WD 2006/ 019170 PCT/JP2005/ 015178 1 DESCRI PTI ON METHOD OF MANUFACTURI NG

SI LI CON SUBSTRATES FOR MAGNETI C RECORDI NG MEDI UM SI LI CON SUBSTRATE FOR
MAGNETI C RECORDI NG 5 MEDI UM MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECCORDI NGJ@EF@R%LH? TECHNI CAL FIELD f The present invention relates to a
silicon s RO0L17%r a2 smal | -sized magnetic 10 recor di RETHRAOFMSITI ch i s
used as a recording nediumfor a data processing apparatus. Priority is

cl ai red on Japanese Patent Application No. 2004-237340, filed August 17,
2004, and US Provisional Patent Application No. 60/603,566, filed August 24,
2004, the contents of which are inddf d&@Merein by reference. 15
BACKGROUND ART Acconpanyi ng recent progress in data processing apparatuses,
data recording capacity of a magnetic recordi ng nedium has increased nore
and nore. In particular, in magnetic disks, which are inportant nedia as

external nmenyETHOD OPMANETACHORING SIDIAER PFRSTRATESFOIIMAGRETRT di ng
density increase every year, and devel opnent for 20 recording data with

ot ebook coRbraRRIET MEBRG SRR Bs 160AP SRS RGN R e RN RIS et
magneti c recording nedia are required, and therefore small-sized nagnetic
recordiilg medi a for rM@Q’IHMré"iﬁ B&EW%EQQM@%DWaWh al so have high

mechani cal strength, are required. Mre recently, navigation systens or
portabl e nusic 25 repr odudAGNYEICCRECORD NG ARPARATES smal | - si zed nagnetic
recordi ng nedia. WO 2006/ 019170 PCT/JP2005/015178
: TECHNICAL FIELD
The present invention relates to a silicon substrate for a small-sized magnetic
10 recording medium, which is used as a recording medium for a data processing apparatus.
Priority is claimed on Japanese Patent Application No. 2004-237340, filed

August 17, 2004, and US Provisional Patent Application No. 60/603,566, filed August 24,

2004, the contents of which are incorporated herein by reference.

15 BACKGROUND ART
Accompanying recent progress in data processing apparatuses, data recording

capacity of a magnetic recording medium has increased more and more. In particular,
in magnetic disks, which are important media as external memory for computers, both
storage capacity and data recording density increase every year, and development for

20  recording data with higher density is required. For example, in accordance with
development of notebook computers or palmtop computers, small-sized and
impact-resistant magnetic recording media are required, and therefore small-sized
magnetic recording media for recording data with higher density, which also have high
mechanical strength, are required. More recently, navigation systerns or portable music

25  reproducing systems may employ ultra-small-sized magnetic recording media.



2 A substrate nmade of alum num alloy, which may be plated with NNP, or a
glass substrate, is conventionally used as a substrate for a magnetic disk

which is
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plating wth NP is performed so as to solve 5 this problem However, a
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may be magneti zed when being processed at a high tenperature. In addition,
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of the substrate, the smaller
temperature.

Regarding an ultra-small-sized magnetic recording medium having a diameter of
1 inch (i.e., 25.4 mm) or 0.85 inches (i.e., 21.6 mm) which requires higher recording
density, warp of the substrate is a fatal problem. Therefore, as a substrate for an
ultra-small-sized recording medium, a thinner material, which is not easily deformed by
external force and has a smooth surface on which a magnetic recording layer can be
easily formed, is required.

Accordingly, it has been proposed that a silicon substrate, which is popular as a
substrate for semiconductor devices, be used as a magnetic recording medium (see, for
example, RCfCI'CI"lCG 1: Japanese Unexamined Patent Application, First Publication No.
H06-076282).

In comparison with aluminum, single crystal silicon has a larger specific gravity,
a larger Young's modulus, a smaller coefficient of thermal expansion, a superior
high-temperature characteristic, and electrical conductivity. Such single crystal silicon

having many advantages is preferable as a material for a substrate for a magnetic

recording medium. In addition, the smaller the diameter of the substrate, the smaller

-



WD 2006/ 019170 PCT/ JP2005/ 015178 3 inpact force the substrate receives, and
a magnetic recording device having durability can be produced even froma
silicon substrate. In order to manufacture the silicon substrate for a
magnetic r rding nedium generally, a single crystal silicon_ingot is
first prod&@gﬂ&ﬂvgéﬂbulling met hod, and the 5 ingot is sIRC&F2M53083158 ank

mat eri als having a specific thickness. Each blank material is subjected to a
| appi ng process, and a circular through 3hole is formed at the center of the
bl ank material. The inner and outer peripheral edges. are subjected to

chanf er i ng IBRHJOECethe Sulstatsdecstves aad pipagnetiheecprding deyig heyngdugatdlityf aces
and the chanfered portions are then subjected to polishing, so as to produce
10 i rror - fcambe pecthwed feaeefompisdaioch gubsthate. mai n surface i s polished, and the
substrate is used. The material for the silicon substrate is fragile; thus,

cracks or chips tigRfidérao AGmuRERRE dilicon SR Fve MBENERGédOrding mddRmeSSes.
_When cracks or chips are produced, the yield rate for manufacturing the

magnetic re i i i . i cause
errors i n denprg SEeleirhie] O Rt st R B £ RuRE e GE TS T T e
wite/read process. In order to,obtain a silicon substrate for the magnetic
recordi Ag ribgAtdm$lichd; inte blanksmaferials haviag @)FPQ?Fﬁ“ﬁg%Ckﬂ?sém a fragile material, a
nmet hod has been proposed in which for the inner periphery of the circular
center hole and fEachtbiankombterial pesibjdetadyto aflapipiey mobest ramtle, circulae thebraglf er i ng
angle is set to be from20 to 24, and the chanfering length is set to be 20

from 0. 03 mxdQ Brrhed Bthé e&fer df tie RN RARralRETBE BlifeLartd ot BEralBxam ned
Pat ent Application, First Publication No. HO7-249223). Fig. 12 is a

O e SR T B DR SRl PAREMAPT Bl o
in surfaces 2 and 3 of the substrate 1, a chanfered portion_ 5 is forned,
whi ch is i rfa¢essad the chamfered portions are then subjected to polishing, so as to produce

10 mirror-finished surfaces. Finally, the main surface is polished, and the substrate is used.

The material for the silicon substrate is fragile; thus, cracks or chips tend to be
produced in the above manufacturing processes. When cracks or chips are produced,
the yield rate for manufacturing the magnetic recording medium is reduced, and
generated particles may cause errors in a write/read process, or a crash of the magnetic

15  head in the write/read process.

In order to obtain a silicon substrate for the magnetic recording medium, which
has no cracks or chips, from a fragile material, a method has been proposed in which for
the inner periphery of the circular center hole and for the outer periphery of the substrate,
the chamfering angle is set to be from 20° to 24°, and the chamfering length is set to be

20 from 0.03 mm to 0.15 mm (see, for example, Reference 2: Japanese Unexamined
Patent Application, First Publication No. H)7-249223).

