DESCRIPTICN MAGNETI. C DI SK SUBSTRATE, NAGNETIC DI SK AND HARD DI SK DRIVE
APPARATUS Technical Field [0001] - The present invention relates to a
magneti c di-sk substrate that is nDunted on a hard disk drive -
apparatus. Background Art [0002] As a magnetic recording nmedi umt hat
i's nmounted on a hard disk drive apparatus (HDD apparatus), a nmagnetic
di sk is known. The magnetic disk is produced by depositing a NLP film
on a netal substrate such as an al um num magnesium all oy substrate or

by lam nating a magnetic |ayer @@éﬁegﬁﬁctl ve |ayer on a glass
substrate or- a ceram c substrat itonally, an alum num all oy
"substrate has been wi dely used as a magnetic disk substrate. However,

with the recent reductions in size and thickness and the increase in

recording densi tM\ARGNETQCrmsKeSUBSqiR%KE RMAGNES|IGDISK pDe has becone to
be used because of its excellent evenness in the surface and high

strength as a thin fil mHARDIASKDRY/E ABPARATUIRIM al | oy substrate
[0003] 'In a nagnetic disk substrate, in particular, in a glass
substrate, a chanfered surface is provided between a main surface ‘and
an end surface in order to prevent the substrate from being broken.
Regar di nae@h%cﬂ'lﬁmered surface, for exanple, it is proposed to
decrease the bgblﬂhness of the <chanfered surface for preventing
corrosion or [ orma surface having a 2 curvature (R surface)

L s e e G
mounted on a hard disk drive apparatus.
| Backgrou'nd Art
[0002] | |
: As.a magnetic recording medium that is mounted on a hardrdisk drive
| "a'pparatus (HDD appératus), a m.ag’neti_é disk is known. The magnetic disk is
prod_uced;by depositing a NiP film on a metal substrate such as an aluminum-
' Vmagh'esi_um alloy substrate or by laminating a magnetic layer and a protective
layer on a glass substrate or a ceramic substrate. Conventioha!ly, ah -
aluminum alloy substrate has been widely used as a magnetic disk substrate.
However, with 'the recent reductions in size and thickness and the increasé-ih
recordlng densﬂy of the magnehc disk, a glass substrate has become to be
'used because of its excellent evenness in the surface and hlgh strength as a
-thin film, compared to the aluminum alloy substrate. '
B
In a_magnéti'c; disk substka_té, in particular, in a glass subétrate, a.
chamfered surface is provided between a main surface and an ehd surface in
- ‘order td prevent the s_Ubstrate from being broken. - Regarding the charn_'fe‘re'd_
surface, for example, itis proposed to decreaée the roUghnéés of the |

- chamfered surface for preventing corrosion or to form a-surface having a



Docunent 1). discloses a technology relating to the above. [0004]

[ Pat ent Docunent 1] JP-A-2006-92722 Disclosure of Invention Problens-:
to be Solved by the Invention [0005] Recently, the HDD apparatus has

- enpl oyed a | oad/ unl oad systemin "which a magnetic head is withdrawn to
t he outside of the substrate when the disk is stopping, instead of a
CSS (contact start and stop) systemin which the nmagnetic head is in
contact with the substrate surface when the disk is stopping.

T Mer TR vt (LSRR BBRRERUHE A SRSy & RrcERaet | ©
rotation spe&flin ddcurr@ﬁ@é’dl"e}a?@&@@ RSP X ‘?}P AipooRe S0y Patenk 0006]

Thus, when the System and e rotation speed of an HDD apparatus are

consi der eDocupddramdRichsas ahesindddesiaing tomameses of the nmain
surface, the chanfered surface, and the side surface are determ ned

fromthe viewfifidd]{s of preventing head crashes and accurately
perform ng data recordi ng and data roduction. In addition,

" paranet ers of [Raientldecumneisl] JP- fb@@ﬁ@-& %2%0| nts between the nain
surface, and the chanfered surface have desired accuracies. However,
“even if a substrate satisfying required various paranmeters is used,

currently 'Saggg’\? ?@%%ﬁfﬁccur at a certain rate and cannot be

conpl etel 007]  The present invention was nade in the

- light of i obj ect thereof is to provide a
Ot e AR08 by MR8y O B o

magneti c _ a magnetic disk that can prevent
occurrence of [dgpp@jl crashes in an HDD apparatus with a very high

Recently, the HDD apparatus has employed a load/unload system in
“which a rﬁagnetic head is withdrawh to_the'outside_ of the substrate when the
diskis stopping, instead of a CSS (codtact start and _stdp) system in which the |
magnetic head is in contact with the substrate s'urface when the disk is stopping.
FUrqthermore,lin the HDD apparatus, t'h_e'rotation speed of the magnetic disk has
become 7200 rpm or more, and it is predicted that the rotation speed will
' become 10000 rpm or more, in the future.
[ooos]
Thus, when the system and- ‘the rotation speed of an HDD apparatus are
-con5|dered parameters such as sizes and roughnesses of the main surface,
' the chamfered surface, and the side surface are determined from the VleWDOII‘]tS
of preventmg head crashes and accurately performing data recordlng and data
' reproductmn ‘In addlt[on,’parameters of the positions of boundary points
between the main surface and the chamfered surface have desired aceuracies.
However, even if a SUbstrate satisfying required varioUs parameters is used,
currently, head crashes occur at a certain rate and cannot be complete[y
prevented |
[0007]

The present invention was made in the light of the above points, and an



rate of success. Means for Solving the Problens [0008] A magnetic disk
according to the present invention has a substantially flat nmain
surface, an end surface, and a chanfered surface between the nmain
surface and the end surface and having a substantially circular shape.
Crossing points at which directions & ong the main surface and
directions along the chanfered surface intersect are | ocated at
substantially the sanme . distance fromthe center of the magnetic disk

substrate,i . [V of . TRl Ve ol:
i eunt erbite Pl oRer rndReRE LBl sPHHLAS BoBSBnR B 5t o e
confi gur a4, hatd i AR YAt GRS i@t ween
t he mai _n%gny%%ég&'gﬁgﬁqﬁbecﬂgﬁ? gr@@%r‘?%@eﬁgﬁgggﬁ%wggg \)tét(g?h 1==1(‘:ertai n
| evel or rheSE sd¥cdsar M ng the chanfered -surface such that the positions
of the crossing points in the main surface are in the range descri bed
above. As a result, a glass substrate that can prevent head crashes:
with a very high rate of success can be realized. [0010] 1In the
magnet i ¢ Méans foubetvingtibedtrebledisng to the present invention, it is
pref €rabl e that groj ected points of the crossing points onto the
chanfered sul388k in the pl anar view of the nmain surface are

. b . | | h 7 R -. ) . -. . . k d- . . ) h . .
mmgnet ¢ di s AR RRARPIYRE  Mthet S GRep S yBReliahifite i o
di sk bsirat s - : b | : .

i hienf?oﬁﬁ%@sﬁgaé%bsi ann({ |éua y??b%t% ‘%bﬁﬁn%'i%ﬁ%r@}:ggg%an eﬁgﬁéﬁspace, and
a chanf erggrase ahatite Bed YeeAcd Ay ARG a%ﬁbéﬁﬁﬁaiﬂ*@reﬁf&@ sRAge.sur face and

having a substantially circular shape. Th
Crossing points at which directions along the main surface and directions along
~ the chamfered surface intersect are located at substantially the same distance
from the center of the magnetic disk substrate in a planar view of the main
- surface over a whol_e-circurﬁferénce of the maghet'ic disk substrate.
[0009] |
According to this config-uration, variation in'the pdsitions of boundary
' poi.nts betwéen the main-éurface and the chamfered surface can be reduced to
.a certain level or less by forming the chamfered surface such that the pos_itio'né -
of the'cros_sing points in the main surface are in the rahge described-above.
 Asa result, a glass substrate that can prevent head crashes 'wit_h a very high -
rate of success can be réalize‘d.
[0010] - |
In the magnetic disk substrate according to the present invention, Ef is
preféra_ble that projected pointé. of -the crossing points onto the char.nfe_redll .
i su:rface-in_the planar view of the main surfacé are 'substantiélly the same
o pos_ition ina th‘ickness_ diréction 'of the magnetic-dis'k éubstr‘ate over the wHolé
cirdu-m'fe'rénce of t_he'- magnetic disk substrate.
| [0011] '

A magnetic disk-according to the preseht invention has a substantially flat.



circularity of a circle formed by crossing points in a planar view of
the main- surface is 0.5 nmor less where a first distance is a.
distance froma 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 4 ine that connects points on the
mai n surface at positions spaced fromthe center -at 50% and 80%

di stances in the first distance and a 'second virtual li-ne that connects

points on _t.he harrf ered, sutface 05|t| @Y t he end
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such that the positions of the crossing points in the main surface are.

