- 1 - METHOD OF FABRI CATI NG SI LI CON SUBSTRATE FOR
MAGNETI C RECORDI NG MEDI A, AND MAGNETI C RECORDI NG
MEDI UM BACKGROUND OF THE I NVENTION 1. Field of the

I nventi on The present invention relates to a
met hod of fabricating a silicon substrate for use in
manuf act uri ng magnetic recerding nedia, and a
magnetic recordi ng nediumincluding a magnetic
.recordi ng layer on the silicon substrate obtained by
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In the technical field of information
r ecor dirggoaphacdvebsk, dewi cecasTIearscbROING MEDTUM
magnetically reading/witing such information as
| etters, images, and nusic, is now indispensable as a
primary external recording device or built-in type
recordi ng means for use with or in electronic devices

ar REROS BE B T RRIBL L hard di ok a6 a magneti ¢
rqporﬁaﬁyﬁ edi-ym gggﬁef&Aonal hard di sks have

enpl oyed a so- call I'n-pl ane nagnetic recordlng
syst emy(d @nQistudi ﬂﬁbeﬂ’@g&?tiﬁlé“%cﬁrt@' ROngY86eMh 1

which is configured to wite magnetic information on
a fdbgkcsutdqce diddgichudunatbyte for use in man_ufacturlng
nagnetic recording media, and a magnetic recording medium

inciuding a magnetic. recording layer on the silicon

substrate obtained by the fabrication method.

2. Description‘of the Related Art

In the technical field of information recording, a
hardrdisk device as means for magnetically
reading/writing such informatibn-as letters, images, and
music, is now indispensable as a primary external
recording device or built-in type recording means for use
with or in electroﬁic devices including a personal |
computer. .Such a hard disk device incorporates therein a
hard disk as a magnetic recording medium. Conventional
hard disks have emploved a so-called fin—plane magnetic
recording system (longiltudinal magnetic recording

r

system) which is configur@d to write magnetic

information on a Q“Sk surface 1ongltud_nally;
PIG. 1A is a schematic sectional view illustrating a

typical stacked layer structure for a hard disk of the



FIG 1A is a schematic sectional viewillustrating a
typi cal stacked |l ayer structure for a hard disk of
the - 2 - longitudinal magnetic recording system
This structure includes a Crsbased underl ayer 2
formed by sputtering, a magnetic recording |ayer 3,
and a carbon layer 4 as a protective |ayer, which are
se uentialh% stacked on a nop-magnetic substrate 1,
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sdrvies Gt opiar earrey gyhofrecomdimed | denrecar di e lrayeth pele
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demagnetizing field of a recording bit is |owered.
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recordi ng system Accordingly, if the recording |ayer
is thickened to have a | arger perpendicul ar
di mension, the recording |ayer, as a whole, has an
i ncreased KuV/ kBT ratio, thereby nmaking



- 4 - it possible to reduce the effect of the "heat
fluctuation". Since the perpendi cul ar nmagnetic
recordi ng systemis capable of |owering the
demagnetizing field and ensuginhg a satisfactory KuV
val ue as descri bed above, the perpendicul ar magnetic
recording systen1can Iomer the instability of

t her eby

nagnet i t|on to "heat f| uctuation",
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per pendi cul ar magneti.c recordi ng nedi um' having a
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which is stacked on a soft magneti c backing Iayer.
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does not need to make the recordlng layer very thin, as
compared with the longitudinal magnetic recording system.
Accordingly, if the recording layer is thickened to have

a larger perpendicular dimension, the recording layer, as

a whole, has an increased KuV/kgT ratio, thereby making



Magnetic recording nmedia are gradually switching from
the | ongi tudi nal nmagnetic recordi ng system as shown
in FIG 1A to the perpendicul ar magnetic recordi ng
system as shown in FIG 1B as the recording density
i ncreases froma border which ranges from 100 to 150
Gobit/square i nch because the |ongitudi nal magnetic
recording systemhas a limted recording density due
ifto Ft%?eﬂ?g‘ﬁ to rpdugy @i Gttt THoddie t Hfé%%cor di ng
imt of the perpendicular magnetic recording system
ertain at present the recording limt is
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CoZrTa, or a like material. The magnetic recording layer
13 comprises a CoCrPt-based alloy, a CoPt-based alloy, a
multi-lavered film formed by alternately St.acking several
layers including a PtCo layer and ultrathin films of Pd

and Co, or the like. The arrows in the magnetic



Though a gl ass substrate having a dianeter of 1 inch
and a thickness of 0.382 nm has been put to practi cal
use by mainly using reinforced anorphous gl ass,
further thinning is not easy; Further, since a glass
substrate is an insulator, a problemarises that the
substrate is likely to be charged up during a
sputtering process for fornmation of, a magnetic_film
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from the longitudinal magnetic recording system as shown

layer

in FIG. 1A to the perpendicular magnetic recording system
as shown in FIG. 1B as the recording density increases
frbm a border which ranges from 100 to 150 Gbit/sguare
inch because the longitudinal magnetic recording system

has a limited recording density due to the heat



single crystal silicon (Si) substrate as an HDD

recording filmsubstrate (see Japanese Patent

Lai d- Open No. 2005- 108407 (Patent Docunent 2) for

exanpl e) . Such a singlge crystal Si substrate,

which is widely used as a substrate for LS

fabrication, is excellent in surface snoothness,

environnental stability, reliability, and the Iike

A s @i ghBPUBhgiF8Rt YeERaA1§Pads M b &t &€s. For

this reason, the single crystal Si substrate is .
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| essen the charge-up effect which occurs during film
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allows a netal filmto be forned thereon by direct

ChAut/tsefiiat@ Qmdbi.assaput behigh. rEubirieng siencd tyhean
single crystal Si substrate has good therma
roovdget ifeirt y arddrsiimesicstrartti o dfi gt Q enper@l Wlestes per
the Si crystal substrate can easily undergo heating
2at5-40QCHOD pilghérerand hence has very good
conpatibility wth a sputtering process for formation
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personal computer, in particulér, HDDs are likely to
frequently undergo impacts from outside. Therefore, a
2.5-in. HDD used in such a mobile application has a high
pessibility that its recording mediﬁm or substrate is
:damaged or data destroyed by “head-disk collision”. For
this reason, use has been made of a glass substrate
having a high hardness as a substrate for magnetié
recording media.

