DESCRIPTICN NAGNETIC Dl SK SUBSTRATE, N%GNETIC DI SK AND HARD DISK

DRI VE APPARATUS Techni cal Field [0001]- ‘The present invention
relates to a magnetic disk substrate that i.s nounted on a hard disk
drlve appar at us. Background Art [0002] Asa magnetic recording nedlum
that is nmounted on a .hard-di sk drive. apparatus (HDD appar at us).,
magnetic disk is known. The nagnetiic disk is- produced by depositing
a NP filmon a netal substrate such as an aIuntnun}nagnesruntaIon

substrate or by |am nati ng a ragneiggop@yriyand a protective | ayer on
a gl ass substrate or .a ceranc substrate Oonventlonally, an :

al um num al | oy substrate has been widely used as a magnetic disk -
substrate. . However, with the recent reductions in size and thi.ckness

and. t he increase mM%BNEEﬂlG@ISiéleBSQ'WEt Mé‘uth%Tl@tDISKdﬁlll‘s[R a gl ass

substrate has becone to be xcel 'ent evenness in-
t he surf.ace and high strengﬁﬁﬁgsggﬁfﬁ%ﬁnfﬁPﬁéaé H%ared to the- '
aIuntnuntaIon substrate. .[00031 In a nagnetrc di sk substrate, in .
particular, in a glass substrate a. : ’

Technrcal Freld
[0001} | |
. The present invention relates to a magnetrc disk substrate that i rs
mounted on a hard disk drive apparatus. ‘
A' Background Art
. [0002] | | |
Asa nﬁad_netic’ recording rhedium that is'mounted on a hard_dish drive:
apparatus (DD apparatus), a magnetic disk is known. The magnetic disk is
produced by depositing a NiP film ona metal substrate-such asan. aluminmn- |
_magnesrum alloy $ubstrate.or by lammatrng a magnetrc layer and a protectrve )
_ layer ona glass substrate ora ceramlc substrate Conventronally, an -
aluminum alloy substrate has been widely used as: a magnetio disk substrate 2
' _‘ However with: the recent reductrons in srze and thlckness and the 1ncrease in
recordmg densrty of the magnetlc disk, a glass substrate has become 1o be
'_used because ot its excellent evenness in the suiface and hlgh strength as a -_ N
rhfmmHM1mmmmedwﬂwaMmmmnmbymmﬂmm
[ooo3] . o |
ln a magnetlc drsk substrate in partrcular ina glass substrate a
'_chamfered sufface is provided between amain surlace and an end surface rn.. ’
- “order to prevent the substrate from berng broken Flegardrng the chamfered. L
: L surface for example :t is proposed to decrease the roughness of the

o -,chamfered surface for preventing corrosion or to form a surface havrng a.



chanf ered surface i s provided betmeen a main surface and an end
surface in - order to prevent the substrate frontbelng
br oken. Regardlng the chanfered surface, for exanple, it is proposed
t o decrease the roughness of the chanfered surface for preventing
corrosion or to.forma surface having @& -2 curvature (R surface)
bet ween the main surface and the chanfered surface for preventing
occurrence of particles. For-exanple, JP-A-2006-92722 (Patent

Document 1) ,?qg@m r i
[Pat ent Doc u(grjer%b 1 13?5 F@fgb 006 gggtgg rﬁé%tslsl Qg%i%}%thgfchﬁﬁrxfﬁ? %gﬁ% for

Probl ems t o frev@tingedciyerichef bartielssi oRof &atie, JReAR006-9272h(Patent

HDD- appar at us has enpl eyed- a I'oad/ unl oad "system in whi.ch a magnet i c
head i5 Wt @@mﬁmﬁdﬁeom%ﬁﬂ?@n@ﬂg! redatinglie theagkovehen the disk is

st oppi ng,-. i nSt eag@%f a CSS (contact start and stop). systemin which
the magnetic he fk in contact with the substrat e surface when the

di sk-is stopping pparatus, the rotation’
speed of the maghpe{: d(} {f%hﬁs] ‘Lw%%%sg?gagr pmor nore, and it is

predi ctedthat the rot atlon speed will beconme 10000 rpmor nore, in.
the future. . . s
Dlsciosure of Inventlon '

Problems to be. Solved by the Inventlon -
 [0008] , _
| Recently, the HDD apparatus has employed a !oad/unload system m
' whrch a magnetrc head is wnthdrawn to the outside of the substrate when the A
| disk is stopping,- mstead of a C8S (contact start and. stop) system in which the |
: magnetrc head Is in contact wrth the substrate surface when thie disk i is stopp:ng
Furthermore, in the HDD apparatus, the rotation speed of the magnetic disk has
- 'beccme 7200 rpm or more, and |t is predrcted that the rctatlon speed wr[l
become 10000 rpm or more, in the future
| [cccc] _ |
| ' | ~ Thus, when the system and-the rotation speed of an HDD apparatus are
: --ccnmdered parameters such as s:zes and roughnesses of the maln surface
‘ _the chamfered surface, and the S|de surface are. determlned trom the vrewpomts
of preventlng head crashes and accurate[y perfcrmmg data recordlng and data
: '..reproductton In addition, parameters of- the posrtrons of boundary points
between the main surface_, and the cha_mf_ered surface have, deswed,accurac:les.
"HOWever even if a substrate satisfying' required various parameters is used,
currently, head crashes oceur at a certain rate and cannct be ccmplete[y
prevented | |
[0007] "

) The present |nvent|on was made in the hght cfthe above po:nts and an



[ 0006] Thus, ‘when the 'system.and.the rotation speéed of an HDD,
apparatus are consrdered ‘paraneters such assizes and roughnesses O
themairisurface, the chanfered surface, and the side surface
atetleterm ned fromthe. viewpoints . of preventing head crashes and
accurately performng data recording argd data ..reproduction. -1In
addition, paraneters of the positions of boundary poi nt s. betmeen the
narnstrrfaceand the chanfered Surface have desired accuracies

HoVever., evejhjdck trsrédrtrstord;%sds étmﬁrtéh@ﬂlskrsﬁﬁstrdt@ﬁnd’arrha@th@tr@afsﬁ"ﬁ]‘ﬁéter S
I's. used, current Y, crashes occur at ‘a Certain'rate and cannot

be corrpl et el ganpprevennbeclireh6@ 07 hedtharaghesipah HDY apparaius Wb amaiy high .t he
Iight of the above points, -and an .object- there& is to provide a - -
magneti c di gRiestilsyecesse and a magnetic di'sk that ~can prevent
occurrence of head crashes in an HDD apparatUs with-a very-high: rate
of success. -Means for Sol ving the problens 1000S] ‘A magnetic dials °

accordi ng. tcméé(]% fBrr 3‘9% th&#r%’ble'rﬁ@ has a substantially flat main
surface,. an en nd

sur ace; a chanfered surface between the nain
surface’and- t he podglsurface and having a substantially circul ar
shape. Crossing points at which directions along the mai.n surface and:
di rect i ons "al ongAniagnetiaditie necbrdiog tathe presast fwenticar kead a)sra.tsmmatly flat

substantially the same distance-fromthe cent er of the magnetic disk
substrate i ANgn ﬁﬂﬁ?ﬁﬁ apiead syrfage angd Ghagiiered seriacadretyeqm ieanain -

ci rcuntf er eng %rfgce Lhg th'eae(?t'aestu'rf%cg aﬁr!f hgr?rlt)gs arsﬁbsetanga(ﬂy %rrcl.u[ar shape. .

Crossing' pornts at wh:ch drrectrons along the main surface and drrectrons along_' |
|  the chamfered surface mtersect are located at substantrally the same drstance
from the center of the- magnetrc disk substrate ina planar view of the main
- 'surface over a whole crrcumference of the magnetrc disk substrate
| [0009] '
Accordrng to this confrguratlon, vanatron in the posmons of. boundary N
o pornts between the main surface and the chamfered surface can be reducedto
a certain level or Iess by formmg the chamfered surface such that the posrtrons .
| _ of the crossrng points in the main surface are in the range descnbed above.
.' ‘. Asa result a glass substrate that can prevent- head crashes wrth a very high -
rate of success can be realrzed ‘
[0010] _ ‘ A
In the' magnetrc disk substrate accordrng fo the present mventron rt rs
' _ preferable that pro;ected pomts of the crossrng pornts onto the chamfered |
’ surface in the planar vrew of the main surface are substantrally the same |
& pcsrtron ina thlckness drrectron of the. magnetrc drsk substrate over the- whole
‘_ crrcumference of the: magnetic drsk substrate :
© [oot1] |

= A magnetrc drsk accordrng to the present mventron has a substantrally flat e



According to.this configuration, variation in the positions of -
boundary points between the main Surface and the chanfered surface
can. be reduced to a certain level or tess by forming the chanfered -
surface such that the positions.of the crossing points in the main
surface are in the range described above. As a result, a glass
substrate that can .prevent-head crashes with a very high rate of
success can be realized. [0010] - In the magnetic disk.substrate
according 0 pid &% chF¥ERAdD AN hiohbifrdib CHAL forkhBa RrpAiRCt ed
points of the crossing points onto the chanfered, surface in-the -

pl anar vi ew efirfadicanthihe epdishifigte atdhiimps anbdtahtiajly bitulaaaposTid on
t.n a thickness direction of the magnetic-di sk substrate over the .
whol e ci r cunfcieariiy cba cirtle fermpoaldayi arostingkpainisén aptanar vipeof tje main
magneti c di sk-at,cco,r %iag%g}]o‘the resent .i nventjon has a substantially
flat. main sSHAEES Br les vage 2 faldistapem srdis@netireacaignmen

the mai n surface 1. | r e i.ng t ially . .'
circul ar shaf[t)lﬁe. '%‘?ﬁﬁ '&%‘ﬁ@%@‘% téﬁ? eae@g"crféggfa ggn@ﬁ%ﬁcﬁ@%&ﬂ@ﬁ& nts
in-a planar wieuadi eXdhessBBIY ahUftbARBHdPpdntof A vikRs § éﬂ@% rihebis! St -
distance is a di sta%ce fsr orl%?a center i-ofptfri\e -rraglj‘nevtli@dri]s_ gﬁ%steyaste_ _
to the end spointcen thednaihaudadd st posiisas spagedifrnstharcentrahsetEnesset
by. an intersection point of a first virtual line that connects points
on the main $igtanges irpihefissd distasnes angacearond yiriuahlinedhatasnnaets sovgseeTd

connect s pot RSP ST of e 1Ce RGP TO p U TR At BASH S che

end surface %E?OQA’ aé%ﬂ?ﬁéﬁ?q(g%ﬂgggjs%ggpes in the first distance.