in the ransgegacea.bbhed clessevhedde firsedislance & gbstanceulsh aadeatdrivht can
prevent head-crashes with a very high rate of success can be realized.
[0013] | hhe magnatimeisk sublsisate dobiwt ent surtanecndl wigenedhe keossinggmmints
‘invention, it is preferable that second distances fromthe crossing
points to &“h@a?ﬂ 8}@6{5%@ %ﬂﬂt@em@ﬁtﬂtm@o'e’tQfsasf"ﬁbV'HtjﬁHt@ that epnngets
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center of msqsyordtﬂt@ndesrmﬁl@e gt HikBaneeossi ng
. ' [0012] -
According to this configuration, variation in the positions of boundary
- points between the maih surface and the chamfered surface can be re_duced to
a certaih_ level or less by foning the_ chamfered surface such that ttte positions |
-of the crossing points in the main surface are in the rang'e described above.
- As aresult, a glass substrate that can prevent head crashes with a very hlgh
‘rate of success can be realized.
[0013]
, In the magnetic disk substrate according to the present in_v_e_ntio'n, itis
preferable that second distances from the crossing points to the-_pro]ected'pdints
of the crossing points onto the chamfered surface tn the pienat Vietv- of the main
surface are leach 15umor less.
[0014] - |
In the magnetlc dISk substrate accordmg to the present invention, it is
-preferable that vanatlon |n the second distances is 5 um or Iess over a whole
: c;rcumference of the magnetlc disk substrate

[0015]

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



points in the planar view of the main surface and a center of the
magneti-c disk substrate is 1200 mor less. [0016] In the magnetic
~.di sk substrate according to the present invention the nagnetic disk
substrate is preferably nmade of glass. [0017] A magnetic disk
according to the present invention coyiprises the nagnetic disk
substrate nentioned above and a nmagnetic |ayer provided on the
magneti ¢ di sk substrate. [0018] Preferably, the magnetic disk

appar at uBRrEIE R ERE Histaniedrasig et oha aicpdoMEB ALT G oSHES
unl oaded é}(ﬂ&@l f 1% ﬂgh%l @%& oﬁﬁfe rﬂ&ntélﬁra]%%@td CerflbSdt tﬁ@'ﬁﬁé@%’n@ﬂlskom er

edge of t'he magnettc ernative he Tragneti ¢ K accordi ng

to the phgseafe isNYOOLINPEr BRY. be nmount ed to a magnetlc di sk appar at us
of a CSS (contact start and stop) system [0019] The nagnetic di sk

according to {d®epresent invention is preferably mpunted on a magnetic
di sk- apparatus in.which the magnetic disk is rotated at' |east at a
rotation speedh thfe mageticadisk §Wxbate ad:cordlhg tmrﬁwesentdnmt@odbe ding to
‘the present invention, a touch-down hei Is preferably 4 nmor |ess:
[0021] lﬁag'ﬁ%ﬂf}rﬂﬁhﬁﬂb&i"%ﬁ g‘?l@rﬁf%@'hﬂmﬁgiet‘% olass- present invention, a
'recordl ng de?&h% i's preferably 200 Gblt/l nch2 or more. - [0022] 6

A magnetic disk according to the present invention comprises the
magnetic disk substrate mentioned abe\)e-and a magnetic iayer provided on the
| magj;n)e‘tic disk substrate. R | ' '

[0018]

Preferably, the magnetic disk according to the present invention is
mounted on a magnetic disk'apparafua of a system in w.hich a magnetic head is
loaded oh and unloaded from the main sur_faee of the magnetic d'isk.through an
outer edge of the magnetic disk. Alternatively, the magn_e_i_ic disk eccording. to
the preseht invention may be mounted to a magnetic disk apparatus of a CSS

" (contact start and stop) system.
-[0019] , 7 _
 The m'ag'netic disk‘ according to the present invention is preferably
-'mounted ona magnetlc disk apparatus |n which the magnetlc disk is rotated at |
least at a rotatlon speed of 7200 rpm.
[0020] | | o
In the ma_gn_eti'e disk'according to the present ihvention, a touch-down
height ie__preferably 4 nm or less. | B

[0021]

In the magnetlc dISk accordlng to the present lnventlon a recordlng
denSIty is preferably 200 Gblt/mch2 or more.

[0022]



A hard di sk drive according to the present ‘invention conprises the
magneti c di sk nmentioned above,. and a magnetic head for carrying out
data recordi ng and/or reproduction for the magnetic disk. Advantages
[0023]  The magnetic di sk substrate of the present invention includes-a
substantially flat main surface, an gnd surface, and a chanfered '
surface between the main surface and the end surface and has a
substantially circular shape. The crossing points at which directions

 along the ml p sy CRgeyReodl i REH) ABBASR hyk R £ BaRpRESTSUr T ace

Intersect are l.ocate same”  di'stance Tromthe

center Ofmé@?ettﬁ‘%ﬂs]@ﬁfeﬁtz&ﬁeﬁ(amshﬁ&%\%é@'he%cmeéﬂ%r YArBhPbut ddig mai n

surface ove he whol e circunference of " the magnetic ‘disk substrate,-

and ther a@uo@mmﬁm@ﬁﬂidmﬁ@dfmn@h@nem tisg. HDD apparatus can be
prevented with a very high'rate of success. Brief Description of

Drawings [0024] Fig. 1 is a diagrampartially showing a glass
substrate serving as a magnetic disk substrate according to an
enbodi merAdwentages present invention. Fig. 2 includes a di agram (a)
~partially shom%the glass substrate shown in Fig. 1, .a magnified view
(b) of the po Qh Xin the (a), and a plan view (c) of a glass '

condi t  ons ned ot RS R 8 TRe bRl b lar oy HBE 8, 2L n e i o
di 207 am SHpMiAafy AOIHAN LB S5, S aﬁ@schahﬁsgl 6 B 0l as

substrate servin as a nagnet|c di frate accor ng to
enbodi nergetabei e paRssUHacerveIthe @Ad shrfatd 8nd hab 9 mSmnhmﬂ@fburhragr am

scherrat ically showing a structure of an
shape. The crossing points at which directions along the main surface and
. directions along the chamfered surface intersect are [ocated at s_ubsta_ntially the
same distance from the center of the magr,retic disk substrate in a planar view of
the main surface over the whole circurnfe_rehce of the magnetic disk substrate,
and thereby occurrence of head crashes in the HDD. app:aratus canbe

prevented with a very high rate of success.

Brief Description of Drawings
o2
- Fig. 1isa diégram partially showing a _glé_tss su_bstrste s.erving és s '
: magnetic disk substrate according to an_embodiment of the present invention.
' Fig. 2 ihcl_u_des é dfagram (s) partially showilr_lg the gléss substrate shown
in Fig. 1, a magnified view '(b) of the portion X rn ‘the.-(ar), and a plan view (c) of a
glass substrats' 1. | | |
Flg 3 mc]udes dlagrams (a) and (b) for descr[blng condltlons near the
ends of a glass substrate. '
~-Fig. 4 is a schematic dlagram showmg a pollshing apparatus used for
produgcing a glass substrate servrng as a magnetic disk substrate according to |

the embodiment of the present invention.



HDD apparatus. Fig. 6 includes diagrans showi ng variations in the

positions of crossing points in main surfaces. Fig. 7 includes

di agrans showi ng variations in the positions of crossing point spaces

in min surfaces. Fig. 8 is characteristic curves showi ng relationships:.

between variations in the positions @f crossing points in main
surfaces and head crashes. Best Mde for Carrying Qut the | nvent i on

- [0025] The present inventors conducted an operation test u5|ng

Sgi’fifﬁﬁésofsﬁe o504 51 PRALS URBla At PRt LN Sl o
sur faces m[gb ﬁhe results, focused on the occurrence of head
crashes in so sa Furthernore the present inventors conducted

an operation tpgt 6'|r'ibll§de% GagRrPEHYNind Varitkiond in aréh&snaire%ftch?sts;rﬁﬁtl sfy
more strict managenent val ues of the paraneters (‘managi ng under -

condi t i onpoims & wikin surfacban required values). The results were t hat
the occurrence rate of head crashes was relatively reduced, but head
crashes still bigcdimaatlesatiagnadisngiowing wariaiioss émthe pasiiiansraf cressingf ocused
on, -as a cause of the head crash, the variation in positions of . :
boundary w@rmtseae%ﬁwnse ABES surface and a chanfered surface and
have found tha ead c with a ve

shes
1ot of cuccesEiond e SAtRGRIRT es v G PRRYGHHTHS HtyBeR vhERom T e
~ poundary Qﬁ%ﬁ&ﬁt‘i’:@nﬁﬁ% %8 Bolb B mah shftates Ay fead BRand oot

i nvent i on 1 St o the pr esent
invention is to prevent the occurrence of head crashes in an HOD
- apparatus with a very high rate of success by that a 8 nmagnetic disk
~ substr at e Bast ModedoaCarrpint @nititiee Inwvehtiod mai n surface, an end

[0025]
The present inventors conducted an operation test using s_ubs'tra_tes
,satis_fying' management values that are required for positions of boundary points
between main surfaoes and chamfered surfaces and, from the results, focu'sed
| ~ onthe occurrence'ot head orashes in some samples. Furthermdre,-the
present inventors conducted an ope_rat_ion' testin the sa.me manner by using
substrates that satisfy more strict management values of the parameters
| (managmg under conditions more strict than required va|ues) The results
- were that the occurrence rate of head crashes was relatively reduced but head
| crashes stril occurred.  Accordingly, the p_resent.mventors have focused on, as
' a'-caUS_e of the head crash, the variation in positions of bou.ndary points between
. a main surfaeeand a chamifered surface and have found that the head craehes
~-can be preven_ted with a very high rat,e'of success by controlling the variation in
the positions of the‘boundary points o a certain level or [esst Thus t'he'
present invention was accontplished. | |
o2} - - | _
' | That'is, the gis‘tio’f the present invention is to prevent the oocurrence of '

head crashes in an HDD apparatus with a very high rate of success by thata -



surface, and a chanfered surface between the main surface and the end
surface and has a substantially circular shape, wherein the crossing
- points at which directions along the main surface and directions along
the chanfered surface intersect are |ocated at substantially the sane
distance fromthe center of the magngtic disk substrate in a planar.
view of the main surface over the whole circunference of the magnetic
di sk substrate. [0027] An enbodi ment of the present invention will now

be described in iboowth G [ raw ngs.
Co02s] - 1 Aaanee S hetite ol Gegh B GahEab e RGP SRR 88 SHE mte of
glass wl deRicd LG d | PR Wmted
thereto, ashggﬁie m_agnet ieééﬂélé%rtél‘;eutgagt\??g@Ehén@éﬁggdrﬁdgg.eﬁggﬂ%ehgt al or
ceram cs. gL,H9¢dhnd hhda sbs@andalf @&Fuﬁdﬂshagé,l\@hérléinsth@%é&irfg SiAs St
substrate serving as a nmagnetic disk substrate according to the
enbodi nentwhidh tirextipne atong theveain sorface dikdigdctions aldrgtthatcaamfekdwn i n
Fig. 1 has a substantially circular shape and has a hole 11 at the
center fosufecaiiersaciae docatedl subistantivtpinedang disbDce dippaihe eenten n

