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DESCRI PTI ON METHOD OF MANUFACTURI NG SI LI CON
SUBSTRATESFOR MAGNETI C RECORDI NG MEDI UM SI LI CON

woRBSTRATEFOR MAGNETI C RECORDI NG MEDI UM MAGNERCTZIP2005/015178

RECORDI NG MEDI UM AND MAGNETI C RECORDI NGAPPARATUS
TECHNI CALFI ELD The present invention relates to a
silicon substrate for a small-sized magnetic recording
medi um which is used aDESCRIPAAIAGNNg nedi um for a data
processing apparatus. Priority is clainmed on Japanese
Pat ent Application No. 2004-237340, filed August 17,
2004, and US Provisional Patent Application No.

e NERAREBr AN AUERING 1L R SUBMITCONISHOR MAGNETIC

are i ncorporated herein erence. BACKGROUND

JRRORERNE IR B ST SRR T s OB AR e AR R BEORDING
recordi ng nmedi um has increased nore and o
parti cul ar MEDIUMgYIAGNE HICSRECORRMING Wmoﬂ]ﬁnt

medi a as external nenory for conputers, both storage
capacity and daVAGNEBIGREGORIING APPABAGESe every
year, and devel opnent for recording data with higher
density is required. For exanple, in accordance with
devel opnent of notebook conputers or pal ntop

computers, snall-sizedrpAfNIOBRRGHELPSI St ant nagnetic
recordi ng nedia are reqU|reé, and therefore

smal | - si zed net.i c cordi ng. nmed 0 ' .

dat a £ Hreﬁ?rga ﬁ%@nﬁ%gqﬁeﬁgs’ 1o Irﬂ%g)n asﬁé ora;eaf\%)é b Ell%g{%giiag magnetic
mechani cal strength, are requjred.. Mre recently,.
reRavigRIeG IS S sed Bt AU e ok G prassing apparatus.
systens may enploy ultra-small-sized magnetic

r ecor @ringtyediaanal eulwancse & amﬁépldfcaﬁ@ruﬁfpn%ﬂ%aWéfr@ filed
which may be plated with NiP, or a glass substrate, is
QPRNEIT, OO lahy USSrdviaional Raidys tpalieaton™Na 60HGBS60 cfildd dagust 24,
which is a magnetic

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

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 yeatr, and development for
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 tfor recording data with higher density, which also have high
mechanical strength, are required. More recently, navigation systems or portable music

reproducing systems may employ ultra-small-sized magnetic recording media.
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recordi ng nmedi um as descri bed above. A substrate nade

of alum num alloy has inferior abrasion resistance and
w@e@epsdarbi lity, and plating with NP is perfor@edP2oe5/015178

as to solve this problem However, a substrate which

has been subjected to NiP plating tends to be war ped,

and may be magneti zed when being processed at a high

t enpeAatibst@te thideadditnianm alfogrwhible nply ds platedwith 2B or ¢ glass

processed so as to be strengthened, a distortion |ayer

sUBRYatRSis RERRAEShIlyhsed S3d §ideRateforl hr@agiels disktvehianid atrhggnetic
substTate may recei ve conpressive stress, and the

re%tn%?r? xgggﬁfr{a@d@% be@ abSedS A QpbfatdRl0E gf MYHﬁﬁthﬁ hi& has inferior

I gh tenperature. Regarding an
a%%%égf% alg!cé %qu Wgﬁgs?%%qgt | Cgé)‘lea 264! 1[1181?1 iy ggr%rrr]rge\él $0%s %o solve
i.e., 21.6 whi ch h
iepoblep. AT SOHESiA oA P AuPiat Y (- BbRERe tends to be

Therefore, as a substrate for an ultra-snall-sized
waged stidigaybelinagnetiacd Wwhembeingptosedsed at adigh keniperatare. In
easily deforned by external force and has a snooth

a8UliHRGeheR MBI ss buBstTIIR Procesded G0 fadl tolg: steygtheaina distortion layer
easily forned, is required. Accordingly, it has been

nﬁa&%&%?f&cé&]ﬂ#a Girfikt bERD g§l%ﬁ%¥er AldGhe WsEhte hiayRORiNAdondtessive

Fate for sem conductor devices, be uSed as a

net| recor dj ee X

el e S GERr S BT R Pl o B BBl g
Publ i cat i on No. HO06-076282). In conparison with
QMRAEAEM single crystal silicon has a larger specific
gravity, a larger Young's nodulus, a_ smaller

coef f Regardingah vittresmall-sissdamaghasic, reeprding apdgm having a diameter of
hi gh-tenperature characteristic, and el ectrical

1da¢@et, 29 itrym) GBS siched @.ec 2y :6train) sihidhoequiteahighgr resonding
advantages is preferable as a material for a substrate

dteletyaWHi%gﬁ%é Subkeaeis fathl PRblas Theréfdel, hd Bubstrixe for an
snmal'l er the di aneter of the substrate, the

uﬁ@&rh@[-h‘%@&&ko@ﬁ%ﬁ ddlﬁ‘)ﬁ 2 H?ﬂe& Haferlaf ("\ﬁiu\flﬁﬁ’no@%ﬂ? deformed by

magnheti c recor evi te having durability

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, Refereﬁce 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
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can be produced even froma silicon substrate. In
order to manufacture the silicon substrate for a

wor@amt91co r ecor di ng medi um general ly, a singl BCT/UB2003015178

silicon ingot is first produced by a pulling nethod,

and the ingot is sliced into3lank materials having a
specific thickness. Each blank material is subjected
irhpach fdra@hie Rgbgaraccressyesaad amagiaticlrarording degbe holirg dwability
formed at the center of the blank material. The inner

cANBL PUlBEdROE RORY Adilieesstaf€ subjected to chanfering
using a grindstone or the like. The inner and outer

end fac : j : ;
ubj e Bf E3ef iR B ARAE kA Biheh iR kecording medium,
mrror-fjnjshed surfaces. .FLnall t.he mai.n surface
oI neleri s o stk i Peprabisst bR PG gy e
the silicon substrate is fragile; thus, cracks or

inget issslicechimte blaplemgicoiglsdiering @ spralia Budaeranuf act uri ng
processes. Wen cracks or chips are produced, the

yi el dEnelt afllomatesinli achjecteditp 2 bpping grsesse ande drailarghrough
medi um i s reduced, and generated particles nay cause

h8le'i9 Fsinled afth@ckhtef 6faBE bRAR &Rtdial. O TiR i@h&nd @ltet Peripheral edges
magnetic head in the wite/read process. In order to

a%ésgl;%jﬁgﬁteﬁ v@ ;ciéé%ﬁ%ﬂng Hgﬁ% :&%gigdgt&{e 5rﬁﬁe RINefHeGni@ GRA Qﬁtgg end

I asdng d s or chips, froma fragi
terial, t . . d_ingwhich f
50 B RS PSP ML e e

the quter_ periphery of the substrate, .the ch erjing, .
mFgr-anjsgedaptaces. be‘qulldrﬁhz gnaip, syipce mlﬁﬂﬁ?a %(gﬁjﬁéﬂ’%%te is used.
length is set to be from0.03 nmto 0.15 mm (see, for
exanp(Tae niedriat fordle dlicarapbsteateistirreidanhns ¢raoks enehips tend to be
Application, First Publication No. HO7-249223). Fig.

pt@duiced i the aboveutimidchatgtproceasesyi Svhenferacks onetapd are padduced,
silicon substrate for a magnetic recording nedium In

thd Gieldldte @@&%ﬁﬁctﬁﬁn?ﬂl@ Iﬁa?gg@tiére@&@i@aﬁéui@ﬁl i§Rddaced, and
f he su

surfaces 2 and 3 of strate 1, a chanfered

g%%rgflea 'i])aﬁicie% nmeI JTREL erV G dsitd/f364 bfIRENsAdr a crash of the magnetic

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
from 0.03 mm to 0.15 mm (see, for example, Reference 2:  Japanese Unexamined
Patent Application, First Publication No. H07-249223).

