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DESCRI PTI ON MAGNETI C DI SK SUBSTRATEAND MAGTNETI C DI SK
THEREOF TECHNI CAL FI ELD The present invention relates

wo eood/ommghet i ¢ di sk substrate forned by usi ng BCEIR206:0325310
substrate,” and a magnetic disk utilizing this magnetic
di sk substrate. This applicatlion clainms the priority
of Japanese Patent Application No. 2005-364545, filed
Decenber 19, 2005, and tgmsagip@ibly benefit of U. S
Provi sional Application No. 60/753418, filed on
Decenber 27, 2005, the contents of which are
i ncorporated herein by reference. BACKGROUNDART I n

ccol M ASRHG IR SRS PRATEARH Nk oT TR Lraas
I T products are developed. In particular, with regard

to a magnetic di sk apparatus such as a hard di sk drive
(HDD) which plays an inportant role as an external

storage apparatus for TEGINHGARFIELDs recording

capacity and its recording density continue to

i ncr ddsepresenmiyveation celgtearto aTihagnetis disky substtateefoapekby using a
of a magnetic di sk which can record in a nuch hi gher

siltbensubstrag and e emmgaatredisiedtiliAhg thiemaghee dikndbstatsnal |
and shock-proof magnetic di sk apparatus is preferred

in aTe tapbli€atRheclaihd)i the dFNOrRS SHBp@RsE I‘H?érﬁbggglication No.
conmputer. Recently, small magnetic di sk apparat uses

2008484 8453 O 1BE AV RRIBEE §9, Fl@?;g %h%% iep?'g)rrgy %aeﬁgﬁ‘t’ oP & 2Bl Risional

nmusi ¢ players, and the Ther

s ] Rj.a hc. disk has L expect ed, whi.ch .
ATEERRH ol TR o DRSS o7 SROE1 B bensd @t hich e
inceoxcoel Iegglte msﬁha%i cal strength. Consequently, in a

PR QoL RY KB %t e used for such a magnetic di sk,

t herequi renment of a much hi gher -recordi ng density has

been enphasi zed as well as the requirenment of slinmm ng

acconpani ed by mni-aturization and wei ght saving, and .
BACKGROUND ART g

In recent years, the storage capacity of a magnetic recording medium c’ontinues
to increase as all sorts of IT products are developed. In particular, with regard to a
magnetic disk apparatus-such as a hard disk drive (HDD) which plays an important role
as an external storage apparatus for a computer, .its recording papacity and its recording
density continue to increase from year td yeér. This is why a development of a
magnetic disk which can record in a much highér density has been expected. On the
other hand, a small and shock-proof magnetic disk apparatus is preferred in a portable
electronic device such as a notebook computer. Recently, small magnetic disk
apparatuses have also been applied to navigation systems, portable music players, and the
like. Therefore, a microminiature magnetic disk has been expected, which enables
recording in a much higher density and has excellent mechanical strength.

Consequently, in a magnetic disk substrate used for such a magnetic disk, the
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mechani cal properties such as rigidity which is

required to be able to resist the surges of the disk
wWOobmn/o7a83s ot ates at a high speed. Al so, in ordBCT/IRR006/325310

achi eve such high recording density, the flying height

of the magnetic head with regpect to the nagnetic di sk

has been drastically reduced. Therefore,

. t .
S PR e r%o?ﬁéﬁ% e s
h f f )
B8 A P BPEE 65 B B Rab S0 Dbty saving, and
géhéggaﬁmggé#igg gg:lilo%ﬁfgtl 1%/2vsvmcﬁ\lésu %@1&”@ glb{ag ableS: lgc? fésxrs?tthissurges of

conventlonally applied to the magnetic di sk substrate.
therdiskavhemi i iotates pbg highospeedit edlsay i@ orderctoj ashieve sudr high secording
. resistance and processability, and this is why
deabityyitheuflying heightofithe magestiotivad evituefmece® the enagnetic disk has been
Ni P-pl ated are used to conpensate the denerits. .
drédnicelre reducbér eTherefods neris trequiredt that MePnplgaétRd disk substrate have
substrates, in which, for exanple, they are likely to

exb@léﬁ@ﬂﬁﬁl@ss A0H ab @RA of @ niieroFBEHRRE] BAL i Elﬁ'?a)éeaz{rﬁ have as few
treated at high tenperatures. On the ot her hand, there

asPoSsibe WfeclsDnl the § cg |s§a§assfﬁ¥%ss(:fa"{’éh%§ Fﬁﬂi @Iastﬁ]}éf ﬁ'}éﬁﬁtlons

of distortion iIs ely to generate on t

ﬁ?gedﬂﬁmﬁ e B EEIRS, oo dnd " e been

e R 0y S A5 S

0. inches ((21.6 mmf), a denerit in which the
arg | uH5 wratneal?réﬂ%rrs%fdanqesmﬁawrapemhm ﬁa@ thip ds a@pn 3laginusm alloy
much hi gher-density recordin Therefore, a materi al
subgrases | Oﬁﬁd'r\“faﬁ‘iﬂsnr@é? MiRdplatefif preylused dodicempensatgu éhet slemerits.
external forces, whose surface is snpoth, and on which
Howevies, there pret @mmmrathﬁrﬁﬁﬁqﬂdtod substates,ng Whi(;}'e forrexamipée they are
expected as a substrate f-or such mcromniature
likehgnetbec vetirpdds . arld! tdials td eten npigagdedd whbat they | dré Ofeated 'at high
substrates, used frequently in the field

temﬁm&on@pﬂm@ lotlR? HaR@Sthirtare ABmUSRGnaRe 3180 8MRkhE©s in which a
‘substrate which conplies with the

layer of distortion is likely to generate. on their surfaces when they are treated for
reinforcement, and they are warped due to the effect of compression stress when they are
heated. .

In microminiature magnetic disks such as those having a diameter of 1 inch
(27.4 mm o) or 0.85 inches (21.6 mm ¢), a demerit in which the substrate is warped, is
fatal when they are applied to much higher-density recording. Therefore, a material
which is much thinner and difficult to distort due to external forces, whose surface is
smooth, and on which it is easy to form a magnetic recording layer has been expected as

a substrate for such microminiature magnetic disks.

It has been proposed that silicon substrates, used frequently in the field of
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above-descri bed demands (for exanple, see Patent
Docunents 1 to 3). Such nmagnetic di sk substrates using
wa@edo7oms3substrates nake it possible to form cP@rIP2006/325310
surfaces such that they have excellent flatness (i.e.
like that of a mirror surfaced have |ess
sur face-roughness, and have | ess defects on the
sébichRfiR o Wiliderifid NS BS04sCh GRaontdd SutRirh®: whilch [doffplies wi
projectioﬁ@%llnna dition to thﬁg feat ure, Y ghé%Pﬁ@g%‘Wﬂlﬂw
S F i ts.density i,S .
SR e e Ay B0 SO B TR DcBupblf 1165, Yudhmagneti
its. coeffici f thermal

SRR ARE s SOED0 51 G St ETEL s o

are superjor, and it has electric conductivity.
they, Z‘?‘é‘? %W&i,leltt latngss {i o ke thakeframurqrsugfage) hpyelessorurface-roughness,
magneti c. di sks, and al so, a durabl e magnetic disk
rlegsedefests omtheenirfaceisushas fme soratgbes \findgritsbyr fimk progections.
the diameter of the disk snmaller because the snaller '
Int duldititinetohio feaptires the silicok subishratedram biheantages: ei Re@xhfpRCits density
force becones. Wen a silicon substrate for magnetic

isdbraMieri thapr sl of dhe alghidge s@siatedlitsSYbUMEAN md¥Qls isSlarger, its
general ly produced in advance. Then, the

coefi@ét-oFriNsrhid efpdnksiolns sHgMdr, it$ hféﬁgerﬁﬁérlﬁﬁxlr% Ef;]o(ﬁeﬁieg GFesuperior,

havi ng a predeterm ned thickness.” The s
arUPRAY AL&Hc RBYARAVATR! Thell BB IR it sEPstAtSis G frati L o7 i
t he above gl ?I\ée- pxgggstléegé Cl ff':lﬁ:l Sgl}&‘gisg St%??elsss ﬁ'[t)?bé%?%rcfnagneuc
. [ cess, ..a pplishi rocess, ..ar the |ike
aiplt, nd 388 L uBBREERG U 4BR sy teREioP MG uifrioB e pipeded by
their. outer, cirecunferentjal surfaces, and they are .
milFg e drmeier 85&‘6:}{3%%‘?‘!“ beis e Sl e e atdbrdisk, the
a denerjt . in which they are likely to crack or break
smpller paseiyed fmpart fofse becomescr i bed processes because t hey
are naterially fragile. If they have cracks or chips,
not oWhgn alsdicon substiate for owgnétitgdisksds prghieed, @ sigléccrystal silicon
_decl'ines, but also the generated particles may cause
inget r gomerally tpeadiced aishadvaece. r eElendithg siglevtiysiahGilidon ingot is
order to obtain a magnetic disk substrate having no
proceasddsings slidess (ifaving 4 p@determined thickness. The silicon substrates having
small diameters which are cut from the above slice-processed circular disk are subjected
to a lapping process, a polishing process, or the like with respect to both sides of their
main surfaces, and their outer circumferential surfaces, and they are mirror-finished.
However, the silicon substrates have a demerit in which they are likely to crack
or break off through the above-described processes because they are materially fragile.
If they have cracks or chips, not only the yield in producing the magnetic disk declines,
but also the generated particles may cause an error or head crash when recording or
writing.

