-1 METHOD OF FABRICATING SILICON SUBSTRATE FOR
MAGNETIC RECORDING MEDIA, AND MAGNETIC RECORDING
MEDIUM BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a method of fabricating a silicon
substrate for use in manufacturing magnetic recording media, and a
magnetic recording medium including a magnetic recording layer on the

siconsubsuate obiained e fabricaian mgthor 2, Descrinion ot ihe

‘Related Art In the tec of information recording, a har

device agmeansifer magnetjcallyoreading/writing such: infemmation: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
electronic devices including a personal computer. Such a hard disk
device incorporates therein a hard disk as a magnetic recording medium.

Ganventional, hard disks-haye.empleyed a so-called "in-plane magnetic

recording system (longitudinal magnetic recording system)” which is
configureddo wfite magnetieninferimation on a disk surface longitudinally.
FIG. 1A is a schematic sectional view illustrating a typical stacked layer
structufe: foriarigrel tisk- sfthe-2o TongfbdiraPmagnetiefécarding system.

This structure . . .
gg%rlca ing a silicen substrate for use in manufacturing

magnetic recording media, and a magnetic recording medium
including a magnetic recording layer on the silicon

substrate obtained by the fabrication methed.

2. Description cof the Related Art

In the technical field of information recording, a
hard disk device as means for magnetically
reading/writing such information as letters, images, and
music, is now indispensable as a primary external
recording device or bullt-in type recording means for use
with or in eiectreﬁic 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 “in-plane magnetic
recording system (longitudinal magnetic recording

s

system}” which is configured to write magnetic
information on a disk surface leongitudinally.
FIG. 1A is a schematic sectional view illustrating a

1

typlical stacked layer structure for a hard disk of the



includes a Cr-based underlayer 2 formed by sputtering, a magnetic
recording layer 3, and a carbon layer 4 as a protective layer, which are
sequentially stacked on a non-magnetic substrate 1, and a liquid
lubricating layer 5 formed by applying & liquid lubricant to the surface of
. the carbon layer 4 (see Japanese Patent Laid-Open No. 5- 143972
(Patent Document 1) for example) The magnetic recording layer 3
ompr%e%a uniaxial ma netocry

talli isotropic Co.alloy, h
SCF COCrTa. or CoCrPE. %rystgﬁr@&gnﬁﬁé%g}g' e %%%u%%gée

grainso o0 alloy are magnetiz

in & lopgitydipat dirggtion; of,.a giskisurtaceto reears: information: dheng, =
arrows in the magnetic recording layer 3 shown indicate directions of
magnetizationeWithdsuech a fongitudinak nthghetie récordingysystémas a
however, when individual recording bits are reduced in size to increase

tRE PEESTHIMGdSrSy ” the ot pdleS af 8 Y3GTH pére of & retordifg Bt 2
fSB%'-EQs@% ;Role. and squth pole, respectively, of an gdjacent recorging. .

bit, to make the boundary region magnetically unclear. For this reason,

the thieknessof themagneticaecording layesneedsdohe decreasedtae of
reduce the crystal grain size for the purpose of realizing recording density
grbwth: dtds pointed Dt that sscrystabgrains dr shddd-mte Mgt @e., o~
reduﬁced in volume%and recording{;I bits made smaﬂer in si

a

Dhen S nbriCaltad -hest T tuation L 0eetid 10 Risolder Ah ST

recording laver 3 comprises a uniaxial magnetocrystalline
anisotropic Co alloy, such as Colr, CoCrTa, or CoCrPt.
Crystal grains of the Co alloy are magnetized in a
longitudinal direction of a disk surface to record
information. The arrows in the magnetic recording laver
3 shown indicate directions of magnetization.

With such a longitudinal magnetic recording system,
however, when individual recording bits are reduced in
size to increase the recording density, the north pole
and south pole ¢f a recording bit repel the north pole
and south pole, respectively, of an adijacent recording
bit, to make the boundary region magnetically unclear.
For this reason, the thickness of the magnetic recording
laver needs to be decreased to reduce the crystal grain
size for the purpose of realizing recording density
growth. It is pointed out that as crystal grains are
made more minute (i.e., reduced in volume) and recording
bits made smaller in size, a2 phenomenon called “heat

fluctuation” occurs to disorder directions of



magnetization of crystal grains by thermal energy, thereby to cause a loss
of recorded data. Thus, the recording density growth has been
considered to be limited. The effect of the heat fluctuation becomes
serious when the KuV/k8T ratio is tao lopw. Here, Ku represents
magnetocrystalline anisotropic energy of a magnetic recording layer, V
represents the volume of a recording bit, kq represents a Boltzmann
censtant; and T represents.an absolute temperatize (K), _n,view of such
a problem, a "perpendicular magnétic recording system" is now Studied.
With thisyrecordiag ssystemcthe magneticoregerding tayer ismagnetized
perpendicularly to the disk surface, so that north poles and south poles
arecievaayiananged 65 potnd vhne WRRThe Bitier F Fstording bits.
Therefore, a north and a_south pole in a.magnetic domain are
plo%rfif“otnee%‘ a jagergtj%e%%%h %%héérjl??o &?és‘r?gtﬁer?ﬁl %Qeuran% 17 (I
raagnefization. As:a.teskltithe magpetized state,(.ey . magnetice, xu
recording) is highly stabilized. When a magnetization direction is recorded
psfpendicutaslyna gdemagnetizing. field<of aresording bit islowered cEora
this reason, the perpendicular magnetic recording system does not need
1B IAAIE-the reeordifg Tayer VBRAthin! asCesmpared with the fongittidimal &

magnetic.iecofding system, Acgardingly, iLibe rpeording Ve IS, onar 1
thickened to have ‘a aqrgergerpen icular dimension, the recording layer,

ase g Mholg:-Ras andnereased KuMkBT-tatior thereby making
In view of such & problem, a “perpendicular magnetic

recording system” 1s now studied. With this recording
systam, the magnetic recording layer is magnetized
perpendicularly to the disk surface, sc that north poles
and south poles are alternately arranged as bound one
with the other in recording bits. Therefore, a north
pole and a south pole in a magnetic domain are positioned
adjacent to sach cother, to strengthen the mutual
magnetization. As a result, the magnetized state (i.e.,
magnetic recording) 1s highly stabilized. When a
magnetization direction is recorded perpendicularly, a
demagnetizing field of a recording bit is lowered. For
thig reason, the perpendicular magnetic recording system
does not need to make the recording 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 recoxding layer, as

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



- 4 it possible to reduce the effect of the "heat fluctuation". Since the
perpendicular magnetic recording system is capable of lowering the
demagnetizing field and ensuring a satisfactory KuV value as described
above, the perpendicular magnetic recprding system can lower the
instability of magnetization due to the "heat fluctuation”, thereby making it
possible to expand a margin of recording density substantially. Therefore,

th% pe(gpesn%i%lag (gnal%n&gig reé%r iqgfsfyésé m Oi§ e%qqgcteg etE(L){_reaIize
uﬁtraﬁigﬁ dlensny recordlng.eFI . IB’is a schematic sectiona view
itustratingra Jasic layered structure for a hard disk as a "double- layered
perpendicular magnetic recording medium” having a recording layer for
perpendicutar rmhgnetic recording Lwhichds stacked opc sofi piagHeticen is
backing layer. This structure includes a soft magnetic backing layer 12, a
rﬁé&ﬁé%@ré&%r&iﬁ'd%ﬁé}glst,%epr%‘?é‘&% Tayer 120 and & fulsHtating Tayer?

