- 1 - METHOD FOR MANUFACTURI NG A GLASS SUBSTRATE FOR A MAGNETI C DI SC
BACKGROUND OF THE I NVENTION 51. Field of the Invention [0001]

The present invention relates to a nethod for manufacturing a gl ass
substrate for a nagnetic disc to be used as a recording nedium of a
conmputer or the like. 102. Descripti-on ef the Related Art [0002] In
recent years, an information recording technique, especially a
magneti c recordi ng technique is remarkably progressing with

advancenent of an =0 '@wﬁq b or magnetic
recordi ng nedia suwrgfs% % Ea?%egll S %%?ves%lét Egtég?gﬁ%ﬁne of
magnetic recording nedia, a @FgEsa Mikakracenpydech can be nmade snmal |
and thin and nmade high in recording density as conpared to an

al um num substrate which is used conventionally and which is
20excel |l ent regarding the flatness and substrate strength of the
surface of the substrate BACKGRNE O @AB3INVENTION Additionally, in
order to achieve high recording density in a magnetic disc to be used
for HDDs dr. ttheldi k&, the Invention

[0001]

The present invention relates to a method for
manufacturing a glass substrate for a magnetic disc to be
used as a recording medium of a computer or the like.

10 2. Description of the Related Art

(0002}

In recent years, an information recording technique,
especially a magnetic recording technique is remarkably
progressing with advancement of an information technique.

15 As substrates for magnetic recording media such as HDDs
{hard disk drives) that is one of magnetic recording media,
a glass substrate which can be made small and thin and made
high in recording density as compared to an aluminum
substrate which is used conventionally and which is

20 excellent regarding the flatness and substrate strength of
the surface of the substrate is adopted.

[0003]

Additionally, in order to achieve high recording
density in a magnetic disc to be used for HDDs or the like,

25 a vertical magnetic recording type magnetic disc (vertical
magnetic recording disk) has recently been suggested. With

such an increase in information recording density, both



25a vertical magnetic recording type magnetic disc (vertical magnetic
recordi ng disk) has recently been suggested. Wth such an increase in
information recording density, both - 2 - linear recording density
(BPI: Bit Per Inch) in a circunferent%aL direction and track
recording density (TPlI: Track Per Inch) in a radial direction are
bei ng i ncreased steadily. Mreover, a technique of narrowi ng the gap
S(magneti c spacing) between a magnetic |ayer of a magnetic disc and a
recor di nghiBpREJURT A EIe e 16y 4ABRAgn@tt cPereddchdhdreBy i nprovi ng
an S/Nratio, has also been studied. The floating height of a

magneti ¢ RERETRRFERS S e REa PR FRLeht2Seaee T R 8 onArns BholTE s nm

10[ 0004] Mor eqver,, high.reading speed is required wt he
br overehEaFh Rebortihg Weds g as HeterTHE Hrors en arhst S8 cope

WL LTS SEeaULLoentor JdiR. OLatLanG| ob SOHanE. gl hent!

gE of
readi ng tends to I ncrease, otatio uency o? 7200 rpm

or noye i §nhgALt]L0spdiRpeMety@8hSa hOMSlic 1ayer dfNat RegAGOVE.
situations, as for chanfering of a glass substrate, a configuration

in which gndcf agesa ofeddrrii2glrapsoaubsh§ od Perdre: FOUWNBaysedcahead,
pull ey-like rotating grindstone is al so described conventionally in
Pat ent Doctupeaby lifgdapaires anPat/E@ntatso d-iGee e Rubldeeat isandNed. 11Fhe
267975). In Patent Docunent 1, the entry angle of a grindstone with
respect tdélehatisarifaoghtofoft kemghbnssic head which is desired in

recent years is 8 nm to about & nm.
10 [0004]

Moreover, high reading speed is required with the
improvement in recording density as described above. In
order to cope with this requirement, the rotational
frequency at the time of reading tends to increase, and the

15 rotational frequency of 7200 rpm or more is required in
recent years.

[0005]

In the above situations, as for chamfering of a
glass substrate, a configuration in which end faces of the

20 glass substrate are ground using a pulley-like rotating
grindstone is also described conventicnally in Patent
Document 1 (Japanese Patent Laid-Open Publication No. 11-
267975). In Patent Document 1, the entry angle of a
grindstone with respect o the surface of the glass

25 substrate is specified and two or more fine cooling water
discharge holes are arranged in a grinding surface.

Thereby, progress of chipping or cracking of end faces of



25substrate is specified and two or nore fine cooling water discharge
hol es are arranged in a grinding surface. Thereby, progress of

chi pping or cracking of end faces of - 3 - the glass substrate is
suppressed, so that the |ifespan of _a.grindstone can be prol onged.

[ 0006] The reason why the chanfering i's perforned on the 5gl ass
substrate i s because generation of chips or foreign matters is
prevented by nmaki ng ends of the substrates snmooth. If the surface
state of drieendapgceubstraee giassippylestedt esd sttt theodtifespharefis a
probability that resin or particles which are generated at this end
face prodicdriOFEEERE ORI ¥h R UANIeSur f ace of a case made of resin,
or ot her particlf %€th are caught by an inner peripheral end face
and an outer per @% al end face of the glass substrate may adhere to

the main surfacgls_ri fré%géskﬁﬁikggec'%mﬁg%ﬂﬁgjfﬁée%fg%gggt%gcéﬁger is

formed while th particl es‘haveé adhere marn sar s"of the

01 asss subsiates bl PALt] Slas LANSGLLLEL A51 o6t Soniqle QANYBY-pORLi OnS

are formed in the surface of a magnetic proper g

hei ght i s ra@t 0Bt akNgdevanthd helam@hgasnesi by fial 4Rt cegused.
20[ 0007] Additionally, as the énds are chipped, there is a

probabi | i tgmcohat t he shéengttucy dtheegbassnsemstiades omyhdeygakorate
or the precision of concentricity nmay deteriorate. That is, the
gri ndi ng clubstiezéadisofot hen@Bsybsheateibas hesmia Lty ithateresior der
to reduce the rate of occurrence of chipping, inprove production
ef fici encyr sAdtiedatewbeiufang wensgacedtat this end face produce

10 friction with a wall surface of a case made of resin, or
other particles which are caught by an inner peripheral end
face and an outer peripheral end face of the glass
substrate may adhere to the main surfaces of the substrate
in future. If a magnetic layer is formed while the

15 particles have adhered to the main surfaces of the glass
substrate, the particles cause film defects, or convex
portions are formed in the surface of a magnetic disc.
Thus, proper glide height is not obtazined, and a thermal
asperity failure is caused.

20 [0007]

Additionally, as the ends are chipped, there is a
probability that the strength of the glass substrate may
deteriorate or the precision of concentricity may
deteriorate. That is, the grinding of the ends of the

25 substrate has been a big issue in order to reduce the rate
of occurrence of chipping, improve production efficiency,

and reduce manufacturing cost.



- 4 - [0008] Meanwhi | e, polishing of main surfaces of a gl ass
substrate is performed by providing a plurality of small holes in a
carrier in which a sun gear and an internal gear 5neshes with each
other so as to performa planetary gegr_notion, and pressing
pol i shing pads from above and below in a state where the gl ass
substrate is nounted on each of the small hol es(for exanple, Patent
Docunment 2). Accordingly, two or nore glass substrates can be
polished at a tif#08dnd 10can be polished uniformy so that neither

olishing traces nor  variations may be generated in the bstrat es.
POkt ot | DocunenonPvis an b P T S pidecosaesp o s o o0
Aopt + eat § SHPTEFATS L de S5 000y TREL T ot et a1 By BECRha1L

dq f ) ) | ) :
o nder onaohe? (2A S IR AP uhecll & Bt WA A MELLKE TokA T N0

(undyl ati gashebayl Mg &20Tioed kBt gLval Qirmavelendtieaneyfoeard at
an outer peripheral end face. Fig. 6 Is a viewillustrating

undul at i Oﬂgti@ﬁﬁeﬂq@tpmsq%beFom@éhm@r@édﬁrm:cfna%oafe angeopyest i nal
gl ass substrate. In order to tacilitate understanding, the

undul ati oassasee extigss 9t iglaas 2bbetphiasi zednavteer onnetbh seflrigve ng.
As shown in this draw ng, periodic undulations are formed at an outer
peri pher abmehdl fates (B0 ¢xaapdeasBatebstPerumert0.2) TheAccosdingly,

two or more glass substrates can be polished at a time, and
10 can be polished uniformly so that neither polishing traces
nor variations may be generated in the substrates.
[Patent Document 1] Japanese Patent Application
Laid-Open No. 11-267975
[Patent Deccument 2] Japanese Patent Application
15 Laid-Open No. 2000-280171
[0009]
However, when end faces of a glass substrate is
ground using a pulley-like rotating grindstone as described
in Patent Document 1, irreqularities (undulations} having a
20 fixed interval of wavelength are formed at an outer
peripheral end face. Fig. 6 is a view illustrating
ﬁndulations formed at an outer peripheral end face of a
conventional glass substrate. In order to facilitate
understanding, the undulations are expressed in an
25 emphasized manner in this drawing. As shown in this
drawing, periodic undulations are formed at an outex

peripheral end face 130 of a glass substrate 100. The



undul ations of this outer peripheral end face could be found by the
vi sual inspection. However, since a magnetic head does not run on the
outer peripheral end face and the outer peripheral end face was al so
mrror-polished, this 5was not convent gnally acknow edged as a
probl em [0010] However, after the outer peripheral end face is
pol i shed, main surfaces are polished as described in Patent Docunent
2. At this time, since a glass substrate is 10mounted on each smal
hol e, |tsLHEWéPtﬂQPPpHEr%Pl%ﬁﬂ“ﬁﬁb@eﬁ&5§eéaélﬁ%@ Bearawed bror this
reason, if_undulations are at. the outer peripheral end face, nore
pexes of SHELAUFAE; Bhsc hii HEarenn ﬁﬂﬂgYeﬁer%Jﬂ‘r?&é’i TSEPFRLE of
t he srrallh h dOfstHStC9££'er Ther%foreérl %g che q o

