[ Desi gnati on of- Docunent] Specification [Title of the Invention]
GLASS SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM AND MAGNETI C RECORDI NG
MEDI UM USI NG GLASS SUBSTRATE FOR 5 MAGNETI C RECORDI NG MEDI UM

[ Techni cal Field] [0001] The present invention relates to a
gl ass substrate for a magnetic recordi ng medium and a magnetic
recordi ng nmedium 10 [Background Art] [0002] In recent

years, i nMD®BigngidrCofddsdanttay) Cosecifitatiépi d 1 ncrease in recordi ng
density has been advancing. In the magnetic di sk devices, both of an
i ncrease [Titld e0he tivegticlgnsi ty and hi gh-speed access have been
achieved by flying a magnetic head 15 slightly over a magnetic
recor di ngGhBRESUNSUBSTRAITE oK) MAIGNETIEC r RECORDING aMEIGIMpeedyD
and by scanning it over the surface. Al though a substrate where

ni ckel - phadNETE. ( RECRRDENG! aMEDIONM alUSING mMGIMA IS hal BFBRATE FOR
conventionally the mai nstream of the base material for the magnetic
di sks 5 a MAGRSETIMbRECARD NG MIIoliMt o use, which is hard as conpared
with the alum numall oy substrate, is excellent in resistance agai nst
20shock Hifetlhecarfignddlt i c head, and also is excellent in flatness and
snoot hness. [0003] In the magnetic disk devices, in order to enhance
t he recor[@6y density, there is a tendency to further reduce flying
hei ght of the magnetic head. Wth the reduction thereof, there is an
i ncreasi ng ri sk tHat ptesoubiventionctlatgs taalghasd subdmite fora magnretipgecording
magnetic head collides with the magneti c recordi ng nmedi um (nmagnetic
di sk) ocouediu@rant lagnagnigtie résarding mpdiomder to reali ze the high-speed
access to data on the magnetic disk, it becones necessary to rotate
t he rfigndiBackgtpwid Att]l a hi gh speed. However, since vibration of the
magnetic disk called fluttering occurs by an air stream generated by
t he hi gh-[99@dd rotation of the magnetic disk, flying stability of the
magneti ¢ head decreases and there arises a problemthat the troubles
such as the head kr espntayears, (int magnefie ghek devisesp@ciapld MsIease dn  reeqiding
is also a concern that the nmagnetjc head, conmes into contact with a
surface ofensiie hamgaet pévancing. ¢ dn dbsrarpenetite dipkgirvies, Bthkof 3 dparFase dn
it becomes nore inportant, as before to suppress th% ffl uttering of tge
magnet i ¢ tafaingidensity gndyrighseesd acsessthann been achieved by flying a maghetic hea

15  slightly over a magnetic recording medium (magnetic disk) which is rotating at a high
speed, and by scanning it over the surface. Although a substrate where nickel-
phosphorus (Ni-P) is plated on aluminum (Al) has been conventionally the mainstream
of the base material for the magnetic disks, a glass substrate has begun to use, which is
hard as compared with the aluminum alloy substrate, is excellent in resistance against

20 shock by the magnetic head, and also is excellent in flatness and smoothness.

[0003]

In the magnetic disk devices, in order to enhance the recording density,
there is a tendency to further reduce flying height of the magnetic head. With the
reduction thereof, there is an increasing risk that troubles such as a head crash that the

25  magnetic head collides with the magnetic recording medium (magnetic disk) occur.

On the other hand, in order to realize the high-speed access to data on the magnetic disk,



[ 0004] 10H therto, there has been proposed a magnetic di sk device in
whi ch inpact strength of the glass substrate is inproved by defining
a cross-sectional shape of the inner peripheral part of the gl ass
substrate to be fixed to a hub of a spindle notor (e.g., see Patent
Docunent 1). Moreover, there has been al so proposed a magnetic di sk
device in which deformati on of the magnetic di sk device is prevented
and the fit Wetin@f ndesdabe toregaR!t ihe Meaktit disd abh I HiZiedpéad. r elwedti, Nfhce
the stiffiiess and structure of a nenber for attaching the magnetic
di sk to aib@tion of e Hidnedc dRHRRhllEDflatdinpdrRt ek Bynachir atabi gnshitgl by the
(e.g., see Patent Docunent 2). [0005] However, since the deformation
of shape Wfh-bpedragtes bf thdimagnatit dBkellyihg stabilit{br e dndgneti¢ Bedddgcreases
di spl acenent generated fromthe deformation cannot be sufficiently
suppr essefhditherd GliBesod pidbtentiiginelid towbleksicHes clid head drashPat dmtther prone to

Docunents 1 and 2, the flying stability of the magnetic head is
decr edsethcamd tNicsotdre theeais alseiahcoaogmttha the leeagnaticybtadeomes nte cemadty
prevented. Moreover, in the conventional magnetic di sks, shock
resi st anceith s alrfaenef tlsubfagaetentliskntot Hemages thewhmageetie disbck Therefore, it
inparted to the magnetic 25di sk devices by their falling or the |ike.
[ Backgr olederAed mbecingomtast af Reforertd sDpprassehe ShttpAQO6] thPan agneti©disk atthe
1: WD 2008/111427 5Pat ent Document 2: JP-A-2003-217249 [ Summary of
t he | nvertiglosgeeflPotatibrens that the Invention is to Solve] [0007] The
present invention is devised for solving the above problens and an 10
object tHOP@Hf is to provide a glass substrate for a nagnetic
recordi ng medi um which suppresses the fluttering displacenent at the
ti me Mhen the nagHihérto, teareomhds heemmprdposediasmagnesicaliskadevicaningivhish dmgagtn
the magnetic disk device and al so inproves the shock resistance of
t he magneticogtheroheighiys spbistuate is nkraawedf by defining mgcrosresertionsl shape of the
inner peripheral part of the glass substrate to be fixed to a hub of a spindle motor (e.g.,
see Patent Document 1). Moreover, there has been also proposed a magnetic disk
device in which deformation of the magnetic disk device is prevented and the flying of
15  the magnetic head is stabilized by regulating the stiffness and structure of a member for
attaching the magnetic disk to a hard disk drive (HDD) in a predetermined relationship
(e.g., see Patent Document 2).
[0005]
However, since the deformation of shape of the magnetic disk attached to
20 HDD and fluttering displacement generated from the deformation cannot be sufficiently
suppressed in both of the magnetic disks described in Patent Documents 1 and 2, the
flying stability of the magnetic head is decreased and thus the head crush and the like
cannot be sufficiently prevented. Moreover, in the conventional magnetic disks, shock
resistance is also not sufficient in the case where a shock is imparted to the magnetic

25  disk devices by their falling or the like.



15[ 0008] A gl ass substrate for a magnetic recordi ng nmedi um
of the invention has a disk shape, has a circular through hole at a
center thereof and has one pair of main surfaces facing to each

ot her, wherein, in the main surfaces, a clanp area including a
position to be fastened with a fastening nenber at the time when the
magnetic 20 recording mediumis fixed to a hard disk drive has a

fl at ness [@ackgrpiadAr Bscun@ts]a t hi ckness deviation of 0.3 umor Iess.
[0009] In the glass substrate for a magnetic recordi ng nedi um of the
i nvent i onPateheDbtwah¢es)s sai d above is preferably 0.7 pmor less, nore
preferably 0.5 umor less. 25 Additionally, in the main surfaces, the
cl anp ar €f@0pslef erably has a surface wavi ness anplitude value of 20 nm
or less. The surface wavi ness anplitude value is preferably 10 nm or
| ess. The t hi ckneBstetdVocaiment 1 SWiC2Q(800Md 423 preferably 0.2 1.1m or

| ess. Furthernore, the clanp area is preferably, in the main
surfades, a ring Bated [pronsent 2:akP-A-208121324%i de from a circunference
of a circle which has a dianeter being 128% of a di aneter of the

ci rcul ar [Sommegi ofitdedneentionhi ch i s concentric with the circul ar

t hrough 5hol e. [0010] A magnetic recordi ng nmedi um of the

i nvent i or[Posdems thet thedseengiohss tofiodve]or a magnetic recordi ng nmedi um of
the invention. [Advantages of the Invention] 10[0011]
Accor di ng00@7]t he gl ass substrate for a magnetic recordi ng medi um of
the invention, in the case where the magnetic recordi ng nedi umin

whi ch a magnetic Ths eresent inNentjankis des'wfegrfﬁ’eaolamgathmbpawr@ﬂemﬁ@nd an
gl ass substrate for a magnetic recording nmediumis nmounted on a )
magndtli ¢ alijest thpseafcis to prowide f iglass substigleafor @Ragnetis agraaing Hecdivgnahich
15 recording nediumis rotated at a high speed can be suppressed, .
gener at i owpbiesses dispiletteringisplacemenkaidhe imsyhearihe magpeticaserdinggnedium
inmprove reliability of the magnetic di sk device and al so an increasi
i n recor de igtateenali 2 iighaspeasd 1ache anasactioveiskolevice @ifeplsp dmpgyes dag shoc
where a strong shock is inparted ontgo the magnetic disk device, the
magnet i ¢ TeEsianes ofghemgengticirecqidingdestifed, so that a highly reliable
magneti ¢ di sk devi ce can be obtained. 20[Brief description of the

dr awi ngs][M@wa fqr Solving the Proplegis] 1 i s a cross-sectional perspective

vi ew showi ng one exanple of the glass substrate for a nagnetic
recoﬂéindoﬂ@ﬂiun1of the i nvention.

