WD 2006/ 016634 PCT/ JP2005/ 014708 DESCRI PTI ON Sl LI CON SUBSTRATE FOR MAGNETI C
RECORDI NG MEDI UM MANUFACTURI NG METHOD THEREOF, AND MAGNETI C RECORDI NG
MEDI UM TECHNI CAL FI ELD The present invention relates to a silicon substrate

for a smalWON¥DIAEdnetic recording medium which is usé&Ta82HSPELEY di ng
medi um for information-processing equipnent. Priority is clained on
Japanese Patent Application No. 2004 234366, filed August 11, 2004,
Japanese Patent Application No.2005%-122175, filed April 20, 2005, and US
Provi si onal application No. 60/603, leuﬂ‘éh’ August 23, 2005, the content
of which are incorporated herein by ref erence. BACKGROUND ART As the range
of information equi pnent has expanded in recent years, the nenory capacity
of magnetic recording nmedia has continued to increase. Especially, nagnetic

di scs whi ch pl ay ILEONSUBSTRAEBE FOR BMAGNRAIC RECDRDIG MEPNIM[ S, i ncrease
their nenory capacity and rrermry density year by year However, devel opnent

is required in order t Eq?ﬂfq) . For exanpl e, due
IQ[A[%ﬂtJ) +imeg@erj&lrsona conmpu AND ‘

to the devel opnent of type pe ers and pal mtop
personal conputers, a small ﬁﬂ—g& nt recorder is
desirabl e. Therefore, a srraMSAélng E&W@%ﬁh@ medi um t hat enabl es
hi gher density recordi ng and has great nechanical strength is WO 2006/ 016634
PCT/ JP2005/ 014708 2 desirable. Furthernore, in recent years, submniature
magneti c recordi ng nedia have been used for sone navigation systens and
portabl e nmusic reproduci ng units.TECHNICAL FIELD
The present invention relates to a silicon substrate for a small size magnetic
recording medium, which is used as a recording medium for information-processing
equipment.
Priority is claimed on Japanese Patent Application No. 2004-234366, filed
August 11, 2004, Japanese Patent ApplicationNo.2005-122175, filed Aprii 20, 2005, and
US Provisional application No. 60/603,272, filed August 23, 2005, the content of which

are incorporated herein by reference.

BACKGROUND ART
As the range of information equipment has expanded in recent years, the memory

capacity of magnetic recording media has continued to increase. Especially, magnetic
discs which play a major role as the external memory of computers, tncrease their
memory capacity and memory density year by year. However, development is required
in order to perform higher density recording. For example, due to the development of
notebook type personal computers and palm top personal computers, a small sized and
impact resistant recorder is desirable. Therefore, a small size magnetic recording

medium that enables higher density recording and has great mechanical strength 1s



Heretofore, a materials including an alum num all oy, an al um num al | oy
having a plated |layer of NiP, or glass substrates, has been used as

substrat e@({ﬁbwmgﬁetl c discs, serving as magnetic recop W@hf’ﬂs
However, al um num al |l oy substrat es have poor wear resi stance an ow

wor kabi | ty, so a NP plating is appl i to an alum num substrate in order
to conpensate for these drawbacks. er, the alum numalloy having a Ni P

plating | Qughpidgf &Hﬂgu“ e, g, ffilrbdeht a?s ﬁ:a‘nﬂe?ﬁ}% eﬁcht%}fo 198&15’115@:’3' ly, they

may be magnetlze g hrg enperat ure process, o fort

Furt hernore S substrates ve a probl.emin that, a | ayer of stress
occurs on bfﬂte'%&a PioeJiavigaHoy Fy mrand H‘B@ﬂ?]ﬂ‘i’b"sfc ermslPP&ﬁb‘%ﬁ%ni ng, and the
conpressive stress formed on the %I ass substrate, so that the gl ass
substrate is edlsretgfosnanateinlninehidinganaluysinug alldysamalymeepm FiHOBt yiRgae of a
subm ni ature magnetic recordi ng nediumof | inch (25.4mo) or 0.85 inch
(21. 6MDO) plaredlaperaifNiP, arapiasslsabstates,dme bekmgped s bitgiratde ieimagnebeddtsg of a
substrate is a catastrophic defect. For a substrate of a subm niature

magneti ¢ reGHHsRshe ngl‘?tgf'etdfﬂdn?g HEdig" H@tne{/e? gﬁﬁf!ﬂlﬁl@hﬁO} Qdktrhes hdlepoodi fficul t

to be deformed by external force, that has a at surface, and on which a

uee s i1 rEarrSbher BEo-CRRRBIL R I?P@tfaém PRR iR bR BR Covi ce

substrate, as a nmagnetic recording nedium (for exarrpl e, refer to Ja anese
Unexani nedn prlee o compsnsasefar dhese prawbacles, tiqviayer, she algmiman 2oshavings N

crystal silicon has a ot of nerits, such as a | ower density, a hlgher
Young' s npdatingdayea tie:newinhas stillitdrat%hclemdmﬂmy canbéiid edsdnttheyamdy bet t er

el evated tenperature properties, than alumnum and is electrically

conduct i venaghb@seal @irthg High te'ﬁupe%ﬁbb%&% &S & RS FuahenitRE C%lés@' ubsdfated
magneti c recordl ng rre(% um Moreover, thé V\D 2006/ 016634 PCT/ JP2005/ 014708 3

smal | er tplé ?%prrgff%mm tLaturIéUbStfrfagsrs Of:éur? @%e?s rttaie tHP?S’\ Jfgﬁ'ﬁ]?e%nngr}dr thus it

is possib i'hg Fdor dme Silicon

substrate is used.
strengthen?ng, and the compressive stress formed on the glass substrate, so that the glass

substrate is easily deformed when the substrate is heated.

In the case of a submimature magnetic recording medium of 1 inch (25.4mm®) or
0.85 inch (21.6mm®) in diameter, capable of recording at high density, bending of a
substrate is a catastrophic defect. For a substrate of a subminiature magnetic recording
medium, a material is desirable that is thin, difficult to be deformed by external force,
that has a flat surface, and on which a magnetic recording layer can be formed easily. (

Therefore, it 1s proposed to use a silicon substrate, which is used frequently as a
semiconductor device substrate, as a magnetic recording medium (for example, refer to
Japanese Unexamined Patent Application, First Publication No. 06-76282).

Single crystal silicon has a lot of merits, such as a lower density, a higher
Young’s modulus, a smaller thermal expansion coefficient, and better elevated
temperature properties, than aluminum, and is electrically conductive. Therefore, it is

desirable as a substrate material for a magnetic recording medium. Moreover, the



Normal Iy, in order to manufacture a substrate for a magnetic recording
medium firstly, a single crystal silicon ingot is produced using the
Czochral ski nethod. Next, an open hole is made in its center, and then it

i s sliced W8 28064166kt er ni ned t hi ckness. The sliced dougMSdfFeMARL%%i sc is,
for its use, finished to a mrror surface by chanfering its central hole
and the edge section of its outer periplery using a grinder or the |like, and
then | apping and polishing the front and back surfaces, the outer peripheral
edge face, smaher thadiapienpbe suhstiaieothe losyerdhe ipractiorees and Hs éfris Rossiie ohe
silicon substrates is fragile, there is a problemin that while they go

t hr ough t henakbederabésmagrizad revandifigdéwicd evgnpf opbssesibstatadkssednd chips are
"produced easily. |If cracks or chips are produced, not only does it cause a

reduction in theornglid iQbrdP@NBEAFAdIRE A SibRentéRA aandghet AcbMing@ediBR al so
the particles produced cause errors during recording and reproduction, and

‘cause cras 0 tihc h | : I e ctiQn. In
order to obtans shplTaRT s Rol ity RAirb AR RE I A R NeRPan
materials t with no cracks or chips, .a nethod is proposed ipn whi t he

chanf er an@Per bleismadeindis cenfer, iamhﬁrep o S{Iﬁ‘-‘g tparodeferinined tyckagte Sibst r at e,
and the outer periphery of the substrate, are greater than or equal to 20
degr ees andlitalstoughmn-sbapeddfisslis,tfor isusdefinicksl to amsirtoh eurdivaryehamfesmgtits i s

made greater than or equal to 0.03mm and | ess than or equal to 0.15mm (for

exanpl e, r ebgalthele MR INESR e WRRNABf NS duiRAp&ildheAPRin L 2 Hider of tHedikePatldl i cat i on
No. 07- 249223). By form ng substrates wth the above-described form

v oppi g drARRRE B e Eine (RbERT SIOL ERLES: A bRt B

manuf acturin ield. s inproved significantly. W 2006/ 016634
PCT/ JP2005/38 Alge(fgxam TGt UM¥er nore, regarding gl ass substrates, in order to

achi eve high density ) . ) ) ) )
Since the silicon material of the silicon substrates is fragile, there is a problem in

that while they go through the above-described manufacturing processes, cracks and
chips are produced easily. 1f cracks or chips are produced, not only does it cause a
reduction in the yield of magnetic recording media manufacturing, but also the particles
produced cause errors during recording and reproduction, and cause crashes of a
magnetic head during recording and reproduction.