15( abr asi on W he gener ate % THéET exe ace an E%

darege cat&ﬁ%rgge@aahém Undddeles, ﬁﬁgg ﬁ?P?&ﬂ% iohed, | ¢ EE‘

generated particles are attracte mal n surfaces ey cause

convex defu@Gl s0af E8hvan20SRANG} | 1Giova ehgeQbl @i NeshorARG, cause a
thermal asperity failure or a’head crash’ Additionally, netal ion

included in the pb@s® substrate is apt to be eluted from such damaged
spots, and this causes corrosion which precipitates on the surface of
the magnetic di stow&{Q0EIter the oilhesepgrigiiesd and bagepiobl ens
with a further increase in capacity and a further increase in
recor di ng palighed, main surfaces are polished as described in Patent
Document 2. At this time, since a glass substrate is
10 mounted on each small hole, its outer peripheral end face
rubs against a carrier. For this reason, if undulations
are at the outer peripheral end face, more apexes of the
undulations rub against an inner peripheral surface of the
small hole of the carrier. Therefore, spotted scratches
i5 (abrasion) will be generated at the apexes.
[0011]
Such damage causes generation of particles, and
consequently, if the generated particles are attracted to
the main surfaces, they cause convex defects after a
20 magnetic disc is obtained, and cause a thermal asperity
failure or a head crash. Additionally, metal ion included
in the glass substrate is apt to be eluted from such
damaged spots, and this causes corrosion which precipitates
on the surface of the magnetic disc.
25 [0012]

These problems are big problems with a further

increase in capacity and a further increase in recording



density in future. Additionally, it is known that, if grinding is
performed with sufficient time, the undul ati ons can be eli m nated.
However, since it is necessary to produce glass substrates on a | arge
scal e inexpensively, it 5is difficult:to secure enough processing
time to elimnate the undul ations. S RY OF THE | NVENTI ON [ 0013]
10Thus, an object of the invention is to provide a nethod for

manuf acturing a gl ass substrate for a magnetic di sc capabl e of

el i mi nati Agnantyl &t i BHs: 56 aRdgutbpnpbly phdr dis &r@wpatBadf Afgl ass
substrate in a,short processing. tine, ?nd_obtaLningﬁgigh royndness.
15[ 0014] 9rindingis d?@cFéﬁorff@dngE PRELLHRAE i85y efbe WASRIFHECDS

i nventors have keenl t%gie t he probl ens,. at.tention was paid to the
fact that “BRdBFat {Wééi%e n ﬁpgyeBEr?tﬁﬁﬁeﬂt end "FEC85aré Gener at ed

d toth f 0 f, ,idh

T br ot onSEPARRE Ve sl S AR R B 2R R 0 R BRRRU LY A O
of a grindstgnes{Lutd ing LAGE), eﬂBchgHi Pf@éés%l%gg%&%%a?:gde@m%b@é

subsidiary nmenbers. The inventors also have found that the outer

peri pher akhendnface: L&y be made snmoot h by 25intentionally form ng
undul ations different fromfornmed undul ations, and finally offsetting
the formed undul ations with undul ati ons whi ch have a phase opposite
to the phase -7-. of the formed undul ati ons, and thus have conpl et ed

t he invention. [0015] SUMMARY OF THE INVENTION
[0013]
10 Thus, an object of the invention is to provide a

method for manufacturing a glass substrate for a magnetic
disc capable of eliminating undulations of an outer
peripheral end face of a glass substrate in a short
processing time, and obtaining high roundness.

15 [0014]

In order to solve the above problems, when the
inventors have keenly studied the problems, attention was
paid to the fact that undulations of an outer peripheral
end face are generated due to the rescnance of the natural

20 frequency of an apparatus, the vibration at the rotation of
the substrate, the rotational frequency of a grindstone
(cutting edge), and vibrations generated by other
subsidiary members. The inventors also have found that the
outer peripheral end face can be made smooth by

25 intentionally forming undulations different from formed
undulations, and finally offsetting the formed undulations

with undulations which have a phase cpposite to the phase



That is, a representative configuration of the 5invention is a nethod
for manufacturing a disc-like glass substrate for a nmagnetic disc,
the nmethod conprising a formng step of pressing a rotating

gri ndstone agai nst an outer peripheral, end face while the glass
substrate is rotated, thereby formng an outer peripheral end. In the
10f orm ng step, processing is performed using a first condition on
which first undul ations are fornmed and a second condition on which
second undifi &tiCoh8TREGI W&l &l ¥ere ANAWATEF ehyYh FHThatRE £PPst

undul ations are,fornmed. [0016] 15According to the above
configurati"Bw A8 first undul ations forned at the outer peripheral
end face of the gb@fé]substrate can be offset by the second

undul ations. Accofdingly, the undul ations of the outer peripheral end

face of the gIas§h§ypﬁ£r%;%eﬁggsgﬁFg#%g%Q§%§%6¥§F§q85tOgOQﬁgcessing

time, and hi gh roundness can ngly, generation of

partigles GARnREoRr e¥eat fthh ANt GenRhakkefuPins ot resion sfkeogbbe
outer peripheral end face can be suppressed in a nagnetic disc.
[0017] 25®mstirase €onditriaghaid g segcend wemehd i npryibg khe
rotational frequency of the glass substrate or a rotating grindstone.
That is, ddiminghstepdef imressimgam rot8tinegngriradse-ayrad adengsstep are
various, the first condition and the second condition on which the
first und@udEirorsrapderhb et dateumtialat thasobass pruddcedecan be set

by adjusting the rotational frequency of the gl ass substrate or
rotating aﬁegtoﬁggrqunﬁﬂrmlng an outer peripheral end. 1In the

10 forming step, processing is performed using a first
condition on which first undulations are formed and a
second condition on which second undulations having a
different wavelength from the first undulations are formed.

[0016]

15 According to the above configuration, the first
undulations formed at the outer peripheral end face of the
glass substrate can be offset by the second undulations.
Accordingly, the undulations of the outer peripheral end
face of the glass substrate can be eliminated in short

20 processing time, and high roundness can be obtained.
Accordingly, generation of particles can be prevented, and
generation of corrosion from the outer peripheral end face
can be suppressed in a magnetic disc.

{0017]

25 The first condition or the second condition may be

the rotational freguency of the glass substrate or a

rotating grindstone. That is, although conditions of an



The first condition or the second condition may be the rotational
frequency of the glass substrate or rotating grindstone whose
rotation is slower. If rotation is fast, 1lOgear ratio is |arge, and
fine adjustnment is difficult. Thereioge__L t he second undul ati ons whi ch
of fset the first undul ations can be forned nore exactly by
controlling the rotational frequency having slower rotation. [0019]
15In the form ng step, processing may be performed using the first
condi t i onen@nfia¢t apdssiing sEyrberpeyd ooy e iasEhapg@ltrn mad
second condition with the rotating gri ndst one pressed agginst t he

gl ass sub&hfa$@CONs GEEELtA§Nt PRe"RaR be'%s Hdrisén 8898y 2 EOHET riffi 1P
perfprning Ero ess| 20in this way. Addi t i nall¥, mheg.thg.fir€§e
condi ti on“8na"% HE REoAdPt PORIATE rGtalcoRalr PYeqddneidy

Phe. form ROLREERia He b SRR oRar EFr ottty 3 SafPony Br°therl ase

substr at e cond condition may be a rotational frequency at
mhicﬁ thegsg?%gggﬁga first decinmal place beconmes 5 when the
rotational frequemegjof - 9 - the rotating grindstone is defined as
A (rpm, the rotational frequency of the glass substrate on the first
condition is defiheediastBtofidption tdie thenBerond okl widrongy e
defined as C, and an operation result of (B1/B2)xC is 5rounded off to
a first debenadbtaptiaoml Byeseencmgof hehsearlend cokdicrada ¢n rdiat ey,
the first undul ations which are forned according to the first

condi t i ongeandpecrrutwhssephasatipihis helewatond Idndakatiensibyfawlf
and the first undul atigns can be surely offset, so that a snooth

out é° 10p8RPBhEREIC difd 1408 caRdpEl BBt 3 Hegfment is difficult.

Therefore, the second undulations which offset the first
undulations can be formed more exactly by controlling the
rotational frequency having slower rotation.

[0019]

15 In the forming step, processing may be performed
using the first condition, and processing may be performed
after a change to the second condition with the rotating
grindstone pressed against the glass substrate. Processing
time can be shortened by continuously performing processing

20 in this way. Additionally, when the first condition and
the second condition are rotational frequencies,
particularly condition changes are continuously enabled.