A glass substrate for a magnetic recording medium of the invention has a
disk shape, has a circular through hole at a center thereof and has one pair of main
surfaces facing to each other, wherein, in the main surfaces, a clamp area including a
position to be fastened with a fastening member at the time when the magnetic

20  recording medium is fixed to a hard disk drive has a flatness of 1 pm or less and a
thickness deviation of 0.3 um or less.
[0009]

In the glass substrate for a magnetic recording medium of the invention, the

flatness said above is preferably 0.7 pm or less, more preferably 0.5 pm or less.
25  Additionally, in the main surfaces, the clamp area preferably has a surface waviness

amplitude value of 20 nm or less. The surface waviness amplitude value is preferably



Fig. 2 is a plan view for explaining a nmethod for measuring

paral | el ismof 25 polishing surfaces of upper and | ower platens of a
pol i shing machine in Exanples of the invention. Figs. 3
show shapes of polishing surfaces of upper and | ower platens of a

pol i shing machine and Fig. 3A is a cross-sectional view schematically
show ng the shapes where D2 is larger ‘than DI and Fig. 3Bis a
cross-sect( afpbr Vésw JabafRkh&d| doyvisidaaid) abtve: shppbaablied 2 oS less.
smaller than DI. 5 [Modes for Carrying Qut the Invention] [0013]

The node F@thepasteyihelap atdads prefaablyoin the maib surtiess rd Heglalee pesventatta
it should be understood that the invention is not construed as being
limted t@ntrhlesifleflopwangrcamiadndeeof s cirtle] @PitHhas a diameter béing (11886 effita
i nventors have found that flatness and the |ike of the predeterm ned
areas of dih@egt afthesihalar direugtohdle and exhitisacomegyed mdthdhs leirCulagthedugh
recordi ng nmedium exert an influence on a degree of displacenent of

t he flsut tlede.ng and on shock resistance of the magnetic disk in the
case where a shock of falling or the like 15is inparted to the
magnet i c [@08K devi ce. Nanely, at the nmounting of the
magnetic disk on a hard disk drive (HDD), a predeterm ned position of
the main surface Afmagneticegosting reidiin ofthe invention iises ¢he glassi suhstrasd for a
part thereof is fastened and fixed with a nenber such as a cl anp

( her ei nafmegnetiefesordivg medasn of dwpnvestiber) and al so the cl anp nenber
is bound to a hub to attach the 20 disk to a spindle notor. In the
case wher[ddvhetagdsatiteskveritiarje position to be fastened and fixed with
the clanp nenber in the main surface of the glass substrate for a
magnef)i ¢ [08tHdr di ng medi umis bad, the shape of the glass substrate is
def ormed when the clanp nmenber is fastened, and the flatness as a
whol e magneti c di 4rcasdiverte sheugtase subirate fosumpgnatigereeordinggmediag pf thy
of the magnetic head decreases and the head 25crash and the |like are
prone to ipeention, iacthe casgrwhgre she megragicageardiag mepdiym dn whichhs nagaeticnlayer
and fixed with the clanp nmenber is also referred to as, clanp_area,,
[0015] or the like is fpymeash sy a syrface wé theaass wlstrater fapa magpeficsigcopdingyaedium
clanp area of the glass substrate for, a magnetic recording nmediumis
bad, st r d8anquatesoon aipasnete disk devicensiage ﬁ&&%mtﬁ at; the tigne vhien (i magegtic
to result in troubles that the inpact strength is |l owered, 5to er%ﬂée
(mar didn) 16fordimg medipm is gefatedm adhigh spesdr wRdESuPEIsEsedn gew@é@w#eﬁﬁoq
area is fastened and fixed with the clanp nerj%?r,.ﬁ)%oom] Lo .
Fur t her noweh as 4 heatecragsean firgrravanied topmprareeliahility of themagngtic disk device
correspondi ng[; to the clanp ar,ead's ,not even_|n heM%I ass substr%te
for a n’&g’%‘i’éﬁ © FagieaTenig rﬁ%ﬁ% ensity can be achieved. reover, even in the case

where a strong shock is imparted onto the magnetic disk device, the magnetic recording
medium is not damaged, so that a highly reliable magnetic disk device can be obtained.
20 [Brief description of the drawings]
[0012]
Fig. 1 is a cross-sectional perspective view showing one example of the
glass substrate for a magnetic recording medium of the invention.
Fig. 2 is a plan view for explaining a method for measuring parallelism of
25  polishing surfaces of upper and lower platens of a polishing machine in Examples of the

inventiosn.



10 when the area is fastened and fixed with the clanp nmenber, the

gl ass substrate is not properly fixed and there arises a problemthat
fluttering increases when the magnetic disk is rotated at a high
speed. As a result, the flying stability of the magnetic head
decreases and the head crash and the |ike are prone to occur. [0017]
15The gl ass substrate for a magnetic recordi ng nmedi um of the

embodi ment of t heFighvE® Bhdw Bhapfes df Poliking) snEsted bAppS UG IoAEE platins df a
magneti ¢ recordi ng medi um having a circul ar throug}% hol e at a center
t her eof apdishiagi Mgchdne afdiPig. Of A MRiancidsi-fcrtiesal Fdew nghématialllh shbhég the
Al so, the glass substrate is characterized in that, in one pair of

t he mai n supdsaskae DN lhigai thag Dbind B, 6Basp éBaectionhl piemoschematicalyd
t he thickness deviation of the 20glass substrate in the clanp area is
0. 3 pm orshbess the 6RdE8E where D2 is smdHer #tan Ddne exanpl e of the gl ass
substrate for a magnetic recording nmedi umof the invention is shown
in Fi g J1Mddesfe GasyisgDsat thatlevebfiohpr a nmagnetic recordi ng medi um of
the invention has a circular hole 11, which is a circular through

hol e, at [OhE3]25center thereof and has a di sk shape including an inner
peri pheral side surface 101 that is an inner wall surface of the
circular hol e 11, Thnnudeefor paryipherdlths inenton val deldBcabadl belnw, pat it
of upper and | ower main surfaces 103. Moreover, at an intersecting
parts of shheldi heemdesstaodhthat (thes iinkention fiscwt 1@hstawed ahdengt Emited to the
peri pheral side surface 102 with the upper and | ower both main
sur f aces fobigwingleamtfodimeentparts 104 (an i nner peripheral chanfered part
and an outer peripheral chanfered part) are forned. Al so, in the
upperl05 dfAbl4lower both main surfaces 103 that are one pair of the
mai n surfaces, the flatness of the clanp area 105 is 1 pmor_|ess and
the thickness devihe insesent invrntess abayves fmudr thag fgness ﬂ-lmg the ol afethe
105 is 0.3 p,mor |ess. %0019 In the present Description, the clanp
area 105 me@em@rramdaa@as oh dhe @lase substigteptss e jused é at magngticndisk (mageetico
be fastened and fixed with a_fastening nmenber such as a clanp at the
time wherregdiding|mesium) peart an ifligngeon 3 dpgrgn ef fisplaesiperdiod gheHultering and
used as a magnetic recording nediumw th installing the suhstrate jn
HDD. on shoclgprsistanice af fhg, magnetip diskrin daq espiviers hehosk of falling on thg likg
ring gri ng.,at a central side fromthe circunference of 105a) area

f r omiPhe 18 impaitedde hegpagietia diskideyige15 (hereinafter referred to as
concentric circle) 105a which has a _dianmeter, (1. 28D1¥1 thqat IS 1&_&3@ of
the inner di anet eNamflyppt the@aeunfipg o theqppanetiy digkPrivhhad disk davceiPP).c
with the circular, hgle to the inner peripheral part,K 105p of the main
surface FoBredsteppige rpaﬁlluyndéfﬁhﬁéaalassufﬁr%@ep eféhﬁpn‘r%g%%{mg@? AL [ @R N

osition of. t mai n sur e to be fastened andg fi x
P ng k&

f ast eni nd’eﬁl@-gﬁhfg]rpf’éb@ﬁreﬁg Hengdanddgiedayt Frg,m Chsy q@svégé%n&(hetrﬂga%
i et or TERVSE (o) Ao 28 T ORALA s B G1ant MGROPHS DERI i it aedh g
2n ot (PG Srade roefr{ e faSovhatire ngs o the pasiBh «E i trrctied
or 5 par AnDrdoPit e otk Falte 8. SRBee T ahe i SR dobR
Ut er o AHRETBRS GTEOBHTR AT i Py SOAPS ALY EF SYOSTRS TS P RTaY TgTe

11 of 25 tﬂéncla%]p Hers e];‘ 9 %sttepn%d? and "fhng Fafhess as’ fa \;vﬂoele magnetic disk becomes

worse. As a result, the flying stability of the magnetic head decreases and the head
25  crash and the like are prone to occur. Here, an area including the position to be

fastened and fixed with the clamp member is also referred to as clamp area.



concentric circle 105a having a dianmeter of 32 0 nmto the inner

peri pheral part 105b becones the clanp area 105, in the main surface
103, and the fastening and fixing with a fastening nenber such as a
clanp is to be perforned at an inside area fromthe area. [0020] 5The
flatness of such a clanp area 105 is represented by a TIR (Tot al

| ndi cated Runout) value that is a difference between the maxi mum peak
hei ght angot maxi mum val | ey depth. The fl atness can be neasured by
a phase-shift interferonetry (phase shift method) at a determ ned

nmeasuri ng wavel enBfofedi®t, g 88 dafld WhbRS @EEMdthdis fdfathp @fkEnpratedr of the glass
10[ 0021] In the glass substrate for a magnetic recording

medi um of subkieaté fvENiMa@Retid RRofdidd ARERMNOts bt seblNp conestrdRd &f a thgvex
main surface is 1 pmor |ess, preferably 0.7 pmor |ess, further

pr ef er abl parOob thpREs keisbratcafndrdgalt tih atdubldsythay tHeeinglaky s@erbtipiz dswered,
| ess. When the flatness exceeds 1.0 pm vibration (fluttering

di spl &cen®itiince f(maf@nvefthetsheckl sdsestaicd i gedreabedinamit thbil{ke-wheethe area is
rotation increases and there is a concern that troubles such as the
head cr asfastogeilingl. fiyed QAR the clamp membddbr eover, in the glass substrate
for a magnetic recording medium of the invention, the thickness

devi ati on0ot6jt he gl ass substrate 10 for a nmagnetic recording 20
mediumin the clanp area 105 is 0.3 pmor |ess, preferably 0.2 pm or
| ess, and furt her Fumletweosbliy tie. caspwhere theghickhess toliehe periontverrespgonding
t hi ckness devi ati on exceeds 0.3 p.m even when the flatness of clanp
area 105 tofth¢ blampaiarea sunétagven 103hd glads substraterfot e ggnetie rdcordivg medipm,
di spl acenent at the time when the nagnetic recording nmediumis

rot atléd awhen thie gineasisefestenatcardafivasl withl thehelampi meraberp Areglasst fwdstrate is not
troubl es such as the head crash occur. 25[0023] The

t hi cknessprdparlyafikethawd thehe agicasspoblest Hat dlutioring, inchensed whpn dheemagigsic
is determ ned by the nethod shown bel ow. Nanely, thickness is
measur ed disk & potatechit 2 hight speedi tAoageslt thenflying stabdlitp odrthey mpgBetyt heade
gl ass substrate 10 for a magnetic recording nmedium (for exanple, 4
posi t i onsdehepasasgnd theehead grashpgd thedike(re p@ne 18occuand 270 on 5 the
circunference of the concentric circle 105a) using a thickness
measur i ng08pfaratus for a glass substrate and a difference between

t he maxi mum val ue_and the m ni num val ue of the resulting thickness
val ud$ is det er m Heaiglassisubstrate Karp megndticarensdiag desdiem jofthe grobodiment of
Furthernore, in the glass substrate 10 for a magnetic recording |
nedi um ofthg g1venigon inacdish-ghreped glaghaubsispe forhmagraie Teeseing mdwrggﬂﬁvlagés
103, the surface waviness anplitude value of the clanp area 105 is
pr ef er ablgreplyr dhrppeh hels gt acenforsihereof and havingjepe paif gé maif FYECCHEAFNESS
means a mnute wavi ness shape having a cycle qf several tens to .
several rheeh Athehe fsPntheglpsscuberate Rechprasderized ja dhals W ans pHF ogt Smain

magneti c recordi ng nmedi um Mreover, the suyrface wayiness anpl,tu
val ue neawﬁa@psme%taw:% phthyslang areq iy hélwal@SSiaélSahed' oKapss @lasgwgﬁw
t he maxi num peak hej g{ht and the m_ni numvall ey depth of the waviness
shape0  glass substrate intheclappaisa 98,3 MROT 4SS i t ude val ue (PV val ue) of
t he surface wavi ness having a period of 500 umto 5000 umis

preferabl[)?obfﬂ nmor |ess. The surface 20 wavi ness anplitude val ue (PV

value) is nore pre_ferablé/ 10 nr’r}_ r l.ess and further preferahl SJlm
or |ess. First, one ¢xample of the glass substrate for a magnetic recording medium

of the invention is shown in Fig. 1. The glass substrate 10 for a magnetic recording
medium of the invention has a circular hole 11, which is a circular through hole, at the
25  center thereof and has a disk shape including an inner peripheral side surface 101 that is

an inner wall surface of the circular hole 11, an outer peripheral side surface 102 and



