[ 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 nagnetic
recording nedia to be used for magnetic recording devices and the
i ke. Ho er., with dema or.high density recording, glass
substrate 33@“%888ﬂ@°ﬁﬁ?ﬂﬁt%@? ‘m%ﬂ?ch are hard as conpared with
t he aIunig%ﬂkggg%¥h&%9ﬁ&fates and excellent in flatness 15 and

snoot hnes Wth recent realization of higher recording

density a K@§§UE@?RQ¥§@@RMRG&%;?(E§W(%%@%§% WEAGRETIC

phenonenon has conme to occur nore ore In

whi ch magnrgicerbpasstORASi ght of servo information in which 20
radi us/track position information of the magnetic recording nedia is

recordsd tpeggRer@ig) read/wite errors. [0004] The generation
of such errors has been considered to be caused by a mechani cal

vi bration due tmobhe occurrence of disk flattering associated with a
25 narrowi ng of the track width involved in high recording density
and associ at ed Whd preséemghinsgtied relateattb anglass substrate for a magnetic recording

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 radiusftrack position information of the magnetic recording media is recorded to
generate read/write exrors.

[0004]

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 recording
medi a. The specific nodul us neans the val ue obtai ned by dividing the
Young's nodul us by the density of the glass, and the val ue serving as
a guideline for representing characteristics of |ight weight and high
strength or Iiggb gfight and scarce deformability. This is

herei nafter als Pe erred to as the specific Young' s nodul us. [0006]
10Further, Patepf, SRCMIRALinlo 656 shfif Ssshd BinkAMoh OF sRILOGHH, HOha3 18kRSS
substrate for a nagnetic di sk which 'decreaSes errors of servo

i nformati ‘&Encfugﬁﬁ rtg%pbﬁssatﬂmﬁﬁé&e rECu@iing foe@katfiplehbn using dnaterids
hard di sk by selectinhg a glass substrate for a magnetic recording
medi um hayh\ge S AIFRL §pécifid. Mollilue lep apdteritils @€ tthoplast tsubstrates for magnetic
predeterninedgrange. 15 [ Background- Art Docunents] [Patent Docunents]
[ 0007] 5 Pateptdifeearnt The Mpedfi® GidiuRis 765 [ vaime yobedingdhby Idiviéingitbn]
20[ Probl ens that the Invention is to Solve] [0008] As

descri bed vehsye mddniusrist the densityrof shepglasss sichthe tvaliegeringed dauidelinerfppr s
of the magnetic recording nedia have hitherto been studi ed, However,

the gener adpresentiof dhrraotesisticsrofdight Weigktmnflihighestrengthay dighbwsight angsgarce

there is still a problemof generating errors 25 w?e&,usqd aa t he
magnet i ¢ defoonahility. nbbisas hereinafter also referred to as the specific Young' s modulus.
[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]
[0007]
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]



[ 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 nmagnetic recordi ng nedium having a | ow

i nci dence of errors when used as the magnetic recording nedium 5

[ Means for Sol ving the Problens] [0010] In order to solve the
above-nenti oned problem the present invention provides a glass
substrate for a nmagnetic recordi ng nedium wherein when an absol ute

val ue of a di ffﬁr en eopﬁlte%g@gég%ggﬁag%qg%e ﬁ{;;ﬁerg’%xfb?dar@% lsltp%gfogé ?Igr

both dianetrica § OpposI Ions o ass su

a magnet i gb_{egt;%‘r 8k ’1935'55{1 inlé'gﬁti({noﬁ Hvin' qeé'h?s's depsitd AF S ﬁaQEI{e?iefrecording

appl yi ng on “an upper surtface of a central portion of the glass

substrate FLegfu[n? PRANELT Bw SEMAENG BRI MHER Nusédd ABOME Smadrtié QuREdikY

removi ng dad, and perform ng neasurenent at a tine when 5 hours
have el apggdisince the renoval of the 15l oad, and a flatness before
applying the load is defined as an anelasticity deformation anmount A,

t he angl asifesistiyr Stabiag et bobleagpunt A is 4.2 pmor |ess. [Advantages
of the Invention] 20[0011] The invention provides the glass substrate
for a magnetic fo@¢or di ng medi um which can return to its origina
formwithin a predeterm ned period of tinme even when deforned by
appl i cati on of I drdadotsolve It atmyeretentioned puetdémotherpetisenhinykation pofiges |
a glass substrate for a magnetic recording medium, wherein when an absolute value of a
difference between
10 a flatness determined by supporting both diametrically opposing edge portions
of the plass 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  Joad,and

a flatness before applying the load
is defined as an anelasticity deformation amount A, the anelasticity deformation amount
Als 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 period 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 o cause

95  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



even when the nmagnetic recording nediumis packaged and fixed in a
cassette to cause 25 deformation of the glass substrate for a
magneti c recordi ng nmediumin shipping, the glass substrate returns to
its original formuntil the tinme when servo information is witten
therein, and the servo information can be recorded at a suitable
position of the nmagnetic recording nmedium It becones therefore
possi bl e to suppress the generation of subsequent errors (read/wite

errors). [ &Bﬁftﬁl‘%&ﬁc&‘l&)ﬁlg %E&vgfinfohﬁatgfnaé%%l rt';g %lcofc[eg(?& %]su}taébsl% ipg?itE{)/IgOf thel s

a diagramtor illustrating a neasuring ow of an ane

def or mat i o, a0l candditA! ﬁrﬂe@aﬁmre@&c@fsgmg? fggpdﬁr% thdY&iREakien -

Figs. 2(a) and 2(b) sRow views for illustrating a appli cation

process i RfBRAsHEhtErodd (rédiphakldnetdy deformation amount in a first
enbodi nent according to the 10i nvention. [Mdes for Carrying CQut the

| nvent i onBfi@Qk&kiption of the Ardvddgsient s for carrying out the invention
w Il be described belowwith reference to the drawi ngs. However, the

i nventfon shoul @0i®t be construed as being 15limted to the foll ow ng
enbodi ments, and various nodifications and substitutions can be nade
t heret o wi t hout Figepaist iandiagraomfohdlustaiprg of medsaringviomt iofran pogasiipity
[ First Enbodi nment]
deformation amount in a first embodiment according to the invention.
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]
0013}
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



In this enbodi nent, a glass substrate for a magnetic recordi ng nmedi um
of the 20invention will be described. [0015] The inventors of the

i nvention have studi ed causes for the generation of readout errors in
t he magnetic recordi ng nedium even when a material having a high
specific nmodulus 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 nodul us by the density of the glass,

dth
o et oy TeptEschARY bR Ao Oub B WAfint B nigh SREEARGY 14 weiaht and searce
scarce def fd}ﬁllabl %y Tﬂﬁis%&anﬂﬁﬁﬁ%%e%d% %QtﬁeeéﬁEi"ﬂédYﬁé assmwﬁus.

speC|f| Cc ung S dul us. aresult, 1t has found t at one of

t he causesad Srebhiatic MR®Berd ﬂaandraﬂﬂ&id & tﬁ@%eaumlamﬂwﬂﬁb nfagd&{caeemRaink N
a transportation step, the servo information is witten there| nbs

bef ore t hendliafRisratfonted b & thhdpeitivd dtep, QEOVRVE thiorhliidn i€ a4littey thePein
conpletion of the invention. [0016] In general, the magnetic
recor dfng beked i dbfoahatiod Hysuffsientlygreaoveng) ehisclehdiyg rio awnehpldiien| dfkie on
a surface of the glass substrate for a magnetic recording nediumis
10 put inimveoiesette so as not to contact with another magnetic
recordi ng medium further put in a packagi ng contai ner under reduced
pressure, and sHiGdpkd and transported to a plant for the manufacture
of hard disk drives. Wen the magnetic recording mediumis
transported, th& aﬁxjrﬁét the magmeliclFesgraigimafinmsottginech by fgmmg 3 Hpgnetic

k ki d d | t .
D S ersiab ks BEg Stk of e dlass Suisrng ﬁéﬁﬁﬁ%ﬁe%caﬁr&g%%m
be. def db t
TP b s B B agrer BB ap B °f°899a€hglthﬁneﬂlﬁlcwﬁns ig Fecping HegRiy Bt

t he rragnetl C._reco

nedi f
assenbl ed 1t1t na %B.Cf(&&ll’(l)?(ﬁ(knl 13 é‘r"rﬂndézl.ﬁguceﬁ éﬁts,urg or n%}pp%& %g& rtr?inslp?{qu toa
therein, foli fBi"ﬁQ BRI ECE RO R dflves.  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 medivum may be deformed by application of a load.