15, which are sequentially stacked.an a_non-magnetig sybstrate 11. Here,

the soft magnetic backing layer 12 typically comprises permalloy,
araeiphodscCOZLFT & 0falike-materiat Jihe; magaetie recordingdayerc 13
comprises a CoCrPt-based alloy, a CoPt-based alloy, a multi-layered film
forméd by aifernatélyrstasking sevérl 1dyérstincltding aPCo layer and

ultrathin films of.Pd ,and &0, of e like. The armows inthe magnetic, -

margin of recording density substantially. Therefore,
the perpendicular magnetic recording system is expected
to realize ultrahigh density recording.

FIG. 1B is a schematic sectiocnal view 1llustrating a
basic layered structure for a hard disk as a “double-
layered pesrpendicular magnetic recording medium” having a
recording layer for perpendicular magnetic recording
which 18 stacksd on a soft magnetic backing layer. This
structure includes a soft magnetic backing layer 12, a
magnetic r@cording‘layer 13, a protective layer 14, and a
lubricating layver 15, which are seguentially stacked on a
nen-magnetic substrate 11. Here, the soft magnetic
backing layer 12 typically comprises permalloy, amorphous
CoZrTa, or a like material. The magnetic recording layer
13 comprises a CoCrPt-based alloy, a CoPt-based alloy, a
multi~layered film formed by alternately stacking several
layers including a PtCc layer and ultrathin films of Pd

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



- 5 recording layer 13 shown indicate directions of magnetization. The
hard disk of the perpendicular magnetic recording system includes the
soft magnetic backing layer 12 underlying the magnetic recording layer
13, as shown in FIG. 1B. The soft magnetic backing layer 12, which has
a magnetic property called "soft magnetic property”, has a thickness of
about 100 to about 200 nm. The soft magnetic backing layer 12 is

providedfor enfiancing the, yiing magnetia figld anctloweting the
emagnetrllzcing “Held of the magnetic recording film and functions as a
pathrukich allows a magnetic flux to pass therethrough from the magnetic
recording layer 13 while allowing a magnetic flux for writing to pass
theretHFbuglnfrom & irebording heas £Tivetrisl ithe soft magheéticlBacking

layer 12 functions like an iron ioke provided.in a permanen%; magnet

agR&fic Bcuit EoFthis TEashit The 851t SmagnBicdBacking fjer 12%has™y ©*
t??@ﬁ%fé@%%@%@%%@@@% recording dayer 13 for the pugpose of,.,

avoiding magnetic saturation during writing. Magnetic recording media

are graduallyeswitchiagsfram thedargitudinal mdgneticaeearding systent
as shown in FIG. 1A to the perpendicular magnetic recording system as
SHOWRINTRIGI4B B8 the PeesrEing-densiy increase 8o aiordeP whichy” -

e o R RSBl ogRR R Rl sore
magnetic backing layer 12 is provided for enhancing the
writing magnetic field and lowering the demagnetizing
field of the magnetic recording film and functions as a
path which allows a magnetic flux to pass therethrough
from the magnetic recording layer 13 while allowing a
magnetic flux for writing to pass therethrough from a
recording head. That is, the soft magnetic backing layer
12 functions like an iron yoke provided in a permanent-
magnet magnetic circuit. For this reason, the soft
magnetic backing layer 12 has to be set thicker than the
magnetic recozdihg laver 13 for the purpose of avoeilding
magnetic saturation during writing.

Magnetic recording media are gradually switching
from the longitudinal magnetic recording system as shown
in FIG. 1A to the perpendicular magnetic recording system
as shown in FIG. 1B as the recording density increases
from a border which ranges from 100 to 150 Gbit/sqguare
inch because the longitudinal magnetic recording system

has a limited recording density due to the heat



has a limited recording density due to the heat - 6 fluctuation. Though the
recording 'limit of the perpendicular magnetic recording system remains
uncertain at present, the recording limit is estimated to ensure a value of
not less than 500 Gbit/square inch. In gnother view, the perpendicular
magnetic recording system can achieve a recording density as high as
about 1,000 Gbit/square inch. Such a high recording density can provide

for.a recording capacity of 600 to 700 Gbites per .2.5-in. Dg\ |atter.
Stu]b“é(fﬁa%gs“@é%?éralIy%l%%n“ﬁ%lggggtﬁoréé%rndgng*‘nrﬁllétdiacf%r %)Gf)s include

apAlalloy:substrate Hsed asa substratehaving.a diameter of, 3.5,nebesa i n

and a glass substrate used as a substrate having a diameter of 2.5
irchest e mobile @pplicationsisuch as anotebooks personaticompatesjine a
particular, HDDs are likely to fre uentlﬁndergo impacts from outside.

Therefore a 295-in 430Dl inKUchRmoBid application-had a Hglk ther
ssibility that jt ing. medi trate | t
e e e e e e e

Ision”. For this reason, use een ma enof
aglasssubstirate chaving @ bigh Hiardness asiasubstratedormagpetic

recording media. As a mobile device is reduced in size, a substrate for

USE irk Aragrstic_revordingrmadiuni tobe ircororatar dereincalisfor a

higher impact resistance. Substrates , B ,
provide for a recording capacity of 600 to 700 Gkites per
'Z2.5~1in. HDD platter.

Substrates generally used in magnetic recording
media for HDDs include an Al alloy substrate used as a
substrate having a diameter of 3.5 inches, and a glass
substrate used as a substrate having a diameter of 2.5
inches. In mobile applications such as a notebook
personal computer, in particular, HDDs arse likely to
frequently undergo impacts from outside. Thersfcre, a
2.5-in. HDD used in such a mecbile application has a high
possibility that its recording medium or substrate is
damaged or data destroyed by “head-disk ccllision”. Tor
this reason, use has been made of a glass substrate
having a high hardness as a substrate for magnetic
recording media.

As a moblle device is reduced in size, & 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 mebile applicaticons and hence call for a



having small diameters of not more than 2 inches are mostly used in
mobile applications and hence call for a - 7 higher impact resistance than
2.5-in. substrates. Also, the downsizing of such a mobile device inevitably
calls for downsizing and thinning of_paits to be used therein. The
standard thickness of a substrate having a diameter of 2.5 inches is 0.635
mm, whereas that of a substrate having a diameter of, for example, 1 inch

20,392 mm, Lnder such backaroupd girgumsiances, g demand exists for
a substrate which has alhlgﬁ young's moduilus, ensures a sufficient ’

strength exen wihen made thin, and offersgeed; compatibility withvthea11s
magnetic recording medium fabrication process. Though a glass substrate

Havinglawhameterof 4rifch Fenha titickriesseof0:382 mirh hasdseemputeton -
practical use by mainly using reinforced amorphous glass, further

thirfing 16t Sasy EGIRES Sinte £glaEs Sbstrate Van fstilatofie e~
Rreblem atiges that the substeate is likely;to be charged up.during.a ., v

sputtering process for formation of a magnetic film. Though volume
preduction isimade:practically pessiblesby changingracholder boleling ran.

substrate to another one during sputtering, this problem is one of the
fHetoes maikiny thetUserofuaglass rsubstiate diffioule Sted\Rhas peeats for
%:%%g‘%@gkga‘&'ﬂ% high, magnetocrysialline anisotropy orthe ke asa
sufficient strength even when made thin, and offers good
compatibility with the magnetic recording medium
fabrication process.

