GLASS SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM FI ELD OF THE | NVENTI ON
[ 0001] 5The present invention relates to a glass substrate for a
magneti c recordi ng medium BACKGROUND OF THE | NVENTI ON [ 0002]
10Her et of ore, alum num all oy substrates have been enpl oyed as
substrates for a magnetic recordi ng nediumused in nmagnetic disk
recordi ng apparatuses and the |ike. However, in recent years, wth
requi rements for high density recordin | ass substrates have becone
mai nst ream  whi cHLave SR T%B%d‘ﬂé@%iﬂ]ﬂﬁ RAGHRADYG MERIUMubst r at es
and excel in flatness and snoot hness. 15[ 0003] Wth the recent
achi evenment of high recording density of a magnetic disk, a magnetic
head has been configured to be _passed to an end of a glass substrate
in order to effectively utiIfggglﬁﬁqgﬂ%EN¥EN§KHﬁin surface of the

gl ass substrate, in addition, in order to rapidly record and

r epr oduce Iargeﬁpggbcity information on and froma 20 magnetic di sk,
it has_been studjed to [ncrease the rotational speed of a nmagnetic

di sk. 00041  Llhe piesent pventionaelates iz alossrybeirateifon e mhagngficrgoargingo a
peri pheral surface of a glass substrate and increasing the rotational
speed of Ewaﬁﬁhetic disc, if there is irregularity in shape of an
edge surface portion or a main surface of a glass substrate for a 25
magneti c recording nmedium the flying attitude of a magnetic head nmay
be di srupt ed. If the flying attitude of a nmagnetic head is

di srupted, the magnetic ﬁééagﬁ%QUBg)QFSﬁﬂﬁﬂqYﬁﬁﬁﬂﬂﬁntact with a
magneti c disk.lﬁggﬁ may cause a failure. Thus, this is problematic.
Accordi ngly, gl substrates for a magnetic recordi ng nedi um have

conme jo require_hi rocessi ng accuracy, 5[0005] A gl ass

subst {'Oat e for ‘ﬁﬁ%ﬁ’égl ag”?lé%ragPYl @“b?ﬁﬁ?ﬁhﬂﬁeg’eﬁi eopleuedas sybyrages fora

pr edet er m ned .shape,b% pé)_l i shich a peripheral surface (i.e., inner

and out er iy FrePulingrdigmassd mygagnetiaisk seeprdinganpawiuses andthe fike.

undergoiq? a shape formng step and a chanfering’step; 10[ 0006]

A net hod FUVEYEH M BGFHg carsnaith reayirements B highgleasty seasdingaglasshas t he

fol |l ow n% g#t%?s. Thgt is, first, a ghass substrate is placed in a

gl ass subdPyHeres hays RyfePGioaiviteans, which ate hard a5 commared,wih aluminug pliey f or

polishin i n_surface) capable of housing plural glass substrates.

Then, thguﬁﬁF'Sfﬂ&?ﬁ%@“b%ﬁFﬁgmﬂ*%E@ﬁ@ﬁﬁ§trate i s polished by nmoving

15 t carrier Ll e supplying abrasive between the glass substrate
Behor cws sl

and h of t ishing pads in a state of inserting, between the

two polishin s, the carrier in ich the gl ass substrate.is set
(se e1p e.g., I%a&g thE)SeCcﬁWeaﬁ e!_fsn}en[t 668{%}1 recorcﬂng gensﬁy of a magnetic disk, a

magnetic head has been configured to be passed to an end of a glass substrate in order
to effectively utilize the area of a main surface of the glass substrate. In addition, in
order to rapidly record and reproduce large-capacity information on and from a
20  magnetic disk, it has been studied to increase the rotational speed of a magnetic disk.
[0004]
In the cases of passing a magnetic head up to a peripheral surface of a glass
substrate and increasing the rotational speed of a magnetic disc, if there is irregularity
in shape of an edge surface portion or a main surface of a glass substrate for a

25  magnetic recording medium, the flying attitude of a magnetic head may be disrupted.
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[ 0008] However, in the case of a conventional glass
substrate, it is not evaluated whether a surface roughness Ra of a
peri pheral surface portion thereof is uniformover 25 the entire
peri pheral surface. Thus, this cause a problemthat there is locally
a portion whose surface roughness Ra is high. In addition,
sonetines, the parallelismof the nmain surface thereof is
i nsuf fi ci dhthe fiyhmtatiitude of anagietis bbmt is diseupray tHeandpnettbed mayttech is
| arge in thickness distribution in the sanme gl ass substrate. This is
pr obl emat ibrought iptcomesst with acmagnetiydisipr othicihhpeauye & Fdlur@ndrhus, this is
characteristics of a glass 5 substrate for a magnetic recording
nedi um [ pBG#matic. viAevordinglyhglasbnbsrapssdbl enmgidiiatedohting glkaiugchaget
has, the present invention ains at providing a glass substrate for a
magnet i ¢ rauotdieagraligh vrocesamgabcirscyconf i gured such that when the
surface roughness Ra of a side surface portion of an 10 outer
peri pheral surf[@68@5]t hereof is neasured at plural places, each of the
maxi mum val ue and the standard deviation of the surface roughness Ra
is within a prebelessubsteate fangeagnathdreatrididy medhah $s procqaddaihioad i sm when
the main surface thereof is polished. In addition, the present
i nvent i onpradetermanedakepd bygpdlishivg agetphdraigutac (pe.ohinenmd ditie peAphdrdle
di sruption of the flying attitude of a magnetic head and increase in
vi br at i ongurfagesy awdbsehain surface thateaf aften uaflergoing g siedpe Corthisk stepynd #r mi ng a
magnetic disk using a glass substrate for a magnetic recording
medi um vithexlferingetdps in parallelism and by inplementing a magnetic
di sk recordi ng apparatus using the formed magnetic di sk. [0010]
In vildw of thel@¥6Ye, the present invention has an object to provide
a glass 20 substrate for a magnetic recording medium conprising: a
pair of main sévmetbed foraalishingea mpirsupher aff 2 Hussfsalstratechng tlanfollowiag
peri pheral surface, wherein the outer peripheral surface
conpri sestean olhaéis, festi pdlessaibstiatbds pRceliinfaglsss pobstiazneantiorelivlout er
peri pheral chanfered portion,

provided in a carrier (i.e., a jig for polishing a main surface) capable of housing plural

glass substrates. Then, the main surface of the glass substrate is polished by moving
15 the carrier while supplying abrasive between the glass substrate and each of two
polishing pads in a state of inserting, between the two polishing pads, the carrier in
which the glass substrate is set (see, e.g., Patent Document 1).
[0007]
[Patent Document 1] JP-A-2009-214219
20
SUMMARY OF THE INVENTION
[0008]
However, in the case of a conventional glass substrate, it is not evaluated
whether a surface roughness Ra of a peripheral surface portion thereof is uniform over

25  the entire peripheral surface. Thus, this cause a problem that there is locally a portion



in the outer peripheral surface, when a surface roughness Ra is
measured at a total of 24 neasurenent points, provided at intervals
of 15 degrees in central angle of the glass substrate for a magnetic

recording medium with a cut-off value at 64 ism a
maxi mum val ue of the surface roughness Ra of the outer peripheral
side 5surface portionis 0.5 umor |less, and a standard

devi ati on of the surface roughness Ra of the outer peripheral side
surface porhoseosuriase @ughiesaRals high.s, In addition, sometmds, filfepRaitgisinrofthe
surface roughness Ra of the outer peripheral side surface portion
bet ween adjescenficerbasof snentifigeaiint Fhatis, aiutase sitatrapeidyibaereducsdlr f ace
is 0.3 p.m10or |ess, a maxi num val ue of a surface roughness
Ra of t hewbighds lapgerin pihickreslss dismibiidorent thosareaglass Sulkiftep MThis ik ess,

a standard deviation of the surface roughness Ra of the outer

per i pher aproblezatie iepropessing ancirgcyOp2ddctibmyinld, laed sharacietistibaoth flber ence
in the surface roughness Ra of the outer peripheral chanfered portion
bet weeh asgijbsicase formonagretiorewmbrding mediwan t he out er peripheral surface
is 0.3 i.tmor less. [0011] The gl ass substrate for a
magnetic recor dP®¥Imedi um according to the present 20 invention is
configured such that when the surface roughness (i.e., an arithnetic
aver age roughnés ¥levwRef thé abowsipdeblans thacthe padated o has, therpressheinvention
peripheral surface thereof is neasured at plural places, the surface
r oughnes s2iR8 af movidingiaglasspneadatecion: magdnatianemrdiag chetliven, stldeitiar d

devi ation of the surface roughness Ra is also within a predeterm ned
range. ThHesfigurpdsughabat whebdhe srfacé mughnesnBaef & side ewrfired ipagiorexdian m
according to the 25 present invention is such that, on the peripheral
sur f d8e oMt peripherad surfeqei théreetis mehgeed & phiralqdacenrentinof the hekiEmins no

| ocal place where the surface roughness Ra is high, and that the
entire owebe apéiicstradald devitdion of hacerfpertighness®e ikvghirsapetttaessed | n
addition, the glass substrate for a magnetic recordi ng medi um

accor di nganegs. andevigeleexasts in pexaelisomwhemthb enatrosiirfage thedeof isgpolishealt  When
the main surface thereof is polished, the parallelism5is good. BRI EF
DESCRI PTRrésitieys ﬂqq.lgewmr{ g 2} keeping from occurring the problems, such as

the disruption of the flying attitude of a magnetic head and increase in vibrations
15 caused at the rotation of a magnetic disk, by forming a magnetic disk using a glass

substrate for a magnetic recording medium, which excels in parallelism, and by
implementing a magnetic disk recording apparatus using the formed magnetic disk.

[0010]

In view of the above, the present invention has an object to provide a glass

20  substrate for a magnetic recording medium, comprising;

a pair of main surfaces;

an outer peripheral surface; and

an inner peripheral surface,

wherein the outer peripheral surface comprises an outer peripheral side

25  surface portion and an outer peripheral chamfered portion,



Fig. 1 is a cross-sectional perspective viewillustrating a gl ass
substrate for a 10 nmagnetic recordi ng nmedi um according to the present
i nventi on. Fig. 2 is an explanatory viewillustrating an outer
peri pheral surface nmeasurenent point and an inner peripheral surface
measur enent point in an enbodi nent according to the present

i nvention. Fig. 3 (A) and 3(B) are explanatory views
respectively illustrating a main 15surface polishing device and a

carrier in an ehbbdbwenperiphenl dirfage, twheh ASuTiR B VRNs inasurbERA LED
DESCRI PTI ON OF THE | NVENTI ON [ 0013] 20Herei nafter, enbodi nents for

carrying tuitl dffié nEresentntipoites) pioided Reindee41% bDETdopddd iX 6dn@hPARR: 410
the draw ngs. However, the present invention is not limted to the

embodi mentte gikes sulistred ford Magmeto decordih PMSditmdivith @ahut-8FfS/aRB At 64 ym,
substitutions nmay be nade in the enbodi nents descri bed bel ow wi t hout

departing fromdhnexismopealod oftthe sipfaes estighhddy RAloF et cudz [@0dikkal side  AS
illustrated in Fig. 1, a glass substrate for a magnetic recording
medi urh 10sunfese portibs ks-0.5 kien @tleeaddavi ng coaxi al circular hol e portions
at a central part thereof. [0015] The top and bottom surfaces of the
gl ass substr at e stowarl desiption bfthe@adicdirpgzhhesFaY dNhd Sutad Rriphéral Sy f ace
11. In Fig. 1, reference nunerals Al and A6 designate the thicknesses
of out er -sfacepetiosisde? pagirdes, of the gl ass substrate for a nagnetic
recordi ng medi um 10. Reference nunmerals A2 and A5 designate the

t hi cknesses of andiffetbmeerie theansfacs roubitmegd R of thebeler pérephbNl side SaGHREt i C
recordi ng medium 10. Reference nunerals A3 and A4 designate the

t hi cknes gestiof betweraraditicenteh@susindst goags ontedhiter BerigRed] 3eFacsudss nat e
for a magnetic recording medi um 10. [0016] The nore uni form

t he tlAi cloméssses (e.g., Al to A6) of the regions. of the glass
substrate for a nmagnetic recordi ng nedium are, the higher the

paral | el i sm (i aeaximhuire vahie ok aewsacd ratghhésy Ramf heodutdratelipBdralt dhemPRéd
surfaces thereof is. On the other hand, the 15 nore non-uniformthe

t hi cknespesionfis 0.igun eglesms of the gl ass substrate for a magnetic
recording mediumare, i.e., the larger the thickness distribution (or
t he thickness detandard demiatics ofithesunfaceroupinepsRabf theiontar périfiptdd of t he
mai n surfaces thereof is degraded. The nore uniformthe parallelism
(i.e., tphamijedipoetinn islDgtumbutasgmapd of both of the main surfaces is,
the. . more uniformy the nmain surfaces can be polished at the polishing
of 205t he nai na dificfeaeein the surfaze gdupbaess Rasif tlat @itdr(pefipheral dvagfeeéd c
recording nmedium In addition, if a magnetic disk is formed using the
gl ass supetipabetvicor adiaceatymetsuemant poidisrg theditemperipherabsrfatd 8100 35mm
(i.e., the thickness distribution) of the main surfaces of which is
uni f or m °%alR%s- a magnetic di sk recording apparatus is inplenented using
such a magnetic di sk, the problens, such as the disruption of the
flying attitud80bf a

The glass substrate for a magnetic recording medium according to the present
20  invention is configured such that when the surface roughness (i.e., an arithmetic
average roughness) Ra of a side surface portion of an outer peripheral surface thereof
is measured at plural places, the surface roughness Ra is within a predetermined range,
and the standard deviation of the surface roughness Ra is also within a predetermined
range. Thus, the glass substrate for 2 magnetic recording medium according to the

25  present invention is such that, on the peripheral surface of the outer peripheral side



magneti ¢ head and the increase in vibrations caused at the rotation
of the magnetic disc, can be suppressed. [0017] An outer peripheral
surface 12 includes an outer peripheral side surface 5 portion 120
per pendi cul ar to each main surface portion, and outer peripheral
chanfered portions 121 each- having an angle with respect to a nmain
surface (i.e., each inclined to a main surface). [0018]

Simlarly, an ihner peripheral surface 13 includes an inner

peri pher alsuliacd@oﬂtibnsﬂmefaals @o pmal place dikie fRIspaE rotdiaess Ry Baedh, BRd mat
surface portion, and inner peripheral chanfered portions 131 each

havi ng an tlmg;tnae anitértperipbgrelatidet surfacetpurtiosbishadesni dotitess. €dg Rddifieh, ithed
to a main surface). [0019] The gl ass substrate for a nmagnetic

r ecor di ngglediubstrae foordhapyetiore: iy @&k ih a&diirdiﬁ%ﬂi the RrdsentShRtibhat

in the outer peripheral surface of the glass substrate for a

nmagnet i ¢ cadwranfigund daaithatwiten tie sinfsagice thergbiie pslished,ahe pzﬁ-‘ﬁ]llehsm
arithmetic average roughness) Ra is neasured at a total of
measureneistgopdi nts, provided at intervals of 15 degrees in central
angl e of the glass substrate for a magnetic recording nmedium a

maxi mum val ue of the surface roughness Ra is 0.5 i..tmor |ess.