[0017]

Then, after transportation to the plant for the manufacture of hard disk drives,
the magpetic 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
ﬁme 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]



20read/wite test. [0018] When the magnetic recordi ng nedi um
is defornmed by applying the load at the tine of transportation as
descri bed above, the load is renoved by taking it out of the
cassette. Accordingly, the nagnetic recordi ng medi um gradual |y
returns to its original 25 formduring this step. [0019]

Usual |y, the servo information is witten in the magnetic recording
medi um after about 5 to 12 hours after being taken out of the
cassette. Howev t he etic .recordi.ng nedi um does .not_ ..
SurTictant 'y oL ab b, TREMEOR it SRR i th Rpitl e modipm
whi ch t he i, nf or i [ [ e [ d.
For 5t hi's TELERE s BIZRORE sR" LR bl Bk Relebl PRIl R

been writtg Qﬁyée@aﬁaﬁ%&dﬁﬁqya&s&ﬁ@s@ga%@tdée% fafnsedrfsg&raﬁ for{?OaQ%Q; stage,

Furt her, causes for tHe generation out error§in the nmagnetric

recor di ng JRAHEAINIURhIESRr& tHrBdtion BasPhebe Wiktbn isl therBifer BRBRCEELY aRL €d
that the speed at which 10 the magnetic recording nediumreturns to

its orbgi Bk réR6dN tﬁe?eﬂd@ aNwhith ta €46 tihfolrhtiod Had HeB eifteA HViates @b
the gl ass substrate for a magnetic recordi ng medi um because the

magneti c reags@ il geperatich ofvrioss. obt ai ned by forming the magnetic |ayer
and the |like on the surface of the glass substrate for a magnetic
recordi ng nedi ufA02§021] 15The invention intends to surely suppress

t he generation of readout errors in the magnetic recording nedium
obt ai ned by f or Fuuthyr,tdausaydomibe igenératjanr ofneetlonh exrers e thermednstic weconding of
the glass substrate for a magnetic recordi ng medi um by adjusting the

anel ast i cmtedivgehoicrheen sidigdouhis aAcsit, ithes feensevealassthpiihe sped & which

magnetjc recording nmediumtg 4.2 pmor_ |ess. 20[ 0022
g 10 the magneti recordling mecﬁum retu?ns to its origfnal onga depen]ds on the anelasticity

deformation amount of the glass substrate for a magnetic recording medium, because
the magnetic recording medium is obtained by forming the magnetic layer and the like
on the surface of the glass 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 central 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 deformaftion amount A as used herein is the absolute value of the



Bot h opposi ng edge portions of the glass substrate for a nagnetic
recordi ng nmedi um are supported from an undersi de surface thereof, and
a load is applied on an upper surface of a central portion (central
region including the center) of the glass substrate for a magnetic
recordi ng nmedium for 48 hours, followed by renoving the |oad. 25 The
anel asticity deformati on anount A as used herein is the absolute
value of the difference between the flatness at the tine mhen 5

h h f | oad
ot or e apSiGPREAHEHB ﬁ?ﬁﬁ%@%ﬁ?ﬂso g hop Ry BRpted S o Temtval
deformati g tﬁe@&'&‘&d’%h%ﬁatﬂgsﬁ%gfo? &HJS 210%1‘1 S applied to the gl ass

substrate I'c recor or 48 hours. This is based
on the tine geneg @b y taken from packagl ng and shi ppi ng of the
magneti c recording diumto opening of the package for assenbling of

the hard di sk dijeye. wﬂ%ﬂrﬂlé‘%ﬁelaétlelt%Ia@foﬁﬁ%n"‘ﬂ%&ltt}t‘?s aeeh st itkd 1odd is
def ormati on anounts A to descri l'ater are neasured, it has been

confirged gphiedd 6RBOGRSs bubstkdt@FotesShagiche setbttind a@dRin thagtionr. Thisuben
the load is applied for about 16 hours for all glass substrates. For

this reas®asedt fig thedichehgsnehdlgnta@plfioad phekagh@ felskkphingroft the magnetic
vi ewpoi nt that the changes in flatness are saturated to cause no
changes i medotditig emdivey én opningooiyte mpkge dat kgambiing b# tHeokedd didkORike.
Further, the flatness after 5 hours after the renoval of the load is
used for Fugheapimphe cseryhedretharselasticey defoemetidoeamiuntnittn € desentheddaterf
the package of the magnetic recording mediumto witing of the servo
i nfor mat i 6t¢ mP?éFl@ﬁnltlhés Gewasqniingerh that shapgesm fadugss are sytusptad at the time
suppress errors, the g ass substrate for magneti c relgor di ng nmedj um
S

is reHirater gerlead s aDRlfsd ?rsabavﬁ § h?&rs f%?lhglaiﬁsuhﬁwquu Prepissepsem the e
oo 58S AL SRSE 0GB 550 B e
may be angaturateld? e nci) changes in flatness even by longer application of the load.
(0024}
Further, the flatness after 5 hours after the removal of the load is used for
15 comparison, becanse the time taken from the opening of the package of the magnetic
recording medium to writing of the servo information therein is usually about 5 to 12
hours. In order to suppress errors, the glass substrate for a magnetic recording medivm
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 um or less, more preferably 3.5 yum or less, and

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



a value all owabl e even when the gl ass substrate for a magnetic
recording nediumis displaced after the servo information has been
recorded, and the value of the anelasticity deformation anobunt A is
4.2 umor |ess as described above. The anelasticity 25 deformation
anount A ispreferably 4.0 umor |less, nore preferably 3.5 umor |ess,
and particularly preferably 3.0 umor less. Incidentally, the | ower
limt value of the anelasticity deformation amount Ais O p.m The

sanme can be said for. the other =elasficity _deformtion nts B _and
C. [0026] elestisdy, defarmation ﬂ“%?ﬁﬁfogi g0 edye B&f%g%getsgﬁoﬁwrégg other
substrate for a, etic 5 recordi medi um are supported from an
under si de @W?@E@n%g’ﬁgpﬁt&n,%'%gd@glg% is applied on an upper surface
of a central pomd'zgp (central region including the center) of the

gl ass substrate'tor‘a magnetic recording nediumfor 48 hours,

foll db i . : i ff
between the 11 ot Hosg &Pt APorl iR RRhol N, ME Ul B o HHERES
removaF ofreegm?ng AN did REpHolRd R3S aAluddb&idbOskiab® tHRER &ﬁi BOMES is

have el apsed since the renoval of the load is defined as the

anel ast i Ciahyied Qb ORrABDSMY cddiral Porlith Eehi®f Segin RANRE Ge EQEQY 6F NY
mediumof 3.0 p.mor less in the anelasticity deformati on anount B

may be prefectRly eubsh@R27dr dheagaskd asdokding Ynelidar fFR1480 RodED Esllowdd NBANS
a deformati on amount between 15 the tinme when 5 hours have el apse

si nce t heremovingathedbad h&hke ghsblata dvatueenft therdiftdnane b8tvivan e Hatwessedt ajpsed
since the renoval of the |oad. For this reason, the | ower val ue

t her eof ndmeswhenes bomsb have clapedisinoé thti splosderfeht lafltand thfatpess\ad the

i nformati on has been witten in the magnetic recordi ng nmedium at the

ti me WhentiBehsnsh hoursehaypsdapsed givee diveraneayvel af thsf laafds |dshoed as the
20[ 0028] .. Accordingly, the amunt of displacenent after the
servo i nf 8pcastivibhdeforEnatior Amprnt B.c nny this oA, ARBBEHCreFEeBEdnRsiimed s Om
i s decreased al | ow the el asticit ef oy mat i,on .anount B to
rmet ¢ he. B EoHaE SRR gt f Bep B BHESSest bl o t o
suppress the 9%685ﬁ1i0n of errors nore when used as the nmagnetic
recordi ng

The anelasticity deformation amount B means a deformation amount between
15  the time when 5 hours have elapsed since the removal of the load and the time when 48
hours have elapsed since the removal of the load. For this reason, the lower value
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
wriften in the magnetic recording medium is decreased by allowing the anclasticity
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]



25 medium [0029] The val ue of the anelasticity deformation
anount B may be any as long as it is a value all owabl e when readi ng
and witing of data are perforned after the servo infornmation has
been witten in the nagnetic recordi ng medium and as descri bed
above, it is preferably 3.0 pmor |ess. The anelasticity deformation
anount B is nore 5 preferably 2.5 pmor less, and particularly
preferably 2.0 pmor |ess. [0030] Furthernore, the both

i d ti t h | bstrate f ti -
ESER IR A TR T SN, L T
| oad | i : -.0f tral ti tral
202 1 0Bl St O ABRELRI LR, & SRS AR SHINR)

ecord o bt Al 4010, o 14 BVEHSDLCL RN R be SO Tt

the | oad iaﬁm@eftii@ﬁ&fea@o@@.oapr}ﬁlo@%'g.ci'me ALY e RRmaRH Rhodnt PABInfdRe | S
preferably 5.5 fifll or iess. [0031] 15The snaller val ue of the

anel as§i Cisteferdiglf QrMhiod Nesq Bl Phrticul fekdbBy 308 6F leds. at ness at the
tinme mhenb5 hou?s:ﬂgge elapseg singgp?%e ?ﬁ%nggl of the load. The

gl ass substrate[(0e0] a magnetic recordi ng nmedi um sati sfying such a
paraneter shows that the deformation anmount is small, despite the
application of Firthelmamt, filgr béiB byporing cdgel portiohhat thé qldsk atbeme @ a
recovered at the tinme when 5 hours have el apsed since the renoval of
20 t he | omdgneticcercdding mediveyam swhpsried fremswrmderside sunfaceitisredfsandra Ioaden
in the magnetic recording nediumat the tinme when 5 hours have

el apsed sisrpplighen pppratlsudtcetife qegligl portiva (agndiahtegi wglyding daneenter)
deforpation of the glass substrate for a magnetic recording nediumis
stral 1 10 andf 1 SeBoHBETHE4ET BI BIGTHS GHOFEYE TRAEY e &L10BH, SpIosteR dhts.