Though 2 glass substrate having a diameter of 1 inch
and a thickness of 0.382 mm has been put to practical use
by mainly using reinforced amorphous glass, further
thinning is not easy. Further, since a glass substrate
is an insulator, a problem arises that the substrate is
likely to be charged up during a sputtering process for
formation of a magnetic film. Though volume production
is made practically possible by changing a holder holding
a substrate to ancther one during sputtering, this
problem is one of the factors making the use of a glass
substrate difficult.

Study has been made of FePt having high
magnetocrystalline 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 temperaturs of about

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



for a next-generation recording film. Such an FePt film needs to be
heat-treated at a high temperature of about 600C so as to have a higher
coercive force. Though - 8 studies have been made to lower the heat
treatment temperature, a heat treatment.at a temperature of not lower
than 400C is still needed. Such a temperature exceeds the temperature
at which currently used glass substrates can resis. Likewise, Al

syhsirates,capnot, resist such a high temperaure, treatment, Also, study

has been made of discrete track media (DTM) and bit patterned media
(BRM aiming=at impreing the=xecerding:densitynypmicrofabecatiom of:
magnetic recording media. Such microfabrication includes techniques of
thewsemicoadudtof tield, suehidslan efchidl te€hsigué. UrEEEthetacigal

circumstancgls, it is_difficult to sub%'ect the E§urface of urrent@l)éavgil bée
xoeeds Fhe CERRS é%u{e Fa) Vq%c ﬁurreﬁ%%¥ Ug 5%
giass Substrate or Alsubstrate directly to such microfabtication. Bésides

suygh-glass substiate.and; Ak substrate,, salternative substatesdiave-beent:
proposed which include a sapphire glass substrate, an SiC substrate, an
engineering plastc isubstratepandatcarbon sabstrate However, the
realities are such that any one of such substrates is inadequate for use as

an altefriative §GE§§{_P{at€5f§r_ R&RCgSTat GHEredordinG hfedid T VieWror fts
q%%%ghﬁﬂgcg§%ﬂﬁg¥t%¥%eﬁﬂﬁgﬁﬁgﬂ?%%W?S%iming at ilmproving

the recording density by microfabrication of magnetic
recording media. Such microfabrication includes
techniques of the semiconductor field, 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.

Beslides such glass substrate and Al substrate,
zlternative substratles have.been proposed which include a
sapphire glass substrate, an 8iC substrate, an
engineering plastic substrate, and a carbon substrate.
However, the realities are such that any one of such
substrates is inadeguate for use as an alternative
substrate for next-generation recording media in view of
its strength, processability, cost, surface smoothness,
affinity for film formation, compatibility with
microfabrication, heat resistance, and like properties.

Under such background circumsiances? the inventors

of the present invention have already proposed use of a



affinity for film formation, compatibility with microfabrication, heat
resistance, and like properties. Under such background circumstances,
the inventors of the present invention have already proposed use of a 9
single crystal silicon (Si) substrate as an HDD recording film substrate
(see Japanese Patent Laid-Open No. 2005- 108407 (Patent Document 2)
for example). Such a single crystal Si substrate, which is widely used as a

SSL%L%SU?te for Lﬁl"‘fgbg%%tgo@%ljls %%e)”eggwiég@f% e g@ogéh@’ié%cording

énvirohmental sta ility, reliability, and the like and has a higher rigidity
than-glasg-subsirates,. &ar thiggeasen, thesingle crystalGiesubsirate is 5 -
suitable for an HDD substrate. In addition, unlike glass substrates having
ih§6lafing preperties,theusiagle ¢rystab Si subsstrate is semiconductive and
has a certain electric conductivity because the si%)le crystal . Si substrate

usually¢tritains 3 orn-typeSddpant - THis Sthedifigle Biystal §F W91y
subsiyale. can lessen e chargequpeftect which eeeurs duripg il o 4,

formation by sputtering to a certain extent and allows a metal film to be
fermed thereapnyrdirect sputtering ambias:sputeing.1 Futthersineasthei ¢ v,
single crystal Si substrate has good thermal conductivity and is resistant
6 High tempkekaturesd the Si erysidl sabstrae icahteadilyaihdetgs sheating
o 490C ortigher and hence has.very goofl_compatiity with 2 spyttering
substrate 1s suitable for an HDD substrate. In addition,
unlike glass substrates having insulating properties, the

ingle crystal S5i substrate is semiconductive and has a
certain electric conductivity because the single crystal
5i substrate usually contains a p- or n-type dopant.
Thus, the single crystal Si substrate can lessen the
charge-up effect which occurs during f£ilm formation by
sputtering te a certain extent and allows a metal film to
be formed thereon by direct sputtering or bias sputtering.
Further, since the single crystal S$i substrate has gcood
thermal conductivity and 1is resistant to high
temperatures, the 51 crystal substrate can easily undergo
heating at 400°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
tempearatures.

What 1s more, the 351 substrate has the advantage

that its crystal purity is very high and its substrate

surface obtained after processing is stable with a



FePt film or the like which calls for heating at elevated temperatures.
What is more, the Si substrate has the advantage that its crystal purity is
very high and its substrate surface obtained after processing is stable
with a - '~0 negligible change with time, Further, the silicon substrate,
which is highly compatible with the semiconductor fabrication process, is
applicable to next- generation recording media. However, Si single

cr s@ls ggpg " micond#&%r Igrade" fo&&a}p{ii_clggjon g{lgu%r%%vices as

LSigare gener%l ?%%%enswe. lf"rrt[hee'r, the prices of single crys(t:a?%ilicon

ang pelycrystalling silicon of,the.'solax -grade’ are,searing with increasing
demand due to solar cells widespread in recent years. When
consideration iz givierttoiusetofan singlecerystal Sisabstiateaislee to next-
substrate for magnetic recording media, a serious problem arises that the

ﬁﬁ@‘l%liff*frét.%s?%tda}@% I§%‘?_‘ﬂf‘?cantly inferior to glass substrates or Al
substrates, In,lefms.of rg%fg%@@kg%ﬁﬂ@ Sinale crystal 3 sybsirate, .

has the property’of cleavingin a specific crystal orientation (110) For this

reasenr. when the singleserystal Sesubstrate usedd aumobile dexice or
the like undergoes an external impact, the substrate might cleave. In this
respectz thiey invamorsiofahe pregantanverition avecsohfifrhed thatfo

crystal silicon and polycrystalline silicon of the “solar
grade” are scaring with increasing demand due to solar
cells widespread in recent years. When consideration is
glven to use of a single crystal 51 substrate as a
substrate for magnetic recording media, a serious problem
. arises that the single crystal 51 substrate is
significantly inferior to glass substrates or Al
subgtrates in terms of raw material cost.

The single crystal $Si substrate has the property of
cleaving in a specific crystal orientation (110}. For
this reason, when the single crystal Si substrate used in
a mobile device or the like undergees an external impact,
the substrate might cleave. In this respect, the
inventors of the present invention have confirmed that nc
practical problem will arise if end face pelishing is

improved. However, some probability of fracture remains.