20[ 0020] The maxi mum val ue of the surface roughness Ra of the
outer peripheral side BRIERDESORIPTION OF THE BRAMHaESbly 0.4 gm or

| ess. The maxi mum val ue of the surface roughness Ra thereof is even
more preferabl y0O@23 1.tm or |ess. The nmaxi num val ue of the surface
roughness Ra thereof is particularly preferably 0.2 ).tmor |ess.
25[0021] Fig. 1 i a crdstbdcitions! petseegivasievsillogiatiag @ of35 sebstragietd ¢
recordi ng nmedi um according to the present invention is featured in

t hat 10he magaciiredording mediom aofording ts thefpasentrinugtioess Ra of the outer
peri pheral side surface portion of the outer peripheral surface is
0.2 pm or | essFigThés ant enplrantdryeieivatlioratiof at betesparipheal sefaghness Ra of
the outer peripheral 5side surface portion of the outer peripheral
surface imeappe@enneintpadhy inded feripieial surfes meddneensdnapoiat h adevi at i on of
the surface roughness Ra thereof is particularly preferably 0.1 pm or
| ess. [OGQQPdlmnéamaﬂdamtothmyemammt poi nts are described with
reference to Fig . 10Fig. 2 illustrates a schematic view taken from
the top surf acElgoff (A}mldgiﬂ(g)s@ewplanatw@imasmm@ly dlusthatingramsint
invention. The measurenent points on the outer peripheral surface are
arr ahged sg&cexeehq@mg Jevireppd arcanics ivart enidimet atdvading vwtha grasesnt
measurenent points are provided at intervals of 15 degrees in central
angl e of MVBRIGH ass substrate for a magnetic recording nedium (as

i ndi cated by, e.g., reference character

DETAILED DESCRIPTION OF THE INVENTION
[0013]

20 Hereinafter, embodiments for carrying out the present invention are described
with reference to the drawings. However, the present invention is not limited to the
embodiments described below, and various modifications and substitutions may be
made in the embodiments described below without departing from the scope of the
present invention,

25 [0014]



15 "a" in Fig. 2). Thus, the surface roughness Ra is neasured at a
total of 24 measurenent points in the whol e outer peripheral side
surface portion of the glass substrate for a magnetic recording
medium Simlarly, the surface roughness Ra is neasured at a total of
24 neasurenent points, provided at intervals of 15 degrees in central
angle in case of an outer peripheral chanfered portion, an inner side
surface 20 portion and an inner peripheral chanfered portion, which
are described bakdiustrpe@28FigThe @453 36bshtleTbr Bin@gdedic rébof@aR Bleifim 10
recordi ng medi um according to the present invention is featured in
that each hef a diskelikeshap imviag veaxdal diré e IDlamaastd & eGe@tdl 9t &ereof,  the
surface roughness Ra neasured at the above 24 neasurenent points is
within a 25 pre@&rm ned range. The gl ass substrate for a nagnetic
recordi-ng medium according to the present invention has such a
range, so that, Thetop hed botems siwfioss sfaheglasshabardtsiona dapaaic Rtagmgwher e
the surface roughness Ra is high, and that the entire circunference
~of the outrediupell phemal swfade | sUrhdie |pRfdrtR nohetdeA Uha® 56 Fudisiatat e
for a magnetic recordi ng medi um has uni f orm snoot hness. 5[ 0024]

| n addi t i te thithnesienvbontardiambtet ide pipinebf the pleNbIRRatt T mbAatici f t he
outer peripheral side surface portion of a glass substrate satisfied
t he aboverecedingmestint 30. t Referpnas surserhis tADaing Atadksiagataid thilhdseaas Wt h
high parallelismcould be obtained when the main surfaces of the

gl ass subwiddietregianeoftbt ghbeshbstidi¢ 00 2 aghbticretardhesaddiad ohereferats er .
[0026] First, as described also in the background art section, plural
gl ass submunctled3 and Agldasignate theahiclaessios bf {rineediamate} bide tiong@F tighi ng a
mai n surface) 30 having a glass 15substrate retaining hole 31 capable
of rdfai relerg sebsiyhtader smbgiatiatresordiag melliugi ftated in Fig. 3 (A). [0027]
Next, the carrier 30 in which the glass substrates are placed is set
in a double si@®!pblishing apparatus 32 illustrated in Fig. 3(B).
Then, a sun gear 33 and an 20 internal gear 34 are rotated at a
predet er mi ned dbe aroreownifoanithe thitdmemsepient, A, totA® of aterregibnd 6F thoylask t o
revol ve around the sun gear 33 while the carrier 30 is caused to
rotate arbeptigtednr amegnetic rearding oedinkreareohe higROA8E parallelism (i.e., the

thickness disiribution) of both of the main surfaces thereofis. On the other hand, the

15 more non-uniform the thicknesses of the regions of the glass substrate for a magnetic
recording medium are, i.¢., the larger the thickness distribution (or the thickness
deviation) is, the more the parallelism of both of the main surfaces thereof is degraded.
The more uniform the parallelism (i.e., the thickness distribution) of both of the main
surfaces is, the more uniformly the main surfaces can be polished at the polishing of

20  the main surfaces of the glass substrate 10 for a magnetic recording medium. In
addition, if a magnetic disk is formed using the glass substrate for a magnetic
recording medium, the parallelism (i.e., the thickness distribution) of the main surfaces
of which is uniform, and a magnetic disk recording apparatus is implemented using

such a magnetic disk, the problems, such as the disruption of the flying attitude of a



At that tinme, both of the main surfaces of a glass substrate retained
in the 25 carrier 30 are sandw ched and pressed between a polishing
surface 36 of an upper platen 35, which is forned by attaching a
pol i shing pad on each surface opposed to the glass substrate, and a
polishing surface 38 of a lower platen 37. In addition, a polishing
solution (i.e., polishing slurry) is supplied to between each
polishing surface and the gl ass substrate. Thus, both of the main
surfaces ofaghétic lglhdand Sielisdreab én dibaitiondubsi R theSloMitbh 3paRYSohetid 80291
The nunber of gl ass substrates that can be sinultaneously polished
depends upanbd heppsisgds of the carrier 30 and the doubl e side
pol i shing apparatus 32. For exanple, in the case of

t he' 2213-type di@b¥le side polishing apparatus using, e.g., a 22-

10i nch .carrier, A glass substrate |ot having 150 to 222 pi eces of

gl ass subst r at esn oater péripheiahRecies 1Y ildPude® b SMEFperipealigid dlrfaye When
polishing glass substrates, it is not necessary to set the glass

subst r &t eportion 320 paperdienltasschshidls biirice pbRiod] MddhtddPeB8shedd of a
carrier. [0030] 15Then, when the main surfaces of a gl ass substrate

are pol i stiethferedgoriohs 121 yachhaeiag bn BRI et iEsped Ok ldiEsudf8S B e., each
substrate can be uniformy polished by causing the set gl ass

subst r at eintlineddd ateimsathed). an axi s of rotation of the glass substrate
in the associated glass substrate retaining hole 31 while the carrier
rotates around [&@8xis of rotation of the carrier and revol ves around
the sun gear 33. 20[0031] However, in the case of a conventi onal

gl ass subst r at Sithilarlg amhgrepériphent afrtics 03 RN hn irfeMftriphet@le i S
variation in the surface roughness Ra of an outer peripheral side

surf dde porfe¢egportidrel 3oferpendivulantd eeinidin irf208 phEbnasd iihe pedtet£r and
the glass retaining hole 31 may occur. Thus, the rotation of the

gl ass subshamérel pations 123 easlghwtngar aghy Wit spaticimmaneuttcefea¥dct Of
rotation thereof in each glass substrate retaining hole 31 nmay be
suppr ess eaklingd tror gizimgluyfacedonet i mes, the main surfaces of the gl ass
substrate cannot entirely uniformy be polished, so that gl ass
substrates for[®I1fhgnetic recordi ng medium which have insufficient
parallelism may be produced. [0032]
The glass substrate for a magnetic recording medium according to the present
15 invention is such that, in the outer peripheral surface of the glass substrate for a
magnetic recording medium, when a surface roughness (i.e., an arithmetic average
roughness) Ra is measured at a total of 24 measurement points, provided at intervals of
15 degrees in central angle of the glass substrate for a magnetic recording medium, a
maximum value of the surface roughness Ra is 0.5 um or less.
20 [0020]
The maximum value of the surface roughness Ra of the outer peripheral side
surface portion is more preferably 0.4 um or less. The maximum value of the surface
roughness Ra thereof is even more preferably 0.3 pm or less. The maximum value of

the surface roughness Ra thereof is particularly preferably 0.2 pum or less.

25 [0021]



50n the other hand, the glass substrate for a magnetic recording

medi um according to the present invention is such that each of the
surface roughness Ra and the standard deviation thereof is within a
predeterm ned range at the 24 nmeasurenent points. Thus, the surface
roughness Ra is substantially uniformover the entire outer

peri pheral side surface portion of the glass substrate for a magnetic
recordi ng medium 10 Consequently, in a main surface polishing
process, the gl &saddilitys theagless calrstreteiffor mbghetiot@beling editnmodtceding t6f
rotation thereof in each glass substrate retaining hole of the
carrier 30he pessot wiverdiop, is fdaired imghat shehsdndatdalehation oG REHh® ro@gaEd Ng
medi um whose nmain surfaces have high parallelism can be obtai ned.
[0033] 15Raefgicemyderpatipharaitsidessatfaas foettan dfmhasidit jepiphéral ubRcEROVELM
requi renents, the followi ng requirenment that the difference in
surface r8ulsihesemandaddeviatiomof thelfuontoughast Raws e qutirficspiegalt he
out er geri_pheral side surface is 0.3 un or less. [0034] The

expr essi ofide sywbace gpdion of theeaderperipheral poifakds Mord frefcedble0.1p Qi dtevsal
20 surface" neans both of measurenment points that adjoin a reference
measur enefite gandard daviation of thesurfpen iopgimess Rsthefcat . paMubiriypeetcfablal | y
expl ai ni n& with reference to Fig. 2, in the case of enploying a
measur enet HpodrlessB as a ref erence neasurenent point, the expression
"two adj acent neasurenent points" indicates both of the neasurenent
points A and CI8@4%cent to the neasurenment point B. The above

addi tional 25 requirenent neans that the difference in the surface
roughness Ra béiaainsfieribie meassementpointspos descifbaineitiesdérende to By, 2.
measurement points A and Cis 0.3 pmor less. In addition, the above
addi tlioonaﬁlg-r%éﬂmtreéwrﬂchmamvipwaaken fiwmrothé toprsenfaes dfithe plassubitate
roughness Ra between two adj acent neasurenent points anong all of the
measur ene§ECTEBRA? Sreinseseniinpention. | ShemeBREOBE]} points on the dutatehipheral
prescribed-addi tional -requirenent is satisfied, parts which are

pr om nentSWipce e gaanged enexesiplifisd by poowhAds € sRah thabtweskageniesent on
the outer peripheral side surface portion, so that the outer

per i pher AFCASHEBSHFOITDRFC AVidaska inervale pfil S deppeds e sentad anglebifthe glafhus,
the above additional requirenment is preferable in this 10respect. In
addi ti onSubstraterfar apagretisdesordiag medivay u(as dndicated by, sat, irefeioacs chakveter
paraJJSeI i.smaqf a glass substrate for a magnetic recording nmedi um

whi ch3i s ‘Bbtdited biuFotheshifaey ronehnassiRe is menswedatiaiotabof 24 | s
enhanced. Thus, the above additional requirement is also preferable
in this FEaPEERent pRiatsdatbarhyle opigeperipheral side eurface phuios of thecaass
roughness ,Ra between two adj acent neasurenment points on the outer
peri pher aqbsgptagorsquﬁg@gc recordingediupy o Sipildslyy the sprfacemoughriessRa isThe
difference in the surface roughness Ra between the adjacent

measur enBRESU: 4 edotrlotAtdnearprcmept rofintp. a0 widegl at $ntgrvalsrof 16 deprediia
difference i tﬂ{a_ surface roughness Ra between the adjacent

measur e n‘“e‘ﬁ’fmgﬁg 18 cpse QFAntoweas PaFiPhera) chanafiered| pprifom ap inmensidé ssface [ 0036]
20l n,additi.on, jf the surface roughness Ra is simlarly neasured on
not ohl yp?rﬂﬁnﬂfiaé’rmb‘@rﬂeﬂﬁhﬁ‘ré\ chamiEedparties svhiey are descpibed btlew. t he out er
peri pher al chinaered portion, the maxi mum value of the surface
roughness Ra PU3He outer peri pheral chanfered portion is 0.5 p.mor
| ess, and the standard devi ation of the surface roughness Ra of the
outer perip her@F gasnRtisiale por mpenetip secordingomedipm asserdin@3p @3 Fsent

invention is featured in that each of the maximum value and the standard deviation of

the surface roughness Ra measured at the above 24 measurement points is within a

25  predetermined range. The glass substrate for a magnetic recording medium



The maxi num val ue of the surface roughness Ra of the outer peripheral
chanfered portion is nore preferably 0.4 pmor. |less. The maxi num
val ue of the surface roughness Ra of the outer peripheral chanfered

portion is even nore preferably 0.3 JAMor |ess. The maxi num
val ue of the surface roughness Ra of the 5outer peripheral chanfered
portion is particularly preferably 0.2 pmor |ess. [0038] In

addition, it is nore preferable that the standard deviation of the
surface reoepnding to e pofsenthiaventiorhagrech p e so dhvaydrethe dlasosubkigdte,i S
0.15 gmor less. The standard deviation of the surface roughness Ra
of the outhere isawilptsbphake vhenefler uifatOropghnesoRa isshigh;@nd ik thephigtfcer abl y
0.1 pmor |ess. [0039] In addition, a difference in the
surface r eugmigrencqef b outeppwipheral pide sipfuee pbriioh afifeergbals passtrae ifor a
between two adj acent neasurenent points on the outer peripheral
surface i Sagngicgpeasding exediunThes whifofresenctbnéss. t he surface roughness Ra
of the outer 15 peripheral chanfered portion between two adjacent
measur®enment poil8P2lon the outer peripheral surface is nore preferably
0.2 p.mor less. The difference in the surface roughness Ra of the
out er peri pher dn addifinf.cthe thvpniots afithdimtseatnvention foralcthatif theaater ement
points on the outer peripheral surface is even nore preferably 0.15
filtl or peipherairside sirface perion of a glasesubstrdta saisfioditienbew: fequisdmdntse
outer peripheral chanfered 20 portion between two adjacent

nmeasur enelhe glges substrain hating mainesurfpessivitieligh paalidlamecduid baolitiined ahdny
preferably 0.1 pmor |ess. [00401 Here, it is noted that

t her e ar éhe weimouriaeespdithpglesssubsitatadre pelishpdr t i ons at an upper part
and a |lower part of the side surface portion respectively, as
illustOrated i n[#2%§] 251. In this case, it is sufficient that only one
of the outer peripheral chanfered portions satisfies the above

requi renents. Mbisdsdescriped heseinpftes. pref erabl e that both of the outer
peri pheral chanfered portions satisfy the above requirenments. [0041]
It is preferabl®2bhat the above requirements are satisfied. This is
because of 5 the facts that the entire outer peripheral surface has
hi gh snoot hnes§irsts@s deseribegdiedse in therbagkgrpundsartsebtion, plwal gasssulbtrates a
magnetic disk, a failure is difficult to occur. In addition, when a
mul ti | ay@&Fe Biagerhina Grmmigr §-cmagigaior polishingra main gurface) 3¢ having nglasy ass
substjéate and used as a magnetic recording medium(e.g., a magnetic
di sk)? aSwhstraiegetaining hole 31 papablerad refaining 2 aless snbstratehes ifneatert indve. i el d
of a fil Eﬂ is inmproved. Therefore, it is 10preferable in this respect
that the@hove requirements are satisfied. [0042]