- addition, the glass sybstrate 1 has a pair of main surfaces 12

opposi ng CAHP BeEBeticHisk gebsitate e planar viewrd thamain gufagegverther jts

"outer circunferential edge. Further e,. the glass substrate 1 has
chanfered w(i'go&g ?'5%@%ei%cﬁe@g&%wagﬁgﬁﬁgﬁksgmtfagﬁes 12 and the end surface
13 over the V\@%b? circunference. The gl ass substrate 1 has an outside

dianeter D2 (di'S lance.fromthe center C of the substrate to the end

surface 13), and gmidiRbSt of e Prseptiniastichewill ndIESEHedtibeb W HBgf nor e,

N the gl ass substrate 1 is fabricated so as to have substantially flat

mai n surf adghsrefdref@dio tﬁe-accpmpanying drawings.
| [0028]

In the embodiment, a case of a magnetic disk substrate made_‘ of ‘glass
will be desgribed, but the 'preséht invention is not limited thereto, and the
magnetic disk substrate may be made bf a metal or ceramics. |

[0029] - |

Fig. 1isa diagram partially showing a glass substrate servingas a’
magnetic disk substréte according to the embodiment of the .présent invention.

) .The glass:subStrate 1 shown in Fig. 1 hasa substéntialiy circular shapé and has

“a hole 11 at the center for being loaded on a s_pindle motor of an HDD -

apparatus. In'éddition, the glaéé substrate 1 has a pair of main surfaces 12
opposing each other and an end surface {side wall sutface) 13 at its outer
circ.u'mférentilél edge. Furthermore, thé glass substrate 1 has chamfered
surfaces 14 betwéen the main surfaces 12 and the end surface 13 over the .
_whb_le circumference. The glass substfat_e i hés an outside diameter D2
(distance from the cenfer C of the su.bstr;ate to the end surface 13), and the hole

- 11 has an insi.de_ diameter D1. : Furthermore, the glass substrate 1 is fabricéted
s0 as 10 have subéténti'aily flat main surf_abes. : |

[0030]



The gl ass substrate 1 may be produced by nolding nolten aluninosilicate
gl ass into a disk shape by direct press or may be produced by cutting
a gl ass sheet formed by a down-draw nethod or a float nethod with a
grinding wheel into a disk-shaped gl ass substrate. The alum nosilicate
glass is easy in'its chem cal strengghening treatnment and is therefore
preferred. As the alumnosilicate glass, glass for. chem cal
‘strengthening may be used. In addition, instead of the alum.nosilicate

e TﬁQQ'LBF{Tﬁ%@%%%@ﬁ%*P%ﬁEB%§%35§J%°ﬁ§%3t@5*"bﬁﬁ?'t%'?ﬁicﬂ"‘y e
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substrate cahmgra glﬂss:Stﬁbet fdrmed 18 a abhh drswanémga ok a&@awre\rhda wmha
portion X in 2(a), and Fig. 2(c) is a plan view of a gl ass

subst r at e glindiAg vﬁtaswrmtm a diskgshap2giglasst substratendding alwginosilichetghessnist he
“main surface 12 and the chanfered surface 14 does not actually have a
cl ear bou@aaygnltﬁe@heéanaltst@ngﬁtehmﬁreatwnt_anarsdhereéororraﬁteénedd Agithece

14, and the nmin surface radua anges to the chanfered surface
14. In th@%?'@@%l‘ﬁat?ﬂﬂ"éﬁt%?ﬁgf WE %Zﬁ W&B?”'FG@@%‘E@]H&? g8i nt
(crossing I.nt b n_the.nmajn surfac ered

o faceS 100UBh, B E Bl Bt et I o b SR &
surface 1 on rsect.
Furt her mof o2 A EEEag Be fsBti”ndnG RN SOABLRE R (F T ks

i nt er sect iipthatoek rédistande by BRémIdanrérythéri ﬁfeé(trﬁént%hdhs fh%réfB)e wher e
the di stance (D2) is a distance fromthe-center C of the glass .

subst rat e ptefetredt he end surface 13, the virtual |ine (A) connects
points on the main surface 12 at positions spaced fromthe center C at

di stances cor r[@9gdbhdi ng to 50% and 80% of the distance (D2), and the

virtual |ine- (BP connects points, @b chanfered surface 14
positions spacEd £i@is 2 Hiackm ragially owgtgalhe(glass[sasugggate&hoy\@gp%ﬂgj, ng to

0.15% and 10F?§0 | )is re]temz(:tjgnslft SH\i8w e pc'>: bh ' in'Fig. eZ(a} ahd Fig. 2(c) is a

plan view of a glass substrate 1. As shown in Fig. 2(b), the boundary region
between the main surface 12 and the chamf'ered surface 14 does noi actually
have a clear boundary between the main surface 12 and the chamtered surface
14, and the main surface 12 gradually changes to the chamfered surface 14.

In the present invention, the oosition'of the boundary point (orossing poi'nt CP)

_ bet_Ween the main surface 12 .and the‘_chamfere’d surface 14 is the position at |
Whi:ch a_directionA alon‘g the main surface 12 and a direction B along the
'chamfered surface 14 intersect.” Furthermore ‘the crosstng point CP- can be
expressed by the intersection pomt of a virtual line (A) and a virtual line (B)
where the distance (D2) is a distance from the center C of the glass substrate 1
to the end surface 13, the vartual line (A} connects points on the mam surface 12
at positions spaced from the center C at d|stances correspondmg 10 50% and
'80% of the d|stance (D2) and the virtual Ilne (B) connects points on the
chamfered surface 14 at positions spaced from the end surface 13 at_distances‘

corresponding to'0.15% and 0.30% of the distance (D2). ~Furthermore, the . -



10 points for defining the virtual lines are illustrative only and are
not limted to the above-nentioned points in the outside dianeter, as
| ong as the points can substantially specify the positions of boundary
poi nts between the main surface 12 and the chanfered surface 14. ,
[0032}] As shown in Fig. 2(c), the crggsing points CP specified as in
above lie at substantially the sane distance fromthe center C of the
gl ass substrate 1 in .a planar view of the main surface 12 over the

ol RIS e ¢ Teheale s 2085t Fenbhu g o)
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ci rcunf gr gﬁ@%@&r{}nﬁﬁg@&gﬁg@tséqﬁﬁlﬁ%?P%{dquéﬁghez,aﬁlgﬁg% %%@?EPW%%e sane"

- can be defibsigatidly shBeificiheGdsatioht Yof BbuRd beints beivEed thy mMdiesGiigsesi ng
points CP in a planar ‘view or the relationship between the center of a

ci rcl e foraesddhe thaméared surigce pbi nts CP and the center C of the gl ass
‘substrate 1. That is, the circularity of a <circle (circle CPin Fig.
2(c)) formed HPOBRle crossing points CPin a planar view of the main
surface 12 is preferabl mmor |less. Aternatively, even if the.

0.5 : :
center of a cifePROYWRIN %‘9(32@3 the crasgingRints Glopmraiiasiag inakavgdisialg
points CP_in a .Qlapnar_view.of the main surface 12 and the center C of
- Phe"or ass sulsBrydly 3R SaetiuRhed mTBR BRTET Lo ine BLRERubRiE T con
themis pr )

"circul ar !pﬁp%rr ?@ e?fit ﬁ?gnéfaﬁ gggerléaeg%fj v%ﬁ@?ﬂﬂoé%@i@cﬁrn&f@@ rc%ﬁ{fgﬁe g[gﬁsépe from
-a geonet r isgBittate ir UThai CinFig. 138}, theé distdMees E @ tRé béiter Cofded prasdl by a
. difference in radii of two concentric geonetrically true circles when
t he - ci r culsabstratbde the crpisainggoirds WFearetsubstamtialyotheeasaima overithe ivbslesuch
that the distance between the concentric circles is the smallest. '
‘Speci fi calclrgumieiencecofrtbeiglasistsybstrate shde "sybstaetially e sametciebecen t he
maxi mum di-aneter and the m nj num ) , . '

defined by the circularity of a circle formed by the crossing points CP in a planar

view or the relationship between the center of a circle formad by the cross'ing

points CP and the center C qf the glass substrate 1. That is, the circularity of a

circle (circle CP in Fig. 2(c)) formed by the croséing points CP in a planar view

of the main surface 12 is preferably 0.5 mm or less. Alternatively, even if the

center of a circle (circle CPin Fig. 2(c)) formed by the crossing points CP in a

- planar view of the main surface 12 and the center C of the glass substrate 1
deviate from each other, the distance between them is preferably 1200 um or
- less. | '
[0033] _
Here, the term "circularity” refers to a degree of deﬁiation of a circular

shape from a_ge’ometrically true circle. That is, the "circularity” is defined bya

difference in radii of two concentric-geometrically true éirCIe‘s when the circular

shape is placed ‘be'tween the two concentric circles such that the distance

~ between the concentric circles is the smallest. Specifically, the “circularity” is
shown by the difference between the maximum diameter and the minimum -