In order to obtain substrates for magnetic recording media from fragile materials

( with no cracks or chips, a method is proposed in which the chamfer angle of the inner

periphery of the central hole of the substrate, and the outer periphery of the substrate, are
greater than or equal to 20 degrees and less than or equal to 24 degrees, and the chamfer
length is made greater than or equal to 0.03mm and less than or equal to 0.15mm (for
example, refer to Japanese Unexamined Patent Application, First Publication No. 07-
249223).

By forming substrates with the above-described form, cracks, chips and the like,
on the substrates, caused by handling or dropping during the manufacturing process, can

be reduced. Thus the manufacturing yield is improved significantly.



recording, it is devised that the magnetic head floats nore cl osely above.
the magnetic recording nmedium and the nethod of recording and reproduction

i s being adually fromthe contact start stop to the
ﬁftf{bﬂﬁﬁ‘wg?{] ﬁ@ﬁ@zo?]&:ﬁ%

| oad and unl oa od (ranp |oad nethod). These recordi ng and reproduction
met hods al so require substrates with high installation reliability, that
have no errors during recording and repﬂoduction, and no crash of nmagnetic

heads during recopdi and repr i Fqr .rat.e .t .satisfies this
by ect. a supstngremdePiplERa R M Bod RCR N B it
radi us of greater than or, equal to 0.Q03 and less than 0.2mm between at

| east the rgﬁg&ngagégd@wlsqdﬁbﬂéb%gipglaqtlgq]e%ng]patgmj}r%f}pg:{ly pRyveshemagelC,a Ny t he
chanfer section, or between the main surface of the substrate and the

chanf er saetdrding nfefdium candrti metheflef racording anbrspradnetianis heisg Rhangad
Application, First Publication No. 2002-100031). Using this substrate, it

i's possi blgaduallplfiont the@ofRENWRAr Stop ECIS X th&GodRIthb 10adiahl unidia@ etislt @mg@t | on
reliability, with which there is no error during recording and

reproducti I 2 i i : i d

r epr oduct ilgélh. m%g?;}fes%g%afrgg}é ‘}’}Fj i ] ggg@;@;ﬁ&gﬁ%ﬂ@ %g%ﬁé%fgsﬁégﬁgw I'rst

Publ i cati qn No. i, 06-76282 at ent Docynent 2] Japanese Pat.ent

Appl i cat i gHegh Gisiellgtionslinbii, Hiat Reve Mcarrapy g HuEts BN FEPTPRRBr A2
Japanese Patent application, First Publication No. 2002-10031 DI SCLOSURE OF
| NVENTI ON deashenfenagnsiicnbeads diniimgprecendivgt andtreproduationr agi | e, with substrates of
the shape disclosed in Japanese Patent Application, First Publication No.

Hei 07-249223 i a shbfiaiiethat fBabhatthRpb)dct atsubstrates psdpobitbihbCiatensiiedd .
2002- 10031, the substrate edge faces are nounted in substrate receptacles -

PCT] 1P2008 DA DL & AR & Eee PR LAl ool in S KO B B bt r at es

due to s hogel%\gee%uz{t ile%gt tE’ltI;, %(ri]gsep ﬁ?ur:és’ of the substrate inner and outer peripheries, and the
chamfer section, or between the main surface of the substrate and the chamfer section
(for example refer to Japanese Unexamined Patent Application, First Publication No.
2002-100031).

Using this substrate, it is possible to obtain a2 magnetic recording medium with
high installation reliability, with which there is no error during recording and
reproduction, and no crash of the magnetic head during recording and reproduction.
[Patent Document 1] Japanese Patent Application, First Publication No. Hei 06-76282

[Patent Document 2] Japanese Patent Application, First Publication No. Hei 07-249223

[Patent Document 3] Japanese Patent application, First Publication No. 2002-10031

DISCLOSURE OF INVENTION
However, since silicon substrates are {ragile, with substrates of the shape
disclosed in Japanese Patent Application, First Publication No. Hei 07-249223 and
Japanese Patent application, First Publication No. 2002-10031, the substrate edge faces

are mounted in substrate receptacles in a process cassette. Therefore, chips occur on the



and particle contam nation occurs fromdebris of silicon powder produced by
rubbing against the process cassette, causing defective nagnetic recording
medi a products to occur. Therefore, an object of the present invention is
to provi deVQ 286434t e, which even though it is a silicl&TSHBYSOMB of a
fragile material, is not prone to chips being produced on the substrate
edge faces or cracks on the substrate, and to provide a substrate shape

t hat can prevent eblsfro eln odu d fromthe suybstrate edefaces
and pr evenfUosialssoge aic‘ésfﬁ’lﬁ!éir?‘f% 19Bé SV?}BHT]WQIO%%‘? Jurigg Gagsp

cassette. In order to solve the above descri bed problens, the foll ovm ng

i nvent i ons aed partiplesontgmanation peeurs frpmcishris absitieen EO‘Y@F pepdiseshlex Tubbmegc or di ng
‘medium in which there is provided a chanfer section between a nain surface
of the subagiiasteheprdean cadge, tasmg defedre maghdie redgéing avsliapddodiatd er
section of the substrate are of mrror finish, and a curved surface with a
‘radi us of gggpter than or equal to 0.01 mmand less than 0.3mMmis

i nt erposed between the main surface of the substrate and the chanfer
sections; (2) a-.Silicon netlc [ ordl ccordlng
to (1), wherei nTthﬁFéfoc,[ﬁ’aﬁrr‘foi’t‘ec:?g{e@FP eﬁe%é?‘(/\gg e PR ‘E& qsgé hlﬁﬁleﬁe edge
face is on an outer peripheral side of the substrate 3) a silicon
substrate fRugh iniagrdicpe sytstiate of Adragdematariab dore; PAgnerte cgwf beingprgducedher ei n
t he chanfer sections between the main surface and the edge face is on an

i nner  per iophbe aibstsate edgef fatdser staoks orathe sufstiateq asd {o provids ulssbstmtesshhpe a
magneti c recordi ng nmedium according to any of (1) to (3), wherein a |length

of the chankficaspelifRebss fofdDein@ frodRBATron( ht sdbshralel @ XU ThA PrSechtOr a
magnetic recordi ng medi um according to any one of (1) to (4), wherein the

silicon subgpsapcy bsnagd)ggcﬁﬁeaﬁgm@w@fnrsagmvegsm gireular hole in the

center, I menst accuracy o he circular hole in

LEAUEREAL e N E R ARG T A ARy i
provided: (1) a silicon substrate for a magnetic recording medium, in which there is
provided a chamfer section between a main surface of the substrate and an edge face,
wherein the edge face and chamfer section of the substrate are of mirror finish, and a
curved surface with a radius of greater than or equal to 0.01lmm and less than 0.3mm is
interposed between the main surface of the substrate and the chamfer sections; (2) a
silicOn substrate for a magnetic recording medium according to (1), wherein the chamfer

( section between the main surface and the edge face is on an outer peripheral side of the
substrate; (3) a silicon substrate for a magnetic recording medium according to (1) or (2),
wherein the chamfer sections between the main surface and the edge face is on an inner
peripheral side of the substrate, (4) a silicon substrate for a magnetic recording medium
according to any of (1) to (3), wherein a length of the chamfer section is 0.05 to 0.16mm;
(5) a silicon substrate for a magnetic recording medium according to any one of (1) to (4),
wherein the silicon substrate is a disc-shaped substrate with a circular hole in the center,

and a dimensional accuracy of a diameter of the circular hole in the center is within

+20um; (6) a silicon substrate for a magnetic recording medium according to any one of