[0027]
Next, the carrier 30 in which the glass substrates are placed is set in a double
side polishing apparatus 32 illustrated in Fig. 3(B). Then, a sun gear 33 and an
20  internal gear 34 are rotated at a predetermined rotation ratio. Consequently, the
carzier is moved to revolve around the sun gear 33 while the carrier 30 is caused to
rotate around an axis of rotation thereof.
[0028]
At that time, both of the main surfaces of a glass substrate retained in the

25  carrier 30 are sandwiched and pressed between a polishing surface 36 of an upper



Incidentally, in the inner peripheral surface, when a surface
roughness Ra is neasured at a total of 24 neasurenent points,
provided at intervals of 15 degrees in central angle of a glass
substrate for a nagnetic recordi ng medi um the nmaxi nrum 15 val ue of

t he surface roughness Ra of both the inner peripheral side surface
portion and the inner peripheral chanfered portion is preferably 0.5
gmor less. In addition, the standard deviation of the surface

roughness pRaerofs, bibidh it Fermiet b tattpehih b Ss1Rhing ba€o® Hic{h%ﬁﬁ‘aé@éﬁpio% t?'ﬂfi

the inner peripheral chanfered portion is preferably 0.2 gmor |ess.

Mor eover , glasesubbtidterand agpolishihf surfite 8eea [t PRGSS 7RA 10hIARLA 4t he
i nner peripheral side 20 surface portion and the inner peripheral
chanf er edppitshiniganlutien (ee npdlishing dJuag P i supBlrd 46 BERAEN BRI HoSsighs flifice
i nner peripheral surface is preferably 0.3 gmor |ess. [Oggg%
| nci dent ahdd/the glasnsubstrathi sTias Both olf theShidih AGE1cEPIANE BBSs fMBstkste HRASUT ed
at neasurenent points provided at intervals of 15 degrees in central
angl e on pdishedfimnhianedbslynner peri pheral side surface portion and the
i nner peripheral chanfered portion, simlarly to the case of
measuring the 4003%ce roughness Ra of the outer peripheral surface.
Hence, there are 24 nmeasurenent points corresponding to each of the
i nner per i pher dlhesibesof glasaupatds @it aithd SeultHR6ksLPB5l M@ BHends
chanfered portions. The maxi mum val ue of a surface roughness 'Ra, the
st andar d wpeuitlzt sizes of thezcasier f38@ad the dublriieoRhindihatdhe . f figf ence in
a surface roughness Ra between two adj acent neasurenent points nean
val ues ofexeplseinghe easned thed2Beypeo doibigsilopaRhig abpdri@s uiiBgl e g., 2 22-
peri pheral side surface portion and the inner peripheral chantered
por t i18ns inghrcamitaj 4 glass subbizate Iahevingd 50 WER phees phebal subkiardsengd
portions at an upper part and a |lower part of the side surface
porti on sespteoedust be pdlishedhi Inaideeglly, whespdlishibi glaentubishatks, 30@Rbly one
of the inner peripheral chanfered portions satisfies the above
requi r emaatessarHpwst the gliss substaies & gt of tee ghissubhiaite Redikingholehg]l baner
peri pheral chanfered portions satisfy the above requirenents. [0044]
| f the i A#&erperi pheral side surface portion and the inner peripheral
chanfered 15 portions satisfy the above requirenents, the entire
i nner peripher®03&urface has high snoot hness. [0045] I n order
to use a glass substrate as a magnetic recording nedium(e.g., a
magn&?i c di sk)Thea, when theaxain stiifdces béw glagy sabstmgnee polishay,ahe bxstirkigofred
on the surface of 20 the glass substrate and used as a magnetic
r ecor di ngpchaeAinsHrface wé therglass substretesan be hmidsmippolishehbp battshe theiseer
peri pheral surface and the inner peripheral surface is low, that is,
i f the s@lassaubstialnigia@tsarpendwnaxinifotativantthe ghsesibstrata imtheupt change
in the surface roughness, a difference in filmstress may be caused,
wher eby @s¢4iated glaws supstraterajainios dalesddvhiltdhs erienttayes arhmdmnadisefi on
yield of a filmmy be decreased. 25 On the other hand, if the
sur f ace ToHigARESs craies pndraynlves arohed thetsen gpeBBpher al surface  and
the i nner peripheral surface satisfy the above requirenents, the rate
of otkurrence 313 fil mpeel-off is 0 %or has a val ue cl ose thereto.
Thus, a high production yield can be achi eved. Therefore, it is
pref er abl e t h&fowener, bl sasead @i copventivsal alass sbbirat fech mp@46] S5The
gl ass substrate for a magnetic recordi ng nedium which has been
descri be@carging medapove wheckrthére isreariztian inthe surface acughnedsdos ofranngtefet hod
including a shape formng step, a chanfering step, a main surface
| appi ng pstipleralsidseutfperepatios thefandaopainifotm fiptioh Gptwean tid darsetahace
polishing step, and a precision cleaning step.

the glass retaining hole 31 may occur.  Thus, the rotation of the glass substrate for a

25  magnetic recording medium around an axis of rotation thereof in each glass substrate

10



[0047] 10The shape formng step is to process, into a disk-Iike
shape, a glass sheet forned by what is called a float nethod, a
fusion nmethod, a downdraw nethod, or a press-form ng nethod. The

gl ass sheet is not limted to a specific one. An anorphous gl ass, a
crystallized glass, and a reinforced glass having a reinforced | ayer
included in a surface layer of a glass substrate can be used as a

gl ass sheet. 15[0048] Next, a chanfering step is to perform

chanf er i ngeteifingholdBlehaPbs HiphRkl. S!A'b&&ﬁﬁgly?f&?néﬁﬁieg%ggn H G RRE &

surface of a glass substrate processed into a di sk-11 ape 1 nthe

shape f or diefass satiptratertabitt eeMAY BiifoRalyHegRlisedJdd tHQt: Jiks SEIBS ek ?cgrlOt

limted to a specific one. The grinding stone is sel'ected according
to a necesamgnatic28eosding dicdling WHEN hava iESRASEEMaWiisRd g bé@f‘cﬁqc@d?d the
like. Chanf ering processing may be one-stage processing,

t wo- st age proce®e3a)g which includes two stages such as coarse
processing and finish processing, or three-or- nore-stage processing.
Chanf & i ng pr oo@s telghet dind) €hePiihisk QHKERM S} NBhafichiBdidaghiss Hx@ﬁﬁni n
stages, which differ fromone another in the grain size, the type of

a bondi ngac2baient thepdssnbRiventod is sdcBWBkach of the s RBRIEERE ARG | S

performed, if a coarse grinding stone is used as a grinding stone to

be used ithe atahdand eviatiunsherebEis nthin WS dAaehindd MEEOM Ale O R enfnt he
subsequent peripheral surface polishing step is increased to obtain a

predet er rpahesl STiauy haeerficouqibhacss Rads subdtatially «HifoRdicher AL SR MRS €
grain sizeis, e.qg., #400 or nore is preferably used in the finish

chanf er i n@griphagisideAughtagtirtion 61 ©p Elam_@uagé A n¥dphBtid Rcorirg medi@l0 OF
nmore is nore preferably used in the finish chanfering stage [0050] A
peri ger alonsequnity inohiakivuiespdizhing pi@eRe He@ld BYsheRicAYufiforkdde Si de
surface 10 portions and the chanf ereg portions of the outer

per i pher abtateurbadenanit dfbetaiigberepLin catiepiabs sabétfatsRtaitng Bble PRI

met hod used in this step is not limted to a specific nethod. The

pol i shi ngamiet Bdd Ascopiingle)theglabysubstrade for apitlghéitreBorBRinsddingg, Whdssh or
a polishing pad to each of the outer peripheral surface and the inner
per i pher atais surfaaseshaza tightgaedlelism pan fhe bbiafigdpol i shing to obtain the
predet erm ned surface roughness Ra 15 whil e supplying a polishing
solution (or p@E0B3hi ng slurry) containing abrasive thereto. At that
time, it is preferable that polishing is perforned in a given anount
accotding to tHe glemrssbstmsssatisfies meadditiah o tezBverbqlietd, @i ng st one
used in the chanfering step. [0051] This is intended to renove a

pr ocessi fajlodamguguirdnagné thaf thechffasnc if bafdce 26ugheane Ratietven tivbe surface
of the glass substrate in the chanfering step by polishing the

surface adiacent mpmsveimentpeine onhhedutbrspekiph@el sidd wupfatdie Oce@lbr Wsst he
processi ng dang(a)g:;ec;
4

The expression “two adjacent measurement points on the outer peripheral
20 surface” means both of measurement points that adjoin a reference measurement point
on the outer peripheral surface. More specifically explaining with reference to Fig. 2,
i the case of employing a measurement point B as a reference measurement point, the
expression “two adjacent measurement points” indicates both of the measurement
points A and C adjacent to the measurement point B.  The above additional

25  requirement means that the difference in the surface roughness Ra between the

11



| ayer (such as a flaw). A renoval volume in the peripheral surface
pol i shing step according to the type of a grinding stone used in the
chanfering step is determ ned. Accordingly, the glass substrate
for a magnetic recording medium having a 25 predeterm ned surface
roughness Ra can be obtained. [0052] More specifically, if a
grinding stone whose grain size is, e.g., #500 is used in the finish
chanfering stage, a renoval volune of the peripheral surface is

pr ef er abl ynedfurtment@oint® #ud dath &f 18 hfeedudenit 9HRVHIAREC W @8 MrShrdBssl S,
e.g., #800 is used in the 5finish chanfering stage, a renoval vol une

of the pefln phiitia, tieabbae eddisoral %Eﬁfr&ﬁéﬂa‘. mAnPMhiGhe Bfefonct BORSkurtitet he
mai n surface polishing step, as described above, the polishing pads

are appl i eshghnesb®atbedfechbmo ﬁajhfbnwfefas’iﬁ@}%r@faoﬁlﬂ%nginé%ﬁ ofuRstrate using
t he doubl e side 10polishing apparatus as illustrated in Fig. 3 (A
and 3( B) . mEhamemdr @oigtsis 9.35ub st [8¢.e i s polished while a polishing
solution (i.e., polishing slurry) containing abrasive is supplied to
bet weehr each pdid33ji ng pad and the gl ass substrate. [0054]

In the precision cleaning step, particles and the |ike attached to

the surfaces ofIf aifithheprgdcaibed-addifbriadt RuakBekemieted, PRwhichard! ass
substrate is dried. [0055] In the above nmethod of nmanufacturing a

gl ass submbmirteat fovalee ofalyneiriace fodgineds RE aftHeds\pidschll AStEe SWRSH& Bheral
cleaning (i.e., cleaning between steps) and gl ass substrate surface

et chi ng (sidesuyfaet phtiog soehateieoBérgieipharalsides oref 1k iBRle BEFMREN t he
20consecutive-steps. In addition, if a glass substrate for a nmagnetic

r ecor di ngsnmettingss asequboles Thghtheebhanidamonste@R@hint @ prébabe e g
step (e.g., a chem cal strengthening step) of formng a reinforced
| ayerlOon respectr f diceddifiod, litthg bbeoe addiivhlatqrimByniie sRpbeAeshRedRRe Or
after the polishing step, or between the polishing steps.

of a glass substrate for a magnetic recording medium, which is obtained by polishing

the main surfaces thereof, is enhanced. Thus, the ahove additional requirernent is

also preferable in this respect. Incidentally, the difference in the surface roughness

Ra between two adjacent measurement points on the outer peripheral side surface is

15 more preferably 0.2 um or less. The difference in the surface roughness Ra between

the adjacent measurement points is even more preferably 0.15 pm or less. The

difference in the surface roughness Ra between the adjacent measurement points is

particularly preferably 0.1 pm or less.

[0036]

20 In addition, if the surface roughness Ra is similarly measured on not only the
outer peripheral side surface portion but also the outer peripheral chamfered portion,
the maximum value of the surface roughness Ra of the outer peripheral chamfered
portion is 0.5 pm or less, and the standard deviation of the surface roughness Ra of the

outer peripheral chamfered portion is 0.2 um or less.

25 [0037]

12



[ 0056] I n each polishing step, only primary polishing may
be perforned. Alternatively, polishing may be perforned in plural
stages such as primary, secondary, and tertiary polishing stages.