In order to obtain a magnetic disk substrate having no cracks or chips in the

silicon substrate, Patent Document 1 proposes a method in which the edges of the central



silicon substrate, Patent Docunent 1 proposes a nethod

in which the edges of the central aperture and the
wo@eioe07288F cunf erential portion of the silicon Bubst2etR25310

are chanfered with a grinding stone or the |ike, and

the angles of the chanfered gortions are rounded off.

On the other hand, Patent Docunent 2 proposes a nethod

apcRuthirdnne baref Eéiﬁhféféhg C;féztti&f %PthQ isﬁl%HJl; Absafe A Chamfered with

forned in a si |con su

t n diti.on Pat
2 BTG HonE of e ke bt ahbiBhor keseRod i ar repnded off:
silicpn.s rat |srra to be from20 tq 24, and the
OR dhectper SR %pHPP‘?SGﬁaP?ﬂ%’tmeIB #h ehagderethsugaces of
0.15 mm These atent docunents 1 to 3 describe that
a gifatlar agg gy Oléquclurﬁselmﬂtsuhqitrq&@by wep of ghemigalogtelingd In addition,
‘ into the .above-descri bed shapes, such that they can
5 PatentrRestencnt sc kewposeschimethohdie vihicthaiellangly aff clizeifig in a 5111con
dropped off in the .producing processes, and their
supstedtel iy mbde wabe roms2@niof 24°amid sheilemytR\OE the faineied portion is set
Docunent 1. Japanese Unexani ned Patent Application,

frétn0.03 &ink @6 ONG. mib- 7A%8e pRRhEASURRAITERS 32desd AR TS $heir outer
Unexam ned Patent Appli cat| on, Publication No.

citdBmESBdAl p%ﬁf&l@tarpgﬁéggs@ i irto, theRBpes ﬁﬁsggﬁégﬁgg%ﬁgg such that they

Pat ent Application cation No.

. Caglrdggecegggclgorl W coat ywllgﬂCrlrlaﬁlggnn&?Beehg %é%qu{i °§5 I, g, producing

t f
10 p f%%egggsag‘ \}é?'g/ylgﬁlyrtakecaﬁkg’(?\?ég—n&lé%ﬁy %égrogo st r ate i n
or der, ro par icles are present aon

surf A)@@nbﬁ(){:wgelﬁrloﬁg@me% g)g,aé]iuneq ﬁétentbﬁphlp@ﬁpﬁgPubhcanon No..

treatnment” is conducted thereon. In this burnishing
HQ-7@2%2vent, the surface of the protective |ayer is
lightly polished, for exanple, by pressing a noving
| appiPatgnt Bpeurnentth dapaneseatioexsiminérk Patentt Applicatioh,aBuhlication No.
Wi th a contact wheel nade of rubber. By way of ,
H6-195707
15 Patent Document 3: Japanese Unexamined Patent Application, Publication No.

H7-249223

DISCLOSURE OF INVENTION
When a magpnetic disk is produced, a priﬁlary coat, a magnetic recording layer, a
20  protective layer, or the like are formed successively on the above-described substrate in
order. Also, if micro-particles are present on the surface of the protective layer, the
“burnishing treatment” is conducted thereon. In this burnishing treatment, the surface
of the protective layer is lightly polished, for example, by pressing a moving lapping tape
on the surface of the protective layer with a contact wheel made of rubber. By way of

25  this treatment, the micro-particles present on the surface of the protective layer can be
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this treatnment, the mcro-particles present on the

surface of the protective |ayer can berenoved, and the
wo bwan7asgs rat e of the nmagneti ¢ head can be madeCTiIR2006/325310

smal | er. However, when the | apping tape scrapes

agai nst the outer circunferential portion of the

silicon substrate in the above- described bur ni'shi ng

reﬁfo‘)@@ Sfd tlﬂ@ﬂ&dtﬁ%‘gatg U8 thel rﬁaén'eﬁ@ hé/ par o g%ﬁd@ﬂﬁf«{h S

| appi ng tape, he generate I'es
_ﬁ’_gz ﬁ'l@éwe\reggrwp{eré qu% ﬁ%ﬁg t néec PSc ! Iglgﬁxp g@t 8\“6{ H:ércumferentlal
PR G6 oi tbipe B R R i M Vo e e dut i

rticles thereon are excluded in the final quality
lﬂf ﬁéﬁe&?ﬁ?@fﬁ frqmdhis deppang tapenasd thegengeatedpartieloswill possibly remain
order to.solve the above-described problem The object
ongthe tshefagqsy efstbpmagneiéndiskm Then.othp perticlis adheningntot the sulifsde of the
substrate which can inprove the yield in the nagnetic
majinekic plisid walli canselshngrasi or heand stabls twidne feadipgeyre riting, so such
errors or head crashes when reading or witing, and

magRiie dBkeh@ing pavitiet thetddd afeb@iidedfin teiERGRR T sP&dn.
so it can be conpatible with nuch higher recordlng

densiTheC ek - inféritn: WHE aCRikG&d 119for3$1'ef<00 rs&%?ﬂ e abov?] -described

|nvent|on|sto prowdearragnetlc disk utilizin

K pré@ove S 3 ;i%? g? lihd Eﬁé?é'htt %\?& gﬁ)g 9% g6 MW%e a magnetic disk substrate

pro i'scovere

t,, onl reven con substr
Wl\%ﬁ'!g g%l'? %XTOV eﬂrl? | ﬁ\@/ gﬁnﬁ%net lf:trcg% BFoéi(’:'ﬁ?(tﬂbu%Pg fsﬂltc;m substrates
chi : al s reven e.generatiqgn o e
préysaf g"?‘%é%fgﬁﬁd ARV R e G S 810 AiBRe Magh o fying
|skst£ controlling the shape of the circunferentia
hejght (of othe gnagnetis haad; st sabater sempatite ity nayigh hhighest recording
the yield in magnetic disk production using silicon
dessifieationt e lgmrthd ebjeetpefothe dresent iventiorois tegadvide asiagnetic disk
when reading or witing can be prevented, and a nuch ,
utiligingthesagueet i ¢ head flying hei ght can be achi eved, so
it can be conpatible with a nuch hi gher recording
densiThy prdsemahVentors bﬁuﬂledltﬁééb(ﬁ'ééde!%@ﬁiéﬁtpﬁﬁblélﬁs tahe discovered that

present invention.
it is necessary not only to prevent the silicon substrate, Wthh is materially fragile, from
cracking or chipping, but also to prevent the generation of the dusts thereon in the
producing process of the magnetic disks by conti‘olling the shape of the circumferential
portion of this silicon substrate. This is such thaf the yield in magnetic disk production
using silicon substrates can be improved, an error or head crash when reading or writing
can be prevented, and a much lower magnetic head flying height can be achieved, so it

can be compatible with a much higher recording density. Finally, this discovery

resulted in the present invention.

That is, the present invention provides the following means.