(1) to (5), wherein a surface roughness of the edge face and the chanfer
section is less than or equal to 1 mRmax; (7) a silicon substrate for a
magneti ¢ nReAbdlgigksiedi um according to any one of (1) tgd@raidsiBEn a
surface roughness of the main surface of the substrate is |less than or
equal to I Orun Rmax; (8) a nethod of ma%ufacturi ng a silicon substrate for
a magnetic recording nmedium conprising: a process for imersing a disc-

' Ei%taesuﬁfraéé‘m%g&ie%b’f @RE B fick And I ch&RE& sedtidnds R | shi ng

shaped Si 1 {19%0(S) R :
liquid containing free abrasive grain, and polishing an outer peripheral

edge face agnd/or an. i.nn eriLpher. f-ace he_si k. strate by
rolling coﬁ\aﬁg(ﬁewar ngnbe%wg’é’ﬁpg%%%ns%u%gﬁéf fgr arr%‘% %%eég?%@rhgg%gmri ng a
silicon substrate for a magnetic recordi ng nedi um accqrding to (8),.. wherein
the poli shiSsgrdne0asy asg of Elmw ), Wherema suffee ronghness oh thegndp suHaceof ths ¢ or med
after chanfering the inner and outer peripheries; (10) a nmethod of

manuf act ur subgtrate $§ lesscthan osequat wdemf Rmax (Fhgnethod of acombichgingediilivonaccor di ng
to (8) or (9), wherein a brush made from polyam de resin is used as the

above- descgith@ste Bt 4 mbhm@ic PEdsrding MRBiutml EdhmprisivR IR BiokEssTOCIRrHe it AR M
conpleted by formng at | east a magnetic |layer on a main surface of a

silicon su . 0 tic i i ol 0 .one of

(1) ton 5y SbEbReo BB AR drclBF RORUAR: FERHMTARTIHL MulQofinifee O
magnetic recording nediumin which chanfer sectiaqns ar rovi ded. het ween
the main SHes Arasiis graph and pefishingaacoutes peripheral golge fagean ok an EH’QéP?'Hg@Ea and

the chanfer sections of the substrate are of a mrror finish and a curved
surface of edgedatecof thdisilicor substoate by coling®dontant avith 2 pelishingadmush) (Bramethdd us i s
i nterposed between the main surface and the chanfer sections of the :

substr at e. offfaamdgh@nsngd HeilicONRIbLStrat féremagHesit rédotdiag tedimwidtordilgtoc@yer s of
the substrate do not chip off, there is no occurrence of particles fromthe

substrate, “ﬂgféir%p Pb;ﬁ%ﬁi%@f%sﬁ Bpir(r)]gn%‘g@ﬂtgb?twﬁm%&isﬂ%%%%?@ff&ﬁn&ﬁﬂ’te}?e

prevent ed. nce | e to reduce the 200

PCT/J PZOOS{:Ea% elqgg th7e inner and outer peripheries; (10) a method of manufacturing a silicon

substrate for a magnetic recording medium according to (8) or (9), wherein a brush made
from polyamide resin is used as the above-described polishing brush; and (11) a
magnetic recording medium completed by forming at least a magnetic layer on a main
surface of a silicon substrate for a magnetic recording medium according to any one of
(1) to (7).

According to the present invention, in a silicon substrate for a magnetic recording (
medium in which chamfer sections are provided between the main surface and the edge
faces of the substrate, the edge faces and the chamfer sections of the substrate are of a
mirror finish and a curved surface of greater than or equal to 0.01mm and less than
0.3mm radius is interposed between the main surface and the chamfer sections of the
substrate. Therefore the corners of the substrate are smooth, the comers of the substrate
do not chip off, there is no occurrence of particles from the substrate, and debris from

rubbing against the process cassette can be prevented. Hence it is possible to reduce the



rate of defective nmagnetic recording nedia occurring, and prevent errors
occurring during recording and reproduction. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a cross-sectional perspective diagramof a silicon

subst rat e WOr20%/01a8dnet i ¢ recordi ng medi um of the presentPGTAFRMSBHOSF| G 2
is a diagramto explain the dinensioning of the parts of the silicon
substrate for the magnetic recording mediumshown in FIG 1. FIG 3 is a

di agram showi n n enl arged outer percjr@heral, sec(ﬁ'i on of the silicon

substrate 8¢ otdrdeqtiygmagneng eeeidiefaeditOruRing: apd BreyYFRISErs 95UEHE on shown
in FIG 1. FIG 4 is a diagramto explain a nethod of neasuring the radius
R of a cur detng seefdingendFei@odectios. a di agram showi ng part of a stack of
"silicon substrates used in the present invention. FIG 6 is a diagramto
explain a nmethod of polishing the inner periphery of the central hole of
the silicon substrates using a brush. FIG 7 is a diagramto explain a

‘met hod of polishing the ¢CRPTIONOF ThE DRIAWRARsSubstrates using a
brush. BEST MODE FOR CAR%!}II%E%' THE TNVENTI ON Hereunder is a detailed

description of resent invention. FIG. | is rspegtive.view of a
Sectt oned oi |1 cEROsLBanTaRsRRLpesrEY Eeermincel R EHRR oFar ot o e,
FIG 2 is a diagrami]llustrating each of the di mensions WO 2006/ 016634
PCT/ JP2005 nopaqiggrec@dins mmu@iqf%mesgamwam-for a magnetic recording
medi um of the present invention as shown in FIG 1. As shown in FIG 1, a
silicon substraféG)?2 fsardiggraman ekplainrteedintinmigningaif whis darisf the silicon

substrate for the magnetic recording medium shown in FIG. 1.

FIG. 3 is a diagram showing an enlarged outer peripheral section of the silicon
substrate for the magnetic recording medium of the present invention shown in FIG. 1.

FIG. 4 is a diagram to explain 2 method of measuring the radius R of a curved
surface.

FIG. 5 is a diagram showing part of a stack of silicon substrates used in the
present invention.

FIG. 6 is a diagram to explain a method of polishing the inner periphery of the
central hole of the silicon substrates using a brush.

FIG. 7 is a diagram to explain a method of polishing the outer periphery of the

silicon substrates using a brush.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereunder is a detailed description of the present invention.
FIG. 1 is a perspective view of a sectioned silicon substrate for a magnetic

recording medium. Furthermore, FIG. 2 is a diagram illustrating each of the dimensions



formed from a doughnut-shaped disc. On the front and the back of the disc
there are nmain surfaces 2 and 3 for making nmagnetic recordi ngs. Quter

peri pher ahygBaitfostsss Sections 5 are forned between the maipgrephdodpesog and 3
and an outer peripheral edge face 4, and inner peripheral chanfer sections

6 are fornmed between the main surfaces % and 3 and an inner peripheral edge
face 7. Each of the nmain surfaces 2 and 3, the outer peripheral edge faces

4, the inngfihe Bifks doordiRE nRHARE oPBE pPRBEahvaIiBAREr Sections
5, and theﬁ{tn%gi;%%g??%ﬁetfgﬁ%rghgﬁgrr ogécltf?ons 6, 0i S Eg‘%}i lgthe‘clll to g mrror

surface. Fl,hrotwrrllel;1 ¢'e in the silicon substrate for a magnetic recording
medi um | of the I]EE eSent invention, curved surfaces wth a radius R of
greater than or equal to 0.01 mmand, |ess than 0.3mm are fornmed at the
intersections of\S§  FHGs iy 2 gilieen Sz‘bétﬁﬂeéf%rfﬂ"‘@ﬁ'é“@d?‘é’r’dmﬁ@?qdﬂﬁ%jé? chanf er
sections 5, and the intersections of the main surfaces 2 and 3 and the

i nner per i fomeed froohaddughnstestiapehdis6 . OBthedrantiadd thy takk of thevdést there fasces

descri bed above, the coner sections of a silicon substrate of a fragile

nmaterial d@aiChur@eds CHHIPRE mdkHiSmESLHE rRerdiNg. e peeRa@apéhagiiens,
defective magnetic recording nmedi a products caused by particle contam nation

due o deBinPt BUYGEH ML WINLORAOGIAS, £ IR PLACERSSARDRRLE o] (e

occurrence ol e recording and repro sttows t he

di rensions_of each of the parts qof the silicpn sybstrate for. a _Jmgnetic
recordi ng FSEIfu#RdaNRRT P@Hahfa?leévéw?eqsww OGHe quﬁleagét“fqeﬁﬁ?eépalfbsﬂgﬁ‘ifggs t he
outer dianeter of the substrate, d denotes the inner dianmeter of the
substrat e ewhi ard atipher, peTipherahedgedacene t hi ckness of the substrate, and L
denotes the length of the chanfer section. W 2006/ 016634 PCT/ JP2005/014708:

9 Tabl e | showsEath itheilain sikfab®aBandeI e ut@fpegiphtrabddge fsces dcthe omser of a
silicon substrate for a nagnetic recording nedium being an object of the

present i NY&HHeR eddtSfaSECMhe Sliter peripheral chamfer sections 5, and the inner peripheral

chamfer sections 6, is polished to a mirror surface.

