MANUFACTURI NG METHOD OF GLASS SUBSTRATE FOR MAGNETI C DI SK FIELD .
[ 0001] The present inventi on relates to a glass substrate for

magneti c di sk having a pair rincipal surfaces and a manufacturing
Tothod  heMANUE BRI T 80BIOF GIASS RUBSARATE HORMACNEHCAIAK S
is incorporated in a personal conput er, a notebook personal conputer,
and a DVD (Digital Versatile D sc) recordi ng apparatus in order to
recordFiBtR. Particularly, in the hard disk device applied in an
apparat[@os juch as the not ebook personal conputer for portable use, a
magnet i Wsk in which a magnetic | ayer is provided on a gl ass

substrate i sTHS @ebsemNFvERIICE Mo @)CQrgqdeE‘Qubsﬁ‘IfafH' fRthheti® BECRNGH alfir of
or read froma rfmgnetic |layer using a magnetic head {DFH (DynamT

Fl yi ngPHetigatsprinessdnd ehaanufactuysinggnethgd thesefed on a surface of the
magneti c di sk surface. A glass substrate is suitably used as the
substrate for the magnetic di sk because substrate is hardly

pl ast i BACKGREN@IDed in conparison with a netallic substrate. [0003]
The rra%?@a c recording density is being increased because of the
demand an increased storage capacity in the hard di sk device. For

exanple, a rng&@&lyca ﬁﬁa%qildaglcerg B&E&%bfa@éﬁ lﬁra%rdo'ﬁatfdoﬁﬁwerf DhEBsL kS PBnal
a per pend| cul ar netic record O%St emin a magneti zation

di r ect compafer, t&ﬂél Miet (ngit@lyé(ﬁrsmiﬂe isehr@grdnag/vapplaratualm e(trd¢roiﬁ> record data.
per peh?&ﬁ#éﬁ%lgt o ttlJfEe gtldbélgﬁ %910% udr ﬁ‘gae .’m \Q'H %Eat?HsO%htag 8k personal

capaci |ncreased in rate.” I'n or
furt henompcnee&sepdrtablesum agaagmpadnsﬂ(ym whfchmatnaggemh layanleq:;rcwxded]en a glass

magneti ¢ head. fro netic recor surface | .extre %

T e rIas IS eady Al TaRETENG TheASTBE T F BRI SO ER AT Fet EPiges magneti

(nanel Yayepu§if al Aag@itit hesEased (ByhuhR Bl Haﬁm%%s‘a) th@ttlls%h%hthwﬂbﬁt@d ona
ay

substrat'e of the nagnetic disk, the magnetic er forme
such t Reifacerd th%lgmgmtwaiwl@wrﬁﬁw ect i ghass Gibstrae wesgiiehly as¢dagsethe sbstrate for the

cubst r SRS L HEL KR Rb R A0 PR talY PRERERH SYihodeB I 4 mepic

sur f aceubstmtegul arity of the glass substrate is decreased as nuch as
possi bh@oo '[]0004] A manufacturing method of gl ass substrate for
magnet i il sk i ncl udes, for exanple, a machining process (coring

process) for Therhidgtie ré&tﬁ@lhggdléllﬁﬁy Rt incAdiBet Betdnse dfcthadediandYfor an
process for chanfering inner end face and outer end face of an

annul aincsepsed sifirages capacetyi il theahard diskedryeceol Fashexpgnnie.oe emagrietie recording
m nor flﬂfﬂhﬁﬁ o%gargi]% ﬁm rfoxﬂ‘ﬂ:(a Js?rfgea Ql%eﬁ&lgulgyﬁﬁﬁn&ﬁdref:&ﬁﬁlg system in which a

magnetization direction of the magnetic layer is oriented toward a direction perpendicular to the
substrate surface, which allows the storage capacity to be increased in a single disk substrate.
In order to further increase the storage capacity, a floating distance of the magnetic head from
the magnetic recording surface is extremely shortened to obtain the fine magnetic recording
information area (namely to obtain an increased S/N (Signal to Noise) ratio). In the substrate of
the magnetic disk, the magnetic layer is formed flat such that the magnetization direction of the
magnetic layer is oriented toward the direction substantially perpendicular to the substrate
surface. Therefore, the glass substrate is formed such that surface irregularity of the glass
substrate is decreased as much as possible.
[0004]

A manufacturing method of glass substrate for magnetic disk includes, for example, a
machining process (coring process) for forming a sheet glass material annularly; a chamfering

process for chamfering inner end face and outer end face of an annular sheet glass material; and
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The coring process has been perforned one by one conventionally,
while a process is known which drills through a plurality of sheet
glass materials to produce a plurality of annular sheet gl ass

mat er i ah cage-pelishingmrocash &rapiyros Aoishisgithgyinneicend: fagpeangftherpwtar enst faes. ng

for exanple t, P ,
5007- 55306.1) T8 SEMEBRNERTh ATt SRR B py B8k ARyt g ugeess i
di scl okeswmadtichndrilds theattghi angirabity afmh&aﬁ gasfmatephlyt@biddycob phlvsléty of annular
Tachi nEhich ERRb B O (gr AT AT GRTINE o RS O RGRHT T (anfample soe
surface, ﬁﬂgseama@dlbﬁén St C Pulfcatibe N@mmf?-Q%@-i'YNARjéfp‘&Eengﬁald open Patent

| NVENTI Recent |y, inprovenent for uniformty of

i nner lli’@bleca@fonalhglw 253681 discloseomanhipingt (cuttiog) R IWamatfeeﬁarré'qabtyt@fdsheet
becaus I cli

hecmus Bl b8y AN SR> ol pnd pBSAFE ST B ABRNE 1 e ainecion o
per pendtininhiddsn, imgriet tocform an nmenguﬁ@cstaﬁdran Yatehsurfiat of ﬂ&tlaﬁlna&f ea for

one bit recording (magnetic domain) is extrenmely narrow, and a
plurality of tracks (recording area), each of which is concentrically

f or med siuNMMARe ODAE IRe/ENTENWQr d the outer edge, is also extrenely
narrow. Thus, TWMR (Track M ss-Read) can ari se between adj oi ni ng

tracks [#8h a play between an inner hol e of a magnetic disk and a

i ndl f f i )
5Pl O Ryl A R Byl PES it D TRAIRLS Syl 7 pogpene
t he gl dsk lﬁslbs@rmqmesfedrbenmgaefﬂm fdil@kaga&sbﬁen requested to achieve a

value of 2 mor_le f or exa 000 t he han
' order to ASHGUDE PRNGe: GrAETEON 'Lesgnfwat@%aﬁﬁ%s Ragy tonied using a

uni f or Ei‘bﬁp)én&lﬁulhh%égﬁ@ﬁé r@éﬂr@m@f S}tskf@n 9' $ith Sthﬁisﬁ}rs?etn? iRh fRANRL b recording

disk, it is required to perform'coring process (machining process)

wi t h highgurtieoreyn) e extrseslp lawens, 46l 4 plurahity pltaacks (recording arggesnch of which
uni foreg A p ess

Secon BB 808y RUE HOFRELLD RS SRS il naow
| at er dﬂlasrﬂéMRr(g‘ranMBsReb&) @ piye berwaenradbini ghigadis aden\mpl:ty ear@eQesn inner
abr asi )(18 fr exa

I Fpnic ek e gavingly Sl R € Refied ™ raditerd %‘g}%@%}%hdlsk s

coar se

order fhgenibiigl in&ﬂﬁ{e &AL, nqmek@o@ra;ﬁtbrﬁmyr@%egmﬁérq% bﬁfﬁévghssss%htkate for
in the chanfering process, is required to performthe preceding

cor i ng NREoelEsdisk mrme@tpd)&?e@él)evwamalumcgﬁ e euless or gygwla hat, in

t he ch d%gl ng process, there is conventionally known a nethod of
adjusting the sizes of inner / outer dianeters and formng the
chanfer surf ehlahé)ythenhlarﬂorrt drder thachienga usuagf 2 armorgessrfor e’pgm([ﬂ@raﬁumfonmty

o hant & of Hiihadrdione B Hast ANSRHR & MRS B8 b reiited A SesBlR donpsarpocss

out t h@haé}nﬂi&g Beddess) Hifikhip addukRly et s 85ihe ayl1dwiaBréRen.i nner end when
droppi ng down_an apparatus in which a hard di sk device is assenbl ed.

Thus, a nmagn®iee ualif@mwlﬂndnw\}@l%fowﬁd Hi the ceneg porests Beigt Beespishle level,
t hat a sfocit m%(/alt E‘I?oﬂld1 er ?&Bﬂi 9@? ﬁféu ater chan‘bfell[: H%t&;?&%e'ss by applying a

reduction occurrence o ass Su
magnet mmctimsdsg bkde ezqﬂesbaslernahram forbemmpfke dHoeeveai wheérewpplyimfz a machining

but ol S BQETLES S Fo R8s 1t ﬁ%ﬁﬁ.tﬁﬁ%tcko ey Seirgu ol i
densi t vdgd nbth® HRLNBY infaki9e Hoblk Rémdvil AmARIAGh: Chathfeking [POQE, it is required to
perform the preceding coring process (machining process) with high accuracy. Note that, in the
chamfering process, there is conventionally known a method of adjusting the sizes of inner /
outer diameters and forming the chamfer surface by end portion forming using form grinding

(form blade), that is, by simultaneously machining the end face and the chamfer surface.
[0007]



That is, recently, for the purpose of realizing even higher density

of the magnetic recording in a magnetic di sk, magnetic material whose
magneti c ani sotropy energy is high such as Fe-Pt, Co-Pt or the |ike

has been st udii evotherasped, 1t ibias beenr wuuddr @d that armkglqniagiﬁsh isdikebr toi dsisrey from

as smaly  as o realize high density 0

Fecor aiis Meb aBT aeh ABpiiR) b PPRERS D2 B o BT K g prsempbled.
pr obl emhaf, deggadiatdisnsiohldigres cetapt Rpelr dfstdtghtsacihdat afchasktofahd iher end
As is unllkely to be influenced by heat fluctuation, high Ku magnetic
mat er i 403 OtOEHHCt ed to contribute to high density of the magneti c
recording. Furtherq)edhbﬁorpg)fqgécuﬁ%ﬂge o3kt M@ﬁgi&m&%rfb@h BR&HSdisk is
to have a specific crystal orientation to achieve ané

t her ef oequesied dot t)@lyti?@crprse@e%f@dl lavelhothstrghgthereeds tot be ebt{amlechlm ardrep itesh for a

ot SO SoRaBHE b RS T e RUloffing bl RElsalfs v RulebfigenSy o

gl ass $m&@@@ﬁmereanmﬁgug§hﬁgnaﬁuﬂgge heat reS|stance property to

endure the above high-tenperature heat treatnment, nanely high

gl ass- {94Rdi ti on tenperature (Tg) such as 600 to 700C. Here, when a
crack occursghs & el agke Bk ﬁd?g;@gel G5 RealtHe oveh Srighd? QURERE b1 4RO magnetic
progress during t he aboVe hi gh-tenperature h2at treatnent, 't hereby

faili ngecromdlogmaa mmﬁtgedismm@gtih malttrriztl hihose sggnetic @hsotmpmane:rgy @ high such

occurren a bstrat for neti. ¢

Porthere FERCBRor iR Gkaths BetiBifed WPk o isyEhaliRI0 St nibehs Barigles os
r ecor dispgllias ;&)Sﬁ&@nletrle@hzél lsikh \dhhaﬁfy @ﬁﬂhblrﬁz%&leﬁtt gitoldingrti@vadves; extremely small
material. [0Q009] As descri hed above, is required to perform

the corfaggeif paricles srackaditnp prdlar syt d\ﬁ&rwaﬁpawfa@e&%e&eyprpﬁe gu¢ tp Jieat
avoi d ce t

ire, MoERlGRCoAPln GIRE ok rICRSE 1Sl HLG4 R, HIORE sheglip faterial i
out er Hpdvied tagoraibitede hight densiveohthe aghelie ustetmlmg d| scl osed in the

af orenenti on anese Lai d- Pat ent Pu 2007 283651.
oo ros! o Dt SRPRRES henfl Rt TRlBRe it Al DonnBOR TsrRERE Grystal
sl udge on@itatien ungskeeyedigh Khjhencbﬂtete’fereqw’edsltﬁ@d’ pxr@eessed \Mitﬂiangutdﬁﬁperature film

machi ni_ng surface of the | anj nate, and of .nmac g may be
accor diforgrajion R igh-taEpesatiess fipat tr'iﬁml%r% i Tormatiof ?fﬁ%r%m@ufacwre

sur f acenhetidfechAfhg) BilyBrsBiMhi 8 KOMESnetic [BALR, a glass sublstratee rf:(g.lelst@&“t@ﬂave
description, "outer machining surface of | am hate" means the

cyl i ndhidatesistantaeonsttyt ivecndne he abows dighitempeiahye heethmatthest, namely high
al read hip o) r..8en ac t mat er i al

ot Eno BRIt (eSS 0 70 Bl PacheBl Pl G50 TR AP en

t he i nifgse c&thmgrass:ahbmret amCﬁa‘cktm p@grRatdaringithé ab&vé)algigtemeﬁmedleat
or already nachi ned, .or

i.nner end face_of .each | as
mat er i &jeagpenhen %M%lé%to "Sorain taret Strongty o 1Y i ﬁ‘@aﬁ’igﬁ r&?lps ﬁé oegpregpe of

machi n'tl'ibgcﬁbﬁ ﬁ@ﬁe%]@sfs B§tkAQ féﬁ%ﬁgﬁb@ic digansruther R:'eihé‘srtecﬁﬁf bRee tcPf-eahQ@ higher
coring machine is, the outéer surface of the cylindrical outer

di anet éﬁn&nﬂyatféhfomagnf@caf@mrdigg i hiageetid disk which mébgesdfigh Ke meagnetic material.

di anet ié (#y]ade of the coring machine were zero, the outer nmachining
surfac | am nate woul d be identical to the outer machining surface
of coring nmaaRidwcrifedvaboes, it as reimiky to tpbffoﬂm'ftlﬁ’ corhphprocas (mﬁmhg pbcess)

Corlng chine is osi tioned re outwar the inn E |n|n
surfac évng‘f gﬁﬁ?%@ 1ByPrdgrdo @Hggm%%er’(cf srajgg oA elp %grsugﬁtéeﬁﬁ m%gnepﬁ gisk.
outer @e@%ﬁfdhuﬁﬁ@ﬁﬁldqtzoélﬂﬁ) GRyied b?’?%&‘ﬂ evenly to thel &té%aéh@ﬁlhg%ﬁ&e with

description, when it is referréd un ormty of "the outer nmachihi ng
surf ac éheoma@inmae device displosdd intthe alprementiwobd Fapagess brafdaopenaliment Rabligation No.

hi , d.th
of a | 02RO S Talh el R RabE R WRar e PRERU BEGRY 868 may
Convenﬂaeﬁma{réryove\m&n eﬂtﬁ‘ﬁ(ﬁlr‘tum&rbmﬁe&ﬁrthé @dte@ @dchginpuidrice Wif ttie Rhihdi@l&dnd a

degree of machining may be accordingly uneven. As a result, uniformity of the outer

machining surface of the laminate may be worse.
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In view of the above, an object of the present invention is to
provi de a manufacturing nmethod of glass substrates for nmagnetic
di sks, based on a lamnate that is forned wwth a plurality of sheet
gl ass Medlédi al s | am nated, the nmethod enabling to achieve a desired

| evel of uni )

and to achi eflllg }(;(%ﬂé)?‘f m%Iagscglgs}:&Ee eve%i&g?lﬁg ]?%‘;%m(?{ Iaﬁﬁ]ﬁat%, hg[l egﬁsg Be outer
machi nicplindrical acécefofehe hansihate twigtla ssbeing machined bﬁ@]téf]dy machined, or the outer
Accordin o a_.first_ enbadi nen t.h resent ention, ere is

o ovi el b btk hEosre RaterBt of e JaSils Bl TSt ghgice of
the neyipgiaeo E’E’Eérahﬂh@gnﬁé?%?/ﬁﬁ(ﬁﬁﬁl erfa@é 8P Adindtd] \ﬁ‘fﬂbl’i‘ﬁitlﬁﬂghﬂﬁc}hﬁed or already
formed with a plurality of sheet glass materials |am nated,

machi ninkRghingd, ardhe inaeiecnghfaeeeiaiagh ppchaldssipoterigl of ﬂm)lﬁmgﬂt@mcm ne in

the directio

an outer ci agb s, LA bintdE Gl behc RS, ARCRUFROAL Hlchine" RS re
of smalouted isarfedecst, thedebtiag praokine) thgt By tler oadsurfane of thrcdylindngal Sukdraliaseter

with ini fluid, e ou ndl i,nin faces . .
cont aggfaf% htge SHER® “&CE niafe té Fs,© %PBFCHP&% ge‘%‘?ﬁq%ﬁfgﬁ ¢g5irg machine
r evol utjepd z&b, ool # mﬁﬂnﬂiﬁg @hff@c@@ﬂlaﬁnﬁzit@‘%dﬂl’ld B@‘idéﬁﬂcﬂftotthé outer machining
machining fluid are arrang such that the machining fl is well

dr awn iswieret¢fecosyg enachingh ﬁWﬁ@rsamaéldethe[msqachlnmg surfase pﬁ@oanmmchme is
manuf a r [ '

LT A5G B LTt DS P BLI0 s AEQHARE 0 0 10
di r ect inon, fof eﬁalmeie)mﬁtheloutecdlamgtef bhade bﬁthemonﬂg eatiine poi nt on the

out er rrachi ni ng, sur.f ace, uch that froma vi.ew,. an gl e ran
Prom 0 ro 10 mdys KUlSGRE PRy Hoen 1 N yrPrel wiativ A Hehatis B ming
and sais@rfRRI ﬁc@@%tﬁcﬁt}aﬂg% b@kr haBfinde Sifade BRA Mle inRBA mABRIhBIoNusRLd it is
direction is substantially consistent with a revol ving di rectl on of

t he comnfestané Hiahthe cutrr neashininesr ec pha lanigyannesct sherhsinse materpaboreferred.
In the ﬁh\/\;’e manuf acturi ng nmet hod, preferably, the machining fluid is
pr ovi dé fth a nozzle, and the flow direction of the machi ni ng fluid
i's a directi Gonedntianslés twirendievaleingnigteprated tdringnosiel evithoam iper kianeser blade

t he oute rrachln su ce froma,plan view  and, wherein sai .

i r oot O A S LHURDRET BS ontEPLEuS Sinted dha BRSing s Saheatt s dirgption of
t he CO'l;idi\ﬁatl’@&Bf B, lagichtS BF 6hede 61a8d nhdSials, PRWVINGT tup PP &0 SichinidPLBdidl to a
Pr ef er abl t he machi ni ngtfl uidis provi ded to the outer nachini ng

sur f ac@asyinipgeportion (muphitie Srise Gy bslikelnéo hp£ettiag Sertng the coring cutter
posi ti ﬁHQﬁHﬁ%dée&kécXmﬁ\ég 'iIJerﬁMﬁ{ of ﬁ&%[m frlafe® affd &%Hﬂ‘gﬁfgf%sﬁa { il xﬁlﬁ 1y to

outer dianeter I n sal 15
mac hi nibagvdrbai d)nesrepsmr\/daﬁ:thit i betdvse autiganorehehomenfarthar batweehy pusaomfwhere

single or,a.plural.t | es,..t he nozzl nozzl.es positione

* owar o ot Hi aefied RGBSt FaEH DathiShrdeRR R §° WeLprngeuter
outer giarBUBWND! AdBthel RAIH is because path foRena/RNG TREAWracHEd (Rdion between a
met hod, uniformty of the outer circunference of the glass substrate

for ma@i'@ﬁlocf thg eqingscuttepprg theeaier machining surface of the laminate) is narrow. That is,
the farther the above distance is, the worse uniformity of the sheet glass material is likely to be.

