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
recording apparatuses and the |ike. However, in recent years, with
requi renents foﬁ%@%sb@%ﬁfi@lﬁE@&WE@%BECQMEN@MEDM% becone
mai nstream which are hard as conpared with alum num al |l oy substrates
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 BEIJas3etHEINMENNOMNf a gl ass substrate
in order to effectively utilize the area of a main surface of the

gl ass substrat €000 addition, in order to rapidly record and
reproduce | arge-capacity information on and froma 20magneti c di sk

it has$ been st Uflicgsteiont invenas eldtéetorantladsisabatats fie @tnfdnetic RA@Adhg C

di sk. [0004] In the cases of passing a nagnetic head up to a
peri pher ahediumf ace of a gl ass substrate and increasing the rotationa
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
magneti c recording nmedium the flying attitude of a magnetic head nmay
be disrupted. If the flyAaokaROUTNSOPTTIHE RORRIMMONNead is

di srupted, the magnetic head may be brought into contact with a
magneti c di sk. jphps may cause a failure. Thus, this is problematic.
Accordi ngly, glass substrates for a magnetic recordi ng medi um have

COMe 10 T equi r gL gk, Brﬂﬁﬁﬁginﬁ‘glh?}p%&&)ésh Go(é@r?len@lcg §s§l&§%{e’égf&ea

for a magnetic recor |ng medi um I’'s processed Into eterm ne

;2??3 h 2 3{ rﬁgédeﬁp 'r&%rtﬁng S{edﬂﬂl‘? 'ilgg,d ﬁ%z]fg%%ﬁc glfsk Ge c’or(’.hH E gﬁpa@@tﬂs@s‘“ﬁtﬂ% the like.

However, in recent years, with requirements for high density recording, glass
substrates have become mainstream, which are hard as compared with aluminum alloy
substrates and excel in flatness and smoothness.

15 [0003]

With the recent achievement 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 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.



surfaces) and a main surface thereof after undergoing a shape form ng
step and a chanfering step. 10[ 0006] A nethod for polishing a main
surface of a glass substrate has the follow ng steps. That is, first,
a glass substrate is placed in a glass substrate retention hole
provided in a carrier (i.e., ajig for polishing a nmain surface)
capabl e of housing plural glass substrates. Then, the main surface of
t he gl assltéiplyingagitpde pior meEeeticdipagisdingpiedt the reagnetie heaghinpe be
suppl yi ng abrasive between the gl ass substrate and each of two
pol i shi ngbmoagly inte contachwith@fmagnstie diskg, Thistmgseenushe failvae.polhesh ihigis
pads, the carrier in which the glass substrate is set (see, e.g.,

Pat ent Doprobientatit) . Aco@ditigly, Ritse subsDetes fiesrg magnedip-réed2ing r2id@n hapd
SUMVARY OF THE | NVENTI ON [ 0008] However, in the case of a
convent i osae (gl ragershilgh pratessing acausacyot eval uat ed whet her a surface
roughness Ra of a peripheral surface portion thereof is uniformover
25t he Sentire pdgoDpfleral surface. Thus, this cause a probl emthat
there is locally a portion whose surface roughness Ra is high. In
addi tion, sonetAgkss sihaaeadoah helghstid toldhe mediomss hfaessetihigoeof s
insufficient. That is, a glass substrate may be produced, which is

| arge in #rBdctkmansd giapk bl palikidng b pefiplerslaiiEagd @SS isndRShd dufer pdiiplferals
probl ematic in processing accuracy, production yield, and

char act erdusfab&sy afd a fndih 89FaeIHOSSHT MA@ uh@rgFinBRAIAEH formarpOdtelh At a

medi um [ 0009] In view of the abové problens that the rel ated
art has, J{gfRigseds. invention ains at providing a glass substrate
for a magnetic recording nmedium which is configured such that when
the syrface rong@ﬂss Ra of a side surface portion of an 10outer

peri pheral surface thereof is neasured at plural places, each of the

maxi mm A method for polishing a main surface of a glass substrate has the following

steps. ‘That is, first, a glass substrate is placed in a glass substrate retention hole
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



val ue and the standard deviation of the surface roughness Ra is
within a predeterm ned range, and which excels in parallelismwhen
the main surface thereof is polished. In addition, the present
invention ains at keeping fromoccurring the problens, such as the
di sruption of the flying attitude of a magnetic head and increase in
vi brations 15caused at the rotation of a magnetic disk, by formng a
magnet i ¢ whede sushemroaghness Ragubighr alraddirion spaghees.che pergllelisgof the
medi um which excels in parallelism and by inplenmenting a nagnetic
di sk r ecomdinrsyriapptheraotiss insuffigienhe Tlat ired ghras sidisiretednagkbe podaesd,

In view of the above, the present invention has an object to provide
a gl ass 28kighst laggeanfthickzessd pirétuitionrie dor fineglas dibeiyate orifhis & ng: a
pair of main surfaces; an outer peripheral surface; and an inner

per i pher aproblenfatic & processing accuracypeodichioh y&lduhé chaactepbdrsadf aggladsace
conprises an outer peripheral side 25surface portion and an outer
peri phier adubstraeataraslapoticiretording medium. i n the outer peri pheral
surface, when a surface roughness Ra is neasured at a total of 24
measur ement poi[ppg9] provided at intervals of 15 degrees in central
angle of the glass substrate for a magnetic recordi ng nedi um

a maxi mum val ugnGfiev BE1HRWHHAE BrobRimtH MMBSHe Relatell afths,QHE BlesBRIihRMELA!
side 5surface portionis 0.5 mor |ess, and a standard

devi at i ony;@f af PRVRIMS 260isE AUIRRRTS: Bﬁla%flet¥dl%c&ﬁfrf§rmélﬁﬁlinpaﬁf(§1| issi de
surface portion is 0.2°Jmor less. [00I1] The gl ass substrate for a

et - SRR SR ape s Rl SRR |
10 outer peripheral surface thereof is measured at plural places, each of the maximum
value and the standard deviation of the surface roughness Ra is within a predetermined
range, and which excels in parallelism when the main surface thereof is polished. In
addition, the present invention aims at 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,



aver age roughness) Ra of a side surface portion of an outer

peri pheral surface thereof is neasured at plural places, the surface
roughness Ra is within a predeterm ned range, and the standard

devi ation of the surface roughness Ra is also within a predeterm ned
range. Thus, the glass substrate for a magnetic recordi ng nedi um

according to the 15present invention is such that, on the peripheral

surface of the isdheputpepirpherad sufaagewhen f audaqsgovglngss Raéy medsyragnt a

| ocal place where the surface roughness Ra is high, and that the

entire outotal op@4 nphsuramest phénts prbrided puintdreals hhisd Hégrbessnsentialewgle dfn

addition, the glass substrate for a nmagnetic recordi ng nmedi um

accor di ngtht glasheulpstredit a nmegectid @nordarg dhedioonf i gur ed such that when

the main surface thereof is polished, the parallelism20is good.

BRI EF DESCRI PTI{ONagimubzal DRAYNHEGS-fabOdiphness Ra of the outét meriphetad side

cross-sectional perspective view illustrating a glass substrate for a

25 magnetdigfaceportidhig0sagh uilaseaddi ng to the present invention

Fig. 2 is an explanatory view illustrating an outer peripheral

surface measur en@aidapdieNiattsitofie bRl rp@finRRER AL S 0LRS QerPiaaHlr gdent

poi nt in an enbodi nent according to the present invention.

Fig. 3 (Aur@BépsiiBhifne axplaaatory views respectively illustrating a
mai n 5surface polishing device and a carrier in an enbodi nent

according to tg?o esent invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 001 10Herei nafter, enbodi nents for carrying out the
resent inventi i 1 : AWM .

p B A58 ABSEAL RRY Mhddrit RRFARE Trclifinh BERMKSIER present

However, the present invention is hot [imte ment's
descrjipbe s A0Eh i i1f .l L Ltuti y be
nadelpn ﬁﬁgggg 6%.neﬁ¥§&%§§§F?§gﬂkﬁgﬁ%aﬁﬁﬁf?@%?ag%gééf?%éﬁpﬁ%%?the
scope of r hhRvention. I J t S
1OR% o 2B F s RA TR RO PoTop of ag ikt ffel wbtede
di sk-1i ke shape havi.ng,cpaxial cifcul ar.hol ortj.ons _at cent,ra
part t hersaraned &) P OEES B bt nfieotfe HeDS vk ofge e inge,
substrate fo ti.c.recprdi ng 20 dium 10 are in surface 1
'n Fig. radis Sead dRAeme At rapEnss BAd 5 nahin BeHeCTued;
outer-di aneter _gide regions of the glass.substrate for a net i
r ecor di ndR&di Jﬁﬁuiofh E@P% F‘gﬁ%te eﬁ@%ggget)@r eorginggm BW&‘?@%&@ the
t hi cknesses of. m ddl e re&%ons of the_ glass substrate for a n%%netic
r ecorld@i ngPreasat invealtn inshet Bak enthsisrinherahsuriag oAb Rupppiinderal gide
t hi cknesses_of inner-dianeter side regions of the oo
surface portion, there is no local place where the surface roughness Ra is high, and that
the entire outer peripheral side surface portion has high smoothness. In addition, the
glass substrate for a magnetic recording medium according to the present invention

can be configured such that when the main surface thereof is polished, the parallelism

20  is good.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]
Fig. 1 is a cross-sectional perspective view illustrating a glass substrate for a

25  magnetic recording medium according to the present invention.



259l ass substrate for a magnetic recordi ng nmedium 10. [0016] The
nmore uniformthe thicknesses (e.g., Al to A6) of the regions of the
gl ass substrate for a nmagnetic recording nedium are, the higher the
parallelism(i.e., the thickness distribution) of both of the nmain
surfaces thereof is. On the other hand, the 5nmobre non-uniformthe

thi cknesses of the regions of the glass substrate for a magnetic
recordi ng nedi ufgat &,ani explanatdne vieai ilastrathng antiudderpssiphetibsuridoat i on (or
the thickness deviation) is, the nore the parallelismof both of the
mai n sur facesranhent @oint asd dlegmadpdiph”ét@ swidace roersfiemmnt heinparad | el i sm
(i.e., the thickness distribution) of both of the main surfaces is,

t he nor e embddimathtyactteingpiorths prebat désvendion.be pol i shed at the polishing
of 10 the main surfaces of the glass substrate 10 for a nagnetic
recordi ng nmedi ufg. 3 (Apdi A(Byare dxplanatorgie s eespestkvel il fustratiig aislairg t he
gl ass substrate for a magnetic recording nedium the parallelism
(i.e.,5 t harfabé pHliuhag divede dndul darigr iBfan ehbobmhdht atddrdiag 3o ee pibdeah i s
uniform and a magnetic di sk recordi ng apparatus is inplenmented using
such a meEgp@ition. di sk, the problens, such as the disruption of the
flying attitude of a 15magnetic 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 surfagerRardn oEstdrReoRaNdreH AVEQTRIRh Mai n
surface portion, and outer peripheral 20chantfered port| ons 121 each
havi ng an angl 3;]h respect to a main surface (i.e., each inclined
to a main surf CM\% [0018] Simlarly, an inner peripheral

surf g¢e 13 i nClH'&gﬁiaﬁQr EIBBS&I {s' fBPSJr?)%m%bSﬁhé JSQI&ané?HOh%Ee &é?rlbed

per pendi cul ar t0 each main sur I nner peri

char ef ed, RHEAS: itk g&gg%&av'%e%r HbEs ;Jﬂ,eflggqgﬁ BB LR
substratg n];b%rdlmenqgggsec% ed {)eel%\(?v[ glllcp garlr(r)%csi 'mOdifi Ca(EIOESd I’a.r?cgsutbsn%u%%n Irnea§ %Qt
made in the embodiments described below without departing from the scope of the
present invention.
15 [0014]
As illustrated in Fig. 1, a glass substrate for a magnetic recording medium 10
has a disk-like shape having coaxial circular hole portions at a central part thereof.
[0015]
The top and bottom surfaces of the glass substrate for a magnetic recording
20 medium 10 are main surface 11. In Fig. 1, reference numerals Al and A6 designate
the thicknesses of outer-diameter side regions of the glass substrate for a magnetic
recording medium 10. Reference numerals A2 and A5 designate the thicknesses of
middle regions of the glass substrate for a magnetic recording medium 10. Reference

numerals A3 and A4 designate the thicknesses of inner-diameter side regions of the

25  glass substrate for a magnetic recording medium 10.