As a mobile device is reduced in size, a substrate
for use in a magnetic recording medium to be incorporated
therein calls for a higher impact resistance. Substrates

having small diameters of not more than 2 inches are

mostly used in meobile gpplications and hence call for a



However, Si single crystals of the "sem conductor
grade" for fabrication of such devices as LSIs are
general |y expensive. Further, the prices of single
crystal silicon and polycrystalline silicon of the
"sol ar grade" are soaring with increasing demand due
to solar cells wi despread in recent years. Wen
consideration is given to use of a single crystal S
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mechani cal Iy ground pol ycrystalline silicon wafer;
Hfidetivng cafpeoxdtaer dad mmli dectny overuttter irer harmbosd ¢ yfor
ground surface of the polycrystalline silicon wafer
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1fer SROES P ES II8E I T ¢ i gt hirg a holder holding
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af fected | ayer has a thickness of not nore than 1,000
m3fnetocrystalline anisotropy or the like as a material
for a next-generation recording film. Such an FePt film

needs to be heat-treated at a high temperature of about

600°C so as to have a higher coercive force. Though



I n enbodi nents of the present invention, etching is
not perforned to elimnate the work affected | ayer
during the step of planarizing the polycrystalline S
wafer. This is because, singe the etching rate is
crystal -face dependent, - 12 - etching of the

pol ycrystalline Si wafer unavoidably results in
formation of steps due to different crystal face
sérdeReateyRs bé‘*ﬁrﬁ AGAF dfall 8fstEde é\%%?@?ﬁd@e‘é})‘: on
t he wafer surf t hus _hi nderi.n eci sign surf
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rpessitblsacho ath\{;the&@)e%atSiﬂéStt&%t&nflet magnetic
recordi ng nedi a which may have a sufficient inpact

resislangesthiav| hto besnl nadkectrhdibabekeatirank media
process and the magnetic recording |ayer formng
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allow the cost to be reduced. BRI EF DESCRI PTI ON OF
tTEErpRAVWINGS density by microfabrication of magnetic
recording media. Such microfabricétion includes
techniques of the semiconductor fieid, such as an etching
techniQue. Under the actual circumstances, it is
difficult to subject the surface of a currently available
glass substrate or Al substrate directly to such
"microfabrication.

Besides such glass substrate and Al substrate,
alternative substrates haveAbeen proposed which include a
sapphire glass substrate, an.SiC substrate, an
engineering plastic substrate, and a carbon substrate.
However, the realities are such that any one of such
substrates is inadequate for use as an alternative
substrate for next-generation recording'media in view of
its strength, processability, cost, surface smocthness,
affinity for film formaticn, compatibility with
microfabrication, heat resistance, and like properties.

Under such background circumstances, the inventors

of the present invention have already proposed use of a



FIG |IAis a schematic sectional viewillustrating a
typi cal stacked |ayer structure for a hard di sk of

t he | ongi tudi nal nagnetic recordi ng system

FIG 1B is a schematic sectignal view illustrating a
basic | ayered structure for a hard disk as a

"doubl e- Iayered perpendicular magneti c recordi ng
medi_.unt  havi a recordj n 1%/er f or perpendj cul
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roughness of a“sanpl é according to exanple 7;

el 3B 4 |dursdates dde U%Lﬁébﬁfcaﬁd/ﬂiﬂl,atlspré}ﬁellent in-
wavi ness of the sanme sanple; and FIG 3C

suldfuster afres e 955 Wiiviaforeval tial | ariofl g-wauvidiessiofity,
a sanple according to conparative exanple B. DETAI LED

aDESCRIEPTII®N @FdlHE PREFERRED BMBODRIINENTS1an glass
substrates. For this reason, the single crystal Si
substrate is suitable for an HDD substrate. In addition,
unlike glass substrates having insulating properties, the
-single crystal 35i substrate is semiconductive_and has a
certain electric conducfivity because the single crystal
Si substrate usually contains a p- or n-type dopant.
Thus, the single crystal 5i substrate can lessen the
charge-up effect which occurs during film formation by
sputtering to a Certain_extent and allows a metal film to
be formed thereon by direct sputtering or-bias sputtering.
Further, since the single crystal Si substrate has good
thermal conductivity and is resistant to high
temperatures, the Si crystal substrate can easily undergo
heating at 4006°C or higher and hence has very good
compatibility with a sputtering process for formation of
FePt film or the like which calls for heating at elevated
temperatures.

What is meore, the S5i substrate has the advantage
that its crystal purity is very high and its substrate

surface obtained after processing is stablie with a



Herei nafter, enbodi nents of the present invention
wi Il be described with reference to the draw ngs.
FIG 2 is a flowhart illustrating an exenplary
process for fabricating an Si_ substrate for nagnetic
recordi ng media according td%he present invention.
As already described, in the present invention the
so-called "etching” is not performed in the step of
pkanagt BlegcRapglyRiyBt eihé ne BirvMfer tHautsiQrilasn
mechani cal grinding is perfornmed to planarize a
subfacetef whechaierhidhlig tsmbecibbe,wsthcehd he
etching rate i's crystal -face dependent, etching of
sémipohyiucistraf fbnecstigaf proomayvoi dabiyrlesabls g next-
formation of steps due to different crystal face
genenehiPBnseePrdhay viedd® - crystal grai ns exposed on

the wafer surface, thus hinderjng precision surface
pl andfFwaitgon S1 -sipgle crystajq Y fhe heqmipgnductor
ol i.shi stage. enpl oys a CVP. procgess_ usi ol | oi da
BPPTSA SPEr FoOEHRREbORNT oe WP CRTY ETST HE® CRPLprbcess
causes. steps to be for on.t Si r.f. . T0
SRR T o piat e TR sl TR ST FHEEfes
. i ; . . £ N
COMLID LD S AT pULATEC M L BN DK] 5 04 BAS vcolar
FPAESNI BPe SEBYLI ARGl PENi REROAL L &Y Neasdil d@€ e Ofsd her
oxide film to give a planar subsirate (i.e., Si
S&IDBE ral @evpiba@xiderétém Pextag Mhesi epriddi@tion is
surface thereof. This oxidation step also serves to
devex eothia oork affgts ecryayer sesuibstwpfe cns tdhe
precedi ng nechani cal grinding by annealing while
ks tga tbef ohi magiid ett evetay@ing onpilst el 3 shsbappegrroblem
by turning the affected |ayer into an anorphous
arlsepntloxt dehe ayergby exyeedl opl substrap®cks ption
w || be nmade of the procedure for obtaining the S
gt Fheand Y ke BaECY i Fin HEFRgS @R PHamERS UF ke
according to the flowhart of FIG. 2. First, a
BISFSEA FP =Gl \@F eF2Y PPF v dE 9 om which an S
substrat e . s _.obt ai ned -by,.carj te .
ol y s A e BV R e e e e e AT Rty of
- ed - ] dyg% r N ' gﬁﬁ@yall
%%%axzﬁb%ﬂlltl ygo?ﬁgélql_fﬁ?nes %%%ggg%%%%\%%o or ’ F¥Dr
higherdasdd, ivhonfEhei §MgTIOrciper PO yLrygt e Bled in
wafer to have a purity of substantially the "sol ar
Hmasiel 1 8radenes . od honght ihe Prudéiyodd @n external impact,
polycrystalline Si wafer having the solar grade is
tgenesn@bdtyraod thisist tdbeavd. nimeshis rEspect, the

inventors of the present invention have confirmed that no
practical problem will arise if end face polishing is

improved. However, some probability of fracture remains.