[0012]

When uniformity of the outer machining surface of the laminate is not satisfactory after
machining in the coring process, it is difficult to improve afterwards concentricity of the outer
machining surface and the inner machining surface. When uniformity of the outer machining
surface is not satisfactory, removal stock for a glass substrate may have to be larger in the later
chamfering process in order to improve uniformity of the outer machining surface while
increasing accuracy of concentricity of the outer machining surface and the inner machining

surface. However, when removal stock for a glass substrate is made large in the chamfering
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[ 0020] According to a second enbodi nent of the present

I nvention, there is provided a manufacturing nethod of gl ass

substrate for magnetic disk, the nethod conprising the steps of:

pr epar iPReFess, thninpen andtfhes ofj the glgssmdstiite ks mors! likely totopackf Jhisds thyl reason why

Bter] . C i ersi _ Cnate i .
rachi g PR Hinehi R 15 B i A8 PO kbl PRI b st hat e
t he di seckiranowd id madaahalten in theehamnfdring piseehd Pavoaneettreéncealllcyackav Fogher,
an outer dianeter blade. of |arge dianeter and _an inner, dianmeter bl ad

of smaff hbﬁhaﬁ_?@?irqtétf%%ffragmﬂ? diskag sl hEPRIGddn e deshdisleApaes: Hhate nigy be
the pres@iitmiotYRALHS of thE&@nétk ALSRhEN Qfﬁ'f&i%ﬁt}aofrfﬁé‘bﬁt@i%ﬁéﬂjﬂiﬂ% RBRQAs not
of glass substrate for magnetic disk, the nmethod conprising the steps
of : prépafadierya | aminate that is formed with a plurality of sheet

gl ass Iﬁél%:'i als lam nated; inmrersing the lamnate in machining fluid;
and machinrng the | am nate by revol ving and noving a coring nmachi ne

in the directli ofewodf thambbad,iaarobjdédnef ¢y pregenimmiRhién Boqrotite aahinufacturing

havi ng an out er di ter blade of large djaneter. and an | nner | _
i anet SeLofelas substefes PLmagnsfic d&a%ﬁft@sﬁwiqlw ate frabs foaapd Hiithgt plurality

sur f acer\whddd oRE Hatida® hmitathd, (HREmERDE bndBRB 15 aBevdls HAGRITON 3 Lhf&mity
the sheet glass materials. [0022] ' The above manufacturing
met hod oprtk¢ enteh|padhining snrfacecolutheslagiinatell and tyy acheventhersforena desiraddlevel of
whi ch g IS 1 [ 400 |n.t.he above
manuf atg? ﬁ?+%§ 8@@’%8%% g‘éﬁg%ggg{f%%e nge}i?h gl}efteglg S Iflé{gl%lﬂhner di anet er
bl ade i[801@eferably greater than that of the outer dianeter bl ade.

' referabl‘%, .the_abrasive .

[0024] In the abaove manufacturing nmethod, p
grit size of Atcﬁ‘éf(ai%é‘P a ratn@fnépglmegaeofr g @SSP FVEREOT, otheIsD 1gyirpeded a

%88 aF%lgaglEi[’a%nﬂfnigtm&hé@ 0P blabHubRkAt8 Fordn@BR RN did, AAEme AR @ mipFieiNy 2RO stk of
' preparing a laminate that is formed with a plurality of sheet glass materials laminated, and

machining the laminate by revolving and moving a coring machine in the direction of lamination,
the coring machine concentrically having an outer diameter blade of large diameter and an inner
diameter blade of small diameter, while providing outer and inner machining surfaces with
machining fluid, the outer and inner machining surfaces contacting the sheet glass materials,
wherein a direction of the revolution of the coring machine and a flow direction of the machining
fluid are arranged such that the machining fluid is well drawn into the outer machining surface.
[0015]

In the above manufacturing method, preferably, the machining fluid is provided with a
nozzle, and the flow direction of the machining fluid is a direction of a vector directing from the
nozzle to a point on the outer machining surface, such that, from a plan view, an angle ranges
from 0 to 15 degrees which is formed by a line connecting the nozzle and said point and a
tangential line at said point, and wherein said direction is substantially consistent with a
revolving direction of the coring machine, and said vector has a downward component.

[0016]

In the above manufacturing method, preferably, the machining fluid is provided with a
nozzle, and the flow direction of the machining fluid is a direction of a vector directing from the
nozzle to a point on the outer machining surface from a plan view, and wherein said direction is
substantially consistent with a revolving direction of the coring machine, and said vector has a

downward component.



The above nmanufacturing nmethod preferably further includes
edge-polishing for polishing end faces of the sheet glass material.
[ 0026] The obj ect and advantages of the invention wll be
real i zé0ldhd attai ned by means of the el enents and conbi nations

particularly ' [ : [ . r

Phat both  neraeAbSttibhadhibd il BfBuded to e ddrafadi bl sWERE'EY BR%e
det ai | ethraéscof ptazalesartke encenipl abgingngbsaiopbdnatbetaytidhd eaeidynoter the entire
restrictive_.of the.i nv?nt l.on l.ai m d.qﬁ%RI.EF DESCRI PTI ON OF THE
DRAW NEECYT3e7ce RS i BsteT Rdaia A0 edhiBti%ir awi ngs whi ch form a
part ofpdiig]s original disclosure: FIG 1is a view

illustrating_an exanple of a section of a lamnate that is fornmed

with a pl uraPrefsrably, Sieeaachyniag Sluidiepiaxideddadhe oner maachidrg surface by use of
| am na o ' i L I Qn: -

o TRy bEn A HBULARE L, Rl S MEERL Ilind the outer dffRrcrblade
of sheahd govabedratemntridally withathe outendiapietes edeaccordi ng to an

enbodi i&g@ of the invention; FIG 3 is aviewillustrating an

I nt egr ]coring machine (drill) used in a coring process according

to an embodi nefHe Mové H&nﬁf&‘éﬁlﬁh?%thod, unifornfitef theichtéd® cic@erence of the glass
illustrating flow directions of coolant on a plane orthogonal to a

di r ect isapstiote fonmagaaticaliskois St osleeet gl ass materials; FIG 5 is a

Vi ew i I[bmﬁrati ng a target position for coolant provision fromthe

plan view. "FIG 6 is a viewillustrating a nodified nmachining system
for machi ni ndicaording & iat yecohd sinsteidimemssf thet eresaltsinventne alidragis provided a

rocess acgording t n.enmbodi nent .of the..i n
P manu acturfngqnetﬁot? of glass sulbstrate for magnetic Ia\{si,

hﬁleorrrllt;athod comprising the steps of:
preparing a laminate that is formed with a plurality of sheet glass materials laminated; immersing
the laminate in machining fluid; and machining the laminate by revolving and moving a coring
machine in the direction of lamination, the coring machine concentrically having an outer
diameter blade of large diameter and an inner diameter blade of small diameter.

[0021]

According to a second embodiment of the present invention, there is also provided a
manufacturing method of glass substrate for magnetic disk, the method comprising the steps of:
preparing a laminate that is formed with a plurality of sheet glass materials laminated; immersing
the laminate in machining fluid; and machining the laminate by revolving and moving a coring
machine in the direction of lamination, the coring machine concentrically having an outer
diameter blade of large diameter and an inner diameter blade of small diameter, while providing
inner machining surface with machining fluid, the inner machining surface contacting the shect
glass materials.

[0022]

The above manufacturing method preferably further includes circulating the machining
fluid in which the laminate is immersed.
{0023]

In the above manufacturing method, the abrasive grit size of the inner diameter blade is
preferably greater than that of the outer diameter blade.
[0024]

In the above manufacturing method, preferably, the abrasive grit size of the inner

6



FIG 7 is aviewillustrating a |lam nate inmersion process accordi ng
to the second enbodi nent of the invention; and FIG 8is a
view illustrating a machining system for machl ning a plurality of

sheet @lm@erriﬂ@@r reapes framal Moo 11§ whibe thesabzastvsr gitritpet o thh @utpe diamapter blade
enbodlqgﬂﬁ ﬁj E#Pthgntlon DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0028] the Y owng explanation, it is appreciated by the skilled
in the[@d25]t hat abrasive grit size refers to the size of the grains

of machi ni ng abr asi ve

rials enpedded in i.ng_ bl ade.
grit size apaﬁﬂe qvg Weﬁf@@@ﬂn&v@ﬁwé a&eg% %’lﬁl %@rmﬁlﬁwég%mqhag for

(that 'p%hslﬁf{{&ﬁgﬁc&f@tﬂegﬁﬁpgﬁs%lﬁét&%l ). [0029] - Gass Substrate for
Magnetic D d ass nmaterial for a glass substrate for

magnet i[@026l sk according to the errbodl ments of the present invention

nmay be al um Q‘gé bime%fn% QL %32%?1830??1% 1nv [Fiod vﬁﬁgnie D905 L1 c!)gt?glged[gol fﬁgan% of the

the |ike. Par umnositrircate ass " can

used i mldnfeats @ﬁ&ﬂlrﬁb&idtl}bn§pﬁrﬁﬂghﬂhﬁpmﬂ@dmmrhﬁe pairher ned, and in that
the gl ass su stratefor ;c{g s obt ai ned which s excell
for the flatHelstogpe Pwéeriw % othy they %gog“rﬁjg?rtf‘éals@qse%@t% al[do&@ Howing

Eg”pos'dEﬂaﬁEH QfeschBﬁoﬂ |a?e$§xe%&ﬂ?§srrzﬁiﬁeexma§3?y RRELERY ﬁ&lrléstrl&‘l‘\;e 50thel 1h‘[?@ntt1%H as

| om ng. That is, exanpl e, principal conposition of
gl ass slawed.at e accor di ng to the present enbodi nents nay i ncl ude 58
to 75% Si 02, 5 to 23% Al 203, 3 to 10% Li 20, and 4 to 13% Na20 by
wei ght percent.
BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Referring now to the attached drawings which form a part of this original disclosure:

FIG. 1 is a view illustrating an example of a section of a laminate that is formed with a
plurality of sheet glass materials and bonding agents laminated according to an embodiment of
the invention;

FIG. 2 is a view illustrating a machining system for machining a plurality of sheet glass
materials in a coring process according to an embodiment of the invention;

FIG. 3 is a view illustrating an integrated coring machine (drill) used in a coring process
according to an embodiment of the invention;

FIG. 4 is a view illustrating flow directions of coolant on a plane orthogonal to a
direction of lamination of the sheet glass materials;

FIG. 5 1s a view illustrating a target position for coolant provision from the plan view.

FIG. 6 is a view illustrating a modified machining system for machining a plurality of
sheet glass materials in a coring process according to an embodiment of the invention;

FIG. 7 is a view illustrating a laminate immersion process according to the second
embodiment of the invention; and

FIG. 8 is a view illustrating a machining system for machining a plurality of sheet glass

materials in a coring process according to the second embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0028]
In the following explanation, it is appreciated by the skilled in the art that abrasive grit
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[ 0031] The gl ass substrate according to the present

enbodi mrents nmay be nore preferably alum nosilicate glass that

I ncl udes, as principal conposition, 62 to 75% Si 02, 5 to 15% Al 203, 4

t o 10%sizezefersqotthe gi2eoNARE@raiss of mochisgg Inaerialy embedglad ipemushinivgldade.  As

e Sl A 000 o 1 L 30

subst r at#in deantidifingr}.o t he present enbodi ments nmay be preferably
al um n%(ilggcate gl ass that includes 61 to 70%5i 02, 9 to 18% Al 203, 2
to 3.99%%3%0, 6 to 13% Na20, 0 to 5% K20, 10 to 16% R20 (R20 = Li 20 +

Na20 + 1(20),G@asggugstpd%ﬁg%éeﬁ@gs% CaO, 0 to 2% Sr0, O to 2% BaQ, 2
to 10% RO (RO = MJO + CaO + SF0 + Bag}, 0to 2% Ti02, 0 to 2% Ce02, O
pr

to 2% Fe203, (lassanatesaliar bglase Fufistratseor magnaiisatisk aesprdingwsi i epthodiaments of
of TiO 2. Fe203 and, MhO r.an from 0. Q1. % .
The of Reorte P EFL AT LR ERATRY HPT S it SRR sl or etk

r ﬁl at i \atticutdiiynthenduainosiliagte gBisg eavbe klieably asA 18 URgtchaihiallg Gaetkithehiti®can
the pr

sent_ enbodi rent s y be preferably, but not limted to,
noni naﬁe@@% ad jmthat @?&@F S'bl?Stfé(?efgf w@@rd@qwm&m%@l@k dhfpicgilent for
[ 0034] the flatness Of IRHHIRGHalsurDide AR ROGrQt! ass substrate for magnetic
di sk and a gl ass substrate for nmagneti C di sk according to enbodi nents

of thel[@3¥4ent invention will be described in detail bel ow

A Manuf act urj .hod ~of S trate f etic.Di.sk .acgording
o tho Fir st CORRBRRR gt T e il of R REPRA SPh R BC60 B hng.
subst r ahet i rfomegnaples prhsipalacanpskitigh 6o thid1@laks sebstardachopding tvithe pdesent

expl ai ned hereinafter for_each process. Note that order. of each
o b s SmERgTIBUREN s S 003 S8y S kbR PP dcie8 ok izghas &g 3% NazO
Mat er i %B,V@é?gltlp@%h@g Process

[0031]

The glass substrate according to the present embodiments may be more preferably
aluminosilicate glass that includes, as principal composition, 62 to 75% Si0,, 5 to 15% ALOs, 4
to 10% Li;0, 4 to 12% Na,O, 5.5 to 15% ZrO, by weight percent where the weight ratios of
Nap,O / ZrO; and AL, O3, / ZrO; are 0.5 to 2.0 and 0.4 to 2.5 respectively.

[0032]

| Alternatively, the glass substrate according to the present embodiments may be
preferably aluminosilicate glass that includes 61 to 70% SiO», 9 to 18% Al,O3, 2 to 3.9% Li,O, 6
to 13% NayO, 0 to 5% K20, 10 to 16% R20 (R0 = Li;O + NayO + K;0), 0 to 3.5% MgO, 1 to
7% Ca0, 0 to 2 % Sr0, 0 to 2% Ba0, 2 to 10% RO (RO = MgO + Ca0O + SrO + Ba0), 0 to 2%
Ti0,, 0 to 2% CeO,, 0 to 2% Fe,03, 0 to 1% MnO by weight percent where total weigh percent
of TiO3, CeO, ,Fe; O3 and MnO ranges from 0.01 to 3%.
[0033]

The glass substrate according to the present embodiments may be relatively thin and
annular. Size of the glass substrate according to the present embodiments may be preferably,
but not limited to, nominal 2.5 inches in diameter or even smaller (1 inch for example).

[0034]

A manufacturing method of glass substrate for magnetic disk and a glass substrate for

magnetic disk according to embodiments of the present invention will be described in detail

below.



Fl oat method nay be preferably applied for the form ng process. Wth

the float nethod, sheet glass is obtained by continuously running

nol ten gl ass of the above described conposition for exanple into a

bath filled wi‘ Mapsfacwningddethod oE Gilass Sungﬁraterﬁaé Mesnetin Duskaaosording toothe dfirst
along & %frﬁ%ﬁr m ned direction in the bath under strict tenperature
cont roI 0 nal ly obtain sheet glass material of desired thickness

and w dt h. Tmenmhuﬁctmedgshahbd oif g sss rembstratalfon magnﬁtlct «hslpraoch:dmgsﬂoeﬁb first

| ass erjals, whj ha redet erm ne IS
ot 5 ool i pieiah et OF aLomiee. o N AR oG iR process
nol t en niRt exciRdegn tin for exanple) in the bath is flat fl at ness
of the sheet glass nmaterials obtained with the float net hod becones
excel | éM¥35]Thi ckness of the sheet glass materials obtained with the
fl oat nethod Ra
(arithmetic nOA\i/)lg %SP r%c SQro %ﬁg eﬁ?slgssglﬂg?t&qﬂ ag&ﬁ“eéﬁﬂg?g@g%nat erials may
be 0.01 Rm ofFldaessethod may bBIqirefetdbbgt appigeds frethegfoasimgnpdoeedsal With the float

accordin nbodl be. manufactuyred not only wjth the

f1 oat %Pﬂfg 53 ‘FSBéEIO %90%1@8“ R nlf’t“i‘?@rg? d\%ﬁé?%‘ffddescnbed
such a%oﬁhg@ﬁﬁoﬁ %ﬂ%x@ﬁmpl@ﬁ%a @ElﬁaV‘ﬁl'l’@%lt Hig andlﬁﬁ&ﬁé‘thl%%ﬂ%’ tinO" The$lo¥en glass is
nmet hod process is applied as necessary

for botﬂ@wﬂ|ai@ng)alpr@1ﬁm@§ Srecting it Nenbath et HeivbrAmEOGOdoeoL 1o fidally
pr edet %Ba[%lrpy f Fllé&l Ig%tgﬁ%lg fiod;esn il?ckﬁg%aa%ldwath()f T% %ma d%gétg%sg E{Paé%al is

specific ressing surface
bot h prunt mﬂumsﬁealcgasmaitehels,smetofgﬂasls hasah eredaienanﬂd rshhlm fov el basis of a

novi ng the surfac Iatesa th rinci surfaces of the.s t .

Gl 56 T SUBREN dphgRRaLin fisky RS GsRRER)ol (6 HalHy Mg egotien tin for
abr asi \e@smilel th tHabaB is"Fdt PRI tnSH o WeLsheef glhfiemaRASE oBlaRRkd WHl 8fd Bat method
Note that when the sheet glass material s formed wth the fl oat

met hod baeasees ¢xeellaiboy Ehicknpss gt thershagjtaiess snatenads obpfaimedwsthethe dlopemethed anay
he | f.
the | appigy@, cg‘i 9G6RS ag@¥u11?&e1rﬁﬁé}ﬁl ?sf Rﬁgsgthgal%as g{e%gfbéﬂruf{ﬁ% 8@%&% ﬁthe sheet

Preparati on Process
procesglaﬂemterhﬁdnagbbwéomamarlemt angul ar (square for exanpl e) of a

pr edet er m ne is.alittl Iar n a.tar eted ass

P natr ot e oot it thecsngt Cpisspiphtenif o bt I RB et hlEh FoChs Banptactured
cut toppf @ﬂl‘yc\@ltlﬂtm RtRES dEREBE] iﬂiovleut Sisé8wig theSotheP RhobR Iﬂl%hbﬁ' such as
order to manuf acture gl ass substrate for magnetic disk of 2.5

i nches prgspdgyng, down- dl‘P‘ﬁ’ magtod, sedraa meetinde pafustiongnethpdbecess, a | aminate

f or med mﬁtéﬁu a plurality of sheet glass naterials is prepared by
sequentralty coating or pasting a bonding agent and/or a spacer

bet ween two a@kgadappiaf @mce@l asygphat & h@lessarnydri)otlapnimwpaé sindfaqes ey alteecheet

such that a Iurall heet .gl ass materjals are nmachi.ned
ot o gr By Sdteri D11 chy predaBtien Sty ik, ST loBeS aBaS kBT 6 piRfing pstem. More
chant erspéwﬁm?cﬁs?f f@mg B petben QUG LpRMihS firfide PIAGISHo Bﬁﬁm AeufEds the
process may be ormed integrally for the | am nate. 039

Ref er r ishept i@dass tn@atmaé ang relaw%lﬁgmm ther surfpse |péa’f¢8n@ndeth§d@mcmahgmf@es o€ the
o SR TR ) R0 L6 i
enbodi werfaces AS thid dhaett glassehtenal Fi glotejihata\vhmrﬁlia ah@t glaas:nmteduahg foonechweith the

pr esent nt ri s d of et
et or 1 diogt Bataf B%ishas A Bguntce SePalie faRLbecbr e b Auinigoping process
sequengey betBerefutt Bit&:d® 1S produced by coating or pasting the
bondi n? ag}ent 5b between the two adj acent sheet glass materials ba.
(2) Laminate Preparation Process
The cut sheet glass material during the process described above has a rectangular
(square for example) of a predetermined size that is a little larger than a targeted glass substrate

for magnetic disk. For example, a sheet glass material is cut to produce a sheet glass material
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[ 0040] Any material may be applied for the bondi ng agent 5b,

as long as it is able to attach and detach two adjacent sheet glass
materials. For exanple, UV (ultraviolet) - cured resin is preferable
for thefisiedifit mgent7S5mu m exdar tobmatifagiuos igkiss Fubsiratesfos atagadticcdisk pf 2.5
as Uv- resinis easily solidified with irradiation of W rays of
predet erm ned wavel ength. Further, UV-cured resin may be preferably
chosen [8088) that t he sheet gl ass naterials can be easily separated

wi th hot wat or or ani ¢ solvent. Bondjn g nts ot her tha[] -cured
resin such a £ HTPEFAIAR Arecssh 2 Tt Femed Fed) Vighe Rvseliigeh § sheetglass
may be kig&shis Meﬂa?ecﬁgy %héﬁ?a@[?%oht’ihé &aﬁashﬁg Eﬁﬂncﬁﬁg b §hd/68a é’ﬁac@r between
predeterm ned tenperature whilé solid room tenperature and

at t achrreatdjacetd shesh giass matsrirksbi [Ihtsﬂamglatewe rpeefp@r@l sugl thet aptusality of sheet glass
When p spac S f .hopdi a thi.n_ s S

resin, %?e& S a?@bxﬁ{a&lﬁé?i ﬁxﬁ?& aff ge{r?%mpagerrrg&cbged 8ngTﬁr%8§nessIﬁo g% t?‘ﬁt the
bondi nghagmhgqmbessnmr thaydgmepolfshirng@mcrépé fter Ghddoring pRocess mlah B4 berformed
(3) Cori ngrr msl a%@l\/&aohl ni ng Process) A coring process is a

pr ocesdntegpll }?g%‘ fI3YHBe |aninate 5 formed with a plurality of sheet

gl ass Ta6Rn ials by use of an integrated coring machine (drill) to
produce an"annul ar | am nate of sheet glass materials with an inner

hol e f or ned. Reéfdng irmgfv rfowFigo IFi gsangzmanid o8, the Hemdimt¢ rigeqrdimgets the present
(machlnln ) exlalnd Fl G Wi tr

