- 1 METHOD FOR MANUFACTURI NG A GLASS SUBSTRATE FOR A MAGNETI C DI SC
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The present
invention relates to a nethod for manufacturing a glass substrate for a
magnetic disc to be wused as a recordiqng nedi um of a conputer or the |iKke.
10 2. Description of the Related Art ][0002] In recent years, an information
recordi ng technique, especially a magnetic recording technique is

remar kably progressing with advancenent of an information technique. 15 As
substrates for maMREEHPE FEBOMANUEAGEURANGUAhGRASBIDEYBSTRALE di sk drives)
that is one of magnetic recording nmedia, a glass substrate which can be
made small and thin and made FQR@WWW AIRF density as conpared to an

al um num substrate which is used conventionally and which is 20 excell ent
regardi ng the flatness and substrate strength of the surface of the

substrate is adopted. [0003] Additionally, in order to achieve high

recor di ng denS|ty in a RAUNG & t18iHhel IS8 ¥ HDDs or the like, 25 a
vertlcal netlc recordlng type magnetic disc (vertical nagnetic recording
di sk hast r et Wth such an increase in information

recordi ng den3|%% b?th - 2

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



| i near recording density (BPI: Bit Per Inch) in a circunferential direction
and track recording density (TPI: Track Per Inch) in a radial direction are
bei ng i ncreased steadily. Mreover, a technique of narrowing the gap 5
(magneti c spaci ng) between a magnetit 4 ayer of a magnetic disc and a
recordi ng/ reproduci ng el enent of a magnetic head, thereby inproving an S/ N
rati o, has al so been studied. The floating height of a magnetic head which

s desired jdur 6cen MO Sidri & IMA Akoul & Ny, b0 ,0004] Mor eover, high

reading speed is required wth the inprovenent i1n recording density as

descri bed: iahoMre deht i10€11 AtGORE M d It AdH 1S FRBUJBIEMend NG, rof@t onal
frequency at the tinme of reading tends to increase, and the 15 rotational

frequencyr Qfck72QQ- rMIOr iDL da B RGH ibn B Me MRANSHIcALOE]  In the
above situations, as for chanfering of a glass substrate, a configuration

in which andidiaces ofotds;e20 ol asscrslibald e Al griondisiqup a pul l ey-like
rotating grindstone is also described conventionally in Patent Docunent 1

(JapanesenBajrenti d apgkdnen Rddvaat iomddhetlile 26379t d mdptentc Docunment
1, the entry angle of a grindstone with respect to the surface of the gl ass

25 subst ratss ishds pecidded an temr etudiie dlidmeercoal i ng nvegfrest i ditseddyr ge
hol es are arranged in a grinding surface. Thereby, progress of chipping or
cracki ng wferd; fiagesowifng ah S/N ratio, has also been studied. The
floating height of a magnetic head which is desired in
recent years is 8 nm to about 6 nm.
10 [0004]

Moreover, high reading speed is required with the
improvement in recording density as described above. 1In
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 conventionally in Patent
Document 1 (Japanese Patent Laid-Open Publication No. 11-
267975). 1In Patent Document 1, the entry angle of a
grindstone with respect to 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



the gl ass substrate is suppressed, so that the lifespan of a grindstone can
be prol onged. [0006] The reason why the chanfering is perforned on the 5
gl ass substrate is because generation of chips or foreign matters is
prevented by making ends of the substrates smooth. |If the surface state of
an end face of the glass substrate is not snooth, there is a probability
that resin or particles which are generated at this end face produce 10

frictionadhy 2 waldryniace jof @ Jmgde of difsl nedn 1 e Rarticles

. S / i
whi ch are caudh by an 1 nner peripheral end face and an outer peripheral

end face Ofy i HASS U Ata Jmepdhere to the main surfaces of the
substrate n future. If a magnetic layer is fornmed while the 15 particles

have adhered to[pheeqai n surfaces of the glass substrate, the particles
cause filmdefects, or convex portions are forned in the surface of a

magnetic disc. THRBUseaBbAP&hygkhdechehgbltihg net pekiairhed, candha t her mal
asperity failure is caused. %0 [ 0007] AdditionaIFy, as the ends are chipped,

there is @ady chalidrddne tihatbddwe st rRngina wafort her draiss sbstdatigyrmy
deteriorate or the precision of concentricity may deteriorate. That is, the

gri ndi ng reft tdhe endprefvdhe v s uksdimt erfths dfeahea dikgstrssuss in order to
reduce the rate of occurrence of chipping, inprove production efficiency,
and reducengwniuf ag@tfurdhyg stnftace skate of an end face of the glass
substrate is not smooth, there is a probability that resin
or particles which are generated at 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. 1If 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 obtained, 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.



[ 0008] Meanwhil e, polishing of main surfaces of a glass substrate is
performed by providing a plurality of small holes in a carrier in which a
sun gear and an internal gear 5 neshes with each other so as to performa

pl anetary gear notion, and pressing ﬁorishing pads from above and below in
a state where the glass substrate is mounted on each of the small holes(for
exanpl e, Patent Docunent 2). Accordingly, tw or nore glass substrates can
be polished at agbbp®e, and 10 can be polished uniformy so that neither
polishing traces nor variations nmay be generated in the substrates. [Patent

Docunent 1] JapgegsaghPatenpoMpphiegt benmakal duPpaBeNoorld- 364945 [ Pat ent
Docunent 2] Japanese Patent Application 15 Laid-Open No. 2000-280171 [0009]

However, suren ren@ fiaCes raforamed ass psuhstdiaie d $1ug-0und; usi ngaaa pul | ey- i ke

rotating grindstone as described in Patent Document 1, irregularities

(undul at inong)s haviangGaa 3@ f idredHirirerav alurofgasayelrengirh iare frerimegat  an
outer peripheral end face. Fig. 6 is a viewillustrating undulations
forrmed atmedhesutdrt pefadphertderend faace Dfpex farenelionadagl agsmsubstrat e.

In order to facilitate understanding, the undul ations are expressed in an
25 enphasiczecdnyammer pgreddiing grodvilshg.nApasioviirdmn diduvee ardawalgw per i odi ¢
undul ations are forned at an outer peripheral end face 130 of a gl ass
substrat @ H¥&telThineres the glass substrate is mounted on each of the
small holes(for example, Patent Document 2). Accordingly,
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 Document 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, irregularities (undulations) having a
20 fixed interval of wavelength are formed at an outer
peripheral end face. Fig. 6 is a view illustrating
undulations formed at an outer peripheral end face of a
conventional glass substrate. 1In 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 outer

peripheral end face 130 of a glass substrate 100. The



undul ations of this outer peripheral end face could be found by the visual
i nspection. However, since a magnetic head does not run on the outer

peri pheral end face and the outer peripheral end face was al so
mrror-polished, this 5 was not conVéﬁirbnally acknow edged as a problem

[ 0010] However, after the outer peripheral end face is polished, main
surfaces are polished as described in Patent Docunent 2. At this tine,

since a g|aas substd e drs slGurmunted- ghaach stmldadwl@uld oout er _
peri pheral end face rubs against a carrier. For this reason, if undul ations

are at thed efy pald phenall entdacs,odr e1aRexes, ofidde a wikhiadions rub
agai nst an inner peripheral surface of the small hole of the carrier.