(1) A magnetic disk substrate which uses a silicon substrate in which chamfered surfaces



10

15

. m3ings ‘?Sna‘t thegehamdered surfaens: gad

That is, the present invention provides the follow ng
nmeans. (1) A magnetic di sk substrate which uses a
wa@edo7oms3substrate i n which chanfered surfacesBtBIP2006/325310
provi ded between the main surfaces and the outer
circunferential surface of tHe silicon substrate; a
ski-junp value HO where Ho. < O mm representing the

di st anc fromt e basal |evel oint A aroll-off
ar\eaqrawéxlag‘? main fustagss, gﬁld%qpougelocmc rential surface of the

representing the dlstance fromthe basal IeveI to

of f
S‘ﬁgﬁé‘b%t% ae%)‘ra ‘?ﬁ gﬁﬁﬁgﬁﬁgﬁ% bqpé&,SSWé‘i‘ﬁ tthd‘%tﬂéce from
border |ine of the naln ‘surface with respect to the

e 081 Aol 6 Boinf LY SR PGS 1A GnRE O 28 pbEk e %) 0 i,

mai n surfaces an sur
curvature radius R of the curved surface where R >

reBreQdring ThAdigtafec<frOm AROb¥AD 1V 86 Boihl'&], ;RARR A Y& H%Wh%ue Hy,>0

refers to a flat surface of the main surface;
refers to the position present on the border Ilne of

puhhed ihi<0.612 fimg eprevbitiy the n{@ﬂﬂﬁlﬁdh%ﬂacbﬁenm thé border line of the
di splaced by 1 mmin the direction fromthe outer
circunferential surface to the center of the substrate

mpiarsyifaed with respectbadlad lineed eto ApaumtedAbrfaefsars ptovidedebetween the
p05|t|on present on the border line of the main

surfa ch is | ocated at theﬁﬁm nt dlspI@dace%tb b i
e Aprvagure fmedive ik of thgf curve

the substrate paraIIeI to the basal |evel; and point -

0 0 [ sent gn the border |ine
s FhSHR S RIP AP0 OGRS et I BRACE ) S 0
| ocated at the highest position with respect to the

S fac ]S 'Jh@\ﬁ%{m %]ce Egm '?gt‘é sctoqﬁf‘ Eoﬁﬁ?x? érregftn> onéﬁigdﬁ;}?lme of
and H, < -O 08 nm the tag off value H2 is H2 > 0.004

héTHagnshrfie whicRQ r '
TIOR3, g o

uses the magnetic di sk substrate according to (1) or

the¢ yter dicomfedientalt surfabetopthe seimter ofthe Btibsiate Piralls] @6 @FSHARE level;
the outer circunferential portion of the silicon :
substrate into the above-defined shape, not only the

poitt fkisfess ta Hieprosiion; presest bh g bendis tina b thewnainhsurface, which is
materially fragile, can be prevented, but also the

located at the point displaced by 1.6 mm in the direction from point A, to the center of
the substrate parallel to the basal level; and point. Az refers to the position present on the
border line of the main surface between points A; and A,, which is located at the highest
position with respect to the basal level.

(2) The magnetic disk substrate according to (1), in which the roll-off value H; is H; >
-0.18 pm and H, < -0.08 um, the tag-off value H; is H, > 0.004 um and H, < 0.008 pm,

and the curvature radius R is R > 0.030 mm and R < 0.070 mm.



generation of the dusts thereon in the production

process of the nmagnetic di sks can beprevented.
w@engepsent |y, particles of dusts or the |ike PEIJI#Re06/325310

prevented from adhering to the surface of the nmagnetic

di sk, the production yield of7 the magnetic di sk can.be

i mproved,  the occurrence of errors or head crashes can

revente n readi ng or. [ting, and it is
33 BIGEC K WIS et A englia ok supa rapilingso (Aor2)
much | ower height. Then, this makes it possible for
t he megoelihg tdithk gresche inennad,i B D%rdﬂe&sﬂn the! ©litel | B ferential
recordi ng-densi ficati on. BRI EF DESCRI PTTON OF THE

porWbNES sftlchh lshbstaiteinREMS REGVd-Jinkh %Hép%h %W c{?%' fhe cracks or chips
cross-section of a silicon substrate. "Ff I's a
S Ct.d j .5l Fcon substrate. Fl 2
of LRZHARE suRe, KUt & Sy LB, MBS Prpmed, bucaiso the
silj.con.gubstrate. FI.G ,3 is a.schematic. diagram .
5 seRlreliff Bf M B9 sSesan e proHuBiiE PR e doheetia disks can be.
and the roll-off value H. FIG 4 is a schematic )
PreyeRtfida m(QBSRIF BN gatticlesiof glusts for by like ¢4n berpreversed fom adhering
schendtic di agram describing the curvature radius R of
totthe seifzcgeef darmagnstic misk, e productiindpield efvhehmagnetjc disk can be
principal parts of a layer-built structure. FIG 7 is
imprqweds fhecedcumendeeni erhmrsion dread erashdsuani wenpiementid ©heh fteading or
i nner :circunferential portion of the l|ayer-built .
writinig) ahd itdis ipsssplslt ifehthe nvighétichdad|to 3131 therebVet s a nld® loRer height.
IS a perspective view showi ng the situation in which .

10  THeheth@yinakes it poskiine %Hdhalmd%%ﬁd' @Bk @b bt REmphtile Q»gtlhcg much higher

substrate is polished with a polishing brush.

redordifigeRsificatfont | onal vi ew showing a |ayered structure
in one exanple of the magnetic disk according to the

present invention. BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON .

| BRIEF DESCRIPTION OF THE DRAWINGS |
FIG. 1A is a perspective view showing a cross-section of a silicon substrate.
15 : FIG. 1B is a cross-sectional view of the silicon substrate.
FIG. 2 is an end view showing the cross-section of the silicon substrate.
FIG. 3 is a schematic diagram describing the basal level T, the ski-jump value V,,
and the roll-off valué H;. |
FIG. 4 is a schematic diagram describing the tag-off value H,.
20 FIG. 5 is a schematic diagram describing the curvature radius R of the curved
surface.
FIG. 6 is a side view showing principal parts of a layer-built structure.
FIG. 7 is a perspective view showing the situation in which the inner
circumferential portion of the layer-built structure is polished with a polishing brush.

25 FIG. 8 is a perspective view showing the situation in which the outer
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Herei nafter, the magnetic di sk substrate and magnetic

di sk thereof according to the present invention wl|l
weoodesssi bed in detail by using figures. It shoOnIRROG#325310

understood that sone parts featured in the present

invention are enlarged in th& figures for the purpose

of explicitly describing their features, and their

: I-QS: Qr 11 ke ; refl ect .act ual
ciR e pBRic of st SRl SBINRE T bR AN,

def i ol nts can _be achieyed.by using a commercially

avai 1961 8% Biefors BB PGa Vgl SHER iRl e rokeeRaots cxaimple of

roduced., M TSUTOYO CORPORATI ON i s used for

thgmﬂsa%t&%g%ﬂcm%g torthe present BWERHOY.nyent i on. (Magneti ¢

di sk substrate) First, the nmagnetic disk substrate of

the present invention is described. In FIG 1 and FIG

2, a magnetic di sk substrate using a silicon substrate

1 of the PBESTeVIODEWEGR{GCARRYENGSHWE THE IBVENTHON

per spective view showi ng a cross-section of the '

si | i Ghareinafoat thataghetidtisk sBodtteand Magnetie diskomateo? h&drding to

of the silicon substrate 1. FIG 2 is an end view

the Nvdenit) ihVRLIEA OF T BECAds@ibedf it el bi Ciithes ¥Rgfdsat 1
Ashﬁshom in FIG 1and FIG 2, the rr%gnetglsgggiegk % 3hould be

SRS RIS SR e AT U s

I con substrate

_ fmg ?%:ﬁu%gog@%g%%éfcﬁl)] &scx‘%iﬁg Fhe(frhf%g{kx?ergg%xd:ltﬁlre% 3{;:32? rzﬁiogro? the like do’

en -nmaln Surtaces

ircunferential surface 3.af. the silicaqn. substrate 1..
nof LA R e Bipt Stfiastc s dtipd. "SirEior-aii et e sHopRdhe defined
mai n suyfaces 2 and an inner circunferential surface 5
POjTHS 1938 ey AshifisA Py ising @ sommsarialy @vailablg amiface-profiler, and a
descri bing the basal level T, the ski-junp value H, :

“CHONTRAEERSIGPA8PY, pradueedHby MITSUTOY Qy CORBARATION is used for
di agram descri bing the tag-off value H2. FIG5 is a

sudfadeeprafiliog ifi thg peaserdéseniibn.ng t he curvature radius R of:
the curved surface 7. As-described in FIG3 to FIG 5,
(Magn¢tivediskagibetrate) di sk substrate of the present

First, the magnetic disk substrate of the present inventioﬁ is described.

