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159159 TITLE OF THE | NVENTI ON Met hod for

Manuf acturing a Surface-Treated Sighi strate for
Magneti ¢ Recordi ng Medi um 5 BACM%M‘WW E
INVENTION 1. Field of the Invention Ihe present
invention relates to a substrate for %" magneti c

recording medi um and the nmethod for manufacturing the
magneti c recordi ng medium 10 2. Description of the

Rel ated Art The recording densityM@m mw mknsity) of
magnetic recording has been incr o apidly,

Tiggﬁ bE @EESIN@%ﬁiq% it has experience% a continuous

tH—15 annual rate of 50 to 200% In
mass- pt od ion, | evel r.oduct pﬁv! r
recgﬁgﬁﬁﬁygéﬁ%i %#@ﬁgdﬁ¥ﬁiﬁgﬂﬁu$#u; %ﬁég%§;§%;%§%§#3P
avai | able,. while in.l abor . Level . the double
S&%FF&égerg@&rMﬁ%ﬁe&é-s?ﬁfaﬁﬁgﬁﬁ)M§§;$%/inch2 has been
reported. The mass-production | evel 20 surface
recording density is equivalent to 80 G bytes per

I or " ﬁﬁ? is equivalent to 40
5%Eg&E@éﬁééégféﬁggﬁﬁﬁﬁﬁg¥—a-2.5" HDD. I n applications

of sual skt rsonal conputer (a 3.5" HDDis
lﬂngﬁfgﬁ)Oghgﬁgaﬁ%ﬁgﬁggﬁﬁ?personal conputer  (a 2.5" HDD
e BHE Bikeehil ek eRR AR W i ot
magnetic recording medium and the method for manufacturing

the magnetic recording medium.

2. Description of the Related Art

The recording density (surface density) of magnetic
recording has been increased very rapidly, and, in this
decade, it has expérienced a continuous rapid increase at an
annual rate of 50 to 200%. In mass-production level,
products having the surface recording density of 70
Gbits/inch? are commercially available, while in laboratory
level, the double surface recording density of 160
Gbits/inch? has been reported. The masé—production level
surface recording density is equivalent to 80 G-bytes per
platter for a 3.5" HDD, and is equivalent to 40 G-bytes per
platter for a 2.5" HDD. In applications of a usual desktop
personal computer (a 3.5" HDD is mounted) and a notebook
personal computer (a 2.5" HDD is mounted), this recording

capacity is enough for the applications of mounting a
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-1 recording nmediumof only one platter. The recording
density is expected to inprove in future. However, a
conventional |ongitudinal magnetic recording node is
reaching a recording limt due to thermal fluctuation.
It 5is considered that when its recording density
reaches 100 to 200 Ghits/inch2, a vertical magnetic
recording node will sequentially take over. Although
the recording limt of the wvertical recording is not

known precisely now, it is considered that a val ue of
100 VA (# cHAit YN +H3 may be attai ned.
rFFogggﬁghﬁéﬁﬂggggfﬁfhgygensigg'could be attained, a

' oy : vl 3 .
e SRR SR 19 e panpuag iy s
der . : donsi _ . reye _
| PRI R ot e te seconaing mode
.recor.dj a : QL ' ' ion.
15 S ' TIPS CAOUIONE (RN O d o, It

the. subst f . - f
Jtshg%o,nssllﬂfds%]{]e? ecsur widn EordindagePeehy P(izlé‘(ghes 100 to

ace roughness at a mcro l'eve

4183%% ) i t Qo 51, Qi iem e Atdiar mde of

4 e g}gssf%m#ﬁé gug%??altcglo?lagjnmlproblcem olf decreeaselll

of [ s [4dt t ng NUiSpitt h
FLalYRa Y SR vk | 20 ol 20 s i ot che

%%%ﬁ{g%f;ngg%ﬁgﬂﬁ;%%rﬁgfsﬁnéﬁnPﬁﬁéép£§lyaﬁo | i tass

ghness on .0.3to 2.0 nm As the terns

SPOEPLLLIN e, DUaLISS Bl don nLea) ent b Unstcdarncn’
5%&Vﬁ@e§§ﬁained. If such high recording density could be
attained, a recording capacity of 600 to 700 Gbytes per
platter for a 2.5" HDD would be attained.