Ther ef or ;e spaldead et atighes hd alrast gur WHdrdie genefatedirad dHwe apexes.
[ 0011] Such damage causes generation of particles, and consequently, if the

gener at etbyradd ipd € ad s latdidaciatk tuns tdiesdmair sanrf@ekeisshddeyticiagise convex
defects after a 20 magnetic disc is obtained, and cause a thernmal asperity
failure arasa readoresttiAddi Ty cradrdgwl atkjesd d0me ipxodhiced. in the gl ass
substrate is apt to be eluted fromsuch danaged spots, and this causes
corrosi on whi ch[poédilpitates on the surface of the magnetic disc. 25 [0012]
These problens are big problens with a further increase in capacity and a
further increaséoweveecoeditrg thé outer peripheral end face is
polished, 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
15 (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 perfornmed
with sufficient tinme, the undulations can be elimnated. However, since it
is necessary to produce glass substrates on a |arge scal e i nexpensively, it
5is difficult to secure enough processimg tine to elimnate the
undul ati ons. SUMVARY OF THE | NVENTION [0013] 10 Thus, an object of the
invention is to provide a nethod for manufacturing a glass substrate for a

magneti c de?iszi%glﬁal%%ec&fe el ixgnatidig unduliat i;ans Rf,an it eri ¢ peri pher al

end face o ass substrate 1n a short'” processing tinme, and obtaining

hi gh roundnessingly 4 QA r prdeh tQ solvedihe ;3Rove iy Qb |t when the
i nventors have Keenly studied the problens, attention was paid to the fact

that undyaat iens10fnian g .er Rardwier alinend  ace rre genef ated due to the
resonance of the natural 20 frequency of an apparatus, the vibration at the

rotation @foduidie s rafest ddie g AJratd analgd rRquench Sfpeh dinididst one
(cutting edge), and vibrations generated by other subsidiary nenbers. The

i nvent or § AlEa fava f andddigte R u@UiioReyd ipherainend facenicatde made
smooth by 25 intentionally form ng undul ati ons different from forned
undul ati ans wh Ifdtiadddgy, offsetting the fornmed undul ations w th undul ati ons
whi ch have a phase opposite to the phase - 7 of the formed undul ati ons, and
t hus have conpl eted the
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 resonance 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 opposite to the phase



invention. [0015] That is, a representative configuration of the 5
invention is a nmethod for manufacturing a disc-like glass substrate for a
magneti c disc, the method conprising a formng step of pressing a rotating

gri ndstone agai nst an

out er periphé?é]'bnd face while the glass substrate

is rotated, thereby form ng an outer peripheral end. In the 10 form ng

step, processing is perforned using a first

condition on which first

undul ati oJ¥s @ fmRd B 1t SERONGEONAIUd ok Wi iseeaik undul ati ons

having a different wavelength fromthe first undul ati ons are forned.

[ 0016]

15 Accor difgrita drhe above configuration, the first wundul ations forned at
the outer peripheral end face of the glass substrate can be offset by the

second undul ati gns15]Accordi ngly,

end

particles can be prevented,

t he undul ati ons of the outer peripheral
face of the glass substrate can be elimnated in short 20 processing
time, and hi gh raundnessacanphesebtained. coAcdaudiandloy, ofen@rat i on of

and generation of corrosion fromthe outer

per ipher alnwirt faace s camdigh@lpfrre sead: fiactaumagnet idi gh-sici kg Glads 25 The
first condition or the second condition may be the rotational frequency of
t he gl assudistatat E€ar aa magtatingligrd ndsteomes tidwitcangyriad itpuwgh condi ti ons

of an -8- end face grinding step are various, the first condition and

10

15

20

25

forming step of pressing a rotating grindstone against an
outer peripheral end face while the glass substrate is
rotated, thereby forming an outer peripheral end. 1In the
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]

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
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]

The first condition or the second condition may be
the rotational frequency of the glass substrate or a

rotating grindstone. That is, although conditions of an



t he second condition on which the first undul ations and the second
undul ati ons are produced can be set by adjusting the rotational frequency
of the glass substrate or rotating 5 grindstone. [0018] The first
condition or the second condition nay®e€ the rotational frequency of the
gl ass substrate or rotating grindstone whose rotation is slower. If
rotation is fast, 10 gear ratio is large, and fine adjustnent is difficult.

Theref or g 4t He S€
f ormed nore exact

by contro

%QQ% dlirﬁ%u |s%tei|p0 N§ WIZGH Rff sethet he Ao Hondundyratidrens can be
Y ling the rotational frequency having sl ower

rotati onthe0QEondl2chit-nenf @nmiig 5t @RPe BiQGES Sinkth 1R e Rerd enxed

usi ng

the first condition, and processing may be perfornmed after a change to the
second cer@chicomnaitil thike s etrat iRGdu@ddndsione Res$sd aagaistsihd kgl ass

substrate. Processing tine can be shortened by continuously performng
processi ngt3d@ iiomatlhifs cayen Additt itoralgik.s sweemstthe tfd st reardiition and

t he

second condition are rotational frequencies, particularly condition changes
ar e scont igtuedsitynenabl ed.  [0020] In the form ng step, the rotational
frequency B2 25 (rpm of the glass substrate on the second condition may be
a rotational freqogaty at which the value of a first decinmal place becones

5 when the rotational

as A (rpm, theThe first condition or the second condition may be

10

15

20

25

the rotational frequency of the glass substrate or rotating
grindstone whose rotation is slower. If rotation is fast,
gear ratio is large, and fine adjustment 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]

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
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 frequency B2
(rpm) of the glass substrate on the second condition may be
a rotational frequency at which the value of a first

decimal place becomes 5 when the rotational frequency of

frequency of - 9 the rotating grindstone is defined



rotational frequency of the glass substrate on the first condition is
defined as 31 (rpn), the nunber of undulations is defined as C, and an
operation result of (B1/B2)xCis 5 rounded off to a first decinal place. By
setting the second condition in thi's QNa'y, the first undul ations which are
formed according to the first condition can be out of phase with the second
undul ations by half, and the first wundul ations can be surely offset, so

that a st heng 3 RRIJPhRY als erd frace Lam ber@bt aimed. [ 0021]