In FIG. 1 and FIG. 2, a magnetic disk substrate usiné a silicon subgtrate 1 of the
present invention is shown. FIG. 1A is a perspective view showing a cross-section of
the silicon substrate 1. FIG. 1B is a cross-sectional view of the silicon substrate 1. FIG.
2 is an end view showing the cross-section of the silicon substrate 1.

As shown in FIG. 1 and FIG. 2, the magnetic disk substrate of the present
invention is formed with the silicon substrate 1 which is disk-shaped, and has a central
aperture la. Also, chamfered surfaces 4 are provided between main surfaces 2 and an
outer circumferential surface 3 of the silicon substrate 1. Also, chamfered surfaces 6

are provided between the main surfaces 2 and an inner circumferential surface 5 in the

same way.
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i nvention, the ski-junp value HO where HO < O nm
representing the distance fromthe basal level T to

w@oioin72833 the roll-off value H where H > -0.2CcToramiB25310

H < 0.0 mm representing the distance fromthe basa
level T to point Ai; the tag9off value H where H2 >.0
mm and H2 < 0.012 nm representing the maxi mum

di sp e}@@scﬂém&tﬁe%?é}éﬁqeséé% the Bhsdl e fle SHI f.u%%%alue Ho,

2 with respect to t passes throug

n ved urf.ac IS Vi
HEAOtveledfi, BICHEERLRRS ﬁagr%waq#%}%éas B tpese value
he curyvat ur ra i us, R of the cu surface 7
F@]éﬂ%a mgtig diagram desgriping the %ngat“r'ehrac&“ é)(}tt ysyedsurface 7.
level T refers to a flat surface of the main surface 2
of t H&s describeshins BKE BriatldG15, ndthatmagnetie flisk subsiratd of the present
position present on the border Iine S of the main
inyentioac thexkiyump valus Hoowheredeat O o, papresentihigs theadistandeyfrom the
1 mmin the direction fromthe outer circunferential :
basalriteeleT & point Ag; drenblrofblalud el swinge Thte -@arshlagl H,0< 0.0 pm,
the basal level T; point A2 refers to the position

repreS&RinG the dishcd Gof e lbatd 16vePTT bhRisteA 2 tﬁ@fafgﬂﬁ?v;ﬁue H, where
which I's located at the point displaced by 1.6 mmin

L 1 DTV A B et g e
lu[e% &f ﬁleH‘I?alIllg Qc%%&'gﬂ DedBE& IS l{ﬁe l?& &Ihﬁfugﬁ) ﬁ%ges t\!% ugh pognts A to

mal n sur en poin and

ocat at. t ositjon with respect to th

A 3EIH Pipter” iseogEd tBaen I Testestgac e e abarpéfﬁé# surface
T is based on flat, surface which is calcul ate

4 Ay thercuriuiedadips R pfshecursdaitags ¢ vhessPech- Ol%mh@nd R <0.080
mai n surface 2. Mire specifically, in the nmeasurenent

miggs wheee the dbasal lewebil refers to & flaysurface b the maint Jusfacedof the silicon
Easses through the center of the substrate, and is

subsgiraté tgpointoA it iefersmi the porifierepre®nt en thefbiondsot lm&'ISaIf theamain surface
| east two reference points are plotted on the border

2, |winieh Ss dfcatddeatmaienpaintr fdplacedl by thinmh tis the cliveciish &oaAthe outer
(inner area of the substrate across point A), and.

cifchi@feraittal d@Faceaiottle aentéli ofl the Ribstrate [RPARS &HHS Habf? level T; point
nunber of the reference points) respectively fromthe

Ache‘fé@% tﬁ’é)RBstltl(SrP pfe@@ntccﬁlnfh%rbo?(flertlnﬁ SWpshd fatn sfiPdce 2, which is
exanpl e ey may be plotted at the positions:

located at the point displaced by 1.6 mm in the direction from point A; to the center of

the substrate parallel to the basal level T; and point Az refers to the position present on
the border line S of the main surface 2 between pbints Ajand A,, which is located at the
highest position with respect to the basal level T.

As described in FIG. 3, the basal level T is based on a flat surface which is
calculated by way of the least square method with respect to the main surface 2. More
specifically, in the measurement of the basal level T, firstly, a cross-section which passes
through the center of the substrate, and is vertical to the main surface 2 is defined. Then,

at least two reference points are plotted on the border line S of the main surface 2 within
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R =6.5 "Mmand R = 8.3 nm(the distance fromthe

center of the substrate to the point) when the outer
walcametmss of the disk is 0.85 inch; R =8.3 nmPenar26£325310

10.6 mm when the outer dianeter is 1.0 inch; R = 14.8

mm and R2 = 18.8 mm when t hel®uter dianeter is 1.89

inches; R = 23.0 mmand R2 = 27.0 nm when the outer
itShedbmb®breh $inderateA o lﬁ%asu\%ﬁﬁe adrB& Rtpﬁz),o;n*tﬂ% %eLdggﬁﬂated as

substrate 1 is profi respect to’eac

f ' ' f I b '
U R 6R5-B 0 Rmb Fine KRB, e % g, loses
r.esul he silic

. f i h h f
P chSedier St sUiitaler oot Grarumes the.ay i G e posiions:

each reference point is calculated by way of the | east
Ris 02y B8 30d s ,8'-031 mmpfthedistanes Bemdhe etntesfofithesubistsete to the point)
m nim zes the sumof the squares of errors in the
whasdbe petar diamgteniof therdiskie 8t85tincht; Ra =8ciumin aml Bf = 10.6 mm when the
line. This configured line represents a base |line
outkzfdiarheter tsHeO frcht Rs &+ F48 emnofind Re =888 natleaahe outer diameter is -
nanely basal level T. Hereinafter, letting this basal
1.8%irehes] Rpe 2360 &in{ £)d RE 227 0RRE wWHRGhOBuBLHiBHEtePASBS inches.
level T is defined as positive (+), and the | ower

regi Mex@GhOsKapeatahe 5iBV&H subsirite A€ ﬂ?@ﬁleﬁzviglgggxgeéFYﬁ é}aé‘)x of the

Next, two reference points are set ‘on t
i N Swrf I _ | Sip: DOI Nt Al ‘
refenfiee PORE ookt BF Sxmde, bR s s of Sprifil litall profier
t.he Wy rface. 2 h.ch.is.|located at. the. poin ' .
THsH B By S BT, b1 meOBEE s 3 e Sl eroBRE . he cquation
ci,rcunferential surface 3 to the center of the -

1o {hs e dRrenrie °h rEfereEe BGLIS FAlGRcE bYawey BoIhgtleaep squares
set at the position present on the border line S of )
methed, yaiwhich the gguation qfithe fine sninisizescide sumt ofehe squares of errors in

displaced by 1.6 nmmin the direction frompoint Al to
the wecagwrad edata fwithh eespedistor Hreeequatiah| of theolinhe Baisadonfigured line
l evel T. Then, the shape of the silicon substrate 1 i's
represghis| adohsb Ehevdefinipg thet fat Airfavechf A2 mhinrsuefsea R ramebybasal level T.
using a stylus or optical surfaceprofiler. Then, based

Heoe¢indfitee, letinigl this babal peved ITIbeng@rd (09, thbapperakgion @css ba&@Nlevel T is
substrate 1, the ski-junp value HO, the-roll-off value

defihed @&Nbsith (30arf the YRVdtGefidn AERHsOBLAI N&LL T is defined as negative
O

Next, two reference points are set dn the; border line S of the main surface 2 as
follows. That is, point A, is set at the position bresent on the border line S of the main
surface 2, which is located at the point displaced by 1 mm in the direction from the outer
circumferential surface 3 to the center of the substrate parallel to the basal level T; and
point A, set at the position present on the border line S of the main surface 2, which is
located at the point displaced by 1.6 mm in the direction from point A; to the center of
the substrate parallel to the basal level T. Then, the shape of the silicon substrate 1 is

profiled between points A} and Aj, for example, by using a stylus or optical surface
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The ski-junp value Ho is a value represented by the

di stance between the basal level T and point Ain
wowkiock73sed nt A3 | ocates at the position presenPCDIP2NE325310

border line S of the main surface 2 between points

Aland A2, which is |ocated aﬂlthe hi ghest position .