& rachioHRg g PR Mt RRCH AL b gein ol RUplL UPS BLED of &
mat er i ddRinkte adcodingg the p&@ﬁﬁ efbodinginng A9 111d3&aﬁﬁd€i$€i‘g; lgm’lnmdnamrﬁtaccording
FI G 3|saV|eW|IIstrat|ngasct| of, an_integrated coring )
machi ndo Heprepsnt teﬁ@ogm%s m%%sgg PRHiRG oF 8hest g@éﬁﬁna@ﬁ%@dﬁwﬁ bonding
[0042] agents 5b l'ﬁﬁm'ldtédjﬂ %ﬁta@tgrdaﬂné: isBqueRce.t NEne BEHh4E '391351¥1%H§69d by coating or
according to th resent enbodi nent i ncludes a nmain device 10,

shaft Dasting th@bﬁ) WE pEany Pl ey cho thedwedjacey shamsig)ass materials 5|ant egr at ed
coring gg@?l ne 20. The main device 10 drives the integrated coring
nachiné - The main device 10 provides inside of the integrated

cori ng machi Bay2fatetidlmaoed gplied forahgboalin®adean 5b s dongiisrigistableeto aftach and

The integrated carin chi,ne 20 has subst anti al cylinpdrical
Shape 46t g ED5enE sPHE FS BateRaR: nEoneetve S Rublublr ¢ direg resin i
t he 5h%ﬁ'éfer%‘glerfﬁgﬁle@onﬁl?'a@hﬁ% 1H?ﬁa@'bb§dmg\%ﬁ<alﬂ;ﬂﬁ 1§§a't1§1faﬂl%?z a§QI'chred resin

exanpl €. The cylindrica haft 12 is support he nmain Vi ce
whi | e re<asily seltdiBed with iggdation of. U‘ﬂ‘ﬁ@fssﬁ@rttdelezrnir@ddvﬁvvl@ngtby EuglpﬁranVecured

ot or Q- E}Oowcfefepabtl%' %ﬁl(gg@h gu&fﬁ%ﬁ@ﬁe%ﬂeéﬁ” él&s%%e%ﬁ% ?% %2 8%}]124 SF]I)‘%ated with

control esire evel
i ntegr aledNatﬁT nng)rgmhlsnb/eﬁo | Borehing exgenit cathéry tipas UM-anedl resimdsush tds  wax,
t he revgl uti on of its own. axi s e r at ed co

t t
mahi noRo SR REBAS o e R DR P RS ghVPLls gl arons fn thal W can

subst a%'lﬂhbﬁ’ed’\dtta%b@etéﬁrﬁﬁédlt%h?%nﬁé wihile s6RMtied at thdHStemipbratute &@@@&&hﬁlem
to machine wt h accurac he annul ar |amnate 5 of sheet gl ass

mat er i éﬂgtamwttwgahih@rls ﬂlﬁ’t@mﬁéﬁw&?wm is also possible to avoid a
damage_ of t h ﬁasstlag slfpgfe?s %stéag 01J gc% G %hté nth.g'B %ehts' I%la & B@Q@SH? { iber,

machi ning in egrated coring ins o cont dc
t he gl aslﬂ)es,unétalc er (draqpicsmey be a3edof ’Iﬁlhémb&'smfnhtt borling agent and spacer may be, for

example, 0.01 to 2 mm.
[0041]

(3) Coring Process (Machining Process)

A coring process is a process for machining the laminate 5 formed with a plurality of
sheet glass materials by use of an integrated coring machine (drill) to produce an annular
laminate of sheet glass materials with an inner hole formed. Referring now to Figs. 2 and 3, the

coring process (machining process) will be explained. FIG. 2 is a view illustrating a machining

10



[ 0044] As illustrated in Fig. 2, the integrated coring nachine
20 is positioned above the lam nate 5 placed on a nounting stand 30.
Note that, although now shown, the nounting stand 30 may be

pr ef er ap$tymelquinpehiding & plualsty ofpbeetsglads matatials e al comiing gireceSs dowsdingto the

I | | i f f.th i d. 30 duri i
e Rt ™40 2 SR 3PP, TR g ShERA il ke
enbodi need inl the adHigy procd¥®vecodfing Rprdsam embbddin@nser vo nmechani sm ( not

shown), which allows the integrated coring nmachine 20, the shaft 12
and t hd0%Hd| ant provi ding hoses 15 to integrally nove up and down.

[ 0045] ) AsHELSratéP ui IFk%’SZ, Nk %ch@m\% : stean akgﬁdﬁ@tﬁ%é?g%egféa%lg&ﬁment

machi ne 20 is concentrically equi ppe an outer “di ane

20a of ihQwdge adiiainelewice dAda shafli hercodizatmoeding ldes PHO Sef 1 Bxjpdrld an integrated
di aneter.. Further ,.as-& |1 ustrat.ed.jpn, Fi 2. .a hollow 30a.for .
Fecer viins HiEBF 207 GTarebah Bl 56 4O Bulre medimictilfY spamagtfd 20, he main
recei vidagict he provides thsRiwediethe ihtagiated Moriap Enddhideezhd initht dbe 1m0 thibiiglda coolant
stand 30. .The hollows 30a, 30b are respectively forned to prevent the
bl ade POY1dipgERSF1% he i ntegrated coring machine 20 from col | i ding

with the moufyi ﬂﬁg@‘ﬂ%ﬁ HAnPhatiiBe %@Hﬁg é-dﬂgtaﬁttizﬁgga 3maki@A4RIpe as a wholéS The

illustrated in Fig: the " shatt 12 1's equipp I'nside wth the

cool antintpgrated dionigg tnudsdbink720 1A supported Wy7the shint B madepdfsitdinlesseniatatial wish high
top of . ceol ant prowvidin ube .17, . provi des inner.machinj . .
sur f acéhﬁgesﬁ 0% e&‘SP‘PEeg ﬁ&‘éﬁ?ﬁ%é%af ?’Paéal iy ﬁ?l%Pé"TrstiYutﬂﬁ Taf it g While revolving
machi niopdtssowif &€ie 0Thd sHaficIor is MgivembRangindk Mot (e Sh@in)tiiehd Magr device 10
di anet er, bl ade 2Qb that contacts the Jam nate 5. [0047] I n

this enBBdifsrexelutipmneontyllsd geddesteddeves equi pped with the plurality of:
cool antrogyagvi ding hoses 15. In the exanple illustrated in Fig. 2, the
mai n device 10 i s equi pped with two cool ant providi ng hoses 15a, 15b;
however, nuniibe slgft thendcihelintngraigd eeiing ngchivs 88 isiénicentricallyl pasittoadd,tapd with

or ef er 215 o PP L AR LT Bt IRE Fad B TRt E R Ra A sty oble
machi neo 2folve at a highNevelutiti@tublstantisllyowRhaut dhkmation PO denn tTigus, it is possible

plurality of cool ant. providing hoses 15 supstantially evenly, over th
ot i 1 ¢ (R IACHRF SHEE BHEVFAGY RATERIRE {ARBR6r> HISHER! Effga matertals with the inner Bolo

formed. It is also possible to avoid a damage of the glass surface of the laminate 5 in an initial
stage of machining in which the integrated coring machine 20 begins to contact the glass surface
(top surface) of the laminate 5.

[0044]

As illustrated in Fig. 2, the integrated coring machine 20 is positioned above the
laminate 5 placed on a mounting stand 30. Note that, although now shown, the mounting stand
30 may be preferably equipped with a stopper such that the laminate 5 does not move laterally on
a mounting surface of the mounting stand 30 during the machining.

The machining system according to the present embodiment is able to move up and
down with a servo mechanism (not shown), which allows the integrated coring machine 20, the
shaft 12 and the coolant providing hoses 15 to integrally move up and down.

[0045]

Here, as illustrated in Fig. 3, the integrated coring machine 20 is concentrically
equipped with an outer diameter blade 20a of large diameter and an inner diameter blade 20b of
small diameter.

Further, as illustrated in Fig. 2, a hollow 30a for receiving the outer diameter blade 20a

11



[ 0048] Each of the cool ant providing hoses 15 may be a

flexible hose. Aflowdirection of coolant froma nozzle 16 at the

top of each of the cool ant providing hoses 15 is arranged such that

cool antand § hapw 3@p dorereiviaetheinger drmetge bliade AGp argdemmas 19fthe meunting stand 30.
i ntegr e Habl i

s | o Eongus e B eGepbrively Gl Haber P RLERAR JrPbOHleIierated
al | ows cariogniaclohe 20 ﬁpmscrﬂhmng \mmrthe ooohiang surfacpobHihe dedin(inhg stnd 30.

posi ti i&)\aere coolant is hit), and allows a control of relative

speed e cool ant bei ng hit with regard to the outer dianeter

bl ade and/ or ashpudiafediat@g, mﬁ@ sﬁdﬂel;cgréqﬂq)p@aqﬁaldtewnﬁ\f@éeoc{lmq)%wdmg tube
Here, with reference to Fi gs. d 4, a flow direction of cool ant

t owar d 17heAotzate ks hlhehé BQﬂitﬂQi@é afthe e phithegoataati peyiding twhec hi, meovides
20 wi | l Iﬁﬁ%ﬂ Iﬁﬁ#gﬁirfa(% th‘é éo%ln@ Mbcﬁ‘n\r{]\ﬁé tﬂsrtn &{lﬁlﬂg ffl.{l(ﬁ)w ﬂll ﬁ-fh%f B?A%hmmg
of coolan on a pfane orthogona |reC|on f amnalon

t he | ammfaieeoﬁth@td%glmaclﬁme)m @ spifase of ée)inner diameteAdldde| 205t that eshtacts the
Fig. 4,1 the fJ ow direction of coolant provided is preferably a

di rect iBRMB¥ % t angent vector (lateral component) tangential to the
cylindrg outer machining surface 32 of the integrated coring

machine 20 from the nozzle 16 (16a, 16b) on a plane orthogonal to the
di rection of In & rembagiment, the Maanidaeice 19, isTeaviphedewith othe gtlurahiy of coolant
t angen h &ub di t

revor uprSiaREheld 13738 ME beinlile FABRRBUTRFi'Z M AT URE LR Bhivoed yin
vect or swiaoalant p{ahdmgdloae&LﬂEdiSIashoaretrangmnbeMdhmcodlam pentidiap hbgestilias not

cylindrical, outer chining surface 32 fromthe nozzl 16 16a, 16h);
howeve Aty [y of HFE% OF JROw: ol pvidingvhersss 10r B Sitke etiably
is | Meh@gpédalanglinebthaterice\v8 eednte¥mitedbriab nhazhielot antial Iy
consistent wwth the revolving direction of the coring machine. In the

simlar fashiNot ﬂﬂiﬁeltflﬁ dwetprable e diesisioncihe| Blnrality @f i epobnt mseyidiag hoses 15
nozzl e él?é? d—fhﬁl] )ﬁg\t/ér?ﬁeeait rd \%%I ) epé?ce [)Pl%?%]lter Fhan}eter%‘fgd% Bh, as

illustr ction of coolant 1s a direction
of vect[@(MSﬂhat |ncI udes a conponent vector Vz, the direction of which

is substantl Si s wi.t.h the i ng.direct. of the

integrated c }Kﬁfﬁ? ??é"t ?Wvdéf&ﬁéﬂofsnﬁsvmg&ﬁ ﬁF’Pb%tn}i‘Q?ﬁ ﬁtﬁ“@ dirggtion of
The SaféBolaﬁ’ﬂ)ﬁ‘dnﬁSa fhickzih B AOHE!t6p 3PBach of the codiR@tprbo®iding Hds@é/vlﬁig &ednigdd such
fromthe nozzle 16a is a direction of a vector that i's obtained to

conbi néhat geolgrids Biell daaven it thgloutes mashiaing Swﬁat:w%tha integraipd cpong spachine 20.
(downwar d CopRERaNL) preftibi§ FolileNadiphtiiNa (AR EmBRZ 2y 1R, bkt Aow

direction of a vecto i's obtain nblnet e vecdtor

(| at er @irectompo g Jllomist f caicbl toligosition mdlekfzcc(odmmmprodlctadrfﬂmnmm))sition where
[ 0051] - tet reserves ol oV.

Lorer) s s b eiaialbls B AL o o € 38500 8 Lol i b S Rty o the
t ubes/ page diahleadr bidiera0d/6¢ thed@BirAR, whel el doging @ﬂi@hin@ mdves.cool ant

pI’OVI der}%(hoses 15 and 17 are prepared; however, they are omtted in

the il 9 at ed nmachi ni ng system for the sake of brevi ty.
Here, with reference to Figs. 2 and 4, a flow direction of coolant toward the outer

machining surface of the integrated coring machine 20 will be explained. Fig. 4 is a view
illustrating flow directions of coolant on a plane orthogonal to the direction of lamination of the
laminate 5 (that is, from a plan view).

As illustrated in Fig. 4, the flow direction of coolant provided is preferably a direction
of a tangent vector (lateral component) tangential to the cylindrical outer machining surface 32
of the integrated coring machine 20 from the nozzle 16 (16a, 16b) on a plane orthogonal to the
direction of lamination of the laminate 5. The direction of the tangent vector is substantially

consistent with the direction of revolution of the integrated coring machine 20. That is, each of
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In the above explanation, provision direction of coolant fromthe
nozzle 16 is, fromthe plan view, the direction of the tangent vector
tangential to the outer machining surface 32 of the integrated coring
machi néwovectisndireand Na'osesissvmed rag ot fapgemsf vastss| tangentiebin theecylowlzicel outer
16 may . di [ f a t or, ta jal, tg th er

o ning Dt SEEs Rl RN 1 B SOEERM It Bl SFr bR gt
machi nipagrifiddatren? e ndzziche64 i Egrietiad < direcipnnaiChéaer 2@, mhichelsagibeahyally
smal | in conparisaon with the di.anefer of the |am nate. [0052] .

In the BBHTE Wlbﬁls;rgv%%rcﬁ{eﬁg% Bt fiseoping lr@nb@aﬁwwﬁarn%mw the flow
for thejlkaBi@@oRnt SrolRIbl BLARGe 3827101 BIOWS: didecHSEoPectdi8/grachi ni ng
systemillustrated i'n Fig. 2. First, as illustrated in Fig. 2,

t he i n{@@p0dt ed coring machine 20 is |ocated above the |anminate 5

pl aced on a i No: o e;:sh 2. ks.revoly il

t he mai n dev ?@éﬂ Ogsglg%g&%@%dd%g%l&hl\z)&ﬁ%fe]BrQed\}%F@(ﬁ %%Cog#a%f[ e S %Fﬁ? n\%gvfe(gor that
ar ound idclod¥d 4 eorthpofd0 vepor VS the dasctidn, of héidhnisegibataatlalBotoriddtent with the
machi ne 20 iﬁ.reyolve around .t he center %5 of tBe shaft 12, whil e
moved MPVEHedpqioBtafdhe bitegrated aring mashine Y (amelyadewsweihdifection in Fig. 2).
downvarghe dhhEahp1RRIe tHeM2AL 16he i ntegrated coring machine 20 is noved
down until it Teaches to the hollows 30a, 30b of the nounting stand

30. During tAbanschilew deettam frora thendazie Wags bylirggieonodf a testor that ¢y ehitaiged to
coring hing 2 N 01S..provi Jor he. nozz f the

cool antcopﬁld]\? i %Ie n‘%mi?ggggs %ja.%’rg(l lq:?gr,‘p Tgtg?qng{nhd%ﬂtéhen‘c’ﬁcz re{/%ég‘gﬁw? r%lecomp onent),
cool antwhileaivilal dgredtaseRorh the h&@ODA] 6b is a dirdetiowbilgvedtor thapl cbdinddotol®mbine

sufficientl aked [nto the outer chini urface,and the_i nner

machi niﬂﬁf‘g@fﬂrﬁgb@ma@l FRTBPNTRD) P EHANG thg Ve Yhlomamarheameensiiuse of

the infegiat ed coring machine 20, the machining process nay be
preferably perfornmed in the following way. That is, the integrated
coring nmachi hetothat 8 tankibat igperaceeqplant peovidrs forthe guter srpchbigingngprface and the
machi n a aj I r, ve

"t T oddue” SFeBRE Surtiesr s ERe0h Y, BB Rl Ehqus8 SHUBERDICE oty o he
i nner rachhthprogiding howee)ls Afd €7 anopmgane, hdowever,nthegragd enhittal innthe illustrated

machi ne 20.1i.s again nqﬁfd do to proceed machining. Further, in
or der THPIRHEREHEOR NG G 8FPietitency, the integrated coring machine

20 may be pref gieambye Vi amiis, protidical direbfior HEcIMPAREnRiHd FAONBWBNE from the
direction with an_ ultrasonic generator (not shown) during the

machi nibHg Yiew, thhdireetisnmittbe Bngeyrveetpninpoential fethgomtsy ndchinirg surface 32 of the
o g 1o ) - ! e » .
o br o e b B R DR ot Gl graebi gl e o876 v

di anet ardifetéeleo20mngad vetter tanpattiatlicatire toater klaahi@inginriate dhiheilahmgreabaduse

coring machine 2 ccording.to the pres enbodi pent._ wi |l |, be_further
expl o Mgy of (E SerrnB eI eEABa) e LGRS ts SOMMITHARE ARG felively
di anet emafliReempiioR withhBe HRLRS: JF @ 1601daR0 Machine 20 are, but not
limted to, netal-bond bl ades that includes abrasive grains of

di amondO@3d grai n bi nder of bronze or cast iron for exanple. The

bl ades 20a, : i - i i i Do i 0.
i nders. v 1 feERAaB prop! AxcBRfie b A kel cdibUdel s aBrip R at: Hethfinate
bi nder §,is perfatredtas datnts Yyouse o tteectaschining systeny ilRiserated dpFiat 2ng.

-Cli-lh ;ﬁé? gfsbf);gtggt;@%? gs?rfgﬁgnﬁdlgi%t ?:) t}%b?qnejﬁgrt aGtred %hggge rr%a% in%nfb Eshﬁ)clatg(ri] eacbove the

laminate 5 placed on a mounting stand 30. Next, the shaft 12 is revolved while the main device

10 is moved down. The revolution of the shaft 12 is around 1,500 to 15,000 rpm. As a result,
the integrated coring machine 20 is revolved around the center axis of the shaft 12, while moved
in the direction of lamination of the laminate 5 (that is, downward direction).