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

an angle from 20° to 24°.  Similar chamfered portions (not shown) are also formed in
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an angle from20 to 24. Simlar chanfered portions
(not shown) are also fornmed inthe inner periphery of

W0 b@edugd rate. According to the above form f oPCT/hR2005/015178

substrate, defects in the substrate, such as cracks or
chi ps due to handling or dropping the substrate in the
manuf acturing process, are reduced, and the yield rate
thsinhermiipadly\ofitgeubstede. | n addi tion, regarding the

gl ass substrate, |lower floating of the magnetic head

has beggoRianoekk sfdvaforhPfok MRl seab®tite, e @otsde Al sulistehdd, duch as
recording, and the wite/read nethod has been

cgn%c?g gg&l{i%s @#et[) %Q&f,infgrnog 'ﬁ’{&ﬁﬁ}éﬁﬁ glgt% tedfs theSth@fura process,

['oad or the ranmp | oa
met hod),. These.wite/read,. methods also require a
%%WBP‘F %n‘{bﬁ? é(ﬁ:m ¥ ‘Séem%rﬂ(gﬁﬁlnqugg‘al | ed and does not
cause wite/read erraors, or a crash of_ the netic .
head Ihaddidonyregaeding the ghess sulsirate, Jpwsr é’@?‘ﬂ%é@g? pggyetic head
t he above requirenents, a substrate has been proposed
lias bedn glimriedse as tnichpderhent highrdepsitr ddta medrding esd the write/read
substrate are polished using a polishing liquid in

MEth6dh43 R Srad i lSHERABE adnStle USSt((céiact dfakttshopd method to the load
aver age roughness Ra for the surface roughness cones

a%ng rfh HIQ%IOHQOIOthQ fl%xfri‘(}moaa LS, MR e WA RlaE et a1sb3Equire a

e surface roughness cones'to 0.5 nmor |ess (see,

for example, Reference. 3; Japan n k.0 P,

s RiRb fan BF BB iet PR AR Son Pt IR D G B br a crash
Accor di n% to such a _s%}bst rate, no cracks or chips are
Hribrmagneteherd Jbs WAt (584 PFOSES- cont ained in a

processing cassette (which is a case for storing and

t r ansfleiordentp satisfyshe abkave requirgmentsus sdstintehgs peedearsed in

is transferred, and no wite/read errors or crash of

Wwhieh imgnatd eutérareipheral dne fadestof threesatistptoare pslished using a polishing
t hereby providing a magnetic recordi ng nmedi um whi ch

15 Rewhigh baisaré BEshahdeddo tHad tHY BREmEW Metdge réighhé®Ra for the
data on the magnetic recording nedium the nediumis

%u?l‘a?%xg)Qﬁgﬁ s?c%@!‘tg?ﬂﬁﬁ% Wél pgn,aangqgﬁ% El'éxiﬁitﬁi? Hiight lyRh-efor the

fumis fit aroun spin .

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

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

accuracy is inadequate, a problem may occur in assembling of a hard disk drive which
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Therefore, the accuracy for processing the center
circular hole is inportant, and if this accuracy is

WO p@detiad e, a probl em may occur in assenbl i ngPOl/JR2005/015178
hard di sk drive whichcan be rotated at hi gh speed. The
silicon substrate is fragile;sthus, a hard disk drive
havi ng hi gh accuracy cannot be obtained by only
cah Be tdtigd bhigigh spdedce roughness of the finished inner
peri pheral end face as shown in Reference 3. In order

t 0 Mgt BIIRON Gt G ateds Fagics ke 4 Mes dka\drivg hawng hiphemturacy
guality and high performance, it is necessary to

| 10hj ' i | LN ipheral
BRI Y Sl b RS SHHEE TR TR Tt Bl Periph
si,l i con ubstrgp%s as3respective magnetic recordi ng

Redrog ARRVKE B REIGIEFE i nto the hard disk drive. Wth

i nadequat e accuracy in dinmensions of the inner ) .

di ameteexler fq mpss-pragising bard disk dpyeshayingongisisat graipsind high
drives having consistent quality and high performnce. .
peeforusice, inis necesshrydo improgerfite acowragyeand rediugeglimpesional variation of
accuracy relating to the dinensional variation of the

ihAfiartt@a BT lcSceffer Eidcul sreivleslof dier stlidoarsubatats ab asspbaie
i npl emented. DI SCLOSURE OF | NVENTION I n view of the

@%@éﬁc Cd oIS hRBGSphicPate ;‘Bﬁilﬁ‘ﬁ{o 18E nhdagtid &SRt With inadequate

ntron 1s"to I nprove € accuracy and reduce

di mensi onal variatjon of ..the inper. di :
Eeitpey metpenyar Aohengs oGty RFLisf BBl Bl plodce hard disk
efficiently manufacture_ sjlicon substrates suitable
4IWSh&YIHg8?I§kStWHV%1§Y\%‘i1§‘I$ PSS st ent qual ity and

can be rotated at high speed, and to provide_a,

magnetawevet aodiialprappaptioneenlating therpeguiseyFeating to the

recordi ng nedi um usi ng such silicon substrates is

dimignsienhl vatisticaf afitbe inhbedipmetsesdf theneater icrenlpr lml¢sdhes been

manuf acturing nmethod for silicon substrates for a
RAaRkIted.r ecordi ng medi um conprising the steps of:

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
speed, and to provide a2 magnetic recording apparatus in which a magnetic recording
medium 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

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



formng a stack body of a nunmber of silicon substrates
whi ch are stacked via spacers therebetween, wherein

W@ 2a@a/084176 con substrate has a circul ar hol e atPEr/cE00%015178
of thesubstrate; immersing the stack body of the
silicon substrates in a polisging liquid in which
grai ns are suspended; and polishing i nner periphera
shsirdteices of the circular holes of the silicon
substrates, wherein in polishing, a polishing brush
cont adingnelrdigg thedtdcR®edy whiht iliped fubistrhtaginfa peisdingMRuid in which
rotati on between the end faces and the poli shing

