, part of the scribing unit 66 is fixed to a
timng belt 65. As an unillustrated driving nmeans such as a notor rotates a
pulley 64, the timng belt 65, passed around the pulley 64, travel8 MY 2008
desired distance along the guide rail 67. In the diagram the scribing unit
66 is driven by the timng belt; however, it may be driven by a conbi nation
of an well-known actuating neans such as a ball screw and a notor and a
controller that drive it. 10 A chassi ss%0; a workpi ece stage 63, and a
support stand 63a are forned integrally. In the workpiece stage 63, suction
hol es ar gribingnattey srid the ahaving tuttgrironpsidatte side ac 8€ent @ the figlte b a ghide Fail
substrate 1 to be secured on the top surface of the workpiece stage 63 by an

uni Il ustgag 3€ 6 h Wll- FRASH A MM et tNARLE! i i ' mkfge 63
and the sup(gge%s stand 63a are rot aet algl e th%ggg%%ﬁgghe;ﬁggﬁﬂﬁ%rrghaggﬁr\l/lggﬁr

below Fig, ,14 . h t of .a tati 15 . n oused inside.the chassis
00, *h ¢ B SEaiRHh 2EE SR 1o LR R 8%t Ep TR RRS e S Sing o pieihe GBS S
60, and is mpved frontward or backward, as seen in the figure over a desired
di st anceexploing hydraplig presspee. OMPTEsset Al Pressurs. Hip rasiligngel ot A springe a1 the Nkeng
means such as a notor and an unillustrated controlling neans. As descri bed

aboved in thhexaupleishgwamppEigatldspat of the scriinp adit iHénis fixedéeo s timdngbelhd§emdat  of
the scribing unit 66 and the 90 rotation of the 20 workpi ece stage 63 permt

the gl asgn anillGitraéeddvih® mtans SidhoAGh mBtdriGtates ANELI¥y B4! Bl tiRg, belt 65, patsed a
grid-like pattern. Fig. 15 is a diagramshowi ng in detail the structure of

t he scrihi i h | Lt A | . 7 ht.h the
i g ey R IRy @7 RMeIL 8 debt S G ned il e B36e BUFLE T EEBRIEI BE
scribing unit 66 .sli.de.. Ajoint 74 joins the uni ase plate 71 to 0_B MAY
3006 - 2858z i bR BV o Mecirpine e RpWEvero cbohe SRRy AHEmbamkBnt s
fixed integrally to the unit base plate 71 with screws or the |ike put -
t hrough em&elnknpwp astuatingmeanssuch ane bathscrew prd 2 mesor andgneonyielies at dring ibind t he
rear portion 74b of the joint 74, together with the scribing base plate 75
fi xedOi nt egr alAl ghassis 60e Workpiecpstage 63, ahda, suppart stand 63aiprecfiormetbimegoallyt. hdn
action of a sliding
the workpiece stage 63, suction holes are formed vertically at appropriate places to permit the
glass substrate 1 to be secured on the top surface of the workpiece stage 63 by an unillustrated
securing means such as vacuum chucking. The workpiece stage 63 and the support stand
63a are rotatable through 90° as seen from above or below Fig. 14 by the action of a rotating
15 means housed inside the chassis 60. A C-shaped movable block 200 strides over the top face
of the chassis 60, and is moved frontward or backward as seen in the figure over a desired
distance at a time relative to the chassis 60 by an unillustrated driving means such as a motor
and an unillustrated controlling means. As described above, in the cutting apparatus of this
embodiment, the sliding movement of the scribing unit 66 and the 90° rotation of the
20 workpiece stage 63 permit the glass substrate 1 to be scribed in the X and Y directions, i.e., in
a grid-like pattern.
Fig. 15 is a diagram showing in detail the structure of the scribing unit 66 shown in

Fig. 14. A unit base plate 71 engages with the timing belt 65 and the guide rail 67 shown in

Fig. 14 to permit the entire scribing unit 66 to slide. A joint 74 joins the unit base plate 71 to



5 means such as a dovetail joint as shown in the figure or a well- gfmn
sliding neans such as a ball slide. The front portion 74a of theUF Ah 120864
and the scribing base plate 75 joined integrally thereto are kept pulled
upward relative to the unit base plate 71 all the tinme by the tension
exerted by unillustrated coil springs. The upward tension is stopped by the
tip of a mcronmeter screw 72 fixed through a mcroneter fitting block 73 to
the unit base plate 71. 10 The micromet@¥-screw 72 is used to fine-adjust and
appropriately set the vertical position of the entire unit including the
scri bi ngaRaskinglbaecpldfe 501d THeerexepdrtioR!74p@Fitld RINtOf4 shxeldi integfallly6 thé aivi ng
nmeans and the scribing nmeans described later. On the scribing base plate 75,

there arg, lLi{/mEr'Itlﬁﬁt}?‘%&wwﬂlemﬁa}m%oﬂ@g}}@ B Bk Bhte 71 BO, Behind B! NThe

substanti a -shaped, so as to be coaxrTally rotat a rotation

shaft 83 15 On e scribing base_pl 75 here .is fjxed a.support bl ock
6 wi + nERRY Borcy A pEie Te hoion b e bty T4 Bebiel milti§8 sHPHE R els: g a
hook forned at the tip. Fromthese hooks, _coil springs 77a and 77b are

st r et ched? tired pntegrglle fei thecirentporiaen Zday camslideup aaf dowarbyibe aptiemof 2 gkdingp of

t he shaving block 81 and the scribing bl ock 82, respectively. In this

st r uctur eeahheich aba\dometaib lj@iakasSshosmdn ttheefiguae iobia rvgel bk raovkn 8Rjisg meads suthas 4i e

| oaded with a force that tends to 20 rotate them counter-clockw se about the

rotati onpglpafitie 831ks ﬁ%ﬁﬁgo&wﬁmeh%ffthe Sinf 7@Ndmdn8Rdscribifle bede plafe 73 Jointhat
I's, the shaving neans 202 and the scribing nmeans 14 are pressed downward all

the ti ”eiqtg%%@ HRYQb GFe @%’ﬁﬁ#f QB%QFd%iaBOe 3 thaet ¥ agﬁ B%’%éé M hfGhe Bﬁ:‘e‘é@ﬁ]{ﬁet he

tips of s SCrews screw engage vertica
portions of.the shaving bl ock 81 and the scribi b ock 82 apd tips 7%a and
50b. o st Sxexie By suEien 51 aPanamy THS 0 A58 Leraioas soped R i S PR
scri bing base plate 75, Wile the shaving neans 202 is pressed downward wth
a pressi mjcfopretes serevafd dixed shroygk @ micremetes Siting blgckdars thei unis beseeploted71.
downward with a pressing force of about I to 40 N, that is, they are pressed
downvidr d T trhicrodndtérescesw 7prieassdng fire-adiast ahtd appfoprietelyt b thovértisgirposgionofa and
77b are individually set at
the entire unit including the scribing base plate 75 and the vertical position of the tip of the
shaving means and the scribing means described later.
On the scribing base plate 75, there are supported a shaving block 81 and a scribing
block 82, both substantially L-shaped, so as to be coaxially rotatable about a rotation shaft 83.
15  On the scribing base plate 75, there is fixed a support block 76, with which adjustment screws
76a and 76b are screw-engaged, each having a hook formed at the tip. From these hooks,
coil springs 77a and 77b are stretched to spring end screws 78a and 78b that are screwed into
the top of the shaving block 81 and the scribing block 82, respectively. In this structure, the
shaving block 81 and the scribing block 82 are all the time loaded with a force that tends to
20 rotate them counter-clockwise about the rotation shaft 83 as seen from the front right-hand
side of Fig. 15. That is, the shaving means 202 and the scribing means 14 are pressed
downward all the time. This counter-clockwise rotation is stopped by contact between the

tips of stopper screws 80a and 80b screw-engaged with the vertical arm portions of the

shaving block 81 and the scribing block 82 and tips 79a and 79b formed on a stopper/pressing



5 tensions that produce appropriate |oads for them The tensions are
fine-adjusted by screwing the adjustnent screws 76a and 76b intggqﬂw et of
t he support block 76. A deposited film surface detecting nmeans 84, by
extending a spindle integral with a detector fitted at the tip thereof and
by the use of a well-known electrical detecting nmeans such as a |linear scale
or differential transfornmer, detects tBB-vertical position of the deposited
filmfornmed on the glass 10 substrate as an electric signal by way of an

uni Il ust pRbRE 791 GRA! toCBR! RribifiebadePpBAa79f Wikle tﬂ@tﬁs&ihgqnéﬁﬁmzfﬂﬂ piREsed
detecting the deposited filmsurface is forned as a rolTer nmade of resin

such as EX%—B{%a@r wtﬁg%,@gen%iﬁg’rfo Odof‘ BodteiF b %o ﬂ??ﬁ@%‘fritﬁ)(‘%ﬁr%@; SR ﬁlgsieﬁr e

as low a Wwer SO aS not to’scra ormt surface
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bl ock 82, the shaving nmeans 202 serving as a glass substrate exposing neans,
t he scri diffegenteprassingdforegsd tThereflenso thet eoll fplingssiita and 7dbtace indigidualiyhsetsat, as
seen from above. This figure shows that, as the result of the deposited film

det ectsi ngerRAS thal produtd BpEbpitita thade &rthed?2, Tae tnbidas S fitd-autREBS sckéwidgi Ng
arranged in arow, it is possible to shave the deposited filmla and scribe

the toD $he hiSmBht LREVOYER Ench ¥ |t 'afa bub bl SBBGH Hidck 70 38 dbfisiusl Fif N

unit 66 is ong one pat h. t, the operatfon and worKking

cutting a ratus of a ninth enbodiment of . the invention wll escri bed.
o 19 RERBRIel iR egh bR PR oPingiBfherdl i aritigttpr 5el RS oy
in which the scribing unit 66 s |ocated . in the |eftnost, stand-by position,

i .e., thdhereefiand:bhtheryss of swsH-knpendesideal detactipg means such aed deeinigaleedins

84, the shaving neans 202, 0 8 MAY 2006 -30- and the scribing nmeans 14 are

al | .| ocatdeffierantza} tfansforméredetegts sher eatienl pbsitine ofjthesdepesitedt filaxt forthed oh the glass
state, the shaving block 81 and the scribing block 82 are | oaded with a force
that fendabstiafe aphRleRciritesiz iyt way famkinilestrlbedsighdl ecablel atThenips Bad bf @ by

the tension of the coil springs 77a and 77b, but this counter-clockw se
rotation defecih@®RRERS $9/for etekting tHefdebO8ited HAMPRIfaSE [s50Pmed as a roller made of resin
such as nylon or Teflon (R), and the detector operates with a sensing force as low as 0.2 N

(newton) or lower so as not to scratch or deform the surface of the deposited film la. Fig.

16(a) is a plan view showing the main components shown in Fig. 15, such as the shaving

15 block 81, the scribing block 82, the shaving means 202 serving as a glass substrate exposing
means, the scribing means 14, and the deposited film surface detecting means 84, as seen

- from above. This figure shows that, as the result of the deposited film detecting means 84,

the shaving means 202, and the scribing means 14 being arranged in a row, it is possible to

shave the deposited film 1a and scribe the top surface of the glass substrate 1 simultaneously

20  as the scribing unit 66 is moved along one path.

Next, the operation and workings of the cutting apparatus of a ninth embodiment of

the invention will be described. Fig. 17 is a front view showing the cutting apparatus of Fig.

14 in a state in which the scribing unit 66 is located in the lefimost, stand-by position, i.e., the

detecting tip 84a of the deposited film surface detecting means 84, the shaving means 202,



5 80a and 80b nmaking contact with the tips 79a and 79b of the
stopper/pressing means 79, and thus the shaving bl ock 81 and thepgamy o
block 82 remain at rest. The cutting apparatus operates as follows. First,
in response to the first nmovenent command signal, the scribing unit 66 noves
in the direction indicated by an arrow Min Fig. 17. As the shaving bl ock 81
noves rightward, the detecting tip 84a-®f-the deposited filmsurface
detecting neans 84 runs 10 onto the glass substrate 1 and detects the

posi ti onaf tHfeneribid gftﬂ&a‘?\/s Qs 40819600 4% frbt‘nnﬂhla s%@zof&ﬂ?gﬁgéﬁgﬁﬂrﬁ@qe.r

provi ded 1 n the stopper/pressing nmeans 79 exten ts t presses

t he stoppe rew,80, to_a, pr termnedd r hetl of ,th havi ng
means.  oHo SR g Sod Apd pRE 3T a4 AL btﬁ%‘g&i&@ﬂpt%éeww ¢ gl ferlS; " ne
t hi ckness of the deposited filmla on the glass substrate 1 as corrected
accor di nfp Totate them gaynter- %?Clﬂ\élﬁf‘eéltqub theprptatina Sh@ﬁ 82 by the trgsion Hf shesepil sHEMSst he
scribing unit 66 noves over a distance L5 shown in Fig. 17, the shaving
means 2027staed 7b,dut this gownter-slbckoiisg rathteondis soayiped dyfthé nps af théfstoppehscrewsi bi ng
unit 66 further noves and conpletes a distance L6 shown in Fig. 17, the

cuttes Weeghndl 46b Aaking®ntdcPwith the 8p$e9d ML ERIRE st"og) f séi’d'g ﬁleﬁm
i

surface of the gl ass substrate | where the deposite m | a has been shaved

O o REELAR R BRK S A theasggﬂtpgtbt&ka?i Rl 20£t Biiang Sphghake it

counter - C tension o Spri e cutter

wheel 14a exerts tinp, redet ned re55| n rce acting downward.
Thi s pr eSBfALS aF(f?@bWspe} st"‘s"&? 0BS P &‘Fr}]trﬁ'em? nent e "(S‘f“@‘ﬁ’i the acdbing
substrate 1. Fig: 18 shows how the shaving neans 202 shaves the deposited
filmla andSAowoveRan sherditsckign indieated iy se pirpwMiindig.tldp Asrtheshavirig bleek 8tposed
gl ass substrate | where the deposited filmla has been shaved off. 0 0 MAY

2006 - 31-moAes cightwarthatle detettiny tip BHe of thet dupositeddilmldafaat deteeting meafs 84 euns
scribing means 14 is formed as a roller like the tip of the detecting neans

84a, @nd odRPtheRhss' RESKAE 1t HRI d&LaS thOPodifiod BE tRUGIrARE ofRAS 'dEb&H"te@fﬁlhh?a gl ass
substrate 1 or the adjustnent of the vertical position of the tip of the

cutting Whge! k4 B5RP rofed IR RoPFaMReRRG mIlHiS70 Setehl Ma%ls 1PerdhoP

surf ace

presses the stopper screw 80 to a predetermined degree so that the tip of the shaving means
202 is so controlled as to reach the glass surface on the basis of the thickness of the deposited
film la on the glass substrate 1 as corrected according to the result of detection by the
15 detecting means 84. When the scribing unit 66 moves over a distance L5 shown in Fig. 17,
the shaving means 202 starts cutting and shaving the deposited film 1a. When the scribing
unit 66 further moves and completes a distance L6 shown in Fig. 17, the cutter wheel 14a at
the tip of the scribing means 14 runs onto the top surface of the glass substrate 1 where the
deposited film la has been shaved off. The scribing block 82 is loaded with a force that
20 tends to rotate it counter-clockwise by the tension of the coil spring 77b, and thus the cutter
wheel 14a exerts, at its tip, a predetermined pressing force acting downward. This pressing
force permits scribing of the top surface of the glass substrate 1. Fig. 18 shows how the
shaving means 202 shaves the deposited film la and how the scribing means 14 scribes the

top surface of the exposed glass substrate 1 where the deposited film la has been shaved off.
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5 glass substrate 1 is achieved sinply by noving the cutter wheel 14a, forned
as aroller, while pressing it downward. Accordingly, in the statyg Biyoygsi n
Fig. 18, the tip 79b of the stopper/pressing neans 79 for rotating the
scribing block 82 clockw se is not operating, In Figs. 17 and 18, there is
shown an exanple of a dust renoving neans 85. The dust renobving neans 85 is
a hose made of soft resin or rubber, andg;i,s flexibly novable 10 together
with the scribing unit 66. The dust renovi ng neans 85 has its opening |ocated

parti cul ACRtTed ity (R PR Phelo R AbE Andeaes pefting Bipai LY SerBed @5 ©

negative pressure sup Iylé:}e? means such as vacuum Depending on the particle
si ze and religs likgdhmtip of thedefacting smeanyBda, apd daercral re%plreptbgﬂpﬁev@orp@fé@s@we‘ace

suppl yi ng neans such as sprayed air nay be used instead. The deposited 15
fil m t hatpohitien lnale ghay substhfe tan the adjesmeat ob yheaveranavposgioneaithe tip ke tha
shown in Fig. 10, provided in the shaving neans 202. For the renoval of fine

shavi ngs cuflingrwisdet 14X as d8&PMe shaviRy nk@nPR0Y| dHud, @Emﬂh%"fo(?'th{e Rphdurficé BEthe
shavi ng neans 202. In Fig. 18, when the scribing unit 66 further noves until

the date [f

posi tf—*’on“g%#g?#s*@tee‘g@%.a?f“a‘&f"ﬂ%ﬂﬁ ‘aﬂ&gﬂgéﬁ?%ﬁa% . 1 ?ﬁt%%s“aiaozfé P,
scribing step is generated. Fr hi s poi nt, bi.ng.u

further rPB?Fé@go'\T/ “é{“’mrét affeeer B‘ﬁ erint nSt?tﬁeS}EPWé‘t Hh égb 4 wHigntip pj@"d%’?é‘?ﬂi ng
tip 84a and the tip of the shaving neans 202, i.e., the dinmension L5 shown
in Fig. Bmpper/pisssinpompanst’Odar rasatinghtheiseriping bleck B cipokwist is s opewapip@r / pr essi ng

means 79 further extends its air cylinder under the control of an

uni | 'ustrat ed ladigy. dl7l amigl 8Teethére is GhéwAtantdxamplani oddusernfovA{I2mesns®y edTke 8
MAY 2006 -32- upward, away fromthe surface of the glass substrate 1. The

scri bi ng di@Rsncving) &RdAs 89 198 hERNnLe |o?@oftnre§nsérn?db%r %Hqgrﬂe)my%évlﬁbi@e

shavi ng neans, the scribing neans 14 rel eased upward after the
T S R o R RO 0 e 1o
the shaving means 202 and the scribing means 14, and serves to remove particulate dust
produced during shaving and scribing by the use of a negative pressure supplying means such
as vacuum. Depending on the particle size and the amount of particulate dust produced, a
positive pressure supplying means such as sprayed air may be used instead. The deposited
15 film that has been shaved off can be removed by a removing means, like G shown in Fig. 10,
provided in the shaving means 202. For the removal of fine shavings, a brush-like remover
may be provided immediately behind the shaving means 202.
In Fig. 18, when the scribing unit 66 further moves until the detecting tip 84a of the
detecting means 84 falls below the surface position of the deposited film la, a signal
20 indicating the end of the scribing step is generated. From this time point, the scribing unit
66 further moves over a distance longer than the distance between the detecting tip 84a and
the tip of the shaving means 202, i.e., the dimension L5 shown in Fig. 17. After completion
of shaving, the tip 79a of the stopper/pressing means 79 further extends its air cylinder under

the control of an unillustrated controlling means so that the shaving means 202 is moved



5 However, the tip 79b of the stopper/pressing neans 79 is kept away fromthe
tip of the stopper screw 80b during scribing, and the tip 79b nihk#4Y ¢t act
with the tip of the stopper screw 80b under the tension of the coil spring
77b as soon as the cutter wheel 14a falls below the top surface of the gl ass
substrate 1 on conpletion of scribing. Thus, this may be used to turn on an
el ectric contact to extend an air cylinde and thereby rel ease the scribing
nmeans 14 10 to above the glass substrate. The latter nethod is technically

si npl er. I awh ' i i | |5 n rface
of the g?l sé{a’s ﬁ%’g PIQF{ eﬁf%?gfa%ecéwg%%é?%ﬁgﬁfel' g%%%#?é@@lgﬁgn ]laiag??gg ?%ggn
shaved, th ri.pi n nit 66 is,mved back to the stand- posi ti.gn Lth the
shavi ng ﬁ%‘iﬁ@ﬁgdﬁ aasﬁlaﬂ?rh@ag’wi bIAﬁdV ‘ﬁ%&ﬁsS%iX‘“Si‘F?aé‘& Sﬁﬁglég rﬂ%‘f’stlg If‘?‘?f%f’f ere
with the glass substrate. Thereafter, as the novabl e bl ock 200 descri bed
with ref &aleased upward after the jseribing wsiteP PasomONed Ve a Wistansa carrespondingdesthe ed

di stance at a tine, shaving and scribing are repeated. In this way, the

gl ass suldistana¢ d. hetiwegn shelalstesting diff i8#anaindr tie deuttee rvelweel dda shewnsir Flgedi7.nt o
strip-shaped sections arranged at desired intervals. Then, the workpiece

st age s 63lodaver ithedip\dbhof e ktBpF&/pressinigimedits 75 if REft HFlayt Ropt ek 8P dNdle

simlar steps are perforned to scribe the filmdeposited glass substrate

into a grd.d-LJ . | ' | J:m | Ld-11i ke
pat  op nFioBpte ol 804 Bl8he cipThE UKL 0P 7B dhlées TERARMEE  iornCelfpdt 2
grid-like patyern can be achieved .al so by exploiti the facts, scri bed
Oar |1 er " AFEN SBrRaEn B "eisiom of e doil NS | AP S HE AT PReirdd 8T BepRTs) e
to side, as seen in Fig. 14, and that the novabl e bl ock 200 noves back and
forth, ashswersurfacenighe glaas subsratgodr dprempledemebsasbingay Thus,sbissnaybe useddoas t o
nove back and forth as seen in Fig. @0 MAY 2306 -33- 14. In that case, the
scri bi ng tomasnsanselebtiidl corsinzvod egtend anairfeylihdat and thdrebyoreldasenhefsciibimg means Adng
unit 66 shown in Fig. 14 needs to be so structured as to be integrally

rotat gpl 8y abdeOhdp1A9 sibdtAtd VerteOaft&emethad s feRSicaIR SinPlr 2AGer Shehis Wa@l | V.
a structure |like that of the novable unit 410 shown in Fig. 41, which shows

the el ghttﬁee Qé;ﬂ)sft@d EEhYs bhdveh ARG Eﬁ@a{}tesof the glass substrate 1 is scribed where the

deposited film 1a has been shaved, the scribing unit 66 is moved back to the stand-by position
with the shaving means 202 and the scribing means 14 lifted up so as not to interfere with the
glass substrate. Thereafter, as the movable block 200 described with reference to Fig. 14 is

15 moved frontward or backward over a desired distance at a time, shaving and scribing are
repeated. In this way, the glass substrate having a deposited film formed thereon can be
scribed into strip-shaped sections arranged at desired intervals. Then, the workpiece stage
63 described with reference to Fig. 14 is rotated through 90° and similar steps are performed
to scribe the film-deposited glass substrate into a grid-like pattern.