SUMMARY OF THE INVENTION
The present invention has been made in view of the

foregoing problems. Accordingly, it is an cobject of the



practical problem will arise if end face polishing is improved. However,
some probability of fracture remains. SUMMARY OF THE INVENTION
The present invention has been made in view of the foregoing problems.
Accordingly, it is an object of the 11 pyesent invention to provide an Si
substrate for magnetic recording media which has sufficient impact
resistance and heat resistance, fails to complicate the fabrication

Rrocess,and t@%rq]clawgé‘y‘?“%éecorgi”%%y%rnfoé’}?i”&%rsog%s%ee%@?“%n Dnetic
GXCGﬁeI’I]]t SUI‘F&C aﬁg aﬁ

e planarity, ows the cost to be reduced, as well"as
a-methed affahrigating;-thesame; 18 erderdosolves thederegaing stance
problems, a method of fabricating a polycrystalline silicon substrate for
rmaghéticatecoeding media acterding tothecpreséntinverition cornprises: son
grinding step of mechanically grinding a surface_ of a polycryst,alline

JiconSuater "Corel $raii & PolycryStanine SHicdnliRgSt an OXidationt SEEpE S

O&g !m;q;gsana%xig%ggﬂ oyt the surface ofithe palycrystaliinesilicon, 1.
wafer thus mechanically ground; ‘and a polishing step of polishing the
oxige-filanta planatize-and smoatna sudace pkthecexide fitmRreferablyy
the oxide film having been subjected to the polishing step has a thickness
ofhet Awre than 1,000 nm and not less than 10 nm. Preferably, the
meChaqga5¥gg¥n%g1%Efg@dggé foregoing problems, a method
of fabricating a pélycxystalline silicon substrate for
magnetic recording media according to the present
invention comprises: a grinding step of mechanically
grinding a surface of a polycrystalline silicon waferxr
cored from a polycrystalline silicon ingot; an oxidation
step of forming an oxide film over the surface of the
polycrystalline silicon wafer thus mechanically ground;
and a polishing step of polishing the oxide film to
plénarize and smooth a surface of the oxide film.

Preferably, the oxide film having been subjectedlto
the polishing step has a thickness of not more than 1,00C
nm and not less than 10 nm.

Preferably, the mechanical grinding in the grinding
atep ls performed such that a work affected layer has a
thickness of not more than 1,000 nm.

Tn the present invention, etching is not performed
to eliminate the work affected layer during the step of

planarizing the peolycrystalline 31 wafer. This is

because, since the etching rate is crystal-face dspendent,



step is performed such that a work affected layer has a thickness of not
more than 1,000 nm. In the present invention, etching is not performed to
eliminate the work affected layer during the step of planarizing the
polycrystalline Si wafer. This is because, since the etching rate is
crystal-face dependent, - 12 etching of the polycrystalline Si wafer
unavoidably results in formation of steps due to different crystal face

ek %Qﬁ%%onso%f individya C!:Vfi%'@ar ﬁ%ﬁé‘%ﬁe%@@@%\é{%@é surface,

{hUS mt?erlng precision durtdce planarization. In the present invention, a
swiaceqf the Siowaler iseoatedwitipan exidediimdo foum an-Sicwader= 1
with oxide film prior to the final polishing stage and then a surface of the
Gdde filnr isplanarized; tofgivedlpladassulsstias file. ISEdUISsIE® Withd. on
oxide film) having no step on the surface thereof. Thus, it is %(;s%ible to

Orovidesart &i SUDStATE for- Mayretic FEdorahgrhediniwAich ce
sufficientimpact resistance, fails to.complicate. the, fabricatian, pragess . ¢

and the magnetic recording layer forming process, exhibits an excellent
sutfaceiplanariy, and allews they cost torbetediicedi BRIEE form an Si
DESCRIPTION OF THE DRAWINGS FIG. |A is a schematic sectional

vievh fitustrating @ iyicdl stacketlayerstrichirefora hard diskofthe stage

|gﬂ%ﬂ¥@g§rga%%%%gggog%n%g%ﬂgg&de film is planarized, to
give a planar substrate (i.e., 81 substrate with oxide
film) having no step on the surface thereof.

Thus, 1t is possible to provide an 51 substrate for
magnetic recording media which has a sufficient impact
resistance, fails to complicate the fabrication process
and the magnetic recording layer forming process,
exhibits an excellent surface planarity, and allows the

cost to be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic sectional view illustrating a
typical stacked layer structure for a hard disk of the
longitudinal magnetic recording system;

FIG. 1B is a schematic sectional view illustrating a
basic layered structure for a hard disk as a “double-
layvered perpendicular magnetic recording medium” having a
recording layer for perpendicular magnetic recording

which is stacked on a soft magnetic backing layer;



FIG. 1B is a schematic sectional view illustrating a basic layered structure
for a hard disk as a "double- layered perpendicular magnetic recording
medium” having a recording layer for perpendicular magnetic recording
which is stacked on a soft magnetic bagking layer; J FIG. 2 is a flowchart
illustrating an exemplary process for fabricating an Si substrate for
magnetic recording media according to the present invention; FIG. 3A

illustrates the result of evalyation-of syrface roughness,of a.5am) @Igrfy

according to example 7; FIG. 3B illustrates the result of evaluation o
waviness:ofthe sarme sampleganc FIG. 3G ilustrates theresultoktic
evaluation of - waviness of a sample according to comparative example B.
DETANED DESCRIP FION ‘OF THE PREFERREBEMBODVEN TS/
Hereln%ﬁerr e%od men;s of the e present | mventlon will be de%crlbed \%uth
eferencé 10 the drawmgs it(f’ 21Sa rowcharFlllustratlng an exemplary

pggg%%@r fahrinating-an Si substrate foromagnetic, secordingmgdia 7,
according to the present invention. As already described, in the present
inventian the saxcallad: setching! is net performeddin the siep:ofiplanarizing
a polycrystalline Si wafer, but only mechanical grinding is performed to

pfananyess siface of B R aft TR is Prtause, since the etching rate is

Crystal 1262 deperceyl. PR oL e PRSP s on of -
unavoidab

waviness of a sample according to comparative example B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodimentz of the present invention
will be described with reference to the drawings.

FIG. 2 is a flowchart illustrating an exemplary
process for fabricating an Si 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 planarizing a
polycrystalline 81 wafer, but only mechanical grinding is
performed to planarize a surface cof 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 orlentations of individual crystal grains exposed on
the wafer surface, thus hindering precision surface

planarization.



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. - 14 Usually, the final polishing stage
employs a CMP process using colloidal silica slurry. The etching effect of
the CMP process causes steps to be formed on the Si wafer surface. To
obviate this problem, the present invention includes coating the Si wafer

surface with an oxide film to form an Si wafer with oxide film prior t e
ﬁ gif th d%% 1 %lsh;ng g%a %ﬁ?ﬁgho%% 8ME

final po fss]ﬁlng gtage and then plgr?arlzmg a“surfac oxide film; to

give a-planak substrate 1 (.e4.Si supstrate with oxigde film)having na step
on the surface thereof. This oxidation step also serves to. relax a thin
worleaffectéd tayertEsultimg frons then precedirigs prechanical gomding byn
annealing while making the thin affected layer completely disappear by

fuifi¥ing * thieaffactéd fay2F fto ar arforpRcds Sifideh &% tajer by
oxidation. Desgtiption #V"]LRSJH%%% ofthe.procedyye for F%,P;E%*Q!Lﬂgs%@é'ce
Substrate with oxide film aving a planar surface according to the

floweharhobkIGi2. Firsh a polystystallinesSi wafes is provided-frem whieh
an Si substrate is obtained by coring (step S101). Such a polycrystalline
Siniiafer hreedirot hecedsarily have rthe soacatedtSemicondictorgradeny a
gﬁg%gggn%%m¥£gsoxide film, to give a planar substrate
(i.e., Si substrate with oxide film) having nc step bn
the surface thereof. This oxidation step also serves Lo
relax a thin work affected layer resulting from the
preceding mechanical grinding by annealing while making
the thin affected layer completely disappear by turning
the affected layer into an amorphous silicon oxide layer
by oxidation.