[ 0026] By reducing the surface wavi ness anplitude value (PV
val ue) of clanp area of the glass substrate for a nmagnetic recording
medium it is possible to suppress the 25concentrati on of stress on
the convex part of the glass substrate and the decrease in inpact
strength and increase the tolerance (margin) of the shock resistance.
Therefore, in the case where the surface wavi ness anplitude val ue

(PV val uegnei giré¥ WyPePbnd Bor railBGHRdes 4 0B €CNMdiéd\gr, i Gh Utehavtingpats of
hi gh shock resi stance can be obtai ned. Nanmely, even in the case where

a strong @begder peripiparsi®isirRict hel iRy iRt dkerdicsivhetaVside surfdve 10Ruitiethe
magnetic recording nediumis not easily damaged. 5[ 0027]

The surf agperand newsr bbtht MeingbatRes 103! clainefekd Paats P0G iiner peripheral
recording mediumis neasured, for exanple, with setting a band path
filter inchahfereapat and ab0Qtet edighebd) @Bark M dpyardrard frerter Abwl inythamppera
white light using a white light interferometric shape nmeasuring

i nst r yrendnd 1§Wwenboth meaikeVuifades @03 att atesorehmidoff the hexie surfietsyabe fiatnessidf
maxi nrum peak hei ght and the mnimum vall ey depth of the nmeasured
surface wayichagsares 10®isel pimnadessnohdt th ericlkaesadsiationos the glasesbstrate 10
anpl i tude val ue. [0028] In the thus constructed gl ass

subst r at eat ik dlanp ardae@ias 0.8 preooleds.ng medi um of the enbodi ment, since
the flatness of clanp area 105 of the main surface 103 is 1 um 15 or
| ess and [@808Y t he thi ckness devi ation of the glass substrate 10 in
the clanp area 105 is 0.3 p.mor less, the fluttering of the magnetic
recor di ng medi um Insths yerees Pestription hthe rdamepaice iSsieatsvincaren inchiding aa
magneti ¢ recordi ng medi um obtai ned fromthe glass substrate 10 for a
magndii ¢ positondifie meth vmfaces tof esthstnet! auddfixddeith o dastpingunembensuchlaamp
menber or the like. As a result, the flying stability of the magnetic
head is 2@amppt hedinawlicn He glaaswbbmt@L&fpr@smamtméa@rémsmdd@n Appsed
easily occur. Mreover, since local stress concentration in the clanp
area i s psevargnstic rachedish owliumewith iestal bng theshbstigtawdIdpst rate for a
magnetic recording mediumis inproved and, even when a strong shock
is inmparted to thgpmfgqaammtmmed@rewmd majresuifigh 403, rrgGing 44 g central
mediumis not easily damaged. 25] 0029] _ The gl ass .
subst r at esideorfraan rithg neirquenfeweaes difn 40 drrgm Bemt e ichvenfarensecah apésircle
obt ai ned by a manufacturing nethod having the followng steps. In |

t hi s IPegdhereingienederradie astcopeenitip piFclekel] (%w,wla:lpléaﬁ? agiagicter{d. 2§Pa)x that is
substrate (in-process cleaning) and etching of the glass substrate
surface (28%aet theinggisliamelar Pa ek thsreirchlar @Pgs]sl ahwhich ggyongentric with the

(i n-process etchi ng)) may be perforned. Mreover, in the i se wh%re
the gl asscissulasholg © ther npempiinberat PrE Pl Hfgthaanin suriacs a%ﬂff geptergbly
have hi gh mechani cal strength, .a strengthening step, (for exanple, a
cheni cal dsfingdhgs HentlamP SEeh) 0% ingleding agposition ot the mein siyfaca e be fastened
(conpressive_stress | ayer) on g surface | ayer t he ass_substrate
may be comdubteddviiadagenine granher speh fad ﬁﬁ'érm*f ?@é eﬁ%tpgiehirh@eﬁéf‘pogﬁw
bet ween tqe maj n ace pol.ishin steaﬁ*néget_meen a i

pol | 9B ncple SPF 10 Bucomebieyi BUrTans HEareBeHre BReRBE A od fadny
pol I shi ngan%lta%pinggrddigmgt%{ bil %&Xhep 8|rc|u a?ihrc])% flt SP %O n'[rr?,of%gtlening and fixing with a
fastening member is performed at an area (clamp area 105) from the circumference of

the concentric circle having a diameter of 25.6 mm to the inner peripheral part 105b or a

part thereof, in the main surface 103. Moreover, in the case of the glass substrate 10

25  for a magnetic recording medium having an outer diameter of 95 mm and an inner

diameter D, of the circular hole 11 of 25 mm, an area from the circumference of the



<Circular Processing Step> First, a glass sheet forned by a fl oat
process, a fusion process, a down draw 15 process, or a press nol ding
process is processed into a disk shape having a circular hole at the
center thereof The glass sheet may be any one fornmed by the float
process, the fusion process, the down draw process, or the press
nol di ng process. Moreover, glass constituting the glass sheet may be
anor phouseegib@fsic elrcleNYSh akling @dighass of BP0 Bahs Ghrfberiphrgal Faep)05b
The intersecting parts of the inner peripheral side surface with the
upper andbdcomes tHeQidinpraica 198] indte mabd surfiee ¢ 03 cunklahé Yaspnopeaslefiking adth
substrate and the intersecting parts of the outer peripheral side
surface wi fabiehing nhppiest sadttlas osledp botolberpeiforaed tamdasitid aree dfonathe area.
chanfered to forminner peripheral chanfered parts and outer

25per i pheoaeojchanf ered parts. [0032] <Primary Lapping Step of Min
Surface: Loose Abrasive Lapping Step> In order to control

t he flsat ness and The dkhess offsutthe ghmpsarsald$triat eprestrgedipyea TARd(Total
| ower both main surfaces of the glass substrate are |apped with a
doubl e silddichizgHungutyaahicrtbatds aaliiferencs whewtamnibe mpximuoim prak beightjaed the

| appi ng slurry containing an 5 abrasive (loose abrasive | apping
step). Asmitimulmedkyaleptsi Vighe fthtmsenah banteagired by alphaseashifianteifeloasiry
silicon carbide particles, and the |ike having an average particle

si ze | ar gghasetshift nnbod)f attsh deteinvioed alpasgingeweveléngtiuseiuhgi an triterferometric
secondary | apping step nentioned bel ow can be used. After the primary
| appi ng, fldtnéssmeteef erred to renpve the abrasive by cleaning the gl ass
substrate. 10[0033] <Secondary Lapping Step of Main Surface: Fixed
Abr adidve [DEPHI ng St ep> In order to control the flatness and
t hi ckness of the glass substrate, it is preferred to performfixed
abr asi ve | appi ng Initht glaseioulisiratepriamagpgsicrrgeardingimedivn of tniaventipa, the
| appi ng machine using a fixed abrasive tool, As the abrasive tao be
cont ai nedl4tpess p6therrdamnp reed 185 of she/maingwrtace srl pwrdes; pPuiaally@.7 wm or
particles, alunmina particles, silicon carbide particles, and the |ike
havi ng arlessvdvrhes praferabdy O.%ikme asflew, snd gatticularbypeederably Gdelym or less.
In this regard, in the manufacturing step of the glass substrate for
a magnet i Whew gy Bataesspxeeadm |- Gem w@ra%pfmﬁfegpéﬁlw&ce@sﬁ@ o8 Ithe mgendtis
flatness and 20 thickness of the glass substrate, only the | pose
abr adibve reepiginggnedien atdyethepesd relgtiam foresaes andiBers iy deroageaghgigroubles
| appi ng step nay be perfornmed, or both of the | oose abrasive |apping
step and Supkay thedgadgiash p&ars. appi ng step may be perforned. [0034]
<PeripheH%bZﬁurface Pol i shing Step>

Moreover, in the glass substrate for a magnetic recording medium of the
invention, the thickness deviation of the glass substrate 10 for a magnetic recording
20 medium in the clamp area 105 is 0.3 um or less, preferably 0.2 um or less, and further
preferably 0.1 pm or less. In the case where the thickness deviation exceeds 0.3 um,
even when the flatness of clamp area 105 of the main surface 103 is 1 pm or less, the
fluttering displacement at the time when the magnetic recording medium is rotated at a

high speed increases and there is a concern that troubles such as the head crash occur.

25 [0023]



25The i nner peripheral surface (inner peripheral side surface and

i nner peripheral chanfered part) is polished using a polishing brush
and a polishing slurry containing an abrasive to renpbve scratches
generated on the inner peripheral surface at circular processing and
chanfering, thereby snoothening the surface to be a mrror surface.
Mor eover, the outer peripheral surface (outer peripheral side surface
and outer peripherTid tHitlarRkededativar &f) the $lelsulsdact USimtheaclp@pisdy M is
brush and a polishing 5 slurry containing an abrasive to renove

scr at chesdeg@nifieal 9dtheméthed shvar bglew) pNemaly, shickmsseisaheasuredwt arplurality
processi ng and chanfering, thereby snoothening the surface to be a

m rror suwifpeerions QOB the Bladpearpe t 0 pbktha lglassisflatrete 16 fosh nmagnaticapcortimg
exanple, it is preferred that 10 plural sheets of the glass

subst r at agedinm ($orandaathld, d pazitiona hgliaga cubralt argteoBQ Ok artd° pald ZHC ng
is conducted on the glass substrate stack using the polishing slurry
and t Be pht ickbumiprénce siff theTtmmcpatric hiclegl 068) tdiag & niniekngse mcgheing apparatus
surface and the polishing of the outer peripheral surface can be
conduct edfos ianglhssasubsité pndr diffarcdnec bemaan tthd mesjmaumatvalue. anvbthe ovistmumnf
the polishing of the inner peripheral surface and the 15 polishing
of the outabue @fehé piveltiag tlickiicas valuesik detonpinpd hidisitakenrasyhipknass deliatiand .
In the case where the polishing of the inner peripheral surface and
the poli JlD24 of the outer peripheral surface are conducted
separately, the order thereof is not particularly Iimted and either
of them may be coRutthermdref in te. glEsrsubsteatpl @ fori & magngiissrepgydimg wedivapil
a met hod wherein the polishing of the outer peripheral surface is
conduét edhonnydngonyl msthe wpes ahd tipwerebeth quinyisiaees: He3, ghasurfatshwayiaess
are stacked, then the polishing of the inner surface is conducted
still in anithde vales ofithe clgmpses Lsis paaferably2dam oplesgaf t er t he stack
is separated into each sheet, each sheet of the glass substrate is
acconmodd8%lin a cassette or the like, and the resulting one is
transferred to the next step. [0036] 25As the abrasive, cerium oxide
particles, silicallpmr theiuglgce wovimpstamerstg BIBYC WAVINEEHThAPH BAYINg peycle
zircon particles, silicon carbide particles, boron carbide partic] es,
di anond pdrseverkiens pih dasessalgrngi the rpaip sagface pfjthepglags; %@S@%ﬁ 19¢for a