In this regard, in order to realize high density
recording, it is required to reduce the flying height of a
magnetic recording head from the conventional height of 30 nm
to 10 nm or less. Thus, it becomes necessary to smooth the
substrate surface. However, it has been found that, if the
surface roughness at a micro level (Roughness) is too small,
a problem of attachment of the head to the substrate or a
problem of decrease of flying stability of the head takes
place.' Thus, it is ideal to provide a substrate having as
small Waviness and Micro-Waviness as possible, as well as
Roughness on the order of .0.3 to 2.0 nm. As the terms

concerning the roughness of a substrate to be used for a

magnetic recording medium having a magnetic film, “Waviness”
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-2 "M cro-Wavi ness" and "Roughness" are used for
representing the roughness of observing ranges of 5
to 100 mm 80 mto 5 mm and 80 mor |ess,
respectively. In addition, in magnetic recording, if
the recording 5 density per unit area is enhanced, the
vol unme of the magnetic recording unit (bit) has to be
decreased as a matter of course. However, it is known
that, as the volune of a magnetic body originating a
ferromagnetic material in charge of recording is

decreased, the ferrgna c paterial _do 1 :
“MionorHe®inespd RBAd ngEﬁEeﬁﬁreeﬁF uaﬁg ?graQeBQEsentlng

fundanmental principle of the magneti sm ory. [
thknoonghhess af pheer¥dRferPARAGA gg Eogﬁ1ggﬁp@%étgbe“i to S

bet ween thernmal energy kT (Kk: Eoltznann constant, T:
mmabaobuBé u@npéréﬁﬁﬁe)rﬁﬁﬁeﬁﬁﬁg8 Popi ¢ energy K'V.

i Ent adgi £1eRer 9 FAOGLLS ng‘%’ag'ﬂé%sirﬁig#lsilﬁs?%ding
erios PR e o0 g FRPERBEEY oIty ORI 5 ‘el pdg Jnetic
restaring WS (Fdi Iata%cﬁthvéei%@&@%t@éf)h S o
ctuties 4 NFSHOTRE | &fr SagRBtPe CIBGay “BehAge g oabie ot

a paramagnetic body. Such state cal
qugrﬁrqfi'lr}%tmv%a#% néaa%'hesc @ﬂéa?l?ea 1n charge

oSSt T4 MRS AL S8 JELRs Mo S e
néégégéggi@géﬁ,t hee r\llgll.émgtﬁslé efozgéjxlr&g ucE]L'lé t§ a fundamental
principle of the magnetism theory. It is known that, as the
competition at room temperature between thermal energy kT (k:
Boltzmann constant, T: absolute temperature) and anisotropic
energy KuV. (Ku: anisotropic energy, especially crystal
anisotroﬁic energy in case of magnetic recording; V: the
volume of unit recording bit) makes the volume of the
magnetic recording unit extremely small, or close to the
range of kT to K.V, so that the magnetized state of the
ferroelectric body becomes unstable. When the unit of
magnetization is extremely small like this, the ferromagnetic
body behaves as if it is a paramagnetic body. Such a state
is called super paramagnetism. It is known that each
material has a specific limit size (critical volume) at which

super paramagnetism state appears. In an actual magnetic

recording, as the volume of recording unit is decreased down
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-3 to near the critical volunme by increasing recording
density, the magnetization in a ferromagnetic state
decays rapidly as tine passes before reaching a super
par amagneti c state. Consequently, the magnetization
orienting in random5 directions generates a probl em
of degenerating magnetic recording information. The
occurrence of such a phenomenon in magnetic recording
poses extrenely serious problens in that recording
information witten with effort cannot be read out
thfdlte%rr 3 Heedrait dd My lasse by Ahdreddialy Weddmijirig serfsity,
cannot be perforned after a certain tine passes.
e h{0AR 1of 2 drauaheni ng fdveroiddraans ofstatsd [deammys rapidly as
substrate include a dry etching process using

tlgmb Wine d Iappnese datieitg Applgastianigennetate.
Ilcatlon No. 7- 263406/1995) and a treatnent using

OXiple ffalanariess: Rat il aln araridon
Cf%ex m ned Publication No. 53- 57144/ 1978), dependi ng

dl t%ﬂeoné: rkﬁé‘ﬂ&?été’é 0pastdisten |d¥E tdeasen ded tintks , magnetic

ough t surface Troughness may be controlled, it

zf%?fcph@aﬁporﬁl nitsie e urerhndee ofursate 0fpHem@menon
%str e in a uniformsurface roughness (Roughness)

in @&%Ei@aﬁéc‘{oréiﬂ@?éé@s setbist ered By | se2lokepbroblems in
stationary and etched under an uneven circunstance