5invention is such that, in the outer peripheral surface of the glass
substrate for a magnetic recordi ng nedium when a surface roughness
(i.e., an arithnmetic average roughness) Ra is neasured at a total of
24 neasurenment points, provided at intervals of 15 degrees in central
angl e of the glass substrate for a magnetic recording nmedium a
maxi mrum val ue of the surface roughness Ra is 0.5 mor less. 10[0020]
The maxi num vall@8l@f the surface roughness Ra of the outer peripheral
side surface portion is nore preferably 0.4 p.mor |ess. The maxi num
val ue of the suflfecawererunitpnmebe thieknesnes éog., Ad tedén ofitheaepias ef thbiglase. 3
pmor |ess. The maxi mum val ue of the surface roughness Ra thereof is
parti cul awbstrase &frey mbgnetio.récqpdimg onediws gre, 1H5{ 0@k |the parallelism(iaddh¢ i on,
the gl ass substrate for a magnetic recordi ng nedium according to the
present ithicknedsakistiibuticdtolibeth dfih¢ main suhfacst therdaf t. d€wi the odrer bind, hlee
surface roughness Ra of the outer peripheral side surface portion of
t he out ermperdopheriformsthie tcamesses Of thepnyions behs glahsulstrateddr d magnetic
devi ation of the surface roughness Ra of the outer peripheral 20side
surface pecdrding raéditineareulesthdRirddp e thickaedsfdgbiont ¢hepthedkaeabl y
0.15 pmor less. The standard deviation of the surface roughness Ra

t her eof ig&viioh) ButharhdreRREpLERE Y OF Bot® oMhRmAif Serfaded@eottof is degraded.
Herei nafter, the measurenent points are described with reference to

Fig. 2. 28 foredinifoktthé phraBelns GRENRYE iHckhe QVibRiIbBRoA) FBotNES the Phain
surface of the glass substrate according to the present invention.

The measuyeapntis RAE Rlote GRSRAY B BRinREHL AR A be SBIIERAS M MshRRSEd
as exenplified by arrows A to” C such that two adjacent neasurenent
poi ntyg ar I i : | g angl g of
Phe oPacce PEESARReAbe 8GR Sihnlle PGP SalRRen ot RedlRf Ind! by,
e.g., ref e. erpahae 1nF.g. f .
roughnes saﬁag%élf%engé%% 1ietlg déé_k lg fc%r'g[égldsgg tﬁ%glﬁgggé{ﬁ)’rs té%r@%?lséjp%}agﬁ $%in the
whol e out er periphgeral..side rface port.ion of,. the. gl ass,,substrat.e
for 5 ey REkROE0E R RERHR RS, RR L OResP st BT PR R S8Ry
is rreasurefd at, a total of, 24 me%sud'. nme oints tng;.ovi d dea£

OF JyiGhy1S HoloEB ATl A PaRTH i E‘térd?‘}% WRALGY IS Appisegfed using

interval s
eri pheral chanfered. portion,.an inner side surfa 10 portio d an
P ner perthe AR bR s s B SRR aagt TrbRutBer e Shb2a]
The gl ass substrate for a nmagneti¢c recordin dium.,according tqQ the
presgﬁt iAREEREHS Eﬁaq g thg gy eF‘hVIg’F?é’tO“%aWegP%ﬁéO%% ﬁﬁ%e\}’a‘?&?éu%ﬁﬁc:

the standard deviatigon of the surface roughness Ra neasured at the
above 24 capReseHEdpoints is within a 15 predeterm ned range. The
gl ass substrate for a nmagnetic recordi ng nedium according to the
present inventil@dHas such a range, so that, on the glass substrate,
there is no | ocal place where the surface roughness Ra is high, and
t hat the entir ducouteupdripherat surddcetldancludes anpmtényesipherat side senlackace
portion of the glass substrate for a nagnetic recordi ng nmedi um has
uni f or m gwoodrhhi#sgerpendicular to each main surface portion, and outer peripheral

20  chamfered portions 121 each having an angle with respect to a main surface (i.e., each
inclined to a main surface).
[0018]
Similarly, an inner peripheral surface 13 includes an inner peripheral side

surface portion 130 perpendicular to each main surface portion, and inner peripheral



20[ 0024] In addition, the inventors of the present invention
found that if the outer peripheral side surface portion of a glass
substrate satisfied the above requirenents, the glass substrate
having main surfaces with high parallelismcould be obtained when the
mai n surfaces of the glass substrate are polished. 25[0025] This is
described hereinafter. [0026] First, as described also in the

backgr ourfd’aa? ered pettians 1 b|ea¢fahavgm%@sa@m§fﬂtha@@§ctaﬁp@ prigcaefagq(ig., cach
carrier (i.e., ajig for polishing a main surface) 30 having a gl ass
53ubstratlech@dépﬁlm@nﬁmféc@l capabl e of retaining a glass substrate,
as illustrated in Fig. 3 (A). [0027] Next, the carrier 30 in which
the gl ass subst[f8i¥s are placed is set in a double side polishing
apparatus 32 illustrated in Fig. 3(B). Then, a sun gear 33 and an

10i nt er nal gearTi84glasssubsitait &t aahagnepc exbordingimedthim o¢arding to tieippesent
Consequently, the carrier is noved to revolve around the sun gear 33
whi | e 5t heneartonas si8h thst, onths @dter perplicat] susfhourittha glaax swsthterfot at | on

t hereof [0028] At that time, both of the nmain surfaces of a gl ass
subst r at emsigiedic fedrding ieelivih, whden 4 aurfded rarghnssa(tel, el edihandicpvesged

bet ween a polishing surface 36 of an upper platen 35, which is fornmed

by att achbtghr@sfRd 8hdrguRdat arotelasiiR4sticdsamennp poiney ptoviddiert ghtasals of
substrate, and a polishing surface 38 of a |ower platen 37. In

addi ti on, | ddpedes S céttras @hdlk o8 fhe(dla® - subfitd foRiatBaghletit kdchrdifig SiédRink, ed
to between each polishing surface and the gl ass substrate. Thus, both

of the majikigied @Qﬁéof)ﬂ(hetshﬁ'a&l ReghiRYORE 1A § | &h 8r RQpol | shed
si mul t aneousl y.
10 [0020]

The maximum value of the surface roughness Ra of the outer peripheral side
surface portion is more preferably 0.4 pm or less. The maximum value of the surface
roughness Ra thereof is even more preferably 0.3 um or less. The maximum value of
the surface roughness Ra thereof is particularly preferably 0.2 pm or less.

15 [0021]

In addition, the glass substrate for a magnetic recording medium according to
the present invention is featured in that the standard deviation of the surface roughness
Ra of the outer peripheral side surface portion of the outer peripheral surface is 0.2 um
or less. The standard deviation of the surface roughness Ra of the outer peripheral

20  side surface portion of the outer peripheral surface is more preferably 0.15 pm or less.
The standard deviation of the surface roughness Ra thereof is particularly preferably
0.1 pm or less.
[0022]

Hereinafter, the measurement points are described with reference to Fig. 2.

25  Fig. 2 illustrates a schematic view taken from the top surface of the glass substrate



The nunber of gl ass substrates that can be sinultaneously polished
depends upon the sizes of the carrier 30 and the doubl e side
pol i shing apparatus 32. For exanple, in the case of the 22B-type
doubl e side polishing apparatus using, e.g., a 22- 25inch carrier, A
gl ass substrate | ot having 150 to 222 pieces of glass substrates can
si mul t aneously be polished. Incidentally, when polishing glass,

subst r at edccojding & the proseptdgecntipnt o The mepsiegeriqwings Ba thagwer pesipherel of
the glass substrate retaining holes 31 of a carrier. [0030] 5Then,
when t he vifage sigrargosed af exmylldied by asomsat B QsechHibet Btrealiagent
entirety of each main surface of the glass substrate can be uniformy
pol i shed byasgeamssnt gointsars rogdedss isehzlyaftld degreestimeentiat ongld ofitheptiss
of rotation of the glass substrate in the associated gl ass substrate
r et ai ni npubstrae & avhagretichrecapdinginegdivmt dagmdaratdiy, ag..agfesenof character
rotation of the carrier and revol ves around the sun gear 33. 10[0031]
Howevér , ‘afi it Reg. @asellofs, theconfaentoughadss flads messiosd stat otdl of 24 magnet i c
recording medium in which there is variation in the surface

r oughnes smEgusimenn point<in thewhpharadr rriigkeralyifasefqo pbition dfhke ghks
non-uni formfriction between the carrier and the glass retaining hole
31 may ocdubitratd fars mhfeticetadrdian neddidhe 8ingisa1ys tesluffaterdughnéys RbSs
magneti ¢ recordi ng medi um around an axis of rotation thereof in each

gl ass suhsiédsated 4t Qlt@aNdND} MehRireledTRVINRE pPMRREERSLErval\CaOT T dpsd ¥ in
sonetines, the main surfaces of the glassS substrate cannot entirely

uni f or n YeehgalPRlglSQ@dse §Part Habr ﬂr@?@ra? b'l%ﬁﬂ’e?éd%ﬁ)lrﬁi&{, afl 1AS @ﬁigi strface

recordi ng medi um which have insufficient parallelism nay be

pr oduged. ;- Q0321d £0fMet fGiAEAE EhliARtkd Oﬁ‘{}ﬁoﬂl‘ﬁﬁéh FRRLEM A Helhvy.2

magneti c recordi ng nedi'umaccording t e present 1nvention is such
that each of t goﬁjrface roughness Ra and the standard devi ation
thereof is within predeterm ned range at the 24 nmeasurenent points.

Thus, the surfagg %Qﬁ%p&giﬁ%ﬂe%@ &'rxﬁ%%ug:ﬁg E‘e%'a}dlﬁlrré %’%dﬁﬁx’é ch{o%igﬁ & glte[f)?estelét

entire outer peri era portio asSSTsupstra

f ti.c T di i 5Co t| i i f

o1 s 2o RS REL e FRRR BT D g B BV 26
X s SR e 0 LRl LSS AL AL Sl AL IoLe ©f
obt ai'fled PrEGIETRTRBEG) A0k EaBSPHTEe S BHEES O BaPSIn o t he
above requirﬁnents, t he followjng requi renent that the g%ff rence in
surface rSEARESS TREPISEIIAAREIE G NBTTUSE &rfengre 88 Hidk PBTe BESHEWSBRt he

outer perjpheral side surface is Preferably 0.3 Rmor |ess. .
there is no local place where the surface roughness Ra is high, and that the entire

circumference of the outer peripheral side surface portion of the glass substrate for a
magnetic recording medium has uniform smoothness.
20 [0024]

In addition, the inventors of the present invention found that if the outer
peripheral side surface portion of a glass substrate satisfied the above requirements,
the glass substrate having main surfaces with high parallelism could be obtained when
the main surfaces of the glass substrate are polished.