[0020]
In the forming step, the rotational freguency B2

25 (rpm) of the glass substrate on the second condition may be
a rotational fregquency at which the value of a first

decimal place becomes 5 when the rotational frequency of



[ 0021] According to the invention, it is possible to provide a nethod
for manufacturing a glass substrate for a magnetic di sc capabl e of

el imnating undul ati ons of an 15outer peripheral end face of a gl ass
substrate in a short processing ting, gand obtai ni ng hi gh roundness.
Accordingly, generation of particles can be prevented in a nagnetic
di sc, and generation of corrosion fromthe outer peripheral end face
can be suppressed in the magnetic disc. 20 BRI EF DESCRI PTI ON OF THE
DRAW NGS [(0G2ZPtRtdna19FsngssAndniis) cgdtngti af & forMinghstep; Fig. 2

i fl hart, il trati t f i 25st ep; Fi

expl anat ory? RHEGRRGE BEARHBTSY SThaé BollSRPnS AR 4D (5 SOFFShi ng
i n Surfacesof 8 glage:izc Q. SURSLES et onp Figh Ao p ylew
i | lustrating grindi ig conditi ons accofdi hg to A WorkiTg "Exanpl & and

s oS, PR CPYLPIA St bACELoSH o Tyt ot
5 rounded off to a first decimal place. By setting the
second condition in this way, the first undulations which
are formed according to the first condition can be out of
phase with the second undulations by half, and the first
undulations can be surely offset, so that a smooth outer
10 peripheral end face can be obtained.
[0021]
According to the invention, it is possible to
provide a method for manufacturing a glass substrate for a
magnetic disc capable of eliminating undulations of an
15 outer peripheral end face of a glass substrate in a short
processing time, and obtaining high roundness. Accordingly,
generation of particles can be prevented in a magnetic disc,

and generation of corrosion from the outer peripheral end

face can be suppressed in the magnetic disc.

20
BRIEF DESCRIPTION OF THE DRAWINGS
[6022]
Fig. 1 is a view illustrating a forming step:
Fig. 2 is a flow chart illustrating the forming
25 step;

Fig. 3 is an explanatory view of a double side

polishing apparatus for polishing main surfaces of a glass



t he wor ki ng exanpl e and a conparative exanple; and Fig. 6 is a view
illustrating undul ations formed at an outer peripheral end face of a
conventional glass substrate. 10[ Reference Nuneral s] [0023] 100:
GLASS SUBSTRATE 102: | NNER HOLE 120: I NNER PERI PHERAL END FACE
15120a: CHAMFERED PORTI ON 130: OUTERPERI PHERAL END FACE 130a:
CHAMFERED PORTI ON 200: END FACE GRI NDI NG APPARATUS 210: QUTSI DE

GRI NDSTONE 20212: SHAFT 214: MOTOR 220: | NSIDE GRI NDSTONE 222: SHAFT
224: MOTORuRSZ84ke ROTATI ON CONTROLLER

Fig. 4 is a view i1llustrating grinding conditions
according to a working example, and undulations of an outer
peripheral end face;

5 Fig, 5 is a view illustrating the contrast between
the working example and a comparative example; and

Fig. 6 is a view illustrating undulations formed at
an outer peripheral end face of a conventional glass
substrate.

10 [Reference Numerals]

[0023]

100: GLASS SUBSTRATE

102: INNER HOLE

120: INNER PERIPHERAL END FACE

15 120a: CHAMFERED PORTION

130: OUTER PERIPHERAL END FACE

130a: CHAMFERED PORTION

200: END FACE GRINDING APPARATUS

210: OUTSIDE GRINDSTONE

20 212: SHAFT

214: MOTOR

220: INSIDE GRINDSTONE

222: SHAFT

224:; MOTOR

25 230: ROTATION CONTROLLER

310: POLISHING PAD

330: SUN GEAR



310: POLI SHI NG PAD 330: SUN GEAR 340: | NTERNAL GEAR 350: UPPER
SURFACE PLATE 360: LOWER SURFACE PLATE 370: CARRIER 5 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [ 0024] Hereinafter, preferred
enbodi nents of the invention will be described in detail with
reference to the 10acconpanying drawnikgs: The di nensions, naterials,
ot her concrete nuneric values, etc. shown in this enbodi nent are just
illustrative for making the invention easily understood, and do not
limt the inventtpn. exgeRinida®r cRpgase where they are particularly
noted. In addition, in 15the present specification and draw ngs,

duplicate descriptdon iprunstiRedchypghdE Nng the same reference
nunmerals to el enents having substantially the sane functions and

configurations, 3@y illowsr ayreAacef pEAEIENt S Which are not directly
related to the invention is omtted. 20[0025] Fig. 1is a
view il lustrating7® f @arRRIGRrSt ep which perforns grinding and
chanfering of end faces (an outer peripheral end face and an i nner
peri pheral end face) of a glass substrate. Fig. 1(a) is a sectional
view of the 25gl ass substrate before the form ng step is perforned.
As DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0024]
Hereinafter, preferred embodiments of the invention
will be described in detail with reference to the
10 accompanying drawings. The dimensions, materials, other
concrete numeric values, etc. shown in this embodiment are
just illustrative for making the invention easily
understood, and do not limit the invention except for a
case where they are particularly noted. In addition, in
15 the present specification and drawings, duplicate
description is omitted by giving the same reference
numerals to elements having substantially the same
functions and configurations, and illustration of elements
which are not directly related to the invention is omitted.
20 (00251
Fig. 1 is a view illustrating a forming step which
performs grinding and chamfering of end faces (an outer
peripheral end face and an inner peripheral end face) of a
glass substrate. Fig. 1l{(a) is a sectional view of the
25 glass substrate before the forming step is performed. As

shown in this drawing, the forming step is performed on an

annular glass substrate 100 in which an inner hole 102 is



shown in this drawing, the form ng step is perfornmed on an annul ar

gl ass substrate 100 in which an inner hole 102 is - 12 - forned at
the center of a disc-like glass substrate. [0026] Fig. 1(b)
is a view schematically illustrating an end face grindi ng appar at us

200. In the end face grindi ng 5appa+r aus 200 shown in this draw ng,
an outside grindstone 210 as an exanple of grinding neans is arranged
outside the glass substrate 100, and an inside grindstone 220 as an

exanpl e of. grindipg neans s also inserted t h.th er hole
102 " Shat £33 Bhdt I F N e o bt &1 He KOG | MR OTEPII6 ARG ¢ he

i nsi de grindston§§%ﬁﬁ are novabl e, and are pressed so as to pinch the
gl ass substrate I'n a radial direction by pressing neans (not

shown) . ‘The out sj{ qr(ibryd kogey 240 @cgﬂalnm% @i&dglgﬁwf'ﬁﬁ{be 220 are

pul l ey-1ike rotati g grin stones ncl u e grinding 1l5surfaces (a

central flak EQE&'&%&ﬁﬁ%hé“&ﬁﬁ%%hhﬂ@dz@@rt'fHUtHE drf¥eirb ceugeinding
peri pheral surfaces. The gl ass substrate 100, the outside grlndstone

210, sand tabgatasuslezmlmﬁtrprm 2ROsadecaw D@t ionaldtysidel yennby:omd or s
214 and 224 as exanples of driving neans, respectively, and their

20r ot ati orab direntevnslay efSetriadiag heabe s dinrecigiednooppbde tieghd o
the rotational direction of the glass substrate at respective contact
poi nts. Thédaset atbohwdtd ridfuency ofi Lheldetarindsionend2224sian
controlled by a rotation controller 230. In addition, in Fi

suppor t i ng*2BRe hahi $h Hd % Meanat i 5nal Salr iRG eI etk dRARNSH égew he

gl ass substrate 100 are om tted.
inner hole 102Z2. Shafts 212 and 222 of the outside

10 grindstone 210 and the inside grindstone 220 are movable,
and are pressed so as to pinch the glass substrate 100 in a
radial direction by pressing means (not shown). The
outside grindstone 210 and the inside grindstone 220 are
pulley-like rotating grindstones, and include grinding

15 surfaces (a central flat portion and an inclined portion)
at their outer peripheral surfaces. The glass substrate
100, the outside grindstone 210, and the inside grindstone
220 are rotationally driven by motors 214 and 224 as
examples of driving means, respectively, and their

20 rotational directions are set so as to be a direction
opposite to the rotational direction of the glass substrate
at respective contact points. The rotatioral frequency of
the motors 214 and 224 is controlled by a rotation
controller 230. 1In addition, in Fig. 1, a supporting

25 mechanism and a rotational driving mechanism of the glass
substrate 100 are omitted.

[0027]



[0027] - 13 - As shown in Fig. 1(c), by grinding the inner
peri pheral end face 120 and the outer peripheral end face 130 of the
gl ass substrate 100, chanfered portions 120a and 130a are fornmed in

t hese end faces, respectively. 5[0028 3 - The form ng step using
the end face grinding apparatus 200 of™ t he above configuration wll
be described. In the formng step, grinding of the outer peripheral
end face 130 and the inner peripheral end face 120 is perfornmed 10by
pressing and rot&sifgevrhe rodtigi-dé (g) i ndgt denr@ amg tthasknsi de
grindstone 220 against the outer peripheral end face 130 and the

i nner per iRfféPAICTéAderdcEaapol 2t @gﬁeégﬁv@ﬁ}?rv@ﬁ#@h?ﬁa&{ iemg a2gFass
substrate.. At this tipge, it is desirable that grinding be perforned
whi | e cool]iﬁ’g Qé]&ﬁredggg%o%?%%aqes @ﬁm FBGF“ng%%Qiortgions 1e0g. apd s
a flowchart. il lustrating.the form ng _step. In the formng step,
firsty or g Fe TBrPQr Hed RRThg "B GAGERt NP o W ons. ( SL00)
Here, gt he predetfégé d 20conditions are conditions for performng
mai n processing for formng an outer peripheral end face, and include

the rotational feeguengy; Rf %?%gfgg-ﬁ&d@hgg%gpqggg9§%§gdgﬂ t he inside

gri ndstone 220, the roughres t he” out si grindstone 210, and the

inside gridpslranes2200 bhecRdralaild QRA i fheqHent wofl e dalsassbed.
substrate 100, pressure, etc. Here, although the outer peripheral end

face i s grimuntel foamthgcsteas, shaprlink pst thadvhedt gsriphereaausad. -
- face 130 and the inner peripheral end face 120 is performed
10 by pressing and rotating the outside grindstone 210 and the
inside grindstone 220 against the outer peripheral end face
130 and the inner peripheral end face 120, respectively,
while rotating a glass substrate. At this time, it is
desirable that grinding be performed while cooling liguid
15 (coolant) is applied.
[0029]
Fig. 2 is a flow chart illustrating the forming step.
In the forming step, first, grinding is performed using
predetermined conditions (S100). Here, the predetermined
20 conditions are conditions for performing main processing
for forming an outer peripheral end face, and include the
rotational frequency of the outside grindstone 210 and the
inside grindstone 220, the roughness of the outside
grindstone 210, and the inside grindstone 220, the
25 rotational frequency of the glass substrate 100, pressure,

etc. Here, although the outer peripheral end face is

ground in a circular shape, first undulations are caused.