[ 0012] . Accor Ing to guration;.variation in the positions
of boundary .. poi[ppR2]bet ween the main surface and the chanfered ..
surface can be-'reduced to a certain level or less by formng the
char nf ered .sur f ackcostslig totibis congysatian, vairsionfin theepasitioss oflpoysiant s in -
o L 3e Bl AR e b DSAs O Biraa S hoed
a certain level or less by forming the chamfered surface such that the positions - |
. of the_ c.rossi-ngs poinfs in the main sur_faée arein thé rang'e_. described above. ‘
: As a result, a glasé substfaté 'tha_f cé\’ﬁ préve’rif head drashe§ with a very high
rate of success can be realized, | | ‘
j0013] |
B Inthe ‘maghetic“dAiSI‘_g suibstrate according to the present -in_\(é_nﬁo'h,jt s
. lpre'fs_arablé that secbhd distances from the: crossing pointé_ to._the-_pro'jéc{ed'bdinfs -
' Qf_ihe crossing points onto the chamf.ered surface in the plénai‘ ‘viei.n_r- of the' main |
surface are éach-15'gﬁ1.‘or less. o . )
Coopo
In'the m_agnétic d_\i’skA éupstrate according to the present inverition, it is
| 'prefer'ab_;e ﬂié_at variation in the second distances is 5 pim or less dyer a whole
: circu'mferén.ce-of‘the rﬁagne,fric disksubstrate” . - '
© [0015] S

" In the magnetic disk substrate-according to the present invention, itis -~



rate of success can. be realized. [0013] In-the magnetic di sk .
substrate according to the present invention, it is preferable that
second di stances fromthe crossing points to the projected points of

t he crossing points onto the chanfered surface-in the planar view Of
the main surface are each 15 gm.or-lesg. [0014] In the nagnetic disk
substrate according to the presént invention, it is preferable that
variation in the second distances i's 5.umor |'ess over a whol e

C1FOUT €1 e koD Bl AEHAL 61 A0Sl by 5 RGE 1 ©

dirsk Substrat é accor resent nven

preferable t;reﬁtstmrhecbretaavee crfqraé/\eerh arreeeraﬂaefceetelor HefmbgrietR didRy

the crossing points-in the planar view of the-main surface. and. a
cent er - of t hetbsbgteds 1 20@mlor lessbstrate is 1200 gmor |ess. [0016]

In the magnetic disk substrate acecording to the preSent invention the
Nagnetlc di sk. sul¥ifhte is preferably made of .gl ass.

In the magnetrc disk substrate accordlng fo the present mvent:on the
magnetlc drsk substrate i |s preferably made of glass. '
 [0017] |
‘Amagnetic disk according to the. presentl invention comprises the
= magnetrc disk substrate mentroned above and a magnetrc Iayer prowded on the
‘ magnetrc disk substrate -
jootg]
Preferably, the magnetic dlsk accordrng to the present mventzon |s
: mounted ona magnetlc disk apparatUS of a system in which a magnetrc head is _-
" loaded on and unloaded from the main surface of the magnetrc drsk through an
outer edge of the magnetrc disk. Alternatrvely, the magnetrc disk accordmg to
the present invention may be mounted to a magnetic disk apparatus of a CSS
 (contact start and stop). system. . ‘
[0019] , |
_The magnetrc drsk accord[ng to the present invention i is preterably
"mounted on a magnetlc disk apparatus rn which- the magnetrc drsk is rotated at
' Ieast ata rotation speed of 7200 rpm, '
. [0020] | | |
In the magnetrc drsk accordmg to the present mvent|on a touch down
_‘ helght i preferebly 4 nm or less. '
[0021] A
- In the magnetrc drsk accordlng fo the present rnventron a recordmg
. densrty is preferably 200.Gbit/i nch2 ot more. ' '
[0022]



[0017] !" magnetic disk according to the present invention conprises -
the _magnetic disk subStratetnentio.ned aboVe-and a nmagnetic |ayer
provi ded on the magnati ddi sk- substrate. [0018] Preferably; the
magnetic disk. according to the preSent invention-is. Munted on a
magnetic di sk apparatus of a systdin inmgwhich a magnetic head is .

| oaded on and unl oaded fromthe main surfade af the magnetic :

di sk. through an -outer edge of "the nmagnetic disk. Al ternatively, the
magnetic ‘di sk acheiad aakuﬂvé B&:o@drﬁ%%e'p‘ﬁe’s@ﬁ I8N IBRYCARfbri¥BY feed to a
magneti c di sk apparatus contact start and stop). system. -
[0019] .- Themagngietdisk rderﬂlonadabccb ragdtaonadretipheae fdr danyiegtoubdatas
pref-erably. Munted on a nagnetic disk apparatus i-n which the -
magnetic di JROQIAingGRNsEQs deRro egtion farthe naginatic dek-speed of 7206 rOrn.

[0020] . . "~ I'n’'the magnetic disk according to the present .
i nvention, al ouch- down hei ght is preferabl y 4 rimorl esS .. [0021]
_'Advanta'ges - :
[0023]

The magnetrc disk s,ubstrate of the present invention tncludes a

substantlalty flat mam surface, an end-surface, and a chamfered surface

' between the main surface and the end surface and has a substantlatly mrcular '
.shape The crossmg points at wh:ch drrectlons along the marn surface and .

- dlrectrons alcng the chamfered surface mtersect are Iocated at substantlally the |

same dlstance from the center of the magnettc drsk substrate ina p]anar view of

~ the main surface over the whole crrcumference of the magnetlc dISk substrate
and thereby occurrence of head crashes in the HDD apparatus canhe -

.prevented with a very high rate of suc_c_ess.

- Brief Description of Drawings
N
' - Fig. lisa dragram partlalty showmg a g]ass substrate servrng asa
o magnettc disk substrate accordmg toan embodlment of the present mventrcn
’ Fig. 2 rncludes a dragram (a) partlally showrng the glass substrate shown
in F|g 1,4 magnlfled vrew (b) of-the portlon X in the ( ) and a plan view (¢} o_f_-a_
glass substrate 1. o - |
Frg 3 mcludes dlagrams (a) and (b) for descrrbrng condrtlons near the
. endsofa glass substrafe. o o
Fig. 4is a schematlc dragram showmg a pollshlng apparatus used for
| '..'producmg a glass substrate servmg asa: magnetlc disk substrate according fo '

: the embodiment of the present mventron



_ In the Magnetic disitaccording to the present invention, a o,
recordi ng . o density is preferably 200.Goit/inch2. or nore. .
.[0022]: 6 A hard di sk drive according to the present invention
conprises. the magnetic di sk nentioned above, and a magnetic head for
carrying out data recording and/or repraduction for-the nagnetic
di.sk.. Advant ages -[ 0023] The nagnetic di sk Substrate of the present

i nventi-on includes. a substantially flat main surface, an end.surface,

and a_chanf er ed_Sgipf cabeloisRy dibifaiichomtidg Shanfiod il piad ace -

and has a substantially -circul ar shape. The crossing pol nts at  which-
directions alHDipapbaratmwirr surface and . directions along the .
chanfered surface intersect are |ocated at substantially the same -
di st-ance from theFigehinshudes didgeamaghewving vatiations itbbemasidonsickerpssimgar -
view of the main surface over the whole circunference of the magnetic -
di sk subst r atft@NMSHINRIASHERSESoccur rence of head crashes in the HDD -.

apparatus can be 1.t h. ' Lgh..rale . i
Dooer pii on of  Or bk piepboBlgprarfe Vel i @oft b YR 8 orptad
showi ng a ‘gl ¥t Sk RhRiFaIkceg, as a magnetic di sk substrate o
according to an enbodi ment of the present invention:. o

- Fig. 8 is characteristic curves showing relationships between variations in

~ the positions: of crossing points in main surfaces and head crashes. '

| Best Mode for Céu"rying. Qut t_het Invention -'
[0025] -
- The présent -inve_nt‘ors‘ conducted an oherétidn’ test using Subs‘tréfnes _
‘sa'tis_fying' managément values that are required for positions of boundary points
 between main sfoaées and chémfe'red surfaces and,;f'ro‘m the results, fot:ds_ed
o . on the occurrenc‘e“c'}c head brashes in some _samples.. ' ‘Furthermcire,-the _
present inventors conducted an operat_ibh' test in the same manner by uéing'
‘shbstra’_(es that satisfy 'rh.dre strict management vélu_es’ 6f the param_etérs |
| (man_éging un_dér conditions more strict than required values). The resulté .
. were that the opcurr_énce_ rate of Heéq crashes was _r_eléti\fely féduce_ad, buvt'h;ea'di : _
' 'créshe_s stil occurred.. | Accc_:r‘dingly, the p.fesentfin'v_ent'_(.)rs have.fdcu_sed on, as |
~acause of the head crash, the variation in positions ’of-bou.ndary points between
; a main sur.fa_(':e‘énd é‘, chanifered surface and havé found that the head craéhes |
can be prevented yiith éyery high ratelof. success by _ccjntrbll'ing;_th'e v'ariaﬁdn_fih o N
the pOSitiqns of'.th'e'?bqundary points fo a certain level or !eés: Thus, t'ﬁef =
present invention was accomplished. | |
o] - - | N
h Thatis, thé’gisf".trcif thé presenfihvehtjph‘-is to prevéﬁt th’é q&t:urrenée off o

" héad _':c_rashesmin an HDD appératds with a very high rate of success by thata



Fig. 2 includes a diagram(a) partially showing the glass substrate
shown'in.Fig. 1, a nagnified view (b) of-the portion X in the (a),
and-a plan view (c) of a glass substrate 1. - Fig. 3 includes

di agranms (a) and (b) for describing conditions near the ends of a = .
gl ass subStrate. :Fig. 4 is a schematic gli agram showi ng a polishing ..
appar at us used. for ' - produci ng a gl ass substrate serving -
as a magnetic disk substrate ‘according to the embodi nent. of the

present. i nve f b R I g [

e e bt dkSiiosirat8 IRAICEY B CREAMIGS tf@latftlf’tt%s&ﬁtagrm
showi ng Var i auifags antl 4 dhaniestiisuface bétween¥8 Main.supfatabAd thib e .
surfaces. . Fig. 7 includes diagrans showing variations in the

posi tions of surfa@sambhaa aub%mttaﬂ\,sC|r¢ulatf£ahaps,umhaeleshe crossmgpgmtsSatl S