Fig. 12 is a longitudinal sectional view of a conventional silicon substrate for a
magnetic recording medium. In Fig. 12, between an end face 4 and each of main
surfaces 2 and 3 of the substrate 1, a chamfered portion 5 is formed, which is inclined at

25  anangle from 20°to 24°. Similar chamfered portions (not shown) are also formed in



25 an angle from20 to 24. Simlar chanfered portions (not shown) are al so
formed in WO 2006/ 019170 PCT/JP2005/015178 4 the inner periphery of the
substrate. According to the above formfor the substrate, defects in the
substr at e, WOobs/®8170cr acks or chi ps due to handling or drEppirFmetdis17s
substrate in the manufacturing process, are reduced, and the yield rate is
remar kably inproved. 5 In addition, regagding the glass substrate, |ower
floating of the magnetic head has been planned so as to inplenment high

density datmeﬁlﬁﬁﬁpa&ipmry@megmrmj te/read nethod has been gradually
switched fromthe S (contact start stop) nethod to the load and run

met hod (or the rmot&gﬁ&orfﬁé E@k:foﬁ?ﬁﬁ%&é‘ﬁ%n Ate ERFe BINRE SuBdtSfe, EQUsr € a

substrate which can el1ably insta does not cause wite/read
errors, or a cgrash .10 ,.of the_ mmagnefic .head ip the. wite/rea rocess. In
order to sa‘i’rf’éﬁsfr £higs gpopdhandiing or 188 SEE%EE’E? Qt%e H%??uﬁaé"gﬂﬁﬁg’r%ﬁﬁﬁd in
whi ch i nner and outer peripheral end faces of the substrate are polished

usi ng a pol #rsk¢duged, ahd theyisld raip isormgrablydmpreveduspended so that the
arithmetic average roughness Ra for the surface roughness cones to 0.001 to

0.04 gms5 and t he [padditon) Bgirding tnglxsst sabstidis 1dwersflyatiag of tioeumhpesie headres to
0.5 pmor less (see, for exanple, Reference 3: Japanese Unexam ned Patent

Appl i cat i Onhas*ﬁeééfé f O'réogg_&a ffpent'tidn g%%ﬁﬁaammﬁﬁ i ) the witteheaa

substrate, no cra i ps are pro even substrate contai ned
in a processin assette ich. is case storin nd, transferring. a
substrate i'i‘l‘e%‘gﬁirg?ﬁ}?egﬁtg[ﬂdl@é@y %%%Q%OH? eté%]@?@ﬁa%s&% gtﬁﬂ)ﬂ’(? 'tf’éberlggch
errors or crash of 20 the magnetic head in the wite/read process occurs,

t her eby pr ostiddiun meshode(gnibeiramp teadonethed). mdbeserviigsiresd wathode alse requieya

installed. In order to wite or read data on the nmagnetic recordi ng medi um
t he medi um gubstrat® Whichdta be seliabiinstaatiandides not casd writediehd elrats, bok eragf t he

mediumis fit around a spindle.
10 of the magpetic head in the write/read process.

In order to satisfy the above requirements, a substrate has been proposed in
which inner and outer peripheral end faces of the substrate are polished using a polishing
liquid in which grains are suspended so that the arithmetic average roughness Ra for the
surface roughness comes to 0.001 to 0.04 pm, and the maximum height Rmax for the

15  surface roughness comes to 0.5 pm or less (see, for example, Reference 3: Japanese
Unexamined Patent Application, First Publication No. H11-221742).

According to such a substrate, no cracks or chips are produced even when a
substrate contained in a processing cassette (which is a case for storing and transferring a
substrate in a manufacturing process) is transferred, and no write/read errors or crash of

20  the magnetic head in the write/read process occurs, thereby providing a magnetic
recording medium which can be reliably instalied.

In order to write or read data on the magnetic recording medium, the medium is
rotated at a high speed while a center circular hole of the medium is fit around a spindle.

Therefore, the accuracy for processing the center circular hole is important, and if this

25  accuracy is inadequate, a problem may occur in assembling of a hard disk drive which



Therefore, the accuracy for processing the center circular hole is
inportant, and if this 25 accuracy is inadequate, a problem may occur in
assenbling of a hard disk drive which WD 2006/019170 PCT/JP2005/015178 5

can be rot i.gh speed. The silicon substrate is fragile: thu a hard
di sk dri ve‘§ 223962%19 |Ogh accuracy cannot be obtai ned by oﬁ?s‘/#?%s{oﬁzgthe

surface roughness of the finished inner peripheral end face as shown in
Reference 3. 5 In order to nass-produciné hard di sk drives havi ng consi stent

qual ity and_hi,gh erformance, it is necessary to inprove the accuracy and
reduce’ di ne‘?ﬁr‘élib%rfgfa??éart?’é%??ﬁe%f i nner dianeters of the center circul ar

hol es of the silicon substrates as respective magnetic recarding nedia which
are built into thehhdHepTITubRIrals is\agilesthps. phadedittadiave havingdughaseuracy

di rensions of the inner dianeters, it is inpossible to mass-produce hard

di sk 10 dréanest beachitaiged by ehlytimwitingjialsintfyceandghivesshofighe finshahineer pdopberal , no
trial or attenpt for regulating the accuracy relating to the dinensional
vari ati on ofpd6e hdWiRfvtindtedene 30f the center circul ar hol es has been

i npl emented. 15 DI SCLOSURE OF I NVENTION In view of the above circunstances,

G mont onal vart ol GRcap T PR il e P ik SR ity AR

of the silicon substrates, to efficiently manufacture sjilicon substrates
suitabl e f oPETFIFANGE, dids AECSFERY HPPFOVSdheacclrisy aped Frdust dmengions ¢ apakornef
rotated at high 20 speed, and to provide a magnetic recording apparatus in
whi ch a nmagmetr diameteoy off thg cemerdiromhatisilegofabe kilisod subsmatesidrsesprceee | S nount ed.
Therefore, the present invention provides a manufacturing nmethod for silicon
magnetic recording media which are built into the hard disk drive. With inadequate

(‘.
accuracy in dimensions of the inner diameters, it is impossible to mass-produce hard disk
10 drives having consistent quality and high performance.
However, no trial or attempt for regulating the accuracy relating to the

dimensional variation of the inner diameters of the center circular holes has been

implemented.

15 DISCLOSURE OF INVENTION
In view of the above circumstances, an object of the present invention is to
improve the accuracy and reduce dimensional variation of the inner diameters of the
center circular holes of the silicon substrates, to efficiently manufacture silicon substrates
suitable for hard disk drives which have consistent quality and can be rotated at high
20  speed, and to provide a magnetic recording apparatus in which a magnetic recording
medinum using such silicon substrates is mounted.
Therefore, the present invention provides a manufacturing method for silicon
substrates for a magnetic recording medium, comprising the steps of’
forming a stack body of a number of silicon substrates which are stacked via

25  spacers therebetween, wherein each silicon substrate has a circular hole at a center of the



substrates for a magnetic recording nmedium conprising the steps of: formng
a stack body of a nunber of silicon substrates which are stacked via 25
spacers therebetween, wherein each silicon substrate has a circular hole at
a center Wo tde0lM7®006/ 019170 PCT/ JP2005/ 015178 6 sSub®CT&aPz0050MRIES Si ng

t he stack body of the silicon substrates in a polishing liquid in which
grai ns are suspended; and polishing inneg peripheral end faces of the
circular holes of the silicon substrates, 5 wherein in polishing, a
pol i shi ng bBwbstatgont acts the end faces while performing a relative rotation
bet ween the end faces and the polishing brush, and the stack body of the

silicon substrat@gersing MEatdcRBodhbf e sitichh Silisiittes Tha polisiin®fiqi@kn $Aichg t he
i nner peripheral end faces nay be perforned before inner and outer

peri pheries_of il ubstrate are subjected to chanfering. 10

Pr ef er abl y,gré)'%a%gfl?pﬁ?%ggﬂ;&ush is made of polyam de resin. Typically, the
di fference between_ a, maxi num.inner di ameter. and an _m ni num j.nner di aneter
of the circul ar PRisbingrnagqripherakend f@%@? F}Q"éfcﬂi?afth?éessqfé&m eRIySubstrates, m or

| ess. Preferably, the difference between a maxi numinner dianmeter and an

m ni mum5 15wvheneinin goléshitgen pofistilmebwkh curtaots theleed ddces adhilegierfornimgaublstivat e of
the stack body is 4 pmor |ess. The present invention also provides a
silicon subigiafih Betwen theBRATELcs Gnd %qfoﬁsmg% bFRH] 413 theBBKk B6dp6aEe BiYicen
manuf act uri ng nmet hod as descri bed above. e present invention al so provides
a magnetic sing a 20 silicon substrate as descri bed

recordi.n di ym. made.
above, Wnerséls ?s1fgggﬁecg3%1%ﬁ1sﬂmgayer is formed on a nmain surface of the

silicon substrate, L. i )
The step of polishing the inner peripheral end faces may be performed before

inner and outer peripheries of the silicon substrate are subjected to chamfering.
10 Preferably, the polishing brush is made of polyamide resin.