(ot or mat | BB SR | 1 ARTTS: G roBEe Tl 0HS, Ber QRS CURgs.

1 and 2.

removal of the load is defined as an anelasticity deformation amount C, which is
preferably 5.5 pm 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.



[ 0033] Incidentally, in the follow ng description, in Fig. 1,
the flatness at each tinme is expressed as F(x It). In the fornula, x
represents the elapsed tinme fromthe renoval of the |load, on the
basis of the time (0 It) when the load is renoved. Further, the tine
5 before the load is renoved is expressed by m nus. For exanple,
therefore, F(-48 h) shows the flatness before 48 hours fromthe
renoval of the load, that is to say, the flatness of the gl ass
substrate for a etic recording medium before the load is appli ed.
[ 0034] 10First,[gﬁgrom10f measur enent of the anelasticity deformation

oourt el O SRS B Mgk a8 1 e B e
magnet i ¢ re‘if}{éf]sgh QgF :,;m i{é E%ﬂgéﬁ%g’@%%é&h%%@&%%e@_tiHE:E_ﬁdn?ﬁ%&ﬁoval of

applied, as”shown in | ( I nt of in Fig. _
Ther eaf t elpe {08 ddfh%@ Ya§is %Plﬂle' @fle (@S BROLRSIBaP WDSHLME TMFthe:, FRANRL I C

recordi ng medium for 48 hours by a nethod described later. This is

becausg t heford e Ibak BNreinb0sd Roskagidadvyamthushi PR c-ﬁ:@rngfe, teeefoRORELS B)
recording nmediumto the opening of the package is about 48 hours in a

common hagkbwl ik filtnase bapsendlhong Bdmephe Fmidvhiess thaslosk sht4tiibad sahake,
it has been confirmed that changes in flatness are saturated 20 at

t he ti ne fhmesst tfetHeogldssi sibsipgit if@da froagnetio wicoditnghowdmnt defosd thegload ds
substrates (the glass substrates are conpletely deformed). For this
reason, thgplledad has been applied for 48 hours fromthe viewpoint
that the changes in flatness are saturated to cause no changes in
fl at ness even b98%le | onger application of the |load. [0036] 25After
48 hours have elapsed, the load is r ved, (the paint of (2) in_Fig.
1), ah¥ the fl afiFs3 %ng ?fe@g%ﬁl@aﬁeabaf %(%@Sttfétﬁﬁ@?%’fmt@} aAlug; Wil by
at the tige V\Q%n o ‘hours have el apsed since the renoval of the | oad.
This has PEEH°HEMSddEds F(5 h). This is because the tine taken from
t he openi ng of Qfs package of the magnetic recording nediumto the
witing of the r\;lo information therein is usually about 5 to 12

hours in the h%(!héjinggsugé’nile\ﬁ?, tﬂéﬁgﬂp:!silf(gmsﬁ)%?theSéIng?éuthrate 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  atthe 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

10



Further, the flatness at the tinme when 48 hours have el apsed since
the renoval of the load is neasured (the point of (4) in Fig. 1), and
this has been defined as F(48 h). This is because the read/wite test
is perforned at the tinme when about 48 hours have el apsed since the
openi ng of the package in the common hard di sk drive assenbling
10step. [003 8] Then, as descri bed above, the anelasticity

def ormati on anount A is calculated as the absolute value of the

e e M
5 , i . :
(Ancl ast! dieedisebRor e i ARBUE RPEREDE Ty Bloddto! e RUdEeSRRL)"
val ue of trin'e%itﬁﬁ'% ﬁéwrging%f%%fs%wmﬂomaﬁamﬂ&%itﬁs TRAUS ab AR 118 HhATS
gneti I ts

substrate Tor a nm recording mediumreturns cfoser to i

original foIum.4 gigggﬁg%ésg%ﬁlgl{l@&éphe def ormati on generated by applying

the | oad thereto 20 Further, as described above, the
anel asgicity defgpstpti on anount B is cal cul ated.as the absol ute val ue
of the difference between the flatness at the time when 5 hours have

el apsed since thetheermy 8hinods & e tmadhands hhes hivatdrgsed ghcd the réravl
when 48 hours have el apsed since the renoval of the |oad, and

r epr esent efltheyoddrie reaturalrtingpdmed 4t in Ry, 1),Ane kidshisdietly defafedrag@(4&d).
anount B)=IF(5 h)-F(48 h)) The anel asticity deformation
anount C iThiiic htoasset the réddavimesest at parfoemed aethetiere Bhénoahost Hdheurshapsed
since the renoval of the load. This is therefore represented by the
f ol | owi ngelagisdtsinsa thy Apesting of tietpackrsedn rfee Fopmenbendt digh) iy agspmbling

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 thg 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



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 10 recording nmedi umin
measuring the anel astieity deformati on amount will be descri bed

bel ow. [0041] When the load is applied to the glass substrate

for a magnetic recording, ium, the both djanmetrically opposing edge
portions of thel Pé&fgasgg@énﬁgwﬂ%ﬁmaw@] wgbcﬁfé'e‘ € &%i&ﬁgﬂrﬂf‘ewgmf
are supported.from an undersi de surface thereof, and. the |oad .S
Vert: oo | RS HeBHAaeE Pl of 06 810 ¢ HEN s ARPaP e arEragea B the

i ncl udi ngdglhe cent er. 1:(l),f the gl ass substrate for a magnetic recording
medi um | GOAITBASIEERT i ¢ exanple wil |l be described using Figs. 2(a)

and 2(b). 20[ Ooﬁﬂelzfslticig/ ?Bfglin’%‘?if)n ARV gg%(éghg) show an exanple in

which a load is~applie 0 a glass s& for a magnetic recording

medi u gﬁi n order st Qe asHeSuldBe ﬁaﬁks%%gh%: %aesg?.fbs;aa{é%li ORI Mcordihd -

2(a) ows a transverse side view, an shows a“top view.

25[ 0044]  medium is A6t ?ﬁﬁ@ﬁlaﬂ)n 198 Rdrogxanpl, 3 Bin bé MALEEd blyCa PRARON t
both edge portions of the glass substrate for a magnetic recording

medi um  anéaghimpestetironde ethicphaedhifiandhddie gl ass substrate 13 for
magneti c recording medi umand the | oad (weight) 15 are di sposed

t hereon to appl jooddle | oad to the gl ass substrate. 5[0045] The
V-shaped bl ock 11 has a V-shaped cut portion 12 at a central portion
t hereof. Then, Thea, gl method ditrsanpltiez 18 load tordlynelabscsubsitate ddmy nmagdétiom
is disposed so as to cover the V-shaped cut portion 12, thereby being
abl e t® swspoling wediymt inandssuingethe enghesticito defommationgmoznt wilblbs d¢sgebed

surface. Incidentally, a nenber for supporting the gl ass
below.

[0041]

When the load is applied to the glass substrate for a magnetic recording
medium, the both diametrically opposing edge portions of the glass substrate for a

15  magnetic recording medium are supported from an underside surface thereof, and the
load is vertically applied on an upper surface of the central portion including the center
of the glass substrate for a magnetic recording medium.

[0042]

A specific example will be described using Figs. 2(a) and 2(b).

20 [0043]

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
defofmation amount. Fig. 2(a) shows a transverse side view, and Fig. 2(b) shows a top
view.

25 [0044]
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10 substrate for a magnetic recording nmediumis not limted to the
V-shaped bl ock, and nmay be any as long as the both edge portions 14
of the glass substrate for a magnetic recordi ng nmedi um can be
supported. For exanple, two square pol e-shaped bl ocks may be spaced
at a predetermned interval in such a manner that the both edge
portions 14 of the glass substrate for a magnetic recordi ng nedi um
can be supported. 15[ 0046] In this case, the both edge

- Shaped bl otk ancaradt G SR 161, 6) SaRRER sl SOOR; pULPIS S 6e

V-shaped bl ock and provided on"two places I ame

0pposi NG 448 SullsBhte PR Blabhdi rbRdifg BRdiusl las\ﬁ-"sl?a?@d bRk 31 TREREL A the
recordi ng medi um are each encl osed by a chord 141 (142) and an arc.