[ 0057] 5lncidentally, the surface roughness Ra on the side surface
portion and the chanfered portions of each of the outer peripheral
surface and the inner peripheral surface of the glass substrate for a
magnetic recording nediumis formed in the chanfering step and the

peripheral surf a&emainhshivalgle 5& &Esur-fat&!%ugthh@ss%rc;f@}?@oﬁtﬁﬂﬁ? Ras Ra of
the outer peripheral surface and the inner peripheral sdrtace of the

10 gl ass sihafeial il isandmgnfiksly DAGH, 6t R Tt R.HARR EATREGL on of

the main surface polishing step or the precision cleaning step is the

same as t Berfsod rra‘namegsmg&m@@utaapeﬁpﬁ&mrtg&]dmf’&&ﬁpcﬁﬁmseévkrﬁHm the

peri pheral surface polishing step. [005 e gl ass

subst r at e pfefisralily WE)RA o Gesk & CPHGhHEmMIRGA U mu%%oh%%eﬁggg Bl[e%g nt 15

i nvention can be obtained by the above manufacturing 59]

Then, # megeepdriphtral ek fomd Feiod s fdricila h.9 Ll an be

obt ai ned by g%d%pti onal |y fo?sranﬂng a16 mgng%)?%ﬁlﬁgﬁ&gegﬁ%& ?ﬁ%sslgi ke on the
obtai ned gl ass [sod&trate for a magnetic recordi ng medi um 20[ 0060]
There are two nethods for recording information on a nagnetic

recordi ng medi umaddifiah, it & maéve pRuTerably dhat dle sPRANG e GiafiSiE OF @k Bgri¥Et hod
and a perpendi cul ar magnetic recordi ng nethod. Hereinafter, a

pr ocedur erouéhﬁeb@R@efmermﬁi‘ceﬁfkﬁﬁhefmgwﬂe&d%ﬁ%% 095 7%t Hogsd S Tﬂgscr i bed
by way of exanple. 25[0061 A magnetic recordi ng medium i ncludes at

| east a naguietd deviatipof ik spifaicaGhgttgsd Ry &the Giek feriphbit] QRkitgga fil m
Then, in the case of the perpendicul ar nagnetic recordi ng method,

generldl | ypordorsiokvernmoreeirt RrabBo® 1 iayeleggde of a soft magnetic
material, which serves to return a recording nagnetic field generated
froma magneti §0B%ead, is provided in the nagnetic recordi ng nedium
Therefore, e.g., a soft magnetic underlayer, a nonnagnetic

interlayer, a [feaditic, euifieronedneiesorfi@ooidineg RayEhe oftePp@ipREki NY
| ayer, and a lubricating |layer are stacked fromthe surface of a

gl ass sulhemferel partiehbatweeiswo. adj20fi2heatfEMERt Rinté B tHeAW R Dedifheral
descri bed hereinafter.

surface is 0.3 um or less. The difference in the surface roughness Ra of the outer
15 peripheral chamfered portion between two adjacent measurement points on the outer
peripheral surface is more preferably 0.2 pm or less. The difference in the surface
roughness Ra of the outer peripheral chamfered portion between two adjacent
measurement points on the outer peripheral surface is even more preferably 0.15 um or
less. The difference in the surface roughness Ra of the outer peripheral chamfered
20  portion between two adjacent measurement points on the outer peripheral surface is
particularly preferably 0.1 um or less.
[0040]
Here, it is noted that there are two outer peripheral chamfered portions at an

upper part and a lower part of the side surface portion respectively, as illustrated in Fig,

25 1. Inthis case, it is sufficient that only one of the outer peripheral chamfered portions

I3



[ 0063] For exanpl e, CoN Fe, FeCoB, CoCuFe, N Fe, FeAl Si, FeTaN,
FeN, FeTaC, CoFeB, CoZrN and the |ike can be used as the material of
the soft magnetic underlayer. [0064] 15The nonmagnetic interlayer is
made of Ru, Ru-alloy or the Iike. The nonnagnetic interlayer has a
function for facilitating the epitaxial growh of a perpendicul ar
magneti c recording |layer, and another function for cutting off the
magneti ¢ exchange coupling between the soil magnetic underlayer and a
per pendi cshiisfiesrthgnbdvecreaieamiahian g Haayeer, it 20h0RGR4ferable that bbREof the
per pendi cul ar magnetic recording layer is a magnetic filmwhose axis
of easy magtepériphtiabohdnsferpedmppetii eatls@r the abavesehsierrh®. sur face, and
contains at least Co and Pt. It is advisable to cause the
per pendi cul ar n@gastic recording | ayer to have a favorably separated
mcro grain structure (i.e., a granular structure) to reduce 25
i ntergranul ar el ismafpeabbothpl the gboveireduiemusie srabagifiddeV Ghisi i o baaeRtor
medi um noi se. More specifically, it is useful to use, as the
mat er il 6 fadtethpithp entilic outea pertig g biract AeOligh BEodtBYaE, sodhdTRiRAI al
obt ai ned by adding an oxide (e.g., Si02, SiO C 203, Coo, Ta203,
Ti 02), orsucha ghiss Sihstrdia,is ded ash nidgRetic dek, b GiRrd R RS afocbt OMnor the
| i ke. [0066] 5The soft magnetic underl ayer, the nonnmagnetic
i nt er | ay esdditamdwhérea priltfiey ifitm havingagnehét bReos floniiel a) Me daR
continuously be manufactured by an in-line sputtering nethod, DC
magnet r orsubgitit¢ avd usgd pes hngnatitdetdiding idediun] QQAH, 7 mMawtic diskE amnRtReL i Ng
| ayer is provided to prevent the corrosion of the 10 perpendi cul ar
magnet i ¢ offisdedi tngctaysr tharitle podpetipneridld bhe it i iageoRll. t TRerdRk, WH
from bei ng danaged even when the magnetic head is brought into
cont dét irefarablean thislraspect Tae therabbectemgerhemyeie kaisfiedvi ded on t he
per pendi cul ar magnetic recording layer. Materials containing C Zr02,
and Si 02 can bé0048kd as the material of the protecting |ayer.
15[ 0068] For exanple, an in-line sputtering nethod, a chem cal
vapor depositi beide@idly, imdhdiodsr mnigheralsypiface; oditn asitind rowghnbs Rised as
a nethod for formng the protecting layer. [0069] 20The | ubricating
| ayer i smegpurediatgriotahef $imbawecnpint phietspprovided atrigtebajtosf ISalegpdsime t he
friction between the nagnetic head and the recording nmedium (i.e., a
magnet i c cefiteak pngleof a glasnywbstrate éarfal napnejoleyatingmedidmiothe makiacinal cohol |
~and a_fluorinated carboxylic acid can be used as the material of the
| ubr L& at valge phlhe surfatisgonghvessRe oftpth thy dnmec perittheral siderswkfivy partiinand
nmet hod, a spraying nmethod, or the like.

the inner peripheral chamfered portion is preferably 0.5 um or less. In addition, the

standard deviation of the surface roughness Ra of both the inner peripheral side
surface portion and the inner peripheral chamfered portion is preferably 0.2 um or less.
Moreover, the difference in the surface roughness Ra of both the inner peripheral side
20 surface portion and the inner peripheral chamfered portion between two adjacent

measurement points on the inner peripheral surface is preferably 0.3 pm or less.

[0043]

Incidentally, even in this case, the surface roughness Ra is measured at
measurement points provided at intervals of 15 degrees in central angle on each of the

25  inner peripheral side surface portion and the inner peripheral chamfered portion,
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25[ 0070] In the case of formng a multilayer filmhaving a
magnetic | ayer on the surface of the glass substrate for a nagnetic

recordi ng nmedium according to the present invention by the above

nmet hods, the rate of occurrence of a filmpeel-off on the multilayer
filmis preferably 0.7 %or |less, The rate of occurrence of a film

peel - 5o0ff on the nultilayer filmis nore preferably 0.3 %or |ess.

[ 0071] The term"rate of occurrence of a film peel-off'

i ndi cat es sipiifrkyab teQhsd mnéli‘é?it?r?é th@f;ur?icgg&lf‘g%ﬁesiz{% 6:?%%(25&18%@\8@4]%1?&2&6‘ film

peel -of f occurs after the filmis fornmed, to

magneti ¢ k@gREdi NendePleR: dd 28 meadiRARG] bGindl i -

10occurrence of a film peel - o%nfeai s cal Eﬁ‘flatc_(%aﬁé ?n%;_gggg %ﬁé’?hﬁé@ﬁ

surf ace. Oberherdd\ias SubieopbeRnaha Welindr heri Rkl Mthikdahiodd | Fi th 2
p -

| aser m croscope, checki ng whether a eel ursin

magnet i ¢ fRgRAGH MudBO sifac@RfghRBRANEe Et%%aﬁdé&?ﬁﬁoﬂfofggﬁrfﬁ’é&d““ 510

each of which a filmpeel-off occurs after t mis fornmed. [0072]

151t iss didufhiedd Ra,taaid ShelikivreREY ﬁ%ﬁ}f@&%ﬁéﬂlﬁ%ofgﬁﬂn%t%?&ﬁ%dﬂwmwi ting

records fromand to the magnetic recordi ng nedi .e., a mgnetic

di sk) in weisaenfent pdififs PaRdamGialuel BBHBSLIHILiIR: coygkﬁmd%l?%% I AIGhd

on
yield of a nagnetic disk drive is reduced. This s obl ematic. 20

EXAMPLE [1@@er3eripheral sideH@rBéd i and i€ in%?p%‘?@ﬁeljap&ﬁﬂfférgﬁ' Fijﬁiogﬁ S CI% ![ bed

by citing specific exanpl es.” However, the présent 1nvention Is n

limted tQiditea, therle! :eaMvrtinR%aBRbesal dh8RAf4dd nortions at an ug]%crr?art a .
eval uati on method for the gl ass substrate for a magneti ¢ recording

medi um angwarpaendtithedid Ot Podioh MspéeivaIghet tﬁisrc%‘e?gq.é RerpR tlffﬁ] on
which a thin filmsuch as a nagnetic layér is formed on a surface of

the gbassonstéstidfaieinhér geAphGaSEEmered ftibQ 20V hEXRID Hﬁ?ir@rﬂgﬁs.

conparative exanples are described hereinafter. 5 (1) Surface

Roughnes $idwived, Rifeinbe preRiatethROBEh 6ee lnnBRpQiphid! fanitelel @Bﬁ{?ﬂg
*surface and I nner peripheral surface The surface roughness

(i.e., thetidyiHehbeid @qaivaiage roughness) Ra is nmeasured by taking an
observation i mage having height information using a | aser m croscope
((Product NanmejoouEXT OLS 3500) manufactured by O ynpus Corporation)
and by 10 anal yzing the taken observation imge. [0075] The

observat i on i nkgiee iast pegipheh e duifa08 partib0ind @K fheMbdribhbAe chAFEed
m croscope is i nmaged using an objective |ens having a nmagnification

of 205t i pesioanshtistthé sighvaneqidsater] the Bntire irneP p&iph6AD sifcs hedRgpm -
The surface roughness (i.e., the

smoothness.

[0045]

In order to use a glass substrate as a magnetic recording medium (e.g,, a
magnetic disk), a multilayer film having a magnetic layer is formed on the surface of

20  the glass substrate and used as a magnetic recording medium. However, if the

smoothness of each of the outer peripheral surface and the inner peripheral surface is
low, that is, if the surface roughness is non-uniform and there is an abrupt change in
the surface roughness, a difference in film stress may be caused, whereby a film peel-
off may be caused. Consequently, the production yield of a film may be decreased.

25  Onthe other hand, if the surface roughness Ra of each of the outer peripheral surface
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15 arithnetic average roughness) Ra is obtained by perfornng

analysis on a central part of the taken observation inmage
_corresponding to the observation region of 640 p.mx 640 gm

(incidentally, on the center line (or central line) of the outer

peri pheral side surface portion in the case of, e.g., the outer

peri pheral side surface portion) setting a neasurenent |length and a

cut-of f value at 640 pmand 64 gm respectively. 20[0076] As

descri bed dna ﬂ&d}&é&@&ﬁﬁﬁ&ﬁ%@&%@&i&}h@}b@% %EE#HM ehte 7964URAee t N

measur ement of the surface roughneSs (i.e., the ar’thmetic average

r oughness)of Bfilih pefledtt Rr0%RGb: &hs Av4id ﬁbse%ﬂcreﬁ?aﬁﬂﬁse,%fgh S;HQ& Bn iRy ded
at intervals of 15 degrees in central angle of a glass substrate for

a nmagnet i Gak BShGHvBA MElHr&raRe, 2% J@%@I@ﬂﬁ&ﬁﬁeQb&@&éci@@&eﬁ{s%mo{aﬁyﬁe%?d
at two .pl aces on upper and | ower parts of side surface portion on
each peripheral [ppygff ace of the glass substrate, respectively.

However, the neasurenent of the roughness Ra is perforned on one of

the chgnfered ppEd HORSUbKBRE®E b iRbNetkeRSRL ALY id pl aces.
(2) Parallelisn15f%e eval uati on o%mihe para?lel?%ﬁ??gkggfﬁﬁg%ed by

the fol | odksagbddra the4HHRE an ‘o’eﬁmaafaedu}e%: By bt SRS A6 ﬁl@iug}igeastsh
r e

distribution of the thickness of the gl ass substratee The sma

val ue of §ih@e pimald by, ahahREingelRE, 4RhihQnMhdeSoditl ﬁ%%ﬁﬁﬂﬁf{xer&lhe

substrate. This indicates that the parallelismis excelle

Par al | el i gfifade pAlchR PRk bidkd SFade p§i e | Blsi

di spl acenent s%%sor g(apﬁaser head pi ;H%%%g&églgﬁrgﬂmgﬁglﬁiﬁl?? ?te?'s

LK- G3000V bot h [U@zv?f actured by KEYENCE CORPORATION.). The neasurenent
of the thickness of the glass substrate for a magnetic recording

medi urp i s per f aHeRBapRToRREE sep i910 oSy, ifE h URRAN®@|shAR! £%B§b &gg an

i nner peripheral portion at a total of eight nmeasurenent points

provi ded ftmaligiwadt is ddiletl AtfRavAtHo@ 2 Rsi6s Metidl, A0S RIral nihdlegr £es

wi thin each main surface of the glass substrate Then, the difference
bet ween tpressifovniing MetHuidc k MRS lavadheer ianet inkieedrtb Ris d feckngss val ue
is obtained as the parallelisma. Parallelismb The parallelismb is
measur ed anwirpipus glass arcrystilizet ¢l BHEHE & réiRfdRebdGlash BEBAg 2 eiltfoddd® layer
Measuring Fizeau Interferoneter GLO2 manufactured by Fujinon Co.,
Ltd) . Thiiscludhind sirfadedayeabtubhtesibiteatpamaled Bkd 858 ghsshabdt, of the main
surfaces of a glass substrate by observing interference fringes
formdd due to f{00d8phase difference between reflection light rays
reflected fromboth of the main surfaces of a glass substrate and
anal yzi ng t he Nbstes viesinferihg st isetb @erforim cig@fferibd: 0 iBher peripheral  More
specifically, the light and dark interference fringes observed by the
| aser i ntsexfioey anementaperipleraadifhdelod aQut Oubstrhte e essE entb AldekMMe

bet ween each pair of adjacent interference fringes is determ ned by

t he wavekleapgtimthishapel foghing etebpuln the ohanafeting@itep, SQuinaB gafthedgn@ngl e of
i nci dence of the output light. Because the laser 5 interferoneter
enpl oys timitedievespenifictonef Theftindisg someiaseleded 4deerdpay @lal béssapyof t he
gl ass substrate for a magnetic recordi ng nedium can be neasured with
hi gh2pr egtisdiomam§id,/Bhecessary grinding speed and the like.