Typically, the difference between a maximum inner diameter and an minimum
inner diameter of the circular hole of each silicon substrate of the stack body is 10 ym or
less.

Preferably, the difference between a maximum inner diameter and an minimum

15  inner diameter of the circular hole of each silicon substrate of the stack body is 4 um or
less.

The present invention also provides a silicon substrate for a magnetic recording
medium, manufactured by a manufacturing method as described above.

The present invention also provides a magnetic recording medium made using a

20  silicon substrate as described above, wherein at least a magnetic layer is formed on a
main surface of the silicon substrate.

The present invention also provides a magnetic recording apparatus into which a
magnetic recording medium as described above is mounted.

According to the present invention, the accuracy in dimensions in center circular

25  holes of silicon substrates is strictly regulated. Therefore, it is possible to easily



The present invention also provides a nmagnetic recordi ng apparatus into
which a nmagnetic recordi ng nedium as descri bed above is nounted. According
to the present invention, the accuracy in dinmensions in center circular 25

hol es of sybl§RhiFMpstrates is strictly regul ated. Ther ef ossi bl e
to easily 2006/ 019170 PCT/JP2005/015178 7 mass-produce 'lﬁ,raprzgﬁ (Jdl 1IZ§)dri ves

whi ch have consistent quality and can be_rotated at high speed. BRI EF
DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is 3 perspective view of a silicon

vent | on, "0 AFOREC Bttt AR TeEaeet TSR BB Pl RGan ah J8 B8 high o o

for explaining the dinmension of each portion of the silicon substrate in
Fig. 1 acco%PE‘?Chg to the present invention. Fig. 3 is an enlarged view of an
outer peripheral of the silicon substrate in Fig. 1 10 according to the
present invention. Fig. 4 is a diagramfor explaining the nethod of
.measuring the radius R of the curved surface. Fig. 5 is a diagramfor

expl ai ni ng the processes BRIEFPESCRIPTIONOFSTHEIORAWENGSrates for a
magnetic recording medi um according to the present invention. 15 Fig. 6 is a

dr agramsf or _expl %Q Oﬂg a%@&g%tﬁfe‘%ﬁé\ﬁ 34 gllilc%f &%%Jf:h‘ %a%.;et‘fc%X&gﬁl' onal

silicon subst rate I'c recor §gram
show ng a por%l on of ck bod of sili ﬁ{c?l .substrat.es % accaording to
t he present™f %@?Qiﬁmgﬁ? 1€ el 51"81?%9&;’ df C‘é‘S@ﬁ!daYlﬁW PRENGEHLARE: of
brush-polishing the inner 20 peripheries of the center circular holes of

the silicon substﬁlgtl’asadﬁa@amgor expiaining theahmehsion of] edchappreercofthe fiticon
di ff erences between the maxi mum

(f substrate in Fig. 1 according to the present invention.
| Fig. 3 is an enlarged view of an outer peripheral of the silicon substrate in Fig. 1
10 according to the present invention.
Fig. 4 is a diagram for explaining the method of measuring the radius R of the
curved surface.
Fig. 5 is a diagram for explaining the processes for manufacturing silicon
substrates for a magnetic recording medium according to the present invention.
15 Fig. 6 is a diagram for explaining the processes for manufacturing a
conventional silicon substrate for a magnetic recording medium.
Fig. 7 is a diagram showing a portion of a stack body of silicon substrates used
according to the present invention.
Fig. 8 is a diagram for explaining the method of brush-polishing the inner
20  peripheries of the center circular holes of the silicon substrates.
Fig. 9 is a diagram showing frequencies for differences between the maximum
value and the minimum value of the inner diameters of the silicon substrates.
Fig. 10 is a diagram showing another example for the frequencies for differences

between the maximum value and the minimum value of the inner diameters of the silicon

25  substrates.



val ue and the m ni num val ue of the inner dianeters of the silicon
substrates. Fig. 10 is a diagram show ng anot her exanple for the frequencies
for differences between the nmaxi mum val ue and the m ni num val ue of the

i nner di aBOas/039170he silicon 25 substrates. WO 2006/ 0PGT/A02005/015178

PCT/ JP2005/ 015178 8 Fig. 11 is a diagramfor explaining the nethod of
brush-polishing the outer peripheries ofg the silicon substrates. Fig. 12 is
a longitudinal sectional view of a conventional silicon substrate. 5 BEST
MODE FOR CARRYI NGigUIT i3 lalididgxiuiaNgt ©lylaibiag dienhethodwf rhsh-poleshetthe ovtent i on wi | |
be explained in detail. Fig. 1 is a perspective view of a silicon substrate -

for a magnepdriphts&yrdhddlicoeslivdpaeecording to the present invention, which
is cut and viewed fromthe cut face. Fig. 2 is a diagramfor explaining the

di mensi on of eachg. i 1k i . [ 0 Fi ccordi ng
to the present i nq:vlgg{zlt lg%ﬁoﬁéh}'sdﬁga\}\#c}tlﬁﬁ@%ew%& {(%gg%tls%a%:%lﬁ(:@u%g %%t?e 1 for a
magneti c recordi ng nmedium according to the present invention forns a
doughnut - shaped circul ar disk. The main surfaces 2 and 3 for inplenenting
magnetic recording are fornmed on the front and back faces of the circular
di sk. THe outer peri pBaSA MENIE FORCARRY INGSOUTAHE INVENAEOduUt er nost 15
peri phery of the circular disk, and the inner peripheral end face 7 is

posi tioned at theHerembbld%, @le frBRneRNERIonGHIl Bk leRplafhield tn Qétait.he di sk. Between
the outer peripheral end face 4 and the main surfaces 2 and 3, outer

peri pheral chanf eg. orti .5 are for icaner j ral chanfered
portions 6 are fgﬁlggldﬁbaeée\ﬁgéﬁu?%gwﬁnonerSﬂﬁgrrl P‘%%gr?tglfgg%@a%gééiggg&r%ﬁﬁ the main
surfaces 2 ang 3. 20 The in surfaces 2 and 3, the oqute erj pheral end
face 4, theMPHNEYacsRdine{etae Pregeni ipucagony W &@S &t and Vﬁ@ﬁ%ﬁa@ﬂaﬂ'e%éﬁﬁeer ed
portions 5, and the inner peripheral chanfered

Fig. 2 is a diagram for explaining the dimension of each portion of the silicon substrate in

10  Fig. 1 according to the present invention.

As shown in Fig. 1, the silicon substrate ! for a magnetic recording medium
according to the present invention forms a doughnut-shaped circular disk. The main
surfaces 2 and 3 for implementing magnetic recording are formed on the front and back
faces of the circular disk. The outer peripheral end face 4 is positioned at the outermost

15  periphery of the circular disk, and the inner peripheral end face 7 is positioned at the
inside of the center circular hole of the disk. Between the outer peripheral end face 4
and the main surfaces 2 and 3, outer peripheral chamfered portions 5 are formed, and
inner peripheral chamfered portions 6 are formed between the inner peripheral end face 7
and the main surfaces 2 and 3.