Furthermore, in the silicon substrate for a magnetic recording medium 1 of the
present invention, curved surfaces with a radius R of greater than or equal to 0.01mm and
less than 0.3mm are formed at the intersections of the main surfaces 2 and 3 and the outer
peripheral chamfer sections 5, and the intersections of the main surfaces 2 and 3 and the
inner peripheral chamfer sections 6.

By providing the curved surfaces described above, the corner sections of a silicon (
substrate of a fragile material do not get chipped, thus reducing the occurrence of chips,
defective magnetic recording media products caused by particle contamination due to
debris produced by rubbing against the process cassette, and the occurrence of errors
during recording and reproduction.

FIG. 2 shows the dimensions of each of the parts of the silicon substrate for a
magnetic recording medium 1 of the present invention. In the figure, D denotes the outer
diameter of the substrate, d denotes the inner diameter of the substrate central hole, T

denotes the thickness of the substrate, and L denotes the length of the chamfer section.



Table 1, for a substrate of 0.85 inch to 3.5 inch dianeter, an appropriate
radius R for the curved surface is 0.0lmmto 0.3nm [Table 1] Units: mm
Substrate Substrate outer Substrate Substrate Chanfer nom nal dianeter
circul ar hEP2W4ERdess section I ength Inches (D) inner F&TARRYSOI{T9E ()
(dy 0.85 21.6 6 0.381 0.07 1 27.6 7 0.381 0.07 1.89 48 12 0.508 0.12 2.5
65 20 0.635 0.15 3.3 84 25 1.27 0.15 35 95 25 1.27 0.15 FIG 3 shows an
enl arged di_ agram of the outer peripheral section of the siljicon substrate
for a magndeble lrshews an sxpmrle plimeasugamenteofsagh ahthe sestions pba silivppshsirae

peri pheral chanfer sections 5 are formed between the main surfaces 2 and 3
and t he oufwra mpgnetip heoaling gdiufrabeing anobjebteofghd present snMgsatiomt &s $hownain
‘magnetic recording nedium| of the present invention, and curved surfaces

with a radimlsle!?, e aBaERE of N@NirRA t&sl.!sahchtcﬁarﬁet@tl, amippr@fifiatls%diui Rasy the 3nm ar e
formed at the intersections of the main surfaces 2 and 3 and the outer

‘peri pher al ' . thernore, simlarly, curved surfaces with
a radius chﬁggggg%cgﬁgﬁ'ﬂgﬁ&oéoégﬁua to 0.01 mand less than 0.3mm are
formed at the intersections of the main surfaces 2 and 3 and the inner
peri pheral chanfer sections. WO 2006/ 016634 PCT/JP2005/014708 10 Here is a
description of a nethod of neasuring the radius R of the curved surface,

[Table 1] Units: mm
Substrate Substrate outer Substrate Substrate Chamfer
nominal diameter circular hole thickness section length

Inches (D) inner diameter (T) (L)
(d)
.85 21.6 6 0.381 0.07
1 27.6 7 0.381 0.07
1.89 48 12 0.508 0.12
2.5 65 20 0.635 0.15
33 84 25 1.27 0.15
3.5 95 25 1.27 0.15

F1G. 3 shows an enlarged diagram of the outer peripheral section of the silicon

substrate for a magnetic recording medium 1 of the present invention. The outer

peripheral chamfer sections 5 are formed between the main surfaces 2 and 3 and the outer

peripheral edge face 4 of the silicon substrate for a magnetic recording medium 1 of the

present invention, and curved surfaces with a radius R of greater than or equal to 0.0lmm

and less than 0.3mm are formed at the intersections of the main surfaces 2 and 3 and the

outer peripheral chamfer sections 5.

Furthermore, similarly, curved surfaces with a radius R of greater than or equal to

0.01mm and less than 0.3mm are formed at the intersections of the main surfaces 2 and 3

and the inner peripheral chamfer sections.




with reference to FIG 4. As shown in FIG 4, an extension line Si is drawn
fromthe min surface, and the | ocation at which the extension line S| and

the curvedygupdepfifssp2 Separate is designated origin A  lpegafphRRB14LGEN avnay
fromthe origin A are designated point B, and point C. The radius R of a

circle 0, which passes through the thref points A, B and C, is equal to the
radius R of the curved surface. If the %di us R of the curved surface is

great er than OrH@HH@LI d&é?:rlg l&%ﬁﬁh% Oh%% thmus'ﬁ o%&e%gﬁ%ﬁ%ﬁaéeo
prevent the corner part t I con su ate fromc I pping and falling.
If Ris |less he c r en ._on

i npact, and’ tpfgtaﬁ’é?yc%g)llzéﬁ‘ %pg‘& S@S“’Pﬂﬂ/ﬁcﬁthr |’Fi'§;ex ﬁg él bsrc‘rflwnw%io |{s?leknocked
If Ris greater éhan the area of the main surface whi ch recgqrds

i nf or mat i oAy a@eeélthwwa&wn.aswh&b threestensinding 31 and the sppvad swfacs Sor ovi de
curved surfaces with a radius R between both the nain surface and the outer
peri pher al sepatatnis elesigeatéd arigin an dLsdagomsal Gunsawdiafremahelotipie A arcalesigeategher al
chanfer section. A curved surface with a radius of 0.01 mmto 0.3mm can be

used for s Pblhpgnands;smtc atkSra@fusRWf Stikde OHQrWi%Yﬁfassek thrbiglefhiekreébbivits A,
effective Tor a substrate of 0.85 inch to .5 inch dianeter. For these

S 11 con suBstid §oe. LIS APRIARTR 8 e LSRGA r?Jcet REng PSR of R ypn 5 and 6

Is 0.15mMm o ensare sufticren surface,
whi ch recorgqcelnfor ion. Furthernore, .in the sjlicon substrate for a
magnet i ¢ r 8EACQIGEHEL arh%maheﬂ%lr@e@mi lgss thantd-gAm. HARPRRIYE QATFYRRE, t he
outer peripheral edge face, the inner peripheral edge face, the outer

peri pher al thetraniog pars ef the siliconsubstiate frcmnehipp'mgiapthéailing.clfeﬂrfselcssstbmG’-Bh, are
polished to a mnor finish. WO 2006/ 016634 PCT/JP2005/014708 11 The
roughness e doer ioD shafp,f RGEwII wel@s ohliPad] arkidtidlay b chipped Bkl dulihg eover

t he roughness of the outer and inner peripheral edge faces, and the I nner
and outer handling, or if it is knocked. IfR is greater than 0.3mm, the area of the main surface
which records information is reduced, which is not desirable. It is-desirable to provide
curved surfaces with a radius R between both the main surface and the outer peripheral
chamfer section, and the main surface and the inner peripheral chamfer section.
A curved surface with a radius of 0.01mm to 0.3mm can be used for silicon
substrates of any size. However, it is especially effective for a substrate of 0.85 inch to
2.5 inch diameter.
For these silicon substrates, the appropriate length of the chamfer sections 5 and 6 (
18 0.15mm to 0.19mm. This is to ensure sufficient area of the main surface, which
records information.
Furthermore, in the silicon substrate for a magnetic recording medium of the
present invention, the main surface, the outer peripheral edge face, the inner peripheral

edge face, the outer peripheral chamfer section, and the inner peripheral chamfer section,

are polished to a mirror finish.