Char acteristi ves showi ng rel ati gnshi bet ween vari ati ons | n the.
posi ti-ons of "@t‘%&@feﬁﬁo‘ﬂfo@ H‘ﬂ%glerl“ﬁ'ﬁlsff rface ?'gfi@'ﬁeoﬂﬁﬂls plend the eharderedpest -

e % Con e e B, LB bt ORETL S SRR A Sy
o S D RS uReon i SRl RO bR ST
" whole cwcumference of the magnetic d|sk substrate.
[0027]
"An embedlment of the present invention will now be descrfbed in detall
with reference fo the accompanymg drawings.
[0028] .
In the embodiment, a case ofa magnetlc disk substrate made of glass
wnll be descrlbed but the present mventlon is not llmlted thereto and the
. 'magnetlc d|sk substrate may be made of a metal or ceram|cs
[0029] | '
 Fig.1is a dlagram partlally showmg a glass substrate servang as a’
_magnetlc dlsk substrate according to the embodlment of the presemnt znventlon
. The glass substrate 1 shown in F|g i hasa substantially clrcular shape and has -
o ~ahole 11 at the center for belng loaded ona spmdle motor of an HDD |
apparatus n addltron the glass subsirate 1 has a palr of main surfaces 12 )
opposmg each other and an end surface (side wall su rface) 13 at lts outer |
‘crrcumferentral edge. Furthermore_, the gla_ss substrate 1 has ehamfered_ _
:-s‘u'rfa_ces 14 ._between't_he main surfaces 12 and the end surface 13 e\rer-the o
-_whb_le clreumferenbe.-_ The glass substrate 1 has an outside di-ameter D2
(distan,ce:f'r'.or_'n the cente_r G of the substrate to the end su rface 1:'3) and the hole
} 11 has an insi‘de diameter D1. Furthermore the glass substrate 1is fabr[cated R

| so as 0 have: substantlaily flat maln surfaces
‘ [00.30] .



on the occurrence of ‘head crashes in sone sanples Furt hernbre, the
present inventors conducted an operation test in-the sanme manner by
usi ng substrates that satisfy nore strict Managenent val ues of the
paranmet ers (managi ng under conditions nore strict than required .
values). The results were that the occ@rrence rate of head crashes
Was rel atively reduced, |ont head craehes still Cbcurred
Accordingly, the present inventors have focused on, as a cabse of -

the head crash, tig aéd slibsRbtel MmBPBEPreRRe@by RRIMAGMLIBRI NS
bet ween, "a main surf%‘ce -and a chra-lrg kf:'?red suryace a%d -have found that

the head craehmnosilmah@gfassafn&madk\shaﬂseBydmolpl‘esglmrnﬁy&)eﬁrodmued&:gﬁ by
.controlling.the Variation:in . thelﬂgosmlons of the boundargl points
to a certaincuivigia gass shest fornedby a Wpr@e‘erﬁmethwd/@’rﬂﬂ@ﬂi meisod with a.

acconn Bﬁhe?anf@nsrtssfrm%e Betansgns Skt PSRRI fcawwe

apparatus w r eﬂgﬁt sk
substrate ‘i n%?ﬁ@ﬁgﬁ‘gﬁ{) £ %}mgfs#&%qﬁﬁgf %ds'%??éa%@re %"r?f%n surftace
and a chanf eesdumsrfoaeeglaes mgfdrhﬂeﬁ%aﬂsﬁehdtl?éfﬁrﬁﬁ y bBesend |pur face -
and has a substantjally circular shape, wherein the crossing points
at which.di reddrtrmmsnsaeamq thé alumingsilicatd glass, andthdr meliitdomponahiayiasst dre
chanfered surface. intersect are | ocated at substantially the sanme
di st ance f r ofiYstalized glase My henisesngmbe MulHPaRPaNAE 8laas 6an be IpP¥athr

view of the urface. ov | reunf erence of.

rognet o o s CaREHG R R by HhEmicH S el R Bl e
invention w blergiavy be described in detail with reference to the
acconpanyi ng draw.ngs. [0028] ' I n the enbodi nent, a case of a
magnetic di sk sut[ems'ta}te made -of --glass w Il be descrr bed,. but the.
Present invention is not linmted thereto, and the I\/agnetlc di sk .
substrate rray be FigiRéaids agliagsam| pagially shewirigdhe glegpgybsirate. shown in Fig.

1, Frg 2(b) is a magnrfled view’ of the portlon Xin Fig. 2(a) and Fig. 2(c} i isa ‘
_plan view of a glass substrate 1. As shown in Fig. 2(b) the boundary region
between the mam surface 12 and the chamfered surface 14 does not actually -
: have a clear boundary between the mam surface 12 and the chamfered surface.
14 and the main surface 12 gradually changes to the chamfered’ surface 14.
-~ Inthe present invention, the posrtron of the boundary point (crossrng pornt CP)
A between the mam surface 12 and the chamfered surface 14 is the posrtron at
’ which a drrectron A a[ong the main surface 12 and a drrectron B along the
:chamfered surface 14 rntersect Furthermore the crossrng pornt OP canbe
' expressed by-the rntersectron pornt ofd vrrtual line (A) and a vrrtual line (B)

I, where the distance (D2) is a drstance from the center C of the glass substrate 1
: to the end surfaoe 18, the vrrtual line (A) connects pornts on the mam surface 12
at posrtrons spaced from the center C at dlstances correspondmg to 50% and

| '80% of the drstance (D2) and the virtual llne (B) connects pomts on the
chamfered surface 14 at posmons spaced from the-end surface 13at distances

| correspondrng to 0.15% and 0.30% of the distance (D2) F_urthermo_re_,-the. _



Fig. 1is a diagrampartially showing a glass substrate serving as a
magneti ¢ di sk ai bstrate according to the enbodi Ment of. the present

i nvention. The glass substrate 1 shown in Fig. 1 has a substantially
C|rcular shape and has a hole 11 at the center for being |oaded on a
spi ndl e. Motor O an HDD apparatus. In atition, -the glass substrate
1. has apair of main surfaces 1 opposi ng. each other and-an. end
surface (side wall surface) 13 at its outer circunferential edge.

Fur t her nor e, pbie 6t é@fﬁmgj hetvrrefaﬁnrﬂese@é IRSRSIVEIORA ariarb e Amitéd RAhyeen
the main surt aces 12 and the end surtace 13 over the whole

ci reunf er encebovEmeglicres it Irtae eute;dMametemassmbaa@hhermﬁres céi?
(distance frorri the center C of the substrate to the end eurface .
13), . and _t he swisitantiadly spegifithe pesitinas of kewidary phints, befwearhige miaie suface
gl ass substr is fabricate as to have substantially flat main’
sur f aces. % “ét%@%“fﬁ@a%fgg?gﬁte 1 may beproduced by nolding -
ol ten al uf n| nOSI mr%te glass into a disk shape by direct press or
may ‘bapr oduced . bJ utting a glass sheet formed by a down-draw

met hod or af | oat AwdHeMG |M\"F'id‘2€b):the%Fds'QﬁngﬁnMQ@‘F"sﬁeBﬁh@dﬁsm aovehared
gl ass substrate. The alum nosilicate glass is easy in.its chem cal
str engt heni-ngultstardiatietis same distanteefrehdhe canief @ of te. gldss dubstrate 1ina
alum nosilicate glass, glass for chem cal strengthening May be used.
I n addi ti on, PlaRat e obthermain sutiacehb2 Pysrdae WQP'&S@CU@%@MN the glass

L oo afl £ ffﬁ%?h@aedd’ Aede EonbEe a6 Gl Tiadss
cheni cal st r ggRRN RithbRRs . rgﬂ@P'a?est étsﬁ[f%mg a{) Wéhhmﬁélél

Fig: 2(a) is a diagram partial’l ow ng t strate

in Fig. 1, Fcng:unﬂ‘érlehce of mergi?@mshbetthtel‘[ewl’l'hé "éd‘h:etdﬁﬂﬁﬂyl he samiencdm Be
2(a), and' Fig ((hy is plan view of a glasS Substrate 1. As shown in -
Fig.. 2(b), dﬁ‘enes ﬁbec»ycuie’gy eha bicleismed by theiciossing paivts G imaglanae

chart et o o VERT 12 eionsi befvast dhe ey o S ST emBY M trissio o
surfacel2. grﬁgh@éﬁ ﬂi&gc%%ér%ﬂ e %@Efsg %%%rlfafﬁat &y earéuikﬁ‘l}yofa |

present I nventi.on e ’pOSI 1 on-o ry poi nt’ CI’OS

poi nt OP) betiveke tirtlRCPR Figs bj)aam%yandcr:de;emg%rﬁt@cpdnatmé@%ew is

the position at \Wich a direCtion. A al'ong the main surface 12.and a
di rection , Bokthemgin buyfagiecli® ie pealerabiyfa end dr lens. er&lmmatwely, even if the

Ri rtherm)re t he cr.ossi int OP can.be expressed by-th
i nt er sect i onCPBETHRT Evishy 9‘%'?&&1 m|th\@(qwormaﬁ@véhe/prpﬁﬂag pplnweCffg)a

wher e. the di. | asS:
e e b s o e Sl
‘points on t h@e\ﬂﬁb Wroﬁﬂééchccﬁhérzth@tdléi%e%éméérp%ﬁﬁsf &8t RN C at
di st-ances ‘corresponding tO Wb and " 80% of t he di stpgnce 9@2) B t he
virtual |ineleé®) connects points on the chanf er ed surface 14 at
posi t.ions spaced from the end surface 13 at- di st ances :
[0033] _ S
Here the term "C|rcular|ty refers tod degree of devsatton ofa 01rcular
shape from ageometncally true circle. That i, the. "circularity” is deﬂned by a’
differerice | in radu of two concentric- geometncally frue cnrc[es when the cnrcular '
- -shapef IS placed between the two concentnc circles such that the dlstance
- between the concentric circles is the er_nallest. Speclflcall_y, the * ‘circularity" is -
shown by the difference between the maximum diameter and the'.minin_wm S