-diameter, as shown in Fig. 6 or 7.



di aneter, as shown in Fig. 6 or 7. 11 [0034] In addition, the
projected points CP of the crossing points CP onto the chanfered
surface 14 in a planar view of the main surface 12 are preferably :
substantially the same position in the thickness direction of the gl ass
substrate - 1 over the -whole circunfergnce of the glass substrate 1.
That is, in Fig. 2(b), it is preferable that the distances t from
" crossing points CP to the projected points of the crossing points CP
onto the chanfﬁb gisurface 14 in a planar view of the main surface 12
are substanti 4 § he sanme over the whole circunference of the glass

substrate 1 i SLiGh WY dSiecldaloihdAa Al Latshg cbiifs Bpsiapges ¢ over

the whole circunterehce 'o e 'gl'aSs s at'e mor Tess (a

variation cﬁém%rgéj sg?aééaﬁ hha E&nf%lh\/i%mp(?fstﬁ% e Budh&d ?Sﬁé referaBiyef erably

15 mor less. [003 Thus, orm ng the chanfered surtace 14 such

that the eubsanidlyeé Bame gositidRdn tHiethibkabediesctioarot tvé glaks stidrate
above- nentioned ranges, the variation in the positions of boundary

poi nt s betlvaentticwhaoricrcsmidracee 2hamgihssteibstraief r ethas is, iraEig. 2&b)cian be
suppressed to a certain level or less. As a result, a glass substrate
t hat can & preéarabladbal tbe sistarcesit filonhcrpesing piofiis kit to the prjected potis be
provi ded. _[0036] . The present applicant focused on so-called ski junp
(convex sRAF®)Crasing peinis ‘3?1‘0"6‘& &Y\?@‘r}% ach e ale@’@“’é%QF%\e a
magnetic disk _subst .propose trol. these sh SO as
1000t or PaBsRNRE 155G sty R g P PR S A e

Pat ent ADildsealbofiald:, iP6fEr BRRCnat Hidbaridiion ih fhd iSighELPeAr nbread
crashes are prevented by regulating-the heights or distances or the
posi t i ons whald Sifcuibrengt ok 8wegligds Slibdifte e3¢ b @ oPRES (®Darfatiohiof SR SKi

junp shown in Fig. 3(a) or the extreme portion 21 of the roll off shown
in - or less). In this case, each distance t is preferably 15 um or less. -
~ [0035] |
Thus, by forming the chamfered surfacé 14 such that the crossihg point.s
CP and the distances t are within the above-fnentioned ranges, the variation in
the positions éf_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 ca.h prev‘ént he.ad crashes with a very high rate of
success can be provided. |
looss]
The present applicant To_'c_Used on so-called ski jump (cbn\)ex shape) and
roll 6ff (concave shape) in the outer edge of a magnetic disk éubstrate and has
proposed to contrdl these éhapes so as to satisfy certain conditions for
preventing head crashes (JapéneSe Patérit Application No. 2007-38926}. That
is, inthe proposal, head crashes are prevéhted by regulating th'e‘hei_gh‘t's o
distances or the positions' in the main surface 12 of the exireme pbrtic)n 21 of ‘
the ;ski jump showri in Fig. 3(a) br the extreme portion 21 bf the roll off'shown' in
Fig. 3(b).7 The entire cOﬁtent is.incor'porat'ed herein by reference. | Theref-ore,'

head crashes can be further effecﬁvely prevenied by specifying the crossing



Fig. 3(b). The entire content is incorporated herein by reference.
Therefore, head crashes can be further effectively prevented by -

speci fying the crossing 12 points CP and the distances t as descri bed
above and also controlling the shapes of ski junp and roll off so that
certain conditions are.satisfied. In ddi ti on, head crashes can be
more effectively prevented by controlwlng the distance F. between the
extreme portion 21 of the ski Junp or the roll off shown in Fig. 3 and

teggogir?r;?‘llpn%ﬁ@b gﬁ?wbﬁh%ctn% taS téglglgﬁci g?‘%’@oa@glgﬁlgoeﬂgﬂ?%ﬁ@d surface
14 of thegp gﬁ FIH'BJ aﬁdﬂ I%fﬁﬁth%‘t'@éﬁélﬁ%ﬁn& laﬁfaféeéé%{sh dgd,|pbut in the

present inv con I't1ons can be si ed to the

chanf er ed adéiﬂbﬁ %d%rgsh%ﬁ& e BAEQivey ﬁ?&vérﬂ@d %Sf%’éﬁtrémﬁéiﬁeﬁt el 1In

the case that the chanfered surface of the hole 11 satisfies the

above- desgfstdrre Ebagidenahs extré@e poRpTe21 of ek jued Gethunbif off shoywapp! i ed
with a load when it is set. in and clanped.  to an HOD appar at us.

Ther ef or ejn Fig. Banfluhe beossimgefoemtdBP withimea cerain carge.ered surface 14 of
" the outer edge of the glass substrate.t ahd the chanfered surface of
the hole 11 bo[pﬂ3§]at|sfy t he above-described conditions. [0038]

A
T ot o bR e R ol AR iR, ™Y
R A e e ey
surface f@?éﬁe’f’t@m%ﬁ n, é)éoﬁd?fdﬂsrtﬂarpd@é‘iﬁﬁléﬁfaﬁb'ﬁéoa?%e%g?aﬁlfbﬁéd(OUter

circunferential I nner circunferent an end surface
pol i shi ng seifame b\fwtd%d 16 Itﬁ@ﬁ@féﬁﬂ&ii&h@blas@@dbﬁfﬂie HON@ ihel dgenhgrtret i al

end), (4) a second |apping step, (5) a main' surface polishing step
( first andhaméered spdiao:esbfl thg heleepk patisfié} the atbevwa-dederibed conditions, the
magnetic disk can be uniformly applied with a load when it is set in and clamped

“to an HDD apparatus. Therefore, it is further preferable that the chamfered

surface 14 of the outer edge of the glass substrate 1 and the chamfered surface

| ~ of the hole 11 both saﬁsfy the above-described conditions. |
[0038] | |
A method of producing the glass substrate will now be described.
[003¢9]

o The method of producing the glass substrate mcludes (1) a shape '
proeessmg step and a first lapping step, (2) an end shape formlng step (a eofing
step fer'forming a'hole and a chamfering step (chemfered surface ferming step)

~ for formlng chamfered surfaces on ends (outer c|rcumferent|al end and inner
circumferential end), (3) an end surface polishing step (outer cwcumferentlal |
end and inner circumferential end), (4) a second lapping step, (5) a main

‘surface polishing step (first and second polishing steps), (6) a chemical |

: strengthe_ning _siep, and (7) a texture treatmem step. The order of t_he end
polishing sfe_'p and the second lapping step may be reversed. 'Furthermor_e, the .

texture treatme_ntétep is UnnecéSsary for the magnetic disk subsirate used in



strengtheni ng step, and (7) a texture treatnent step. The order of the
end polishing step and the second | apping step may be reversed.
Furthernore, the texture treatnent. step is unnecessary for the
magnetic di sk substrate used in 13 an HDD apparatus of a perpendicul ar
magnetic recording system [0040] They chanfered surface 14 of the '
out er edge of the glass substrate 1 can satisfy the above-described
conditions by chanfering the outer edge of the glass substrate 1 with
an apparatus;,.shown_in Fig. 4.  That is. as.show.in Fi.g. 4, the portion
fo bo’ charl 13 38Ratsfe efneipp dfiua fingRug BRI P poi  shed” by
abutting the qb@&@ substraté 1 against a polishing body 31 that is
supported by arotating shaft 32 being rotatable in the direction

shown by the wﬁ@aﬁmre&ﬁﬁf@mths%ht&évagwtm—,qgu _Qfgabwétmmahi shi ng

cloth so that the portion to be chanfered i"s in sInultaneous contact

with the palisfs tHiergoaioatdsonised condtiontobechahforrigties oeeedgedi inel ati vel y
“noving the polishing body 31 and the glass substrate 1 while pressing
t he porti glastsubstrathdmivigh en apparaius shasvrsinddg.of. tTFrat iglasshiownbs Figat e 1
agai nst the polishing cloth so that the portion to. be chanfered is in
si mul t anedutheduntienio ke eharniecedon oaaistle @fitae glags spbsiratejgpslished