20 The main surfaces 2 and 3, the outer peripheral end face 4, the inner peripheral
end face 7, the outer peripheral chamfered portions 5, and the inner peripheral chamfered
portions 6 are subjected to polishing so as to produce mirror-finished surfaces.

Preferably, in the silicon substrate 1 for a magnetic recording medium according
to the present invention, it is preferable to form curved surfaces having a radius R (of

25  curvature) from 0.01 mm to 0.3 mm at edges between the main surfaces 2 and 3 and the



portions 6 are subjected to polishing so as to produce mrror-finished
surfaces. Preferably, in the silicon substrate 1 for a magnetic recording
medi um according to the present invention, it is preferable to form curved
surfaces i {Rdius R (of 25 curvature) fromO0. 01 5%‘?'}’ t edges
bet ween t@%&ﬂ‘%ﬁ@gu@f aces 2 and 3 and the WO 2006/0191781p 2%%18@%15178
9 outer peripheral chanfered portions 5 and also at edges between the main
surfaces 2 and 3 and the inner peri phereﬂ chanfered portions 6. According
to such cury [ en, in. iLicgn r.agh
matoral ¢ NSO ER S BRI heS, WA R S dTAE pily BB oy
produced duge to 5 cracks, or bbi hg ,agai nsf a processing cassette and are
_not incl udegaF‘ﬁﬂ{eHEn%ﬁH%{P?‘ﬁﬁaL&mﬁféﬁiB?@Péﬁ é-a smal | er nunber of substandard
magnetic recording nmedia and a smaller nunber of wite/read errors are
produced. Fig. 2 Aheawding tesneli emeedofurfacashevenin a silicont subistrats imade ofi aduagte r at e |
.for a magnetic recordi ng nmedium according to the present invention. In the
Figure, refgaenal thy shakr pdrlofddcd Gotieals ahd eud pheicled iap Wit @roduted te: to
substrate, reference synbol d indicates the inner dianmeter of the center

ci roul ars hobgod o By BbBHTA Forol RUAE AGAISHANAL ndk ihdIelieAdh B WBrail hi ckness

of the substrate, an erence sy I ndi ca t ength of each

chanf er ed rtion. Tahle 1 sho n | e of the.di nensions of each
portion of CHTEsj ac%ﬂmegﬁ‘ﬂgi’?ra‘%qs “?%?“%grad%%‘@fw LeCPEing Eﬁeﬁﬁ aﬂaaisﬂ’ﬁ{l"’raccor di ng
to the present invention. As 15 shown in Table 1, an appropriate radius R of
the curved Bumnbercd wstegppt erxorraredirgdicedm 0.01 nmto 0.3 mmfor substrates
having a dianmeter fromO0.85 inches to 3.5 inches. Table 1 unit: mm
substrate outer dFgpetshowsidianaisienhs of edchborios 9f tiefsiliwagubstate T fudiausagnbtic nane:
i pch of substrate inner hole of substrate (T) chanfered curved

recording medium according to the present invention. In the Figure, reference symbol

10 D indicates the outer diameter of the substrate, reference symbol d indicates the inner

diameter of the center circular hole of the substrate, reference symbol T indicates the

thickness of the substrate, and reference symbol L indicates the length of each chamfered

portion. Table 1 shows an example of the dirnensions of each portion of the silicon

substrate for a magnetic recording medium, according to the present invention. As

15  shown in Table 1, an appropriate radius R of the curved surface is approximately from

0.01 mm to 0.3 mm for substrates having a diameter from 0.85 inches to 3.5 inches.

Table 1
unit: mm
substrate outer diameter ‘diameter of thickness of length of radius of
name: inch of substrate inner hole of substrate (T) chal_nfered curved

{D) substrate (d) portion (L) surface (R)
0.85 21.6 6.00 0.381 0.07
1. 254 7.00 0.381 0.07
1.89 48.0 12.00 0.508 0.12

25 65.0 20.00 0.635 0.15 0011003
3.3 84.0 25.00 1.27 0.15
3.5 95.0 25.00 1.27 0.15

20
Here, an enlarged view of an outer peripheral portion of the silicon substrate 1

for a magnetic recording medium according to the present invention is shown in Fig. 3.



(D) substrate (d) portion (L) surface (R 0.85 21.6 6.00 0.381 0.07 1. 25.4
7.00 0.381 0.07 1.89 48.0 12.00 0.508 0.12 0.01 to 0.3 2.5 65.0 20.00 0.635
0.15 3.3 84.0 25.00 1.27 0.15 3.5 95.0 25.00 1.27 0.15 20 Here, an

enl ar ged W@ePP19 out er peripheral portion of the siliB6RIEAWSOIEI® 1 for
a magnetic recording nedium according to the present invention is shown in
Fig. 3. WD 2006/019170 PCT/JP2005/0151780 10 Between the outer peripheral
end face 4 and the nmain surfaces 2 and 3 of the silicon substrate 1, the
chanf ered pdetwearibeSuter peripheraband fasel 4iand the ippisfsurfagsse and 3 of thesiliorad
surfaces having a radius Rfrom0.01 mmto 0.3 nmat edges between the nmain
surfaces 2substchid1 ahé clidneferzdtpartique 15 aph formed cnarif Brpeeferabid ioofosm surved
Simlarly, it is preferable to formcurved surfaces having a radius R from

0.01 mm tOstfa@bs'HK\lﬁ‘l a“rQ«ﬁ%Rtﬁ‘&rﬂ"@Qﬂ rifiQo 0B AnSHTelasttwed the AR duifii@s | nner

peri pheral chanfered portions. Below, the nethod of nmeasuring the radius R
of the curv cr eference to Fig. 4. As shown
in Fig. 4, gﬁn@?‘ﬁ%we{?%’%@#eﬁ%ﬁ?@%’%%ﬁ gmal n surface is defined, and a
start point Ais defined at the position where the curved surface S2 is

separat ed from t Hemdady isip pref ¢rﬂb1étfssfqrm cupgdriuriaess hawimgacading Bffom 8ls | is

away fromthe start point A by 10 m and point B on the curved surface S2 is
away from inhetoi3umin gedpds etbsentle mainfsuefacesdd asd D hnditheiingdrepeaipheval ch poi nt s
A, B, and Care present is defined as the radius R of the curved surface.

when the ragiatertd Bhrtiohs
Below, the method of measuring the radius R of the curved surface will be
described with reference to Fig. 4. As shown in Fig. 4, an extension line S1 from the
10  main surface is defined, and a start point A is defined at the position where the curved
surface S2 is separated from the extension line S1. Point C on the extension line S1 is
away from the start point A by 10 pum, and point B on the curved surface S2 is away from
the start point A by 10 pm. The radius of a circle on which points A, B, and C are
present is defined as the radius R of the curved surface. When the radius R of the
15 curved surface is set to be from 0.01 mm to 0.3 mm, it is possible to prevent the relevant
corner portion of the silicon substrate from breaking. When R < 0.01 mm, the corner is
too sharp and is weak to impact, and chips tend to be produced when the substrate is
handled or hits something. When R > 0.3 mm, the data recording area on the main
surface is reduced, which is not preferable. In addition, it is preferable to provide
20  curved surfaces of radius R on either between the main surfaces and the outer peripheral
chamfered portions and between the main surfaces and the inner peripheral chamfered
portions.
Such curved surfaces having a radius R from 0.01 mm to 0.3 mm can be formed
in silicon substrates of any size. In the silicon substrate, appropriately, the length of the

25  chamfered portions 5 or 6 is 0.05 mm to 0.16 mm, so as to secure a sufficient data



15 curved surface is set to be from0.01 mMmmto 0.3 nm it is possible to
prevent the relevant coner portion of the silicon substrate from breaking.
When P. < 0.01 nmm the corner is too sharp and is weak to inpact, and chips