20 The shaving of the deposited film in a grid-like pattern from a film-deposited glass
substrate and the scribing thereof in a grid-like pattern can be achieved also by exploiting the
facts, described earlier with reference to Fig. 14, that the scribing unit 66 moves from side to
side, as seen in Fig. 14, and that the movable block 200 moves back and forth, as seen in Fig.

14. The workpiece stage 63 may be so structured as to move back and forth as seen in Fig.



5 described later, is adopted. In the novable unit 410 shown in Fig. 41,
reference nuneral 430 represents a conbination of two wheel cutters arranged
so as to face each other for cutting a polarizer plate. By adopmtii Wy 2006 s

i ntegrated structure, with the two wheel cutters replaced wth a single
cutter wheel for scribing, and with 460 replaced with a shaving nmeans, it is
possible to add the above-nentioned capability of 90 rotation. Furthernore,
by adding the 10 capability of 180 rotaB3en, it is possible to renove the
deposited filmand scribe in both of the X and Y directions. The shaving
nmeans 20324 anmh thae case ithd BEribTRA Mheahd mdathe hA¢ingt@BarshANed Gt ARdbsEsh DdMte
respectively, with different timng. Wen, after shaving and scribing are

cctively, with different ti ving and : |
reans. 205 he PR ATHRE B A8 L REUGIRS B b kR adXo R hldeplly URaFEC 1D

So as not, to e contact. or interfere wth the _ gl ass substrate. Thu t he
air cyli HH@H‘glknﬁ‘g't refaélvﬁrtﬁ\’h?jglésﬁ pp Sﬁéteﬁ“gﬁﬁ%r/%?%ggécﬁﬁ& Mﬁ‘l‘f’é“‘?alk&n@“ Bfﬂ\ﬁlhi ch
the degree and tim ng of extension are controlled by an unillustrated

cont r ol | evatdedsit 416 shewprinWFigled, sdpdr shoslsythe eighteenthi thfteentytfinsl embediments
I ndividual ly actuate the tip 79a for the shaving block and the tip 79b for

the seri BegReibed REds. ishﬂo%t@@. N ¥thB nVRBRIVIRY10 sASwA MO, 4N, RferfA@ nuktbrall43©

shavi ng means 202 has the shaving cutter described in cohnection with the

[t TSR cdiutslich ot BRAY DR LRGN o HIARE cdchl b0 LT 450

However, @any aving cutters use e cuttin descrrbed in

connection with the first to sixth and . eighth egpodi nents y be applied to
Che cut t PR ZGTRIRtE o Bcadoptine HibiBieRaisd SRR, BB BBt el v Paged
shaved, the tip of the shaving neans 202 needs to be accurately 0 8 MAY 2006
- 34- posmithohstmgla cuties whgel defescstbing eand | wigls 460 replaeadewith arphaving meany, it is
position of each tip can be set appropriately by screwing in or out the

cor r espopdisitge @6 @dd thet dbdvenEnponeds capablit POA 907 raistion. Fuethe@idre ClHY addifg theon of
the tip of the shaving neans 202 requires the finest positioning, and this

{0 RIS RS o8 IoRIRS, 7l PAGIHIOR Mol 8ER Bpoblhd (hrii HBE I B of the

i medi at e

X and Y directions.

The shaving means 202 and the scribing means 14 start and stop shaving and scribing,
respectively, with different timing. When, after shaving and scribing are complete, the
scribing unit 66 returns to the stand-by position, the shaving means 202 and the scribing

15 means 14 need to be released by being lifted up so as not to make contact or interfere with the
glass substrate. Thus, the air cylinder that is provided in the stopper/pressing means 79 and
of which the degree and timing of extension are controlled by an unillustrated controller needs
to be provided separately at two different places to individually actuate the tip 79a for the
shaving block and the tip 79b for the scribing block. In the ninth embodiment, as shown in

20 Fig. 18, the shaving means 202 has the shaving cutter described in connection with the first
embodiment fixed to the shaving block with cutter fitting screws 86. However, any of the
shaving cutters used in the cutting methods described in connection with the first to sixth and
eighth embodiments may be applied to the cutting apparatus of this embodiment. When the

deposited film la is shaved, the tip of the shaving means 202 needs to be accurately
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5 the shaving step is started. Utimately, the position of the tipis

adj usted accurately by adjusting the mcroneter screw 72. Aftegﬁfaﬁﬁﬂh pper
screw 80 has been screwed in and out for adjustnent, it is fix nut
203. Moreover, in the ninth enbodi nent, as shown in Fig. 18, the shaving
means 202 is fixed by being screwed into a groove fornmed in the shaving

bl ock 81. However, the cutting angle of-3#hkhe shaving neans relative to the

gl ass substrate 10 surface nay be nade adjustable. Specifically, though not

i 11 ustratRdtiohdd & the s&%'h%w@i @xss SBRAdEY | NghE DeriRar AARNNAF e%ElﬂiBgEﬁ b Ret0f

t he shaving block 81 so that S portion sonewhat closer to the avi ng

means 20 ' 0, er | 0 | . xed s be ot at-abl bout a
rotati on?ag h%%p ?{eélﬁbd' S\gp%\(’\}ﬁ@.{“n‘gg‘ de{ﬁ ﬁ%ecﬁoﬁﬁsé%{(ﬁ%&ep%rtﬁig ftéBP%isgreré r flgﬁ%to @ be

cl anped wi,ith a, clanping.neans after the angle with _ which_ the shaving neans
202 shavé@et‘f?ét“&gﬁ% 1pR8f they iR of they shaying smpans L84 reqviten eheBreshasaRne. andext ,
the cutting apparatus of a tenth enbodi nent of the invention wll be

descri bedhis tipnneetie tonbephsitiodeddititbeitqp sisfask ofuthe glafs snbstr@ed) imméediatehyabefore
means 202 and the scribing mneans 14 are arranged in a row with respect to
the dig eché @Raviflg WepCR dtixGeds CUlRMmAIy Nthe Jj’&@i_f'@%, of e fipaé adfustednatchfatdifiey
deposited filmand scribing are perforned sinultaneously as the 20 scribing

unit is %@gﬂggkmga&sme@awew'ﬂ.t%e}gma{ao@;ggééew astﬁama%gﬁep% k&5 202

and the s ng nmeans 14 are arrange i nterval equal 't he I'nterval s

at which scri.bing |s, . pperformed to r trip-shaped sections. Fig., 16(b
Shows. ¢ ndopaURTREAL isBiet SHEA B 208, MaBirore T ARG Brbimans sSiheh
scri bing block 82' as seen in a plan viewin this enbodinent. 0 8 MAY 1006
-35- | f ikigi BB, thessharingtmenns 2A2 issiiraddnnbeing sarewed, iso pigradye farmeskinithe shaying at ed
by an arrowin Fig. 16(b) as scribing is performed to formstrip-shaped .
sect i ons,blodtiedl.t hHowhkear] thg ditthogk aple ofielelshaving meank sglmrsecdtoathe tgfess fsulbsttaté n

t he novenent direction so that the shaving step is perforned first. The

i g_t er }/@g sarfacd elayebd) nidde AfAWLNY BRREGicAD? thoskH A6t ARksirMedIthi® angchlévedshby
adj ust ed,

separating the horizontal arm portion of the shaving block 81 so that its portion somewhat

closer to the shaving means 202 than its own center is loosely fixed so as to be rotatable about

a rotation shaft, and providing a mechanism that permits this portion to be clamped with a
clamping means after the angle with which the shaving means 202 shaves the deposited film

15 lais adjusted to the optimum angle.

Next, the cutting apparatus of a tenth embodiment of the invention will be described.

In the ninth embodiment, as shown in Fig. 16(a), the shaving means 202 and the scribing
means 14 are arranged in a row with respect to the direction in which the scribing unit moves,

so that shaving of the deposited film and scribing are performed simultaneously as the

20  scribing unit is moved along one path. In the tenth embodiment, the shaving means 202 and
the scribing means 14 are arranged at an interval equal to the intervals at which scribing is
performed to form strip-shaped sections. Fig. 16(b) shows the positional relationship
between the shaving block 81’ and the scribing block 82’ as seen in a plan view in this

embodiment,



5 as by adjusting the thickness of a spacer 204, to the intervals, i.e., the
pitch, at which scribing is performed to form strip-shaped secti(jdn¥AY TBks,
this enbodinment is the sanme as the ninth enbodinment in that both shaving of
the deposited filmand scribing are perfornmed as the scribing unit is noved
al ong one path, but is different therefromin that the scribing unit noves
across a distance corresponding to the-gstch to a groove where the shaving of
the 10 deposited filmis already conplete and then perfornms scribing al ong
that gro P = . t & ' | t N
pr edet er?ﬁf/ﬁéa\%ﬁ%ﬁ:@ﬂ, th%ﬁ{hgesgrr?‘gg) [ r%ﬁ#l%?gsqmj?%s&t §°h§%§?§§f’?§9uﬁ‘l ?@?vcv) lgg ]%Dved
two nore . tjRes than does.the, ni pth enbodi nent .. However S.C red with the
it enth SRS Str e Rareormed B B SO S8RRg Secsions, B o R ung IRy SoPareR us
in the direction in which the scribing unit noves, and this hel ps nake the
cutting &ppardisraseds thefipatin the mpxemenitdiregiion 6 ithat . theshasing: ptep ity peormessi bl e
to di spose an appropriate waste shaving renoving neans with anpl e space at
t he rear first. t Ahe imewaiedl between theashawih g tnieans 202 and thenseabmg2i@ansddds adjustethel ps
alleviate the effects of waste shavings that are left in the shaved grooves

during sggbhlaBmistihgtheithiRkndss 2P 8 GpSoer LS, t64hd in'ﬂ&vﬂ_@,ﬁ?é,%ﬁ%it@ﬁ, at W}ﬁclﬁs@i@ﬂigﬂ?nt
has basically the sanme structure as that of the ninth enbodi nent, and

I
t her ef or ' 20. e L ] : T S
subst r at & PR RE. W ShptsBpATHBRE Chthis R} oBodifRARI3He sl oghRlHun
invention wil| be descrijbed belowwth reference to Fig. 19. In the ninth
ebodi e FmOOAImER B EhstrRPHHRLNE G he sBeTitey M and.spribing dre REMOTIN h 18or ves
as a neans for positioning the tip of the shaving cutter accurately at the
top surf @eabing uniteisgingyed slobgtangtpathytbuthie diffferent thferefraam On ghawtie 200Bing 3gmit
shaving step, is provided at the front of the shaving neans in order to

det ect theoweesictdsera distantdreotregpondinfaoethefpitchaode gaive edhdre Ithe shdviny oD thect
the thickness of the deposited filmby a controlling nmeans such as
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large-format glass substrate is scribed at a predetermined pitch, this embodiment requires the
scribing unit to be moved two more times than does the ninth embodiment. However, as
compared with the ninth embodiment, here, it is not necessary to extend the cutting apparatus
in the direction in which the scribing unit moves, and this helps make the cutting apparatus

15 compact in its width direction. Moreover, it is possible to dispose an appropriate waste
shaving removing means with ample space at the rear in the movement direction of the
shaving means 202, and this helps alleviate the effects of waste shavings that are left in the
shaved grooves during scribing. In other respects, the cutting apparatus of this embodiment
has basically the same structure as that of the ninth embodiment, and therefore overlapping

20 explanations will not be repeated.

The glass substrate cutting method and apparatus of an eleventh embodiment of the
invention will be described below with reference to Fig. 19. In the ninth embodiment, a

detecting means for detecting an electric signal, which serves as a means for positioning the

tip of the shaving cutter accurately at the top surface of the glass substrate at the start of the



5 nore thick, variations in its thickness and other factors may cause the tip
of the shaving neans to be positioned above the gl ass substrate surface,

| eading to insufficient shaving of the deposited film wth the ﬂgqgﬁi@ﬁp
filmleft at the bottom of the shaved groove, or may cause the tip O e
shavi ng neans to be positioned bel ow the gl ass substrate surface, leading to
interference of the tip of the shaving neans with the edge of the gl ass
substrate and, in the 10 worst case, ev8A-to the destruction of the scribing
unit. This problemis likely to arise especially at the edge of the glass
substr at &havin® step)M3GRo¥iled fEMRIIde b fthd SRalhgSthaddsSinRRUGG0 RRRY B pokiifon of

el event h enbodi nent is devised to overcone this problem Specifically, a

cl earanc | ' It P i ' I . of a
arge- T orieg et W ne MESHER Tl epRiickeHe it ihols e OBNITIRFBES. ) ¢
cut apart, t non-fil mdeposited 15 portion is discarded, In t met hod
Shown” n serigoifing dhsans SUE} &8 PEPEMEBDIS AL, HHABHEN oS PBiyg Rt Fiel FHAVE
formed, is fornmed along the edges of a |arge-format glass substrate, i.e.,
the rawmeaneat the. tofisertatienafitbt @lass substrates di, rwgth @ depesited ifiddanias kmox ot he
deposited filmand the control ability of the cutting apparatus, and is set

equal 3§ o,mérerthickanmdigtion? ihGtslthickiess and bihes fadd3oflay kchuset the ttipeof thie sHavirpe
shaving neans is brought into contact with the glass surface 20 within the

portion ShBa¥k&ee b&%&l{eﬁ%?aabé)ﬂle?la@@&bskﬁa%kﬁme S&ddid ﬂ&qné{ﬂh&iehtsshmﬁg%fthe

Variations 1n the control of the tip of the shaving cutter are absorbed

within the di. on. t thR, 1,S .Secure brought into contact with
the gl aseetHBRT 0 " 18 dbPSireh Him o dp b EGH B e SRV o fE Fe 574 Bty

mar gi n secured fromthe edge of the deposited film In the nmethod shown in
Fig. 19( ?t'PrBtit@SgLBY‘“$ SRRIDF 1) berRosiioped ibelow thel glpsspsubsizate suHac loading &h S
bef orehand, the 0 0O MAY 2006 -37- fact that the deposited filmis shaved with
the tip dnterferenstraf thegtiprefithe shasthgdmeansiwith thtoedgeasfcthe redass isnlstfaty aned, of thdbout
Ito 40 Nis exploited. The tip of the shaving neans starts shaving the
deposild edwbrst Rade! @R td thenteddRRtiof RAE thelGeribihg tuist. f IThi3 Pedtden tiedikglyass adike t he

|l eft of the figure, and then reaches the glass substrate surface within the
portion SepuhilyealBRCEdR! G¥the glass substrate, i.e., when the deposited film la starts being
shaved. The eleventh embodiment is devised to overcome this problem. Specifically, a
clearance portion (non-film-deposited portion) is formed along the edges of a large-format
glass substrate to be shaved, and, when the glass substrate is cut apart, the non-film-deposited
1S portion is discarded. In the method shown in Fig. 19(a), a clearance portion S, where no
deposited film is formed, is formed along the edges of a large-format glass substrate, i.e., the
raw material. The dimension S varies according to the thickness of the deposited film and
the control ability of the cutting apparatus, and is set equal to, for example, 2 to 10 mm. In
this method, first, the tip of the shaving means is brought into contact with the glass surface
20  within the portion S having the dimension S, and then the scribing unit is moved. Variations
in the control of the tip of the shaving cutter are absorbed within the dimension S so that the
tip is securely brought into contact with the glass substrate surface, and the deposited film can

be shaved with a margin secured from the edge of the deposited film. In the method shown

in Fig. 19(b), instead of removing the deposited film in a clearance portion S beforehand, the



5 a curve R5 as shown in the figure. Part of the deposited filmis left in
the hatched portion in the figure, and therefore the portion S is discarded
when the glass substrate is cut apart. If Fig. 19(b) is assuned(8dA¥H6W
scribing in the Y direction, then it shows how, after shaving and scribing
have been perforned in the X direction to formthe shaved groove 5, shaving
and scribing are perfornmed in simlar manners in a direction 90 apart
therefromto forma grid 10 like patterd’-In this enbodi ment, when the gl ass
substrate is scribed into a grid-like pattern, it is necessary to formthe
cl ear ancfacpohdtithe dsposited filmh |is ashavead withethe dige ©fi the sbavingfmeédig londddhedih ga)

and (b). Si and 52 represent the pitch at which scribing is perforned to form

stri p- shapRawsATréshg forRGFaAbSutUSIEA0 N iS&lplAfedal The tipAFhOiHAGing nldias Slagyent h
enbodi ment appli'es to both a cutting nethod and a cutting apparatus as 15

descri be v, r ribi | 0gl S \/ leN an
extrens. St fe difhReT B or 8ol et e e b b IERNEER S AT IB ER ot
the probl.em of the deposited fi|m being |eft upnshayed at the edges of. a
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overcone by formng a non-filmdeposited portion along the edges as

descr Pbed curvetRfeassihowmrinthefipadi nBart of e depositadfam isdefd in the hatvhed pottiongn
apparatus of the 20 ninth enbodinent, the tip of the shaving neans is

posi ti oned fguré, ndgherefors the partion S’ ihaisgirdeds when et gladsesuBitrdtd & &it apart.of If
shavi ng by detecting the position of the surface of the deposited Tilm by

th t:iegld ' ¥ ited
e use ?T% ﬁgﬁﬂ i§ Qb d"BARSw §c‘i‘1“5{h£°f?1rﬂh€9x‘ dfgetidhe ttlﬁ]éeﬁ' 1{? Fﬁf h%,e Bigﬁ- dabpgi te

film and setting the vertic position of avl ng nmeans

at the start of shaving. This. ..h e, Js difficult to,realize with

25t f acth) feribing Ve pfftRisddR IBEX ireshin B form i thab o BP0V ScHikPEASGs - 30
t hi ckness of the deposited film This problemalso is solved by formng a-
non- f i | mSCrehip® 8fet paatosmed iip sinzilas pannees wdydisetont e apre Jherefipmt tofoem asgnidr t he
el eventh enbodinment. This greatly alleviates the burden on the design and
constluclikepamwémt hin thid émiwgdimeniamwdicnshe glags subdtrate iniscdibadimoa gridilke patieng t he

principles of the cutting apparatus of a twelfth

it is necessary to form the clearance portion S or S’ all around the edges in both of the
methods (a) and (b). S1 and S2 represent the pitch at which scribing is performed to form

strip-shaped sections, and are usually set equal to each other.
The eleventh embodiment applies to both a cutting method and a cutting apparatus as
15 described above. In a method for scribing a film-deposited glass, even in an extreme case in
which the deposited film is shaved manually, there arises the problem of the deposited film
; being left unshaved at the edges of a large-format glass substrate before scribing and cutting.
This problem is overcome by forming a non-film-deposited portion along the edges as
described in the eleventh embodiment. On the other hand, in the cutting apparatus of the
20 ninth embodiment, the tip of the shaving means is positioned at the glass surface of the glass
substrate at the start of shaving by detecting the position of the surface of the deposited film
by the use of a detecting means, then correcting the thickness of the deposited film, and then

setting the vertical position of the tip of the shaving means at the start of shaving. This,

however, is difficult to realize with satisfactory accuracy when there are large variations in the
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5 enbodi nent of the invention. In this enbodinent, the cutting nethod of the
seventh enbodi nent described earlier with reference to Fig. 9is lied to
a cutting apparatus. In the cutting apparatus of this enbodlnenﬂ BHown
in Fig. 20(a), in the workpi ece stage 3, there are fornmed a plurallty of
negative pressure supplying paths 209 in an appropriate arrangenent to
permt the glass substrate | to be secungd by an unillustrated negative
pressure 10 supplying neans such as vacuum and there are also forned

el ongat ¢ PERsOLT 48 BlpokRP AL S THOTIAIRANALOTs (RcRCHP bRl a SR B0, 1 ©

permt the scribing to scri | ass stra oW t he
bottomsufacethereof ng appar atus. of t L ment he tip
of the SHERSTEIRETHE Hone @ﬁggsﬁgotfttfa%g@epﬁ@ﬁwa 2 i me|eﬂe*ff=ashrr§§>°§ﬁnme T
substrate | and the tip of the scribing means 4 are |ocated on a verti cal
line as wseatlyfalleviptestherburdanrasncthe dpsigr andreinstragsioaradithe cuttiog appacatusget her .