.diameter, as 'shewn.'ih Fig. 6'_or'7;



correspondi ng to 0..15P% and 0.30%.of the distance (D2). Furthernore,
the 10 points for defining the virtual lines are illustrative only
and are not limted to the above-nentioned points in .the butiide

di aneter, as long as the points can substantially specify the
positi'ons of boundary points between thg Main surface 12 and the
chanfered surface 14. .[0032] - . As shown in Fig. 2(c), the .
crossing points CP specified as in above lie at substantially the
sanme di stance fr-ﬂ%éﬁe center C of the 'glass substrate 1 in a

pl anar. view of ‘the nain surface 12 over the whole circunference of .
the gl ass substr ghedditiod,tAé pidjedtédpoiRtsOR" of e sosdiRNsARsTH bmpthde. -
center. C of the glass substrate 1 to the crossing. -points OP are
subst ant i al-| ghamterachsmfazedd in aglatas viewodf e maiéy snteee df arb prajbrably
substrate .1, The "substantially the same" can be ,defined by the

circularity 8tbgdantiallyihe samepestion i fhe bicksess@raséemostheplassisubstmtanar

tromih! e BRI HEURS By S e 3. S0t dF R 4 A
IS, the circ j i TN i ! Of Y.l he:
cr ossi ng_ + porreiei® e i End (IEHECRhE bk B 5 e frghtieg s
preferably Oobthanredsirggssnts SR @it #id ollmfered\s@ffatd 14 rea pRALEIeW T the
circle (circle CPin Fig. 2(c)) formed by.the crossing points OPin a
pl anar- vi ew ofain sigfareil? arestibalentipdly thedsanteovas thewhdeaircuhiergicasd the
substrate 1 deviate .fromeach other, the. distance befween themis
pref erabl y 19,@55 grhsbiate Lda Pﬁl%@@ﬁff s that rt}‘q'—\@"@,ﬂo‘i‘ [ethe shstgnces £ evardbe ¢ v

refers 1o a gegktfodhidayle? ',g@%‘g@ésﬁg el s AR Tords' @ Taflation of HY al

geonetrically true circ _ _ C|rcq reey™ dert
difference iprhkash i rohis d@eCORPaIMtahG 198 BREREAbFAIS! Y bF Ig8sCiTCl €' s
when the circul ar shape is placed between the fwo ‘concentric circles
such that the -di §0G8%¢e between the cOncentria circles is the - . :
smal l est. Specifically, the “"circularity” is shown by the difference
between the maxi miMEdEREDIEE t%@‘%mféf%wff#ﬁ%mépﬁlhﬁt%me iassigRmnten
Fi g 6-or. ‘7" GP and the distances t are within th{_e above-mentibned ranges, the variation in

the positionébf'_boundary. points between the main surface 12 and the

chamfered surface 14 can be suppressed to a certain level or less. * As a result,

‘a glass substrate that can prevénf head crashes with a very high rate of
success can be provided. | .
 [o03s) . o
-~ The present applicant'fq'qus'ed on s@-pa‘_lle&ski_ jump _(c.:_cih\-iex"shape}_ and .
roll dff (concave shape) in the bhter edge of a magnétic disk éUbstrate' and has
proposed to control tﬁése éhapes ls_o. as to satisfy certain g-ﬁdnditions"for _
| fpreventiﬁg head cr‘ashes' (Japénes’,e F;atérﬁ App!ibation No. 200?_—3'8926}1 That
is, -ih'.the-propos_al, head crashés are prevéhted by r_‘eg_u,'lat'ing"thé_heighié o
distances or the pos'lti'ons'.in the‘. main surface 12 of t'he;ektreme'p'ortion o1 of
the :ski.jump showrtin Fig. 3(a) or the extreme portion 21 of the roll off"sh'o'_wn‘in L
‘ Fig.AS(b).o Th_e enﬁre.cbﬁtent is incor'boratéd herein by ‘referler-xce_. ' Therefofe; -

_head cral_shes can be fu rther effebtively prevented by spec_ifyin‘g-.thé crossing



11 [ 0034] I'n-addition, the" peojected points OP" of 'the
crossing points OP-onto the Chanfered surface 14 in a planar view of
the main surface 12" are preferably substantially the sanme position in
the thi-ckness di-rection of the glass substrate, 1 over the whol e ) ‘
circunference of the glass Substrate 1.qdhat is, in Fig. 2(b);. is
preferable that the distances t from crossing points CP'to the :
Proj ected p0| nts O -the Crossing points Op ont o the chanf er ed:
surface 14 'Poﬁ’t s%ﬁ%ﬁﬂtl’{é Si‘éta%esf'ﬁsdeﬁp' SPhBbveUrAS &!%‘Itt’o fling the

ar e. subst ant e -sarne over circunference o gl ass-
substrate 1, sh@pestdtem juepdsd rol bfasotltascemmebmdttbnsrerbtsetnsﬂeat armces .
toyer the Wnole cirtcunference of the glass -substrate 1 is 5.1.1m or
| ess ‘(a vari adiliion,dfead crashescan bs smare Ieffecttlvel? prewsefedthy tondicling o t i s
preferably 15 gmor_less.. [0035] Thus, by.forrning the chanfered
surfabe 14 sfisinceihelvpen fessdeny sastlcm%1 Ziha Sk JWmB caihe i@ shpRR o

“boundary. pil Hoxs BOY VELACR AR cOMRBLE A B, o°chan ercd

sUrface 14 can bgoéﬁpres'sed,to a certain level or less. Asa result,
a glee. substrate that can prevent head crashes with a very .high rate -
of success can bdn fheshbediment, fid&Hlditions thaf bee satieienby the chamfered -
appt i cani f obused on so-called ski (convex shape) and roll -off
(concave shapefaden4 ¢fghequier eda@eftiaeg seraybeitate 1 dire desnibed bat én thad -
has propased to.can certain '

condi ti ons fBfeS SPtéU\é‘?Tﬁljpﬂgtﬂﬁ(QQﬂg[ &%zbosgﬁﬂaﬁ’ﬁ"@tiﬂe c,hgmferggt.l on
No: 2007- 389@@)‘&}}%?{#6\%%(?’(0 thg héfeeltpdf?h’é)a-r 5s stﬂﬁﬂgtect aSIH Te &l tﬁéﬁﬁgm ed

by -regul ating t S or distances ep05|t|o 't
surface 12 Of:hérh@reﬁi’(sdr%@ oP et i1 2 datiefied T aft:b\retdé%hb%hqwﬂdmansﬂ&
3(a) or the extreme portion 21 of the roll off shown in Fig. 3(b).
The entire corgsetic disk carclos pmfcamdsdaprdaeémthlayoacbweerenwsetTmamabélamed

head crashes can bhe-further effectivel revented b eci fying the
crossing 1@ an HD% apparatus. ~Therefore, it Ig/ fufther preferable )I/hat? he cha¥nferged :

-slrface 14 of the outer edge of the glass substrate t and the chamfered surface

| X of the hole 11 both satlsfy the above-descnbed conditions.
[0038] | o
A method of.producmg the glass substrate will now t)e deseribed'. '
[0039] ' - |
_ | _ The method of producing the. glass substrate mcludes (1 )a shape o |
_processrng step and a first lapping step, (2) an end shape formmg step (a conng
' step for formmg a hole and a chamfenng step. (chamfered surface formtng step) '
' for formlng chamfered surfaces on ends (outer ctrcumferentlal end and i inner - '
| circumferential end), (3) an end surface pollshmg step (outer cnrcumferentlal
end and inner cwcumferentual end) (4) a second Iapplng step, (5) amain’
s surface pohshlng step (frrst and second po]ushung steps) ( )a chemlcal |
: strengthemng step, and (7)a texture treatment step The order of the end - _
| _ pollshlng step and the second Iapplng step may be reversed. Furthermore the o

texture treatment step is un_necessary for the rnagnetlc disk substrate used i tn. -



p0| nt sCPand the distances t as described above ‘and aI so control i ng :
t he -shapes of ski junp and roll. off so that certain conditions are
satisfied. In addition, head crashes can be nore effectively
prevented by controlling the. di stance F. between the extrene portr on
21 of the ski.junp or the roll off showmgin Fig. 3 and the crossing
poi nt CP wi'thi n a certain range. [0037] ' | n the enmbodinent, the
conditi.ons that are satisfied by the chamc ered surface 14 of the :
outer edge - ofntHED t he present
i nvention, ttﬁg congwé%%?bgg eﬁﬁe&rsd?e @ég%?aﬁgjdnq)%%t%@ chanf er ed-
surface provi ded [pp40]he hol e 11 of the gI ass substrate .1. 1n the ‘case
that the -chanfered surface. of the hole 11 satisfie$ ihe -
above-descri bed ckhedihandersd wrfecert\@neme@utareldgeatthetmasmubetmw cari -
appl i ed vvlth in and c an HDD

appar at us. O@"reea\g%"? JFECrquﬁrjtsq%?tEij't'ﬁ'?%?lé?fa’&i'fépgget&'@ s Hreed

iﬁéﬁ?éfeé“sﬁb R SuBUSE 1 S lopa PLAS B4 14,2l B18k b p
condi ti ons: L @?p%h.oﬁ ta’%tef&drr@éreﬂbﬁ%‘e'e&fb dfige §Ita§§§u@éﬁ*é¥éf?§;ﬂ)h§héd

now be descri The- met hod of producing the glass

substrate inby atjemng ﬂl‘)e gtaﬁmﬂnetratecbmmstg tisiingbodye3 f thas s duppgritend
step, (2) an end shape forming Step (a coring step for formng a hole

and a chanf ebVﬁgo@il%SfQ%fhW@ﬂédm EaB@G@FQﬁIQ@S@QV@WmﬁaFfQWWdtg

chanfered -sugfaces, on

ci rcunf er ent &} aéﬁaﬁr'ca&?m&&gghﬁ'{)g%ﬁ h&ﬁgo@s@ﬁ% h 3‘?@3&( B?ﬁ“@? 0 be
ci reunf er ent bﬁ’%mﬁ”e?éﬁ @Weﬁrﬂﬂﬁ ods’ c?ﬁrﬁﬁ'tﬂe?%oh@ﬁtﬁ%; clotlfbvé? REGREE

| appi ng st ep, a main sur ace polishing second

pol i shing st eipsimfefchle parehemiticety naivirgytae POMNIG IdgB1 @RIthé Pase -

texture treatnent step. The order.of the end polishing step and the
second- | appi epstreten] wiile pressiag dne pertiofrto béchamiersd aftiee orx side of the

treatnment step is unn ssafr ic dj sk substrate used in -
13 an HDD-S%B%\?%R%Y BT 2aandhe palseohegniat oS Palibh it b cBytiem