peri pheral chanfer sections is less than or equal to | m Rmax. The accuracy
of the dianeter of the central hole of the silicon substrate is required to
be controlled to within 20m The silicon substrate having curved surfaces
with the rW@i2086/@663 descri bed above can be obtai ned by HoVAY41U8e i nner
and outer peripheral surfaces using a polishing brush. Nornmally, a silicon
substrate i s manufactured using the fol ldwi ng process. That is, firstly, a
| appi ng process is perforned on _the disc-shaped silicon material with an aim
of inproving th&h¢ mughness of te ynaameurfase ilesrethan eneduabocifinacmarh Maregysr.ng
process is perforned in two stages using a | apping device, and the profile
i rregul ari the rogghneds sfihe ourr atidiandér peeipheruhaipe daceg,gmdlthé mndnandamtert he surf ace
roughness to reach less than or equal to 6m Rrax. Since the silicon

substrate hoabhdrdl RAUIER! LA ABIALREHPIL LaRE LA RinAg, the first. stage
| appi ng process 1s larger than a substrate for a magnetic recordi ng nedi um

] b h i i di. i,S.
ising o | ncer sanara ot BP iRk bF B s AR TnEHRER SRk ng 15

performed on the outer periphery and the inner periphery. At this tine, the
surface rotughneddo be comeolled pepithingtZ0fer peri pheral edge faces is

approxi mately 4m Rmax. Next, the second stage | apping process is perforned

t o make the pr ofTHesilidonsebstlaterhavingl cassedtshefaces withghakadiws R apdescribetatiolve
surface roughness less than or equal to 6m Rmax. Next, the inner and outer

peri pheral cghaEhBlaint8bhifNshiAs the Rhdr ahE ButeAPGiphbral Slitited Gsinga BB]EMV%J i ni sh.
Finally, the main surfaces on which nagnetic recording |ayers are
2006/016634brES(BT/JP2005/014708 12 provided are polished. The polishing
processes are perforned in two stages of a first

{ Normally, a silicon substrate is manufactured using the following process. That
is, firstly, a lapping process is performed on the disc-shaped silicon matertal with an aim
of improving the form eiccuracy and the dimensional accuracy. The lapping process is
performed in two stages using a lapping device, and the profile irregularity is finished to
reach less than or equal 1o 1um, and the surface roughness to reach Jess than or equal to
6um Rmax.

Since the silicon substrate that is normally obtained after performing the first
stage lapping process is larger than a substrate for a magnetic recording medium, a
substrate that has appropriate inner and outer diameters is cut out using a laser scriber.

Afterward, predetermined chamfer processing is performed on the outer periphery
and the inner periphery. At this time, the surface roughness of the inner and outer
peripheral edge faces is approximately 4um Rmax.

Next, the second stage lapping process is performed to make the profile
irregularity less than or equal to 1um, and the surface roughness less than or equal to
6pm Rmax.

Next, the inner and outer peripheral chamfer sections are polished, and finished to

a mirror finish. Finally, the main surfaces on which magnetic recording layers are



polishing for renoving scratches and distortion produced during the
processes up to that tinme, and a second polishing process for finishing to

a mrror f\Big8koikdsst Nis manner, silicon substrates for r%‘glr)ﬁ;z? di§Rgr di ng
nmedia are obtained. In the present invention, after grinding the outer

peri pheral edge faces and the chanfer ctions, the inner peripheral edge
faces and the outer peripheral edge fac are further polished using a

brush. For nEl i sk : [ : r f8g shown in
Bl s 1o HeoReRuliybiied, MHcRRyiing pRCE ort pelBANH 1L HeES of 18 |
silicon substyat | that are stacked w th spacers 1.1 inserted betfween the
silicon suB@lsF‘H’ﬁggr. reFRyINgSralches &&J(@P‘@“WP@&?%PHY 188 thsr Progesses ‘fpatﬂﬁélatpr event
any part of the chanfer sections 5 and 6 from missing being polished by a
pol i shi ng Bmesind aseeondopalishing progessdpefinishing e agnirrpe BaisBubst rat es from bei ng
damaged during polishing. They are disc- shaped with a circular hole in the

center simlar Imthishfarsiet,isili@on suldahtesnfe@snaghetid fecopking miedia aré bistginad.e f or med
such that the edges (side faces) of the spacers |1l are approximately 0 to

2mm i nside (pr efﬁﬁ@?g&%m%ﬁ&ﬁ,rﬁﬁ%@%ﬂr&@n?ﬁtﬁ%um}iﬂﬁérﬂ%#& peeeRsipmef the

outer peripheral c er sections e silicon substrates when they are
mounted. |f. t edges .of. the spacers are further in than the ends of the
Chant o sethiicsEhotin s lnier eonphecy sdes e T BF hukl et doet B Rt on o
the main surface of the silicon substrate can cause the ridge sections

bet ween t héurthgr polished usega hrght he chanfer sections to become rounded,
dependi ng on the thickness of the spacers and the bristle dianeter of the

brush.  Furt herFovitie brustepdlishingnesiaclodf siliensphsteatss 1Rlasishowd|jimFI@ D is used.
appropriately depending on the bristle dianeter of the brush used. The

thi ckness irfie Ra&E 6 MMoh SARRFR1108E £ bMardlity of SilicOn SIBradD1 @Ry afe stdcRed t he
material of the spacers 11, it is preferable to use materials that are

Spoxy, tnovahneds LoBRTH RN R SHSReBPeRE s T e e

The spacers 11 are provided in order to reliably prevent any part of the chamfer
sections 5 and 6 from missing being polished by a polishing brush, and to reliably
prevent the silicon substrates from being damaged during polishing. They are disc-
shaped with a circular hole in the center similar to the silicon substrates. To be specific,
they are formed such that the edges (side faces) of the spacers 11 are approximately 0 to
2mm inside (preferably, approximately 0.5 to 2mm inside) the ends of the outer
peripheral chamfer sections 5 of the silicon substrates when they are mounted. If the (
edges of the spacers are further in than the ends of the chamfer sections of the silicon
substrate, a brush entering the region of the main surface of the silicon substrate can
cause the ridge sections between the main surfaces and the chamfer sections to become
rounded, depending on the thickness of the spacers and the bristle diameter of the brush.
Furthermore, the thickness of the spacers 11 is adjusted appropriately depending on the
bristle diameter of the brush used. The thickness is preferably approximately 0.1 to
0.3mm. Moreover, for the material of the spacers 11, it is preferable to use materials that

are softer than the silicon substrate, such as polyurethane, acrylic resins, epoxy, the same



material as the polishing pad used in the polishing process, or the like. It
is preferable to use a material that is soft enough to prevent the silicon
substrate from bei ng damaged by the pressure fromthe polishing brush or
the pol i SMM#OpAYS3A n the polishing operation, firstly, BCTAR{EHAMSer of
alternating silicon substrates and spacers are inserted on a tool (not
shown in the figure), and by fitting cdders and clanping themtogether, a

stack of silicon substrates is forned. Next, the polishi n? brash _is
i nserted imAtenal ag dietrodishing pad uwst i He nelishine prasesss oF e dike 1 It inpgfarsle Bnount  of

pressure of the polishing brush is adjusted so that the bristles make
cont act wiusha iketeriah et igpoft enheglato predgetht adeen efbstriate fairh beiap dsmbgstdrtat es. | t
"is desirable to use a polishing brush fornmed from bundl es of pol yam de

fibers wm@p@sm@ﬂsﬁﬁhe?eshs%@mﬂ&@egamh @phda |ength of 1 to 10mm
formed in a spiral a Substrate case i's filled with an adequate

“anmount of poli zﬁ éﬁ‘{q%‘gmg’t)ﬁ]g%?ﬁgmgn’ fir ﬁ)h%?%\é@ nhﬁlbgj& ét@maﬁlgggﬁéﬁcﬁlb% i [ Tcon

substrates 12 m)ve e bei ng

rotated in qQpposite directions each oth rushto Ilshthe
substrate qnaﬁg?cebgef?‘i*ﬁﬁ@?%éo%ﬁ ilgré’é% gggwe ’@Haggé@w 95’?’355 t| on of
the stack of silicon substrates 12 is 60rpm and the speed of rotation of
t he pol i shilamgpinp theshtop8thes aatuok oﬁs:hm:esujvstme@Stf@mwomepmthayolpbhgéwahg t he
i nner peripheral surfaces using the brush, the intersections of the min

surface angidsbfed MR caiftral RbIeS 6ff the BHOSESubs e pnmddeyeheht bNpessury ¥ed
surfaces with a radius of 0.01 to 0.3mm Next, the outer peripheral edge

faces of ttngpéﬁémgﬂ}ﬁavﬂ% nﬁ@{es%:o m%sﬁgse édﬁ%ct%ﬁﬂ%ﬂﬁé} peﬁhﬁ%l t7 hea

brush polishing o ein perlp eral e aces own i'n
cylindrical, brush é&g a ed onto the edge faces of the silicon
subst r at e<tdge fces pbthg silje "8‘[’ Sglaﬁe?con substrates 12. It is desirable to use a

cylindrical brush 15 with a dianeter of 200 to 50dmmin which the bristles
are pol yani de it Bedesirabipiowge/molisigsa bpslr foprddamy burries of polyamide fibers

with a diameter of 0.05mm to 0.3mm, and a length of 1 to 10mm, formed in a spiral.
Next, a substrate case is filled with an adequate amount of polishing liquid. Then,
as shown in FIG. 6, the stack of silicon substrates 12 and the polishing brush 13 are
" moved up and down, while being rotated in opposite directions to each other, for the
brush to polish the substrate inner peripheral surfaces. Preferably, the speed of rotation
of the stack of silicon substrates 12 is 60rpm, and the speed of rotation of the polishing
(- brush 13 is approximately 1000 to 3000rpm.