Then, the ghokibskad 1356k hi@etd Rordigdnetifun bd SEJedANeighdNS & dithRed Ut
portions of the V-shaped bl ock, and are parallel to each other. The

maxi mum v ahareonctd appig tish [eddaoake flaswebsratehe chord and the arc, nanely,
W in Figs. 2(a) and 2(b), is preferably the length of 2.3 to 7. 7% of
t he di ameter of [GM8] gl ass substrate for a magnetic recordi ng medi um
and nore preferably the length of 3.0 to 4.6% of the dianeter. This

i s because V\henThmg/-ﬂ‘angbbb*:ktlﬁehﬁquNoﬂhﬂqu@ga}imﬁi@h13 st aowni28 pratierow,
there is a possibility that the glass substrate for a nmagnetic

recor di ng theseetunt s gis géﬂﬁsvﬁuhsaafegés%r Brggiarsoidng medivmde digprsed se av

| oad is applied, whereas when it _is too w de, the distance froma

| oad por t FOFPYSERENEshapRd Pyt Pastien h bRy heinerabl ieeuiarytenfidhebath eden ¢
to occur, resultj in |low.resoluti Qqf asurenent.. [0047] The | oad
o ot papPEEt b i pplee 38hes, dRalen B’ R S ER o stontple By

t he cent.r.al rtion including th enter,.of e.glass s trat

for aThmonupive PELAPRIRRIEHENE s 3F biLiRLed o S SmPlRTEhokE

t hereof a L f I : Mgl .
exanpl e, g@y?ﬁgﬁﬁg% n iagéﬂ.lé g%lai)egga%?%%}?& ? “h? %%gs%%%géﬁgg%énﬁ?
10 di sposjdagrdfhg’ ScditMItdntbe BaSAMEE! SRl REGmbRAGWA ‘é‘gﬁég@tp))le%aﬁé@[eblocks
central portion of the glass Substrate for a nmagnétic recording

nedi um | fay Bk Spaead st a preddtermini igfer@din fioh ai¥@néaRs thébéth SRGSRFHIM
parallel to the chords 141 and 142 form ng the both edge portions for
supporti nt4 dihke glagsabsrennd foo B ethegdtRIscosdibg tediue: dadbedupgBet | C
recording nmedium Further, it is preferred that the load is disposed
so aslX o cover [8046]the width (range) of the 15 gl ass substrate for a
magnetic recording medium which has a constant length froma center-
line parall el tlo thiheasshthedothy adgearoetions Zsuppsrting partions) H whick coine iftor
exampl e, as the | oad _(weight), there can be used a rectangul ar

par al | el epmpst with thei\crhapgd bieck: and: pravided onrizeeplpcest ¢febatle fipmpetarallyp -
in Fig. 2(a) .and 2(?), is preferably 35 to 80% and, nore preferably 55
to 75% of RPRENG PEFE I SuBPOrting thy) 2iass Suhshale fax & meghetis rpgogtiag medpin arc

recording ned viq b9 hird 141 (142) and an are.  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 subsirate for 2 magnetic recording medium

slips down to cause breakage in the case where the load is applied, whereas when it is

13



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 recording nediumis broken by concentration
of the load to the narrow range, falling of the destabilized | oad 25
and the |ike, and because when the range to which the load is applied
is too wde, the distance fromthe |oad portion becones short, and
changes in flatness become difficult to occur, resulting in Iow

| ut f t t | th of
the I 3ah°3a§.“5ﬁE )fﬁ%’@?%e?ﬁ?efr%may%%ﬂeomebeaemssr sh@ kst Sy n ibees ©

di anet er t he stra recordl g rredl um as
eocri bed BHEHUS dl%%%&fm e 8ifag 3 L reGARH SeSHRES Mot
particularlyll g as long as it is within the range in which

def ormati on due nel asticity sufficiently occurs and the glass 10

substrate for a H@ﬂﬁﬁtlb &8{ ﬁeﬁﬂ&ﬂéﬂs}glnﬁﬁgi YN dng 43%he Ma0K8H be'd pmntol?ﬁ‘e

sel ected accordl ng to t ar ea trength or the i ke of the glass

subst r gt e b0 FoRRANBELRINzCHE! Ghd ofrefll HRdst QibBRatt I8 e rh 4 ré:c@fdlng
exanple, it can be selected so as to give a wei ght of 33 gf (2.28

mN) per  hedhmRd QhriRuliEly B Wifaagandt tHebf gh@ St weipht 6iaihe 164 aré@ not
magnetic recording nmedium That is to say, the weight cal cul ated by

(t he arealiafitetithe mai n surface of the glass substrate for a magnetic
recording medium innm2 x 0.233 gf/mR2 (2.28 nV mR) can be appli ed.
For exanple, in00H& case of the glass substrate for a nagnetic
recording medium (2.5- inch glass substrate for a nmagnetic recording
medi um) havi ng Bar ganwle, disashevar inoFigs52(2D anth 24k thig ¢ann%fr p@nﬁamdehy (a

dianeter of a_circular hole at a central partion) of t he | oad

havi nif a skiépfgvmg prectppgnigy pagel doingr lpad Gysighteen ths cpﬁ%alwﬁﬁ&n of ik glges of
?ngl ﬁ(rannt { 2 %I %nmggfnehg ?ecgrda r?gsmgtﬂbSt rian I%lsfc%e it 1s pie r}gl%édcthgt%(::eo oa (515
disposed in parailel to the chords 141 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 medivm 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

14



The gl ass substrate for a nmagnetic recording medi um of the invention
can be 25manufactured by a nethod including the following steps 1 to
4. (Step 1) A shape-formng step of processing a gl ass
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

peri pheral surface polishing step of polishing the peripheral

surfaces SEORe I PPLABE! AriGibianss 3k, Qi B, HINRIAL pabh At

the gl ass substrate; ep 3) A main surface polishing step of
pol i shi ng thRkdhr,SedulBEan 16 résbﬁngﬁ abBcauRElnat e; and (Step 4) A

cl eaning step of cl eani ng and drying the glass substrate. [0054]
10Then, the gl agmsgpbstrate for a magnetic recordi ng nmedi um obt ai ned
by the manufacturing nmethod including the above-nentioned respective
steps is furtheThsldagiedied lémpiaofthe fpadiweightrisngefarabhy the farheasserdbngds a
magnetic | ayer thereon, thereby being able to obtain the nagnetic

r ecor db ng tiradhe diame®0 56 thelddss eulstiapefof @ nmgngicstapdiof nfesifuap & )desesibed
herein is a step of processing the glass sheet formed by a fl oat
process, abdwgsi on process, a press nol ding process, a downdraw
process or a redraw process to the disk-shaped gl ass substrate having
the circular hol0835bt the central portion thereof. Incidentally, the

gl ass sheet to e use not particular|ly ljnmted, as |lqong as the
gl ass substrate Iieo‘r"elgfi'hﬁgﬂjétlf’ Fse%rﬂﬂﬁﬁalaﬁﬁdﬁnﬂlﬁioﬁ% long g lb% Yighin the

rount - FEPERRnpRER RN B ey eBE UGBS e tRagY Te s
crystggli Zefagtr%ﬁ?osrs r%gn%{ag ?%lg}(f 1%" Slgchgm %otkb% 'egqﬁa?! c%ﬁ ?1%&!3&/ Sec dgnr%:ltse

| ayer (st Fengt hening I'S pre Bt ass” su

h h I ,
e o 0 O ORI . MO 1A ST
pref erabl%b’gqlsggé GPacnB/ g or nore. [0056]

[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 gffmm? (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 cenfral 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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Then, the peripheral surface polishing step of (step 2) is a step of
pol i shing the peripheral surfaces (side surface portions and
chanfered portions) of the glass substrate. [0057] The nmain surface
polishing step of (step 3) is a step of polishing the upper and 5

| ower mai n surfaces of the glass substrate at the sane tine wile
supplying a polishing slurry to the main surfaces of the gl ass .
substrate, using a doubl e-side polishing device. The polishing of the

o s subst ot Bl DNETELACTY BepatLioPr MRy R. Lol il
orLLary kS it POt o g BOTORCUBRLE S M

l'appi ng (f@EmRXANRL Sinel APEARIY nd ARRIG hefdl ¥@h RIKASITY €
| appi ng) of the %g%n gu@??%gs naycbe perfor%ggse%urther, bet Ween t he

respective stepgstegbpas peSpReillsatBoeiloddithdded é@om§m§% ﬁéhg@mlrsgx)fa&g
may be

gl ass substrate surface etching (in-process etching

per f or ged.(inhergieephdrall suyfaceldidraitdr @erplictA pRERE) lthd flessHabdiatlyr f aces” as
used herein neans polishing of the main surfaces In the broad sense
of the term [O@H& 3) A main skfadehmilishiag step efipdlisking mupis teqfaceé of the glass
exanpl e, chem cal strengthening step) of formng a conpressive stress
| ayer (st sesgetapaidng | ayer) on a surface |ayer of the glass
20substrate may be‘Berforqed before or after the Polishing step, or
bet ween t he pol (S5 D sleapng sewet Jamimnisd di vt glass substratp. ¢ hi s
enbodi nent, the nmagnetic recordi ng nediumusing the glass substrate
for a nmagnetic 108edr di ng medium of the invention will be descri bed.