Thus, a scribed line 5¢c is forned right below the shaved groove 5 forned by
the shavi ng mERs20 isna tdidgsararitiositatingtthe prihtipley ofaddutting dpparatus of ardelfiin t he
gl ass substrate cutting step after scribing, along the shaved groove 5

formeds i neniteRid&ROsH 1R idvehfion. THiAS thi® Smbdaiterit N tid Qum%g(ﬁhhoa hr eiet s&lentthreel

4a at the tip of the scribing neans 4 needs to be as descri bed

above. Veriloafhly dobdiileabahpw e HBEC PR OBAOUG AR SERMNE OIS L in.

direction vemsnt SO accur Iy
direction, i.e., in the direction, of the novepent of utter. The gl ass
subst r at éhﬁe@a@gtaapyéte& tﬁeoﬁm Hment; asshagyn Hnbig: 29@5 a%mwbpl@weﬁtésw

depending on the thickness of the glass. Thus, in a cutting apparatus in
whi ch t hehefleaare formed maplaralgy sfr ndgative fpmm@eﬂucpmymmeaﬂlpv@%maawpn@dm ce
exerted by the scribing neans 4 may cause the glass 0 8 MAY BOB - 39-

subst r at earfanzémente peimiit tHecglesvakstge MRABS seeteditgesh mﬁllﬁdﬂme&mdg@mwms@me 3.
To prevent this, a balance wheel 205 shown in Fig. 20(a) for balancing with

the | ogd dy gﬁ?@%éﬂi submda&hﬁi mehewsrera?g%rfo%ea @snga%baqng??@a .h{é{& e

direction t's novenent. ance wheel 05 has; rts-tip,
rolling \Aéno?r%lspon Vr{gn% %hléb Eﬁ&n f %lcrllt}ln 8 pse%nm’? tﬂe 5 ngnr%ea‘?ns 4 to scribe the glass

substrate 1 from below the bottom surface thereof. In the cutting apparatus of this
embodiment, the tip of the shaving means for shaving the deposited film 1a formed on the
glass substrate 1 and the tip of the scribing means 4 are located on a vertical line as seen from
15 the direction of their movement, and move together. Thus, a scribed line 5S¢ is formed right
below the shaved groove 5 formed by the shaving means. In this embodiment, cutting needs
to be performed, in the glass substrate cutting step after scribing, along the shaved groove 5
formed in the deposited film. Thus, as shown in Fig. 20(a), the cutter wheel 4a at the tip of
the scribing means 4 needs to be located, as described above, vertically right below the shaved
20 groove 5 as seen from the direction of its movement, but not so accurately in the
frontward/backward direction, 1.e., in the direction of the movement of the cutter. The glass
substrate needs to be scribed with a load of about 10 N applied thereto, depending on the
thickness of the glass. Thus, in a cutting apparatus in which the glass substrate is scribed

from below, the upward pressing force exerted by the scribing means 4 may cause the glass




5 shape as the cutter wheel 4a at the tip of the scribing neans 4 and forned
of a soft material such as pol yurethane rubber. To stably secure the gl ass
substrate 1 on the workpi ece stage 3, the bal ance wheel 205 is {p¢AY @tlb

i medi ately at the rear of the shaving nmeans so as to nove as if follow ng

t he shaving nmeans while applying a pressing force P2 that bal ances with the
scribing load PI| . Using a wei ght-shapg | oad applying neans to apply a | oad
directly to the 10 fil mdeposited surfaceto reinforce the force with which
the glass substrate is secured may. destroy or scratch the protective film
By cont r asbstraten! tdiceme offatie chuckingmeaieproaided tonrthe twoakpietehstagyl hssTe plesentat e
I's scribed from bel ow the bottom surface thereof, the |oad bal ance wheel,

| oaded with®, hltaldRsi whekl B0SS shoveh iR Fig, 20@Q) ffaﬂ‘balaﬁmh@hbltﬁl'tﬁélgoid"@s lanpbesa of
t he shaved groove fornmed on the top surface of the glass substrate by the

h I
ffﬁ?&?ﬁ‘?f?@ﬁ?ﬁ?é&% fieﬂe%fﬁ*e*’eg g ERAR, e SHeCRfor i hSvaIES, The BRI ©
ri sk of t and, t hereb .chi othermnse a deposj t ed
fim 1 a el g Endogy b B o iedR 550iAE Hibsh e e BiHetBally R et e nrioey e
gl ass |s cut apart (separated) by applying a |oad from bel ow the surface
opposit e shape ¥ethe cufterewheal dp ¢ dhesp aE theoscaibing wpansik ard faried pfrarsefismatepald
line. 20 Accordingly, inthe ninth to eleventh enbodi nents, a scribed |ine

i s formedueh angpliniretbant tubtenf Tdstallpavate gregiass sbbstanell an hlmadoﬂksiea@pdaged, from
bel ow t he surface opposite to the film deposited surface to achieve cutting.

By contragt balaficel WReel 205 fig tbcs:rébqﬂkﬂeara&ely at tHetBarS6¥ Hhe shé.\ﬂﬁ%]%ﬁﬁs K44 10 Mgve S
performed on the bottom surface of the glass substrate e deposited film

Sect on vithNRLEE Z‘P%ﬁ\?“@@da‘éf"zfé”ﬁ&e%ﬁia@ g AR RIS R MRIAHE i g 0o
and havi rSTiEEAeRs e U8EBATEHETRRS] lapd amﬁ?finﬁemgaiﬁi&aﬁ‘ yadend rectdihe LS've
the scribed Iine 5¢, and a roller 206 having, its tip, a groove that
moder 50 el §im-deppsifeds suifach totreinfipree the fosre vat whwbnhe \8ilase substrate iscsecwred mayong
It while applying, through the
destroy or scratch the protective film. By contrast, in this embodiment, at the same time that
the glass substrate is scribed from below the bottom surface thereof, the load balance wheel,
loaded with the desired pressing force, is made to roll along the bottom of the shaved groove
formed on the top surface of the glass substrate by the shaving means shaving the film-

15 deposited surface. This makes it possible to perform scribing with the glass substrate stably
secured, without the risk of touching and thereby scratching or otherwise damaging the
deposited film 1a. In Fig. 20(a), the shaving means is omitted.

After scribing, the glass is cut apart (separated) by applying a load from below the
surface opposite to the scribed surface so as to develop the crack in the scribed line.

20  Accordingly, in the ninth to eleventh embodiments, a scribed line is formed along the bottom
of the shaved groove 5, and a load is applied from below the surface opposite to the film-
deposited surface to achieve cutting. By contrast, in the twelfth embodiment, at the same

time that scribing is performed on the bottom surface of the glass substrate, the deposited film

right above the scribed line is shaved to form a shaved groove having a cross section with the



5wre, aload P3 of 50 to 200 N. In this way, it is possible to realize a
cutting apparatus that permts the shaving of a deposited film q;ﬂ@t%[ﬁl ass
substrate and the scribing and cutting of the glass substrate

reversing the glass substrate. Reference nuneral 208 represents a cushion
material used at the tine of cutting. In this enbodi ment, the cleaving of
glass after scribing may be integrated4onto a cutting apparatus provided
additionally with a cleaving 10 function which is capable of both scribing

and ol eaVieled Hindiligs B ide 1 ihel, SRR 006 WAL APPREALISEIANL Pon

cl eaved on eavl ng mac I'n t'"hi's enbo n any steps fro

t he scrlbl ut of t ass_substr he sec rin

ther eof OHET b SreEifpt SiPmeal piERenfE SpdoRaug éff’é'éﬁ‘?“stléqzl‘agléh’eo?haﬁ? UE
filmdeposi ted surface Th| s makes it possible to maintain and pr ot ect the
qual i ty dight pbovsciheseiibad Kng A¢. andsa eallgr 306 thauingopy gy tip0® grepveshas mederatsliped
pressing nmenber that positionally fits the bottom of the shaved groove 5 nmay
be used engages iwithvtheowitd isnaceBiqgsthe Mireasuda2d wlialomy it whileepplying nhodgheid  of
the invention. This enbodinent is characterized in that, in principle, the
step of SpigyiaNgad P? 0#8Dq§ OGN T | InThi Ryl l'ﬁs%@sﬂbl@fto réﬁlzb l&' dﬁ&l f&l%"tﬁ@fhﬁ?d as

separate steéps, and that, in the step of scribing, which |s 0 downstream

step, was I t urfa 0t hat
the " gl aderofip e Ffdn or & & §51{694“5"?9@he9§ss sy ARS s ForPie BBt o e
fil mdeposi teds rface .. thereof tions forrredo t he wor kpi ece
stage shdffslass ﬁ%@tratgzwthppbrevgrflqgtpgg{aﬁgg.&;étrmw %ﬁ@rﬂeﬁ@yw 2PB [reRTESENES § 5
shaved in such a way as to separate product portions, which are to be used
as productushignetaterial usefiatcthe tignst ofl cutingo| dy this einbedimenhcthe clzaving of @iess after
waste portions. Fig. 22 shows how scribing is performed on the opposite .
surface odcribing ghpde intgkaéd aite,a cuihg dpphraws(provided aadiionalinatith al dédvomshi p
shown in Fig. 22, right above) the shaved groove, after the deposited film

11 a 1§ SfaMmpsh Whichiig caﬂablé\@%oﬁihﬁrmﬁfgkédﬂgaeﬁﬂﬁig Wrghss’ B3 B GistOderibll Dn a

enbodi nent wll be described wt

cutting apparatus and then cleaved on a cleaving machine. In this embodiment, in any of the
steps from the scribing to cutting of the glass substrate, including the securing thereof on the
apparatus, there is no need at all to touch or press the film-deposited surface. This makes it
possible to maintain and protect the quality of the deposited film. Instead of the roller 206, a

15 plate-shaped pressing member that positionally fits the bottom of the shaved groove 5 may be
used to achieve cutting.

Figs. 21 and 22 show a thirteenth embodiment of the invention. This embodiment is
characterized in that, in principle, the step of shaving the deposited film and the step of
scribing are performed as separate steps, and that, in the step of scribing, which is the

20 downstream step, waste portions 11c are formed on the film-deposited surface so that the
glass substrate is supported, at the waste portions 11¢ formed on the film-deposited surface
thereof, on projections 13a formed on the workpiece stage shown in Fig. 22.

Fig. 21 illustrates how the deposited film 11a is shaved in such a way as to separate

product portions, which are to be used as products such as liquid crystal display devices, and
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5 reference to what is shown in the figures. The glass substrate 11, |ike the
ones used in the enbodinents described above, has a deposited fff§ Mg
fornmed on one surface thereof. In the workpiece stage 3, there are forned a
plurality of suction paths 6 at a predetermned pitch to permt the glass
substrate 11 to be secured by a negative pressure supplying nmeans such as
vacuum From and rel ative to one edge, -4ndi cated as A of the glass substrate
11, shaved 10 grooves 15 are formed by an unillustrated shaving cutter at

pi t ches g,%m(ggin : t Gt hchi | | | e
portionsq'yTOJS{e an thgl%?ggﬂgxtvs%?tspgﬁgéﬁcééﬁ ﬂg\!:,l\l’&mgé 8@5%5"‘ %?8‘9@2{5" g.Egssare
formed is the, sa as in. the fi.rst and.second enbodi. ts,.and therefore
det a1 e el BRRRRow Tin (BF g a0y SBGT R SRR uflorto fehfbov Rl s e
portions |lc are determ ned according to the thicknesses of the gl ass
subst r at &regys. dies thredrpositedifilm | 14 is shaved inkig 2lhe conditions related to
mechani cal strength such as the di nensions of the product portions Ild and

t he di mensi onNow#, theewernkingsomdpathes fdffureh @firthisneribedim2adt wilhédewdestibedoavithi ons
11, which will eventually be discarded, should be nmade as small as possible.

Hovevey , riferdnb€ 1 Whkt Rfshbivaakithd fighiek! | THe giabﬁs@sﬁfﬁt% BIUIRE HRE Snes! uled isf ARE
where it is cut apart by applying a load To the surface opposite to the

scri bed f ' [ . shal red with
the. thi o felped B54%, RRY b P38 RATER ik PR rif HRERFLCH)

cutting. This needs to_be taken. intp consgjderation en the di nensi ons, of the
waste pdhe PFRPIeEE Stage e HIFF 818 OURT %p@é@thgf Sustion RaHwo tRredstermingdyRitch han
the mnimumrequired dinmensions of the workpiece stage projections 13a shown
in Fig. 20 pamuitthesglassisubistrase ¢t to tre\eecudidrsns negative fprestiere supplying means isuetsasi1 d
are determ ned according to the size of the products, 0 0 MAY 2006 -42- such

as |iqui dvaciiymst aFroth apd aglatiey tecofic edgd, indicared bs AQ ofah@ighss aatskedtet hErshaved Fi 0.
22 illustrates how, after the shaving step shown in Fig. 21, the gl ass

subst [@t rddvesi 5 hid' fRfhed Ny 8 uAANRLraRE s‘ﬁﬁﬁH? edhtt@p at ?ﬁcﬂ&ré@fﬁﬁ&cﬁﬁgﬂﬂ? tla so

that the surface opposite to the shaved surtace Is scribed. I'h this

embodi menfut Bife N8 RhERForkt A 9fe ngsté'ﬁglqioﬁlg 1€ Hcf){hrfpproduct portions 11d. How the

shaved grooves 15 are formed is the same as in the first and second embodiments, and
therefore detailed explanations will not be repeated. The dimensions of the waste portions
l11c are determined according to the thicknesses of the glass substrate and the deposited film
15 1la and the conditions related to mechanical strength such as the dimensions of the product
portions 11d and the dimensions of the suction paths 16 shown in Fig. 22. The waste
portions 11, which will eventually be discarded, should be made as small as possible.
However, in the step of breaking (cutting) the glass substrate, in a case where it is cut apart by
applying a load to the surface opposite to the scribed surface, if the waste portions are made
20 too small as compared with the thickness of the glass substrate 11, it may be difficult to
perform cutting. This needs to be taken into consideration when the dimensions of the waste
portions are determined, while seeing to it that they are larger than the minimum required
dimensions of the workpiece stage projections 13a shown in Fig. 22 and described later. The

dimensions of the product portions 11d are determined according to the size of the products,



5 scribing is different fromthe workpi ece stage 3 showmn in Fig. 21, and has
projections 13a and recesses 13b arranged, as shown in the fi WrEny 2006
alternately in positions corresponding to the dinensions and 3'td% oP t he
waste portions fornmed in the shaving step. The top surfaces of the
projections 13a are level, and securely support the fil mdeposited-surface
side of the waste portions lie shown i-rd42Fig. 21 from which the deposited
film 1l a has been shaved and 10 renoved. Here, secure supporting is achieved

t hrough tshigh quuhdaa?ﬁa{tdagﬂawd@yce&hﬁtﬁmngwea AsVRIdR eiftitbe suppl yi ng means
as used conventionally. In‘this state, scribed lines are forned by a

scribing cuttes ] , ' e |4 r ' | own
hF g 22, tig AU RN o (RERRR SRR I RR°1 e B ESBRCIET
ri ght above the shaved rooves 15 i.s achieved as follpws, Relative to the
Cage a5y Bumel wdde foum BhE 8RR o i RSrkate SRS 13 G Belce SVateRs SRPSNGE (o
as an optical sensor, or a positiqnin% jig, a means for driving the scribing
cutter 4 theshaved sudadgab|sciadew In thia embailimenbethe vrkpieee Bpge 13 asedbtonperfrm and
a controlling nmeans, such as a nunerical controller, scribed lines can easily

be forfredcabing dediffessht floacthe wuorkpibee sipgeos sHowmsinrFigCEl, aind thae p@j&sions Uhsiddt e
corresponding to the places where the shaved grooves Il a sﬂomn in Fig. 21

are for mageesddie1 IeLPHEEE A3holds! i tRE FLERL haqt@&a?é?y il ?Hsiﬁeepéé,&ﬁsgo@ﬁ%irtgg@e of

t he product portions I'd fromtouching the workpieCce stage a

bei ng scr hed or. .destr . t hi dj ment, . scrihing i erforned gn
Che. Sur 1 Smenopsdrd ARl ARE waoth AgRidhs TERREL TR shipe el Be LR afc.
Thi s make§l it . possible t& pfrfgrm scribing wthou bei ng affe,ct;? by the
deposi t edthf Prajeations k2 are gyt 3gd Selsely SupRast oF filmriepaaiirssiuriage pide of dhe waste vay
2006 -43- the surface opposite to the scribed surface is shaved to form -
grooves aporpdnsc bk sowredmdigli Ah frany which she idepasited fds 1Tadws teerrshaved sadp of
breaki ng the gl ass substrate is not affected by the presence of the

deposi0 edrefrioved.| ek, sebaies seppoaitigrnichiced ahitiuighate abeteh ?Sthﬁ 16Eb Ok sdine

which first the step of shaving the deposited filmis perfornmed and then
scribing A hsHRE supplying means as used conventionally. In this state, scribed lines are
formed by a scribing cutter 4 right above, as seen in the positional relationship shown in Fig.
22, the shaved grooves 15 formed on the glass substrate 11. Scribing right above the shaved
grooves 15 is achieved as follows. Relative to the edge A, by the use of a combination of a
15 well-known detecting means, such as an optical sensor, or a positioning jig, a means for
driving the scribing cutter 4, such as a ball screw or a timing belt driven by a servo motor, and
a controlling means, such as a numerical controller, scribed lines can easily be formed at
desired places on the opposite surface of the glass substrate corresponding to the places where
the shaved grooves 11a shown in Fig. 21 are formed. The recesses 13b help prevent the
20 film-deposited portions of the product portions 11d from touching the workpiece stage and
thereby being scratched or destroyed.
In this embodiment, scribing is performed on the surface of the glass substrate

opposite to the film-deposited surface. This makes it possible to perform scribing without

being affected by the deposited film in the scribing step. Moreover, the deposited film on