Coehnol oo Biting e BRS BlbaRRE 1 A A RBREB 2R5Y o3 158, B SypSier
ES?S; 2ﬁZ2.%8%9%@?%%%%%?{@%eﬁ%@fcﬁ&b%ﬁ&bﬁé%ﬁ%ﬁf;Reé’yby
eeping thggl teg cofithve ﬁu&@%ﬁﬂ W% gpﬁ&mﬁdﬁaogirﬁﬁ\a%mdrﬂé@t@w the

rotation axis oli shing shing or polishing pad)

paral | el tha@éstbd & ihaimarshdone cahBichRiiR thdpolRbRigeen centicamholduri ng
t he end surface polishing step. On this occasion, the rotation axis of

| am nat e ofrcurhierenices and udlativedy moitingdbe palishing bedy 8hiandlthagiass of t he
9l ass SUbgE Grate S Wik prossing the portion to b6 chamibred of the ore sids of e+ ">
glass subsirate 1 agéinst the polishing cloth so that the portion to. be chamfered
is in simultaneous contaét with the poliéhing cloth over the whole circumference.
The present applicant has proposed such polishing technologies (Japanese
- Patent Application Nos. 2006-237515 and 2006-237879). The entire contents
thereof are incorporated herein by reference.
[0041] | - |
| | Alternatively, the cor'iditions' can be accomplish‘ed'_ by keeping the rotation
‘axis.'of laminate of the glass substrate and thé rotation axis of polishing member‘_
| ‘(posli-shring'.brush or polishing had) paré]lel to each other a'n:d_ the distance
| -therebetween constant during the end surface polishing step. On this'occas'ion-,_
the rotation axis of laminate of the glass substrate agrees with the central axis s
of the gléss substrate'constituting the laminate. Furthérmbre, the condiﬁons -
- can be accomplished by, in the chamfering step, controlling the holding
accuracy (reduc,tioh in the inclination of the substrate surface 'from the |
horizontal dire'ction) of the apparatus holding the glass substrate 1 énd grinding _

| conditions such as the type and the diameter of abrasive grains used for



can be acconplished by, in the chanfering step, controlling the hol ding
accuracy  (reduction in the inclination of the substrate surface from
the horizontal direction) of the apparatus hol ding the glass substrate
1 and grinding conditions such as the type and the dianeter of abrasive
grains used for 14 grinding, |load, syfface plate rotation speed, and
‘polishing Iiquid flow rate. - [0042] The conditions of the crossing
points in the magnetic disk substrate according to the present

0us" o aRhEnBUPhS! 5tse B DRR0, SRed HBbels e Tl B T he

machi ni ng of hﬂss substrate is difficult conpared to an al um num_
~alloy substr te and it is difficult to keep the shape constant.

Therefore, thermbayRiitigms 'tl%‘@r@s?nﬂ@fﬁioim@ ﬁﬁthérrﬁagﬁéﬁétd[ékrﬁlﬁfsirétﬁ [0043]
Next, a magnetic di sk produced by using the magnetic disk substrate

accor di ngateortiing tpties preisenniveattioonarsipréfotred dresebstizest haieg aapmadfi ¢ di sk
according to the present invention is constituted by form ng at |east a
magneti ¢ 3l%iyeheor lebe (iglpagiculand b irahes dedch.8 bstteab ovreirthpooauss) theThe
magnetic disk is usually produced by laninating a f oundation |ayer, a
nmagneti c mﬂ?mmeaofpa 8'@@%ﬁPb@rﬂtﬁﬁﬁm'cﬁﬁﬁo@Pﬁ[ﬂS’rﬁoﬁt@H@'ﬂ%@”ol{ n series

St engt ettt e, chﬁmdn%@iﬁ?@%@ﬂ sBibe BhEStRBEndeI e HRARE e
magnet _| CTﬂ'\ee%rrgbéd B&%%A %& B?ﬁgﬁpendl ng on the magnetic |ayer.

[ 0045] erral cons € foundation layer is, for exanple,
at | east one %lct ed from nonnagnetlc materials such as C, M, Ta,
Ti, W-V, B, and I'n the magnetic | ayer whose nain corrpone'nt i s Co,
t he foundati onNédy@maghetic disk produced by using the magnetic disk substrate

~ according to the present invention will be described. The magnetic disk |
acrcording_to the present invention is constituted by forming at least a magnetic
layer on the glass substrate described above. o
[0044] | _

o The’magnetid disk is usually produced by laminating a foundation layer, a
magnetic layer, a protective layer, and a Iubricating. layer in series on a glass
substrate 1 having a snrface provided with chemicalrstrengthening treatment
according n'eed. The foundation layer in the magnetic di‘sk is prop'erly'selected
depending on the magnetic layer. |

[0045]
The material constltutmg the foundation Iayer is, for example, at least one
se!ect,ed from nonmagnetic materials such as Cr, Mo, Ta, Ti, W, V, B, and AI._
Inthe magnetié layer whose main cdmpon_ent.is Co, the foundation layer is
préferably- made of éingle Cr or a Cr alloy from the viewpoints of, for example,
~ improvement in magnetic characteristics.  In addition, the foundation layer is
-not limited to a single layer and may have a multilayer structure in which thé
same or different types of layers al'fe laminated. Examples of the multilayer |

foundation Iayér' include Cr/Cr, Cr/CrMo, Cr/CrV,' CrV/CrV, AI/C'r/CrMo, AI/Cr/Ci‘,



preferably made of single Cr or a C alloy fromthe viewdoints of, for
exanpl e, inprovenent .in magnetic characteristics. In addition, the
foundation layer is not limted to a single |ayer and may have a
nmul tilayer structure in which the sane or different types of layers
are | am nated. Exanples of the mul ti | gyer foundation |ayer include
/G, /M, CG/CrV, Cy/CrV, AI/Cr/C M, AI/C/C, 15 A/C/CrV,
and Al/CrVICrv | ayers. [0046] Exanples of the material constituting
t he magnet,i e ter| als whose main conponent is Co, such
as CoPt, érca%]o dE]&Kﬁ@' a(3'586’Ta CoPt Cr, and CoN Pt, and CoNi CrPt,
CoNi.CrTa CoCrrhy and CoCrPtS| O. The magnetic | ayer may have a
~nultilayer str[uctu]re in which a nonmagnetic film- (for exanple, Cr,

G M, or CrV) pgiath Cg@:e‘ oﬁtH&ﬁH@tnaPccfris'nfﬂtlﬁ@Qlﬁe ﬁ?a@ﬁﬁil@layeﬁm@u@e/r@t@ﬂél@opta
or CoCrTaPt/CrMo/ CoCrTaPt) with for reduci ng noi se. 047]

~material fuhose m@gnemlponémyeCoappd:h a8 QoPt,tCoGx, mgme@mml(sa(aﬁae ef f ect
head (MR head) or a giant nagnetoresi stance ef f ect (GWR head) may be a

. Co-based &aRigr, endt@nMPh@ndrCQMﬁmPt CpNiC e SoCsE RS cardiCOERISIO. Si |,

rare- earth el enent s, Sn, and Zn or an oxjde of these inpurity
el ement s. emmr@hﬁ«damer may m 3 matilayer sHeckipR fewhicha nayraaned CFE&/

o Tor ol ﬁ%r‘?éﬁ%selb'& FBeL VRS R Brean TG AEEH o part el

2 nonmagnet dCr PO RRRCEr EAGHAEPCHIBICoCTRs “@W%&*@é?é ?nﬁ{e;”

of the materi aﬂoowpstltutl ng the protective |ayer include. Cr
al l oys, carbon, zirconium and silica. Such a protective f| I mcan be

formed subs eqnle@hiayerta‘l f@ra mhgnditw lapén apphoébltameafmg]meneeistdr@eer and
the magnetic layer with an in-line type sputtering apparatus.
Fur t her nore#ect eadnMit beadhar & girnt magnetoresistance effect (GMR head) may be
a Co-based alloy contalnlng an impurity element selected from Y, Si, rare-earth
elements, Hf, Ge, Sn, and Zn or an oxide of these impurity elements. |
Furthermore, in addition to the above, the magnetic layer may be a granular film |
" having a structure in which magnetic particles of, for example, Fe, Co, FeCo,. or
~ CoNiPt are diepersed in a ferrite-based or iron-rare earth element-based' .
nonmagnetic film or in a nonmagnetic film made of, for example,' SiOg or BN.
[o048) o |
Examples of the material co'n'stitut'ing the protective layer ineludeCr, Cr '

“ alloys, Vcarbo'_n_, zireonium, and silica. Such a protective film can be formed
-subseeuently after the formation of the foundation layer and the maghetric Iayer
with anin-line fype sputtering apparatus. Furthermore, the protec:tive'film. may

-be a single layer or have a multilayer structure of the same or different types of
films. In addition; another protectlve layer may be formed on the protective

. Iayer or mstead of the protectlve layer. For example instead of the above—

~ mentioned protectlve layer a silicon oxide (SiQ,) film may be formed by dllu’ung

tetraalkoxysnane W|th_.an alcohol- based ssolvent, dispersing colloidal silica

microparticles therein, applying-the dispersion onto a Cr film, and firing the



be a single |layer or have a nultilayer structure of the sane or
different types of filnms. In addition, another protective |ayer may be
formed on the protective layer or instead of the protective |ayer. For
exanpl e, instead of the above- nentioned protective |layer, a silicon
oxide (Si02) filmnmay be forned by qigl uting tetraal koxysilane wth an
al cohol - based sol vent, di spersing col'loidal silica mcroparticles

t herei n, applylng the dispersion onto a C film and firing the 16
resultiq% ‘ 0049] The lubricating |layer is fornmed by, for

exanpl e, &P“ﬂgﬁ ~perfloropol yether (PEPE) serving as a liquid

| ubricating J% in, for exanple, a freon-based ‘solvent; applying the
| ubri-cating ig? to the surface of a nedi um by dlpplng, spi n-coati ng,

or spraying; %quﬁﬁdaglhgf‘%e‘?tgfohﬁédngrt%% bieaﬂmﬁfng padridig HDp)@!Z@ther [ 0050]

