[ 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 5[ Techni cal Field] [0001] The present invention rel ates
to a glass substrate for a magnetic recordi ng medi um and a magnetic
recordi ng nmedi um [ Background Art] 10[ 0002] Al um num al | oy

substrates have hitherto been used as substrates for magnetic

recor di ngpEEghAidnbMFodisRM )l 0paEHaARsh C recording devices and the
| i ke. However, with a demand for high density recording, glass

subst r at gyithayendrienRod i Nstream which are hard as conpared with
the alumnum all oy substrates and excellent in flatness 15and

smoot hnesSLAS9ROBSTRATE FON MAGREENC RIEORPEYGMEDTUNM ahay MAGRELINg

density and high speed rotation of the magnetic recording nedia, a

phenomen@®EMARDINGEBVIEDIDOGEUr nore frequently than ever before in
whi ch magnetic heads | ose sight of servo information in which 20

radi us/ t T@edhnR@bFleldn i nformation of the magnetic recording nedia is
recorded to generate read/wite errors. [0004] The generation
of such errors[fbeg]been considered to be caused by a mechani cal

vibration due to the occurrence of disk flattering associated with a

25 narrow ng ofTht hRedehfGkventioh Relatty abvedlds shbgfatd €508 dhaidele R&ddding
and associated with high speed rotation.
medium and a magnetic recording medium,
[Background Art]
10 [0002]

Aluminum alloy substrates have hitherto been used as substrates for magnetic
recording media to be used for magnetic recording devices and the like. However,
with a demand for high density recording, glass substrates have become mainstream,
which are hard as compared with the aluminum alloy substrates and excellent in flatness

15  and smoothness.

[0003]

With recent realization of higher recording density and high speed rotation of
the magnetic recording media, a phenomenon has come to occur more frequently than
ever before in which magnetic heads lose sight of servo information in which

20  radius/track position information of the magnetic recording media is recorded to
generate read/write errors.

[06G04]

The generation of such errors has been considered to be caused by a
mechanical vibration due to the occurrence of disk flattering associated with a

25 narrowing of the track width involved in high recording density and associated with

high speed rotation.



[ 0005] For this reason, in order to suppress the generation of
such errors, it has been conducted to suppress the occurrence of
flattering, for exanple, by using materials having a high specific
nodul us as materials of the glass substrates for magnetic 5
recordi ng nedi a. The specific nodul us neans the val ue obtai ned by

di viding the Young's nodulus by the density of the glass, and the

val ue serving geo@sjgui deline for representing characteristics of

| i ght weight and high strength or |ight weight and scarce

def ormabi | i ty. FHiithisiréasof) @i dtaéit ©F supbess thefgenératdod of sgcH &ieors e @b béen
Young's nodul us. [0006] 10Further, Patent Docunent 1 describes a

met hod f onticdelli€d RAppredl B@Soulshdeabe fllfdring, Mg BRirhpledbg kisiai flaterials
decreases errors of servo information recorded in a magnetic

recor di nthatipgi wrhivhepetisiedmadulas har ghadiisls O tleekkes isbsttt@ &sSmagnetic
substrate for a magnetic recordi ng medi um having symetry in a

t hi ckfessecbrdiagtmedia The Bpecific eaedubisrineets trngdue Ihtdildal bgrdividihgAtte
Docunent s] [ Patent Docunents] [0007] Patent Docunent

1: JP- A- 20ddamg ks adSuihiSbmihe demsitytdfahd gieegtandnhe 28hErsebligirss 4 aldelihe for
I nvention is to Solve] [0008] As descri bed above, the nethods
for suppreasiengng beargatagstisiodtighf weighoasl igh shengthgnéiphcweighoant sigree
nmedi a have hitherto been studi ed. However, the generation of errors
can not llefesmbbilicy. erlfliyissheppinafesatko refeeed breassthe spepifid ¥Yoangis afvldehsof
generating errors 25 when used as the magnetic recordi ng nedi a.

[ 0009] [0006]

10 Further, Patent Document 1 describes a method for producing a glass substrate
for a magnetic disk which decreases errors of servo information recorded in a magnetic
recording medium when used as a hard disk by selecting a glass substrate for a magnetic
recording medium having symmetry in a thickness direction within a predetermined
range.

15  [Background-Art Documents]

[Patent Documents]
[0067]
Patent Document 1: JP-A-2010-277679
[Summary of the Invention]
20  [Problems that the Invention is to Solve]
[0008]
As described above, the methods for suppressing the generation of errors of the
magnetic recording media have hitherto been studied. However, the generation of

errors can not be sufficiently suppressed, and there is still a problem of generating errors

25  when used as the magnetic recording media.

(0009]



In view of the problens of the above-nentioned prior art, it is
therefore an object of the present invention to provide a gl ass
substrate for a magnetic recording nedium having a | ow i nci dence of
errors when used as the magnetic recordi ng nedium 5[ Means for

Sol ving the Problens] [0010] In order to solve the

above- nenti oned problem the present invention provides a gl ass

substrate for gnnREREI e PREGEAS W (B AbsB-mUNESRE Drith e, an iRl &n
value of a difference between 10a fl atness determ ned by supporting

bot h di argyjdct Galthey pRRBASINDEIRA0R PRYIdeON §lasPbubshBteOtoR SSmaphstcr Rb& iy
a magnetic recordi ng nedi um from an undersi de surface thereof,

appl yi ng rgedi@fd haingNa UBREincidbht@F &tord WEH 1add ROTthe ARagietit NRcAIASS
substrate for a nagnetic recordi ng nmedi um for 48 hours, followed by

renovi ng hdguhoad, and perform ng neasurenent at a tinme when 5 hours
have el apsed since the renoval of the 15l o0ad, and a flatness before

appl ygng [Mbqng RA%ohindelimeblems] an anel asticity deformation amunt A
the anelasticity deformation anbunt Ais 4.2 nmor |ess. [Advantages

of the Inventi¢pj1040[ 0011] The invention provides the glass substrate
for a magnetic recording nmedium which can return to its original

formw thin a piegRles FbINe thedolveshafiohédBroBlegt) thh preséle fipveition BYovides
application of a load to the magnetic recordi ng medi um Accordingly,

even when didye simgAct o€ 2 eaed: RGormel theting, Pdeleng ateAafl abioletd valicafa
cassette to cause 25 deformation of the glass substrate for a
magnet i ¢ difgg@icdibagyésrdi um i n shi pping, the glass substrate returns to
its original formuntil the linme when servo information is
10 a flatness determined by supporting both diametrically opposing edge portions
of the glass substrate for a magnetic recording medium from an underside surface
thereof, applying a load on an upper surface of a central portion of the glass substrate
for a magnetic recording medium for 48 hours, followed by removing the load, and
performing measurement at a time when 5 hours have elapsed since the removal of the
15  load, and

a flatness before applying the load
is defined as an anelasticity deformation amount A, the anelasticity deformation amount
Ais 4.2 pm or less.

[Advantages of the Invention]
20 [0011]

The invention provides the glass substrate for a magnetic recording medium,
which can return to its original form within a predetermined pericd of time even when
deformed by application of a load to the magnetic recording medium. Accordingly,
even when the magnetic recording medium is packaged and fixed in a cassette to cause

25  deformation of the glass substrate for a magnetic recording medium in shipping, the

glass substrate returns to its original form until the time when servo information is



witten therein, and the servo information can be recorded at a
suitabl e position of the magnetic recording nmedium It becones
therefore possible to suppress the generation of subsequent errors
(read/wite errors). [Brief description of the draw ngs] 5[0012]
Fig. 1 is adiagramfor illustrating a neasuring flow of an

anel asticity deformation anmount in a first enbodi ment according to

t he i nvenyiitm. therein, and the Fdr@6 .infdrAaticinchnebrecededvay & eusatil® position of the
illustrating a | oad application process in nmeasuring an anelasticity

def or mat impagnati®isebrding tmelllunst R ibbasthesetherefize poshitlg td supphess the generation
10i nvention. [Mddes for Carrying Qut the Invention] [0013]
Enbodi nenrifsubisequenaeryisigeadbiriteleerorf)venti on will be descri bed bel ow
W th reference to the drawi ngs. However, the invention should
not be c{Bstf dscrigionbeithgddblingd]ted to the fol |l owi ng enbodi nents, and
various nodifications and substitutions can be nmade thereto w t hout
deparfing from@He]scope of the invention. [0014] [First Enbodi nent]
In this enbodi ment, a glass substrate for a magnetic recordi ng nmedi um
of the 20i nvenfignl visl & degrdmsdon lboirafiff) BS medheingnlent of sarofantlhgicity
i nvention have studi ed causes for the generation of readout errors in
t he magndefocmatbaoamouny ime dirstrenehoedimerttencoading tetheakvendioing a hi gh
Figs. 2(a) and 2(b) show views for illustrating a load application process in
measuring an anelasticity deformation amount in a first embodiment according to the
10 invention.
[Modes for Carrying Out the Invention]
f0013]
Embodiments for carrying out the invention will be described below with
reference to the drawings. However, the invention should not be construed as being
15  limited to the following embodiments, and various modifications and substitutions can
be made thereto without departing from the scope of the invention.
[0014]
[First Embodiment]
In this embodiment, a glass substrate for a magnetic recording medium of the
20  invention will be described. .
[0015]
The inventors of the invention have studied causes for the generation of
readout errors in the magnetic recording medium even when a material having a high
specific modulus is used as a material of the glass substrate for a magnetic recording

25 medium. The specific modulus means the value obtained by dividing the Young’s

modulus by the density of the glass, and the value serving as a guideline for



specific modulus is used as a material of the glass substrate for a
magnetic recording 25 nmedium The specific nodul us neans the val ue
obt ai ned by dividing the Young's nodulus by the density of the gl ass,
and the value serving as a guideline for representing
characteristics of |ight weight and high strength or |ight weight and
scarce deformability. This is hereinafter also referred to as the
speci fi c r¥piengiting rohahtakiesistiodofdighe sueidht and hivhstoegth dr dightl welzht and ecapde
the causes is that when the nagnetic recording mediumis deformed in
a transpalef@iriabilitgt ephistibh desdnafier ialdoorefmtedon dsstherspedifio Yduapds modulus.
S5before the deformation is sufficiently recovered, thus leading to
conpl et i ks ofesthgeit has/esenifomd ha0d&E] of the caused 13 thypevereal the agnetgreedrdmg
recordi ng medi um obt ai ned by form ng a magnetic |ayer and the |ike on
a surf acenafivhhie dgfasedsnbstrampertitom steprateativo infcmatdomgs weiien thérsin
10 put in a cassette so as not to contact with another nmagnetic

r ecor fli ngpefoeelithendefarntatien ipsuffimerdlypackegedgthosdeaimeto woohgietioadel det
pressure, and shi pped and transported to a plant for the manufacture
of hard dbshktidni ves. When the magnetic recording nediumis
transported, the nmagnetic recording nmediumis further put in the
packagi ng cont #0®€r] (packi ng) under reduced pressure although it is
put in the cassette. Accordingly, the 15 magnetic recordi ng nedi um
may be def or medn lggnerph|the atagoetiotecarding diedjudd phjained by forTiing a mhgmatic
transportation to the plant for the manufacture of hard di sk drives,
t he magnéayierandtherldierng amvafagerof thetgldes sulninateofor & mgoeiss wreonlingmgdium is
assenbled to a hard disk drive. The servo information is witten

t her &0 n, pfibinl »ersdettsysos abheidoi aggtach with2opthat meenetc reeending 0odi@in, \taier
the magnetic recording mediumis defornmed by applying the |oad at the
ti me of prawspprekagingreoatrings sndehwduedsopressutdhand shigped and frensegripg to a

taking it out of the ] i ) ) o
plant for the manufacture of hard disk drives. When the magnetic recording medium is

transported, the magnetic recording medium is further put in the packaging container
(packing) under reduced pressure although it is put in the cassette. Accordingly, the
15  magnetic recording medium may be deformed by application of a load.