25 [0025]



[ 0034] 10The expression "two adj acent neasurenent points on the outer
peri pheral surface" neans both of neasurenent points that adjoin a
ref erence neasurenent point on the outer peripheral surface. Mre
specifically explaining with reference to Fig. 2, in the case of

enpl oyi ng a neasurenent point B as a reference neasurenent point, the
expression "two_adj acent neasurepent points" indicates both of the
measur ement 15 By it despribgdohereingfiticent to the neasurement point B.
The above additional requirenent neans that the difference in the
surface roughne®82@a between the measurement point B and each of the
measurenment points A and Cis 0.3 mor less. In addition, the above
addi ti onal requfirsresriesertedslsonatthe backgraund adrseetiom plusel glegsfsubgrates
roughness Ra between two adj acent neasurenent points anong all of the
20neasur esreptacpdima sarrisr (.e3 agigfor pelishing 08%] surface) 30 hdviggie iglass
prescri bed-additional -requirenent is satisfied, parts which are

pr om rfentsubstrataketeinofg hdie 3 § nafabteofirotaging s glaRa sidisealepssillpsiesedin Big. 3
the outer peripheral side surface portion, so that the outer

peri pher alA)si de portion has nore uniform 25snoot hness as a whol e.
Thus, the above additional requirenment is preferable in this

respect. In addoo2mn, if the above additional requirenent is
satisfied, the parallelismof a glass substrate for a magnetic
recordi ng medi UMext\ik Ghrries 304 @ihigahd¥lapohitshiigatchBad®iinsd i hA6ESe
thereof, is enhanced. Thus, the above additional requirenent is also
pref er ablgdd Iﬂblishin‘g aBg%ﬁﬁtZQ itingkAennatib Y3 (BY heTREH, hatgBes I3naddhe
surface roughness 5 bet ween two adj acent " nmeasur enent points on the

out erjgperihRReN abarSi4dge $ithfcaGea ?&d@%ﬁirﬁﬁ?f)ﬁﬁ@f? katioD- TIRsuehfghe The
difference in the surface roughness Ra between the adjacent

measur e : . .
i 1761 oncain § R et By S8 BRI AL 0 n R Sp R chied o

measur e”%fnat@%)ﬂ%ﬁaﬁ &i????&t%@{ YeoPreferably 0.1 mor l|ess. 10[0036]

In additio e surface roughness Ra is simlarly neasured on not
only the outerr{?@jé pheral side surface portion but also the outer
peri pheral cha Jd portion, it is preferable that the maxi mum val ue

er i
of the surface nes t he out.er ripheral . chanfered portion
°5 08 mior o e ACHEMIES oo e kit Stien BER LBATHBEr e Rl s PR
rou ess Ra aqf. the quter ,peri pher chanfered.portion_.is 0.2 mor

| 0e 21875 Gamrer 30 o e P PSS bV BT RS kP ah A SPees of
t he out er ,peripher.al .chanfered rtion js.nore preferably 0.4 or

| ess. uThéﬂﬁﬁ&?ﬁu‘Wﬁaﬂ ﬂaﬁg {vﬁéﬂgﬁv@%w@ww&@n %ﬁéwfft%/ww to the
peri pheral chanfered portion is even nore 20 preferably 0.3 mor

| ess. The&lasaxnbalistes andia pefishing swiace 280l adaymnlaenRd. ofn addtigntder

peri pheral chanfered portion is particul ar_Ia/ preferably 0.2 mor
| ess. polishing solution (i.e., polishing slurry) is supplied to between each polishing surface

and the glass substrate. Thus, both of the main surfaces of the glass substrate are
20 polished simultaneously.
[0029]
The number of glass substrates that can be simultaneously polished depends
upon the sizes of the carrier 30 and the double side polishing apparatus 32. For
example, in the case of the 22B-type double side polishing apparatus using, e.g., a 22-

25  inch carrier, A glass substrate lot having 150 to 222 pieces of glass substrates can



[0038] In addition, it is nore preferable that the standard deviation
of the surface roughness Ra of the outer peripheral chanfered portion
is 0.15 mor less. The standard deviation of the surface roughness
Ra of the outer peripheral chanfered portion is even nore preferably
0.1 mor less. [0039] In addition, a difference in the surface
roughness Ra of the outer peripheral 5 chanfered portion between two
adj acent seabeneonelytbepwilishes. odneitlentally, evhepgprligheg glasssubbhaies.iikis not
preferably 0.3 pmor less. The difference in the surface roughness Ra
of the outeeesspertophethalglash anfstrated ipell i’ tre dhets welestratemetanipg hekhds 31 of a
measur enent points on the outer peripheral surface is nore preferably
0.2 mor daeda. The difference in the surface roughness Ra of the
outer peripheral chanfered portion between two adjacent 10

measur enent poi[030Jon the outer peripheral surface is even nore
preferably 0.15 pmor less. The difference in the surface roughness
Ra of 5t he out erTiee( Wh&e el maihauffec @f AQldss ebshatcevee Polisied athc @68ty of
measurenent points on the outer peripheral surface is particularly

pref er abl gach mhiPsurRE off @5SgladsQUBE}atd BAtelEunitdrmilF psiedhed bl kabsihdSlcter €
two outer peripheral chanfered portions at an upper part and a | ower

part of thessShegratdio ReRe RRULE BR akBIPEShH WP Ythe Bhash blviahfeahegk I n Fi g.
1. Inthis case, it is sufficient that only one of the outer

peri pher alsschagd fa@gs%@frﬁﬂe%ﬁirﬁ?%ﬁﬁg heSyHilRehALAYIEr fRAE ABIRIMAS axis of

However, 1t 1Is re preferable that both of the outer peripheral

chant er ed oGk i@ &g%éﬁnﬁrémv%bﬂgﬁldﬁgghﬁg%ﬂ%s' 20[0041] 1t is

preferabl e that the ove requirenents are satisfied. This is because

of tq% facts tf[?g:% t]he entire outer peripheral surface has high

snoot hness, so ]t when such a gl ass substrate is used as a nmagnetic
a miltilayer

di sk, fail i i f.fi t t .l ddi t.i

ek, & ol 1 e HLAEbLL PSSR ok SA0LSL e e Bl 11 2ver
oot - - oftpdngm i pE- Goehitt e i R fng i d st G SRt B phich,
is inmproved.. Therefore, it is preferabl e.tin this respect .that. K the
above r ecﬂ?f‘lpgﬂ:@ﬁﬁl e al}rgacg Jortign alfeof’é}@ﬂ?]m orm friction between the carrier and

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

15  magnetic recording medium around an axis of rotation thereof in each glass substrate
retaining hole 31 may be suppressed. Accordingly, sometimes, the main surfaces of
the glass substrate cannot entirely uniformly be polished, so that glass substrates for a
magnetic recording medium, which have insufficient parallelism, may be produced.

[0032]

20 On the other hand, the glass substrate for a magnetic recording medium
according to the present invention is such that each of the surface roughness Ra and
the standard deviation thereof is within a predetermined range at the 24 measurement
points. Thus, the surface roughness Ra is substantially uniform over the entire outer
peripheral side surface portion of the glass substrate for a magnetic recording medium.

25  Consequently, in a main surface polishing process, the glass substrate can uniformly

10



Incidentally, in the inner peripheral surface, when a surface
roughness Ra is bSneasured at a total of 24 neasurenent points,
provided at intervals of 15 degrees in central angle of a glass
substrate for a nmagnetic recordi ng nmedium the nmaxi nrum val ue of the
surface roughness Ra of both the inner peripheral side surface
portion and the inner peripheral chanfered portion is p[eferabuy 0.5
m or | esstotatpareydil ahenis afretatiomtigencd injeashaglass sulestratawstaining hoke of the
roughness Ra of both the inner peripheral side 10surface portion and
t he i nnercapeern J¥herdcovtinglycthe glaspsutistrateifor pragestabieyording medinm, edese
Moreover, the difference in the surface roughness Ra of both the

i nner permpheuakicesildee highf pacdleghiont canbaoldainké | nner peri pher al
chanfered portion between two adj acent neasurenent points on the

i nner peripher dl0033irface is preferably 0.3 tmor |ess. [0043]

15l ncidentally, even in this case, the surface roughness Ra is
measursed at medbBhe glaBHubgeitebAisieqh déditiah td hkabya qoirerhbnislafe ees in
central angle on each of the inner peripheral side surface portion

and the ifanewinelehpiiahedt tidiand GifREEnRO I siffhce $buihhadsRa bawthietwmse of
measuring the surface roughness Ra of the outer peripheral surface.

Hence, thefReal RedhrdBaT PORIEE RO HAPRISSRGNIrREe 18RI D.3 A8
i nner 20 peripheral side surface portion and the inner peripheral

chanf er ed, st i ons. The maxi num val ue of a surface roughness Ra, the
standard devi ation of a surface roughness Ra, and the difference in a
surface roughnqﬁgtﬁa bet ween two adj acent neasurenent points nean

val ues of those obtained corresponding to each of the inner

peri pheral s d%}%ﬂ%@?&(}‘sﬁ@ﬂ?ﬁ% 0 a8 Fie’&&rkﬁ&@ﬁ{ pOTiS ioﬁglr?% @tgﬁ%ﬂﬁ&%@gd

portions. In 2 ere-are two | nner ‘perip

portions Qa8 rHQ&e}]%;poﬂ?# xglgé‘bglre%nent lpg%’rfg thgfi{cﬁ?iﬁ{acr%fe%ﬁ?nsc% ﬁlg%aﬁlgﬂéfn%(ﬁg%(gnto f

porti on respectiv case,; 'S S

t he i nner ri pheral. .chanf ered rtions.satisfies. the abqve )

" oqui 1 et 2 ofish ettt o BPEAE Rl S Ring Al Brorenes o Fie
peri pheral chanfered portions satisfy the above requirements. 5]0044]
't the i dR&HC TS pREPIYING URCETFIEE OEHE S1F SRcroR P HRHE S PP AR
chanf er ed gorLiogs sq%isf t he above teqyjrenen%% Hg entire inner
peri pher HXPESHPE cEVHAY A% H‘%%B‘Pﬁ%@é‘ﬁs[ﬁ‘ém]es fno ﬁﬁi&eaﬁ‘ﬁe%@ a

gl ass substrate as a_nmagnetic recording nediun1ge.g., a .. .
15 points A and C adjacent to the measurement point B. The above additional

requirement means that the difference in the surface roughness Ra between the
measurement point B and each of the measurement points A and C is 0.3 pm or less.
In addition, the above additional requirement means that the difference in the surface
roughness Ra between two adjacent measurement points among all of the
20 measurement points is 0.3 pm or less.

[0035]

If such a prescribed-additional-requirement is satisfied, parts which are
prominent in value of the surface roughness Ra are less present on the outer peripheral
side surface portion, so that the outer peripheral side portion has more uniform

25  smoothness as a whole. Thus, the above additional requirement is preferable in this
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magnetic disk), a nmultilayer filmhaving a nmagnetic |layer is forned
on the surface of the glass substrate and used as a magnetic
recordi ng medium However, if the snoothness of each of the outer

peri pheral surface and the inner peripheral surface is |ow, that is,
if the surface roughness is non-uniformand there is an abrupt change
in 15 the surface roughness, a difference in filmstress may be
caused, visepashy Ja additipnpidhe ghgvemdditivaalagasamentenspdigiiet theparalipdism
production yield of a filmnmay be decreased. On the other hand, if

t he surf aefe glassgivheaizaie for aonagnetin refording mediwm, waich pheltained by pelishinzgd
the i nner peripheral surface satisfy the above requirenents, the rate
of occur rtbaominsurfaces therepdels colidnced 0Thasothetrbovaadditioml c¢quéteniehtiset o.
Thus, a high production yield 20can be achi eved. Therefore, it is

pr ef er abl @sd praferatile imthoyespatgui herdentallyahe detrerskiie the udfdd6toughness
The gl ass substrate for a magnetic recordi ng medium which has been
descr iSbedRa bettrMeen aboudjacan measuramantf prdits be thdyuter paiphtal tide sdadgeds hod
i ncluding a shape form ng step, a chanfering step, a nain surface

| appi ng shefR, préfepdily pRaalor Bas.ur Tiacdiflefncs H e saifed roagivais RS befvaea
polishing step, and a precision cleaning step. [0047] The

shape f orit Bgjasdr PrdaSurbMeRt RIS $s evefilrford pidfetably K eS phapEles dtRSS
sheet formed by what is called a float nmethod, a fusion nethod, a

downdr aw dJiErbRaek intthe SulPiRSSuitesd RY bEMIBR the athR Bl ASSusdiegi: pbitRt
limted to a specific one. An 5anorphous glasS, a crystallized gl ass,

and a reinfaneat Heasshihavi p9 4 1&Li nforced layer included in a
surface l'ayer of ‘a gl ass substrate can be used as a gl ass sheet.