?&E'f&c@i&ﬂh@gmﬁ@msum wt thiey withiref Sort heanmot be read
aw appears due to a processing stress remaining in

ohbesptbstsatertafs Hemerpheseapove, im tinat ownitimgateself
roughness (Roughness) cannot be practically attained

cBnst "Be Ypesthemadi gfperabkabtt2bn et the ngassbgneti c
ani sotropy cannot be obtained in the

Methods of roughening the surface of a silicon substrate
include a dry etching process using chlorine (Japanese Patent
Application Unexamined Publication No. 7-263406/1995), and a
treatment using alkali hydroxide (Japanese Patent Application
Unexamined Publication No. 53-57144/1978), depending on the
chemicél properties. In these methods, although the surface
roughness may be controlled, it is not possible to finish the
entire surface of the substrate in a uniform surface
roﬁghness (Roughness). Specifically, since the substrate is
kept stationary and etched under an uneven circumstance
during etching, selective etching occurs so that a flaw
appears due to a processing stress remaining in the substrate.
As described above, a uniform surface roughness (Roughness)

cannot be practically attained by simply using acid or alkali

etching. Magnetic anisotropy ;annot be obtained in the
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-4 magnetic recording filmby using this treatnent

al one. SUMVARY OF THE | NVENTI ON The present inventors

have experienced that, in a hard 5 disk nmedium a
substrate having a suitably textured surface

generates magnetic anisotropy in the substrate surface
direction of a recording filmfornmed on the substrate

so that the value of Ku increases. The inventors

thought that in order to attain a hard di sk nmedi um

wi th high recording 10 density, it is necessary to
mEYREeEL HRBoFHASYr &iem! Bya usitigt ablie tredatmerg: alone.
pfocessi ng. The inventors also thought that, in a

hard di sk substrate, it is necessary to provide the
substrate with a texture of a concentric circle shape
stiimakie ot rewnfisrvemniaN direction of the substrate in
order to 15 provide nmagnhetic anisotropy, while

mai NgRé NpREseHLt ahkentbesghaees ekperieaded ey, in a hard
stability. Therefore, the present invention provides a
diext wesd umsi ld Gbsthksld aifrifry =2 swignedlie hskuhedisgrface
a magnetic film and its manufacturing nethod.
qACedieRd @ ridts Preaset by nteriionsulher egrser bdce

the surface roughness (Roughness) of the substrate
B8 P o letbdysimxtirimoioheadl dit yilng sebsbrdtée yso that
I's assured, magnetic ani sotropy can be attained in
dre veenRetd € K eaacdeagelsi.l nThantinbheghorscahdught that in
density can be attained. 25 According to the present
drieanti ot 0l raddressd tdieslam@ium Svith high recording

density, it is necessary to subject the substrate to a
suitable texturing processing. The inventors also thought
that, in a hard disk substrate, it is necessary to provide
the substrate with a texture of a concentric circle shape in
the circumferential direction of the substrate in order to
provide magnetic anisotropy, while maintaining suitable
roughness for head flying stability.

Therefore, tﬁe present invention provides a textured
silicon substrate for a magnetic disk having a magnetic film,
and its manufacturing method. According to the present
invention, the degree of the surface roughness (Roughness) of
the substrate can be controlled by texturing, head flying
stability is assured, magnetic anisotropy can be attained in
the magnetic recording film, and high recording density can
be attained.

According to the present invention, to address the above

-5-



probl ems, the various approaches are attenpted and it
is found that preferably, after renoving or reducing
an oxide filmon a surface of a silicon substrate for
magnetic recording nedium texture is fornmed in
circunferential and 5 radial directions of the
substrate by texturing, uniform surface roughness
(Roughness) of the substrate and good nmagnetic

ani sotropy in a magnetic recording filmcan be
attained. Specific conditions are further studied to

p%Bgﬂaﬁ%? he RLeSeRls iaﬁ‘:é:?gaic@!és 13 Spacidrigiadd Yand her is

resent 'i nvention provi ~a surface- treated silicon
fﬁHBat gﬁ%% %f%fﬁm%t I S ke HRIRIM S 1 WY edueidigiran oxide
orned on surface of a silicon substrate having an

f‘i’ihd%éf i) mafrQd &R Nihhicdehesshs it @ fagneigretic

recording nediumconprising the silicon substrate. 15

r%%%%?ﬁ‘i‘?{gu B e sEtd FW ey | Ry @Vilesi ecutRtdwosh 04l and
manufacturing a surface-treated silicon substrate for