By polishing the inner peripheral surfaces using the brush, the intersections of the
main surface and the inner peripheral chamfer sections develop into curved surfaces with
a radius of 0.01 to 0.3mm.

Next, the outer peripheral edge faces of the silicon substrates are polished using
the brush, after the brush polishing of the inner peripheral edge faces.

As shown in FIG. 7, a cylindrical brush 15 is pressed onto the edge faces of the
silicon substrates 1 of the stack of silicon substrates 12. 1t is desirable to use a cylindrical

brush 15 with a diameter of 200 to 500mm in which the bristles are polyamide fibers,



14 with a dianeter of 0.05mmto 0.3mm and a length of 10 to 30mm formed in
a spiral. The cylindrical polishing brush is pressed onto the outer

peri pheral sections of the stack of silicon substrates,p@nshe03aaltoghi ng
liquid isWQLFB?ﬂI‘?lé‘a”to the surfaces where the outer peripheral sections of
the stack of silicon substrates and theigolishing brush nmake contact. Next,
the stack of silicon substrates 12 and the cylindrical brush 15 are noved up
and down whitha diametgr off.83raa to 9. 3sppoxidiadergth o 4§ én30mmm, &xoiedar Aspirddt 60r pm
and 700 to 1000rpmrespectively, for brush polishing of the outer

per i pher al Theggiddaeealspodishing®nshlis pressed sutosthe attesperiphtia saitiohcofths atask r at es

t hat have conpl eted brush polishing are washed in water, and a first

pol i shing Bf QR&sSsubstrRed, hRd Hg@ugﬁhgl fid isSUPpHIRERS thelf@fably WherP He Gitémg
process ainms to renove residtal scratches and distortion from the processes

h ., The. fi | i shi. -%pi cal |_i_ shi
dovi ce, sSR! SPfiam oF Bk SYG{iPuP LSERR, B s oo Biugk ik § b
performed with a | oad of approxi mtely 100gf/cn® éo. 98N cn?2 (relatjve
pressure)), | owdlexs the gk qféutspn@vhfﬁaé@é%aﬂd tercylindngabbrush dp pedaovesd up e

revol uti on speed: 35rpm sun gear revol ution speed: approximately 14rpm and
i nternal gend doww elhilt ibemgspated:in apprsox dimredtiehy téch othel Ae6rpi and 708 udb st r at es
that have conpleted the first polishing process as described above are

washed in WebGHm REctvANTHEBIEH pdIRh T R GlitBQckiphérAle dbe T6ARS Bf tH¥SRicont he

final, second polishing process Is perfornmed on the silicon substrates that
have conplgﬁ ﬁa&@q first polishing process. The polishing conditions of the
second polishing process, which is the finish polishing process are:

O ot A TSNS PR A LISl e
revol ution speed: 40rpm upper surface plate WO 2006/ 016634
PCT/ JP2005/A0d 4 ing polishing process is performed on their surfaces.
The first polishing process aims to remove residual scratches and distortion from
the processes up to the above.
The first polishing process uses a typical polishing device, uses colloidal silica +
water as a polishing liquid, and is performed with a load of approximately 100gf/cm?
(0.98N/em? (relative pressure}), lower surface revolution speed: 40rpm, upper surface
plate revolution speed: 35rpm, sun gear revolution speed: approximately 14rpm, and
internal gear revolution speed: approximately 29rpm. (
The silicon substrates that have completed the first polishing process as described
above are washed in water, and transferred to a second polishing process.
Next, the final, second polishing process is performed on the silicon substrates
that have completed the first polishing process. The polishing conditions of the second
polishing process, which is the finish polishing process are: colloidal silica + water is

used as a polishing liquid, the load is reduced to approximately 100gf/cm? (0.98N/cm?

(relative pressure}), lower surface révolution speed: 40rpm, upper surface plate



15 revol uti on speed: 35rpm sun gear revolution speed: approximtely 14rpm
and internal gear revolution speed: approximately 29rpm The silicon
substrates that have conpleted the second polishing process as described
above ar eWihiPBe/8 a4 n washi ng tanks of neutral detergentPCHIFREER  pure
water + | PA (isopropyl alcohol), and | PA (steamdrying) in sequence to wash
them Through the above processes, silikon substrates for magnetic recording
media can be obtained in which the edge faces of .the substrates a‘nq t he
chanf er sdEYSIBHRN sRead:olSmpm, SHNESAr FevRuLRn sperd: ARRFUERAElY Fip@s g WIFRA r adi us
of greater than or equal to 0.0lmmand |ess than 0.3mm are interposed

bet ween t hgganmivalusion fpasdsapproximatedyB¥pmat es and the chanfer sections.

- Although the material of the silicon substrates for magnetic recordi ng nedi a

is silicon, WTlekiliconfsubgtdies, thatthavs csthpibied whd sebord ]ﬁdﬂsﬁi"hggﬁodebﬁaSSUbSt rate
edge faces and cracks on the substrates to be produced, debris can be

“prevent ed dosameichg. B ARSI T MRS anpLBS R PaRdgE AGESmAlgndoDr s oan

be prevente eing pro agal nst “a process cassette. |f

a O M under]a a CoCrPt T neti.c |ayer, . and a carbon hydride

prot ect i vew?tﬁﬂ%ﬁ%r(@o?@?%@}%‘ﬂgf %Eﬁtpﬁo Skeiﬁ%’é%y lgg?{nﬁgngnpp ?%waéh‘ﬁ?gfflr ate for a
magnetic recordi ng nmedi um obt ai ned as above in_sequence according to a
known convent i ohapughhiebeve processssafibben PipsERIFhPr senetic eordinganedhucarer i ng
device or the like and formng a perfluoro polyether liquid lubricant film

usi ng a di ppongnedinehich tHeanlga faveg ofthe substrare and thg chddiaRseans be oflat ai ned. A
magneti c recordi ng nmedium of the present invention that can be obtained in

thi s mannepiasifsic Yy Sehvad bifrBress With B ratifidsH disardf thel Al tb9E0Y dh aBguUal to
0.01 mmand Iless than 0.3mm between the main surface of the substrate and

0 o e S ool R B Rl B 5 AR
chamfer sections.

Although the material of the silicon substrates for magnetic recording media is
silicon, which is fragile, it is difficuit for chips on the substrate edge faces and cracks on
the substrates to be produced, debris can be prevented from being produced from the
substrate edge faces, and debris can be prevented from being produced by rubbing
against a process cassette.

If a CrMo underlayer, a CoCrPtTa magnetic layer, and a carbon hydride

( protective layer are formed on the two sides of the silicon substrate for a magnetic
recording medium obtained as above in sequence according to a known conventional
method, for example by using an inline type sputtering device or the like and forming a
perfluoro polyether liquid lubricant film using a dipping method, then a magnetic
recording medium can be obtained.