[ 0048 219556 a chanfering step is to performchanfering on an
i nner peripheral surface, and an outer peripheral surface of a gl ass

substrate procegg rscﬁﬁgitiioﬂf i dirBke Hl}éﬁgésgma@%ixﬁiﬁ]ary}ﬁgfﬂﬁgﬁqf{ Igé}%!}gtge

step. In the chantering s ep,r a gri-nding stone |l
e e .- . I )
SPecL 1 B0 e TIR L DRSSP SRS s R B R SR
Chanf eri j b _ st i -
or ocessi HEPURTERC LB iie" Sriud of U REPEERHishfesn RTGIIEMRy and
br ocess| AT BaT b RS REEPLS B HEor B LS SFAOLH S5EEHORAT B
differ froni] one another in the grajn size, the type of a bondi ng
agen 1 :5 arsyripgsoropghess F@@j@l}e outer peripheral chamfered portion is 0.2 pm or less:

[0037]

The maximum value of the surface roughness Ra of the outer peripheral
chamfered portion is more preferably 0.4 pm or less. The maximum value of the
surface roughness Ra of the outer peripheral chamfered portion is even more

20  preferably 0.3 pm or less. The maximum value of the surface roughness Ra of the
outer peripheral chamfered portion is particularly preferably 0.2 um or less.

[0038]

In addition, it is more preferable that the standard deviation of the surface

roughness Ra of the outer peripheral chamfered portion is 0.15 pm or less. The

12



When chanfering is performed, if a coarse grinding stone is used as a
20grinding stone to be used in a final finish chanfering stage, a
renoval volune in the subsequent peripheral surface polishing step is
increased to obtain a predeterm ned surface roughness Ra. Thus, a
grinding stone whose grain size is, e.g., #400 or nore is preferably
used in the finish chanfering stage A grinding stone whose grain size
s, g, SBE0 Grvisl ¢ ABTisopp eatareky OLBE Uit DERBhGTHFha R ered
chanfering stage 25[0050] A peripheral surface polishing step is to
per f or m poirtighisrRyesmarhgreferdblysut facer lper t i ons and t he chanf ered
portions of the outer peripheral surface and the inner peripheral
surface. A poli[€8%%lg nethod used in this step is not linmted to a
speci fic method. The polishing method is perforned by, e.g., applying
a pol i shing brushddition, & diffdreivicny theamirface eaghnest Rahd thaiveter peiphptedr al
surface and the inner peripheral surface and, thereby perform ng

pol i st ngchamfealet @brtidnietweadstoerdiaceatnsasufentent poinghoreths okeer\phtiplecral
supplying a polishing solution (or polishing slurry) containing
abrasi ve dubfatetspretatipna frhielesst Tise diffefedcaldl tetshibhcepoupBibsnBaios
performed in a given anobunt according to the coarseness (or the grain
size) of thBeu@F perdpHegal ThamEered pertion befveeea M@t Tadjdcag méiremkat f6iaklon
This is intended to renove a processing damaged | ayer (such as a

flaw) genge st p&ibHba seHhéARen@E ptdtsrablyass patbsesat erHeMitiéi@nce in the
chanfering step by polishing the surfacé at a renoval volune which is

| arger t haBrtdRugRRLsE R oflthEoREPHE TheRY cHANRIELJrAYS betwbi Bwé Sdjdcent

flaw). A renoval volune i n the peripheral surface polishing step

4 _ B : !
15acqgr :jﬂggashfélﬁetﬁ?p&ﬁ&eorpﬂc Ie%s%ﬁ‘y 'p@r? M9aiSuA06 #3596 ol Pﬁf&gﬁg@g{]ﬂe@?cor

step is term ned: Accor ; e glass substrate for

ey centeOPUIRAG 1 B BRI, Lo plngs Bhasgt b
Femoval VTEEAReth e ARRCH Penletrbty B BTN 0BL R AcB s
The. 7 ni S GHAPLPTReEr SR &iova) “vol ums of the peripheral
surface is pre&s&ﬁﬂly 20 or nore. [0053]
15 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.
1. Inthis case, it is sufficient that only one of the outer peripheral chamfered portions
satisfies the above requirements. However, it is more preferable that both of the
outer peripheral chamfered portions satisfy the above requirements.
20 [0041]
It is preferable that the above requirements are satisfied. This is because of
the facts that the entire outer peripheral surface has high smoothness, so that when
such a glass substrate is used as a magnetic disk, a failure is difficult to occur. In

addition, when a multilayer film having a magnetic layer is provided on the glass

25  substrate and used as a magnetic recording medium (e.g., a magnetic disk), a film peel-
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In the main surface polishing step, as described above, the polishing
pads are applied to both of the main surfaces of the glass substrate
usi ng the doubl e side polishing apparatus as illustrated in Fig. 3
(A) and 3(B). Then, the glass substrate is polished while a polishing
solution (i.e., polishing slurry) containing abrasive is 5supplied to
bet ween eagh polishing pad and the gl ass subsfrate. [0054] In
the preci @% grhard Eupng Sgtt%,thi)a?oépefrw1alﬁd>f@rfﬁm iSEEPHvedcheBereBre rbls
surfaces of the glass substrate are renpved. Then, the gl ass

subst r at ePreferaiie aythiy rgemst thapthe abpee rpayyemeRis pisdsabsliefanuf act uri ng a

gl ass substrate for. a magnetic recording nedium glass substrate
cleaning (i.e.,[08f#8ani ng between steps) and gl ass substrate surface
etching (i.e., etphinﬂ bet ween steps) may be perforned between the
consecut i ve- st psidentallgdditha ioner periphergl swéacsubern aswidogroaghnasmida isc
recordi ng nmedi um requires high nechanical strength, a reinforcing
step (e. gneasaragdra pitetal 0624 megtunenem goilfs peplidet atfisterratgofal x ddgndesriced

| ayer on a surface of the glass substrate nay be perforned before or
af t er t hecepthl siglengf sgless substrite foveamagrietic pedardinp medsurapthe nj3Q56i

In each polishing step, only primary polishing may be perforned.

Al t er nat i wableyof the burddvergughmesoRa pEbdthrtieinenpapipheal sidt 3gEscespectiorasnd
primary, secondary, 20and tertiary polishing stages. [0057]

| nci dent ahé yhnet p&rigHerdl abemfed Porgids ifprealilne. Sjufeordessf atieadliién, @it
and the chanfered portions of each of the outer peripheral surface

and t he igstiRlard@viffardthe sirfRrs eofhnbRR DbAoth seinhérdietiphahal dde
magneti c recording mediumis formed in the 25chanfering step and the

peri pler ajurBbd pAeien RAH HRThAG sehPRerall s felel Dotk i@ﬁ)??fefagﬁgdjl@%ﬁ?oﬂéssqf

the outer peripheral surface and the inner peripheral surface of the

gl ass subgbialer, fRIdifeSRERIthe sﬁﬁ&%&ﬁﬁg}ﬁe@@é HPbtR: cﬁr%ﬂg@fél Sle

the main surface polishing step or the precision cleanin piIs the

sane as e, sindR68 aﬁr? Hﬁhﬂﬁ%eﬁ@%&gg%gggﬁeﬁ%%ﬂi&%%géﬂ 8 jadele

peri pheral surface polishing st

measurement points on the inner peripheral surface is preferably 0.3 pm or less.
[0043]

15 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
inner peripheral side surface portion and the inner peripheral chamfered portion,
similarly to the case of measuring the surface roughness Ra of the outer peripheral
surface. Hence, there are 24 measurement points corresponding to each of the inner

20  peripheral side surface portion and the inner peripheral chamfered portions. The
maximum value of a surface roughness Ra, the standard deviation of a surface
roughness Ra, and the difference in a surface roughness Ra between two adjacent
measurement points mean values of those obtained corresponding to each of the
inner peripheral side surface portion and the inner peripheral chamfered portions. In

25  addition, there are two inner peripheral chamfered portions at an upper part and a

14



The gl ass substrate for a magnetic recordi ng nedium according to the
present invention can be obtained by the above manufacturing nethod.
[ 0059] Then, a nmagnetic recording nedium (i.e., a magnetic
di sk) can be obtained by l1l0additionally form ng a magnetic |ayer and
the like on the obtained gl ass substrate for a magnetic recording
medi um [0060] There are two nethods for recording information on a
magnet i ¢ loagopat afthesdtlaswface pertion respettvvedy. t Jdithialcasengriesutficieatidedi ng
met hod and a perpendi cul ar 15magnetic recordi ng net hod. Hereinafter,
a pr ocedurddy ofie phihepangsgrtipberhlbehandened povione satisdien therabiolo dequsrements.
descri bed by way of exanple. [0061] A magnetic recording

medi um i ndbwces, iais hemgireferatdgthat bathlodyterinner periphaet chegniemdarortiand a
| ubricating film Then, in the case of the perpendicul ar nagnetic 20
r ecor di ngsatiefiyithel abgyenequitdrnyentqa soft magneti c underl ayer nmade of a
soft magnetic material, which serves to return a recordi ng nmagnetic
field3sgenerated0fa4gm a magnetic head, is provided in the magnetic
recordi ng medium Therefore, e.g., a soft nagnetic underlayer, a

nonmagnet i ¢ i NtIEHeAyBEr pedipPeraP§iad bR poRRaNald the (18P petiftErdlakemhferad
protecting layer, and a lubricating | ayer are stacked fromthe

surface oforflorH AHSHYADS HRSlerad @rdnierd) itife QteleInner p&HIREal Eaghcedasth
| ayers is described hereinafter. [0063] For exanple, CoN Fe, FeCoB,

CoCuFe, NpfRthfeefl Si, FeTaN, FeN, FeTaC,

[0045]

10 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
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

I5  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.
On the other hand, if the surface roughness Ra of each of the outer peripheral surface
and the inner peripheral surface satisfy the above requirements, the rate of occurrence
of a film peel-off is 0 % or has a value close thereto. Thus, a high production yield

20 can be achieved. Therefore, it is preferable that the above requirements are satisfied.

[0046]

The glass substrate for a magnetic recording medium, which has been
described in the above, can be manufactured by a manufacturing method including a
shape forming step, a chamfering step, a main surface lapping step, a peripheral

25  surface polishing step, a main surface polishing step, and a precision cleaning step.
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5CoFeB, CoZrN and the like can be used as the material of the soft
magneti c underl ayer. [0064] The nonmagnetic interlayer is
made of Ru, Ru-alloy or the like. The nonmagnetic interlayer has a
function for facilitating the epitaxial growh of a perpendicul ar
magneti c recording |l ayer, and another function for cutting off the 10
magneti c exchag&e coupling between the soft magnetic underlayer and a
per pendi cul ar Qﬁ@ti c recording layer. [0065] The

per pendi cul ar magnetic recording layer is a magnetic film whose axis
of easy magnet i 7t shepe fampeg gepdl loulragess.dntg asthgghk@ﬁltapgm glasweshesind
contains at least Co and 15Pt. It is advisable to cause the

per pendi clgraed hnyvet iscalled a fldmethad.er fusiontmastbod af dovordadd meglephpat ed
mcro grain structure (i.e., a granular structure) to reduce

i nt er gr anuksfoextigangbodouPhé plgswhicetis natbmiedighspeeifed onenhekrent

medi um noi se. More specifically, it is useful to use, as the

mat er iSal aforphensyBagendiystallied Phgaeinda reedorcdd pisd byreng a acinforaxd layer
obt ai ned by adding an oxide (e.g., Si02, SiQO €203, CoO 20Ta203,

Ti 02), orin€flndedin £xurfata layér of #plasheubsirkie cho baubaRis-bgascdhattl oy or the
| i ke. [0066] The soft nagnetic underlayer, the nonmagnetic
interlayer, andobd& perpendicul ar magnetic recording |ayer can
continuously be manufactured by an in- line sputtering method, DC
nmagnet ron sput t}egingchmifoady 8@ i$ Reperfok@ chdPFOE dn an inner periphB@Xt ,
the protecting layer is provided to prevent the corrosion of the

per pendi citte, BRARRLLker PEGPRAAINGArfadY 6F a RSk Msﬂt@}éf‘d&%s%ﬁ%@%cﬁﬁ@ﬁk@f
t he nedi um from bei ng damaged even when the magnetic head i s brought

into l@ontsﬁf&ﬁe Mihd shR FRGhE R Th%il H{?%%ﬁltférﬂ‘% &y l%rgrfnﬁirltér sf?éfﬂé#@ﬂgpn the

per pendi cul ar magnetic recor d'rp'ng ayer. SMat’eri'al s cont™al ni ng

Zr 02, anqinﬁt%o%epﬁclb%gq Fhe rghﬁdirﬂgtsﬁ)rniqu se?écté%cgfa?ﬁgefﬁtei ﬁ'&essary

grinding amount, a necessary 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-
15 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
agent, and the like.
[0049]
When chamfering is performed, if a coarse grinding stone is used as a
20 grinding stone to be used in a final finish chamfering stage, a removal volume in the
subsequent peripheral surface polishing step is increased to obtain a predetermined
surface roughness Ra. Thus, a grinding stone whose grain size is, ¢.g., #400 or more
is preferably used in the finish chamfering stage. A grinding stone whose grain size
is, e.g., #500 or more is more preferably used in the finish chamfering stage