5 However, since, as described above, it is easy to control where to formthe
shaved grooves 15a and the scribed lines 15a by the use of the gﬂﬂ?g@@ling
means nentioned above, it is also possible to performthe scrigl g p
shown in Fig. 22 first. Next, a fourteenth enbodi nent of the invention wll
be described with reference to Fig. 23. The third enbodi nent descri bed above
deals with the shaving of a deposited f#43mand 10 scribing perfornmed on a

gl ass substrate having a deposited filmforned on one surface thereof This

thodi : g : _

depos t ogrerfact apilsh P kb RIao s sk o K BroSERk iR kit pdngine o
the third embadi nent.in th I b 21 is, divided int t
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proj ections 23a and recesses 23b forned at places dinensionally 15 .

cor r espoRtEsensetal the deposyed dilanlayers Jé@demhocﬁment b5 daspidbeghzheiva s anaethediiBi ng

steps. The shaving of the deposited filns is perforned, by the use of the

wor kpi ecavhixhafiyst th8 step\af shaviige thepteppsitedifimsis p8efoanet! drdethere seitsmsisPefofmedred as
shown in Fig. 23, by first shaving the deposited filmon one surface of the

gl ass ssulpiiwedbe sty foddsbsbadempve! Rds kady"® doRtBEWHeRe BOfofm e shAe8grbbesseof
and then turning the glass substrate 21 upside down and shaving the 20
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orm ~shaved grooves -an aces a orm-s
on both surfaces is achieved easily relatiye to the edge A by the use of the
control | ipﬁﬁs‘tﬁ%@n%erﬁ’éﬁ’ttpﬁﬁ IngHeR sh ‘Pﬁ?& 2\ﬁeffff)bdi ment, it is possible to
shave the deposited filmon one surface and then on the opposite surface and
t hen perf or m Nexti bfowstegnthembodiment o thengveniion voill berdeseriedsiittereferencede Fig 6
MAY 2006 -44- alternatively, it is also possible to shave the deposited film

and t hen 2per The thist embodigent deseeibed abdvecdeatsnatith b siavidgoofma depssited fidmsindps on
t he opposite surface. As described above, in the enbodi ments descri bed

e Ll LA e arkahon ke SR, 8 o e i oar
This embodiments deals with a cutting method for a glass substrate having deposited films
formed on both surfaces thereof. This embodiment is the same as the third embodiment in
that a glass substrate 21 is divided into waste portions 21c and product portions 21d. A
workpiece stage 23 having projections 23a and recesses 23b formed at places dimensionally

15 cormresponding to those portions is used in both of the shaving and scribing steps. The
shaving of the deposited films is performed, by the use of the workpiece stage 23 having the
projections 23a and the recesses 23b formed as shown in Fig. 23, by first shaving the
deposited film on one surface of the glass substrate having the deposited films formed on both
surfaces thereof, and then turning the glass substrate 21 upside down and shaving the

20 deposited film on the opposite surface. Vertical alignment of the places at which to form
shaved grooves and the places at which to form scribed lines on both surfaces is achieved
easily relative to the edge A by the use of the controlling means mentioned above.  In this

embodiment, it is possible to shave the deposited film on one surface and then on the opposite

surface and then perform scribing on one surface and then on the opposite surface,



5 cutting are fornmed al ong the exposed strip-shaped regions on a gl ass
substrate. In this way, it is possible to realize a cutting nethod and a
cutting apparatus that permt the cutting of a glass substrate)hany a@bany
type of deposited filmforned thereon, froma thin filmsuch as an
overcoating filmor transparent electrode to a filmsuch as a polarizer plate
or a deposited film up to |l to 2 mmthick such as a resin filmor protective
film wthout being affected by the 10-f#f esence of the deposited film It is
to be understood that the present invention may be <carried out in any other

manner t fledingReB, iti i€ alsb)podsiblertoagverthe \depsite@ TMCU HdLIAES peddith Sdring ¥RlbnOUS
vari ations and nodifications are possible within the scope of the 1nvention.

In the f91&9%@@23&%{%&&9@9&&;sﬁm&mogi rflcgrystal panel's and

appar at uses ricating themaccor o the itnvention will be
described with reference to.the drhaw ngs. , 15 First, .the |liquid crystal panel
of " 111t eont ASGRIDHERARRVooin (T REs Aesibrd hieinbelir. b sinngd paftions BF o
24 is a perspective_view show ng the appearance of the liquid crystal %gnel
of the pf atdepenited SHELA HadR as WPEassaTndO dpue caacks jame remeved, and then eraekst
reverse side shown at (b), and Fig. 25 is a vertical sectional view of the

| i qui @ ceytsihghrepfamaéd albhg shd expoised stripsshapedpegoins 365G glasscsubgteged bifths yoay,r  of
substrate cells 351a and 351b 20 bonded together with liquid crystal sealed

i n bet wegns pBQile td RALiss ATubRigemetiod a3d ]aacdtﬁngﬂaﬂ_ﬂ:a]:atlu?‘ﬂmtp'éﬁﬁi? tielitihg bf a

hereinafter be referred to as the "TFT substrate cell"” also; the substrate
cell 35 | QLo S r ] ' (R e 8 to as
the * cof Bist RofriSRing anb S Ripo B S pihney ithGH WO FanRT Bl 4o,
351 a protrudes ffr]om one end of the col ?ifﬂf ilter suhstr (ilt e cel|l 351 o form
a prot r udVsGeRBBIIBPrEnsearen fectiodr &e  fIlR speh 41 1BPlarisyplays opa deppsitedAiimo 006
-45- of which the [i %i d crystal panel is driven are forned on the inner -
surface op teHetopk aum thick guchpasr 2 restn BBn £a pratectivecitlon, cwitiag tbeing affectedhy the3ss
I's connected an FPC (flexible printed circuit) or COG (chip on glass) that,
when 10he présemdedofcthy sdepbsifeanBim 351 ik o ibecuridesstaddethat whea prdsemtlinderntiopsiay be
di spl ay device, receives electric signals and achieves display on the liquid
carried out in any other manner than specifically described above as embodiments, and that
various variations and modifications are possible within the scope of the invention.
In the following part of the specification, liquid crystal panels and apparatuses for
fabricating them according to the invention will be described with reference to the drawings.
15  First, the liquid crystal panel of a fifteenth embodiment of the invention will be described in
detail. Fig. 24 is a perspective view showing the appearance of the liquid crystal panel of the
fifteenth embodiment, with the obverse side shown at (a) and the reverse side shown at (b),
and Fig. 25 is a vertical sectional view of the liquid crystal panel.
This liquid crystal panel 350 is composed of a pair of substrate cells 351a and 351b
20 bonded together with liquid crystal sealed in between (here, the substrate cell 351a is a TFT
substrate and will hereinafter be referred to as the “TFT substrate cell” also; the substrate cell
351b is a color filter substrate and will hereinafter be referred to as the “color filter substrate

cell” also). One end of the TFT substrate cell 351a protrudes from one end of the color filter

substrate cell 351b to form a protruding portion 351aa, and connection terminals 353 by way



5 crystal panel 350. The liquid crystal panel 350 is designed for use in a
backlit liquid crystal display device, and thus has pol ari zer Qﬁfﬁﬁﬁ

and 352b bonded to the outer surfaces of the substrate cells Séh 351
b, respectively, alnost all over the entire areas thereof (here, the

pol ari zer plate 352a is | ocated on the side of the TFT substrate cell 351 a
and will hereinafter 10 be referred to as the "TFT-side polarizer plate cell™
al so, the polarizer plate 352b is |ocatdd-on the side of the color filter
substrate cell 35 Ib and will hereinafter be referred to as the col or-

filter-sig#evHisd afellqﬁ d Blyata® pedllis dAl&Pdre 16FRA bR eheinR¥PQirfice OF thdSrotiibmgl ONS
requi red of the ari zer plates 352a and 352b, they sinply have to cover

the di sp! %?‘trcﬁtr ??13.41“0‘[0%9&“2% é@ﬁ&n te§m1 &ishg?% é”‘f\égn e\é &nOFEeO({%g%]elgrmtetdh t he

subst ant iF y equal ly Iarge an arrange ace eac

substrate.cells andw ched j etween. In the liquid ¢rystal
panel  35HCHt) ?rht%g’%b Y ?‘FHEIU Wé‘iaﬁea?f‘él3ép|lié‘icoﬂPoét“égdBIai
352a is extended so as to cover the outer surface of the protrudi ng portion
351 aa. Tiguid eystah displays dédte, oneseivahelestnigssigrale ané|achiesesl displag @b the liquid
constituting the liquid crystal panel 350 are each very thin, for exanple
about . £rysal Parel 380When forned of glass. Thus, while they have 20 increased
mechani cal strength where they are bonded together to have tw ce the

Lhi ckness, i erhe RF8 R %&QP@S? 16 dEdigRkiPlor AsAn d BEMNE gt AP Aido

351aa, where t strate ce a al one appears an

it is, I ow hani cal stre an t he TFT i de

pol ar i zerd%ﬁ'lcg’t 8'?%@? S %Olf“ézeé Euttes 3% goﬁégﬁqﬂr’pﬁﬂ 3? thgtr?d‘tetrhsl A% Bﬁh}eess i's
exploited to reinforce the protruding paortion 35laa. ThIS is the reason that
the TFT- subdrate gellpdp 12@0d 354, reppactively etlmesiaalboves| the satirg greasaherepfgdgres theas t o
cover the outer surface of the protruding portion 35laa. This increases t-he
mechani cglolatzee plgten3 Tfa is hacapadodn theisidy gfche T6R Bbstaxte céls 34l a asliwill hereinafiert he
l'iquid crystal panel is transported fromone place to another or assenbl ed

into B0 |beGrefetred iy 8§ e “TFTRide/ polerie: Dlate¥elr dlfo; ithe pSlatiidr phite U5TIRESbatddén
protrudi ng portion 35laa is |ess

the side of the color filter substrate cell 351b and will hereinafter be referred to as the color-

filter-side polarizer plate cell” also). From the viewpoint of the functions required of the

polarizer plates 352a and 352b, they simply have to cover the display area (not shown); that is,

they have only to be made substantially equally large and arranged so as to face each other

15  with the substrate cells 351a and 351b sandwiched in between. In the liquid crystal panel

350 of this embodiment, however, the TFT-side polarizer plate cell 352a is extended so as to
cover the outer surface of the protruding portion 351aa.  The reason is as follows.

The substrate cells 351a and 351b constituting the liquid crystal panel 350 are each

very thin, for example about 0.4 to 0.7 mm when formed of glass. Thus, while they have

20 increased mechanical strength where they are bonded together to have twice the thickness, i.e.,

over and around the display area, the protruding portion 351aa, where the TFT substrate cell

351a alone appears and is as thick as it is, has low mechanical strength. On the other hand,

the TFT-side polarizer plate cell 352a is about 0.2 to 0.6 mm thick, and this thickness is

exploited to reinforce the protruding portion 35laa. This is the reason that the TFT-side
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5 likely to be cracked or deformed, or broken at a corner. The ne%h@@i@@%
strength of the protruding portion 35laa can be satisfactorily ildch¥a by
leaving 1 mMmmor less as a distance h (see Fig. 25) between the edge of the
TFT- side polarizer plate cell 352a and the edge of the protruding portion
351aa, i.e., the width over which glass is exposed outward. Simlar w dths
are secured between the other edges of _.4he 10 pol arizer plates 352a and 352b
and the edges of the substrate cells 35la and 35l b. Mreover, the edges 352aa

 verti Pzt R bR AEls RIAUET 7 A, AR AR el of o Bl PRl "
I1's 35 d b. Specifically, th 352 352b f d
e 10 havS1ih naPisiBrestss if pemaelial SERETISY e PEIBRIEENHOR 15 e At SWA20 o

cutting mechani sm 460 15 provided in the liquid crystal panel fabricating
appar at usvhehdhe Vighid drpstalepanel betranspoded fiiom bag @tace tFhainsther ovestembladhio iahe
liquid crystal panel 350 is transported from one place another or assenbled

into a | liquiddrgstalsdigplayddenteaevee i ic & hit be depges, tBé?ﬂ:&nﬂmg pordba 36 espeaes! | y
at coners) of the polarizer plates 352a and 352b from bel ng caught

acci dgnt ﬁk%l%to B0 aLINRr e forRieqY r%k&?‘it%'éo%érpn In a case where protective

films are rmed on the outer surfaces of the polarizer plates 352a and
352b so as to.be inteqgral therew th, the ahove struc e prevents. .
oxfol Lt on o P et ahiaRER o g PErRIRE” BPios 8k, e b a3istasigrly « ne
preferred configurati on of the edges 352aa and 352ba wi ||l be described. To
eval uat e iRGEeased BY deaninggLimam phless af a dirtanse hdsecsBizgads ubriwegpihg, edpg of etk T-as a
representative, . the liquid crystal panel fabricating apparatus 400 of the

ei ght eentshleqolwdenplate @ SS2a beditheredge 8f tHapra®ading $Trtione¥Sdhd, ilegttls width over
experinments were conducted to see how varying the shape of the cutting edge

of the Rlipgegiabilis@kpbded dutiviidng STRIEAARIISHE A6 QediRed B%tvde@ﬁ ERCHRBOEdpEs BF Ackes

havi ng C-shaped and trapezoidal cross sections as shown in Figs. 32(a) and

32( ) 2l flls 944k ¥s20 A e HhLor ARSI coiPSs1£3H dstpor @ shown i

Moreover, the edges 352aa and 352ba of the polarizer plates 352a and 352b are all so
formed as to have a vertical section that becomes thinner and thinner toward the substrate
cells 351a and 351b. Specifically, these edges 352aa and 352ba are formed so as to have
inclined or curved surfaces by a laser radiating mechanism 420 or cutting mechanism 460

15  provided in the liquid crystal panel fabricating apparatus that will be described in detail later.
This prevents, when the liquid crystal panel 350 is transported from one place another or
assembled into a liquid crystal display device, the edges 352aa and 352ba (especially at
corners) of the polarizer plates 352a and 352b from being caught accidentally, and thereby
prevents exfoliation. In a case where protective films are formed on the outer surfaces of

20 the polarizer plates 352a and 352b so as to be integral therewith, the above structure prevents
exfoliation of those films from the polarizer plates 352a and 352b.

Now, the preferred configuration of the edges 352aa and 352ba will be described. To
evaluate various configurations of the edges 352aa and 352ba, by using, as a representative,

the liquid crystal panel fabricating apparatus 400 of the eighteenth embodiment described in
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5 Fig. 26 is a diagram schematically showing the relationship be&mgﬁn @Ee
inclination angle g of the edges of the polarizer plates 352a & gi shown
in Fig. 25 (i.e., the rising angle of the side cutting edges of the bl ade
461) and the resulting properties, i.e., howthe angle g affects the

pol ari zer plates 352a and 352b and the substrate cells 35l1a and 351b. For
angles from90 to over 135, the foll ow.ngy four itens were eval uated: the
mechani cal 10 strength of the protruding portion 35laa, delta-shaped chi pping

th Lo (i . q

rosi ducs e REF RpBEEnERAde R se bR JoPub g T Bl SEPRLbifEnd fRRor )
dth t 352 d 3 For t

ang| esegf’ﬁfﬁ& a 351, Bt e wierd Freraw.%ﬁ (3t SL e E RS LlaTeY i e arert@

of three grades, specifically goaod, fair, and goor. As shown in Fi % 6,

when t he traperoidaltaress saefipns ag shgwndniFigs. Ra(2) and3261) affents theesubsimate sell8dS lagood

or fair properties are obtained in all of the itenms. Thus, the preferred

confi gur and@51bf Theresultpemre ShRemindig. Z62ba is form ng them as surfaces
inclined at an angle in that range. It is to be noted that the preferred

condi tg on founggopg id & dﬁé@?aﬁ%“&n@tﬁﬁﬁ?'sﬁ@ﬂi@ th@ﬁEﬂahSﬁs Gﬂ‘b&%ﬁ:@ﬁ tH@ﬁfcﬁnﬁt‘i’tﬁt
edges 352aa and 352ba are forned so as to have inclined surfaces.

Sur  aces TR EYS **"é%&rg%g%ﬁhe?’?ﬁ'gf‘z‘%}%tg? 9% ERLAFBUBHER 1E.E5 cntfrs 598 nner

and thinner to rd he substrate l.a 35 | b. The substrate ceIIs
352aa ancAMEkY EtBg pdaesPf the leﬁen‘éﬁr’l)rﬁaaég? apsultingprogeries, 1.aanaqwe the
fabrication eff|C|ency i s not given the hi ghest priority, the bonding of the
pol ar i zerangleg effe@Sthe rotatizesplbtesdy2bandiibeand dhd yutfsiratetcellu 8 § ianapdaiddbt  For

I ndi vi dual substrate O O MAY 2006 -48- cells 351 a and 351b and then bonding

theret o palghdsi f6Mm Phateovel 185UWhe Ubllowing RULARNA’ WefedvaliFdté®StheNa¥ehahnicaui d
crystal panel fabricating apparatuses according to the invention which are

sui t at?ge détPenEﬂmbéf 8 sotrlMfing pOHISH 145" MitaPRAdd ARPpifEIH the FHaALY Ratdh h52Pe

descri

and 352b, exfoliation of protective films, and residues of the adhesive bonding together the

substrate cells 351a and 351b and the polarizer plates 352a and 352b. For different ranges of

inclination angles g, the result of the evaluation of each item was classified into one of three

grades, specifically good, fair, and poor. As shown in Fig. 26, when the inclination angle g

15 1is in the range of from over 90° to 135°, good or fair properties are obtained in all of the items.

Thus, the preferred configuration of the edges 352aa and 352ba is forming them as surfaces
inclined at an angle in that range.

It is to be noted that the preferred condition found out in the above experiments

applies in cases where the edges 352aa and 352ba are formed so as to have inclined surfaces.

20 Needless to say, the edges 352aa and 352ba may be formed to have curved surfaces instead so

long as they have a vertical section that becomes thinner and thinner toward the substrate cells

351a and 351b. The substrate cells 352aa and 352ba may be formed of any other material

than glass. Where fabrication efficiency is not given the highest priority, the bonding of the

polarizer plates 352a and 352b may be achieved by first cutting apart individual substrate
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5 reference to the drawings. How the liquid crystal panel 350 is fabricated
W Il be described specifically last. First, the liquid crystal fﬁﬁ 7006
fabricating apparatus of a sixteenth enbodi nent of the invention PY %
described. Fig. 27 is a perspective view schematically show ng the

appearance of the liquid crystal panel fabricating apparatus of the sixteenth
enbodi nent, and 10 Fig. 28 is an enlargeg.view of a principal portion of the
gl ass substrate. As shown in Fig. 27, the liquid crystal panel fabricating

cope 309G RO AL Bl el R PR SR

pol ari zer plate 302 bonded on the top surface thereof Is placed, and a
movabl e §H®¥ 410 horizontally novable over the bed. The novable unit 410 has
a | aser radiating nechani sm 420, a wheel 15 cutter 430 for scribing, and a

di st ance sensd¥owA@uid ¢enystdl panest &b@cswwq)pla(ﬁtwetamQIémgamhvamdentlonhelgeh TSV e
together with the novable unit 410. The | aser radiati ng nechanism 420 is a

Cx2 | asersufigble G6 fabridate thd nq@idcaﬁmaghﬁ@e:fso desctibe)/abbapwil) teadédctiBed avith
emts a high power |aser beam T eel cutter 430, as will be descri bed

| at er ,g f He: oo Lot
The 205 \AﬁE%Fmgiﬁ: (E}:ré ﬁwﬁ%sggﬁyzﬁl@ﬁd @ﬁtﬁtaf B}%%g’ts ng ? %ﬁkgn‘g’llﬁgﬁs&%ﬁlo use
cutting edge of about 120 to 150 (see Fig. 29). The wheel cutter

430 is S&Bgﬂﬁ?a@g ﬁsﬁr'ough a spring or air spring on the novable unit 410 so
as to apply a&Eredeterm ned pressing force to the glass substrate 301. The
di stance sensdiirss4beiliquid ¢rystahpanehfabricating appasatiis 9f) at siteents smbedimant obtthe ¢ he
top surface of the polarizer plate 302 on the glass substrate 301 placed on
t he bed, iawhtioa @ilB bkiAdes260&l. - g 2Fend & ekspeptiveovidvarschématiodlly t shoowirsg ftheom

the | aser radiating nechani sm 420 and the wheel cutter 430 to the top

surface oippbﬁﬁl&c&f&he FgiidRrytal padel faEheasm@cupbmtuslo?tﬁ@ﬁ&&reﬂﬁ\%rﬁ&mm hadze

t he focus of the | aser beamemtted by thé l'aser radi ati ng mechani sm 420 and

to stapily {gein eRlfaf; e\ﬂgnfo?g(bgmgﬁ? ;Soj-%ﬁ’lxg ﬁ%%lé@%&lgstﬁ%t s hd%n in Fig. 27,

Incorpora hese, nova

the liquld crystal panel fabricating apparatus 400 is composed essentially of a bed {not shown)
serving as a workpiece stage, on which a strip-shaped glass substrate 301 having a polarizer
plate 302 bonded on the top surface thereof is placed, and a movable unit 410 hdrizontally
movable over the bed. The movable unit 410 has a laser radiating mechanism 420, a wheel

15 cutter 430 for scribing, and a distance sensor 440 fitted thereto so as to protrude downward.
These move together with the movable unit 410.

