- 1 METHOD FOR MANUFACTURI NG A DOUGHNUT- SHAPED GLASS SUBSTRATE The present
invention relates to a nethod for s manufacturing a doughnut-shaped gl ass
substrate, which is used as a substrate for nagnetic hard di sks applicable
to minly informati on storage nedia in conputers, various information
storage devices and the like. As conputers, various information storage
devices 10 and the |i ke have been widely applied, data to be prepared or
recorded have had | arger capacities and have been nore quickly processed
for recent years. The trend in the devel opnent of magnetic hard di sks as
information storage nedia capable of quickly reading/witing a |arge 15

vol ume of information has been toward the use of glass substrates, which
are excellent in hardness and snoothness, in place of substrates conprising
al umi num netal, which have been used. In particular, glass sheets, which
are formed by a floating process, are excellent not 20 only in flatness and
snoot hness but also in costs because - 2 of being fitted to | arge-scale
production. As the nmethod for machining a glass sheet to prepare a
doughnut - shaped substrate, various nethods have been adopted. The various
nmet hods have been broadly and 5 typically classified into a nethod for
formng a hole in a glass sheet by use of a core drill and a nethod for
cutting a glass sheet by use of a cutter, such as a wheel
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METHOD FOR MANUFACTURING A DOUGHNUT-SHAPED GLASS

SUBSTRATE

The present invention relates to a method for
5 manufacturing a doughnut-shaped glass substrate, which is
used as a substrate for magnetic hard disks applicable to
mainly information storage media in computers, various
information storage devices and the like.
As computers, various information storage devices
10 and the like have been widely applied, data to be
prepared or recorded have had larger capacities and have
been more gquickly processed for recent years. The trend
in the development of magnetic hard disks as information
storage media capable of quickly reading/writing a large
15 volume of information has been toward the use of glass
substrates, which are excellent in hardness and
smoothness, in place of substrates comprising aluminum
metal, which have been used. In particular, glass sheets,
which are formed by a floating process, are excellent not

20 only in flatness and smoothness but also in costs because



tip. The method for formng a hole by use of a core drill has a probl em of
hi gh equi pnment cost, although 10 obtaini ng good nachining precision. On the
ot her hand, the nmethod for cutting a glass sheet by use of, e.g., a wheel
Yip has a problemthat sonme neasures are needed to forman inner circular
hol e, al though bei ng advantageous in that the equipnment cost is relatively
| ow. For this 15 reason, it has been nost commobn to separate a doughnut -
shaped substrate froma gl ass sheet by'azcutting nmet hod, followed by

cal cul ating e er..Qf _the d ut - p ubstrate based on the outer
peri pheral s gpgggﬁ%éféggfd gﬁﬁq%%ggéﬁﬁéqg E%ngﬁgﬁpp'to form an inner

cyrear hole 2bised aude £ AL CPL SR JPRGL 8 Srasssect o

of the outer perip portion o rate ¢

nmet hod i s ngtdk&%gﬁﬂtL%P%&?%?F%FEEEE?%qi%%&Q%ugog% %E%ESh% strate sur face

in many cases. tiona ifcult to 2 ormthe pl anar” shape of

the outer pecipecal PRRLIgDrtBoanBEAbRG! nGLLChEnWIEB G gRAter of the

gl ass substrate™ 1s calculate ased on the outer peripher shape, the - 3

center is;calgyliatad Whian IO it RY e g%q fdIRh%i.a WeaR ap, i nner

circular hole’i's forfmed based on the calculated center w'th an error being
contained thepgis ishdet RECESIALY 0 A GBSQ 18 HRCH RiRGhon &donance

(amount of machining) in chanfering (chanfering an edge portion) and sizing
for final adicustiRgt a B1aBsTRARN DA% sSURTE GURRE tRIYOC RSING SidNGiddle out er
tip. The method for forming a hole by use of a core
drill has a problem of high equipment cost, although
10 obtaining good machining precision. On the other hand,
the method for cutting a glass sheet by use of, e.g., a
wheel tip has a problem that some measures are needed to
form an inner circular hole, although being advantageous
in that the equipment cost is relatively low. For this

15 reason, it has been most common to separate a doughnut-
shaped substrate from a glass sheet by a cutting method,
followed by calculating the center of the doughnut-shaped
substrate based on the outer peripheral shape thus cut,
and by using a core drill to form an inner circular hole

20 based on the calculated center.

However, a cross-section of the outer peripheral
portion of a glass substrate cut by the latter method is
not formed in a shape perpendicular to a glass substrate
surface in many cases. Additionally, it is difficult to

25 form the planar shape of the outer peripheral portion in

a perfect circle. When the center of the glass substrate

is calculated based on the outer peripheral shape, the



periphery and the inner circular hole of the glass substrate in a
doughnut - shape are inferior in 10 concentricity. on the other hand,

JP- A- 2000- 319030 has disclosed a nethod for nmanufacturing a gl ass substrate
Yor magnetic hard disks, which conprises a step for formng, in a glass
sheet, a portion serving as an inner circular hole 15 by a core drill, a
step for conform ng the center of the |nner circular hole to the center of
the scribing shaft of a scriber, a stép 3 6r form ng an outer peripheral
score line mhll re%shgﬁcﬁﬁgggge§l% alnstrgg% %Iass Con%ethe%rd a step for
applying a bena monen t he 20 ou er perlpﬁ%% score line to cut

the gl ass shegl, ., AcCOul NG, 1 0 ﬁﬁll?é? oblicatipncthe FeLhod descal bgd i

this publication Can obtain a glass Su avin excelT ent

CO”C?”FV'C'tghet@gﬁ@BXaE%dd@%h%@§ewE@ﬁ QECQEQBQQP%HEQW%%%%a1%e%9bseq“e”t

machi ni ng. 25 However e machini ng precision of an~outer peripheral
portion mach t t e i ri,o of an inner
circul ar holgﬂgge?ﬁé 28 %%dh?egsegggc??begcf%g%ﬁls gﬁ%ﬁlkg?%bn The

oper ati ons aaﬁloggﬂeelqaheqn%'e%emgeﬁlaaﬁa fon ten mf%gunbn @nghAsisheet. a
portion serving as an inner circular hole by a core drill, and the step for

machi ni ng anggutegePpbirRRBh3! ardPeh kgl @ﬁrtﬁgngqtguaﬁs@h@%%san i.e., the
step for formng an outer peripheral Score line in the glass sheet by the
cutter of a gghkbehoardakheudkepubdt RRPL¥SREnd since the outer
periphery and the inner circular hole of the glass
substrate in a doughnut-shape are inferior in
10 concentricity.
On the other hand, JP-A-2000-319030 has disclosed a
method for manufacturing a glass substrate for magnetic
hard disks, which comprises a step for forming, in a
glass sheet, a portion serving as an inner circular hole
15 by a core drill, a step for conforming the center of the
inner circular hole to the center of the scribing shaft
of a scriber, a step for forming an outer peripheral
score line while pressing a cutter against the glass
sheet, and a step for applying a bending moment along the
20 outer peripheral score line to cut the glass sheet.
According to this publication, the method describéd in
this publication can obtain a glass substrate having an
excellent concentricity, thereby to decrease the
machining allowance in subsequent machining.
25 However, the machining precision of an outer
peripheral portion machined by the cutting process is