"t end ton?n%(%@g)g%?go when the substrate is handled or hi _tp%ﬁﬁgﬁ)%}am% When

R> 0.3 recording area on the main surface i's reduced, Which is
not preferable. In addition, it is preferable to provide 20 curved surfaces
of radius R on either between the main ddirfaces and the outer peri pher al
chanf er ed Qgrt(iiﬁ)ns ggdeg%tweeré ihe mai n surfaces and the inner peripheral
chanf er ed 68’? tofs: “8GeN BUFVEY*Sur f aces havi ng a radius Rfrom0.01 nmto

0.3 mmcan be forned in silicgn suhstrates of any.size._In the silicon
substrat e, approﬁH&’é‘P@W’n%%sﬁ’éﬁﬁﬁgpsgﬁtetlhéfaﬁge% ?ﬁeé’PE‘Hn%H}eEWHhS 50r 6is
0.05 mMmto 0.16 mm so as to secure a sufficient data WO 2006/ 019170

PCT/ JP2005/AGDEdizS to the presextandintign ahe maimsuetaces, the outenaridioser pedgheralomdl |y, in
the silicon substrate 1 for a magnetic recording nmedium according to the

present i nygR§ 208 thd diferd intf pbagiesal chhafeded FortiantaresabieclRend phigshalg ssnd
faces, and the outer and inner peripheral chanfered portions are subjected

to polighi ngs&eatégﬁﬁ?%ﬁnigﬁe%astu?fage}sr ror-finished surfaces. Regarding the

surface'ro ness e main surfaces, the maxi num height Rmax is 10 nm or

| ess, and for the surface rouyghness of e outer peripheral. end faces and
Lre ourer bori phBreitiing dhe BEEEC PRRbren of MeAh S o RE T RALESE 10 o or
| ess. The accuracy for the inner dianmeter of the center circular hole of
each sili c®maxiie 18 npserlassearidofor thermirfaed togghneso ohitha gutes ieripheralsandfaces m or

| ess as a difference between the maxi num and the m ni rum val ues of the

i nner di anehéthe dufbr?dﬁbﬁdrﬂrbhainlfer@d pertiohs) thy raghkigmmahéightiRfhiag ks T uveor fedyi ng
h{ gh performance an stable quality, which is an object of the present

invention, a difigL e06e HhNRE tdel Biameter of the center circular hole of each silicon

10 substrate for a magnetic recording medium must be 3 pm or less as a difference between
the maximum and the minimum values of the inner diameter.

In addition, in order to produce a hard disk drive having high performance and
stable quality, which is an object of the present invention, a difference between the
maximum inner diameter and the minimum inner diameter for the center circular holes of

15  the respective silicon substrates must be 10 um or less. If the difference between the
maximum inner diameter and the minimum inner diameter exceeds 10 um, it is difficult
to mass-produce hard disk drives which have consistent quality and operate stably.
According to the method of the present invention, it is possible to obtain silicon
substrates for a magnetic recording medium, in which the difference between the

20  maximum inner diameter and the minimum inner diameter for the center circular holes is
4 pm or less.

In order to form the center circular hole of the silicon substrate for a magnetic
recording medium, a stack body of silicon substrates is used, in which a number of
silicon substrates are stacked via spacers, and it is important to reduce variation among

25  the inner diameters of the center circular holes of the silicon substrates which constitute



maxi mum i nner di ameter and the m ninmuminner diameter for the center
circular holes of 15 the respective silicon substrates nmust be 10 ism or

|l ess. If the difference between the naximuminner dianmeter and the m ni num
i nner di ave@eoe@xdeds 10 m it is difficult to nmass-pr®FTGTR2MAOFIA sk
drives which have consistent quality and operate stably. According to the
met hod of the present invention, it is p¢3sible to obtain silicon
substrates for a magnetic recording nedium in which the difference between
t he 20 naxithebrtchner di anmeter and the minimuminner diameter for the center
circular holes is 4 mor less. In order to formthe center circular hole of

the silicon substTit®ol@lesdribad bigicbe subs@aehding aefteridicubar HbRAkThayithf
silicon substrates is used, in which a nunber of silicon substrates are

st acked vi : . LS s d ToJ s Lot 5 the

i nner di an%%ggag{laish@ggaedﬁglgﬁé% rcungg%gFlgg a%&ld%ﬁ% Sl I%gﬁgg% raftzes whi ch
constitute 006/,019170 PCT/JP20Q5/ 015178 12 _.the batch. The

above- descr%{l\ﬁsﬁﬂgﬁeﬁ siighn §leh§§r@$eat(§a‘ﬁaw%er§"e@m hlos) AreciRcked Kt 955 A i th

a hi gh di nensi onal accuracm is obtained by using a stack body in which a
nunber & iaimérsing theeairosiar holsrpagtibng ina ediskiing ligwd 1w whickrgraing suglsuspendédes) are
stacked via spacers, and 5 immersing the circular hole portions in a

pol i shing | ifdyedfoiriingtpolithigs of fie: iaher fevphanoed. faced Bfitheeirt Glanhdles, povhidhi ng of
t he i nner peripheral end faces of the circular holes, in which a polishing

brush cont agt§; ' FeTe i ' 3hi th
R S S D e R o ot

h a nunber of
ot ocess ng, STATMEAEE PO T8 Rave vari ati on anong’ &1 mensi ons of t he
inner dianeters of the silicon substrates which constitute a batch. If the
variation can be Indorahwie arocescim which e gumbeeof slinon substiates arastackpdignchg st abl e
uatit le simultaneously polished in batch processing, it is inevitable to have variation among

dimensions of the inner diameters of the silicon substrates which constitute a batch. If
the variation can be reduced as much as possible, hard disk drives having stable quality
can be efficiently manufactured.
As shown in Fig. 6, conventional silicon substrates are manufactured in the
15  following processes. First, in order to improve accuracies for shapes and dimensions, a
disk-shaped silicon material is subjected to lapping which is performed in two steps by
using a lapping apparatus, thereby achieving the conditions in which the surface accuracy
is 1 pm or less, and Rmax for the surface roughness is 4 um or less.
According to the first lapping step, Rmax for the surface roughness of the inner
20  and outer peripheral end faces comes to approximately 6pm, and according to the
successive second lapping step, the surface accuracy comes to 1 pm or less, and Rmax
for the surface roughness comes to 4 um or less (see steps (a) and (b) in Fig, 6).
Next, after a circular hole is formed at a center of the substrate by using a

cylindrical grindstone, a specific chamfering process is applied to the inner and outer

25  peripheries (see steps (c2) and (c3) in Fig. 6).



can be efficiently manufactured. As shown in Fig. 6, conventional silicon
substrates are manufactured in the 15 follow ng processes. First, in order
to inprove accuracies for shapes and di nensions, a disk-shaped silicon

‘material iywoSuRlessted to | apping which is perforned int Tﬁ%ﬁﬂ%@ﬁﬁ? using a
| appi ng apparatus, thereby achieving the conditions in I'C € surtace
accuracy is 1 mor less, and Rrax for the surface roughness is 4 mor |ess.
According to the first |apping step, Rebd for the surface roughness of the

| ner 20 2nd OURRL BRLWBNCLR ofBYDIBRSS. ATTES: ks AR IRk ehy o and

according to the accessrv ing step, e sur ccuracy cones

to 1 mor |less, and x for the surface roughness cones to 4 gmaor |ess
_(see stepsS$ Q?Ct%‘ﬂf? I(O(T{)Srﬁlnﬂ 504§ .to B5Qd“F\Te&1EIT°ré¥“t‘ d gurdaces (e step &an; ég-fﬁéyr ned at
a center of the substrate by using a cylindrical grindstone, a specific
chanf er i ng Te ebexesproeesagsire perfounedier evemesubamate Gt ghor ed®B ppese).pheri es (see
.steps (c2) and (c3) in Fig. 6). WO 2006/019170 PCT/JP2005/015178 13 Next,

the inner and ouFgiallpaht hifh shrffRbnfvifisa Mashetib aetoedifg nealvn Rrovdbe&d is
subj ected to polishing so as to produce mnor-finished surfaces (see step

