- 1 METHOD FOR MANUFACTURI NG A DOUGHNUT- SHAPED GLASS SUBSTRATE The present
invention relates to a nethod for 5 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 large is
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
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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 quickly 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



cutting a glass sheet by use of a cutter, such as a wheel tip. The nethod
for formng a hole by use of a core drill has a problem of high equi pnent
cost, although 10 obtai ning good machi ni ng precision. On the other hand,
the method for cutting a glass sheet by use of, e.g., a wheel tip has a
probl em that sonme neasures are needed to forman inner circular hole,

al t hough bei ng advantageous in that the egui pnment cost is relatively | ow
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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

ce In many cases.



an edge portion) and sizing for final adjustment in dinensions as
subsequent processing 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 nethod
for manufacturing a glass substrate for 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 i nner ci reular, Mol e-Lp. 116 Sentety, ofy Lhe, SeTEbiAg SHALsngh @ Soriber,

a step for form ng an oufer peripher score T1ne € pressing a cutter
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20 outer peripheral score ne to cut the glass sheet. ng to this
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this publication. The operations are conplTcated since the step for
formng, in a ghasggsh g%t%%@ PRRA T O0; 865 VEGD BSndD hARGLcfLAEULAr hole by a

core drill, and t machi ni ng an outer peri phera
dimensions as subsequent processing 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



S portion by the cutting process, i.e., the step for formng an outer

peri pheral score line in the glass sheet by the cutter of a scriber and the
step for applying a bending nonment along the outer peripheral score line to
cut the glass sheet are perfornmed by different nachines io in the method
described in this publication. Additionally, the nethod described in this
publication is inferior in terns of productivity of doughnut-shaped gl ass
substrates since it takes nmuch tinme to pér?o?n1 t hese operations. 15 There

exi sts an appatat us, ich f.orms inner _cirgular hole in a glass sheet
and separates cgatesacortsjlg enV\cki]ut:En s%%li)%oplg? a]s%ats:h St r éltcilg forpc?r]ﬁat%leongsl aas% sheet by a
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operation by by the cutter of a scriber and the step for applying a
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



the core drill during drilling without formng the inner s circular hole so
as to pass through the glass sheet by the core drill at one tinme, and
perforns a second drilling operation of the remaining portion of the hole
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 systemnakes the structure of the
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apparatus conprising a work stage capa 1e ixing a glass sheet thereon;
three dr'll'ngirllllng operation 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



machi nes, each of the three drilling machines including a core drill; and a
conveyi ng devi ce capable of noving the s work stage; wherein the respective
three drilling machines conprise a first drilling machine having a first
core drill nounted thereon so as to direct a bl ade edge vertically upward,
the core drill of the first drilling io nmachine 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 dritling nachine having a core dril
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conprising: fixing & glass shee age, novi ng
sheet to a posjtipngi ' above the <core drill of the first dr|II|ng machi ne
by use of the conveying device; - 7 partially drilling the glass sheet

fromdownvard by yherein 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

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;



use of the core drill of the first drilling machine; noving the glass sheet
to a position just under the core drill of the second drilling machi ne by
-use of the s conveying device; 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; 10
novi ng the gl ass sheet to a position just under the core drill of the third
drilling machi ne by use of the conveyihg'ﬁéVice and separating t he
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gl ass sheets processed at one tine. awi g. 1is a
schemati c gle% SR | daagnk:stage wherein the work stage with a gl ass
sheet fixed thereo |s own 'in a cross-sectional view - 8

formlng 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;

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. 2 is a schematic View explaining a first drilling machine, wherein a
first core drill of the first drilling machine and a work stage with a

gl ass sheet fixed thereon are 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 first drilling machine; Fig. 4 is a viewsimlar to Fig.
2, although showing a second drilling machine; 10 Fig. 5is a viewsimlar
to Fig. 3, although showing a third drilling machine; and Figs. 6A to 6D

are the states of ghe o ass sheehehsiiEeoPORILXS1818PRgi A aipBEhod for
manuf acturi ng a doughnut-shaped gl ass substrate, according to the present