Description will be made of the procedure for
obtaining the Si substrate with oxide f£ilm having a
planar surface according to the flowchart of FIG. 2.

First, a polycrystalline 31 wafer is provided from
which an 51 substrate is obtained by coring {step S5101).
Such a polycrystalline Si wafer need not necessarily have
the so-called “semiconductor grade” (which generally has
a purity of “11 nines” (89.89999995%%%) or higher). It is
sufficient for the peclycrystalline 51 wafer to have a
purity of substantially the “scolar grade” -or lower.
Though the purity of a polvcrystalline Si wafer having

the solar grade 1s generally not less than M6 nines”



a purity of "11 nines" (99.999999999%) or higher). It is sufficient for the
polycrystalline Si wafer to have a purity of substantially the "solar grade”
or lower. Though the purity of a polycrystalline S; wafer having the solar
grade is generally not less than "6 nines" - 15 (99.9999%), the present
invention can tolerate a purity down to "4 nines" (99.99%). Because a
substrate for magnetic recording media is basically used as a structural

materialothere is.pa need lo control the- agjoupt of a dopant, suchas. ; ¢
boron (B%g;?{dhosp%gﬁjs (P%,. unlike in an application to solar ceIIs?T%zé o
lowat linyjt ofitheipurity of the. palyerystaline (Siwvafesisiset ta t4 nines”
(99.99%) because a lower purity than the lower limit might allow an
inGpsUivity Leortaimeddn tive BR/SiE t6 précipitaté In graid Ssourlaties or in
grains, thereby lowering the strength of the substrate or the surface

thi tnﬁf‘o%

ShbBHNEsE of the Sabétrate gh%a Bolyarystaline Stwafer havig a

higher purity is more, preferable, from the viewneint of thesubstiates (g,
strength, substrate smoothness, and the like, the raw material cost
ingreases:as the pusity. beeames higheroEarthiszfeason, the purity of the
polycrystalline Si wafer is usually about "8 nines" (99.999999%) to about
W9 nifés’ (99v99999D944) ot thé MigHest The polyystalinkySiiwafer L 11ne

"2y beshaped regtanguilar or like a Aisg, Fropghe viewpoint of 1 e
purity than the lower limit might allow an impurity
contained in the crystal to precipitate in grain
boundaries or in grains, thereby lowering the strength of
the substrate or the surface smoothness ¢f the substrate.
Though a polycrystalline 8i wafer having a higher purity
is more preferable from the viewpolnt of the substrate
strength, substrate smoothness, and the like, the raw
material cost increases as the purity becomes higher.

For this reason, the purity of the polycrystalline Si
wafer is usually about ™8 nines” (99.999%99%) to about “9
nines” {99.9999999%) at the highest.

The polycrystalline S5i wafer may be shaped
rectangular or like a disc. From the viewpoint of
improvement in the strength and impact resistance of the
polycrystalline S5i wafer itself, the average grain size
of polycrystalline grains 1s desirably not less than 50

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

mm.



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 m (preferably not less than 1 mm) and not more than 15
MM. - 16 The polycrystalline Si substjate_is obtained from such a
polycrystalline Si wafer by "coring” by laser beam machining (step S102).
In the present invention, the polycrystalline Si substrate is expected to be

used mpinlya5 0.8 substale for magpetic secarding edia faruse in,

mobile e?/i or this reason, the diameter of the Si substrate thus

cored is ngbmere thamabaul6%; M and the/lowes timitof the diametenean
of the Si substrate is generally 21 mm. The coring can be achieved by
variousrmethodst relutidly cuttingiusing acstrasghiticuprdiariond whéélc
ultrasonic cutting, blasting, and water jet machining. Laser coring using a
StidstateTaderis tesirabidt BRcabse tHeSIaEéﬁp%gﬁ?g afsoa% antages
naluding: 2, cetiain.cullng. spaed epstyred, thewiflth obeutredged,. aasy
change of diameter, and ease of jig making and post- processing. Since

such a:selid staterlasee has-aihighb . power density anrd can rediice theameter
beam diameter, a cut surface obtained by the solid state laser is relatively
cléarwith fessadress. 1adser TifHEsaEes! forusedt 8Gctea Bage indiqdée ©°

arrrl]ml,\ldéYnéthgseerl%vYog;:Y%%r!g%eré?nghe diameter of the Si

substrate ig generally 21 mm.

The coring can be achieved by varlous methods
including cutting using a straight cup diamond wheel,
ultrasonic cutting, blasting, and water jet machining.
Laser cering using a solid state laser is desirable
because the laser coring has advantages including: a
certain cutting speed ensured, the width of cut reduced,
easy change of diameter, and ease of Jjlig making and post-
processing. Since such a solid state laser has a high
power density and can reduce the beam diameter, a cut
surface obtained by the solid state laser i1s relatively
clear with less dross. Laser lighﬁ gsources for use in
such a case include an Nd-YAG laser, a Yb-YAG laser, and
the like.

The S$i substrate thus obtained by coring is
subjected to centration (step 5103), thickness adjusting
grinding {(step S104), end face polishing (step S103), and
then precision grinding {(step $106). Though the end face

polishing (step 5105} of the wafer 1s performed after the



the like. The Si substrate thus obtained by coring is 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 polishing (step S105).ofthe wafer is performed after the - 17
thickness adjusting grinding (step 5104) according to the example shown..
in FIG. 2, this order may be reversed. The thickness adjusting grinding

(ste a recision.grinding (step.51 r instead.;
o g, oy Sit TeCuiabe PaThng Sich o6, Gaployod foa -
cormen-Sigubstrate.fabrication process. ferdherpuypose ekoating
formation of steps on the Si wafer surface caused by etching. These
mechafical grihdingEstepsAvkieh Hre incldded-withinstheéscope of dutilene

work for Si crystal, are performed s@ that a resulting work affected layer
T it oot Tor o T oLt GO0 e SreTy hBEeas of

tﬁ%_%ﬁ@m)-&&%%ngﬁa adjusting grinding (step.§104) isnrerformed to
limit in-plane thickness irregularities of the Si wafer or surface roughness
resulting #oM guttingotanwithinia predetermired sangecand serves@sss s,
substitute for common lapping. The precision grinding (step S106) uses a

higheriimbergaiding WheeY it ‘exaniplé Bdiamone widetof nifhbere ©*

4,000 or higher) than_ the thickness adiusting rinding (step £104) 10

grinding steps, which are included within the scope of
ductile work for S5i crystal, are performed so that a
resulting work affected layer has a thickness of not more
than about 1,000 nm (preferably not less than 10 nm).

The thickness adjusting grinding (step S104}) 1s
performed to limit in-plane thickness irregularities of
the 81 wafer or surface roughness resulting from cutting
to within a predetermined range and serves as a
substitute for commen lapping. The precisibn grinding
(step 5106) uses a higher-number grinding wheel (for
example a diamond wheel of number 4,000 oﬁ higher) than
the thickness adjusting grinding (step S5104) 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 S$104) and the precision grinding (step
5106) makes it possible to limit the depth of a grinding

mark to 100 nm or less.