inferior to that of an inner circular hole in the method



bendi ng nonent al ong the outer peripheral score line to cut the glass sheet
are perfornmed by different machines 10 in the nethod described in this
publication. Additionally, the method described in this publication is
inferior in terms of productivity of doughnut - shaped gl ass substrates since
it takes nmuch tine to perform these operations. is There exists an
apparatus, which forns an inner circular hole in a glass sheet and
separates a doughnut- shaped gl ass subst fafe fromthe glass sheet by a

drilling OpS%QEL?BeHS%HgtﬁiEogﬁbgﬁbéklohbmefﬁg %%g%fgﬁ gs has a

conplicated structure because erng confi UF ec er orn1not only a

first drillipg,gpecationsiaret bee 99@90§srtgozaaﬂgnglﬁn | gRstocLheubar hole

but also a sec | Tng operation for ose o eparating a

doughnut - ShaQeﬁogkééﬁ §QP§£ﬁ@t§sfEH”hhH$r9E§§éu§Q§eho§E By Si Bgke portion.
Additionally, this apparatus™is inferior 25 in terns of ?oduct|V|ty si nce

only a singl g-doughpul- tabaped 9ka§sm§HH§haﬁgeaﬁaeuB@rnseyagﬁE95§d at one
time. |In order to prevent a gFass sheet from being chipped - 5 (cracked)

when fornangp@ﬂthBHebKCthéuéaﬁthﬁbepEMcésélrite drithki Beeppebation using a
core drill, a nethod has been proposed which interrupts the first drilling

operation byfothengosg gutkl ﬁafuﬁaegaulgbagewq&heuanfehglgQabBesheeer S
circular hole so as to pass through the gl ass sheet by the core drill at

one tine, angyperéoeBtarse€ondscdibklki BgdopREakLep @brt Appn@AAGNENg portion
of the hole

bending moment along the outer peripheral score line to

cut the glass sheet are performed by different machines

10 in the method described in this publication.
Additionally, the method described in this publication is
inferior in terms of productivity of doughnut-shaped
glass substrates since it takes much time to perform
these operations.

15 There exists an apparatus, which forms an inner
circular hole in a glass sheet and separates a doughnut-
shaped glass substrate from the glass sheet by a drilling
operation using a core drill. However, this apparatus
has a complicated structure because of being configured

20 to perform not only a first drilling operation for the
purpose of forming an inner circular hole but also a
second drilling operation for the purpose of separating a
doughnut -shaped glass substrate from the glass sheet at a
single portion. Additionally, this apparatus is inferior

25 in terms of productivity since only a single doughnut-
shaped glass substrate can be manufactured at one time.

In order to prevent a glass sheet from being chipped



fromthe opposite side of the glass sheet to formthe hole so as to pass
t hrough the gl ass sheet by the core 10 drill. This apparatus includes a
systemfor inverting a work station in order to perform such operations.
‘However, the provision of such a system nmakes the structure of the
apparatus nore conplicated and further reduces the productivity of a
doughnut - shaped gl ass 15 substrate. It i.s an object of the present

i nvention to solve the problens of the prior art stated above and to

rovi de f I nyut - dyghas u r.ate,
3h|ch s capa ngk%8 %gn?%%Hﬁh?%agfqggg?oggggpgﬁ?oP %% ? %rggﬁfgular
hole in a do h S Sstr a parat, e
doughnut - shagg mg&?%sngggggkgtgsﬁggn?tﬁggs ggéigheethﬁﬁghghﬁé% %ggﬁ'nlng

preci sion, aBgoBBsQQ'Qﬂ1%ﬁc%hk%@%ub@sp%QQU@EkﬁktHrlhﬁlgbd%beEQtQBhaBQ the
object, the present invention 25 provides a nethod for "machining a gl ass

sheet to nepytaebueeqaidoualiyhyshznedigbass thdnst Fakaiky ¢8R Qhnar 9l ass
substrat e manufacturing apparatus, the glass - 6 substrate nanufacturing

appar at uss COBREE61Ag BoMer koSkhadeo ﬁa@@bkarahghlth@ggaagba%ae%me%y t her eon;
three drilling machines, each of the three drilling machines including a

core drill; and acgeendeyingadevnee tcapabhadoberdvirig Gheecna@rk stage,
wherein the respective three drilling machines conprise a first drilling
machi ne havi agialfihgsbpe@t@ion of the remaining portion of the hole
from the opposite side of the glass sheet to form the
hole so as to pass through the glass sheet by the core
10 drill. This apparatus includes a system for inverting a
work station in order to perform such operations.
However, the provision of such a system makes the
structure of the apparatus more complicated and further
reduces the productivity of a doughnut-shaped glass
15 substrate.
It is an object of the present invention to solve
the problems of the prior art stated above and to provide
a method for manufacturing a doughnut-shaped glass
substrate, which is capable of performing both of
20 formation of an inner circular hole in a doughnut-shaped
glass substrate and separation of the doughnut-shaped
glass substrate from the glass sheet with high machining
precision, and of being excellent in productivity.
In order to attain the object, the present invention
25 provides a method for machining a glass sheet to
manufacture a doughnut-shaped glass substrate by use of a

glass substrate manufacturing apparatus, the glass



drill nounted thereon so as to direct a bl ade edge vertically upward, the
core drill of the first drilling 10 machi ne having a bl ade di aneter
corresponding to a dianeter of an inner circular hole to formin a
‘doughnut - shaped gl ass sheet; a second drilling machine having a core dril
nounted thereon so as to direct a blade edge vertically dowward, the core
drill of the second IS drilling machine having a blade dianeter
corresponding to the dianeter of the inner circular hole to formin the

doughnut - shapeg ¢ a33 §helira AN idd Rigdd Aidd IR JRGNNRE 5 RAWING &, for e

drill mounted thereon so as to diréct a blade edge vertically downward, the

core drill of.athe120 dehiffidighd 1d iNG Jmchere hadnegr kipde damtielg
corresponding to an outer dianmeter of the doughnut-shaped glass sheet;

conprising: nfhicHiRf@sd @aa¥S cihesle @hridie MANK iIHAGE RSP ddigPlass
sheet to a position just above the <core drill of the first drilling machine

by use of theoreomaNilng adeYisC&onvelimadevaldey Hgddlaneft i als x Heheet
fromdowward by wuse of the core drill of the first drilling machine;

movi ng the ghask $fteefe;t 0 a position just under the core drill of the second
drilling machine by use of the 5 conveying device; form ng the inner
circul ar hol e i n vHeradoughuitre sepeids o drses st Ilaigy hyadhindd ng t he

partially drilled

comprise a first drilling machine having a first core
drill mounted thereon so as to direct a blade edge
vertically upward, the core drill of the first drilling

10 machine having a blade diameter corresponding to a
diameter of an inner circular hole to form in a doughnut-
shaped glass sheet; a second drilling machine having a
core drill mounted thereon so as to direct a blade edge
vertically downward, the core drill of the second