[0017]

Then, after transportation to the plant for the manufacture of hard disk drives,
the magnetic recording medium is taken out of the cassette, and assembled to a hard
disk drive. The servo information is written therein, followed by subjecting to a

20  read/write test.

[0018]

When the magnetic recording medium is deformed by applying the load at the
time of transportation as described above, the load is removed by taking it out of the
cassette. Accordingly, the magnetic recording medium gradually returns to its original

25  form during this step.

[0019]



cassette. Accordingly, the magnetic recordi ng nedi um gradual |y
returns to its original 25formduring this step. [0019]

Usual ly, the servo information is witten in the magnetic recording
medi um after about 5 to 12 hours after being taken out of the
cassette. However, when the magnetic recordi ng nedi um does not
sufficiently return to its original format this stage, a position in
whi ch the servquévaflpr MetdetRd MESnReRA Wirte@Nin! Getihfineat r8fordinghadiash
For 5 this reason, the position in which the servo i nfornmation has

been wri tifRR sHOU REI2 HRDuEAMES By eRBEI0At b Mhedbasedttedr HoWl @20 hen the
Furt her, causes for the generation of readout errors in the magnetic

recor di ngm#a@etis fachaNes heeRinsddsd inddsuffisietly Rtuthlte itk brigﬁx%l Regat gy eabed
that the speed at which 10 the magnetic recording nediumreturns to

its ori gidyadsitfoarimvaggetdsent ihfoemaned Bad bezh tiritekalio tieddren dapheed. Ofor
the gl ass substrate for a magnetic recordi ng medi um because the

magnesi c thig GedsdhNthe SitloM inSwhih ahé 8ekvBVinf@mati®id had Bediaghigieh GlehRYR to
and the like on the surface of the glass substrate for a magnetic

recor di n@gai®dheigenctRALf edbEhe i nvention intends to surely suppress
the generation of readout errors in the magnetic recordi ng nedi um
obt ai ned by fof®m20y the nmagnetic layer and the like on the surface of
the gl ass substrate for a magnetic recordi ng nmedium by adjusting the

anel asticity detahemtages foratiaigederafiord bEregiagsereudii that@adretic ascording
magnetic recording nediumto 4.2 p.mor |ess. 20[0022] Bot h
opposi ng nedifen havd besasstadied.heAghassuls ubkdsriadker révaled thagthetspeed at which
recordi ng medi um are supported from an undersi de surface thereof, and
a | oddl i sheegppirietid recording wypgkum seitufrace iof oripiesd fomalleads oanhé esdlastiaity
region including the center) of the glass substrate for a magnetic
r ecor di ngefoedation froourtSofitbe ztass fsobdtravee thrlay magmaici regorting ineditm, Medhrse
anel asticity deformati on amount A as used herein is the absolute
val ue of thehmagmeiif frenoediog nieelivwe énobthmefl Ibatfoesing dbe miagndticnieyerhed the like
hours have el apsed since the renoval of the |oad and the fl atness
bef or e applthe sugfacchet the ghss substrate for a magnetic recording medium.

[0021]

15 The invention intends to surely suppress the generation of readout errors in the
magnetic recording medium obtained by forming the magnetic layer and the like on the
surface of the glass substrate for a magnetic recording medium, by adjusting the
anelasticity deformation amount A of the glass substrate for a magnetic recording
medium to 4.2 pm or less.

20 [0022]

Both opposing edge portions of the glass substrate for a magnetic recording
medium are supported from an underside surface thereof, and a load is applied on an
upper surface of a ceniral portion (central region including the center) of the glass

substrate for a magnetic recording medium for 48 hours, followed by removing the load.

25  The anelasticity deformation amount A as used herein is the absolute value of the



[ 0023] Here, when the anelasticity deformati on anount A is nmeasured,
the load is 5 applied to the glass substrate for a nagnetic
recordi ng medium for 48 hours. This is based on the tine generally
taken from packagi ng and shi ppi ng of the nagnetic recording mediumto
openi ng of the package for assenbling of the hard disk drive.

Further, in the case where the anelasticity deformation anounts A to

C descri hfffeleptEbetb s R IR at the titRSVRET &R havdBEhsei dince RRNEMSVAIN
flatness are saturated at the tine 10 when the load is applied for

about 16 J79ke Rall @hd BlelflBNRS Beforgiplydhethe 1601, this reason, the |oad
has been applied for 48 hours fromthe viewpoint that the changes in
flatness are sgpgryted to cause no changes in flatness even by |onger
application of the |oad. [0024] Further, the flatness after 5 hours
after the rend\ddre OfvhéMehd Rddastisity defbringtion motanmpals s@asurdth Ghel$eadt Re
time taken fromthe opening of the package of the nmagnetic recording
medi um t @ppliéd im@e%ﬂasb abseke/ fori avnegiehti recbriing reedium ot 88 doliys. alThik isS
to 12 hours. In order to suppress errors, the glass substrate for a
magnet i ¢ basgiobali thy tireeli goieiallyr@et T tpackaping Aand ashigBngd rof gihe atagr@tion
during this period of tinme to such a degree that subsequent
di spl acenedikdidgetediah OSRnMgPsOMeepackfY 00 2stembling of tHeeharaldisk Ofive.
the anelasticity deformation anobunt A may be any as long as it is a
val ue al [Fawaél, én eiecsasevidiret the agblastiity ulesdriation fagionatsnRgm €l described later
recording nediumis displaced after the servo information has been
r ecor ded arean@adule], viahasebezh dohéirmedkias chaigey inl dhtiespirecatamodint th iime
4.2 pmor |ess as described above. The anelasticity 25defornmation
amouhl  Awihen phiecioed &dpplidd Corpboutolrs hemssior atl piaspeelfsen@bl yF&. thispaason, the
| ess, and particularly preferably 3 O p.mor less. Incidentally, the
| ower | i iedd haalbeen appliddefor 48 dloasst framttie defoirmtthairithanbbanges M flstnssparen
The sane can be said for the other anelasticity deformation anounts B
and C. [ 64f}edRurchiremo dhiaegdsan flatyegsosiendpydokger ppplicatos obthetidesl. gl ass
substrate for a magnetic 5 recordi ng nmedium are supported from an
under si de surf 24t hereof, and a |l oad is applied on an upper surface
of a central portion (central region including the center) of the
gl ass subst r at Burftisar, thenflginetsi aftar et bodisraftendhié wemd il ofghtdoadss used for
foll owed by renoving the | oad. The absol ute value of the difference
bet wifen témapdrisannbesuse thettone kaken Jfivem te: opaming bathe reckagseel &ienmagnetie
renoval of the |load and the flatness at the 10 tine when 48 hours
have el apsediing mediunhéo peitingalf thé servie information dhefeim sdususlly bout 5 to 12
anel asticity deformation amount B. In this case, a nmagnetic recording
medi um oho®s.0 I ardertolsapgressrertans thnghsssuibsiraty faafroagngtic sveozdivg medRm
may be preferable.

is required to return to its original form during this period of time to such a degree that

subsequent displacement does not pose a problem.
20 [0025]
The value of the anelasticity deformation amount A may be any as long as it is
a value allowable even when the glass substrate for a magnetic recording medium is
displaced after the servo information has been recorded, and the value of the anelasticity
deformation amount A is 4.2 um or less as described above. The anelasticity
25  deformation amount A is preferably 4.0 pm or less, more preferably 3.5 pm or less, and

particularly preferably 3.0 pm or less. Incidentally, the lower limit value of the



[ 0027] The anelasticity deformati on anount B neans a deformation
amount between 15 the tinme when 5 hours have el apsed since the
renoval of the |oad and the tine when 48 hours have el apsed since the
renmoval of the | oad For this reason, the | ower value thereof neans
the smal | er amount of displacenent after the servo information has
been witten in the magnetic recording nmediumat the tine when 5

hours havﬁleﬁlsﬁd?@egefﬁhﬁﬁ?ont heot®MRVAl Oqim.t hehd Qafle 22002 8hid for the other
Accordi ngly, thé anmount of displacenent after the servo infornmation

has been afeiabt @ deforkiiBonB8RBEK B 4RO di ng nedium i s decreased by
allowing the anélasticity deformati on anount B to neet the
above- ment i onedqpggyui renent, and it becones possible to suppress the
generation of errors nore when used as the nagnetic recording 25

medi um [ 0029] Further, the botﬁ%pé!s’iﬁg{'@c_iébf pdrienPerihe ldssishivstdes o rﬁeﬁlgﬂﬂ:tic
In

anount B may be any as long as it is a value all'owabl e when reading
and Wit irB@rdihg dA¢Budr SrePQIPpOFE® drod tAr uideeside sMFadenfHREdoRt b ahRBd is
been written in the magnetic recording medium and as described
above, | tapplSedidrLhre tptr Yudadt ¢ Déenbi@bfortibh§cchi@l AptdnCintdndiRf e BBAtEQ T
amount B 1s nore Spreferably 2.5 mor less, and particularly

pref er abliye 2ldds BuBstrdt€sr 4 QP@etic recordinf Unkli@iiTgse 48t heurbOtdllowed by
opposi ng edge portions of the glass substrate for a magnetic

r ecor di ngeri®dhg fhealoads uPhe rbasutt naleask tedeffeiete: Betieas ehd Nemeaf at taad
a load is applied on an upper surface of a central portion (central

regi on i gigleusthéips tHaersCldvieadlapsdd sindé therfengdvab sf shebhd ahe theoFlamess at the
magneti c recordi ng medi um for 48 hours, followed by renoving the

| oadi0 Theinfel ahareds kdurk have ielapssheincd thouemotdlvel dealpadds sdefiged tabethe
removal of the load is defined as an anel asticity deformati on anount
C, whi chahdaspice§ defobiytién dmbwarB.| elisthis] 36Q 14 midddie rscmbingrmadihmentd.0
the anelasticity deformati on anount C shows the smaller flatness at
t he ti meuwh@ries ihther sehanetyedcdpsedionianmant Benaydreaopraferaifie.t he | oad. The
gl ass substrate for a magnetic recording nedi um satisfying such a
par anet er showl)02iht t he deformation anount is snmall, despite the
application of the load for 48 hours, and/or that the flatness is
recovered at tTHee anclastiettedeforhetiors ainave BInapeed deforoativhamenobaiveat
20 the | oad. Accordingly, even when the servo information is witten
in t¥e ntgnme wheref dodisigverekipsac smcetthe ranomel whthe 16adad the hiaveewhen 48
el apsed since the renoval of the |oad, the anmount of subsequent
def or mat hans dkve hlapsddasisess thestensivel bHthealoadgnEen thiv smeemithe lomeeti vaiué s
small, and it becones possible to suppress the generation of errors.
thereof means the smaller amount of displacement after the servo information has been

written in the magnetic recording medium at the time when 5 hours have elapsed since
the removal of the load.
20 [0028]