J6iRS Bre ARERHAS afiack body of the silicon substrates is
i nverted during polishing. The step of polishing the

i nner pR& 5%*}?%%' Pﬁﬁ‘?l er ﬁe%%%a&%%f ?ﬁe &r%lrl{a? LORd oP gfceosﬁﬁztog substrates,

i nner*an pnerires o e'sIircon substra

S Bhici 1 BOIRUS BB O he pp Lt MpHe prgorming & relative
difference between a maxi mruminner dianeter and an .
netatiopetwean the agiddages end i pohishing bowsh.candfilet gackfbodsii the silicon
silicon substrate of the stack body is 10 mm or | ess.

fbstaesablinvertedéurthd potiskinge bet ween a maxi mum i nner
di aneter and an m ni num i nner di aneter of the circular

hol e %e%%rbf%biiélﬁﬂg]th%liﬂfefr badishe?d] chdd€aced AGY _bg Be¥fornfedbefore

mm or |ess. The present 1 nvention al so provides a

.S Li . e i rec i i .
1%%1??1 g??%?@‘%%%h%}lgs Ir)rf;tﬁﬁ zlalc u%lﬁ)trsl%&rere Sg' ggfgéescrl Eelag'
above., The. present. i.nventjon al sg ovi.dJes a magnetic
10 Pocor g aBaiRsias BErh G mide dhRhR s Soar o s
descri bed above, wherein at |east a magnetic layer is
f or medyairally. teg ditlstrneabaween ¢ REXERYM SuKT diamster ahdan miRmuUm

present invention also provides a magnetic recording
iapgralianeier dfrthociwhilathole of each silicon substrate of the stack body is 10 pm 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



magneti c recordi ng nmedi um as descri bed above is
mount ed. According to the present invention, the
wa@e@dansayo i n di mensions in center circul ar hol PGT/®#2005/015178
silicon substrates is strictly regulated. Therefore,
it is possible to easilymass-produce hard disk drives
whi ch have consistent quality and can be rotated at
nftis§ prozineebard BRK ErivRERETRh BE € DonSTstehtuIRAMANGS Heirgtatel] at high
IS a perspective view of a silicon substrate for a
netic recording medium according to the present
nventi on, which is cut and viewed fromthe cut face.
Fig. 2 is a diagramfor explaining the dinmension of
each portion of the silicon substrate in Fig. 1

according to t
enl arged vi ew%%@ﬁé@?@ﬂéﬁ@h% B@%Wﬁ\ééél licon
substrate in Fig. 1 according to the present

5 i nvenfign.is Fpgspertive vievaelagrbaanssybsteigionpanaggetigrecording
nmet hod of neasuring the radius R of the curved
sedifira@ecordfing to theipsesanidiregntiang winich exqit andvieged fiom the cut face.
processes for manufacturing silicon substrates for a

nMagnetf e orie g il forRetbMmiRe®e ddhé@ionfleheh porese of the silicon
invention. Fig. 6 is a diagramfor explaining the

s@hﬁ.ﬁa{? %ﬁﬁg loiccgﬁ%ggt%ct{éj%ﬂer ecor Hﬁﬁﬁem' onal silicon

Ing medium Fig. 7 is a

di agr aym showi n ortio S
Subat 1 08 i Bdadkel S figoreynEneRiciuan e el e in Fig. 1
Fig. 8 is a diagram for explaining the nethod of

10 aﬁﬁwémgﬁglth@xmg INentiofner peripheries of the center
circular holes of the silicon substrates. Fig. 9 is a
di agr dig. dHewidiegrdm éopesplrindsg the methdd efimepseind e viedivs R of the
t he maxi nrum val ue and the m ni nrum val ue of the inner
Airdaughee. of the silicon substrates.

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.



Fig. 10 is a diagram show ng anot her exanple for the

frequencies for differences between the maxi num val ue
wa@p@ekmE7ori ni mum val ue of the inner dianeters PET/IFO05/015178

silicon substrates.Fig. 11 is a diagramfor explaining

t he nethod of brush-polishinggthe outer peripheries of

the silicon substrates. Fig. 12 is a |ongitudinal

sect i atgll1vs gdiagfanafos erplamirgathaimetiddi of bmshtodishiag ¢he outer

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Her ei nbel ow,

pehishée8 e e silltoantbRatesl | | be explained in detail.

Fig. 1 is a perspective view of a silicon substrate

for a j | QG I; ' :

presoR e hrBREARA R RFUP ARRh IS spbptrat

cut face. Fig. 2 is a diagramfor explaining the

di mensi on of each portion of the silicon substrate in

Fig. 1 according to the present invention. As shown in

Fig. 1, thBESTINIQDR EORSARREING 3T AHEGHEENSION

recordi ng nmedi um according to the present invention

f or ms Herelobeglbwythe preagre dnventicnivall belexgiaindhia detdiln

surfaces 2 and 3 for inplenenting nagnetic recording

are f QT_}%[HQS Qipetspective dw andlsiliesiksubates ffa hipmetit Feeuldiig
di sk. e outer peripheral end face 4 is positioned at

ﬁl@(ﬁuﬂ%‘:@&ﬂ%ﬁéﬁ(ﬁ gﬁrﬂéﬁ%ﬁ{ Hv&ftiohN&hichiE L ahd Hedled flﬁ)ggtﬂe Rt face.

I'nner peri ace / is positioned at t

i.nsi de of the center. ci.rcular .hole of the di.sk. ... .
HBrh e ot S et B Phaidio sl A il gubstrte in
surfaces 2 and 3, outer peripheral chanfered portions

Bigal accprtingte, the, pegset B entti pher al chanf ered porti ons

6 are forned between the inner peripheral end face 7

and t Hes shaivn is Oig: Acths siticam autBirattHefonaimagaelic rgearding ragdgum

3, the outer peripheral end face 4, the inner

qresididpetd ahe rastnt mvention folras o dowhnpestiapéeciadularhilivki e fTdd main
portions 5, and the inner peripheral chanfered

RPfatdsNHIB RF EnSleRkrEiEladiRtib 9ddosdihg SreFOrns drOthp FREt!SR! back
mrror-finished surfaces.

faces of the circular disk. The outer peripheral end face 4 is positioned at the outermost
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.