(d) in Fig, e f: ate
(e For sulibsied FORIRRRES MHRCSSRARe MGRT bASERS R UESY THHRThIC
recording nediymis provjded is 5 subjected, to polishing,. This polishing
process is pﬁ@?@%& sHeRils pe ed fryemoying seqrs g distggions ﬁwﬁaceﬂ i8g ?greg@w or med
for renmoving scars or distortions produced in the previous processes, and
t he second ppakbsshiand the sgeond pphsting steplisfperfopreddorpreducing mamrert fimisksde d
surfaces (see steps (e) and (f) in Fig. 6). The silicon substrate after

pol i shi ng isarfadéh {deeisept (&) #ldg@iadigand then transferred 10 to an inspection
pf ocess (see steps (g) and (% in Fig. 6). According to the above processes,

a conventional sithicffon YRS Sidr Pblishing is sufficiently cleaned, and then transferred

10  to an inspection process (see steps (g) and (h) in Fig. 6).
According to the above processes, a conventional silicon substrate for a
magnetic recording medium is obtained.
In the processes according to the present invention, as shown in Fig. 5, first, in
order to improve accuracies for shapes and dimensions, a disk-shaped silicon matenal is
15  subjected to lapping which is performed in two steps by using a lapping apparatus, so
that the surface accuracy comes to 1 pm or less, and Rmax of the surface roughness
comes fo 5 um or less (see steps (2) and (b) in Fig. 5).
Next, 2a number of silicon substrates are bundled via spacers, so that a stack body
of the silicon substrates is prepared, and a circular hole is formed at a center portion of
20  the stack body by using a cylindrical grindstone, and then a specific chamfering process
is applied to inner and outer peripheries of the substrates (see steps (c1), (c2), and (¢3) in
Fig. 6).
Next, the end faces of the stack body of the silicon substrates are brush-polished.
In this brush polishing, when half of a period of time necessary for producing target

25  mirror-surface-finished end faces has elapsed, the stack body is inverted (i.e., turned



magneti c recording nmediumis obtained. In the processes according to the
present invention, as shown in Fig. 5, first, in order to inprove
accuraci es_for shapes and di nensions, a di sk-shaped silicon nmaterial is 15
subj ect ed P FRHBPRY which is perforned in two steps by REHEIP2H03/5HT8ng
apparatus, so that the surface accuracy conmes to | mor |ess, and Rmax of
the surface roughness comes to 5 p.morld4d ess (see steps (a) and (b) in Fig.
5). Next, a nunber of silicon substrates are bundled via spacers, so that a
st ack body upside dpwng;anddhen palisbingas agsin performpd ol thy gad faces acawitgriangel e i s
formed at a center portion of 20 the stack body by using a cylindrical

gri ndst one, mamet suffeces dsea pepi(ll) m Kipaiyf eri ng process is applied to inner and
outer peripheries of the substrates (see steps (cl), (c2), and (c3) in Fig.

6). Next, the e”dFiflﬁBﬁﬁleQﬁaiﬁ Qﬁfﬁe%WQWXn%ggﬂﬁﬁrgléﬂgrﬁg%qgecﬁﬁﬁ% pRhgefise

brush-polished. In tthis brush polishing, period of tine

necessary for. .produci .target 25.mrror-surface-fini shed, end C has

ol apseq. 1 nEREES pofigind " e pelistingrrisesf ppfiGmelindgRerGho 1BE Bhst

PCT/ JP2005/ 015178 14 upsi de down), and then polishing is again perforned
until the enelishingstepde gerformed{priemovingseas ok distoriens praduced i he@IgvipHs Fi g.
5). Finally, the main surface on which a magnetic recording nmediumis

provi ded i sprogsessesaficiie secopdlpolibhingsted Bipgrfpahedsfor pepducopansrordinishetior ned i n
two steps. The first 5 polishing step is performed for renoving scars or

di storti ons sprRducedsd i (LhadUEENfg4'S). Processes, and the second polishing

step is per?ormed for ‘producing mrror-finished surfaces (see steps (e) and
< surticlently ol Eaisen SBste RaR B of elSeih S, BBl el " See
steps (g) and (h) in Fig. 5). 10 Processing of the inner and _outer
peri pher al M&P&Eé@sfqr@%ﬁe@n@%@%@@mwee steps (g) and (h) in Fig. 5).
10 Processing of the inner and outer peripheral end faces is performed as batch
processing applied to a stack body 12 of a number of silicon substrates, as shown in Fig.
7. The stack body 12 includes 100 to 200 silicon substrates 1, and spacers 11 are
inserted between the silicon substrates 1.
The spacers 11 are provided for reliably preventing (i) insufficient polishing in
15  the brush polishing process applied to the inner peripheral chamfered portions 6 of the
inner peripheral end face 7 and the outer peripheral chamfered portions 5 of the outer
peripheral end face 4, and (ii) breakage of the silicon substrate in the polishing process.
Each spacer 11 has a circular disk shape having a center circular hole, similar to the
shape of the silicon substrate. More specifically, the spacers are installed in a manner
20 such that an end face (i.e., a side face) of each spacer 11 is positioned at approximately 0
to 2 mm (preferably, 0.5 to 2 mm) inward from the end face 4 of the silicon substrate 1.
When the end face of the spacer is positioned further inward from the end of the
chamfered portion of the substrate, brush hairs reach the main surface areas of the silicon

substrate (though depending on the thickness of the spacer and the diameter of the brush

25  hair), and a nidge portion between the main surface and the chamfered portion is rounded.



processing applied to a stack body 12 of a nunber of silicon substrates, as
shown in Fig. 7. The stack body 12 includes 100 to 200 silicon substrates
1, and spacers 11 are inserted between the silicon substrates 1. The
‘spacers 1 r pded for reliably preventing (i) insufiicd L, shi ng
in 15 théwgﬁg%ﬁﬁgﬁ?ishing process applied to the inner %@?ﬁ%ﬁ@%ﬁﬁggﬁanfered
portions 6 of the inner peripheral end face 7 and the outer peripheral
chanfered portions 5 of the outer peripheral end face 4, and (ii) breakage

of the sil il‘ﬂ%’&dﬁﬂﬁ%ﬁ%&ﬂe& S BRIcESTY iQ%ﬁBﬂlﬁ%ﬁ%‘ﬁdjlﬁ%@C@&%ﬁtﬁé@xe has a

circul ar di sk shape having a center circular simlar t shape of
the silicon,substrate, .M S i.fically,,the ers.are .installed in a
mnner 20 SHEHeEh ik e ZBaSipe B Y mrfE RS TipREG i EpRriiey”, 2
positioned at approximately O to 2 turn (preferably, 0.5 to 2 nm inward
fromthe en@ilﬁ%&g mmof In aeditign, p pesferabls Jnateriad far the gpasarstiids pakyuredbancot t he
.spacer is positioned further inward fromthe end of the chanfered portion
of the subsaardt epoxiprths saraimateriakemchattdie polshing pad esed iatlegolishingpeosd, iocon
substrate (though dependi ng on the thickness of the spacer and the dianeter

of the by usiheZRe RAiEN is sBRE tBad IHEGRIRASEBRADCTHBER, it RSHrEREAPISH hsdGBaRRd the
chanfered portion is rounded. WO 2006/ 019170 PCT/JP2005/015178 15 In

addition, t t hi ckness aqf .t.h er 1S ropii.ake i e cordi ng
fo the i ancret G Bt e PR L e it SRR B A S AE 6