In this enbodi ment, the undul ations forned at the outer peripheral
end face 130 at this tinme are defined as the first undul ati ons, and
particularly the rotational frequency of the glass substrate 100
anong predeterm ned 5conditions is calJed a first condition. [0030]
Next, the first undul ations forned at the outer peripheral end face
130 are neasured (S102). The undul ati ons of the outer peripheral end
face 130 can be 10 neasured using a contact type fine contour shape
measur i ng Inn§hi @neRpodieantox &Ml endusphgomecttmedadgdi Lhenalrgr t he
wavel ength or anplitude of the undul ations, the nunher of aQexes,

etc. may B&TABASHREEHY RAKAP0 ASpeLLT oMt AT [detsRREN2SatR@cond
diti d ich d dul at i it l. h diff t
from t he FLPSE HHAGI St TOHS 98 PBF ReACI 8- Lkl T ABdTCoT0d) . The "
d | at.i i h t i f i | ; th
secons Urlatigng st Jove o B BTt g aeicL LD e
out ers per Lglgi al £0, { 408 g Lhe gLassosubsiaAl e o be of fset by the

second undul ati ons. is to be noted herein that a case where the
wavel ength of thegyggeond undul ations is an integral nultiple of the
first undulations is excluded. This is because peaks of the

25undul ati ons owsstap teRc il ietbennd@ngt 1dHis fosted atfsré carwwot be
made. [0032] - 15 - In this enbodi ment, the second condition
i s the ropatriphakal regqdieflye df30t heeghassusadstIta,. siThel arly to the
first condition. That is, although conditions of an end face grinding
step are wadudasionheof ithry avdiedi peshphntebterd sesend 3@ordnt Pen on

whi ch the wavel engths of the first ) .
1 measured using a contact type fine contour shape measuring

instrument, for example, using needle. Additionally, the
wavelength or amplitude of the undulations, the number of
apexes, etc. may be measured by visual inspection.

[0031]

15 Then, a second condition under which second
undulations with a wavelength different from the first
undulations are formed is calculated (S104). The second
undulations just have to be different in wavelength from
the first undulations. This enables the first undulations

20 formed at the outer peripheral end face of the glass
substrate to be offset by the second undulations. It is to
be noted herein that a case where the wavelength of the
second undulations is an integral multiple of the first
undulations is excluded. This is because peaks of the

25 undulations overlap each other, and thus, such offset
cannot be made.

[00321



undul ati ons and the second undul ati ons are made different from each
ot her can be set by changing the rotational frequency of the gl ass
substrate. [0033] 10In addition, the first condition and the second
condition are not the rotational freqygncy of the glass substrate but
may be the rotational frequency of a rotating grindstone. However, if
rotation is fast, gear ratio is large, and fine adjustnent is
difficult. Therefore t he 15second undul ati ons which offset the first
undul ati ons mor e LBxERi$ yergeadimenttor rhe Bycerhteiditipn Ae ﬁbﬁatlonal
frequency having slower rotation. In this enbodi nent, as wll be

descri bed ?%ﬁ%ﬁlonﬁﬁef§?8§§n§ﬁb%¥r%ﬁ%&9%%§SaSPBﬁEFaF%taﬁ%%ﬁﬁﬁrlﬁréﬁuency
t han the rgtat grindstone. T erefor the . ro i onal fre uency
of the gl S A &PEg lﬁ%edzﬂgr‘é oL BHan | Gga Cions of 4

Addi ti I d

A ONaL4 SO0k B SUE S L E1DNG SRR DL A 05 L
obt ai ped frpmdhe b Eéhd?@ﬂ&‘ﬁtéﬁ%?ﬁ% e LhisieAst 1?@ o NG e&&%s
measured in S102, in the followmng manner. - 16 = [0035]

the rot at'lﬂ’l’hﬁdlaft_rl%ﬂléeﬂﬁiﬂ @fﬁeté@ccsrqi atridd a8h bRYSE PO emd fe defdrRednas A
(rpm, the rotational frequency of the glass substrate on the first

condi ti on frordefdchedtasrSodn (bPget ad cheghtgbekie of oddte drianst

undul ations is defined as C, the rotational frequency 52 (rpn) of the
gl ass subsfireatenoy tlietbecohassondidtiratel.s obtai ned. Here, since the
nunber of undulations Cis an actual neasurenent value, it is a value
whose reliability0?33high, since the

10 In addition, the first condition and the second
condition are not the rotational frequency of the glass
substrate but may be the rotational frequency of a rotating
grindstone. However, if rotation is fast, gear ratio is
large, and fine adjustment is difficult. Therefore, the

15 second undulations which offset the first undulations more
exactly can be formed by controlling the rotational
frequency having slower rotation. In this embodiment, as
will be described later, the glass substrate has a lower
rotational frequency than the rotating grindstone.

20 Therefore, the rotational frequency of the glass substrate
is used as a condition.

{0034]
Additionally, in order to surely form the second
undulations which will offset the first undulations, the

25 second condition can be obtained from the first condition
and the first actual undulations measured in $102, in the

following manner.



l10rotational frequency Si of the glass substrate is at a
it is a value whose reliability is high, and since the ro

frequency A of the rotating grindstone is at a high speed,

val ue whose reliability is low [0Q3G)g 15Here, like the f
formul a, a value obtained by dividing the rotational freq
grindstone by the rotational frequency of the substrate

a rotational freguency ratio N. [Fornula 1] 20(Rotati onal
of Grindstone)/( 31 onal Frequency Si of Gass

11 =br okeh numbdFE SR T ab SRRy | ETBITSY BeCBPt ERCOE
otation 250l he: or pdsiane end éygafi e ST &

of the glass su I'hg surface ro

| ow speed,

tational

it is a

ol I owi ng
uency of the

s defined as
Frequency A

er, and
“HiFs in one

be ﬁéz'ﬁé ce

ug ness and

the | engt I&fOft?('\%i @;}%1 Qﬁfsq%t%a'o% apd %bﬁst co%ltl%wﬂa%r dehﬁé&i%@

becone tw ce the ratio N. Therefore, high circ
be obj ai ned. (EBAB/]arddUshe undler bR SREL et hﬁlcfulra&tloa@n

ularity can
dstion, the

defined as C, the rotational frequency B2 (rpm)} of the

glass substrate on the second condition is obtaine
since the number of undulations C is an actual mea
value, it is a value whose reliability is high, si

10 rotational frequency Bl of the glass substrate is

d. Here,
surement
nce the

at a low

speed, it is a wvalue whose reliability is high, and since

the rotational frequency A of the rotating grindst

one is at

a high speed, it is a value whose reliability is low.
[0036]
15 Here, like the following formula, a value cbtained

by dividing the rotational frequency of the grinds

tone by

the rotational frequency of the substrate is defined as a

rotational frequency ratio N.

[Formula 1]

20 (Rotational Frequency A of Grindstone)}/(Rotational

Frequency Bl of Glass Substrate)=Rotational Fregquency Ratio

=(1+1)/j

(1: 1integer, and 1/j=broken number)

When 1/3=0, deviation of one pitch occurs in one rotation

25 of the grindstone and i1 ridges are formed on the s

urface of

the glass substrate. When 1/j=0.5, grinding surface

roughness and the length of a pitch become half and the



5first condition is set so that a first decimal place of a rotational
frequency ratio N on the first condition nmay becone 5. Although a
high circularity can be theoretically obtained in this state, various
hi ndrance factors, such as runout of gyshaft, vibration, precision,
and wear, are 10involved actually. Therefore, balance collapses, and
coarse undul ations are fornmed in an outer peripheral end face. The
relationship at this tinme can be exp ressed | i ke the fall ow ng

formul a. SWOET RE FOEAET IRACHS é&’&&ﬁd B1tof! tH¥ Jizdd® Nubstrate and
t he nunber,,, of ndul atl on Care 15h:1§_9h reC| si.on valotjes in the

fol | owi ng ForiiPatas® desdh i Had b s R AL AF Y hat it is

correct. [Forrrultao :] (Act ual Rotatlonal Frequency A" of
Gi ndst one) / ( Rot atlonal Frequency Bl of d ass 20Substrate)=Nunber of