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

curvature) from 0.01 mm to 0.3 mm at edges between the main surfaces 2 and 3 and the
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Preferably, in the silicon substrate 1 for a magnetic
recordi ng nedi um according to the present invention,

wo rooss1qaref erabl e to form curved surfaces havi PQI/aP2005/015178

radius R (of curvature) fromO0.01 mmto 0.3 nm at

edges between the main surfaces 2 and 3 and theouter

peri pheral chanfered portions 5, and also at edges
dgérypeephdrhlechamifered portianes, add atsd aBedged btiween theamain surfaces 2 and
peri pheral chanfered portions 6. According to such

ya&[d/tjﬁelirﬁféf§,@mral@Nﬁmfefda@nmdsiécon substrate nade of a
fragile material, the corner portion does not break,

and d %&coﬁﬁﬁ%{gfbju@ﬁ c@y8d BRkackd, QlERd, ﬂ%n&ﬁbﬁfa@&'ﬁtﬁdé}éf a fragile

r ubbi ng agai a processing cassette and are no

i ncl.uded in the substrate. Therefore..a snaller nunher
et 8 shihst oG Aot 1 Piselr eyl oS maPlrpfiT Hoe o
nunber of wite/read errors are produced. Fig, tﬁ s‘gjovvs
ks 95 rehbinggaliE mPIosesINgcagette Ard %Imnptclélﬁh@e%gt g ppsirate.
for a magnetic recording nmedi um according to the

Pheesfors, aismakertriuorber bfsubktenddird oagneticaterrdimgeneiaiyel a gmaller

i ndicates the outer dianeter of the substrate,

KA 0N GEItGaD elrod ardipiodadeds t he inner diameter of the
center circular hole of the substrate, reference

synbol Fi%. 7 ﬁl@'\h&%ﬁrﬁeﬁns?dr?]lg o BAH Sh Ofthé Eﬁﬁc@ryﬁ?ﬂsfrﬁﬁ ¢ .foPAfhagnetic

ref erence synbo icates the length of eac

chanfered..portion. Tahle 1 sh n e I

PG EuRS ek ine [ eibscheARRYRuRY, PETR it o Bfence symbol
for_.a magnetic _recording di um accordi 0 t.he .
Brpdigaies B gwit sigmetenat U supsticle Tefgreacesymbpl éﬁffl%ﬁs?si the fpner
radius R of the curved surface is approximately from
diameternf the conter qireutap hols o sher sbetzatey acierpgoa synbaidt indicates the
fromO0.85 inches to 3.5 inches. Table 1 unit: mm Here,
thivkaedsaf gecsubstente, ahd seferentcesymbet Lphdicaes the tenigthnofehch tiemfered
silicon substrate 1 for a magnetic recordi ng nmedi um

6r.di Tubld PstoW ddreRe@ple dfieditrieasiohSoSdaePorition b the silicon
. Between the outer peripheral end face 4 and the main

%ﬁg{;{?{g For C?Znsgé}l?tig’ ré?:t)rscﬁ%rél%?iluhﬁ ng&(ﬂg% &{ lt‘TiE Srekentlifdention.  As

ere I ons or med, an is preferable
gh%v&fn%l Tabie rl\,/g“r(fi 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
outer diameter diameter of . length of radius of
subsFr_ateh of substrate inner hole of stg;)cslt(getses(%g chamfered curved

1ame: mne (D) substrate (d) portion (L) surface (R)
0.85 21.6 6.00 0.381 0.07
I. 25.4 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 0.01100.3
3.3 84.0 25.00 1.27 0.15
3.5 95.0 25.00 1.27 0.15

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.
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surfaces having a radius Rfrom0.01 nmto 0.3 nmm at
edges between the main surfaces 2 and 3 and the outer

w@eoospiar@al chanfered portions 5. Simlarly, iPCT/3P2005/015178

preferable to formcurved surfaces having a radius R
fromO0.01 mmto 0.3 nmm at edggs between the main
surfaces 2 and 3 and the inner peripheral chanfered
Paweenths ouBe beniphetdi endrfitch d dind fthemaimusui fagep s 2hemd 3aafiths silkcon
of the curved surface will be described with reference

JuBstizit 1, e clﬁﬁnféfé@\f’@rt'idhs i e ftmeadan@t Bpedferablei td €ordl curved
fromthe main surface is defined, and a start point A

' fi] : htd r r :
LS008 gk ARG R U PRt
he, extension line Sl js fromdthe start point A
?ndlga?ffﬁ egﬂgrgg?@[eraécfaﬂn%ﬁ%yp@ﬂw ‘surface S2 is away
fromthe start point A b¥ 10 mm_The radi us of a
ci r cl Swiatlhiitin prrderabls talorm curyRd serigees havimgaradiug R from 0.01
defined as the radius R of the curved surface. Wen
mhetorledinnsatRdgés hetweanthe erirssurfagess? aml 3 and the inner peragpheral
0.0l nmto 0.3 mm it is possible to prevent the
dRhfedbogiohsier portion of the silicon substrate from
breaking. Wien R< 0.01 mm the corner is too sharp

and | Sl?]ég@\g,ﬁgé Hle.ﬂfm%ﬁneaﬁﬂg‘gggé ié)br?liL[glqvgf e cBR ePsRBE %glr% be

when t strate is han its sonmething. W

>.0.3 . t he data recqrding argea eon the nmain.
‘?"*&F?‘é?élewﬁ@e LHUE %,%‘%Aﬁ chsehotn i E‘#e?@%%‘ egsiop fine S1 from the
addition, it _is preferable tq provide curved syrfaces
BRI SHEAGESis B e e R R 8P s HFnoHgt hedigsfige adiers e curved
the outer peripheral chanfered portions and between .
sunfacerS? is ssparhigd dronmnthg exteasipnhige Sper PeintEan thhexensiaadine S1 is
portions. Such curved surfaces having a radius R from

HvDAfromntiieostflyt oim dgrl Olpen,fand potht Brorsthe icovad surffst ISAtiegway from
of any size. In the silicon substrate, appropriately,

he @tah?ﬂ'dﬂ{tb\ B 10 g chrastai@bmaiifclosswhicBibofitd &, 8, £8 Qe
to 0.16 nm so as to secure a sufficient datarecording
PeSat RHeBAC adWE PadBR BEe curved surface.  When the radius R of the
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
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

chamfered portions 5 or 6 is 0.05 mm to 0.16 mm, so as to secure a sufficient data
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Additionally, in the silicon substrate 1 for a
magneti ¢ recordi ng nedi um according to the present

WO paoef019100, the nmai n surfaces, the outer and iPCEIP2005/015178

peri pheral end faces, and the outer and inner

peri pheral chanfered portiongjare subjected to
polishing so as to create mrror-finished surfaces.
rédoghfnglhreq oh bactsaihaagadecoughness of the main surfaces,
t he maxi num height Rrax is 10 nmor less, and for the

sur f ag@aftRUAIN) &S the Aflichh SutRthRr ek N re€stdinkageium
and the outer peripheral chanfered portions, the

. | 4 9 .
oSt LR sk TP, OB B e A RE FHCE Rt ol end
silic substrat.e for . eti.c recordin di. um must, .
feggs. o ipcogutprgad 1oner geripherdl FERRIFTRrbRQBYR Hh s Hecilo HoTshing so
and the mninmumval ues of the inner diameter. In
ag togreqte mirrphiipiskks surfgcesr oduce a hard di sk drive having
hi gh performance and stable quality, which is an
obj ecRegdrdingehpsiefeatrolghuesbf te, man dinffices,dhe makistune beight
t he maxi mum i nner dianmeter and the m ni mum i nner

FHhAMB160Mhni 6f ledsh EnERP RS sutfaéSiouinddbPihe ofitet Péripheral end faces
respective silicon substrates nust be 10 mm or | ess.

aglé g{eﬁé&ﬁeﬁﬁﬁéﬂcﬁﬂ?&wﬁgwgﬁg }ﬁ%é?ggﬁd %g{%ﬂ rhs ! itlgrum or less.