t hi ckness is approximately . 0.1 to 0.3 nm.In addition, a preferable

mat eri al f oPressyEe &gy sy rolishing brysdy of thesrbighizg paderyi | epoxy, the sane
material as that of a polishing pad used in the polishing process, or 5 the
| i ke, which is sditherpdishingtphecess, firstonmaulys tof silieon Fitstraies 1 ant aimingeeber abl e
tb use spacers 11 nmde of a soft material adapted to prevent the silicon

substrate f gl Eadeialemeiedy inBertdd iBfSdpReifit i (h&%hﬂ@k%%hﬂ ifigis BOHES [ Wimd he

polishing pad. In the polishing process, first, a nunber of silicon

substr aj s ﬁgl? %g? 91%121%% ?ﬁnéé gir@ﬁ?é&{)\ér ﬁ?er@ory%oﬁhiés raryi’écﬁll%d.& SR ttl?éjsiiiwno a

specific jig ody 1s-boun

substrates. Next, as shown in Fig. 8, a polishing brush 13 is inserted into the center
circular hole of the silicon substrate 1, and the amount of pressing by the polishing brush
13 1s adjusted so that the hairs 14 of the brush contact the inner peripheral end face of
each substrate. Preferably, the polishing brush 13 is formed by tying up polyamide

15  resin fibers into a corkscrew form, in which the diameter and the length of the brush hairs
are respectively 0.05 mm to 0.3 mm, and 1 to 10 mm.

In the next step, a case in which the substrates are contained is filled with an
appropriate amount of a polishing liquid. As shown in Fig. 8, a relative vertical motion
between the stack body 12 of the silicon substrates 1 and the polishing brush 13 is

20  performed while respectively rotating the stack body 12 and the brush 13 in opposite
rotational directions, thereby brush-polishing the inner peripheral faces of the substrates.
Preferably, the rate of rotation of the stack body 12 of the silicon substrates is
approximately 60 rpm, and the rate of rotation of the polishing brush 13 is approximately
1000 to 3000 rpm.

25 Due to the brush polishing for the inner peripheral faces, the contact line



10 tight and cl anped using a binding cover, thereby form ng a stack body 12
of the silicon substrates. Next, as shown in Fig. 8, a polishing brush 13 is
inserted into the center circular hole of the silicon substrate 1, and the
amount of YYPeeMY 7By t he polishing brush 13 is adjust e®CIFPLWNITIAE hairs
14 of the brush contact the inner peripheral end face of each substrate.
Preferably, the polishing brush 13 is foiéed by tying up polyam de 15 resin
fibers into a corkscrew form in which the dianeter and the length of the
brush hai r detvages themgincririped gndithe snpanpespleral anehfaceris mpde wia @ cwived pirfacke next
step, a case in which the substrates are contained is filled with an
appropri at chasimgarthdiaf ofi0.0dke 8105 mom| axetithe. forks ofthe wmer periphgral 8nd feceshaat | ve
vertical notion between the stack body 12 of the silicon substrates 1 and

t he pol i shiyeh QF&ehite3 is 20 perfornmed while respectively rotating the stack
body 12 and the brush 13 in opposite rotational directions, thereby

brush-polishing the i nner ri al. fta of ..the substr S.. Pref.erably,
the rate of ot att gHPBRopE e RARIe e 1hE PRy BopioHie Popes R E by kAR
approxi mat el y 6_0,rpn%eéaand the rate of rotatiagn of _the polishi n% brush 13 is
appr oxi frat dpses, it farrekerrbipiednygshihe stack hody d 2oh thersilicon spbstipteni nhileds of he i nner
peri pheral faces, the contact |ine WD 2006/ 019170 PCT/JP2005/015178 16

bet ween t hepolisting arerhpidly appdrenhaftérrapproxpmatehh® manutenef polistang; shusafle i nto a
curved surface having a radius of 0.01 to 0.05 mm and the form of the

i nner  per i phgnRk ofPOlidREES shifdient) Worcxafiplabfiéns midhtSWpSb R estddre

m ddl e of the brusg pol ishing process of the inner peri pEeraI 5 faces, it
is prefera t Q.. t ta ilico trates. Effects
of the portelkeRdiREch P IE buraRe 48 Qe A BErg R s o
polishing; thus, 5 mnutes_qf polishing is sufficient. For_exanple, after 5
m nut es of Rs&ersed. fherehyiiligisntly obfaimings targrt S@chFé%&‘&ﬁ%éﬂ‘? A {ECtagCHIAQNr t ed),
and a further 5 mnutes of polishing is

10  for the inner diameters.

In a more specific example, in brush-polishing of the inner peripheral faces of
silicon substrates having an outer diameter of 48.0 mm and an inner diameter of 12.00
mm (i.e., substrates called 1.89 inch), when the stack body of the silicon substrates was
inverted after 5 minutes of polishing and a further 5 minutes of polishing was performed,
15  the maximum value and the minimum value of the inner diameters of the circular holes
of the silicon substrates which constitute a stack body were measured using a hole tester.
Regarding this example, frequencies for differences between the maximum value and the
minimum value are shown in Fig. 9. As shown in Fig. 9, the difference between the
maximum and the minimum values of the inner diameters when the stack of the silicon
20  substrates was inverted was 3 or 4 um while the difference when no inversion was
performed was up to 10 um. Therefore, the accuracy for the inner diameters of the
circular holes is remarkably improved by performing the inversion of the stack body of
the silicon substrates.
The inversion of the stack body of the silicon substrates is remarkably effective

25  for the silicon substrates, and is also effective for glass substrates. Fig. 10 shows results



performed, thereby sufficiently obtaining a target surface roughness and a
target accuracy 10 for the inner dianmeters. In a nore specific exanple, in
brush-polishing of the inner peripheral faces of silicon substrates having

an outer ¢@iRiR1919) 48.0 nmand an inner dianeter of 12,04 is1% -
substrates called 1.89 inch), when the stack body of the gi {J})gﬂgﬁﬁsuﬁgstrat es

was inverted after 5 m nutes of polishiilg and a further 5 m nutes of
pol i shing was perforned, 15 the maxi num val ue and the m ni num val ue of the
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stack of t KEMPANFTON esilisonubulsehavia be ferenss (%turendhemagonan

di fference when no inversion was perforned was up to 10 m Therefore, the
accur acy f dhe mmniwmealuesi ofitiet imner dibmetess) of drte Oluam, thogles substratasdrkabl vy

i nproved by performing the inversion of the stack body of the silicon

subst r aes.wiiBediktabenist B (B vilhe: &b 3athiboey 10fmt he silicon substrates is
remarkably effective 25 for the silicon substrates, and is also effective
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17 of anot her exanple of °si shing a I con
substrates and glass, substrate aving the sane size as that of the silicon
subst r at es.fgﬁ Ogﬂﬁvﬁ‘l‘bﬁtﬁtﬁﬁ‘?m]@;‘eaﬁ’s‘w -son wWith the silicon substrates
having the difference (between the maxi rum and the m ni num val ues of the

i mner di anet ers) Asfshewngn Bignlliheyliiduicsl tyughsty ispushed against the eriddaees of the
distribution but the values are within 2 to 10 gm After brush polishing of
the inner palidoptabstat@ndoffthe stack bbdy Dt Efrefa@dblyp gy Blindrivdl bfudk &5 ioforhée

substrates are polished using a brush.