é}%ﬂ%¥y5¥fébﬂﬁdﬂ%(5¥W¥ﬂ§igﬁb§%fﬁ¥%(59 &Pyt Ngg pruniform

€ ing an oxide filmon a surface of a silicon

L1 at !
szlﬁflsacc{)eﬁ Igou c_il'{l‘?eéé)r {;ﬂ&ggl?neéf))(té'f er0d suissrface afdtfeod

ate having the 20 oxide filmrenoved or

of . by, PESE REHT N NBChAghERl c teXbraengr OLBRSEAY be
Jgﬁﬁggﬁ free a r§g$ve-cont§?%ing slurry aﬁd a tape?

aaa‘éja*ﬂaé@.gn e 1G0T i HRSH 41N RO MU e dthedied to
surface-treated silicon substrate nmanufactured in the

%Bgﬁsé‘?%?eﬁeﬁ&f%@?eﬁe {heeREESENL invention, it is

e to ower the flying height of a magnetic
recording fgath {panhe Gresent invention provides a surface-

treated silicon substrate for a magnetic disk comprising a
texture formed on a surface of a silicon substrate having an
oxide film of 0 to 2 nm thickness, and a magnetic recording
medium comprising the silicon substrate.

Moreover, the present invention provides a method for
nanufacturing a surface-treated silicon substrate for a
magnetic disk comprising steps of: removing or reducing an
oxide film on a surface of a silicon substrate, and forming a
texture on a surface of the silicon substrate having the
oxide film removed or reduced by performing mechanical
texture processing using a free abrasive-containing slurry
and a tape; and a magnetic recording medium comprising the
surface-treated silicon substrate manufactured in the method.

According to the present invention, it is possible to

lower the flying height of a magnetic recording head than

-6-



that of prior art, further good nmagnetic ani sotropy
can be attained in a magnetic recording film and
hi gher recording density can be achieved. 5 BRI EF
DESCRI PTION OF THE I NVENTION FIG 1 exhibits an
exanpl e of texturing; FIG 2 exhibits a texture on a
surface of a silicon substrate; FIG 3(A) is a
conceptual view showing the relationship 10 between a
magneti ¢ recording medi um conprising a surface-
treated silicon substrate of the present invention and
t@%@qgg’Prfgg 6 8iBhés gos@naephutlicvaewsshonpygcan be
e relationship between a magnetic recording medi um
atfathed Id 4 £98¥eLEopakorgihyconlnybahdahéghed aecording
head; 15 FIG 4°is an AFM (atom c force m croscopy)
d§§§9€¥oéaﬁ peusEReeveacated silicon substrate of
anpfe 1; FIG 5 is an AFMinage of a silicon
substrate of Conparative Exanple 1; and FIG 6 is a
graph showing the result of XPS (X-ray 20

5 Bﬁﬁﬁkoﬁhgékﬁﬁﬁxéﬂeékr@ﬁgomNVENeasurenent of the surface
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! of Conparative Exanple 2. FIG 7 is
an ARM;( af ogkrihOF§ealll 6XQ8FDRYDEI HBgEUEEng;
surface-treated silicon substrate of Exanple 9; FIG 8

i s aprAFMyi gREeLOfsaastbkeqBesthshr suefate 2§ a silicon
Conparative Exanple 3; and 7 FIG 9 is a graph show ng
e tratd;t of XPS (X-ray }

FIG. 3(A) is a conceptual view showing the relationship
between a magnetic recording ﬁedium comprising a surface-
treated silicon substrate of the present invention and a head,
and FIG. 3(B) is a conceptual view showing the relationship
betﬁeen a magnetic recording medium comprising a conventional
silicon substrate and a head;

FIG. 4 is an AFM (atomic férce microscopy) image of a
surface-treated silicon substrate of Example 1;

FIG. 5 is an AFM image of a silicon substrate of
Comparative Example 1; and

FIG. 6 is a graph showing the result of XPS (X-ray
photoelectron spectroscopy) measurement of the surface of the
substrate of Comparative Example 2.