A magnetic recording medium of the present invention that can be obtained in
this manner has a curved surface with a radius of greater than or equal to 0.01mm and

less than 0.3mm between the main surface of the substrate and the chamfer sections, so it

is difficult for chips on the magnetic recording medium edge faces and cracks on the-



WD 2006/ 016634 PCT/ JP2005/ 014708 16 substrate to be produced, debris can be
prevented from being produced fromthe nagnetic recordi ng nmedi um edge

faces, ar\g,oqa?t{,&n%#an be prevented from being produced fyy/ipdabdddr@gai nst a
process cassette. Therefore, it is effective in preventing errors during

recordi ng and reproduction, and cr ashes1 of a magnetic head during recording
and reproduction. [Enbodinent] A sili C(g’n substrate with a dianeter of 150mm

(nom nal : sﬁbét&mgga)e P i &RBFiSEan B pribdntdd SEAIRIARBINId HREaRS. a | aser

cutting process, cond 1 appi ng process, an inner an out er peri pheral

chanfer proces an i nner .and outer peripheral .ed b i n rocess, a

mai n surfﬂ@?ﬁ? eroding mpdigy Sizéc&’,angrqggrés %‘é’i b pgg\Fefn(Eie;éZtlr]%rg%Sﬁxg pol i shi ng
process, were C;l)erforr_red in sequence, and twenty Q.85inch silicon_ substrates
with a shapeduged By sihbingagamshp progestespeschis.oiwralore. At iseffertiverin revcniing
substrates, in which spacers made fromepoxy resin with a dianmeter of 21 mm
and a thi ckioesdurm Bcatdinmg wed eefirodiente cnd etashesoftdmagietic hoad dwrbgt r at es, was
used in the polishing process and the brushing process of the inner and

outer perbRigihgln8#gfodRE6s. | N the brushing process of the inner
peri pheral edge faces, a polishing brush fornmed froma bundl e of polyam de

fibers wwth a dianeter of 0.1 mmand a length of 5mm fornmed in a spiral,
was used, and a polishing liquid was used in which alum num oxide abrasive
grai n of g[kai n_size #3000 was suspended in water. The polishing brush was
i nserted ilEMbedRsitk ral holes of the silicon substrate stack, and the brush
and the silicon substrate stack were rotated in opposite directions to each
other for poli shisiligon sibstratetwith a diavieter obhStpoddowinal:feinchds) wenpeprstrate
stack was 60rpm and the revolution speed of the polishing brush was i
6000Fpm first stage lapping process, a laser cutting process, a second lapping process, an inner and

outer peripheral chamfer process, an inner and outer peripheral edge brushing process, a

main surface first polishing process, and a main surface second polishing process, were

performed in sequence, and twenty 0.85inch silicon substrates with a shape as shown in

Table 2 were produced.

A stack of silicon substrates, in which spacers made from epoxy resin with a

diameter of 21mm and a thickness of 0.2mm were inserted between the silicon substrates,

was used in the polishing process and the brushing process of the inner and outer

peripheral edge faces. (

In the brushing process of the inner peripheral edge faces, a polishing brush

formed from a bundle of polyamide fibers with a diameter of 0.1lmm and a length of

5mm, formed in a spiral, was used, and a polishing liquid was used in which aluminum

oxide abrasive grain of grain size #3000 was suspended in water. The polishing brush

was nserted in the central holes of the silicon substrate stack, and the brush and the

silicon substrate stack were rotated in opposite directions to each other for polishing

where the revolution speed of the silicon substrate stack was 60rpm, and the revolution

speed of the polishing brush was 600Qrpm.



WD 2006/ 016634 PCT/ JP2005/ 014708 17 Next, after conpletion of the brush
polishing of the inner peripheral edge faces of the silicon substrate, the
outer peripheral edge faces were polished using the brush. For the brush
pol i shi ngWé¥ 2006{8166%ner peri pheral edge faces, a cylindriRalTBMEH+WE h a
di anmeter of 300mm was used, with a bristle dianeter of 0.1 mmand a |l ength
of 20mm in which the bristles were palkamni de fibers, forned in a spiral
The polishing brush was pressed onto the edge faces of the silicon
substrates in th¥extgafige Romppletion pribg baush polishiag of the snneg periphersh edgf farernfd was
supplied to the surfaces where the outer peripheral sections of the stack
of sili cornhssibistn stbssatayttie piver poiphshil adgefaceshveradelishedusiop theiritdhe t he st ack
of silicon substrates and the cylindrical brush were rotated in opposite
directions to e@affhe BuliEpolRhingQTIRRE MRS pbPiPRErANRdpe FRRS6 . MBiniricdl BFusRMitkS hi ng.
The di nensional accuracy of the silicon substrate was observed in the
“vicinity : ri 1.8 £ ac L1 S
obt ai ned '+ PRrEr BE GRS R, SR 3R g Qi AN SHAGRES
Exanpl e of. present Conparative | ipnvention exanpl engi. h . of outer Average
0.075 0.078 W*Béﬂ“ﬁl‘?é‘ﬁ‘g% AP BRI TgIh 6 Sho. 1EEG0ITHISE WM Biltn 0. 06
0.051 (L: St andard deviation 0.0095 0.0114 Radius of curved Average
0. 041 0. 0OBesssdipfitache ddgei facenc tHe5Ni@nGubstars im the)stavk wif miicoDsBraes,@od
St andard devi ati on 0.0064 0.00283

a polishing liquid was supplied to the surfaces where the outer peripheral sections of the

stack of silicon substrates and the polishing brush made c;)ntact, while the stack of
3 silicon substrates and the cylindrical brush were rotated in opposite directions to each
other at 60rpm and 1500rpm respectively, for polishing.
The dimensional accuracy of the silicon substrate was observed in the vicinity of
the outer peripheral edge faces of 20 silicon substrates obtained in this manner, and the

results are shown in Table 2.

[Table 2]

Example of present | Comparative

imvention example
Length of outer Average 0.075 0.073
peripheral chamfer | Maximum 0.097 0.097
sections Minimum 0.06 0.051
(L: mm) Standard deviation 0.0095 0.0114
Radius of curved Average 0.041 0.005
surface Maximum 0.052 0.0]
(R: mm) Minimum 0.031 0.001

Standard deviation 0.0064 0.00283

Scratches on edge Vertical scratches 0.1 0.15
faces and chamfer | Horizontal scratches 0.2 0.25
sections Pits 0 0
(per unit)
Number of 0 out of 20 0 out of 20
defective products (zero) _ (zero)




Scratches on edge Vertical scratches 0.1 0.15 faces and chanfer Horizontal
scratches 0.2 0.25 sections Pits 0 O (per unit) Nunber of O out of 20 O

out of 20 61(3‘; idyg products (zero) zero WO 2006/ 016634 pRGTpdf7efPe0H14708
the 0% S|6\FI$' Si-m

18 Next, i con substrates were subjected to vibration simlar to
that which they can be expected to rec '%ve when they are stored and noved
in cassettes for transport, and the contlition of the damage occurring on

the substrate eglggfi, Eh%%silg&@%gbgﬁt&WquE gc‘?ecplfo \Q&QP{)‘E si%i@gkb?tgl ew}é\ggg f aces

exam ned. The con I'on o anage occurring on e su

was exam ned by observing the substrate edge faces using an optical

m or oscopetierGY RePHRseled (8 rerelyie e heyafe 108 SETPOVRIS SEFBIS BB PP
foll owi ng procedure using the cassettes for transport. (1) The silicon
subst r at esangethe condition eﬂt?-ia samage ecodyena an the sebstrae edge facep apdvher was fitted,
and the silicon substrate is packaged. (2) To sinulate transport, the

si l'i con subysgeatines ofdubeis prodeided, 6eré exmsinédwar ds  bot h-the bottom and top of
the cassette. (3) To sinulate | oading and unl oadi ng of the cassette, the

si licon substra&ﬁﬁg&gﬁ&n &f(}ﬁ@ﬂ&:ﬁggeé &&ag%nrtﬁ@%@em rze)ag@ %E% \?g n&f the

cassette. After t ove-descri bed processes ave been

conpleted, . th numher of pol ycarbonat e part.icles, being the cassette
ool By ShtrcRae O sRerdt pdiEans WolygeB A it minisscipes Sut PO oS sur ed
using an optical mcroscope. Measurenents were perfornmed by observation of
20 subst r aPesiuctigntest wasmseemehbyths following praseduse wging the cassettes for

transport.

(1) The silicon substrates were inserted in the cassette, and the the top cover was
fitted, and the silicon substrate is packaged.

(2) To simulate transport, the silicon substrates were moved ten times towards
both the bottom and top of the cassette.