15 invention, ghereidy Rdehffs shaysrdhe statesofcdhe @t ass oshert before
drilling by the core,drill of the first drilling machine, Fig. 6B shows the

state of the gyass) ighegicidd MU i ANESriel s€ah@rvoh e foraed &wse@d doughnut -
shaped gl ass substrate, Fig. 6C shows that the doughnut™ 20 shaped gl ass

substrate has figey saRaFaethid OMAINE Dh aSScrSdeeiec@ibndl Ovi &P, shows the
doughnut - shaped gl ass substrate manufactured by the method according to the

present inyention.pNow 3the geihed ackordingot pighespreaeningnyent tra 25
will be described in detail, referring to a preferred enbodinent shown in

ane ggcormanyigngaﬁ aAMdWs . 1 I heri TREdNOsl, 2RO EbRg dPitheopresentitayention
’ 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



9 inplenented, utilizing a glass substrate manufacturing apparatus, which
conprises a work stage capable of fixing a glass sheet thereon, three
drilling machi nes, each of the drilling machines including a core drill

and a s conveying device for noving the work stage. Fig. 1 is a schematic
view explaining a work stage 2, wherein the work stage with a glass sheet 1
fixed thereon is shown in a cross- sectloqﬂ view. The work stage 2 is not
limted to have a specific planar shape.” The work 10 stage may be forned in
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through hole 22 S}ﬁig?sla%s a %@ chefnancs ek Ipqrdllrll hﬁfﬂlzfa§§a§@e§¥ 1 by
core drills for the purpose o orm ng an inner circul/ar hole in a

wherein the work stage with a glass sheet 1 fixed 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



doughnut - shaped gl ass substrate, so that when drilling - 10 the glass sheet

1 fromdowward as shown in Fig. 2, a core drill 3 of a first drilling
.machi ne can proceed toward the glass sheet 1, and that when a core drill 3
of a second drilling machine drills the glass sheet 1 s fromupward to
conplete the formation of the inner circular hole of the doughnut-shaped

gl ass substrate as shown in Fig. 4, a blade edge 31' of the core drill 3
of the second drilling machine, which hadOpassed through the glass sheet,

can be prevented from bei ng broqg?t into 10 contact with the work stage 2.

The gl ass shedths a7 Sngtace Gion PR $tagesowasi Britd ar? grdoves 23
and 24 forned therein.. An annul ar groove 23 is connected to a vacuum punp
(not shown) arﬁf?ercg‘é&]as369 deth okl 1BDrmITRIRGY THe RFaSee2heet 1 on

the work stage 2 by use is of a suction force caused by vacuum suction from
the vacuum ptﬁﬁi“fal}/ﬂmééﬁwﬂﬂaasrs gititife 4 ARG VR hgWheR | darafeedrsbl that a

bl ade edge of a core drill_4 aof the third rilling machi ne, which has
passed throungfcr‘?esgﬁ%%“éi ‘%Iffe]cel]tlrﬁ e ]@v]leHe%‘? b BRI FED obight i nt o
contact 20 with the work stage 2 when drilling the gl ass sheet by the core
drill 4 of 5t he %M PR 15 P MR IR ‘%&ﬁ Wﬂ@‘(‘;a'bh?lbo%‘g RS sERRGL i ng t he

doughnut - shabed gl 805 Sl 1l & [1omthe, ol soe, shect o2 Shom 10 FLD. S e
met hod accor disq'?ovgrﬁ) itrPeFipgr.eséle,nta blade edge 31’ of the core drill 3’ of
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. An 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 1s applicable to the method according to the present
invention, normally has the work stage as shown in Fig. 1

disposed at plural positions therein.