The laser radiating mechanism 420 is a CO2 laser device as used in a common laser
cutting/shaping machine,. and emits a high power laser beam. The wheel cutter 430, as will
be described later, forms cracks in the glass substrate 301 to permit it to be cut apart. The

20 wheel cutter 430 has a diameter ul of about 2.5 mm, and has an obtuse cutting edge angle wl
of about 120 to 150° (see Fig. 29). The wheel cutter 430 is supported through a spring or air
spring on the movable unit 410 so as to apply a predetermined pressing force to the glass
substrate 301. The distance sensor 440 is a touch sensor for detecting the displacement of

the top surface of the polarizer plate 302 on the glass substrate 301 placed on the bed, and is



5 noved at a speed of about 200 to 500 mm sec, which is the appropriate speed
at which to nove the wheel cutter 430. Needl ess to say, the |aggrmiyagigti ng
mechani sm 420 is supposed to yield a |laser output sufficient to cope with

t hat speed. Next, the operation of the liquid crystal panel fabricating
apparatus 400 descri bed above will be described. As shown in Fig. 27, the
novabl e unit 410 noves in the directi on49%0 indicated by an arrow D al ong t he
boundary between cells on the glass substrate 301. Here, the laser radiating

mechani sksdfh képdéobiaROtiR didafdes PR thO MREMrddMRinBOhédhagRin M Ahfd H2whedlOVES
ahead of the wheel cutter 430. Thus, the portion of the polarizer plate 302

| rradi at %glt'ter:rgfgr{gglibetto %ﬁﬁ'ﬁcebcﬁqgls bﬁlgﬂ?értp?ﬂega - ?H@‘égﬁltr@yl? gg : %rrl]ne%)&ﬁ%faibﬂgzet he

gl ass sub ere so orma stri p-Shape

Fol l owi ng, the | aser .radjating.meghani sm 420, the 15 wheel cutfier 430 ves
al ong t hgh%FOFPbgéﬁladw %ﬂ?&%ltﬁﬁ%ﬂ& Ints it weshanisay 12Gyand %%%tablh%ﬁ"&eng
(hereinafter referred to as a "scribed |ine" also) (see Fig. 28). In this
way, the presaiog force exertédobynihe veheshouttand3oulrgarporsmgtbens, thelhevable uhed ) tiss
substrate 301. Thereafter, when a |load is applied to the glass substrate 301

as requi meskedtdiar spebdd$ aboilrs00agoes®Dhni/ seadliwhychdiseihk Sppiopriateddpedd) af hichr RCK
312, producing liquid crystal panels. 20 Even without a |oad applied to the

gl ass Sulssicthe i e 6 NNBIREK 1312, e oGk T8lasdg mlBlgoi IR PhBpYsca

devel op to cause the glass substrate 301 to

the glass supstrate 301 isS.c art..along the crack 312. In practice, for
hi gher fZBryfeg ?faaﬂ' OugRY i%@%ﬁ%" ﬁi’g vﬁﬁ&&‘ﬂﬁ %eﬁait 410 is noved horizontally
along all of a_plurality of boundaries between cells to repeat the
above- descr i betexbptieRnemtions ok Hie hquidicaysalyrangl fabsicating apparatas 499 deseribgdy
2006 -50- apparatus 400, then the glass substrate 301 is turned upsi de down,

t hen scr idbomgwild bpdescoibedd Askbavmm Fige 27 cthe msevabledenitod 10 mevey instbe dirbstiamat e
301 by the use of the wheel cutter 430, and then the glass substrate 301 is

cut ap@r tindicited bg ag arroReDaléhgihe douAdary betdieen 36MPs bis tHeQskR dubdtfate 301, tHiere,
reverse side, the above-described operation of the liquid crystal panel
fabricatifg jaser radiating mechanism 420, radiating a laser beam toward the polarizer plate 302,
moves ahead of the wheel cutter 430. Thus, the portion of the polarizer plate 302 irradiated
with the laser beam is melted and removed by heat, exposing the glass substrate 301 there so
as to form a strip-shaped region 311. Following the laser radiating mechanism 420, the
15 wheel cutter 430 moves along the strip-shaped region 311 and forms there a crack 312 for
cutting (hereinafter referred to as a “scribed line” also) (see Fig. 28).

In this way, the crack 312 is formed along the boundary between cells on the glass
substrate 301. Thereafter, when a load is applied to the glass substrate 301 as required, the
glass substrate 301 readily breaks apart along the crack 312, producing liquid crystal panels.

20 Even without a load applied to the glass substrate 301, when the crack 312 is formed, it may
immediately develop to cause the glass substrate 301 to break apart. In this case also, the
glass substrate 301 is cut apart along the crack 312. In practice, for higher fabrication

efficiency, the movable unit 410 is moved horizontally along all of a plurality of boundaries

between cells to repeat the above-described operation of the liquid crystal panel fabricating



5 apparatus 400 is perforned also on this side. As described abaove E
liquid crystal panel fabricating apparatus 400 is highly effedklwgfzm
efficiently producing high-quality liquid crystal panels because it prevents
a glass substrate 301 from breaking at inappropriate places and prevents a
pol ari zer plate 302 from exfoliating accidentally even when dealing wth a
gl ass substrate 301 having a pol arizer .glpate 10 302 bonded thereto. The

| aser radiating nmechani sm 420 may be of any other type than a CO2 | aser

ov, oe. o sBfatRanh itk L' 45%05 WIRA D IHP A ISlac D et@eﬂtcﬂu@n?i Bime’®

di st ance Nnsor an a touch sen

l'iquid crystal aneI a par at sev nth enb t of the
15 v nCROPRAE FBEse ST Db Bland IPABEATL 9 dhs BOeEolche S0hech SHIgh 40, Arg Shed
such portions as have the sane names and serve the sane purposes as in Figs.
27 to 29 the glasdsbsirate @1k cit amse. sdma casebersricpolatizerrplats 303118 bondad| algptong
explanations will be omtted. This applies also to the eighteenth to

twenty- f ithstre@riodidepnhs abesedesrtibed adpratiohh of by elijuié nérpstelmipagél ntabticatidg er s
fromthe sixteenth embodinent in that the wheel cutter 430 is replaced with a

gas spy ay Bﬂ'a%94@§‘f§‘;?&‘fo?ﬂb4§ﬂo oﬁsthﬁ@@\é@ in Fig. 30, the novable unit 410 has,
at

in the stage followng the laser I ng nmechani sm 420 a gas sprayi ng
mechani sm 450 havii

stri p- shaped sgldS%(glgﬂnag’ﬂv? hg’CSillﬁlélg %’Ugtg rp\év{;leé %Tcgas 5%‘5 ytbsgh{gﬁfyough

t he nozzle 451 s, for exanple, caonpressed air or an inert as (such as
ni t r ogen)etfegtiye mysfficiguidy producing |hégh Aeakity liguidarystal panels bF%ﬁ:HSP éaRfFYf‘gltSabﬁliﬁsat us
400 operates basically in the same manner as that of the sixteenth enmbodi nent
descr i beduhistare 30bditom peeaking sat dndppeopriatd placeshandepreventsvacpoldrimenplate 362 fioed
lines. The difference is as follows. The |aser beam radiated fromthe |aser
radi at i ngexfi AR ia6ed ddllyntenOhen dwatihg vafita pREY subsirstet30eMabng a polarizer plate
10 302 bonded thereto.
The laser radiating mechanism 420 may be of any other type than a CO2 laser device.
The wheel cutter 430 may have any other shape and dimensions. The distance sensor 440
may be of any other type than a touch sensor.
Next, the liquid crystal pane! fabricating apparatus of a seventeenth embodiment of the
15 invention will be described with reference to Fig. 30. In this figure, such portions as have
the same names and serve the same purposes as in Figs. 27 to 29 are identified with the same
reference numerals, and overlapping explanations will be omitted. This applies also to the
eighteenth to twenty-first embodiments described later. The seventeenth embodiment differs
from the sixteenth embodiment in that the wheel cutter 430 is replaced with a gas spraying
20 mechanism 450. As shown in Fig. 30, the movable unit 410 has, in the stage following the
laser radiating mechanism 420, a gas spraying mechanism 450 having a nozzle 451 through
which a gas is sprayed to the strip-shaped region 311 on the glass substrate 301. The gas

sprayed through the nozzle 451 is, for example, compressed air or an inert gas (such as

nitrogen).
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5 renoves a portion of the polarizer plate 302, but sinultaneously heats the
strip-shaped region 311 exposed on the glass substrate 301 as a[fesuliN0k
maki ng the strip-shaped region 311 hot. The hot strip-shaped region 3 11 is
then rapidly cooled by the gas sprayed fromthe nozzle 451 of the gas
sprayi ng mechani sm 450, which follows the |aser radiating nechani sm 420. This
causes the strip-shaped region 311 to cofpjtyract and produce a crack. In this
enbodi ment, this 10 crack is used as the crack 312. Next, ‘the liquid crystal

panel fabricating.a r.at f ap.eighteenth e i ment._of th i nyention
will be descritlgg IW%F c\—'yé#éirpgﬁﬁlepatb&lc%f'@s9pp§iat3?qg8§2°.p%55 g?ﬁ?@é’em fpe same
enbodi nent differs fromthe sixteenth enbodi nent in that the | aser_ _radiating
mechani sPasmsrias thap| ofcll sixteenthy embpdiment %e&&wﬂsﬁb%o. ULSORSKA differently 31
the novable unit 410 has, in the stage 15 preceding the wheel cutter 430, a
cutting nthefefoirs whes Ofocmmgosaibedf ligesb| de differenbatis asr followdes The laser beam
predeterm ned angle relative to the polarizer plate 302. This liquid crystal

panel fabiiaedd fomBRAlREU fadidlithgOARE RS bR At ngi Redtd)@ng afiElts R ARéreldd
that of the sixteenth enbodi nent descri bed above, but operates differently

therefgo ' ' |l i : ' .ence
o as. 1ol Thaaes SEOHONTE (REROREAS ofle RDF, BE s EREoRIP b e i B
302 1< sraeaRrgeed B B Eany sHbaae 0l 3 syl Bape o Acorshopkibraion S11 Bol™ ©
strip-shaped region 311 is exposed on the glass substrate 301. The waste
strip 302&hehot stieshapPe rearely Bleen3EpLdLh €| gas gpryeedon) wAGorHe ade
Bhoohot stirospopdragian 3 Pl &itberompidkycanlet by fh & ffom bR gozaie 45|

461. Wth this liquid crystal panel fabricating apparatus 400, it is easy to

form stri of thegpecprayig MechO6 4562whichdblionss fhikllaser nadigtitig mechanise42t tThig
mechani sm 460 requires only a mechanical structure. This makes the contro]

of the cugdyseoheepipisiapéd f%id?lt PNABR@nRaG Yand PRYMuce % 2rkes IPfhid SRbSIIARA:, His t he
cutting edge of the blade 461 will be described wth reference to Fig. 32.

Wth g4bl 8%&1;%\&&&‘93&%&&%93?’ cross section as shown in Fig.

Next, the liquid crystal panel fabricating apparatus of an eighteenth embodiment of the
invention will be described with reference to Figs. 31 and 32. The eighteenth embodiment
differs from the sixteenth embodiment in that the laser radiating mechanism 420 is replaced
with a cutting mechanism 460. As shown in Fig. 31, the movable unit 410 has, in the stage

15 preceding the wheel cutter 430, a cutting mechanism 460 composed of a blade 461 that
protrudes at a predetermined angle relative to the polarizer plate 302.

j This liquid crystal panel fabricating apparatus 400 operates basically in the same
manner as that of the sixteenth embodiment described above, but operates differently
therefrom when removing portions of the polarizer plate 302. The difference is as follows.

20  As the cutting mechanism 460 moves along the boundary between cells on the glass substrate
301, a portion of the polarizer plate 302 is shaved off by the blade 461 as if by a wood chisel,
and a strip-shaped region 311 is exposed on the glass substrate 301. The waste strip 302a of
the polarizer plate 302 shaved off is ejected along the blade 461.

With this liquid crystal panel fabricating apparatus 400, it is easy to form strip-shaped




5 32(a), it is possible to shave the polarizer plate 302 with a const ant

width. This hel ps stabilize the width of the strip-shaped regi oh& M 200xposed
on the glass substrate 301. Wth a blade having a trapezoidal cross section
as shown in Fig. 32(b), in addition to the sane advantages as obtained with
t he bl ade having a C-shaped cross section described above, the cut surfaces
of the polarizer plate 302 left on the-ghkass substrate 301 are inclined. This
10 makes the polarizer plate 302 less likely to exfoliate accidentally.

Mor eover, i Ct a : t e i.p 302a
of the péfépﬁszgl pllggl gdgl%? qhaveéﬁ %ﬁewalﬁm ‘@uce@‘l é#hlrgy ae‘?%h\tégl%éln% Ch'lrg'

ej ection t ste.s 302a t,he .bl ade 461 Wth a bl ade having a
semcirc mﬂfeﬁm@ %oélct,rtoﬁ ﬁ&§§“§w§\éﬁpﬁﬁa IAINIEBANCE €agY, addition to the same
advant ages as obtained with the bl ades descrl bed above the friction drag
exerted by 15Naweexamplrs ofcthe shapeef theseusting edge ahthe blade 461 il hesdq'sgrrlbeder
reduced, and the bl ade 461 itself can be produced easily. It should be noted,
however, wittateferercestor Fig- 3hap@dthr & biadeha8ing @Ceshaped osmsl sedtioh & shownliarFigi dt h.
Wth a blade having a circular cross section as showmn in Fig. 32(d), in

addi tipn 1pa)t heisSpemsibhd YR RhAde thedSolahicri f18Q m Withhg dhetd® BAUhNITRIs helps

SGH]CIFCU|ar cross section described above, i's possible, by addltlonally
providin t f u t he
ol e ci il ah Wiy B oM Bk GEichebT] e%ﬁfz 1 951 HeEsfEREs 10701 304 (e
working Ii

e of the bl ade 46 I n thlS case, ver, l.so essary
to addi t|30{’r|éfi? élawsﬁ ebezoi9ak Fea SFALIOfr asehomn “ﬁshé?c»astlba "r“i"bt%g?asa%xt
the liquid crystal panel fabricating apparatus of a ni neteent h enbodi nent of
the i nveadvRagasi alSIobba;n@ewdhltbehladp%avmsfaefleaheeed oroF§ spstiog Alesapib8d abave the
ni net eenth enbodi ment U 0 MAY 2006 - 53 differs fromthe eighteenth

enbodi mendut isarfadestoft the pldrizen@laecioaniefrom e plass subsndief 3@ arec mBEA¢d CtTHIS. As
shown in Fig. 33, the novabl e unit 410 has the cutting nechanism 460 in the

D0 AL AR 0y Rl Bl 9 B
predeter g E exét?edeor VAt bYad® 463%n the waste strip 302a of the polarizer plate 302 shaved off is
reduced. This permits smooth ejection of the waste strip 302a along the blade 461.
With a blade having a semicircular cross section as shown in Fig. 32(c), in addition to
the same advantages as obtained with the blades described above, the friction drag exerted by
15 the blade 461 on the waste strip 302a shaved off is further reduced, and the blade 461 itself
can be produced easily. It should be noted, however, that the strip-shaped regions 311 are
exposed with a smaller width. With a blade having a circular cross section as shown in Fig.
32(d), in addition to the same advantages as obtained with the blade having a semicircular
cross section described above, it is possible, by additionally providing a rotation mechanism
20 for rotating the cutting edge, to use the whole circumference of the cutting edge for cutting.
This helps prolong the working life of the blade 461. In this case, however, it is also
necessary to additionally provide a mechanism for ejecting the waste strip 302a.

Next, the liquid crystal panel fabricating apparatus of a nineteenth embodiment of the

invention will be described with reference to Figs. 33 to 36. The nineteenth embodiment
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5 to face each other and each having a cutting edge and a bl ade 464 arranged
bet ween those bl ades 462 and 463 at their bottom The bl ade 464 has 1.dt h
equal to the predetermned interval v, and thus serves to keep t&%rwféﬁks
462 and 463 constantly at the interval v. Between the blades 462 and 463 at
their top, a support nenber 465 is arranged that has, |like the blade 464, a
wi dth equal to the predeterm ned intervgB-v. The support nenber 465 is 10
supported by the novable unit 410. These bl ades 462, 463, and 464 and the

suppor t Gﬂ?&?%ﬁ%ggﬁegﬁy Uidedt %i AR fhe WlltingMleBhaHidn? B0 Has"d, HBliffiddC"

easy replacenent. crystal pane ng apparatus ‘4

of o cROPRBIHTR cHbOUMILI FiBodbr MRS aRBAn i Rss it PHUEE TrdrparEDn

t heref rom when renoving portions of the polarizer plate 302. The 15 )
di f f er endle ptagaPrecsfingvibe weheel igutier #30,Rngs as howndin3Bigs.ad4 tand Tutthe eytting
mechani sm 460 noves along a boundary between cells on the gl ass substrate

301 in t meectaniemt460rhasth paireofieniet 462 andld63 atrimgedodt a fredesérmitddcintirealassodg? and
463 cut apart a strip-shaped portion of the polarizer plate 302. Next, the

st ri p-sshapegtenath ioter @hdtddeh BN iAg aZ&lttikd 88 ARPa tlAUdSa6uUsrr thetéenShayed

off the glass substrate 301 by the bl ade 464, and is renoved, as a waste
strip 30 I . ' usl a Stripash region on
the o1 asdrsheB? dnd "5 2t R Sitbm,, “Pog ARG HBLRRLE o SR I RE I EEE TR e
advant ages as, achi eved by the ei ghteen enbodi nent descr| bed above are
achi eved interah dgid dHs SHTVES to FheeR ihe ibﬁ?gieﬁégﬁaaﬂdgﬁé%@enst@dycahﬁefsgtaelm %
plurality of blades, for exanple, the width of the strip-shaped region 311 on
t he gl asBetwben thatbtade 462 and BE3 ehtheisadp.s sypPpYrt yembrar h66 Haagangedithas halsalike 464.

Moreover, 0 O MAY 2006 -54- when one or two of the blades have worn out, only

those canhbéladepisacedvidthdéquablttatheypredétaimined intat@alyvNoThé Slipi®riofmeinber 465 is
strip-shaped region 311 can easily be coped with, and the running costs of

the bjmdegpd e Sn¥able®hfteabl v ehyse tisiicadz, M3Xhnd b6 ald Gisdpsdry MkAbepPane!
fabrlcatlng apparatus of a twentieth enbodi nent of the
465 are built into a single unit with screws or rivets for easy replacement.