(3) To simulate loading and unloading of the cassette, the silicon substrates were
inserted into and removed from the grooves of the cassette.

After the above-described processes (1), (2), and (3) have been completed, the
number of polycarbonate particles, being the cassette material, produced on the substrate
outer pertpheral sections was measured using an optical microscope. Measurements
were performed by observation of 20 substrates, and a comparison was performed using
the value of the number of particles counted divided by the number (20) of the substrates.

The results are shown in Table 3.

{Table 3]
Example of present Comparative example
invention :
Rate of chip occurrence in periphery of 0.2 0.6
substrate (%)




t he val ue of the nunber of particles counted divided by the nunber (20) of
the substrates. The results are shown in Table 3. [Table 3] Exanple of
present Conparative exanple invention Rate of chip occurrence in periphery
of 0.2 0.¥O020p8i663 ¢ WO 2006/ 016634 PCT/ JP2005/ 014708 RGIIR20BHHATM i ve
Exanpl e) For conparison, a silicon substrate (conparative exanple) in which
a curved surface with a radius of 0.03%m was interposed between the main
surface of the substrate and the chanfer section was evaluated simlarly.
The resul {SomparativeExirhpleed in  Table 3. These results show that in a
substrate whose material is fragile, if a curved surface with a radius of
greater than orFeeqombarison(a fllicomsubsithié Gospalmive @xanphe) / whiok adeded bet ween
“the main surface of the substrate and the chanfer section, it is not prone

to chips saghdOwik Q%tﬁﬁ‘sdofflﬁoin% WHRSERL& R4EEe tﬁE%faxr%urﬁJc@%kﬁwO“ the
Substrate, it is possible to prevent debris from being produced fromthe

"substrate s%gtgr f S tﬁgégmﬂfg{ seg 1Sn % g(e)va[l)uzﬁsd %{rﬁlgﬂ RE %\éﬁﬁ\gg%fé :ﬁted M bei ng

produced by iy |ng rocess ca Si1icon
substrate [ a magneti c recordi ng medi um conpri SI ng a chanfer section

bet ween a §3-surface of the substrate and an edge face, wherein said edge
face and chanfer section of said substrate are of mrror finish, and a
curved surf acellwist resalty shdimubatah aguwﬂae:rwhdsarmabcri@dﬁﬁdlgiteoif(a.cﬁlm and | ess
than 0.3mmis

surface with a radius of greater than or equal to 0.01mm and less than 0.3mm is provided
between the main surface of the substrate and the chamfer section, it is not prone to chips
being produced on the substrate edge faces or cracks on the substrate, it is possible to

prevent debris from being produced from the substrate edge faces, and it is also possible

to prevent debris from being produced by rubbing against a process cassette.



I nt er posed between the main surface of said substrate and the chanfer
section. 2. A silicon substrate for a magnetic recordi ng nmedi umaccording to
claim1l1l, wherein said chanfer section between the main face and the edge
face is on an outer peripheral side of the substrate. 3. A silicon
substrate for a magnetic recordi ng nedi um according to either one of claim
1 and claim 2, wherein said chanfer s@8tion between the main surface and
the edge surface is on an inner peripheral side of the substrate. 4. A
silicon substrate for a magnetic recordi ng nedi um according to any one of
claim1l through claim3, wherein a length of said chanfer section is 0.15 to
0.19 mm 5. A silicon substrate for a magnetic recordi ng nmedi um according to
any one of dTIaAMA t hrough claim 3, wherein said silicon substrate is a
di sc-shaped substrate wth a circular hole in the center, and a di nensi onal
accuracy of a dianmeter of said circular hole in the center is within f
2011m 6. A silicon substrate for a magnetic recordi ng nedi umaccording to
anyone of cl ai . l.ai m5 erein _a _surface raughness of said edge
surface and t 'erm%%%%g‘;&té}%%tf?ro%mia eﬁ?"?ﬁ%@“&?ﬂ CORPTIATE P CAYBYT subst rat e
for a magnet i gectiencbetwieenya maiti wmfage ofithd isubstrate andyn edge fate, wherdimsdid t hr ough
claim6, whergif tetklchss : ' b mite 6D, il d &9 t han or
equal to 1 Ongrr':11 X, gfﬁ%&f&g%?ﬁ’ggmg%u%gﬁ%fﬁ?url nr as @cdon Substrate
for a magnet i ®urfage Bithiaradiuspbigraater hanpr ealiahte Oﬁhvpm@ugémﬁ&iaa OB ishaped
si licon subst ingdrfosell betwaes tHeGhHAiA sutfRlefisaidishbstaf indlthe clamiTerdeassh. f or form ng
outer peripheral chanfer sections between the main surface and the outer
peri pheral edge and inner peripheral cbanfer sections

2. Asilicon substrate for a magnetic recording medium according to claim 1,

wherein said chamfer section between the main face and the edge face is on an
outer peripheral side of the substrate.

3. Asilicon substrate for a magnetic recording medium according to either one of
claim 1 and claim 2, wherein said chamfer section between the main surface and
the edge surface is on an inner peripheral side of the substrate.

4. A silicon substrate for a magnetic recording medium according to any one of
claim 1 through claim 3, wherein a length of said chamfer section is 0.15 to
0.19 mm.

5. Asilicon substrate for 2 magnetic recording medium according to any one of
claim 1 through claim 3, wherein said silicon substrate is a disc-shaped substrate
with a circular hole in the center, and a dimensional accuracy of a diameter of said
circular hole in the center is within & 20um.

6. A silicon substrate for a magnetic recording medium according to any one of
claim 1 through claim 5, wherein a surface roughness of said edge surface and the
chamfer section is at most 1um Rmax.

7. Asilicon substrate for a magnetic recording medium according to any one of
claim 1 through claim 6, wherein a surface roughness of said main surface is less
than or equal to 10nm Rmax.



between the main surface and the inner peripheral edge face; a process for

I mrer sing the di sc-shaped silicon substrate with a circular hole inits

center in a polishing liquid containing free abrasive grain, and polishing

an outer peripheral edge and/or an inner peripheral edge face of said

silicon substrate by rolling contact with a polishing brush, and form ng

curved surfaces wth a radius of R of2hreater than or equal to 0.01lnm and

|l ess than 0.3mm at the intersections of nmain surfaces and the outer

peri pheral chanfer sections and the intersection of the main surfaces and

the inner peripheral ghanfer sections..9. A nethad of manufacturing a

i i con subst r Bt o & BIEEA Rl GHERIC D8 SHioRY SUHTRHF i SCBTUF AFOLEPE | i m 8,

wher ei n sai d pokdishi, ngnprisicgss by rolling contact wth a polishing brush is

perf ormed af ter chaghtidg, 4 HSc LARSR 306h QEhe WAAT BRALL fte id fls oAdft hod. of

manuf acturing a siliton substrate tor a_fagnetic recordi ng nmed um accordi ng

to either one of clapieresderforniagertr porinher phamfpy spshonpehedveentogmpdl yvi mi de

resin is used agfeahst Melbuib &%lﬁﬁﬂ'%mﬂ%e ahdl infdr PRYMREH ebdreePsdtings medi um
@EE%%

wherein at |east a netic er.is.Torned. on in surface of a silicon
substrate for “H’ﬁi}hn'g‘gﬂ?‘? %thﬁémeam%@@}&f&?gg  any one of claimi1

t hrough claim 7. a process for immersing the disc-shaped silicon substrate with a circular

hole in its center in a polishing liquid containing free abrasive grain, and polishing
an outer peripheral edge and/or an inner peripheral edge face of said silicon
substrate by rolling contact with a polishing brush, and forming curved surfaces
with a radius of R of greater than or equal to 0.01mm and less than 0.3mm at the
intersections of main surfaces and the outer peripheral chamfer sections and the

intersection of the main surfaces and the inner peripheral chamfer sections.

9. Amethod of manufacturing a silicon substrate for a magnetic recording
medium according to claim 8, wherein said polishing process by rolling contact
with a polishing brush is performed after chamfering the inner and outer
peripheries.

10. A method of manufacturing a silicon substrate for a magnetic recording
medium according to either one of claim 8 and claim 9, wherein a brush made
from polyimide resin is used as said polishing brush.

11. A magnetic recording medium wherein at least a magnetic layer is formed on
a main surface of a silicon substrate for a magnetic recording medium according to
any one of claim 1 through claim 7.