[ 0040] . t ‘ ass '
substrate 1 can sa Lﬁ'gﬁg&fs[(Eofe}'t%%(%g%eé@rsﬁbg(fﬁbg%ﬁg‘%rﬁﬁ%%ggyﬁ%}@fﬁ%@% '
the outer edygRe pfesbhtappliesf hat PedgoREE sdcbdiRhAD tedMPBIcRlcdSJaeBe in - -
Fig.. 4. That i's, as shown in Fig. 4, the-portion to be chanfered on.

one side of Pabnmmn;ammpslos @662375135)%62@@5 B&?&ilsut t Thegerttine cgltasts
substrate 1 against a polishing body 31 that is supported by a
rotating shaeress aminagrpeited Eﬁ'leé‘ byhrefarenad- r ect i on shown by the arr ow
and has a spherri 41rlfoncave equi pped Wi th polishing cloth so that the’
portion to be ch ed-i-s in sinmultaneous contact vmth the polishing -

cloth over the wWhgbmails4HE 86HisHs c’aﬂfber&tfamtrﬁéﬂgﬁ Pﬁgttﬁfrotanon

polrshrng body .31 and ‘'t he gl ass substrat

portion to bmshfalafrmtawloﬂhetdmsmubsﬁatd@ndfthéﬂm@t@h@&& dflpbﬁemﬂjmeﬂnber '
agai nst - t he &Dl ishing -cloth so that the portion to. ‘be chanfered. is

in_sinultane bstnramb@réh or\pplwhmeepqs&paemelﬁg egtlooihepgiad therdistanes &
O o B e 5B B525 B 215 B ion,
rzce)?gr gﬁzgm)thetgﬁtr@ﬁ'ﬁkré i Faﬂﬂﬁﬁ@h?tﬁetﬁfas%qubﬁr&e a'aFéHsRﬂ{r%S%enﬁér%&i% by |
: .of the glass substrate constrtutmg the lammate Furthermore the. condrtrons
] ) “can be accomplrshed by, in the chamfenng step, controllmg the holdlng
_ accuracy, (red__uc_tron in the rnelmat:on.of the su__bstrate surface from-the .
horizorital direction) of thie apparattjs ho_ldihg the glass substrate 1 anti g_rihding '_

| con'd'itiort_‘s such asfth,e type a'nd_‘the diameter of abrasive grains used _for,



[ 0041]- - ‘Al ternativel yl t he conditions can be accorrpl i shed by
keeping the rotation axis of larninate of the glass substrate and the -
rotation axis of polishing menber (polishing brush or polishing pad)
parall el to each other and the distance therebetween constant during
the end surface polishing step. On thisifccasion the rotation axis of
| am nate of .the glass substrate agrees with the central axis of the -
gl ass substrate constituting the l.ami nate. Furthernore, the - :
conditions c TSI

controlling gﬂg&ﬁ%’ | di ngmaf%ﬁggtce?ﬁ%ar“gﬁSggf\do(r?hla:?%ﬁ%tm@ihq?cfﬁavg {%n of the
substrat e -surfacgof42)m t he hori zont al direction). of the apparatus
hol di ng the gl ass substrate 1 and grinding conditions such as the
type and the di ankegongitioasphive ceosgingi peinisincibe freagnetiadigk sulktrage | oad,

The. cond 1 | oRGSBHING olne ISEsVEBI aroreBed IRGpeIieS ReuRUE 1 Pt o
accor di ng: L oaIRRCeR s (AR 8TRrRShA ol UPSHIaRGR Y 19

a size of 3.571:nches or I n: bartlcu and

i nches) . Fur khaepmmigeor atdtassraoatraemednfcuﬁcelnaaled%elaﬁtamt.ﬁuln%ue fiicult
conpared to an aluminumalloy substrate, and it is difficult-to keep’

t he shape ‘constsimrte, antdrie tifficalt to hmpaﬂhe\eeapenmsmarm Thuareiots, ains albove-
nmost inportant, [0043]. .  Next, a netic disk produced by using -
t he magnet i c”tﬁ“ﬁﬂn%iﬁ%ldltlﬁﬂéa@:@éﬂdmﬁgrt@'% the present invention will
be descri bed. Thg Wnetl c disk according-to the present invention is
constituted by f 9 g at least a-magnetic |ayer on the gl ass -

subst 1 ate descr | sk aPRGetcUlroduced SNRIMEPABSHAhotl Al Siodisue! |V

produced by laminating a foundati on magne ayer

protective | aymrdingtulthe preseni tathtiun Wlﬂberdelsénl&@lt i The m‘agﬁeﬂld aisis
substrate 1 having a surface provided with chenical strengtheni ng
treat ment ac8esoiding tibedresemné inventivns constituigd by farmingeatieapt atmagngitic k

IS properly el ect endi n netic |ayer. [0045]. :

The materi al aé’%n%’tﬁ‘ﬁ??"i‘%gs”g @Fé@ﬁﬁ'ﬁl@gﬁ’%y%yer is, for exanple, at-

| east one sel ect %JO{ ﬁlom ‘nonmagneti c materla_ls such as C, M, Ta, 11,
W V, 13,. and AL | e magnetic layer whose nai h conponent is Co, the:

f oundation | ayer Ting ididtedt alkkys 088y fodticadbe |a@rmarngaa felndatlonaydram
the viewpoints of, for exanple, inprovenent 1rl magneti ¢

characteri st mgnetlelamtda praber;t:ve fayef, andddtbrigating fayer ini serigobdnlaigagsed to
a single layer and rrag‘f[have a multilayer structure in-which the sane

or different sykghate - H‘ %@érsgﬁﬁ?‘f‘epm&'ﬁ'ﬁﬁ&{'@& emicahirengthsn ing-geaiment

m“ tilayer " according need. - The foundation fayer in thig magnetrc disk is properly selected
dependmg on the magnetic layer. ‘
[0045] | |
The material constrtutmg the foundatlon layer is, for example, at Ieast one
_ : seleoted from nonmagnetlc materlals such as Cr, Mo, Ta T W V, B, and AI
- o In the magnetrc Iayerwhose main component is Co the foundation layer is
o preferably made of smgle Crora Cr alloy from the v:ewpornts o, for example,
' rmprovement in magnetrc oharacterrstlcs In addition, the foundatlon layer is
':--not fimited to a smgle Iayer,and may have a multl layer structure in which the
eame.or different types of layers ar_e _I‘a_minatedl _, EXampIes ofithe multilayer |

foundation layer include Cr/Cr, Cr/CrMo, CHCrV, GrV/CrV, ACr/Gro, AUCHCr,



15 AI/Cr/CrV, and AL/ Cry/ Cry |ayers. [0046] Exanpl es of the
material constituting.the magnetic |ayer include materials whose nmain .
conponent is Co, such as CoPt, CoCr,- CoNi, CoNi Cr, CaCrTa, CoPtCr,
and CoNi Pt, .and CoN CrPt, CON|CrTa CoCrTaPt and CoCrPtSi O The
magneti c | ayer. may have a nultil ayer st‘rfucture in which a nonmagnetic
film(for exanple, Cr, COM, or Cvy) divides a magnetic film (for
exarrple CoPt Cr/ G Mo/ CoPt Cr or’ CoCrTaPt/CrI\/b/CoCrTaPt) wth for

reduci ng noi-s@CricP@4md AI/CrV/C'FVGPayé?é erial for a magnetic |ayer
applicable to a magnet oresi stance effect head (MR head) -or a g| ant

nmagnet or esi st ancq0@48lect (GVR head) may be a. Co- based al l.oy
contai-ning an |rrpur|ty_ el ement selectéd fromY, Si, rare-earth

elements, Hf, Ge, empl%ﬁq@ftheneﬂerehc@aetlaeneﬁheweg@etucdwnm}ude r@ﬁféﬁee

P e o e P b B R PO BRI AN PR o,
examl e, Fe. coporaRsconfer aNBucibe clhvmasadoraph ahiddchediesed o

i‘ron-rare- earth efenent onmagneti c frim-or I-A a nonmagnetic

film nade of Thioagew k@r m& Adveds nidilayie? tGdtu A Michsa AdrimadiRtic film -
mat eri al ‘constituting the protective layer include C, C alloys,

car bon, 7Zircdar examwle,ocrsCrMc,aorS‘uvhdmdpsatmagnehefﬂnn [fm @@mm f ormed
subsequ_ent!y a e thrmation of he fou er and the
ragneti o | ay SOPRAGMECORTeRGoCs Rttt A o educing noss.