The liquid crystal panel fabricating apparatus 400 structured as described above
operates basically in the same manner as that of the eighteenth embodiment described above,
but operates differently therefrom when removing portions of the polarizer plate 302. The

15 difference is as follows. As shown in Figs. 33 and 36, as the cutting mechanism 460 moves
along a boundary between cells on the glass substrate 301 in the direction of the shorter sides
thereof, first, the blades 462 and 463 cut apart a strip-shaped portion of the polarizer plate 302.
Next, the strip-shaped portion of the polarizer plate 302, thus cut apart, is shaved off the glass
substrate 301 by the blade 464, and is removed, as a waste strip 302a, along the blade 464.

20 Simultaneously, a strip-shaped region on the glass substrate 301 is exposed.

With this cutting mechanism 460, the same advantages as achieved by the eighteenth
embodiment described above are achieved. In addition, since the cutting mechanism 460 is

composed of a plurality of blades, for example, the width of the strip-shaped region 311 on

the glass substrate 301 can be changed simply by interchanging the blade 464. Moreover,



5 invention will be described with reference to Fig. 37. The twentieth

embodi ment differs fromthe nineteenth enbodinent in that the paigg ofty Qigdes
462 and 463 are given nodified shapes so as to reduce the cutting resistance
to the polarizer plate 302. Wen the bl ades 462 and 463 each have a single
cutting edge as in the nineteenth enbodi nent, cutting a thick polarizer
plate 302 with theminevitably results 45 4a high cutting | oad inposed on
their cutting 10 edges:. In other words, the cutting resistance to the

pol ari zery, Irf&& FA%ol of thd Blde LR eWRYR out,rb\ﬁ;lyagxgaé Eﬁ} QQ}G%dcég'tindﬂlgﬁ%lrﬁ AHap De

def or med e being cut or causes delta-s pp! of

cutting. .JTo overcong t e prohl e . N i s.enbedinent . .as..,sho in Fi.g. 37,
Che. bl acidls WRE SR o3 e sESRER resiyabl St RREVFERed g Rt e i
figure, tvvoz cuttin edges having smaller and snaller cutting depths in the
directi orPQﬁSQfLE]B‘tﬁ’lﬁges(th?{“% &S A tivglpgedusedyi r ecti on i ndi cated by an arrow
D). This reduces the cutting | oad i nposed on each cutting edge, and thus
reduces the cuNextntherlepiid tonstad paneltfhlriqatihg ap pamatus | cdtactvndeth remdiodgmenteofabeve-
descri bed problens less likely. Next, the liquid crystal panel fabricating

appar a$ usin@éntiont WRNbY -debdrited OWitR GefeRihice b Fi?.en! NP twéliet bb&&Eniéas aiffded
with reference to Figs. 38 and 39. The twenty-first enbodi nent 20 differs

[ om e RbAshe AR b ARl By 00 B Brblagel RS AV RS

repl aced wih wheel ¢C e nova

in the stage preceding to the wheel cutter 430, a cutting chani 4

and, as SR TP geduss the stEng repianGe [ibenalarizet BBt 102 VRS e ladhdss
cutters 466 and 467 arranged coaxially at a predetermned interval v so as
to face edsh4®t hagh havesa sugleofutting edae as on the aihstecentdpemhadingat, siugvg @ thick gs.
34 0 0 KAY 2006 -55- and 35. Wth this structure, it is possible to further

reduce t hpolanizer iphge 863 withahanr itevithblg requdts dui b high q@ittiglodd Impdied @n théie cukiag!
cutters 466 and 467 are given an acute cutting edge angle w2 in the range of

from 30 tadRe o sferwords, $HE fchfiingNesistahéd RO 1 PolArivH p18tePS®Y ANhighY and s
pol arizer plate 302 left on the glass substrate 301 from exfoliafing
acci dent ainb%esaithe%ofa?itzer plate 302 to be deformed while being cut or causes delta-shaped chipping
at the end of cutting. To overcome these problems, in this embodiment, as shown in Fig. 37,
the blades 462° and 463 are each provided with a plurality of (in the figure, two) cutting
edges having smaller and smaller cutting depths in the direction of cutting (in the figure, the
15 direction indicated by an arrow D). This reduces the cutting load imposed on each cutting
edge, and thus reduces the cutting resistance to the polarizer plate 302, making the above-
described problems less likely.
Next, the liquid crystal panel fabricating apparatus of a twenty-first embodiment of the
invention will be described with reference to Figs. 38 and 39. The twenty-first embodiment
20 differs from the nineteenth embodiment in that the pair of blades 462 and 463 are replaced
with wheel cutters. As shown in Fig. 38, the movable unit 410 has, in the stage preceding to
the wheel cutter 430, a cutting mechanism 460, and, as shown in Fig. 39, this cutting

mechanism 460 has a pair of wheel cutters 466 and 467 arranged coaxially at a predetermined

interval v so as to face each other, instead of the pair of blades 462 and 463 shown in Figs. 34



"5 edge thereof The wheel cutters 466 and 467 are given a di aneter g@vinﬂghe
range of from5 to 10 mmto secure sufficient space for their rgﬁ t'l on
shaft, to secure sufficient peripheral speed for fast cutting, and secure
sufficient mechanical strength in the wheel cutters 466 and 467 thensel ves.
Now, suppl enentary descriptions common to the eighteenth to twenty-first 10
enbodi ments will be given. In a liquid cqystal panel fabricating apparatus
400 according to the invention, strip-shaped portions of the polarizer plate
302 are shav f.apnd renpved. by a .pl ade.or wheel cutter, Meanwhile, jf the
bl ade or %fﬁeff ; Renth i ssaichie. 5I‘é§3§5§18{‘}s‘t°r %F@lefaéﬂﬁm? fbe cutsiog TERE T o the ne
bl ade or the like may chip, or the surface of the glass substrate 301 nay be
scr at chedpol@izeh plates 8Pt cHerej thepwheél cuktars, 466sanch 4€% iareaiven o cuteecutting adge s
the glass substrate 15 301 to break at an unexpected place and causes

degradat i leei W2 ik $hetdagéd b frofd B0 feo®ttaakcuia AGuffidiéht @alngt deptO@hine previehng! ass
substrate 301 and the polarizer plate 302, there exits a very thin adhesive

I h hond. h T i pg. ed f b] ad
thecl i ko the $3fSiEen AR SEERRIEH e MRS HRIae A0F fithiniitiafl Sefietally AL3aR: 26
as not _to reach the _glass , substrate 301, and in addition, in the mddle_ of
cutting, §aeeitbererfni dBF dheghentiesn#¢oandedp hire given adiametes 42 de theorangeiof from S

Al'ternatively, it is also possible to use as the naterial of the blade a
mat eri al tohH mins thaecre suffmrent spaqeofosrtheie rotption shddt)2olseturs ofuttisierithgeriphbml
gl ass substrate 301. The strip-shaped regions 311 on the glass substrate 301

are gi venspaedWeh fisti drtinpe and b@are QfffibiefiMnécladical siengl B Sleattet] tirtdrHacs ange of
froml to 2,5 nm This hel ps secure a sufficient effective area on the

pol ari Zer4é’f@|€:‘ﬂs§€% in each individual liquid crystal panel, and 0 O MAY 2006
-56- permts cracks 312 for cutting apart to be forned easily wi thout
degradation i nygual |t nensi ons of t r the |like.need

0

I Tf}gs t he. di e bl ﬂfje f
to be set accoldPngPYPPleminiary , Jescliptops GURMORdp | (he jeighteRntly; foot tisbRTIES
tvventi-fi rst enmbodi nents in particular, by setting the interval v between
the pafr embodimgais will begiven cdng ligwid srysial parel Sabrating apprsatup 409 aecardingdo
stat ed above.
the invention, strip-shaped portions of the polarizer plate 302 are shaved off and removed by a
blade or wheel cutter. Meanwhile, if the blade or the like reaches the glass substrate 301, the
cutting edge of the blade or the like may chip, or the surface of the glass substrate 301 may be
scratched. Such a scratch, in particular, is undesirable because it causes the glass substrate
15 301 to break at an unexpected place and causes degradation in its quality. On the other hand,
in reality, between the glass substrate 301 and the polarizer plate 302, there exits a very thin
adhesive layer that bonds them together. Therefore, the cutting edge of the blade or the like
is initially so set as to be located within the adhesive layer so as not to reach the glass
substrate 301, and in addition, in the middle of cutting, it is monitored and controlled by a
20 position sensor 440. Alternatively, it is also possible to use as the material of the blade a
material that is harder than the polarizer plate 302 but softer than the glass substrate 301.
The strip-shaped regions 311 on the glass substrate 301 are given a width in the range

of from 1 to 3 mm, preferably in the range of from 1 to 2.5 mm. This helps secure a

sufficient effective area on the polarizer plate 302 in each individual liquid crystal panel, and



5 Moreover, to permt the waste strips 302a of the polarizer plate 302 shaved
off to be ejected snoothly wthout accunul ating on the bl ade of 8t 100ke,
the blade or the like is coated wth Teflon (R or dianond to prevent the
wast es 2a from adhering thereto. This prolongs the working life of the bl ade
or the like. Aliquid crystal panel fabricating apparatus according to the
invention may be 10 structured in any ojqier nmanner than specifically

descri bed above as enbodinents, and nany variations and nodifications are

possi ble within the of wha | ai ped.as the i.nventjon. For e ,
the gl as<PeSmifs Fragkis @o@Paﬂeﬂsﬁe&w B forBed By v SPRTetRoioadn e naRow ¢ h
any type of adhesive fntég ;Hzl es including common acrylic- or silicone-based

adhesi vedhe dimensions g hor det likenneedftorbst set msertidinglt s This panr be @ghigred t he
pol ari zer plate 302 is shaved off by 15 the bl ade 465, and therefore it is

advi sabl ecabity, 9elthe hiretdeptietcofweantirfisst wenbiodithertsiin pasiclidr, 48 seatingpy e mfefrva/vm | e
offering sufficiently strong adhesion to produce acceptabl e products. S

advi sabl e gwednang gar BF BFa@Eihwaddarm?'r@t@hJel éaae?mééﬁmw iRGRe %FE Pﬁteﬁ%@% zer

pl ate 302, becaus y renoving the protective |amnate

products oo SHBRAF, th et S aoBE Y el PR bE BT R

t he enbodi nents descrl bed above, the nmovable unit 410 npves relative to _the
bed: al t cieried rapqthlyr withgys aceripulpingan therhladeprdhe Yk the blage onthedikeds saated
substrate 301 placed thereon. Next, how the liquid crystal panel 350

descri bedwelleflen (R} of dtmiumittecprbgent the wastesola froml adheridg cheretbal Thangrblongs
fabrication apparatus 400 as described above will be described in detail 0 8

MAY 2006 the torking ife 6ffthé Bade of thetlike. drawi ngs. Fig. 40 is a perspective view
show ng t he appearance of a glass substrate of which the liquid crystal

o v A R LI SR U,
gipg-r a?& ord ure Er{ aCr%(l other Hagnnee}l tha/rll gp\)’gm cahy %egcn% d a%g\l?esgsr grglgoda Integts anae many
variations and modifications are possible within the scope of what is claimed as the invention.
For example, the glass substrate 301 and the polarizer plate 302 are bonded together with any
type of adhesive, examples including common acrylic- or silicone-based adhesives. In the
nineteenth to twenty-first embodiments in particular, the polarizer plate 302 is shaved off by
15 the blade 465, and therefore it is advisable to select a type of adhesive that can easily be
shaved off while offering sufficiently strong adhesion to produce acceptable products. It is
advisable to bond a protective laminate film on the surface of the polarizer plate 302, because
then, by removing the protective laminate film when products are shipped, it is possible to
remove molten particles and cullet (fine glass particles used when glass is cut) deposited on
20 the surface. In the embodiments described above, the movable unit 410 moves relative to
the bed; alternatively, the bed may be made movable together with the glass substrate 301
placed thereon.

Next, how the liquid crystal panel 350 described earlier is fabricated by the use of a

liquid crystal panel fabrication apparatus 400 as described above will be described in detail



5 the liquid crystal panel fabricating apparatus. Fig. 43 is a perspective
vi ew show ng the appearance of the glass substrate, with the TFT-side
surface thereof shown at (a) and the cutting positions on the g MAY 7006
color-filter-side surface thereof shown at (b). Here, as representatives,
the liquid crystal panel fabricating apparatus 400 of the eighteenth

enbodi nent (see Fig. 31) is used, and, as the blade 461 of its cutting
mechani sm 460, a blade 10 having a cut®$ifng edge with a trapezoi dal cross
section (see Fig. 32(b)) is used. First, as the material of which the liquid

crystal %Pﬂefé@x@cei o tﬁ@rd%ﬂn%é‘ 913'135@0 Eupﬁérrsﬁécﬁve by isﬁox?ff'tﬁﬂflée rﬁﬂpsél}g@{ce iof a

conposed of a pair of a TFT Substrate 301 a and a col or rate
301b bonded together . Thi | 3ss. substrate 3 has. a ality of TFT .

Subst r at Es PRt of AR die i E3Rls HaBer %y i Fafndl i, 1 s st ey
arranged adj acent to one angther in _a grid-like 15 pattern. Between each pair
of a TFT sshamaticakly shawing sheligiid caystad ingpelifabricating apperatisevige raspest o the glagsal ed
liquid crystal. Modreover, to the outer surfaces of the TFT substrate 30la and

the col eobstiake, @and Fig S12riataevedidab seaiohdl Tviewds tho ghss awbstrpteadfter HdPapaatibraof
color-filter-side polarizer plate 302b are respectively bonded so as to

cover sl lihd 'llﬁui-&':a}y&ﬁp?iﬁe@tf;?orﬁ@hhé_a%ﬁﬂ'a(uﬁ.i OFig? Q. is af Perspbctivel HewPQbdinZ e
pl ate 302a and thé color-filter-sSide polarizer plate 302b have 20 protective

films |ai e e r , I tr S

pl aced onagP %agali)cegdo fﬁ#'%téwl%éﬁuégtl %g’cwgt@?&gg&%ﬁ £ ‘é‘g?"?ecgie?%g ‘°’§'§‘|%§aa|I Zéﬁ%ﬁg‘%}b&

with the TFET substrate 30l a up Ihen,, t he r%vab e unit 410 is _poved in one

di rect i orfUlting (AQSItieNs o0R | e iCAlGrdkeEddpy syrface, thesgrlD shAwRi g6 (31 aHEre183s £ r om
one edge of the glass substrate 301 to another along one U of the nutually
par al | el roprgsritatives, the ligmid . crystalo panelnfabriseting Seppatates 440g.of 48ie Isightesath

adj acent TFT substrate cells 35 la. As a result, a portion of the TFT- side

pol ar i zereniiodireerdqaek Hig. Flayaskdpadd, lay theltdadd 46leoflifslouttimgimaclidnisnp 460)apisiade
region 31 la (see Fig. 42) is exposed on the TFT substrate 301la.

Sibmctyplitg 8t i R ot U0 SO Pl Shaped rogt o

First, as the material of which the liquid crystal panel 350 is formed, a glass substrate
301 is prepared that is composed of a pair of a TFT substrate 301a and a color filter substrate
301b bonded together. This glass substrate 301 has a plurality of TFT substrate cells 51a
and a plurality of color filter substrate cells 51b arranged adjacent to one another in a grid-like
15 pattern. Between each pair of a TFT substrate cell 51a and a color filter substrate cell 51b is
sealed liquid crystal. Moreover, to the outer surfaces of the TFT substrate 301a and the
color filter substrate 301b, a TFT-side polarizer plate 302a and a color-filter-side polarizer
plate 302b are respectively bonded so as to cover ali the TFT substrate cells 51a (Fig. 40).
The TFT-side polarizer plate 302a and the color-filter-side polarizer plate 302b have

20 protective films laid on the outer surfaces thereof.
Next, the glass substrate 301 is placed on the bed of the liquid crystal panel fabricating
apparatus 400, with the TFT substrate 30laup. Then, the movable unit 410 is moved in one

direction (in the direction indicated by the arrow D in Figs. 31 and 18) from one edge of the

glass substrate 301 to another along one Ul of the mutually parallel boundaries U1, U2, . ..



5 Thereafter, the glass substrate 301 is noved translationally within a
hori zontal plane so that the above operation is repeated al ong the
boundaries U2, U3, ... successively. Next, the glass substrathQMIzﬂ@
rotated through 90 within a horizontal plane so that the above operation is
repeated al ong the boundaries Q, @@, . . . (see Fig. 43) perpendicular to
the boundaries Ul, U2, ... to formscrkped lines 312b (see Fig. 43), 10
Next, the gl ass substrate 301 is turned upside down, and the above operation

[ t ed.. h lor,. filte bst r at b. .t ti
o por T olted e dop PEin Afiscrnl TR S Tele olrdaten Sne el §ppBiongtdbagtd-" "
Specifically, it is performed not_only along the boundaries V 1, V2, . . .
(see Fi gsidgPplasizenplate 3072 i shasedfafi by theshlpde %l,eanééu step-shaped regipn i lafsee

| ocated right opposite to the above-nentioned boundaries U, U2, ..., but 15
al so al oifig. 4Rpiskeaposkdrangbe WFT siBstrate 301a. ( SSubséqugntlvi 3he whoaelicngempddOais Inmdvelo and
at a predeterm ned distance fromthose boundaries V1, V2, . . . in order to

f or m pr otrong itdstrip8hdge@negidR 3 8Pa to ok a stAfed MeA1RE (468iFig 42§ is noved in one
direction (rn the direction indicated by the arrow D in Figs. 31 and 41)

from qne edge t I t.h [ of

boundar i es. al AaFisaltey e s HBSEAD Y Indy. AYShiIGHHIS' WRRn' DfrldtRiat oI, P

portions of the color-filter-side | ari zer plate_302h are shaved off _by the
bl ade 46%° t}&ﬁg‘es"( in)9&?{3}5@5lsrre@?aa?fﬁﬁgasl@e%?agéaffa 1?733,23 Fi gSucaesfivelye sed

alternately on the color filter substrate 301b. Subsequently, the wheel

cutter 43k ghssreubstratel 3higist toated thpugls 9aHevthegi borszoddal plamedsa3thbt theo ahmem
scribed lines 3 12c and 3 12d (see Fig. 42). Thereafter, the glass substrate

301 i's r Qpefafien G FeaRd Moy iHRI Buimdiiesi @nta!l . pl aee Fi%i%)grgéﬂﬁgnoﬁ&?@r tothet hat

t he above operation is repeated al ong the boundaries see Fig.

£3) Dot vl folar Uit BHRRARLE el gl v ch are located 11
thgts ],023 (2363(():8L %(It:l: ' glggsaﬁé}r}{ergfa gﬁbrige u ed du’ps%eI gg\gn,i asndaﬂpel iabeoc\ifet gpér?tleongllsass
repeated on the color filter substrate 301b. Here, however, the operation is performed
differently from when performed on the TFT substrate 30la. Specifically, it is performed
not only along the boundaries V1, V2, . . . (see Fig. 43) between the color filter substrate cells
351b, which are located right opposite to the above-mentioned boundaries Ul, U2, . . , but
15 also along the boundaries W1, W2, . . . (see Fig. 43) running parallel to and at a
predetermined distance from those boundaries V1, V2, . . . in order to form protruding
portions 351aa. Thus, the movable unit 410 is moved in one direction (in the direction
indicated by the arrow D in Figs. 31 and 41) from one edge of the glass substrate 301 to
another along the two kinds of boundaries alternately, in the order V1, W1, V2, W2, . .
20 As a result, portions of the color-filter-side polarizer plate 302b are shaved off by the
blade 461, and strip-shaped regions 311c and 311d (see Fig. 42) are exposed alternately on the
color filter substrate 301b. Subsequently, the wheel cutter 430 is moved along the strip-

shaped regions 311c and 311d to form scribed lines 312¢ and 312d (see Fig. 42).