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 S104) and the precision grinding
(step 5106) makes it possible to limit the depth of a grinding mark to 100
nm or less. - 18 As described above, the main reason why the thickness
adjusting grinding (step S104) and the precision grinding (step 5106) are

employed instead, of the.common apping,; gtching, and.first-stage

polishing, Is to prevent formation of steps between crystalgrains on the
polyerystadinesghwafer surfaea rGeneyally,~whers 1etching:fer eliminating
strain is performed after a polycrystalline Si wafer has been lapped, the
GERIPGS fata diffdrectiiecto differentélystal face ereERtatices of irdigidualt

crystal grains, which results in formation_of steps measuring several .
S ofMSEaTE br 1SR BikveB XI5 S4al gPils. A Tt BibCoRS ¢ -1nd

reguired o eliminate-such.steps By polishing;, The present invention dogs,
not need such a lengthy process. The combination of the thickness

aghjusting grinding y(stepl $164) and thefprecisiontgrirdingdstepr3106),iIswhen
capable of limiting crystal deterioration (affected layer) in a surface region

of e Wafle L CaUSeH By Gihdig 1O a oW degreeBbeuTE 808 N br fess)

Ang, henee has anothey adyantans that he ovide frm formation, .11 g

rate differs due to different cryvstal face orientations
of individual crystal grains, which results in formation
of steps measuring several micrometers or more between
crystal grains. A lengthy process 1s reguired to
eliminate such steps by polishing. The present invention
dces not need such a lengthy process.,

The combination of the thickness adiusting grinding
{step S104) and the precision grinding {step 5106) is
capable.of limiting crystal deterioration (affected
layer) in a surface region cof the wafer caused by
grinding to a low degree (about 1,000 nm or less) and
hence has another advantage that tThe coxide film formation
(step S107; is possible even when the work affected layer
iz not sliminated particulariy.

In such mechanical grinding, selection of a grinding
wheel and a grinder is essential. The grinding wheel
{thickness adijusting wheel} to be used in the thickness
adjusting grinding {(step S5104] is desirably a fixed

diamond wheel comprising fine grains of diamond, the



(step S107) is possible even 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 _adjdsting grinding (step S104) is
desirably a fixed diamond wheel comprising fine grains of diamond, the -
19 grain size of which is not less than number 300. A grain size of less

| yg;;%wg?%?)%% ijgmtcﬁ{e&%raﬁ@tb%@yéetﬁhgﬂeﬁumgwoﬁs@ffeCAedgrain

ecomes thicker and the resulting grinding mark becomes deepér,
thorghdhe 1 grirding saterstigher zincthe preeisioprgringing (step 5063 2
use of far higher-number abrasive grains of diamond (for example not
lekss thiarsnlibey 4:000) is fgreférablel Thigre ArOvatvtsThethoas ofnd the

fixing fine grains of diamond, including, for exam Le,a ethad ysing
vitrffiedbohd \?}ﬁklﬁdoﬁﬁs%ﬁgicp%%%%%u%%ina@oﬁ tg“a’ndtqrqlal%ﬁi} tL)%srfﬁ"2 Resin

bond, metal bond, electro ited; grindingyvheelang the likeganalser ep
be used. The grinder needs to have a high rigidity in order to reduce
thickagss irseguldrities-and wavinessiaf ¢the aafer iGrinders includes a
surface grinder, a rotary grinder, and the like. The rotary grinder is
dEsHRBIElin (e ciAthB tRicRAEsS g uldiiie s Ml the éss. After

such mechanical grinding, the surface of the .polycrystalline Si wafet is,
OXI&IZE&%O orm an oxuﬁ"e

grains of diamond, including, for example, a method using
vitrified bond which offers sharpness sustainability and

rigidity both. Resin bond, metal bond, electrodeposited

grinding wheel, and the like can also be used.

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

After such mechanical grinding, the surface of the
polycrystalline 81 wafer is oxidized to form an oxide
film (step $107). There are various metheds of forming
such an oxide film. A thermal oxidation method is
?referable in view of ite efficiency and reliability.
For exanmple, oxidation by introduction of water vapor at
elevated temperatures of not lower than 1,000°C,
preferably at temperatures from 1,000°C to 1,300°C (water
bubbling, pyrogenic oxidation using (H+0:) gas, or the

like) is efficient. Needless to say, thermal oxidation



film (step 5107). There are various methods of forming such an oxide
film. A thermal oxidation method is preferable in view of its efficiency and
reliability. For example, oxidation by introduction of water vapor at

- elevated temperatures of not lower_thag 1,000C, preferably at
temperatures from 1,000C to 1,300C (water bubbling, pyrogenic oxidation
using (H2+0,) gas, or the like) is efficient. Needless to say, thermal

oxid n 20 in th atmo her 0QC ta 1 and ssure
omdggjon age pogs r%er rg @oé(ljjs%lncﬁjde aégr{g(gﬁgjd of ob ai ng an
9i02: Hilm-by coating M&fﬂ@uﬁ@g% withsorganosilica (organic silica) or a
silicone material, followed by heat treatment. When using organosilica or
the sili€dries matetialk adigiitg Maderial contdimidg Whe Siicone Limaterial oF Oz
arganosilica is applied to thg Si wafer_surface tqﬂform a smooth thin film,

which i ther> 3lbjéététl 1a Fbal tedtiant 't an appropiate” > ==
temperature o allow Epr%%n'a components thereof {0 evanorate, off, thus ne o«

giving the Si02 film. Examples of silicon sources for stich oxide film

formation: includeradydielytic condensate (forexampte; cAUIELOWMET-27
produced by Honeywell, AQUGLASS P-5S produced by ALLIED

SHENAL 201 thé like Pprepared By LhydreRzingdhd coridehsing a siafe

compoun
n@t%éi‘ﬁ(%%”%%ﬁg 5gﬁlg§gmy§ applied to the Si-wafer

surface to form a smooth thin f£ilm, which is then
subjected to a heét treatment at an apprcpriate
temperature to allow organic components thereof to
evaporate off, thus giving the S$i0; film.

Examples of silicon sources for such oxide film
formation include a hydrolytic condensate (for example,
AQUFLOW T-27 produced by Honeywell, AQUGLASS P-5S
produced by ALLIED SIGNAL, or the like) prepared by
hydrolyzing and condensing a silane compound
{(particularly alkoxysilane).

The provision of the oxide film on the surface of

¢t
o
[0}

polycrystalline Si wafer offers the advantages that:
the presence of the oxide film enhances the strength of
the wafer; the oxide film {(i.e., 3i0; film), which is
amorphous, fails to cleave in a specific orientation; and
the polish rate in the plane of the wafer is invariant in
the subseguent polishing step, which makes it easy to
ensure desired planarity and smoothness, and other

advantages. A further advantage is that the thermal



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., Si02 film), which is
amorphous, fails to cleave in a specifig-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

advaiages, Aluler adantade indhat the liarmal e 26:0galon e 11 ca
process or the heat treatment of organosilica can convert the'thin work
affected jayer preduced-by thes precision grindingetoea-thermalexide fiimt he
thus making recovery from damage. The polycrystalline Si wafer thus
sbtaineelistsubjéctéd e polisking {SEPpe5108Y. Iite polishing (si€p B108)o
is performed in substantially two stages including a surface planarization

H558 (Fough goiiEhindj'afd a surface smoothing stage (precision
polishing). Here,. since the polishing ispetdermed.an the oxide film.

surface, rough polishing slurry used therein comprises ceria or colloidal
silicaj for exampte. gb 1he precision t palishingsfor ernBueing@ldediredy (step
surface smoothness, a CMP process using slurry of collgidal silica .
(Ratity are averdgerpadicle diaRietérdr2ob 80 RifY iISpéf6ied Forcing
about fiye minutes to about an hou.{é%reefe(rrag!yg%he %oijggkpollsplngnacpda

tﬁe%ﬁéﬁgﬁﬁ planarrzation s D ing

surface smoothing stage (precision polishing). Here,
since the polishing is performed on the oxide film
surface, rough polishing slurry used therein comprises
ceria or colloildal silica for example. In the preéision
polishing for ensuring a desired surface smoothness, a
CMP process using slurry of colloidal silica (having an
average particle diameter of 20 to 80 nm) is performed
for about five minutes to about an hour.

