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DESCRI PTI ON SI LI CON SUBSTRATEFOR MAGNETI C RECORDI NG
MEDI UM METHOD OF MANUFACTURI NG THE SI LI CON SUBSTRATE
WARDNINGMETI C RECORDI NG MEDI UM TECHNI CAL FI ELDpdhy@P2005/015041

present invention relates to a silicon substrate for a
snal | -si zed nmagnetic recording medium which is used

as a recording nediumfor a data processing apparat us.
Priority is clainmed on JppsoRseriont ent Application No.
2004- 236580, filed August 16, 2004, and US Provi si onal

Pat ent Application No. 60/603, 565, filed August 24,

2004, the contents of which are incorporated herein by

iR e SV e e

capacity of a magnetic recordi ng nmedi um has increased
more and RANURAC FHRINGOTF SITIK QM SHESTR AT B whi ch
are inportant nedia as external nenory for conputers,
bot h storage capMAGNEAND RECGRDEG MEDIUMENSI ty

i ncrease every year, and devel opnment for recording
data with higher density is required. For exanple, in
accordance with devel opnent of notebook conmputers or

pal nt op conputers, Sm*rtc?ﬂhﬁéﬂﬂpﬁ 'Hrpact-resi st ant
magneti c recording nmedia are required, and therefore

(sjgtalal I ﬁ?e%?rgaﬁlg\{%% I%ﬁgquﬁgs?t%\%lfﬁl ggg araﬁ‘aff o:%ggco fjsgzrc]ag magnetic
mechani cal strength, are required. Mre recently,

Teepina medivng s vsed asor reesrimgrmesdiem ferg datuproggssing apparatus.
systens may enploy ultra-snmall-sized nmagnetic

r ecor Bringtyne diagmedtors ldpsnasaPatenidigplishtial Noi 200¢h- 2865 89, filed

whi ch may be plated with NP, or a glasssubstrate, is

Apvelrs; 200% bhd USSedvisionsl s Kbalieatib N2 60808865 Cildd Akgust 24
which is a nagnetic recordi ng nedium as descri bed

200D MBe cAtSHOSIWRER afPBHGPlra@l WEle Y AlrdBYcehas inferior
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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
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 ;e_qprdipg 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.

A substrate made of aluminum alloy, which may be plated with NiP, or a glass



abrasi on resistance and processibility, and plating

wWth NP is perforned so as to solve this problem
whlowewesi2s a substrate which has been subj ect edP¢DIPI085/015041

plating tends to be warped, and may be magneti zed when

bei ng processed at a high tenperature. In addition,

when the gl ass substrate is processed so as to be

sabstRRY i RRGEhtioBalll) Sdelab b @AbIAMEIOr ARG QOWERH id AnRgnetic
surface of the substrate and the substrate may receive

[ he t . Q oo

rEATHE RR A B A GG T d e, A IR A R BlR b B terion
enmper ature. Regardi ng,.an ul tra-small-sized. magpeti c
bR G s g R e Bty N RS PR as5o solve
25.4 mm or 0.85 inches (i.e., 2 1.6 nm which
this grabless. hHgweverracuibptente yhirdhes byen sukiestedfto NiR plating tends to be
substrate is a fatal problem Therefore, as a
5  vewbrslt aad maf be napgnetZed avhsmbting pravesked ecohighnenpediuten Ia

thinner material, which is not easily deforned by

a@¥iti6h NFhenf tAE SRsPRBsRAS isPproEMRd ko i BE SredBthehtE R Bstortion layer
magneti c recording |ayer can be easily forned, is

|
TS S5EPLFLEONY il 1, RO RUSRRRTRIIE s

I con Su

em conduct or devices, b sed as etic recording,
ST k] P ala® wlitass v s KRy e whet Delpg Retcessed at & figh
Unexam ned Patent Application, First Publication No.
mPRrgE282) . I n conparison with alum num single
crystal silicon has a |arger specific gravity, a
10 | ar geRejaording'as ultcdsihalb-sized saghdtereandhf nwidem hafing a diameter of
t hermal expansi on, a superior high-tenperature

1Gher @et, 26i4shing or @BS ihestifkl, 0al6 M) dedh réquiives hitHeRrecording
single crystal silicon having many advantages Is

dBRElyeHARD| oF 1RSsuBsiERE fsrd;jilﬁta%?fﬂ'bl%.s UPRdE Bt asLQ Eu‘t@trfitle for an

magneti Cc recordi ng ne I'n addition, the smaller
RS5O AR g o
eg‘fee\r/&ai Qg%%@?als g.;rgl%glthl siutr%lgg (r)]n \k;v%ic%raol%ggcn%’gc (reevc%pdirflé I%?eracan be

15 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, Reference 1: Japanese Unexamined Patent Application, First Publication No.
HO06-076282).

20 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

25  impact force the substrate receives, and a magnetic recording device having durability
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In order to manufacture the silicon substrate for a
magneti c recordi ng nedium generally, a single crystal

wa@Rdseo2s ngot is first produced by a pul ling Per/neps/015041

and the ingot is sliced into blank materials having a
specific thickness. Each bla material is subjected
to a | apping process, and a circular through hole is

chiobepddaded fien GOH £§iliedn dubsrdit.ank material . The inner
and outer peripheral edges are subjected to chanfering

usi NgyAqQEL f&gﬁﬁr%@a%uﬁ'é rﬁe&?%ég‘n‘%ﬁbst@f@foir 0, Epéjreg&tdﬁfg medium,

end faces and the ¢ portions are

subj.ect ed 0 as, to

AP el e it e R RO BB Stliephagangdhe
pol | shed, . and the substrate is used The material for

"%gi%lsssihf:?@élffp Slapls materialsihgving agppafic thigknesser acks or

chips tend to be produced in the above manufacturing

pr oc eEsdsblanhmatedinbis ksbjested toi olspping pprcesiyamtla citdudar through

yield rate for manufacturing the magnetic recording

hoRds fofined at e ¢e@es ofansibigpinflatdrRll PEHel ihAdreSd FBkr E@lﬁﬁﬁral edges
errors in a wite/read process, or a crash of t

afmeﬁueg £ feﬁnge@ogﬁ gﬁﬁéﬁ&%ﬂﬁ@ﬁf@s “TH @m&)err qg& o{u%r end

obtain substrat netic recor

whi ch cks or c S Ie rmterlal
fa%?r%%@* SRR o e R R Pl sl e prodie
peri (y of the circul ar center hole_and for the
n’dﬁ?’é misheq KBS of naly the gty girkace jgpolishadarrd tha gubstgieds used.
is set to be from20 to 24, and the chanfering | ength
i s sefhe matesial fop thesild@nrEbstatedis Teagiten thes erackoor chips tend to be
exanpl e, Reference 2: Japanese Unexam ned Pat ent
prydptédiatthoahovE ntiamuifaetibing Geddesses. NoWheR ¢radiddahips dré froduced,
10 is a longitudinal sectional view of a conventional

tifel ﬁaaqm wt}ﬁﬁmmnirfgrth@nﬁggaﬁ%@oraﬁg%é&lﬁﬁ 1§E%Qﬁééﬁ‘ arld"
Fig. 10, between an end face 4 and €ach

%&t@& gle?ﬂ%g%a&f e%v\ﬁs n lé%t%ﬁéfq }}rt)ceg %rgr%h%? the magnetic

portl o chisin \
24, Si m I ar chanfered porti ons (not shovvn
i TRt Ry iLae

In order to obtain a 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. 10 is a longitudinal sectional view of a conventional silicon substrate for a

‘magnetic recording medium. In Fig. 10, 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 porﬁons (not shown) are also formed in

the inner periphery of the substrate.
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the i nner periphery of the substrate. According to the
above formfor the substrate, defects in the

waenpsrEk®, such as cracks or chips due to haneCT/mRpoet015041

droppi ng the substrate in the manufacturing process,
are reduced, and the yield raye is remarkably
inproved. In addition, regarding the glass substrate,

| ower Adcosding@h @E abbie m&gﬁ&tth@sdtﬁﬂﬁkefwe?edwﬁﬂh@&fb@ﬂﬁg such as
so as to inplenment high density data recor di ng, and