B Fig..5 is an explo gr am schemati cal how n ppar at us

(1 oad! Un(PERE)%@WIﬁQhS%&WUWIubH@ath Fdrdxaffns,d he@h Bhsae. The HDD

apparatus includes at | east one nagnetic disk and .a magnetic head for
car ryi ngsoleartt; ajglying droludricajingrayent to thersudface ioba nediumtoy dipgingt i ¢ di sk.
That is, as shown in Fig. 5, the HDD apparatus is constituted- by
fitting $pie-caslirg, @rSaraymgaed|carrutn§toutheatdreatepnhatr@rdpgdfr nagd.of a
pedestal 42 haV|qg a circuit board 41 and the spindle notor 43 and
installing a B om coil notor constituted with a head assenbly 46

e koD aopar s ARG o S IERN S Bghaio ABERAIL 1 heey
of he Tmangkadspliof ndvil i b K0 AL AREALUThEgDISPer at ion'

and is ravvn region (nmaln surface ugh the
outer  eggearafustifgudeomnasigt o@te&hagtfbtetdtétmtd & WiRagpibtis heaw fdtearrying

(I oad/unl'oad system). [0051] The satisfaction of the above-described
condi ti oost daya rdverding iandin segrbduction for the magnetic disk. That is, as
shown in Fig. 5, the HDD apparatus is constituted by f|tt|ng the hole of a
- magnetic disk 44 to a spindle motor 43 of a pedestal 42 having a circuit board
41 and the spindle motor 43 and installing a bottom corl motor constituted with a |
head aseembly 46 held between a bottom yoke 45 and a magnet 47 and a top
yoke 48. -Inthe HDD apparatus, the head moves to a recording region (main -
-surface) of the rhagneti'c disk 44 during a data recording/reproduction operation
- and is withdrawn from the recording region (main surface) throu,dh the outer
_edge of the magnetic disk 44 at the time of stopping (load/unioad system).
[0051] o | |
The satlsfactton of the above- descrlbed condlttons by the posmons of -
c.crossmg pomts is very effectlve for a magnetlc disk substrate mounted on an
’ HDD apparatus in which the floating amount of the head is reduced. For
example, the satisfaction is very effective for a magnetic disk substrate for an .
_.HDD apparatus of a system in which the magnettc head | is loaded on and
unloaded from the main surface of a magnetlc disk through the outer edge of

- the magnetic disk, a magnetlc disk substrate for an HDD apparatus inwhicha :

magnetic disk is rotated at least at a rotation speed of 7200 rpm, a magnetic



crossing points is very effective for a magnetic di sk substrate nounted
on an HDD apparatus in which the floating anount of the head is
reduced. For exanple, the satisfaction is very effective for a-
magneti c di sk substrate for an HDD apparatus of a systemin which the
magnetic head is | oaded on and unloagded fromthe main surface of a
magneti c di sk through the outer edge of the nmagnetic disk; a magnetic
di sk substrate for an HDD apparatus.in which a nagnetic disk is

rotated at, least at a rotatio eed .of 7200 r ‘a netic.17,. disk .
substrat edﬁiﬁﬁ“ atf@et*wm%ﬁmﬂ eigit Q{%'H?H‘(S’Ir? Egsgsgrr{c?gﬁaaép%% : i

di sk subst Vil I } : i.t/inch2 or nore.
lo0s2) " Exadids Puno% Reb PRl ol H 2R otifhetid TR e present -
invention cl quOSQill be.descri bed bel ow. [0053] (Exanples 1 to 3) (1)
Shape processing step and first lapping step First, nolten. _
al um nosi | i cat pxghpies peasmidd fif thdkfgthe dlictts Fhreprdientlinvestion HE&SS

usi ng upper, lower, and rimdies to give an anorphous gl ass pl ate.

Here, cheuill s@Hesdribeddidheni ng gl ass was used as the alunminosilicate

gl ass. The resulting disk-shaped glass plate had a dianeter of 68 nm
and a thicknesl®068] 1 nm [0054] Then, the gl ass plate was subjected

“to lapping of bhoth main surfaces to give a disk-shaped gl ass base

material . Thi s(ﬁ"émﬂ|€f’ﬁg1 3 eb was carried out using alunina-based |oose
O o "sseld7 el FScob AR AR BB GR0d 1 "poncsrny Poomi ng
P e e B ot LRSS e OO e
pl ate, an@ress using upper, lower, and rim diés to give an amorphous glass plate. . Here,
chemical stréngthening glass was used as the alumindsilicate glass. The |
resulting disk-shaped glass plate had a diameter of 68 mrﬁ and a thickness of 1
mm. |
[0054]
'Th_en, the glass plate was subjected to lapping of both main surfaces to
- give a disk-shaped gfass base material. This fapping step wés carried out
usihg alumina-based loose grains with a both-sides lapping machin'e employing
- a planetary gear-me_chanism._ Specifically, the ‘!apping wés performed by
pressing'lapping plates onto both surfa(':'es 'of the glass p_late, supplying grinding
';I_iquid 'containing the loose grains.onto the main surfaces of the'glass plate, and
relatively moving them. The lapping step provided flat main surfaces fo the
glass ba_se matefiai. In addiﬁon, the lapping step reduced the thickness of ihe |
glas.s-bésematerial to 0.7 mm. | |
[0055] - ' |
- (2) End shape forming step (coring and chamfering)
Theh, the'gtas's base material was'-cut with a diamond cuiter to cut out

glass substrates from the glass base material. Subsequently, a hole was

formed at the center of each glass substrate with a cylindrical core drill to form



“relatively noving them The | apping step provided flat main surfaces to
the glass base material. In addition, the | apping step reduced the

t hi ckness of the glass base material to 0.7 mm [0055] (2) End shape
. forming step (coring and chanfering) Then, the glass base material was
cut with a dianond cutter to cut out {glass substrates. fromthe gl ass
base material. Subsequently, a hole was forned at the center of each
gl ass substrate with a cylindrical core drill to form 18 an annul ar

3% a1 EEb%b%ﬂﬂﬁ@9%@8@8#@9%’%%83?@ CPr IR SonebPR G e bl Bel ¢ e
u
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chanferi nguf(#f&ﬁemrﬁfér@m)al enEWats@bnm By atdi@nbﬁ@gnn&h@ Q\méfeﬁngﬁg kd end

was ground by a dianond grinding wheel using a known apparatus (not
-shown) f omppampnedsievminiid. 4 o gretegrmined@baniédg (dharmdsring)) | shi ng
step Then, the end surface of the glass substrate was mrror-polished
by a brushrtpetmark thg ineeruumberentialensiogas gonnd sy dnmoodtgiindingg
cerium oxi de abrasive grains (loose abrasive grains) was used as the

‘pol i shi ng \n&me!a@m@ a kghownrmopamés (i shown} tan afrepdeiermined shagiaring.

mrror-poli she@ g a magnetic polishing nmethod. The gl ass substrate:

~after the mrr P él)l i shing was washed w th water. The mirror polishing
step gave the I substrate a specular condition that
can prevent du ﬂ/ﬁrr@{}pélgﬁb {i cles. As a result, the glass substrate

oo i, TR ) SARGEM e RSB S ishy & ner
brush polishing method. On this occasion, slurry containing cerium oxide
abrasive grains (loose abrasive grains) was used as the polishing abrasive

~grains. Theinner circumferential end was mirror-polished by a magnetie
pc_:l_ishing method.  The glass substrate after the mirror polishing_ was washed‘
with water. The mirror pohshmg step gave the ends of the glass substrate a
specular condition that can prevent dust such as partlcles Asa result, the
glass substrate had a diameter of 65 mm and could be used as a substrate for
2.5-inch magnetic disk. |
[0057]

(4) Second lapping step

Then, thé both main surfaces of the _résulting glass substrate were
subjected to a second lapping step as in the first Iappihg step. By subjectingto -
the second lapping step, fine asperities formed on the main surfaces in the pridr-

' steps,'i.e., in the end shape forming step'and the mirror poliéhing step, can be
removed before the successive polishing step. Thérefqrg,thé polishing bf the
main surfaces can be corhpleted within a short period of time.
|  [0058]

(5) Main surface polishing step

As the main surface polishing step, first, a first polishing step was -



Then, the both main surfaces of the resulting giass. substrate were
subjected to a second lapping step as in the first lapping step.” By
subjecting to the second | apping step, fine asperities forned on the
main surfaces in the prior steps, i.e., in the end shape form ng step
and the mrror polishing step, .can beygrenoved before the successive
polishing step. Therefore, the polishing of the main surfaces can be
conmpleted within a short period of time. [0058]. (5) Miin' surface _
polishing step As the majn surface polishi st first, a first

Pol | shi ng ParBnas HE fisbpoBhinscsion hEsray Tanat o e Sttt ni y
I ntended tq r ; Xe ol ' : | hi I n
|t ended Lo RuBAE MR D e AR RS A A MG 1 8
pol i shing siePS_[FPng (Ri{loREIARg WRIE tROMaGtHARS Wbre BolidHed ixid Shi ng
pad wi th a bot'h-sldes polishing chi'ne enploying a planetary gear
nmechani smg Kzt ipalidtivg gad alithashoa-sided gisishipg enasiete aspldyhgedpRatiaey
Furthernmore, the glass substrate after the first polishing step was
washed by gebemeghamemc s &brium oxide abtasietgraipsmere psed agdibe abiasive. pur e
‘water (2), IPA (isopropyl alcohol), and IIlPA (steamdrying) in each
washi ng t dnkthermeres thesglasy sumsdptesafierdhe drat pplishirg slep was washadbice
pol i shing step, a second polishin step was, performed. The second