[0053]

The integrated coring machine 20 is moved down until it reaches to the hollows 30a,
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[ 0056] It is preferable that the abrasive grit size of the
i nner dianeter blade 20b is substantially the same as or greater than
that of the outer dianeter blade 20a. It is even nore preferabl e that

t he abrAbiofthegnpuntisigatandf30; hOuringdhe mpelrping fordhe thanipgp Siby wje @f therintegrated
t han that; ' : IO i
oo s B e8! S PTiaBL A8, e Tk, Lo LB RRTL Mg e 1

or fi nd€i54, haly) ankdahe odzzlehE7aanfttler coml anptovidibg hokes 2Da. A range of

t he abr@@é"r\je grit size of the inner dianmeter blade 20b is determ ned

as fol I[_ 7 that is, the lower limt of the range is determ ned based
on requireneny grdef Forldtol ik 16 b¥ sfficlcifly SbA&H iAteDHE bated niRhin¥RIARTACE and the
di sk, while the upper Iimt of the range is determ ned based on )
requi r érpeh mrachisingwieiice dugng e avachiningreor (thelaminatad yorserpddhg Hiagggted coring
For ex inn..ar . 1 i e hj . i it f .
o m or e A0l A0k Xl Bl pARGHIR S ol B0 e erf ! That s,
| am nattiee mtedrated cerihgimadhinee? tio nasied eypeetdmattimenifeompdgiated Botifge machine 20

coring process. The purpose of this js to make. stqck renpval snpaller

for t RRIHAG Dint FHEE PHOLHO! SIS (o STavEig TOgbEs & T shjant info the

pr eventyh i s kdfdced r@ﬁﬁi@ﬂﬁﬂ% r iinﬁ&-zléigﬂhihﬂligssdrfagéyf d Aftdn qn?%ia}sﬁ,vme Ghiekrated
ma € or

size of the inner dianeter blade y be preferably ) ]
gr eat ercorimg maghine 20rig ragainanevysedawn & pvlsestl macliniaec e pemdlsreinnerden toi improve

proces i . ahr asi i i fi. i j I ; .
ay bo e AEGIAEG 30 Hfelied cBiaE Rkl S0 PR, BNy SynlRly in
range afie ibeagbnadidosvmyrard ditezorofwitthanouitresonii gamdretor {hatdeh?0d dwyng the
be coarseh.thaF tpai of thf iclpner di ter blade 20pb. In order to

achi ov SRR fEADE SRR | dioF X pBPf: fieency &8 ihé ptiasente pihipliogy ey be 20
outer ng:wﬁﬂ@aﬁﬂﬁﬁﬁeBpfhetdmeasehi@s,_%rwa%agb@aifo%d RRgNgMh C di sk, the
abrasive grit size of the outer dianeter blade 20a may be preferably
120 or [@Q%&ter. I n anot her aspect, the outer machining surface has

| onger machi g0 RIpLAY dl(ahﬁ?ér tistte 2R thE i ’&Ea%é?é‘r%ﬁaﬁ?é%ﬂh’é‘ ig%rated
which results 1A Increased resistance In machining. In I'S regards,

t he abrasnymagdhint 28 nemrdihg tdithe pudsent ahtsihent whll dd dur?ta crplyinbé below.

preferably 6 or, less su t i ncreased, resi.s ce.jn. )
Mmchi ni ng’ doate Rt Arniitadeon g it oG ARReHG DB LB the inteerajgd foring
the i Nth@@hRee®d 46 huthofifitted @0, 20cALBOHIIbIAges! Ratl iREuBECARMivee faR JTRIdmond
the top of the_ inner dianeter blade 20b may be Breferabl@y pr ot ruded
downwareld igraie birster 08 BrPgE 1R cati drongfor ehemplgt ed helpladet &va FI0deay by resin-bond
Thi s al : I LT i S:.t ; X : Wl K
(he out i eE RN AR nEs, ARRF HPEFBHAR DRRBINSR) Pphi-based
t he i nhérdeds, oc ghecroant-bondCbhdequidiitihy clebeo@aiseg. t Néhiacknefsosihthe o bf theeouter
out er chi ni face of the lamnate,is. |likely tq.be |less, the
concentiisityp It 2hat hpminiEman YAt s s s RO Rer - machi ni ng
surfaceopsplal so likely to be less. [0059] As descri bed above,
the direction of the revolution of the integrated coring machine 20
and the fl owlldp peferabls that thodhrasive aritesizg ofihe imes diametas fladg 38b ansubstantially
wel | dr, ' t ipi Aok 9t

et ol sl PGB o Sk RG Bl o0k B Pl b refigble tha
di anet ¢he afragooansizé bbwhe mn¢rodibmeizo blade|20bds gsater hizen theodlihe duserwidrheter
drawn into gap. bet ween .t he | am nate and thge oute i ter hlad

J0a. of B8 RS oRurg: T BraicearotBr11rge Aok S Diods 208 568 svrliafinly the
the fl Qimehs BEtihdMhAf theQlianbutéSdidmeler B1alié oon. of a vector ("conbined
vector") that is obtained to conbine the tangent vector (lateral
conponent) wift Fnga Pl the abeasiver eitdgiamwarthe deiepchanetyt blpde 20Rni§edptermined as
vect or : ) :] | i I : :
e ST ISONPRRRE Ll o RRRAL Bl Or LIS LRI a6 it
of t he of tirei gigps saledtiateefpor frragnetichibsk) edidleehd Gppealinhiti of thataspaistdetdrinyned based on

requirements for machining process time (tact time for machining). For example, in order to

achieve the highly accurate uniformity of 2 pm or less, it is necessary to make surface roughness
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The above conbi ned vector has preferably a direction fromthe nozzle
16 to a tangent point on a line of intersection of the outer surface
of the quter dianeter blade 20a and the top surface of the |am nate.
Not e t IP4the lanpinateeS albcastagkisyeliaesiipye tbatdwfgmaﬁym the sorpdPOEess ool B purpose

from t he Rez2lfmibe étﬁck fe{n?cWaI E&ﬁalﬁ)érqﬂr WHeShherlddf Hid £iG ;1’3 (Pzﬂexﬂ% IT?@HI}% process,

tangent vector tangentia e outer nachining surface 3
i nt egr dbharebyc prevaginges biack Ry ohowdugr , Inmmmegaldnt}nh a‘teamveognbsﬁlze:oﬁtmmner

fromt e.16.m | an vi ew ect ono ..
t angentPRCRop IS AR AR PTERLY JaPar e nF RSP HegpPHgdor obtaining
| am nata@eepbiethGenihing prddeskings schohbriaie ot Site SRGBIitCR ﬁlahie@éﬂ%la%l@azogfmay be

the i ntegf rated coring machine 20 is relatively small in conparison
with t pecterahlyetdfordesss he | ani nat e. [ 0060] Al so note that,
dependirpgsAn the revolution of the coring machine and/or the f1 ow

rate of[ cool ant, a target position where coolant is provided (hit)
(cal | ed her eiOmatht ethes hampl, p ringerafehe plossive gnt' Jizerafythb euted disstetat . bldder20a may

exarrpl t he t t ition my. b dj ust e be s htly the nore. .
cent T alPesBraE THERAt EEHTES BT GHaA 20 AngBridBar AL ot befagggoneeniicit
posi ti @B pERYr 186s) d€ieShed ah@ obfr Eﬁ&n‘i&f&@cé@ﬂéﬂhe@hﬁhuﬁm& foRfagnetic disk, the
above- rrentl oned ta%ent point, while maintaining the contact of the

i nt egr APBEIVEEIL sige RA&N oricdampigr blade 20® maytbernrefgrabiphi 20 ol gregisr.  In another
I

Coo) b U UL g 18 6 R ok Ml PRSP et e

pr oceeds maﬂmumg),cmhlblamsuhs npmntegsadunkstalﬁmmdnmhhange lofthis Ireghyds aahuhbraswe

coolin f th i, t her revienting uni formty, of

the out i eC PhebE blad® e sy, P bR STHob o e s B ipgpeased
Then taém&nce@;shiabmﬂngfdo@@@&taﬂﬂuemé bn peopetiirabighingxpl ai ned wi th
reference to Fig. 5. FHig. 5is aviewillustrating the target

posi ti d805%r cool ant provision fromthe plan view Fig. 5 illustrates

a position o t

o "The. out er T g KO B AR Bl AT e op of
sur f ac ghoinntihdiameter hipderdhinrg, be\mckrabisspm:)trudcd dwwm\marti he cpiparispnevih that of
InFig 5 an fi bea chlsforne

2" ne e mBRAREe Rt 0% i hodia R S e R e Biine
t he outfer theeaditméin@ngerches & &ﬂzaﬁm ﬁli&t@d‘lgﬁﬁbﬂ ﬂianlthﬂefo@fthé afer RRtMhference.
For exanple, a is equal to zero (degree) (a=0) when coolant i

i.s
provi d&Pnssann depiss the yrdfpamiy o e ater raﬁph@?ms Rerfacs o dht famminate jsdiksty to
the outgncdIBGRIHhAY i Fife g@tel( R8&hin sui‘fﬂce': A thélnne}“makﬁnﬁl SUrBOUR! also
to 90 (degree) (a=90) when cool ant 1s provided fromthe nozzl e t owar o?
a cent élkeb*ftOﬁ)héeS@uter machi ni ng surface 32 (see "d0" in Fig. 5).

Her e, i(%[ is preferably provided in a way that a ranges fromO
(degre ? 15 (degree). That is, coolant is not necessarily provided
in a way thatAsalesqibegudbvd, chaikation egieekvélason of Bedaiegatwioriagtmddhie 20
(jet) fromthe nozzle has a certain dianmeter, coalant 1s likely tqo be

wel | dreadrihs few dirgstion f Goolert Aierrrgeed, svett thag solgrinis whdh diama @%F%@“tef
flow i %&htnﬁlg% ﬁﬂfatCQ 380r1 ﬁl 6t %}dss hfjﬁ:aétao'ng df% ﬂ@tl&ﬂh@fﬂeﬂ? Q@ol%ﬁtsﬁ eﬁ?f)wded, a

ce0. Note al t hough not cleaf from Fig. pl an vi ew, _
provi siflorv thite avtd dnnmercﬂﬁ@b@lnnt flovom ttOH:@ mﬂzllei |sg ﬂaatcstpolenttasowllodrawn into a

conbi ned t or f two vect.ors at er.al

cee” i b SEUGH RS HnlBatt b pul Aamider MU E0SRT e b gt BFREIE coring
cor i ng nidainen2).20Moife appdiAaglyo thd AN diretort RE olaetis andﬁfectlon of a vector
| am natjon (a=0 t and a vector (downward corrponent} of the

domwar(ocomhnéf&‘f%wr&r&?fdﬁpht&mee o combine thenfaggent geeox (aferal pemponeny ygtheand
|
expl an %gésbgg%e% hﬂ”co%eﬂo?leﬁtb onyipf taﬁgéhlrt %g%tglt ggt%}o Q@:REB’E& Sis Jt'cﬁ‘lg'elgtlal to the

defined b on the outer machi ni ng I nt'egr ate
cor i ng cybodricabo@®r mhackeingrsurfacoof theawridg meachirer2bfmaosbl, dret odterosriake of the
coring machine) from the nozzle 16, and is substantially consistent with a revolving direction of

the integrated coring machine 20 on a plane orthogonal to the direction of lamination. The
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cool ing. of the machining portion. This allows preventing uniformty

of the outer machining surface of the |lamnate from bei ng worse.

[ 0064] (4) Chanfering Process After the coring process, the

chanf eeelgr fslogeessd canpanent bapd dewnvaddigciomef laminaliphace on edge
portions of ) '

Phe. chant or i moC apSLQEhSinR: bt Ohos SREIp1BE s BRCeAcH il 308 1 PRELS 1d f angen
t he | ampoidton,a i chintasactiohiofi¢lte dwtethsrfagt iofiditd catbr; diametec bbade0edind the top

usi ng netal - bl.ade i ncludi ng di anond abrasive grains. [0065] (5)
End Polspgﬁqer@?%d]ﬁlﬂ‘%%"’ge' Next, edge-polishing is performed for the

| am nate of e dbeet thel.86% SRS, Drovifioh ARcQRALTRObIaS A thehdAZRI 16 i,
finishing is perfornmed for thé outer end face and the inner end face

of t he foaniheatlen siew e drestien gf Hwdangenieyscsardangentizl te Hhpentesmpeiyningsurface
Chi e : i A ) ;

st ho ol i tod Btind MEHEES0. NN REDIN ST Ry BT SO ARA fh omale
damage 1sundy b feont tevplan eicwe adirectidnyofizetahguntivagot hiagedigbtoptht ioster Agchining

Therefore, g rati.o f ions, such as sodi.um and po si_um whi ch
cause Siiidft Bnivhe UsrabllStiiloBBaRine e ehiPe b B 2 R0! Hy Mregrated
Proces %orin% mackihé 20 iérlél%ti@él?r'sﬂﬁllﬂﬁ e6BPSrisoh RAtHHA Bfafet? S f Bleda@ffte. 2N

the end I shing process for the lamnate 5, the | am nate separating

pr oce_ssEO 509] performed for separating each of the annular sheet gl ass
Tl O L0 S ST o O LM A
Sb areofebolenga tarpet pavhonfwhieecaulmiliapreohdet (hif) dsaledetessinater isinply “target
Ee);z 2&61:[&%?15&{1’3?11% eq zl?.fﬁllrlrs]ter:]cfj‘ t q:o? 'ex£n98137 e (ta7 et%rols{tlglnr}lgayplgeog Jl?SStedJ tsoI brzegslightly the
more central point than the above-mentioned tangent point. The target position may be
adjusted to be the more upper point than the above-mentioned tangent point, while maintaining
the contact of the integrated coring machine 20 and the coolant flow. This allows coolant to be
well drawn into the top of the outer machining blade, even when the blade descends inside of the
laminate as the machining proceeds. Thus, coolant properly works for discharge of sludge and
cooling of the machining portion, thereby preventing uniformity of the outer machining surface
of the laminate from being worse.
[0061]
Then target position of coolant will be further explained with reference to Fig. 5. Fig.
5 is a view illustrating the target position for coolant provision from the plan view. Fig. 5
illustrates a position of the nozzle that provides coolant and the circumference of the outer
machining surface 32 of the coring machine (the outer surface of the coring machine, which is
circular in the plan view). In Fig. 5, an angle is defined to be & (degree) which is formed with a
line connecting the nozzle exit and a point on the circumference of the outer machining surface
32 and a tangential line of that point. For example, o is equal to zero (degrec) (c=0) when
coolant is provided from the nozzle toward a direction of the tangential line of the outer
machining surface 32 (see “d1” in Fig. 5), while «is equal to 90 (degree) (=90) when coolant is
provided from the nozzle toward a center of the outer machining surface 32 (see “d0” in Fig. 5).
Here, coolant is preferably provided in a way that acranges from 0 (degree) to 15 (degree). That
is, coolant is not necessarily provided in a way that o is equal to zero (degree) (c=0). Because

coolant flow (jet} from the nozzle has a certain diameter, coolant is likely to be well drawn into
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The grinding process using fixed abrasive grain is performed for the
principal surfaces of each annul ar sheet glass materials by use of a
grinding device. Stock renoval of the grinding is around several pm
to 10 FﬂmOmh1e1ng¢hinid'gﬁgrf@r@\ﬁ%@ennweudh@cwlgaiﬂo“oi‘s dingrted d@ mpiraicandral side (o=0

oi ur a1 10y Ffah il SR 80oPI8E il MG BhehisdniiRCRiN” & s views e
| oner suisisios ditbaion odrcoblagt fuppelie Sorzfeds @ dieation, oﬂHco&ﬁlﬁné@D&d&toabﬁth&dors,

such that the pIuriglty of annul ar shees gl ass nat&ulals and th
sur f ac D3l igt & (VEston (laterdl camppgent; $e¢ &dg- Yronesieng mithgr Agvalvag ;sifnieﬁfécrnpaf the

sur f acgseghteaaohin riﬁ%hﬁffe Aheeh Aﬂ% e Hﬁ%@n%ﬁ i@lse akQRB8Rof (lﬁ')ungﬁtgr? F]OFO to 15),

P0|IShIn3 (princi surface p Process
first po as'hctng(dosvnm@rd wnmeﬁﬁmftheeioqm@ndjqutwmqﬁ@mmmdmces of the

annul ar sheet t O [.enoyv fir
round sever ARG SRR g SR RlarEoT ¥ fin & gaioZicpfigh 0 e hdzzte
i nt endad itsQielﬁQB@\basddh@ iﬁeawaxndmtﬂnﬁmgesfwfaaataacwf ﬂheflhtegﬂttddh@)rﬁfgl 1Iﬁ§¢1ﬁﬂé 20;

surface after the grlndlng S|n the fixed abrasive, grain. th

first pOMEEH RPVEiQLgsection fr@n the 8ogds L6 andps e d?ﬁﬂqu@Sa’r Plhéh%‘@iltef
pr oCes$ddhinhek dubfact bf(ﬁld, lﬁHﬁﬁ% H@ca%eat'hg tﬁm&epﬁoﬂﬁ@bﬁtepﬁﬁghmﬁ? btlé?ieSZOa é)f the
point, the first polishing differs fromthe grinding usin fixe

abr asi vategnatedreofing triachifie QD @s/welvglvglm sirtadl;in comparison with thh dla‘mqt@tof the laminate.
polishi&%n slurry of turbid | oose abrasive grains is used instead of
t he file Abrasive grains (grinding pad), and a resin polisher is

used. The floexargufecolahewil] b explahed boldid Absigngthat the fles rawzif c@@lant
cerium.oxide @rticle size: qggneter of about 1 pmto about 2

used ads @lw@eﬂélaeéwaﬁi%?w% Hsa {pderal yelpgilyonea plage ?;&qggmlﬁ@the[ s@qn of
(9) Chegrh@idyy, anll heMAAR Mot ﬁ%ﬁédleéch@ﬁ omﬁmfm{&t @fk‘ré Bab I}é)tﬁ@lateral

sheet gl ass material is chenlca K st rengt hened
a ni xedelbeltnts exbstantiplhy adesticah taia Hinee V(emlty\@ifqhﬁ opler @mhl)mr@mbla@@a%nf the

sul f at ?ntg &m&n&%cﬁ%?tfo rEFXh‘P Sar %gtﬁ}qosgtsoq I?g %n]eal%?ca?(liu Ileo“%t {ﬂ%p B ant

sol ution. gg em ca reng
stre ngtph@m‘ieraig;s smhkﬁly @nbé ﬁaﬂ&et&ti &g thore3RG g @rltﬂi@@ﬁdhﬁfe az«ampi ®olanntk likedy to
washed .s eetdﬂlass terial pre-heated to ZOOC 300C for

ol SR tha F S R Belke B BRwAF fhe TR Y 1k SDfFs vasirrchipds 200

st renglpey @Gol$91|gqﬁﬂegﬂﬁtédeonh? heRhing 2@0 u ‘Thﬁ%’ leven th%f‘l HABh ¥r tHerbu@ér(ﬁ%neter
that the whole principal surfaces of the s heet gl ass material are

chemi czblaldy Qélarmgfteﬁénmlde ohéhe lamsnate, ngpolant pervidadnisolikehy ke readle the uraghining

h
shect Shath BB S REOERIEMAS | Rt S8 o
mat er i thimnnate; oovdare iopenl yt werke Hemndisalatge (ﬁ“tslh&]ggtahé Rbolings of thtelr@dbhlrﬁlﬁ‘@portion,

lithiu n and the s dlun1| in the surfac of .t he _.sheet
gl ass 3 1&?"%4‘8@8& Hu‘Fh’é‘a%lBﬁmﬁ ﬁi“i éﬁ%e Pﬁ%ﬂ%%fra S8 Voise-

whi ch have r §load méelaydlhﬁqe&eroﬂ {8 n'bi‘ﬂb ys %%efkﬁbl%;h,@ t6 e Wrk 2hddY that the nozzle is
strengtheni ng sol ution, respectively strengt heni ng the sheet

gl ass pefeiablyl designed sﬁﬂé]étthfgl the silam@terr pélthet @qkmt cltow H‘@e% metrexpantlyas it flows

streng QQE is performed is washed. For exanple, after
mashlng g?gﬁ ﬁ@h % material using the sulfuric acid, the sheet

gl ass f@&dial is mashed usi ng pure water and | PA (|sopropyl

al cohol). [ ngoel(pfa%n%)d alsag\%z rz:g)oﬁg‘l }I)r%mdgg fr(ofnll ‘Hw noggllel ls 1|s r1].1 Lkelgr?g ge reflected by
the revolved coring machine 20, and coolant is therefore well drawn into the outer machining
surface 32. As a result, sludge is evenly removed from the circumference of the outer
machining surface, and stock removal is made substantially even over the entire circumference
of the outer machining surface of the laminate, thereby achieving excellent level of uniformity in
the outer machining surface of the laminate. Further, even when the top of the outer diameter

blade proceeds inside of the laminate, coolant properly works for discharge of sludge and
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Next, the second polishing is perfornmed for the sheet glass materi al

to which the chemcally strengthening treatnent and washing are
sufficientl rfornmed. For.example, stock renoval..of .th econd . .
pol i shicAEITEobH Radihe HOHG e 10k SR Biey SHineg s ioBRUY &1 the outer machining
exanp! Qurfhde iRy Iafndds G BrindWoMel ndi ng process using the fixed
abrasive@ﬁ%rai n and the first polishing process nmay be again used. At
this pdP¥d] the second polishing differs fromthe first polishing in
the foll ow n i - .S, I n the second polishing, the kind and
particle si zgd')(r)t?d%%sl%ég%%g%i ve grains in use differ, and hardness of

t he resin polifehédre @iiag pthdefsthe chamferidggproeesaispieeformbdita fprmafa dhamiférdurface

fine particles such olloidal sjlic artjcle size: di er of _ .
0. 01 | gncrdeecriar ey s Susktrr <08 hE b Swenrd il ghaie ramdering
in the ;3@ dhdYutet uice and the ThRrPRIfasd 4 tAHe8hinaled SPhifREE MRhinkd to be
then washed, A neutral detergent, pure water, and |PA are used in the

was hi ngylingrical, agothgmdered ysing anetad dwnd bipdr indiiding diavead gbraaive lzeaies.
subst ragg-hor magnetic disk is obtained. [0071] - Magnetic Disk

A magnetic-disk is manufactured in the follow ng sequence based on a
gl ass subst r §)&Edddrolishipa@Proeesdi sk (whi ch may be called "gl ass

substrate" herejnafter).. . The etic.disk.inc]udes, in order
closer 1o 1 hesh et Al i Reoried ToAs irane P oacs S mugeas.  In the
under | ¥ipgpbla¥aip, nArrbREMEkihE i FHrmedBRINRE biieF 86Pf6é MEd {H_YEAKer end face of the
protective |ayer, and a | ubricant Ia%;r on the principal surface of

t he gl dsingigdithasheet glass mategals by pihenolighiggasst Sihpeipkshimyshat includes fine
introd ' ' f ian ' % '

nas. belarissiach B i oRdts (18 1GRRALALNS, it 105a, AU LA, of dust
| ayer iaad siatpagnt suehl 3 deflosi dredreornved eoypperfainpag therddge epafshinge Jhassore,
substrate in tt}e anbi gnt Ar .baseg OB} DC r@g&gt ron sputteri r%met ho%.