ér!i‘&s‘@ﬁ chi ?é a6 HRER or s %;5?3‘?& Hle%ﬁﬁ%fb?éoin%lthi anglgfg&grﬁ%é l8cess,

the CSS (contact sta met h
or t.he ra net hod These witel/read
Jrgf%dﬁgécf‘gﬂ eryé?qlgr?tg ?Eﬁﬁ‘@g Ueh can be reli abI y
i nstal.l eg .and does. not cause vvrlte/read errors, or
cr ash 1BAddiHENFagarding dhaglass spbstiate e tioating af the mg@tlc head

In order to satisfy the above requirenents, a

hag bser plaenddzse as¢eimpempudégh damsimh dath recordieg] and tHeawdis/read
having a radius from0.003 mMm to under 0.2 mm are

nethud Hexcbeah gheiasily owiechell fiokn the €S8R bnthétestdr Hﬂ%_} n@éﬂ‘i’od to the load
outer end faces of the substrate and the ch ered

#@rinh ARREhod]BEHE 'réu)l% ﬁﬁn‘f@%ﬁ.@b&f) heThR. %%’ﬁéa@l‘%ﬁc—?th&fs aﬁé&qequlre a

substrate and the portions (see
n Une am ned.
i i S
?COI‘dI ng, &lg?ff bstrate, no cracks or chips are
Oﬁ BhFlg W Fl“%lt P84 PFOSESS- cont ai ned in a

processi ng cassette (which is a case for storing and

t r ansfle prdentp sptislybe rbave requirsmentsud sistraterigs preogesmped in
is transferred, and no wite/read errors or crash of

wiieh nln'gerbi;lirfachsahuilirhg’la takdéus\front €008 &t oo MRS 0.206@WESprovided at
thereby providing a magnetic recording medi um whi c%

leanokeofl (©) Hetbéet thé fing# ArRIbutdiNE Yiles of the s¥bdafeQRd the chamfered
substrate is fragile, and in a processing cassette

posiEshs! dhdl( Bﬁbmgﬂ ﬁféfrh‘e( ih @%f&%?gf:tzlg U %na%df C(ﬁlagffergg gortlons

substrat e havi ng a i SC efer ence

(%:%Sg)ét%?%&%hlg fgrf‘eggeu St atau(leesg1 el etmallﬁ(ég Pgteralltcfpp%catlon First
Publication No. 2002-100031).

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.

However, the silicon substrate is fragile, and in a processing cassette used in the

manufacturing process, an end face of the substrate having a form disclosed in Reference

2 or 3 is disposed on a substrate acceptance place of the cassette. Therefore, the
substrate causes a crack in the end face of the substrate or a chip on the substrate due to

an impact in transfer, or rubbing against the processing cassette produces dust particles



10

15

20

25

substrate causes a crack in the end face of the
substrate or a chip on the substrate due to an i npact

WO oob02913$ er, or rubbi ng agai nst the processi NBCT/JP2005/015041

cassette produces dust particleswhich nmay be included
in the substrate and result Bn a substandard magnetic
recording nedium In addition, in a conventiona

wiikh Eﬁg d)%;lrtl fiAGheld rgggtgat& Bl bl ﬁﬁ‘s&%ﬁ&dxéhﬁﬁn@éd feording

eac rate is 1ndividually subjected to anfering
qﬁd grinding by using a grindstone, a stack of
B rates is prepared and corner portions of inner

and outer _end faces are praoce s.to crg

cur vela a3gitiaciad CORSHRPBRIITOU ff STGHBHRE PR EIcoS substrate

chanfering and grinding process is performed for every
aftawlesdir subeirate kisdivatnly setiestideochamicaing apd gypdige by usinga

required, thereby increasing the cost. Furthernore,

g fbne, @h@dﬁ STsabstRdstis prepaed hnd ceder pordonserfdndenerd ofter end
the substrate the recordable area on the main surface

fa'cés £r§gfb§@§§ed\§@ S deSatdOkvll fi-REaPl e for securing a

requl recor Ing capacity for an ultra-small-sized

nmagneti c recor d
Vi ow, BPVETEE BBy B SRt g R g bed
present invention is to. provi a sil
eVRAY E¥bsfrate; thag; qoeSIS%rﬁblﬁé@?eamﬁég%f AYE W&eﬁén‘rfﬁaséﬂ% the
end face or chips on the substrate are not easily
cpetoduced, thereby preventing the occurrence of dust
particles produced fromthe end face of the substrate

or duRirthernistbpwhen againfeted aofonde sineg ix as st fage of the substrate,
Anot her object of the present inventionis to sinplify

tﬁeh%cdramé a%h Bh HNOMBIH QGRS i Pedlubety NG i ast prefeeibtd fopsecuring a
thereby providing a lowpriced ultra-small-sized

JPBREHSrd AP T B A et et
as w de

DISCLOSURE OF INVENTION

In view of the above circumstances, an object of the present invention is to
provide a silicon substrate which is fragile but has a form by which cracks in an end face
or chips on the substrate are not easily produced, thereby preventing the occurrence of
dust particles produced from the end face of the substrate or due to rubbing against a
processing cassette.

Another object of the present invention is to stmplify the manufacturing process
and improve cost reduction, thereby providing a low-priced ultra-small-sized magnetic
recording rmedium.

Another object of the present invention is to secure a data recording area as wide
as possible in the magnetic recording medium, thereby providing a magnetic recording

medium having a large recording capacity.



as possible in the magnetic recordi ng nmedi um thereby
provi di ng a magnetic recordi ng nedi um having a | arge

WO e@od1rg) capacity. Therefore, the present i nvROT/IR2005/015041
provides a silicon substrate for a nmagnetic recording
nmedi um wherein a curved surface having a radius from
0.01 mmto 0.05 mmis provided at an edge portion

bet we ghBreforéBhdpR %ﬁ%nﬁ&g @Qld%@g sifh@&? siffst E’@%r a magnetlc
substrate. I'n a typical exan‘p e, the curved surface

O heliif, WA U cLAER stk G- B MG B8 Rl §f 2805 mm

an-outer pnery or an 1 nner

iy ﬁ%%%@ggw{ggﬁoﬁé%&%w%% RO PO he'dgaegg  thebotate

maxi mum hei ght for surface roughness for the naln
sur f ada hpicabexample. theewvedryafage befwisen thevedin senfacglagd the end
provi des a manufacturing nethod for a silicon
5  faaehis proaided faban eutemgniphery oreadiirctic peripheel ofthe s@hspaiesi ng
the steps of: formng a circular hole at a center of

the sipldfgaRysHOsiakahen HelPREfo? 'sﬁﬁaéquug?hkésq@f‘ﬂr%léﬁé [ a:%ﬁ? 1 pm

in a polishing liquid in which grains are suspende

?ﬂgs raﬁ& é}éﬁ%lu& l?e(?é U a?@reon gfmf €SS Po“:f {r]lﬁféxaslgrfg?e ISAO nm or

c€ an an raner ace o

1substrate wherein in pol|sh| ng of each end face, a

??81 i shing brush contacts the end face while perform ng

a relative rotation between the end face and the

pol i sAhagrepmi g entipralse pipvistes paappubrciuyioyngietd fohaniicon

the outer peripheral end face and the inner peripheral
10 sebrtkafedfora magndiie rpenrfling mpslibef @mprisingehe stegh ofut er

peri pheries of the silicon substrate are subjected to

chanf ejrinigp a frRiLmdM it .a dehRr 61189 silicod QRESE! Vel ¥
pol i shing the outer peripheral end face and the inner

perip Hﬁl‘h@ilsm%riﬁe §1ﬁ9(§1 élfbstﬁ’ﬁé §:P% PR hiY 1RuRP O hiBE g&ﬁﬁs‘a‘r@ 9
usi ng a stack
suspended; and
respectively polishing an outer peripheral end face and an inner peripheral end
15  face of the silicon substrate, wherein in polishing of each end face, a polishing brush
contacts the end face while performing a relative rotation between the end face and the
polishing brush.
The step of respectively polishing the outer peripheral end face and the inner
peripheral end face may be performed before inner and outer peripheries of the silicon
20  substrate are subjected to chamfering.
Preferably, the step of respectively polishing the outer peripheral end face and
the inner peripheral end face is performed in a batch processing using a stack body of a
number of silicon substrates stacked via spacers therebetween.