Chamfering processing may be one-stage processing, two-stage processing
which includes two stages such as coarse processing and finish processing, or three-or-
more-stage processing. Chamfering processing can be performed using grinding
stones in stages, which differ from one another in the grain size, the type of a bonding

25  agent, and the like.
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A measurement region for the parallelismb is set to include

recordi ng/ reproduction area of the glass substrate (or disk) for a
magneti c recording 10 nedi um whose outer dianeter is 65 nm and whose
inner dianeter is 20 mm According to the present enbodi nent, a
measurenent area is set as a region whose radius fromthe central
portion of the disk ranged from10.0 nmto 32.5 nm (3)Rate of
Cccurrence of Film Peel -off (Fil m Adhesi on) 1000 pi eces of
gl ass substrat ef0d48f a nagnetic recordi ng medi um are prepared. 15
Next, a filmsuch as a magnetic layer is forned on a surface of each
gl ass substr at e Wien chamfeging s erfoped, df HeparsGirinding FeB is dsb@ asnber of

a magnetic recording nediumin each of which film peel-off occurred

i s count egrinding stont tebg acé ind fina dinishedha fe@ing kiabeN aneRbvARbIvng in the

obt ai ned. [0079] 20Whether fil m peel-off occurred is checked by

obser vi ngstlsequentipsripberal phfcapoliskifiganepds thetdageday oblaideplepRehahed €9i ON
of each of the main surfaces of the fornmed nmagnetic recordi ng nedi um
using & | swérce nughosss®ee  Thuydigeinding Iwine WEXE &hid sB204) cmrMbasct Mogd by
A ynpus Corporation). [0080] The gl ass substrates for

magnet i ¢ isgededblygise@ih thenfiaish chanfefiag stiged Dyriidiey étohd WMbBGrain size ‘
procedure. [0081] That is, glass substrates each containing Si02 as a -
maj or i ngisedf.e#iQ0 eimah iamereGireferably Wsyd i tht Gaish BRirhfeeng kg Pr ocessed
into a disk-1ike shape having a circular hole at a central part

t hereof so as t[80¥Qtain the glass substrate for a nagnetic recording
medi um each of which is 65 mmin outer dianmeter, 20 nmin iimer

di aneter, and G\B8%Hharel suwfach pelishémpsster| 10 OB Tl Polshing es theetderbgr@
surface and the outer peripheral surface of each of the disk-Iike
gl asslOsutmrtiensasd dheechamfaredpatiofs of thnoutaneriphatl subRecedndahanmher i ng
step and an outer peripheral chanfering step) to obtain the gl ass
subst r at e@efipieral ¢ret iZcpolisbizgaiatipdmesdd imthiseszapts abt lishitehoasp&idd nMm
in width of chanfer and 45 in angle of chanfer. [0083] 15After the
chanf er i megthadae Thepelishingimetwd is peaformediby, ags wpplyingacgolighiag drush or a
substrate is subjected to |apping using alum na abrasives. Then, the
abr asi vegolishing pavoo edctbyf the euteii pegipheral surface and the inner peripheral surface

and, thereby performing polishing to obtain the predetermined surface roughness Ra

15  while supplying a polishing solution (or polishing slurry) containing abrasive thereto.
At that time, it is preferable that polishing is performed in a given amount according to
the coarseness (or the grain size) of the grinding stone used in the chamfering step.

[0051]
This is intended to remove a processing damaged layer (such as a flaw)

20  generated on the surface of the glass substrate in the chamfering step by polishing the
surface at a removal volume which is larger than the depth of the processing damaged
layer (such as a flaw). A removal volume in the peripheral surface polishing step
according to the type of a grinding stone used in the chamfering step is determined.
Accordingly, the glass substrate for a magnetic recording medium having a

25  predeterrnined surface roughress Ra can be obtained.
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[ 00841 Next, the outer peripheral side surface portion and the outer
peri pheral 20 chanfered portions of each glass substrate for a
magneti ¢ recordi ng nmedium are polished using a polishing brush and a
pol i shing sol ution containing cerium oxi de abrasives. Thus,
processi ng damaged | ayers (such as flaws) of the outer peripheral
side surface portion and the outer peripheral chanfered portions are
renoved. I n addition, each outer peripheral surface is polished so as
to be a mrror R@SEpce (in an 25outer peripheral surface polishing
step). [0085] After the outer peripheral surface polishing,
the inner peri pheraspesifitells if £ SORingOtdreahods graihdzd I@,r@%., PRDIIPHRGEL
chanfered portions of each glass substrate for a magnetic recording
medi um ar ehepfiishsdbanhferivigngage, pehrovhli volur bisthe poibhardp Shrkebiggefrably

sol ution containing cerium oxide abrasives. Thus, processi'ng danmaged

| ayers (s00hxas nidraws)f ariddhe stahe @vhopeglalhescak, &5t #B094s fi:RG g BRr ti on
and the inner peripheral chanfered portions are renoved. In addition,

each ifnefinjskriqifering stapy, haatovad vilome sl 6@ RepBGallsartl®: i@ pfaféERy 20
surface (in an inner peripheral surface polishing step). Upon

conpl eti opmadr mmeé.i shing the i nner peripheral surface, the glass
substrate is 10 subjected to ultrasonic cleaning in a state in which
the gl ass subst[0@83 is i mrerged in a detergent solution. Thus, the
abrasive are renoved by cl eaning. [0086] Processing nethods used in

the inner peri fhéreahaiabarfierholichisg &ep,as dedcibedabioRs, tRepoiRbREMads are
chanfering step, and those used in the outer peripheral surface

pol i shi ngappBet potnet thh emaimnefacpafiliphdisisubsinfasmanht dabidngdst ep are
described in Exanples 1 to 8 to be described bel ow. [0087] The

surf dfe rmlighingsppaRaunds itlhdrapadtie Figod (Apher HB).s UTrfeace @lasesubsfrite isout er
peri pheral side surface portion and the outer peripheral chanfered

por t i ons)podistebdtwigle2(palishiog splatiorpier, ablishing shaey)(con@ining dt@asiveier
peri pheral side surface portion and the inner peripheral chanfered
por t i ons)supplied tebgweenedvh polishisdpadendehdwldss shBORE]

[0054]

In the precision cleaning step, particles and the like attached to the surfaces of
15  the glass substrate are removed. Then, the glass substrate is driéd.

[0055]

In the above method o_f manufacturing a glass substrate for a magnetic
recording medium, glass substrate cleaning (i.e., cleaning between steps) and glass
substrate surface efching (i.e., etching between steps) may be performed between the

20  consecutive-steps. In addition, if a glass substrate for a magnetic recording medium
requires high mechanical strength, a reinforcing step (e.g., a chemical strengthening
step) of forming a reinforced layer on a surface of the glass substrate may be

performed before or after the polishing step, or between the polishing steps.

[0056]

18



Upon conpl etion of processing the peripheral surface of each gl ass
substrate, the upper and | ower main surfaces of each glass substrate
are subjected to lapping using a fixed particle tool containing

di anond abrasives and a grinding fluid. Then, each glass substrate is
cl eaned. [0089] Next, the primary polishing of each glass substrate
is perfornmed on both of 5 the upper and | ower main surfaces of each
gl ass substrate by a double si de polishing apparatus of the type 22B

(product name: BBMERPBo %Mﬁ ﬁmp);wlggmgyn@pﬁ%ﬁgml@rporatlon))
shi ng pa

using rigid urethane poI| as polishing tool's, and al so
using a polifestatifdly,polishih® Ma§ BB HaGHRE i1 Sl Saged i6h aé;_mﬁ%ry%%cc(ﬂdm‘gr a
pol i shing solution conposition containing cerium oxi de abfasives
whose avea@@@rmy@lﬁhﬁlgk@hg@gamter (herei nafter abbreviated "average
particle size") is about 1.3 gm such that a renoval volume is 20 gm
Then, the ceri umogRi de is reaned by cleaning. Incidentally, in the
present Exanple, a glass substrate |ot having 216 pieces of glass

substrates i s ShedbdtaARe HeSuyfaReroneinesYedod HRMRL s&éféetp%fu ]ngﬁé nary

polishing of the glass substrate, the secondary polishing of each
gl ass subeHariéred bortipss b04288df §18 0Bt Perhetah SurBHRE 8hd ﬁa@%ﬂe@gé{ph%u n

surfaces of each glass substrate by the doubl e side polisShi'ng

appar at ussuefacé bithé ylass shBErdts fira n%@h&tlwe@&rhﬁl@@nmm $oRfePRdE: as

polishing tools, and also using a polishing solution containing

cerium Om}ﬂmfabfgaﬁelp\a@d\ﬂiﬁ SdtipheR] Sambd folishg el agBud dlelufth& Si ze than
the 20 above cerium oxi de abrasive for the primary polishing (i. a

pol i shi ngotighndés ReofthEPasE pérPRe@DArRLOAIIALE ﬁﬁbﬂﬁ@r%bﬁ?s@ﬁc@of@b or
i ngredi ent such that the average particle size of cerium oxide

abr agiove glgss alitstiite Gora @lﬁgﬁetlcirwbt‘dlﬁ%ﬂkdl@mr@&ﬁ‘éaﬂn }éﬁbﬂ BPthb%a'im Surfike
Then, the cerium oxide is renoved | eani ng F

t he secopdishingsitp sithe@recision didhintig swphs Hishile h§ﬂ1@%ﬁﬁ%e%ﬁ§lﬂ@ss% h
gl ass substrate. The third polishing is perfornmed on both of the
upper andbtanwedmpomeompsleidacttae byrigherl stafdot golsdhiles $&.1 shi ng appar at us
of the type 22B using soft urethane polishing pads as polishing tools
and al so usi ng[@5®pl i shing sol ution containing 5colloidal silica
(i.e., a polishing solution conposition containing colloidal silica
as a maj or i ngTkwglesstsubsicite fonatmdgheticavesraigg nipdiinh ﬁéd@rcﬁh%ﬁ tRé pREdneBI Y
particles ranged from 20 nanoneters (nm to 30 nm so that a renoval
vol ub® i snvéntiom cah 0@ @Blaindkitbyrthé Hievg haasfasulisg matiwdi s subj ected to the
third polishing, scrub cleaning

[0059]

After

Then, a magnetic recording medium (i.e., a magnetic disk) can be obtained by
additionally forming a magnetic layer and the like on the obtained glass substrate for a
magnetic recording medium.

20 [0060]

There are two methods for recording information on a magnetic recording
medium, that is, a longitudinal magnetic recording method and a perpendicular
magnetic recording method. Hereinafter, a procedure of the perpendicular magnetic
recording method is described by way of example.

25 [0061]
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10usi ng detergent, ultrasonic cleaning in a state in which the gl ass
substrate is inmmerged in the detergent solution, and ultrasonic
cleaning in a state in which the glass substrate is imerged in pure
water, are perforned in this order (i.e., precision cleaning is
perfornmed). Then, the glass substrate is dried with isopropyl

al coholic vapor. [0093] 15After the glass substrate is cleaned and
dried, the parallelisma and the parallelismb of the glass substrate

for a magnetic AesneicgcsRdigtieang iﬁamyéﬁgastE%%ﬂ&ticﬁ@ﬁer,%r%é%g
roughness Ra of each of the outer peripheral surface (the outer

peri pher alaysi, d&d & Hibfi@ﬁiﬁldgllﬂh{. | OrheRH tHe@scdHteBE pBBEd MBI FhagtligT er ed

portions thereof) 20 and the inner peripheral surface (the 1Inner

per i pher akecsidile Bethb@GRnaaNy, aBfiaRdnéthamdanster RaNL BHheid medRat er ed
portions thereof) of each glass substrate for a magnetic recordi ng

nmedi um af tateris)) bjhebtseslel @ tehfn ﬁ&&@fﬂiﬁ@mﬁ%ﬁti& ﬁ@ld@fﬁkﬁ&di%ﬂﬁﬁ%{% by
a

the above nethod. It is confirnmed that the surface roughness

measured héudf BipfovideddR thesmbdiRti6 atBrdafy héBwB U TRGEIrQWIINASE Mifknetic

measured after the outer peripheral surface polishing 75st ep and the
i nner  per inladsy, snbnbagretROhiesayt SfRdicula@@8Betic recordinf4e) bi | ayer
filmhaving a magnetic layer is formed on the Surface of each of the

obt ai ned gbstngSlpa] drdt £lubftatidg MBGN Sk sk RTRINE tHaGurReH 4 gfsas to
forma magnetic recording nmedium Then, the adhesion of each of the

mul ti | ayesubftididinvhishrdegspect to 5 the associ ated gl ass substrate for
a magnetic recording nediumis eval uated. [0096] The formation
of each nultil §osejfil mhaving a nmagnetic |ayer on a surface of the
gl ass substrate for a magnetic recording nediumis perforned in the
fol | A8 ng proc&del & thd Ofy8R37 Hescribed herddnflele surface of each gl ass
substrate for a magnetic recording nedium which is subjected to

cl eani ng befor @B filmformation, a Ni Fe | ayer serving as a soft
magneti c underlayer, a Ru | ayer serving as a nonmagnetic interl ayer,

a CoCr Pt Si 02 gFanxamples CobiiFe) FeCoB,| CoCufeyiNiFe, PEAIR, FRTRETHN; Wb BIC,
magneti c recording |layer are -15sequentially stacked using an in-line

type sputCofeBGoZppmiiahekike Meaviie usad o themiacbrial &fthe a1 aRAghdtlommigldyer med
by a C/D nethod as a protecting |layer. Then, a lubricating |ayer
havi ng perfl uoftdpél yet her is forned by a dip nethod. [0098]

15 The nonmagnetic interlayer is made of Ru, Ru-alloy or the like. The
nonmagnetic interlayer has a function for facilitating the epitaxial growth of a
perpendicular magnetic recording layer, and another function for cufting off the
magoetic exchange coupling between the soft magnetic underlayer and a perpendicular
magnetic recording Jayer.