Undul ations C [0B38], first, F\Llﬁxget’c{‘n@rg‘?é ﬂlci‘sftO'EzthH'@l@ﬁC%
undul ati ons which offset the above undul at i ons, the rot ati onal

frequency 32sef cbhei gl assisuhst sat enan hhglﬁg@ml@mdlpua@e bs set.
25When t he wavel ength of undul ations is out of phase by half, the

first undulcatitansatafrdgquaidsetatiy theosetivands mdtulcanidans on They ef or e,
the rotational frequency 32 of the - 18 - substrate on the second
condi t i on biesonbt ai nedil shoudiata &ifghr st rdetanity pieacdeotthaoret atca bhal
frequency ratio N2 on the second condition may be set to 5. [Fornul a
3] obtained in this state, warious hindrance factors, such as
runcut of a shaft, vibration, precision, and wear, are
10 involved actually. Therefore, balance collapses, and
coarse undulations are formed in an outer peripheral end
face. The relationship at this time can be expressed like
the following formula. Since the rotational frequency Bl
of the glass substrate and the number of undulations C are
15 high-precision values in the following formula as described
above, 1t is assumed that it is correct,
[Formula 2]
{Actual Rotational Frequency A’ of
Grindstone)/(Rotational Frequency Bl of Glass
20 Substrate}=Number of Undulations C
[0038]
Next, in order to form the second undulations which
offset the above undulations, the rotational frequency B2
of the glass substrate on the second condition is set.
25 When the wavelength of undulations is out of phase by half,

the first undulations can be offset by the second

undulations. Therefore, the rotational frequency B2 of the



5(Actual Rotational Frequency A of Gindstone)/(Rotational Frequency
B2 of G ass Substrate)=Rotational Frequency Ratio N2=Integer + 0.5
(where B2 and N2 are values on the second condition) [0039] 10If
"Actual Rotational Frequency A" of _Giigndstone"” is elimnated from
Fornula 3 by using Fornmula 2, Fornula 3 can be expressed like the
foll owi ng formula. [Fornula 41 (Rotational Frequency Bl of @ ass
15Substrate Rotatio Fre nc 2 of Substrate X, Nunber of
Undul at i ofi8 éﬁ‘)tteatcirb ¢ BFE B nE§ BT Y I\Jlf— 868?d+ B. %Sh%aef is,

the rotatig 9D rscggcegr(&:gel ng%ia%r% gt Lhe, subsiral ¢,i5,aRLai ped; 5oy hap the

val ue of Ceé when an operation result (rotational
frequencyFﬁgtégbgﬁﬁ(ybﬂay%lgchgg Egnggglggn5cﬁ (81/82) x Cis rounded

off to a first decimal place nay be set to 5. By setting the second
condition in thigowaulat e first undul ati ons which are formed
according to the first condition can be out of phase 25with the
secorsd undul ati apsthylhabtat dsithl IErdduesicyundubati ons can be surely
of fset, so that a snooth outer peripheral end face can be obtai ned.
- 19 - Grindstone)/ (Rotational Frequency B2 of Glass

Substrate)=Rotational Frequency Ratio NZ2=Integer + 0.5

{where B2 and N2 are values on the second condition)

[0039]

10 If "Actual Rotational Frequency A' of Grindstone" is
eliminated from Formula 3 by using Formula 2, Formula 3 can
be expressed like the following formula.

[Formula 4]
(Rotational Frequency Bl of Glass

15 Substrate)/(Rotational Frequency B2 of Glass Substrate) x
Number of Undulations C=Rotational Frequency Ratio
N2=Integer + 0.5
That is, the rotational frequency BZ of the substrate is
obtained so that the value of a first decimal place when an

20 operation result (rotational frequency ratio N2 on the
second condition) of (B1/B2) x C is rounded off to a first
decimal place may be set to 5. By setting the second
condition in this way, the first undulations which are
formed according to the first condition can be out of phase

25 with the second undulations by half, and the first

undulations can be surely offset, so that a smooth outer

peripheral end face can be obtained.



[ 0040] After the second condition is cal cul ated as descri bed
above, a formng step related to production is perfornmed (S104).
Batch grinding is first perforned on the 5first condition (S106), and
processing is performed by changing_t{g grinding condition to the
second condition with the rotating grindstone pressed against the

gl ass substrate (with the glass substrate set in the apparatus)
(S108). Although the polishing according to the first 10condition
allows a nargin,[pﬂéogolishing according to the second condition is

Der 0 cutti ng wheREEERety | SHTEh e RE Fop e 1o Mfvaps > oo o <
Al di ngl ' | i shi ; . b
hccordinglgosd ol atbnos accordiga o Uhazserond sendition Tay be

rotati ons),dOr$eeeNqs: ol 0CessL NY 4l iMRiGAN 18€ rSPOF LEOLA LY on the
continuously performng processing In thi's way. Additionally, since

the fbrst comgdi tdopdiandnt he15€rLonthe Yidickis@Angr esrpéatd 0l by

frequencies, particularly 20condition changes are continuously

enabl ed. [@Hlding the gklowaves,cdrid duwinsitde thei pdsbmdecchdl tama t he

i nside grindstone 220 are worn out if the nunber of times of batch

t reat nent withaddemrlodredng Addindsimald presikedoatsinst 28w igldstsone 210

and the inside grindstone 220 have a plurality of grinding surfaces,

and i f theSthitiddcorwd thebheottasprobsigiong Bt peh f vhereaPrRyraguséw

grindi ng syrfﬁfe . : .

5108). Although the polishing according to the first

10 condition allows a margin, the polishing according to the
second condition is performed only for the purpose of
offsetting undulations by so-called zero cutting where the
grindstone is not made to advance. Accordingly, the
polishing according to the second condition may be

15 performed in a short time, for example, in about (about 4
rotations) 10 seconds. Processing time can be shortened by
continuously performing processing in this way.
Additionally, since the first condition and the second
condition are rotational frequencies, particularly

20 condition changes are continuously enabled.

[0041]

However, the outside grindstone 210 and the inside
grindstone 220 are worn out if the number of times of batch
treatment is accumulated. Additiocnally, the outside

25 grindstone 210 and the inside grindstone 220 have a

plurality of grinding surfaces, and if the grindstones wear

out, processing is performed by a new grinding surface



- 20 - after a stage is switched. If situations (actual rotational
frequency D, etc.) change in this way, it wll becone inpossible
thus, to apply the second condition obtained by 3104. Then, whether
or not a predeterm ned 5Snunber of td s -of batch treatnment have been
performed is determned (S110). If the batch treatnent is not
performed, the next batch treatnent is perfornmed (5106), and if the
batch treatnment has been petforggd, the processing returns to 3100
ond

wher e caI@SFSFiBnSEﬁgifﬁf §@E5ﬁ§_ tti t?%?%ﬁﬂseéﬁﬁEH?ETherebyz a
sceond o g 50001100 5,8l e e, wach gl ol on

can be usé& c ove gurat'

undul at | 0BscBhe o 044 11 LELANCER! 6D FARE Blodhe Ahageidgoubstrate

can be elimnate short proéessin out waiting for

processi NgpthReENOYHUHN d0 elrhghnal,getRdH! &t IS A¢RLdkBINi He@NE
grinding condition.” Accordingly, mass production can be perforned,

and @ oduglinBBrCcOSt+t Bids e wedutedre20h&043]ave been pekformed Si@n
expl anatory view of a double side polishing apparatus for polishing
mai n surf deesrnined gl BSIV )subgtfr ahe. bdbeh diordd enesitdd spoabk shenfiormed,
apparatus 300 shown in Fig. 3 has a carrier nounting portion having a
sun gear 25830ecahdoatch rtngataiengedrs pheferned t&l0tef,epnddifotlke an
"internal gear 340") which are rotated in_a predeterm ned rotation
ratio, re®péehi veeyimeiHd had Bsser Pt pERRd plldie Processing returns

to S100 where calculation of the second condition is
10 resumed. Thereby, a second optimal condition which is
always based on actual conditions can be used.

[0042]

According to the above configuration, the
undulations of the outer peripheral end face of the glass

15 supbstrate can be eliminated in short processing time,
without waiting for processing tiﬁe enough to eliminate
undulations according to one grinding condition.
Accordingly, mass production can be performed, and
production cost can be reduced.

20 [0043]

Fig. 3 is an explanatory view of a double side
polishing apparatus for polishing main surfaces of a glass
substrate. The double side polishing apparatus 300 shown
in Fig. 3 has a carrier mounting portion having a sun gear

25 330 and an internal gear (hereinafter referred to as an
"internal gear 340"} which are rotated in a predetermined

rotation ratio, respectively, and an upper surface plate



- 21 - 350 and a lower surface plate 360 which are rotationally
driven in directions opposite to each other with this carrier
nmounti ng portion therebetween. Polishing pads 310 are respectively
stuck on the surfaces of the upper supface 5Splate 350 and the | ower
surface plate 360 which face the glass substrate 100. [0044] A
carrier 370 which has a gear on its outer periphery neshes with the
sun gear 330 and the internal 10gear 340, and the sun gear 330 and
the interndd0 qeut B340vest arelres Biake 3B leybRCBt AER, retlricmplly
performng,a Ianet%{y ear notion., The carrjer 370 is quided W th
a pluralityrofesrd [AREFELONANPRIE I 45 °8GBsPFREE WD it el d by

each of the.smal| hol es. 15&99§5A The | ower surfggf.ggfle 36 530
S

fixedly i nstal1%ed "avd the BpperO Lﬁ¥%ﬂﬁ?ﬁ§W§F8-35 'y ccﬁﬁi%ﬁJﬁe SO as

Lo De movape Malddaallyy 80.LPals LR &893 .8UDSE! R ién%&% g saxthe

carrier 370 can be pinc and pressed by the po _ pads
By pesformngd eol.anetacy1868F didQR Qfathesgarvheen FaMiinke

polishing Tiquid (slurry) including |oosée grains is supplied, the
front and dpgks mipstsuktkaces. of the gl ass substrate 100 are polished.
[ 0046] 25A main surface polishing step using the above apparatus is
performed after thédouter peripheral end face is mrror-polished, as
will be described later. At this

A carrier 370 which has a gear on its outer
periphery meshes with the sun gear 330 and the internal

i0 gear 340, and the sun gear 330 and the internal gear 340
rotate relative to each other, thereby performing a
planetary gear motion. The carrier 370 is provided with a
plurality of small holes, and the glass substrate 100 is
heid by each of the small holes.