mum 1 nner d |

difficult to sz pr.oduce hard.di sk drive hch have,.
consi g?‘g ﬁ?cutﬁ?fgﬁ?)f 73;1% A ggg}egelr 8 fﬂ}eacﬁp re %ui%rﬁ%:len%f etagh Siticon
the nmethod of the present_inventjon, it is possible to
sbstefenfos p magpeficsigpardngraedivrg must B, d hat 9idessas gditfergnee between
medi um in which the difference between the nmaxi mum
theymexindinaamd e naindnurh alwendfitherinnandiemgicanet er for the
center circular holes is 4 mMmmor less. In order to

f or m Theddige, & oler uradudeal lrrddisk Heveshdvinphigh pdomenee and
for a nmagnetic recording nmedium a stack body of

stibld SRMityS WREdhMiahe Sbjedt dfHRIpresent Wt RibrRa QL& ce Obtween the
silicon'substrates "are stacked via spacers, and it is

rhéml%{lﬁl%]}lertd?arﬁ&%% tM@ﬁmiilﬂHuﬁpinﬂM&neter for the center circular holes of

the respective silicon substrates must be 10 pm or less. If the difference between the
maximum inner diameter and the minimum inner diameter exceeds 10 pm, 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
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

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



the inner diameters of the center circul ar hol es of

the silicon substrates which constitutethe batch. The
wa@b@empidescri bed silicon substrate having a ceP€CEIP2005/015178

circular hole formed with a high dinmensional accuracy

I's obtained by using a stack jpody in which a nunber of

di sk-forned silicon substrates (having center circular

thobats). are stacked via spacers, and i nmersing the

circular hole portions in a polishing liquid in which

gr ai NThaRBovHSREABRIlidNGuRRFatdlaVinta 8kdritiar Kle fdithed with

i nner peripheral end faces of the circular holes, in

%@%ﬁ RirnfnBohhiSidk cpfs%%thiﬂe%rﬁy‘glgsﬁ 4 8% fiR %d&llty Hufnber of

ormng a relatlive rotati et ween the en ace
d.t he | ishi,ng brysh. In the aboye ocess. in .which
B e SRpod it tel tatoecBhbeSupBEpIRL 8 ShRked Vil B, and
.sinuLtaneoust olished in batch processing, it is
5 ipymesysing Hlecincy ahgqle Pogiona(n dpolishinediamdip gy gragns argguspended,
i nner dianeters of the silicon substrates which
andpetibting palishang of the innehperipherah tidfacesof theciredardetesaig which
much as possible, hard disk drives having stable

{shing be@R coftablls ihedrthés/whitdpraginitigedrel e $6t@MN bddween the
conventional silicon substrates are

g. 6,
églrﬁgﬁge%ﬁﬁ%%@in%%sfh@ | owi ng processes. First, in

er to e "accuraci es for shapes and di nensi ons,

a disk-shaped silicon material, is.subjected to_ | appi
i ch 1 D7 PipstsS Wi e B SHEb RS0k e 3R Ren
appar at us, thereby achieving the conditions in which

10 sugultangppsly polished phbajch rrogessipg it 19 le@é.lt,a@?ﬁa hpymvariagpn prpeng
surface roughness is 4 mmor |ess. According to the
dimensionsapfipheniginert dipmetrrsent theovilieomesubsiratescuhicly oepisHbkea batch.  If
the inner and outer peripheral end faces cones to
thp pardationehe by réawed antudcasgossiblg, hand sk devecleyiigutable quality
second | apping step, the surface accuracy conmes to 1

RSy mathfid@sd.f or the surface roughness cones
to 4 mMmor |ess (see steps (a) and (b) in Fig. 6).

{\lﬁ)e(t - Sstth‘?gvtngn Ek ) ﬁg{:%eﬁ;}%ﬁl Lific BBt ar@ nfafffabfur R 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 um or less, and Rmax for the surface roughness is 4 pm 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 6pum, 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 pm 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).



cylindrical grindstone, a specific chanfering process

is applied to the inner and outer peripheries (see
waet@pd141c®) and (c3) in Fig. 6).Next, the innePCHMRR005/015178

outer peripheral end faces and chanfered portions are

subj ected to polishing so asj§o produce

mrror-finished surfaces (see step (d) in Fig. 6). The

aboveNpkgRIsRS and SuREpéripherd efdfacevaidychamifstd pdreions are

(i.e., for each piece). Finally, the main surface on

s%\ﬁ%&&i 1 eﬂgﬁtglgﬁ% ('s)f ia§ ﬁ)ﬁﬁf)&ﬂc@ it EHEhéPsuRfae¥d @essté$(d) in Fig. 6).

] ect shi'ng. This polishing process is
erformed in two ste T j 1 .Sh i S
TR Pbeatep b Rl (2P e Bl e Mg ThRER). 2
in the prevjous, processes,.and the.secon ol L.shi.n ey g
step F%laﬂlérd‘i%mﬁﬁ’cﬁur ¢e on Whishiagegretic @F??qcli?ﬁp @ﬁ@l&m 19 Provided is
surfaces (see steps (e) and (f) in Fig. 6). The
5 ssbjedtedio gat Ehiafpolishipgprosess igpartprmed f1} Eyoesiensy The first
cl eaned, and then transferred to an inspection process
poEgEnsiteps pegfbrraedifof lmovings@rs &)distétions piiodycerldn theeprevious
above processes, a conventional silicon substrate for

pRodEBRE &l thd REMPPABNAR G T b fsthiedifBqfoddding M&ror-finished

processes according to the present invention, as shown

in Flg, | j d to inprove accuracies for
ngrn%%\cﬁé eg%tgp%te %Ir’}lgl(%ﬁ%s,?{ga%i sk-shaped silicon nmateri al

I's supjected tq | appi.n jch.is performed i.n t
st eps %9 S@@%ﬂﬂf’éﬁiﬁ ﬂ&?ﬁ@o\ng’ﬁﬁﬂ%\f Crenf aﬁ?ﬂedt ﬂ’élv%ﬁen transferred
surface accuracy conmes to 1 mmor |ess, and Rrax of
10 te peinspectign @rocssiylspresiepsdahind hyinstign®lor | ess (see steps
(a) and (b) in Fig. 5). Next, a nunber of silicon
subst Aateslimrte thaatiive grocesses paosyantiond siliran sabsstateclier 2
body of the silicon substrates is prepared, and a

rfdghetid Rofdlgembdiuindk 6Bdield. a center portion of the
stack body by using a cylindrical grindstone, and then

a Spegh {HerSh et QL RGinp 1O G Reskt iARRbE thsisRowh MeFigah dirst, in
outer peripheries of the substrates (see steps (cl),
o(rc?ezr)to in%]rg)vé gg’c)uréc?es [ﬁ)lgShaSQS' and dimensions, a disk-shaped silicon material 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 to 5 pum or less (see steps (a) and (b) in Fig. 5).
Next, a 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 (c3) 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