25] 00? (9 ] 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 obfain the magnetic recording medium.

f0055]

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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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

per pendi cul ar magnetic recording system as an exanple. [0062] The

ngszfz 10" pr ot Btk Mo B SHEA T dh Bh 5 P Her A o T80 EhRdte.
Then. 1 Uity el A REFERNALGUL B IRMIERS CorBESAUBK IR,

there is I'cun
soft nagnetlc g yal which plays a roIe in C|rculat|ng a recording
magnetic field a magnetic head. Accordingly, for exanple, the

soft magnetic U@H@ﬁhﬁkﬁffaceﬁsdﬁ@lﬂh@@@ﬂﬁf (s g'?)tn% E‘i@ﬂbﬁﬁ(ﬁmhﬁ?%e upge€and
magnetic | ayer for 15perpendi cular recordi hg, the protective lTayer

and the | uhtdrGadin BEfdoayerthaloRisé ibshat @ thelkatnb ititn Ok fu ;f[pwig &'ﬂ@hshmo
surface of the glass substrate. [0063] The respective [ayers wl e

descr i bedshel awthe[ 146 4l QAT thh g0 btbstraig mingCa dabdd-sidy pdshshidgedeeme.an
be used, for exanple, CoN Fe, FeCoB, CoCuFe, N Fe, FeAl Si, FeTaN,

FeN, FeTaChe faistigalf tHeqAasblsulhs@Bewlf tHehiamentibh enayde -onbygpreharg polishing, the
internediate | ayer is conposed of Ru or a Ru alloy. The non-nagnetic
i nt er medi ptimalygpplishihmandsetandetyl polishiog nfaydielpetfotmedgoripitiagxpell shipg avayh
of be performed after the second polishing.
10 [0058]
Before the main surface polishing step of (step 3), lapping (for example, loose
abrasive 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 strengthening 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 performeti 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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25 the magnetic | ayer for perpendicul ar recording, and a function of
br eaki ng magneti c exchange coupling between the soft magnetic
under | ayer and the nagnetic | ayer for perpendicular recordi ng. [0066]
The magnetic |ayer for perpendicular recording is a nagnetic |ayer in
which an 5 axis of easy magnetization faces in a perpendicul ar
direction to a substrate surface, and contains at |east Co and Pt.
Then, in order to decrease intergranul ar exchange coupling which

causes hi gh i nt rihe$haaneRliebI IR inSliurh (mhgheli® BREYTEAABE Gblatheli ¥y PoRning a
wel | -separated fine grain structure (granular structure).

Speci fi calthygnetih éayer asd peeliler @bkhe glagdsubiteno Brad AAhdY raslding Mdtium
oxi de (such as 8i02, SiQ C 203, CoO Ta203 or Ti02), or C, B, 10
Cu, Ta or déscribed &n e Btstbmbedimahi. oy. [ 0067] The soft nmagnetic
under| ayer, the non-nmagnetic internediate | ayer and the magnetic

| ayer for perpeb@édll ar recording which have hitherto been described
can be _continuously manufactured by an inline sputtering process or a
DC magPet ron 154Hheualyrtherg apsrokwizontal megstic recordingygten ader perpendictiav e
| ayer is provided og_the magnetic |ayer for perpendicul ar recording
in order PYEPFSEFRIIRESYHENAR thy magnetipuepeeding medipay a percedere el dierain ar

recordi ng nd.fo event, damage of, the surface of the magnetic
recor di ng® %ﬁ%f)ﬁ%@i‘?ﬁ A W@ﬁ Pg’ﬁ? n‘ﬁfﬁ‘@}ﬁ“e‘%’?@%‘é’&&”@ﬁ’l&ééﬁ“ﬂﬁ@éa’é@’ﬁﬁ‘%@-
with the nagne;gﬁ ﬂecording medium As the protective |ayer, there
can be used a tgrial containing C, Zr02 or Si02. [0069] As a

T O O PR bl K e BB b
procegs. ﬁ%EeQQJQ]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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In order to reduce friction between the magnetic head and the
magneti c recording nmedi um (magnetic disk), the lubricating layer is
formed on a surface of the protective |layer. As the lubricating

| ayer, there can be used, for exanple, a perfluoropolyether, a
fluorinated al cohol or a fluorinated carboxylic acid. The

5l ubricating layer can be formed by a dip process or a spray process.
[ 0071] As has been descri bed above, the magnetic recording

gl ass subStrRTe: il Reffeh Y PEERRRME BHEIRAPIA) 4B hRERGE0YE %

descri bed _Lp.th&fi L& iﬁg_bodi ment has smal |l di splacenent after 10t he
servo inf(])ar t1on has %e n witten therein, so that it becones

possi bl e suppreﬁj@sg]he generation of errors. [Exanples] [0072]
The invention will 'be further described below with reference to

speci fic 15exanphesagld@eemer for bEBendidtRRtreRndisd BWY HadiRtic ReeCanaticied
as being limted thegr et o. [007?&]&9 First ,é]t heregﬂvé\,i I IB@be descri bed
a nmet hod boE oL¥ARY waighefizatibe f@éoias mulkaticalae di@tion toRGEBtrhte stsel gidng
medi um and a nethod for evaluating the magnetic recordi ng nmedi um

obt ai ned byntding atilengt Chrand Pt | Thers iictrderstotdheresse gntergranulaa yethange dohging
surface of the 20 glass substrate, which are used in the follow ng
wor Ki ng ewhithlcasses highdompsic andditen esiasypt sgecofriiendad teaforing well-separated
Def ormati on Anpbunts For the anelasticity deformati on anounts A to C,
the fl at nB8% gRn 4Budyreheraular structure). Specifically, there is preferably used one

obtained by adding an oxide (such as Si0s, Si0, Cry0s, Co0, TayO3 or TiOy), 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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the | oad was applied to the glass substrate for a nagnetic recording

medi umwas first 25 neasured, and the flatness F(5 h) at the tine
when 5 hours have el apsed since the renoval of the |oad after the
| oad was applied to the glass substrate for 48 hours and the

flatness F(48 It) at the tinme when 48 hours have el apsed since the

r enoval

of the | oad were each neasured. [0074] Measur enment

of the flatness at each tine was nmade by the phase-neasuring

5interference ngt hod (phase

(o
was neasured at a nmeasuring

interfer qu&rgihgmm

el ength

Cor poration, nodel: Zyg%é%éﬁt%ngyf(ﬂ%%%%m%giﬁgiﬁ{)ﬁgedwn &48fhuce of the

Ther eaf t epyrotbdiive ARGEASLASIthy 1RE@EARIARR MBYINMLE e tRed> RB' &ample, a
cal cul ated from 10t he respective nmeasured fl atnesses according to t

fol | owi ng ﬁ?ﬁuaﬁp@n@meim%mmh@&ta{ca@f Qr "R fl@nafB Udlbdkylit RcRl.  The

h) - F( - 48

(Anel asticity deformati on amount B)=IF(5 h)-F(48 h)l

(Anel ast i bibrigaitieflayeratn bnfoaediby a GpPprddesdYr a spray process.

10
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[0071]

As has been described above, the magnetic recording medium obtained by
forming the magnetic layer and the like on the glass substrate for a magnetic recording
medium which has been described in the first embodiment has small displacement after
the servo information has been written therein, so that it becomes possible suppress the
generation of errors.

[Examples]

[0072]

The invention will be further described below with reference to specific
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
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
measured, and the flatness F(5 h) at the time when 5 hours have elapsed since the

remaval of the load after the load was applied to the glass substrate for 48 howrs and the

20

e\?\g{i/cft n tt\bé)eg% th g%ﬁ%r{r%ftlh (S:l?elﬁg ya.‘élﬁt T.Ii]lg rililg%}eﬁg SS
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Here, conditions in applying the load to the glass substrate for a
magnetic 15 recording nediumw || be described. [0076] First,
as shown in Figs. 2(a) and 2(b), both edge portions of the glass
substrate for a nmagnetic recordi ng medi um were supported with a
V-shaped bl ock. [0077] 20Supporting portions 14 were di sposed on both
dianetrically opposing edges, and two places of the both edge
portions (supporting portions) were each enclosed by a chord 141

(142) and @inaas B(483n)SRAUd Ghe HHen A ho@dMNvdNabRE sGROHD xehﬂvzuoo{]frﬂéé [&a

sanme form Then, thé both edge portions were disposed In suc

manner t hayert Bghimegkirgdn val ue V/ 1 of the di stance between the chord
141 (142) and the arc becane 3.8% of the 25 dianeter of the gl ass
substrate for af[@gnhetic recordi ng medium [0078] Next, a
| oad 15 was di sposed on a nmain surface of the glass substrate for a
magneti ¢ recor diMegsuredentfi the [flatmads| 2 |eatiotiinb evashaadésbyl 4k hask-héuring
formng the both edge portions supported by the V-shaped bl ock. In
this eg ampitesferetnemecthers (phesedshifhmethodd  Bpsdifglly, the detmessneaserhsasiied ave
Fig. 2(a) and 2(b), of 67% of the dianeter of the glass 5 substrate
for a maghepEingeareling of @i80mm |usinghis inedaencehBathesa omesurinl dpdsed
in such a manner that _a center line of the load in a width direction

passed t hfBaHactwed Br4yes Camoratangnedel Zyan & Flat MESA)R magnet i c

recordi ng nedi uﬁrb‘n %]0079] Further, in a |ongitudinal
direction, the 02y havi ng a length |l onger than the 10di aneter of the