S PRI AR R R TR AR
e e S T RS EGRE Brbpet DT Rkl
B e TR e RO e e e

S . e
e s SRRl B B Shlb] SRRl ok, T s
e e VP S RS o P S
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|'i shi I I ni b | . l.i shi e 0f
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of the glass substrate for a magnetic recording medium, it is possible to suppress the

25  concentration of stress on the convex part of the glass substrate and the decrease in

impact strength and increase the tolerance (margin) of the shock resistance. Therefore,



[ 0038] 20As the abrasive, silica particles, alumna particles,
zirconia particles, zircon particles, ceriumoxide particles,
manganese oxi de particles, and the |like can be used. For exanple, the
polishing (primary polishing) can be conducted using the abrasive
havi ng an average particle size of 0.3 to 5 um Only the primry
polishing may be conducted but, after the primary polishing,

secondar yinR¢ csdei Witerémhe Hefice Miviiesdaiplitigde 258 (Rrasie) és Davinngr Rss, a
smal l er particle size. Mreover, after the secondary polishing,
tertiary peicsbire@rdiay nixdige hevigp achipls shgk atsishticesdad dehvdingl. a Namely,
further smaller particle size. [0039] <Precise cleaning Step> 5In the
preci se cdvearihnge shepwhéer a stiengkhak Blbgiarted ¢o Who smgnetindskrdeaie, ile
pol i shed, for exanple, after scrub cleaning using a detergent is
per f or mednoultéd aagimstic ret¢@dingmgedivnm ds sdtabdlyodanbeedg di pped in a
detergent solution, ultrasonic cleaning in a state of being dipped in
pure \at g002Znd the |ike are successively conducted. After the
cleaning, drying is performed. As the drying nethod, there are, for
exanpl e, vapor 10thy smdacsi whvinesspofothy | glass cobsitatey dPofior ahmagwaicenecording
hot-air drying wwth hot air, spin drying, and the |ike. [0040]

Thr ough smediumds peesired; fot epmple, vatlgietdsn sbdbsitpagt Sltéran the rangeief $@ wm
recordi ng medi um of the invention is obtained. The magnetic di sk
(magnet i ctor®00nai by amddiedfsjoniSry with aawkite lightursing aathitg lighty inderiferometric
| ayer, a protective layer, a lubricating film and the like are

provi ded shape¢ easming iwstrimens. ofThemethe M5 valve dhateld the diferendgsbatween ther
a magnetic recording nedium [0041] The magnetic | ayer
may Hé a morigiunuptakdicight end dienginimpa valley depth of thepoegsaradi wifage waviness
recording type one but, particularly fromthe viewoint of inproving
t he recorigdidetgrmisnd and/takemas peurfreadiayiicay amplitodelvalge-t ype one i s
preferred. The magnetic |ayer for the perpendicul ar

recor di ng0038Ja nagnetic |ayer in which an easy axis of magnetization
is in a perpendicular direction against the substrate surface and_
contai ns at | eastInghe as qenstrygiedoglass subgirate 40 der amappeticrigeerdinggpedium
exchange 25bond that causes a_hi gh i nherent nedi um noise, it _Is,

sui t abl e 4fdhe enbedimgal, pince Hieaigess phelamp area 105 of the main surface 103 is 1 pm

15  or less and also the thickness deviation of the glass substrate 10 in the clamp area 105 is
0.3 pm or less, the fluttering of the magnetic recording medium is suppressed in the
magnetic disk device in which a magnetic recording medium obtained from the glass
substrate 10 for a magnetic recording medium is fastened and fixed to HDD with the
clamp member or the like. As a result, the flying stability of the magnetic head is

20  improved and the troubles such as the head crash do not easily occur. Moreover, since
local stress concentration in the clamp area is prevented, the shock resistance of the
glass substrate for a magnetic recording medium is improved and, even when a strong
shock is imparted to the magnetic disk device, the magnetic recording medium is not
easily damaged.

25 [0029]
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particle structure. Specifically, it is suitable to add an oxi de
(Si02, SiQ €203, CoO Ta203, Ti02, or the like), C, B, Cu, Ta, Zr,
or the like to a CoPt-based alloy or the like. [0042] In the case of
t he perpendicul ar recording type one, it is comon to dispose 5 a
soft magnetic ground | ayer conprising a soft nagnetic material, which
plays a role of circulating a recording nmagnetic field fromthe
magneti c head, asTRgldbdlQidsithtedot aignefic kdedr ARdien bayies inviitidohén
soft magnetic ground | ayer, CoN Fe, FeCoB, CoCuFe, N Fe, FeAl Si,
FeTaN, Fel obigihadbyGe heBufdcadiny, maihed tHaeinki the foRdwing uged. IMVulie eueid,
bet ween the soft magnetic ground | ayer and the nmagnetic |ayer for 10
per pendi chrRéen’ @1e GePsNdowint bdlwpelehing of the gfagy ButatranEmpaess cleaning)
internediate | ayer of Ru, an Ru alloy, or the like. The non-nagnetic
i nt er medi aldetdhayest haglas bubiztbiedirfode faqrid drtvalidle guréi o Xheaglagr soivsthute)f
the magnetic | ayer for perpendicular recording and a function of

i nt er supt(imgrochs embing) imayXehpagantzdnd Nieteoese it hihe sabt wingaethe cglass
ground | ayer and the nagnetic |ayer for perpendicul ar recording.

15[ 0043] substrate for a midedc rgrithg melayeisseqfiretihe haof highagekdriical girengtla
| ayer, the non-magnetic internediate |ayer, and the magnetic |ayer
for per pendirengthening ctepdi(foy emmple eoctemicausttongfheningd stey) ad fomminghe
sputtering nmethod, a DC magnetron sputtering nethod, and the |iKke.
20[ 0044] strengthening ldyer Geohepressivepsteege tetyet)hm aragpfeeileydrafehe glassrsubstrate
corrodi ng and prevent the nmedium surface from damaging at the tine
when t he maghetonducedbefares aftat thecuamautfavd pdlishing sigoebétweer dormaing
medium a protective layer is provided on the nagnetic |ayer. The

pr ot d6t i sarfhey polishing keps (ratreweerus ipnignaay petishing Istepcandai secopday Folhing
5102, 25 or the like. As the form ng nmethod, an in-line sputtering
met hod, ated et seettiady pelishpigsteroand anigrtiaey poibhingsierhe |i ke can
be used. [0045] In order to reduce friction between the
magnet i c [ABHY and the magnetic recording medium a lubricating film
is preferably fornmed on the surface of the protective film The

| ubri cat i Hefrdularfreessping Step> f or exanpl e, a perfl uoropol yether, a
5fluorinated al cohol, a fluorinated carboxylic acid, or the |Ijke and
can be forned by Birsli pghasssheetfaored by 8 foalpraeesaer fasion ppcesh @ doaedraw
[ Exanpl es] [0046] The followng will specifical -lﬁ' descri be Exanpl es
of tH& i nressss.on atpaessthelding nroeshisi RFACESHRELNt midisk Brape daking gedreyiar hole
being limted to Exanpl es. Anong the follow ng Exanples 1 to 13,
Exanpl es a theocegtentkereg kilhg gasa shaes snayrberany angamesdoby Bisdlaak arasessthy

to 13 are Conparative Exanples. [0047] Exanples . 1 to 13
fusion process, the down draw process, or the press molding process. Moreover, glass

constituting the glass sheet may be amorphous glass or crystallized glass.
[0031]
20  <Chamfering Step)

The intersecting parts of the inner peripheral side surface with the upper
and lower both main surfaces of the circularly processed glass substrate and the
intersecting parts of the outer peripheral side surface with the upper and lower both
main surfaces thereof are chamfered to form inner peripheral chamfered parts and outer

25  peripheral chamfered parts.

[0032]
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15The follow ng steps were successively conducted to manufacture
gl ass substrates for a magnetic recording nmedium [0048] <Crcul ar
Processing Step> A glass sheet containing Si02 as a mai n conponent
and being nade by a 20 float process was processed into a

di sk-shaped gl ass substrate having a circular hole at a center
thereof so as to obtain a glass substrate for a magnetic recording

nmedi um h?@rﬂﬁm@la?ﬂin%r&gi SRR S\8facBOLs0%e AdRasiviTeppti =r of 20 mm
and a thickness of 0.635 nm [0049] <Chanfering Step> 25l ntersecting

parts of an innerpefdephercahirsli R Bathéscadahitkuppest tirdglhavarbshaethe
mai n surfaces of the di sk shaped gl ass substrate having a circul ar

hol e at aygpenill loweh ®b®Ohaiandrihtds@ITIRE flangsupaEits arf lagpedowitie e double side
peri pheral side surface and the upper and | ower both nmain surfaces

wer e chanbggigg nsehife ¢10a oht aide lapgthassachitesisiat e lipping shwagneaintaining an
recordi ng nmedi um having a chanfered width of 0.15 mm and a chanfered
angl e 50f abpasivendobse abfafi®BOhpike i ey Wapthenposit aprasive Mdiamdsidr patieles,
Primary | appi ng of upper and | ower both main surfaces of the glass
subst r at ealwamaquaiiitied, ailicus icmbpide patiges)gnd lthe ke bovingamBngragan paticlei s
abrasive having an average particle size of 25 Inn with a double side
| appi ng ntarget than (i o tacixededrdveto bemsedinahe Gxonddry dapping stelp otenhiome:
DSM 16B-5PV-4VH). After the primary |apping, the substrate was

cl eaned tlloweomyee tded. aldfas theegprith@ Jdping, it is preferrddiioExmnpd the abrastvedy
7 to 8, and 12 to 13, two-step | apping was conducted. Nanely, as
shown i n clednfirge the ghass substiraepi ng was conducted for 8 or 7 mnutes with
15 applying a low pressure of 2 or 3 kPa as nain pressure in an early
st agdO(fi[0833]st ep), | apping was conducted at a pressure of 9 IcPa for
15 minutes as main pressure in a second st%E. In Exanples 5 to 6 and
9 to 11, <Seceinbug LappifigBiep of Main Susleen ixedfAlgasive LapmaSKas appl i ed
as main pressure for 16 to 22 mnutes. In Exanples 9 to 11 where the
processi ng pressulneordas thicgirolsthe dlatnesp ph ghigkness oh dig glags isubsirate, at is
that the bad 20 flatness of the glass substrate was corrected by the
mai n pr eswefesredto peréormafipidnabrasi trelepping svidis deubdaiside lppig medhinesyrs ¢ng
back" phenonenon that the bad flatness cane back when the |apping .
pressur e Sigsslappinganaching gsrg ¢ fixed appsivg tpeloc Ssthe pbpwp to be contained in

15 the fixed abrasive tool, for example, diamond particles, alumina particles, silicon
carbide particles, and the like having an average particle size of 0.5 to 10 pm can be
used.