Next, the end faces of the stack body of the silicon
substrates are brush-polished. In this brush
w@oeloe®iing, when half of a period of tine neceBCHIB2003015178
producing target mrror-surface-finished end faces has
el apsed, the stack body is inyerted (i.e.,
t ur nedupsi de down), and then polishing is again
upsiaé aswed antthieh pblishiglid af#in eerfamepdi untl tharegé tfaaes acqire target
surfaces (see step (d) in Fig. 5). Finally, the main
nSHOE AfRicB\ U@ iBPNSS.i ¢ recording mediumis
provided is subjeCted to polishing. This polishing
proce ' f or ' t . i i shi :
Ot ep. Talsg Bl R WS ER et RO el S Bidiiicd i
produced in the previous processes, .and.the second
SHRPFEd forRplishiog: | LhiSAPTRRORIOFER IS HRER J (o Steps.  The first
mrror-finished surfaces (see ste,s@ée) and (f). in )
5  pelishingstep Fneriormed fom reedng saes oragftt ioppPiogHFsdgn e RrpEous

main surface, is sufficiently cleaned, and then

prdcessel emdelk teoomhpolishingctdpdn ppianed o wedudnemardrefjnished
and (h) in Fig. 5). Processing of the inner and outer
sBfAhdR L alepS 1) ahdeB s Fig. Pgrformed as batch processing
applied to a Stack body 12 of a nunber of silicon

subst 3[2% §§1881??%b%§8%@%1ﬁ? ipgiigﬁn%%f O fatt &6Hc08Vurkdiently cleaned,

i nclu con substrates 1, and spacers
11 are inserted between the silicon bst.r -1..,The
o S Y GOPGUER PR EPIeanry (gt g s
insufficient polishing hi the brush polishin roges

10 appl i Bgocessingaf the er gk 9%%&6&9{1@51&%5?@8 lwgﬁor@ﬁ agbatch
of the inner peripheral end face 7 and the outer .
mecessihg applied haafecle Hodyol2 ofommmsben pf siHeorpsnbstrates, as shown in Fig.
peri pheral end face 4, and (ii) breakage of the

Bi 1THe@mck BBaY 1 2l hides 1 d@toRe0i silivon guimtiate d sandsgabers 11 are
spacer 11 has a circular disk shape having a center

inkdried batwddR 1 silkdomisuBdirat«® 1t he shape of the silicon
substrate. Mre specifically, the spacers are

L RSl ek B gl g
s GRBBRA TR mob oA B aR thrhehBof Wlns gor
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 ridge portion between the main surface and the chamfered portion is rounded.
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When the end face of the spacer is positioned further
innmard fromthe end of the chanfered portion of the

waenwsrare, brush hairs reach the nmai n surf acePer/azeo035615178

the silicon substrate (though dependi ng on the

t hi ckness of the spacer and tjge di aneter of the brush
hair), and a ridge portion between the nain surface
Iandditibe, thdthidkaeeschflor ¢pacer 1ilds appuopiéedely adastdd a¢ending kethe
t hi ckness of the spacer 11 is appropriately adjusted

AaRaEhMBe halr bhBe gbdMAEHrus. tHefefidly; tirfthickeesp® dpphixigately
brush. Preferably, the thickness is approximately 0.1

d.Ptd0.3 fnnadﬂgﬂ)'n gﬂ:ﬁ erdblP hﬁlﬁ&faﬁmr@hé@a@&h fﬂ i flydrb@ane,

spacers 171s po ane, acryl, epoxy, the sane

eria as t hat of

o501 SRS s B of ) i BT RE L pp BFtishing process,or
the silicon substrate.. That grefer ble to
the Bk ey 8 saforfeareing PO eptstrig oF Do dths Braderably 1 use spacers
prevent the silicon substrate from breaking due to
Preatswfa sbftomterivd agaptedto prevent thsisilison sukstipis| fragh bragking due to
pad. In the polishing process, first, a nunber of
prbdsifeGions tesdolishiag biushod tie polisiiiag pad. spacers 11 are
alternately inserted into a specific jig (not shown),

and t eg@‘i‘ﬁé i of {ABREGIYPABI] dnd ber of
b| nd| Egﬁl thﬁgég%sﬁ}%?ﬂ{lung aostlack body 12 of ?Iﬁ‘ém oo

55’8?6% g‘?ltnrg yl serfda fhto o e%ﬁg ﬁg (glllcp sﬁb\gré)h ?nd fhis body is bound

|s i'nser he c

CII‘C e .of silico trate

cqgmpﬁc& wsing ﬁ ylgtqqger efe@p{ PIPIBE & §F?c§§°‘ib§ pfof the silicon
adjusted so that the hairs 14 of the brush contact the
substeatespe Negh @ shovania Figch a@pligiambaighd? isipgerted into the center
Preferably, the polishing brush 13 is fornmed by tyin
gigupo hylarif e siionsubstiate & and the anont kipressing by the polishing brush
whi ch the dianeter and the length of the brush hairs

B9 18 alRi51e8 66 thaeth¢ HAir® D4 BPtHe GrishZoftart 88 thndr p&@iph@ralnend faoe of
the next step, a case in which the substrates are

F ﬁ% ' ?refféljgi)l?dth@‘gbf‘sﬁ{g l%‘ﬁﬂil' gpfs'f@itn?ed%w e W pAyamide

|ng 1 qui 8, areéelative
SFhineR ulrePReRS YRR VRt R g lenblie e brosh s
Egg;%gggg%bﬁﬂéie res ctlvehﬁl?gbatlng t he stack body

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
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.

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



rotational directions, thereby brush-polishing the
i nner peripheral faces of the substrates. Preferably,
wo b@oostieo of rotation of the stack body 12 of P&EJIP2005/015178
silicon substrates is approximately 60 rpm and the
rate of rotation of the polighing brush 13 is
approxi mately 1000 to 3000 rpm Due to the brush
bptwees Ihengaiheorfadeeand iikemnpeperipherabénd faceis madeanto@rauaed surface
I i nebetween the main surface and the inner periphera
hﬁﬁﬂgfa&&ﬁué S 0T0® 0.08 Aind 268 HefdrE O tiRGandteiipleral onddades has
01 to 0.05 mm and the formof the inner
al end faces has high circularity. In
h@%ﬁét Ak | y the mddle of t he br ush poI i shi ng

process qof  t i aner. h
pr ef ei%ﬂf%étapﬂ?ﬁ yntgl‘é P @ i@% ht?o Wﬁ% pg)fce ﬁw of the joper peripheral
substrates. Effects of t e po g.

5 fagepdt srretgrablerto Apysrighe pasked Ysl%ﬁfyﬁﬂ? sificqsy Sl%éﬁr%te% riffects of the
thus, 5 m nutes of pollshlng is sufficient. For
pelisting ate ragpitllyrappanehiraftee spobxipwitdly Binrigytes hEpalishinig; oS
of the silicon substrates is inverted, and a further 5

hiin(iteét 65pélfshinglis sfficignt. s Foeetapiple dhitet Blﬁ’ﬂﬁtb;ys of polishing, the stack
sufficiently obtaining a target surface roughness and

vddy 8f %%tsﬂﬁ:%ﬁ @ﬁl?s@%teg Ninbdied AREL AihePShihdes b polisHRE &

speci fi1c exanpl e, rush pol 1 shing of the inner

ARl A TR AP o

, Sypstrates caIIed 1.89 inch), when the stack
10 f%’él‘ﬁll&er BB con substrates was inverted after 5
m nutes of polishing and a further 5 m nutes of
pol i s/hh Agnaxe spasiictexemple, in brastvanlishing afdheangrreripheral faces of
m ni mum val ue of the inner dianeters of the circul ar
stitdoasuldtrates dasing ian ontes diaateteaoE48. Qinim land en triet diameter of 12.00
stack body were neasured using a hole tester.