25 [0050]
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| ayer. [0068] For exanple, an in-line sputtering nethod, a chem cal
vapor deposition (CVD) nethod, and a spin coat nethod can be
used as a nethod for formng the 10protecting |ayer. [0069]

The lubricating layer is forned on the surface of the protecting

| ayer to reduce the friction between the nmagnetic head and the
recording nmedium (i..e., a magnetic disk). For exanple, )

per f | uor opol yeth@eriphgrgiourfass pelishingotien is ta perform peléshing@upthe side surface
15carboxylic acid can be used as the material of the |ubricating

| ayer. Theortigisyanddhe ghampyed partipnyef the pyist peiphgralispriagst andghe gmer
spraying nethod, or the like. [0070] In the case of formng a

mul ti | ayeperipher Befacrg A nedighiegingethed eseddn thipetep ig fedieniged toleespgtifis s
substrate for a nagnetic recordi ng medi um according to the 20 present
i nvent i onmpthodheThdpolishing motied is prefarmied byf ¢.pe spnlyieg aepadishiagfbiria or a
peel -off on the nultilayer filmis preferably 0.7 %or less. The rate
of ocdur remlickingfpad té edah qfeb¢ ewtkef paiphetsd sunfddei and ey inhiet pariphermbserface
preferably 0.3 %or less. [0071] The term"rate of occurrence of a
fil m peelandf fherabygiecfarmmgt godishiag o obtatrhthe pbstleten@inedfsupfaecitompbness Ra
each of which a filmpeel-off occurs after the filmis forned, to
1000 pr odwkilessupblyigaeblishingsduiom@r potsiang slufry) comgniig abrabivvkthgretolhe
rate of occurrence of a filmpeel-off is cal culated by observing the

surface oAt thhetigkass Iﬁaﬁéﬁdlil@ﬂﬁﬁﬂdﬁshmgtib ?eﬁ@ﬂn@%drm latdivety@hionit bédomib t&
| aser m croscope, checking whether a filmpeel-off occurs in the

ir]ﬁgg:E:LC (}P@Sﬁr?ﬁé? W?&ﬁﬁ&z I ; T) ?@H{Sérﬁﬁiiﬁ RofBhidRE in EHe dhahfeiOdpst S
peel -0 occurs after the filmis forned.
10 [0051]

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

15  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
predetermined surface roughness Ra can be obtained.

[0052]

More specifically, if a grinding stone whose grain size is, e.g., #500 is used in

20  the finish chamfering stage, a removal volume of the periphergl surface is preferably
30 pm or more. If a grinding stone whose grain size is, e.g., #800 is used in the
finish chamfering stage, a removal volume of the peripheral surface is preferably 20

HIn or more.

[0053]
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[0072] It is difficult to stably perform operations of reading and
witing records fromand to the magnetic recording nedium (i.e., a

magnetic disk) in which a film peel -off has occurred. Thus, the
production yield of a magnetic disk drive is reduced. This 10is
probl emati c. EXAMPLE [ 0073] Herei nafter, the present

invention is described by_citi .speci fic, ex | es. 15Howeyer, the
present invent :a@ntfl? gl%fl};‘chmppgguflgstpﬁ@w@pqrm ﬁgo\é‘& i??pﬂ"g@i{m[g(ﬂﬁiﬂﬁre
First, an evyaluation nmethod for the glass substrate for_a_ magnetic
recor di ngaﬁPllefi M%’ﬁ@féh\e PR YEErSPITRS Blgts Pbstrae weiga dhs doubleBAei ng
medi um on which a thin filmsuch as a magnetic |layer is forned on a
surface ofolishinggpaaiatus asdiysiratediin Fig S (@agsd 3d). ofThendhe glassembstyate is
exanpl es and conparative exanples are described hereinafter. (1)

Sur f ace R&J@h@fbgfgﬂ@ Applistieg beluidge figgadobishigs shsy) ceutaipingafragive is

peri pheral surface and Inner peripheral surface The surface

r oughesssupplied to hewessy ¢ach petishingped angethe glaghmestpteRa i s neasured by
t aki ng an observation i mage havi ng height information using a |aser
m croscope ((HPB8tct Nanme: LEXT OLS 3500) nmanufactured by A ynpus
Cor poration) and by analyzing the taken observation image. [0075] The
observati on i ndgehdprecisgprhdeagiivig sted, partetléscamdtthk Bke atidched tvethk asdaces of
m croscope is inmaged using an objective |l ens having a magnification
of 20 ti nias ghndsigrtrhterage seemoieder Then, ole glags wibstedte Gidisd. x 640 m  The
surface roughness (i.e., the arithnetic average roughness) Ra is

obt ai ned by per[hos3fi ng anal ysis on a central part of the taken
observation i mage corresponding to the observation region of 640 m x

640 mo(i nci dentlalthy/ab rhdiBod €MinBliufhétieng 81488 Bilisahte! foP@na@hetidre
outer peripheral side 10surface portion in the case of, e.g., the
outer periepligind m&dif®, ssS AbStrReLicaRM) (BEL Llen@between steps) and glass
substrate surface etching (i.e., etching between steps) may be performed between the
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
15  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] |
In each polishing step, only primary polishing may be performed.
Alternatively, polishing may be performed in plural stages such as primary, secondary,
20  and tertiary polishing stages.
[0057]
Incidentally, the surface roughness Ra on the side surface portion and the
chamfered portions of each of the outer peripheral surface and the inner peripheral

surface of the glass substrate for a magnetic recording medium is formed in the

25  chamfering step and the peripheral surface polishing step. Thus, the surface
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measurenent |length and a cut-off value at 640 m and 64 m
respectively. [0076] As described in the "DETAI LED DESCRI PTI ON
OF THE | NVENTI ON' section, the neasurenent of the surface roughness
(i.e., the arithnetic average 15roughness) Ra is perfornmed at a total
24, measurenent points provided at intervals of 15 degrees in central
angl e of a glass_substrate for_ a magnetic recording nmedium_ The

chanf er edtoyghegspRa ofithe gptenpedderst surfase gpd shesinger nepipherabsigfacewé the
parts of side surface portion on each peripheral surface of the glass
subst r at eglagsesypateate {as1a/magnsfie veqording anadis ypemeemplstion hbtheanajh sedaceRra
is perfornmed on one of the chanfered 20portions respectively

cor r esponeRlisgingstepa thewresistaedeanim stersaht edmg ag the surfaceTioughness Ra
eval uation of the parallelismis performed by the follow ng two

met hods. dtfenpdinpdr edmplatiomaf thapespheand subfnekpassking s¢x.i but i on of the
t hi ckness of the glass substrate. The smaller the value of the
paral Il ism the0h#®re uniformthe thickness of 25the substrate. This
indicates that the parallelismis excellent. Parallelisma

The paral | el i siTl& glsssrabsitute torushaghedc raveding nsgdhae ecending en gRrprént

| aser head is LK-GL5 and an anplifier is LK-G3000V bot h manufactured
by KEYENGhEv&XISRWQRADE ObtaginedThiethbabsw @amithcetafing hetidai ckness of the

gl ass substrate for a 5 magnetic recording nediumis performed on
each of an out goop®ri pheral portion and an inner peripheral portion
at a total of eight nmeasurenent points provided at angular intervals

of a central anpied, #naBlettleRES@MpthEdnlm ©aCch nBinBiSHisk &R 1Rf otidlBed by
gl ass substrate. Then, "the difference between the naxinmumthi ckness

val ug gandydahendii P icsihg Qin‘PJ]gﬂ%élayé’ﬂl alHﬁl thS 1iRPbAHIRESh1ATed gﬁs@ﬁfb@ﬂréte Irb,Sm

a. lOParallelismb e pafallelismb is neasured using a | aser

interfer flic (PHHE hdddng: Pl ane Measuring Fizeau Interferoneter
GL02 nmanuf att ul(rze%rogy %}}l non Co., Ltd). This method is to calculate

the parallelismgfyboth of the main surfaces of a glass substrate by
observing inter ergnce fringes fornmed due to the phase difference
bet ween 15refl g t%é—"é‘re'ti ght

surfaces of a g 555 SU sg?%fﬁ%iﬁ%%%hgh%ggﬁ%%%ﬁég§%géﬁ%§%ﬁgﬁ%%%&ggence
fringes. medium, that is, a longitudinal magnetic recording method and a perpendicular
15  magnetic recording method. Hereinafter, a procedure of the perpendicular magnetic
recording method is described by way of example.
[0061]
A magnetic recording medium includes at least a magnetic layer, a protecting
layer, and a lubricating film. Then, in the case of the perpendicular magnetic
20  recording method, generally, a soft magnetic underlayer made of a soft magnetic
material, which serves to return a recording magnetic field generated from a magnetic
head, is provided in the magnetic recording medium. Therefore, e.g., a soft magnetic
underlayer, a nonmagnetic interlayer, a perpendicular magnetic recording layer, a

protecting layer, and a lubricating layer are stacked from the surface of a glass

25  substrate in this order.
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[0077] More specifically, the Iight and dark interference fringes
observed by the laser interferometer are formed |ike contour |ines.
The interval between each pair of 20 adjacent interference fringes is
determ ned by the wavel ength fromlight output froma |ight source
and an angle of incidence of the output |ight. Because the |aser
interferoneter enploys the wavelength of |ight as a neasure, the
paral | el i sm of PA82lgl ass substrate for a magnetic recordi ng nedi um
can be nmeasured with high precision. [0078] A nmeasur ement
regi on for the Frohaifltes iagenshs descobed heseinali¢trude recor di ng/ reproducti on
area of the glass substrate (or disk) for a magnetic recording

medi um whose d@fer] di aneter is 65 nm and whose i nner dianeter is 20
nm According to the present enbodi nent, a nmeasurenment area is set as
a regi on whose Forreadmpk:, Codii'd, FleCoBnCoGLFgdViFe.dfe AdRi, tHe@aldj BN, rEeTg€d
from10.0 nmto 32.5 nm (3)Rate of Occurrence of Film Peel-off (Film
- Adhesison)CoFeB, CoZtNOdphetiks caf bglsed ais shidxabteatles the sofa muggeed iwaierlayer.
recordi ng medi um are prepared. Next, a filmsuch as a magnetic |ayer
is formed on a [s064Jace of each gl ass substrate for a magnetic

recordi ng nmedium Then, the nunber of a nmagnetic recording nmediumin
10 each of whi cihefidnmapaetic RtdrlecidmniRE of RiC RUMAIRS-or ThdiSke. t MEher at € Of
occurrence of filmpeel-off is obtained. [0079] et her film peel -off

occurred dohnfaBRekEmtdyODERViuRSid R ERNBE: REMeRPEARA] %169&}9!% and the
outer peripheral region of each of the main surfaces of the fornmed 15

magnet i ¢ fecomdhng n'i&’g{ﬁleﬂ&éé%id?% Byt alBihEIRaQ &FE&QH?Bfﬂﬁéfe:
LEXT OLS 3500 manuf actured by yﬁpus Cor poration). |[0080

| _ ) . .
Phe 111 QaraiaueSx iBhar B poLTRANAL Boh HEEhUE Blae g dha g plhRflodier

each contal nj i O maj or ingredient, which are forned by a
fl oat netrﬁ%@eﬂgrregoﬁggza Seéd into a disk-like shape having a circul ar

hol e at a cent r[ﬁb jgart thereof so as to obtain the glass substrate
for a magnetic cordi ng nedium each of which is 65 mmin outer

diameter, 20 mqfﬂer})elrﬂ]erﬁ%{cu?a{r?nm%%g{id re%gl%ing layer is a magnetic film whose axis of

easy magnetization is perpendicular to a substrate surface, and contains at least Co and
15 Pt TItis advisable to cause the perpendicular magnetic recording layer to have a
favorably separated micro grain structure (i.e., a granular structure) to reduce
intergranular exchange coupling which causes high-level inherent medium noise,
More specifically, it is useful to use, as the material of the perpendicular magnetic
recording layer, a material obtained by adding an oxide (e.g., SiO,, SiO, Cr,0;, CoO,
20 Tay0;, TiOy), or Cr, B, Cu, Ta, Zr, or the like to a CoPt-based alloy or the like.
[0066]
The soft magnetic underlayer, the nonmagnetic interlayer, and the
perpendicular magnetic recording layer can continuously be manufactured by an in-
line sputtering method, DC magnetron sputtering method and the like.