0 255 SUot 2t oo RS A S AR AR U 3Rl
cover ggl %%S&)Q&Me%%ﬁ&? hatﬁgﬁem%rﬁinrg%]%% fglflovgnqg c%a%%gs: of the Ioad.
(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 substrate
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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(2) Read/Wite Test After a magnetic |ayer and the |ike
were formed on the glass substrate for a 15 magnetic recordi ng nmedi um
obtained, a read/wite test was perforned by a procedure descri bed

bel ow. [0080] Specifically, a nmagnetic recording nmediumin

whi ch the magnetic |ayer and the |ike were formed on the gl ass
substrate for a magnetic recordi ng nmediumwas 20 incorporated in a
hard di sk drive (HDD), and servo information was witten by the

condi 1 Qﬁspf)? e R T R S R S?%?*??%%ﬁ% HhEch
l'i near Crﬁééﬂeﬂ %g{aﬁiﬁmﬁﬁcgﬁrg;gﬁ%%llé TQ?_ﬁlg chbls (21 IndPep Hxﬁn %dge

pr ocedure (0] e presence or apbsen

generati Or'po?ﬁmﬁ rsﬁﬁﬁcﬁteﬁtbyt t'ﬂ@ -5 MBREK ¢ h{ﬁ tRis GRAhpWafefeRsk 9&&3 tﬁ%a35
confirnmed. In this exanple, several types of glass

subst r at eSmbﬁnglan@xdlm s Rewf ih Fid R Eng AW bf 8% (FHES Siamees bf fHeQFask OF
magneti c recordi ng nmedium of Exanples 1 to 9 shown in Table 1) were

studi efl. subfifbenfuf aeiaghdtiegeatdit ardiublbdh tad €st,ahe Magnat HEpdied of fhch g
Medi um) Each gl ass substrate for a nagnetic recor di ng nmedi um was

pr ocessed amimeanthdbaigimiertline @f theNasd ing width dineetion padfsedthrongh the sdneeiof

t hi ckness of 0.6 mmand a 20-mm circular hole at a central
portion t ks gads sulsitmty fgt ansgadicatoordifig Erdinples 1 to 9 in Table 1 5 by
the foll ow ng pEO%%S]dur e.

Further, in a longitudinal direction, the load having a length longer than the
10 diameter of the glass substrate for a magnetic recording medium was used so that the
glass substrate for a magnetic recording medium was completely covered with the load
over the whole range of the width of the load.
(2) Read/Write Test
After a magnetic layer and the like were formed on the glass substrate for a
15  magnetic recording 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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[ 0083] First, the glass sheet was processed into a di sk-shaped
gl ass substrate having the circular hole at the central portion

t hereof [0084] 10An inner peripheral surface and an outer peri pheral
surface were chanfered so that a gl ass substrate for a magnetic
recordi ng nmedi um having a chanfer angle of 450 was obtai ned (an inner
peri pheral chanfering step and an outer peripheral chanfering step).

[ 0085] 15After the chanfering, upper and | ower main surfaces of the
gl ass subst r at e Indhie cxappedevssilippasof glasninbsimtendiatingdiglasgievidic Ymagishe
abrasive was renpved by cleaning. [0086] Then, the outer peripheral
surface waBOPHs (gleysubstgst fos magaetisrieenidiag mediugeel Brratnies Eto@%sl@w face
portion aq? ﬁp out er geripheral chanfered portion of the glass :
substrat e Y38 A WREgFtEdied r ecor di ng medi um usi ng pol i shing brushes and
a cerium oxide abrasive to renove affected | ayers by chanfering
process (such as scratches, etc.) on the outer peripheral side
surface portion and the outer peripheral chanfered portion so as to
obtain mrror-finished surfaces (an outer peripheral surface
polishing step). 25[0087] After the outer peripheral surface
pol i shing, the inner peripheral surface was polished by polishing an
i nner peripheral side surface portion and an i nner peri pheral
chanfered portion of the glass substrate for a nagnetic recording
medi um usi ng a polishing brush and a polishing slurry containing a
cerium oxi de abrasive to renove 5 affected | ayers by chanfering
process (such as scratches, etc) on the inner peripheral side surface
portion and the inner peripheral chanfered portion so as to obtain
mrror-finished surfaces (an inner peripheral surface polishing
step). For the glass substrate subjected to the inner peripheral
surface polishing, the abrasive was renoved by cl eaning. 10[0088]
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After the outer and inner peripheral surfaces of the glass substrate
were processed, the upper and | ower main surfaces of the glass
substrate were | apped using a di anond abrasive-containing fixed
abrasive tool and a grinding liquid, and cl eaned. [0089] 15Next, the
upper and |lower main surfaces were subjected to primary polishing
with a 22B type doubl e side polishing nmachi ne (manufactured by
Speedf am Co., Ltd., product name: DSM22B-6PV-4ML1) using a hard

ur et hane polishing pad as a polishing tool and a polishing slurry
contai ning a cerium oxi de abraS|ve and then cerium oxi de was renoved

by cl eani ng. 20[ 0090 trejupper and | ower main surfaces of the
gl ass substrate aftefqs oft he| prijmarly polishing were subjected to
secondary polishing q@tﬁ | ee [ Z2B type doubl e side polishing nmachine
using a soft urethang|pdl | shiny |pad as a polishing tool and a
pol i shing slurry confyinihg @ cerium oxi de abrasive having an average
particle size 25smal|.gr than|that of the above-nentioned cerium oxide
abrasive, and then clefi um x| de (was renmoved by cleaning. [0091] The
gl ass substrate afterg|t§e gerehdary polishing was subjected to
tertiary polishing (ﬁ ni sh ppli$hing). The upper and | ower main
surfaces thereof werfelpolish with the doubl e side polishing
machi ne using a soi lfegr etihan bl i shing pad as a 5polishing tool for
the tertiary polishi w@rjdeal polishing slurry containing coll oidal
silica. [00921 § The @l jass| substrate subjected to the finish
polishing (tertiary|polishing) was in turn subjected to scrub
cl eani ng, uItrasoni,w feamng—Th a state where the gl ass substrate
was i mrersed in sonmgstlet grggnt solutions and ultrasonic cleaning in a
state where the S 3¥1gla
ggﬂ [\
m
s
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10gl ass substrate was imersed in pure water (precision cleaning),
foll owed by drying with vapor of isopropyl alcohol or the |ike.

[ 0093] For the respective glass substrates for nagnetic
recordi ng medi um obt ai ned, the anelasticity deformation anounts A to
C were neasured. The results thereof are 15shown in Table 2.

(Manuf acturing of Magnetic Recordi ng Medi um Then, for 100

pi eces of each of the glass substrates for nagnetic recordi ng nedia

Of Exan! afchtining 82 S14sDSthAYR G MEMHDREEL BB MocuiIRONCL  © | aVer,

a protective |layer and | ubricating Tayer were~in turn formed on
each gl ass substgagh @l sﬁ&&h&%%ﬁ Hin%ag B&Ioareﬁ@zgﬂfg]tfnsdlﬁﬁc@&sdfaﬁges%din%
[ 0094] The procedure will be specifically described. A N

llayer as alosgiiriut fagiieiving 4did@ElAYPES mi, Rehta YGRS & (ORMREREL D6-mm
internediate | ayer and a granular structure layer of CoCrPtSi 02 as a

per pendi cuiranlaninge etd entrelqorittintgerbefitangusise shoststof Bramplas k esl9 25D4bld he
surface of each of the glass substrates for magnetic recording nedia
of Exafpl &y the fobo®ingypregedine- | i ne type sputtering device. Then, an
anor phous di anond- | i ke carbon filmwas formed as a protective |ayer
by a CVD procesk08fhereafter, a perfl uoropol yether-containing

| ubricating |ayer was forned by a dip process to prepare each

magneti ¢ recor dfiigh %CBI%SI]T@@MF@%‘E intp gridsk-ghaped glesh wgstrasel haing

t hus obtalne din
the c?rcu hoﬁe t%e centra pOIthI‘P eregf

[0084]
10 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]

15 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

20  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).