Accordingly, the amount of displacement after the servo information has been
written in the magnetic recording medium is decreased by allowing the anelasticity
deformation amount B to meet the above-mentioned requirement, and it becomes
possible to suppress the generation of errors more when used as the magnetic recording

25  medium.

[0029]



[ 0032] 25Met hods for measuring the above-nenti oned anel asticity
deformation anobunts Ato Cwll be described wth reference to Figs.
1 and 2. [0033] Incidentally, in the follow ng description,
in Fig. 1, the flatness at each tinme is expressed as F(x h). In the
fornmula, x represents the elapsed tine fromthe renoval of the |oad,
on the basis of the time (0 h) when the load is renoved. Further, the

time 5 before Theeahweast the afiamiRd denaxpiregs@cht B/ may deSny R long as it is
exanpl e, therefore, F(-48 h) shows the flatness before 48 hours from

the renowvalaled alib@ableaghed hedding abd vaitihg bhdathl atnestrokd tdfer ghaservo
substrate for a magnetic recording nmedium before the load is applied.

[0034] 1@Horaitionahdd dverofwriteasis demagnftict Reomive) asddiveh,t ¥ndlef ates@iean
anount will be described using Fig. 1. [0035] In the

measur emabve, ithie pkdfatabBs.0 fim 481d33. Ofhd Airiaglicissdundtiont @nd it Bais more
magnetic recording nediumis first neasured before the load is

appl i £d, paserabigvs um & lgss, ind pdrdcdlarly preifertbloR.( fth driiedsi g. 1) .
Thereafter, the load is applied to the glass substrate for a nagnetic
recordi ng nmedi e030pr 48 hours by a nethod described later. This is
because the tinme taken from packagi ng and shi ppi ng of the nagnetic
recordi ng nedi Borthentone thpelwith goppbsihb eedpagioaidensi of alixo gtasd Subatates fomaa
common hard di sk drive assenbling step. Further, as described above,
it has bemgnettenktendbg meditmchranggeried ffoheidmeskradess filca tlatrad, 201 a mhd
the tine when the load is applied for about 16 hours for all glass
subst r at ssapplibé oglaasgppsubsfacatod s @ntalcmrpbre{cehiraldegmnmedpdingdhe téiter)
reason, the |oad has been applied for 48 hours fromthe vi ewpoi nt

t hat 1@ heof lengless isnbstlatet fimss magnesatrecadieg medivaufe 45 hohmndeldovad by
fl at ness even by the | onger application of the | oad. [0036] 25After
48 hour srenmovingklzpbad, The flatzads ias the timeewhén Behpos ftavefelfBded ismcFithe
1), and the flatness is neasured again (the point of (3) in Fig. 1)
at the tiemwvwhef tBe Hoad ¢s defined as an anelasticity deformation amount C, which is

preferably 5.5 um or less.
[0031]

15 The sﬁlaller value of the anelasticity deformation amount C shows the smaller
flatness at the time when 5 hours have elapsed since the removal of the load. The
glass substrate for a magnetic recording medium satisfying such a parameter shows that
the deformation amount is small, despite the application of the load for 48 hours, and/or
that the flatness is recovered at the time when 5 hours have elapsed since the removal of

20  the load. Accordingly, even when the servo information is written in the magnetic
recording medium at the time when 5 hours have elapsed since the removal of the load,
the amount of subsequent deformation of the glass substrate for a magnetic recording
medium is small, and it becomes possible to suppress the generation of errors.

[0032]
25 Methods for measuring the above-mentioned anelasticity deformation amounts

A to C will be described with reference to Figs. 1 and 2.



have el apsed since the renoval of the | oad. This has been defined as
F(5 h). This is because the tine taken fromthe opening of the
package of the magnetic recording nediumto the witing of the servo
information therein is usually about 5 to 12 hours in the hard disk
drive assenbling step. 5[ 003 7] Further, the flatness at the
time when 48 hours have el apsed since the renoval of the load is
measured (the gooyd) of (4) in Fig. 1), and this has been defined as
F(48 h). This is because the read/wite test is perfornmed at the tine
when about 48 h@uﬁ@tﬂgxen elcafoso i duseripthe, ﬁpE{gi. ngihefflatdtes pPsdcagiRnd B
the common hard di sk drive assenbling 10step. [003 8] Then, as
descri be@xphesed,astHie hainehaké foridua, dabpresaitd M8 cRiFeeitimé fictn 4Rl embadles
as the absolute value of the difference between the flatness F(-48 h)

bef ore apkd Watgoi e baadofhd tirhe (6 hptvhes shd-(dadh} ré@hotdie FufBenViiantihe
hours have el apsed since the renmoval of 15the |oad, and represented

by the f oefmsvlizgloaduatémsved(Arabasiddchyt ymisel oFontkanpiamidrdfor) F{-E8T)
h)-F(-48 h)l The smal | er value of the anelasticity defornmation

amount Ash&wsvshe Hathedshiesfolead® hsuwbskamitke ranoal rdghetiom, regtas do ngy, the
mediumreturns closer to its original form (flatness), fromthe

def or mat iflathege b€ tlad @thsbywubgpltey fMga trhapnktiadeddidingtwedid 0&f3rOthe load is
Further, as described above, the anelasticity deformati on anount B is
cal cul at applésl. t he absol ute val ue of the difference between the
flatness at the tinme when 5 hours have el apsed since the renoval of
the | oad and t [#3#] at ness at the tinme when 48 hours have el apsed
since the renoval of the |oad, and represented by the follow ng
25equ@at i on: ( AFiretl asfiewidfymetasinenreat ob theamelasticiB) defofrhatign BhéB8nthivjll be
The anel asticity deformati on anount C indicates the flatness at the
ti me whedesrihadmsnhBige lel apsed since the renoval of the load. This is
therefore represented by the follow ng equation: (Anelasticity
def or mat i on anffldis] C) =F(5 h)
In the measurement, the flatness F(-48 h) of the glass substrate for a magnetic
recording medium is first measured before the load is applied, as shown in Fig. 1 (the
15 point of (1) in Fig. 1). Thereafter, the load is applied to the glass substrate for a
magnetic recording medium for 48 hours by a method described later. This is because
the time taken from packaging and shipping of the magnetic recording medium to the
opening of the package is about 48 hours in a common hard disk drive assembling step.
Further, as described above, it has been confirmed that changes in flatness are saturated
20  at the time when the load is applied for about 16 hours for all glass substrates (the glass
substrates are completely deformed). For this reason, the load has been applied for 48
hours from the viewpoint that the changes in flatness are saturated to cause no changes
in flatness even by the longer application of the load.
[0036]
25 After 48 hours have elapsed, the load is removed (the point of (2) in Fig. 1),

and the flatness is measured again (the point of (3) in Fig. 1) at the time when 5 hours
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5A neans to neasure the flatness of the glass substrate for a
magnetic recording mediumis not particularly limted. For exanple,

it can be neasured by a phase-neasuring interference nethod (phase
shift method). [0040] Then, a nethod for applying the | oad
to the glass substrate for a magnetic 10recordi ng nediumin measuring
the anel asticity deformati on amount will be described bel ow. [0041]

When t he HRadlabsedaite @6 réBovdl®f HeADad.S UPE had BechQlefidedBYFES hE  This is
recordi ng medi um the both diametrically opposing edge portions of

the gl asseaRsith@liend @iked fidm TAYRPEAIBg I6FCRE PatlEhgB Bt 18 Bk Ehebid RROSHRE
from an underside surface thereof, and the load is vertically applied

on an uppfédighd deewhfing bLtheeBiviodhfop@atibOtheten€ Isudualy sttt 6&Bt12Mhodfs in
the gl ass substrate for a magnetic recording nedium [0042] A

speci fi ¢ thxaaRdikwrive abendgizeistdped using Figs. 2(a) and 2(b).
20[ 0043] Figs. 2(a) and 2(b) show an exanple in which a | oad
is applied to fo@7ass substrate for a nmagnetic recording nmediumin
order to nmeasure the anelasticity deformation anount. Fig. 2(a) shows
a transverse siFdghet &w, flaneks at the tdhdvhshddoarstiape ¢lapwed Ab¢OBd4¢moval
As shown in Figs. 2(a) and 2(b), in order to support both edge
porti ons ofthetlb&l Blmaasutdidicrig Jf¢4) ia FiRaNeindthistme beem defiredi a3 MR(48h).
V-shaped block 11 is used, and the glass substrate 13 for magnetic
recor di nghivediberamdadhd readivabd tésves phifgrmtd aartiee tingpdsachtioned & doutscthave
apply the load to the glass substrate. 5[ 0045]

elapsed since the opening of the package in the common hard disk drive assembling

10 step.

[0038]

Then, as described above, the anelasticity deformation amount A is calculated
as the absolute value of the difference between the flatness F(-48 h) before applying the
load and the flatness F(5 h) at the time when 5 hours have elapsed since the removal of

15  the load, and represented by the following equation:

(Anelasticity deformation amount A)=[F(5 h)-F(-48 h)|

The smaller value of the anelasticity deformation amount A shows that the
glass substrate for a magnetic recording medium returns closer to its original form
(flatness), from the deformation generated by applying the load thereto.

20 [0039]

Further, as described above, the anelasticity deformation amount B is
calculated as the absolute value of the difference between the flatness at th_e time when
5 hours have elapsed since the removal of the load and the flatness at the time when 48
hours have elapsed since the removal of the load, and represented by the following

25  equation:.