FIG. 7 is an AFM (atomic force microscopy) image of a
surface-treated silicon substrate of Example 8;

FIG. 8 is an AFM image of a silicon substrate of

Comparative Example 3; and
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phot oel ectron spectroscopy) neasurenent of the surface
of the substrate of Conparative Exanple 4. 5 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) According
to the present invention, specifically a silicon
substrate for a magnetic recording nmediumis provided,
an oxide filmon a silicon substrate for a nagnetic
recording nediumis renoved or reduced prior to
texturing, and a 10 texture is formed in

sur (BEG-of HhessFPEE 0T e G rRBLEBrusE bF b8t oPad
pgbgoe g%@%& tg%%h %thﬁg&fa%%as%E%%gﬂiso% gﬂgh%%§%%c%fof the

c ani sotro
netic i.n f|| btalned 15 Wien the
SgggFgégeofldg%ﬁa th| p?%xgurlng is not done
uniformy so that unlforn1nagnet|c ani sotropy and good
head flying stablllty cannot be attained in the

d‘ h
e B e R ALy

di
B lzﬂ %ﬁ:% g %u?({ %ﬁ%ll%ss.ce%\f%ﬁ{?h?nteg:ﬁﬁﬂQ%siarovided,

ass I's ac [Tttle

i's s'Ii;o
quar £SE5F
s@?& %%9@
ag &x&%% unlnif %nc%n dared gﬁ?} tt&%?% fJ‘.’orig d $a¥letic recording

orn1y ecause ference i n

H‘F%ll%ﬂ‘tes.l.ss IJetmox%c?r%rp J%uc é%l?i %:Iﬂﬁt t 6‘c: %{ltrufﬂ 0’&'11?% 3,

mils renove toat ness

t{é?é:ulm@ P i AT T 1P £2G e R0 icﬁl'i‘er&l%ﬂé @44 radial

directions on a surface of the silicon substrate by texturing.
Consequently, uniform surface roughness (Roughness) of the
substrate and magnetic anisotropy good for a magnetic
recording film can be obtained.

When the surface oxide film is thick, texturing is not
done uniformly so that uniform magnetic anisotropy and good
head flying stability cannot be attained in the magnetic
recording film. The reason can be explained as follows. The
oxide film on the surface of silicon is silicon dioxide. 1In
other words, so-called quartz glass exists on the substrate
surface. Although silicon and quartz glass have Mohs

hardness of 7, quartz glass is actually a little softer than

'silicon. It is considered that texturing is not applied

uniformly because of the difference in hardness. It is

preferable that the surface oxide film is removed or reduced
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surface oxidation gradually progresses to form an
oxide film on the surface. Although the progress of
the oxidation 5 depends on the anpunt of dopant such
as boron or phosphor, the oxide filmis formed by

| eaving in the atnosphere or chem cal cleaning such
as RCA cleaning. The filmthickness nmay range on the
order of 1 to 10 nm Al though the oxide filmis not
so thick, when a surface is subjected to 10 texturing

tfooanﬂﬁfb}ézeF@JleEtcﬁrtd evelmpas in case of a texture,
the oxide filmcannot be ignored. A nethod for

rendyipgdibe e0y dethirl %uwnlg%lru?k%llewm%hlsaq1@6@& its
chem cal treatnment. According to the present

SUMMRIHd kiddtich iunthdingl drhyle® Gbes Yt £iln

by 15 texturing the surface |nned|ately after the
OIC i GhBan i, mlthewgﬁg thlepsdighacs bEe%haeekldétlon

chem cal treatnent; which is one of the nethods fo
deyENE N bl hen OiniRucttl R dBRAdtutde & BRiAed d‘xorphosphor,
removing the oxide filmusing a chemcal |iquid. An

el i ofr tihe 20 e sy |léH’UJQ1<jMirPrtHe3 aefrrfc%ﬁiﬂé&% or

to renoval of silicon dioxide may include a

dHeArd1e- Uiy M EPIROURA YU A  ThUOKiNR thickness
group-containing acid or a salt thereof. It is found

raiatrddie RIS Y Rer S0l d Pl /MR EHBEghh@he oxide
silicon substrate in a chemcal liquid having ability

i S Hirsstol see 13 ild 160l e dfad e Py aXigiRialad kd o
60 seconds so -9 as to renove the oxide film and then

HeStiu it tderddldi Cohariditsldtibvelha s iamcale IdMW texture,
having ability to dissolve
the oxide film cannot be ignored.