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

plural positions therein. - 11 The gl ass substrate manufacturing appar at us,
which 1is applicable to the nethod according to the present invention,
i'ncludes the three drilling machi nes, each of which conprises the core
drill for drilling the glass s sheet 1. The core drill of the first drilling
machi ne has a bl ade dianeter corresponding to the dianeter of the inner
circular hole of the doughnut-shaped gl as¢l substrate. The first drilling
machine is nounted so as to have a blade edge of the core drill_ directed 10
vertical ly upward Sthcelade $HPSETFe | PRMGE HEERT Hed dRPPR52t Ehe WRASR sheet 1
fromdowward. The core drill of the second dril]ling nmachine has a bl ade

di anet er corr éspARRNFIR'] HeP dikgrdterhed 3¢RCTHRY teitheIRFeFte of the
doughnut - shaped gl ass substrate. is However, the second drilling machine is
mount ed so as ¥R 1 HPDHIRS dedife Hrehel ol 179 i MRt eePeref cal |y
downwar d since the second drilling machine drills_the ., glass sheet 1 from
upward. The cofE St i9IIMRIHiIgeR the rCcPredrC?lH}r]ngf%cqlﬁﬂjehrfg% e ARSI amet er
corresponding to an 20 quter dianeter of_ the doughnui-shaped gl ass
substrate. > TH®SH r'¢ leh!‘IeI IG5 € Hielrjre 9fs tﬁ@u%ﬂé ST HPhHACRIRE bl ade
edge of the cqre drill directed vertically downward  sin¢ce the third
drilling nachﬁ?‘?eg dt il?liaséjef Yralr s‘F%%’fes_LgOI?‘?’o’hﬁ’ Upvel e diameter of “the

inner circular hole of the doughnut-shaped glass
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 is 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



25 Fig. 2 is 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 - 12 fixed thereon are shown in a cross-sectional
view. The core drill 3 has a blade edge 31 fornmed in a cup shape at a

| eadi ng edge thereof so as to have a bl ade dianeter corresponding to the
di aneter of the inner circular hole 5 of a_doughnut-shaped gl ass substrate
to manufacture. The bl ade edge 31 of thel€ofe drill is formed with an

abrasive grain.l f ich rises .desired abrasjve_ graj.ns fixed to the
bl ade edge byr%é}%\ééteatl’hebc?rcl3 ) agf%?%%llor‘f% blg-‘n ) @I°EC rsc?tfécplc?snl qi %nlec‘)"r' t}ril’glel i ke.
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drilling. %he seco I'ne 1s configure e sane way as

the first drihling mehine g thd heo,Sore il s Go.sgeents diva, the second
rilling machine 1s di'sposed at a higher 'position than the glass sheet 1,
having the bl agg gdag grain layer, which comprises desired abrasive
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, SiC, Al,0;, ZrO,, Si;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



31' of the core drill 3" directed vertically dowward. 25 The third drilling

machine is configured to be simlar to the second drilling nachine with the
.core drill 3, except that the third drilling nmachine has the bl ade 13
di aneter of the core drill corresponding to the outer dianeter of a

doughnut - shaped gl ass substrate. In the glass substrate manufacturing
apparatus applicable to the nethod according to the present s invention,
the drilling operations of a glass sheet by “the respective drilling

machi nes are éarrg grogg gﬁ di;fereg% pgsitgons i, th%oa%ﬁgﬁ%ratliﬁgs.r I n ot her
words, the re&specttve®drifing FadhthésC8FE Fggggéagat differént™ positions
n the apparays, For LRI g heasan, LIE ook 108t alian with a glass sheet

fi xed thereon needs to be  nov anong Phe dri i g machinés in order to

drill the glass sheet by,Lhe respective diilding mehines, the work stage
is noved anong thé drlFllng machi nes by use o a co e§1ng evice. is The

conveying devhge1iaanst LETLhedukonnave Ao BREE! LLO (AL UELULEAS | ong as the

wor k stage can®be nove anong I'ng machines w i positiona

soour ocy. » SDEFL Ll SHTEL £ B0 VB CHRNEUL 08-S S, e ol and

a conveyor™ be en fhe conveying s€s -an inde t he
ndox abl e | ppkoLPefct 0, BLLSHLEL RleRSoRC.bE" A Blkelify 81 vork
different positions in the 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.