For ex&TpTationgi#png Wl asp sajupgnd prlasgie CHUSH EPTTOSKM FAR RS HREY SpEed-
appl i edodgs; the underlying |ayer. After the above deposition, the
protective I%er of C2H4 i s deposited based on CVD (Chem cal Vapor
Deposi tion) (otlesungte Separaing Brocessd t hen nitriding treat nment

i ntroduci ng N e } i

to obtain a nmaﬁg%g% %ri;ﬁg or F%gﬁ %TE%I a.e ﬁﬂ\g ? {é{c&{sggl?i, {h%F"i{gltiei)oﬁé‘lrﬂiﬁg %%%efor the
(pol yf lanmmeled, yhet Inminaté sepemiaing gramess ik @epfoomeichbr vepataipereatiasidiec annular sheet

D p-coat nethod. to formthe, |ubricant | r.. [0072] .- Modif.ications
et - st Pl ki Qe TPITRY Hrochis Promphy edanple ™ ieleise ihighubite (80 to
di sk aooQlegicng CeRidsheudh thet the WoaginERIRENtWSh lard SofRxpd ahd @sthbef BWand & sheet
nodi fi ed manuf acturing nethod includes the different coring process

f rom t Easppatesial isseRareted EiopLidg lamigatee nodi fi ed manuf act uri ng met hod,
proces @(%J?t her that the coring process nmay be the sanme as the
corresgon ing processes already described. Referring nowto Fig. 6,

t he nodi fi ed(DdinmgngrBrokesd waing|Fikel Abpbiae Geain

The grinding process using fixed abrasive grain is performed for the principal surfaces
of each annular sheet glass materials by use of a grinding device. Stock removal of the
grinding is around several pm to 10 um. The grinding device includes a pair of surface plates
(a lower surface plate and an upper surface plate) between which a plurality of annular sheet
glass materials are sandwiched. Either the lower surface plate or the upper surface plate, or the
both are moved such that the plurality of annular sheet glass materials and the surface plate(s)
are relatively moved; thereby grinding the principal surfaces of each annular sheet glass
materials.

[0068]
(8) First Polishing (principal surface polishing) Process
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[ 0073] Fig. 6 is aviewillustrating a nodified machining
system for nachining the lamnate 5 in the coring process according

to the nDdif diment. As illustrated in Fi t he _machj ni ng
system al so E% Pﬁgﬁlﬁﬂ%léw%@% gwagrpurrgpﬂ%clp%\ﬁarqusgo &g? grnular
14, a I N , t

GR&: %’Iﬁss Qﬁa‘?éﬁaqi GtoBOSERovP of Wﬁ%’f‘ bﬂélﬂ—ﬂ%?s ﬁgm‘épg V@Hﬂ.]ﬁﬁl‘égﬁﬁ g@ i for

20. The sh 2, the cool ant providing ose
cor i ng exeoplene Tho fwﬁwdh@hmges slanrmdedstoerbmea@%edﬁm reing gbie deformatlonfrleét on the

revol vi %gc@glr%t]ﬁe ¢ affer %Illlglﬁlq ﬁénﬁé Hl% f%%g%hrgag g aﬁf erleg[ﬁg ﬁrs& pE)Ps%mg process,

devi ceP accor

enbodi Ih rfgméxaﬁlplrl]d, ﬂﬁidevlid’d:&lsé@ﬁi ﬂhﬂtgnﬂﬂm_l‘g;iﬁﬁ‘d)d’tgs ﬁ@g@ﬁle]fﬁceg %5&81\& fgbe)l? In&ybble again
attache o the revolving part 14 e. mai n devjce may. pre era
drive tAl r eWdhisdob %/? ?ifsﬁéo ishjrg differ Tram thergringing ywing the fixgdabrgsive 8%'@ in

the reygl Hﬂl‘o%%ﬁélﬁtsofhaﬁ fe npﬂlteeﬁrstrﬁﬁﬂhi'ﬁ nﬁuﬁg%@%rbﬂdl%gféqﬁiﬁﬁgﬂfé’ %ﬁfns iD8sed

revolution of the integrated coring machi ne 20. Preferably,
r evol viimsieadanf thelfixadabodsivesrains (drimdgmpadyiané etrésompelsshethie usert. egr at ed

he outer el AHBPIEY S5tteY oS E Saile iy PR B AR sie

Dur i ng diddgeteosf s@upn OGBS aBEGOR q,lnmmtlﬁed hae the thoké aﬂraswb%@lalﬁe Qbed inhe first
nachinin? for the lamnate 5 by use of the nmachining system

i11ust PAE¥USn Fig. 6 is performed as fol | ows. First, as
iIIustr@@@ﬁ in Fig. 6, the integrated coring nmachine 20 is Iocated
above the Fam nate 5 placed on a nounting stand 30. Next, the shaft
12 is revol v&) Giteniealkyrftremgihenigg\Presess0 i s noved down. The revol ution

of the shaft [.0 0 t o, 1.5, 000 .a

I nt egrated co?flé nghserrﬁ;r%trp%ighl%ﬁ &S eet ]173 atglfl% ﬁ%@a@e%{e@gﬂhﬁ?dﬁ of

the shaft 12Fomekdneplapy etixed S(blhﬁmd Iolf@@tasﬁiﬁmolfntﬁmmawél@m pércémP and sodium
I s, downward direction) in device 10

|
dfﬁvggg@%& @aowelﬂhfg PRLSFRL) THaY ﬁ?euﬁféveﬂ Gt Fllﬁ'im'éﬁ“% ﬁfée ing sefupent Hythe
i's ar O‘éﬂéim%gllig’trén%ﬁleﬁﬁﬁ t}é%h@m'i(%ﬁyls&enétﬁ@n@gﬂlﬁmn iRheMkdtd90d*eSES1088C for

attached to the revolving part revol ves around the sane axis as
t he reestmplepandigticswashet lsbeefuglass maletinlnisngrethicatgé . to [2007G]to 300°C fokgample.

0 09 385 505400 OF S, 1 R SRR ol SRRRSE Ry P

the | afowrdtoers Pyefasblyoin dider ihat ihg rvaioeejpmmipahgunfmh\ bﬁﬂle%ﬁﬁetcg_dmls a’aiterlaﬂ? are

provt def LTS the Aozl et (Lo, Hob)of L1G.Copl St Lo S0 10sSS v,
accommodated in a holder by retaining the sheet glass materials at the end faces.

When the sheet glass material is immersed in the chemically strengthening solution, the
lithium ion and the sodium ion in the surface layer of the sheet glass material are replaced with
the sodium ion and the potassium ion which have relatively larger ion radiuses in the chemically
strengthening solution, respectively, thereby strengthening the sheet glass material. The sheet
glass material to which the chemically strengthening treatment is performed is washed. For
example, after washing the sheet glass material using the sulfuric acid, the sheet glass material is
washed using pure water and IPA (isopropyl alcohol).

[0070]

(10) Second Polishing (final polishing) Process

Next, the second polishing 1s performed for the sheet glass material to which the
chemically strengthening treatment and washing are sufficiently performed. For example, stock
removal of the second polishing is about 1 pm. In the second polishing process, for example,

the device used in the grinding process using the fixed abrasive grain and the first polishing
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According to the nodified enbodi nent, the nozzle positioned toward
the outer machining blade is revolved around the sanme axis as the

revol uti on axis,of the oute chi.ni bl ad ile | ant is .y
o ovi QGO THE DB R Usebn ot (5 Beine Besesend ptshimecf iGidie g figt potishing
nmachi negn 20 fcﬂli)vﬁn% eoulté;, thel 14dGe theS séPOhE pRYSIIhY, theBNE®dAnd RMJAN8ize of loose
circunference of the outer machining surface, and stock renoval is

made s@bEsAEAnS i uso diféar, apddardnees eithe resingolisherfatioglifer. of the outer
machi ni ng Suﬁ)f"(‘e%%mgf&ters gﬁ %ﬁﬁ’d @ﬁe?ﬁ’r&cl@g%ﬁﬁ]ggtcohgf‘ﬁﬁ{ gﬁch 0(891*7fi]cle_ size:

uniformty for t er ining surface o | 'am na
EXAMPLEfameter of 0.6 te01gih dor; exanepl)i it stedndbihdilometabsastergthingised i the second
present j.nvention will be further explained with exanples. Note that

t
t he pr&8eMt™%nventions are not limted to the exanpl es expl ai ned

bel ow. [0078]rhé bhhlideauhest othisé Ratepthal MIhdeWaddeadSS A neutral dev&.?;é}ﬁ,t purlhvater, and
i ngredi ents were neasured such that the follow ng conposition of

gl ass WB4 aspusgdiadhe #iashinge ARerwanndeing the second pedishirg eraveséed glass substrate
i ngredif%EﬁE%{SE%B%Li?‘g‘? a nelting vessel, heated, nelted,
ed, and s 0

clarifi Irre finally obtain honbgeneous nolten gl ass
excl udi[®@y1Bbubbl es or non-nelted substances. Bubbles, non-nelted
substances, extracts_of crystal, and refractory substances or

pl ati num f roﬁﬁar%e'i’ﬁa t"%ng vessel were not included in the obtained

nol ten gl ass A magnetic dPék RGhAMGAED 96 ke RNoRingddedtSice Msddor! 8%1a3k Qdbstrate
5 to 23% Al 203, %nt 0 10% Li 20, and 4 to 13% Na20 [0079] (2

Manuf adeturagigtie fliskdwhichmeay be called Splasstsustepte’” heseingfies). s, each of which

s 10 thi : . . . _
ol ten gl ass 108 MAREEE BOE R th blter Bosts Bhe FEAGON sbitadhufleakeaf agherive
i nt o aldet fenfunldedyingildyer, rrohbgreticédyel (hagletidirewgrding layehea protéctive layer, and a

roughness. Ra .of the sheet gl ass erials $.0.01 m The obtained
Shoet SHEEETHaY P dnS Bl s gpe st R e SHEREG] ass mater al s, each

of whi ch hadrar sghile, 5BRREsdRraR iDastedueéd MitdladMm fRStibRbFpdrRis to which
magneti c di sk. Then, a [am nate was pregared by sequentially coating

vi si bl ¥aguugheraping hes hesaineriagmeh sad tipndfe adhesiierdnyer dhrouglethsrpagmiepallayer is
e ) AT
i rradi &0 npguetsirbieitteays methdd gior wkenhele p)CAS 95 appliddefob dtehadhiesles laykr, while
tsgg alr :{aé Stig’aplglri]e%r otrn{hg {1gt¥e?f}grllgnpaygrheAs e?etlt'le %{Jc?vsesdeni%gi 1B{1,a 2 Jrgt%cr:ntlv%efa?f of
C,Hy is deposited based on CVD (Chemical Vapor Deposition) method for example, and then
nitriding treatment introducing Nitrogen on the surface is performed in the same chamber to
obtain a magnetic recording media. After that, PFPF (polyfluoropolyether) is coated on the
protective layer based on Dip-coat method to form the lubricant layer.
[0072]
- Modifications
Next, modified manufacturing method of glass substrate for magnetic disk according to
the first embodiment will be explained below. The modified manufacturing method includes
the different coring process from the one already described. In the modified manufacturing
method, processes other that the coring process may be the same as the corresponding processes
already described. Referring now to Fig. 6, the modified coring method will be explained.
[0073]
Fig. 6 is a view illustrating a modified machining system for machining the laminate 5

in the coring process according to the modified embodiment. As illustrated in Fig. 6, the
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Exenpl ary Lam nate Size of sheet glass mat erial 75 mMm x 75 mm
Nunmber of |am nated sheet glass material s: Bondi ng agent:

visible |ight curing,resi ADEL L oratio

(Regi ikt SHise ey “Relgboy mm R g ﬁhﬁ%ﬁ%&& P, 4, coolan
| ami natpeov;&agmmes[m&adl af Intedfaredlcagihg mddlinef20L amhBaheft 12, the codl8nt providing
illustrated 1n Fig the laminate was fixed on the nounting stand

and madRFsidd- eleﬁrﬁhpmgasra?eércoeag maghing @ may iths sgnatslisadyr dnspmrdn t h

an i ntegr at eqye ofidkiniRGH 106 HeNRhAEA BE oBtcP odRfG et 1f ofE AfChdtice 10 in
vibrating in the upwa 53 rection wth an ultrasonic

gener attlmer m(aﬁlmninlgzs,ysﬁni mccwdmgtq)thetmd@ﬁed Ambadmesitl t Furtenuhercosagtetroviding

05" ) TRiel oo e 1S S T LRGP £ B et 1 G oty

t he outdeife cﬂh@faabmhob loggiee MObEiHbepRt 1 BRAINS W sdiadxi Bﬁthe%%luﬁérﬁélﬂb ©F the
of each annul ar sheet gl ass materi al becanme 20 nmwhile the outer

di amet OptehdBaghinies biade ndenendentlynelc enickelution of ghe igfegatedt ¢psing machine 20.
subse t

vas 2 B g Tl ome ik (iR LTOKE SR BtecBE bs MR BLEE) QrifSmachine
m nut e20as provided fromthe nozzle 17a (see Fig. 2) to the |nner

{nri;glema pa) Sg. 963% of.. tg{heoec %t;) Cgﬂr{g}%?‘l”\a&% t‘{??}? do@?ﬁ@éﬁaﬂl@%l E% the same as

|IIust@lﬁ:é@g,de@crHjeg 4, cool ant was provided to the outer nachining
surface of the coring machine fromtwo nozzles 16a, 16b (see al so
Fig. Ziocﬁﬁi tioned point-symetrical to the revolution axis of the

integrated c 15@53;1 :
provided fr o%r Pﬂg nozz g?r(i%g%%gtd&%t&ﬁe Hgtglﬁgeerdp&ﬁb lﬂl&ﬁgt sur gléléngogor the
t he coldmigateedcimi urﬂe of Mterleadme'ug fysterh iNystrated if Figwo ai peeforined apfollows! ant

rgf]ggn?i {/Zg% lgfr agt @?%’i ego % ﬁb' ned Ves?ﬁtgé):(,‘ gﬁlg?ﬁ%ﬁm%ﬁl&ggd above the

conpon %hmateﬁ]ﬂaéeﬂm%ouﬁﬁ{g@tar@ 3. e I’I\&'th Cth)éfﬂﬁﬁelflt i} ereﬁaﬂﬁI%rthé ﬂdald @evice
t he cyllndrlcal out er ITB.ChI ni.ng surface of the cori n? machi ne fro
t he noZ2iemeged dejunwakheshaluter At thgishaft 42 issarewnd hgOyia ExO0bmnby /%sh@result

i ntegr a&&ﬁte%%wgoﬂ@qham@ib f%%%l%d%@uﬁ&l@%&ﬁ&aimé 8f fhBSndht | dﬁz%ﬁl%oved
of lam nation. The vector (downward conponent) had a downwa

di r ect imtheglirertion fpfdtammtmfméthabmmam%hatw dentv@rd dieedtian)di r ecti on
fromthe nozzle to f.an nt_. o i ntersecti t.h

outer surt acagmapn et BF v ETbe b Bifpbd 4, TRETSRRER PRI Moy o par
| anmi natte. 1s Ladwrdali 0 el X0 #pm.of At herezaig) ﬁl@tcdblaﬂvlpﬂ@\ddm‘gffﬂdsbs Wasat@ched to the
| at er al nggnent of flow rat‘i&?; cool ant on a pl ane orthogonal to

the di F%V YipH Past IHsY plNES gRunduile seaneixdeas thepreypliptongayis of Jbe guer fpaghining
wel | di,pwe i nto the machi ning portion during the machining.