(Anelasticity deformation amount B)=|F(5 h)-F(48 h)|

11



The V-shaped bl ock 11 has a V-shaped cut portion 12 at a central
portion thereof. Then, the glass substrate 13 for magnetic recording
medi um i s di sposed so as to cover the V-shaped cut portion 12,

t hereby being able to support only the both edge portions 14 from an
underside surface. Incidentally, a nenber for supporting the glass 10
substrate for a magnetic recording nediumis not limted to the

V-shaped bl ock, TianfeiBiciRd#oihaAon K2R EnEAS iddiGndiehE 18608 £ %f{‘) A8 Svhdf 5

of the glass substrate for a nmagnetic recordi ng medi um can be

suppor t ethouRORave PRt Lsintd\Mhe SAMBTA P hLI0ANAPEEESs ﬂﬁi‘e?oﬁ%¥%ﬂé§'er§élﬂ§ﬁﬂle
at a predetermned’interval in such a manner that the both edge
portions fAfoRingleliBatitiidass substrate for a magnetic recording medi um
can be supported. 15[0046] In this case, the both edge portions
(supporting porhneisicidHetialios aBuntt)SFEPRY act with the V-shaped

bl ock and provided on two places of bot'h diametrically opposing edges

for sgpporting A hRatH @SHesuRShE Bh@edsAf (Fe %ﬁmg@mw&o@r@h 1IOBEdH g
are each enclosed by a chord 141 (142) and an arc. Then, the chord

141 and theli@hak thot barZilanelinfee. PPt samsplef ittda Bdindaitd ®YSa Phasdre

V-shaped bl ock, and are parallel to each other. The maxi mum val ue of
the di st aneeubel Weefrdnde ntiiddphid shifemathed).namely, WL in Figs. 2(a)
and 2(b), is preferably the length of 2.3 to 7. 7% of the dianeter of
the gl ass substo@pg for a magnetic recording nedium and nore
preferably the length of 3.0 to 4.6% of the dianeter. This is because
when the range Thén,! heneshgad &t dApplyingiihid adi® thegldsnabseame fbihertadmstia
possibility that the glass substrate for a magnetic recordi ng nedi um
sl i ps0 dovetotding aiedtumb i@ aleagirigntht haeleakity Weirthatibe ahpadt Wil dpakiceited
whereas when it is too wide, the distance froma |oad portion
becones ®blomt, and changes in flatness becone difficult to occur,
resulting in |ow resolution of neasurenent. [0047] The |load is not
particularly |{064led, as long as the |oad can be applied to the 5
central portion including the center of the glass substrate for a
magneti c recor heg thedicadis sapglipdind i thell ghass ysubkingte afor an gewpetic rdverding
and the weight of the load are not limted. [0048] For exanple, as
shown i nnfeidiys, B¢ dotlamibndthizallyt bposo@nedpe patiboy ok dhd glasd Guicktsizo firna
a rectangul ar parallel epiped | oad (weight) on the central portion of
t he I asmagudigt reatrdirfeomediunmpaneetuppontacronii angundsdsidersunfacetherechised the
is preferred that the load is disposed in parallel to the chords 141
and 142 Ioadns weticdlly dpplied edge yppet sunfase DHthesieppalrpdartion ideluding the center
above-nenti oned gl ass substrate for a magnetic recordi ng nmedi um

Furt her , of the iglaspsudistrateddr 4 magndtivaetwdidginsedifimposed so as to cover all
the width (range) of the 15 glass substrate for a nagnetic recording
medi um whi ch W842h constant length froma center line parallel to

t he chords 141 and 142, as shown in Fig. 2(b). For exanple, as the

| oad (wei ght) , Atshesific cxample will éd dasaribed asiggFags. pap and 2(bepi ped in
which the width thereof, nanely, the length of W2 in Fig. 2(a) and
2(b)20 is prefell@Bdly 35 to 80% and nore preferably 55 to 75% of the

di aneter of the glass substrate for a nmagnetic 20 recordi ng nmedi um
Figs. 2(a) and 2(b) show an example in which a load is applied to a glass

substrate for a magnetic recording medium in order to measure the anelasticity
deformation amount. Fig. 2(a) shows a transverse side view, and Fig. 2(b) shows a top
view.

25 [0044]
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[ 0049] This is because, for exanple, when the range to which
the load is applied is too narrow, there is a possibility that the

gl ass substrate for a magnetic recordi ng nediumis broken by
concentration of the load to the narrow range, falling of the
destabilized | oad 25and the |ike, and because when the range to which
the load is applied is too wide, the distance fromthe |oad portion

becones short, AnghoshndEss. lzna)féxﬁtzteygsmﬁreem@s@bﬁo&ﬂ I5dth edb®©p&EIGHS of the
resulting in | ow resol uti on of measurenent. [ 0050] The

| ongi t udigiads shiestgtdfonfa mhgelio ackordivg gtdiunh, S Vredhpsdabloyk t hes sdpa@bther
| onger 5than the dianeter of the glass substrate for a magneti c

r ecor di ngisaedibumatedls fbe seighdtedreabditey méQI0RIdnd the load (wight)WSi G Hispdsed
the load is not particularly limted, as long as it is within the

range i n tidreshtodpbbr thialdadrio dheeglhsy sabatagst i city sufficiently occurs
and the glass 10 substrate for a nmagnetic recording nmediumis not
brokefi. It can[p®&i53el ected according to the area, strength or the

li ke of the glass substrate for a magnetic recording nediumto be
used. [0052] FdheeXahpied, blotk ddnhdsea 3bblaptddus poriont 12 gi weceatrle pition
of 0.233 gf (2.28 n\) per 15 1 nmmR of a main surface of the glass
subst r at ¢ehdreof. aThagnkt plasy @betratie1§ formhapmatic Thadrding nalisays dispesedebabt
calculated by (the area of the main surface of the glass substrate
for a matgmedver thiee¥eshdparpeuteditioy 12y Rerzb0bARG able/tonnBpidt adyrhé budd)edgan
be applied. For exanple, in the case of the glass substrate for a
magnet i ¢ ppegoos dé figmadicder{i@e Sxfacac hingldasmligubsemateloh cupmrimgthe tglas
recordi ng medi un) having an outer dianeter of 65 20 mm and an inner
di antl er siflstrdicafive aenagiectia recardinganedivineis atot dindtedt toathe poshaped )bladk, 36d
mm the | oad having a weight of 700 gf (6.86 N) is applied to the
upper sunfaxde anly asHeng estheaboth@dge portivhs tlhe@fdhaghss slistratat for hanaguetic
magneti c recordi ng medi um [0053]

recording medium can be supported. For example, two square pole-shaped blocks
may be spaced at a predetermined interval in such a manner that the both edge portions
14 of the glass substrate for a magnetic recording medium can be supported.

15 [0046]

In this case, the both edge portions (supporting portions) 14 which come into
contact with the V-shaped block and provided on two places of both diametrically
opposing edges for supporting the glass substrate for a magnetic recording medium are
each enclosed by a chord 141 (142) and an arc. Then, the chord 141 and the chord 142

20  are edge portions of the cut portions of the V-shaped block, and are parallel to each
other. The maximum value of the distance between the chord and the arc, namely, W1
in Figs. 2(a} and 2(b), is preferably the length of 2.3 to 7.7% of the diameter of the glass
substrate for a magnetic recording medium, and more preferably the length of 3.0 to
4.6% of the diameter. This is because when the range of the supporting portion is too

25  narrow, there is a possibility that the glass substrate for a magnetic recording medium

slips down to cause breakage in the case where the load is applied, whereas when it is
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The gl ass substrate for a nmagnetic recordi ng medi um of the invention
can be 25 manufactured by a nmethod including the followng steps 1 to
4. (Step 1) A shape-form ng step of processing a glass sheet to a

di sk-shaped gl ass substrate having a circular hole at a central
portion thereof and thereafter chanfering. an inner peripheral surface
and an outer peripheral surface thereof (Step 2) A

per i pher aho Sbane Aekhdkiath 5 BRd PorRAY beinftd 4R, BRA'HABEALin flotnes
surfaces 5(i nner peripheral surfacé and outer peripheral s rface? of
the g1 asscee AL tol odaP reitfhaTR 18l SHRAGCE oPRlchARLAGSt ep of
polishing main surfaces of the glass substrate; and (Step 4) A

cl eaning step ?@mgﬁeaning and drying the glass substrate. [0054]
10Then, the glass Substrate for a magnetic recordi ng nedi um obt ai ned
by the manufactiueilpg MeidiQrdicidridiRged, R 18ROYE HERhE RRE Be BBRECH 18
steps is further subjected to a step of forming a thin filmsuch as a

nmagnes i ¢ cb@YRporied %%ludih%&h@%nt@?ioﬂgheaglaﬁs abRAKR 4 BagREDSEdEding
recordi ng medium [0055] 15The shape-form ng step of (step 1) used

herei n i snediveh CahdOparBEWIERS SthB GrlahSertdnd $ifersdresid therw&shtof feflbRBbre not
process, a fusion process, a press nolding process, a downdraw
process Qigdr edraw process to the di sk-shaped gl ass substrate having
the circular hole at the central portion thereof Incidentally, the

gl ass sheet to[gragysed is not particularly limted, as long as the

gl ass substrate for a magnetic recordi ng nedi um obtained by 20
processi ng sat F&f egsmpRE aabwemMnFiganed)an agh)) eit eal Ehed HBESIBA by
anount. For exanple, the glass sheet may be anorphous gl ass,

cryst@l | Hﬁp@hiﬁ%@&&tﬁ{guﬁrrlﬁﬁgkw 19hdB B8ei iRty oA Gh@ cERM RS EInVES the LRSS

| ayer (strengthening layer). It is preferred that the glass substrate
has a hi gibsapedb i magnetid rsofdipenediug. You fds saseplud pieferrddahatekamalds
the specific nmodulus is preferably 29 GPa.cnB/g or nore, and nore

pr ef er abli}p@@d b faetIBbaherchorisel4] and 142 forming the both edge portions for

supporting the above-mentioned glass substrate for a magnetic recording medium.
Further, it is preferred that the load is disposed so as to cover all the width (range) of the
15  glass substrate for a magnetic recording medium, which has a constant length from a
center line parallel to the chords 141 and 142, as shown in Fig. 2(b). For example, as
the load (weight), there can be used a rectangular parallelepiped in which the width
thereof, namely, the length of W2 in Fig. 2(a) and 2(b), is preferably 35 to 80% and
more preferably 55 to 75% of the diameter of the glass substrate for a magnetic
20  recording medium.
[0049]
This is because, for example, when the range to which the load is applied is too
narrow, there is a possibility that the glass substrate for a magnetic recording medium is
broken by concentration of the load to the narrow range, falling of the destabilized load