Thereafter, the glass substrate 301 is rotated through 90° within a horizontal plane so

AR P —



5 scribed lines 312a to 312e into pairs of a TFT substrate cell 35l1a and a
color filter substrate cell 35lb. At this time, the portions 357 fimagsgbed in
Fig. 42) of the color filter substrate 301b (including the color-filter-side
pol ari zer plate 302b) | ocated between the scribed lines 312d and the scri bed
lines 312d are renoved as unnecessary portions. This produces, in each pair,
the protruding portion 35laa in the TFLubstrate cell 35l1a. Lastly, a COG or
10 FPC i s connected to the connection termnals 353 fornmed on the inner

surface of t r ot rudi ng. portion 1 rod e liquigd crystal panel
350 a5 anmanl gpBisberplateis BBGda aiohnd AR dhuBRRGUTE 17 o, (R Erch i et
fabricated in this the TET-side polarizer plate cell 352a is so bonded
as to co Pcahorrgvitsr bstrate el 331 ophisharelogated nehbomltge%}terﬁaogemmwssd| a
15 including the protruding portion 35laa, and the color-filter-side

pol ar i zerbouindarees €, IQ2352b, tofogn scribed dipes 3k2et(seeckiges3)al nost the entire outer
surface of the color filter substrate cell 351b. Mor eover, the TFT-side

pol ari zer pl atFhenchd redarad antbal iagpliedrio fid flass Sibd@ateB02rtd 26¢ it Rpat Alohg! the 3520
are so cut as to have, at their edges 352aa and 352ba, inclined surfaces

whi ch ¢refl: : IS g h t 0, I 1.
I\/breov?ar,gcl'{lﬁg(I \l/bh%te]hlrz\%ﬁsdf) h@hggﬁ &fﬂag o?ﬁgfﬁl'F%lﬁ)ssﬁrgfsetdreg?} eﬁggl?l? a3 i%lhglﬁ S?Egtr%gl or
filter subst e Il.351b are expos t the.edges,qn their o r surfaces
5 equat T Sl At TRE et BR° T Baiche i dRET At ol i SBreg
461. Accordingly, by adjusting the shape and di mensi ons of the bl ade 461, it
is possi Wy Geclebingithe goler-filien-side palarigersplaten?Pbdocated befween the scribed linesi r ed
mechani cal strength of the liquid crystal panel and the desired resistance

t o exf ol i at2doandothet svebpdlliaes 3¢é2d preatemsoved £ WikecERAF pdifiond\e dthie peoduoess ay,
the liquid crystal panel fabricating apparatus 400 of any other enbodi nent.

than the giciipageid pRigHs FiHioNBY 1 LLinUGRATED shitdratCdE34 NE ITiaGily ta COG !

panel 350 by the same procedure as described above. Incidentally, when a

large-hor gp¢ Q! AP Sh" Ak CodmieGith tRRidald A58 foRdby SlUdle tRHi drface of the

protruding portion 351aa to produce the liquid crystal panel 350 as an end product (see Fig.
24),
In the liquid crystal panel 350 fabricated in this way, the TFT-side polarizer plate cell
352a is so bonded as to cover almost the entire outer surface of the TFT substrate cell 351a
15 including the protruding portion 351aa, and the color-filter-side polarizer plate cell 352b is so
bonded as to cover almost the entire outer surface of the color filter substrate cell 351b.
Moreover, the TFT-side polarizer plate cell 352a and the color-filter-side polarizer
plate cell 352b are so cut as to have, at their edges 352aa and 352ba, inclined surfaces which
reflect the rising angle of the side cutting edges of the blade 461. Moreover, the width with
20  which the TFT substrate cell 351a and the color filter substrate cell 351b are exposed at the
edges on their outer surfaces is equal to about half the width of the bottom cutting edge of the
blade 461. Accordingly, by adjusting the shape and dimensions of the blade 461, it is
possible to obtain a structure as described above that offers the desired mechanical strength of

the liquid crystal panel and the desired resistance to exfoliation of the polarizer plates.
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5 crystal panels in this way, the cutting operation described above needs to
be performed in both of the lateral and longitudinal directiongy (4x ammd Y
directions). Depending on the order in which the glass substrate is
sectioned, however, the follow ng problemarises. Now, how this problem
arises will be described with reference to Figs. 44 to 48. First, as shown in
Fig. 44, when a glass substrate 301 haypng a pol arizer plate 302 bonded
thereto is sectioned in the 10 X direction, a novable unit 410 having a

cutting nechanysm.46 S f for.exa . a blade 461 to serve as a

gl ass subst ralt%geeg]ff)sog? nsé?ﬁ@l%nilguﬁoﬁya%g agir)‘pg?%\%ﬁ%térlg ApReraps zf‘?b f’é an Q}Efif in
the X direction to shave, off and renove the pol arizer, plate 302 and

si mul t ané&ﬁ’@ﬁyne%éh@dﬁw@ﬁeeﬁ»ﬁnbmﬁm |y b eseddadabiricate the liguidifeysie)inanel er
plate 302 is shaved off to expose a strip-shaped region 311, a scribed line
(a crack 3a0dydghevansprooedunt asgeactibedaibave.s formed 15 along the mid line on the
strip-shaped region 311. Then, as shown in Fig. 45, the novable wunit 410,

havi ng the bl gegdéfially, obhaive datpy-tohifatVEles! subbiriteris 480 api$ ifViadividual Migui
direction perpendicular to the X direction in the sanme manner as in the X

per orin ST RGeS I ier0eY, (b TKRe it Yt el oG ek B e DL 71 Y

perform . I'nthis?duttin I's run'in of

t he wheel, cutfer .430. This es, [.t possjbl e .cut. apart. . a 2 | as;s

Subst r ot oMYt 1 reabacd naltaiiRg difesBREEIC pi vediErttinnd  Depeiies of Mkeordstugni
equal to the_ time required by a step of si nEI cutting apart a glass sheet.
However, 1agvhi¢ibthe glass spbstratesis sgptianedeowsvar ¢ médlqwnmv&hem arisgse Wawy,rhet i on
per pendi cular to the scribed |ines 312 fornmed previously in the X direction,

t he cutt ithy peoljem anises Wil be deberiiGil withineferencestopFigs skidtoatBai it akbshetm ipFighaped
region 311 on the glass substrate 0 8 MAY 2006 -61- 301, collides .
per pendi c44, Hed aVldsh stibstrab190d Biisg @ polahigercplaeks2 (bonlédldrdtd Necitdmed ihQhde

by scribing. As a result, as shown in Fig. 47, the liquid crystal panel nmay

5,9, LSRRIy B RSP S g e

Thi's Shor:} glgﬁe EIE Ftc\)l\%rlénla 29 aI g'lgs% s(L)J)st;art]éa e)?;l)o%gn% éllge%ris, %oql%rw%layby a wheel cutter 430 is

moved in the X direction to shave off and remove the polarizer plate 302 and simultaneously

perform scribing. Then, at the same time that the polarizer plate 302 is shaved off to expose

a strip-shaped region 311, a scribed line (a crack along which to cut apart) 312 is formed

15 along the mid line on the strip-shaped region 311. Then, as shown in Fig. 45, the movable

unit 410, having the blade 461 followed by the wheel cutter 430, is moved in the Y direction

perpendicular to the X direction in the same manner as in the X direction to shave off and

remove the polarizer plate 302 and simultaneously perform scribing. In this cutting method,

the blade 461 is run in front of the wheel cutter 430. This makes it possible to cut apart a

20 glass substrate having a polarizer plate bonded thereto in a period of time roughly equal to the
time required by a step of simply cutting apart a glass sheet.

However, as shown in Fig. 46, when the blade 461 is moved in the Y direction

perpendicular to the scribed lines 312 formed previously in the X direction, the cutting edge

of the blade 461, which is pressed against the strip-shaped region 311 on the glass substrate
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S increasing the running costs, and also degrades the quality of the Iiquid
crystal panel 350. Thus, when the polarizing plate 312 is shavegd gif @ad
renpved, it is advisable to run the blade 461 in such a way that it does not
cross the scribed Iines 312 formed previously. A cutting nethod that avoids
this problemw || be described belowwth reference to Figs. 49 to 51.
First, as shown in Fig. 49, the wheel cygtter 430 for scribing is retracted,
and 10 the novable unit 410 is noved in the X direction wi'th only the bl ade

410 |5 modb TG e féshﬁiCEL?fy ﬁ“?’iﬁt SRy bt o B Tl 3 FEK e 50

i s shaved d renoved rma | ed re n ut no scribed |Iine
312 15 f GPRRBE] nAR AT t?ﬁ °§Vl’i‘dB ﬂﬁgﬁﬁﬁpﬁﬂcw%@ﬁwaneﬁwg HEKPW the GErRETSHE. t he
pol arizer plate is shaved and simultaneously scribing is 15 performed in the
Y di r ect iabtheofrosstrectiprsdstwednsthe gugingdines, rort heshvewrminr FigeScthe lsetingdge of theThat
I's, strip-shaped regions 3 11 and scribed lines 3 12 are forned. Here, there
are no sdlideedsl Imaieshiphas Ea. t Ehip Odhakteds thed vedrRingOBfd Sf 4Bk Milade0 468, $

i.e., in the strip-shaped reg| ons 311 forned when the novable unit 410 was
moved 4 n a r d
snmoot hgl y IIsl g?/%%gtd H%elgﬁgsg & Sst rat %3%%”%%%% H@ hlavma ﬁyéﬁlﬁ%ﬁﬁ‘ Iso‘nes

onl y Che Ueethertie paRIsg bide 1p Roshayid &ﬁtégif%%‘%?hé et atn e fladd g

when the novable unit 410 was noved in the X direction for the first tlrre SO
that scri46iliesych away thahit dogsnaticeoss thy scabed brescy12 forraedyprg¥iousyibst rat e 301 to
formscribed lines 312 to achieve cutting. In this way, by 9 0 MAY 2096 -62-
per f orm ng secAicottinggnethod et Xvoids ¢lus ipoosblerh hveill bendé¢seebed belowowitloneferende tden
in the X direction in this order, through with increased operation tine, .it

i's possi bigs 49 tgrsaat Firstdbo5tveh th 40 tké Rhetll iftePU30 Rer RIBRQ idndrRiaBRE the
quality of "the liquid crystal pane I'n a case where nore tife is allowed, it

I's al $9 NRSHRbhbie LRt H1BYE nfdVEd RPHR X ARkctRInAlfh only the blade 461 pressed against the
glass substrate 301. That is, when the movable unit 410 is moved in the X direction for the
first time, the polarizer plate 302 is shaved and removed to form a strip-shaped region 311,

but no scribed line 312 is formed in this strip-shaped region 311.
Next, as shown in Fig. 50, the polarizer plate is shaved and simultaneously scribing is
15 performed in the Y direction of the glass substrate 301 in the manner described earlier. That
is, strip-shaped regions 311 and scribed lines 312 are formed. Here, there are no scribed
lines where the polarizer plate 302 is going to be shaved, i.e., in the strip-shaped regions 311
formed when the movable unit 410 was moved in the X direction for the first time. Thus,
the blade 461 can smoothly shave the glass substrate 301 without colliding with scribed lines

20 312

Lastly, as shown in Fig. 51, with the blade 461 retracted this time, only the wheel
cutter 430 is run along the strip-shaped regions 311 formed when the movable unit 410 was
moved in the X direction for the first time so that scribing is performed in the X direction of

the glass substrate 301 to form scribed lines 312 to achieve cutting. In this way, by
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5302 inthe X and Y directions first to formstrip-shaped regions 311 in
both directions and then performscribing. Aternatively, it ijg§ MiYsib
possible to separately build an apparatus dedicated to the shaving and
removal of the polarizer plate and anot her dedicated to scribing so that the
two processes are perfornmed separately. 10 Industrial applicability Methods
and apparatuses for cutting apart a glass substrate, liquid crystal panels,
and apparatuses for fabricating a quui crystal panel according to the
present inventjon are, usef i.n techni cal related to.liquid crysta

di spl ay EBUIE Speriqning ez’ééefecteosl Ry mﬂﬁ &rwpwd&he%mt ﬂgsarqn

gl ass substrate having a deposited filmforned thereon, conprisin 5 gl ass
subst r at éndhisowrdery thisagh with ireased mpetation timeaiv el possiblednsgredtly pevlorg ks t ed
filmso as to expose strip-shaped regions on the substrate; and crack form ng
means f orwéringiling of tiecisdesandamhimepve quadlity Sithg ligsid coystd bamdle to be cut  apart
al ong the strip-shaped regi ons exposed thereon by the glass substrate

exposi ng neansy, gx@w&e blRe GhftSS asrg%arﬁtle 5§ Ip%?élbl@ptarsﬁa\ﬁel fheq)oia!g fﬁé(

10 2. The met hod cutting apart | ass su te according to

5. he ot BF 804 g SRR T @5&5@%‘?&%@ Boby 51 i PAHIARRR dasrg o

wherein the crack form ng neans forms the cracks on a surface of the gl ass
subst r at ethen pggem escrleSheAéttemaayslmaﬁe& alegyipepsible g0 separataly thyild o ennaratuy
apart a glass substrate according to one of clains 1 to 3,

dedicated to the shaving and removal of the polarizer plate and another dedicated to scribing

so that the two processes are performed separately.

10 Industrial applicability
Methods and apparatuses for cutting apart a glass substrate, liquid crystal panels, and
apparatuses for fabricating a liquid crystal panel according to the present invention are useful

in technical fields related to liquid crystal display devices.

15
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wherein the crack formng neans is a wheel cutter. 20 5. The nethod of
cutting apart a glass substrate according to one of clains 1 tof®MAYf2006t her
conprising: a workpiece stage on which the glass substrate is placed, wherein
the gl ass substrate consists of product portions and waste portions arranged
0 B MAY 2006 -64- alternately, the product portions being used as products
after cutting-apart and the waste portiggns being di scarded after
cutting-apart, and, on the workpiece stage, there are formed projections for
supporting the glass substrate at the m portions thereof. 5 6. The nethod
of cutting apart a gl ass substrate acg to one of clainms 1 to 3,

wherein the glass substrate exposing neans is a cutting nmechani smthat shaves
off and thereby renoves portions of the deposited film 7. The method of
cutting apart a glass substrate according to claim®6, 10 wherein an angle and
a pressing force wA metkid hf chtging Lapait rey glaes hubstrate kdvings depesitedefplos iforaed! i | m
are determned according to a thickness and a material of the deposited film
8. The n@}séam,ea‘)mpﬂgiﬁg}ng apart a glass substrate according to claim 6,
wherein the cutting nechanismis conposed of a blade that shaves off

stri p-sshaped | : [ A [ O I ay4 14 ng
edge hSZvi ng agﬁggﬁﬁia?g??@s&ghgﬁ%%g&? rgx‘rﬁgylg a%%%?nﬁ’regtfﬂﬁ%‘tz}o%gﬂ @e %glgéd
section. 9. The net hod af sﬁ”t{i ng. agar% a gl ass sHbstrate according to claim
8, wher el dP AR HEFXROSS YFPrshAPed 15BIONY OB theHOBFatEMdc yt t i ng edge of the bl ade
are so 20 determ ned that the strip-shaped regions are exposed with a width
suffi ci ent t o cpskrfprmingemeansfok forrming, eragky sepas to permit the glass substrate to be cut

apart along the strip-shaped regions exposed thereon by the glass substrate exposing means,
wherein the glass substrate is cut apart along the cracks.
10
2. The method of cutting apart a glass substrate according to claim 1,

wherein the crack forming means forms the cracks on the strip-shaped regions.

3. The method of cutting apart a glass substrate according to claim 1,
15 wherein the crack forming means forms the cracks on a surface of the glass substrate

opposite to the strip-shaped regions.

4, The method of cutting apart a glass substrate according to one of claims 1 to 3,
wherein the crack forming means is a whee! cutter.
20
5. The method of cutting apart a glass substrate according to one of claims 1 to 3,
further comprising:
a workpiece stage on which the glass substrate is placed,

wherein the glass substrate consists of product portions and waste portions arranged




0o At ST

10. The method of cutting apart a glass substrate according to claim8 or 9,
wherei n an opening angle of the blade is 3 to 6 smaller in a portion hgereof
away 8 8 MAY 2086 -65 froma tip portion thereof than in the tmﬁ Wﬁrm n. 11
The nethod of cutting apart a glass substrate according to claimB or 9,
wherein the blade is elongate and has a sane cross-sectional shape throughout
a length 5 thereof 12. The nethod of cughi.ng apart a gl ass substrate
according to claim6, wherein the cutting mechanismis a conbination of two

cutters fixed together,at a . predetermned interval. 10.13. The hod of
cut ¢ ng dlsametely? 6 JE0uFh sBrichs VRS W B piARls Frer AiniEpea Sp B0 st
cutters are, so arranged t({mﬁ the strip-shaped regions are exposed with a

wi dt h sufPertiang heingodisearded aitefecutting-prart, Gndeon sheriiprkpiece) stagerithergare Sormed
cutting apart a glass substrate according to claim®6, wherein the cutting
mechani s mprojsctoosposegpating tlid glaks spbattateoat thérnvastdipoaadrsytherbafves of f  porti ons
of the deposited filmand a holder portion that holds the bl ade portion. 15.
The nethod of cutting apart a glass substrate according to claim®6, 20
wherein the cutting nechani smshaves off and thereby renoves portions of the

deposig ed fil g whi l’ﬂleelﬂégh&il) ?gcﬁii[?é ﬁ%ﬁa%glrg%srkgggfﬂgﬁééo?gig ?5 ?ﬁe EPcléingilﬁéa}'?z

substrate. 16. The net c ass su ate accor

claim 15, wherein.the pressing force.is an elastic force .exerted b
oo & b eriiegein Hadlasoub Mg Ssrsing taihs 1,5 QU AP R MM I havP o and
substrate according to claim6, )

thereby removes portions of the deposited film.

7. The method of cutting apart a glass substrate according to claim 6,
10 wherein an angle and a pressing force with which the cutting mechanism shaves the

deposited film are determined according to a thickness and a material of the deposited film.

8. The method of cutting apart a glass substrate according to claim 6,
wherein the cutting mechanism is composed of a blade that shaves off strip-shaped
15 portions of the deposited film, the blade having a cutting edge having a substantially V-

shaped, arc-shaped, or trapezoidal cross section.

9. The method of cutting apart a glass substrate according to claim 8,
wherein dimensions of the cross section of the cutting edge of the blade are so
20 determined that the strip-shaped regions are exposed with a width sufficient to permit the

cracks to be formed.

10.  The method of cutting apart a glass substrate according to claim 8 or 9,

wherein an opening angle of the blade is 3° to 6° smaller in a portion thereof away



wherein, along edges of the glass substrate, there is provided %e .
non-fil mdeposited portion where the deposited filmis not f orlrietiAY %["]58. An
apparatus for cutting apart a glass substrate, the apparatus including a

wor kpi ece stage on which a glass substrate having a deposited film forned
thereon is placed, securing nmeans for securing the glass substrate in a
predeterm ned position on the workpiecegsstage, crack form ng neans for

form ng cracks on the glass substrate so as to permt the glass 10 substrate
to be cut. apar.t along,the.cracks, .and actuating neans for noving the crack
form ng ﬂé‘pthn}f“%Pgﬁgg@le}@ﬁ WRIUHn, the apparatus cutting apart the
gl ass substrate into a plurality of blocks along the cracks, conprising: a
gl ass substrate exposing neans for renoving strip-shaped portions of the
deposited filmso as to expose strip-shaped regions on the glass substrate,
15 wher ei n t hdlcr adits metbod of dutimgaparhaglassenbgtirate accurthing tathin 8 ot apart

al ong the strip- shaped regi ons exposed thereon by the glass substrate

exposi Ng meansyhetéin thdWaddR¥Hgdfe dndrhas Al Qr&h@%éétio%agitﬁﬁé tHrodsHouRS fength
according to claim 18, wherein the apparatus uses the nethod of cutting apart
a gl a8§ _?Lﬁprg&rate according to 20 one of claims 1 to 3, 7to 9, and 12 to
17. 20. e apparatus for cutting apart a glass substrate according to claim
18, wherein the apparatus perforns both a step of nmaking the glass substrate
exposi ng neans renove strip-shaped portions of the deposited filmand a step
of making the crack 0 8 MAY 2006 -67 form ng means form cracks on the gl ass
substrate. 21.12The Bispaethed of ewting apart & glaapsubstrate geegrdingupstaimbde according to
claim18 or 20, "wherein the actuating neans noves the gl ass substrate

exposi ng neanswlweneintthe cattmgkme&hahsmriing coedbisation of Besreutérs dixied aogether at a

predetermined interval.
10
13, The method of cutting apart a glass substrate according to ¢laim 12,
wherein the two cutters are so arranged that the strip-shaped regions are exposed with

a width sufficient to permit the cracks to be formed.