W th respect to the basal level T. In addition, FIG 3

profiftS Thé, 6888 dnr}h sﬁﬁs hf‘g'ro?' lﬁhghﬁtﬁ%ﬁ‘%g %é:'@lllllconaSugstrafte 1, the

positive (+) val ue. cas ine

es
skiinf Sofls s, %‘%ﬁ%ﬂ@e&s - RO TR gt Srpe skasin th
res basal T. . On the other hand, as sh
in Prile %3R8 Valpr Horispi oSG epreseriid ity Gefiacschenpeen the basal
rms a surface-lowerin iroll-off) shape bet ween
lem}ﬂn%%d pYintyAyinavhih peint R@ agries pLihp positior présery opghecb@rder line S
mm and represents a negative (-) value. The roll-off
ofith¢ gmin-purfase 2 hetwern paipts esient &, idhhie latiastdandie highest position
the basal level T to point A. The roll off value Hl '
wih oegpetthe ter basal el g mtddidbn,t RES. Aukkdws the case in which the
circunferential portion of the silicon substrate 1,

skafudnp S'alm@\&@(flscdlﬁém@veo(-fm%ll@" TRehi9hR! thabstder find B the main

value H is less than -0. then, its corner caving

suFfaé€2 kRowdla SHAPE HSwhithGt %Q@dt& d f dhe th?%x%stﬂfosfti%ﬁ namely point

rragnetl c head' tends to uns e at t

'V\;lﬁl p(fer Fg‘)trl%@%J lpﬁi t'I* O@)d'n tgg %T[H%gﬁ%a_laé D](B’srg{nl nﬂ?{ g tgi lborder line’

| f erabl | .
S gﬁﬁ‘e f%g SRR 4f0ta ol AR ko) $3ge pefifen points Ar and

re en ed by di spl acenent of the border
A7 WHETBE Sk e s oge B A FPPIRBTS 2 Aegve e e
X between points A and A2. The tag-off value H2 shows
the ridgdatwdisvabye Hpis pualue represenied %wém fistange froimothe dsal level
the silicon substrate 1. The value H2 is never |ess
T toaroit Am  Bhe roll f off hvaluea Hueshe®vsi the osaenerOc1i®z mate of the outer
t hen, the roundness is in excess, and the flying
cirstuniférential gortidweofrdgrelic¢on hdattate el dmdtio neeeruonadr a0 @mﬂt On the.
the outer circunferential portion, as well as the

otletut Hafid A ehe val@ M, i0lebiethgR D@D in€ dhdr, ANcbARr LARRE Ple isaiﬁieéxcess
when t he | appi ng tape contacts theouter -

an@i theU Ay Rige Bitdde BPIthe %aéﬁetﬁ:hﬁeaﬁ' kdrfa®@NtoS BRSEARIEe 1t the outer
Therefore, the tag-off val ue
circumnferential portion. Therefore, the roll-off value H; is preferably H; > -0.2 pm and
H; 0.0 pm, and more preferably H, > -0.18 um and H; < -0.08 pm.

As shown in FIG. 4, the tag-off value Hz- is a value represented by the maximum
displacement of the border line S of the main surface 2 with respect to the line X between
points A; and A;.  The tag-off value H, shows the roundness of the outer circumferential
portion of the silicon substrate 1. The value H, is never less than 0 um, but, if the value
H, is over 0.012 pum, then, the roundness is in excess, and the flying attitude of the

magnetic head tends to be unstable at the outer circumferential portion, as well as the

dusts are likely to be generated from the lapping tape when the lapping tape contacts the
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is preferably H2 > 0 nmand H2 < 0.012 nm and nore
preferably H> 0.004 mnmand H2 < 0.008 nm Wth regard
wo eoovlesaet hod of neasuring the curvature radi BST/R2006/325310
the curved surface 7, as'shown in FIG 5, a line
(broken line shown in FIG 5)11s extended fromthe
basal |evel T of the above-described main surface 2,
iy ) 10 : L ext |
ouk @ tdic B fdr }ag%ﬁ?hdn S it 513(@218 ?lfﬂsﬁhl%%.asﬁ{é §6ke {h@eta%-aﬂ‘ value H,

di spl aces e curve ace e starti

. ' . n | it n re set .r [ on
s BRETROIY g iS5 2 0802 o g Bl MR R S 604/ ona 1, <
der line S of the curved surface 7, which are

0.0BBMaced by 10 nmfromthe starting point Ain the
direction of the main surface 2 or curved surface 7.
Next , With gegard pre ther methed if| measwring Bigt quyasure radiug Roof thegcurved
with respect to each of points A, B, and C, for

sudgeenlas, shoynis FiG. 3 asling (soken limptshewh is §1G. &) ds extended from the
profiler. Then, based on the surface-profiling of the '

basdllleved T sfikist staive-dbscribed manlisudfaqf 2.t leingi the Ipdsi@on at which this
passi ng through these points A, B, and Cis

extentiéd!lind @pladdirbii the Yahe® sirface To4b 88 staRfhoCpitih UT €hen, points
radius R o? the curved surface 7. In addition, a

B &R OBECiAR e&}é\%hj SR YRR Hhé g%g@?o%%\%@td%ffal ég%g?ﬁ%border

CP400", produc by M TSUTOYO for

11n§$a§ﬁ{ﬂe%%&§ﬁ%u&ﬂ£¥ ?tvwlf?l}] 5@%@%&5 bg ?IS #gﬁl gr\érendthggtlrz}gtﬁl%re%omt Ain

't ons set reas

e con par

o RS R 5 PP ek % Mo, Rl e s

radius. R of.. the curved surfage 7 is less than 0.013 .
subjiipate @rﬂmg‘ﬁs illyrespech SRR AT DHBISa By 901G docogimply by using o

chanfered surface 4 becones too steep, the

~ stylus or optical surface profiler. Then, based on the surface-profiling of the silicon

substrate 1, the radius of the circle O passing through these points A, B, and C is
calculated, and this value is used as the curvature radius R of the curved surface 7.

In addition, a commercially available measuring appératus (“CdNTRACER
CP400”, produced by MITSUTOYO CORPORATION) i:s used for ﬁeasudng the
(;urvature radius of the curved surface 7. The conditions set in this measuring apparatus
are follows: |
<Measuring conditions>

Velocity: 0.06 mm/s

Pitch: 0.0010 mm

Mode: X-axis ﬁxed

If the curvature radius R of the curved surface 7 is less than 0.013 mm, then, the
region between the main surface 2 and chamfered surface 4 becomes too steep, the

substrate does not endure the impact, and therefore, is susceptible to cracks, chips or the
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substrate does not endure the inpact, and therefore,

is susceptible to cracks, chips or thelike when it is
whamdioes3dr col lides with something. On the otker/Jrandi2s310

if the curvature radius Ris over 0.080 mm the area

of the main surface 2 on whith the information is

recorded becones narrower. Therefore the curvature

T S NS O L6 B BB e o
BRIP4

sur f %e can be al so between the main surface
rei"‘é‘ﬁ@ FHNSHEROREJ '@lﬁ‘ a@e Irvatpe radige R of the curved “surface 7
circunferential portion. As described above, by
isreferablyi g Q-AE3 oun and B+ 0089 mmdanowmrcﬁemblwr( > #.630 mm and
silicon substrate 1 into the above-described shape in
Rth@0fhgnet i ¢ di sk substrate of the present invention,
the cracks and chips in the silicon substrate 1, which

I s mehesdditidny i tigsilicon esbstrhe PoOEURNpREent AhGéntiohN§uch a curved
magneti ¢ di sk silicon substrate can be produced, which

suzfube PAIENE GO Ehﬂl&%%hﬁéénQHe ﬁ'falrijéiﬁfacé R dnd&hd Eﬁ’ﬂﬁ’i%féd%%rface 6 of
process of the magnetl c disks. (Method of producing

th@n;,g.geg FrGunteskitis spte) Hereinafter, the nmethod of
ro

ucing the a ove descrl bed rragnetl c disk substrate

IS ﬁ)e(lrrAeI% ?‘ge a ové %ye?crlg gﬁ’g efccllrgon ‘ﬁk?itrp?otg?@ of the

i W21°$ pRRE el Abnt sa%%ﬁ%uahééﬁﬁl?fgmfeé%%é“ bt of the

The above-de crlb d silicon substrate 1 can be

prﬁ;eaa Ubvéﬂtl‘m' t S BR@ Chips| 16\,&’(1%@1 b‘pgcsggggge 1, which is materlally
Specifically, | n order to produce this silicon

fragilss eamabe preveniedst AJso, thenmagnetipgtish siicon swhstrateguan besproduced,
produced by way of the Czochral ski nethod. Then, this

whigly oan preveit itheegkneratian pf duit irethaipnatiction plonessof tHEhﬁagnetlc disks.
smal | -di aneter silicon substrates cut fromthe sliced

(Method of producing magnetic disk substrate) -

Hereinafter, the method of producing the above-described megnetic disk
substrate is explained.