10 by tying up polyamide resin fibers into a corkscrew form, in which the diameter and the
length of the brush hairs are respectively 0.05 mm to (.3 mm, and 1 to 30 mm, and the
diameter of the cylindrical brush 15 is 200 to 500 mm. This cylindrical brush is pushed
against the outer peripheral portion of the stack body 12 of the silicon substrates 1, and a
relative vertical motion is performed between the stack body 12 of the silicon substrates

15  andthe cylindrical brush 15 which are simultaneously respectively rotated in opposite
rotational directions at respective rates of rotation of 60 rpm and 700 to 1000 rpm while
supplying a polishing liquid to a contact face between the outer periphery of the stack
body 12 and the polishing brush 15.  Thereby, the outer peripheral end faces of the
silicon substrates 1 are brush-polished.

20 After the brush polishing, each silicon substrate is cleaned using water, and the
main surface of the substrate is subjected to a first polishing step which is performed for
removing scars or distortions produced in the previous processes.

In this first polishing step, a polishing apparatus which is usually used is used.
In polishing using the polishing apparatus, a polishing liquid obtained by adding

25  colloidal silica to water is used; the load is approximately 100 g/cm’; the rate of rotation



As shown in Fig. 11, a cylindrical brush 15 is pushed against the end faces
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gear is approximately 29 rpm After the first polishing step, the silicon
substrat e | STOVaAMMNtEnYshiRg ] umntherate of ity ofdhe @Mﬂas hy t%kﬂ4%hi ng

step. 5 That is, the second polishing step as a finishing process is applied
t o t he I¥ai repm; the rate of rotation of the upper surface plate is 35 rpm; the rate of rotation of the

sun gear is approximately 14 rpm; and the rate of rotation of the internal gear is
approximately 29 rpm.

After the second polishing step, the silicon substrate is immersed in neutral
detergent, pure water, pure water and IPA (isopropyl alcohol), and IPA (for vapor drying)

15  in turn, which are respectively contained in cleaning tanks, thereby performing ultrasonic
cleaning of the silicon substrate.

According to the above-described processes, a silicon substrate for a magnetic
recording medium is obtained, in which the end faces and the chamfered portions are
mirror surfaces, and curved surfaces having a radius from 0.01 mm to 0.3 mm are

20 provided between the main surfaces and the chamfered portions of the substrate.

This silicon substrate for a magnetic recording medium is made of fragile
silicon; however, chips in end faces or cracks in the substrate are not easily produced,
thereby preventing the occurrence of dust particles produced from end faces of the
substrate, or due to rubbing with a processing cassette.

25 In addition, the dimensional accuracy for the inner diameters of the center



surfaces of each silicon substrate which was subjected to the first
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i6 extremely small and the accuracy is very high. Therefore, a hard disk
drive in which thensithdrdse ofulsdiliedrembstat€otipingd eddaanbibatdvelafdreare
per f or mance.

10 deposited by a known method, for example, a CrMo base layer, a CoCrPtTa magnetic

layer, and a carbon hydride protection layer are deposited in turn by using an in-line
sputtering apparatus or the like, and then a perfluoropolyether liquid lubrnicating layer is
further deposited using a dipping method, thereby obtaining a magnetic recording
medium.
15 Ahard disk drive is obtained by mounting known devices such as a driving
device and a write/read head onto a magnetic recording medium as obtained above.
The magnetic recording medium according to the present invention, obtained by
the above processes, has curved surfaces having a radius from 0.01 mm to 0.3 mm
between the main surfaces and the chamfered portions; thus, chips in the end faces or
20 cracks of the substrate are not easily produced, thereby preventing the occurrence of dust
particles produced from an end face of the substrate, or due to rubbing with a processing
cassette. Accordingly, it is effective for preventing write/read errors or a crash of the
magnetic head in the write/read process.
In addition, dimensional accuracy of the inner diameter of the center circular

25  hole of the substrate is extremely high and dimensional variation is very small.
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10 INDUSTRIAL APPLICABILITY
The accuracy in dimensions in center circular holes of silicon substrates is
strictly regulated; thus, it is possible to easily mass-produce hard disk drives which have

consistent quality and can be rotated at high speed.



illustrated above, it should be understood that these are exenplary of the
invention and 5 are not to be considered as limting. Additions, om ssions,
substitutions, and other nodifications can be made w t hout departing from
the spirit or scope of the present invention. Accordingly, the invention is
not to be considered as being limted by the foregoing description, and is
only limted by the scope of the appentled clains. 10 | NDUSTRI AL
APPLI CABI LI TY The accuracy in dinensions in center circular holes of silicon
substrates is strictly regul ated,; t(ﬂ;@ §t is possible to easily

mass- produce hard di sk drives which S consi st ent quality and can be
rotated at high speed. 21 CLAIMS 1. A manufacturing nmethod for silicon
substrates for a magnetic recording nedium conprising the steps of:

form ng a,stack b f.an of. silihcon s [ which are.stacked via
spacers trllér ebg‘tﬂgrgpr%&%n rglé{ﬁgcggoéﬁlhg?rf ?ué)stﬁﬁgsuﬁ)gg ?T'a e& Cégcoéglg rceﬁfua’ hol e at

a center .e; imrersing the stack body of the silicon
substrateggwhggn%%ﬁsgﬁgﬁg liquid in which grains are suspended; and
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substrat es, ereﬁ% I'n poI?shlng, a polishing brush contacts the end faces
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pol i shing brush, and the stac i con strates is Inverted
during poljshhig. 2. The manufacturing nethod as claimed in claim1, wherein
the step of polishing the inner peripheral end faces is perforned after

inner and out efmpefingBe kg RfdyloftheSilico Qibstratd &t 4 ﬁél%hﬁ?@iqﬁl&iﬂh eHi@d to
chanfering. 3. The manufacturing nethod as clainmed in claim1, wherein the
pol i shi ng ghiisksdie bispended; and
polishing inner peripheral end faces of the circular holes of the silicon substrates,
wherein in polishing, a polishing brush contacts the end faces while performing a relative

rotation between the end faces and the polishing brush, and the stack body of the silicon

substrates is inverted during polishing.

2. The manufacturing method as claimed in claim 1, wherein the step of polishing
the inner peripheral end faces is performed after inner and outer peripheries of the silicon

substrate are subjected to chamfering.

3. The manufacturing method as claimed in claim 1, wherein the polishing brush is

made of polyamide resin.

4. The manufacturing method as claimed in claim 1, wherein the difference between
a maximum inner diameter and an minimum inner diameter of the circular hole of each

silicon substrate of the stack body is 10 pm or less.



made of polyam de resin. 4. The manufacturing nethod as clainmed in claim1,
wherein the difference between a maxinmuminner dianmeter and an m ni num
inner dianeter of the circular hole of each silicon substrate of the stack
body is 10V9APU801918¢s. WO 2006/ 019170 PCT/ JP2005/ 015178 BEI/IP2005185178

manuf acturing nethod as clained in claim1, wherein the difference between
a maxi mum inner dianeter and an m ni num2nhner dianeter of the circular hole
of each silicon substrate of the stack body is 4 pmor less. 5 6. A silicon
substrate fSor a fhgmenifacrusiogmiithed aredaiumad inmtrinale wdersdn thy differenmeuf act uri ng
method as clained in claim1. 7. A magnetic recordi ng nedi um nade using a
silicon subpstweaha nisliii ifRet didmeter aidaBminhfineinietdiameRsbf the aﬁ@ﬂa{ﬂ@el ayer
is formed on a main surface of the silicon 10 substrate. 8. A magnetic

recording %ﬁgé’crhastllg:%n I50bQratdbBe 4aPREOG 14 (RGHNsNg mediumas  claimed in
claim7is
5 6. A silicon substrate for a magnetic recording medium, manufactured by a

manufacturing method as claimed in claim 1.

7. A magnetic recording medium made using a silicon substrate as claimed n
claim 6, wherein at least a magnetic layer is formed on a main surface of the silicon

10 substrate.

8. A magnetic recording apparatus into which a magnetic recording medium as

claimed in claim 7 is mounted.