25 [0087]
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cassette (manufactured by Entegris, Inc.), vacuum packed in an

Al -l am nated bag at a degree of vacuum of 400 mrHg, and allowed to
stand for 48 hours. [0096] After 48 hours, the package was opened,
and the magnetic recordi ng nedium 10 was taken out and fabricated to
a HDD device. Then, servo information was witten therein under
conditions corresponding to 254 kTPI. The servo information was
witten after 5 hours after the opening. After 43 hours fromthe

witing of the SefetQhd Bﬁt@fﬁﬁ‘i Hepl 6@fdce oﬂﬁlﬁl{ﬁéiﬁtﬁ génﬁhhe resuIFt s

the read/wite test of the was per orrre 15[ 0097]
t he read/ vdliskedt l@spolﬁhﬂlgsd’m%rl }ﬂtl‘l}[ﬁd?él%l(?e surfacé POBHRA ah iRy peripheral
Eval uation spiquini .lona jo sinsga 1

chamfered portmn of the glass substrate for a magnenc recording medium using a
polishing brush and a polishing slurty containing a cerium oxide abrasive to remove

5  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.

10 [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]

15 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 cerfum oxide
was removed by cleaning.

20 [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

25 smaller than that of the above-mentioned cerium oxide abrasive, and then cerium oxide

was removed by cleaning.

26



1 Errors were generated around the Al err nprinllennr

e-np"-A. T Errors were concentrated around the tinter nevi nlipro 1
Errors were concentrated around the fluter nt.rinhnt Errors were
concentrated around the outer periphery Error Incidence of HDD (%
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15

20

25

[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 ulirasonic 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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% % % % 9% % Voc rates tor Magnetic Recordi ng Medi um
Anel asticity Deformation Anount C (pm C tt g |

10

15

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
each 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 howrs 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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According to these results, it was confirmed that in Examples 1 to 7 as working
examples of the invention in which the anelasticity deformation amount A satisfied a
value specified in the invention, the error incidence in the read/write test was at most
about 3%, and could be suppressed to about the half compared to that in Examples 8
and 9 as comparative examples.

[6099]

Defects of the magnetic disks having high error incidence in Examples 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.

[0100]

The magnetic recording medium held in the shipping cassette is deformed by
pressure from the atmosphere due to the vacuum packaging, and gradually returns to its
original form according to the respective anelasticity properties after the opening.
However, the magnetic recording media of Examples 8 and 9 having poor anelasticity
properties does not completely return to their original form yet at the 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]

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
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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Exanpl e 1 Exanple 2 Exanple 3 oiclusexa Exanple 5 Exanple 6 Exanple 7
Exanpl e 8 Exanple 9 According to these results, it was

confirnmed that in Exanples 1 to 7 as working exanples of the

i nvention in which the anelasticity deformation anount A satisfied a
val ue specified in the invention, the error incidence in the

read/ wite test was at nost about 3% and could be suppressed to
about the half conpared to that in Exanples 8 5 and 9 as conparative
exanpl es. hodege of errors Wef high gs désctibesl amgaet Tlis di edosidaad iter e viaggad by
error incidence in Exanples 8 and 9 were analyzed. As a result, it
was conf i rifgldthe redass supwrete {gsraemegnstie neqoading neadbum of dixemplep® hap hdpiges .

The reason for,thig I s considered to be as follows. ]
anelasticity deformation amount. These results reveal that in order to sufficiently

suppress the generation of errors in the magnetic recording medium, 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.
[6103]

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
ETTOLS.

[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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10[ 0100] The magnetic recording nmediumheld in the shipping
cassette is defornmed by pressure fromthe atnosphere due to the
vacuum packagi ng, and gradually returns to its original form
according to the respective anelasticity properties after the

openi ng. However, the magnetic recording nedia of Exanples 8 and 9
havi ng poor anelasticity 15 properties does not conpletely return to
their original formyet at the tinme of the witing of the servo

i nformati on. Thel&df®ér, the magnetic recording nmedia return to their
original form It is therefore considered that the position deviation
of the servo information occurred in the subsequent read/wite test.

[ 0101] 20Changes in form becone nore significant, nearer to the outer
periphery, so that it is presunmed that errors were concéentrated to
the outer peripheral portion. [0102] The gl ass substrate of Exanple 8
as a conparative exanple has a high specific nodul us conpared to
the other glass substrates used in the invention, and flattering is
25suppressed. Accordingly, the generation of errors is supposed to be
suppressed in the inplenentation eval uation of the magnetic recording
medi um However, the incidence of errors was high as descri bed
above. This is considered to be caused by that the glass substrate
for a magnetic recordi ng medi um of Exanple 8 has a | arge anelasticity
deformati on anpbunt. These results reveal that in order to
sufficiently suppress the generation of errors in the magnetic
recording nedium only the use of the 5 glass substrate having a

hi gh specific nmodulus as the glass substrates for magnetic recording
medi um whi ch has hitherto been found to be useful, is insufficient,
and that the use of the glass substrates for nagnetic recording
medi um having a small anelasticity deformati on anbunt i s necessary.
[0103] 10Further, it was also confirmed that in Exanples 1 to 6 in
whi ch the anelasticity deformati on amounts B and C satisfied val ues
specified in the invention, the error incidence was at nost about 1%
resulting in being able to suppress the generation of errors. [0104]
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15The results of Exanples described above reveal that the magnetic
recording mediumin which the generation of errors (read/wite
errors) is suppressed can be obtained by selecting the glass
substrate for a nmagnetic recordi ng medi um having an anel asticity
deformation amount within the predeternined range. [0105] 20The
present application is based on Japanese Patent Application No. 2011-
282327 filed on Decenber 22, 2011, and the contents are incorporated

herein by reference. [Descripiiipfy of the Reference Nunerals] [0106]
2513: d ass substrate for maghetic recordi ng nmedium 14: Both edge

portions 15: Load 32 dains [Claim1] - A nethod for
manuf acturing a gl ass substrate for a magnetic recordi ng nedium the

met hod conprising a main surface polishing step of polishing a main
surface ¢Clamgdl]lass substrate having a di sk shape,

A method for manufacturing a glass substrate for a magnetic recording
medium, the method comprising a main surface polishing step of polishing a main
surface of a glass substrate having a disk shape,

wherein, in the glass substrate for a magnetic recording medium after
conducting the main surface polishing step,

when an absolute value of a difference between

a flatness determined by supporting both diametrically edge portions which are
provided on opposing two places of the glass substrate for a magnetic recording
medium and are each enclosed by a chord and an arc in which a maximum value of a
distance between the chord and the arc is a length of 2.3 to 7.7% of a diameter of the
glass substrate for a magnetic recordin_g medium, from an underside surface thereof,
applying a load calculated by (an area of a main surface of the glass substrate for a
magnetic recording medium) mm? x 2.28 mN/mm? for 48 hours on an upper surface of
a central area of the glass substrate for a magnetic recording medium in which a width
thereof is a length of 35 to 80% of the diameter of the glass substrate for a magnetic
recording medium, and a center line in a direction of the width passes through a center
of the glass substrate for a magnetic recording medium and is parallel to the chord,
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.
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wherein, in the glass substrate for a magnetic recording nedium after
conducting the main surface polishing step, when an absol ute val ue of
a difference between a flatness determ ned by supporting both
dianetrically edge portions which are provided on opposing two pl aces
of the glass substrate for a nmagnetic recordi ng nedi um and are each
encl osed by a chord and an arc in which a maxi num val ue of a distance
between the chord and the arc is a length of 2.3 to 7. 7% of a
di anet er ﬁf t he, gl ass substrate for a magnetic recordi ng medium from
an unders J@l glface t hereof, applying a |load cal cul ated by (an area
of a main surfage of .t | ass substrate for a magnetic recording
medi um) e x 2. BeTHH) f BYOUWECHE0E 1 @nsarsubptee feunf megnaifc mcording
central aLea of thﬁgﬂégs§.substrate for a magnetic recordi ng nmedi um
in which a Wi YRERSSCa Ly | ength of 35 to 80% of the dianeter of
recordi ng nedium and a center

the glass substrate for ﬁgﬁgﬂgneti )
line in a directi®itoftt &t ﬁ“gg?é%sfof ht dudgnetic ceaeming fmediemghbfias

substr at netic recording nediumand is parallel to the
chord, fol gl\gf\cé%gl%@g?%m?ff%ﬁﬂli’ﬂé“hf P>and perform ng measurenent at a

time when 5 ho hav | apsed singe the renoval of the |oad, and a
fl at ness befor yhgﬁﬁﬁﬁsﬁogut?ﬁéﬁﬁed’iﬁ C}I§er3@qq bebwestls an anel asticity

deformation a t anel asticity deformatjon anmount Ais 4.2
ti,mor |ess. aﬁﬁ%‘fﬁe Sz?‘”'e‘em‘me ﬁ’?h@%?ﬁk&dﬂﬁobowmam@w redge pottims

bstrat g.f [ di. d di t laim1,
hor ei n, it 2 ABRRED o hF RRRO VG rtghat i Besontignb Ut

conduct i in surface polishing siep, when an absol ute val ue of
a differ g%fﬁe ?\Hj\é}eﬂelﬁrﬁt%ne 1% %Cé’sgnﬂ%%&{’ﬁ 1Bl oBgrds amh dhe ianey in hwhicht the

di anetri i ich are provi ded on the_opposing two

pl aces ogﬂﬂgﬁéurgﬁ’g@se %Zl%esﬁgtg?%gﬁegwe% tﬁﬁ@h i QA geds ﬁ&%ﬁpﬂ&géﬁaﬂé’u e
h t in which th [ I f

Tho d ot o pARd AT el Rutstier e & rtiele, seongbn medipma fwn 6%

e um o Bl M T TR Bol o TRy g frompaaface of

cal cul at in syrface.of th s substrate for a

magnet i ctﬁgglc%%? %i%tgr%rrqurl% aﬁnn%% H)%C(E.H% Wlmn?%rgﬁﬁ H%W%n% fort4chours

upper s f -the gl ass substrate for a )
et | O e B e T B o BBt E o1 § Sesnringeordine

Fecor di ng i e bR ChabBEih BIANRY 0Ra0 B Bethe fistretare i e

e S B Sl U BN o g

RS R S By o S P S
and is parallel to the chord, 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 howrs have elapsed since the removal of the load

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

B 1s 3.0 um or less.