Fur t her nore, the[ @}]ectlvel IImmay be a single Iayer aor have a
mul'tilayer. structure’of .the same or different types of films. In

addi ti-on, anot herTHerrﬁét@ﬂéI'fmea iy R6tidBYerppliibee @mabﬁ@o@smﬁ%' ve
| ayer or instead of the protective |ayer. For . exanple, Instead of the

above- nent i opectead @dRihead) aryaaglanemagmetnmmsmnceleﬁeﬁl(GMR heddpmepbebe
f or med by dil.uting tetraal koxysilane w th an al cohol -based sol vent,
di spersing c8lGupaged allpy peraammg@vmﬂtycqlegerﬂtwele@m from X1 §i rageeﬁeh

di sper S' on On}e%earlﬁs Hf, ée Q an'orr'arﬁ%xude of these lmpunty elements

Furthe‘rmore_, m.additi'on io the above, the magnetlc layer may be a gran'ula_r film '-
~ having a Structufe in which magnetic particles of, for eiample' Fe, Co, FeGo. or
" CoNiPt are dlspersed ina femte-based or iron-rare earth element based
—nonmagnetlc fllm or in a nonmagnetic film made of, for example, SiOz or BN:
[0048] | _ . |
Examp!es of the materlal canstitutlng the protectwe |ayer lnclude Cr, Cr :

- alloys, carbon 2|rcon|um and silica. Such a protect:ve film can be. fermed :
subsequently after the formatlon of the foundatlon Iayer and the magnetic layer
with an in- Ilne type sputterlng apparatus. Furthermore the protectlve film. rnay

“bea smgle layer. or have & multilayer structure of the same or different types of - 3
Afilms.  In addition; another protectwe layer may be formed on the protectlve

- Iayer or mstead of the protectwe layer. For examp[e mstead of the above-

' mentloned protectlve layer a silicon ox:de (SiOz) film. may be formed by dllutlng _
tetraalkoxysnlane wﬂh an alcohol- based solvent, dlspersmg coIImdal sulca |

| m[crOparticles_theran, applymg the dispersion onto a Cr fllm, and ﬁr_nng the



resulting film [0049] .. The lubricating layer is formed by, for
exanpl e, diluting perfloropol yether (PEPE) serving as a |liquid

| ubricating agent in, for exanple, a freon-based -sol vent; applying
the lubricating agent to the surface of a medi um by drpprng,

spi n-coating, or spraying; and carrying out- heat treatnent accor di ng
to need. [0050] Frg. .51 s an- expl oded diagram schematically show ng
an HDD apparatus (|l oad/unload system having the magnetic di sk
descri bed aRgM@ng filke. HDD appar at us i ncl udes at -I'east one magnetic

di sk and a magne ?rc head for ‘carrying .out data recordi‘ng and/ or
reproduction fof0Q49 magnetic disk.-That is, as shown in Fig. 5, the
HDD appar at us is.constituted by fitting the hole of a magnetic disk
44 to a spindl e Thedwiicatgpyer Iptctuelsdéw fnzemwlagdlutlee p@'ﬂDtOPbbtaﬂTdI‘M

dth t 43 { bot t
Const it ut eclFEN M 30GuriEToatna kel e ieaAME B FOROPERE 45 and
t 47
to a recor .tvgt"regﬂbﬁtg(h%tﬁof@%rtdaa%“'th“?@uﬁ%%%% Rl 4P g o
data recor dsprreééamoslmpmy@hg ek ey ouﬁﬁéht'tr%a%érﬁt%@dt’ﬂm@rté’ ﬁbéd‘e
recordrng region (narn surface) thiough the outer edge of

nagnetic di sk 4fD0&0] t he tinme of stopping (load/unload syst er n)
[0051] The sati sf action of the above-described conditions by the

positions of , Fitk8d&Amg pledes @a@@”\/%;'h?“‘@ilﬂaﬂh’tﬁh%’lﬂgo&n ldDPmetates di sk
substrate r qaéi Lp'{g(%ﬂ(iin siyg{enlr_)?rg% Ré h%tgHgtrc drsl\('\'ges%rrlrbted] gb&.l,eoatrrhgq_l[%munt '

of t he head
apparatus moludes at least one magnetrc drsk and a magnetrc head for carryrng

out data reoordmg and/or reproduotron for the magnetrc dlSk That is, as .
shown in Fig. 5, the HDD apparatus is constituted by f]ttmg the hole of a
».:magnetrc disk 44 to-a spindle motor 43 of a pedestal 42 havrng a circuit board
' _'41 and the spindle mator 43 and installing a bottom coil motor constituted with a |
_ head assembly 46 h'elld between a bottom yoke 45 and a m'agnet 47_and afop _
. yoke 48, Inthe HDD apparatus'th'e head‘ moves to a recording region (main ~~
-su rface) of the magnetrc disk 44 dufing a data recordrng/reproductron operation
. and is wrthdrawn from the recordmg regron (marn surface) through the outer
_&dge of the: magnetrc drsk 44 at the time of stopprng (toad/untoad system)
- [0051] ' _
. The satrsfactron of the above—descrrbed condrtsons by the posrtlons of -
crossrng pornts is very effectrve for a magnetro disk substrate mounted onan-

: ""HDD apparatus in which the floatrng amount of the head isreduced. For
~example, the satrsfactron is very effeotrve fora magnetrc disk substrate for an .
,.HDD apparatus ofa system in whtch the magnetrc head i is loaded on and

unloaded from the main. surface ofa magnetic disk through the outer edge of
-‘the magnetrc disk, a magnetrc drsk substrate for an HDD apparatus in whroh a -

| magnetl_o disk i |s_ rotated at least at a rotatlon speed of 7200 rprn, a _r_nagnetro



exanple, the satisfaction is very effective for a magnetic di sk
substrate for an HDD apparatus of a systemin which the nagnetic
head is | oaded on and unl oaded fromthe nmin.surface of- a magnetic
di sk through the outer edge of the nagnetic disk, a magnetic disk
substrate for an HOD apparatusin which gzmagnetic disk iss rotated at .-
| east at a rotation speed of 7200 rpm a magnetic 17 di sk substrate
havi ng a touch-down height of 4.nmor :less, and a nmagnetic disk '
substrat.e hay ' sit V. Qf AT e
[0052] Examt S8 sydsf¢ Raghda BTG Roighad AT bf eBS nd Y BB aik
I nvention cl gabstraté hhvifea destiding 8ensig! o0 ARARG of Fergpl es 1-to 3)
(1) Shape processing 'step-and first ['apping step: First, nolten
al um nosi-licate doesy was nolded into a di sk shape by direct: press
using upper, lower, and'rimdies. to give an anorphous glass plate.
Here, chemi cal stE@fplefchsiagmen ynatarg thesifeals on‘?_r@'mee@ﬁtmn Pt elear
gl ass. The resulting di sk-shaped gl ass plate had a dianeter of 68 nmm
and a thickn&@gb%ﬁe%%“&W?EFBW54]' 3 L

- - Joos3) '

(Exa_mbles 110 3) 7
(1) Shape processiné step and first lapping step
- First, molten aluminqéilicate glass was molded into a disk $hape by direct
o 'pfess using ljpper, lower, and rim E_i_iés to give an amorphous gAlas_s blate.. 'H.ere,
: chemic_él stréngther_iing gléés was used as‘ the alumiﬁbsilicate' Qlass. The
resulting disk-shapéd glass plate had a diameter of 68 mrﬁ and éthi’ck_ness of 1
mme ' |
[0054]
“Then, the glass plate was subjected to‘labpi}mg of both main surfaces to -
_ give a disk-shaped_ gfass base material. - This fapping step wéé carried out
psihg alurriina—based .Io.cjsé grains with a both-sides Iapping machine em'ploying
. a'planet_ary_ge'ar-me_ch'ani'sm.‘ Specifiqally, the '_Iapping wés performed by'
pressing lapping p!atc-_:-é onto both surfa(.:'es of the glass plate, supplying grinding
'_i_fquid ‘contai:ning‘ the lodsé grains"ontq_th_'e main surfaces of the’zglas“s blafé, and
' felati_vely moving them. The lapping step provided flat main‘sur'f'éces t.o‘ the -
glaé_s b:a‘s'e' matefial. In addiiion, the lapping step reduced thé‘ thickness of fhe |
gm$b$emmmmhdd7mm. J '
Iooss] - | |
- (2) End shape forming step (coririg and chamfering)
. Then, the glass base material was cut with a diamond cutter to cut out
glasé substra.t'es'.frbm thejgléss base fr_]at‘erial. ‘S'ubsaqtjenﬂy, a hole was - |

formed at the center of each glass substrate with a qylindricél;bo_re drill to f_orm.



Then, the glass plate was. subjected to lapping of both main surfaces
to give a di sk-shaped gl ass base material. This |apping step was
carried out using al umi-na-based | oose grains with a both-.sides

| appi hg machi ne enpl-oyi ng a pl anetary gear mechanism Specifically,
the | appi ng was performed by pressing |#pping plates onte both =~
surfaces of the glass plate, supplying grinding |iquid containing the
| oose grains onto the main surfaces of the glasS plate, and '
relatively ”Qh'dhﬁuféh?ﬁ'ss §1¥6stladd RioRrifd) € PORTRY loBEakidH, Ao Ml triie Weds €S
to the glass-base.material. In addition, the |apping step reduced -
t he- t hi-cknesused forfendhgihe Hudsomiottt suafaces obthé ghass. subSP&e] Thgn, Erd
shape form ng step (coring and chanfering) Then, the gl ass base
materi al was OBlRr CUipurfesendinbenshwas gtousd by @ diamonrdigringing wheelisingdbes
fromthe glass base material. ,Subsequently, .a hole was formed at the
center of JealRPURLESTONLt Pk 4 7053 B ode T ied Ehadieriog AT Toh o f of m
18- an annul L thii g, aceasi on, .

core dri11s aanaeREe HE LR RS Blec ol by ARy | .
gl ase subst r ghee! JER)1a khdven QpbREILEI(REWRDRALRY b Pro®eniBsd SHaMBRNRY 2
di anond grindi ng wheel using the apparatus shown in Fig. 4 for a
predet er mi ned chdf®s6]i ng (chanferi.ng). Furthernore, the inner.
circunferential end was ground by a dianond grindi ng wheel using a
known appar at us ((RbMirEReRishing$eR predet er ni ned chanfering. .: [ 0056]

(3) Mrror -polishj t e . Then, the end surface of th ass
substrate was m ﬁr@?" @8Iq%§lhsé"8caﬁ?/°§th8rgﬁﬁsﬁ SH@%@%W@ WPHB@'.Sﬁﬁk)Y ﬁi S .
occasi on, sl ‘ ek R ey ' - STRYI-W [Ny e .
abr asive gr aPF]JsS;" p&gﬁmﬁ%@gﬂgg t hUenUt @Sﬁ&gﬁuﬁ%%ﬁ?ﬁ%ﬂggg?ﬁ%ﬁ 0%@2 i nner
ci rcunf er ent ablasveqyraips (lods alsragiod geired way uaedag fted palishinbiabrdsie .
met hod. The gl ass substrate.after the mirror polishing was washed .
wi-th wat er.. B Mhgingssicirewniegerdinbendysse minu-pofishecity 2 maggblc s

R N N T S

ind could b : SSH . o di 057] -
() Second | SRASRIGES, hoHATS GRS bef Bt BE R Bie Gl Sfhorkficd ™
resul ting gl a?mmﬂ@@hdia@mnww prekbMmcduetsdcd asthaRaedd AADRISDE, 1héep as

inthe first lapping step. By subjecting to - the secOnd ‘| appi ng
step,  fine aglaes subshaid baore dizometehes 6Fahm swrdoalkibeusan dashe sylsirate for.

steps, i.e., in the end shape forming step and the mirror polishing
step, can be2rdAEVERIBRICHER t he successive polishing step.’ C
Therefore, :the pgbéﬁ;ng of the main surfaces can be conpleted within
a short period of™ : ' A - |

(4) Second lapping step -

Then, the both main surfaces of the resulting glass. substrate were

subjected tq.a‘ second lapping step as in the first lapping step. By s_ubjécting to-

the,sec-bnd [apping step, fine asperities formed on th'e main surfaces in the pridr-
' steps,'i.'e.:, in the end shabe' fo-rm'ing'step:and the mirror pdliéhihg step, can be
removed before the successive polishing step. | Thérefdrg,iﬁé polishing of thé
main surfééés Can'be Cé'rﬁpleted within a short périoq ofi ti’me.' ' |
- [0058] - |
‘(5).Ma‘,in. surface polishing step

As the__main surface polishing step, firsf, afirst pc’:lishin’g*ste‘p was .'