25 [0067]
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250. 635 mMmin thickness. [0082] The i nner peripheral surface
and the outer peripheral surface of each of the disk-Iike glass
substrates are chanfered (in an inner peripheral chanfering step and
an outer peripheral chanfering step) to obtain the glass substrate
for a magnetic recording 5 nmedium each of which is 0.15 nmin wdth
of chanfer and 45 in angle of chanfer. [0083] After the
chanfering, theNegpthe piplgctinglaycriaprvidadita pedyent thegermograeé theubst r at e
is subjected to | apping using alum na abrasives. Then, the abrasives
are renovedpedicilagngigtic refoodisg Jayresad torhevesy thersuplaes phidie ahedéyrd grom
surface portion and the outer peripheral chanfered portions of each
gl ass subkaingdamaged eyenmdwee thempgrasicdiendyistedighninte eopati whi thasedigma
pol i shing brush and a polishing solution containing cerium oxide

abr asi vesTheTprotectipg tayes & prgvidadrag dut peapendsculs uedgnatc fdcavdidg Biyet he
outer peripheral 15side surface portion and the outer peripheral
chanf ér edMptrialscostamieg G @ne dind [SHOAck bd wad ag dematatielroffibe prietial
surface is polished so as to be a mrror surface (in an outer

peri pher abhysur f ace polishing step). [0085] After the outer peripheral
surface polishing, the inner peripheral side surface 20 portion and
the inner perioe6si chanfered portions of each glass substrate for a
magneti ¢ recordi ng medi um are polished using a polishing brush and a
pol i shing sol utFdgrxempledbfinin€ §hitléfh xictd 2R CAGhaBvapbh dposition
processi ng damaged | ayers (such as fl aws) of the inner peri pher al

si de surf@mmémb@,na@rwsﬁmeoét@ﬁ@ﬁocp@niH@l@é@hg & hRmir R (RRihs GRS are
renoved. In addition, each inner peripheral surface is 25polished so

as thbeljﬁoﬁkﬁﬁQI’a gurface (in an inner peripheral surface polishing
step). pon corer’eti on of polishing the inner peripheral surface,

the gl ass subst b@é% is subjected to ultrasonic cleaning in a state in
whi ch the gl ass[ substrate is inmerged in a detergent solution. Thus,

the abrasive arﬁerlﬁﬁqya?ﬁgwye? i EAMBE on kPO8Chce 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
15  carboxylic acid can be used as the material of the lubricating layer. The lubricating
layer can be formed by a dip method, a spraying method, or the like.
[0070]
In the case of forming a multilayer film having a magnetic layer on the
surface of the glass substrate for a magnetic recording medium according to the
20  present invention by the above methods, the rate of occurrence of a film peel-off on
the multilayer film is preferably 0.7 % or less. The rate of occurrence of a film peel-
off on the multilayer film is more preferably 0.3 % or less.
[0071]
The term “rate of occurrence of a film peel-off” indicates the rate of the

25  number of products, in each of which a film peel-off occurs after the film is formed, to
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5Processi ng net hods used in the inner peripheral chanfering step and
t he outer peripheral chanfering step, and those used in the outer

peri pheral surface polishing step and the inner peripheral surface
polishing step are described in Exanples 1 to 8 to be descri bed

bel ow. [0087] 10The surface roughness Ra of the outer peripheral
surface (i - éhe outer peripheral sldg surface portion_and the
outer per %ﬁe}’r’% uith ghmagredicosrariiBgdyedind o pragnge fiskdr i Jherde odur f ace
(i.e., the inner peripheral side surface portion and the inner

per i pher aPccuHsngecticdlilon pesloikis calculafrdbhyiobsarving the surbesnef theelesy.
[[0088] 15Upon conpl etion of processing the peripheral surface of each
gl ass subdtbsiaates withdhegrid mudiayerdiley withisdassumieressopes cheaking gthgthsr a
substrate_are subjected to |lapping using a fixed particle tool

cont ai ni n@lndp%ﬂiwﬁ%iommgith@magn@caegrrﬂhuim@iilﬁmua | coninting theamimbgdraf's
substrate is cleaned. [0089] 20Next, the primary polishing of each

gl ass Ssubie penducisgn pect off whigh erfiliopdel-off debers afipethe itoh ik doverednai n
surfaces of each glass substrate by a doubl e side polishing apparatus
of the type 22H00P2Joduct name: DSM22B- 6PV-4NMH ( nanuf act ured by
SpeedFam Cor poration)) using rigid urethane polishing pads as

pol i shing tool d isadifficallisto steblyngerforpodpesdtiong of sdadinigamdooitgd ricods from
cerium oxi de abrasives (i.e., a polishing 25sol ution conposition

cont ai ni rghdae thammpgetidecedrdiagineiumhes e magestagdsipan twititiea fitth peet e
(herei nafter abbreviated "average particle size") is about 1.3 m
such t hathag oceiredaal THakUHE prdudBonVield@ mhhie:tie i dkUdR Xk delucsd.r ermyed
by cleaning. Incidentally, in the present anpl e, a glass substrate
| ot havi ngprobferRaipces of gl ass substrates is sinultaneously be

pol i shed 5F0090] After the primary polishing of the gl ass
substrate, the secondary polishing of each glass substrate is
performed on both of the upper and | ower main surfaces of each gl ass
substrat esRXMp1§: doubl e side polishing apparatus of the type 22B
usi ng soft urethane polishing pads as polishing tools, and al so using
a polishing SOWH@iﬂn 10cont ai ni ng cerium oxi de abrasive which are
smal l er in average-particle size than the

Hereinafter, the present invention is described by citing specific examples.
15 However, the present invention is not limited to the following examples.

[0074]

First, an evaluation method for the glass substrate for a magnetic recording
medium and an evaluation method for a magnetic recording medium on which a thin
film such as a magnetic layer is formed on a surface of the glass substrate in the cases

20 of the following examples and comparative examples are described hereinafter.
(1) Surface Roughness (Arithmetic Average Roughness) Ra of Outer peripheral
surface and Inner peripheral surface

The surface roughness (i.e., the arithmetic average roughness) Ra is measured

by taking an observation image having height information using a laser microscope
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above cerium oxi de abrasive for the primary polishing (i.e., a
pol i shing sol ution conposition containing ceriumoxide as a major

i ngredi ent such that the average particle size of cerium oxide
abrasive is about 0.5 m), such that a renoval volune is 5 m Then,
the ceriumoxide is renoved by cleaning. 15[0091] After the secondary
polishing, the third ishi I erf.ormed. on each gl ass substrate.
Bhe thi 1 X BEEerge BE TS Tai) sRmstohires by LB ComRertiaard Rt n
surfaces by the douhl e side poljshing apparatus of the type 22B using
sof t ur et M &Féﬁﬁeﬁg’%égdétl%%“?ﬁﬂeishi ng tools and al so using a
pol i shing solution containing 20colloidal silica (i.e., a polishing
sol ution corrpos'OW n containing colloidal silica as a mgjor

i ngredi ent such that the average particle size of Eri mary particles
ranged from 20 Henehservatian (mage hayirgphaight islormaten wkenndighe lastune i s
1 m [0092] After the glass substrate is subjected to the third

pol i sHi ngnicsescape tsliswaehysingas ohigedes kengbaning amagnwatien of datimegand a
state in which the glass substrate is immerged in the detergent

sol ut i on, setting anl ahsasatipg regienof ¢ jiim >a64t jane The whifade rohghrghag ., the
substrate is inmmerged in pure water, are perforned in this order
(i.e., pratharonacresmionghiess)ylz fsarbmaogd byl perforotimeang] pssors absttraperti s
dried with isopropyl alcoholic vapor. [0093] 5After the gl ass

subst r at eoflthe clkeRobstreaitbndtrage colréspopdingld gelobBraatiditrcivg ¢fagdal dneli sm
b of the glass substrate for a magnetic recording nmedi um are

neasur ed. 6400084incidentally, dhhceuhfeRlife (RLFRRE MRSl BE 0aRS PeAphdrilasi@ut er
peri pheral surface (the outer peripheral side surface portion and the

out erioperdupfaes ?dvrti@ﬁ RS Ree PRE!D. QRS oﬁtfét?]b&ﬂ:fh)era]:@ﬁl@@uifﬁ& pAHABA) setting a
peri pheral surface (the inner peripheral side surface portion and the

i nner perhpfigfdtent MATHEARC: BALMT PA8e bI088h hn@k4 §RE NeGedfvelgubstrat e

for a magnetic recording nmedium after subjected to the cleaning and
the drying is megsgyred by the above nethod. It is confirnmed that the
surface roughness nmeasured in this stage is the sane as the

e SEP e RO o BAE L e R B/
section, the measurement of the surface roughness (i.e., the arithmetic average
15  roughness) Ra is performed at a total 24, measurement points provided at intervals of
15 degrees in central angle of a glass substrate for a magnetic recording medium,
The chamfered portions are provided at two places on upper and lower parts of side
surface portion on each peripheral surface of the glass substrate, respectively.
However, the measurement of the roughness Ra is performed on one of the chamfered
20  portions respectively corresponding to the two places.
(2) Paralielism
The evaluation of the parallelism is performed by the following two methods.
The parallelism indicates the thickness distribution of the thickness of the glass
substrate. The smaller the value of the parallelism; the more uniform the thickness of

25  the substrate. This indicates that the parallelism is excellent.
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[ 0095] A multilayer filmhaving a magnetic layer is fornmed on
the surface of each of the obtained glass substrate for a magnetic
recording nmediumso as to forma nagnetic recordi ng nedium Then, the
adhesi on of each of the nmultilayer filmwth respect to 20t he

associ ated gl ass substrate for a magnetic recording nmediumis

eval uat ed. [009]24{ ]ltle formati on of each multilayer filmhaving a
magnetic | ayer oH?a®StM#ace of the glass substrate for a magnetic
recording mediumis perfornged in the follow ng procedure. 25[10097]

On the surface Of°RAHRKFIEMR Y measutcdtsierplasey pegt yeaser(@ilang head
medi um which is subjected to cleani n% before the filmformation, a
N Fe | ayelt Ldeflisgdaa amplidter isvalyr{a1900 Vibrie maay etured by KIEXFNCEer vi ng
as a nonmagnetic interlayer, a CoCrPtSi 02 granular structure film
servi ng aSORPHUHERIY-¢ul Bie magmement of therthickaess &y die glass sobgtrpie friaal | y
stacked using an in-line type sputtering apparatus. Next, a

di anorid- | MRenctigreesiding mgdiem ipperfanisyd ca egviDohan tider prsiphersd powioniang an

| ayer. Then, a lubricating |ayer having perfluoropol yether is fornmed
by a di p imsetpediphfedpstiorrabe éxsli ofgighd mutiasuromsni points @révidet atpagijgher al
chanfering step and the outer 10peripheral chanfering step, and those
in the ountrvazeef pberml asgle bfife dppkeswithin eatle maangiirfaee of theeglass

peri pheral surface polishing step are described in the foll ow ng
Exanpl es shbstoat8. BExanpicedifferehoe betoeen drpnadmum ticknpdseamhacaerttleng to
the present invention, respectively. Exanples 6 to 8 correspond to
conpar at i mihimxanhlckiessrvaleds bbtailed as [RORRIIclBMahl e 1 describes the
surface roughness Ra of each of the outer peripheral surface (i.e.,
the awter peri ghesdlismile surface portion and the outer peripheral
chanfered portions) and the inner peripheral surface (i.e., the inner

peripheral si derfeWaal@isRas {siféhsand us dlagb@ﬁnteﬁéﬂo%%rgbrdaneﬂﬂa%@d
portions) of each of the glass substrates processed under the

processi NYatONLhdr 28T QN IREARRIRSerlGl @ BandfBftured 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
15 reflection light rays reflected from both of the main surfaces of a glass substrate and
analyzing the observed interference fringes.
[0077]
More specifically, the light and dark interference fringes observed by the laser
interferometer are formed like contour lines. The interval between each pair of
20  adjacent interference fringes is determined by the wavelength from light output from a
light source and an angle of incidence of the output light. Because the laser
interferometer employs the wavelength of light as a measure, the parallelism of the

glass substrate for a magnetic recording medium can be measured with high precision,