rotated in a clockw se direction or a counterclockwi se direction to nove
the work stages wth a glass sheet 25 fixed thereon anong the drilling

machi nes. When the conveying device conprises a belt conveyor, the belt
conveyor has a plurality of work stages di sposed thereon. 14 The belt
conveyor is intermttently noved in a l|ongitudinal direction to nove the
wor k stages anong the drilling machi nes._ The nmethod according to the
present invention nay be 5 carried out i htthe foll ow ng procedure. First of

all, a glass. ghe [ ut._on.a work st eF% as shown.in Fig. 1. Figs. 6A
To 6D show tnang BEal spoloRl! 13 MR B A0enE S Rl il LT 8 of 1 he

nmet hod accor di . r t...inventio Ehg. 6A.S i t.he s, which
has not been }gggﬁgeﬁ%iggagy%?%%cg&rogl g&l hos eyetth.% Kg@%%&##&% I—almé).r%G},%et he

met hod accor di h t invention mainly deals wth a glass sheet,
whi ch has beeggg&ﬁqggt%?%hgigg§ired size fromfloat plate glass. It should

be ot 1S P YRR R R DA UL ) 4o
pLesent el B8 eely i 3chasnRlnel dag 0 BysEs Ledtieog oo
Sucli o {orCogHuen B YoRR i A0 SAEAY UL AL 8 4 e o oo
carried Figs. 6A to 6D show the states of the glass sheet in the
respective steps of the method according to the present
invention, Fig. 6A showing the glass, which has not been
10 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
15 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
20 opération 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
25 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



out by use of a l|oading system such as a robot hand. The gl ass sheet 1,

whi ch has been fixed on the work stage 2, is noved to a position of the
first drilling 25 nachine by the conveying device. Since the first drilling
machine is nounted so as to have the bl ade edge of the core drill directed
vertically upward in order to - 15 drill the glass sheet from downward as
stated above, the glass sheet 1 fixed on_the work stage 2 is noved to a
position just above the core drill of t e 1Pi Fst drilling machine, speaking

more speci ficably B, & Sovs, LIV - sorst g, iher el g e, 9l s, shegt 1
'S ed In

fixed on the mofk_stage "2 ocat ¢ e posi tion just  above the core
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drilled at ongd iy by ot drilling machine.
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



the bl ade edge of the core drill 3, starting with the state shown in Fig.
3. Instead, the drilling operation is halted at a tinme when the gl ass sheet
has been partially drilled, such as a tinme when the glass sheet 1 25 has
been drilled by a depth of fromabout 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 16 sheet is chipped (craiged) in a significant way. Next,
the glass sheet 1 fixed on the work stage is noved to a position of the

second drillingd @Cgé‘l%kp‘_ tehie Ccroa ngupeaw ?enli cond drilling
SO

machine is 5 nobunte a to have blade e e cor “dril

directed verticall ié%é”ék%eﬁ(ﬁ(¥ii%% gﬁ Stcrﬁhggggérgnlgpmard

as stated above, I%e gl ass” s I xed on a noved to a

position just under ot% p‘iﬂjg\_l%{ ll¢ Qind 'Eeeh r&dfiir\{,%ere%%léfgs

speaki ng nore speC|f|c 4 shows IS state
sheet 1 Tixed rcisevi € Fihte taEALEdS WS 1808 ! sunder the
core drill the second drilTing machine shown 1™ he

bl ade edge 31ImoQ.1f O 01 did Hak e@w-mset g&eofl%rp@ré% @ @@ﬁi all'y

drilled in the previous step for | ass she 1. Fromthe position shown
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sheet from upward as stated above, the glass sheet 1
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’ is 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