Note that a linear velocity of the outer machining blade of the

cori ng[PR¥Shi ne is determined to be 18 (rﬂsec) (= 69 (m’r) x 1T x 5,000

(rpm / 60 ( arret e.
consi dered tiﬁF rll%le%%?edtcﬁnné hngss ](SZm ?ﬂﬁ quq H%hlb’lt é%flé:ﬁesl'ﬁ)a&lh %gwa‘tvﬁg Oa,
| at er aBov ef theirhyuntihg coat ot ﬂuﬁwg\ﬂ‘&:smsﬂﬁmhgﬂirltﬁé layhihgte Styark of hetifi@grated

| i near velocity of the_ outer i bl ad Met al - bond bl ades t hat
i ncl ud&erBHPEEhine 24y APt ds PEAV &}%Qriﬁo dheanorais Hlbtos, dgro fithe ggolant providing

hoses 15 and the nozzle 17a of the coolant providing hoses 17.
[0076]

According to the modified embodiment, the nozzle positioned toward the outer

machining blade is revolved around the same axis as the revolution axis of the outer machining
blade while coolant is provided to the outer machining surface of the integrated coring machine
20. As a result, sludge is more evenly removed from the circumference of the outer machining

surface, and stock removal is made substantially evener over the entire circumference of the
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were used as the outer dianeter blade and the i nner di aneter bl ade of
the integrated coring machine. The abrasive grit size of the inner

300, [ oW R eHRE suifs, eSratirine g r SuFPhde e RE SRRy i e ovter

pr oces snahimesdrpeestithciminAe. annul arly machi ned outer side surface

and inner_side surface to formchanfer surfaces by use of

el ect r 48®&H- bond bl ades that include abrasive grai ns of dianond. The
abrasive grit SiggppEst he metal -bond bl ade was 800. [0083] (4)

Lam nate Separating and End Pol i shing Next, the |am nate was

i mersed in heteinefteer the8hrst emd0dideyt eaesordief 9b uhy pseseht irvahtimaetill dfe further

th I heet gl as terial s separated fromthe.|l anjnate. At
s orRRmel R cpiiRs NSk fo HRSyRREE ol eGHont & Selimi & edmples
gl ass mmpRidedlbel@ds never observed. Then, minor finishing was

perfornmed for the outer end face and the inner end face of each sheet
gl ass m@¥E&i al by brush polishing using slurry that includes cerium

oxi de as the hq@g ﬁaﬁﬁ%éé{%g%i Agzs Finally, glass substrates for

eval uation r'e obt al ned” After the machining for
coring, sanpMésgltanhingeadisireetreghassredwtar that thp folboveingabmipasitign of glass was

separated.from . am pate wi thout, chanfering. These sanples.are .
et of nAPREICO A B TRBFRFHG EokG AURED 1 Th5t TUTHA- BT SABRpspideq: melting
nat er i akssel, heated, rhélfddnedlarifeddardndf §iared ke fBRAYERAACBSBogdheb@d M8 glass
was prepared for Conparative Exanple. The | am nate was nachi ned for

cor i ng e3EEAng nbbiggeor menrieAlied cubsianess. cBybliat, nurmelied gusiances, cxtracts of
machi ni ﬂ%ﬁﬁ %Jd%ﬁaxn@@hﬂﬁgtaﬂcéglJrﬁjqétin% fr@ﬁ%@%ﬁé#g%éz estsglew%r@%?ﬂfchﬁiled in the

l'ine ofc the outer I'ning surface Trom eac e, but a direction
t o t he obamiedmdfentdlassci r cul ar outer machi ni ng surface from each

amnate | (t RaPPE SR RBRERS o P P S Do da AP ERe IR na 4
" ConpakatizmeNEanpl e P. Further, |am nates were prepared for
Ref er ence Exanpl es.
[0079]
(2) Manufacturing of Laminate
Sheet glass materials, each of which is 1.0 mm thick, were obtained with the float
method in which the molten glass of the above described composition were continuously run into
a bath filled with molten metal including tin. The surface roughness Ra of the sheet glass
materials was 0.01 pm. The obtained sheet glass material was cut to produce sheet glass
materials, each of which had a square shape for a basis of a glass substrate for magnetic disk.
Then, a laminate was prepared by sequentially coating visible light curing resin as bonding agent
evenly on the principal surfaces of the cut sheet glass materials and by laminating the sheet glass
materials. Further, intervened resin was hardened by irradiating visible rays of light while
pressing the both sides of the laminate, thereby preventing the sheet glass materials from being
separated.
Exemplary Laminate
- Size of sheet glass material; 75 mm x 75 mm
- Number of laminated sheet glass materials: 25
- Bonding agent: visible light curing resin (ADELL Corporation, CLEARPRESTO
{Registered trademark) CP4022)
- Thickness of bonding agent in the laminate: 30 um
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machined with different flow directions of coolant in a way that
target positions of cool ant were adjusted between those of Wrking
Exanpl ig@ﬁ@nd Conparative Exanple 1, while the target positions,

wher e nt was hit, were set on a line of intersection of the

out er surfacQ:;)qsf/Iaﬁﬁf@Ct@gﬁ 6f Odraimeicer bl ade and the top surface of each

| am nate. More specifically, angle a (see Fi 5), which was formed
with a line ésntastatetyin Kig. ﬁoilzq laminate ves fixgd g5t Yoe Tapuntimg stand and machined

Chat  pa s o iornde SHESlacIRE Qi %Béﬁﬁt&%ﬁq?%%&r ARk Fhach e ived

pl ur al iat §,000 rpthevlateainatel s hém&tx@ inghe mw/mrdlaaﬂ slomwerc‘sahrm:tlan edthf anouttrasonic

t he | am nat es arated a eet ass ri are
her ei n&FLER0 Eé?@_gglzﬁ’ gtioe é‘r‘i‘bémﬁﬁﬁ'}‘?‘% SX hdm%uar gll‘—?@* Sfash deaterials of 2.5

Exanpl egchds (idné@ndHadete QORGP OHEH diametéaeﬁﬁh@mew@;e@fbtal&d B@Ier@m@bn%lers of the
(degree) respectively. Note that, the provision direction of cool ant

for Werkichgiaueierhladeiandsthe guter dipnter blagle wigre|dstermmed sagh thehPwriangriéameter
Exanpl

ol S b et et lace Aol Bk LR med UBle TR OB LTI 0000 B i
p05| t i @fisr ther magghingnfon cbring aod theserssgadnt @haroferinge Nuteethas ttintlarees of each
the outer.dia & bl de and the top surface of each | am nate.
Lat er al™AFBINE nl?‘? Nl BmE:ooI ant provided, which was a | ateral
compongnsg1gf flow rate of coolant on a pI ane orthogonal to the
direction of | amnation, was 18 nisec constant. [0085] (5) Evaluation
of Uni f or m t PUaAg thg maghining, coolamsof  ¢disryner mpsute s Proyidessiromithe neazie 17a
of eac f I d :
Bxaml S50 il Poprate Sf BeEhinkRIRAREL LY thercbPR onenfll CEIBURTOOL, Roeisgered
t he outtnadernalﬂck CrT HSe(HEEMNA Qoheltidn vers wskd esindaamenc Asikustratodds tﬁlgdﬂc coolant

Then, the ma red yal.ues er m ned e unifor

ana 1 o SPRHeR L SR et SR o B rl gt i Bl B 2les foa, 160
cir currf(%emﬁmgf %okﬂnagecEpaiﬁplsﬁn&leﬁdtdl fe0 FRafeRbiuvibn XA B ]mte'gﬁated conng
measured, were O ftmand 6.0 pmrespectivel is appreciated

the skitachie; nCpﬂlénta(PfE 29 hisgpehminyte S (preided éﬂliﬂftb? BPEAJCHE 04 ab é@ﬂz@router
ci rCU”fn?Jcﬁﬁﬁf‘g[ dSfab t‘ﬁg%gnﬁ%ﬁ‘l‘%hlfl@e iR g@&l 9a1 he(‘fﬁfv*]&ge&%n%&‘%’élgﬂt%s a
cool ant such that the flowdirection o 00 or t he outer

machi n dngctmmrdfaic@d% (comtaned ‘hf@tqr) that mmlvmechthdltmnu wetonf(laterdlanggnbent) and
vect or an he C al. out.er ning surface from

each nd¥Zlg &gt @%an\% eW IE%?V{ECPQ ﬁ © WineRnty Ve&Fae(Eatt?r% pqngﬂli N5S; Bheegfial to

the | ammajllﬁldnaﬁldoﬁtbxatnabmﬁir@ sufice AT thé cbHfg hapRR! i Cthemokzsle 16 and was
substantially consistent with the direction of revolution of th
i nt egr SORISIEE Wiy RYOhIpg dirsglioa qfi{he integated seting magkine eAwon; acplﬁgc rikogonal

excel | eMiHeVirkcRorPO? ERina0h K PHe FXAW h@YvPrward componfce}m;lﬁ méwn\gﬁggﬁ%gl? of

outer circunference of Reference Exa es 1 were 2
ft m andemsin2tignn rldepbové v@nlymed‘h@:tmhaﬂardtr&c;aoxmfrometﬂlememg tcEx tamgtrg pbint on a

ool antit PhinEesibn BB25E ShlaCoLloe S Gitariet BR® ant D SRt ot e

of coollanihatdr a‘watel'zﬂltvelothﬁ of tHeafoolRAE PioRideg, Whichaes a later@RYMPEh&HE ioRBow rate
Ref er en was substantially the sane as that in

Nt aCF GPTRG BRI ESRERIY 1D b eGiEnol HEmEOT NS IS s In this way,
di rect ggorht Mr@elp@lﬁﬁrﬁ‘%tosthéj a@finin %o?tﬁ{nh N&hinih§086] (6) QO her

Exanpl es unl orm t ner circulif erence of
twenty-five Yloksshas ubbneant edocdtyt o thedouthr mﬁghlnmgeblaﬂ@\né tha )cotiog (1Bychine is

Proces eRmifiRa TR 1 thusbd) 2280 WRFY 5% WHH Bhmf ! 36 Ceiilid. 2% (mm) s

diameter in the calculation was considered to include the thickness (2 mm) of the blade. That is,

the lateral velocity of coolant flow was substantially identical to the linear velocity of the outer
machining blade.

Metal-bond blades that includes abrasive grains of diamond (Grain binder: Cast iron)
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on the inner end face of the glass substrate by use of a |aser
m croscope. The gl ass substrate obtained through the above (1) to (5)

i | led "VOrki le 2" .. . The. uniformity of fhe.
Pnner St RFE R HECoRF bR PRI eoinger, agmet AR oI teefied OB

maxi mumhacainge Qhe tabrRive-drit\stzegdfahs iGned ianadtashladd8ae 6081 Whik® tiak € ke outer
on the jnner agéd the outer end faces of Wrking Exanple 2, as

obser vépsfeiRladestvas Y. | aser microscope. As described, it is
appreci[g@@q by the skilled in the art that glass substrates of

targeted 20 pmor less in uniformty of the inner and the outer

ci r cunf er encddienithenvathizing foracingathe chbnfzring preeetsywasayerivimed for the annularly
manuf act urin t hod accerding to the, present, eghodi rent. [ 0087

Fur t horadhindd e 3ac2E00E A8 et Ml iRER onlRRpeligker uelBCd] by use of
i |1 ust repicBcdanbbhd blades Wart ich@e Bbeaspleeordinva@s digibut aC THE @blravive it WRe of the
nozzles revolving in the sanme direction as the revolving direction of
the i ntiilhosd bdasieiwas 898chi ne. The revol ution of the nozzles was 10
rpm U @@ggljm'ty of the outer circunference of Wrking Exanple 3, as
measured, was 1.5 gm (the nmaxi mum of twenty-five sheet glass

mat eri al s). Thdtanigate Skaparatigd avdnind/Pa@ishinge out er circunference of

Wor ki ng Exa e s.proven.to be.further i|napro in c arJ so
wth thar of Nk R TRARHRS mherfh bk Viier ABIEYS Rt ReCCTRB G tat cach
Met hod of fthdChlfigarSihbat glagsambtafialMrgnedpacatdd fkmawe 0difina@. t Attthie Ofhormal

Enbodi nent manuf act uri ng nmet hod of gl ass substrate for )
magnet SR %fkthaéeﬁﬁﬁﬁrfg qagh eppldetisagelasmmateRahwanneyer posexes- ai ey, mirror

her ei ngf{@ind Wis g}fé‘?ﬁ)ﬂﬂ@& ﬁﬁf‘fiﬁ;@g{nﬁw&ﬁ i Qe ﬁﬁlepénaﬁfag@o%agﬁ t BRYs Beterial

4
exchanged. 089] _ e manufacturing nethod according™to the
pr esenbydmirbdiohsiring uging skormythatgnéndesessunfox8heastthdd oass ativhties gminsandinally,

Lappi ng, P 2)..Lam nate.Preparation Process, may be the
same aglatsﬁgucogfrgfﬁ ?Ogr%ﬁléla%tﬁ%%‘fv?regﬁi’gmbﬁ%tted for the sake of brevity.
[ 0090] [(@®4]Lam nate | mrersion Process The | am nate i nmersion

process is a process far, i rsing the lamnate_in coolant. Referring
now to Fig. PUef i PasiipRedor forisisanplss riheet ghessanpendlpeyyere partially

bel ow. sEfafated frSmatnel BMhihhtb USithadd @Ealﬁﬂﬁn%.am"[@l@@ee shiPRE SiRMBLRGRSS called
according to the present enbodinment As ilTustrated 1n Fig. 7, an

i nmi er §] _ki\nsﬁs@mplﬁol”l@"tl‘lwmwrwh@dﬁ_gtﬂ@@mtwiam so that the laninate 5
s suf fi ci ent L mpr sog,, The MRUDCLAGS! Andy 0. QLooMDUL LRI NG paratve

| am nate 5 i s l1ocat on theé b € 1T nNmersion S€
t he | aifxmabpk. i Mielshnatepraaaschimddor coritg duch thae thHer e dire@idaadicosiaht for the

the |am Ig?aat eac iI‘iliI$l rg%u att:ee%va(gnnottha:a driz‘%gt?otni ?f% glgt?a?dt 386 tarT d nitisl E_her %ft c° t

i mer s @4t g g g 0 angential line of the outer
machining surface from each nozzle, but a direction to the center of the circular outer machining
surface from each nozzle, from a view consistent with a direction of lamination of the laminate
(that is, from a plan view). Then, the plurality of the annular sheet glass materials were
separated from the laminate. The separated annular sheet glass materials are hereinafter called
“Comparative Example 17,

Further, laminates were prepared for Reference Examples. These laminates were
machined with different flow directions of coolant in a way that target positions of coolant were
adjusted between those of Working Example 1 and Comparative Example 1, while the target
positions, where coolant was hit, were set on a line of intersection of the outer surface of the
outer diameter blade and the top surface of each laminate. More specifically, angle « (see Fig.

5), which was formed with a line connecting the nozzle exit and a point on the circumference of

the outer machining surface and a tangential line of that point, were adjusted to be 15, 30, and 60
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cool ant 42. Cool ant 42 is preferable to be nmaterial that does
not di ssol ve the bondi ng agent of the |am nate because cool ant

Cort gt STRETLE AP bbb PRPERL BB 9 0t B e

Et hanollaninaes. fame escpafated. atﬁﬁhﬁraﬂﬁeeﬂ%la’mwnhenalﬁ Odre ehé@éiﬁ;lif&r &atiei g@fbrence
Regi st er ed. t rademark) 7 00 Here, an inlet 44 an

(()ut Dot Exgmgics 1 pg&lgﬁééd .Q% fg’f?‘é‘c‘? hﬁwgﬂ%ﬂ. %é%%él coIpeSPIEs tp ihggboyg o of 15, 30,
provi degad téte (1eprEd)Siedpecrease! otk ‘fl‘l&ftht}feoﬁhﬁf%of%treamﬁl %Ftdogfantd'@br Worcliqng

dr ai ns cool ant 42 fromthe i rmersi on vessel ) [ter
a punp Bxemakeel pr“d\} treligb®twibkerthatfer Comparadee Emjnltlhé lb‘L‘LiQ”et 44, The

process.  The Ritnc Bothe; e ARl EHAS "ol RbRble CREMETT st Ehi gend

process. The punp 50 Taises coo! drali

t he i niReferddbe Edaenpilasl de tdiget pdsitions Merd&t oﬁladmbfﬁﬁmta{saitloﬂ‘bf alidaouter surface of
|nterconnecte vvlthrt() es 52 as il]ustrated in Fig. 7. %y
Cool antheouter Siamster plad anf dhe i wirtage of sachglaminate. o»lraéeéal t%octl eof the coolant

| mer 5?9&1%%5 slicl@a¥ haafehe cBﬁthﬁént 3 1RUArdD S BOSTRn3f 2 Ttprh%te drﬁ‘logorgl[l to the

cool ant 42 i s circul ated. cool ant 42 circul at ed, IS posSI

to pr e\derﬁttl@lQfd@felr@h@@lmdgdwwcr@mhat | at er- descri bed cor i ng process
from S:[Wffﬁ]g i nside of the imersion vessel 40. Not e t hat

cool an may be preferably circulated in the present enbodi nent;
however, the(jgrmamhohﬂfle*ntfbmntymw (bﬁclappl ied for a systemin which

coolant is nqt ci rcuI 3] (4 ng Process . (Machi ni ng

Process) For AWE‘E)tVl V§ g?eGLég%s @gt{izlﬁ)lﬁ gy g ‘i‘h‘?gﬁ i gmplge Comparative

| am nateg appfed %H@Qeﬂr&&e%pﬁhﬁbiél hﬁlYOﬁlty%ﬁ& ogﬂeﬁﬁ§cdﬁfeﬁernb@|a§ld%nb§1%8{y of
4

an integrated coring machine (drill) to produce an annular |am nate
of sheéie guigs sirmamésrenaesang the anel amemisrnge fwrreradeasRefler Thfmg thewnaxgmum

9, SRS PLORESTRIPAY AL UL AEORP 3R AESORARRRAY ok B Frample

presen odi nen e expl al ned. a Vi ew | USt ra
machi nilingfosyiity eftiicosutamcidum fagntdef WaorkingtExampiél ahd ICS)mpﬁlmfvﬁEEkahfple 1, as

the i mersion vessel 40 filled vmthcolant 42 in the cor proce
aCoor AMGSTEHES QLG MbTHERECRETE. { it SR Bl edap dhigar from

nachi neniy st itiat RS AR BOHRRES THrcRA b fte @Qn’ﬁ&%o@&?aﬁr%@ﬁ'ﬁachmmg for coring
enbodi ment may be the sane as illustrated in 94] As

i || ust prreevidingmoglangsuchtibatrthe Biowi ﬁgeﬁyspéﬁo@lé@tofpd ihegouter mbchipng senface is,
orood: g pHIRLEN 8 S5 555y UaLinhfie ARy DRAR! BBEPGhnin
machi neuZgte fidme em&h mozim/frcm dldeprownsidest with Iadhreoﬁort belatite@haifehe laminate,
cor 905 ltt]at tﬁe2 1rect10n o% lcl)flz ?Ql'ttgént vector is substantially consistent with the direction of
revolution of the integrated coring machine. Note that the measured concentricity was
excellently 1.5 um for Working Example 1.
Uniformity of the outer circumference of Reference Examples 1, 2 and 3 were 2.0 um,
3.3 pm and 5.2 pm respectively. The uniformity of Reference Example 1 was substantially the
same as that of Working Example 1, because coolant flow from the nozzle had a certain diameter,
and that amount of coolant drawn into the outer machining surface in manufacturing Reference
Example 1 was substantially the same as that in manufacturing Working Example 1 even when
the coolant flow was directed to more central side of the coring machine.
[0086]
(6) Other Examples

Further, uniformity of the inner circumference of twenty-five glass substrates obtained

through the above (1) to (5) processes was measured. It was observed whether cracks existed
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The integrated coring machi ne 20 has substantially a cylindri cal

shape as a whole. The integrated coring nmachine 20 is supported by

the shaft stAai.nl i i i i ffness+fap

oot O S lecS b L ' LTRSS kS g
whi | e robvadhad thgpugh thet dbooev(l )ax (H.prddeeses lisaddled ZWoskidg iExampley2”a spi ndl e
notor (now shown) . in the main device, 10 with its revol utjon .
control | ed af A8 UgempisHof G amer Figgeference of Worldag &rampleiwan 3tiie which is

i Nt egr ahEfhagRiin fgamE%h 'mg&%tg@ifg SR NRMheL Cafhdfe RRA id AEKE o iMAdrAnd the

the revolution of the sha on its own axis, the integrated coring

machi n@uxy 4nd fages ef oVerkiny ExeopleeXotsy ebserved by gise radvibe deseprmicroscope.  As
substant]ally -w_t t. ctuati.gn. of it nter. -Thu [ si bl

o naoRersaioghihlPitcistcd KL ME WRa B ikl RIS by ot lopecloPE otores
mat er i ah snifdridityt dfethe et atbthe ot R dumferericss aithoutpag stdekard obtamabld by way
damage qf the glass surface of the |lamnate 5 in an initial stage of
machi niogﬁhqTﬂal'\‘)d%?c@ﬂpligrf@e‘ihﬁgé‘@“roé@l%tQ:%‘FiPﬁeje‘h%ﬁ’E‘?‘hoﬁén%- begi ns to contact
the gl agggsurface of the lam nate 5. [0096] As illustrated in
Fig. 8 the integrated coring machine 20 is positioned above the

| ani nat e 5 pFuded, adamingigumed prgparediter 3Gorking Bxathple,3”al Wsdllysiratesiin Fig. 6,

shown, . I n he eferabl y_equi pped W th .
<t opper VR S ot IEa ARUPHER FAT el nBRR Py it Brecton as he
mount i meycdwing divectivh dffiee Moagrdted coriiganachdte. d Thiergvdhittonnefahic ﬂd}ﬁg?is was 10 rpm.
The machi.pi ng system accordipg to the present enhodinent is able to
move ugﬂaﬁ&nﬂm% T PHeer EEITystaree ﬁéﬁ?’%ﬁ%ﬁ(&@%&r@w&\&a)&? WS EEdal pohs KiRethe
i nt egr ¢l RemGAr bPAwWEENHRS s%@etafgﬂﬁ heatehial) 12ndtOis, Nthe IhMFdrhityOUL tHE outer
and down. [0097] Here, the integrated coring nmachine 20 is

concentchraafargnce gl WpdkdngvExtmple owes praieartetber fubherdismoedofn ¢camppeison with

di anet o jamet er bl ade 20b of snmall dianmeter (see Fig.
3). %at%?%o?{?ﬁg?%}%@gg% Ti'l ustrated in Fig. 8, a hollow 30a for

recei vii@@pdihe outer di aneter blade 20a and a hol |l ow 30b for receiving

the inner dia r bl ade 2 ar e med_in the nting stand 30, The
hol | ows 30a, - %bﬁ%@amgﬁw 91” %ﬁ?%%ultsa‘atﬁr 05 drlpeneie Bk oodiging t© the
20b of skthend phegtimksd coring nmachine 20 fromcolliding with the

mounting surface of the nounti nfg stand 30. [0098] As

il lustrated Pnmppyfactgring methadagh glags qubsteaieifppaagietisidik adcotding tothksaeond
provi di 4 : i I L.IJ o t