[0058] (5) Main 'surface polishing step As the main surface polishing
step, first, a first polishing step was 19 perforned. -The first -
pol i shing step was rminly intended.to renove scratches and
deformati ons remai ning on the main surfaces w thout being renpved in
the | apping step. In-the first polishinggstep, the main surfaces were
pol i shed using a hard polishing . pad with a both-sides -polishing
machi ne. enpl oyi ng a pl anetary- gear nechanism Ceriurri oxide abrasive

2 tor the 11 PREOmAN. TReRuERNl o SED RS RS i At TE RO Soaleel.

neutral det ergarfeforefiensv@heinifiddn tHeuhginwatases(Without Béing irsmpveyline
al cohol), and I PA (steamdrying) in each washing tankin series. - -

[ 0059] Isppirgesieentihyihe fist polishimgisteps thef meaia gudiacedwerg iisiped Bsing
second polishing st_eﬁ;l, was perfornmed. The second polishing step was
i nt ended to '‘ad BRiRhAGRas with & Pethrsidesatolishing maching fnRIeERg aplanekay .

sof "ob i shi HanaRCtaha GOTRT orHe eBERe Sk Vet freE R B Bfae 2° °
Finer than t Re e, B Sh ST e P Rt BV way st By

pol i shing st epingainemenssridn agutrilelcidryast pere wetet (NPT ®atet (1B, FAaSS
substrate after .the second polishing step was washed by bei-ngl mmersed
in neutral déiseprgeyltalqonyl), ansliPAdstedmtdsyingkin egeh waching tamktieserds., pure
water (2), |PA (i a&&d‘éopyl al cohol ), and I PA-(steamdrying) in each
washing tank in geYY®s. Here, each washing tank was. applied with

ul t rasound. ['00634%(68?&?@19{@80% ﬁé‘iﬁgwﬁﬁgj'i?ﬁ@%@ﬁa ooorth 'éhi&ge_.

gl ajss-_substrate' _ 1e”1apprng step a _ SATNg "step was .
subj ect ed t O'skfperLFrfcseENITEsdddAd pbidhind GtEp Ak IMBRGRDbRALAE Wa
performed by imrersing the washed gl ass substrate for about-4 hours
i n a chem calmigonfevegingsofithe mad surfaoas.priepbs setony poiistiimystpp} the smaim
nitrate (60% and sodium-nitrate (40% and heated to 380C.  The o
i mer si on ‘wasWiEaaesivEle HliroipRlished ByRg Atspd Rolisting radwith albpihysides t he
gl ass substr . bein eld in.a. 20 holder at thg end surfaces
2o that the ChEnEhEfN fReRindd dafues ealrithedin (Crfitiibeal iy
strengt henedgprasive gfains_ that were finer than the &erium oxide abrasive grains used in
the first polishing step were used as the abrasive. Furthermore, the glass o ,
substrate aﬁer'ihe second polishing step was washed by being immersedin -
" neutral detergent (1), neutral detergent (2), pure water (1), pure water (2), 1PA
(isopropyl alcohol), and [PA.(steam drying) in.each washingtank in series.
" Here, each washing tank was é.hpliedwith ultragound. '
[0060] | o
(6) Chemical strengthening step _ .
Then, the glass_ substrate after the Iabping step and the pc'alis'hing step |
. Waslsu'bjected to' chemical sirengthening. The chemical strengthening was
'plerfOrmt-;-d by im_me'rsin'g the washed glass substfate'for about 4 hoursina
chemical _stl‘engthenihg solution prepared by mixing pOtaséium nitrate (60%)
. and sodium nitrate (40%) and heated fo 380°C. The immersioh was carried

 out in the condition 'thét.a_blurality of the glass substrates were being held ina.



[ 0061] By thus i mersing the glass substrates in the chemi cal
strengthening solution; lithiumions and sodiumions in the surface ' .
Iayer of the glass substrates.are respectively substituted by sodi um

i ons and potassi umions in the chenical strengthening solution to
strengthen the glass substrates. The.coppressive stress |layer formed
on the surface layer of each glasssubstrate had a thickness of about .
100 gm [0062] - The gl-ass substrate after the chentcal :

strengtheni “%o%@%@tﬂﬁ%‘h ffatie% aetﬂa ﬁB'sﬂ@X%e%yof*ﬂ‘?é g*t%ta 48 2

wat er tank .at or a sequen e glass.

substrate af teeﬁretyt@-.erna@]gsqgﬁ@hggedrvas washed by bei ng i mrersed in
concentrated sul furic acid heated to about 40C. Furthernore, theglass

substrate after t[R@6ljashi ng with sulfuric acid was washed by bei ng

imrersed in pure water (1), pure water (2), |1PA (isopropyl aI cohol),
and | PA (steam dr5Y fys 'mwee&wwths&aerwbﬁt@tﬁs inthe heraigal signgthepingn

Srootn° and sPaRpG At bkl L RS el R vers of M Besd e
medi a wer e- olf,alipgs v dccfl\.rrél}r étlllﬁedl by §6dlbrﬁ9&?]s”£'tospcﬂ33 ltfrﬁ‘?or%rlﬁ

shape form ng step, the rror I-ng” st ep, e secon appi n

step, the naitfe dtan’ﬁ|oalfstr9ﬂd.]théﬂtihgQolatlﬁpto(étterngﬂteﬂmlﬁle glas@s@bsmtssshrrns
steps), the precision cleaning, and the chem cal strengthening. step.

[0064. 1 CoOmpraskive sbssilayefognaeden ﬁmtaaewe( eieanh] glassisubstrap o
ositions of crossing points CPin the main

were investi gate t
surfaces -of ?ﬂ@qB'Fg%essssOgB PHF0Q4M. i n the planar view of the main .

sur faces 'usi ng ay act probe-type .21 surface shape measuring
instrument. The r ts are shown in Fig. 6. Furthernore,. the

distances t (cr osmawamuwraﬂémslhefaem@dtsﬁéﬁgtsem Rbatricht WhS
projected points of the crossing points-onto the chanfered surfaces

14 vere i nvesodlgdrapidly by being iposirdeding watet taek ab20rOsfor bmed Oohintifes.
gl ass substrates. 1 in the planar. view of the main surfaces.. The
resul ts are SHBSRAUCHYRE glass sutsrsie after thguapiskrmoling was weshedby Being n

e S1ass s Rane R SnPnPaRL St 8 nb480 1ELEh A% Prbhimere
0.275 mm an%&gaésosuaaraedaﬂeﬂrs t%smgswmurfuaaabldxmawééhed@%b@

the circularity of a circle forne he crossing polnts
or |ess. Furimmemsedd pae vedisi (dtr,spulre watlel(zj, |PA, |soprdpyealld>laﬂ)$astill¥zﬂtrat es

-of - Exarrpl es 1 to 3
(steam drying)in eaoh washmg tank in series. Here, each washmg tank was
' applled with ultrasound.
o [0063] | |
Thus fiat smooth and hrghly ngld glass substrates for. magnettc .
' recodrng medra were obtamed by performlng the first lapping step, the end
- __shape formmg step, the mitror polishing step, the second Iappmg step, the main’ |
surface polrshmg step (f|rst and second pollshrng steps), the precnslon cleanmg,
and the chemlcal strengthenmg step
[oos4] | |
| The thus obtatned glass substrates (Examples 11to 3) were mvestlgated
- ) ' for the posmons of crossmg points CP in the mam surfaces of the glass

substrates ! in the planar vnew of the main surfaces usmg a. contact probe-type



t he varlatlons in the p03|t|ons of cr033| ‘ng poi nt spaces in the main
surfaces were 0.003 mm 0.004 mm and 0.002 nm and were thus. '

significantly snail. That is, the variation in the crossing point .
spaces was 5 i.tm (0.005 nm or |less. [6066] (Conparative Exanples 1
and 2)- + . (dass substrates for magnets2f recording nedia were

produced as.i-n Exanples 1-to 3 except-that in the chanfering step, -
t he outer eci rcumc erential end and the i'nner circunferential end were

ground by a % agwbr@ﬁé R%Vl?-@%mtéﬁt n %resl%”arﬁgtﬁ’c%‘?‘mbﬁg (gnot

shown) for cha tal ne |'ass substrates -

(Conparative Fﬁmaamh@e the@tt’sthrﬂ:bs WrGssinyyssiitt spatey) floar crobsing pointssto Mg |
crossing points CP in the main surfaces-of the glass substrates 1 in

a pl anar wpswecoed poisterafitie gressing peinteranie the ghagiferedsurfadesctowstieng
poi nt spaces, to 3. The respectlve results are

shown in Fi gé“Veét'%%ﬁ %%TWF“S in the Agaig §yiTaees of thsg! Ippgsubsirales iRe

e nonr o ondhoRaBhry BVRE RS SiaVHR, ¥ s B MERERET 006

and 0.694 mm and ggss) thus |arge. That is, the circularity of a 22
citcle forned by the crossing points was hi gher than 0.5 mm '