In this regard, in the manufacturing step of the glass substrate for a
magnetic recording medium, as the lapping step for controlling the flatness and

20  thickness of the glass substrate, only the loose abrasive lapping step may be performed,
only the fixed abrasive lapping step may be performed, or both of the loose abrasive
lapping step and the fixed abrasive lapping step may be performed.

[0034]
<Peripheral Surface Polishing Step>
25 The inner peripheral surface (inner peripheral side surface and inner

peripheral chamfered part) is polished using a polishing brush and a polishing slurry

12



<Peri pheral Surface Polishing Step> 25The outer peripheral surface of
the gl ass substrate was polished using a polishing brush and
polishing slurry containing a cerium oxi de abrasive to renove
scratches on the outer peripheral surface so as to obtain a mrror
surface. After the polishing of the outer peripheral surface, the
gl ass substrate was cl eaned to renove the abrasive. Then, the inner
peri pher alon®difihaGR abfasivie@o Gtraswe sordtiidsaleerartd ddcthe Sdied pudpligalasurface at
pol i shing brush and polishing slurry containing a cerium oxide
abr asi ve gieulse myesiing Ghdt chagderitg, ttherebyn s@botheniing the alufsee foabe asmiras
to obtain a mrror surface. After the polishing of the inner
peri pher adurface.f ddereovere the amser Spehipherat eurface (Hueangaipheoral eidey surfdee and
abrasive. [0053] <Secondary Lapping Step of Main Surface> 10Using a
fixed abrastrvgeriphetal chamfdred partinisdpaivhed using aspolshhayvbmsh and avpolahg
particle size of 4 pmand a |lapping slurry, the upper and | ower both
mai N Sur fdwes cofitainiiey gh absasbuebtet reatoye veeratcHea geackatadt dn shed outet @esplubeal
| appi ng machi ne (manufactured by Speedfam Co., Ltd., product nane:
DSM 16B- Sivfaddvhi) circlitee pdroqepsing andshaofedug.tthekehy smonthieningths swfasedé be a
10kPa for 10 m nutes. 15[0054] <Main Surface Polishing Step>
The bot h matar setfadeaces of the gl ass substrate were polished with a
doubl e side polishing machi ne. The polishing included three-stage
pol i shi ng0885]pri mary polishing, secondary polishing, and tertiary
polishing (finish polishing). 20[00551 (Primary Polishing)
In the primary poln i pryipherap sutfaes palishingusiemdles estmplee itgisaprsferred that
substrate were polished with a 16B type doubl e side polishing nmachi ne
( manuf0actpivzat sheetspb dhif glasCoubstipted are stagkie to ferme e ghsm subsr@p\gacksindg
a polishing slurry containing a cerium 250xi de_abrasive having an
aver age ishipg ds sppducesd an theglass suwbdtrate istacll usingt thamelipaing shirfigangsh the
One | ot included 100 sheets. Mreover, groove depth fornmed on the
pol i shi ngpolighiag dishac dha palighing pf deiinrar peripesralsrtaee and thgpolislypg apper
and | ower platens are shown in Table 1. [0,056!

outer peripheral surface can be conducted simultaneously or can be conducted

separately. Moreover, of the polishing of the inner peripheral surface and the
15  polishing of the outer peripheral surface, only one polishing may be conducted. In the
case where the polishing of the inner peripheral surface and the polishing of the outer
peripheral surface are conducted separately, the order thereof is not particularly limited
and either of them may be conducted first. For example, it is possible to adopt a
method wherein the polishing of the outer peripheral surface is conducted on the glass
20  substrate stack where the glass substrates are stacked, then the polishing of the inner
surface is conducted still in the form of the glass substrate stack, thereafter the stack is
separated into each sheet, each sheet of the glass substrate is accommodated in a
cassette or the like, and the resulting one is transferred to the next step.
[0036]
25 As the abrasive, cerium oxide particles, silica particles, alumina particles,

zirconia particles, zircon particles, silicon carbide particles, boron carbide particles,

13



In this regard, the polishing surfaces of the upper and | ower pl atens
were 5 forned by dressing treatnment where the surfaces of the
polishing pads attached to the upper and | ower platens of the

pol i shing machi ne were | apped. Wth regard to the parallelismof the
pol i shing surfaces (polishing surfaces of the polishing pads attached
to the upper and | ower platens) of the upper and | ower platens, when
a di st ancéiafehdvganicld3g np@bhisdt RYideupdracles,odndt the lilgpedn pé aised afrdmi the
polishing surface of the lower platen at 10 the inner peripheral side
of the upgewpsintof Dpsishiplgabens ivwefengl e uascadlinamddapattislcancEhdateregen
the polishing surface of the upper platen and the polishing surface
of the | oweticlplshdcenf die htrasioeitieprgfemblyhenato Side fraa thakdewpsinis2of tie
absol ute val ue of (D2-Dl) was taken as the parallelism [0057] 15The
above ( D2effdipnoya®f nibasperiptietadisngface polisting t(pebshinge trate), (smaomihmss wiethe
by Hitz Hi gh-Technol ogy Corporation, product name: HSS-1700). As
shown 5i n geripherd] surfeee whtairedvigspaishmignad thy likeac imthetescapticu, gl avestger
at the polishing surface 30a of the upper platen 30 and the polishing
surface 4fitidé sizhés 2 dd@walpe athioh showalagragidlhisizs ar 1% htcumuleatioq on particle
scanning the neter so that a gauge head of the straightness neter
passed 2Gitehdstriffutiont eThperveppe prgisle Xie dnd ¥lje dagrmimed rbypercppiremenis
(X2 and X3) of the polishing surfaces 30a and 40a, and neasuring the
shape of using pohitishi size sualyzec of 3daseodiffilactiampiype, pllastescagering typeher the
shape of the polishing surface 40a of the | ower platen 40. [0058]

In this rldgard, a cross-sectional views show ng exanples of the
shapes of 25polishing surfaces of the upper and | ower platens are
showlli n [B0F4. 3. Fig. 3A shows an exanple of a shape where the

di stance between the polishing surface 30a of the upper platen 30
and the pVpigustice Bpkighiee 88> of the | ower platen 40 is larger at the
outer peripheral side than at the inner peripheral side. In this
case, the val ue ofhg pelishiyg wdcwaias sybset ofythe plags sobsteattois candusiednfitre
of a shape where the distance between the poljshing surface 30a of,

t he upperreposingsertrhgnand te liksigensinted at thercisulanprpcessingrandhe chaggfering,
platen 40 is larger at the inner peripheral side than at the oute

per i pher éndghejlepping or fheslikeafathe mpin qurface apd forrpuqstheningegpvennesy i fopa.
In either shape, the nearer to zero the absol ute val ue of é.lD -P1) is,
the Oétt & Mg syalagg.| dpitheimgin sustacy gplishingsferuf isauetersd tq B lsi]pfgsﬂlp%d

| ower platens is, [0059] 10In the prinppry . polishing step, the .
pol i shi ngarx@e!gwsbw%rrﬁ@atsuafaﬁﬁéi w%ad%ﬁf‘erﬁdep%@mge higt Bsippa palishize
pl aten rotation nupber of 30 rpmfor, a polishipg {i sef sp as_.taq.
Obtain o SGTHPOHBHIN JBPiINE i 2PANEE Radamee olct opmet s e Hike
mai n surfaces of 40 After. the primary polishing, the glass

subst r at e(%ﬂélém sling pad posafbpR)ishingmadler i um oxi de abrasive. 15[ 0060]

I n Exanpl ?8 @to 6 and 9 to 13, the polishing was conducted, as shown
in Table [ ,3 ith controlling the groove depth of the polishing pad to

0.8 1,0 ANy GRLAC S RELATED. IR e HLael S RO

the other hand, in Exanples .7 to 8, the polishi.ng was ,20,condugt ed
as shown Haﬁ“#‘?fbfjg“f? Wn?%p%ﬂf?’dpﬂ%eﬁeh I%Br B?f\&}gl%ﬁe htﬁgflﬁ‘Fﬁgn%e used.
polishin ad to. 0.1 to.Q.2 and t he. cl earance bet n_the,haole .
G ot or 5 58Pl e PO e (PG el SbieL of B e b AGT Yo pp dbfasive
substr at ehatv&goainza\pt‘arlrflzlg Saqgg'l]e size of 0.3 to 5 um. Only the primary polishing may be
conducted but, after the primary polishing, secondary polishing may be conducted using

25  an abrasive having a smaller particle size. Moreover, after the secondary polishing,

14



(Secondary Polishing Step) 25The both main surfaces of the glass
substrate after the primary polishing were polished with the sane
both side polishing machine as in the primary polishing using a
polishing slurry containing a cerium oxi de abrasive having an average
particle size of 0.5 umand a soft urethane polishing pad In the
secondary polishing step, the polishing was performat a nmain

pol i shi NgeRTaeF polishim mly De kBadiRed @ind & ehtasioé a4Viog amuitharsnedlled paiole
for a polishing tinme set so as to obtain a total renoval volune in a
5 thicknegg. direction of the both main surfaces of 5 um After the
secondary polishing, the glass substrate was cleaned to renove the
ceri um oxjodsgjabrasi ve. [0062] (Tertiary Polishing Step) The both nmain
surfaces of the glass substrate after the secondary polishing 10 were
subj ect eckRrecipotieating§tepfi ni sh-polishing) with a 16B type doubl e side
pol i shi ng machi ne (rmanufactured by Speedfam Co., Ltd., product nane:
DSM 16B- 5PV) usi nn thepotdishilaanisg stepyfot dind glans supstratel whebel mainlsudface is
havi ng an average particle size of primary particles of 20 to 30 nm
as a mai rpodishgab fentxammnsle,aafto fscrubr dedvdme uging iasdritergergad . petformérk ultrasonic
tertiary polishing step, the polishing was performfor a polishing
time set demnary inm sibie aif ibeiby dippedtiala degargandisotbudtrasonie ¢leanikginss state
direction of the upper and | ower both nmain surfaces of 1 ism [0063]
<Pr eci se o sang WippSt dp>puFerwattre agt dbe lika et rsatessivelgrconductedr t Aferythe
polishing, scrub cleaning with a 20 detergent, ultrasonic cleaning in
a state ofledgigygirding pedeifornzedd etfer the rvdryingl method, thengdare) for @xample, vapor
cleaning in a state of being dipped in pure water were successively
conduét ediryifigewith ishpropubsicelxl evapers hoi-watgr Wwtrdir detng viith| hoskigosmn drying,
vapor. [0064] Table 1 Exanple Primary | apping (| oose abrasive

| appi ng) awddhe Bxd.nary po ishing step

[0040]
Through such respective steps, the glass substrate for a magnetic recording
medium of the invention is obtained. The magnetic disk (magnetic recording medium})
15  has a structure that a magnetic layer, a protective layer, a lubricating film, and the like
are provided on the main surface of the thus obtained glass substrate for a magnetic
recording medium.
[0041]
The magnetic layer may be a longitudinal recording type one or a
20  perpendicular recording type one but, particularly from the viewpoint of improving the
recording density, the perpendicular recording type one is preferred.
The magnetic layer for the perpendicular recording is a magnetic layer in
which an easy axis of magnetization is in a perpendicular direction against the substrate
surface and contains at least Co and Pt. In order to reduce an intergranular exchange