Preferably, the rough pelishing and the precision
polishing are performed at a pclishing pressure of 5 to
50 kg/cm® and a polishing pressure of 1 to 30 kg/em®,
respectively.

As described above, the presence of the amcrphous
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
reascn, 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 1s ensured. However, the



polishing are performed at a polishing pressure of5 to 50 kg/cm2 and a
polishing pressure of 1 to 30 kg/cm2, 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

ide as,t . satisfact ished syrface s e -
?Qe%?ﬁ%g pr%e%gé%/fg O%IE’?E% ed.syrface is-ensurad; Howeveyr, the - ,

2 pH valu nges from a value close to neutral to a value in
the alkaline:regian fies pH 7d0:10). The:polishingstep fstep 5168)0) .
removes a portion of the oxide film that has an appropriate thickness, to
make tHeremainingioxdde file usaalrhavé d thickiessest abedtrlo o of

about 1,000 nm, (for example 10 to 700 nm). When the oxide film 1
(hicknB%S lost tiart 10 nhicis™ BIfFGUREtoP Herovide it (6 Rae o © 725

uniform thickness, distribution.When,the oxide.film thickness js.more than

1,000 nm, an incieased oxide film thickness is needed before polishing,
which s disagdvantageaus jrotermsof (Cost. kvtherdresant invertioh nm) .
described above, the precision grinding is introduced into the
polcryStafline 5F wafer fRbhcator frotess inl6rier t6'éiminatéthe 1t 1s
eég@ggc%?_% aggéh%@lteheo%)gg% ﬁl@ Enfq:rgne}ga%veeréh%niform thickness
digtribution. When the oxide film thickness is more than
1,000 nm, an increased oxide £ilm thickness is needed
before polishing, which is disadvantageous in terms of
cost.

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

Subseguent to the polishing step {(step 3108), the
wafer surface is cleaned by ultrascnic scrubbing (step

8109), RCA cleaning (step $110), and the like. Only the



wafer surface in an appropriate stage. For this reason, a planar and
smooth surface can be obtained by the CMP process with no effect

- reflecting differences in crystal face orientation among polycrystalline
grains or the presence of crystal graipjoundaries. 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)s the, wafensurface iscleaned oy uliraseonic
scrubbing (step 5109), RCA cleaning (step 5110), and the like. Only the -

23=ultrasgnicsscaghbing (stepH109) may:bé performed ifthescleanimg is
appropriate. Thereafter, the substrate surface is subjected to optical

fBshing 18t S T 8Rd SHeh thEpbiyerystifiTe SREulsiFds ispacked &7
and shipped (step. S112) - rovidin a ic film ¢ ising FePt
é’?lfﬁ% iKe of ﬁé’p %%:L}@S(%bg%%xergepo ﬁcr%%%kggégsuxbgritge v%§fer ,(’%here
isrforped aparpgngicylar magnetic recording medium as shown in FIG.

1B, a thermally assisted magnetic recording medium, or a bit patterned
mediumy Hereimafter, thexpresent inventiod wilcbadeseriver eote or the
specifically by ng)éof examples, which_ in no way _limit the present

MVERLGH! Exsinplegs obtalned pelycrystalline 51 substrate
(wafer); there is formed a perpendicular magnetic
recording medium as shown in FIG. 1B, a thermally
assisted magnetic recording medium, or a bilt 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 “4
nines” (156 mm sguare and 0.6 mm thick) were provided
(step S101). Four substrates were cobtained per wafer by
coring Si substrates each having an outer diameter of 65
mm and an inner diameter of 20 mm from each of the
polycrystalliine Si wafers with use cf a laser peam
machine (YAG laser, wavelength: 1,064 nm) (step S102).
These substrates were subjected to centration {step 5103},
thickness adjusting grinding (step 5104), end face
polishing (step S1053), and precision grinding (step 5106).

A resin bond diamond wheel of No. 1,000 was used in the



Polycrystalline Si wafers having a purity of "4 nines" (156 mm square and
0.6 mm thick) were provided (step 5101). Four substrates were obtained
per wafer by coring Si substrates each having an outer diameter of 65
mm and an inner diameter of 20 mm frgm each of the polycrystalline Si
wafers with use of a laser beam machine (IAG laser, wavelength: 1,064
nm) (step S102). These substrates were subjected to centration (step

$109), tickness adiusting arnding (step 100 eqd face. polshing (ter

an Spreclélon gri g fs&ep 0 Fegin amond ‘wheel of

No.-1,000 wasused inithe-24 thickress adjysting,gundiog {step S104) ,
while a vitrified diamond wheel of No. 8,000 was used in the precision

grinekings (step S 063 iFurtherthe [Salycrystalline Si wafer is subjected to
rough cleaning using a scrubber to remove dust and particles deposited
thereort. FHeteafter: Hie Waterwas albwedto Stanitf fof 10" Fouts i &R T3

envirgnment supplied with water vapor by,bubbling at 1,050C. to form an
oxidé Tilm having a thickness of about 1,500 nm (step 5107). “The

thickness ektheoxide filka wassmeasuredrby: measudng thickngss ¥alugs s
at four points on a circumference having a radius of 32 mm on each

substratechaving tedidmeter Afl65wriny by meants efrart opticat iritefagancésd
measurement device and averaging the measured thickness values. ,
Sibsequiehfly, thékrajoP sufac®of e 2t L, 050°C, to form an oxide

film having a thickness of about 1,500 nm (step S107).
The thickness of the oxide film was measured by measuring
thickness values at four points con a circumference having
a radius of 37 mm on each substrate having a diameter ©
of 65 mm by means of an optical interfersnce measurement
device and averaging the measured thickness values.
Subsequently, the majior surface of the
polycrystalline 8Si wafer was subjected to polishing (step
8108). First, in the rough polishing stage, polishing
was performed at a polishing pressure of 20 kg/cm® for 5
to 10 minutes using a double-side polishing machine with
a slurry of average ceria having a2 pH value of 9
(particle diameter: 30 nm), to abrade the oxide f£ilm by a
thickness of about 300 to about 1,000 nm from the oxids
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 {(New View 6100 manufactured by Zygo Co.), no

distinct step was recognized on a sample having tThe oxide



polycrystalline Si wafer was subjected to polishing (step 5108). First, in
the rough polishing stage, polishing was performed at a polishing
pressure of 20 kg/cmz for 5 to 10 minutes using a double-side polishing
machine with a slurry of average ceriadaving a pH value of 9 (particle
diameter: 30 nm) , to abrade the oxide film by a thickness of about 300 to
about 1,000 nm from the oxide film surface. According to measurement of

eps defined, between_grains an ough li jor.s f

ey S water by e obtenl oskig. TScament (New Vg 1222

6100 manufactured by Zygo Co.), no distinct step was recognized on a

sample having the oxide - 25 film polished by a thickness of not less than

500 nni (see T ablé 3§ mthetsubsequenitpresisibhyiolishingtstage, thes CMP

CMP process was performed at a polishing pressure of 8 kg/cm g{sigg/cmz
, 1o

Youl

fie particle 6ol oiH SHCATPHValde: 10! hakichs dRnTEtEr 40 fim)
afwade the pxide.flm by a thickness gf 100 {9 490 pmp;from the.oxide film

surface. “Thus, a smooth surface was obtained. These polycrystaliine Si
wafers wese stibjestedto scrubbing (Stepbk0Ydoremoye rasidoaln by a
colloidal silica and then subjected to precision cleaning (i.e., RCA
dleaningestepSL10) OThe sdifdceharaeteristics 6 eagh of the surface.

pgcilé crystalline Si \Q[;fers us cleanedo\(t\égg[_D\LejL Telz\e/gluated by optical testing
C ” L . »

"Sill. Spedifically. - -0c “eo

These polycrystalline S$5i wafers were subjected to
scrubbing (step 5102} to remove residual colloidal silica
and then subjected to precision cleaning (i.e., RCA
cleaning: step S110). The surface characteristics of
each of the polycrystalline 51 wafers thus cleaned were
evaluated by optical testing (step 3111). Specifically,
the waviness (microwaviness) and smoothness {(i.e.,
roughness) of the polished surface of each wafer were
evaluated. (The microwaviness was measured using an
optical measuring instrument manufactured by Zygoe Co.,
while the roughness was measured by an AFM apparatus
manufactured by Digital Instrument Co.)