15 [0045]

The lower surface plate 360 is fixedly installed and
the upper surface plate 350 is configured soc as to be
movable vertically, so that the glass substrate 100 held by
the carrier 370 can be pinched and pressed by the pclishing

20 pads 310. By performing the planetary gear motion of the
carrier 370 while polishing liquid (slurry) including loose
grains is supplied, the front and back main surfaces of the
glass substrate 100 are polished.

[0046]

25 A main surface polishing step using the above

apparatus is performed after the outer peripheral end face

is mirror-polished, as will be described later. At this



- 22 - time, the glass substrate 100 is nounted on each small hol e of
the carrier 370, and is polished. However, in the glass substrate 100
according to this enbodi nent, undul ati ons of the outer peripheral end
face 130 can be elimnated and the 5emnd_face can be nmade snoot h.
Therefore, spotted scratches caused by sliding friction with the
carrier are not generated at apexes of the undul ations. Accordingly,

ti . of ticles generated mthe oute eri pher al d face
S be b BiBR: PP Titas oot aare LOBM & Matial JBoEaRas Fae bl Ml Soen
made i nto netic. di ' neration of, corrqosion fromt outer
peri plher aP%eﬁ%gfg%e&cearln g’ggﬁgr gésﬁ%l.ls[}b%fﬁ] f‘fl?fchg“éxgﬁrr%lﬁass

15Her ei nabLgky 2 :Iﬂgf@é&'a}h%\gy to Dy ALSEIIRAGE, OWnBBOUL: &y SRl Od

for manufacturing ass su rate for a nmagnetic disc to t he

inventionths gpebt §skriHM8L il BRaPI N AHP RANQ1ERA At EAPRADG I €p
20Al t hough materials for a glass substrate in this enbodi nent include

soda 3 i neegtassce atdHmyEOsialdeC 8lnBogh aSSThd¥ fasid, i epbetglassratches

crystallized glass, etc., alumnosilicate glass is especially

sui t abl e. cSusee syrontithess faddthoghwitlyithd ycaarrd embtaenedti n t he

25al um nosi |l i cate gl ass, magnetic spacing, especially the floating

hei ght of ganasghed iat ewkesanibehe edudabk thimmes .st dblcprdaddlyi onal |y,

in the alumnosilicate glass, high )
generation of particles Jenerated from the outer peripheral
end face can be prevented effectively, and even after the

10 substrate has been made into a magnetic disc, generation of
corrosion from the cuter peripheral end face can be
suppressed.

[0047]
[Working Example]

15 Hereinafter, an embodiment will be described below
about a method for manufacturing a glass substrate for a
magnetic disc to which the invention is applied.

[0048]
(1) Shaping Step and First Lapping Step

20 Although materials for a glass substrate in this
embodiment include soda lime glass, aluminosilicate glass,
borosilicate glass, crystallized glass, etc.,
aluminosilicate glass is especially suitable. Since
smoothness and high rigidity are obtained in the

25 aluminosilicate glass, magnetic spacing, especially the

floating height of a magnetic head can be reduced more

stably. Additionally, in the aluminosilicate glass, high



- 23 - rigidity and strength can be obtained by chem cal
strengthening. [0049] First, nelted alum nosilicate glass was nol ded
into 5a disc shape by direct pressing using an upper nold, a | ower
nol d, and a barrel nold, and annrphguf pl ate-li ke gl ass was obt ai ned.
In addition, glass for chem cal streng?hening was used as the

alum nosilicate glass. A disc-like glass substrate for a magnetic

di sc may be 10obtained by performng cutting out by a grinding

gri ndst on& fxigkhtghast gt aergflorgnsd bsy chtadnad dpavemstited or a
floating nethod in addition to the direct pressing. In addition, as
this al umiStdSPOit8&PeNgt ass, chenical |y strengthened gl ass contai ni ng
Si02: 58 to 75@6E%0¥g£ght, Al 203: 5 to 23% by 15weight, Li20: 3 to
10% by wei ght, a 0: 4 to 13% by weight as nain conponents was

ssed. 100501 ol e TG HELSEERL O 3 Bl FLAES B
I appi 59 was &L QhaBd By O UPRAHRAgeAsing an upper mold, a
lower mold, and a barrel mold, and amorphcous plate-like
glass was obtained. 1In addition, glass for chemical
strengthening was used as the aluminosilicate glass. A
disc-like glass substrate for a magnetic disc may be
10 obtained by performing cutting out by a grinding grindstone
from sheet glass formed by a down-draw method or a flecating
method in addition to the direct pressing. In addition, as
this aluminosilicate glass, chemically strengthened glass
containing SiO;: 58 to 75% by weight, Al,03: 5 to 23% by
15 weight, Li0: 3 to 10% by weight, and Nay0: 4 to 13% by
weight as main components was used.
[00501]
Next, both the main surfaces of this plate-like
glass were lapped, and a disc-like glass preform was
20 obtained. This lapping was performed using alumina-based
loose grains by a double side lapping apparatus using a
planetary gear mechanism. Specifically, lapping was
performed by pressing a lap surface plate against both
surfaces of a plate-like glass from above and below,
25 supplying grinding liquid including loose grains onto the
main surface of the plate-like glass, and moving them

relative to each other. A glass preform having flat main



| oose grains by a double side |apping apparatus using a planetary
gear nechanism Specifically, |apping was perfornmed by pressing a | ap
surface plate against both surfaces of a plate-like glass from above
and bel ow, 25supplying grinding |iquisg iLncluding | oose grains onto
the main surface of the plate-like glass, and noving themrelative to
each other. A glass preformhaving flat main - 24 - surfaces was
obtai ned by this lapping. [0051] (2) Cutting-out Step (Coring and
Form ng) RBxfacepneasg agmnefloPih Wass ctAPRISI%g a di anond 5cutter and
a disc-like glass suhstrate was cut out fromthis glass preform

Next, an innerlﬁﬂd% s formed at a central portion of this glass

substrate by usi a.cylindrical_dia d.drill nd an_annul ar gl ass
substrate 100 wa obF3¥hé89(%%ﬁi?ﬁﬁP'zﬁﬁﬁﬁﬁng“d ?orm1$&$d, grindi ng

and chanfering %Ex%ndﬁkgcﬁ§%§gﬁ%§53ﬁ%§R%%iBﬁ@ragiﬁéﬁéf&ﬁ Apd an

i nner peripheral énd face S substrate pertornmed by

perfay m ng,t heraboyes Edd-9ngd §OLSE NG, 1SS tel Ra@083k ocut fromFig. 4
is aviewillustrating grinding conditions according to the working

exanpl e, aRdsuglasatd.fo@f. aReQy] einpEindheicdle aad Faemed The 4ir st
condition is first set at the grinding the outer peripheral end face.
In the 20tknstatopshticon,oft hediki gshssondidtimatd bysesisg &hat a first
deci mal place of the rotational frequency ratio NL nmay becone 5. In
thi s wor kicngiesabhpile, didmendotatiidonaknd an annular glass substrate

100 was obtained (coring).
10 [0052]

Next, grinding and chamfering of end faces (an outer
peripheral end face and an inner peripheral end face) of
the glass substrate was performed by performing the above-
mentioned forming step.

15 [0053]

Fig. 4 is a view illustrating grinding conditions
according to the working example, and undulations of an
outer peripheral end face. The first condition is first
set at the grinding the outer peripheral end face. In the

20 first condition, the first condition is set so that a first
decimal place of the rotational freguency ratio N1 may
become 5. In this working example, the rotational
frequency of the grindstone is set to A=2,412, and the
rotational frequency of the substrate on the first

25 condition is set to Bl=24, At this time, the rotational
frequency ratios N are 2,412/24=100.5. Although a high

circularity can be theoretically obtained in this state,



frequency of the grindstone is set to A=2,412, and the rotational
frequency of the substrate on the first 25 condition is set to 81=24.
At this time, the rotational frequency ratios N are 2,412/ 24=100. 5.