25  and the like, and because when the range to which the load is applied is too wide, the
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[ 0056] Then, the peripheral surface polishing step of (step 2)
is a step of polishing the peripheral surfaces (side surface portions
and chanfered portions) of the glass substrate. [0057] The main
surface polishing step of (step 3) is a step of polishing the upper
and 5 lower main surfaces of the glass substrate at the sane tine
wile supplying a polishing slurry to the main surfaces of the glass

subst r at §jjsthiideTebrA tO1RH $ofti HCLRBIES Ql'ld}ﬂ aﬁ&\éh&r%es jiiy ﬂa@x@ké §J@:'oﬁﬁ (ﬁfﬁchﬁe

gl ass substrate of the invention may be only primary polishing, th
primary R@bbéﬂll@gnﬁﬁlgiuﬁ%msi@ﬁao@@fm%uf%e%y be perforned, or
tertiary pollshlng nmay be perfornmed after the second pollshlng

10[ 0058] [0 ore the main surface polishing step of (step 3),
| appi ng (for exanple, |oose abrasive |apping or fixed abrasive

| appi ng) of thQ"hﬁ%r[glﬁlblfrfaﬁIéﬁ?thWh@R)aB%Efg ?ﬁﬁlprelf&mslbehe sdid MR TohRe
respective steps, glass substrate cleaning n- process cl eaning) or

gl asss s ulsdn @Bk diPrbiérasfhe biks Bgbstraft-F QGRERcR fldbillg ARWIUME as described
performed. Incidentally, 1I5the term"lapping of the main surfaces" as
used her ghgvgreans polishing of the main surfaces in the broad sense
of the term [0059] Further, a strengthening step (for

exanpl e, chem 513trengt hening step) of form ng a conpressive stress
| ayer (strengthening |layer) on a surface |ayer of the gl ass
20substrat e nmaghbevadgtitf @ thedodefsoi® mttiodd B lihiied,pel logfiandt & whhinOhe

bet ween the polishing steps. [ Second Enbodi nent ] In this
enbodi mepinget e whtdndefotmageordiieng arelhstitityssutficichy gcass subshe alas
for a magnetic recording nmedi umof the invention will be descri bed.

25[ 006O0] substrate for a magnetic recording medium is not broken. It can be selected according
to the area, strength or the like of the glass substrate for a magnetic recording medium
to be used.

[0052]
For example, it can be selected so as to give a weight of 0.233 gf (2.28 mN) per
15 1 mm?® of a main surface of the glass substrate for a magnetic recording medium. That
is to say, the weight calculated by (the area of the main surface of the glass substrate for
a magnetic recording medium) mm? x 0.233 gf/mm? (2.28 mN/mm?) can be applied.
For example, in the case of the glass substrate for a magnetic recording medium (2.5-
inch glass substrate for a magnetic recording medium) having an outer diameter of 65
20 mm and an inner diameter (a diameter of a circular hole at a central portion) of 20 mm,
the load having a weight of 700 gf (6.86 N} is applied to the upper surface of the central
portion of the glass substrate for a magnetic recording medium.
[0053]
The glass substrate for a magnetic recording medium of the invention can be

25  manufactured by a method including the following steps 1 to 4:
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The magnetic recordi ng medi um (rmagneti c di sk) can be obtai ned by
formng a magnetic layer and the like on the glass substrate for a
magneti c recordi ng nmedi um described in the first enbodi mnent. [0061]
5Al t hough there are a horizontal magnetic recording systemand a

per pendi cul ar magnetic recording systemin the magnetic recording
medi um a procedure wll herein be described below, taking the
perpendi cul ar negnReiy & SRGEHHMNEg Y SMpRReRMgeX 3L Shedt0862HiskBaped
magneti c recording mediumis providéd wth at | east the magnetic

layer, a gldd fiekaet hatnd ay ircd@bs ndld Wbla eaitlal HdrANE th&Bof bad StEfaRs-
Then, in % he case of the perpendicul ar nmagnetic recordi ng system

there i s genermola igh&RRigHral Sifface ARUMCHIE pHRPREIPYETace BiREasTed of a
soft magnetic material which plays a role in circulating a recording

magnetic field§#kp UIP A paEgMREdl SultaRtholifEae kb B8 bylishigy ﬂll%afrph&?lhsﬁmces
r e

soft magnetic underlayer, a non-magnetic internediate |ayer,
magnesi ¢ (ina¥€peripBeral Seiceandiottér @ériﬁlﬁ@ﬂ@dﬁfé&% of the ghiselsabsuiawee | ayer

and the lubricating |ayer are lamnated in this order fromthe
surface of the(Qlepss s ubsi baffe doBORRY sEPOfHOEREEE ten b@¥aks oMild glhg

descri bed bel ow. [0064] 20As the soft magnetic underl ayer, there can
be used, shgstraian®l e, CoN Fe, FeCoB, CoCuFe, N Fe, FeAl Si, FeTaN,
FeN, FeTaC, CoFeB or CoZrN. [0065] Then, the non-magnetic

internedi ate | gyep 4) 8 clempasaen of clBunifr adl dyinglthoylassThiwsias- magnet i ¢
internediate | ayer has a function for facilitating epitaxial growth
of 25 the nagn@ydsd)l ayer for perpendicular recording, and a function
of breaki ng nagnetic

10 Then, the glass substrate for a magnetic recording medium obtained by the
manufacturing method including the above-mentioned respective steps is further
subjected to a step of forming a thin film such as a magnetic layer thereon, thereby
being able to obtain the magnetic recording medium.

[0055]

15 The shape-forming step of (step 1) used herein is a step of processing the glass
sheet formed by a float process, a fusion process, a press molding process, a downdraw
process or a redraw process to the disk-shaped glass substrate having the circular hole at
the central portion thereof. Incidentally, the glass sheet to be used is not particularly
limited, as long as the glass substrate for a magnetic recording medium obtained by

20  processing satisfies the above-mentioned anelasticity deformation amount. For
example, the glass sheet may be amorphous glass, crystallized glass or strengthened
glass having a compressive stress layer (strengthening layer). It is preferred that the
glass substrate has a high specific modulus (specific Young’s modulus). For example,
the specific modulus is preferably 29 GPa-cm’/g or more, and more preferably 30

25  GPa-cm/g or more.

[0056]
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exchange coupling between the soft magnetic underl ayer and the
magnetic | ayer for perpendicul ar recording. [0066] The nmagnetic | ayer
for perpendicular recording is a magnetic layer in which an 5 axis
of easy magneti zation faces in a perpendicular direction to a
substrate surface, and contains at |least Co and Pt. Then, in order to
decrease intergranul ar exchange coupling which causes high intrinsic

Ctructure (o andtar ko oy el AP Rr GREPEIC S bF BOLER e

used one j i i i I
1250y GBI SR8 RIS ksl 53y P A a0

[ 0067] Thepsyeft magnetic underl ayer, the non-magnetic
internedi ate | ayer and the nagnetic |ayer for perpendicul ar recording

whi ch have hithge %i@%ﬁc@%ﬁ&ﬂiﬁg%ﬁ%&ﬁ@p SPRGI Wdﬁsﬂﬁ@%@ﬁﬁw&ﬁd

by an inline sputtering process or a magnetron 15sputtéring

process. 1§0068din surfacesPthe glaBe ssBER G tYELsdn@Y Bhe Wil HRS a?ﬁbli&lﬁlﬁg

magnetic | ayer for perpendiCular recording in order to preven

corrosi oRefy thike MRANGFCed 85RE AR5 PSRN LAY aaloubRCAAE hSltkhid device.
prevent damage of the surface of the magnetic recordi ng nedi um even

20 when tying RS 6{Cthd %P&Gs GEH¥RAtel JTiRe RRBARS miY bd om@qarmpgigiigmng, the

recording medium As the protective |ayer, there can be us

mat eri al P%ﬁﬂ}ﬁfadlisﬂﬁlg@nd%é&%dﬁfy RRing B8O performed ASt tBrtiaBy P@I@shfufgr may
€,

form ng e protective layer, there can be used, for exanp an

in-1ine 5@9@@%%@%%@5@11@0%@; ocess and a spin coat process.
25[ 0070] In order to reduce friction between the magnetic

headigand the npgase}ic recording nmedi um (magnetic disk), the
| ubricating layer 1s formed on a surface of the protective |ayer. As
the | ubricati nBefode/#ie, miih 8uFacApbl3Bing Sosh, oﬂ(@fep%?,alﬁﬂbiﬁg (Ror example, loose

per fl uoropol yether, a fluorinated al cohol or a fluorinated carboxylic
aci d. Thebrasive lapping or fixed abrasive lapping) of the main surfaces may be performed.
Further, between the respective steps, glass substrate cleaning (in-process cleaning) or
glass substrate surface etching (in-process etching) may be performed. Incidentally,
15  the term “lapping of the main surfaces™ as used herein means polishing of the main
surfaces in the broad sense of the term.
[0059]
Further, a strengthenihg step (for example, chemical strengthening step) of
forming a compressive stress layer (strengthening layer) on a surface layer of the glass
20  substrate may be performeci before or after the polishing step, or between the polishing
steps.
[Second Embodiment]
In this embodiment, the magnetic recording medium using the glass substrate

for a magnetic recording medium of the invention will be described.