20 [{0065]

‘The perpendicular magnetic recording layer is a magnetic film whose axis of
easy magnetization is perpendicular to a substrate surface, and contains at least Co and
Pt. Itis advisable to cause the perpendicular magnetic recording layer to have a

favorably separated micro grain structure (i.e., a granular structure) to reduce

25  intergranular exchange coupling which causes high-level inherent medium noise.
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Processing conditions in the inner peripheral chanfering step and the
outer 20 peripheral chanfering step, and those in the outer

peri pheral surface polishing step and the inner peripheral surface
polishing step are described in the followi ng Exanples 1 to 8.
Exanples 1 to 5 correspond to exanples according to the present

i nvention, respectively. Exanples 6 to 8 correspond to conparative
exanpl es, respectively. [0099] Table | describes the surface

h .
rEF?pREEZW ool ¥is LMW uSE, of Ml PREHRbr M EAER bl ropardel 01 ©”
Dot bhas A RBfil ey %@éﬁ%ﬁlﬁ GRAA ANy A E g .S%% SR T
portions) 96 h)elfcfgg %15&%§ﬁl§eatgg%o?%8§s%asaﬁg¥8{ISrrlrlikéhgn 4 the

processi ng c8ndi 7 ons np1es 1 ara
parallellsn1b 3: &§Ch of the glass substrates for a magnetic
recording medi um and the rate of occurrence of fihn peel-off of each

of t h% magnet i GTHe%Sﬂ'iﬂg Hgtlnnﬁﬁfer a er(tﬁé( a%nétd: Ex%ﬁg%g‘{ d'tﬁ'g s

performed on the inner per 'surface~an peri phera

cont ral pLorpagfbafi 2ty t%?S%Jf&’?‘EI *é@%@h?%{%?%ﬁz%ﬁmﬁ%cﬁl Shdme o 2
peri phequnegsgﬁ%eﬁl &R gﬁ'@%@mﬁ% e&ﬁ%ﬁqeﬂﬂoﬁ%ﬂe 11} 'nner

peri phera of  each e are sinu aneously
grounded so as ? Ee chanf ered using di anond grinding stones for an
out er peripher£ rface, which have shapes respectively

correspondi ng bt s 300G, eribBcclRRALePALLLANSAORLNE o de

surface portion of the outer peri ace of “eachylsss

Substpat genAioR RGO HAOMAIFLABAS bRLerd hd APGEe g,«et{]a H{éﬁ{u fom

surface, ch have shapes 20 pectively correspon

shapes OfefrB@lamBadH &6f WhRR e 1B ﬁ@ﬂeédh?b%h?ﬁlﬁtkl Bﬁt%gto L ?rga Ln the

i nner peripheral "surface of ea gl ass su ate. iance

both of tring pehédhdp m@eeﬁegﬁ@blaéd &h&@%@ﬁ&éﬂxé}%@%@ué Reo A ey OF the

processed surface, the chanfering is perforne two stages, i.e a
coarse Phof&H MeitAliag€, R0, and 510, SHn BE 06858 Ay St

The finish proceSS|nggof ?%% ch anﬁer?ng I's perf or&%g%ﬁg%ﬁkgéaﬁk
resi n- meiaky conposi te bond grinding stone, which grain size is #800,
as both of the dianond grinding stone for an outer peripheral surface
and tfie di amon@ogg)i ndi ng stone for an inner peripheral surface, and
al so using grinding |iquid. 5[0102] After the chanfering,

| apping is perfgle 1@%:&1%&;;%&9{&@&@@ chhéntzﬁeaﬁ}a?élsdez)ug%ﬁ ate.

Thus, peripheral surface polishing is performed on ut er
peri pher @VD$#mehd€antia - Pin coahRehba FhebOsbePas 4 h‘n@ﬂ:r%defﬁdfohﬁﬁl shde
surface portion) and the inner peripheral surface (i.e ﬁ
chanf er eghopetihd BR&. and the side surface portion). The

[0069]

20 The lubricating layer is formed on the surface of the protecting layer to reduce
the friction between the magnetic head and the recording medium (i.e., a magnetic
disk). For example, perfluoropolyether, fluorinated alcohol, and a fluorinated
carboxylic acid can be used as the material of the lubricating layer. The Iubricating
layer can be formed by a dip method, a spraying method, or the like.

25 [0070]
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10 peripheral surface polishing is performed using polishing pads as
polishing tools, and al so using a polishing solution. In the case of
Exanple 1, a renoval volune corresponding to the outer peripheral
surface is set at 30 pm while a renoval volune corresponding to the
i nner peripheral surface is set at 20 p.m [0103] 15As descri bed
above, the main surface polishing and the precision cleaning are
performed on each gl ass substrate after the peripheral surface

processing. Thup thekaeor Fothihd AHRIIERE fifln !EE@H%E hfagﬁa&qﬁgér%ﬂ ghedi um
are obtained. In addition, a nmultilayer filmhaving a nagnetic |ayer

i's formeds@ce oftheledas s@st8Rehr @hagmcgééﬁﬁngﬂgﬁhﬁa%sérdf@&o fdragnetic
recordi ng nmedi um us, a magnetic recording nediumis obtained. 20

Then, t hepfesdti@hgs BtHRLabbRMOHbAS, HRYAE of bidihbiteldts ffa}n%él-éﬁbﬁt rate
Exanpl e “2)

for the nagnetic recording nmediumis evaluated. (

Chanf er i ngheinsulflRydraEd p%fe&ﬁ? 0SA9Ror3O8d1 ThORR FDcbiiRSe bl ﬁf&ﬁg &S €
of Exanpl e-1 except that an el ectrodeposited grinding stone Bse

grain si Z@ffbﬁttfé@ﬁﬁltila?erﬁﬁﬁﬁzﬂ&elﬁﬁf&aﬂ&otj‘%cﬁflésg.d' ng stone for the
outer peripheral surface and thé grinding stone for the inner
peripheral surflagg) [0104] The peripheral surface polishing is
performed on the outer peripheral surface 5(i.e., the chanfered

portions and t @hesbdeatedracaurRaEs bRMinpHdl-bire idiars tRehidlreral
surface (i.e., the chanfered portions and the side surface portion)

on the safnbepBirbligns ifeacht@stidia HREp&RSE REurFAMhenlm RX6ERI, that
a renoval volune corresponding to the outer peripheral surface is set

at 40 um1000iptdiudts b€ HREAtioeddiiiRg GRS BORE kidic iRkEN e THRRGE of
peri pheral surface is set at 30 um fg§(Exanple 3) ﬁ Cﬁanfering

i's panf orgredrate bhefika feeladfidicklicolafeddy obhRsiag ke sulfcLe¥SRe PhssExanpl e 1
except that an el ectrodeposited grinding stone, whose grain size is

#500, i s subsicasvith the bdié udtileydifng vaitloNRisdrnitidecdpB b @ dhsthed f or
both of the outer peripheral surface and the inner peripheral

surface. filin[fedl0&} odiues inehd pagietic radsediag Mepiohd, Sid B@mtisg BRHuAHEESF ONn
the outer peripheral surface (i.e., the chanfered portions and the

si de sur flecgofetd in@agh ahwhithe film pesl-giesdcuBerrt the Wlkas eorfede. , the
chanfered portions and the side surface portion) on the sane

conditions as [00@8e in the case of Exanple 1 except that a renova
vol unme_ 20 corresponding to the outer peripheral surface is set at 40
um While a relnwdiffiontt tosmblygrerforn opetatichstod réadihg An0 &FritRQ rbddRE dm
surface is set at 30 um (Exanple 4) Chanfering is performnmed
on t he samktochamtipgnetinseasditpordinim(ieh e naaetiodisipiampid AlfilaxgRpbrt hat
an el ectrodeposited grinding stone, whose grain size is #500, is

has ocourred. Thus, the production yield of a magnetic disk drive is reduced. This

is problematic,

20 EXAMPLE
[0073]
Hereinafter, the present invention is described by citing specific examples.

However, the present invention is not limited to the following examples,

[0074]
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used as a finish grinding stone in the chanfering step for both of
the outer peripheral surface and the inner peripheral surface. [0106]
The peripheral surface polishing is performed on the outer peripheral
surface 5(i.e., the chanfered portions and the side surface portion)
and the inner peripheral surface (i.e., the chanfered portions and
the side surface portion) on the sane conditions as those in the case
of Exanple 1 except that a renoval volune corresponding to the outer

peripheral surfpge devaflatigh nitthol b th¥WBlalSsuBstfIRY 3 maBL Reordin
correspondi ng to. the inner peri pheral surface iIs set at 30 pm &fter

the peri pheidain AR5 fafRtiACheabE B a BAGRHOIRSABURSERALS d’t«fﬁcﬂ AR{ ged

in a hydrofluoric-acid/nitric-acid m xed sol ution. Then, e entirety

of each mggAGhdhGas@inddgniefic RYy6NS thriied BnhRatta @ retChiRIuiimNh tlilesca%esp m
(Exanpl.e 5) Chanfering is perforned on the sanme conditions as those

in the casethefolbWRXReRing]ds MY cEPbakiiad exdthpfls @6 dR61ERAHLBhs@E | Ndi ng

stone, whose grain size'is #500, is used as a finish grinding stone

i n thes chanf eukfage: Ré&@IMERT(ARRMeRI AvehBe RUlEHNRS RaRiTe fdr gléfiﬁﬁ e and

t he i nner peripheral surface. [0107] The inner “peri pher surface

pol i shi ngsirscoid Bhé&BséripReraNRrfaggre conditions as 20 those in the case
of Exanple | except that, before the inner peripheral surface
polishing is perHe@ufash roliftthets NG tRQKINRIcAera i IRERnL) 18 is nledured
chanfered portions and the side surface portion) iS etched by a
hydr of | uoky @kiag kflobickvation dBhgk HavirRthe SO HifbiASOuARg h BisSShicRc&iL i NG
anpunt at 15 p.m and as to set a renoval vol une a% 7 pm On the
.ot her han@Protiinf NatHe SLEHEY OI$ 85 () nfeiktfas®edisy) (b}z}zipﬁgcb@opﬁfohpﬁm on
the sane conditions as those in the case of anpl e-1 except that a
renovidl  \aphlyling ¢iey telespsbieivagor ithagbe outer peripheral surface is set
at 40 p.m (Exanple 6) Chanfering is perforned on the sane conditions
as those in theoyape of 5 Exanple 1 except that an el ectrodeposited
grinding stone, whose grain size is #325, is used as a finish
grindi ng st oneThaobseeratiba ihefe Hagingtheighf Bifortdatowtaker wRR tidihey al
surface and that an el ectrodeposited grinding stone, whose grain size
i s #500, niisroscpd isimaged Leihg n ohjeditieighs Sa0ing ainthghliRaGHPEH 2 tihg SHep
for the inner peripheral surface. ‘
setting an observation region of 640 pm x 640 pm." The surface roughness (i.e., the

15  arithmetic average roughness) Ra is obtained by performing analysis on a central part
of the taken observation image corresponding to the observation region of 640 pum x
640 pm (incidentaﬂy, on the center line (or central line) of the outer peripheral side
surface portion in the case of, e.g., the outer peripheral side surface portion) setting a
measurement length and a cut-off value at 640 um and 64 pm, respectively.

20 [0076]

-As described in the “DETAILED DESCRIPTION OF THE INVENTION ”
section, the measurement of the surface roughness (i.e., the arithmetic average
roughness) Ra is performed at a total 24, measurement points provided at intervals of
13 degrees in central angle of a glass substrate for a magnetic recording medium.

25  The chamfered portions are provided at two places on upper and lower parts of side
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[0108J 10The peripheral surface polishing is perforned on the outer
peri pheral surface (i.e., the chanfered portions and the side surface
portion) and the inner peripheral surface (i.e., the chanfered
portions and the side surface portion) on the same conditions as
those in the case of Exanple 1 except that a renoval vol une
corresponding to the outer peripheral surface is set at 40 pin, while
a renoval volune 15 corresponding to the inner peripheral surface is
set at 30 spaface(foxidompirecach paiigeta sinfgeios Heldso suBtaRreb Rt feyre
conditions as those in the case of Exanple 1 except that an

el ect r odeplvsieved thgrmeadimemest afibe ronpianes RE RiperfBid&] dBofé@@he dhimfered
used as a finish grinding stone in the chanfering step for each of

t he out er ppeichplespativ@§ corredppading okt o placst peri pheral surface.

[ 0109] -The peripheral surface polishing is performed on the outer
peri pher al2)s tdraledishi . e., the chanfered portions and the side surface
portion) and the inner peripheral surface (i.e., the chanfered
portiohs and t hEhesivdbation bfibe ppalitlisanis peirfointte Bahe follweahcthQRIsaS
those in the case of Exanple 1 except that a renoval volune -

cor r espon@hegpreliclisendicstes theelititeey dibtrisuidnanfehd thickatssaf tkQlam whil e
a renoval volune corresponding to the inner peripheral surface is set
at 30 p. nsubgtEatanplle @)allehthefveluend thepaptielian, themore idifrsaethtnss bFons
as those in the case of S5Exanple 1 except that an el ectrodeposited
gri ndi ng the ewtsirateho3bisgndicatessthaichée par#lBlism ib 6xdeHest. as a fi ni sh
grinding stone in the chanfering step for the outer peripheral
surface and t hdaradlebirhar el ect rodeposited grindi ng stone, whose grain
size is #500, is used as a finish grinding stone in the chanfering

st ep Wor the i fhepapdeliyheishesurciasiag al@tddiplddshivat gaEdryheked head
surface polishing is perfornmed on the outer peripheral surface (i.e.,
t he chanfieLBeG poaitd armnglifeer ishleK G5060% bothananyfatired by KBYENCE | nner
peri pheral surface (i.e., the chanfered portions and the side surface
portion) GIRPORATEMN.).c ohlé meamsenzmt vfibs thicknesshef thagiessahbimaanpt € 1
except that a renoval vol une corresponding to the outer peripheral
surface imagsetic igeordimgungdivihilg performedro edehwb hnineter peripheral portion and an

inner peripheral portion at a total of eight measurement points provided at angular
15 intervals of a central angle of 90 degrees within each main surface of the glass
substrate. Then, the difference between the maximum thickness value and the
minimum thickness value is obtained as the parailelism a.
Parallelism b
The parallelism b is measured using a laser interferometer (product name:
20 Plane Measuring Fizeau Interferometer G102 manufactured by Fujinon Co., Ltd).
This method is to calculate the parallelism of both of the main surfaces of a glass
substrate by observing interference fringes formed due to the phase difference between
reflection light rays reflected from both of the main surfaces of a glass substrate and
analyzing the observed interference fringes.