[0078]
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20parallelisma and the parallelismb of each of the glass substrates
for a magnetic recording nmedium and the rate of occurrence of film
peel -of f of each of the magnetic recordi ng nedium (Exanple 1)
Chanfering is perforned on the inner peripheral surface and the outer
peri pheral surface of each disk-1ike glass substrate having a
circular hole at a central part_thereof LiOl 0] 5In.the chanfering
step, the outerFEESYKEEES regipnrigr Begarally W&%%”%‘H%Weate, and the

i nner peripheral surface of each ?I ass substrate are sinultaneously
gr ounded K6 spidushiemines eftheLlang subsistn@r giskhfirmgnagnstie seqoptingn
outer peripheral surface, which have shapes respectively

cor r espon@ediym svhopeowrngiasctsy it femahand whew ipesrtdigngenisdOthm. si de
surface portion of the outer peripheral surface of each gl ass

subst r at eAcepsding Oeltherspsengemheldimgns nonessuteorenhares fest aperdgpirewhpse
surface, which have shapes respectively corresponding to the shapes
of thé chadiuefmd fgerdenualspoation ofthe sisfteasgedffame 1pdrhinon 335 tive | nner
peri pheral surface of each glass substrate. In order to enhance both
of the gr@Bhdi nRapeé@catrrerve of RanTt Beel-off &iich Adleesipmal i ty of the
processed surface, the chanfering is perforned in two stages, i.e., a
coar se processiligisiage ofigidsslhdstratas S apnapmetis reordh@erdiund @ Idrepared.
The finish processing of the chanfering is performed using a

r esi n- netNéxtcofifip sidteasromdg@ticrighends SirMBE on Wiuthcstdabh glazge sitstré@30s
as both of the dianond grinding stone for an outer peripheral surface
and the di aapidicGedordinBn&tiene TREn,ahe R@hPRQIT aRRidnRAE ktordig hR@Rim and
al so using grinding liquid. [0102] After the chanmfering, lapping is
per f anmeckagR of HBidietimh Sd-bBCRIuREd IsNBuleds STAMD M Bicof cblience of film
peri pheral surface polishing is perforned on the outer peripheral
surface (deeRoffif Htafn@nfered portions and the side surface portion)
and the inner 25peripheral surface (i.e., the chanfered portions and
t he side surfaqgo-mrti on). The

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
15  magnetic recording medium using a laser microscope (product name: LEXT OLS 3500
manufactured by Olympus Corporation).
[0080]
The glass substrates for magnetic recording medium are manufactured by the
following procedure.
20 [0081]
That is, glass substrates each containing SiQ; as a major ingredient, which are
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

25  0.635 mm in thickness.
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peri pheral surface polishing is perforned 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 m while a renoval volume corresponding to the

i nner peripheral surface is set at 20 m 5[0103] As descri bed
above, the main sgrface pol i shing and the precision cleaning are
performed on eadf ass substrate after the peripheral surface
processing. Thus, glass substrates for a magnetic recording nmedi um
are obtai ned. | hhaidart peiphernl punfaceiang dhe euternaniphipislsulaca gk eesheofithg er
is formed on a surface of each of the glass substrates for 10a

magnet i ¢ digedikeighygs peuirates arrihemieredfigraatingermstiphetphehamdeitingistes and an
obt ai ned. Then, the film adhesion of the nmultilayer filmto the gl ass
subst r at eotter peripbershghaanfesing stcoy ti oifainsleti glass sibevate Gerteoragr(ctic apquirding)
Chanfering is performed on the same conditions as those in the case
of 15Bxanpkdiuth, exchepitwhibbis @hS elneat watlle pbshanefdr gmd 4% inginglearfehainise
grain size is #600 is used as both of the grinding stone for the

out er peri pher al008%ir f ace and the grinding stone for the inner

peri pheral surface. [0104] The peripheral surface polishing is
perfornmed on thefiaubechpeaferiphethalipperrdnddewdOhingurfatdiefehantassed
portions and the side surface portion) and the inner peripheral
surface (dubtrate igwubfdenl 1 1QhimOidihOMamndairigvé dghenrthaasrapioes ien)
on the sanme conditions as those in the case of Exanple 1 except that
a renoval renhbdBy 6REAGEPONdI Ng to the outer peripheral surface is set
at 40 gm while a renmpoval volune corresponding to the inner
peripheral surfgggs)is set at 30 m 25 (Exanple 3) Chanf ering
is perforned on the sane conditions as those in the case of Exanple 1

except that an glgCht efePpelipiRdaldide Wit ﬁé]l%teﬁan r@tawrﬁshéﬂa?e I's

#500, is used as a finish grénding st one e chanfering step for

bot h of i I i i

ot of Bk oA BYELS  BULRSRICRY ML TORCREH BRI e
h J: : j - ot / i dth

on 12 A B OREBATHLRARE (L3 R ST PR RO 11

hantf d [ d the.si f ' .
Conai t1 ortoPatiepnodn Rt S ety RICA b fuBior o iE Peinpr

vol uT, L0SR!SBERSAA 8.AL SULer Pl LNerl, SULACE o, sgh o, 40
surface ia%ldlst%tn, ggch%?ltemperipheral surface is polished so as to be a mirror surface (in an
outer peripheral surface polishing step).
[0085]
After the outer peripheral surface polishing, the inner peripheral side surface
20 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

25  polished so as to be a mirror surface (in an inner peripheral surface polishing step).
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(Exanpl e 4) Chanfering is performed on the same conditions as
those in the case of Exanple 1 except that an el ectrodeposited
grindi ng stone, whose grain size is #500, is 15used as a finish
grinding stone in the chanfering step for both of the outer

peri pheral surface and the inner peripheral surface. [0106]

The peripheral surface_polishing.is performed on the outer perjpheral
surface (PPescop tl&%&ﬁ?@i@&l%@? fnnsh gerinheral sarfagey thesglassSUBSIRGS 15 on)
and the inner peripheral %Osurface (i.e.,.the chanfered portions and
the side %{W%‘@éowi%spamc SRIRhE ashFe It yRNthe slasesibstigigds jpmenged fps e
of Exanple 1 except, that a renoval volune corresponding to the outer
per i pher afetergentgenitiog. sdhuythagbragivihateagemoyeshiielraniag.une
corresponding to the inner peripheral surface is set at 30m After
the peripheral [908#lace polishing, each glass substrate is inmrerged in
a hydrofluoric-acid/nitric-acid mxed solution. Then, the entirety
of eadh magnet i rodissingimetbodsusdd sudle inteaperiphasalothiamderanmsten andsthg opter
(Exanmpl e 5) Chanfering is performed on the sanme conditions as those
in the caswipbéral shaaxfanpg etep, @xictbpte ushdin te cate peripheplosirfaeel pglishi ng
stone, whose grain size is #500, is used as a finish grinding stone

i n the chaeyf & thy irstee pefighterddcuifacd pdliskinguterarp descpibed &l Esamplac e taldo
the inner peripheral surface. [0107] The inner peripheral surface

pol i shi nghe desqésdddretmedl on t he sane conditions as 10those in the case
of Exanple 1 except that, before the inner peripheral surface
polishing is pgqoégrnmed, the inner peripheral surface (i.e., the
chanfered portions and the side surface portion) is etched by a

hydr afpl uori c- actid/sikfatd Foudthéhs MaxFdh SRttt pRIphefhl 8 AR (BEL tlRMuedChi Ng
amount at 15 m and as to set a renoval volunme at 7 m On the other

hand 1 h . | volum e
and, theph&hl 888 SRPREHor i fG8e egd% gén}%;ﬂ&rmhaﬁfefr@a ?ﬁg{)ﬁg 4nfgnsS

condi tions ?Sas those inthe case of l e-1 except renoval

{%( gggl gqglgieﬁ'%ﬁﬂgérﬁgs&ﬁc& hie. QHE GineP BEkFHARN BldeSUHBAC FortiSn SRY tlinfd M
peripheral chamfered portions) are measured by the above method.
[0088]

15 Upon completion of processing the peripheral surface of each glass substrate,
the upper and lower main surfaces of each glass substrate are subjected to lapping
using a fixed particle tool containing diamond abrasives and a grinding fluid. Then,
each glass substrate is cleaned.

[0089]

20 Next, the primary polishing of each glass substrate is performed on both of
the upper and lower 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

25  solution composition containing cerium oxide abrasives, whose average particle
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Chanfering is perforned on the sane conditions as those in the case
of Exanple 1 except that an el ectrodeposited grinding stone, whose
grain size is #325, is 20used as a finish grinding stone in the
chanfering step for the outer peripheral surface and that an

el ectrodeposited grinding stone, whose grain size is #500, is used as
a finish 8rinding stope iin the g@anferiggkftep,jor t he i nner

per i pher afiaggter fhcaeinpliarpbpreviated “average partigle $1e5”) prabiodt 1 Suym.aueh that a
polishing is performed on the outer peripheral surface 25(i.e., the
chanf er edrepwvel vilumaiy2Q et sildensilie cadem paideiis romeied byrmeaningsr
peripheral _surface (i.e., the chanfered portions and the side
surface pBetdeataily.dn thapressntExaonlsi @ slasssubstrath dethavingt Hé niegss ofglass
Exanpl e 1 except that a renoval volunme corresponding to the outer
per i pher atubstiatenisesinultanepugly bapohshedhi | e a renoval vol une
corresponding to the inner peripheral surface is set at 30 m 5
(Exanmdl e 7) [0090IChanfering is performed on the sane conditions as
those in the case of Exanple 1 except that an el ectrodeposited
grindi ng stone,Afitrabe pgrarnpslishéng of ths00ss subsustedtha se@nflany wihishing of
grinding stone in the chanfering step for each of the outer

per i pher adachk gtasasebsantd it berfommeeronpeoth phihealppsiriddoaer ARIDAPAkes of each
The peripheral surface polishing is performed on the outer peripheral
surface (glass.subdtivee b doublt gdy pdlshhgapgatahin oFitlsterypeRPBaRiHaoE oNn)
and the inner peripheral surface (i.e., the chanfered portions and

the si de ethhb@csolRairg fHd} a®PolidhenSRBR, saN4lld LOAS a PB1IEMAS Soluflod he case
of Exanple 1 except that a renova vol ume 15corresponding to the

out erjgperdoph@niak coritirh d&Rlel br&dle Which ArdBmaMat lifaRrd RPAYR e YOk W the
corresponding to the inner peripheral surface is set at 30 m

(Exanpl e ; } i ﬁgglh%'g-ewﬁ i &il.Ans as

those in a?;%])\e/e (C:%rzéuem ggagx%gﬁ%%ﬂe&?f ?)?@Jgﬁ&? atS an g{a:'e’(?t ro lé%lgs% ?1[1%139
rindin . . LD S Zes A Ll

o1 i i ng SrangioReRGirdELHIh efids Kior ippreAP SibiABartnl bUrEEk

surface : I deposi t rinding..stone Qs rain
Size s HaRie e SRS oS P AhRRER R B Tab i Al 2
step for 4he inpher peri herah_surface.#QO}loi The

peri pher aﬁtwg'ur ?ﬁ%‘é tﬁ%?‘*rrg‘ﬂ?ﬁél °4S BAPSH PE 1AM he out er peri pheral
surfq e 25(i.e. §1 e chanfered portions and the side surface portion)
and tﬁe i nner [gggl Igheral

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

20 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 pum.