In a typical example, the polishing brush is made of polyamide resin.

25 The present invention also provides a magnetic recording medium made using a
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nunber of silicon substrates stacked via spacers
t herebetween. In a typical exanple, the polishing

whewsi14185 made of pol yam de resin. The presentPCT/JP2005/015041

i nvention also provides a nmagnetic recordi ng nmedi um
made using asilicon substrateyas described above,
wherein at | east a magnetic layer is fornmed on the

sititon sebitfaglR debcriba@ abbvel, GABrefldrédsed PragMtieQhflir AOfck@ed on the
the present invention, it is possible to obtain a

r@lhls&@&e%lfﬁﬁtsrﬂ%% s%ét%tfb is fragile but has a form by
whi ch cracks 1n an end face or chips on the substrate

are n SI| roduc t her e
occur (rAeﬁ%r “@f s?ref)eé’f HVSP%%“ gt %E%@g%e roc?ﬁ?q’f‘ ﬁéﬁ’(?ﬂ’a substrate

. substrate or due to rubbing against a
W@b@sfgqgﬂs pichas @ifpem by MaYdy Greks inam prg Poes onglipen e substrate
substandard products and a smaller nunber of
ayg patepsilyptoduceds therabye pventinggtie o¢aurranich dfi dmst particlesproduced
possible to provide a lowpriced ultra-small-sized

fromg thetend fiReatil suhstime briddde vibtan '_% %aﬁ{sﬂ@ Bdceésificassette.
capacity. BRIEF DESCRIPTION OF T W Fig 1is

TheRE5RIPLGhAINS nﬁfnﬁw &fs ﬁst%dakﬁgﬂgﬁé‘ip aid ?Er'ralfe? Buf?lbexi of write/read
magnetic record |ng ne I um acc |ng the pre

e 0 .cut. and v he cu
<Pl RGeS pdiplie IQQBFSA?IE%OWS P WEREPOH By hiall-sized
each ortlon of ..t he S|I|con substrate . in Fig. 1
%E‘B‘i‘%’feﬁ@r g peiughexmga 1 P‘i%@é?%?&?r?apf!filtg 3is an
enl arged view of an outer peripheral of the silicon
substrate in Fig. 1 according to the present
invention. Fig. 4 is a diagramfor explaining the
nmet hod of neasBRRIBFPHESERIAIONSORTHE DRAWINGSd
surface. Fig. 5 is a diagramfor explaining the

procegsLs if fperporul@clew dMkiliddR stbdtiabofdr & ‘r&kb%hétﬁt fcording
according to the present invention. Fig. I'S

n?éd?tﬁﬁ a8okfhg FXBL BRI AR R WIGESR RSt LR V1Q@Q&J %I‘gl(f‘lt HE Ei%ace.

Fig. 2 is a diagram for explaining the dimension of each portion of the silicon
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
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 the silicon
substrate according to the present invention.

Fig.6isa diagfam for explaining the processes for manufacturing a
conventional silicon substrate.

Fig. 7 is a diagram showing a portion of a stack body of silicon substrates used

according to the present invention.



conventional silicon substrate. Fig. 7 is a diagram
showi ng a portion of a stack body of silicon

waemsiiates used according to the present PCT/JP2005/015041
invention.Fig. 8 is a diagramfor explaining the
met hod of brush-polishing theinner peripheries of the
center circular holes of the silicon substrates. Fig.

9 is miglBags afalgfae{ £ éﬁ}%lﬁﬂn[ﬂgﬂﬁe hféﬁld@[&if'&%h%fohshm% the inner

brush-polishing t er perlpherles of the siTicon

e Ei A Rl L e ol o

icon s magneti c
EST .MODE R
| VENTIECR & o5 RERE PG BiRod ok PR RS fhegter
explained in detail. Fig. | is a perspective view of a

P@Nﬂﬁ%@ﬁ0§@®§ﬂwaﬁﬁﬂﬁﬁﬁw& magnetic recordi ng nedi um
according to the present invention, which is cut and
5 vi ewellig 1 01w 4 lagitudindl aetiondlivdew 21 someﬂ‘cia@i ailicbwsubstrate for a

expl ai ni ng the dinmension of each portion of the
nibighétfPRcsdlstmati@ni N Fig. 1 according to the present

i nventi on. shown in Fig. 1, the silicon substrate 1
for a magnetic recording medi um according to the

present invention forns a doughnut-shaped circul ar

di sk. The i a gl '

magnet i c r@f%ﬁﬁ?Fm&@Bm@ﬁEﬁ%%ck

faces_of ;the circular disk, The outer peripheral end

face Hereintsksy, theopesenhinveniongullhamsplainsdrin geieiy of t he

circular disk, and the inner peripheral end face 7 is
10 posi t Fienéds aperspestivargiedefafsilidoa solesttater foc b nmghetic thadrding

of the disk. Between the outer peripheral end face 4

nedilinh heordh@tosths hrReas idvenfieh, vhiCiselut KT viehed RbmakE Madace.
surfaces 5 are formed, and inner peripheral curved

ngJ bfiag @fag@an@fcﬁ e&ﬁﬁiﬁ% tlﬁg Hi’iﬁ&ﬁlotnnﬁ eb&H‘ﬁfm&?Bf AP §iidbn §Mtrate in

face 7 and the nmain surfaces

Fig. 1 according to the present invention.
As shown in Fig. 1, the silicon substrate 1 for a magnetic recording medium
15  according to the present invention forms a doughnut-shaped circular disk. The main
surfaces 2 and 3 for implementinér 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
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
20  and the main surfaces 2 and 3, outer peripheral curved surfaces 5 are formed, and inner
peripheral curved surfaces 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, and the inner
peripheral end face 7, are subjected to polishing so as to produce mirror-finished

25  surfaces.
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The main surfaces 2 and 3, the outer peripheral end

face 4, and the inner peripheral end face 7, are
wanippeetiesl to polishing so as to produce PCT/JP2005/015041

mrror-finished surfaces.In the silicon substrate 1

for a magnetic recording nmedigum according to the

present invention, the radiuS R (of curvature) of the

out erp, Rk 189(?1{ 9* bsfrAte ¥ 86r asl’ﬂﬁ% 12418 Sedordifif WRahint AR oflifiEto the

perrp era end tface 4 and e main surfaces 2 and 3,

t he radius

P@Eﬁnf 5’8’8@“%“ i W\E@ﬁk @?%uﬂr\{%gfeﬁ 0 gﬁep er &l 1%1%3&% ggvg d surfaces .
the mai n surfaces each fr .

betvos MU e6r B Y cog Mg g wamssarf?%eég 3, g - rydius R
silicon substrate nmade of a fragrle material, the

oftthe merer penipliecal cinied swdacehp beirveen e lan@tpeﬁahqralcqngéa%%and the
not produced due to cracks or rubbing against a

AR LRI WarkE® sietdach fogh (e lemnotb (.0fciuded i n t he
substrate. Therefore, a smaller nunber of substandard

magn ekb&rgﬁg% dhdhCurRAi sarfad, ef iRh kiGiEomstbRRite fade of a fragile
wite/rea rrors are produced When the radius R of

d
nﬁ&%ﬁﬂfé ¢ ?eog??%go d 342 5 B0 0 BB, ob i ERIREES e o
curved sur
R oUTHED BB TP EDF B a1 iR df Bl o

mm a sufficient recording area cannot be secured on
Thérefore) anstsallef apwber ¢fisgbstan ngfigEsreTang MG fiagag f smaller
portion of the silicon substrate 1 for a magnetic

nbe®er 6ff vagte/rest ermoraaeqrodusgd.t o t he present invention,

hi the Figure, reference synbol D indicates the outer

di ametpeienQhe tdagusRbsthe atieed E@fRe eniess thymdOIL nthn, the corner portion
i ndicates the inner dianeter of the center circul ar

i{]ﬁ)lo %P%rlfp a&ﬁ errid B Bfeﬁﬁe Snd Rk hEQRFe SRS db ot ghﬁi@&@@lfﬁment

ness o substrate, and reference synbo

Hadk CaRR S, B PARRE X 1She LG FUINELSUELALEs il Sieiiche

OoWwWs an exanp

di mensi ons of %ach po tion of the silicon
recordlng area cannot be secured on the main surfaces.