SUMMARY OF THE INVENTION



(99.9999%, the present invention can tolerate a
purity down to "4 nines" (99.99% . Because a
substrate for nmagnetic recording nmedia is basically
used as a structural material, there is no need to
control the anount of a dopdrt,” such as boron (B) or
phosphorus (P), unlike in an application to solar
cells. The lower |imt of the purity of the

pol ycEyBbalihénes Shfweherpirssaet iovdd: hvmesde 90 FHvide
because a lower purity than the lower limt m ght

ahl 8iv anbshpatéet jorontenerdc i re¢tredtny stedia ovhich may
precipitate in grain boundaries or in grains, thereby
haver #ngL i heert r enpR At ofeshetandstand 1Rt RS STIReR
snoot hness of _the substrate. Though a polycrystalline
Srihafep REWPHECATRI BRRrEPRFIEFCIQN MF e prerardniie

fromthe vie int of the_substrate strength,. .
SUDRET ot o A Higs oY SRt ST RS MESOTHE 1 b er 120
cost.jncreases_as the purity beco hi gher . For LS
FRERLHONE nESEER R AL ST VTS| S Sotaret 1

_ " ' " 9999999%) . ° 9
B8, G20 haboobhy Al The ny ghontt ot AR ne Same.
pol ycp[a/cﬂl%j!@ecoslaaﬂ@tsﬁ{ed@b@ec@@%%ern%ctﬂ%ﬂtarorﬂr
like a disc. Fromthe viewoint of i nprovenent in the
ShELOOL D BRGIAPACE heFhSt 8P CL:@brd ey PREYTY Sddthd i ng
Si wafer itself, the average grain size of
POobYTyyBYetdl NEngrad Nbcds sasstwdty motiness dharo-50
m (preferably not less than 1 nm) and not nore than
 @Hvined$ of from OTh5 pbl§cmysdad |a ma@ietsbsteareding
obtai ned fromsuch a polycrystalline Si wafer by
Tzyet nEpringd | tliserede dniermeti ity Pelvprsiop)ling gheicon
present invention, the polycrystalline Si substrate
Fubehrrtiee obs t P ERRIIRE PYEd MSLRRA i Faat S f or
magneti ¢ recordi ng, medja for i n nobj | e deyi ces.

EIPEHF LT edlerha %%a]d]r%n%’fje?gjgggﬁles“gf Tihtrdte
t i t, th bout 65 dth
pobgr T L e Tl T et e S e ST AT ot 0 6

| . e ! !
IRV P ot 1o MG | €10 0 ¥ RENEVEG DY
%&t 1nSH aﬁ@ihﬁcﬁﬂ eely 1 thd r@5PNESn G £d 1Y, rHhRstd Neh &hthe

er jet chining. Laser coring using a solid state

# BERId1 SedEB) I £ DR apSEndicd BSEIgERind G ldSace of the
advant ages including: a certain cutting speed
RISt 108k + 4 111 v 0 111 Dd o1 Uha et uredl, pelaisyh afpngse adxide

di aneter, and ease of jig maki ng and post - processing.
Sheecsysthrasie dasd admodtdser hasfacdigh tdonwerxide £ilm
density and can reduce the beam di aneter, a cut

gurd duel opres nebyinhef 5on | B Gt 9 g thereby forming
relatively clear with | ess dross. Laser |ight sources
e REky ¢y stthl e oSkl 1 ¢t (B Ner YAd 96 the method
Yb- YAG | aser, and the | ke, The Si substrate thus .
Qﬁﬁqﬁrﬁgjngqiﬂgrﬁpi%glde film does not comprise etching.

Preferably, the oxide film having been subjected to
the polishing step has a thickness of not more than 1,000

nm and not lesg than 10 nm.



subjected to centration (step S103), thickness
adjusting grinding (step S104), end face polishing
(step S105), and then precision grinding (step S106).
Though the end face polishin (step S105) of the

wafer is perforned after thet®-717 - thickness
adjusting grinding (step S104) according to the
exanple shown in FIG 2, this order may be reversed.
The tihvecanredslygdj st inrg-tgriinci Ingr(istdemaSiovd then g rtimeling
precision grinding (step S106) are perfornmed instead
step appi per fetudd nguelndefid b sa -worlyea ot dtetd np e dis
are enployed in a common Si substrate fabrication
prcikress fof ndle poFposeadil obVY d8tfng formation of
steps on the Si wafer_surface caused by etchin

e T 00 g oy T e metiaes i

e S 0RS SLitbget ¢ e i el Bnsfring

@ﬁ% 2#%@@5 L TR S SEpey e N 41, gt
ALYSLL g B ngs (8L e@h?ﬂ@éahmg SO P 11 face

I'n-plan ness irregularities e Si \vafer or
SMsd. g8 £ oughness resulting fromcutting to within a
predeternm ned range and serves as a substitute for
common | appi ng. The precision grinding (step S106)
uses a hi gher-nunber grinding wheel (for exanple a

di anond wheel of nunber 4,000 or higher) than the

t hi ckness adjusting grinding (step S104) to elimnate
the work affected |ayer on the wafer surface, adjust
t he wafer thickness, and reduce the surface wavi ness.
Use of fine grain dianond wheels in the thickness
adjusting grinding (step S104) and the precision
grinding (step S106) nakes it possible to limt the
depth of a grinding mark to 100 nmor less. - 18 -
As descri bed above, the main reason why the



t hi ckness adjusting grinding (step S104) and the
precision grinding (step S106) are enpl oyed i nstead
of the common | appi ng, etching, and first-stage
polishing, is to prevent fargation of steps between
crystal grains on the polycrystalline Si wafer
surface. Cenerally, when etching for elimnating

[+ 1S r.forned after polycrystal line Si wafer
Rt e T P e oiia e s sinpro idsbly
diddanent; crastale face orient atj ons of_.indivi dual
cryst al glrngi ns, llogh Orfgssl}letpss i‘#ef mfoﬁ?%mstcéﬁ§tal
FRReUId MG SeVEIe MLr: r r I et ween crysta
grains. A lengthy gkgégggkﬁgﬁ%équ ggatoggﬁﬁﬁFh§% osed on
siheh waifeps sy rpeld, S i@ hiRg RN | | es
not need such a | engthy procgsésgegkecq¥ﬁ§h %%r%%ce
edabendteaiocnf. the &hbeknesst:adbHsthod,BLlogin
S104) and the precision grinding (ste898106)tign&éﬁﬁﬁbn'
eagabifacef offi bhei 8g enfstal sdebatiar attanahabieated: 1m to
| ayer) in a surface region of the wafer caused by
§PFMdRAgStovalpowwdsyr esifabdilmlpfOOrnELOEhEEEShaand
heEce has anot her advantage that the oxide film
POLHEPTBE F5PEp a167Fhps posurBhecevEnthheoxtlie fOIk is
a;fected lLayer i$ not elimnated particul arly.
PHhRAEh“fidchbni SAVegRi RURRRT Sebebrabe 6f-a.grendi ng