1RR6 JiuetritBl Salled argolifich)f WREHIBB 6iatls bdd oftthé kitit@nadstrates was
bet ween t he maxi mum val ue and the ni ni mum val ue are

péﬂ@ﬁ aftBr ﬁ hifnutés o r@%l&ﬁl WBnd B et 5 %11nﬁt@§ofjﬁ(flfsﬁﬁlg%‘a‘§ performed,

etvveen t he maxi the m ni mum val ues of

15 thg Hl%)rclmddrg rreﬁlg bitd %’f\{% n%n}nllquem %51%8 %f ﬁafe 1}111116:? d%a{nllétgrg Uf 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
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substrates was inverted was 3 or 4 mMm whil e the
di fference when no inversion was performed was up to

wdaoaor91Ther ef ore, the accuracy for the inner PUHIRENEYEHS178

of the circular holes is remarkably inproved by
performng the inversion of tihe stack body of the
silicon substrates. The inversion of the stack body of
off heothér dxamplesufisihilatbesshimlisking eRpliEdyto eflicen substatep and gless
silicon substrates, and is also effective for gl ass

stibiates dh@ing thd GimekizeSl @ of B Wilicvakubsnatder Aexiedvl i Kif. 10, in
simlar brush-polishing applied to silicon substrates

c?ﬁ%at?%oﬂ%tﬁ%@%&fc@ﬁ %sﬁ@féﬁ&gﬁ% ﬁlestﬁﬁ?reﬁéez(%etg\%eliﬁ Eﬁtmﬁimum and

['i con substrates. wn in Fig. 10,

onparison,with the silicon su rat es..hayi t
(G PREPRC Rl fedfnd Wi Q AT bl S B ittt e o

of the .inner dianeters) of 4 to B mnm the gl ass
vaderdisteipwionyy ghevaljjes are Within 2 8J0ilsH but the val ues

are within 2 to 10 nm After brush polishing of the

i nner Adter bpish palishéngiofithe amer périphoral end faees, fisenudr peripheral end
faces of the substrates are polished using a brush. As
fadee ol thesubdt@ites bite palishyd il & Balshbr ush 15 is pushed

agai nst the end faces of the silicon substrates 1 of

the stackoRA®YFE211, Fﬁr&iiﬁ&ﬁ%ll ¥rush§ i§ﬂ/ﬁshé@?g'ta@1%|t tHeled Maces of the

15 is forned by tyi'ng up pol yam de resin bers into a

orkscrew. fqr in i hepdi :
FROERE e i Lokt 12T e AR SrffIgHks formed
and, 1 to 30 nm and.the dianefer of the cylindri.cal
BTy upoPEmIrer TS0 A4 %F%crw farfig i Whichyipe difmeter and the
pushed agai nst the outer peripheral portion of the
lengale Rf the dyushhaiss aneirespetivediod 08 gps f¢ B8 @amgandghie 30 mm, and the
relative vertical notion is perforned between the
didmetkr dfaby cyllihdeitaltbmeshslisl is 200 tes2Msmmat dhiseydindhenl brush is pushed
cylindrical brush 15 which are simultaneously

dgBmBekE bitet yeriphbaul pektion o0 ieGEck ol 261 hieallicoh keBtraten$, and a
at respective rates of rotation of 60 rpmand 700 to

380 ¥ M{lt@leﬁﬂg&fdfﬁl@g bervReh kit Holdgub @ iR sticon substrates

contact tace tween the outer periphery of the stack

aglggl%(ep%élrna qgael%guequglvlv}ﬁgl} Qrt%ﬁgxrlﬁ)l’?a!ﬁe&lﬁly r-ggfercﬁpéﬁy r(gtgt%d %’B}?ﬂosite

aces

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.

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

colloidal silica to water is used; the load is approximately 100 g/cm?; the rate of rotation
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silicon substrates 1 are brush-polished. After the
brush polishing, each silicon substrate is cl eaned

waigioagioad er, and the nmain surface of the subsPCHIR00%E015178

subjected to a first polishing step which is perforned
for renoving scars or distorfgons produced in the
previ ous processes. In this first polishing step, a
oPOkilGhémarfagpsla@tisig0 wni;ahe fase ofsotatioy ofitedippsr susfack plhie is 35
pol i shing using the polishing apparatus, a polishing
rﬂdl,f’cgé thtOBF RtARH 0P YheaklilioBst i§ Abprokidkel$ i 4 keid; 4l theteRs of Station
used; the load is approximately 100 g/cm; the rate of

tatio e | pl ' t hRtg;
o P bGP bset Srerp TS5, D ARG hPTATRSRing I, i hicon
rate Qf rotatipn of the sun ar.]s apprpxi;nptely 14
siigfratedpelenieg v 1Bt B iercord P saR gt | o
approximately 29 rpm After the first polishing'%tgg, .
t he sThatdarthesesend palishing stapes adtnishing Ry OGEss & 2PPHRAY 1 1§ main
transferred to a second polishing step. That is, the
seifen df @rhisiiton guistrete vésdclawhs sibgduitarophaofistpolishing step.  As
applied to the main surfaces of each silicon substrate
cHhi6EneBs e Wbl A tRMsHif: &b ad fikish peidhire) b pElisHigPliquié obtained
conditions for the second polishing step as finish

ljshi . i,shi.ng:J.i qui i 1 e 2. a target
R B 5 Eo1dR RS § Sl s bt e R o el W’ a trge
appr oxi mat el 0 g/cnR2; a targget . renoval [ .
(BT oot botishind st Be M IFtopdt R T BRE UptleB plate s 40
surface plate is 40 rpm the rate, of rotg%ion gf t he fth
rpppthe ratg of setion ofitee yRpensIESHPlaihis 3o4PR: Bie TRGOATQIRHONGE the
the sun gear is approximately 14 rpm and the rate of
soo edriipappudxitriately it mnnaind gesaiatel of rajopew of thadripypabgear iim
After the second polishing step, the silicon substrate
apProxREI§SY rhim. neutral detergent, pure water, pure
wat er and | PA(i sopropyl al cohol), and IPA (for vapor
dryi nQ)er fhe debdhd plisKifg 3B, the Sili6h suksirite ¢OMirAES&inindutral
cl eani ng tanks, thereby perform ng ultrasonic cleaning

t 1] : ' h PA (fi i
d;é%(rj%eglﬁ (?zlgéc{}vlgtgg 831%%&’[51%1% IP&S&%S@P?[%IMBO@, $nd IPA (for vapor drying)

processes, con substrate for a

irrlr%%'pl,e \!:Vf.li%h 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
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.