25 [0077]
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15corresponding to the inner peripheral surface is set at 30 um
[0111] According to results in the case of Exanples Ito 5, it
is found that glass substrates which satisfy the requirenents
according to the present invention can be obtained by, e.g., assuring
a renoval volune corresponding to the grain size of the 20 finish
grinding stone used for the finish processing in the chanfering step.
[0112] It can be confirmed that if the maxi mum val ue and the standard

devi ation of t hpcseisfeorRaNR U WSS §nd%qrpimérkb@e&utf&lige@%%e?%f%géiagé?

surface portion satisfy the requi renents according to

present i mverférb@Bter ibFoRaiialle@bh®m BuedNdThd R PR BLiveLA ém[hlbaf%%gof the
gl ass substrate for a nmagnetic recording nediumare small, and that

the gl ass adjattns int@feReric® friml BONSSinened ¥ WMyt HBH SO 100 Shp@%GRl 8 11
parallelism can be obtained. [0113] In addition, In the case o

Exanpl es lightGodrek Bnd\ii SfpleafGhciaénet BetmuipiFRR, VBLUSsAME 1dsbe St andard
devi ati on of the surface roughness Ra of "the i nner peripheral side

surfack pimdrfedsin@acerifleys the Qaveleddip BER g af N ARERES thP U dllePOS offeM thin
a predeterm ned range, and in which the difference i'n surface

r oughnessglhatsobgntd fea atigdaRy YecdTBRME W AMRNban R daSured wiflBlikh pl'eFi AN be
confirnmed that the rate of occurrence of film peel-og especia lsy, in
the case of imbgrgnting a magnetic recording nmedium10 is 0 %to

t hereby increase the production yield of a nagnetic recording medi um

[0114] If resuld seauenicabBlets: Br i plraflblBnCH IERE RUnhad those of
Exanples 1 to 5, it is found that, in the case of Exanples 6 to 8 in

whi ch t hereomdingieprodiiction ad of B glass sutsiratd (& disky @t AhhBR1i0 techifng
surface roughness Ra of the outer peripheral side surface -15-

portilon doediath, Sladst Shier tametes (6T @IRMISVIREERREH Bsméer 1518 RMhesent
invention, the parallelisma and the parallelismb of the glass

subst r at eAdcording toaignatient exaboditlcnga FRASUKMARE Brel @¥et ad HibERln WilRe r €ason
is considered that as described in the enbodi nrent of the present 20

i nvent i omadiasnfrérh ¢hecmatalgfortidreofthagisk sanbad frévhd Olmto Gl 4L out er
peri pheral side surface portion does not satisfy the requirenents
accor di ng3)t o t Retepf Osentencavehilmdecl-¢ih Filppachestoayl | ower main surfaces
are not uniformy polished in the main surface polishing step.

1000 pieces of glass substrates for a magnetic recording medium are prepared.

15 Next,afilmsuchasa magnetic layer is formed on a surface of each glass substrate for
a magnetic recording medium. Then, the number of a magnetic recording medium in
each of which film peel-off occurred is counted. Thus, the rate of occurrence of film
peel-off is obtained.

[0079]
20 Whether film peel-off occurred is checked by observing the inner peripheral
region and the outer peripheral region of each of the main surfaces of the formed
magnetic recording medium using a laser microscope (product name; LEXT OLS 3500

manufactured by Olympus Corporation).

[0080]
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[0116] In addition, the rate of occurrence of filmpeel-off in the
case of inplenenting a magnetic recording nediumfromthe sanples
according to Exanples 6 to 8 is increased, as conpared with the case
of Exanples 1 to 5. [0117] 5Thus, the glass substrate for a nagnetic
recordi ng medi um according to the present invention is such that the
side surface portion of the outer peripheral surface has high

snoot hness (i.e., unifonn.surface roughness) as the whole. In

addi tion, the glasglassdvbstraseformagiptic canfdiggmediumimet mahafactired byaha
surfaces excel in parallelism In the case of inplenmenting a nmagnetic

r ecor di ngfolsavingpmeséduge.such a gl ass substrate 10 for a nmagnetic
recordi ng medium the rate of occurrence of film peel-off is

extrenmely | ow. [R88Urdingly, the production yield of a magnetic
recordi-ng mediumin a magnetic recordi ng medi um manufacturing step
can be i ncr easebhat Fhgkss substratestack aontéieing Sidcasch majoNhgledrCiwiicilad 00

CC 00Otr. O
5  formed by a float method, are processed into a disk-like shape having a circular hole at
a central part thereof so as to obtain the glass substrate for a magnetic recording
medium, each of which is 65 mm in outer diameter, 20 mm in inner diameter, and

0.635 mm in thickness,
[0082]

10 The inner peripheral surface and the outer peripheral surface of each of the
disk-like glass substrates are chamfered (in an inner peripheral chamfering step and an
outer peripheral chamfering step) to obtain the glass substrate for a magnetic recording
medium, each of which is 0.15 mm in width of chamfer and 45° in angle of chamfer.

[0083]

15 After the chamfering, the upper and lower main surfaces of cach glass
substrate is subjected to lapping using alumina abrasives, Then, the abrasives are
removed by cleaning.

[0084]
Next, the outer peripheral side surface portion and the outer peripheral

20  chamfered portions of each glass substrate for a magnetic recording medium are
polished using a polishing brush and a polishing solution containing cerium oxide
abrasives., Thus, processing damaged layers (such as flaws) of the outer peripheral
side surface portion and the outer peripheral chamfered portions are removed. In

addition, each outer peripheral surface is polished so as to be a mirror surface (in an

25  outer peripheral surface polishing step).
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[0085]

After the outer peripheral surface polishing, the inner peripheral side surface
portion and the inner peripheral chamfered portions of each glass substrate for a
magnetic recording medium are polished using a polishing brush and a polishing
solution containing cerium oxide abrasives. Thus, processing damaged layers (such
as flaws) of the inner peripheral side surface portion and the inner peripheral
chamfered portions are removed. In addition, each inner peripheral surface is
polished so as to be a mirror surface (in an inner peripheral surface polishing step).
Upon completion of polishing the inner peripheral surface, the glass substrate is
subjected to ultrasonic cleaning in a state in which the glass substrate is immerged in a

detergent solution.  Thus, the abrasive are removed by cleaning,

[0086]

Processing methods used in the inner peripheral chamfering step and the outer
peripheral chamfering step, and those used in the outer peripheral surface polishing
step and the inner peripheral surface polishing step are described in Examples 1 to 8 to
be described below,

[0087]

The surface roughness Ra of the outer peripheral surface (i.e., the outer
peripheral side surface portion and the outer peripheral chamfered portions) and the
inner peripheral surface (i.e., the inner peripheral side surface portion and the inner
peripheral chamfered portions) are measured by the above method.

[0088]

Upon completion of processing the peripheral surface of each giass substrate,

the upper and lower main surfaces of each glass substrate are subjected to lapping
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using a fixed particle tool containing diamond abrasives and a grinding fluid. Then,

each glass substrate is cleaned,

[0089]
Next, the primary polishing of each glass substrate is performed on both of

the upper and Jower main surfaces of each glass substrate by a double side polishing
apparatus of the type 22B (product name: DSM22B-6PV-4MH (manufactured by
SpeedFam Corporation)) using rigid urethane polishing pads as polishing tools, and
also using a polishing solution containing cerium oxide abrasives (i.e., a polishing
solution composition containing cerium oxide abrasives, whose average particle
diameter (hereinafier abbreviated “average particle size”) is about 1.3 pm, such that a
removal volume is 20 pm. Then, the cerium oxide is removed by cleaning.
Incidentally, in the present Example, a glass substrate lot having 216 pieces of glass
substrates is simultaneously be polished

[0090]
After the primary polishing of the glass substrate, the secondary polishing of

each glass substrate is performed on both of the upper and lower main surfaces of each
glass substrate by the double side polishing apparatus of the type 22B using soft
urethane polishing pads as polishing tools, and also using a polishing solution
containing cerium oxide abrasive which are smaller in average particle size than the
above cerium oxide abrasive for the primary polishing (i.e., a polishing solution
composition containing cerium oxide as a major ingredient such that the average
particle size of cerium oxide abrasive is about 0.5 um,), such that a removal volume is
5 um. Then, the cerium oxide is removed by cleaning.

[0091]
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After the secondary polishing, the third polishing is performed on each glass
substrate. The third polishing is performed on both of the upper and lower main
surfaces by the double side polishing apparatus of the type 22B using soft urethane
polishing pads as polishing tools and also using a polishing solution containing
colloidal silica (i.e., a polishing solution composition containing colloidal silica as a
major ingredient such that the average particle size of primary particles ranged from 20
nanometers (nm) to 30 nm) so that a removal volume is 1 pm.

[0092]

After the glass substrate is subjected to the third polishing, scrub cleaning
using detergent, ultrasonic cleaning in a state in which the glass substrate is immerged
in the detergent solution, and ultrasonic cleaning in a state in which the glass substrate
is immerged in pure water, are performed in this order (i.e., precision cleaning is
performed). Then, the glass substrate is dried with isopropyl alcoholic vapor.

[0093]

After the glass substrate is cleaned and dried, the parallelism a and the
parallelism b of the glass substrate for a magnetic recording medium are measured,

[0094)

The surface roughness Ra of each of the outer peripheral surface (the outer
peripheral side surface portion and the outer peripheral chamfered portions thereof)
and the inner peripheral surface (the inner peripheral side surface portion and the inner
peripheral chamfered portions thereof) of each glass substrate for a magnetic recording
medium after subjected to the cleaning and the drying is measured by the above
method. It is confirmed that the surface roughness Ra measured in this stage is the

same as the surface roughness Ra measured after the outer peripheral surface polishing

step and the inner peripheral surface polishing step.
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[0095]

A multilayer film having a magnetic layer is formed on the surface of each of
the obtained glass substrate for a magnetic recording medium so as to form a magnetic
recording medium. Then, the adhesion of each of the multilayer film with respect to

5  the associated glass substrate for a magnetic recording medium is evaluated.

[0096]

The formation of each multilayer film having a magnetic layer on a surface of
the glass substrate for a magnetic recording medium is performed in the following

procedure.

10 [0097]

On the surface of each glass substrate for a magnetic recording medium,
which is subjected to cleaning before the film formation, a NiFe layer serving as a soft
magnetic underlayer, a Ru layer serving as a nonmagnetic interlayer, a CoCrPtSiO, .
granular siructure film serving as a perpendicular magnetic recording layer are

715 sequentially stacked using an in-line type sputtering apparatus. Next, a diamond-like
carbon film is formed by a CVD method as a protecting layer. Then, a lubricating
layer having perfluoropolyether is formed by a dip method.

[0098]

Processing conditions in the inner peripheral chamfering step and the outer
20  peripheral chamfering step, and those in the outer peripheral surface polishing step and
the inner peripheral surface polishing step are described in the following Examples 1
to 8. Examples 1 to 5 correspond to examples according to the present invention,

respectively. Examples 6 to & correspond to comparative examples, respectively,

[0099]
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Table 1 describes the surface roughness Ra of each of the outer peripheral
surface (i.e., the outer peripheral side surface portion and the outer peripheral
chamfered portions) and the inner peripheral surface (i.e., the inner peripheral side
surface portion and the inner peripheral chamfered portions) of each of the glass

5  substrates processed under the processing conditions for Examples 1 to 8, the
parallelism a and the parallelism b of each of the glass substrates for a magnetic

recording medium, and the rate of occurrence of film peel-off of each of the magnetic

recording medium.
(Example 1)

10 Chamfering is performed on the inner peripheral surface and the outer
peripheral surface of each disk-like glass substrate having a circular hole at a central
part thereof.

[0100]

In the chamfering step, the outer peripheral surface of each glass substrate,
15 and the inner peripheral surface of each glass substrate are simultaneously grounded so
as to be chamfered using diamond grinding stones for an outer peripheral surface,
which have shapes respectively corresponding to the shapes of the chamfered portions
and the side surface portion of the outer peripheral surface of each glass substrate, and
diamond grinding stones for an inner peripheral surface, which have shapes
20  respectively corresponding to the shapes of the chamfered portions and the side
surface portion of the inner peripheral surface of each glass substrate. In order to

enhance both of the grinding speed at the chamfering and the quality of the processed

surface, the chamfering is performed in two stages, i.e., a coarse processing stage and

a finish processing stage.

25 [0101]
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The finish processing of the chamfering is performed using a resin-metal
composite bond grinding stone, which grain size is #800, as both of the diamond
grinding stone for an outer peripheral surface and the diamond grinding stone for an
inner peripheral surface, and also using grinding liquid.

[0102]

After the chamfering, lapping is performed on the main surfaces of the glass
substrate. Thus, peripheral surface polishing is performed on the outer peripheral
surface (i.e., the chamfered portions and the side surface portion) and the inner
peripheral surface (i.e., the chamfered portions and the side surface portion). The
peripheral surface polishing is performed using polishing pads as polishing tools, and
also using a polishing solution. In the case of Example 1, a removal volume
corresponding to the outer peripheral surface is set at 30 um, while a removal volume
corresponding to the inner peripheral surface is set at 20 um.

[0103]

As described above, the main surface polishing and the precision cleaning are
performed on each glass substrate after the peripheral surface processing.  Thus, glass
substrates for a magnetic recording medium are obtained. In addition, a multilayer
film having a magnetic layer is formed on a surface of each of the glass substrates for
a magnetic recording medium. Thus, a magnetic recording medium is obtained.
Then, the film adhesion of the multilayer film to the glass substrate for the magnetic
recording medium is evaluated.

(Example 2)

Chamfering is performed on the same conditions as those in. the case of

Example-1 except that an electrodeposited grinding stone whose grain size is #600 is
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used as both of the grinding stone for the outer peripheral surface and the grinding

stone for the inner peripheral surface,

[0104]

The peripheral surface polishing is performed on the outer peripheral surface
(i.e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same
conditions as those in the case of Example 1 except that a removal volume
corresponding to the outer peripheral surface is set at 40 pm, while a removal volume
corresponding to the inner peripheral surface is set at 30 pm.

(Example 3)

Chamfering is performed on the same conditions as those in the case of
Example 1 except that an electrodeposited grinding stone, whose grain size is #500, is
used as a finish grinding stone in the chamfering step for both of the outer peripheral
surface and the inner peripheral surface. '

[0105]

The peripheral surface polishing is performed on the outer peripheral surface
(i.e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same
conditions as those in the case of Example 1 except that a removal volume
corresponding to the outer peripheral surface is set at 40 pm, while a removal volume
corresponding to the inner peripheral surface is set at 30 pm.

(Example 4)

Chamfering is performed on the same conditions as those in the case of

Example 1 except that an electrodeposited grinding stone, whose grain size is #500, is
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used as a finish grinding stone in the chamfering step for both of the outer peripheral

surface and the inner peripheral surface.