25 [0060]
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5l ubricating layer can be formed by a dip process or a spray process.
[ 0071] As has been descri bed above, the magnetic recording
medi um obt ai ned by formng the magnetic |ayer and the |ike on the

gl ass substrate for a magnetic recordi ng nedi um whi ch has been
described in the first enbodi ment has small displacenent after 10t he
servo information has been witten therein, so that it becones

possi bl e suppr lxﬁi'g%eﬂ@B&B?&ih@ﬁmﬁfﬁ&%ﬁ%@%&%}it@% lgée%btai%&%b forming a

The i nvention w be further descr erence’to

specific rﬁ&%éﬁ@@iﬁ? andIQHE YiRE -ont 48 élé’s‘é%b&t?el’ie gHoy! 'n'i'ag%@ﬁc_: l?@co?&lﬂgtrﬁé{ﬁgm
as being limted thereto. [0073] First, there wll be

descri bedeg el hothefRE: BVRIHAEA:Ng the gl ass substrate for a magnetic
recordi ng medi um and a nethod for evaluating the magnetic recording

medi um obt ai negpdyr)formng thin films such as the magnetic layer on
the surface of the 20 gl ass substrate, which are used in the

fol | ogi ng wor km&oﬁgl@fﬂ&@&e%%rﬁgﬁﬁﬁﬁﬁgﬁéﬁ% r@é@@iﬁ%%?sterﬁ]ahd%@rﬁéﬁicﬁﬂéy
Def ormati on Anpbunts For the anel asticity defornmation amounts Ato C

the flat ﬂﬁfﬁ,ﬁetﬁ( reSrding H8fedf & tHeemh@RE c Wesordin R nhe@furh Oa bRRe@BSHiIl herein
e

substr at or a magnetic recording mediumwas first 25 nmeasured, and
the fl at Bedsschibad Balodad takiify thé PerpehdBular Rapcsic Reoedifl 8R3&H a§ hRegarh e,

renmoval of the load after the |oad was applied to the glass substrate
for 48 hours apabéhe

The magnetic recording medium is provided with at least the magnetic layer, a
10 protective layer and a lubricating layer on its surface. Then, in the case of the
perpendicular magnetic recording system, there is generally disposed a soft magnetic
underlayer composed of a soft magnetic material which plays a role in circulating a
recording magnetic field from a magnetic head. Accordingly, for example, the soft
magnetic underlayer, a non-magnetic intermediate layer, the magnetic layer for
15  perpendicular recording, the protective layer and the lubricating layer are laminated in
this order from the surface of the glass substrate.
[0063]
The respective layers will be described below.
[0064}
20 As the soft magnetic underlayer, there can be used, for example, CoNiFe,
FeCoB, CoCuFe, NiFe, FeAlSi, FeTaN, FeN, FeTaC, CoFeB or CoZrN.
[0065]
Then, the non-magnetic intermediate layer is composed of Ru or a Ru alloy.
The non-magnetic intermediate layer has a function for facilitating epitaxial growth of

25  the magnetic layer for perpendicular recording, and a function of breaking magnetic
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flatness F(48 h) at the tinme when 48 hours have el apsed since the
removal of the | oad were each neasured. [0074] Measurenent of the
flatness at each tinme was nade by the phase-neasuring 5 interference
nmet hod (phase shift nethod). Specifically, the flatness was neasured
at a neasuring wavel ength of 680 nmusing an interference fl atness
measuring device (manufactured by Zygo Corporation, nodel: Zygo G

Fl at  ( ME3RHangt QOpling between the sof B{-BALEEInddrAG 2Rl ARt nGbiefic layer for

def ormat i on afrount’'s to C were cal cul ated from 10t he respecti ve

measur ed bl RhNegaeRcanY di ng to thg fol l ow ng equati ons: o
(Anel asticity deformation anount A)=IF(5 h)-F(-48 h)1 (Anel asticity

deformation a ]B):I F(5 h)-F(48 h)l (Anelasticity deformation
anount C)=F(5 h) Here, conditions in applying the load to

the glass substhahd@ghetic RydEEPsérbendlall BGRESHING 9B Hhashbild laheli® which an
descri bed. [0076] First, as shown in Figs. 2(a) and 2(b), both

edge Por LkRNRE ey thidhetizaich HbRShiadle@pdrdicufar MREREdH © 4 ek RerfAR aHM
were supported with a V-shaped bl ock. [0077] 20Supporting portions 14
were di spesaids 8eR0 o Aidaret Th&kn ¥rdePRARcREsER8@Sranular exchange coupling
which causes high intrinsic medium noise, it is recommended to form a well-separated
fine grain structure (granular structure). Specifically, there is preferably used one
obtained by adding an oxide (such as SiO,, SiO, Cry0s, CoO, Tay03 or TiO»), or Cr, B,
10 Cu, Taor Zr to a CoPt-based alloy.

[0067]

The soft magnetic underlayer, the non-magnetic intermediate layer and the
magnetic layer for perpendicular recording which have hitherto been described can be
continuously manufactured by an inline sputtering process or a DC magnetron

15  sputtering process.

[0068]

Next, the protective layer is provided on the magnetic layer for perpendicular
recording in order to prevent corrosion of the magnetic layer for perpendicular
recording, and to prevent damage of the surface of the magnetic recording medium even

20 when the magnetic head comes into contact with the magnetic recording medium. As
the protective layer, there can be used a material containing C, ZrO; or SiO;.
'~ [0069]

As a method for forming the protective layer, there can be used, for example,

an in-line sputtering process, a CVD process and a spin coat process.

25 [0070]
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and two places of the both edge portions (supporting portions) were
each enclosed by a chord 141 (142) and an arc (a shorter arc cut away
by the chord) to formthe sane form Then, the both edge portions
wer e di sposed in such a nmanner that the maxi numvalue W. of the

di stance between the chord 141 (142) and the arc becanme 3.8% of the
25 dianeter of the glass substrate for a magnetic recordi ng nedi um

[0078] In d¥ext to FediRadfritHoNeetWéadd afe tha@hetie WBAD aﬁ&”tﬂn@cﬁa%l{etic
the gl ass substrate for a magnetic recording nmediumin parallel to

the chor Q&oilcﬁxl% Mi&ﬂ%ﬁagﬁéﬂdmk)hﬁlehabﬁcs@ﬁgqaywig IfOMFedSHPRRNLRE B/the
the V-shaped block. In this exanple, there was used the | oad having a

wi dth, narRéstive2idydr. Fi s Healutalatidd HyerOfthéré YeHf Hehasddl afpt &anttle,t Re
glass 5 substrate for a nagnetic recording medium In this case, the

| oad was pelifparppblcthtrs UC fiudrii@ed edlcdhbbtora aC f0b@hatéd nerkylideadidad The
a wdth direction passed through the center of the glass substrate

for & magneiching Roer g oty 4 8ig F9dcess or a spray prockdgr ther, in a
| ongi tudi nal direction, the |poad having a | ength | onger than the
10di amet er of [00F1pl ass substrate for a magnetic recordi ng medi um was
used so that the glass substrate for a magnetic recordi ng nedi um was

conpl etel y covekdtsvbdeh ddaeriledagbodreethet magidiiel Rcomige nelivinh @ bwitHdbef
the load. (2) Read/ Wite Test After a magnetic |ayer and

the |i kefommigy fhermmghetio ldyee agl grdikeuwsthe glas kabsstateldragnginetic recording
recordi ng nedi um obtained, a read/wite test was perforned by a
pr ocedur mediasc whivhdhab deendescIBEDIN the first embBSAgedrdt ihaabhyl] daphmgneitiafter
recordi ng mediumin which the magnetic |ayer and the |i ke were forned
on tle gthassrveubfirmatien hay beenmeadet thereirg go gt higbavethes possitde suppress the
generation of errors.
[Examples]
[0072]
The invention will be further described below with reference to specific
15 examples. However, the invention should not be construed as being limited thereto.

[0073]

First, there will be described a method for evaluating the glass substrate for a
magnetic recording medium and a method for evaluating the magnetic recording
medium obtained by forming thin films such as the magnetic layer on the surface of the

20  glass substrate, which are used in the following working examples and comparative
examples.

(1) Anelasticity Deformation Amounts

For the anelasticity deformation amounts A to C, the flatness F(-48 h) before
the load was applied to the glass substrate for a magnetic recording medium was first

25 measured, and the flatness F(5 h) at the time when 5 hours have elapsed since the

removal of the load after the load was applied to the glass substrate for 48 hours and the

20



20 incorporated in a hard disk drive (HDD), and servo information was
witten by the follow ng procedure. Thereafter, a magnetic signal was
recorded under conditions of a track density of about 254 TPI (track
per inch) and a |linear recording density of about 1,500 BPlI (bit per
inch) by a procedure of the follow ng exanple. The presence or
absence of the generation of errors at the tinme when the signal was

read out fiess PC48h) 4R timlPRBAd 48 hours havé BlapidSsiBMR I BmoSAVE B Joad
types of glass substrates having high specific Young's nodul us (gl ass

subst r at egert eichragieddc recordi ng nedi um of Exanples 1 to 9 shown in
Table 1) were studied. (Manuf acturing of 3 ass Substrate for

Magneti c Recor goomiMedi um) Each gl ass substrate for a magnetic
recordi ng medi um was processed into a doughnut form having a di aneter

of 65 mMm a shegdastheiknes sheoflated dMBacindng REs Wide by Bihdbamehalkiag
at a central portion thereof using glass sheets of Exanples Ito 9 in

Tabl e51 Sitgriédescd mbihodi(pigasp shifiadethed). [ 398dfically, the ffithéds, wadshfeghRE St a
sheet was processed into a di sk-shaped gl ass substrate having the
ci rcul ar nivabeimt wahelenght sfb3Pamt gt herigweifefdd084]atmess measuring device
(manufactured by Zygo Corporation, model: Zygo GI Flat (MESA)).
[0075]
Thereafter, the anelasticity deformation amounts A to C were calculated from
10 the respective measured flatnesses according to the following equations:
(Anelasticity deformation amount A)=[F(5 h)-F(-48 h)|
(Anelasticity deformation amount B)=|F(5 h)-F(48 h)|
(Anelasticity deformation amount C)=F(5 h)
Here, conditions in applying the load to the glass substrate for a magnetic
15  recording medium will be described.
[0076]
First, as shown in Figs. 2(a) and 2(b), both edge portions of the glass subsirate
for a magnetic recording medium were supported with a V-shaped block.
[0077]
20 Supporting portions 14 were disposed on both diametrically opposing edges,
and two places of the both edge portions (supporting portions) were each enclosed by a
chord 141 (142) and an arc (a shorter arc cut away by the chord) to form the same form.
Then, the both edge portions were disposed in such a manner that the maximum value
W1 of the distance between the chord 141 (142) and the arc became 3.8% of the

25  diameter of the glass substrate for a magnetic recording medium.