Al though a high circularity can be th $ret|cally obtained in this
state, - 25 - various hindrance fact such as runout of a shaft,
vi bration, precision, and wear, are involved actually. Therefore,

bal ance col | apses, and undul ations are fornmed in the outer peripheral
end face. Warifiss hwodkange ekarpies, Stled manbenocwf amdulshtifons
measured was C=114. Then in order to formthe second undul ations

whi ch of f sEibnakd of r BreeheiLeat 120k Wepdl uase atrvalitrd iaaitiéd lynt o t he
above Fornmula 4, and the rotational frequency B2 of the gl ass
substrate Ta}?rﬁ#é’%eceﬂaa%%wwﬁe@rséﬂd gpfEnr ANy gyre formed in

Rot at F of bstr at ( Rot at | F 82
Of Gl ass SlleERREe) X RRDER L o Liadeat | oo, ELROt T HaI P REqTency
Rat | 05 N2= %%6/11 FEED 88y B bl el shak ey abare (he tiLsl sdect ml

place of the ro Fonal " requency ratio al ned ‘by

becones 55dfaé%ak%ukékﬁdthéfE%éde@%h%ﬂﬁ%tEBﬁguﬁﬁ%ah §%tN%ﬁé1§1§st

(114.47) can be cal culated when 82 is 23 the rotationa
frequency urafule thdas | 3ve14dd 3 a2)seak 1bat aCah €yl @{ee%b@%n FéZmii$a24. 1

(rpm). Accordingly, the rotational frequency 82 of the substrate as
t he second ,camndi thenrcaat bensletf te@uz2dc®, B24cd, tiet iyldss addstirabe the
di fference between Bl and B2 may be one or nore, and if a broken
nunber (tha fihessedesd nedngl taige) isssBt.hal f out-of - 25phase is
enab{gd. [ 0054] F?;éﬁﬂf&Jthe above first condition and second - 26 -
(Rotational Frequency Bl of Glass
Substrate) /{Rotational Fregquency B2 of Glass Substrate) x
Number of Undulations C=Rotational Frequency Ratio
N2=2736/B2=Integer + 0.5
15 If a value where the first decimal place of the rotational
frequency ratio N2 obtained by 2736/B2 becomes 5 is
calculated, the rotational frequency ratic N2=114.5
(114.47) can be calculated when B2 is 23.9 (rpm), and the
rotational frequency ratio N2=113.5 (113.52) can be
20 calculated when B2 is 24.1 (rpm). Accordingly, the
rotational frequency B2 of the substrate as the second
condition can be set to 23.9, 24.1, ete. In addition, the
difference between Bl and B2 may be one or more, and if a
broken number (the first decimal place) is 5, half out-of-
25 phase is enabled.
[0054]

By using the above first condition and second



condition, the first undul ations could be offset by the second

undul ations, and the undul ati ons of the outer peripheral end face of
the gl ass substrate could be elimnated in short processing tine, and
the gl ass 5substrate could be proces snoothly. [0055] Fi g.
5is aviewillustrating the contrast between the working exanpl e and
a conparative exanple. As described above, even if grinding has been
made only on the 10first condition, finishing with desired surface

r oughness ceadipéodonehs ffimrig ypdpdasspng edwkd e ofiest Puweber, as
shown in Fig. 5(a), in order to @erfornlfinjshin with nearly equal

r oughness SECEPde RAMHH 25 2 P a 158Gk QSOUHHE%&E&RH%LQ% pe, °4B6at ~ 120

d . ired he first 15 dition. | t t,
§§§§_”tg?Lﬁ%reﬁdﬁﬁéiéﬁmf%eﬁ%f‘sglisn'aiéiﬁdﬂ:r%#aat}ei’%rnoueﬁeﬁfi:r;:d -

it R . i ev i
about 60 5%6@%8%?5?39%2% é:?%gﬁegﬁéhgtﬁgﬁé%ggﬁgﬁﬁg 3253 ations of

the oyter peikpheealoend Jack£33sRE ehodimpfed early while
20processing time can be shortened. [0056] Addi tional ly, when

treatment is perfgggmd in the sane processing tine, a difference is
caused in the undul ations of the outer peripheral end face. Due to
this, 25a differente S dscausedwi hl e garieigatthencohtpast i lsdesar
corrosion. That is, as shown in Fig. 5(b), in the conparative
exanpl e, tthe wndkiagiemimEighlindivas cabpatatiipmexam@le. aAd the pitch
was about 1.3 nm On the other hand, it can be seen in the working
exanpl e tﬁ&ﬁcghée@n@QQYQA(ﬁVQ$eﬁ§hgrinding has been made only on the

10 first condition, finishing with desired surface roughness
can be done if long processing time is taken. However, as
shown in Fig. 5(a), in order to perform finishing with
nearly equal roughness (for example, Ra=about 200 nm=about
0.2 pm), about 120 seconds were required only on the first

15 condition. 1In contrast, when grinding was made on the
second condition after the first condition like the working
example, the grinding can be achieved in about 60 seconds.
It can be seen from this that the undulations of the outer
peripheral end face can be eliminated early while

20 processing time can be shortened.

[0056]

Additionally, when treatment is performed in the
same processing time, a difference is caused in the
undulations of the outer peripheral end face. Due to this,

25 a difference is caused in the generation of particles or
corrosion. That is, as shown in Fig. 5(b), in the

comparative example, the undulation height was about 1 um



becomes 0.5 p.m the pitch becones about 1.3 nm and the undul ation
hei ght is suppressed very low. 5[0057] (3) Second Lapping Step

Next, second | appi ng was perfornmed on both the main surfaces of the
obt ai ned gl ass substrate, simlarly tg the first |apping step. By
perfornming this second | apping step, ba fine concavo- convex shape
formed in the main surfaces in the cutting-out step or end face
polishing step that is a previous step can be renoved in advance, and
a subsequerntd gdlei phing wéepamoutt He 3mamn sOnf ticesodaar bencenpleted in
a short tine. 15[0052% (4) End Face Polishing Step Next, mrror

pol i shi ng Masesar for fbd Oarking curearlgethphefle enrdbfaddenohetifbtyl ass
substrate by a brush polishing nmethod. At this time, slurry gloose
grai ns) 2GSFOMGS; Hg%@?‘i U8 deabrssree gharhs! waduséddashe
pol i shing gr in%” kOBSQ Then, the %Iaas subsirate subjected to the
end face SRt s PepIas et R EPE5ERe S T XhEC%nd faces of the

259l ags substrat§0@§ff processed in a specular surface state where
generation of precipitation of sodium or potassiumcan be prevented

by this end face(@pli§ggdﬂﬁ iE%Bing Step
Next, second lapping was performed on both the main
surfaces of the obtained glass substrate, similarly to the
first lapping step. By performing this second lapping step,
10 a fine concavo-convex shape formed in the main surfaces in
the cutting-out step or end face polishing step that is a
previous step can be removed in advance, and a subseguent
polishing step on the main surfaces can be completed in a
short time.
15 [0058]
{4) End Face Polishing Step
Next, mirror polishing was performed on the outer
peripheral end face of the glass substrate by a brush
polishing method. At this time, slurry {(loose grains)
20 including cerium oxide abrasive grains was used as
polishing grains.
[0059]
Then, the glass substrate subjected to the end face
polishing step was water-cleaned. The end faces of the
25 glass substrate were processed in a specular surface state
where generation of precipitation of sodium or potassium

can be prevented by this end face polishing step.



- 28 - Especially the inner peripheral end face was in good condition
Wi t hout deteriorating the tol erance or roundness of the inner hole,
even if a nunber of, e.g., about 200 to 300 sheets of gl ass
substrates were stacked and polished.,5[0060] (5) Min Surface
Pol i shing Step As a main surface polishing step, first, a
first polishing step was perforned. This polishing step mainly ains
at renoving any scratching or distortion of the main 10surfaces

remai ned Eapeheahivrigrentineed®erappengl s¢ep. fa9¢ teiss inj gepdpol i shing
step, the main surfaces were polished using a rigid resin ﬁglisher by

a doubl e §PBELPEPT SHY P HpSletETdeTRAYIAGERE PIUFEASF §Ear CHBLRETT sm
Ceri i b i i d b i t 5[ 0061
The ol nes SCubBer BTEes G b edered it 3 EHISST| ¥ot ot AR Ested tas
tial,l i i i i b f .
seruen a4 9L00E0 1P Iosiesiie cLemnpn Ao el

20[ 0062] 1 as the main surface polishing step, a second
polishing step was perforned. This second polishing step ains at

finishing the maj9) swzfiacesrirate MdIIMisurskages. In this second
polishing step, the main surfaces were 25m rror-polished using a soft
resin foam poli shera luia daubbeespelkei palnshitey, appasat us fiamdthg a
pl anetary gear mechani sm Cerium oxi de abrasive grains finer than the
- 29 - cepiodnsbindestdy asiy eegfarnedusethisn pdie shimst spebi shingy st ep
were used as an abrasive agent. [0063] .
aims at removing any scratching or distortion of the main
10 surfaces remained in the aforementioned lapping step. 1In
this first polishing step, the main surfaces were polished
using a rigid resin polisher by a double side polishing
apparatus having a planetary gear mechanism., Cerium cxide
abrasive grains were used as an abrasive agent.
15 [0061]

The glass substrate 100 subjected to this first
polishing step was sequentially dipped in respective
cleaning baths of neutral detergent, pure water, and IPA
{isopropyl alcohol)}, and was cleaned.

20 [0062]

Next, as the main surface pelishing step, a second
polishing step was performed. This second polishing step
aims at finishing the main surfaces into mirror surfaces.

In this second polishing step, the main surfaces were
25 mirror-polished using a soft resin foam polisher by a

double side polishing apparatus having a planetary gear

mechanism. Cerium oxide abrasive grains finer than the



The gl ass substrate 100 subjected to this second 5polishing step was
sequentially dipped in respective cleaning baths of neutral
detergent, pure water, and | PA (isopropyl alcohol), and was cl eaned.
I n addition, supersonic waves were gggi_ed to each cleaning bath.