As an example of the silicon substrate 1, namely the above-described magnetic
disk substrate, monocrystal silicon (Si) which is used frequently in the field of
semiconductor engineering can be applied. The above-described silicon substrate 1 can
be produced by way of the following processes.

Specifically, in order to produce this silicon substrate 1, firstly, a monocrystal
silicon ingot is produced by way of the Czochralski method. Then, this ingot is sliced
in a predetermined thickness. The small-diameter silicon substrates cut from the sliced

disks are subjected to a lapping process in order to improve accuracy of the shape and

dimension. This lapping process is conducted in two steps by using a lapping apparatus.
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di sks are subjected to a | apping process in order to
i nprove accuracy of the shape and di nension. This
WO 2ppioTas3Ppr ocess i s conducted in two steps by PST/ORROEs/325310
| appi ng appar atus. The obtai ned silicon substrate
obt ai ned general ly after congacting the first step of
the | apping process is relatively Iarge to be a '

TREGHGInS sﬂlfﬁh sﬁﬂgﬁatt% ef)&ineﬁr%n&jaﬁ = Eo:}cfuc é% tlbe ﬁg? step of the

substrate pr|a

[ ut . f h e SJ|. on substra

1aBhRE P60, i P, P8R ' Be ™ pfe i€ b, B hior, the
HCgﬁfBeretl rtions of the silijicon substrate 1

5113 TUgtle v al} ?ﬁo Ea-%ﬂéﬁﬁ’@?f}t?] dsF-ognsks quter; fHaraelgrss & e from the
surfaces 4 between the main surfaces 2 and the outer

lagger silipgrersuhstrait byumsiag ea Jaseanstribpmnd Afterd tisisr thec este6 and inner
bet ween the main surfaces 2 and the inner

cirgumdenafitial potticals of thief siieorbsubsteaté drare dubjédted ti s clpmifeting process,
the surface roughness of the inner and outer - :

andi clewféred entfacds 4 betvaea Sthe fmdih GuifhddsCh And URS bluRE Qirdumferential
is, for exanple, about 4 mm at Rmax- Then, the silicon

SuSRBSTY, Al ShdrSteRMDEREIRS 8 BelARnS BRORM] %ﬁﬁb&? 2 and the inner
process, and, for exanple, the profile irregularity o

cutctlﬁnfé'[@ﬁt'ihl% %&C§§re2fo a‘rad& %()IIrlnbnﬁz{abt gu%g}: (ﬂ%e%n sIs f the inner

surface rougnness 1s | ess

| anﬁlf)ru{e?%ﬁf&fnfe&&%&ﬂdx‘fa‘é@ﬁ ofStHf? gﬁlE?t §ué>s T t%l S%Qhrge)ﬁam?ier,l out 4 pm at’

and acet i.c acid, and residual
e I ﬁﬁ‘é""l“a%‘sftﬁﬁe 6#68%@%“?@% @ﬁas%wdel%ﬂg Pfqsgss, and, for
chapfered rfaces and 6 of the silicon substrate 1
exgmple, fe %aulﬁflkyr%f;thﬁm@@ eeaces;Znig made lesrethamilppm, and its
surfaces 2 on which the magnetic recording layers are
supfpesioyglness & lgss thantferm aWRih. r egar d to pol i shing the
main surfaces 2, a first polishing step in which
scr aNshrgsthe rsudfacst of theosiicge mastrted! iinetched prithva @bamical liquid,
processes are renoved, and a second polishing step in
nawdelycin ntlkteresmﬂildmgilmﬁe aold; hivtie hdid) sldedeti@icd, cRadeided damage
By way of the above-descri bed processes, t he magnet i ¢

in thesSkippinh précRbLis Gamnohal. Ohthah B chAffekQEsutBESES hfd @'o?f he silicon
‘substrate of the present i nventi on, by polishing the

sub¥#ta®d 1 are polished and mirror-finished. Finally, the main surfaces 2 on which the
magnetic recording layers are provided are polished. - With regard to polishing the main
surfaces 2, a first polishing step in which scratches or distortions generated in the
previous processes are removed, and a second polishing step in which the surfaces are
mirror-finished, are conducted. By way of the above-described processes, the magnetic
disk substrate can be obtained.

In the magnetic disk substrate of the present invention, by polishing the outer
circumferential surface 3 of the above-described silicon substrate 1 with a polishing

brush, the above-described shape of the outer circumferential portion can be obtained.

Specifically, the plural silicon substrates 1 are arranged, for example, as a
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circunferential surface 3 of the above-descri bed

silicon substrate 1 with a polishing brush, the
w@bwvessescri bed shape of the outer circunferent/a#2006/325310

portion can be obtained.: Specifically, the plural

silicon substrates 1 are arrbnged, for exanple, as

al ayered structure 11 as shown in FIG6. In this

lag @rﬁqcﬁfé Yt BownLinOf1d e $h lthisan éy@%{&%‘nge 11 ofttprg silicon

ural 'silicon substrates 1 are aye ace

su%gtrzﬁése 1 ?l%er u?g QFEO elll}) rgt%s Sll agergﬁbSt (i]t%t z?%&sl 12 are inserted

N order
‘%Y" ﬁ’ .surfaces fll and 6 of the inner- and outer-
Sigpr pubstralss 45 ons of the silicon substrates 1
from bei ng unpolrshed in sonme parts, and in order to

pr evehie sPReers L2 japproyided in axdss to preyerththe Fagnfisredicurfaces 4 and 6
when they are polished. This spacer 12 has the sane
ofsthe penesf and dutsk dimvinderentiat gotticals ofpbe silicen asbdtiaes 1 from being
silicon substrate 1. Also, the thickness of the space
uripdlistedaitlj sonicepares; @and di rgder do tpevetit anetititorobubishates 1 from being
bristles of the brush used, but the dianmeter is, for
brekénWwhen tiRb Qd [{Qllsheﬂm THis @patefMD hAS tl'feos’an{ehﬁlaB@BFB'cﬁ’ék having a
of the spacer 12, those which are softer than the

cefitrhl dpRAuR MR ﬁ&@on]sugﬁyatp? aflf%'o' l?lg thibknes$ opﬁl@f gz{c%qlﬁs adjusted

that "'those which are materi a e sane as

acp&Jdin%h{ glep@lgwlé&:?dof' e tgﬁ%tlg lof ?l%y pg.lSHrl%%g Sﬁlge%nle edéarpﬁtgf is, for

whi ch are so 0 suc

5*'?1%5% PO IR0 By v B e @takql i Sl o pich ae

shrn d be used.. As exanpl es of
soff apdhees ‘%%?u% rﬁsﬂy'?}ﬁbggﬁ apRlicdes s P&%fﬁgﬁrblecthate@pﬁ: which are

resin, or the like can be nentioned. The
m%}Fla"r‘rét the syne pntheolishing pad wsed an thernglishisg processain particular, those
outer circunferenti.al surface of the spacer 12 is
whiphy @re ofinrte tsucle andegdress ithuie theyoeart peevehtatheedastiustiont af ¢hedsilicon
of the silicon substrate 1, preferably about 0.5 mmto
substrate it raiskd byhdr prhssusgeomn tHe? polishingsbrusle dnd elierpélishing pad be
silicon substrates 1 formng the |ayered structure 1 1
used.| NA$ EtaBnpléssef, sucth Ay, 4 polyaretie Wit abRic kr&Yik lE:BG)'?’;y‘Bresm or

‘of the spacer 12 and the dianeter of t he bri st es of
the like can be mentioned.

The diameter of the spacer 12 is arranged such that the outer circumferential
surface of the spacer 12 is about 0 mm to 2 mm inside from the chamfered surface 4 of
the silicon substrate 1, preferably about 0.5 mm to 2 mm inside when the spacer 12 is
inserted between silicon substrates 1 forming the layered structure 11. In this case,
although it varies with the thickness of the spacer 12 and the diameter of the bristles of
the brush, the bristles enter the region of the main surfaces 2 of the silicon substrate 1,
and then, the regions between the main surfaces 2 and chamfered surfaces 4 are polished.