[0092]

After the glass substrate is subjected to the third polishing, scrub cleaning

25  using detergent, ultrasonic cleaning in a state in which the glass substrate is immerged
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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 volune corresponding to the outer peripheral surface is set
at 20 pm while a renoval volune corresponding to the inner

peri pheral surface is set at 30 m 5[0111] According to
results in the case of Exanples 1 to 5, it is found that gl ass

subst r at e \%ﬁﬁ&%ﬁfr&?&{ sdytion, gad g FpRie ﬁ@ﬁ?@ga%ea%ﬁ Wgvhish theeglpyseybsirate

i nvention, can be opbtained by, e.q., assuring a renoval volune

cor r esponHi HGYEEd MU Welst.dre Bergprmeddn thimpeder Graripsgion clpsaingded f or
the finish processing in the chanfering step. 10[0112] It can be

conf i r medPetfrmer}- t Heenpihei slapmsvlbtiste iggaicd mathdsamenylelenbeliavpem. of t he
surface roughness Ra of the outer peripheral side surface portion
satisfy the reqi¥0P&hents according to the present invention, the
parallelisma and the parallelismb of the glass substrate for a
magnetd ¢ recor divfigr the glasaselstratenia cleanedandidret, thegagpllzlism Bsudlibe r at e
for a magnetic recording nmedium which excels in parallelism can be
obt ai ned. praliedBin b of the gldsa suloktiiate fon a magnetierecasiingmhedinanpk escatured. 4
in which each of the maxi num val ue and the standard devi ation of the
surface roughne®89Ha of the inner peripheral 20side surface portion
and the inner peripheral chanfered portions is within a predeterm ned
range, and in whhecdurfaberdighhess@acss dach sfithk ater petghdigssirfaed phebutehe
adj acent nmeasurenent points is small, it can be confirned that the
rate of oswiphenside ehrfidel gorid@ehndtht ouRs pespiakdl hamferbd Boidg e teteof)

i npl enenting a magnetic recording nediumis 0 %to thereby increase
the poodugid thdintieehetiphera sHEBRSALInhEGREBhEE] B 5itMce 2ok@hnldd tht funer
results of Exanpl es to 8 are conpared with those of Exanples 1 to

el - ' . in
LTS fehsntal Btkufelod oo 6386 <R FYARLIES, ok MALERC iR dipy

maxi mum val ue and the standard deviation of the surfa

of the ouh&diuReldeP Q@cﬁ@éte@ {o?tﬁle %}é%fli%g%tn@ P (.ilrgfhgqg n{'étgﬁueréﬁgg?%e{ ?}}0@9

requi renments according to e present invention, elrsma

and the Hﬂétg%%fl Tt SR el Gt PG F a8 Pcﬁ}ghﬁlésg RaQhe AulRARGhik Stak& ¢ohdi ng

medi um ar e

same as the surface roughness Ra measured after the outer peripheral surface polishing
15  step and the inner peripheral surface polishing step.

[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

20  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.

25 [0097]
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[0115] The reason is considered that as described in the
enbodi mrent of the present invention, in the case of the glass
substrate in which the outer peripheral side surface 10portion does
not satisfy the requirenents according to the present invention, the
upper and | ower main surfaces are not uniformy polished in the main
surface polishing step. [0116] In addition, the rate of occurrence of
fil m peel - of f |9ntﬂPFé51{§@§é oppag rﬁiﬁ%ﬁﬁhﬁaﬁmfmama@emmtdlw medovli ng
medi um from the sanpl es according to Exanples 6 to 8 is 15i ncreased,
as conpar ediohiis mbjertedtoseaningefors the film fornsitionoa Wiffe layer servidpasa sethe
gl ass substrate for a magnetic recordi ng nedi um according to the
present i magraticomdedaysnchRe keyer sdreingiade nsumhgmelcpmerlam, aCoCnRtSody er
peri pheral surface has high snoothness (i.e., uniformsurface

r oughnessgraaglat stencivro lfidm servisglel 4 papendihdar2fgiress rewhding dyer asn be
configured such that the main surfaces excel in parallelism In the
case df isggheniilyistgked nsigget irclinetpe dpmeerimgdippaatisi NYfest)ahliangidEke
substrate for a nmagnetic recording nmedium the rate of occurrence of
film peel eabdn filn extorraaikby a lOWD nfxtiear £ dygblectib taypf 0dUeh] STubyicetlin of
a magnetic recording nediumin a nmagnetic recordi ng nedi um

manuf act ulayﬂgqastrggae@ﬂmﬁﬁolyaﬁéle@f@lcﬂﬂedT}f}L@dlptrﬁ@h&pst can 25be reduced.
080 OVO OEO 080 o010

[0098]

Processing conditions in the inner peripheral chamfering step and the outer

10 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 |
to 8. Examples 1 to 5 correspond to examples according to the present invention,
respectively. Examples 6 to 8 correspond to comparative examples, respectively.

[0099]

15 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
substrates processed under the processing conditions for Examples 1 to 8, the

20  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)

30



OEO 0110 O 0 171'0 O STI O 092'0 11 177 S.] L'xa |l OS50
OovO 17Z.0 090 010 9r0 OVO Z. 171.0

10

15

20

25

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,
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
respectively corresponding to the shapes of the chamfered portions and the side
surface portion of the inner peripheral surface of cach 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.

[0101]

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
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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 pum, while a removal volume
corresponding to the inner peripheral surface is set at 20 pum.

[0103]

As described above, the main surface polishing and the precision ¢leaning are
performed on each giass 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
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 um, while a removal volume
corresponding to the inner peripheral surface is set at 30 pm.

(Example 3)
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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 pum, 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
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 um.  After the peripheral

surface polishing, each glass substrate is immerged in a hydrofluoric-acid/nitric-acid
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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 um. On the
other hand, the outer peripheral surface polishing is performed 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.

(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 #3235, is
used as a 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
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surface (1.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 wm, 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
corresponding to the outer peripheral surface is set at 10 um, while a removal volume
corresponding to the inner peripheral surface is set at 30 um.

(Example 8)

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 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]

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
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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 um, while a removal volume
corresponding to the inner peripheral surface is set at 30 um.

[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
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
of the glass substrate for a magnetic recording medium are small, and that the glass
substrate for a magnetic recording 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
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 points 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
is 0 % to thereby increase the production yield of a magnetic recording medium.

[0114]
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10- 0 Maxinmum Value [gm] Maxi nrum Val ue of Difference between Two
Adj acent Measurenment Points [gn] Standard Deviation [gm  Maxi num
Val ue [gn] Maxi mum Val ue of Difference between Two Adj acent
Measurenent Points [gm Standard Deviation [p.m  Mxi num Val ue [gm
" Maxi mum Val ue of Difference between Two Adj acent Measurenent Points

om S ancard Pt e Al RS i el L Mmool
Devi ationg] ai . RATRL L&' oR BBmbRT to 8 in which the maximum value and the
standard deviation of the surface roughness Ra of the outer peripheral side surface
portion do not satisfy the requirements according to the present invention, the
5 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
invention, in the case of the glass substrate in which the outer peripheral side surface

10 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]

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

15 increased, as compared with the case of Examples 1 to 5.

[0117]

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

20  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
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

25  bereduced.
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[0119]
The present application is based on Japanese Patent Applications No. 2011~
213463 filed on September 28, 2011, and the contents of which are incorporated herein

by reference.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0120]
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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0dOoO [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 SI GNS [0120] 10...gl ass
substrate for a magnetic recording medium 12...outer peripheral

surface 1 ., qut er ripheral side surface portion 121 outer
periphera8&£&£ﬁ$éﬁéﬁhﬁﬁsg$bn 13...inner peripheral surface
130...inner peripheral side surface portion 131 ...inner peripheral
chanfered portion WHAT IS CLAIMED IS: 1. A glass substrate for a

magnetic recordj ng medium conprising: a pair of main surfaces; an
outer peripheral- surfé&ass sHtale fonnsegpetid shendilg mediftae epmprising:

a pair of main surfaces;

an outer peripheral surface; and

an inner peripheral surface,

Wherein the outer peripheral surface comprises an outer peripheral side
surface portion and an outer peripheral chamfered portion,

in the outer 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 the surface roughness Ra of the outer peripheral side
surface portion is 0.5 pum or less, and

a standard deviation of the surface roughness Ra of the outer peripheral side

surface portion is 0.2 pum or less.

2. The glass substrate for a magnetic recording medium according to
claim 1,

wherein a difference in the surface roughness Ra of the outer peripheral side
surface portion between two adjacent measurement points on the outer peripheral

surface is 0.3 pum or less.

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

claim 1 or 2,
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wherein the outer peripheral surface conprises an outer peripheral
side surface portion and an outer peripheral chanfered portion,

in the outer 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 the glass substrate for a nagnetic
recordi ng nediu . a_ maxi joum.val of the surface roughness

of the out er - pel B MeXHEn SAPE BE8 RS OHERE DG of it e ioarial -
a standardhdetyi %ti on of the surface roughness Ra of the outer

per i pher afaRIGEdATRE By rm FrletSs 0.2 p. mor | ess. 2. The

gl ass substrate for a magnetic recordi ng nmedi umaccording to claiml,
wherei n a dif f e gApdard deyighon of ths surfacs rgnalasss Ra opthorqergugripheral

peri pheral side surface portion between two adjacent neasurenent

poi nts onchapdfersdinertigreisiOohumar lesss fatke is 0.3 pmor | ess. 3.
The gl ass substrate for a magnetic recording nmedi umaccording to
claim1l or 2, adifferencgiethsi syrfgcepughngss Ralodsheosuter paripharad chamfgradess
Ra of the outer peripheral chanfered portion is 0.5 p.mor |ess,

a st andar pPréew peffvesh twp adideens mdageremeniipfhinie 98 tRaowkr peripheral eurface is
peri pheral chanfered portionis 0.2 p.mor |less, and a

di f f er enc@3ium phkessur f ace roughness Ra of the outer peripheral
chanfered portion between two adj acent neasurenent points on the

outer peripheral surface is 0.3 pmor |ess. 4. The gl ass
substrate for a magnetic recordi ng medi um according to any one of
clains 1 to 3, 4. Thehglassi snbithete formanagietic piwetdihg sisdhag ecaadipg e es

an inner peripheral side surface portion and an inner peripheral
chanf er ecargasnicioflaims 1 to 3,i n the i nner peripheral surface, when a
surface roughness Ra is neasured at a total of 24 neasurenent points,

provi ded at i nthat8ingh® innkbpel@dices SuificeCRMprRbs ANHer SdrighReu gldass
substrate for a magnetic recordi ng nmedi um a maxi mum val ue of

a surf acesufRbgpness aﬁ@aﬁﬁm@:‘?b@riﬁgﬁlﬁalidﬁﬂl%ﬁ'er@(?f)én@f@ﬁ,r al side surface
portion and the inner peripheral chanfered portionis 0.5 pmor |ess,

a standard deviigthOmnaf pérga?xtefall' 5&12%3, gvﬁ&gy Qﬁ%&e%@%ﬁgﬁ? is&ﬂiﬁbﬁ&% a

peri pheral side surface p I on e | nner per

portion it§ta@og%tpg'fg?ﬂfr%ljﬁ%ﬁﬁ)ohﬁg,dprovide at iﬁ‘ieg\i/E{lg &f Fﬂ’lgfgélé% 1%%?1gt?%%§1§1%§>f

roughness Ra o e i'nner ‘peri pheral side sur

the | nnerpel POk WATMREAPRELLAN Reffgen o ad) acent

measur enment “pol n ner peripieral surface is 0.3 p.mor

less. 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 um 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

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

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

any one of claims [ to 4,
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5. The gl ass substrate for a magnetic recordi ng nmedi um according to
any one of clainms 1 to 4, wherein, when a nmultilayer film
havi ng a nagnetic layer is forned on a surface of the glass substrate
for a magnetic recording nmedium a rate of occurrence of film

peel -off on the nultilayer filmis 0.7 %or |ess.

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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