a.grinder is,essential. The grinding whee
%?ﬁ?%ﬁ%ggswﬁg%u%¥%ﬂﬁ ghi%f)h%ﬁlﬁﬁ BRedteR PRethe surface
thigkpess adjusting grinding (step S104) is desirably
a fixed dianond wheel conprising fine grains of
di amofif,g t - = ' ize of whi.ch is nat |ess
t han nué%epgégg$9imbgggﬁﬁgﬁf%%b Rr&Ss QHﬂFrﬁﬁﬂﬁﬁigﬁﬁ?te
tor nedgmsef eradt erhaes | £ k_ affected
| ayer Decones thi cker gﬁ%@%é‘”ﬁﬁ%‘ﬁ‘ﬁgﬁ%ﬂ n%isnlﬁte%acf':'kent
becomesraieknamed houghl tte @it At A | Sl 06Ty on
In the precision grinding (step S106), use o Tar
B qgtvers munberhealtmaagiatel @ i disrdifngli RARNG {598 BY PR s s
not | ess than nunber 4,000) is preferable. There are !
S its aretdreusl lentf isuimgpde el agraai insy, ofarl &G the
i ncluding, for exanple, a method using vitrified bond
AT D e e XK edness sustainability and rigidity
bot h. Resin bond, netal bond, el ectrodeposited
grindi ng wheel, and the like can al so be used.

R BT aEAGEe b7 2 Brimi€ina vavi hese of the
i nase . hatena FrREfERe Pararongl Ry ¢ f1ustiating a
R The sy saca 17RO sERRet L€ (BRR e Rafo ATk o ene
P droad oo or mancostae P PP CEep S107) . There.

are NEEi OB Tetdosish&haf 0F ndOGe saiedy aps oxi gey fdid t{h a
thermal oxidation nethod is preferable in view of | &
ba¢i¢cleyeyedndtrettabel Eby. a FRar@XanBk €as0%i dabi,90 by
i ntroduction of water vapor at el evated tenperatures
13yeried poveendhanldr 008G pi ef eeablying wesDenat HEeSng a
from1l,000C to 1, 300C (water bubbling, pyrogenic
TP EAL ROl M R oL PFoRODyer@icubar theghe k) tecording

efficient. Needless to say, thermal oxidation
which 1s stacked on a soft magnetic backing layer;



- 20 - in the atnosphere (at 1,000C to 1,300C) and

hi gh pressure oxi dati on are possi bl e. O her

nmet hods i nclude a nethod of obtaining an Si02 film by
coating a wafer surface w.tRzorganosilica (organic
silica) or a silicone material, followed by heat .
treatnment. Wien using or ganosi lica or the silicone

materj al, .a.liqui erl ontai ni.ng the silicone
g R W et T B SR
rma Snno

S 4 lioioaéjl?%ecﬁtltr}%aﬁ%r%ﬁ %%b%%r%%ep ol Pud dfeic
ST d b AIMLOAEN ¢ Sornaenh R N0 1 O,
Exanples af Si'l'l'u%%'ia%%‘ér CE;%% fr%rSLﬁLtC%fO)&IV%Q_JaIHl@H of

formation 1 nclude a hydrolytic condensate
éﬁ@ﬁﬁﬂéﬁrdﬂ%&ﬂé&y1ﬁ2%ﬁ¥éﬁb&%ﬂbébbfﬂﬁﬁﬁVﬁﬁ|exéﬁ§£$A§S
P-5S produced by ALLIED SIGNAL, or the |ike) prepared
by hydiol B2l 10 12k r6RRACRHNG & 18It ¥Fe SANMPRWNIGH of p-
(particularly al koxysil ane). The provi sion of
wehempdde f ithm cantdesaywfacermd the pol ycrystal line

Si wafer offers the advantages that: the presence of

t he &Xicde 3fi Iifnleusltrara@:es tthe sterserigt kvfofevalleiawdfoer jof p~
the oxide film(i.e., Si02 film, whichis armrphous
W e 350 Ol ehvieTiH @ aperiding o é?ﬂnéiftqltﬁﬁl‘éﬁ‘]oeifwle B.
polish rate in the plane of the wafer is invariant in
t he subsequent polishing step, which nakes it easy to

D?Q@Z[[he@diﬂiésr%d%ﬁ ERR A e T

Herelnafter, embodiments of the present invention
will be described with'reference to the drawings.

FIG. 2 is a flowchart illustrating an exemplary
"process for fabricating an 3i substrate for magnetic
recording media according to the present invention. As
already described, in the present invention the so-called
“etching” is not performed in the step of planérizing a
polycrystalline Si wafer, but only mechanical grinding is
performed to planarize a surface of the wafer. This is
because, since the etching rate is crystal-face dependent,
etching of the polycrystalline Si wafer unavoidably
results in formation of steps due to different crystal
face orientations of individual crystal grains exposed on
the wafer surface, thus hindering precision surface

planarization.



oxi dation process or the heat treatnent of
organosilica can convert the thin work affected | ayer
produced by the precision grinding to a thernmal oxide
film thus making recovery fpom danmage. The
pol ycrystalline Si wafer thus obtained is subjected
to polishing (step S108). The polishing (step S108)
~i's perfo Eed iF substantially.two stages iﬁcludin% a
sur { GEES b &naF h9at 167 1oPAG&=TFBHGRBOFT SRPHGY SafdCHe
surface snpot hi stage (.pr.eci si.on _poli shing).. Here,
PEREa%: KETRE Coming To serrorhmd GH rhe 85! SkCRITH
rfac g i.shi t |
FEee T Br, NROR T Tatlh Rt A I opm, on
thBe sRr Gireir0R ReLIshi ng f oFyeRSHN LAYsapdephERd the
surface snoot hness, a CWP process using slurry of
pgekkakdahvenkhiea (havinearRvamgeRardi GlL« anptfice
of 20 to 80 nm is perforned for about five mnutes
wh.@hahaubxzadeh@unm to foPhefer alil wafdie wiatighhxide film
pol i shing and the precision polishing are perforned
patica pol icaki Mgnplegslrieshihdd sttegs0 skgl /drd gridrarizing a
polishing pressure of 1 to 30 kg/cnR, respectively.
spsfdescritbsticabavge thhdnpr éseniacofa Flar@amphodsate
oxide filmon the surface of the polycrystalline Si.
(hafer €anSEPPRR&Le W& &X@ﬁ%rﬁl&m)fé@mq%ﬁl%fstﬁﬁéw
caused by the polish rate differin grain by grain. &
CREr SPRE§CReh8ERECthe EWéaPéédﬁF%P%e pBPi 8hFAgSSFURPY tO
be .the acidig side qr on the alkali Si as
rFIRY A5 Ch1BalPeraCt GRy 50! LEHET SHeFce NS tlrds
[ h - .22.- pH val ue.preferahl.y r fraom
o §BUEN T aSheps B, AP RS AR el MY e
gion (i T o .
T B P Y8 o Tra S i RS T P L Rt
thasa2ReapRREOREL AL ihiRHLC ke SSo riph otk ithe e Bl A ayer
oxide filmusually have a thickness of about 10 to
babeut d2:08a.nm (for exanple 10 to 700 nm). Wien the
oxide filmthickness is less than 10 nm it is
di f fhesttiporon heidki de fhatm o6 hhwepacurdiioemtor
t hi ckness distribution. Wien the oxide filmthickness
~obtahpirgt hha $1060bsmrage imidheasddieoildaen fidvmng a
thi ckness is needed before polishing, which is
rdpsadvartigesuscicrredings tef thesttlowchary e IgiGesent

i nvention described above, the precision %rindin i S
i nt rlotitled ?ﬁ@%lYﬁéYEBP}%P9§t§FIWﬁgeéi1ﬁa gpvided from