20 contact with the glass sheet 1. Since the blade edge 31' of the core

drill 3" confornms to the portion partially drilled in the previous step for
the glass sheet 1, the renmaining portion of the inner circular hole of the
glass sheet 1 is drilled. At this tinme, the grinding fluid is 25 discharged

froma shaft center 32' of the core drill 3" to cool a hole drilling area
and to wash away chips caused by drllllng7 By entirely drilling the gl ass
sheet - 17 1 by use of the blade edge 3127 of the core drill 3, a portion

th I I f.the d h I te h b
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the i nner C|rcula oIe the hnut- sha ed gl S bst s_shown in
Fig. 2 and Flg §Eeg thg%IQhe por t%easﬁneﬁ %Frgulaélﬁglﬁ 28f the

doughnut - Shapﬁgdgkﬁgsiﬁﬂ %tg§%gu ¢ap Rglgrggp%ged%oug%nut shaped glass

substrate formed according to the steps stated above.
By drilling the glass sheet according to the steps
10 stated above, it is 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. Since 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



di scharged when the bl ade 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 noved to the third drilling machine by the conveying device. Since the
third drilling machine is nmounted so as to have the bl ade edge of the core
drill directed 25 vertically downward in order to drill the glass sheet
fromupward as stated above, the glass sheet 1 fixed on the work stage 2 is
noved to a position just under the - 18 Ybre drill of the third drilling

machi ne. At th ti,ne af nter_of the core drill of.the.third
drilling mﬁﬁ%%m&ﬁF ﬁ@e&& ingnBarRABE" i At St S NEHES ¢ hat

has been ent| the VIOUS S n , core
a1 Do b ahekerante sePﬁg Ré: oP2a° 00 “pha F?lééné§ﬁ9§ﬁaseof as
shown in Fi 5 When t | a e of . the co drill is.bro o]
contact i t h FAER P ESEoBAREYE gotﬁgggF§§§e§h8gt£E Spoprs 2igenidi benbe’ A
this time, thg E ding fluid 10 gISC 8r gron1a shaft %enter 41 of the
tore aritl 4 CoBtLBer etp! HirRelT SoRRe%: aR5bh HiRychFps sgused by
drilling. Since t e blade g % t he core grlll 4 &p

correspondi ng to thE -SSR géng r OF %t &ughﬁﬁtmﬂﬂg? ?ﬂ%ﬁﬁg Substrat e,

b ST S ety e S
entirely drll#?g.b¥.trWheAqgg qggade e Qg gPrghgréore drill is brought

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
1 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. 1In this step, the
generation of a chip caused in the glass sheet 1 1is

mitigated or avoided by subjecting a portion in the



4 at one tine in this step, which is different fromthe above-stated steps
for formng the inner circular hole. 20 The reason is that it is difficult

to drill the glass sheet 1 fromboth upper and |lower directions in terns of
the structure of the work stage 2. Wien the glass sheet 1 is entirely
drilled at one tine by the blade edge of the core drill as stated above,

there is caused a problem 25 that the glafg sheet is chipped. In this step,
the generation of a chip caused in the giass sheet 1 is mtigated or

avoi ded by Sugh%g%i%ggp%fp(&’hg '}oio(}etTEﬁ 52 HeChiuhy ofh Jehe Qroo%‘é%ﬁli:eo‘c the

work stage 2 to treat ment. e backup treatnent” neans treatrent, by

uhi ch the o asseahtenelixkng suckage:plathenkorkagkageoarmefibechll cal ly the

buffer |ayer 21 and a portion o e work stage 2 lying

Lher sbel ow ar gribeth oy dr 1lad hcbe cagiacdiiiile dbd obeymdRn ghgSare form

(shape and dinensions) as the blade edge~of the core drill 4. Since t
groove 24 thugpéafilf%taqqg; icehteh%uff,%@ﬁawﬂ PRt has-ikg $amRhape and

di mrensions as the core 'l 4, it is possible to mtigate or avoid the

gener ati ons of pAaGhiE ¢ald Grk BYhbe WG Hes tsauser 19y ardliddied edge of a
gl ass sheet when'drilling the glass shéet "by the core drill 4. is Al though

it is preferrgginhaly bhe chidl ehd a¥an12l teend Mads heRadam mgfial be
i nherently hard, 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.