Table 1 collectively shows the results of evaluation
of the samples according to examples 1 to 7 thus cobtained
(Ra: roughnese, p-Wa: microwaviness). Table 1 also shows
the result of evaluation of & sample uncoated with oxide
film (no 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



the waviness (microwaviness) and smoothness (i.e., roughness) of the
polished surface of each wafer were evaluated. (The microwaviness was
measured using an optical measuring instrument manufactured by Zygo
Co., while the roughness was measurgd by an AFM apparatus
manufactured by Digital Instrument Co.) Table 1 collectively shows the
results of evaluation of the samples according to examples 1 to 7 thus

I T . -Wa: migr. iness o] | h
o SV atoror 3 Saple hcoaics with Stge i (ng codt o ©*
eemparativergxataplegAscamhe seen framr-theresultsshowa inTableds
the polycrystalline Si wafers with oxide film, which were - 26 obtained by
pelishidg ta abradevart appropriate hinount 61 biidefing hadyoddrates
surface characteristics and hence ere in good surface conditions
$Gifalié A EubStrafes” formaghiatic fecording media. [Table 1] Oxide film
thickness and processing Ra(nm) -Wa conditions (nm) Remaining
Abrasion wear oxide film (nm) thickness (nm) Rough/Precision
Cosaparative Example A 1250 300/0 0.80 2.40 Example 1 980 500/0 0.45

19N

S Oxide film thickness and processing Ra (nm) U-Wa
conditions (nm)
Remaining Abrasion wear
oxide film {(nm)
thickness (nm) Rough/Precisicn
Comparative 1250 300/0 0.80 2.40
Example A
Example 1 580 500/0 0.45 1.80
Example 2 690 800/0 0.35 0.95
Examplie 3 480 10006/0 0.32 0.35
Example 4 550 50G/100 0.3% 0.325
Example 5 460 200/200 0.28 0.30
Example & 320 800/300 0.25 G.27
Exampie 7 150 BOO/500 0.17 0.25
comparative 0 900/300 0.15 4.5
Example B _

FIGs. 3A-C illustrates the results of evaluation of
the surface of a sample according to example 7;
specificalily, FIG. 3A illustrates 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 u-
waviness of a sample according to comparative example B.

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

£

nm-thick FePt film were seguentially fcormed by sputtering.



Example 2 690 800/0 0.35 0.95 Example 3 480 1000/0 0.32 0.35

Example 4 550 900/100 0.31 0.35 Example 5 460 900/200 0.29 0.30
Example 6 320 900/300 0.25 0.27 Example 7 150 800/500 0.17 0.25 11
Comparative 0 900/300 0.15 4.5 Example B I L__ FIGs. 3A-C illustrates

the results of evaluation of the surface of a sample according to example

7; specifically, FIG. 3A illustrates the result of evaluation of surface
{pHgNDESs,a0d £1G. 38 Jlustiates, Jhe fesul of exalafion.of ywayiness.
For comparison, "FIG. 3C illustrates the result of évaluation of - waviness
ef-a samplesacsordingite comparativerexampleld. @othe silispnsubstate = -
according to example 7, a 100 nm-thick CoZrNb film, a 10 nm-thick Ru
filband a R0nani-ihick FePtfikdi weve segueritiaiy forimed: by Spuftefing. -

27 The resulting structure was further provided with,a 4 nm- thick ,
qiaFHTG ke CarborT(BECT ity trmed By VI ARd s’ IGBiicating finf"2 o1
applied by:spin coating, {0 form a; magnefic recording medium. The
magnetic recording medium thus obtained exhibited. satisfactory

raagretic- €haracteristicsdinclading goodsuriacécharatterstics; rantecs,

value of about 10 koe, and good rectangularity.
an Hc value of about 10 kOe, and good rectangularity.

The present invention makes 1t possible to provide a
| polycrystalline 81 substrate for magnetic recording media
which has a sufficlent impact resistance, fails to
complicate the fabrication process and the magnetic
recording layer forming process, exhibits an excellent
Surface.planazity, and allows the cost to be reduced, as
well as a magnetic recording medium using such a

substrate.



The present invention makes it possible to provide a polycrystalline Si
substrate for magnetic recording media which has a sufficient impact
resistance, fails to complicate the fabrication process and the magnetic
recording layer forming process, exhibits an excellent surface planarity,
and allows the cost to be reduced, as well as a magnetic recording
medium using such a substrate. - 28 - What is claimed is: 1. A method of

fabricating a-polygrystalline silicon substrate for magnetic recording

media, comprising: a grinding step of mechanically grinding a surface of a

polycrystalline silicon wafer cored from a polycrystalline silicon ingot; an

oxidation step of forming an oxide film over the surface of the

polycrystalfiie' siflcon waterthtid mechahicaily \rsuitd: 2and Bdtishingon

stegst?f olishi g;ghe oxide film to_plangrize and smooth a surface of the
& 3 [

oXidé film. 2. The methiod B’rl f:ab‘fi%atlng a%%lyr%rysltglling &iicon “Sibstrate

for magnetic gecording mediasagearding tg chaim; 1 whergin the-axide film
having been subjected to the polishing step has a thickness of not more
than 1c00C: nml andenot lésscthanyiOfem. 8o Frel method af fabricating a
polycrystalline silicon substrate for magnetic recording media according

(BT 1565122, MiR6refh themBChameal grimfingiithie Gimdig® T

forming an coxide film over the surface of the
polycrystalline silicon wafer thus mechanically ground;
and a polishing step of polishing the oxide film to

planarize and smooth a surface of the oxide film.

2. The method of fabricating a polycrystalline silicon
substrate for magnetic reccrding media according to claim
1, wherein the oxide film having been subjected to the
pelishing step has a thickness of not more than 1,000 nm

and not iess than 10 nm.

3. The method.of fabricating a polycrystalline silicon
substrate for magnetic recording media according to claim
1 or 2, wherein the mechanical grinding in the grinding
step i1s performed such that a work affected laver has a

thickness of not more than 1,000 nm.

4. A magnetic recording medium comprising a

polycrystalline silicon substrate cobtained by the method



step is performed such that a work affected layer has a thickness of not
more than 1,000 nm. 4. A magnetic recording medium comprising a
polycrystalline silicon substrate obtained by the method - 29 according to

any one of claims 1 to 3, having a maggetic recording layer formed
thereon.

according to any one of claims 1 toc 3, having a magnetic

recording layer formed thereson.