According to the invention, it is possible to provide a nethod for
manuf act Wog idrg 1assrespRsidatsr ftofe @1 amgneldsx ditse @rapald eciofstel i m nating

undul ations of an 15 outer peripheral end face of a glass substrate in a
short proeseBsiitg tisTeie fandOAIBT NG PH)gh vreundness: Ataordlinglibns _
generation of particles can be prevented in a magnetic disc, and generation
of corrosisonridfiond e ayt emden pheraltiend rdade can (@& ApPpeEsised in the
magnetic disc. 20 BRI EF DESCRI PTION OF THE DRAWNGS [0022] Fig. 1 is a view
i1l ustrationgoed arffi ngp st ep;rstFidpcizndls @ ddeaw dhardetitdrustatat i ng t he
formng 25 step; Fig. 3 is an explanatory view of a double side polishing
appar at usdamdaldrshitnigermaimn t$urs aces dfhea fylrags undil0l at isuiss twhaita
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
[0022]
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



Fig. 4is aviewillustrating grinding conditions according to a working
exanpl e, and undul ati ons of an outer peripheral end face; 5 Fig. 5is a
view illustrating the contrast between the working exanple and a
conparative exanple; and Fig. 6 is & ¥ew illustrating undul ations fornmed at
an outer peripheral end face of a conventional glass substrate. 10

[ Ref erence Nunerals] [0023] 100: GLASS SUBSTRATE 102: | NNER HOLE 120:

| NNER PERI PHERAL END FACE 15 120a: CHAMFERED PORTI ON 130: QUTER PERI PHERAL
END FACESUP38&2LE€HAMFERED PORTI ON 200: END FACE GRI NDI NG APPARATUS 210:
OQUTSI DE GRI NDSTONE 20 212: SHAFT,_ 214: MOTOR 220: | NSIDE GRI NDSTONE 222:
SHAFT 224: MOTORI25 2305 ROTATY ON! ECRTREELER 931091 POLFSING PAD 330: SUN

GEAR - 11 - 340: | NTERNAL CEAR ,
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



350: UPPER SURFACE PLATE 360: LOWNER SURFACE PLATE 370: CARRIER 5
DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS |[0024] Hereinafter, preferred

enbodi ments of the invention wll be described in detail with reference to
the 10 acconpanyi ng draw ngs. The dinmgpsions, materials, other concrete
nuneric values, etc. shown in this enbodinment are just illustrative for

maki ng the invention easily wunderstood, and do not limt the invention
except for a case where they are particularly noted. In addition, in 15 the
present specifiééQFonIEEBRHAéwﬁﬁég, duplicate description is omtted by
giving the sane reference nunerals to elenments having substantially the
same functions3afRd cHRFEGUPHREDRE, PRAEI | | ustration of el ements which are
not directly related to the invention is omtted. 20 [0025] Fig. 1is a
view illustrati a§0a f&PHERGSIREPCRNEEATEperforns grinding and chanfering of
end faces (an outer peripheral end face and an inner peripheral end face)
of a glass subst’Pat eCARRgER1(a) is a sectional view of the 25 gl ass
substrate before the formng step is perforned. As shown in this draw ng,
the Forming step is perfornmed on an annular glass substrate 100 in which an

inner hole 102 is - 12 forned at the center of a disc-like glass substrate.
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. 1In 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 [0025]

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. 1(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 1is



[0026] Fig. 1(b) is a view schematically illustrating an end face grinding
apparatus 200. In the end face grinding 5 apparatus 200 shown in this
drawi 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 exanple of grinding neans is also“I'nserted through the inner hole 102.
Shafts 212 and 222 of the outside 10 grindstone 210 and the inside
grindstone 220 are novable, and are pressed so as to pinch the gl ass
substrat efdified mta tHadial t ot reetd ol day- Jpirkes Sj Ings sreanss tirede shown) . The
out side grindstone 210 and the inside grindstone 220 are pulley-Ilike
rotating grindstiones,) and i nclude grinding 15 surfaces (a central flat
portion and an inclined portion) at their outer peripheral surfaces. The
gl ass substrat eritQ0,1 (bhe igutsivdewgsicheskzanea2lq, idndsthetiing d& gri ndst one
220 are rotationally driven by notors 214 and 224 as exanples of driving
means, respecidoel gy irahichd hedga20cuotaid ondln ditedndnSa e eyisietdisoy as t o be
a direction opposite to the rotational direction of the glass substrate at
respect i vwpraardtact 000 dsownThien ridtiad i daread 1irfq e quenoyt ofde tdrei midtorrse 214 and
224 is controlled by a rotation controller 230. In addition, in Fig. 1, a
supporti Myl @5 srechaism land fa gotratironateatrs vi shgg mechead smiofiddet g ass
substrate 100 are omtted. [0027] - 13 As shown in Fig. 1(c), by grinding
t he i nnerglass substrate 100, and an inside grindstone 220 as an
example of grinding means is also inserted through the
inner hole 102. 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 rotational 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]



peri pheral end face 120 and the outer peripheral end face 130 of the gl ass
substrate 100, chanfered portions 120a and 130a are forned in these end
faces, respectively. 5 [0028] The form ng step using the end face grinding
appar atus 200 of the above configuratldn-will be described. In the formng
step, grinding of the outer peripheral end face 130 and the inner

peri pheral end face 120 is performed 10 by pressing and rotating the outside

gri ndstone 210 g dfhg%n Hgs%Qg_gﬁuQ stggﬁggﬁgdqg%;gi% the Quter peripheral

end face 130 an e i nner peripheral ace respectively, while
rotating Jgﬁg% u t 1,5y L, o 0t esl I i ndi ng be
perfor rrecijaevﬁll e cagloltéﬁ% afcqeuﬁc?d%ﬁcﬂok{(ﬁaaon% e]‘: zpeapg‘fﬂ.% . Feor%d;gﬁa&% g. 2is a
flow chartsq |dpustyatdng & he, Jarmng s3EP-cnded ey Fs i Ny stema fAdst
grinding is performed using predetermned conditions (5100). Here, the
predet er myged 20 condidd ons &Ll tnss Fore Rerdofpang, mai n processing

for formng an outer peripheral end face, and iInclude the rotational
fregency of thegpyisgi de grindstone 210 and the inside grindstone 220, the

roughness of the outside grindstone 210, and the inside grindstone 220, the

25 rotational fregueneyioh fsfa%pgh%;%gw%t kale fég@_, gRiiesswee, etc. Here,

al t hough the outer periphéral end face is ground in a circular shape, first

undul at i oo L FAUSEA. of tife dubiddli oo Aein el wwwaddonsed or med at

t he outer
In the forming step, grinding of the outer peripheral end

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 liquid
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.