15 drilling machine having a blade diameter corresponding to
the diameter of the inner circular hole to form in the
doughnut -shaped glass sheet; and a third drilling machine
having a core drill mounted thereon so as to direct a
blade edge vertically downward, the core drill of the

20 third drilling machine having a blade diameter
corresponding to an outer diameter of the doughnut-shaped
glass sheet;

comprising:
fixing a glass sheet on the work stage;
25 moving the glass sheet to a position just above the

core drill of the first drilling machine by use of the

conveying device;



portion fromupward by use of the core drill of the second drilling

machi ne; 10 noving the glass sheet to a position just under the core dril
of the third drilling machine by use of the conveying device; and
‘separating the doughnut -shaped gl ass substrate from the glass sheet by
drilling the glass sheet fromupward is by use of the core drill of the
third drilling machine. In accordance with the present invention, it is
possible to performboth of formation of ‘an inner circular hole in a

doughnut - shaped %%@%%a%ﬁ t#au9q ;30 ¢ gﬁpﬁﬁr égttgy5ﬂkgng%g- #ﬁped gl ass

substrate from 20 the gl ass sheet I ning precision. met hod

accordi ng tOuEQeo@r%ﬁ%nhokEV%QEUQnoEStﬁéc%h&%@td&&ll&%@dH%Ehﬁh%y since a
plurality of glass sheets can he processed at one tin€. In the draw ngs: 25

Fig. 1is a schegRhiiggvit® eMRlsal RiHagta teprk pﬁsq&el,on wheyteidhddie oMy k st age
with a glass sheet flxed thereon is shown in cross-sectional view, - 8

Fig. 2is a csgbenarting ¥rewhexpkabRidnarafiinhst ma@lhllhlel BY TREhigre theherein a
first core drill of the first drilling machine and a work stage with a

gl ass sheet cbhyedithbeneoncare shown in a cross-sectional view, 5 Fig. 3 is
aviewsimlar to Fig. 2, showing how the glass sheet is drilled by the
core drill of the&ddmisly tthe linneg mMAGUUI&r hole in the doughnut-

shaped glass substrate by drilling the partially drilled

portion from upward by use of the core drill of the

second drilling machine;

10 moving the glass sheet to a position just under the
core drill of the third drilling machine by use of the
conveying device; and

separating the doughnut-shaped glass substrate from
the glass sheet by drilling the glass sheet from upward

15 by use of the core drill of the third drilling machine.

In accordance with the present invention, it is
possible to perform both of formation of an inner
circular hole in a doughnut-shaped glass substrate and
separation of the doughnut-shaped glass substrate from

20 the glass sheet with high machining precision. The
method according to the present invention is excellent in
productivity since a plurality of glass sheets can be
processed at one time.

In the drawings:

25 Fig. 1 is a schematic view explaining a work stage,

wherein the work stage with a glass sheet fixed thereon

is shown in a cross-sectional view;



Fig. 4is aviewsimlar to Fig. 2, although show ng second drilling
machine; 10 Fig. 5is a viewsimlar to Fig. 3, although show ng third
drilling machine; and Figs. 6A to 6D are the states of the glass sheet in
respective steps in a nmethod for manufacturing a doughnut-shaped gl ass
substrate, according to the present 15 invention, wherein Fig. 6A shows the
state of the glass sheet before drilling by the core drill of the first
drilling machine, Fig. 613 shows the state of the glass sheet with an inner

circular hole forgd foria doyaiumdei shenad atessisubstiatersFig. 6C shows

that the doughnut 20 shaped gl ass substrate has been separated fromthe

gl ass sheet 3rand ifigd ma@R iHrowssHde ido g it sts haped Oiass osuhisd red st

manuf actured by the, nethod according to the present invention. Now, the
met hod accor dirig ltiegt ke diiesenind nversdiostadfe Widh ke gleses idresked n detail,
referring to a preferred enbodinent shown in the acconpanyi ng draw ngs. The
met hod accor diiggd @hidie qr esentsHawerntd en dmsdeectRorndplei@nt ed, utilizing
a gl ass substrate manufacturing apparatus, which conprises a work stage
capabl e of fixinFif d ass sheatw tdianenn, tdhreeydri ) | singwimg hheestheach of
the drilling machines including a core drill, and a 5 conveying device for
nmovi ng the wallhsst adeetFiigs dirilld e Sgheartat icond el iEXplef Mhvg &i vt kK st age 2,
wherein the work stage with a glass sheet 1 fixed thereon
drilling machine;
Fig. 4 is a view similar to Fig. 2, although showing
a second drilling machine;
10 Fig. 5 is a view similar to Fig. 3, although showing
a third drilling machine; and
Figs. 6A to 6D are the states of the glass sheet in
respective steps in a method for manufacturing a
doughnut -shaped glass substrate, according to the present
15 invention, wherein Fig. 6A shows the state of the glass
sheet before drilling by the core drill of the first
drilling machine, Fig. 6B shows the state of the glass
sheet with an inner circular hole formed for a doughnut-
shaped glass substrate, Fig. 6C shows that the doughnut-
20 shaped glass substrate has been separated from the glass
sheet, and Fig. 6D shows the doughnut-shaped glass
substrate manufactured by the method according to the
present invention.
Now, the method according to the present invention
25 will be described in detail, referring to a preferred

embodiment shown in the accompanying drawings. The

method according to the present invention may be



is.showmn in a cross-sectional view. The work stage 2 is not limted to have
a specific planar shape. The work 10 stage may be forned in a circular

pl anar shape, a rectangul ar planar shape or another shape. The work stage 2
‘normal ly has a surface for fixing the glass sheet 1 (hereinbelow, referred
to as the glass sheet fixing surface) formed with a buffer layer 21, is

whi ch conprises, e.g., a coating of flgogo[esin, a coating of urethane
resin, or another plastic film such as”a protective film of polyvinyl

chloride, whigh)kbfenf889uat ely-$R5t s284,085-8P-8PsPEPLLMGEEURGLIAR. The
provi sion of the buffer |ayer cannot only prevent a glass 20 cullét from

scratching thg Q£§§§s$h@ﬁlcﬁ”@oﬁ?kiéééoa WBekeassgtheaphkl BokOEER AL the
gl ass sheet 1 %o the glass sheet fixing surface. The work stage 2 has a

t hr ough h0|ea2§1£9§”§HeEB fhee€Bh! athpeet 4en1l hggepbcnThest heaugholiol e 22
serves as a 25 clearance when drilling the glass sheet 1 by core drills for

the purpose phef @t DIng"mbBREhHesi LEHI8A1HGI &8 tBra ddeughnyhashaped gl ass
substrate, so that when drilling - 10 the glass sheet 1 from downward as