[0078]
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10An inner peripheral surface and an outer peripheral surface were
chanfered so that a gl ass substrate for a magnetic recordi ng nmedi um
havi ng a chanfer angle of 450 was obtained (an i nner peripheral
chanfering step and an outer peripheral chanfering step). [0085]
15After the chanfering, upper and |lower main surfaces of the glass
substrate were | apped using an al um num oxi de abrasive, and the
abrasi ve was T euoNed 103 08 SAR dithoséPORE mAHtdBBIUN SlasSEOMIE! Bk o

surface was polished by polishing an outer 20 peripheral side sur

portion apgs @ﬂc%&ﬁmg%eﬁn{m PparsliiARd Ble@UoRRMNUN %ﬂdqﬁz tfél-ﬁuﬂ%ﬁa%sooth edge.
substrate for a magnetic recordi ng medi um usi ng polishing brushes and

a ceri umpxisl abp @ﬁéd@%tﬂ% Veélﬁid&i alfoaectmdthksaés&hﬁalé)yth&%aﬂiseﬁéea%e load
process (such as scratc etc.) on the outer peripheral sid

surface pRKingNwaRH, ﬁdi‘ﬁel?llﬂ@finl?@g iophemal 2 (B rfeeredr ﬂﬁrdlmﬁeteﬁafﬁfe 18ss
obtain mrror-finished surfaces (an ‘out er ‘peripheral surface

pol i shi NGuBsteiRd for PAMMBHE recording medidhd. €rnthig cEst Blc 1081 WRNEKFIsed W hirge
polishing, the inner peripheral surface was pol i shed by polishing an

i nner  perd piefeathas kdenetlihaeLRAbdd P AiHh ARebtiIACFasRAY thii@hahe center of
chanfered portion of the glass substrate for a nagnetic recording

nedi um ushé'glas BbtiBHHG Iﬂﬁgiﬁﬂc%t@rcﬁn@ﬁﬂeﬂﬁlﬂi ng slurry containing a
cerium oxi de abrasive to renove affected | ayers by chanfering

process (such #&0&¢ratches, etc) on the inner peripheral side surface
portion and the inner peripheral chanfered portion so as to obtain

m rror-fini she@ughérd acaslofgitudin efirepiisd, phe tadld Isvidne derpdh ilGdben ghan the
step). For the glass substrate subjected to the inner peripheral
surfHte pdamesdri afghe tghws ahbsausites for \iaiagredio techriing chetimmngas 1210884t the
After the outer and inner peripheral surfaces of the glass substrate
wer e proghssaubstratecotip peagnaticirdoontiing medinnswid eanpletly tdvergl &ith the load
substrate were | apped using a dianond abrasi ve-containing fixed

abr asi veovaxdhe avhdleaangd sidthagidth gfithe,loahd cl eaned. [0089] 15Next, the
upper and |lower main surfaces were subjected to primary polishing
with a 22B t yp&)ReabiWrisi Bt pol | shi ng machi ne (nmanuf actured by

Speedf am Co., Ltd., product nanme: DSM22B-6PV-4MH) using a hard

ur et hane pol i shiftieg apagkmesc daypoland thatike oalre fmched @othesdiagsgsubbtuate yor a
containing a cerium oxi de abrasive, and then cerium oxi de was renoved
by cdlSeanimagnetR0feC@dhig medium obtained, a read/write test was performed by a procedure

described below.
[0080]
Specifically, a magnetic recording medium in which the magnetic layer and the
like were formed on the glass substrate for a magnetic recording medium was
20 incorporated in a hard disk drive (HDD), and servo information was written by the
following procedure. Thereafter, a magnetic signal was recorded under conditions of a
track density of about 254 TPI (track per inch) and a linear recording density of about
1,500 BPI (bit per inch) by a procedure of the following example. The presence or
absence of the generation of errors at the time when the signal was read out was
25  confirmed.
[0081]
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The upper and | ower main surfaces of the glass substrate after the
primary polishing were subjected to secondary polishing with the 22B
t ype doubl e side polishing machi ne using a soft urethane polishing
pad as a polishing tool and a polishing slurry containing a cerium
oxi de abrasive having an average particle size 25smaller than that of
t he above-nentioned cerium oxi de abrasive, and then cerium oxi de was

removed by cl ednithl exalPR9 ddveld) @y s 3 584 Bishales hatih &ﬁgmﬁ;eéi%Wﬁ{%s
e

pol i shing was subjected to tertiary polishing (finish polishing).
upper andnbduMey (g Bubstfatadqes maBastRAEc MG QIS T Example¥ L § By in
doubl e side polishing nmachi ne using a soft urethane polishing pad as
a 5po|ishnmg:ppw®@@ﬁﬁﬁ&ﬂe tertiary polishing and a polishing slurry
containing colloidal silica. [0092] The gl ass substrate
subjected to the finish polishing (tertiary polishing) was in turn
subj ected to scrub cleaning, ultrasonic cleaning in a state where the
gl ass substrate was i mersed in sone detergent solutions and
ultrasonic cleaning in a state where the 10gl ass substrate was
imersed in pure water (precision cleaning), followed by drying with
vapor of isopropyl alcohol or the like. [0093] For the
respective glass substrates for magnetic recordi ng nmedi um obt ai ned,
the anelasticity deformation anbunts A to C were neasured. The
results thereof are 15shown in Table 2. (Manufacturing of Magnetic
Recor di ng Medi um
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Then, for 100 pieces of each of the glass substrates for magnetic
recording nedia of Exanples 1 to 9 described above, an underl ayer, a
magnetic |ayer, a protective layer and a lubricating |ayer were in
turn fornmed on each gl ass substrate to manufacture 20 a nagnetic
recordi ng nmedi um [ 0094] The procedure will be specifically
described. A NiFe layer as a soft nagnetic underlayer, a Ru |ayer as
a nonmagnetic internediate |ayer and a granul ar structure |ayer of
CoCr Pt Si 02 as a perpendi cul ar magnetic recording |ayer were in turn

stacked 25on the sufgfmacejof—Fach of the gl ass substrates for magnetic
recordi ng nmedi a of héaggles to 9 by an in-line type sputtering
device. Then, an ampgphbysad ghond-1ike carbon filmwas forned as a
protective |ayer by|8| CVD pro€ess. Thereafter, a
per f 1 uor opol yet her - ¢8ht aifni ng | yibricating | ayer was formed by a dip
process to prepare each magneti ¢ recordi ng nmedium [0095] 5Each
magneti c recordi ng 1§den1thua obt ai ned was stored in a shipping
cassette (nanufactu*@b;p gmteg is, Inc.), vacuum packed in an
Al -1 am nated bag at|® degrég Of [vacuum of 400 nmmHg, and all owed to
stand for 48 hours. [T0096] Aftef 48 hours, the package was opened,
and the magnetic regordi ng nmedi um 10 was taken out and fabricated to
a HDD device. Then, |%lerveo jnfgrpation was witten therein under
condi tions correspoégiﬁg tep 284 KTPI. The servo information was
witten after 5 houps after |the| opening. After 43 hours fromthe
witing of the servialinfprmatjoh (after 48 hours after the opening),
the read/wite test|«gf the HDD was perforned. 15[0097] The results of
the read/ wite test|re shown~ih Table 2.
g T &8 | o
;3('\1 Las]
8
°f -
SN
i
~r
B38|
&
™
2l ~
IR
<
[63]
(o]
'Q'O =
AR
FE
EO =)
j=¥ d
Ela v s
is
S T2 e
S = L
= & S |2 &2
2 wol8 g
&g~ e 8
5|5 |&8=
A = &

24



ungpon au! pl 000l i opat!| ETAT I npl ementati on Eval uati on Results of
Error Analysis | I I I | Errors were generated around the outer
nerinfirn, - Errors were concentrated around the outer nerinhent
Errors were concentrated around the outer nerinhery

10

15

20

25

(Manufacturing of Glass Substrate for Magnetic Recording Medium)

Each glass substrate for a magnetic recording medium was processed into a
doughnut form having a diameter of 65 mm, a sheet thickness of 0.6 mm and a 20-mm
circular hole at a central portion thereof using glass sheets of Examples 1 to 9 in Table 1
by the following procedure.

[0083]

First, the glass sheet was processed into a disk-shaped glass substrate having
the circular hole at the central portion thereof.

[0084]

An inner peripheral surface and an outer peripheral surface were chamfered so
that a glass substrate for a magnetic recording medium having a chamfer angle of 45°
was obtained (an inner peripheral chamfering step and an outer peripheral chamfering
step).

[0085]

After the chamfering, upper and lower main surfaces of the glass substrate
were lapped using an aluminum oxide abrasive, and the abrasive was removed by
cleaning.

[0086]

Then, the outer peripheral surface was polished by polishing an outer
peripheral side surface portion and an outer peripheral chamfered portion of the glass
substrate for a magnetic recording medium using polishing brushes and a cerium oxide
abrasive to remove affected layers by chamfering process (such as scratches, etc.) on the
outer peripheral side surface portion and the outer peripheral chamfered portion so as to
obtain mirror-finished surfaces (an outer peripheral surface polishing step).

[0087]
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Errors were concentrated around the outer periphery Error
I nci dence of HDD (%9 %0 % %0 %0 % %1 % 9% 9% rates for

Magneti ¢ Recordi ng Medi um Anel asticity

10

15
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After the outer peripheral surface polishing, the inner peripheral surface was
polished by polishing an inner peripheral side surface portion and an innér peripheral
chamfered portion of the glass substrate for a magnetic recording medium using a
polishing brush and a polishing slurty containing a cerium oxide abrasive to remove
affected layers by chamfering process (such as scratches, etc) on the inner peripheral
side surface portion and the inner peripheral chamfered portion so as to obtain mirror-
finished surfaces (an inner peripheral surface polishing step). For the glass substrate
subjected to the inner peripheral surface polishing, the abrasive was removed by
cleaning.

[0088]

After the outer and inner peripheral surfaces of the glass substrate were
processed, the upper and lower main surfaces of the glass substrate were lapped using a
diamond abrasive-containing fixed abrasive tool and a grinding liquid, and cleaned.

[0089]

Next, the upper and lower main surfaces were subjected to primary polishing
with a 22B type double side polishing machine (manufactured by Speedfam Co., Ltd.,
product name: DSM22B-6PV-4MH) using a hard urethane polishing pad as a polishing
tool and a polishing slurry containing a cerium oxide abrasive, and then cerium oxide
was removed by cleaning.

[0090]

The upper and lower main surfaces of the glass substrate after the primary
polishing were subjected to secondary polishing with the 22B type double side
polishing machine using a soft urethane polishing pad as a polishing tool and a
polishing slurry containing a cerium oxide abrasive having an average particle size
smaller than that of the above-mentioned cerium oxide abrasive, and then cerium oxide

was removed by cleaning.
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[0091]

The glass substrate after the secondary polishing was subjected to tertiary
polishing (finish polishing). The upper and lower main surfaces thereof were polished
with the double side polishing machine using a soft urethane polishing pad as a
polishing tool for the tertiary polishing and a polishing slurry containing colloidal silica.

[0092]

The glass substrate subjected to the finish polishing (tertiary polishing) was in
turn subjected to scrub cleaning, ultrasonic cleaning in a state where the glass substrate
was immersed in some detergent solutions and ultrasonic cleaning in a state where the
glass substrate was immersed in pure water (precision cleaning), followed by drying
with vapor of isopropyl alcohol or the like.

[0093]

For the respective glass substrates for magﬁetic recording medium obtained,
the anelasticity deformation amounts A to C were measured. The results thereof are
shown in Table 2.