Phe. cosaattafe by te SR, ihlimelil £P chlh BRBELE CRBle ot bk ofRag process
t he comaydermaclmngedwi th machi ning fluid. The inner machining surface

of the ing machine is a surface of the inner dianeter blade 20b

t hat c&@(ge?its the lamnate 5. Note that, with the present nethod,

because the [{heeiAuE—nGHE HEhSRERLAENZ BEHrd&R ehIUNANe (P) Forming Process

of Sheet Glass Material and Lapping Process, and (2) Laminate Preparation Process, may be the
same as the first embodiment, and omitted for the sake of brevity.
[0090]

(3) Laminate Immersion Process

The laminate immersion process is a process for immersing the laminate in coolant.
Referring now to Fig. 7, the laminate immersion process will be explained below. FIG. 7 is a
view illustrating the laminate immersion process according to the present embodiment. As
illustrated in Fig. 7, an immersion vessel 40 is filled with coolant 42 so that the laminate 5 is
sufficiently immersed. The mounting stand 30 for mounting the laminate 5 is located on the
bottom of the immersion vessel 40. In the laminate immersion process according to the present

embodiment, the laminate 5 is mounted on the mounting stand 30, and is therefore immersed in
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are sufficiently inmrersed in cool ant duri ng the machi ni ng, cool ant

may be provided to the inner machining surface to a certain extent

wi t hout, any; addi tional "equi pnent. Thus, cool ant provision fromthe

cool ant” providing tube 17 may not be indispensable. [ 0099] In
the coring pookms424cpretirage to bt neatqaiab siean doesrhetdismive, thebohding ﬁgerft@lf the
the lagpinate 5 is perforned as _f f .t he machi

i |1 ust ATEE RFCRSy. Cogfant contacts g}e"@m%?c{ rPlatY Y deRe PeTio 9@099&11% HE iy e
i nt egr 3L6-GAHIOLH¥RGEE ARt AR Nides Ipm%ﬁ gl?@élV& Ethﬁqdlﬁﬂ‘n@afo? eﬁwﬁgﬁc €toolant
on a nounting stand 30. Next, th 2 is revol ved mai n

devi ce 420%3@%@1@%@@1@6\CHﬁMIGQQbI(E@glﬁnfedﬁraﬂﬁéargh§f198§2 [ s ar ound

1, 500 i 8og4q- 000 rpm As a result, the integrated coring machine 20 is
revol ved a ound t he center axis of the shaft 12, while noved in the

di recti on of Heasyiandhleodd ahd hheuﬂetmmat:@rdauﬂémmtthé $mm@esivinvedseel 40. The inlet

own. uoOYiReS DR mmersion YA BUESOSR 42308 e PR HAOGHAL PR P the

30. Duiinf@rdibievesmahioni ng for the | am nate 5 by use of the integrated
coring machi ne 20, preferably, coolant 42 is provided fromthe inlet

44 to the | miefilierotf ordsaaumpS0 arsi previded bafveen zhe mlgr%/muiednefwdm #he The
nozzl e f S inner
sur f acg&%: 4tg hreeHEg'enﬁcglgl? gé]% &q']}glgds q'é]lllqﬁg%%% %Z%rljdan%ri)%e? WG pdl()?ees’%t H]gnp 50

t he i nnasesn@oluinnhitd drasnedf fame thoodtlve 46, elie inbt AN The Sletf4sC the p'ﬁhqj‘ISO, and the
during.the, cori rocess to the nat e, t properly works for
di schary&t %ﬁ‘fcarg Ilrﬂgtﬁg %thS‘HT PIRE? %JfastnhBStWéWﬁioﬁ?portl on, even when

t he i npggozand the outer rrachl ni ng bl ades proceeds inside of the

| am nate asS the nachini roceeds. This allows J)r eventing uniformt g .
of the out er Canlent A& drai eradhe eutley 46 iy azaieproyidedie theammersionfvessel 40 via
b t

sg:aEg d\fﬂ:r ﬁer %géngl]}bepu n_g (?I’(])f #}H}‘h g‘.r gﬁcgl?lgglg i§ %ﬁ!:l@ﬁtted OV&R% c%'d a}glﬁ ﬁﬁ %ﬂ'&dlgted it is

surfac @ostuble tgprehent shelge pradgcédoduringehé haralet@ibed hynn@ﬁrooésstﬂ‘tﬁn staylng inside
i nt egraﬁ‘tﬁld .COri ng. rac i pe 20, the machining process may be preferably
per f or elﬁ”ﬁﬁ% S?ﬁsgvdbng way. That is, the integrated coring

machi ne 20 i SoMhatcddPar®Ve ryayt wrpfefe}ﬂmy bhre04ted afltePresRft SBEHiIREntZRowever,
descends by a certain anobunt. The purpose of this i's to effectlvely

i nt r od desPrEYEntNYANtIINANDE ApRlisd T systeRT ini Wejck ardlensdsnetsievlated] ar |y,

i nner g@%ﬂm ng surface). After noved up, the integrated coring

machi n is again noved down to proceed nmachi ning. Further, in

order to |rrp(‘@\iéamgdhomsmg\deélﬁnmg@r@pss)the i nt egrated COI‘I ng machi ne

20 may be preferably vibrated mn ln the .u ward

di rection wi ChAMEHPEFES hi (Pr?fg?ﬁe H’fh‘ ateda %t%gh a pqurallty of
machi nhget feddss tgtetidgitiause of aﬁoﬁlte%i@ém'c&mé ERHRRCHMrP th r'iﬁ‘oduce an annular
ultrasonic vibration my be 20 kHz, whil e anplitude of the ultrasonic

vi br at 1awinat\PT skech glasaatsrials witthar inperilippg formed.  Refeprang novetogiiges, the coring
di anet ?@@a

cori ng?)fracgi e i aga}gig dslgﬁ%dctB gﬁ%%feéjl %E@g%%?tbénﬁ%%dﬁ "}qhvm ﬁ%@gﬁ e? ur Fe’?S 'S
expl ai aede\bélhmtwatmg a mac‘ﬁhﬂng)aysdmn dmamed:l'ﬂmnglthdtanﬂﬁae dnethichés immersed in the
di anet er bl ade 20b nt egr at ed, cori machi ne 20 are ot

't e EtsRiEE e, 3 Al i et 4 o ol ot PG 0 B 'second
di amondmabdinghai Nétk nmrth@int@%&ea Qofhg GRshink &Y fﬂhe%&ﬁﬂ@gﬁ)ceaﬁh&commg to
bl ades 20a, 20b brr(gﬁ be resin-bond bl ades including resin-based grain

bi nder §h° WELeRt embeilimeniamay beites spme pgHlusaatgd #5E. 3er ani cs- based

bi nder l el ectrocoat - bond bl ades utilizing el ectroplating.

Thi ckn ss f the top of the outer dianeter blade 20a and the inner

di anet er bl ade iH0%rates] ar bignd, thd matBining sys@hD3¢cording to the present embodiment

includes a main device 10, a shaft 12, and an integrated coring machine 20. The main device
10 drives the integrated coring machine 20. The main device 10 provides inside of the

integrated coring machine 20 with coolant.
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It is preferable that the abrasive grit size of the inner dianeter
bl ade 20b is substantially the sane as or greater than that of t he

out er di amet era

o ai ve et g AyBGcR Qfink bnakfin Y8 Rl SREAL L AN St3hadeS ayigle. he
t hat oﬁntbgatedwoﬁmdhzauhﬁieao Bl sagportdicby theahaft 92 thik @futéisleyemgfeBian®itAthigh
thelnne%frl rrete Iadlﬁ]é(a)(g%;e su stantlallrtythe sane as or finer
than t REHNEP Terfxa pericahphadiel 28 gupport by tha maimgevies LG while revolving
abr asi g ififdvin glise Phe (@ m@%véh By sﬁfndlpé RABfor 408w sBo LAY Rth @vice 10
follows; that is, the lower limt of the range i's deterrined based on

r equi rew’ém%reff@inthmwrﬁmﬂedyt@fiesmélfmehss substrate for magnetic disk,
whi | e i&eg pper limt of the range is determ ned based on

requi renents for machining process tinme (tact time for nachining).

For exanpl e, Tha shrrfdm atidthaditegutedtceing ngiohivie 20 Guc@icenttiBalfyosoxitionedfand with
to make surface roughness of the |am nate

pm or |ess, ec
5 at a %W%uﬁov 8@@16 S?lafsfalérﬂnel\tﬁeowmaiﬂsdhp FIHPW‘PQ CPﬁng Aachise i2H gs theretore able
processge rexhﬁfe%ﬂﬁﬁiﬁhere%luﬁgﬂ %Hs&nﬁﬁllﬁﬁﬁoﬁtfﬁ%!ﬁaﬁ & conf®! | efusf @ gﬁ&@lble

inner end face in | at er chant er’i ng process, ere y preventin
crack fe parkioe withimgh agaurachitise areglar deminhis Sabfrshmt\g@sg mattersilszeltbthetmeer hole

From t R8T, 4530 p P Bt T ol el PR il i X bl W g

abr asi ¢rggof ashinmgdh vihieh thenetegidicdroatiag nixkchide ZB%glﬁ’ﬁBYO bentqut efecgladlsyirface
800 or @Si {0104 On the other hand, a range of the abrasive
grit siEedfminge Juter di aneter bl ade 20a may be coarser than that of
the i npgyoegli amet er bl ade 20b. In order to achieve the target
concentricity (5 pmor less) of the inner and outer circunferences

for the gl aséxSsllﬂbstratesi én flog. Batheetrtegratied keoring emadivines 20 ds grqsmoscd:ebove the

the ou f 0_or great

not hey e TG S A A 3F 306t T Yottt sBLRE it poling end
(that 38 mdydﬁzgﬁefeﬁabﬂsﬁeqﬂ‘iﬁfedﬁmﬂl 'l Etomverhu&h thge) the Wmiakte TSQB}HL' hét théwve laterally on
i ncreased resistance in machinin I n thls reg rds, the abrasive grit

si ze of MOpRtiggswTacsof the mpugingstan Fraipsae iWRgD| y 600 or |ess

such that thehi RedcBRHeH sytsh Seadam 'tB tﬁ@‘i}?és@htngng&ﬁx%eﬂpfs Ao 'th%% WNand
proper machi ning. [010%] i ntegrated coring machine

20 accdpwnth o serve mpcharism (eﬁw@mmhwh hléowa%eaﬂtegmedu eomieg nodchinst ) and

bl ade ?‘ggb] r d downward in conparison with

that o %ﬁa&g;ﬂ%@éﬁﬁ@wgﬁggﬁeﬁ%g This allows a machining axis to
be st apt@®7duri ng the machi ni ng because the outer circunference is

machi ned a || earlier than the inner CJrcunfere els

As descr i bedk'é?ff’ovt S inirefaied SRR Y lac&fa}camﬁga eﬂwep%f éegflman outer
embodi ARMteterttific 2@5‘0@ #rBe BiabriRtdTRGH LA BthePBiahRtdr MRIEDSH off Smbil Giameter (see Fig.
i mrersion vessel 40 filled with coolant 42. Thus, coolant 42 is

evenl y3br ovi ded between the outer machining surface and the outer

machi ni ng bl ggﬁ?éo%ellléﬁ{ﬁecf oMLl 8 ﬂ]&iﬂ)g\??(')asfo?\fgc%hx 5% ﬁ‘l@%\ﬁ?eq dlé’n?#ert b}]ade 20a

ci rcunf erenc mac i rfl ng sur
made suabdhhollowal30y feweccioingthd mﬂeredlhmeier bliad € 20H aeéﬁm&daﬁ tlﬁehmoﬂmth@stand 30.

T 2B e e b St b6 e o e gt
met hod c@{@@ﬁld&mge bY@ AbRECILARE WithQH@%hm%{E surﬂE@Sﬁﬁé %uhﬂﬁ%stﬁf?& kow the

cori ng rocess: nanely Chanfering Process; End Polishing Process;
Lani naf@%gparating Process; Ginding Process using Fixed Abrasive

Grain; First {Ap%ﬁs {ed9n &P 'Snﬁ{epsﬁhﬁﬁﬂé; %@1 C]%;Pegl {yﬁ{? }1 %’c’?%ﬁﬁ ;grl-oviding tube 17.

Chem cal |y Strengthening Process | ng
pol i shidngyzzRy 0T« Sehichmiy pdsitidred ﬁahet@Soﬂ the m@fmegﬂﬂftﬂnglglmrm%@\&&es inner

h
]9 ng: Lg%g@lrgglggs%c {;%9{' t@g c\émTl%g@Fgf IneI }W{n%?gé HE i%t ’ T%Q ?nn%; emaglg?n}ntgesﬂrface of

the coring machine is a surface of the inner diameter blade 20b that contacts the laminate 5.

Note that, with the present method, because the integrated coring machine 20 and the laminate 5
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Herei nafter, the second enbodi ment according to the present invention
wi |l be explained with exarrpl es. Note that the present inventions are

not limte he exanpl es l.ai.ned bel ow., 9 I\/anuf rin

of o plnguly S8 R Tl e SoncBiined ep s L aLEF BVERERS M
the folhRNnig RIFRQSHS |a0'@e1@efm9é)@éﬁ WaBoRbh} raegimoaﬂd C?Ihﬁnélﬂgr eldiuenbsolam
were m xed. e mxed ingredients were cast into a ting vessel,

heat ed Profésiofromdhe £pqlariprovdiag seher 7amay sotrberiadipgensaiai n honogeneous
m)lten[ %ss excl udi ng bubbl es or non-nelted substances. Bubbles,

non- nel't ed”subst ances, extracts of crystal, and refractory substances
or platinum ix ﬁmdoﬁagmae‘smg:cvﬂﬁ@to ﬂ:etpeesmattembtﬂimet&ﬁmiachimhg fobthailaethate
nol t en _gl ass. Pri.nci si.tion, of ass 75% Si 02,

5t o' 230 AiStmed s follomi 4Bg R mive B Tred ifie £2)

Manuf act uri ngiref akamiskated in Fig. 8, Sﬁee&e o488 SoNRE BfdcRing 209%C1*6c£%Ed Whb¥the
Is 1 0 mmthick, were obtalne§ thefloat nmet hod in which the

nol t en lagpigats Sqil a‘tqﬁléma?o@?eﬂtl%s‘éﬁﬁdﬁ@d MNswpdks thabrl 2vterefob@dtwhﬂ@dhemlrrdmlce
into a 1@ ql %a(/éc# Ji&gn wi ?llﬂe 1%%1}13&1 prhglshﬁ??(ﬁ &@Argg%it 10?00 EBh GO0 B € As da result,
€ess 0 was . m e o0

roughn the sheet ass materia ai ne
sheet ¢haisegrmtdcaralg maﬂnrmﬁo ﬂsme\pﬂwmﬂmeumhthet:elgbm ofthe shat &2, vddlehmoved

mmgnot Pt e ot R B aelodind®s Bl Aol TR AR U conti ng

vi si bl eolo O?ht curing resin as bondi ng agent evenly on the principal
surfaces of the cut sheet glass materials and by | am nating the sheet
gl ass mat er i Ahg integrater oring amachinerilhisraayed dawen Hatildérraghesyto the hollows 30a,

i rradi ghy, Bgfh\éll‘é(hﬂlltlﬁg B4 307 b'uﬁné t%ﬂhaﬁ%@flg ﬁﬁ‘ tﬂfglamlt?atg 9%? u§% g?fhe%te%rated

the | am nate ere preventing-t ass materia rom be
separ at:mdug fBachnpt aﬁ,yprbﬁmhhﬁtceolaﬁi ¢2e1squosﬂde®frogi ths snlnted4eta the imitersion xessel

72 T 30N e €7 I8b SR BRSPS A et SO BT

(Regi stgfeethdchingdirkare OGP Aiminate 5. This allows coolant flow to direct from the inner
machining surface to the outer machining surface. Then, during the coring process to the
laminate, coolant properly works for discharge of sludge and cooling of the machining portion,
even when the inner and the outer machining blades proceeds inside of the laminate as the
machining proceeds. This allows preventing uniformity of the outer and the inner machining
surfaces of the laminate from being worse.
[0101]

In order for coolant to be sufficiently soaked into the outer machining surface and the
inner machining surface during the machining for the laminate 5 by use of the integrated coring
machine 20, the machining process may be preferably performed in the following way. That is,
the integrated coring machine 20 is moved up every time the integrated coring machine 20
descends by a certain amount. The purpose of this is to effectively introduce or draw coolant
into the machining surfaces (particularly, inner machining surface). After moved up, the
integrated coring machine 20 is again moved down to proceed machining. Further, in order to
improve machining efficiency, the integrated coring machine 20 may be preferably vibrated
minutely in the upward and downward direction with an ultrasonic generator (not shown) during
the machining for the laminate 5. For example, frequency of the ultrasonic vibration may be 20
kHz, while amplitude of the ultrasonic vibration may be around 5 to 7 pm.

[0102]
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Thi ckness of bonding agent in the lamnate: 30 pin [0111] (3)
Lam nate | nmersion Process As illustrated in Fig. 7, the

| am nate was_imersed in a imersion vessel filled with coolant.

CHEM COOL ( REgresitls edter diametaibladeCOrgwd themmer diamster hlade 30bapikthggaigerated
as cool

ot ot caep PR P2 afordfgld P prRgf e SABERARE AR By,

[ 0112] ( 4) I\/ﬁ"helfoater tiramr:@erdﬂade&?rﬁamatiehe inner diadster blads 20 ioé thel intelgiraged &yring

the | anmi nate t mountin chined (drijl

for comigine Al riifor Al o Rrrbp oD e d e RS olRaes S g emond
nmachi n@nd @yeh befdeAbs 5rc@@@ of RSt Wnl Br Bkaipie! YTHE Blagéd PGh, i20b ey H@Y@fndbond
and downward direction with an ultrasoni c generator (20 kHz, 5 to

p. m ambladesipeludingsreginrbased gralnatnwlwamtgﬁé@bogd blgdesrinelading zasey cezalslcs-based

' nches bﬁ]cfg{:ée%r i AELRE bo an O‘%{iz?ﬁ% ?f[ %l%n . nug@ﬂueéé’ecyfethg %ﬁggﬁgzoouter

e frachining, coO0 per rovid
the | nrdmmemdﬂadmfﬁﬁ)g aﬂdlt}feainaemﬁaméte:lﬂamZmatlearo\ibﬂalteH)Olmjnbl ades t hat
i ncl udié 0ﬂrasi ve grains of dianmond (Grain binder: Cast iron) were
used af’t outer dianmeter blade and the inner dianeter blade of the

i ntegrated carik ﬁﬂzféiﬁslaltm thelAiRagiiay @ﬁl N2 E'thé irskeZ & apbtet BRAE ROS LS substantially
di amet er bl ade was 600, while that of the outer dianeter bl ade was

300. THhseAtesss coferesieriharnt off the oplendiemgtes biader0a. [ isi@fen more prefyablerthat
the ”a?ﬁH %rgsgvé it §2& bf‘ %ﬁ& rél%ﬂkt@@ﬁﬁdg\@ﬁb qé(glfaegfé} ftl;l& dftt?g ou eﬁ diameter

| mer si on vesse and t erin rocess or ne
annul ablager®ahi Tﬁhai 1suﬂxerab$asdxe: ganﬂsarfethamnhar rmzeneten' bllades 00% acesubstahtalby the

chant or R A%E% M58 00, LG8\ focot o b ades (hat include

bl ade was 80@. rdn@dd IA] thé Abrdsp fat SzSPaRThRE ddiflet&NBaf® 206 Nk Midtermined as
follows; that is, the lower limit of the range is determined based on requirements for uniformity
of the glass substrate for magnetic disk, while the upper limit of the range is determined based on
requirements for machining process time (tact time for machining). For example, in order to
achieve the highly accurate uniformity of 2 pm or less, it is necessary to make surface roughness
of the laminate 5 at a certain level to achieve that uniformity in the coring process. The purpose
of this is to make stock removal smaller for the inner end face in the later chamfering process,
thereby preventing a crack from occurring. In this regard, the abrasive grit size of the inner
diameter blade 20b may be preferably 150 or greater. Further, from the aspect for obtaining
acceptable machining process time, the abrasive grit size of the inner diameter blade 20b may be
preferably 800 or less.
[0104]