shown i n Fi gcoRrvegingodevilekl Fo3 abvangi the dbirkl sBggaachi ne can proceed
toward the glass sheet 1, and that when a core drill 3" of a second
drilling machi ngidr.i [1l 9t ke giteasatsiteetidw Setp bai upnipr 8 workoepheee 2t he
formation of the inner circular hole of the doughnut-shaped gl ass substrate
as shown i nwkegeid, thebWvadk edgge3tkitbfatpiassershdet|l Il Bixefl thereon
is shown in a cross-sectional view. The work stage 2 is
not limited to have a specific planar shape. The work
10 stage may be formed in a circular planar shape, a
rectangular planar shape or another shape.
The work stage 2 normally has a surface for fixing
the glass sheet 1 (hereinbelow, referred to as the glass
sheet fixing surface) formed with a buffer layer 21,
15 which comprises, e.g., a coating of fluororesin, a
coating of urethane resin, or another plastic film, such
as a protective film of polyvinyl chloride, which is
adequately soft and has an absorptive function. The
provision of the buffer layer cannot only prevent a glass
20 cullet from scratching the glass sheet and but also
increase the fixing force of the glass sheet 1 to the
glass sheet fixing surface.
The work stage 2 has a through hole 22 formed in a
central portion thereof. The through hole 22 serves as a
25 clearance when drilling the glass sheet 1 by core drills

for the purpose of forming an inner circular hole in a

doughnut-shaped glass substrate, so that when drilling



t he second drilling machine, which has passed through the glass sheet, can
he prevented from being brought into 10 contact with the work stage 2. The
gl ass sheet fixing surface of the work stage 2 has annul ar grooves 23 and
24 formed therein. An annul ar groove 23 is connected to a vacuum punp (not
shown) and serves as a suction groove for fixing the glass sheet 1 on the
work stage 2 by use 15 of a suction forcg,caused by vacuum suction fromthe
vacuum punp. The annul ar groove 24 serves as a clearance so that a bl ade

edge of a cor@edigildssA stledtha thidnfl ddifwdrd G dediwie. i whtich has passed
t hrough the glass sheet 1, can he prevented from bei ng brought into contact

20 with the worle Shdda 2 Wren driddd maritihg g asscisheetcdly phdiespre drill 4
of the third drilling machine for the purpose of separating the

doughnut - shapefragldashes Yasigatdedy am thel drass wheeta asorshawiin Fig. S
The gl ass substrate manufacturing apparatus, which 25 is applicable to the

met hod accor @difng tseddirl prresaring imaeiitdeomr NArsTRlHey dlasd hshawd ki st age as
shown in Fig. 1 disposed at plural positions therein. - 11 The gl ass
subst r at es marfuioac tughwangl ajep afcadpis t eMuheh fdrsnaapipln cabltehd adirireer et hod
according to the present invention, includes the three drilling nmachines,
each of whi cfircolprn $ed e e cdree ddrudhnutorstipdd il dhesupssasate dweet 1.
The core drill of the first drilling machine has a bl ade di aneter
correspondi nghioorrt Hey dligretder cofolidve ddgeer3Ici rdultdre hodwee airitlhle 3’ of
doughnut - shaped gl ass
the second drilling machine, which has passed through the
glass sheet, can be prevented from being brought into
10 contact with the work stage 2. The glass sheet fixing
surface of the work stage 2 has annular grooves 23 and 24
formed therein. 2An annular groove 23 is connected to a
vacuum pump (not shown) and serves as a suction groove
for fixing the glass sheet 1 on the work stage 2 by use
15 of a suction force caused by vacuum suction from the
vacuum pump. The annular groove 24 serves as a clearance
so that a blade edge of a core drill 4 of the third
drilling machine, which has passed through the glass
sheet 1, can be prevented from being brought into contact
20 with the work stage 2 when drilling the glass sheet by
the core drill 4 of the third drilling machine for the
purpose of separating the doughnut-shaped glass substrate
from the glass sheet as shown in Fig. 5.
The glass substrate manufacturing apparatus, which
25 is applicable to the method according to the present

invention, normally has the work stage as shown in Fig. 1

disposed at plural positions therein.



substrate. The first drilling machine is nounted so as to have a bl ade edge
of the core drill directed 10 vertically upward since the first drilling
machine drills the glass sheet 1 fromdowward. The core drill of the
‘'second drilling nmachine has a blade dianeter corresponding to the di aneter
of the inner <circular hole of the doughnut-shaped gl ass substrate. 15
However, the second drilling machine is ppunted so as to have the bl ade
edge of the core drill directed vertical downward since the second

dr 11§ ng_mRchi ne g 15 duhes sl o st dor Al - he. COppLEl T 11 of

the third drilling machine has a bl ade dianeter T spondi'ng to an 20

outer dianeter ghphheadaughautngharedl ase sy AP thel B ddaiged drilling
machine is nounted so as to have the blade edge of the core drill directed

vertically dewdwakdonSi Ng@14ARS! Rined taiidd idhd 1MBGR] RAHirds tdwglass sheet
1 fromupward. 25 Fig. 2 is a schematic view explaining the first drilling

machi ne, whek@iight Bemperieedl ithle @orteh@rfiilnstrordiddilliinhgmael RA a0 the wor k
stage with the glass sheet - 12 fixed thereon are shown in a
Cross-secti oghkevi @w. The ceoeeddilllll o8 brs aibkadaredyenglmbenimd in a cup

shape at a | eading edge thereof so as to have a bl ade di aneter
correspondi npako at b adiead@izeie tefr tcha respendinec toarHeoldd ameafera of the
doughnut - shaped gl ass substrate to manufacture. The bl ade edge 31 of the
core drill idnhermedretilhraholabiofsithe giozighnhayethapsd cflaeenprises desired
abrastve substrate. The first drilling machine is mounted so as

to have a blade edge of the core drill directed

10 vertically upward since the first drilling machine drills
the glass sheet 1 from downward.

The core drill of the second drilling machine has a
blade diameter corresponding to the diameter of the inner
circular hole of the doughnut-shaped glass substrate.

15 However, the second drilling machine is mounted so as to
have the blade edge of the core drill directed vertically
downward since the second drilling machine drills the
glass sheet 1 from upward. The core drill of the third
drilling machine has a blade diameter corresponding to an

20 outer diameter of the doughnut-shaped glass substrate.
The third drilling machine is mounted so as to have the
blade edge of the core drill directed vertically downward
since the third drilling machine drills the glass sheet 1
from upward.