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



recording mediumis obtained, in which the end faces

and the chanfered portions are mrror surfaces, and
waeeosew1sur f aces having a radius from 0. 01 nmm POCT/OP2B0ITS178

are provided between the main surfaces and the

chanfered portions of the suhgtrate. This silicon

substrate for a magnetic recording nediumis made of

dircalgi halesof the silicomabstrates asodes@ribeidrabevlisfqoe or tass ey the Kifference

in the substrate are not easily produced, thereby

HRAPAB Mk Mdxikiien AETHE HERGERS baldes thap &, Vintdties ipéatbuee@small and
fromend faces of the substrate, or due to rubbing

t@% Zl(!}maa.cg Eﬁfe@i@i@ﬁg %&%g(iré,ﬁjhalr&‘ dRf %1% B\which €he silicon substrates

nmensi racy e I nner dianeters of the

centercircul ar es pof the silicon substrates as
%%W%@&%%\?épai%ie%rﬁ?ﬁ“ﬁcer ess as the difference
bet ween t he nmaxi mum and the m ni nrum val ues, .that i|s,

5 vari ativghemmorethe ehpyigringyproress der eVRE %W%wm@e@ apd brush
hi gh. Therefore, a hard disk drive in which the
ilishing is insteat peafoemed irea bascinprdessing. hdherefrehemanufacturing
performance. Furthernore, the chanfering process for
Y&k %r&&inﬁiﬂbﬁbgﬁsilﬁﬁiiﬁémmddwikiﬁ lfffeddnics e ingproeed, thereby
instead perforned in a batch processing. Therefore,

Joﬂﬁibﬂﬁ:?g{@&%‘c‘f' [&idyr ocesses are considerably

sinpl1fTed and production efficiency is inproved,

th I but.j.ng. LPn. =Y :
of ¢ nOL iRt B 8L o Sl T e Rl B, | R are
10 depgleARE IByBeObSe) PeT AN o yer » RAPHn saghetc

carbon hydride protection layer are deposited in turn
Ibyeryanidrageaglyon; hydride prosgstion dayienare slopesitad irstusp by peing piki-line
and then a perfluoropolyether liquid [ubricating |ayer
dpaittéritigt dApparad e shet [, asd then a peiflupiopglyetich tiduidttimicatiyg layer is
obtai ning a magnetic recording medium A hard disk
fiFth¥Malep6sifel ludinB adippingBietHodNGheteb P WBtaltENg & BRghtiteaBding
driving device and a wite/read head onto a magnetic
LE§QRdI ng nedi um as obtai ned above.

15 A hard 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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The magnetic recordi ng nmedi um according to the present
i nvention, obtained by the above processes, has curved

W@ obacEs30 having a radius from0.01 mto 0.3 POT/JP2005/015178

between the main surfaces and the chanfered portions;
thus, chips in the end faces xr cracks of the

substrate are not easily produced, thereby preventing
Theeefors itris possibleotb nmhssproslace nakesicoeouding dpparatsesrhaging stable
face of the substrate, or due to rubbing with a
REifPEAsSdeNg cassette. Accordingly, it is effective for
preventing wite/read errors or a crash of the

mag net\i\]ﬁil@ﬁ%?eﬁeﬁ ehtb%dmfiélﬁseémﬁ@ﬂweﬁme bkh @dehibddohd

di mensi onat accuracy of the inner dianeter of the

center. gircul ar le of th trate i [ l. .
e ol on il B3 Wt Blslopfat) bFHRE ivention and
smal | . Therefore, it | s possible to.mss-produce

Hageideibe cratidsred AYBIIDEr 2 AddRIONR ARHFROS, Hbshtutions, and other
performance. Wile preferred enbodi ments of the
modifinaticon cambempdewitheyaepartidg foth the spisit pruscene abihe gresent
it should be understood that these are exenplary of
nbentiony e Alctardinghigl tikrigventibn isndieo boowisitieredthsdsing limited by the
limting. Additions, om ssions, substitutions, and
Rld¥ing Reirtitoat ARNS ofBNinkiEedBdfe Wdpk @ thetPpandetiRehiths 0M
the spirit 'or scope of the present i nvention.

Accordingly, the invention is not to be considered as
being limted by the foregoing description, and is

only limted by th t ! cl ai ns.
INDUSTRIALAPPLICABﬁNﬁﬁgﬂiﬂg&dggﬁggggﬁEﬁﬁﬂinensions in
center _circular holes of silicon substrates .is .

st ri ctThe acega¢mingimensions, in centprcifeylas hples of gligpssubgtrates is
mass- produce hard di sk drives which have consi st ent

drictlyi tegulated; thas, ibis possitde toeaatly hiaghpsdeechadl AiskBrives which have
manuf acturing nmethod for silicon substrates for a

$onERRht GualieEaiddian®eFBdicd i highRpeddsi ng t he steps of:

form ng a stack body of a nunber of silicon substrates

whi ch are stacked via
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spacers therebetween, wherein each silicon substrate
has a circular hole at a center of the substrate;

w0 povefsdimg t he stack body of the silicon substPEr/aR003015178
a polishing liquid in which grains are suspended; and
pol i shing i nner peripheral eng faces of the circul ar
hol es of the silicon substrates, wherein in polishing,
a polishing brush contactsCLA&MS8Nnd faces while
performng 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 . . : > ' )
Ler or RSBy Bl WlTR ) LnBRE recoyding medium,
faces. igFf?rfo%ned bef ore i nner and outer peripheries
COMPHHBE 195 P65 subst rate are subjected to chanfering.

3. The manufacturing method as .clainmed in claiml, .

wher eforminga piack adyrf apymber pisihepnesubsirgies Whih aes stacked via
resin. 4. The manufacturing nmethod as clained in claim
spacersitherebetwetrg veiefdie eahcdidoe tswestrateshasmydineular holp et a center of the
di ameter and an minimuminner diameter of the circul ar
sisdnatedf each silicon substrate of the stack body is 10

mm or | ess.5. The manufacturing nmethod as clained in

cl ai or.el ' : hi idi i
nner TSR Sabl o) i S YR (R uid in which
ci.rcul ar hﬁ%%fof each silicon substrate of the stack
gins e SUPRd ] ess. 6. A silicon substrate for a

A BRISbIEAE FBE B 4S8 [ B e TEHIS] holgs SEfhe alicon substraes,
magnetic recordi ng medi um nade using a silicon ) .
veheain irap@ishingch polishing ush cointact thovrd fsices wikilq peafprming a relative
magnetic layer is fornmed on a nmain surface of the

reiatibe betweebiiereat €aces 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 before 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.
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8. A magnetic recording apparatus into which a
magnetic recording nediumas clainmed in claim?7 is

Woreaat ed 70 PCT/JP2005/015178

22

5. 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 4 um or less.

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 in
claim 6, wherein at least a magnetic layer is formed on a main surface of the silicon

substrate.

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

claimed in claim 7 is mounted.