Fig. 2 shows dimensions of each portion of the silicon substrate 1 for a magnetic
recording medium according to the present invention. In the Figure, reference symbol
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 a portion of the curved
surface, which has the radius R.

Table 1 shows an example of the dimensions of each portion of the silicon
substrate for a magnetic recording medium, according to the present invention.

The present invention can be widely applied to substrates having a size from
0.85 inch to 3.5 inch; however, the present invention produces remarkable effects when

applied to ultra-small-sized substrates having a diameter of 0.85 inches or 1 inch as
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substrate for a magnetic recordi ng nmedi um accordi ng

to the present invention. The present invention can be
wov@eloywiappl i ed to substrates having a size frpoT/OP2865/015041

inch to 3.5 inch; however, the present invention

produces remarkabl e effects en applied to

ultra-small -sized substrates having a dianmeter of 0.85

sho%qg ?atﬁé 11 H‘gﬁh%ﬁﬁﬁi’%den arl 34 S[t)riate HA R Bf G Ratvedb@face

late radius R he curved surface is
05 nm Table 1 unit: nmm Next, an
lsgiﬁ’ n@g% ?(gbvbgfn% outer peripheral portion of the
silicon substrate 1 for a magnetic recordi ng nedi um
according to the present ipvention is shown in Fig. 3.

Bet ween t he outer peripher apbleAd face 4 and the. main
surfaces 2 and 3 of the S|I|con substrate 1, {gp& mm

r‘ilrgjod cu.n:‘F ar\oo

rayving e Tadi-us—R-from g U0 adius of
Qoo rOBEE: ‘?rﬁ?tffed. ULt o hithidkrabs afy{p dd
n:m&F Inkfl@ n & '&gﬁtﬁad i Wnﬁrgﬁe\é‘éﬂ i ?uiatrats (Dsit ?‘gf%:jﬁf flor ngﬁcv: ((lR)

inthelsilti

ne

SUpStH of & ﬂl%lllctl c—recoruing
I’Ygﬁﬁll 4’-1(‘(‘(2!1 ﬁ fal t ga(ﬁr\rnor nL b.-‘ (\ |0@]01@é](ﬁw tOHEtOOOS
mdfhod| of #8Asur i hg t B0 adi s - Dl et

ad
s—R6ftHe——ecurved—sturface

wi |l be described W|th reference to Fig. 4. As shown

in Fig. 4, an extension line SI fromthe main surface

i s deNexteah emadedivisvanftanpoten periphiesal pertianea the sitippan substrate 1
posi tion where the curved surface S2 is separated from
férhemHeaP sicomlingd MediSh acchidingtto theopresdneinveintonsis sheverein g. 3.
away fromthe start point A by 10 nm and point B on

B%gseeﬁ e T(ﬁﬂer?dé&%ﬁ&ﬁl drdl FAVEY arf I B aesiftared 2 Bl Hbf delilicon

us of a circle on which points A B,

@?}?fftg ailmcglgre%{e %%eﬁ S?ﬁatvin:éeagfﬁ%’isﬁs & Iﬁ?ﬁjeltigﬁlﬁs g‘;OStrhﬁl are
fiyensd bRe OB iBVE Lo eny Ofégéwné%?%l n vehfiordaP sybstrates

12’%@%&? 1rr]1| tgel:J gl(l_sjtgélg ;m%s’{gerltg ?@bar Igggkr{egc recordl rrllg Eeélu?n acco{g]%g toqge
present invention.

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
main surface is defined, and a start point A ié defined at the position where the curved
surface S2 is separated from the extension line S1.  Point C on the main surface is away
from the start point A by 10 um, and point B on the curved surface is away from the start
point Aby 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 curved surface
is set to be from 0.01 mm to 0.05 mm, it is possible to prevent the relevant corner portion
of the silicon substrate from breaking. WhenR < 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 > 0.05 mm, the data recording area on the main surface is reduced,




is weak to inpact, and chips tend to be produced when

the substrate is handled or hits sonething. Wen R >
w@206/0mme5 t he data recording area on the mai n BOT/iR0e5/015041

is reduced,which is not preferable. Additionally, in

the silicon substrate 1 for ajmagnetic recording

medi um according to the present invention, the main

vehicH Baws prefsrgble.he outer and inner peripheral end faces

are subjected to polishing so as to create

mrro Ql;cfd'itﬂninﬁﬁf Gn B SIRGESubBRLAT B %Qn&%%i%gr%f)ﬁ%%xﬁ?dium

roughness of the main surfaces, the
B P S50 B S DSBS BN Berier

i mum he'%ht Rax.is 1 mmor less. In addition, the
el ?@tﬂ%e&? SHbiCERG (PUisbngogh (o sieate anirer Hpished susiacitol o
of the silicon substrate should be within 20 nm The
5 aboveRgeardinghbelswiace corghsess of thwtreaih avifmmys,ahe wasimum height
- surfaces of radius Ris obtained by grinding outer and
Rmmeis 1peini gtiessabnfod tHeasuefaceiduplihess of the deteP Bd indBiCheripheral
pol i shing the ground portions using a polishing brush.

A £RBOWRL iBxifluh hfghCORNERtI @Rk 1k ! i con substrates
are manufactured in the follow ng processes.. First, in

or der ve .for s es_and. di.nmensi ons, ...

o o S RSN DD RS S 1 scon
ich s rformed_in two steps by using a | appi ng

SW%ﬁﬁFﬁ%ﬁ%ﬁiFH@péﬁ§2géﬁPeving the conditions in which

the surface accuracy is 1 mmor |ess, and Rrax for the

10 surf adbe rnyghlsegibeil silitomsulmiratedmsingAaoed dunfaces of tddtus R is
first |apping step, Rmax for the surface roughness of

obfaineld by einding odtdrahd Relet phigthelal eRtifab&CRCOI®KIst e, and
approxi mately 6mm and according to the successive

p§ﬁ§%§&%%%ﬂ%oﬁ%ﬁ§?si%g% p;aﬁgé}fhg%&u@ﬁcur acy comes to 1

nm or | ess, and rface roughness cones

T S A LU NN I
fcglpo%viﬁg Ik))rsotc(E,sasl(tas(.e kpfrsg Sﬁll ngdegjl to improve accuracies for shapes and dimensions, a
15 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 pm or less.
According to the first lapping step, Rmax for the surface roughness of the inner
and outer peripheral end faces comes to approximately 6um, and according to the
20  successive second lapping step, the surface accuracy comes to 1 pm or less, and Rmax
for thé 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 inr;er and outer
peripheries (see steps (c2) and (c3) in Fig. 6).