peri pheral end face 130 at this tinme are defined as the first undul ations,
and particularly the rotational frequency of the glass substrate 100 anong
predetermned 5 conditions is called a first condition. [0030] Next, the
first undul ations formed at the outerl4peripheral end face 130 are neasured
(S102). The undul ations of the outer peripheral end face 130 can be 10
nmeasured using a contact type fine contour shape neasuring instrunent, for

exanpl e, Usi i Negll ey A T anal |y, the oyevel fgl h or L ddde of the
e nunb c. may I

undul ati ons, er o apexes, € e measured by visua

bl at | GRS Vi U 4L Vb gt i P er Gt 1 T T E Sk brthl 2t on

undul ati ons a rent fromt undul ati ons are

formed 1 se 6ol culatofl (S404). o, S86000 W A1 1806, Lista have 1o be

different i'n wav r‘'om | ati ons. is enables the first

undul at i Oﬂsecﬁger{%_f/r ][%gt@rt%tg{‘%%ts‘%{bé{e{é@ef@d aﬁﬂ%g gk Pl d 10 A @ss

substrate to be e second undulations. 1ttis to e noted herein

thatga casg, *6h§r¥%W%¥§%%£Q§ngsérgbnfﬁggﬂg.UndU|ati°ns is an integral

multiple of the first trons Is exc This is because peaks of the
25 undul ations qyerlpap each other, and thus, such offset cannot be nade.
[0032] - 15 In this enbodinent, the second condition is the

Next, the first undulations formed at the outer
peripheral end face 130 are measured (S102). The
undulations of the outer peripheral end face 130 can be

10 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.

[0032]



rotational frequency of the glass substrate, simlarly to the first
condition. That is, although conditions of an end face grinding step are
various, the first condition and 5 the second condition on which the

wavel engt hs of the first wundul atiomsl®d the second undul ati ons are made
different fromeach other can be set by changing the rotational frequency
of the glass substrate. [0033] 10 In addition, the first condition and the

second condi t1 o5, e Noddie eotiat lonals Jaganenain fy dhe dlans substrate

but may be the rotational frequenc a rotating grindstone. However, if

rotation it @?&naﬂeﬁfeﬁﬁgﬁ iSr 1136982 ds&%§€r§gﬁyséfﬁfiaffyd£$fiCU|t-

Therefore, the 15 second undul ati ons ich offset the first undul ati ons nore

exactly cgqe be; for nedh By Lont rothing; § he 1ot akdwnabnaf £ egyensy having sl over
rotation. In this enbodinment, as wll be described later, the gl ass

substrat eoh@sracd yerndai0f ati Opad & requency, thad thesf otetdngi ghi fdgt one. 20
Therefore, the rotational frequency of the glass substrate is used as a

conditi onghd 0934dng AdEh 4106k | on Ui OF deke t Ra ST &hyt RO HF t fige SECHEE o
undul ations which will offset the first undul ations, the 25 second condition

can be obgaiweg: {60 ke fhé Siccondi th@M a@hs herdihsde agl Bpérameul ations
neasured in S102, in the followng nmanner. - 16 - [0035]
from each other can be set by changing the rotational
frequency of the glass substrate.
[0033]

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 S102, in the

following manner.



When the rotational frequency of the rotating grindstone is defined as A

(rpm,

the rotational frequency of the glass substrate on the first

condition is defined as 5 Bl (rpn), and the nunber of the first undul ations
defined as C, the rotational freq&éncy B2 (rpn) of the glass substrate
on the second condition is obtained. Here, since the nunber of undul ations
Cis an actual neasurenent value, it is a value whose reliability is high

since the 10 rotapienal frequency Bl of the glass substrate is at a | ow

is

speed,

it is a value whose reliability is high, and since the rotational

frequency A of Wﬂ%nrQ%%tE%@a@&b@%%tQ@%qh%n% o hingh ropeedng t is a value

whose reliability is low. [003

15 Here, like the followng formula, a

val ue obtgiingdtdie diyidiMthdded of atdmnal dHequancy: &fat her &hidxisg one by
the rotational frequency of the substrate is defined as a rotational
frequencyf ailie® PNadFauBdiarade 2h (R ati onalcdiequencyi A @fined as

G indstone)/(Rotational Frequency Bl of d ass Substrate)=Rotational
FrequencyiRatign) N={ridt)Hd ruinbdnteDerhe afickslf jurhdoken snbes ) When 1/ =0,
devi ation of one pitch occurs in one rotation 25 of the grindstone and

ri dges argefiata®ehOC t hths urdtace @fal thee@lassy Bbstrmie.ofere 1/ =0. 5,
grinding surface roughness and the length of a pitch becone half and the -
nunberladfs rsudgesrdtec wre the ce=ddid cdndithieon ats cwoddained. Here,

17

10

15

20

25

since the number of undulations C is an actual measurement
value, it is a value whose reliability is high, since the
rotational frequency Bl of the glass substrate is at a low
speed, it is a value whose reliability is high, and since
the rotational frequency A of the rotating grindstone 1is at
a high speed, it is a value whose reliability is low.

[0036]

Here, like the following formula, a value obtained
by dividing the rotational frequency of the grindstone by
the rotational frequency of the substrate is defined as a
rotational frequency ratio N.

[Formula 1]

(Rotational Frequency A of Grindstone)/(Rotational
Frequency Bl of Glass Substrate)=Rotational Frequency Ratio
N=(i+1)/]j

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

When 1/j=0, deviation of one pitch occurs in one rotation
of the grindstone and i ridges are formed on the surface of
the glass substrate. When 1/j=0.5, grinding surface

roughness and the length of a pitch become half and the



Therefore, a high circularity can be obtained. [0037] Thus, first,

setting the first condition,

deci nal

becone 5. Although a high circularityléan be theoretically

state,

in

the 5 first condition is set so that a first

pl ace of a rotational frequency ratio N on the first condition may

obtained in this
vari ous hindrance factors, such as runout of a shaft, vibration,

precision, and wear, are 10 involved actually. Therefore, balance coll apses,
and coanggdindyationg Ak dRdedide apiout an pefd pherial end face.

relationship at this tine can be expressed |like

The

the follow ng fornula.

Si nce t heyatatdenaly ffieguenatBlariafy the Hashisubslgate and the nunber of
undul ations C are is high-precision values in the followng fornmula as

descri bed abovepoRtjis assuned that it is correct. [Fornula 2] (Actual
Rot ati onal Frequency A of Gindstone)/(Rotational Frequency Bl of
20 Substrate)=Nerber ofi rPaduliat sensikgl @838FirMextondntapder the formthe
second undul ati ons which offset the above undul ations, the rotational
frequencyiBdt dforidia igmsis sdistsatttan 4 e rsecertieeidigliae icf set .
t he wavel ength of undul ations is out of phase by half, the first

undul at i o azaka dfespiertyy treae isecandn withul fbitr sansconthieriefromesy t he

rotational frequency B2 of the - 18 substrate on the second conditi
obt ai ned ksxrdnteats5.a Although a high circularity can be theoretically

10

15

20

25

obtained in this state, various hindrance factors, such as
runout of a shaft, vibration, precision, and wear, are
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
high-precision values in the following formula as described
above, it is assumed that it is correct.