[Claim 3]

The method for manufacturing a glass substrate for a magnetic recording

medium according to claim 1 or 2,
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a flatness at a time when 48 hours have el apsed since the renoval of

the load is defined as an anelasticity deformati on anount B, the

anel asticity deformation anount Bis 3.0 pmor less. [Caim3]

The nethod for manufacturing a glass substrate for a magnetic

recordi ng nmedi um according to claim1l or 2, wherein, in the
gl ass substrate for a magnetic recording nedium after conducting the

mai n surface polishing step, when the fl atness determ ned by

Che” oppostng D eioih B o FuSHYE B b fGeneie scopading: mediom aier
Wbt oht hocTReLtR @858 SufRE BoRlTLERERe het woen the chord and the arc
L mgnet Lo acor it e Bl e dfitt B, Sinpbeing dietyboi damariealy, cdge
o sy SofifonCatlcholE AVt BY bl MEndies sityntites i shs gubimimior a
for 48 hagssecap réc%?diﬂgﬂfaeﬁiu%%ﬁcf‘grﬁ ge%@é%{‘c‘g%%g ﬁ%&ﬁ% fé’}%; g@o{bp Egl?(ﬁi rglﬁg}; é she

substrate for a nmagnetic recordi

is alen ; %, i amet er, of t | ass substrate for a
magnet i c%%é%&g?ﬁdéﬁﬁ%fj@é rﬁl]%ftaél%g %F ﬁg‘éeeggﬁ g}or{l Fﬁ‘ggﬁe%"‘i Ke lgngt@afi2ehtog?. 7%

the w dt iy the gl ass suhstrate for a
mgnet | ¢ f one et 86 el BB Tbr o Segh R citore, megimovEamb e

r enovi ng yhi@:si ; f } t.at the ti when 5
hours. haun o s REE B BLNOLETBRELFTIAR By (e Sersr o man aprtice
anel asti gfFt j - .anel asticity deformatio
anount C | SMS%ﬂgésggrgmgﬁrﬁtlerefgg g?cmr%?dﬁ‘g me%%%l)rf@frﬁdaafzgr%/mmq for 48

manuf act Howd HradRBgHRE istrEQRCEF HanGnTBL D of"tzx}eg@@%ﬁ%?%%ffgf S AEtic

for a magnetic recording nmedi um having an an

anount  Are@brdinZmB@iinPi WISER the M thefof %Lz{ fe%rﬁgtih%z égg‘} ?Q%&Buéﬁqe flit\z/}g‘lle%g lo(ﬁ)f

a difference between a at ness

di anet ri thalglass ealgeraRoit hosgnuht oAl RLAYLSSd, o obposi g, Luo, ol aces

of the glass substrate for "a nmagneti ¢ recordi ng

encl osedofbifie aviathopabs@NBrARLARE chitelD] ' al ue of a distance
bet ween t he cho?gpand th%%arc s gwgﬁ%t@a%% Xorfi Tsepptirecording

di anet ermediutnhendylsasalsdl b6 Wb Ko OfolR Mo Aol e IR TN di um from
an undersi de surface thereof, = WEREIRnfo R Bl oRe] 4E 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 method for manufacturing a magnetic recording medium, using a glass
substrate for a magnetic recording medium having an anelasticity deformation amount
A of 4.2 um or less, which is defined as an absolute value of a difference between

a flatness determined by supporting both diametrically edge portions which are
provided on opposing two places of the glass substrate for a magnetic recording
medium and are each enclosed by a chord and an arc in which a maximum value of a
distance between the chord and the arc is a length of 2.3 to 7.7% of a diameter of the

glass substrate for a magnetic recording medjum, from an underside surface thereof
?
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applying a load cal cul ated by (an area of a main surface of the glass
substrate for a magnetic recording nedium m2 x 2.28 nN m®R2 for 48
hours on an upper surface of a central area of the glass substrate
for a magnetic recording nediumin which a width thereof is a length
of 35 to 80% of the dianeter of the glass substrate for a nagnetic
recording nmedium and a center line in a direction of the width
passes through a center of the glass substrate for a magnetic

recordi ng di umand i arallel to the chord, followed by renoving
the | oad,ap%dn%@rﬁﬁgﬁﬁ?ﬁ%f%@% ofta ain misfashenf the Igtass subsinae for a
el apsed since. the rgirmval .of thg |l oad, and a flatness before applying
the | oad PRETHS TEicsdios Mpsiyplmen vy .28 mgwet fe 48dexysipmgn mppkremface of
[Claim S]ac Th(ta nmet hod fbor nufacturing a magnetic recording
medi um accSPHFhgee 6 heplatssubsizate fora prgegicaaensdingtracdion ia wiighetwidth
recordin di um havj,n a asticity deformati on anmount B of 3.0
pm or | eg}sl?r}g% sC%Penghdgtf ?ﬂ&ﬂ%ﬂl@ frfhg aBngiercof, thee \gass fsubstuiitd farraemagnetio
bet ween recordin t he.fl at ndgss det.er m ne&l_ by, supporting the both

di anet ri CEIHS8 FYEIWBy L9h S e 1arae 1&%99@@&190‘1’1@%@&@91)@@&@ 4 gapiter

pl aces of e gl as ubst.rate for, a magpetic recording nediumand are
each enclogtst%% g%f/?tgﬁ%&@%ofoa LGSR Heerding Wsriim apd ismariatelniov tieushood,

t he di st en t.he chord and the arc is a length of 2.3 to 7. 7%
of the d?%g’fetegﬁo PR esg’aguﬂgfl’%?m%ﬁ measpuerAet & a e rvdiengd hours
medi um er,side surface thereof, applying the |oad

cal cul at é%%}}aéég%g%gggmﬁmgv%fﬁﬁ%@ﬁi of the glass substrate for a
magneti c recordi di-u x.2.28 MmN/ nmR2 for 48 hours on the
upger surface %Fgﬁlﬁgsebceéﬁrt@ra_g%}ggtge&a he gl ass substrate for a

3510 80% of t KT PESEN IR i Sael e e s & nagnettc
recor di nﬁjlgﬁg'ﬁ}Jm and the center line in the direction of the width
passes through' the center of the glass substrate for a nagnetic

recordi ng nedi i $._par |..to the chord, fgllowed by renpving
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cl ai m 4 BfferancdiSdii@e® 9! @ass substrate for a magnetic recording medi um
havi ng an anel asticity deformation amount C of 5.5 umor |ess, which

is the flat ' e he, bot h. di i call d
por L1 ons. ani ch s SiE0 SPRERPSATAR BRI, WP deineBlRy ' e dhrierd”
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center of the glass substrate I‘'crec

par al | epp H2 & , onegd i oad, and performng
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substrate for a magnetic recording medium, and the center line in the direction of the

width passes through the center of the glass substrate for a magnetic recording medium
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and is parallel to the chord, 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

in the glass substrate for a magnetic recording medium.

[Claim 6]

The method for manufacturing a magnetic recording medium according to
claim 4 or 5, using a glass substrate for a magnetic recording medium having an
anelasticity deformation amount C of 5.5 um or less, which is the flatness determined
by supporting the both diametrically edge portions which are provided on the opposing
two places of the glass substrate for a magnetic recording medium and are each
enclosed by the chord and the arc in which the maximum value of the distance between
the chord and the arc is a length of 2.3 to 7.7% of the diameter of the glass substrate for
a magnetic recording medium, from the underside surface thereof, applying the load
calculated by (the area of the main surface of the glass substrate for a magnetic
recording medium) mm?® x 2.28 mN/mm? for 48 hours on the upper surface of the
central area of the glass substrate for a magnetic recording medium in which the width
thereof is a length of 35 to 80% of the diameter of the glass substrate for a magnetic
recording medium, and the center line in the direction of the width passes through the
center of the glass substrate for a magnetic recording medium and is parallel to the
chord, followed by removing the load, and performing measurement at the time when 5

hours have elapsed since the removal of the load, in the glass substrate for a magnetic

recording medium.
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