25  bond that causes a high inherent medium noise, it is suitable to form a well isolated fine
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particle structure. Specifically, it is suitable to add an oxide (Si0O», Si0, Cr,03, CoO,
Tay03, TiO,, or the like), Cr, B, Cu, Ta, Zr, or the like to a CoPt-based alloy or the like.
[0042]

In the case of the perpendicular recording type one, it is common to dispose
a soft magnetic ground layer comprising a soft magnetic material, which plays a role of
circulating a recording magnetic field from the magnetic head, as an underlying layer of
the magnetic layer. In the soft magnetic ground layer, CoNiFe, FeCoB, CoCuFe,
NiFe, FeAlSi, FeTaN, FeN, FeTaC, CoFeB, CoZrN, and the like can be used.
Moreover, between the soft magnetic ground layer and the magnetic layer for
perpendicular recording, it is preferred to form a non-magnetic intermediate layer of Ru,
an Ru alloy, or the like. The non-magnetic intermediate layer has a function of
facilitating epitaxial growth of the magnetic layer for perpendicular recording and a
function of interrupting the magnetic exchange bond between the soft magnetic ground
layer and the magnetic layer for perpendicular recording.

[0043]

These magnetic layers of the soft magnetic ground layer, the non-magnetic
intermediate layer, and the magnetic layer for perpendicular recording can be
continuously formed by an in-line sputtering method, a DC magnetron sputtering
method, and the like.

[0044]

In order to prevent the magnetic layer from corroding and prevent the
medium surface from damaging at the time when the magnetic head comes into contact
with the magnetic recording medium, a protective layer is provided on the magnetic
layer. The protective layer can be formed using a material containing C, ZrO,, SiO,,
or the like. As the forming method, an in-line sputtering method, a plasma CVD

method, a spin-coating method, and the like can be used.
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[0045]

In order to reduce friction between the magnetic head and the magnetic
recording medium, a lubricating film is preferably formed on the surface of the
protective film. The lubricating film comprises, for example, a perfluoropolyether, a
fluorinated alcohol, a fluorinated carboxylic acid, or the like and can be formed by a
dipping method, a spraying method, or the like.

[Examples]
[0046]

The following will specifically describe Examples of the invention but the
invention should not be construed as being limited to Examples. Among the following
Examples 1 to 13, Examples 1 to 8 are Working Examples of the invention and
Examples 9 to 13 are Comparative Examples.

[0047]
Examples 1 to 13

The following steps were successively conducted to manufacture glass
substrates for a magnetic recording medium.
[0048]
<Circular Processing Step>

A glass sheet containing Si0; as a main component and being made by a
float process was processed into a disk-shaped glass substrate having a circular hole at a
center thereof so as to obtain a glass substrate for a magnetic recording medium having
an outer diameter of 65 mm, an inner diameter of 20 mm, and a thickness of 0.635 mm.
[0049]
<Chamfering Step>

Intersecting parts of an inner peripheral side surface and upper and lower

both main surfaces of the disk shaped glass substrate having a circular hole at a center
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thereof and intersecting parts of an outer peripheral side surface and the upper and lower
both main surfaces were chamfered so as to obtain a glass substrate for a magnetic
recording medium having a chamfered width of 0.15 mm and a chamfered angle of 45°
finally.
[0050]
<Primary Lapping Step of Main Surface>

Primary lapping of upper and lower both main surfaces of the glass
substrate was conducted using a lapping slurry containing an alumina abrasive having
an average particle size of 25 um with a double side lapping machine (manufactured by
Speedfam Co., Ltd., product name: DSM-16B-5PV-4MH). After the primary lapping,
the substrate was cleaned to remove the abrasive.
[0051]

In Examples 1 to 4, 7 to 8, and 12 to 13, two-step lapping was conducted.
Namely, as shown in Table 1, after lapping was conducted for 8 or 7 minutes with
applying a low pressure of 2 or 3 kPa as main pressure in an early stage (first step),
lapping was conducted at a pressure of 9 kPa for 15 minutes as main pressure in a
second step. In Examples 5 to 6 and 9 to 11, as shown in Table 1, a pressure of 8 to 12
kPa was applied as main pressure for 16 to 22 minutes. In Examples 9 to 11 where the
processing pressure was high, since lapping was conducted in a state that the bad
flatness of the glass substrate was corrected by the main pressure at the lapping, there
was observed a so-called "spring back" phenomenon that the bad flatness came back
when the lapping pressure was released after the lapping process.
[0052]
<Peripheral Surface Polishing Step>

The outer peripheral surface of the glass substrate was polished using a

polishing brush and polishing slurry containing a cerium oxide abrasive to remove
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scratches on the outer peripheral surface so as to obtain a mirror surface. After the
polishing pf the outer peripheral surface, the glass substrate was cleaned to remove the
abrasive. Then, the inner peripheral surface of the glass substrate was polished using a
polishing brush and polishing slurry containing a cerium oxide abrasive to remove
scratches on the inner peripheral surface so as to obtain a mirror surface. After the
polishing of the inner peripheral surface, the glass substrate was cleaned to remove the
abrasive.

[0053]

<Secondary Lapping Step of Main Surface>

Using a fixed abrasive tool containing a diamond abrasive having an
average particle size of 4 um and a lapping slurry, the upper and lower both main
surfaces of the glass substrate were lapped with a double side lapping machine
(manufactured by Speedfam Co., Ltd., product name: DSM-16B-5PV-4MH). The
lapping was conducted at a main pressure of 10kPa for 10 minutes.

[0054]
<Main Surface Polishing Step>

The both main surfaces of the glass substrate were polished with a double
side polishing machine. The polishing included three-stage polishing of primary
polishing, secondary polishing, and tertiary polishing (finish polishing).

[0055]
(Primary Polishing)

In the primary polishing step, the main surfaces of the glass substrate were
polished with a 16B type double side polishing machine (manufactureci by Speedfam
Co., Ltd., product name: DSM-16B-5PV) using a polishing slurry containing a cerium
oxide abrasive having an average particle size of 1.2 pm and a hard urethane polishing

pad. One lot included 100 sheets. Moreover, groove depth formed on the polishing
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pad surface and parallelism of polishing surfaces of upper and lower platens are shown
in Table 1.
[0056]

In this regard, the polishing surfaces of the upper and lower platens were
formed by dressing treatment where the surfaces of the polishing pads attached to the
upper and lower platens of the polishing machine were lapped. With regard to the
parallelism of the polishing surfaces (polishing surfaces of the polishing pads attached
to the upper and lower platens) of the upper and lower platens, when a distance between
the polishing surface of the upper platen and the polishing surface of the lower platen at
the inner peripheral side of the upper and lower platens was taken as D1 and a distance
between the polishing surface of the upper platen and the polishing surface of the lower
platen at the outer peripheral side was taken as D2, an absolute value of (D2-D1) was
taken as the parallelism.

[0057]

The above (D2-D1) was measured using a straightness meter (manufactured
by Hitz High-Technology Corporation, product name: HSS-1700). As shown in Fig.
2, the value was obtained by placing the straight meter at the polishing surface 30a of
the upper platen 30 and the polishing surface 40b of the lower platen 40 along the
straight line X, scanning the meter so that a gauge head of the straightness meter passed
through outer peripheries (X1 and X4) and inner peripheries (X2 and X3) of the
polishing surfaces 30a and 40a, and measuring the shape of the polishing surface 30a of
the upper platen 30 and the shape of the polishing surface 40a of the lower platen 40.
[0058]

In this regard, a cross-sectional views showing examples of the shapes of
polishing surfaces of the upper and lower platens are shown in Figs. 3. Fig. 3A shows

an example of a shape where the distance between the polishing surface 30a of the
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15 40 1.0 13 3 7 9 15 40 0.9 [0065] Then, for the glass substrates
for a magnetic recording nmediumobtained in 5 Exanples 1 to 13, the
flatness of clanp area of the main surface, the thickness deviation
in the clanp area, and the surface waviness of the clanp area were
nmeasured by the foll ow ng nmethods. The measurenent results are shown
in Table 2. In these glass substrates for a nmagnetic recording

nedi um  t{perfbRMA 30 aAd YMe P&%hﬂ% furfidt 1486 @ fithe Bwel! Hatch 4OMstiBGer at the
circunference of a circle (concentric circle) having a di aneter of

25.6 10 rafiterhbripherab side Me@Nitrthé indet PeripiRralisidel! a4 thilkesse, tie ddhge bN(THI-
peri pheral part of the main surface. [0066] [Flatness of C anp area]

Usi ng an it edodded nidsitive. f IFad, S showé @b éﬁﬁﬂ?ﬂé €t Elemebyhet¥ obe diflance
Cor poration, Ltd., del; Zygo @ Flat (MESA)), the flatness of the

cl anp ar egtWéentBe PoRéhihd surtiRk B 0ARIf thestifen pRSen0I0 Aktbthglpplishify keifiat40a
for a magnetic recording nmedi umwas neasured by a phase-shift
i nt er fser astehé YovtdriAgen g0iié larg@tan oleb) inusi pgiphetal gite thauistcthe outer peripheral
side. In this case, the value of (D2-D1) becomes negative. In either shape, the nearer
to zero the absolute value of (D2-D1) is, the better the parallelism of the polishing
surfaces of the upper and lower platens is.
[0059]
10 In the primary polishing step, the polishing was perform at a main polishing
pressure of 8.5 kPa and a platen rotation number of 30 rpm for a polishing time set so as
to obtain a total removal volume in a thickness direction of the both main surfaces of 40
um. After the primary polishing, the glass substrate was cleaned to remove the cerium
oxide abrasive.
15 [0060]
In Examples 1 to 6 and 9 to 13, the polishing was conducted, as shown in
Table 1, with controlling the groove depth of the polishing pad to 0.8 to 1.0 mm and a
clearance between the hole diameter of polishing carrier and the outer diameter of the
glass substrate to 1.7 mm. On the other hand, in Examples 7 to 8, the polishing was
20 conducted, as shown in Table 1, with controlling the groove depth of the polishing pad
to 0.1 to 0.2 mm and the clearance between the hole diameter of polishing carrier and
the outer diameter of the glass substrate to 0.2 mm.
{0061]
(Secondary Polishing Step)
25 The both main surfaces of the glass substrate after the primary polishing

were polished with the same both side polishing machine as in the primary polishing
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havi ng a neasuring wavel ength of 680 urn. The flatness was neasured
at the clanp areas of the both main surfaces and better flatness was
described in Table 2. [0067] [Thickness Deviation of Canp area] 5The
t hi ckness of the glass substrate was neasured using a | aser