Thus, the regions become rounded off.

In this polishing process, as shown in FIG. 7, the inner circumferential portion of
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the brush, the bristles enter the region of the main
surfaces 2 of the silicon substrate 1, and then, the

wo egromns3pbet ween the main surfaces 2 and chanfeeEIP2006/325310
surfaces 4 -are polished.: Thus, the regions becone
rounded off. In this polishi g process, as shown in
FIG 7, -the inner circunferential portion ofthe

o M AU 5 DR T4, Shrcaty. sion
12 I d f h , d :

SBRETELS $8, BBy B R e, o doera

st | A M RS 1 s L Smer, Mt 9% i

central aperture 1la of the |ayered structure 11 such

t hat Nitstheerolishimgclonstad8 idiinserteddntonthercentral aperture 11a of the

circunferential surface 5 of each silicon substrate 1.
layeped stretpt d | sach thhebnmtles $3d comtdut wéth thlinner dircusiferemited surface 5

by helically binding polyam de-based fibers which have ‘
ofaeach ailebR substraédOUt Fét &aniple, ta@ tRe BolRingthrish 33,29 8Hish made by

Immto 10 mm | ong can be used. Then, an appropriate

heB6AHBin@ing poBaRAdd-85ed Bibs Rl wiitiP RaveSa &i&fﬁl:%:? g 4tRdut 095 mm to 0.3
pol i'shi ng brush 13 by way of dripping, the i1nner

i LTI Ao 0L e SR o

AR I bR A P e e

.0 site.direction, fr.amone another. .|l n_addition, the

cirB SRl Sut oy St SMEY M aTaE S polisied hdhe palishing brush 13,

. exanpl e, about 60 rpm and the rotating rate of the

in qlsme@?xﬁm@ fprysh 10351,5 shitedaipaansl dowmpgaiast goleyerpdnstracture 11
3000 rpm Also, as shown in FIG 8, the outer '

whiler thglifase antates] impéher ppnpstié diteetiom frome dns tanothewr én kddition, the
is polished with a polishing brush 14. Specifically, a

rotghieg ratd 5f itk laysred tsedcturet bl ish orcexatmpd, abqera0upen, bha thé rotating
the 'l ayered structure 11; and the polishing brush 14

rate of fiegiodighiag diusht] 3tifdosenabipt€ abbutt10e0 epsh & 3000 rpm.
circunferential portion of the |layered structure 11

such Allfntasbeionwd @8 FiGasc oryd dater WikcmfddéntRY R tion of the layefed
circunferential surface 3 of each silicon substrate 1.

strE&{ueef(lam’;Bcﬁish@(ﬁw@thpé)F&lﬁmx{égb}ﬁgl&lslh‘. 1§pecﬁic%ﬁ§,ing{aiﬁc?§ is inserted
brush having a dianeter _
into the central aperture 11a of the layered structure 11, and the polishing brush 14 is
pushed against the surface of the outer circumferential portion ;)f the layered structure 11
such that bristles 14a contact with the outer cifcumferential surface 3 of each silicon
substrate 1.  For example, as a polishing brush 14, a cylindrical brush having a diameter
of about 200 mm to 500 mm made by helically binding polyamide-based fibers which
have a diameter of about 0.05 mm to 0.3 mm, and is about 1 mm to 10 mm long can be
used. Then, an appropriate amount of the polishing solution is applied to the polishing

brush 14 by way of dripping, the outer circumferential surface 3 of the silicon substrate 1

is polished with the polishing brush 14, in which the polishing brush 14 is shifted up and
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of about 200 mmto 500 mm nmade by helically binding

pol yam de-based fi bers which have a di aneter of about
w@203/0ms83 0 0.3 nm and is about 1 nmto 10 nmMPCDMPOEEILS310

be used. Then, an appropriate anount of the polishing

solution is applied to the pptishing brush 14 by way

of dripping, the outer circunferential surface 3 of

Adsaf apliy S0 SRR AL 11 B, UBVER Bty iR S8 Rppgily rection
d i nst. the,| d 1 1 whil ,
i R Py SR AR oG B, Si0F abf Tavered Sicsie 1 is, for

another. In addition, the rotating rate of the | ayered
xgpplfo ahpw ODLTAG, ane dhé gataling Bl SBRPOBSNAB brushkd B for example,
rotating rate of the polishing brush 14 is, for
abeyuRY M 9HH0 IO rpm to 1000 rpm After the
above-descri bed polishing process with the brush, the
mai n Afterftbe alsove-deseritled polishing prosedsswitlatie Hrust, chenmainesirfaces 2
with water, and are subjected to a first polishing
ofshegilicorhsubstrate $ targo@hdhel iwith Wwiterp atbarelsMbjetted td 2 fifs® PONhing step.
scratches and distortion remaining fromthe

THIS BYdt PUESHing S8 WehiflYl aRhOEPRARVe sbidtdhBEafd Bftoretl Le%iyixﬁﬂg from
step, a polishing apparatus for general use can be

th%‘ﬁnl%lqiquﬁgl‘-joon ?ﬁt?‘épﬁfisgg. € .h:? he\%‘g dli%ﬁiinﬂ%tgigé g%l'ls(ﬂ?hr% apparatus for

olloid SI Wi ter can

.. -ge&%r%?%sg%%g 'Bg gﬁ%é}g ?12&,%9 g%égagnepqg'gﬁ 2 §ﬁ@sg1%:%e %oiutg?atﬁ;@‘foé(’ial silica mixed

under the . follow ng,conditions.: The |oad.is abou 00 ..
willf Palss <28 bsgrte B i itk Py B Bieeta b Tiaim e, mof g silicon
Fate ?f t he d?_ press platen is about 40 rpm. )
subggatg {f g PgRe l\gﬁe% ¥ sxgpwie. yndersthe fallewing congigigns. 35The load is
rpm _the rﬁtatin rate of the sun gear is about 14 '
ab?b‘mo%ﬁfﬂcm €0.9% Neernn felative pesissurhy; thet eotatialg rgtsaef the down press
about 29 rpm Next,. the .silicon substrates are washed
platen fs aboutrdOafpney rotdtimgf fates bf el spher nyesst wptenainchbout 35 rpm; the
subjected to a second polishing step (finishing ,
rotatihg sdi¢ nfjjhetsanlpear israbsield) rphf) ahbithe fRetHpCrafROdf thOiMtemal gear is-
step, for exanple, a liquid m xture of colloidal .
abéutl29G@mand wat er can be used. In the second polishing
'step, the main surface 2 of the silicon.substrate 1

can Bgxt, the silicon substrates are washed with water after the first polishing step,

and subjected to a second polishing step (finishing polishing) to be finished. In this
second polishing step, for example, a liquid mixture of colloidal silica and water can be
used. In the second polishing step, the main sufface 2 of the silicon substrate 1 can be
polished, for example, under the following conditions. The load is about 100 gf/cm?
(0.98 N/em? (relative pressure)); the rotating rate of the down press platen is about 40
rpm; the rotating rate of the upper press platen is about 35 rpm; the rotating rate of the
sun gear is about 14 rpm; and the rotating rate of the internal gear is about 29 rpm.