D SRaTnaNPERE gs 08 FITATES Gmed onsr S aron)
SﬁgﬁfQCSohgc%gs%geig%%i%Eew%E%%enegﬁ‘ﬁgy5%éég§%§}ily have
the so-called “semiconductor grade” (which generally has
a purity of “11 nines” (99.999999999%) or higher). It 1is
sufficient for the polycrystalline Si wafer to have-a |
purity of substantially the “solar grade” or lower.
Though the purity of a polycrystalline Si wafer having

the solar grade is generally not less than “6 nines”



a planar and snmooth surface can be obtained by the
CVP process with no effect reflecting differences in
crystal face orientation anong pol ycrystalline grains
or the presence of crystal ggain boundaries. Al so,
the | apping work and the etching step can be

el imnated, which nmakes it easy to elimnate steps on

MR 1058 S S 0 g i
f . |t

%g%'er %ng?ce o deanlnd (s#ecgg%%g%c an thee for

Hb I?:e rec t#'r&é'cf'lsaorisc bgacé'l%ﬂg 4§g§pa§1309) rmy

per or me eaning I's appropriate.

stheraftar ’matt*e% Sé&bSttr}%xee sW fraceidsy 56891 &stedht Ohe
optical testing (step Sil1l), and then the

R vt &l ldoperSi, stihst ral %d@mme%ﬁ%ﬁpm (P),
(step S112). By providing a nmagnetic film

wdnpie SinnGinFeRtp orcdthierr itke sarl dhe-d1Hues. obt ai ned

pol ycrystalline Si substrate (wafer), there is forned

a pefpendbwakal imagnetfi ¢ heepordityg ofe dihempad ystrpwiailiine
FIG 1B, a thermally assisted nagnetlc recordi ng
Stediafer 65 S ttpatk evimed el Um2%) becarue&%malfqveer,

t he present invention wll be descrlbed nor e

PYF &V it aw )Fh@y W%f IBEPHEEE i1 131 nghRiEsA tY

limt t e prese nvention

“PyrPStart s %&m%@tﬁﬁ% P graip

bnin ".% 6, uare an e nn1th|%5) reeprov de: £

CSt'Ep 8151y &&J TN 46 St & BBt R I e rS Wat st ©
t t h

e SEHRGLN SPNIALRE S0EN Hag . o gfrﬁesa@a@%ffate

T‘h'&%gi?P'ay M%%#éﬂé%ﬁ'néf‘%ﬁ%ﬁaf@f 156 Pla %lr%%&t purity

beam mac |ne AG | aser, wavel ength: 1,064 n (step

i91@dke E@%%r%%ﬁ%t s MY & iSHRiaGHed t o lEend it Qe
(step S103), thickness adjusting grinding (step

s81ehpithendubace apel isstiotginsisnp sSD%he aAnider ediss i
grinding (step S106). A resin bond di anond wheel of
mNberia00@owds ingeddses s the purity becomes higher.

For this reason, the purity of the poiycrystalline Si
wafer is usually about “8 nines” {99.9929999%) to about “9
nines” (99.9999999%)ret the highest.

The polycrystalline Si wafer may be shaped
rectangular>or like a dise. From the viewpolint of
improvement in the strength and ‘impact resistance of the
polycrystalline Si wafer itself, the average grain size
of polycrystalline grains is desirably not less than 50

pm (preferably not less than 1 mm) and not more than 15

mm.



- 24 - thickness adjusting grinding (step S104),
while a vitrified dianond wheel of No. 8,000 was used
in the precision grinding (step S106). Furt her,
the polycrystalline Si waferg s subjected to rough

cl eani ng using a scrubber to renove dust and
particles deposited thereon. Thereafter, the wafer
was allowed to stand for 10 hours in an environnent

suppFP@dPﬁnlﬁ’ﬁrWéttérll\?élﬁo lbf‘%i?&ﬁq ity &t cPtesded tigom

form an axide f| havi kne§s of ap ut

i a&ﬁolgfdf AR EL R L ¥ e bean
ne sured by surdng thic S I S. r_poin
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erence neasur enment I ce and aver agl ng

ﬁan%lrpeaa%ura%d 4ihi GINass: Ml 1488 magnet i SURSEIMEIN S Ymedia

the major surface of the polycrystalline Si wafer was

fPhee a6 tHiold shiwitdst epo2l@B)is MebSion, RHNRiameter
rough polishing stage, polishing was perforned at a
giolihghigig sutesstater afh0 dkgfed®id aioth tard Ocmamudlesut 65
‘using a doubl e-side polishing machine with a slurry

mgf, aver dge demiesr hlawing & pHhavaluernafed ¢parhe cie

di anmeter: 30 nm, to abrade the oxide filmby a
sulpistioadss icf gtymnza1300 4% mbout 1, 000 nm from t he

oxide filmsurface. According to nmeasurenment of steps
def i hB@ Berwedn cgraPfs ach e Mgma;rlﬁm SR IFE or

.surface of the polycrystall.ine, waf er b an opti cal
R FAEHh (NS i ot BB e AT e L

B i D ot e g RO G A fyinina.
Ltalgle%k%%ﬁcin%f L{é%_tnd easssglhiq{] %@nﬂééﬁ Tgbéigsfj}able

because the laser coring has advantages including: a
certain cutting speed ensured, the width of cut reduced,
easy change of diameter, and ease of jig making and post-
processing. Since such a solid state laser has a high
power density and can reduce the beam diameter, a cut
surface obtainedrby the solid state laser is relatively
clear with less dréss. Laser lighﬁ sources for use in
such a case include an Nd-YAG laser, .a Yb—YAG lasef, and
the like.