di spl acenent gauge (manufactured by Keyence Co., Ltd., |aser head:
LK- Gl5, anplifier: LK-G3000V) at 4 positions having a central angle

of 0, 90, Lt : j g : ' 218
o £ om aSEih BOREEI sy Bh BB SRR CHERAE: Rvifl b WReChaiee
differen [0 Va s W oM g TR al gein hil peTEAY

t hi cknesg&%/egﬁ%@??nt eatgﬁ?ckness%ogl:gﬁgg%ﬁgasur eg@%&ngg?il%ﬂglr@ Wa’sthe

det er m n%l@ﬂﬂﬁt‘b@s ettt %S ndl ?giii:}?ré%_ pRIsguré 079, IkPatdidCk BREM rotation

iy
deviation of the clanmp area. [00 rface Wavi ness of anp areaj

15Usi g aniibiek @F19 @t Y B5HMIPBIEI 6t AP TRARU (8l leRBVALGE R in a
(manuf actured by ADE phaseshift  Conpany, Mddel; Opti Flat), the

surfage WaMkR&siRaNoMef R AdirPfurRBEs 63 L. SQVRerUie kétohiay Pobsing,
area of the glass substrate for a nagnetic recordi ng nedi um was

nmeasur ed Ry gRis subk@Aith &F0XRIahyd W rehodc Wi cefuli ide Mridiveset ting a band
path filter in the range of 500 pmto 5000 um Then, the surface 20
wavi ness [@opd]i t ude value (PV value) that is a difference between the
maxi nrum peak "hei ght and the mnimum vall ey depth of the surface

wavi ness (Wegisehe Pelidhi ep) N this regard, the surface wavi ness was
measured at each of the clanp areas of the both main surfaces and a
hi gher PV val ue ofhd behsuiihaafases\ufnigs glaswsubsigse nitbethei sacotmlatyepdishing
[ 0069] 25Then, for the glass substrates obtained in Exanples 1 to 13,
t he flol | omérsgubRasdriemlishipg (fikshigolikhiags) withdi $6B agpereotblasideHidishing
shock resistance test were conducted to neasure properties as the
gl ass subsaidhiee(niaufaturad beSpeedfea ) hig., peetiugtmaniéreD Bea 5aB-6BFht1sing a
results are shown in Table 2. [0070] [Fluttering Displacenent] 5The
cl amp ar gmliehing sturgy asigtaininpstalmidal fsiica hanmgret averagecparticla gizeea primavys
fastened and fixed to a spin stand (manufactured by Nano Test
Conpany; mirticlegofidl te)30trim asigimain cdrapgnerrearidler sofffivethhnx polishimgsgad. In the
substrate for a magnetic recordi ng nmediumwas rotated at a

pr edet er nemiady paishtrigovte thebmrishingG®smerfproadior 4 padishingttiree setgo as to obtain
di spl acenent was neasured with a | aser Doppler vibration neter

( manufactatea teyno®ab volume in a thickness direction of the upper and lower both main

surfaces of 1 um.
[0063]
<Precise Cleaning Step>
For the glass substrate after the tertiary polishing, scrub cleaning with a
20  detergent, ultrasonic cleaning in a state of being dipped in a detergent solution, and
ultrasonic cleaning in a state of being dipped in pure water were successively

conducted. Then, the substrate was dried with isopropyl alcohol vapor.
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of the both main surfaces of the glass substrate for a magnetic recording medium was

measured by a phase-shift interferometry (phase shift method) using a light source
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thereby is detected to detect the presence of an abnormal protrusion
at every recording area in a certain range including a | arge nunber
of tracks, which corresponds to the wdth of flying surface of the
head slider, on the surface of the nagnetic disk. [0075] The glide
hei ght eval uati on was conducted as shown bel ow. Nanmely, each 5 of the
magneti c recordi ng nedi a manufactured using the gl ass substrates of
Exanpl es Havirg 4 thealfingotvatedshpdii ofl 680hAL I OTherfadteese fwad A0€hstyed) at tthe clampd

for inspection having a flying height of 5 nmwas run with flying on
t he magneiress ofeleobath Agimediaces amhisktiet flamsssovasfdeseritedihd@nbler2. hit (t he
head grazed a protrusion on the surface of the magnetic recording
medi um) 0i006Tjash (the head collided a protrusion on the surface of
the 10 magnetic recording nedium of the head for inspection was
present OfThivkhess[[B¥T@jon of Clamp areaJhen, the magnetic recordi ng nmedi um
exhi biting no generation of the hit or crash of the head for
i nspedéti on was t aKen thickaessaofefitee glasn e substtatan vasc opasmred nsing 4 %ason
the glide height evaluation was determ ned. The results of the glide
hei ght 15divdaasatendrgaage Ghowfactured alby Keyenfd07q] Idb| ks  BradpL&-G15,
Eval uation of glass substrate for nagnetic recordi ng nedi um
Eval uat i oompffiemalgie®3 @0V ed ddiosigione Haing aEeniral anglerofr(8s 801, J 861 ard A7RY
area Fluttering
in total on a circumference of a radius of 12.8 mm from a center of the circular hole of
the glass substrate. The difference between the maximum thickness value and the
10 minimum thickness value of the thickness values measured (4 positions) was
determined and the value was shown in Table 2 as the thickness deviation of the clamp
area.
[0068]
[Surface Waviness of Clamp area]
15 Using a white light interferometric shape measuring instrument
(manufactured by ADE phaseshift Company, Model; Opti Flat), the surface waviness
having a period of 500 um to 5000 pum in the clamp area of the glass substrate for a
magnetic recording medium was measured by an interferometry with a white light with
setting a band path filter in the range of 500 pm to 5000 pum. Then, the surface
20  waviness amplitude value (PV value) that is a difference between the maximum peak
height and the minimum valley depth of the surface waviness was determined. In this
regard, the surface waviness was measured at each of the clamp areas of the both main
surfaces and a higher PV value of the surface waviness was described in Table 2.
[0069]
25 Then, for the glass substrates obtained in Examples 1 to 13, the following

measurement of the fluttering displacement and HDD shock resistance test were
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conducted to measure propertics as the glass substrate for a magnetic recording
medium. The measurement results are shown in Table 2.

[0070]

[Fluttering Displacement]

The clamp area of the glass substrate for a magnetic recording medium was
fastened and fixed to a spin stand (manufactured by Nano Test Company; air spindle)
through a clamp member. The fixed glass substrate for a magnetic recording medium
was rotated at a predetermined rotation number (7500 rpm) and the fluttering
displacement was measured with a laser Doppler vibration meter (manufactured by Ono
Sokki Co., Ltd., body of the meter; LV-1720A, logger unit; AU4100, control/FFT
analytical software; Repolyzer 2). In the case where the fluttering displacement is 40
nm or more, there is a concern that accuracy of writing and reading data is adversely
affected or the head comes into contact with the disk surface when the glass substrate is
mounted on HDD as a magnetic recording medium and reading and writing of signals
by a magnetic head is performed to the magnetic recording medium.

[0071]
[HDD Shock Resistance]

After the clamp area of the glass substrate for a magnetic recording medium
was fixed to a spindle part of 2.5 inch-type HDD with a clamp member through a
spacer, two sides of the side surfaces thereof were fixed to an aluminum platform of a
drop-type shock testing machine in a state that the above HDD was maintained
horizontal. Here, an acceleration sensor was placed on the aluminum platform and the
machine was constituted so as to measure the shock of the dropping. Then, after HDD
to which the glass substrate for magnetic recording medium had been fixed was dropped

10 times from the height from which an acceleration of 1100 G was to be imparted, it
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was confirmed whether the glass substrate for magnetic recording medium was broken
or not.
[0072]

Next, after magnetic recording media (for magnetic disk) was manufactured
using the glass substrates for magnetic recording medium of Examples 1 to 13, a glide
height test was conducted for evaluating the properties of the magnetic recording media.
[0073]

[Manufacture of Magnetic Recording Medium]

After the glass substrates for magnetic recording medium obtained in
Examples 1 to 13 were subjected to precision cleaning to remove surface particles, a
CoFeZrNb layer having a thickness of 150 nm as a soft magnetic layer, an Ru layer
having a thickness of 10 nm as a non-magnetic intermediate layer, and a granular
structure layer of CoCrPtB having a thickness of 15 nm as a magnetic layer for
perpendicular recording were sequentially formed to stack in this order using a
magnetron sputtering apparatus. Then, after an amorphous diamond-like carbon film
having a thickness of 4 nm was formed on the magnetic layer for perpendicular
recording method as a protective layer by a CVD method, a perfluoropolyether
lubricating film was formed on the surface by a dipping method.

[0074]
[Glide Height Evaluation]

In the glide height evaluation, the relation between the magnetic head and
the magnetic disk is reproduced using a head for inspection where a sensor for glide
height test, such as a piezo element or an acoustic emission, is provided on a head
slider. Then, when an abnormal protrusion and the like having a certain height or
higher collides with the head slider of the test head, an over vibration energy generated

thereby is detected to detect the presence of an abnormal protrusion at every recording
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area in a certain range including a large number of tracks, which corresponds to the
width of flying surface of the head slider, on the surface of the magnetic disk.
[0075]

The glide height evaluation was conducted as shown below. Namely, each
of the magnetic recording media manufactured using the glass substrates of Examples 1
to 13 was rotated at a rotation rate of 7200 rpm, the head for inspection having a flying
height of 5 nm was run with flying on the magnetic recording medium, and it was
confirmed whether hit (the head grazed a protrusion on the surface of the magnetic
recording medium) or crash (the head collided a protrusion on the surface of the
magnetic recording medium) of the head for inspection was present or not.
[0076]

Then, the magnetic recording medium exhibiting no generation of the hit or
crash of the head for inspection was taken as an accepted one and an acceptance rate
(%) on the glide height evaluation was determined. The results of the glide height

evaluation are shown in table 2
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[0077]
[Table 2]
Evaluation of
Evaluation of glass subsirate for magnetic recording medium magne.tlc
recording
medium
Example Evaluation results of clamp area Fluttering HD].) shock Glide he.lght
resistance evaluation
Thickness Surfar.;e WavIness Displacement Cn.wk Acceptance rate
Flatness [pum] deviation [um] amplitude value [om)] generation rate (%]
[nm] [*4]
1 0.2 0.0 4.8 20 0 97
2 0.3 0.1 4.1 22 0 95
3 0.5 0.2 4.6 23 0 95
4 0.7 0.2 5.3 26 0 92
5 0.2 0.1 3.0 22 0 95
6 03 0.0 5.4 23 0 96
7 0.2 0.0 34.6 21 10 96
8 0.4 0.2 21.0 25 10 94
9 1.1 0.1 4.7 43 20 62
10 1.3 0.1 6.3 46 40 47
11 1.8 0.2 5.4 52 50 40
12 0.3 0.4 5.2 38 20 59
13 0.5 0.6 5.6 45 20 48
[0078]

As is understood from Table 1 and 2, in Examples 1 to 8, since the flatness

of the clamp area is 1 um or less and also the thickness deviation of the glass substrate

in the clamp area is 0.3 um or less in the main surface, the fluttering displacement is

suppressed within a small range when each of the glass substrates for a magnetic

recording medium is fastened and fixed on HDD with a clamp member and then rotated

at a high speed. Moreover, the magnetic recording media manufactured using these

glass substrates for a magnetic recording medium exhibit excellent properties in the

glide height evaluation.