(Manufacturing of Magnetic Recording Medium)

Then, for 100 pieces of each of the glass substrates for magnetic recording
media of Examples 1 to 9 described above, an underlayer, a magnetic layer, a protective
layer and a lubricating layer were in turn formed on each glass substrate to manufacture
a magnetic recording medium

[0094]

The procedure will be specifically described. A NiFe layer as a soft magnetic
underlayer, a Ru layer as a nonmagnetic intermediate layer and a granular structure
layer of CoCrPtSiO; as a perpendicular magnetic recording layer were in turn stacked
on the surface of each of the glass substrates for magnetic recording media of Examples

1 to 9 by an in-line type sputtering device. Then, an amorphous diamond-like carbon
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film was formed as a protective layer by a CVD process. Thereafter, a
perfluoropolyether-containing lubricating layer was formed by a dip process to prepare
cach magnetic recording medium.

{0095}

Each magnetic recording medium thus obtained was stored in a shipping
cassette (manufactured by Entegris, Inc.), vacuum-packed in an Al-laminated bag at a
degree of vacuum of 400 mmHg, and allowed to stand for 48 hours.

[0096]

After 48 hours, the package was opened, and the magnetic recording medium
was taken out and fabricated to a HDD device. Then, servo information was written
therein under conditions corresponding to 254 kTPI. The servo information was
written after 5 hours after the opening. After 43 hours from the writing of the servo
information (after 48 hours after the opening), the read/write test of the HDD was

performed.

[0097]

The results of the read/write test are shown in Table 2.
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in the

According to these results,
i nci dence

in Exanples 1 to 7 as worki ng exanpl es of the

Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 Exanple 5 Exanple 6
the error

i nvention in which the anelasticity deformation anount A satisfied a

Exanpl e 7 Exanple 8 6 al dusexg
val ue specified in the invention,

‘it was confirnmed that
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exanpl es.
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Def ects of the magnetic di sks having high error incidence in Exanples
8 and 9 were analyzed. As a result, it was confirmed that errors were
concentrated around outer peripheries. The reason for this is
considered to be as follows. 10[0100] The magnetic recording
medi um hel d in the shipping cassette is defornmed by pressure fromthe
at nosphere due to the vacuum packagi ng, and gradually returns to its
original form ataotdhgep thesd BsultseR e tconBrnidtiethasih iBxiatipld3r 10RET 4s wsrking
after the opening. However, the nagnetic recording nmedia of Exanples
8 and 9 hammplyspdche anehtdsi i whych the apelapidityl @Sototidon @hoEO MPkaisElel a
return to their original formyet at the tinme of the witing of the
servo i nfvalwedpkafied Thelie afvestion, theemmgineidetce @cihe dedtigwiitdicat wed st mobto
their original form It is therefore considered that the position
devi at i ombodt 3% paskrmddibefsuppmbdedto aboul the chalfcdnffaraiibsgu@nExamples 8
read/ wite test. [0101] 20Changes in form beconme nore significant,
near e t and Basoomparagiee exdueslys. so that it is presuned that errors
were concentrated to the outer peripheral portion. [0102]

The gl ass subs{0@9% of Exanple 8 as a conparative exanple has a high
speci fic nodul us conpared to the other glass substrates used in the

i nvention, andDlfefets eff thagnageetdbdiskphasigehich Acooimtidegte/in Edwnples 8 and 9
generation of errors is supposed to be suppressed in the

i npl emenvatd emalgxeal uats amext, ithwasmgntial that errdisngerecingatioated arqund
the incidence of errors was high as described above. This is

consi der eutet perfpheviasis ethdogasondor thiveis gbasdersditnsher astfelléws. a nmagneti c
recordi ng medi um of Exanple 8 has a large anelasticity deformation
amout . These [M90Its reveal that in order to sufficiently suppress

t he generation of errors in the magnetic recording medium only the
use of the 5 Ghamagsefictacardngaedign heldiighths plepping cassstielisidefasnehby
gl ass substrates for magnetic recordi ng nedium which has hitherto
been foupigstuee Gemibefatmosphsre) dveud thevasunm packagingtand igeadugBy oftutnisdo its
gl ass substrates for nmagnetic recording nedium having a snal |

anel ast i eigipaldéray gaedréingaleothst respeatios eanslasiicity] P1QBTticsO&ftart ther opening.
was al so_confirmed that, in Exanples 1 to 6 in which the anelasticity
def or mat Hewewsrothst Bagnefisderdingimedie af Bxpmples Spansi 9 having pophanelasticity
invention, the error incidence was at nost about 1% resulting in
bei Ng abPrererges dessmos sompletedy rivm tp dheiberiginaldpem ypioatdhy time of the writing

of the servo information. Thereafter, the magnetic recording media return to their
original form. It is therefore considered that the position deviation of the servo
information occurred in the subsequent read/write test.
[0101]
20 Changes in form become more significant, nearer to the outer periphery, so that
it is presumed that errors were concentrated to the outer peripheral portion.
[0102]
The glass substrate of Example 8 as a comparative example has a high specific
modulus compared to the other glass substrates used in the invention, and flattering is
25  suppressed. Accordingly, the generation of errors is supposed to be suppressed in the

implementation evaluation of the magnetic recording medium. However, the
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15The results of Exanples descri bed above reveal that the magnetic
recordi ng mediumin which the generation of errors (read/wite
errors) is suppressed can be obtained by selecting the gl ass
substrate for a nmagnetic recordi ng medi um having an anel asticity
deformati on anbunt within the predeterm ned range. [0105] 20The
present application is based on Japanese Patent Application No. 2011-

282327 fiihgilerR dPaGRITD Qs high #0deheribdidatiRe. CTRLERanddRed BEBS PAIsRH 89
herein by reference. [Description of the Reference Nunerals] [0106]

2513: G abg thuhgdssah®strt HRENEAdn6tE Q6L dih InsRehUsSR Bdimpleth heddearge
portions 15. Load 32 [Designation of Docunent] Clains [Cl aim1]

A gl ass swblaticfyedéformaismanethtC THER! fistls MB&hL Mat I Ssr8EM toMIgicathtly
absol ute value of a difference between 5a fl atness determ ned by
suppor t i rgppedshthéiganehtiorcet driorOHPAs nitgnedefchliid MBGium, only the use of the
5  glass substrate having a high specific modulus as the glass substrates for magnetic
recording medium, which has hitherto been found to be useful, is insufficient, and that
the use of the glass substrates for magnetic recording medium having a small
anelasticity deformation amount is necessary.
[0103]

10 Further, it was also confirmed that in Examples 1 to 6 in which the anelasticity
deformation amounts B and C satisfied values specified in the invention, the error
incidence was at most about 1%, resulting in being able to suppress the generation of
EITOTS.

[0104]

15 The results of Examples described above reveal that the magnetic recording
medium in which the generation of errors (read/write errors) is suppressed can be
obtained by selecting the glass substrate for a magnetic recording medium having an
anelasticity deformation amount within the predetermined range.

[0105]

20 The present application is based on Japanese Patent Application No. 2011-
282327 filed on December 22, 2011, and the contents are incorporated herein by
reference.

[Description of the Reference Numerals]
[0106]
25 13: Glass substrate for magnetic recording medium

14: Both edge portions
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of the glass substrate for a magnetic recordi ng nmedi um from an
undersi de surface thereof, applying a | oad on an upper surface of a
central portion of the glass substrate for a magnetic recording
medi um for 48 hours, followed by renoving the | oad, and perform ng
measurenent at a tinme when 5 hours have el apsed since the renoval of
the 10l oad, and a flatness before applying the load is defined as an
anel asticity deforgrgi on amount A, the anelasticity deformation
anount Ais 4.2 umor less. [Claim2] 15The gl ass substrate for a
magneti c recordi ng nmedi um according to claim11, wherein when an

absol ute value of a difference between the fl atness

determ ned by supporting the both dianetrically opposing edge
portions of the glass substrate for a magnetic recordi ng nmediumfrom
t he underside surface thereof, applying the |oad on the upper surface
of the central portion of the glass 20 substrate for a magnetic
recordi ng nediumfor 48 hours, followed by renoving the |oad, and
perform ng nmeasurenent at the time when 5 hours have el apsed since
the renoval of the load, and a flatness at a tinme when 48 hours have

el apsed since the renoval of the | oad is defined as an
anel asticity deformati on anobunt B, the anelasticity deformation
anount 25B is 3.0 pmor less. [Caim 3] The gl ass substrate

for a magnetic recording mediumaccording to claim1l or 2, wherein
when the flatness determ ned by supporting the both dianetrically
opposi ng edge portions of the glass substrate for a nagnetic
recordi ng medium fromthe underside surface thereof, applying the

| oad on the upper surface of the central portion 5 of the glass
substrate for a magnetic recording nmediumfor 48 hours, followed by
renmoving the | oad, and perform ng neasurenent at the tine when 5
hours have el apsed since the renoval of the |oad is defined as an
anel asticity deformati on anount C, the anelasticity deformation
amount Cis 5.5 p.mor less. [Caimd4]
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10A magnetic recordi ng nediumusing the glass substrate for a
magneti c recordi ng nmedi um according to any one of clains Ito 3.

10

15

20

25

[Designation of Document] Claims
[Claim 1]

A glass substrate for a magnetic recording medium, wherein when an absolute
value of a difference between

a flatness determined by supporting both diametrically opposing edge portions
of the glass substrate for a magnetic recording medium from an underside surface
thereof, applying a load on an upper surface of a central portion of the glass substrate
for a magnetic recording medium for 48 hours, followed by removing the load, and
performing measurement at a time when 5 hours have elapsed since the removal of the
load, and

a flatness before applying the load
is defined as an anelasticity deformation amount A, the anelasticity deformation amount
Ais 4.2 pm or less.
[Claim 2]

The glass substrate for a magnetic recording medium according to claim 1,
wherein when an absolute value of a difference between

the flatness determined by supporting the both diameirically opposing edge
portions of the glass substrafe for a magnetic recording medium from the underside
surface thereof, applying the load on the upper surface of the central portion of the glass
substrate for a magnetic recording medium for 48 hours, followed by removing the load,
and performing measurement at the time when 5 hours have elapsed since the removal
of the load, and

a flatness at a time when 48 hours have elapsed since the removal of the load

is defined as an anelasticity deformation amount B, the anelasticity deformation amount

B is 3.0 pm or less.
[Claim 3]
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10

The glass substrate for a magnetic recording medium according to claim 1 or 2,
wherein when the flatness determined by supporting the both diametrically opposing
edge portions of the glass substrate for a magnetic recording medium from the
underside surface thereof, applying the load on the upper surface of the central portion
of the glass substrate for a magnetic recording medium for 48 hours, followed by
removing the loaci, and performing measurement at the time when 5 hours have elapsed
since the removal of the load is defined as an anelasticity deformation amount C, the
anelasticity deformation amount C is 5.5 um or less,

[Claim 4]
A magnetic recording medium using the glass substrate for a magnetic

recording medium according to any one of claims 1 to 3.

34