Furt hernore, as .okwolodsus iramFig. 6, inthe glass bebs;damfﬁmmpl@tms the
Conparatl ve Exanples 1 -and 2, the variations in the positions of
crossing poi Neraieasésiherposiiensiel ¢rossing peials Inéteen@ptsmfeceﬁooermﬁ taaa:l

veet gher A O30 b Spe A e s PR PRI T a5 B
bet ween vari %frétﬂﬁtft}r bPathee E@ﬁreubgrrﬁe e{osaﬁg@s@ttgwsgbstrﬁmad?teé&ead

crashes was inve gat ed. he gl ass €s ‘obtained as in
above vere sFjtRékRIle, 4 dRIGuETON FiRay, TRe GAsk QItRGRBIsYN ERAMPREMNG0 3,

-Then, a foundation layer, a magnetic-layer, a protective |ayer, and a
| ubricati ng the variations in the positions of crossing point spaces in the main surfaces
were 0 003 mm, 0.004 mm, and 0. 002 mm and were thus S|gmf|cantly smalll.
Thati is, "the variation in the crossmg pomt spaces was 5 pum (0.005. mm) or less.
[0066]
(Comparatlve Examples 1 and 2) _
. Glass substrates for magnetic recording media were produced as |n
Examples 1 to 3 except that in the ohamferrng step, the outer cnrcumferentral
end and the inner t:lrcumferentlal end wereg ground by a dfamond grmdmg wheel
usmg a known apparatus (not shown) for chamfenng The thus obtalned glass
substrates (Comparatlve Examples 1.and 2) were investigated for the points of
€rossing. pomts CP in the main surfaces of the glass substrates 1ina planar -
View of the main surfaces and the pOSltIOnS of orossmg pornt spaces asin -
- Examples 1 to 3. The respectlve results are shown |n Flgs 6 and 7
 [0067] o o
As obwous from Fig. 6, in the glass substrates of Comparatrve Examples

-1 and 2, the vanatron in the posrtrons of crossing pomts in the mam surfaces

were 0.608 mm and 0.694 mm and were thus large. Thatis, the crrcula_nty-_ofa .



| ayer were laminated in series on each glass substrate to produce a
magneti c di sk. The-magnetic di sk was nounted on an HDD apparatus of a
| oad/ unl-oad system for investigating the incidence rate of head:
crashes. Here, the term"head crash"” refers to that obtained by

di vi di ng the nunber of .di sks having scratches by the total nunber.
when t he outer edges Were observed every 100 tines whet her scratches
occurred in seek head repeating test (nmovement of hol eouter edgehole)
using 1000 drgiMg féaiddas ing | i e 1S dat
nead 11 oat i ng HelgREa g CRISY pokiteuaS Wbt R ROt HFLeRhdtTed
are shown i n obiigus om[FQ.6RTIN the glasissubbiraiesin Compuratige ERamplasn dndie2,
variation in the positions of crossing points is 0.5 pmor . |less, head
crashes har ditye vareations iaghe pbeitiensosl crassingazeintfshacas indhemainrsuriaces
Therefore, it vvag ‘g]on&g;rred t hat head prashgls canto prevented at a
very hi gh-r at@rdpol R A&RmmMIng weRdhus BreR- as'siat igpiiervariatonn ths giossieg 1

to 3. On the ' Var jadal in the positions of
Crossi ng poi H?@?gé%$§%swt%}§s H&(bﬁngﬁ'gk'e of head crashes’is

t ncreased. | n parphpgd)l ar, the head crash rate is significantly ,
increased with a decrease .in the head floating height. Thus, it was
confirmed that heBencitesbiationshipbetween vadationk fin theguuisitignp olesresdingl i n
the gl ass substrates of Conparative Exanples 1 and 2. [0070} The
present i nveReingnandhaastcrastigsiveas investipatedh olleres Misoalpsaesitbsitalgscan be

uitably modified for lication. ple, .th er, .and; si
S e o 38R o S BT SR MRS RE S
oL T OO AR ol i BB

Fur t her nor e,-idyeewpreslaminiatédivesetic® Bn eath §Rss vibsiate/ o meiiddeatmagnétider
aspects for apgl ication within a range.not departing _fromthe object
of the prese#iski nViehiagnetic disk @aAmuBnted on.an HDD/appataiest ofa ivadiunioad

' us of. a | oad/ un| oad

System i n whPiEtoE SrpTReNBATRHR 308 OB A MBSO ITER mai n
sk s O Rt e g AP Bl ool SRR
i 0 o ace an nG e e B e TR I
shape, -wh er etimes whether scraiches qccurred in seek head repeating test (movement of ‘
| ‘ 'hblé -> outer édge — hole) using 1000 drive testeré. .Hereiﬁ, the i'nvést'igation
Was perfi_)rrﬁe_d at head floating heights of 7 nm, 10 nm, 12 nm, and 15nm.
The results-are shown in Fig. 8. | |
 [0069] e |
' As obvious from-Fig. 8, when the variation in the positions of crossing
| points is 0.5 mm or less, heaa 'cra'shg'sjhardly'occur‘ regarrd‘less of the head
floating height.. Therefore,-.it was confirmed thét heéd orash'es.- can'be
prevented at a very high reﬁé of success by using the glass substrates of
' ,' Examples 1 to 3.. On the other hand, WHén_ the Va}iat'ion in th_e poéitio'ns of
| cro#éihg pbints is higher than 0.5 mm, the‘r‘a.ité_ of head crashes is in:crefaséd. "
- In pariuwua_r, the head @:raéh_ ra{te is.signrif'icant[‘y increaséd- with a d.ecreas-e‘in the

head floating height. Thus, it was confirmed that head crashes cannot be.



the circularity of a C|rcle f ormed by crossing p0|nts in a planar
view of the main surface is 0.5 mMmmor |less where a first distance is
a distance froma center of the magnetic disk substrate to-the end
surf-ace and where.the crossing points are each expressed by an
intersection.point of a first virtual .| pge that connect's points .on
the main surface at positions spaced fromthe center at 50% and 80%
di stances in the first distance and. a second virtual I|ne that
connects poi far he
end surf ace StTELE PENERBRIE R ARERBE op RBIpaRIRe SRAARS S AR AT
variation in secoeg7eli stances is 5 pmor [ess over a mhole
circunference of the magnetic disk substrate where the second

di stances .are di stlmp@semtnmntlhelsumt:bmnta@tqomerabsve embhdmmm)pmtt:mdbe
points of the ¢ragssin g ints onto the chanfered surface in the
planar view &fit @tﬂ ﬁ'ﬁ g rgPRégation.  For exampie, dheragmbes ancysizgof each - -

substrat e, 2cRkikdlot b aiPrdocs Sh ol o B AR ERE, "

claim1, whergi Jhrfdh%n%er \Fdl'ﬂo%lyﬁ'ﬁ/odﬁ‘ edthFfit]@hE&tldﬁ EQLdﬁg%sttHe% SctS bPFel NY

p0|nts is 0.340 nmmor |ess. magnet | i Sk substrate
according to mé&unmnitenwmearelanhmwd atAustheinore hide peesangd intesticunsz@itd S 4
,umor |ess over a whole circunference of the magnetic disk-
substrate. suitably modifind imeijaeasnects fokappisationawithimadangsi maj depaiting one
of clains 1 go 4 mh he dIS ance, between a center of acircle.
formed by t h&PtHES }?éﬁBf ﬁtpéesleﬁ M¥&™Manar view of the main surface
and a center  of the magnetic di sk substrate is 1200 pm or |ess.
6. The magnetic di'sk substrate according to ‘anyone of clains 1 to 5,
mhereln t he magnetic disk substrate i s made of glass. 25



7. A magnetic disk, conprising: the magnetic disk substrate according
to anyone of clainms 1 to 6, and a magngtic |ayer provided on the
magneti ¢ di sk substrate. 8. Thé magnetic disk according to
claim7, wherein the magnetic disk is nounted on a nagnetic disk
apparatus in which the magnetic diskliagssotated at feast at a
rotation speed of 7200 rpm 9. The magnetic disk according to
claim7 or 8, wherein a touchdown height is 4 nmor |ess. 10.

T TROneLT 001 B, BSROA R BoIBNRS oyl b Bk A"

appar at us, otarigad/enlngd systermiagmich @ rdaghetadumdds hepden empndenipbdédt o
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disk;

the magnetic disk substrate having a substantially flat main surface, an
end surface, and a chamfered surface between the main surface and the end
surface and having a substantially circular shape, wherein

the circularity of a circle formed by crossing points in a planar view of
the main surface is 0.5 mm or less where a first distance is a distance from a
center of the magnetic disk substrate to the end surface and where the
crossing points are each expressed by an intersection point of a first virtual
line that connects points on the main surface at positions spaced from the
center at 50% and 80% distances in the first distance and a second virtual line
that connects points on the chamfered surface at positions spaced from the
end surface at 0.15% and 0.30% distances in the first distance;

variation in second distances is 5§ ym or less over a whole
circumference of the magnetic disk substrate where the second distances are
distances from the crossing points to the projected points of the crossing
points onto the chamfered surface in the planar view of the main surface.

2. The magnetic disk substrate according to claim 1, wherein the
second distances are each 15 um or less.

3. The magnetic disk substrate according to claim 1, wherein the
circularity of the circle formed by the crossing points is 0.340 mm or less.

4. The magnetic disk substrate according to claim 1, wherein
variation in the second distances is 4 ym or less over a whole circumference
of the magnetic disk substrate.

5. The magnetic disk substrate according to anyone of claims 1 to
4 wherein the distance between a center of a circle formed by the crossing
points in the planar view of the main surface and a center of the magnetic disk
substrate is 1200 ym or less.

6. The magnetic disk substrate according to anyone of claims 1 to

5, wherein the magnetic disk substrate is made of glass.
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7. A magnetic disk, comprising:

the magnetic disk substrate according fo anyone of claims 1 to 6, and

a magnetic layer provided on the magnetic disk substrate.

8. The magnetic disk according to ¢laim 7, wherein the magnetic
disk is mounted on a magnetic disk apparatus in which the magnetic disk is
rotated at least at a rotation speed of 7200 rpm.

9. The magnetic disk according to claim 7 or 8, wherein a touch-
down height is 4 nm or less.

10. The magnetic disk according to anyone of 7 to 9, wherein a
recording density is 200 Gbit/inch? or more.

11.  Ahard disk drive apparatus, comprising:

the magnetic disk according to anyone of 7 to 10, and

a magnetic head for carrying out data recording and/or reproduction for
the magnetic disk.