25 Fig. 2 1s a schematic view explaining the first

drilling machine, wherein the core drill of the first

drilling machine and the work stage with the glass sheet



grains fixed to the bl ade edge by a netal bond, a resin bond,

el ectrodeposition or the like. The abrasive grains 10 are selected from

di anond, Si C, A1203, Zr02, Si3N4, CB, CN and the like, which are nornally
utilized to grind a glass sheet. As shown in Fig, 3, the glass sheet 1
starts to be drilled when the core drill 3 is upward noved so as to 1is
bring the bl ade edge into contact with thf_glass sheet 1 while the core
drill is rotated about its shaft. At thls time, a grinding fluid is

di scharged froma shabtofeAter shdwnOfint heceass- gébkhoﬁaqovgegl arheol e
drilling area and to wash away chi ps caused by drilling. The second 20

drilling mackbpe keitonki gHEed bmaaéee§%893mﬂfo§§eah§n BIEQF dhipki B
machine with the core drill 3, except t the second drilling rmachine is

di sposed at & mégbgﬁ? pagkt trarkbansbhasgtasaasbeat bladhavingetbe bl ade edge
31" of the core drill 3" directed vertically dowmward. 25 The third drilling

machi ne i s cestrgspedingbeosthtl atametethefseaendnder! tipguraehhaeew th the
core drill 3", except that the third drilling nmachine has the blade - 13
di anet er =of dheacdveghnuttshapedspbadsngubetirheeotbemandfanetee .of The
doughnut - shaped gl ass substrate. In the glass substrate nmanufacturing
appar atus appadeabliget 31t b€ tbehodracdeidingst 6otrhedpweésantnS i nventi on,
the drilling operations of a glass sheet by the respective drilling
machi nes ar eabmasied gutint lagetf ewbnthposinpirosssi desheedppbrasiye | n ot her
vords, grains fixed to the blade edge by a metal bond, a resin
bond, electrodeposition or the like. The abrasive grains
10 are selected from diamond, SicC, Al,0;, Zr0O,, Sis;N,, CB, CN
and the like, which are normally utilized to grind a
glass sheet.
As shown in Fig. 3, the glass sheet 1 starts to be
drilled when the core drill 3 is upward moved so as to
15 bring the blade edge into contact with the glass sheet 1
while the core drill is rotated about its shaft. At this
time, a grinding fluid is discharged from a shaft center
32 of the core drill 3 to cool a hole drilling area and
to wash away chips caused by drilling. The second
20 drilling machine is configured in the same way as the
first drilling machine with the core drill 3, except that
the second drilling machine is disposed at a higher
position than the glass sheet 1, having the blade edge
31’ of the core drill 3’ directed vertically downward.
25 The third drilling machine is configured to be similar to

the second drilling machine with the core drill 3',

except that the third drilling machine has the blade



the respective drilling machines are |located at different positions in the
apparatus. For this reason, the work 10 station with a gl ass sheet fixed
thereon needs to be noved anong the drilling machines in order to drill the
gl ass sheet by the respective drilling machines. The work stage is noved
anong the drilling nmachines by use of a conveying device. is The conveying
device is not limted to have a specifig structure as long as the work
stage can be noved anong the drilling nachines with high positional

accuracy.  Sgeghbierexanphescebet BeiEONKEYLREHAMIGS aberpl bidex table and
a conveyor belt. Wen the conveying device 20 conprises an index table, the

index table jsaheraRdokNzagothhfidtachapaRegdpdshaspactpheeal ity of work
stages disposed at intervals. The index table is intermttently rotated in

a cl ockw se direghi @Re0h1as60EBMLEEG@EK Wab@ f aditl:26 O R g iV t he work
stages with a glass sheet 25 fixed thereon anong the drilling machi nes. Wen

the conveyi agplevhbeeCOBPEREEReanbal heeBRUENE! Lot RBebphseg@nveyor has a
plurality of work stages disposed thereon. - 14 The belt conveyor is

intermttent iyvedvedni nthe Hondilttdi sperdtieaki ofi hoghawge heewoblk st ages
anong the drilling machines. The nethod according to the present invention
may be 5 catheedespéctivehdriolling ngchineedure. chirritdobual bt a gl ass
sheet 1 is put on a work stage 2 as shown in Fig, 1, Figs. 6A to 6D show
the states oflifherghasposheébnenihhéhe apparatus. In other words,
the respective drilling machines are located at different
positions in the apparatus. For this reason, the work
10 station with a glass sheet fixed thereon needs to be
moved among the drilling machines in order to drill the
glass sheet by the respective drilling machines. The
work stage is moved among the drilling machines by use of
a conveying device.
15 The conveying device is not limited to have a
specific structure as long as the work stage can be moved
among the drilling machines with high positional accuracy.
Specific examples of the conveying device are an index
table and a conveyor belt. When the conveying device
20 comprises an index table, the index table is formed in a
circular shape and has a plurality of work stages
disposed at intervals. The index table is intermittently
rotated in a clockwise direction or a counterclockwise
direction to move the work stages with a glass sheet
25 fixed thereon among the drilling machines. When the

conveying device comprises a belt conveyor, the belt

conveyor has a plurality of work stages disposed thereon.



respective steps of the nmethod according to the present invention, Fig. 6A

showi ng the gl ass,

whi ch has not been 10 drilled by the core drills yet. As

shown in Fig. 6A, the nethod according to the present invention mainly
deals wth a glass sheet, which has been cut out in a desired size from
float plate glass. It should be noted that the nethod according to the
present inventionis not limted is to deal with such a glass sheet and that

t he net hod

according to the present invention may deal with a gl ass

sheet

having a desiygd,shapeoAvey60ULketne I0R:BLARE15NR6L4 g hixed on the work
stage 2 by a vacuum suction force given by thée groove 23. The 20 operation

for putting ibgq9tagsnanegt rdceNohhecWableStAGCwo2kMBY aB8sTRRBALI ¥hear ri ed

out or be nechanically carried
robot hand.
noved to a position of the first drilling 25 machine by the conveying

out by use of a | oading system “such as a

dbe1 viagsmaBRehed. Which has been fixed on the work stage 2, is

device. Since thenti methdai bkcbgdinehicae the pRerked sSeventionmawsy e bl ade
edge of the core drill directed vertically upward in order to - 15 dril
the gl ass shegtrieanvdowinatHeasodt avetlgapeveedue. gFosst sbeeall, faxed on
the work stage 2 is noved to a position just above the core drill of
first drilliapassesheéae, 1speagungonoaewspickthgal by asFshowd showd ot.hils 5

state, wherein the glass sheet 1 fixed on the work stage

t he

2 is located in

the positionFigst ahowve theshowetlei kkaBesobft hhef giatsdshkktngnmatki ne.

10

15

20

25

respective steps of the method according to the present
invention, Fig. 6A showing the glass, which has not been
drilled by the core drills yet. As shown in Fig. 6A, the
method according to the present invention mainly deals
with a glass sheet, which has been cut out in a desired
size from float plate glass. It should be noted that the
method according to the present invention is not limited
to deal with such a glass sheet and that the method
according to the present invention may deal with a glass
sheet having a desired shape as required.

The glass sheet 1 is fixed on the work stage 2 by a
vacuum suction force given by the groove 23. The
operation for putting the glass sheet 1 on the work stage
2 may be manually carried out or be mechanically carried
out by use of a loading system, such as a robot hand.