25 Next, the inner and outer peripheral end faces and chamfered portions are



10

15

20

25

cylindrical grindstone, a specific chanfering process
is applied to the inner and outer peripheries (see

waet@pm1gie2) and (c3) in Fig. 6). Next, the i nneeT/aredos5/015041

outer peripheral end faces and chanfered portions
aresubj ected to polishing SO0 @s to pr oduce
mrror-finished surfaces (see“step (d) in Fig. 6). The

abjeved i Q@ f in Fi
RLSIRRIENRR 1 RS BRIt b0 e ©

Pl R RRE T pERFRI RGBS (AP Rl ko)
f int t . The first l'i shi t '
per § oF 1B MAGHBU PG R L a5 ainelt SHeERURS mpf DAL vided i

in the previous processes, and the second polishing
sybjegted to pdishingne dhis poligringipiocery inperfasmefl imivehgeps. The first
surfaces (see steps (e) and (f) in Fig. 6). The

pelibliing step isgstfoaheal fok t@noving ey aiglisteriivus piodueddt ihYhe previous
cl eaned, and then transferred to an inspection process

pr&R6ses  RRThd @hoRblishhgistepRt &q&w%%&@ﬁdgxg% 5918 ¥nished

above processes, ‘a conventional silicon su rate for

[ | ediumis obtained. In the
Sgﬁ%%%@%%ﬁ g%@%%%?ﬁgg}%gt € present invention, as shown
in Fi 5. first, in.order to.i ove_ accuracies for
shap eghg AticeR ﬂﬁ%ﬁ@?‘& aler %P%é’fp@ﬁ Ispiieigntly ¢lpansd, angkthen gnsterred
Is subjected to | apping which is performed in two
t a BSPERJion Prasgssd steayipiisig) ansh) mlie. @see steps (a) and
(b) in Fig. 5). Next, a nunber of silicon substrates
ar e buéwdbrdihg\to thesthaze poceses, alvahventishd clichn dybsahtet foea
silicon substrates is prepared (see step (cl) in Fig.

nfggnetfc RCco@iflgahedihgs biained.med at a center portion of
the stack body, and then a specific chanfering process

e e
o514 BR84S S PRIt
s&%leci:tgclf j[onl%ppkirrléJ \Szvgicglsl's(? Ser?(}rgfc):d gr(ljI 2‘W(I) QteI'):si l%f us?rgg' a fa}r;pitng %pparatus (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 (see step (c1) in Fig. 5). A circular hole is formed at
a center portion of the stack body, and then a specific chamfering process is applied to
inner and outer peripheries of the substrates (see steps (c2) and (c3) in Fig. 6).

Next, the inner and outer peripheral end faces and chamfered portions are
subjected to brush polishing using a polishing brush (see step (d) in Fig. 5). Inthe
method of manufacturing a silicon substrate for a magnetic recording medium according
to the present invention, pro}cessing from formation of the circular hole to polishing of
the inner and outer peripheries is batch processihg applied to a stack body of the silicon

substrates.



nmet hod of manufacturing a silicon substrate for a
magneti ¢ recordi ng nedi um according to the present

w0 pwefid1eh, processing fromformati on of the cPeTIR205/015041
hole to polishing of the inner and outer peripheries
is batch processing applied tq a stack body of the
silicon substrates. Finally, the main surface on which

a MegPRaHile, tB@ﬁfaLl umcéfsdwmhl SmBERYE dedrdis e il ﬁ@% .‘lfapovided is

to polishing S po |sh|ng process is pe

Th erfor
S& r%?c}ﬁl S lighing. o:’rfud ng ]ilg gﬁr?ggsﬁﬁ%}g&foeld‘ &Hl W?e ?ﬂfsev BE@M
cesses an second ol i shi step is perfaorne
"b%’r TERISins OFFF? %’Fr?m%‘fl %fdr%%‘gsg%‘é‘@n% Boduceddp theagvious
and (f) in Fig. 5). The silicon substrate, after
PESEssShiang the @C@u:f falishisgtstop is pesforend ferrmtoduvéng mirror-finished
transferred to an inspection process (see steps (Q)

5 satfwbe§ (Bee steps{e) andff) il Figt Sl met hod according to the
present invention, a nunber of substrates are

pr ocesaeIitoy ﬁib@ﬁﬁte dele Egl ifg€ i@ukﬁ’c%lﬁlg' JdRheY, 'aﬁ? t}%:eg r’%ransferred

production efficiency. descrlbed ab a S|d
et| dlun1accor ing to
tf%ﬁﬁ%é%égap?&ﬁ%ﬁ?&tws @ SHI M8 2 aich curved
surfages are f edge ortions. As explai ned
abov ef %‘F 6‘&%@0 g1 f t ygntiqn, é@P‘é‘Pelfﬂflséb%t@tes are
pol i shing the inner and outer peripheries is a batch
Piscetsed frasten sharelaoremarleblst immkovingl protiactisin efficiemdyer  of
silicon substrates, as shown in Fig. 7. The stack body

10 12 i ndkddesibéd @b(tv@, 2filcai $ubstoate forlzahagicds rebordifidmedium
spacers 11 are inserted between the silicon substrates

aacordMg td g pedsbhtGhesmewn iSoBtaRgd, mnhsehlcﬁnree\éeﬁa&y allésfbﬂﬂed at
such stack body of the silicon substrates.

e 1gnll are provided for reliably preventlng (|)
|nsuff|C|ent polishing in the brush polishing process

SEP: Ip a]?lalne(g a o%)’ﬁr%ce‘?’s‘éfnfg?? B o?*m%{g tthe mrcur]arehole to polishing the
inner and outer peripheries is a batch processing applied to a stack body 12 of a number
15  ofsilicon substrates, as shown in Fig. 7. The stack body 12 includes 100 to 200 silicon
substratee 1, and spacers 11 are inserted between the silicon substrates 1.
Working efficiency is remarkably improved by using such a stack body of the
silicon substrates.
The spacers 11 are provided for reliably preventing (i) insufficient polishing in
20  the brush polishing process applied to the curved surfaces 6 of the inner peripheral end
face 7 and the curved surfaces 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 such that an end face (i.e., a side face)

25  of each spacer 11 is positioned at approximately 0 to 2 mm (preferably, 0.5 to 2 mm)
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face 7 and the curved surfaces 5 of the outer
peri pheral end face 4, and (ii) breakage of the

wa@Rlobom2substrate in the polishing process. BEaChIP2005/015041

spacer 11 has a circul ar di sk shape having a center
circular hole, simlar to thegshape of the silicon
substrate. Mre specifically, the spacers are

inmatdfroradhé endafab@h bethe silichn slitdtra@n . e'Whérp®e ehd £Re of fhe spacer is

side face) of each spacer 11 is positioned at

Rioaxd fattel nvbhrd God HELAPSEHEE i
}ﬁnﬁ) inward fromt heoend face 4 ol?i?}tlﬁréreed%ioﬁlé:rg%ﬁg%%%bts?%t? ’ebmSh

: c f €. cef i sitipned.
i MR thea B e o S SRR Pl R Bmeen the
f.the bstrate, hrush hairs reach the main surface
i oF i i B it ofes G b, werdsaprimn between
the thickness of the spacer and the dianmeter of the
the paHn wifaey andithg chamfegrgepoptdon is seurisied webradditenyierthickness of the
surface and the chanfered portion is rounded. In
spaichr tlil dngppréyeiatdly adjnssd a@brdifietoxpadmelet off the hair of the polishing
appropriately adjusted according to the dianeter of

ha o ’ o
Brligh, hPréfeblyt 1R tﬂﬁkﬁe%?ise'ﬁgp%&ﬁﬁﬁtelg%ﬁfo%ﬁ . fél%gd%tlloght’l

thi ckness is approximtely 0.1 .3 mm

: rd fQqr. acers 11 is .
PR hRRE OPUEbp ey s DOSHRRRRE Ry g somapppterial as

f pol.i.shin ad.used j.n.the polishjng process, or

it R RS PR 1 i himeaproBii ithe s oaAbul Palts than the
That is, it is gjrée.f erable to use spacers 11 nade of a
silisop sHisate: ol Thawiapit tspreferapledo eipe snahers 41 niade of 8 sl taterial
from breaking due to pressure fromthe polishing brush
adaptedit provéng Hierngliqpadubsitratet fiem podak sigi dug t@pRE|SS frodi the bolishing
a nunber of silicon substrates and a nunber of spacers

baush aaltheepoiBhmpypaiinserted into a specific jig (not
shown), and this body is bound tight and cl anped usi ng

a_ bi ngh 1@ feAViIRh pfoté%lsg@ﬁét, hYufbREo iﬁéo"i‘l%lﬁbﬁ%‘{jéé o8l atdfiber of
xt I b I'S

silicon substrates. , a polishing brus

' ' t. ' . hal f the. sili
SpRSE e by B R st gl Sy et ooy fFound
S N s T
substrate. Preferably, the polishing brush is forned
sblg,strlagﬁsﬂ gNE’ﬁt’ ggplg,séymgjguqrbelg insextediatasthe wemter circular hole of the silicon

substrate 1, and the amount of pressing by the polishing brush is adjusted so that the hairs
of the brush contact the inner peripheral end face of each substrate.