[0106]

The peripheral surface polishing is performed on the outer peripheral surface
(i.e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same
conditions as those in the case of Example 1 except that a removal volume
corresponding to the outer peripheral surface is set at 40 um, while a removal volume
corresponding to the inner peripheral surface is set at 30 pm. ~ After the peripheral
surface polishing, each glass substrate is immerged in a hydrofluoric-acid/nitric-acid

mixed solution. Then, the entirety of each magnetic disk is etched such that an

etching amount is 7 pm.

(Example 5)

Chamfering is performed on the same conditions as those in the case of
Example 1 except that an electrodeposited grinding stone, whose grain size is #500, is
used as a finish grinding stone in the chamfering step for both of the outer peripheral
surface and the inner peripheral surface.

[0107]

The inner peripheral surface polishing is performed on the same conditions as
those in the case of Example 1 except that, before the inner peripheral surface
polishing is performed, the inner peripheral surface (i.e., the chamfered portions and
the side surface portion) is etched by a hydrofluoric-acid/nitric-acid mixed solution so
as to set an etching amount at 15 pm, and as to set a removal volume at 7 pm. On the

other hand, the outer peripheral surface polishing is performed on the same conditions
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as those in the case of Example-1 except that a removal volume corresponding to the

outer peripheral surface is set at 40 um.

(Example 6)

Chamfering is performed on the same conditions as those in the case of
Example 1 except that an electrodeposited grinding stone, whose grain size is #325, is
used as 2 finish grinding stone in the chamfering step for the outer peripheral surface
and that an electrodeposited grinding stone, whose grain size is #500, is used as a
finish grinding stone in the chamfering step for the inner peripheral surface.

[0108]

The peripheral surface polishing is performed on the outer peripheral surface
(i.e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same
conditions as those in the case of Example 1 except that a removal volume
corresponding to the outer peripheral surface is set at 40 um, while a removal volume
corresponding to the inner peripheral surface is set at 30 pm.

(Example 7)

Chamfering is performed on the same conditions as those in the case of
Example 1 except that an electrodeposited grinding stone, whose grain size is #500, is
used as a finish grinding stone in the chamfering step for each of the outer peripheral
surface and the inner peripheral surface.

[0109]

The peripheral surface polishing is performed on the outer peripheral surface
(i-e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same

conditions as those in the case of Example 1 except that a removal volume
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corresponding to the outer peripheral surface is set at 10 pm, while a removal volume
corresponding to the inmer peripheral surface is set at 30 jum.

(Example 8)

Chamfering is performed on the same conditions as those in the case of
5 Example 1 except that an electrodeposited grinding stone, whose grain size is #325, is
used as a finish grinding stone in the chamfering step for the outer peripheral surface
and that another electrodeposited grinding stone, whose grain size is #500, is used as a
finish grinding stone in the chamfering step for the inner peripheral surface.

[0110]

10 The peripheral surface polishing is performed on the outer peripheral surface
(1.e., the chamfered portions and the side surface portion) and the inner peripheral
surface (i.e., the chamfered portions and the side surface portion) on the same
conditions as those in the case of Example 1 except that a removal volume
corresponding to the outer peripheral surface is set at 20 pm, while a removal volume

15 comresponding to the inner peripheral surface is set at 30 pm.

[0111]

According to results in the case of Examples 1 to 5, it is found that glass
substrates which satisfy the requirements according to the present invention can be
obtained by, e.g., assuring a removal volume corresponding to the grain size of the

20 finish grinding stone used for the finish processing in the chamfering step.

[0112]

It can be confirmed that if the maximum value and the standard deviation of
the surface roughness Ra of the outer peripheral side surface portion satisfy the
requirements according to the present invention, the parallelism a and the parallelism b

25  ofthe glass substrate for a magnetic recording medium are smali, and that the glass
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Maxi mum Val ue [p.n]  Maxi mum Val ue of Difference between Two Adjacent
Measurenent Points D-Lual Standard Deviation [pin] bet ween Two
Adj acent Measurenent Points [ pan] bet ween Two Adj acent Measurenent

Points [gni Standard Deviation [pn] ivtaxinmumvalue pnj ivtaxinmm
value ot Difference between Two Adjacent Measurement Points rmini
Parallelisma [gm Parallelismb fam Rate of Occurrence of Film

- I | m Adhesi on Vol - Quter Peripheral
Peel - off sgf):strate ora magnet?c r[ecording medium, which excels in parallelism, can be

obtained.

[0113]

In addition, In the case of Examples 1 to 4 in which each of the maximum

5 value and the standard deviation of the surface roughness Ra of the inner peripheral
side surface portion and the inner peripheral chamfered portions is within a
predetermined range, and in which the difference in surface roughness between the
adjacent measurement poinis is small, it can be confirmed that the rate of occurrence
of film peel-off, especially, in the case of implementing a magnetic recording medium
10 is 0 % to thereby increase the production yield of a magnetic recording medium.

[0114]

[fresults of Examples 6 to 8 are compared with those of Examples 1 to 5, it is
found that, in the case of Examples 6 to 8 in which the maximum value and the
standard deviation of the surface roughness Ra of the outer peripheral side surface

I5~ portion do not satisfy the requirements according to the present invention, the
parallelism a and the parallelism b of the glass substrate for a magnetic recording
medium are poor.

[0115]

The reason is considered that as described in the embodiment of the present

20  invention, in the case of the glass substrate in which the outer peripheral side surface
portion does not satisfy the requirements according to the present invention, the upper

and lower main surfaces are not uniformly polished in the main surface polishing step.

[0116]
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In addition, the rate of occurrence of film peel-off in the case of implementing
a magnetic recording medium from the samples according to Examples 6 to 8 is
increased, as compared with the case of Examples 1 to 5.

[0117]

5 Thus, the glass substrate for a magnetic recording medium according to the
present invention is such that the side surface portion of the outer peripheral surface
has high smoothness (i.e., uniform surface roughness) as the whole. In addition, the
glass substrate can be configured such that the main surfaces excel in parallelism. In
the case of implementing a magnetic recording medium using such a glass substrate

10 for a magnetic recording medium, the rate of occurrence of film peel-off is extremely
low.  Accordingly, the production yield of a magnetic recording medium in a

magnetic recording medium manufacturing step can be increased. Thus, the cost can

be reduced.

38



"0

0 cido

8 s-I!

-Cl 104 14 CD Far

1 (07.4 (0(1)C8D o 5 cz cct

001 c-c O

| =41

CQ, .

STy T 80| zo 0 [%] (aotsaypy wiiy) o
PT| 601 T1| €0| 0 0L O] O] qeoqumzo souemmong o sy | RPN Fupioosy omoude
1) 90 0] zo| €0 Mm mw MW __Mﬂ e S 2oy S IpI00TY
g : : - - I[o][eTe
910 | 910 910 0€0| 810] 910 600| <00 (@A Somstieg vrwmﬁm onSuBeIN 107 Sjensqng sseln
’ y . . - (o] symog Juswainses uonIog
020} 020| 0zo| Ov0| sz0| 070 80| 110 Emom.ﬁmq oM numgwm EE%MEU
’ : : : SOUINF(T JO SNJeA TUTLTLLY [eroydireg
50| 0501 0S0[ 08°0| 850| ov0]| ¥z0] 970 _E,MH omw> T Iouuy oS
PI0| v1'0| 10| 920 8T . . . A IXeN Texoydrred rowur
0| ¥1°0] 600 <00 [wi] wolferas prepielg J0 vy ssougdnor
. . . i . [t} syo J JuswioIns uonIog
0Z0[ 0T0| 0T0| 80| sz0| 0zo| s10| oro Jiooelpy ol usomgg | %NS PIS oS
: : - _ 9OUSISTI(] JO SNBA TINTUIKE Telsydrieg
Seo—r0L Ovol 080 Hh 0| 0vD| 220 #10 (o o T xatroy
01 020| 8101 80| 80| 010l 9070 o] GoneiAe(] PIEpIEIg
00| oro| oco . i ) [wr] sTio Juomeinseajy UonIog
. 0T0| szo| ozo| ozol| zio wooelpy oig Teonsaq | PRI
- : : - S0UIOPI(T JO on Texoydiisy
080 | 090] 030| 0S0| 050 050] $20] 970 a.%uw_ o T, 1900 Soegans
00| 20| 0c0] ¥T0] 570 . : i [BA, WINTITXEIA Teraydirad 19mo
P10 LD 0 SO0 _.Ei._ .GOﬁ..mm.?mD.. .T.Hm__.ugm“—m ,.q_.O d.m m.wmﬂ.j”m.—»—o.ﬁ
. . ) . ) [t syuro g 1o uorrog
0v°0 | 0v'0| 0€0| ozo| szo| ozo| vr0| o1 ums%.@mﬂ%wwwwmw SIS BPIS TS
: - - ) feroydrrag
0801 0S0] 080 0v0| 8¥0| o "0 . i SOUIISHI(T JO SNBA WINIWITXRIA]
- ? 0T0 Iam
SXH| LX) 9XF| SX | v ¥a | € %[ 7 oA w.wm ] 2
(1 o1qer]
[8110]

39




[0119] The present application is based on Japanese Patent
Applications No. 2011- 213463 filed on Septenber 28, 2011, and the
contents of which are incorporated herein by reference. 5 DESCRI PTI ON
OF REFERENCE NUMERALS AND SIGNS [0120] 10...glass substrate for a
magneti c recordi ng nedium 12...outer peripheral surface 10120...outer
peri pheral si de surface portion 121 ...outer peripheral chanfered
portion 13 . rfqg peripheral surface 130...inner peripheral side
surface portl onl4491 " i nner peri pheral chanfered portion WHAT IS
CLAIMED I S: 1.A_gl ass substrate for a magnetic recording medi um
conprising: a p ¢ Pigfenfraphiicatinnyia bessd oarﬂammse?afpewmi@amnsm pokle; and

an i nner urface, rein the outer peripheral
surface ¢ %ﬁ%%qgi}g%‘?%s?%?@w gér30d heﬁﬂdlﬂlf’sqoéﬁm@@f frdadcds apoingomporateddesam
out er per\lkgﬁ) %r chanf ered portion, in the outer peripheral
surf ace, EHESur f ace roughness Ra is neasured at a total of 24
nmeasur gnent points, provided at intervals of 15 degrees in central
angl e of the glass substrate for a magnetic recording nedium wth a
cut-off val 4 a_nmaxi num val ue of the surface
roughnessﬁlgﬁgﬁlgﬁﬁ@%E]t@FEM%MEMaﬁAﬂPSH%@Sporti onis 0.5 gm
or |ess, tandard devi ation of the surface roughness Ra of
the outer peri p[ﬂg?@ side surface portion is 0.2 gmor |ess,

10...glass substrate for a magnetic recording medium
12...outer peripheral surface
10 120..outer peripheral side surface portion
121...outer peripheral chamfered portion
13..inner peripheral surface
130...inner peripheral side surface portion

131..inner peripheral chamfered portion
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a difference in the surface roughness Ra of the outer peripheral side
surface portion between adjacent nmeasurenent points on the outer

peripheral surface is 0.3 gmor |ess, a maxi num val ue of a
surface roughness Ra of the outer peripheral chanfered portionis 0.5
gm or |ess, a standard deviation of the surface roughness Ra

of the outer peripheral chanfered portionis 0.2 gmor |less, and a
difference in the surface roughness Ra of the outer peripheral

chanf er ed WHAT IS {lalMEBASadj acent measurenent points on the outer
peri pheral surface is 0.3 gmor less. claima1l, wherein the

i nner peripheral surface conprises an inner peripheral side surface
portion and an inner peripheral chanfered portion, in the inner
peri pheral surféce, V\K@lﬁsasﬁmrﬂaéteamwhﬂixe&soﬂafalg’medimwnqﬂisﬁig:a
total of 24 neasurenent points, provided at intervals of 15 degrees
in central angl @p#f of maingifeeessubstrate for a magnetic recording

medi um a maxi mum val ue of a surface roughness Ra of both the
i nner peri pher adn &ikyeesiphgrabwrfpen; epidbn and the inner peri pheral
chanfered portion is 0.5 i.tmor |ess, a standard devi ation of

the surface routiHReyPeRpheal yefete,t he i nner peri pheral side surface
portion and the inner peripheral chanfered portion is 0.2 gmor |ess,
and a di fWhareip e oueniesiphuralfsarfecer oughiness Reaerglripiodrdl stdee | nner
peri pheral side surface portion and the inner peripheral chanfered
portion bBtiReeprertionandipmewten penpheraldrmfiredportios, on t he i nner
peri pheral surface is 0.3 umor |ess. 3.The glass substrate for a
magnet i ¢ recor dt i awsripariPhrsdlshfhasgwhen ziwmface toughn®s Ra is measnkedraghn,
when a nmultilayer filmhaving a magnetic layer is formed on a surface
of the gltg&d Og%b@?%a{e@%lwatsmgwécd g intevelsdifil§ depaesimceniral ahgle of
occurrence of filmpeel-off on the nultilayer filmis 0.7 %or |ess.
the glass substrate for a magnetic recording medium, with a cut-off value at 64 Jum,
a maximum value of the surface roughness Ra of the outer peripheral side
surface portion is 0.5 pm or less,
a standard deviation of the surface roughness Ra of the outer peripheral side

surface portion is 0.2 um or less,
a difference in the surface roughness Ra of the outer peripheral side surface

portion between adjacent measurement points on the outer peripheral surface is 0.3 pm

or less,

a maximum value of a surface roughness Ra of the outer peripheral chamfered
portion is 0.5 um or less,

a standard deviation of the surface roughness Ra of the outer peripheral
chamfered portion is 0.2 pm or less, and

a difference in the surface roughness Ra of the outer peripheral chamfered

portion between adjacent measurement points on the outer peripheral surface is 0.3 pm

or less.
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2. The glass substrate for a magnetic recording medium according to
claim 1,
wherein the inner peripheral surface comprises an inner peripheral side

surface portion and an inner peripheral chamfered portion,

in the inner peripheral surface, when a surface roughness Ra is measured at a
total of 24 measurement points, provided at intervals of 15 degrees in central angle of

the glass substrate for a magnetic recording medium,

a maximum value of a surface roughness Ra of both the inner peripheral side

surface portion and the inner peripheral chamfered portion is 0.5 pm or less,
a standard deviation of the surface roughness Ra of both the inner peripheral
side surface portion and the inner peripheral chamfered portion is 0.2 pm or less, and
a difference in the surface roughness Ra of both the inner peripheral side
surface portion and the inner peripheral chamfered portion between two adjacent

measuremnent points on the inner peripheral surface is 0.3 um or less.

3. The glass substrate for a magnetic recording medium according to

claim [ or 2,
wherein, when a multilayer film having a magnetic layer is formed on a

surface of the glass substrate for a magnetic recording medium, a rate of occurrence of

film peel-off on the multilayer film is 0.7 % or less.
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