The glass sheet 1, which has been fixed on the work
stage 2, is moved to a position of the first drilling
machine by the conveying device. Since the first
drilling machine is mounted so as to have the blade edge

of the core drill directed vertically upward in order to



Next, the core drill 3 is noved upward, being rotated about its shaft, as
shown in Fig. 3. Wen the 10 bl ade edge is brought into contact with the
glass sheet 1, the glass sheet 1 starts to he drilled. Since the bl ade

edge of the core drill 3 has a blade dianeter corresponding to the inner
circular hole of a doughnut- shaped gl ass substrate, the inner circular hole
of the is doughnut-shaped glass substratg-starts to he forned. At this
time, the grinding fluid is discharged fromthe shaft center 32 of the core

drill 3 to CQQ'iltlh%hQOgQas@r ishleleRd FR6RA G3RGWEe MVAED sAWRk L hikyeCausrd by
drilling, In the nmethod according to the present invention, 20 the gl ass

sheet 1 is ngllaeBst sheky drifiked ah eme Wik Byadehe hlsadevedge nfa the core
drill 3, starting with the state shown in Fig. 3. Instead, the drilling

operation ipobakted gust bbdwewWite icheegldadd lsheettrasibeen driantiing |y
drilled, such as a tine when the glass sheet 1 25 has been drilled by a
depth of fronmahdunt,asbhbebkihg abaet sp2/c3 falcallle .t hFégnessshbeseohisThis is
because if the glass sheet is entirely drilled at one tine, the glass - 16
sheet is £hi ppade(cwhekedh itheagliagm fsheant 1wdyxelNexin thee wlrdks stalieet 1
fixed on the work stage 2 is noved to a position of the second drilling
machi ne by t Beiscdovreyiedg idethee poSident hesseabtadedritine icogemaatilie 3i s 5
nounted so as to have the bl ade edge of the core drill directed vertically
downwar d i n ofdehet ¢ idwitl drtiRé igigassichsest from upward as stated above, the
gl ass sheet 1
Next, the core drill 3 is moved upward, being
rotated about its shaft, as shown in Fig. 3. When the
10 blade edge is brought into contact with the glass sheet 1,
the glass sheet 1 starts to be drilled. Since the blade
edge of the core drill 3 has a blade diameter
corresponding to the inner circular hole of a doughnut-
shaped glass substrate, the inner circular hole of the
15 doughnut-shaped glass substrate starts to be formed. At
this time, the grinding fluid is discharged from the
shaft center 32 of the core drill 3 to cool the hole
drilling area and to wash away chips caused by drilling.
In the method according to the present invention,
20 the glass sheet 1 is not entirely drilled at one time by
the blade edge of the core drill 3, starting with the
state shown in Fig. 3. Instead, the drilling operation
is halted at a time when the glass sheet has been
partially drilled, such as a time when the glass sheet 1
25 has been drilled by a depth of from about a half to about
2/3 of the thickness thereof. This is because if the

glass sheet is entirely drilled at one time, the glass



fi.xed on the work stage 2 is noved to a position just under the core dril

of the second drilling machine, 10 speaking nore specifically. Fig. 4 shows
this state, wherein the glass sheet 1 fixed on the work stage 2 is |ocated
in the position just under the core drill 3" of the second drilling

machi ne. As shown in Fig. 4, the blade edge 31' of the core drill 3
conforms to the 15 portion partially dri{led in the previous step for the

gl ass sheet 1. Fromthe position shown in Fig. 4, the core drill 3" is
moved downwakflecbeliBg chappkad (@Raklkelds ishaf kigand itthetr Wa.ade edge 31' of
the core drill 3" is brought into 20 contact with the glass sheet 1. Since

the bl ade edge 3ikxtqf tihke Qeises dHddt 3 fUoRfDIOIFE tie tharwatdddgn pardial ly
drilled in the previous step for the glass sheet 1, the remaining portion
of the innermeiedukar ahgpbeiefichhefglkases sesheet dkiild ity Maethind Wyhithe i ne,
the grinding fluid is 25 discharged froma shaft center 32' of the core
drill 31 toceaokyanholdevdril.l i agnaeeahandetondadhidabdygchbphineatsed by
drilling. By entirely drilling the glass sheet - 17 1 by use of the bl ade
edge 31' »f tbentedesdrialksl t8 haze phet bdades edye iofnehecicomdd atrilldl e of the
doughnut - shaped gl ass substrate has been cut out fromthe glass sheet 1
with the resdlitrethed tveetficaiili dowaivatride innwedegi rtouldari 13 Hdlee gdfastshe
doughnut - shaped gl ass substrate has been conpleted. Fig. 6B shows the gl ass
sheet 1, whi shek&s frivad upwaridnasr stiatedl abovel, e thfe e sdgowdiesit -Ishaped gl ass

fixed on the work stage 2 is moved to a position just
under the core drill of the second drilling machine,

10 speaking more specifically. Fig. 4 shows this state,
wherein the glass sheet 1 fixed on the work stage 2 is
located in the position just under the core drill 3’ of
the second drilling machine. As shown in Fig. 4, the
blade edge 31’ of the core drill 3’ conforms to the

15 portion partially drilled in the previous step for the
glass sheet 1. ’

From the position shown in Fig. 4, the core drill 3’
is moved downward, being rotated about its shaft, and the
blade edge 31’ of the core drill 3’ 1is brought into

20 contact with the glass sheet 1. Since the blade edge 31’
of the core drill 3’ conforms to the portion partially
drilled in the previous step for the glass sheet 1, the
remaining portion of the inner circular hole of the glass
sheet 1 is drilled. At this time, the grinding fluid is

25 discharged from a shaft center 32’ of the core drill 3'

to cool a hole drilling area and to wash away chips

caused by drilling. By entirely drilling the glass sheet



substrate forned according to the steps stated above. By drilling the gl ass
sheet according to the steps 10 stated above, it is possible to mtigate or
avoid the generation of a chip (a crack) caused in the glass sheet 1
during the drilling operation by the core drills. The reason why the glass
sheet 1 is partially drilled from downward and then is drilled from upward
to entirely form15 the portion as the inner circular hole of the doughnut-
shaped gl ass substrate as shown in Fig. and Fig. 3 is that the portion as

the inner cinpcylap pole efct g sdoughpusyshaged gl ass.shshnate can he
dr opped down an Slscharggd wﬁen th% bl ade edge 31 of the core drill 3 20

has entirely @Ek&bﬁdagh%hgl%ﬁﬁe%h%gEc%Iamehblet@Q @has siclgeiucl dHapr on the
wor k st age 2 is noved to the third drilling machi ne by the conveying

device. SincgihBe Lhbke rdkkl haRIpEBENINE bHtMPURHER HS0 g1as st @Haave it he bl ade
edge of the core drill directed 25 vertically downward |n order to drill the

gl ass sheet yhtamupwaeduas shateeéhab@vemathengl¥senshaehel fdixedqn the
work stage 2 is nmoved to a position just under the - 18 core drill of the

third dridli ngleaelii Re AbubhngittsiBped be ashalibeeMratle ofast BRegore drill of
the third drilling machine conforns to the center of the inner circular

hol e that hasmbeenedntiFegy éBrardwsnthbegpaeyi sheest ep. whilbReguently, the
core drill 4 is noved downward, being rotated about the shaft center

t hereof as shadnthe ikngr tirdhéart helkl ade t&egeocukhinie -coapedr idlladss
brought substrate formed according to the steps stated above.

By drilling the glass sheet according to the steps

10 stated above, it 1s possible to mitigate or avoid the
generation of a chip (a crack) caused in the glass sheet
1 during the drilling operation by the core drills. The
reason why the glass sheet 1 is partially drilled from
downward and then is drilled from upward to entirely form

15 the portion as the inner circular hole of the doughnut-
shaped glass substrate as shown in Fig. 2 and Fig. 3 is
that the portion as the inner circular hole of the
doughnut-shaped glass substrate can be dropped down and
discharged when the blade edge 31’ of the core drill 3’

20 has entirely drilled the glass sheet 1.