Preferably, the polishing brush is formed 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 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

performed while respectively rotating the stack body 12 and the brush 13 in opposite
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a corkscrew form in which the dianeter and the | ength

of the brush hairs are respectively 0.05 mmto 0.3 mm
wan@ed141es 10 nm I n the next step, a case in wWCThP2E015041

substrates are contained is filled with an appropriate

anount of a polishing |iquidsg As shown in Fig. 8, a

relative vertical notion between the stack body 12 of

I &h by BHAE-pbligifg tHaene petpherd fhted o thitIubstrates.

1”%@@?%F#§d Si gérgspecé%belygrotatiﬁg'?%e st ack body

1 d .t he, br . FR.Q j L Qi ' L QNS,
PR AR R0 Ta! s SREBLALPSAR. Aty SisfEky 872

the substrates. Preferabl .the.rate.of rotati .
apprRR RO by 219 ettt rdpion 8 b hifishing B LPR aBbroximately

approximately 60 rpm and the rate of rotation of the
14901tp $80Ghpnbr ush 13 is approximately 1000 to 3000 rpm

According to the brush polishing for the inner )

per i pheoaling actds brisheotishingfitr the ineertpetipberal fagrs, daicantact line

surface and the inner peripheral end face results in a

bGWEMEHe A QGBchaNA 1R idndr ?@ﬁp@erzﬂfen@ 2% reltd Db curmed surface
After brush polishing of the inner peripheral end

f aces e I eral end faces of the
h%vd%%? I‘ad[ur;l of %.Lgleto Ogﬁrxhﬁp

rates are polished using a brush. As shown in

Fi g. cylindrical. brush 15 is pushe i

end f‘gg%@’rﬁ% Ecﬁ’é[‘@ﬂqu&}&ﬁ%ngﬂ@ﬂlpgetr%lsen?I%%cgs’ﬁ ﬁeo‘gt?él %{Jb‘ﬁeral end
body 12. Preferably, the cylindrical brush 15 is

fooes pfithe pbstrgtenaremoligeadyusingdePPesi n fibers into a
corkscrew form in which the diameter and the |ength
of t has BravahintRigr® abslindricat beple t? isishedngmdshire epd Grogs of the
mm and 1 to 30 nm and the dianmeter of the

sTibnh Qbsir@ad 1 B theltatk bbdy DO Rrefebddly, tha cyTinilscal brush 15 is formed
cylindrical brush 15 is pushed agai nst the outer

bg %hgh@?@gaﬁm@rhﬁﬁ BErstifk® aofGkreROMym lid vatfick the dsdrhdt&raind the

strates 1, an

arelative vertical notion is

T
ol ot pBG 15> 20 pelBtE | SpBRIBRIG) by i

of 60 rpmand 700 to 1000 .
pushed agaigst the outer peripheral portion of the stack body 12 of the silicon substrates

af

1, and a relative vertical motion is performed between the sfack body 12 of the silicon
substrates and the 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.

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
remo;ing scars or distortions produced in the previous processes.

In this first polishing step, a polishing apparatus which is usually used is used.
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rpmwhil e supplying a polishing liquid to a contact
face between the outer periphery of the stack body 12

wa@ae@eima2pol i shing brush 15. Thereby, the out ePCT/IP2005/015041

peri pheral end faces of the silicon substrates 1 are
brush-polished. After the bruysh polishing, each

silicon substrate is cleaned using water, and the nmain
InpliEEAE ugihg ieepdtidhiap appaatus, agobisldog Hquidebeaifidd st adding
polishlng step which is perforned fpr removi ng scars
co‘?{?id%ﬁ ?ﬁi&[ {d x%?r R1Q8H §RAohdistapBroRIfEMEIGUDO RV QL% 8 3@get rbmoval
this first polishing step, a polishing apparatus which

i s usually.used.is. .S bHRE 1S4 late is 40 rpm: th
oot Sh Pl iR e s RGO (G el platef 40 rpmi the
adding colloidal silica to. er is used, e | oad | .
robpl R R PN UPDY S EGODIot i e Bt o ol f Bt ecar s
polishing is 30 mm the rate of rotation of the | ower
apguosisately | At and 4l ragmef rotadion af the dntemnal gfar iyapproxigately 29
upper surface plate is 35 rpm the rate of rotation of
rpohe Afer th€afst Esliﬁmﬁg‘ ¥, et ©ligonistbstpitg isatmnediasingwetenfand is
rotation of the internal gear is approximately 29 rpm
i dr&ked B8 sbédntpohShihg Biepy step, the silicon substrate

IS C eaneé usi ng water, and is transferred to a second

pol i'shy tEReond Blishi béRbisPpRt LR BE mai

a fi n?@%?%gwpsgg%%d; 115@56{6 i%gae}ftﬁgéﬂt macl%n S rp faces o%n o
each sjlicon substrate i ch S | ect .
syrficst obggeh oy A WU Sp bresid 1 0 PresdishliEqen. As
polishing step as finish polishing, a polishing.ligqujd.
cotstitionsdar thy seaoanil mglishing Fepiag Limish P%ashtn& M?I&hﬂ?ggh‘u’éfg ai,’tamed
the load is approximately 100 g/cnR; a target renoval
baaading coloifallsilzhitogates isSusady the ed isanpprofimeshat (hgcyf; a target
the lower surface plate is 40 rpm the rate of )
r&REW hRBuRfin bbEshitpR!s 16y thaese pf wtionof B lower surfage plate is 40
rate of rotation of the sun gear is approximtely 14

{ | QrRB phie 118 rpit Blehate of ethtiorsof the
r%%ﬁhg%ﬁg%%ﬁ%}b%&}%ﬁlﬁﬁner tlge esecor%l pol i shing step,

the sili . i s 4i : i
st (e, L g e g ot P Rremel gar i
al cohol )

, and | PA (for vapor dryin
approximately 28 rpm. ( P yi ng)

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

According to tﬁe 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 0.05 mm are
provided between the main surfaces and the end faces of the substrate. This silicon
substrate has no conventional type chamfered portion; thus, a wider data recording area is

obtained in comparison with conventional substrates.
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in turn, which are respectively contained in cleaning
tanks, thereby perform ng ultrasonic cleaning of the

wa@Rlobom2subst rate. According to the above- deseeT/rd05/015041

processes, a silicon substrate for a nmagnetic
recording mediumis obtained,7in which the end faces
and the chanfered portions are mrror surfaces, and

cur veThiuilfag eabdhaw 0 a trapaetidiGcdriRBntbdim Winh@e & Biile
mm are provi ded between the main surfaces and the end

sTRE6RShoWevED l@hi?é’ﬂlsérfd%@rﬁs of RBlagskSinl the %sﬁﬁg é%er rg)tt \%a%lgﬁar&ﬁlced,

conventional type chanfered portion; t

or.di area i s tained. in c i son with
Tk O Rl o Fht o R e Thsf o
ﬁg&getic recording nediumis nmade of fragile silicon;
s {FePt dyerip 5abbing WHH aEeGE8sIRg Caspidleks in the substrate
are not easily produced, thereby preventing the
occur headdétiant theupbamferingi proeess for every substratenis emdttddemed drush
of the substrate, or due to rubbing with a processing
pokisttigy isénstdad paefirhédin,a Balkth Gbed¥kias i NDhdpéfore St thMufacturing
every substrate is omtted and brush polishing is

p%d%%!xs%@%e REASIAARY sl fiddhd %rﬁu@ﬁ&?&hglgggg{ggﬁlﬁio%&’thereby

e manufacturing processes are consi

' k£ n r.oduction efficiency is inproved,
c@ﬁﬁ?@%&“@%ﬁ F%%%Ppﬂg t.o cost reduction. On either face
of th slgicon S Bstnate ?gtained,as descri bed above,
| ayer §2&H er&éﬁo%fi% e 8iligon HRHHRALRENCH 88 descrbedsabopy layergare
CrM base |layer, a CoCrPtTa magnetic |ayer, and a
depasBerhbhg knowe msthodefor iewamplayerMo bastdpyss) ¢ €oCiPtTa magnetic
by using an in-line sputtering apparatus or the |ike,
layad atde narhop Ry drideqirotectiotelairarard depobited it biliinGatising andidine
is further deposited using a dipping nethod, thereby
siifteding bpthr@usBORE ke, #n8 e RATIREHIRhINRUTPRIBALd e layer is
recordi ng nmedi um according to the present invention,

TR PUBE e, BRSOV A

medium.