The Si substrate thus obtained by coring is
subjected to centration (step 5103), thickness adjusting
grinding (step S104), end face polishing (step S105), and
then precision grinding {step S106) . Though the end face

polishing (step S$105) of the wafer is performed after the



In the subsequent precision polishing stage, the CW
process was perforned at a polishing pressure of 8

kg/ cn2 using fine particle colloidal silica (pH

val ue: 10, particle dianeLepﬁ 40 nm), to abrade the
oxide filmby a thickness of 100 to 400 nmfromthe
oxide filmsurface. Thus, a snmooth surface was

obt ai ned. _ These polycrystalline Si wafers were

Lt ecsed ad Whiusbi Ty i &itep S0 3 flemvec Fékhgulp the

coll aidal silica and then subjected to precision
ec?*’laé‘ﬁﬁi%gs*jﬁ‘“’.ne.l,n RCA clearihy’ 1% $P0)PS THeVSiitace

h i i f h of the .pol. I 1 i
o e Ber kha g st 4%0Gr s e PR eu R B i 1L gl the
t S11 . i fi i . '
AR OH e s R LAl 1 40 Y I Rormed dnstead of
1 iﬁ’@,i %bc%qli%l@" fage ﬂfr&a%fké@é ‘%{oi’ﬁrﬁir‘?@’%ﬂ‘f&?dare

(The mcrowavi ness was neasured using an optica

SRASHIING 1l RSUUIRIH dBfiaaiteed b 2Ya0- {oa ap]y@Eé%,

t he roughness was neasured by an AFM appar at us

Aran whec e Sy di @idvaladinss rivmimdc iCn Jof stedabde the si
collectively shows the results of evaluation of the
wadRpl esirdeeer disngdd kexanpiteindl. t @hésehos cblindioadd

(Ra: roughness, p-Wa: mcrowaviness). Table 1 also
gghiows niche tegsul whofchevadauaitri olidsfd avisdmpl ethmcoateel of

W th oxide film(no coat) as a conparative exanple.
destddr Berged®T romaes tadsulase SHoWPItedal? chat the

polycrystalline Si wafers with oxide film which were

Les t-ln@bﬁ"é’irﬁeé‘fbgfcﬁiﬂq SHYRY e Sast ddet A appropriat gore
B8 doat e ihD i R AT P g iR 0 )
condihLoDR SHhLall 20g5 2YBY LALGRITY M) 1o
performed to limit in—-plane thickness irregularities of
the Si wafer or surface roughness resulting from cutting
to within a predetermined range and serves as a |
substitute for common lapping. The pzecisibn grinding
{step 3106) uses a higher-number grihding wheel (for
example a diamond wheél-of number-4,000 of higher) than
the thickness adjusting grinding (step S104) to eliminate
the work affected layer on the wafer surface, adjust the
wafer thickness, and reduce the surface waviness. Use of
fine grain diamond wheels in the thickness adjusting
grinding (step S5104) and the precision grinding (step
5106) makes it possible to limit the depth of a grinding

mark to 100 nm or less.
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As described above, the main reason why the
thickness adjusting grinding (step $104) and the
precision grinding (step S106) are employed instead of
the common lapping, etching, and first—stage polishing,
is to prevent formation of steps between crystal.grains
on the polycrystalline 31 wafer surface. Generally, when
etching for eliminating strain is performed atfter a
polycrystalline Si wafer has been lapped, the etching
rate differs due to different crystal face orientations
of individual crystal grains, which results in formation
of steps measuring several micrometers or more between
crystal grains. A lengthy pfocess ié required to
eliminate such steps by polishing. The present invention
does not need such a lengthy process.

The combination of the thickness adjusting grinding
{step S104) and the precision grinding (step $106) is
capable of limiting crystal deterioration (affected
layer) in a surface region of the wafer caused by
grinding to a low degree {(about 1,000 nm or less) and
hence has another advantage that the oxide film formation
(step SlO?)Iis possible efen when the work affected layer
is not eliminated particularly. |

In such mechanical grinding, selection of a grinding
wheel and a grinder is essential. The grinding wheel
{thickness adjusting wheel) to be used in the thickness
adjusting grinding (step $104) is desirably a fixed

diamond wheel comprising fine grains of diamond, the
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grain size of which is not lees than number 300. A grain
size of less than number 300 is not preferable because
the resulting work affected layer becomes thicker and the
resulting grinding mark becomes deeper, though the
grinding rate is higher. In the precision grinding (step
5106), use of far higher—number abrasive grains of
diamond (for example not less then nﬁmber £,000) is
preferable. There are various methods of'fixing‘fine
grainé of diamond, including, for exemple, a method using
vitrified bond which offers sharpness sustainability and
rigidity both. Resin bond, metal bond, electredeposited
grinding wheel, and the like can alsoc be used.

The grinder needs to have a high rigidity in order
to reduce thicknese irreguiarities and waviness of the
wafer. Grinders include é surface grinder, a rotary
grinder, and the like. The rotary grinder is desirable
in reducing the thickness irregularities and the waviness.

After such mechanical grinding, the surface of the
polycrystalline Si wafer is oxidized to form an oxide
film (step 5107). There are various methods of forming
such an oxide film. A thermal oxidation method is
preferable in view of its efficiencyraﬂd reliability.
For example, oxidation by introduction of water wvapor at
elevated temperatures of not lower than 1,000°C,
preferably at temperatures from 1,000°C to 1,300°C (water
bubbling, pyrogehic oxidaticon using (H2+Oé} gas, or the

like) is efficient. Needless to say, thermal oxidation
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in the atmosphere (at 1,000°C to 1,300°C) and high
pressure oxidation are possible.

Other methods include a method of obtaining an SiC;
film by ccocating a wafer surface.with organosilica
(organic silica) or a silicone material,rfollowed by heat
treatment. When using organcsilica or the silicone
material, a liquid material containing the silicone
matérial or organcsilica is applied to the Si wafer
surface to form a smooth fhin film, which is then
subjected to a heat treatment at an apprdpriate
temperature to allow organic components thereof to
evaporate off, thus giving the S5i0; fiim.

Examples of silicon sources for such oxide film
formation include a hydrolytic condensate (for example,
AQUFLOW T-27 produced by Honeywell, AQUGLASS P-58
produced by ALLIED SIGNAL, or the like) prepared by
hydrclyzing and condensing a silane compound
(particularly alkoxysilane).

The provision of the oxide film on the surface of
the polycrystalline Si wafer offers the advantages that:
the presence of the oxide film enhances the strength of
the wafer; the oxide film (i.e., 5i0, £ilm), which is
amorphous, fails to cleave in a specific orientation; and
the polish rate in the plane of the wafer is invariant in
" the subsequent polishing step, which makes it easy to
ensure desired planarity and smoothness, and other

advantages. A further advantage is that the thermal
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oxidation process or the heat treatment of organosilica

can convert the thin work affected laver produced by the
precision grinding to a thermal oxide f£ilm, thus making

recovery froﬁ damage.

The polyérystalline Si wafer thus obtained is
subjected to polishing éstep S108). The polishing (step
5108) is performed in substantially two stages including
a.surface planarization stage (rouch polishing) and a
surface smocothing stage (precision polishing). Here,
since the polishing is performed on the oxide film
surface, rough polishing slurry used therein comprises
ceria or colloidal silica for example. In the preéision
polishing for ensuring a desired surface smoothness, a
CMP process using slurry of colloidal siltica (having an
average particle diameter of 20 to 80 nm) is performed
Tfor about five minutes to about an hour.