buffer | ayer should have appropriate hardness since if the buffer layer is
too hard, there is a possibility that a problemis caused in terns of
suction of a glass sheet. 20 Wien the bl ade edge at the | eading edge of the
core drill 4 has entirely drilled the glass sheet in this step, the
doughnut - shaped gl ass substrate is cut out of the glass sheet 1, and the
doughnut - shaped gl ass substrate is separq@ed fromthe glass sheet 1. Fig.
6C is a view 25 showi ng the doughnut-shéh% gl ass substrate 12 and the
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Substrate 1s carrie t inthe nme ing tot esent i nvention

g, Shons 5By LSIPETL gBub il purpose of 1 separating a
The reason why the drilling operation for the

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. In 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. In this

case, there is a possibility that the suction force



gl ass sheet is carried out first, the drilling operation for the purpose of
drilling the inner circular hole in the doughnut-shaped gl ass substrate
.needs to be carried out in the state shown in Fig. 6C. In this case, the 20
doughnut - shaped gl ass substrate needs to be fixed on the working stage 2
only by a suction force caused on the doughnut-shaped gl ass substrate that
has been reduced in terns of area because of being separated fromthe gl ass
sheet 1, nore specifically only by a suct4bn force caused 25 on the

doughnut - shaped. gl ass_s trate 12 except .for the ortion rving as the
i nner circula?aH% % %&.HF% gﬁPghnggsgﬁaBﬁgrgﬁﬁ sasB§§§F8iFi§§ tfat the

sucti on force; g, egusgd.00; hhe JRuolnuLyshaned olass Substr ke 12 b
i nsufficient Since € SuUcCtl on area decreases. en e~ Suction force

caused on the ut- ped gl as strate 12 is _jnsufficient, there is
a possibilitysﬁgg?gg &ﬁ%%gfggﬁgﬁé ?He%ﬁ%ngP ggpgélgiaﬁgﬁegfffsthe doughnut -

shaped o ass supstrate 17 si{hs.cEaLLLg tonachi eve, desiied qaneegtyl ol ty,

or an outer periphera fon o oughnut-'shaped*glrass "sub afe 12 is
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t he present | nventi on, e operation r
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substrate, an eratron ri the purpose

of Separatingdgggrgauggﬂggh§9§8§gygl%%Sa%u%%k%§t%eripheral 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.



is fromthe glass sheet are carried out by the three drilling machines,
whi ch are disposed at different positions in the glass sheet manufacturing
apparatus. Accordingly, the nmethod according to the present invention is
excellent in productivity since the nethod 20 according to the present
invention is capable of nmachining a plurality of glass sheets at one tine.
The entire disclosure of Japanese Patem2 Application No. 2005-16694 filed
on January 25, 2005 including specification, clainms, drawi ngs and summary
is 25 incorporated herein by reference in its entirety. _22 CLAIMS: 1. A
met hod for MSni ng a gl ass sheet to manufacture a doughnut-shaped gl ass
substrate by use of a glass substrate nmanufacturing apparatus, the glass
substrate manufacturing apparatus including a work stage having a buffer

| ayer therleon 8omashbd bercapahieind dig&aﬁﬁef@ﬁﬁwsxsheemfathereoa t hree

drilling es t hree machi_nes i ncl u core

i 11 and By RGP Hed! 657 CARRTT RN oIty ne RIPk SoFHEE ARG o n ¢ he
respect i ve rahfugacduirihgngppachttes tmelddesa Sivsttratlel Manlgactaehhge havi ng
a first core drill mounted thereon so as to direct a bl ade edge vertically
upwar d, th&PPGrEtdsi FRCOPAinEea f VPL)E %FQQQ|hﬂy%ﬁ§bﬁ|ﬁ@fﬁﬁﬁ'ﬁﬁyérblade

di anet er Q%r&%gﬁogglgg Eﬁegedbgﬁggfg éf(ﬁy%ﬁdaug fidsgulsachol e to formin

a doughnut - shaped gl ass s a secon
thereon; three drilling machines, each of the three

drilling machines including a core drill; and a conveying
device capable of moving the work stage, wherein the
respective three drilling machines include 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 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 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
corresponding to an outer diameter of the doughnut-shaped
glass sheet, and wherein the work stage has an annular
groove for clearance formed therein so as to avoid contact
with the blade edge of the core drill of the third drilling
machine, the annular groove being formed by drilling both
of the buffer layer and a portion of a body of the work
stage lying therebelow by the core drill of the third