[ 0064] 10(6) Chem cal Strengthening ep Next, chem cal
strengt heni ng was perfornmed on the glass substrate 100 subjected to
the af orenenti oned | appi ng step and polishing step. The chem cal

st r engt hermiend umasx pée f @r rassl vy greepar uagdaim higm clrsst pedgshéng ng

sol ution 15obtained by m xing potassiumnitrate (60% and sodi um
nitrate (40%P, YREat Raed 13 SrclRdragavespgenyt heni ng sol ution to 400G,
preheating the c| eaned gl ass substrate 100 to 300C, and imersing the
gl ass substrate 14P%He cheni cal strengt heni ng solution for about 3
hours. In order

2Qchem cal t t hen, t he whol f f th
gl ass substrate W‘Lf?ﬁ) E ; Stes‘ms(égF%%@Eglrgﬁg ?%q%%éir §goﬁh§\g23%§$rf r rredei n
t ; jt f : t Q0 db
ot dat - so e ra Re R e e PR TP % o el eR TR or i ng
the imersij@ant hgabgent 44 ﬁenﬁr%fie%ﬁgkaéﬁ{P%ﬁ@@é{%ﬁ%ﬂ&l Pain
this way, lithiumions - 30 - and sodiumions of a surface [ayer of

the gl ass gubpibpye d06bisl r asReGhkvelyanen! aced Ligedhym i ons and
potassiumions in the chem cal strengthening solution, and the gl ass

substr at esupeesshi engihenatrelb@plicdknessaci &l &rampr @agshve stress
| ayer fornmed in the surface | ayer of
[0064]
10 (6) Chemical Strengthening Step
Next, chemical strengthening was performed on the
glass substrate 100 subjected to the aforementioned lapping
step and polishing step. The chemical strengthening was
performed by preparing a chemical strengthening solution
15 obtained by mixing potassium nitrate (60%) and sodium
nitrate (40%), heating this chemical strengthening solution
to 400°C, preheating the cleaned glass substrate 100 to
300°C, and immersing the glass substrate in the chemical
strengthening solution for about 3 hours. 1In order to
20 chemically strengthen the whole surface of the glass
substrate 100 in this immersion, the immersion was
performed in a state where a plurality of glass substrates
100 were housed by a holder so as to be held at their end
faces.
25 [0065]
By performing the immersion treatment in the

chemical strengthening solution in this way, lithium ions



each of the glass substrates was about 100 pmto 200 pm [0066] The
gl ass substrate 100 subjected to the chem cal strengthening treatnent
was imersed in a water bath of 1020C, was quenched, and was

mai nt ai ned for about 10 m nutes. Th@gotjmacleaning was performed by
i mrersing the glass substrate 100 subjected to the quenching in a
concentrated sulfuric acid heated to about 40C. Moreover, the gl ass
substrate subjected to the sulfuric acid cleaning was 15 sequentially
di pped i namegspediimeicteant g sbatfhscol apar eoatied wagsl PALEESaPE opy
al cohol ), and was cleaned. In addition, supersonic waves were applied
to each cll®8nprg baspecipoey r2PAscgeskyi pedl Ebovds &7 RPtaR#1 Yoot h
gl ass substrate 100 for a_high-ri%iditg,nagnetic_disc S. obt ai ned by
per f or ni ngCFe1pi FRE FhEPIGR) StEFNILAS %ﬁgt??&PQﬂﬂp's@@g?tpﬁeg AW f ace

|'i shi h d | [ . £ d
bol | shi ng SEahEa aRe  The 25 IR EAr StPengt eSS CHep.
Addi td | 1 . t t ' I df
al 5o 15 SSPRCARAP RS RO ToRaneet R b oo . 127e81°F  ooga)

(7) Nagnetéa%hdb%ctﬁ/@n%ggg Widg 38R Aa¥erbbedl1dmgRetc 268cpRdi ng
di sk was manufactured by sequentially form ng an adhesion | ayer nade
of a Cr [0066]

The glass substrate 100 subjected to the chemical
strengthening treatment was immersed in a water bath of

10 20°C, was quenched, and was maintained for about 10 minutes.
Then, the cleaning was performed by immersing the glass
substrate 100 subjected to the quenching in a concentrated
sulfuric acid heated to about 40°C. Moreover, the glass
substrate subjected to the sulfuric acid cleaning was

15 sequentially dipped in respective cleaning baths of pure
water and IPA (isopropyl alcoheol), and was cleaned. In
addition, supersonic waves were applied to each cleaning
bath.

[0067]

20 As described above, a flat and smooth glass
substrate 100 fcr a high-rigidity magnetic disc was
obtained by performing the first lapping step, the cutting
out step, the end face polishing step, the second lapping
step, the first and second polishing steps, and the

25 chemical strengthening step. Additionally, the glass
substrate 100 whose outer peripheral end face also is

smooth and has high roundness can be obtained.



5al l oy, a soft magnetic |ayer made of a CoTaZr-based alloy, a
foundation | ayer nade of Ru, a vertical magnetic recording | ayer nade
of a CoCrPt-based alloy, a protective |ayer nade of hydrogenation
carbons, and a lubrication | ayer made,of_perfl uoropol yether on both
surfaces of the 10gl ass substrate 100 obtai ned t hrough the
above-described steps. In addition, although this configuration is an
exanpl e of the configuration of a vertical nagnetic disc, a magnetic
| ayer, etc. may BBCE®Bhfigured as an in-plane magnetic disc. 15[ 0069]
The obtai ned magnetic disc al so had an_outer peripheral end face
which is snooth and Mot diéess MaREEBF R FIY SHSP was possible to

bt ai ic disc.in which filmdef def d
by par 1 cl 6o 20w B0 Bk RO Canp bR 81 bt ARl PORCERES Bt or

peripherahﬁ?@ﬂﬁ&%&%igﬁiyﬁégﬂ?%%PQﬁF %si%goggger made o-Tgfcknvention

can be utillzed as a ne manufacturin gl'ass su rate for a

magnesi ¢ Sy, a 3ért fhghR e AyE! hedel 8F TRAGFAELNING 3110

disc-like glass substrate for a magnetic disc, Sthe method conpyfsing
a form ng stemietiphessyas Radotat iRy dar vedst gae RO dsic an outer

peri pheral end face while the glass substrate is rotated, thereby
form ng ancedrelringelbpberabdensE a CoCrPt-based alloy, a protective
layer made of hydrogenation carbons, and a lubrication
layer made of perfluoropolyether on both surfaces of the
10 glass substrate 100 obtained through the above-described
steps. In addition, although this configuration is an
example of the configuration of a vertical magnetic disc, a
magnetic layer, etc. may be configured as an in-plane
magnetic disc.
15 [0069]

The obtained magnetic disc also had an outer
peripheral end face which is smooth and high roundness.
Accordingly, it was possible to obtain a magnetic disc in
which film defects or convex defects caused by particles

20 were very few, and any corrosion caused from the outer
peripherzal end face was also suppressed.

[0070]

The invention can be utilized as a method for

manufacturing a glass substrate for a magnetic disc.



wherein the formng step conprises: a first processing step using a
first condition; and 10a second processing step using a second
condition, the second condition being3zdeterm ned based on fi st

undul ations formed in the first processing step in such a manner to
elimnate the first undul ations. 2. The method according to Caim1,
15wherein the first condition or the second condition is determ ned
based on guphational frequency of the glass substrate or the
rotating grirndstone. 3. The nmethod according to Claiml1,

wherein the first condition or the second condition is determ ned
based 20on a rotational frequency of the glass substrate or the
rotating drindstAmeethhd ddrevanuiheiuiing aalisd-idweglasosutistirate fof a agnetiet hod
according to Caim1l, wherein, the first processing
step is cf?éfr?ged to the second processing 25step holding the rotating

Accordi ng to o arRrastiod GG & Bimfheigy Eq“r?p?%%@%gige%taﬁfog‘éégf’ﬁﬁ
ti ng t
ol as subdy P ERY aBATELh oD aRohAEPEAPEL A BRHESRSs SpobieBle ) '

bl ace becgiteds 4168y RimRPaRbLAA péﬁér%rhl &d,(61/B2)xC i s rounded of f

to the first decimal place, where I'S the rotational
5f requency of thehesretramedarr@hgrscamﬁﬁpn@k (rpm is the rotational

frequency of the
a first processing step using a first condition; and
10 a second processing step using a second condition, the second
condition being determined based on fist undulations formed in the first

pracessing step in such a manner to eliminate the first undulations.

2. The method according to Claim 1,
15 wherein the first condition or the second condition is determined based

on a rotational frequency of the glass substrate or the rotating grindstone.

3. The method according to Claim 1,
wherein the first condition or the second condition is determined based
20 on a rotational frequency of the glass substrate or the rotating grindstone

whichever having a slower rotation.
4, The method according to Claim 1,
wherein, the first processing step is changed to the second processing

25 step holding the rotating grindstone being pressed against the glass substrate.

5. The method according to Claim 2,



gl ass substrate in the first condition, and Cis a nunber of the fist
undul ations. 6. The nethod according to claim1,

Wherein the second undul ations having3a different wave | ength from
10t hat of the first undulations are formed by the second processing
step. 7. The nethod according to claim1, Wherein the second
processing step is performed in such a manner that the rotating

d I
grl ndstone i s noyhERAPHesRAKE MEeasding Hiép méggfmag%g;%gg@ the claim

Wherein the second condltlon i's on a result

of measur eottibnalffrdduenty B2t(rpmdef thé igfies stbstratd i ¥utig niarmet that a
processi ng step under a predeterm ned nunber of times of batch

t r eat ment vale diteefinsbdécimtabplace tengmes Sovtemarboperation resultwWi¢is &B2)t@e
first processing step is _perfornmed by setting a value of a first
deci mal pligeinged oifs tie first decimal place, whereA?rpm) is the rotational

5 frequency of the rotation grindstone, B1 (rpm} is the rotational frequency of the

glass substrate in the first condition, and C is & number of the fist undulations.

6. The method according to claim 1,
Wherein the second undulations having a different wave length from

10 that of the first undulations are formed by the second processing step.

7. The method according to claim 1,
Wherein the second processing step is performed in such a manner

that the rotating grindstone is not made to advance.

15
8. The method according to claim 1,
Wherein the second condition is modified based on a result of
measurement of the first undulations formed by the first processing step under a
predetermined number of times of batch treatment.
20

g. The method according to claim 5,
Wherein the first processing step is performed by setting a value of a

first decimal place becomes 5.