Preferakly, the rough polishing and the precision
polishing are performed at a polishing pressufe of 5 to
50 kg/cﬁ@ and a polishing pressﬁre of 1 to 30 kg/cma
respectively. |

As described above, the presence of the amorphous
oxide film on the surface of the polycrystalline Si wafer
can eliminate the problem of formation of steps caused by
the polish rate differing grain by grain. For this
reason, the pH value of the polishing slurry may be on

the acidic side or on the alkaline side as long as a

satisfactory polished surface is ensured. However, the
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pH value preferablyrraﬁges from a value close to neutral
to a value in the alkaline region (i.e., pH 7 to 10).

The polishing step (step 5108) removes a porticn of
the oxide film that has an appropriate thickness, to make
the remaining oxide film usually have a thickness of
about 10 to about 1,000 nm (for example 10 to 700 nm).
When the oxide film thickness is less than 10 nm, it is
difficult for the oxide film to have 'a uniform thickness
distribution. When the oxide film thickness is more than
1,000 nm, an increased oxide film thickness is needed
before polishing, which is disadvantageous in terms of
cost.

In the present invention described above, the
precision grinding is introduced into the polycrystalline
Si wafer fabrication process in order to eliminate the
etching step_and then the oxide film is formed over the
wafer surface in an appropriate stage. For this reasén;
a planar and smooth surface can be obtained by the CMP
process with no efféCt reflecting differences in crystal
face orientation among polycrystalline grains or the
presence of crystal grain boundaries. Also, the lapping
work and the etching step can be eliminated, which makes
it easy to eliminate steps on the wafer surface and
smooth the wafer surface.

Subsequent to the polishing step (step S108), the
wafer surface is cleaned by ultrascnic scrubbing (step

$109), RCA cleaning (step 8110), and the like. Only the
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ultrasonic scrubbing {(step S10%8) may be performéd if the
cleaning is appropriate. Thereafter, the substrate
surface is subjected to optical testing (step 5111}, and
then the polycrystalline 3i substrate is packed and
shipped (step S112). R

By providing a magnetic film comprising FePt or the
like on the thus obtained polycrystalliﬁe Si substrate
(wafer},; there is formed a perpendicular magnetic
recording medium as shown in FIG. 1B, a thermally
assisted magnetic recording medium, or a bit patterned
medium.

Hereinafter, the present invention will be described
more specifically by way of examples, which in no way

limit the present invention.

Examples

Polycrystalline Si wafers having a purity-of w4
ninesg (156 mm square and 0.6 mm thick) were provided
‘(step.Slol). Four substrates were obtained per wafer by
cofing Si substrates each having an guter diameter of 65
mm and an inner diameter of 20 mm from each of the
polycrystalline 81 wafers with use of a laser beam
machine (YAG laser, wavelength: 1,064 nm) (step 3102).
These substrates were subjected to centration (step $5103),
thickness adjusting grinding (step $104), end face
polishing (step S105), and precision grinding {step S$106).

A resin bond diamond wheel of No. 1,000 was used in the
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FIGs. 3A-Cillustrates the results of eval uation of
the surface of a sanple according to exanple 7;
specifically, FIG 3A illustgates the result of
eval uation of surface roughness and FIG 3B
illustrates the result of evaluation of vwavi ness.
For .conparison, FIG 3C il Iustrates the result of
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Further, the polycrystalline Si wafer is subjected
to rough cleaning using é'scrubber to remove dust and
particles deposited thereon. Thereafter, the wafer was
allowed to stand for 10 hours in an environment supplied
with water wvapor by bubbling at 1,050°C, to form an oxide
film having a thickness of about 1,500 nm (step S5107).
The thickness of the oxide film was measured by measuring
thickness values at four points on a girqumferencerhaving
a radius of 32 mm on each substrate having a diameter @
of 65 mm by means of an optical interference measurement
device and averaging the measured thickness values.

Subsequently, the major surface of the
polycrystalline Si wafer was subjected to polishing ({step
S108). First, in the rough polishing stage, polishing
was performed at a poiishing pressure of 20 kg/cm® for 5
to 10 minutes using a double-side polishing machine with
7a slurry of average ceria having a pH value of 9
(particle diameter: 30 nm), to abrade the oxide film by a
thiékness of about 300 to about 1,000 nm from the oxide
film surface. According to measurement of steps defined
between grains on the roughly polished major surface of
the polycrystalline Si wafer by an optical testing
instrument (NeWVView 6100 manufactured by Zygce Co.), no

distinct step was recognized on a sample having the oxide



- 27 - The resulting structure was further provided
with a 4 nmthick dianond-1ike carbon (DLC) film
formed by CVD and a lubricating filmapplied by spin
coating, to forma magneticygecordi ng nedium The
magnetic recordi ng nedi umthus obtai ned exhi bited
sati sfactory nagnetic characteristics including good
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it p033|ble to provide a polycrystalllne Si
Tgﬁggtgéte for magnetic recording nedia which has a
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substrate. - 28 - What is clained is: 1. nagnetlc

pheeardieng igeeitem :CAmPmmi, NG pdayts wstald:ting: sdilliay a
substrate having a m cro-wavi ness of fromO0.25-1.8 nm
tandkaemagpdt iLOOr ecordionaum dyem fdraredk itdwe rieidm wherfeiae .
the polycrystalline silicon substrate is obtained by

Taumet hogmeb thalsrirdatenyasc oddeigiasy: nmechanical ly
grinding a surface of a polycrystalline silicon wafer
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nechanlcall¥ ground pol ycrystalline silicon wafer;
scrubbing ep 5109} Td remove residual c01101dal gilica

and then subjected to precision cleaning (i.e., RCA
cleaning: step $110). The surface characteristics of
each of the polycrystalline Si wafers thus cleaned weré
evaluated by optidal testing (step S111). Specifically,
the waviness (microwaviness) and smocthness (i.e.,
reughness) of the polished suriace of each wafer were
evaluated. (The microwaviness was measured using an
optical measuring.instrumenf manufactured by Zygo Co.,
while the roughness was measured by an AFM apparatus
ﬁanufactured by Digital Instrument Co.)

Table 1 collectively shows the results of evaluation
of the samples according to examples 1 to 7 thus obtained
(Ra: roughness, p-Wa: microwaviness). Table 1 also shows
the result of evaluation of a sample uhcoated with oxide
film (nec coat) as a comparative example.