Next, the glass sheet 1 fixed on the work stage 2 is
moved to the third drilling machine by the conveying
device. 8Since the third drilling machine is mounted so
as to have the blade edge of the core drill directed

25 vertically downward in order to drill the glass sheet

from upward as stated above, the glass sheet 1 fixed on

the work stage 2 is moved to a position just under the



into contact with the glass sheet 1, the glass sheet 1 starts to be
drilled. At this tinme, the grinding fluid 10 is discharged froma shaft
center 41 of the core drill 4 to cool a drilling area and to wash away
chips caused by drilling. Since the blade edge of the core drill 4 has a
di aneter corresponding to the outer dianeter of the doughnut-shaped gl ass
substrate, the doughnut-shaped 15 glaszﬁfubstrate starts to be separated
fromthe glass sheet. However, it should be noted that the gl ass sheet 1

is entirel ymﬁét{%' <I§£’ita’¥ ?etﬁéagﬁl?ﬁg r?ﬁl%ﬂgefﬁ%ﬁlﬂ R 1? ?? mbi B IN

this step, erent rontt state ste S orm ng the
| ner ¢l cul gheNohger 206 AREx! BaSORe! Sokbal iyl SrULAE fewltrdta 1hlihgt he

gl ass sheet 1 from upper and lower directions in terns 0O

structure Ofmébﬁlﬂgr50§E@9§s2towhﬁ€ thacglass §H€eﬁnnér'%1%@hﬂ%%lﬁOQ%'||ed
at one time by the bl ade edge of he core drill as stated above, there is

caused a pr09h381Béstbééntéﬁtgké§§ gherRkbal $nchhBpgdeviBukhistept.ep, the
generation of a chip caused in the glass sheet 1 1s mtigated or avoi ded by

subj ecting a porguBBeliiehfey, tBe \oglenidiy 10f 4t he @R@E dAmRfarid)e work
stage 2 to backup treatnent. The backup treatnent neans treatnent, by

whi ch the gl Besngheetatedi agosdr taeesabiftheenbek shageoz, asSpeowhi Gal ly the
buffer |ayer 21 and a portion of the 5 body of the work stage 2 |ying

t her ebel ow arggbosh whén |t yldde edge of i the dcdde h@riblei s nbibeghanme form
(shape and di nensions) as the blade edge of the core

into contact with the glass sheet 1, the glass sheet 1
starts to be drilled. At this time, the grinding fluid

10 is discharged from a shaft center 41 of the core drill 4
to cool a drilling area and to wash away chips caused by
drilling. Since the blade edge of the core drill 4 has a
diameter corresponding to the outer diameter of the
doughnut -shaped glass substrate, the doughnut-shaped

15 glass substrate starts to be separated from the glass
sheet. However, it should be noted that the glass sheet
1l is entirely drilled by the blade edge of the core drill
4 at one time in this step, which is different from the
above-stated steps for forming the inner circular hole.

20 The reason is that it is difficult to drill the glass
sheet 1 from both upper and lower directions in terms of
the structure of the work stage 2. When the glass sheet
1 is entirely drilled at one time by the blade edge of
the core drill as stated above, there is caused a problem

25 that the glass sheet is chipped. In this step, the

generation of a chip caused in the glass sheet 1 is

mitigated or avoided by subjecting a portion in the



driill 4. Since the groove 24 thus subjected to the backup 10 treatnent has

the sanme shape and di nensions as the core drill 4, it is possible to
mtigate or avoid the generation of a chip called a burr, which is caused
at a drilled edge of a glass sheet when drilling the glass sheet by the

core drill 4. 15 Although it is preferred that the buffer layer 21 serving
as the backup material he inherently har the buffer layer should have
appropriate hardness since if the buffer layer is too hard, there is a

possibility {hatnifypbebtea hsoeaused bR tBEMRoRk sHehEOR eF Bagkaps sheet.
20 When the bl ade edge at the | eading edge of the core drill 4 has entirely

drilled the gltassmeheet The th&kgb eprea tien tlongdinsit + sbapreh @) alsg substrate
is cut out of the glass sheet 1, and the doughnut-shaped gl ass substrate is

separ ated frenithethkagtasheehedt FigingCsusfacei e 2heshowkngtbbe 2,
doughnut - shaped gl ass substrate 12 and the glass sheet 1 in this stage, and
Fig. 6D is aspeewnfishdbiwnghehbufifaghbhatyeshapedndl aspogstulishr afeth2. - 20 The
doughnut - shaped gl ass substrate 12, which has been separated fromthe gl ass
sheet 1, 5 s badéenofiptheowprkhetagek2sigjrg2thé&hebepewatirenbboh t aki ng up the
doughnut - shaped gl ass substrate 12 may be manually 5 carried out or be
mechani cal | ydcatteddbgputhbycase dfidl KRoadi hg mydeeim shehsaseafpeohot hand.
The reason why the drilling operation for the
(shape and dimensions) as the blade edge of the core
drill 4.
Since the groove 24 thus subjected to the backup
10 treatment has the same shape and dimensions as the core
drill 4, it is possible to mitigate or avoid the
generation of a chip called a burr, which is caused at a
drilled edge of a glass sheet when drilling the glass
sheet by the core drill 4.
15 Although it is preferred that the buffer layer 21
serving as the backup material be inherently hard, the
buffer layer should have appropriate hardness since if
the buffer layer is too hard, there is a possibility that
a problem is caused in terms of suction of a glass sheet.
20 When the blade edge at the leading edge of the core
drill 4 has entirely drilled the glass sheet in this step,
the doughnut-shaped glass substrate is cut out of the
glass sheet 1, and the doughnut-shaped glass substrate is
separated from the glass sheet 1. Fig. 6C is a view
25 showing the doughnut-shaped glass substrate 12 and the

glass sheet 1 in this stage, and Fig. 6D is a view

showing the doughnut-shaped glass substrate 12.



pur.pose of separating a doughnut-shaped glass substrate fromthe gl ass
sheet is carried out after the drilling 10 operation for the purpose of
drilling the inner circular hole in the doughnut-shaped gl ass substrate is
carried out in the method according to the present invention is as
follows: If the drilling operation for the purpose of 15 separating a
doughnut - shaped gl ass substrate fromthe,,glass sheet is carried out first,
the drilling operation for the purpose o? drilling the inner circular hole

in the doughnut -ghapefhdHASS sHid }fi1adeeddHdta-e cal fiad cipWad n the
state shown in Fig. 6C. In this case, the 20 doughnut-shaped gl ass substrate

needs to be bexedsepatrBeed@iomnghst ades? @hleetby a isuctdkem iy Grgwaused on
t he doughnut-shaped gl ass substrate that has been reduced in terns of area