[Formula 2]

(Actual Rotational Frequency A’ of
Grindstone) / (Rotational Frequency Bl of Glass
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.

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

d ass

25 When

on is



first decimal place of a rotational frequency ratio N2 on the second
condition may be set to 5. [Fornula 3] 5 (Actual Rotational Frequency A of
Gri ndstone)/ (Rotational Frequency B2 of dass Substrate)=Rotational
Frequency Ratio N2=Integer + 0.5 (whtBe~B2 and N2 are val ues on the second
condition) [0039] 10 If "Actual Rotational Frequency A" of Gindstone" is
elimnated fromFormula 3 by using Fornula 2, Formula 3 can be expressed

like the £ ldouwing Jormd aeddref myii4l fRatatdpnal o eqrenct Bl of Gass 15
Substrate)/ (Rotational Frequency B2 of dass Substrate) x Nunber of

Undul at i gns ~RAH0ng)1 e qrenc - Ratd ion IR Hrdggelc vt X4 tSolhat drs, the

rotational frequency B2 of the substrate is obtained so that the value of a

first degipmlsate When dbn 4 0pRr aldtorrgesult (rotational frequency ratio
N2 on the second condition) of (B1/B2) x Cis rounded off to a first

deci mal place mayobfusegt 3o S. By setting the second condition in this way,
the first undul ations which are fornmed according to the first condition can
be aut of phase (2btwhtthrbhatseaandruadukations by hal f, and the first

undul ati ons can be surely offset, so that a snooth outer peripheral end
face can di& reltained. (Rothd i-ord004equency B2 of Glass
Substrate)=Rotational Frequency Ratio N2=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 B2 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 (B1l/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.



After the second condition is calculated as described above, a formng step
related to production is perfornmed (S104). Batch grinding is first
performed on the 5 first condition (S106), and processing is performed by
changi ng the grinding condition to thd%e&cond condition wth the rotating
gri ndstone pressed against the glass substrate (with the glass substrate
set in the apparatus) (S108). Although the polishing according to the first
10 condition all@wsg nargin, the polishing according to the second
condition is perfornmed only for the purpose of offsetting undul ations by

so-cal l ed zero quttd Mg HehelR dre cBIdiRdSoNg ik et Jrede 40 advance.
Accordingly, the polishing according to the second condition nmay be 15

perfor nedyd 4 @i 5d@rdbdvdp, a f S riexadPd€sp | e Bbosd {abordddctiotatsons) 10
seconds. Processing tinme can be shortened by continuously perform ng

processi Ngeifofléd veyo4) Addsdtemadt ynd Bhdices therdt risér eonaédi on ane the
second condition are rotational frequencies, particularly 20 condition

changes af ersontomauotisby esedéed. and 09dddedoneyels phefounsddey gri ndst one
210 and the inside grindstone 220 are worn out if the nunber of tines of

batch tredmentg i shacgrind bt @ dcordldt 1 donad | yhe t decond stoked 25i g i ndst one 210
and the inside grindstone 220 have a plurality of grinding surfaces, and if
t he gri ndsitomeshaveastatoirtg @rocesisomg psepesd cageitndy ahaewlgss ndi ng surface
- 20 after a stage is switched. If situations (actual
substrate (with the glass substrate set in the apparatus)
(S108). 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. Additionally, 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



rotational frequency D, etc.) change in this way, it will becone inpossible
thus, to apply the second condition obtained by S104. Then, whether or not
a predeterm ned 5 nunber of tines of batch treatnment have been perforned is
determned (S110). If the batch treat®&Bnt is not perforned, the next batch
treatnment is perforned (5106), and if the batch treatnent has been
performed, the processing returns to S100 where cal cul ation of the second

condi tion 45,10 rse(/s%}j?di. Therehysq a and -i({gag %)ggjgj on which is

al ways bas_et@zE on actua condi ti ones_ can be used. |004 ~According to the
above confdguraldon. £t endW atdons) ofndhe oyt ern peripperal end face of
the glass 15 substrate can be elimnated in short processing tinme, wthout

vai ting fiofcgiocessd g dide rnoughh toely nimats cauw @td onsoraccording to
one grinding condition. Accor di ngly, ‘mass production can be perforned, and

product i bicpiste sy el oeducetbn 20,HO0A3] & hoB d ordiexdtmnadery view of a
doubl e side polishing apparatus for polishing main surfaces of a gl ass

subsi r at eyurdther doubl ienesd der pold Shitve appatatius, S shwr fdindd gis 3 has a
carrier nounting portion having a sun gear 25 330 and an internal gear

(her ei nafdete frefredd e 11m)as anf tHaterted Qesd et )i svhieth peefsateded in a
predeterm ned rotation ratio, respectively, and an upper surface plate - 21
350 and acHeowerxtswdtaste tpladtensdt0 Whipdr Brmmadt @@i®dal 1and if the
batch treatment has been performed, the 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 substrate can be eliminated in short processing time,
without waiting for processing time 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



driven in directions opposite to each other wwth this carrier nounting
portion therebetween. Polishing pads 310 are respectively stuck on the
surfaces of the upper surface 5 plate 350 and the | ower surface plate 360
whi ch face the glass substrate 100~ [R3044] A carrier 370 which has a gear
on its outer periphery nmeshes with the sun gear 330 and the internal 10
gear 340, and the sun gear 330 and the internal gear 340 rotate relative to

each ot hesyo theseby) ferf orgl g-2 o plaged sy, geat Ipdi 09 adhensaryier 370 is

provided wth a plurality of sna | es, and the glass substrate 100 is

hel d by each,Qf 1heqspeli: ol esypdsi {0043]Jbe boner surhacgipl ate 360 is

fixedly installed and the upper surface plate 350 is configured so as to be

novabl e Y@éfif@%|M@u§@iﬁ@?of@§oﬂ|@§§réﬁé’§\ké@ﬁ? 1@@1@%%§Ypa&§e39@rri er 370
can be pinched and pressed by the polishing 20 pads 310. By performng the

pl anet ar y; geare Lt OMvOf y theuckash | e 3dQr 1hbL e pPI t1981 Bgpbiashdrdsburry)
including | oose grains 1s supplied, the front and back main surfaces of the