Next, after the second polishing, the silicon substrate 1 is subjected to ultrasonic

cleaning, for example, by soaking in each of washing tanks filled with a neutral
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pol i shed, for exanple, under the follow ng conditions.
The I oad is about 100 gf/cm (0.98 NcnR (relative

wee@3swss) ) ; the rotating rate of the down preBST/ph20@s25310

is about 40 rpm the rotating rate of the upper press
platen is about 35 rpm the t®tating rate of the sun
gear is about 14 rpn1 and the rotatlng rate of the

b f h
SRS S NBAL oL TS AT 0880 o e

trasonj c cleanlng, for_exanple, by soaking in each
(S%?mvﬁg jn ¥d¥fks filled with a neutral detergent; pure

water; a ntxture of pure water and I PA (iso
al col®l ycondurding pihe( 3bygriesstihedg Pracasses.d &yv Xescrlbed silicon
conducting the above-descri bed processes, the

subgieaje 1 dreegze dwained, lin odrichs thsseki-gunep Valwarfidbis £l mad the roll-off
in which.the ski-junmp value HO is HO < 0 mm the

vahuel Hy & H, ¥yab2euhiand Hy 000u8; tntagrdfftialue 19, B M® 0t )8 and H; <
tag-off value His H2 > 0 nmand H < 0.012 mm the

0.612 uefl thellchpRdSsuffadése7 Rir® \Préiadedd BEMRER thd) %dﬁﬂ'sﬁrfaces 2 and the
surfaces 2 and the chanfered surfaces 4; and t

chﬁhﬁféf@ﬂ Wirade@d! Wsd Rlleur\HfﬁeC}H&M? ® StHhERGRRd. sufﬁcég 7>IS R > 0.013

nn1and < 0. I'n the present invent
nﬂ%ﬂh than the above descri bed net hod of
pol1s |ng the outer circunferential surface of the.

nsca 50 BRGCAETrayp b SR Hisd h oo vdraer P dhethod of

| e of the .outer circ erenfial. portion of the
P°§h't he g %Hs“t"i‘& ergntigl ﬁﬁgf?@t frﬂ}ﬁ‘a siligyn mibslEata J hepsinga polishing

magneti c di sk (magnetic recordi ng nmedi um using the

bryghosas. breyted; %éen&ag ey eangachiieve uge taba‘teedqsgrﬂeeﬂmgrapﬁ @ the outer

The magnetic di sk -of the present. invention includes at
circumarentiahpestioniof theestlinonisnbstiateybr f or med on t he

above-descri bed di sk substrate. That is, the nmagnetic
(magmdticalisk)he present invention uses the above silicon

substrate 1 having the

Hereinafter, a magnetic disk (magnetic recordmg medium) usmg the-

above-described magnetic disk substrate is explained.

The magnetic disk of the present invention includes at least a magnetic

- recording layer formed on the above-described disk substrate. That is, the magnetic

disk of the present invention uses the above silicon substrate 1 having the
above-described shape of the outer circumferential portion, and there is no limitation to
the structure of each layer such as the primary coat, the magnetic recording layer, the
protective layer, the lubricant layer which are successively layered on the silicon
substrate 1; the method of forming each of the layers; or the like as long as they do not
substantially hamper the effects brought up by processing the outer circumferential
portion of this silicon substrate 1 to the above-described shape.

For example, with regard to a magnetic disk shown in FIG. 9, a primary coat 21
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above-descri bed shape of the outer circunferentia

portion, and there is no limtation to the structure
wm@boogards3d ayer such as the primary coat, the nBgnEr2065/325310

recording l.ayer, the protective layer, the |ubricant

| ayer which are successivelyl9ayered on the silicon

substrate 1; the nethod of form ng each of the |ayers;

ofoCriae ﬁﬁéﬁﬁ*ti??rek&rdgﬁ?ga&gﬂ% de GQérP?ﬁPS&?d“;pi@héeﬁ’ve Jayer 23 of

hanper the effects t up by procéssin ou

' r tal portion of this silicon. substrate 1 to .
Pl B prel skl oD G ol SR ' (B ot seribes
.@ magnetic djsk shown in FIG9, a primary coat 2 lof .
ﬂ%%ﬂﬁ%@%d cO¥ iSHiedi angniing Wpe 2 spuliering chpRataius qq the like, a
.protective |ayer 23 of hydrogenated carbon are
liquid-ubgispntdlpyer) 24y efr pertlaeropelyether isckurther fommed thereon by way of the

above-described silicon substrate 1 by using a
dipping meethado @nd this tie obtaiped by subjeosng thet silécani dubstrate to a burnishing

[iquid-lubricant |ayer 24 of perfluoropolyether is ‘
trebtmé @sing arlagng tipe.con by way of the di ppi ng nethod,

and this is obtained by subjecting the silicon

substrate to a burnishing treatnent using a | apping

tape. | NDUSTRI AL APPLI CABILITY In the magnetic disk

using the above- degpydARIAL APSIAC ABPFFYate 1, the

present invention can prevent the materially fragile

e pi SRR B b T BARA e SRIR, Pl 1" resent

586 P BT BB S 4TS o lfchiin

f-ram the | gpping tape when the | apping tape contacts )

as Weﬁr?stnﬁ%veaﬂieg thegeperatipplcthe dysts Hb&*@ ipsRress ofnraduging the magnetic
.Substrate 1 in the above-described burnishin

disky e dihatelst thepiesent iyentipndan ipsevisnithe gen¢ratiemeof 3rst &am the lapping
prevent the particles fromadhering to the surface of

tapeHwshenadia dapningliapk comtacts mdihnthe yuter kercymdrehtiaf portien of the silicon
production of the magnetic di sks can be inproved; the

subgtraeer dt irnise abowr-descsbedhbarishirgs ieftghent, drde alsbk@nd the present-
during the periods of reading or witing can be

inyeheve Rhe prevead tHehgarli vy Ai;rbw Sdhebiap 36 tthOburkte JTaEPfhdghetic disk.

a . :

‘head can be achi eved.
Accordingly, the yield of the production of the magnetic disks can be improved; the
generations of errors, head-crashing or the like during the periods of reading or writing
can be prevented; and the low flying height of the magnetic head can be achieved. Asa
result, the magnetic disk of the present inventioh can be compatible with the required
higher recording density. Therefore, the silicon substrate and the magnetic disk of the

present invention are highly applicable to various fields of technology such as the IT

industry.
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result, the magnetic disk of the present invention can

be conpatible with the required higher recording
walennsiotag3s Therefore, the silicon substrate andp¢ti@2006/325310

magnetic di-sk of the present invention are highly

applicable to various fields2@f technol ogy such as the

I T industry. CLAIMS 1. A magnetic di sk substrate which

uses a silicon substrate, @@g?@gn chanf ered surfaces

are provided between main surtaces and an outer

circunferential surface of the silicon substrate; a

ski-junp value H where HO < 0 nm representing a

di stance from.,g basal level to a point A; a roll-off
Lval u Hag{)\%’é’;géﬁ?{“%ﬁr@te .“gu‘ii\ﬂsﬁ%l SIHEOQS@SUaWhereiH
representing a distance fromthe basal |evel to a
poi ntChﬂIFl,fef%dg t agfases aral pwvidedwiherweep maip surfagesd ddd<an outer
0.012 mm representing a nmaxi num di spl acenent of a
citsomdlrential merfage afitlee sihcam mibstfage with respect to a line
A to A2; curved surfaces are provi ded between the main
sur f acsksjunslvilne HgviieteHe e Osjuhf ﬁgﬁﬁéntﬂigdi distahbdeMAdi ADasal level
radius R of the curved surface ere R > 0.013 nm and
to R poiflAJ80 mMm where the basal level refers to a flat
surface of the main surface; the point Al refers to a

2o I RO k0, 39 8n LT, ) s g g

-ﬁdrﬂtlierb%sé’lil&%‘ﬂé on ifn[gm the outer circunferenti al
. sur a ce

ace'to er.'gf the substrate parallel to t he

basal | evel.; the point efers to posi tion present .

o ettt valiE HE Sfere (1 od m it B P 012 i rSpresenting a

Locatq? qt a point displaced by 1.6 mmin_the : )
maximum displacement of a border line of the main surface with respect to a line A, to

Ag; |

.cu'rVed surfaces are proyided between the main surfaces and the chamfered
surfaces; and

a curvature radius R of the curved surface where R 2 0.013 mm and R < 0.080
mm, where | |

the basal level refers to a flat surface of the main surface; the point A refers to a
position present on the border line of the main surface, which is located at a point
displaced by 1 mm in the direction from the outér circumferential surface to a center of
the substrate parallel to the basal level; the point A, refers to a position present on the
border line of the main surface, which is located at a point displaced by 1.6 mm in the
direction from the point A, to the center of the substrate parallel to the basal level; and

the point Aj refers to a position present on the border line of the main surface between

the points A and A,, which is located at a highest position with respect to the basal level.



direction fromthe point Al to the center of the
substrate parallel to the basal |evel; and the point

WA efmBSs t o0 a position present on the borderpP¢T/nR0ad325310
the main surface between the points A and A2, which is
| ocated at a highest positiopiwith respect to the
basal level.2. The magnetic di sk substrate according

| 4 :8) | 2:0f f | H., is HL
e L ST TR e S
R D N T S

i ch uses the magnetic di sk substrate according to
0. gpm, and thexurvature radius R is R > 0.030 mm and R < 0.070 mm.

3. A magnetic disk which uses the magnetic disk substrate according to claim 1 or