D o T et i ol o rRiB (B B0t oPFE FALPT . RUTBEIPE @A ho e

St aces. (el 5P B e S ERRIT SR S o g

machi ne enpl Oyl'rO'Og F pl anetary gear nmechanism Cerium oxide abrasive
grains that were ? ner than the cerium oxide abrasive grains used in-

~the first poli Stbsutuehiy 468he mie duddcd Pelishigaidy,a sdusntiperisming, the
glass substrate after the second polishing step was washed by bei ng
i nrer sed istep was pedbrntkxt. e rifendecoh)l potighing alepdedasintenaed (i@ perfpum e wat er
(D). pure m%sginigsr%i)rlé of Itth)a"A\main surfacés. ~In the second polishing step, tﬁe main
| surfaces were mirfdr-polished using a soft polishing pad with a both-sides
polishing machine*employ_ing a planetary gear meéhanism. Cerium oxide
abrasive grains that were finer than the cerium oxide abrasive grains used in
the first polishing Step were used as the abrasiQe. Furthermore, the glass -
substrate after the second polishing step was washed by béing_immersed' in
~neutral detergen_t (1), neutral detergent (2), pure water (1), pure water (é), {PA |
(isopropy! alcohol), and IPA (steam drying) -in each washing tank in seriesf N
Here, each washing tank was applied with ultrasound. |
[0060] |
| (6) Chenii_‘cal strengthening step |
Then, the glass substra'té after the Iabping step and the pdliéhing step
.- .was su'bjected to chemical stre.n_gthen.ing. .'_I'he chemical strengthening was
‘performed by immersing the washed glass substrate for about 4 hours in a ,
chemical strengthening solution prepared by mixing potaséium nitrate (60%)
and sodium nitrate (40%) and heatéd to 380°C. The immersion was carried

out in the condition that a plurality of the glass substrates we_re-being heldina



(i sopropyl alcohol), and ILPA (steamdrying) in each washing tank in
series. Here, each washing tank was applied with ultrasound. [0060] .
(6) Chemical strengthening step Then, the glass substrate after the

| appi ng step and the polishing step was subjected to chemni cal

- strengt heni ng. The -chem cal strengt he%ﬂ ng was perforned by imersing
t he washed gl ass substrate for about hours in a chem cal

strengt heni ng solution prepared by m xing potassiumnitrate (60% and

sodiumnitrate 09 nd, heat ed tq, 380C. The i rsio s carried out
-t he. comaer ahierend SiTistes spitegt e Shieceh S14ad ThsS PBsERRsARE bei ng

held in a ro@ urfaces so that the surfaces of the

gl ass subs?ﬁﬁ%?tﬂye@egﬁlgawesr;ﬁ%@ﬁ}%gﬁlem cally strengthened. [0061] By thus
i mrersing the @Bgﬂs substrates in the chem cal strengthening solution,
lithiumions and sodiumions in the surface |ayers of the glass

substrat es ar eBy giRdRIMrSInY tHe BRIsE lsubsehthy irsidedi dheiicdi strangthpaingssi um
ions in the chem cal strengthening solution to strengthen the gl ass
subst r at esolufibe, liteionpioas shd sodiuness lirmther suriacedalycss of the glass ace | ayer

of each glass substrate- had a thickness of about 100 m [0062] ' The

gl ass substbsiraeaprerespheliviehesahsiiiuted by sogiHBnoAg and Patassivim (R8s N cool ed
rapi dly by bejng, i rsed iin a water tank at 20C for about 10_jm nutes.
Subsequent“i‘%-?h?rﬁ@a t%@tw’?%[t—'témh'iot%‘Fengﬂ@”rtﬁﬁig@ﬁ%%ﬁ%ﬁﬁﬁt%ga]%shed by

Fur  her morRBB RS B0 TieEo e sHaRE et P kO RC R R aci o
(T opr opyll e Bk GBI g00 LT Vi gy | 1 each vaehi ng. tank in
series. Here, paeh] washing tank was -
The glass substréte after the chemical strengthening treaﬁnent was
cooled rapidly by being immersed in a water tank at 20°C for about 10 minutes.
Subsequently, the glass substrate after the rapid cdoling was washed by. being
immersed in concentrated sulfuric acid heated to about 40°C. Furtherm_ore,
the glass substrate after the washing with sulfuric acid was washed by being
immersed in pure water (1), pure water (2), IPA (isopropyl alcehol), and IPA
(steam drying) in eéch washing tank in series. | Héi’e, each v-va'shing tank was
’ applied with ulirasound. |
~ [0063] |
Thus, flat, smoqth, and highly rigid g'Iass substrates for magnetic
re_ccjding'media wére 6btained by performing the first lapping step, the end
shap_e fo'fming step, the mirror polishing step, the second Iapping'step, the main
'sﬂrfabe polishing-step (first and second polishing steps), the precision clle'aning,
and the chemical strehgth_eninQ step.
~[o064]
' The thus obtained glass substrates (Examples 1 to 3)' were investigéied
N - for the positions of crossing points CP in the'main surfaces 'o_f' the glass

substrates 1 in the planar view of the main surfaces using a contact probe-type



applied with ultrasound. [0063] Thus, flat, snmooth, and highly rigid
gl ass substrates for magnetic recoding nedia were obtained by
performing the first |apping step, the end shape forming step, the
m rror polishing step, the second | apping step, the main surface
polishing step (first and second polighing steps), the precision
cleaning, = and the chem cal strengthening step. [0064] The thus
obt ai ned gl ass substrates (Exanples 1to 3) were investigated for the
positions of crossin gornts i n thg_narn surfaBes of gl ass

hed

subst r at eSUTa¢,Shape measkying nstigent pulig are Qs’nd'sr a cont act

Do | B fhogbler R SARAR (R T 8!3;%%5@ B o)

from cr Osiahcg%c@@ gglrﬁs Bﬂh%@osﬂl%&ﬁfs%t@ﬂlé“&lﬁn% décPQJrFalc%ssl'ﬂWer’%O' nts

onto the surfaces I nvesti gate or the positions in

the main We%ﬁ@.ﬁéd%rth@‘pogltléﬁ§wﬁh@&ﬁélﬁtsﬁﬂ‘aéesdﬂ‘thé salsmafratesginof t he
mai n surfaces. The results are shown in Fig. 7. [0065] -As obvious from

Fig. 6, inhépengldew oftiismait swfagesEx@hpresulis are sBowh ireFigvdri ations in
the positions of crossing points in the main surfaces were 0.192 nmm
0.275 mm and 083D nm and were thus significantly small. That is the
circularity of a circle formed by the crossing poiLnts-was

| ess. Furt her %PBV'O% trepyrigug: 'f‘rt%?rglaﬁﬁ SUI?S“"‘ltﬁS Ph%x%ﬂ‘@% 1s’féltg%tﬂleat es of

Exarrpl es lati.ons i.n the p

Spaces. | nValiRiHs R YEE prafied S(GRFeE: bR s HASh S B hm and
b vt SacBPORLSE, bl BEBb bl BB AL T B
1 and 2) circularity of a circle formed by the crossing points was 0.5 mm orless.
- Furthermore, as obvrous from Fig. 7 inthe glass substrates of Examples 1 to 3,
the variations in the positions of crossrng pornt spaces in the main surfaces
were 0.003 mm, 0.004 mm, and 0.002 mm and were'thus significantly small.
That is,’ the variation in the crdssin‘g point spaces was 5 um (0.005 mm) or less.
[0066]
'(Comparative Examples 1 and 2) ,
Glass substrates for rnagnetic recording media were produced as in
Examples 1 to 3 except that in the chamfering step, the outer circumferential
end ancl the inner circumferential end were ground by a diamond grinding wheel
using a known apparatusl(-nOt shown) for chamferi ng.' The thus 6btained glass
“substrates (Comparative Ex_amples_ 1 and 2) were investigated for the points of
crossing points CP in the main surfaces of the glass substrates 1 in. a planar’ |
view of the main surfaces and the positions of crossrng pornt spaces asin
Examples 110 3 The respective results are shown |n Frgs 6 and 7
| [0067] | |
| As obvrous from Fig. 6, in the glass substrates of Comparatlve Examples
1 and 2, the varratron in the positions of crossing pornts in the marn surfaces

were 0.608 mm and 0.694 mm and were thus large. That is, the errcularrty ofa |



" and head crash

d ass substrates for magnetic recording nedia were produced as in
Exanples 1 to 3.except that in the chanfering step, the outer
circunferential -end and the inner circunferential end were ground by a
di anmond grindi ng wheel using a known apparatus (not shown) for
chanfering. The thus obtained glass -ssibstrates (Conpar ati ve Exanples 1
and 2) were investigated for the points of crossing points CPin the
mai n surfaces of the glass substrates 1 in a planar view of the main
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than 0.5 rgare batH G.ODERA andSver@IMiPIAFgd. " O] the/ varidliohhe tH @88sing
substrates in Conparative Exanples 1 and 2, the variations in the
posi ti ons peintepasss wgs pighet thapadps (0r00Bhamyai n surfaces were both
0.006 mm and were thus large. That is, the variation in the crossing
poi nt spaces W&RO6B] gher than 5 m (0.005 mm). [0068] Then, the