because of behagwsepactted LronThéeogéassiosheet fakimgeuppedefically only
by a suction force caused 25 on the doughnut-shaped gl ass substrate 12
except for tHeugpauti-ehapedyiglgsas stibetirater 10 mayl &e Ralialllly In this
case, there is a possibility that the suction force - 21 caused on the
doughnut - shapedrgkdssusubst bat methand callyulchiregiied =sitnds tize sifctd on area
decreases. Wien the suction force caused on the doughnut-shaped gl ass
substrate 12lbsdingukfisteent sutcherae ias rabpasdialbid.ity that 5 when formng the
inner circular hole 11, the doughnut- shaped gl ass substrate 12 shifts,
failing to achi edthe desisced wionddre dwiltly ngpropmraduier foer itgheral portion of
purpose of separating a doughnut-shaped glass substrate
from the glass sheet is carried out after the drilling
10 operation for the purpose of drilling the inner circular
hole in the doughnut-shaped glass substrate is carried
out in the method according to the present invention is
as follows:
If the drilling operation for the purpose of
15 separating a doughnut-shaped glass substrate from the
glass sheet is carried out first, the drilling operation
for the purpose of drilling the inner circular hole in
the doughnut-shaped glass substrate needs to be carried
out in the state shown in Fig. 6C. 1In this case, the
20 doughnut-shaped glass substrate needs to be fixed on the
working stage 2 only by a suction force caused on the
doughnut -shaped glass substrate that has been reduced in
terms of area because of being separated from the glass
sheet 1, more specifically only by a suction force caused
25 on the doughnut-shaped glass substrate 12 except for the

portion serving as the inner circular hole 11. 1In this

case, there is a possibility that the suction force



t he doughnut - shaped gl ass substrate 12 is damaged. As expl ai ned above, in
accordance with the nethod 10 according to the present invention, the
operation for drilling a glass sheet for the purpose of drilling an inner
circular hole in a doughnut-shaped gl ass substrate, and the operation for
drilling the glass sheet for the purpose of separating the doughnut-shaped
gl ass substrate is fromthe gl ass sheet e carried out by the three
drilling machi nes, which are disposed at different positions in the glass

sheet manuf aghykkAdoaPRaLalHEghnAtCahdbRal ¥ aklhe silhedracaer dishg to the
present invention is excellent in productivity since the nethod 20

according toihBarpriesent knweBttaB ksceapabheeal detheliskisng Rnehutakity of
gl ass sheets at one tinme. The entire disclosure of Japanese Patent

Application gshetidf085026694aliskbadonn thandaiyhabit -20@peidnelludisng _
specification, clainms, drawings and sunmary i s 25 incorporated herein by
reference insubsteater ebyis- idduf€iAlibhr,lthAreetikod possteghiidiynghatgl ass
sheet to manufacture a doughnut-shaped gl ass substrate by use of a gl ass
subst r at es manheactoriniggaphar ahner thecgllass hellestingt ehle @aughacitur i ng
apparatus conprising a work stage capable of fixing a glass sheet thereon;
three drilli shapadhphess sebehratet he shid¢esdr iflaliiliggmachiacds erecl udi ng a
core drill; and a conveying device capable of noving the work stage;
desired concentricity, or an outer peripheral portion of
the doughnut-shaped glass substrate 12 is damaged.
As explained above, in accordance with the method
10 according to the present invention, the operation for
drilling a glass sheet for the purpose of drilling an
inner circular hole in a doughnut-shaped glass substrate,
and the operation for drilling the glass sheet for the
purpose of separating the doughnut-shaped glass substrate
15 from the glass sheet are carried out by the three
drilling machines, which are disposed at different
positions in the glass sheet manufacturing apparatus.
Accordingly, the method according to the present
invention is excellent in productivity since the method
20 according to the present invention is capable of
machining a plurality of glass sheets at one time.
The entire disclosure of Japanese Patent Application
No. 2005-16694 filed on January 25, 2005 including

specification, claims, drawings and summary is

25 incorporated herein by reference in its entirety.



10 wherein the respective three drilling nmachines conprise a first drilling
machi ne having a first core drill nounted thereon so as to direct a bl ade
edge vertically upward, the core drill of the first drilling machine
havi ng a bl ade di aneter corresponding to a 15 dianeter of an inner circular
hole to formin a doughnut- shaped gl ass sheet; a second drilling machine
having a core drill nounted thereon so %5 to direct a bl ade edge

vertically downward, the core drill of thé second drilling machine having a
bl ade di anet gfpgpir.esponding to 20 the dianeter of the inner circular hole
to formin the doughnut-shaped glass sheet; and a third drilling machine

having a core . drip sy et hﬁ&ﬁmiﬁéz as 1ol rafded tdlmdauedaaimertical ly

downward, the core drill of the third drilling machi ne having a bl ade

di anmeter 25 goHbagpondi-BhapedaglavsesubistiRicer bf de ddoughyiussshaped gl ass
sheet; conprising: - 23 fixing a glass sheet on the work stage; noving the
gl ass sheet tabatpagiet manufastualiowe apheratass dhd lglefsd kaddtmeitedrilling
machi ne by use of the conveying device; partially drilling the glass sheet
from downsvar dahy f ads@rdhot hepaaae udr idompafi stiley fa metrkdratdddengapadiliene;

nmovi ng the glass sheet to a position just under the core drill of the second
drilling machifnéilpjingse oflatsise sheenvehengotevitdaee drilling machines,

each of the three drilling machines including a core
drill; and a conveying device capable of moving the work
stage;

10 wherein the respective three drilling machines
comprise a first drilling machine having a first core
drill mounted thereon so as to direct a blade edge
vertically upward, the core drill of the first drilling
machine having a blade diameter corresponding to a

15 diameter of an inner circular hole to form in a doughnut-
shaped glass sheet; a second drilling machine having a
core drill mounted thereon so as to direct a blade edge
vertically downward, the core drill of the second
drilling machine having a blade diameter corresponding to

20 the diameter of the inner circular hole to form in the
doughnut -shaped glass sheet; and a third drilling machine
having a core drill mounted thereon so as to direct a
blade edge vertically downward, the core drill of the
third drilling machine having a blade diameter

25 corresponding to an outer diameter of the doughnut-shaped
glass sheet;

comprising:



10 formng the inner circular hole in the doughnut- shaped gl ass substrate
by drilling the partially drilled portion fromupward by use of the core
drill of the second drilling machine; noving the glass sheet to a position
just under the 15 core drill of the third drilling machine by use of the
conveyi ng devi ce; and separating the doughnut-shaped gl ass substrate from
the gl ass sheet by drilling the gl ass sh&;t fromupward by use of the core
drill of the third drilling machine.

fixing a glass sheet on the work stage;

moving the glass sheet to a position just above the
core drill of the first drilling machine by use of the
conveying device;

5 partially drilling the glass sheet from downward by

use of the core drill of the first drilling machine;

moving the glass sheet to a position just under the
core drill of the second drilling machine by use of the
conveying device;

10 forming the inner circular hole in the doughnut-
shaped glass substrate by drilling the partially drilled
portion from upward by use of the core drill of the
second drilling machine;

moving the glass sheet to a position just under the

15 core drill of the third drilling machine by use of the

conveying device; and

separating the doughnut-shaped glass substrate from
the glass sheet by drilling the glass sheet from upward
by use of the core drill of the third drilling machine.

20