gl ass substias e33P0d e Ol i shed. stPP46¢ pRE-A B8O Nwisush aggcPothshi ng step
usi ng the above apparatus is perforned after the outer peripheral end face
is mrrorgpots sheestastaM 1dobe described later. At this - 22 tinme, the
gl ass substrate 100 is nounted on each snmall hole
[0044]
A carrier 370 which has a gear on its outer
periphery meshes with the sun gear 330 and the internal
10 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
held by each of the small holes.
15 [0045]
The lower surface plate 360 is fixedly installed and
the upper surface plate 350 is configured so as to be
movable vertically, so that the glass substrate 100 held by
the carrier 370 can be pinched and pressed by the polishing
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



of the carrier 370, and is polished. However, in the glass substrate 100
according to this enbodi nent, undul ations of the outer peripheral end face
130 can be elimnated and the 5 end face can be nade snooth. Therefore,
spotted scratches caused by sliding 22iction with the carrier are not
generated at apexes of the undul ations. Accordingly, generation of
particles generated fromthe outer peripheral end face can be prevented

effectiveliy,. and eyan af tep,dhe 10 substy e as raeanalwesra (0 1@ mmgnet i c

di sc, generation of° corrosion fromthe outer peripheral end face can be

suppr essegt t{h%o‘!:%]rri[e\i}brﬁd]g AR &lo 1S HRS el nRflsfor an reripdigmeiys wi | | be

descri bed bel ow about a nethod for manufacturing a glass substrate for a

magneti ¢ (dirsG 0 MIRN J& ANRRNHOR HiS aRdBithe1t0048ldu (k)i 2haping St ep
and First Lapping Step 20 Although materials for a glass substrate in this

enbodi merthd neldide PHdB HrRpSFacd UBMesd iate gliasted RADOSIHd cat e
gl ass, crystallized glass, etc., alumnosilicate glass is especially

sui tabl e.endl MRe YMOWMNEEHANGKIY G I iGHdidAoare fiaideddidde?5
alum nosilicate glass, nagnetic spacing, especially the floating height of

a magnet icxead gan el ired ucad dire wistaline Addiitdronald yhot n the
alumnosilicate glass, high - 23 rigidity and strength can be obtai ned by
chemi cal generated at apexes of the undulations. Accordingly,

generation of particles generated 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 outer 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



strengthening. [0049] First, nelted alum nosilicate glass was nolded into
5 a disc shape by direct pressing using an upper nold, a lower nold, and a
barrel nold, and anorphous plate-like glass was obtained. In addition,

gl ass for chemical strengthening was28sed as the aluminosilicate glass. A
di sc-li ke glass substrate for a magnetic disc may be 10 obtai ned by
perform ng cutting out by a grinding grindstone from sheet glass forned by

a down-dra. eraitgi)pdqh r&?sdﬁe@%m can? Q-4he direct pressing.

In addltlo a unl 03| i'cat e ass y strengthened gl ass
contalnl@%ggAé% 7596by melght A1203 S to 23%by 15 weight, Li20: 3
to 10% by wei ght, thO 4 to 13% by weight as nmain conponents was used.
[ 0050] Next, b @b4gne mai n surfaces of this plate-like glass were |apped,
and a disc- I|ke glass preformwas 20 obtained. This |apping was perforned

using al um na-based:, | pasecqr anfmibysa1dedbke ;3hde LaRPHRARBPARRLUS using a
pl anetary gear nmechani sm Speci fically, Iapplng was performed by pressing a

I ap surf aceipatgAagaigistaheidt swdaees Wiy plrt@dd Kendlgss from above

and bel ow, 25 supplying grinding liquid including | oose grains onto the
mai n sur flage wimdie pirad er Iddkerdl agsld anthdidpihamprelatimve to each

other. A gl ass preforn1having flat main - 24 - surfaces was obtained by this
| appi ng. 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 floating
method in addition to the direct pressing. 1In addition, as
this aluminosilicate glass, chemically strengthened glass
containing SiO;: 58 to 75% by weight, Al,03: 5 to 23% by
15 weight, Li,O0: 3 to 10% by weight, and Na,0: 4 to 13% by
weight as main components was used.
[0050]
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



[0051] (2) Cutting-out Step (Coring and Form ng) Next, the glass preform
was cut using a dianond 5 cutter and a disc-like glass substrate was cut
out fromthis glass preform Next, an inner hole was forned at a central
portion of this glass substrate by us?fg-a cylindrical dianond drill, and
an annul ar gl ass substrate 100 was obtained (coring). 10 [0052] Next,
grinding and chanfering of end faces (an outer peripheral end face and an

inner perd pherals end fage); &y E?&@é%%ﬁpnge\mspmﬁowmdby

perform ng the above- nentione orm ng ep.” 15 [0053] Fig. 4 is a view
illustrating gr%@gg@g conditions according to the working exanple, and
undul ations of an outer peripheral end face. The first condition is first

set at the grindpng EB%tQH??BuE?SEEEeW@BrQH@ Eﬁeefokﬁihg¢ 20 first
condition, the first condifion is set so that a first eci mal place of the

rotational freqyeney tati 91blgsngyefe%ﬁow§s5cuhnugmh§ workkRenexanpl e, the
rotational frequency of fhe grindstone is set to A=2,412, and the

rot & i onalytffeaquency ofi ddhe isubsiirate Qibdthadd rels Zmcond timis set to
B1=24. At this time, the rotational frequency ratios N are 2,412/24=100.5.

Al t hough th il g asy WYYty cakthe drhaereid eallley weld advekd mtd i s state,
25 various hindrance factors, such as runout of a shaft,
central portion of this glass substrate by using a
cylindrical diamond drill, and 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. 1In the

20 first condition, the first condition is set so that a first
decimal place of the rotational frequency 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 B1=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,



vi bration, precision, and wear, are involved actually. Therefore, bal ance
col | apses, and undul ations are fornmed in the outer peripheral end face. In
this working exanple, 5 the nunber of undul ati ons neasured was C=114. Then
in order to formthe second undul ati 8as-whi ch of fset the first

undul ations, values are substituted into the above Formula 4, and the
rotational frequency B2 of the glass substrate on the second condition is

Zﬁéslt} gt [{% (%Sgth?ﬂonn%ﬁqféeqﬁa{ﬁcy ass ‘%L%LQ[ f% Shaﬁ\?dnbgr of f
f%#% é&%? %ﬁﬁy .5 15 1
tglﬂeaakere t Q% I eé§%§? pla cgﬁQ% ?héugoﬁégﬁbﬁgréﬂérequ cy ratio N2a
2

b d
N=114. 5 " YTTA 47 Can b cal U eh when 820 ¢ SE S b A e e
rotati onalyd 1RAUANCY. 318, N =H. B dI13 52)cpm0 mgﬂ@%% ated when B2 is