It is considered that this is because the fluttering displacement

decreases when the magnetic recording media are rotated at a high speed and the flying

posture of the magnetic head is stabilized.

[0079]
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Furthermore, in Examples 1 to 6, since the surface waviness amplitude
value of the clamp area is decreased to be as extremely small as 20 nm or less, local
stress concentration in the clamp area is relieved at the time when the shock of the drop
or the like is imparted to HDD and, as a result, the shock resistance of the glass
substrates is increased, so that the crack generation rate in the HDD shock resistance
test of each of the glass substrates for a magnetic recording medium is 0%.

[00807]

On the other hand, in Examples 9 to 11, in at least one of the main surfaces,
the flatness of the clamp area exceeds 1 pum. Moreover, in Examples 12 to 13, the
thickness deviation of each of the glass substrates in the clamp area is a value which
exceeds 0.3 um. Therefore, in Examples 9 to 13, the fluttering displacement is large
when each of these glass substrates is installed in HDD with fastening and fixing with a
clamp member and is rotated at a high speed. Moreover, the magnetic recording media
manufactured using these glass substrates for a magnetic recording medium exhibit low
values of the acceptance rate on the glide height evaluation. Furthermore, the crack
generation rate of each of the glass substrates for a magnetic recording medium in the
HDD shock resistance test is also large.

[0081]

In Examples 1 to 6 and Examples 9 to 13, in the primary polishing step,
since the polishing is conducted under conditions that the groove depth of the polishing
pad is 0.8 to 1.0 mm and the clearance between the hole diameter of the polishing
carrier and the outer diameter of the glass substrate is 1.7 mm, the circulation of the
polishing slurry is good and the autorotation of the glass substrate in the polishing
carrier hole is sufficiently achieved, so that it is considered that uniform polishing is

effected and waviness on the main surface of the glass substrate is decreased.
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20 59 13 0.5 0.6 5.6 45 20 48 [0078] As is understood from Table 1
and 2, in Exanples 1 to 8, since the flatness 5 of the clanp area is
1l i.tmor less and also the thickness deviation of the glass
substrate in the clanp area is 0.3 1.1mor less in the main surface,
the fluttering displacenent is suppressed within a small range when
each of the glass substrates for a magnetic recording nediumis

fastened and fixednafe IdidrMahh, i Ekafiplesynibes, e thbeiolisihatiedoluced
hi gh speed. Moreover, the nagnetic recordi ng nmedi a manuf actured using

these 10 HddsSoriiisris’ hhethel @bove dRGMOL ke pARBRING Mg BEH] ten0Rxhinbbid the
excel l ent properties in the glide height evaluation. It is considered

t hat t hi scléfakieuseent the Holddiatkich @f dispdlRtRiFaniricetidans eatemdtaindtéreof
magneti c recording nmedia are rotated at a high speed and the flying

posture oheghes sEghekiic 02aanh, tig milishing izahdufted 1P} state that the circulation of
Furthernore, in Exanples 1 to 6, since the surface wavi ness anplitude

val ue sof thbeoliklanp shreaid msdiftieasnd the abwraatiaxof ehelglass rabdtrates i the
nmor |ess, |local stress concentration in the clanp area is relieved

at the tipstisiingncdriier Bblecls wit ¢ty dichjeved, dohehat iikés icondidqred tthal wrofordD
and, as a result, the shock resistance of the glass 5 substrates is
i ncr easedyolishing iahot dffectidanid thands priconed ateaiwhetrd surfoD vevineks is locally
resi stance test of each of the glass substrates for a magnetic
r ecor di ngnoreasedrfrirs a @t JfORBMher peripheral parOo thh énsideheli thé sl sirface of the
Examples 9 to 11, in at |east one of the main surfaces, the flatness
of the clgdags sabgmtexceeds 1 um Mreover, in Exanples 12 to 13, the
10 [0082]
The present application is based on Japanese Patent Application No. 2011-
255069 filed on November 22, 2011, and the contents are incorporated herein by
reference.
[Industrial Applicability]
15 [0083]
According to the glass substrate for a magnetic recording medium of the
present invention, in the case where the glass substrate is mounted on a magnetic disk
device, there can be provided a magnetic disk device which prevents troubles such as a
head crash to be generated on HDD, improves shock resistance of the magnetic

20  recording medium, and is capable of increasing recording density and highly reliable.

[Description of the Reference Numerals]

{0084]
10 ... Glass substrate for magnetic recording medium,
11 ... Circular hole,
25 101 ... Inner peripheral side surface,

102 ... Outer peripheral side surface,
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10 thickness deviation of each of the glass substrates in the clanp
area is a value which exceeds 0.3 um Therefore, in Exanples 9 to 13,
the fluttering displacenent is |arge when each of these gl ass
substrates is installed in HOD with fastening and fixing with a clanp
menber and is rotated at a hi gh speed. Moreover, the nagnetic
recordi ng nmedi a manuf actured using these glass substrates for a
magnetic recordi ngoedifimsaxhédit | ow 15 values of the acceptance
rate on the glide height evaluation. Furthernore, the crack
generation rate ofpeacthaifeicdgattl ass substrates for a magnetic
recording nmediumin the HDD shock resistance test is also |arge.
[0081] In Exanpl espsl, t@afpaneh, Exanples 9 to 13, in the primary
pol i shing step, 20 since the polishing is conducted under conditions
that the groove dspthUppertpherol i shing pad is 0.8 to 1.0 mmand the
cl earance between the hole diameter of the polishing carrier and the
out er sdi anet er of 40 heL@gv@g8atenlbstrate is 1.7 nm the circul ation of
the polishing slurry is good and the autorotation of the gl ass
substrate in the polishing carrier hole is sufficiently achieved, so
that it is considered that uniform polishing is 25effected and

wavi ness on the main surface of the glass substrate is decreased.

On the other hand, in Exanples 7 to 8, since the polishing is
conduct ed under conditions that the groove depth of the polishing pad
is 0.1 to 0.2 mmand the cl earance between the hol e dianeter of the
polishing carrier and the outer dianeter of the glass substrate is
0.2 mm the polishing is conducted in a state that the circul ation of
5 the polishing slurry is insufficient and the autorotation of the

gl ass substrate in the polishing carrier hole is not easily achieved,
so that it is considered that uniformpolishing is not effected and
there is generated a area where surface waviness is locally increased
froma part of the inner peripheral part to the inside of the main
surface of the glass substrate. 10[ 0082] The present
application is based on Japanese Patent Application No. 2011- 255069
filed on Novenber 22, 2011, and the contents are incorporated herein
by reference. [Industrial Applicability] 15[0083] Accordi ng
to the glass substrate for a magnetic recordi ng nedi um of the present
invention, in the case where the glass substrate is nounted on a
magneti ¢ di sk device, there can be provided a nagnetic di sk device
whi ch prevents troubles such as a head crash to be generated on HDD,

i nproves shock resistance of the magnetic 20 recording nmedium and is
capabl e of increasing recording density and highly reliable.

[ Description of the Reference Numerals] [0084] 10 ... d ass substrate
for magnetic recording medium 11 ... GCrcular hole, 25101 ... Inner
peri pheral side surface, 102 ... Quter peripheral side surface,
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103 ... Main surface, 104 ... Chanfered part, 105 ... Canp area, 30
. Upper platen, 40 ... Lower platen. [Designation of Docunent]
Clains [Caim1] A gl ass substrate for a magnetic recording
medi um havi ng a di sk shape, having a circular through hole at a
center thereof and having one pair of main surfaces facing to each

ot her, wherein, in the main surfaces, a clanp area

i ncl udi nqmﬁigﬁﬁi&ﬂ@bé&mﬂﬁﬂf askghed with a fastening nenber at the

time when thé magnetic recording nediumis fixed to a hard disk drive
has a flatpggs;jof 1 pmor less and a thickness deviation of 0.3 um or
less. [Caim 2] ~ The glass substrate for a nagnetic

recordi ng medi um AcAek MBSO f& AntAchetidMRbRIAY h@iv, HaVaHESa idiskOshapslM
or less. [Caim3] _ The gl ass substrate for a magnetic

recor di NGhafiRgi aTt Al AhupE hbR o laddefier fchdf'@tﬁTa@ltlﬂlaWi\? drkaafesSmais sArfhcdsm
or less. [Caimd4] The gl ass substrate for a magnetic

recor di ngy tosacReaREdi ng to any one of clainse 1 to 3, wherein, in
the main surfaces, the clanp area has a surface wavi ness anplitude
val ue of 20 nm orwh&sis, ih Chéinai®]surfaces, a clampheed ivdsdisg bsposfien t@bea

magneti c recordi ng nedium according to claim4, wherein the surface
wavi ness fastgtet twidle a \fadteréing snebibena e tirgs svheh Chainapfdtic recording medium is
fixed to a hard disk drive has a flatness of 1 pm or less and a thickness deviation of 0.3
um or less.
[Claim 2]

The glass substrate for a magnetic recording medium according to claim 1,
wherein the flatness is 0.7 pm or less.
[Claim 3]

The glass substrate for a magnetic recording medium according to claim 2,
wherein the flatness is 0.5 pm or less.
[Claim 4]

The glass substrate for a magnetic recording medium according to any one
of claims 1 to 3, wherein, in the main surfaces, the clamp area has a surface waviness
amplitude value of 20 nm or less.

[Claim 5]

The glass substrate for a magnetic recording medium accbrding to claim 4,

wherein the surface waviness amplitude value is 10 nm or less.
[Claim 6]
The glass substrate for a magnetic recording medium according to any one

of claims 1 to 5, wherein the thickness deviation is 0.2 pm or less.

[Claim 7]
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The gl ass substrate for a magnetic recordi ng medi um accordi ng to any
one of clainms Ito 5, wherein the thickness deviation is 0.2 um or

|l ess. [Caim7] The gl ass substrate for a nmagnetic

recordi ng medi um according to any one of clainms 1 to 6, wherein the
clanp area is, in the main surfaces, a ring area present at a central
side froma circunference of a circle which has a dianeter being 128%

of a dianeter of thegkhkd ﬁiblsﬁtitetf&fé)ﬁﬁﬁn&w &c&aﬁlgvm(ﬁmﬂ SocbRIMELRY drlyCone

with the circular through hole. [C arm 8] A magnetic
recor di NGffERAMIMtH %, Metoett@! dssp sl sd, ﬁ@u@ Ifxélh sArfARENeHhE afe@GRésdhig a

medi um according to any one of clains 1 .
central side from a circumference of a cxrcle whlch has a diameter being 128% of a
diameter of the circular through hole and which is concentric with the circular through
hole.
[Claim 8]
A magnetic recording medium using the glass substrate for a magnetic

recording medium according to any one of claims 1 to 7.
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