rel ationship bitween varjations in the positions of crossing, ggoi nt s

bemdae reigianisnipheweepyabalionsdn #1eResiose P eING bt ai ned

in above. bj,ected to t.ext t 1d | eani ng.
Then a f SiiSARg Reat Biases Wasfaatioftert,, ST ghg s ALBS RS er . Cand 3
oert ot i ng | o . ) oo . o
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appar at us Tenaa i@ aiatioh %ntétx‘@bﬁ@ﬁé lagéeﬂ, a\p@(ﬁt,bb% lapér, bAQ alliishcdgnge rate

of head crashes. Here, . t erm "head crash" refers to that obtai ned
by di vi di ngydrineralarieateefindesiés oh@achglasscubsiedtedo byoduee 4 maghetivunber

when the outer edges were observed every 100 -
disk. The magnetic disk was mounted on an HDD apparatus of a load/unload
system for investigating the incidence rate of head créshes. Here, the term
~ "head crash" refers to that obtained by dividing the number of disks having |
scraiches by the total number when the outer edges were obsefvted every 100
‘times whether scratches occurred in seek headrepea"ring test (movement of
hblé — outer édge — hole) using 1000 drive testers. Herein, the investigation
was perfOrrﬁed at head floating heights of '7} nm, 10 nm, 12 nm, and 175 nm. - |
The results are shown in Fig. 8. | |
- [0069]
_ ' As obvious from Fig. 8, when the variation in the positions' of crossing
points is 0.5 mm of less, head 'crashes_hardly occur regardless of the head
floating height.- Therefore, it was confirmed that head crash‘esr canbe
prevented at a very high rate of success by using the glass substrates of
| Examples 1 to 3. On the other hand, when the variation in the positions of
crossing _p.oints'is higher than 0.5 mm, the rate of head crashes is increased.
| In particular, the head craé.h_ réte is significant[y -increaséd with a decreasé inthe

head floating height. Thus, it was confirmed that head crashes c_'annot be



ti mes whether scratches occurred in seek head repeating test (novenent
of hole -, outer edge -3, hole) using 1000 drive testers. Herein, the
investigation was perforned at head floating heights of 7 nm 10 nm
12 nm and 15 nm- The results are shown in Fig. 8. [0069] As obvious
~fromFig. 8 when the variation in thgypositions of 'crossing points is
0.5 mmor |ess, head crashes hardly occur regardl ess of the head
floating height. Therefore, it was confirned that head crashes can be

prevented at. a very high rate of success by using th | ass substrates
br " Exanpisaticprily Ploveress {as s SURRIRIES Gl SR TIRELVE: IR f Ak
posi tions of ﬁ{g@ging points is higher than 0.5 mm the rate of head
crashes is inc Q d. I'n particular, the head crash rate is
significantly i W Bk oage. 1 t @ﬁ@%g i . ght .
Thus, it was c‘{cr)ﬁg Pf%%ﬁpltn\g%% r@ggﬁg p@@%‘g? f(El]aen"jtr!jgjtvebe 'A"gﬁ#éfrlﬁg?%ﬁ??y
. prevented éuﬂa!él?_@mﬂiif?éﬁf& HBSlidafibRS Pdr SRS ahb YanoeraRH 8fzclofaRgh 2:
.[0070] The present invention is not limted to the above enbodi nent and
can be sumérabéyambiédteet parcedpsiio #é alvoveF@nbedimant are lilstrativeber and
size of each nenber and treatnent procedures in the above enbodi nent
~are il ustanyt ankcarobe yaaeusly mediiedver agplicsaonmagilongas ther effgsps ofchei on,
as long as the effects of the resent invention are achjeved. -
Fur t her norféesaniénvsntiar ate achievad: o URBRMBRIe, g Rrapest IRvRItiEN€anibe ot her
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havi ng a %WP@‘SB@%"{%@”%W iﬂvéﬁ’[fofn"f‘c'e’ an end surface, and a -

chanf ered surface € nain surface and the end surface and
having a substantially circul ar shape, wherein



.crossing points at which directions along the main surface and
directions along the chanfered surface intersect are |located at
substantially the same distance from the center of the magnetic disk
substrate in a planar. view of the main surface over a whol e
circunference of the magnetic disk s trate. 2. The magnetic di sk
substrate according to claiml1l, wherern projected points of the
crossing points onto the chanfered surface in the planar view of the
mai n surface are substantially theﬂge&gmgosition in a thickness -
direction.of the magnetic disk su k over the whol e circunference
of the magnetic disk substrate. 3 A magnetic di sk substrate having a
substantially flat main surface, end surface, and a chanfered

surf ace between LAl SHKIsA8 raechat/ £ SHEIRAS: G2k A3idoBda?

substantially circ ereln e circ acircle

fornmed by caHQ8FLEE Al é‘bﬁamiéré’d Qumﬂ%r béﬂv@éh e fam surRce didrthaeadi s 0.5
mmor | ess where a first distance is a distance froma center of the

magnet i ¢ dua‘kcsahdha\ahgatsmbstwtmtttdcnmmtérmapa,n.dhem:fre t he crossing
points are each expressed by an intersection point of a first virtual

| i ne that connefossing poinis at wgtch ireetians alonyg thegnain spwigice rod slireptiansd from
the center at 50% and 80% distances in the first distance and a second

vi rtual .amgtthatchamtﬁteetsg riges Kierseet are fRcatgrhak %@tﬁr&'aﬂx Heesame

It th f 5% 30%, d [
FﬁZ'H?Qfdiq? e baie” fdyh dadtele HoCubarelra artadanon ot BT 5 m
3, wherei 'Pnsaﬁ‘%aﬁgce o%r%\ﬁﬂ&%rkm rbpﬁee aﬁ@ege'dﬁtf Jb%trét?ee proj ect ed

poi nts ‘of ‘the Crossrng points surtace rn the planar

~view of the mapn By ﬁ'@t@ﬁetﬁf GlsR@GBstﬂa'ie%écoﬂmg% d&mSt, wherdiRgropeteat i ¢
- di sk substrate according to claim3 or 4, wherein variation in the

second di gpoims ebthieréssimg poinisasto theechanfetaal surtdcedn tieplanaeviel oft he
magneti c di sk substrate.
the main surface are substantlally the same position in a thickness direction of
the magnetic disk substrate over-the whole circumference of the magnetic disk
subsirate. ' |
3. A magnetic disk substrate having a substantially flat main surfaee, en
- end surface, and a chamfered surface between the main surface e_nd the end
surface and having a substantially circular shape, wherein .
the circularity of a circle formed by crossing pomts ina planar view of the
-;_maln 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 ’p'oints
‘are each expressed by en intersection point of a first vtrtual line th_at. connects -
points on the main surface at positions spaced from the center at _50% and 80%
distances in the first distance and a second"viztual 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 d|stance
4. The magnehc disk substrate according toclaitn 3, wherei_n second
| . distanc_es' from the ctossing points to the projected points of the crossing points

o onto the chamfered surface in the planar view of the main surface are each 15



6. The magnetic di sk substrate according to anyone of clains 1 to 5,

wherein the di stance 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 gmor |less. 7. The nmagnetic disk

substrate according to anyone of claiss 1 to 6, wherein the magnetic

di sk substrate is nade of glass. 8 A magnetic disk, conprising: the

" magnetic di sk substrate according to anyone of clains 1 to 7, and a
magnetic | a er grovided on the magnetic di sk substrate. 9. The magnetic

di sk acco ® claim8, wherein the magnetic disk is nounted, on a

Teahe ¢l k. 8PP Hnalc Aok LIbARIL Aoy @ IBANSL! & IGe o | 0aded

on and unl oaded fro sur ace 0 magneti ¢ di sk through an
outer edggafhtidia tﬁ@%@éﬁcﬁdtgﬂaﬁlﬁes kG5 uhhs |§§@6\etrla0wﬁ¢1é keirag@Rsrehdot 0

claim8 or 9, wherein the magnetic disk is nmounted on a magnetic disk
appar at us thémsighetic tiisk solegretéi ¢ disk is rotated at |east at a rotation .
speed of 7200 rpm 11. The magnetic disk according to anyone of clains
8 to 10, wheref.n dhe meatieldMshwgede ansordin@rmocanybeegf clams TheSmagnet i c

-..disk according to anyone of clains 11, wherein a recaording

density i swfm@n@w djs a:i@ﬁéveé\we%a@en@ Uf AW@'@&%"@(DHFHWO%BQPQW%
ST o RS BB B i o
for the nBEeLbGs 958K um or less.
B 7. The magnetic disk substrate according to anyone of claims 110 6,
wherein the magne'tic disk substrate is made of glass.

8. A magnetic disk, comprising:

the magnetic disk substrate according to'a_nyon.e of claims 1 to 7, and

a magnetic layer provided on the magnetic disk substrate. |

9. The rhagnefic diek.according to elaim 8, wherein the magnetic disk is
mounted. on a magnetic disk apparatus of a system in which a magnetic head is
loaded on and unloaded from the main surface of the magnetic disk through an

outer edge of the magnetic disk.

10. The magnetlc disk according to claim 8 or 9, wherem the magne’uc |
disk is mounted on a magnetic disk apparatus in which the magnetlc disk is-
rotated at least at a rotation speed of 7200 rpm. | :

_ 11. The magnet:c dlSk accordmg to anyone of claims 8 fo 10, wherem a
touch-down hetght is 4 nm or less. |

12. The magnetic disk according'to anyone of claims 8 fo 11, wherein a

: recording density is 200 Gbit/inch® or more. |
13. A hard disk drive apparatus, comprising: 7
the maghetic disk eccording to anyone of claims 8 to' 12, and
‘a magnetic'head for carrying out 'déta.recording end/or rep.roduction for

the magnetic disk.