15 14, The method of cutting apart a glass substrate according to claim 6,
wherein the cutting mechanism is composed of a blade portion that directly shaves off

portions of the deposited film and a holder portion that holds the blade portion.

15.  The method of cutting apart a glass substrate according to claim 6,
20 wherein the cutting mechanism shaves off and thereby removes portions of the

deposited film while applying a predetermined pressing force to the glass substrate.

16.  The method of cutting apart a glass substrate according to claim 15,

wherein the pressing force is an elastic force exerted by an elastic member.



22. The apparatus for cutting apart a glass substrate according to claim18
or 20, wherein the glass substrate exposing neans and the crack form ng
means are arranged in a row along a direction in which the actpatiidilieans
noves. 10 23. The apparatus for cutting apart a glass substrate according to
claim18 or 20, wherein the glass substrate exposing neans and the crack
formng neans are integrally held by the actuating neans at a predeterm ned
interval, and nove parallel to a directggan in which the actuating neans
noves. 15 24. The apparatus for cutting apart a glass substrate according to
claim 23, wherein the predeterm ned interval is equal to intervals at which
the glass substrate is cut apart into strip-shaped bl ocks. 20 25. The
apparatus for tti apar |l.ass substrate accordi to one of clains 18,
20! “and 24, 't ikt her tksmpnpd ohgRtAE aagt P BsohusEate aATADEIP A Mhbans.  and

gui ding neans for guiding the glass substrate exposing neans to a position
on a gl ass surwheeinpplongecdgesnof theiglass sulkstiate, whire s previdespa gionddm-déposited
formed. 0 8 MAY 2006 -68 26. The apparatus for cutting apart a gl ass
subst r at epcatiGiowtieraghé depoisnedfildbis nobéurmed. t he detecting neans extends and
contracts vertically relative to the glass substrate, and has, at a tip
thereoi, a freely rotatable rolling probe forned of an elastic 5 material.
27. The apparatus for cutting apart a glass substrate according to claim 26,

wherein the defgecti neans.operates with a sensing force of 0.2 .N.(new on)
or less. 10 28{.8?TheR§pat9£?r§‘ffsP ToPUTHRR APHY 25 %Pst S‘ébsg-ﬁg?s%ﬁ% ﬂBgatr?téfPé“%}ég‘(S‘lgd? ng
to one of clajns 18, . . . )

workpiece stage on which a glass substrate having a deposited film formed thereon is placed,

securing means for securing the glass substrate in a predetermined position on the workpiece
stage, crack forming means for forming cracks on the glass substrate so as to permit the glass
10 substrate to be cut apart along the cracks, and actuating means for moving the crack forming
means to a predetermined position, the apparatus cutting apart the glass substrate into a
plurality of blocks along the cracks, comprising:
a glass substrate exposing me‘ans for removing strip-shaped portions of the deposited
film so as to expose strip-shaped regions on the glass substrate,
15 wherein the cracks are so formed that the glass substrate is cut apart along the strip-

shaped regions exposed thereon by the glass substrate exposing means.

19.  The apparatus for cutting apart a glass substrate according to claim 18,
wherein the apparatus uses the method of cutting apart a glass substrate according to

20 oneofclaims1to3,7to9,and 12to 17.

20.  The apparatus for cutting apart a glass substrate according to claim 18,
wherein the apparatus performs both a step of making the glass substrate exposing

means remove strip-shaped portions of the deposited film and a step of making the crack
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20, 24, 26, and 27, wherein the strip-shaped regions and the cracks are
formed in a grid-like pattern on the glass substrate. 15 29. a@qm@qﬁﬁratus
for cutting apart a glass substrate according to claim 28, wherein the

wor kpi ece stage is rotatable through 90. 30. The apparatus for cutting apart
a glass substrate according to claim 28, wherein the workpi ece stage is
novable in a direction perpendicular tog direction in 20 which the crack
form ng neans noves. 31. The apparatus for cutting apart a glass substrate
according. to one of _clai 18, %9, apd 30, wherein the crack form ng neans
and the 3P'é{%‘§g§196%5t§°5’?é’r$58§it%gﬁ%‘asHEStEﬂ“’e formed 0 6 MAY 2006 -69 integrally
and are together rotatable in a plane parallel to a surface of the workpiece
stage. 32. The apparatus for cutting apart a glass substrate according to one
of clainms 18, 20, 24, 26, 27, 29, and 30, further conprising: 5 renoving

means for rem®ii ng Twesdppasainssongstting apdrea drwosibseste fabtordipngad glaid 18Yor2be
gl ass substrate exposing neans and particles of the glass substrate produced

by the crack i T I ki
oUbstr at e accor g e Taname gansy iy ARG ohls Rul s Hirobi ARRS and 1R 835 e

pressuf e supplying mean sitive pressure supplying nmeans, or a

br ush- iQ§H&§ﬁ§V?ﬁ§“l %ﬁhf&iéﬁ%“The apparatus for cutting apart a gl ass
substrate according to one of clains 18, 20, 24, 26, 27, 29, 30, and 33, 15
wherein the gl ass substrate exposing neans is a cutting nmechani smthat shaves

off and thereby renoves portions of the deposited film
22.  The apparatus for cutting apart a glass substrate according to claim 18 or 20,

whefein the glass substrate exposing means and the crack forming means are arranged
in a row along a direction in which the actuating means moves.
10
23. The apparatus for cutting apart a glass substrate according to claim 18 or 20,
wherein the glass substrate exposing means and the crack forming means are
integrally held by the actuating means at a predetermined interval, and move parallel to a
direction in which the actuating means moves.
15
24.  The apparatus for cutting apart a glass substrate according to claim 23,
wherein the predetermined interval is equal to intervals at which the glass substrate is

cut apart into strip-shaped blocks.

20 25.  The apparatus for cutting apart a glass substrate according to one of claims 18,
20, and 24, further comprising:

detecting means, controiling means, and guiding means for guiding the glass substrate

exposing means to a position on a glass surface of the glass substrate on which the deposited

film 1s formed.



the apparatus further conprising: a fine-adjusting nmeans for guiding a tip of
a bl ade portion of the cutting nmechanismto a position on a gg@pﬁ¥sgmﬁace of
the.gl ass substrate on which the deposited filmis fornmed. 20 . Th
apparatus for cutting apart a glass substrate according to one of clains 18,
20, 24, 26, 27, 29, 30, and 33, wherein an elongate opening is fornmed in the
wor kpi ece stage, the crack formng neanggbeing so di sposed as to be novabl e
along the opening, 0 6 MAY 2006 -70- the"glass substrate exposing neans bei ng
di sposed opposite to the crack form ng neans across the glass substrate, the
crack form ng neans and the gl ass substrate exposing nmeans being integrally
noved by the actuating neans. 5 36. The apparatus for cutting apart a gl ass
substrat e acc@6di nFhe appdratusf@Tuttnipeapartra gléss sgbsdmse sucbsdingitoeclaimifsi ng nmeans
is a cutting mechanismthat shaves off and thereby renoves portions of the

deposited fil Rherids thadectif) Iﬁanﬁimaﬁqn@%wﬂcthtv?eﬁhcfauyn’ fefativé @9 RBEIglAR @
traveling direction thereof, the roller being noved together with the gl ass

10 subst Eu?ﬁsgfa{f‘ex RAE' HAg gy %réé}e aaﬁ'%ésfﬁrl){}gab\@g?&zmgoprgﬁe thmEeﬁ'elaf At i

stri p-shaped régi ons on ass su a ressi ng Strip- slﬁaped
regi ons, and, when the crack form ng nmeans forns the cracks, the gl ass

subst Pat 88¢1ahe| § on the workpiece stage by a conposite force of a force

wi th which the securing neans secures the glass substrate on the workpiece
stage, a force with which the glass substrate exposing nmeans 15 presses the
gl ass substrate, and a force with which the roller, while rolling, presses
the strip- sha@ged rigiapparatus for cutting apart a glass substrate according to claim 26,

wherein the detecting means operates with a sensing force of 0.2 N (newton) or less.

10 28.  The apparatus for cutting apart a glass substrate according to one of claims 18,
20, 24, 26, and 27,
wherein the strip-shaped regions and the cracks are formed in a grid-like pattern on the

glass substrate.

15 29.  The apparatus for cutting apart a glass substrate according to claim 28,

wherein the workpiece stage is rotatable through 90°.

30.  The apparatus for cutting apart a glass substrate according to claim 28,
wherein the workpiece stage is movable in a direction perpendicular to a direction in

20  which the crack forming means moves.

31.  The apparatus for cutting apart a glass substrate according to one of claims 18,
29, and 30,

wherein the crack forming means and the glass substrate exposing means are formed



37. The apparatus for cutting apart a glass substrate according to claim 36,
wherein the crack formng neans is a wheel cutter, and the roller is forned
of a soft 20 material and has substantially sane shape and di%ﬁnﬁﬂoﬂﬁ as the
wheel cutter. O 8 MAY 2006 -71 3's . An apparatus for fabricatify 'a |%uid
crystal panel, the apparatus fabricating a plurality of liquid crystal panels
by cutting apart a glass substrate that gas a plurality of pairs, arranged
adj acent to one another, of gl ass subsfP te cells bonded together with
liquid crystal sealed in between and that has polarizer plates bonded to 5
bot h sur fiitegsally andrase fogetsrpptatapledn aplang parliktoratustags pbde wpripigeesstags:

renovi ng strip-shaped portions of the polarizer plates so as to expose
strip-shaped regions on the glass substrate; and crack form ng neans for
formng cracks so as to permt the glass substrate to be cut apart along the

strip-shaped negi oThexppatthsifhesRang Byart H91a88 Abstratedtsding (8>0Re OF CRiMEa8s, 10
wherein the glass substrate is cut apart along the cracks.” 3 y. The apparat us

for fabri,gajj RG 37 lf9qhﬁgdj3§rfﬂﬁﬁ&|coﬂ'g:?ﬁn according to claim3 6, wherein the
> exp g rea IS as

gl ass substrdte’ eXposin ns er radi ating nechani smt hat

irradiates the pol.arizer plates with a | easer beam 15 .4!J, The a rat.us for
fabricating aTFROYING Teas fof regiavAle WeleShRVIBES of e AeRputed T PECHEdhRY Beack
form ng neans is a gas spraying nechanismthat sprays a rapid cooling gas to
the stri lashapesirate gipasingnmenis g partislessafr the glaﬁ@aaug@trajy piseduegd ibyr the i crackd
with the laser beam 20 4 1. The apparatus for fabricating a liquid crystal
panel acdomtdhgmets. cl ai m 59,

33.  The apparatus for cutting apart a glass substrate according to claim 32,
10 wherein the removing means is a negative pressure supplying means, a positive

pressure supplying means, or a brush-like removing means.

34.  The apparatus for cutting apart a glass substrate according to one of claims 18,
20, 24, 26, 27, 29, 30, and 33,
15 wherein the glass substrate exposing means is a cutting mechanism that shaves off and
thereby removes portions of the deposited film,
the apparatus further comprising:
a fine-adjusting means for guiding a tip of a blade portion of the cutting mechanism to
a position on a glass surface of the glass substrate on which the deposited film is formed.
20
35.  The apparatus for cutting apart a glass substrate according to one of claims 18,
20, 24, 26, 27, 29, 30, and 33,
wherein an elongate opening is formed in the workpiece stage,

the crack forming means being so disposed as to be movable along the opening,



wherein the gl ass substrate exposing neans is a cutting nmechani smthat shaves
off and thereby renoves portions of the polarizer plates. J 8 Y Ag The
apparatus for fabricating a liquid crystal panel according to claim4l,
wherein the cutting nmechanismis conposed of a blade that shaves off
strip-shaped portions of the polarizer plates, the blade having a cutting
edge having a substantially C shaped?otrapezoi dal, semcircular, or circular
cross section. 5 45. The apparatus for fabricating a liquid crystal panel
accor di ng t thecglassrsubbtratewkrqrosing tieensc beihg rdisposedh appasitei © thengrasle dooingi r st
and second bl ades that are arranged so as to face each other at a

predet giefhsRebss MeSl¥RIsubdiehtd hat shaves of f strip-shaped portions of the
pol ari zer plates, and a third blade that is arranged between the first and

second 10 a . r a h :ass 4

strip-shape ep%?@f g‘?\%l}cl)g arb%%gp%ﬁgﬁez%@% %)L[bg{&eté S g%/lg B #lnlg;%/elﬁszg&%gy and
second bqugf. 4 The apparatus for fabricating a liquid crystal panel

accor diRye4 By thegcinanng ein the predetermined interval is set in a range
of from1l to 3 nun. 15 4-5. The apparatus for fabricating a liquid crystal
panél according to claim43 or 44, wherein the first and second bl ades are a
pair of wheel cutters fitted integrally together coaxially, each having a

cutting edgee.angiThe apparatus fgrecuttingf dparadflads Gultrate4tcéRlinglieecl sipiozs, at us f or
fabricating a liquid crystal panel according to claim4S wherein the wheel

cutters congfyeteitt 1HRP 148 udtfasd : i @lﬁ’ﬁ% [ ' range
of from5 mmto 10 %"ns %%%ﬁgpp%@glgg‘?&g?g#s?bn C ?‘%ﬁé‘?ﬁﬁlﬁ‘@aﬁﬁgﬁa dpanel
accor d'thegebtyoregnlo%smpgi%ogsr ofl%lpe er%sne Yﬁ?rno,oaGnd_}Za% a roller disposed behind itself with

respect to a traveling direction thereof, the roller being moved together with the glass

10 substrate exposing means by the actuating means so as to roll on the strip-shaped regions on
the glass substrate while pressing the strip-shaped regions, and,

when the crack forming means forms the cracks, the glass substrate is held on the

workpiece stage by a composite force of a force with which the securing means secures the

glass substrate on the workpiece stage, a force with which the glass substrate exposing means

15 presses the glass substrate, and a force with which the roller, while rolling, presses the strip-

shaped regions.

37.  The apparatus for cutting apart a glass substrate according to claim 36,
wherein the crack forming means is a wheel cutter, and the roller is formed of a soft

20 material and has substantially same shape and dimensions as the wheel cutter.
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wherein the first and second bl ades are both relatively novable only in a
direction in which they shave the pol arizer plates, and are eac$qﬁr %Mﬁed
with a plurality of cutting edges having smaller and snaller cu iﬁg pt hs
in the direction in which they shave the polarizer plates. 5 4 6. The
apparatus for fabricating a liquid crﬁ?tal panel according to one of clains
4 3, 4', and 44, wherein the first and!Second bl ades are so arranged that
cutting edgﬁé t hereof do not nmke contact with the %Iass substrate. 10 4-9.
The appar atis. f oATf apparages fon dabricating a diquidy eryatial paned) the @pparatus dabrisating 2of
clainms 4Zto 44and 46, wherein the blade constituting the cutting nmechani sm
has a ehailitpnoff or izgid keystabrpasels t hat renmoved porti onby @ittingeapael ardlassr

pl ates do not adhere thereto. 15 5D. The apparatus for fabricating a |iquid

cryst als gkl thAcae a PliralityLfYaks, Hrranbéd Afjaceht td Snefarbtiad Cofiflass WiBdAkdIcdIRe crack
form ng neans is a wheel “cutter. 20°51. "The apparatus for fabricating a

l'iquid,.crystal pane qQr di t l.ai m 5 further conprisi,ng; .an tivating
rechan?oRaPeuBRaRn JETG TR Ref F bR aud e PRME-ESR%: REMAATHS  “anc
the crack form ng neans. Q 0 MAY 2006 52. The apparatus for fabricating a

| i qdi d bethysyrfasessherer!, sRmBRYNGig to claim 51, wherein the activating mechani sm
activates the glass substrate exposing neans and the crack formng neans in

such an or dgtass lsabstratep exposmigomganshfor rembgingl stdp-sbapredt partibns gf theepolarizer
plates so as to expose strip-shaped regions on the glass substrate; and
crack forming means for forming cracks so as to permit the glass substrate to be cut
apart along the strip-shaped region exposed thereon by the glass substrate exposing means,

10 wherein the glass substrate is cut apart along the cracks.

39.  The apparatus for fabricating a liquid crystal panel according to claim 3%,
wherein the glass substrate exposing means is a laser radiating mechanism that

irradiates the polarizer plates with a leaser beam.

15
44 The apparatus for fabricating a liquid crystal panel according to claim 34,
wherein the crack forming means is a gas spraying mechanism that sprays a rapid-
cooling gas to the strip-shaped region on the glass substrate heated by being irradiated with
the laser beam.
20

4i.  The apparatus for fabricating a liquid crystal panel according to claim 1%,
wherein the glass substrate exposing means is a cutting mechanism that shaves off and

thereby removes portions of the polarizer plates.



cutting nechanismtravels does not cross the cracks. 5 53. The apparatus for
fabricating a liquid crystal panel according to claimSi whereingthg g
activating mechanismfirst activates only the glass substrate exposing neans
to forma first group of the strip-shaped regions, then activates the gl ass
substrate exposing neans and the crack form ng neans in a direction

perpendi cular to the first group of 10, the strip-shaped regions to forma
second group of the strip-shaped regioris and a first group of the cracks, and

then activates o t he crack.farm ng neaps al on he first group of the
stri p- shaped# eg%ppﬁraf‘ﬁ?fﬁ{ fabggatmg 151"‘5[]?)‘781&1 R%@f%"t‘:a@k‘?g to claim 41,
wherein the cutting mechanism is composed of a blade that shaves off strip-shaped

portions of the polarizer plates, the blade having a cutting edge having a substantially C-

shaped, trapezoidal, semicircular, or circular cross section.

43 The apparatus for fabricating a liquid crystal panel according to claim 41,
wherein the cutting mechanism is composed of first and second blades that are
arranged so as to face each other at a predetermined interval and that shaves off strip-shaped
portions of the polarizer plates, and a third blade that is arranged between the first and second
10 blades and that scrapes away from the glass substrate the strip-shaped portions of the polarizer

plates shaved off by the first and second blades.

4k The apparatus for fabricating a liquid crystal panel according to claim 43,

wherein the predetermined interval is set in a range of from 1 to 3 mm.

15
45.  The apparatus for fabricating a liquid crystal panel according to claim 47 or 44;
wherein the first and second blades are a pair of wheel cutters fitted integrally together
coaxially, each having a cutting edge angle in a range of from 30° to 90°.
20 4. The apparatus for fabricating a liquid crystal panel according to claim 4§

wherein the wheel cutters constituting the first and second blades have a diameter in a

range of from 5 mm to 10 mm.

ln . The apparatus for fabricating a liquid crystal panel according to claim 43 or 44,
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wherein the first and second blades are both relatively movable only in a direction in
which they shave the polarizer plates, and are each provided with a plurality of cutting edges
having smaller and smaller cutting depths in the direction in which they shave the polarizer

plates.

k%.  The apparatus for fabricating a liquid crystal panel according to one of claims
4% 4% and M,
wherein the first and second blades are so arranged that cutting edges thereof do not

make contact with the glass substrate.

49 The apparatus for fabricating a liquid crystal panel according to one of claims

47 to 4%and &,

wherein the blade constituting the cutting mechanism has a coating formed thereon so

that removed portions of the polarizer plates do not adhere thereto.

50.  The apparatus for fabricating a liquid crystal panel according to one of claims

49 to 44and 46,

wherein the crack forming means is a wheel cutter.

5. The apparatus for fabricating a liquid crystal panel according to claim 50,
further comprising:
an activating mechanism for selectively activating the glass substrate exposing means

and the crack forming means.
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52. The apparatus”for fabricating a liquid crystal panel according to claim 51,
wherein the activating mechanism activates the glass substrate exposing means and the
crack forming means in such an order that a path along which the blade constituting the

cutting mechanism travels does not cross the cracks.

535 The apparatus for fabricating a liquid crystal panel according to claim 52,

wherein the activating mechanism first activates only the glass substrate exposing
means to form a first group of the strip-shaped regions, then activates the glass substrate
exposing means and the crack forming means in a direction perpendicular to the first group of
the strip-shaped regions to form a second group of the strip-shaped regions and a first group
of the cracks, and then activates only the crack forming means along the first group of the

strip-shaped regions to form a second group of the crack.