24.1 (rpm. Accordingly, the rotational frequency B2 the substrate as
the second,e GAREHdH QF Q%m@eatsleéné e re4ids @rraln goddition, the

di fference between Bl and 32 may be one or nore, and if a broken number

(the firsgrgeciy@mlrdhRc8le isendaldd ot dns 2 Phaser § Seenaid egh r460054] By

using the above first condition and second - 26 condition, the first
undul at i afisded thibe, ofdsets rd hubstituted into the above Formula

4, and the rotational frequency B2 of the glass substrate
on the second condition is set.
10 [Formula 5]

(Rotational Frequency Bl of Glass
Substrate)/(Rotational Frequency 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 ratio 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, etc. 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



second undul ati ons, and the undul ati ons of the outer peripheral end face of
the gl ass substrate could be elimnated in short processing tinme, and the
gl ass 5 substrate could be processed snoothly. [0055] Fig. 5is a view
illustrating the contrast between th&6worki ng exanple and a conparative
exanple. As described above, even if grinding has been nade only on the 10
first condition, finishing with desired surface roughness can be done if

ong ProceSBLNG i Il LAKEN L LONENENon %0 oML TN FLS: S ayo 0 order to

perform finishing equal “Toughness™ (Tor ‘exanp about 200

neabout s QdndMundPO s JAD SBEPNS. MBI, T AALLL O e YLtdie T1rst 15

condition. Tn contrast, éh grindi ng was e on the second condition
af ter thepéfira@efﬂndéﬁd %Aé@ftﬁ}?@vggi NG 5Pl &, - 4ibey gid ndi ng can be
achi eved 1 n out 60 seconds. It can be seen fromthis that the undul ations

of the oulefy; PardPhel alnend Jacs camhbe: fhd Mol edheagiysyhile 20

processing time can be shortened. [0056] Additionally, when treatnent is

per for meds ik £ 6 e SAIELPIACESS dsdddBsmgoi fference is caused in the
undul ati ons of the outer peripheral end face.” Due to this, 25 a difference

is caused in thgogengration of particles or corrosion. That is, as shown in
Fig. 5(b), in the conparative exanple, the undul ati on hei ght was about 1 m

- 27 and the pitigh was sakouti el 3 1MMst@attikgy etkercdntst beGaken

the working example and a comparative example. As
described above, even if grinding 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. In 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



be seen in the working exanple that the undul ati on hei ght becones 0.5 m
the pitch becones about 1.3 mm and the undul ation height is suppressed
very low. 5 [0057] (3) Second Lapping Step Next, second | appi hg was
performed on both the main surfaces &ff the obtained glass substrate,
simlarly to the first lapping step. By performng this second | apping
step, 10 a fine concavo-convex shape forned in the main surfaces in the

el na | nap ten t . : b
cut ting- odty %@%ﬁt%ﬁ&y%@cﬁ%&%'fﬁ e S f%grh hal dsn&r LY ous siep can be

removed in a subsequent  pol ing step on the main surfaces

can be cqrpl&ied i e SO d Wit d 0058] (&) Fd Face.Pol shing Step

Next, mrror p ing was pertfornmed on the outer peripheral end face of

the gl ass,suhists af & Qyna Hrdsh « polishings mtded. 1 A ddi Sadd e Sl urry

(l oose grains) 20 including cerium oxide abrasive grains was used as

pol i shi ng, o4& st od GASHht Thensudhe Hassysupstsat e subjected to the end
face polishing step was water-cleaned. The ‘end faces of the 25 gl ass

substrate were ppegggsed in a specular surface state where generation of
precipitation of sodiumor potassium can be prevented by this end face

pol i shing step. (3)28 sckespeeiialdpinihgtispner peripheral end face was in good
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 subsequent
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.



condition without deteriorating the tol erance or roundness of the inner
hol e, even if a nunber of, e.g., about 200 to 300 sheets of gl ass
substrates were stacked and polished. 5 [0060] (5) Miin Surface Polishing
Step As a main surface polishing step28frrst, a first polishing step was
performed. This polishing step mainly ainms at renoving any scratching or
distortion of the main 10 surfaces renmained in the aforenentioned | apping

step. Inpdhis firsteRolishin - the dmi nesw flaces, wer e pol i shed  using
arigid ré%?% pgﬁﬁéﬁér Sy a dgﬁ%%' é?ég'polishing apparatus having a

pl anet ar y- gear: MBENANIRMt CRIH MM DX 108, g aHAS & MRS MBFQuERL AS an
abrasi ve agent. 15 [0061] The gl ass substrate 100 subjected to this first

pol i shi ng, stiap: Wasmh Seqiand | alden di ppedhimhdespectd ve. , digan npdatds of
neutral detergent, pure water, and I PA (isopropyl alcohol), and was

cleaned. M [{6A]s Nextgl 25 th it sdinface paldisdd h$tepLi shsecond
polishing step was perforned. This second polishing step ains at finishing

t he grai n surfacegoigntio mrror surfaces. |In this second polishing step, the
mai n surfaces were 25 mrror-polished using a soft resin foam polisher by a
doubl e side poli(shi ngaappaiattusch@vilighang arepary gear nmechanism Cerium

oxi de abrasive grains finer than the - 29 cerium oxide abrasive grains used
in the first polisshi mgin surface polishing step, first, a first
polishing step was performed. This polishing step mainly
aims at removing any scratching or distortion of the main
10 surfaces remained in the aforementioned lapping step. In
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 oxide
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 polishing 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



step were used as an abrasive agent. [0063] The gl ass substrate 100
subjected to this second 5 polishing step was sequentially dipped in
respective cl eaning baths of neutral detergent, pure water, and |IPA

(i sopropyl alcohol), and was cl eaned.2®n~addition, supersonic waves were
applied to each cleaning bath. [0064] 10 (6) Chem cal Strengthening Step
Next, chem cal strengthening was perforned on the glass substrate 100

subj ect ed.d,9 fhe, afQr epsnld;oned | ApR NGk SLeP @Rd AaldsShing Siiep, The

chem cal strengthening was perforned by preparing a chem cal stTengthening

sol ution S5 ohtained by 18 ¢4 NgfIofassi umdidrate (60% and sodium nitrate
(400), heating this chemcal strengtheni'ng solution to 400C, preheating the

cleaned gl ass sypggrate 100 to 300C, and inmersing the glass substrate in
the chem cal strengthening solution for about 3 hours. In order to 20

chem cal |y stremgthgnaitheswhakeasurfizeesabjebecal agstnsubserahg 100 in this
i mersion, the inmmersion was perfornmed in"a state where a plurality of

gl ass subsiriairesg HQpwie heusedtinia holidgfeSarmsrddpdained d at their end

faces. 25 [0065] By performng the inmersion treatnent in the chem cal
st rengt heslidith i9e] Wators ¥tk MaY ddddiydid,| e wle@ndirgddinmm i ons of a

surface | ayer of the glass substrate
(isopropyl alcohol), and was cleaned. In addition,
supersonic waves were applied to each cleaning bath.
[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. In 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