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 0.05 mm
between the main surfaces and the end faces; thus, chips in the end faces or 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.

Concrete Examples
Twenty silicon substrates, each having a diameter of 21.6 mm (called "0.85

inch"), and twenty silicon substrates, each having a diameter of 25.4 mm (called "1
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between the main surfaces and the end faces; thus,
chips in the end faces or cracks of the substrate are

woewe®aERs y produced, thereby preventing the ORCT/IP®ORES041

of dust particles produced froman end face of the
substrate, or due to rubbingwth a processing
cassette. Accordingly, it is effective for preventing

iMEH"Y, 84dre BELp&IH O ThaE sAbstiaRs vedd sif b@té@gwéeﬁep%ﬂe' n

t he mwlte/read process. Concrete anpl es Tm$n;{

B PR oS LR ST el B o
I

e

series of the above-explained processes, nanely the

fagessthe sigp pf byskpelishing ke denep rmP peipinesigherebend fabes, thedisst

of formng a circular hole, the step of chanfering the
potisteng step fauthemajpesurfabesy ald thadedoad eslishitpestqs f t1f main surfaces,
brush-polishing the inner and outer peripheral end

ih ag8s, Ab&ﬁdﬁlggl,séili@(ﬁi dubbi s &wﬁg dubfedtsOfadRIoR a S E663:0.01

and the second polishing step for the nain surfaces,
1 N V|n curved .
o M RS Yo e b B BB SR S5 IRMAF 1BHENEH i
rs. on he out side and the inner
ES?i ) o (s %H%mgpgéﬁgﬁ(ﬁ§Q?£§&9face wer e obt ai ned
(see Table 2). In the steps of grlndlngb(i:e:, )
chant & thegiers afistindiag (igolchamforiag) and brashepolishingdhe mer and
peri pheral end faces, a stack body of the silicon
ostenperiphess ond §acas edsfack bodhpLihe spimoe substraide waf uegdoiywhich
resin were inserted between the silicon substrates,

spaels BaRCHTepbRY o9 werd irdbRéEbet@Eer’Ble 9iliabn &ftRiratds, 8ach spacer
i nch substrates) or 24.5 mm (for 1 inch substrat es)

hﬁﬁﬂ%% didthGknas®), %gn{t)%ir 4183 infH glﬁl;s'tﬁﬁ:?rér)@4 9 '3“’%@ lsfn%ﬂ

rush-pol i shi I nner perip ces,

ﬁﬁ%ﬂat%ﬁj QﬂgQEﬁi&&eE tying up pol yani de resin

ers’in coriscrew ‘'orm was used, in which the

d amt@?’]ﬁ{}an lt he e%to b?lIsh-tpr(])FlshkirrléJ t rcl,lrrllrijlelr E)grlp erael end faces, a

respe
polishing brush formed by tying up polyamide resin fibers into a corkscrew form was
used, in which the diameter and the length of the brush hairs were respectively 0.1 mm
and 1 mm, and a polishing liquid obtained by suspending alumina abrasive grains having
a grain size of #400 in water was used. This polishing brush was inserted into the
center ciréular hole of the silicon substrates, and polishing was performed while the stack
body of the silicon substrates and the polishing brush were respectively rotated in
opposite directions at rotation rates of 60 rpm and 1500 rpm.

After the polishing of the inner peripheral end faces, the outer peripheral end

faces of the silicon substrates were brush-polished. In this polishing, a cylindrical brush

formed by tying up polyamide resin fibers into a corkscrew form was used, in which the

diameter and the length of the brush hairs were respectively 0.1 mm and 20 mm, and the
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and 1 mm and a polishing liquid obtained by

suspendi ng al um na abrasive grains having a grain size
wo@boosAD025 n wat er was used. This polishing br uBCT/RRS05/015041

inserted into the center circular hole of the silicon

substrates, and polishing wasjgoerfornmed while the

stack body of the silicon substrates and the polishing

dismoetor vithe cylasipielttirvsd was W0ated ilmtheplishihe ﬂicéﬁcihb @fagk body

at rotation rates of 60 rpmand 1500 rpm Fter t he

dfahd sihedisuBEtrdtdtemd TReEylearitd baishlwas Qesgé"&ﬁ/%} rbiafedaH t()S}'Sosrce

peri pheral end faces of the silicon su stra es were

(ﬁfeHﬁ(IShdspag kot Catel B 66| }ﬁ% BRd 9@6‘%&9 whﬁe g}e/ e r\%/%saﬁgesseéj against

forme y tying up po mde r rsi

0 rew us i.nh which, the diapeter and t
ﬁe‘%fb‘f S P o B i ok @ the samAghortion
nm and_ t hedi aneter of the cylindrical brush was
bé?%e%%he polishing bpeshi angithryoysercresipberytof shesstaskibodp o thefsilicon
the silicon substrates and the cylindrical brush were
substpaast i vel y rotated in opposite directions at
rotation rates of 60 rpmand 900 rpm whil e the brush

was prige 9edilrgabutstrated Gorench 208 REht R "F YRS rv@etr@§btamed as
and a polishing liquid was supplied to the contact

t
O e e 2P R oM W ARLE o Bl Frey wes
Sil substrates for each of "0.85 inch" and
cgg‘i’ut%géﬁeﬁfmé@g)obt ai ned as expl ai ned above, and the
recording area on the main surface of the substrates
was conputed (see Table 2). Table 2 In addition,
finishing accuracy in the vT&bimZty of the outer
per| pheral end faces of the silicon substrat esunidas mm

A 20 il e||bcfrnf

sﬁ)t% o %ﬁ't’er chametér 1amé 'e'rc GUEIE,’] i Lgad‘)I If) eon aq o ar%g,en "e}ate of area
§f1§

}{Ané’atl SPsuiGted p ole fstu S

Lihansh er p g, agh ¢ iSPARE dTeranstigiccids et perision
and - the—occutrrerce uu 8hrs—and ‘ﬁ‘j)%m Ba im\@ (%)
pr¥dugced at.6t he |end faeles of the o5 he* ¥ te)ér 173 1.56
rrvesttgated: 333.56_ 0.52
1.0 25.4 7.01 0.01 446.85 132
0.05 464.82 0.88

In addition, finishing accuracy in the vicinity of the outer peripheral end faces of
the silicon substrates was observed.

Next, for the above 20 silicon substrates, vibration was applied, which was
anticipated when transferring each substrate using a transfer cassette, and the occurrence
of scars and dust particles produced at the end faces of the substrates was investigated.

Regarding the generation of scars at the end faces of the substrates, the end face
of each substrate was observed using an optical microscope. The test for investigating
for dust particles was performed using a transfer cassette through the following steps.

(1) Each silicon substrate was contained in the cassette, and a‘top cover was

attached to the cassette so as to pack the substrate in the cassette.
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Regardi ng the generation of scars at the end faces of
the substrates, the end face of each substrate was

Wob®envEds usi ng an optical mcroscope. The tespPCT/aP2005/015041

investigating for dust particles was perfornmed using a
transfer cassette through thegfollow ng steps. (1)
Each silicon substrate was contained in the cassette,

(@d ali eehsiRY:Rion ¥R t@hifecheeessahé E‘iﬁc&xﬂﬁ%ﬁ&t@ Wil répedtfely
pack the substrate in the cassette. (1)

nERRShAGAA OBl S 2 BSiRE oPfg gﬁ%gﬁe e'g‘ﬁ} RhR

substrate was respectively nove

I|n t he cassett cht tines,
(Boest B foifishitioh of o prypeed TosniRg phf Piing b thetsilleopgubsteate
out the silicon substrate fromthe cassette, the
thercassetiowibe sbsieate stes plfernatririals out from anddinstalbadato (thasslot of
to the slot of 5 the cassette ten tines. After
tiperakmtteitegtimbe above steps (1) to (3), the nunmber of
pol ycarbonate particles generated at the outer

per i phagtey p&fforhfify feRBbAdtEHsI@PtoBRIBY RHNBES iof go@Barbonate

optl cal m croscope, where the cassette was nmadé of

INEFERGAGH St g ol ol HRR BATE Rbsrh BA BB Boihf o optial
su red of 0 particles was d|