drilling machine,



machi ne having a core drill nounted thereon so as to direct a blade edge
vertically dowward, the core drill of the second drilling machine having a
bl ade dianeter corresponding to the dianeter of the inner circular hole to
formin the doughnut-shaped glass sheet; and a third drilling machi ne
having a core drill nounted thereon so as to direct a bl ade edge vertically
downward, the core drill of the thirda¥illing machi ne having a bl ade

di aneter corresponding to an outer dianmeter of the doughnut-shaped gl ass
sheet, and wherein the work stage has an annul ar groove for clearance
fornmed thet8En™ebh3d £eMRYHFH Fontact with the bl ade edge of the core dril
of the third drilling machine, the annular groove being fornmed by drilling

both of the buffer_laye t 0 f e tage |lying
t her ebel ow by t%gﬁggéexdé}?ggoghgﬁé(%ﬁ?¥§5“§??I%¥ﬁ§en%?hﬁﬁg%595§- t he net hod
conpri si ngssukcitxbngfargekagsveheey am dheilwor lswsttdage by caveacoumedsuct i on
force given bgdgannnular suction i nsi de the annul ar groove

f

roove forned
for clearancé; F ?PQF%@rt%ﬁoﬁvgéglgH%Eﬁ?r%ﬂﬁﬁ’ng the gl ass sheet to a

position just above the core drill of the first drilling machine by use of

the conveying deyiee: rakigy MOVidoaddelass phasly abeveitle dpiki of the
first machine, partially drilling the glass sheet Troma position belowthe

gl ass sheettoby pseibfonhgusbrabayre |thofcore drill of the first

drilling machine by use of the conveying device;

after moving the glass sheet above the drill of the
first machine, partially drilling the glass sheet from a
position below the glass sheet by use of the core drill of

the first drilling machine;

after drilling from below the glass sheet, moving the
glass sheet to a position just under the core drill of the

second drilling machine by use of the conveying device;

after moving the glass sheet under the drill of the
second machine, forming the inner circular hole in the
doughnut-~shaped glass substrate by drilling the partially
drilled portion from a position above the glass sheet by

use of the core drill of the second drilling machine;

after forming the inner circular hole, moving the
glass sheet to a position just under the core drill of the

third drilling machine by use of the conveying device; and

after moving the glass sheet under the drill of the
third machine, separating the doughnut-shaped glass
substrate from the glass sheet by drilling the glass sheet
from a position above the glass sheet so as to insert the

blade edge of the core drill of the third drilling machine



the first drilling machine; after drilling from bel ow the gl ass sheet,
novi ng the glass sheet to a position just under the core drill of the
second drilling nmachine by use of the conveying device; after noving the
gl ass sheet under the drill of the second machine, form ng the inner
circular hole in the doughnut-shaped glass substrate by drilling the
partially drilled portion froma positiden above the gl ass sheet by use of
the core drill of the second drilling machine; after form ng the inner
circular hole, noving the glass sheet to a position_just under the core
drill of tHetotHre AL FasEhitne Kycasarnee fREMednieyiRy Wk ce; and
after novi I r dp, il f | {d;.n|chi ne,
separatingggﬁ%ggggd%%ifﬁgﬁggégﬂbIag%qq%uggtFgget%?gﬁ1%ﬁgfgia s sheet by
drilling thecigimss sheet froma position above the glass sheet so as to
insert the blade edge of the core drill of the third drilling machine -24
into the annul ar groove for clearance forned in the work stage by use of
the core drill of the third drilling machine. 2. The nethod of claim1,
further coppri stngmadichaigingid tr ealirpgesubstgncsiggto a surface of the
gl ass sheet after the gl ass sheet has been drilled by one or nore of the
first, second and third drilling machi nes.

discharging a treating substance onto a surface of the

glass sheet after the glass sheet has been drilled by one

or more of the first, second and third drilling machines.