100 are respectively replaced by sodiumions and potassium ions in the
chem cal strengthening solution, and the glass substrates are strengthened.
The thickness of a 5 conpressive stress |layer fornmed in the surface |ayer of
each of the glass substrates was abouB0160 mto 200 m [0066] The gl ass
substrate 100 subjected to the chemi cal strengthening treatnment was
imrersed in a water bath of 10 20C, was quenched, and was maintained for

about. 10 FAW s Tt dhe cleaniag vase pest aed byo L s sipgedhe gl ass

substrate to the guenc in a concentrated ric acid

heat ed 1 o @hotitc 400 d0F SAVEY 1A AL ASR, SUBSIK At 6.5 U EOL6La 1 01 e

sul furic acid cleanlng was 15 sequenti y dipped 1 n respective cleaning

baths of pie i yatier andyTEA @@M?ﬁ%nﬁ{ sohwl s ignd y@s cheapesss | n

addi tion, supersonic waves were applied to each cleaning bath. [0067] 20

As deSPr!Qﬁ%@P&é’@s ard | st ranghisapal h ot@sschsubsdsater 190 for a )
high-rigidity magnetic disc was obtained by performng the first |apping

steps the-Giitd NgivOUt B E£P, 14 her enshfiage Pothshingr s¢€pLayde second | apping
step, the first and second polishing steps, and the 25 chem cal

strengt hedd ¢l St ephe Afh 44 onabdyratde W assoostbslo gue 4O whoge. out er
peri pheral end face also is snmooth and has high roundness can be obtai ned.
- 31 - [0068] [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 alcohol), 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 for 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.



(7) Magnetic disc Manufacturing Step A vertical magnetic recording disk was
manuf actured by sequentially form ng an adhesion | ayer nmade of a C 5
al l oy, a soft nagnetic |ayer nade of a CoTaZr-based alloy, a foundation

| ayer made of Ru, a vertical nmagnetic3lrecording | ayer nade of a
CoCr Pt - based all oy, a protective |ayer nade of hydrogenati on carbons, and a
| ubrication |ayer made of perfluoropol yether on both surfaces of the 10

gl ass substrate[%%%gqbtained t hrough t he above-described steps. In
addition, although this configuration is an exanple of the configuration of

a vertical magnebiiC @i:$terd c BYREHG I£A¥E,r8LC sty be configured as an
i n-plane nmagnetic disc. 15 [0069] The obtai ned magnetic disc also had an

outer peripheral \end if-age nalreh iics RN ANd kIR JOuRMRESSturReeor di ngly,
it was possible to obtain a rmagnetic disc in which filmdefects or convex

defects gausedybdnhPaitli ¢l €srhyeif y@tysfaw 1 andr alyd€asf osion caused from
the outer = peripheral end face was al so suppressed. [0070] The invention

can be utdliged Ass@iel #1061 fracddird Nos ac @t aBs-1sabsd rat eof or a
magnetic disc. - 32 - WHAT IS CLAIMED IS: 1. A method for manufacturing a

disc-likes gt dssdaSihist IR &r fdda smgnel i £ €l sei cd hemd@idode conpri sing a
formng step of pressing a
recording layer made of 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
peripheral end face was also suppressed.

[0070]

The invention can be utilized as a method for

manufacturing a glass substrate for a magnetic disc.



5 rotating grindstone against an outer peripheral end face while the gl ass
substrate is rotated, thereby form ng an outer peripheral end, wherein, in
the form ng step, processing is perforned using a first condition on which
first 10 undul ations are formed and-a34etond condition on which second
undul ations having a different wavelength fromthe first undulations are
formed. 2. The nethod for manufacturing a glass substrate for a 15 nagnetic
di sc accqpitnad @1@AMEP g Wherein the first condition or the second
condition 1is the rotational frequency of the glass substrate or a rotating

grindstone. 20 3. plheopetRed banraerul-achuLi Rgsa-ghass sukstrate for a
magnetic disc according to Claim2, wheréin the first condition or the

second cangidd Qe it he fRfatdional; d4,equency of the glass substrate or
rotating grindstone whose rotation is slower. 25 4. The nethod for

nmanuf act uring atgbagstsdbstbabeibohgaa MBEREHLC sdkpC oECepRedisAgqgta Caiml, -
33 wherein, in the formng step, processing is perforned using the first

condj ti omsotatd Y QeSSBS aRendfar ned Aftear g change t eddessacond
condition with the rotating grindstone pressed against the glass substrate.
5 5. The yrEtihod Horg Imifagiddraig a glhasstsadstiaedorfarming an
outer peripheral end,
wherein, in the forming step, processing is
performed using a first condition on which first
10 undulations are formed and a second condition on which

second undulations having a different wavelength from the

first undulations are formed.

2. The method for manufacturing a glass substrate for a
15 magnetic disc according to Claim 1,
wherein the first condition or the second condition
is the rotational frequency of the glass substrate or a

rotating grindstone.

20 3. The method for manufacturing a glass substrate for a
magnetic disc according to Claim 2,
wherein the first condition or the second condition
is the rotational frequency of the glass substrate or
rotating grindstone whose rotation is slower.
25
4. The method for manufacturing a glass substrate for a

magnetic disc according to Claim 1,



magnetic disc according to Caim2, wherein, in the formng step, the
rotational frequency B2 (rpn) of the glass substrate on the second 10
condition is a rotational frequency at which the value of a first decinal

pl ace becomes 5 when the rotational -fB8quency of the rotating grindstone is
defined as A (rpm, the rotational frequency of the glass substrate on the
first condition is defined as Bl (rpm, the nunber of first 15 undul ati ons

s defined as Cypand;an oRetALi 9B-heRy! Leeh, LBLLBZLIG §srounded of f to a

first decinmal place
performed using the first condition, and processing 1is

performed after a change to the second condition with the

rotating grindstone pressed against the glass substrate.

5. The method for manufacturing a glass substrate for a
magnetic disc according to Claim 2,
wherein, in the forming step, the rotational

frequency B2 (rpm) of the glass substrate on the second

10 condition is a rotational frequency at which the value of a
first decimal place becomes 5 when the rotational frequency
of the rotating grindstone is defined as A (rpm), the
rotational frequency of the glass substrate on the first
condition i1s defined as Bl (rpm), the number of first

15 undulations is defined as C, and an operation result of

(B1/B2)xC is rounded off to a first decimal place.