R RSEPe oD 5% e v maacS of Byt ehgpalt i PLipieaggnent, 20

perforned for the obtained quotients. The results of
SHEraies d0reeagt S60-5 incbrin dnelh o @bperisds anh BiRrmeasurpaiskmber of
3. 5 Table 3 Conparative Exanpl es For conpari son,
peitields avaselrddledity tha nwabepdisibstrasg (.er 2@Q), sndbstmpatison was
havi ng 0 conventional chanfered portions, and curved
pstfoinaair te obtaiadi distioits.0. DibresaisEteave BBsciRIion and the test
surfaces and the chanfered portions of the substrate.
ald@oonlifguhit3. are al so shown in Table 3. According to
t he above eval uati ons, when curved surfaces having a
di aneterfrom 0.01 to 0.05 mm axe provi ded between the

mai n surfaces and the chanfered

Table 3
examples of present invention comparative
0.85inch |  linch example
generation of scars (longitudinal) noscars |  no scars a few scars
generation of scars (transverse) no scars ! no scars a few scars
rate (%) of generation of particles :
. 0 : 5 20
at periphery of substrate ;

Comparative Examples

For comparison, similar evaluation was performed for a substrate having
conventional chamfered portions, and curved surfaces of a radius of 0.005 mm between
the main surfaces and the chamfered portions of the substrate. These results are also
shown in Table 3.

According to the above evaluations, when curved surfaces having a diameter
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portions in a fragile silicon substrate, chips or

cracks are not easily generated at end faces of the
wanlstiat®. Therefore, it is possible to prevePtT/arRe®05/015041

particles fromgenerating at the end faces, and al so

generation of dust particlesyidue to rubbing against a

processing cassette. \Wile preferred enbodi ments of

fr&rﬁ@ 01$ DS A A}@}Sleov%ﬁrbeﬂﬁé‘eﬁfth@ﬁldnﬁmﬁfabésl and tiexdhashfered
above, it shoul d be understood that these are

pogfé%n@ph%rfy sﬂljlggn Etgb\éﬁgge' %%%}%ré’dk? affot bkl ?%enerated at end faces

ere tirons, omssio

stitutio nd other |f|ca )
b Bkt p Rore R SRS STt g pafflesgforf Riferating at the
present |nvent|on Accordrngly the ipvention is not.
enddfatrs, asralsciganerstion obaish gaticles dae iaxpb BW& AP FAT AL SSIng
description, and is only limted by the scope of the
casggiiended cl ai ms. | NDUSTRI AL APPLI CABI LI TY A silicon
substrate, which is fragile but has a form by which
Cr ackWhild patferfdibri Bydemeits 6hp $nv@itibh Bavieldesi desceibal #d
not eaS|Iy produced, can be obtained, thereby

11]?1r tga\r[tngcp %MQIghg Qlf ey Byﬁﬂ(ﬁﬁéé&sﬁ&agﬂ% aﬁ’@éiénﬁh@r? of ﬂi%q%ﬁon and

ace 0 strate or due fo rubbing
t roc cass Ther efor I
R 5P BE AR R OB MR B g
witel/read errors are roduced a}addltlon

modifisptions cep bp made gathqul depesting dim etspglté)ﬁé?qpeé’%%d’fesem
magnetic recordi ng medi um having a | arge storage

invagptiei. t VAdChrlingly, the iaveitiondenotda %stcpmléerﬂbas bei ded by the
recordi ng nmedium wherein a curved surface having a

fdraeiims ddseapiidh, @dd fEronlyolifitebbyrtheissopr efithelgshendedantaiedge
portion between a nmain surface and an end face of the
substrate. 2. The silicon substrate as clained in

claim 1, wherein the curved surface between the nmain

surface and the e gtryan outer
peri phery of the su ﬁs% rate A&RPPEI@@IL

A silicon substrate, which is fragile but has a form by which cracks in an end
face or chips on the substrate are not easily produced, can be obtained, thereby
preventing the occurrence of dust particles produced from the end face of the substrate or
due to rubbing against a processing cassette. Therefore, a smaller number of
substandard products and a smaller number of write/read errors are produced. In
addition, it is possible to provide a low-priced ultra-small-sized magnetic recording

medium having a large storage capacity.
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3. The silicon substrate as clained in claim1,

wherein the curved surface between the main surface
wa@rabeia2e&nd face is provided at an inner peri pOEIB200§015041

the substrate. 4. The silicon substrate as clainmed in

claim 1, wherein the maxi numphei ght for surface

roughness for the end face is 1 mmor less. 5. The

silicon substrate as cl ai n€HAIMScl ai m 1, wherein the

maxi mum hei ght for surface roughness for the main

surface is 10 nmor less. 6. A manufacturing nethod

for a silicon substrate for a magnetic recording

lrmd' u sﬂgc%rﬁ%{x s?}a@@ csre&grdmfggééﬂr gﬁ? \%hecriejr Cuc!u%ed surface

hol e a center o |con S

t he SI| 0 trate ol i shi |d |n |ch

hinge Aediieiend %@%mpﬁ@g@%ﬁ%t A< Rty ithyocn o main
out er peri pheral end face and an inner perlpheral end

syrdace apfl anlgad fickiof the syb¥eate.at e, wherein in polishing of

each end face, a polishing brushcontacts the end face
while performng a relative rotation between the end

face and the polishing brush. 7. The manufacturing

2met ho @h@&h@b@bﬂ@fi‘at& s ElaRhd 1.clMAEY, §iBrei e ShiSRd Qlflrface between
respectively polishing the outer perlpheral end face

Maﬁl@ﬁrfé(!y’]a%[d 13 éﬂcpﬂgiﬁ (?\Hﬁie ﬁ?&ﬁ Qugt p@éﬂh%%lﬁh? g&l{%{rg‘[e

I’ nner and outer periphe Hes o
are subjected to chanfering. 8. The nanufacturlng

method as clained in claim6, wherein the step of
respectively polishing the outer peripheral end face

3and t Ae Fitiaer sydeiratp ad plaimashin claimd . Pdeysiy the ciad pyrfage between
bat ch processing using a stack body of a nunber of

the haiponrfaedrsidithe exl Staslpeovidédatapamer peripheryetfdhovaeistrate.

9. The nmanufacturing nethod as clainmed in claim®6,

wherein the polishing brush is

4. The silicon substrate as claimed in claim 1, wherein the maximum height for

surface roughness for the end face is 1 pm or less.

5. The silicon substrate as claimed in claim 1, wherein the maximum height for

surface roughness for the main surface is 10 nm or less.

6. A manufacturing method for a silicon substrate for a magnetic recording
medium, comprising the steps of:

forming a circular hole at a center of the silicon substrate;

immersing the silicon substrate in a polishing liquid in which grains are
suspended; and

respectively polishing an outer peripheral end face and an inner peripheral end

face of the silicon substrate, wherein in polishing of each end face, a polishing brush
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made of polyam de resin. 10. A magnetic recording
medi um made using a silicon substrate as clained in

wa@b@eondi2s wherei n at | east a magnetic |ayer i sP€DIP®aS/015041

on the main surface of the silicon substrate.
23

contacts the end face while performing a relative rotation between the end face and the

polishing brush.

7. The manufacturing method as claimed in claim 6, wherein the step of
respectively polishing the outer peripheral end face and the inner peripheral end face is
performed before inner and outer peripheries of the silicon substrate are subjected to

chamfering.

8. The manufacturing method as claimed in claim 6, wherein the step of
respectively polishing the outer peripheral end face and the inner peripheral end face is
performed in a batch processing using a stack body of a number of silicon substrates

stacked via spacers therebetween.

9. The manufacturing method as claimed in claim 6, wherein the polishing brush is

made of polyamide resin.

10. A magnetic recording medium made using a silicon substrate as claimed in
claim 1, wherein at least a magnetic layer is formed on the main surface of the silicon

substrate.