As can be seen from the results shown in Table 1,

the polycrystalline Si wafers with oxide film, which were



formng an oxide filmdirectly over the nechanically
ground surface of the polycrystalline silicon wafer
and polishing the oxide filmto planarize and snooth
a surface of the oxide filmga a thickness ranging
from 150 to 980 nmthereby form ng the
polycrystalline silicon substrate; wherein the method

grlor to form ng an oxide film does not conprise
F@ﬁ?ﬁ@ by polpShipg Hﬁgﬁ%??éeréEo?BPﬁ@PﬁééFﬁnﬁHPunt of

, ol.i shed, oxide film
ofi derhile oG Pont: BRane 1 600 HEPaha ThaE POCs PERGR
n e _magnetic_recordi n nmedium claim
wifeth apqd Rur FlSRRoRg] EEohes hat i1 DodL LBk cF R
I h t hi ck f t

ebbhadnd %%%%Sf*ﬁgg A e ragnet i ¢ r ecor di ng

nediun1of claim1, wherein in the nethod the

pol ycrystalline silicon wafer has a purity of

[R31999999999% 5. The magnetic recordi ng nmedi um

—of—<¢l-ai-m-1, wherein-in-the nethod the polycrystalline
si | i Oshdaafien Hasckaeparitd PePc99:19999% | Ra (@) The-wa
met hod of cl ai mePNdWHé¥™§in in the met hod |t he (nm)
pol ycrystal |l i rersihispn Waf ssrdm@snawgry i t|ly of 99} 99%
7. The maghet beidedandi ng nmedi ummf claim 1, whefein
in the nethetdithe=g3ol(yoy yskahdti/teesiticcon wafer |s

hapef or rectangulgr shaped.

i 3R 12500 %00/0 0.80 2.40
Example A . .
“Example 1. 980 500/0 0.45 1.80
Example 2 690 . 8G0/0 0.35 0.95
Example 3 480 100G/0 0.32 0.35
Example 4 550 900/100 -0.31 0.35
Example 5 460 900/200 0.29 0.30
Example 6 320 300/300 0.25 0.27
Example 7 150 800/500 0.17 0.25
Comparative
Example B 0 ~ 800/300 0.15 4.5

FIGs. 3A-C illustrates the results of evaluation of
the su;féce of a sample according té.example 7 |
épecifically, FIG. 3A illustrateé the result of
evaluation of surface roughness and FIG. 3B illustrates
the result of evaluation of p-waviness. For comparison,
FIG. 3C illustrates the result of evaluation of p-
waviness of a sample according to comparative example B.

On the silicon substrate according to example 7, a
100 nm-thick CoZrNb film, a 10 nm-thick Ru fiim and a 20

nm—thick FePt film were sequentially formed by sputtering.



- 29 - 8. The mmgnetic recordi ng medi um of claim
1, wherein in the nethod the polycrystalline silicon
waf er has a dianeter ranging from21 nmto 65 nm
9. The magnetic recordi ng.negi um of claim1, wherein
in the nethod, the polycrystalline silicon wafer has
an average grain size ranging from50 mto 15 nm

- 10.. The magnetic recording mediumof clajm 1, wherein

e TR NI RIS i Hdi 1y EohprFsese hedHant &5 [y th a 4 nm-
i ndi i t di d wh .. 11. Th [
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the surface of the ground silicon wafer by contact

i OMHAM MBROIN @i e d SSWES af df€oF ANEH AR E7om 1, 000
C to 1,300 C 13. The magnet’i c recording

dRdiadDeafi £l idi g 6 c Wl ed Ngddd ther fetdathatdeceristics,
pol ycrystalline silicon substrate has a di aneter

amamgi g lfrcom2bbomit dl B5%den and godd. rddtenmpgreet itcy .
recordi ng nmedi um of claim 13, wherein the nechani cal ,
gri nithagpcespnitsésvieedcham oaldes dgrti rdissg ddiet koaprovide a
di amond wheel . _ 15. The magnetic recording_ .
Peddicuvisga 1dligiem Si4, sukhrsr i3 e tHer e di eyl @nrsq el 19 |hedia
conprises thermally oxidizing the surface of the

WSt d oSt 15 SO Mo byl iR act W TP erf daportat a
cto?nrg)H_elrc%ttlJer %hrealgbnr%cfe{toirgr}’;g)ggcecs's ta(l)n ’t%oe0 m%gnetic
recording layer forming prcocess, exhibits an excellent
surfacerplanarity, and allows the cost to be reduced, as
well as a magnetic recording medium using such a

substrate.



16. The magnetic recording nediumof claim?2, wherein
in the method, the polished oxide filmhas a
t hi ckness ranging from 15688 o 980 17. The

What igagp&hr[eg recording mediumof claim1, wherein the
polished oxide filmhas a thickness ranging from 10
1. A mhbﬂ%ﬂf% %Qég%dlgb medium comprising a polycrystalline silicon
¥
substrate having a micro-waviness of from 0.25-1.8 nm and a magnetic

recording layer formed thereon wherein the polyerystalline silicon

substrate is obtained by a method of fabricating, comprising:

mechanically grinding a surface of a polycrystalline silicon wafer
cored from a polycrystalline silicon ingot to form a mechanically

ground polycrystalline sgilicon wafer:;

forming an oxide film directly over the mechanically ground surface of
the polycrystalline silicon wafer and polishing the oxide film to
planarize and smooth a surface of the oxide film to a thickness
ranging from-lso to 980 nm thereby forming the polycrystalline silicon

substrate;

wherein the method prior to forming an oxide film does not comprise

etching.

2. The magnetic recording medium of claim 1, wherein the bolished
oxide film has a thickness of not more than 1,000 nm and not less than
10 =nm.

3. The magnetic recording medium of claim 1, wherein the mechanical
grinding is performed such that a work affected layer has a thickness
of not more than 1,000 nm.

4. The magnetic recording medium of claim 1, wherein in the method
the polycrystailine silicon wafer has a purity of 29.5993999290564%,

5. The magnetic recording medium of claim 1, wherein in the method
the polycrystalline silicon wafer has a purity of 99.9999%.

6. The method of claim 1, wherein in the method the.polycrystalline
sili;on'waﬁer pasra_puritylof‘99.99%.

7;7The magﬁétié*récopdiﬁg medium éf claimxl,'wherein in the mephod

the polycrystalline silicon wafer is di’sc shaped or rectangular shaped.
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8. The magnetic recording medium of claim 1, wherein in the method
the polycrystalline silicon wafer has a diameter ranging from 21 mm to
65 mm.

9. The magnetic recording medium of claim 1, wherein in the method,
the pelycrystalline silicon wafer has an average grain size ranging
from 50 pm to 15 mm.

10. The magnetic recording medium of claim 1, wherein the
mechanical grinding comprises mechanically grinding with a diamond
wheel.

11. The magnetic recording ﬁedium of claim 10, wherein the diamond
wheel has a number o©of 4,000 or higher.

12. The magnetic recording medium of claim 1, wherein the forming
an oxide film comprises thermally oxidizing the surface of the ground
silicon wafer by contact with water vapor at a temperature ranging from
1,000° ¢. te 1,300° C.

13. The magnetic recording medium of claim 6, wherein in the
method, the polycrystalline silicon substrate has a diameter ranging
from 21 mm to 65 mm.

14. The magnetic recording medium of claim 13, whereir the
mechanical grinding comprises mechanically grinding with a diamond
wheel. |

15. The magnetic recording medium of claim 14, wherein the forming
an oxide film comprises thermally oxidizing the surface of the ground
silicon wafer by contact with water vapor at a temperature ranging from
1,000° Cc. to 1,300° C.

16. The magnetic recording medium of claim 2, wherein in the
method,-the polished oxide film has a thickness ranging from 150 to 980
.-

17. The magnetic recording mediumqu claim 1, wherein thé polished

oxide film has a thickness ranging from 10 nm to 1000 nm.