On the other hand, a range of the abrasive grit size of the outer diameter blade 20a may
be coarser than that of the inner diameter blade 20b. In order to achieve the target concentricity
(5 pm or less) of the inner and outer circumferences for the glass substrate for magnetic disk, the
abrasive grit size of the outer diameter blade 20a may be preferably 120 or greater. In another
aspect, the outer machining surface has more machining amount (that is, longer circumference in
machining), which results in increased resistance in machining. In this regards, the abrasive
grit size of the outer diameter blade 20a may be preferably 600 or less such that the increased
resistance in machining does not influence on proper machining,

[0105]

30



Next, the lam nate was inmersed in hot water (80 to 90 degrees
Cel sius) such that each of the annuI ar sheet gl ass mat erial was
separated frgm.the |amnate. At t abno status of the

surfaces of &4Bhthgipigeratedaqeng mac e 25@&%91'%8 e W@%fat cbediipal the top of

Then, mdQhed dilhsle} BAa¥a8H H‘ﬁﬁ/fbgr abBf prbREd AU RInvERE irf A39n Wi that of
i nner end face of each sheet Ss mat erlal by brush polishing using

sI ur ry theheuter dtetna@eblade 20&m Bbas ddows atlmhtlmtgemam he smelegiuang ghe machining
|1 bst t d.
R e e G A T B

COI’I ng[0X®Ipl es (annul ar sheet glass materials) were parti aI |y
separated fromthe |amnate w thout chanfering, These sanples are

herei naft er AdlqeseribegyrbeyfginEhe AR Procses a¢ROTIRG (P dhe BiFswY cgibodiment, the
mat er i @lySinate 5 is macﬁ"ﬂE& Q&le iBRRfskd H tﬂgﬁﬁl%rs"i’&f)\)’é@s@ 10%ERE with doBThD# € Thus,
was prepared for Conparative Exanpl e | am nate was not | nmersed

in t hecoutaeir42 imevasks atovidsdt batwedrathe M@ lpadunmgcsutfecet il Fhendutert machining

f | | hi d. .Chanf
haa Mot TagE PR AP RO elO8 H Shell) Lefall Worl 6] A8 GRRE BE'BY outer

the an nwcaim@hﬁﬁefacgl dSstatkiremoadlss nekie sﬁmaftatle Gvénd overtthe ehta@i cir@tun@ference
The separated annu] ar sheet gl ass materjals are her ei nafter cal | ed

" ConpaPaths 8utEx Ftpshiging: Surfaem@]ﬂeby achievipg; gxgelignt yevst of pigifprmpigy for the outer
Ci r cunterpiGe QEpMorking Exanple 1 and Conparative Exanple 1, as
nmeasured, were 1.3 pmand 6.0 pmrespectively. It is appreci at ed by
the ski0108¢ in the art fromthis result that uni fornmity of the outer

lc; ;n Ctrjlgt; grlenrmg s, | ) %8 ggzﬁle@gé cﬁor Eﬁ)ﬂ’% TR%rsert ot 'bf?hment N o sses that

Furt helfolldwhlth@rdmnhg wrbedske nhmelgr CﬁarhféhnﬂEEPmﬂ% @Fndt Peligims Presehst Lahidate
obt ai ned t hr ough the bove 1) to (5 roc ses sured.. It was.
obs er v SEPAPEAH BFocETh GESkng BFseoHsih & X in AT GHEE IGSt tﬂ?gslgpaégﬂmlpal
substr @ﬁﬁaéQYpéhcsﬁlr%? P%o&é§e Ch&llfc%@? Cgiﬁﬁgthzﬁ'lﬁg gﬂ’t%s.e%ss YRS (JeBbif @Bhﬁ‘hﬁ% @inal
t hrough t he above (1 '(5) processes is called "Wrking Exanpl e

The un pbb&hmg)yProﬁess,han r’tnethe shme \#afthe epespondivg ikoeegseExigaqibed an wgeordance
1.4 p e of Working
Scampl 19 e B BbGRRELAT 2 b r ke BBRREC 1 S deoer bed,

it is @@m@u ated by the skilled in the art that glass substrates of
targeted 2. g#?ﬂrmbggg inuniformty w thout any crack are obtainable
by way of the uring method according to the present

enbodi ment . HQiel@lfter, the second embodiment according to the present invention will be

explained with examples. Note that the present inventions are not limited to the examples
explained below.
[0109]

(1) Manufacturing of Molten Glass

Weights of ingredients were measured such that the following composition of glass was
obtained, and the ingredients were mixed. The mixed ingredients were cast into a melting
vessel, heated, melted, clarified, and stirred to finally obtain homogeneous molten glass
excluding bubbles or non-melted substances. Bubbles, non-melted substances, extracts of
crystal, and refractory substances or platinum from the melting vessel were not included in the
obtained molten glass.

Principal composition of glass: 58 to 75% SiO;,, 5 to 23% Al O3, 3 to 10% Li;0O, and 4
to 13% NayO
[0110]
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Further, |lam nates were prepared for other Wrking Exanpl es by

nodi fyi ng the machi ning condition, specifically applying different
abrasive grit_size fromthat for Wrking Exanple 1. Specifically,

when nanuf actirYigpfachsing ofLamiassl e 3", abrasive grit size of the

i nner machi ni 0 il i ' ' : :

machi ni ng bl gﬁ%t%@%%@ﬁ%@e%%ﬂﬁg@ﬁ? ?ﬁ%\ﬁﬁnv\%?{g?(hgde ggrr%wggjwﬂﬁﬁ float
abr asi weetlyrd i vehiglethefmdaltee glase ef thembbvadasgriliddadenpasisios d@re eduntiheously run into

abrasiv ri i ze of .the outer chi.ni ng, bl ade was 800. _Uni form,t

of ¢ he st e G astif cuda} SrHRren e o peves Ehatiess R Yo fhed] aless
wer e 2 pfatekidldnwag d).g1 @nﬂmTl_%SQ%hE&%Het(%E@ fBeHAL Wadfout W8 Myt WBeet glass
sheet glass materials). Uniformty of the outer circunferénce of
Vor ki ndnatsiiaksyleach of whirhhagess sqpiaecathape {orah basiaef orlaps sebshgtceon mseaaticadisk.
becaus : i.ni : Rell

o 1 onber ke BRC DALY HQRARAINDTRE §1oTRE IR o 2RI Rk agent
r esi st anegdy pn thegiricmah gurthces oHithelvet sisetagdassenaenials sidiley afmindtmgolrt dreet glass

machi ni ng bl ade, bei ng_substantially the s as or. greater than.that ..
of 1 ho TR ciRErorn T anE T oy herdendd By, Faglind GROE gt B ightnie
condi t ipeRgihg BB GRIeE OF LRI itRerdb Epiehéitgate tidet BRESHAGHER! from being
purposes to aid the reader in understandi ng the invention and the

concepﬁ@mgﬁﬁiributed by the inventor to furthering the art, and are
to be constrged a5 PELRGM thout limitation to such specifically
recited exanp?esﬁaﬁgﬁconaﬁﬁions, nor does the organization of such
exanpl es i n tRzespeldef glost materiale/ amen kdSanmwhowi ng of the superiority

and inferiori f the invention. Although.the enbodi ment(s) of the
present i nveﬁﬁéﬂﬁgr?\ @lrb%%dpfthﬁ%ts%?sisﬂé%erf &ét ail, it should be

under st ood t haBondhfy ¥@dnk:04isibid AFHE Suriisg! P&k (ADBINS CogitatdInt IRARPRESTO
could be made hereto_ w thout departing fromthe spirit and scope of

t he i niRegistersd traggmark) §PA028)med is: 1. A manufacturing method of

gl ass substr atg; 8 sk At onprising the steps of
preparing a Igﬁ¥%§%ag?ﬁgﬁﬁ¢%a£%?%ggé&ﬁ?ﬂﬁghgﬂﬂﬁality of sheet gl ass

mat eri 1] ani nat ed, and machi ning the |l am nate by revol ving

and novi ng aEQQ%%ﬁgtn?chine in the direction of |amnation, the

coring machi EhePEH? %ﬁ?*ng an outer dianeter blade of |arge
di amet er andAanllidigsd G BigeT ethellhidtiRiteotas famkersdd amatigimeryibh vessel filled with
providinq outer _and inner nachiniqgésurfaces with machinin

fluid,
t he ouf@tlaning GHHEMICHREN (Fagiiersd rtrasemarka dm/a8 P i ((GIEME &fée?ﬂb] dg§ used as
mat eri @bSant. CoolanER! 1Re@pél Mfifkd Was Prodifl&l HEEYOAYIAIQN aRd clrBRacQ | Rbag
machine and a flow direction of the machining fluird are arranged such
t hat t fidterraehuseidag affiligi thriceodart. | drawn into the outer machining
surfac?m_2 . The manufacturing nmethod of glass substrate for nagnetic
di sk accofding to claim1, wherein the machining fluid is
provi ded wi t )aMaafadteingefdnfiaatel ow di recti on of the machining fluid
is adirectign of a vectqr directing fromthe nozzle to asgﬁint

the outer madfisGte T Hige S GipdmiTig War o Anphanmeanbng sHd awg Tachined
ranges (Jd£10an Gt QrihS. I8 SREhiWNGhas! p%r%ﬁﬁé@@itﬁ%n@nﬂe%ﬂged%gﬂgg%'gﬂﬁe t8R1ved

nozzl e and Said pornt and a tangential |ine at sai oi nt, "ar _
wher ei gt 8800@ rrin vduleiromutedy wibkadingnn it vpwasd nsd doenward direction wvtblaniuligasonic

di rection of ri chi ne,. sai d vector has .a downward .
ommongatertos (C KERT 18 RGN RGB!, 98 8 AR QI35 aftel SN Fhferials of 2.5
magnet hichdt GHnea demiedérn Q0 tron, Cuddriialmeter: 65 mm) were obtained.

During the machining, coolant of 17 liter per minute was provided to the inner

machining surface of the laminate. Metal-bond blades that includes abrasive-grains of diamond
(Grain binder: Cast iron) were used as the outer diameter blade and the inner diameter blade of
the integrated coring machine. The abrasive grit size of the inner diameter blade was 600,

while that of the outer diameter blade was 300. Thickness of each machining blade was 2 mm.
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wherein the machining fluid is provided with a nozzle, and the flow
direction of the machining fluid is a direction of a vector directing
fromthe nozzle to a point on the outer machi ning surface froma plan
view, a#H3] wherein said direction is substantially consistent
with a revol j i L i+l )

a downward cgrgp%gﬁ%nlgl S&hfnﬂ@ f&fciﬁh%T e lkrlrlng%lt?ﬁ%tg %?’?F?&%ﬁgég%ﬁ%@@ %gsei’
subst r ahé thiochamfgrieg proadss Wasperdordiadgfor thechraiubarly weclinedvbrgereside tsimface and

machi ni.ng fluyuid i.s provided tq the.outer machini surf ace by use of
o ur 4 it S Pt e, o B TG RehaB e BT uiosu Ry Hetuce
evenl y aprsive lghenLoftdififod. I Cti¥ BrLReqridkizt betheuhas-hndmiidrwAIsade in
sai d machi ni ng. 5. The manufacturing nmethod of gl ass
subst r 40H4 or magneti c di sk according to claiml or 2, wherein the
machi ni ng fl phd . j t machi ni ng surface by use of
single or a @ﬁ?@ﬁ?@%gﬁé}%ﬁzﬁlggﬁtlﬁg&ﬁ%@zI e or nozzles positioned
toward the oliest, thti lamenate wot aomemad i evovared 80 emBe@ degreesal¢lyiug)i subh thaeeach
outer di.ameter.blade. . 6. The .manufact ur. t hod. of gl . substr.ate
for magbats e e elp myer U prrated Boma Tetgingle. oL Ml pont abhorinal
uni f or datys &f the Rerfades & cath aniflar @reegleds mhierigl @8s nswhbi@l&l. f hen, mirror
magnetic. disk is 5 mor less. 7. A manufacturing nmethod of gl ass .
subst r dnishingrwassgsiormed frdhe oytereenddaetrnddbeinpiseiigaghef each pheepglass material
prepar i |2 : i Iofs i asf;
e S BIMAE, bl Skl RO et 0l B2y,
machi nighags stbetritenfarayelublyorr wemelobtamedand novi ng a coring nmachine in

t he di rgﬁg:lon of lam nation, the coring machi ne concentrically having
an out tameter blade of |arge dianmeter and an i nner diameter bl ade
of small di ap®tBluati8n oAURHDHHiGCAAd Cagk Net hod of gl ass substrate for
magneti c di sk, the nmethod conprising the steps of: preparing a .

| aminat e t hatfies teomaghiniefar sorng: sappley (W“&ﬁééﬁet_gﬁl%%én%ﬁ@%?)i ¥prg partially
| 'am natgdhbdRES1 B8 IhEnh@ MR E bﬁ'arﬁ‘%ﬁﬁ%n! A9edd ‘éhﬂFle@nQe ereinafter called
machi ning the |am nate by revolving an ving a coring nmachine in

t he di FBarkiog Exfimplant helttheanmuldrehesd glasgmatecihlsne concentrical |y havi ng
an outer dia I of rge di aneter and. inner di amet er~ bl ade.
of small di agrrg‘%t%rrz %W%ﬁ‘j Ffé"“ﬁr%\%i Pﬁ’g rfrﬁﬁegg, %218 i“% "’ng""%u?‘?&%&‘ﬁﬁof hc"ml’'“‘“5‘3“"e

machi niBxgmpleli Ghe ldRinheness nvaahmeissd irsthe iidtRrsiaia6d]) g codientshegirovided to

| ass materi als.
g the laminate from two coolant providing nozzles while being machined. Chamfering was not

performed for the machined laminate. Then, the plurality of the annular sheet glass materials
were separated from the laminate. The separated annular sheet glass materials are hereinafter
called “Comparative Example 1”.

[0116]

Uniformity of the outer circumference of Working Example 1 and Comparative
Example 1, as measured, were 1.3 um and 6.0 pm respectively. It is appreciated by the skilled
in the art from this result that uniformity of the outer circumference is improved after the
machining for coring with the laminate immersed in coolant (Working Example 1).

[0117]

Further, uniformity of the inner circumference of the glass substrate obtained through
the above (1) to (5) processes was measured. It was observed whether cracks existed on the
inner end face of the glass substrate by use of a laser microscope. The glass substrate obtained
through the above (1) to (5) processes 1s called “Working Example 2”.

The uniformity of the inner circumference of Working Example 2 was 1.4 ym. There
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9. The manufacturing nethod of glass substrate for nagnetic disk
according to claim7 or 8, further conprising circul ating the
machining fluid in Wmch the lamnate is inmer

manuf adYei® NAFrapks RBdheinngr £8d fagepef Watking @#amﬂ@r%tqscvba?ryﬁd Qb,’d@? éPFf rﬁlge laser
to any éﬁ{Ero eC! gg;a%sanﬁea ® 1sv!;s$fe%1aﬁedt ﬂ@;ﬁﬁ & el drt gﬁa:f%ee%g shiB&rates of
r bl ade e | arret er

i nner I's gfeat than that o e outer
bl ade. targeted 2.0 1dm Erméessamuhaxfmmntyngszlﬁnuhcadyodra@d ass obtidsbicaby ey of the

magnet i C d accor to.claim 10, wherein t e abrasive grit size
of Ot e P S AEA Shebfhis Bl ERbeb b Bt 00 Wil 6 t he. br aci ve
grit sifgasef the outer dianmeter blade ranges from 120 to 600.

12. The manufacturing, nmet hod of gl ass substrate for_nmagnetic disk
accor di ng t oFaRkerofamsingiegswore; prepareds for  pber Warking s Ergnilay dypaiadiinggthe

for po'n‘la%ﬂfnﬂ% g&ﬁltﬁcﬁf %ﬁe&ﬁc&lﬁfeaﬁﬁ'ﬁﬁﬁ e fRIETd erlt size from that for Working

Example 1. Specifically, when manufacturing “Working Example 3”, abrasive grit size of the
inner machining blade was 600, while abrasive grit size of the outer machining blade was 600.
When manufacturing “Working Example 47, abrasive grit size of the inner machining blade was
600, while abrasive grit size of the outer machining blade was 800. Uniformity of the outer
circumference of Working Examples 3 and 4, as measured, were 2.2 pm and 4.5 pm respectively
(the maximum of twenty-five sheet glass materials). Uniformity of the outer circumference of
Working Examples 3 and 4 was greater than that of Working Examples 3, because the outer
machining surface had more machining amount (that is, longer circumference in machining),
which resulted in increased resistance in machining due to the abrasive grit size of the outer
machining blade being substantially the same as or greater than that of the inner diameter blade.
[0119]

All examples and conditional language recited herein are intended for pedagogical
purposes to aid the reader in understanding the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being without limitation to such
specifically recited examples and conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and inferiority of the invention. Although
the embodiment(s) of the present inventions have been described in detail, it should be
understood that the various changes, substitutions, and alternations could be made hereto without

departing from the spirit and scope of the invention.
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What is claimed is:

1. A manufacturing method of glass substrate for magnetic disk, the method comprising

the steps of

preparing a laminate that is formed with a plurality of sheet glass materials laminated,
and

machining the laminate by revolving and moving a coring machine in the direction of
lamination, the coring machine concentrically having an outer diameter blade of large diameter
and an inner diameter blade of small diameter, while providing outer and inner machining
surfaces with machining fluid, the outer and inner machining surfaces contacting the sheet glass
materials,

wherein a direction of the revolution of the coring machine and a flow direction of the
machining fluid are arranged such that the machining fluid is well drawn into the outer
machining surface.

2. The manufacturing method of glass substrate for magnetic disk according to claim 1,

wherein the machining fluid 1s provided with a nozzle, and the flow direction of the
machining fluid is a direction of a vector directing from the nozzle to a point on the outer
machining surface, such that, from a plan view, an angle ranges from 0 to 15 degrees which is
formed by a line connecting the nozzle and said point and a tangential line at said point, and

wherein said direction is substantially consistent with a revolving direction of the coring
machine, and said vector has a downward component.

3. The manufacturing method of glass substrate for magnetic disk according to claim 1,

wherein the machining fluid is provided with a nozzle, and the flow direction of the
machining fluid is a direction of a vector directing from the nozzle to a point on the outer
machining surface from a plan view, and

wherein said direction is substantially consistent with a revolving direction of the coring
machine, and said vector has a downward component.

4. The manufacturing method of glass substrate for magnetic disk according to claim 1
or 2, wherein the machining fluid is provided to the outer machining surface by use of a plurality
of nozzles, the nozzles being positioned substantially evenly over the entire circumference of the
outer diameter blade in said machining.

5. The manufacturing method of glass substrate for magnetic disk according to claim 1
or 2, wherein the machining fluid is provided to the outer machining surface by use of single or a
plurality of nozzles, the nozzle or nozzles positioned toward the outer diameter blade and
revolved concentrically with the outer diameter blade.

6. The manufacturing method of glass substrate for magnetic disk according to any of
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claims 1 to 4, wherein uniformity of the outer circumference of the glass substrate for magnetic
disk is 5 pm or less.

7. A manufacturing method of glass substrate for magnetic disk, the method comprising

the steps of:

preparing a laminate that is formed with a plurality of sheet glass materials laminated;

immersing the laminate in machining fluid; and

machining the laminate by revolving and moving a coring machine in the direction of
lamination, the coring machine concentrically having an outer diameter blade of large diameter
and an inner diameter blade of small diameter.

8. A manufacturing method of glass substrate for magnetic disk, the method comprising

the steps of:

preparing a laminate that is formed with a plurality of sheet glass materials laminated;

immersing the laminate in machining fluid; and

machining the laminate by revolving and moving a coring machine in the direction of
lamination, the coring machine concentrically having an outer diameter blade of large diameter
and an inner diameter blade of small diameter, while providing inner machining surface with
machining fluid, the inner machining surface contacting the sheet glass materials.

9. The manufacturing method of glass substrate for magnetic disk according to claim 7
or 8, further comprising circulating the machining fluid in which the laminate is immersed.

10. The manufacturing method of glass substrate for magnetic disk according to any of
any claims 7 to 9, wherein the abrasive grit size of the inner diameter blade is greater than that of
the outer diameter blade.

11. The manufacturing method of glass substrate for magnetic disk according to claim
10, wherein the abrasive grit size of the inner diameter blade ranges from 150 to 800 while the
abrasive grit size of the outer diameter blade ranges from 120 to 600.

12. The manufacturing method of glass substrate for magnetic disk according to any of
claims 7 to 11, further comprising edge-polishing for polishing end faces of the sheet glass

material.
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