A method for removiné the oxide film may include
polishing and chemical treatment. According to the present
invention, it is found that the problems can be solved by
texturing the surface immediately after the scrub-cleaning
following the surface treatment.

A chemical treatment, which is one of the methods for
removing the oxide film, may include a method for removing
the oxide film using a chemical liquid. An example of the
chemicai liquid which is effective to removal of silicon

dioxide may include a fluorine-containing compound such as a

fluorine group-containing acid or a salt thereof. It is

- found that the problems can be solved by immersing the

silicon substrate in a chemical liquid having ability to

dissolve silicon dioxide for approkimately 1 to 60 seconds so

-9-
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silicon dioxide may include hydrogen fluoride and
anmmonium fluoride. 5 In the case of polishing, it may
be basically double sided polishing by a double sided
pol i shing machine. The polishing machine may contain
pol i shing cloth on both sides and an abrasive can be
used for wet polishing. A silicon substrate to be used
i'n the present invention 10 may include single
crystal silicon and poly crystal silicon where there

AL A e e bl s
SPEP%Pgﬁﬁ%tra Slgﬁgﬁgggh Eég gtP§§1H% Sbkhg @ %Bsaﬁ%solve

e can be pro rom ecycle waf er

V]‘illeh | %4 $he aI eé;i cclq{@eo ?ggg %glcyrld@ear&f’sémf?hlmn

sup res for the nethod
ﬁltex urlng, t he texturlng may be done to both sides
YHéESubstrate fixed to a bore spindle, applying

tapes ﬁé (B8 AR NMITHINS, N DY o d%%sﬁ?ﬁl%o double

t ext Clrcu Fén dlrectlons i s done

Spg!ggﬁ' &1 éh?_‘Ltﬂc_grbn\gr% &Jlﬁ)feeﬁﬂ:{é&‘ dl&gﬁﬂﬁé‘lmagrlhlne The

e re | procation

N e T
T

;Iogo analé'c%?xlolrs\r{rlgdsqzracder Z:LH;fbeer edali fivRe td Uent tinvention
may include single crystal silicon and poly crystal Silicon
where there is no specific limitation coﬁcerning P-type, N-
type, or a manufacturing method. Since the substrate is not
dependent on electrical properties of silicon itself, the
substrate can be produced from recycled wafer which is ready
for scrape. Accordingly, the cost of its raw material can be
suppressed.

As for the method of texturing, the texﬁuring may be
done to both sides of the substrate fixed to a bore spindle,
applying tapes and free abrasives on the both sides. The
texturing in ciréumferential directions is done by spindle
rotation and the texturing in radial directions is done by

spindle reciprocation. The texturing in radial directions

may not be a line being parallel to the radial directions,

but be a line on a slant becausé of the structure of the

texturing machine.

-10 -
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directions due to the reciprocation and a

reci procation frequency. However, the texturing in
radial directions may 5 not be a |ine being paralle
to the radial directions, but be. a line on a slant
because of the structure of the texturing machine.
The angle may be determ ned by the r9tational nunber
of the substrate and the reciprocation frequency.
According to the present invention, texturing nmay be

ref engq, r?]uoqa }Pﬁs BN %E%Iﬁlﬁ Cfcﬁﬁﬁgﬁ q{fsrhtéé‘ily in

dITGé%IO as 1 n I rections.

%ﬁ?ﬁﬂﬁ gﬁ@f@iedfi?é€f6ﬂé'ngt'él§@°&@n'BeFf5%méd in radial
iTe fo atlng a si

fcon substrate 1 in the manner of

§¥5?§{P§%¥S QftgafhgvieﬁiﬁgécgéléﬁrQﬁﬂvgsréélﬂ£89§€ﬂon

BSt rat e pressing a tape 3 agai nst

f SkLhaces, oot he &'?éjbcsé)ﬁﬂ}ﬁ 10 A dold Qilfectlons may

uring i s performed on t surface 2 of the

£|8$n Sf?ﬁérgéfnnggﬁglinctéCHﬂéefgaié%edlrectlons, but be

rec Ions are Ccro y reciprocating t substrate

liﬁ% %ﬁagngiaﬁ£ Becﬁﬁ%ge?k'Eﬁé §@Pyé£ﬁ9eb8f”§H€ EBxturing

Irections I nes

xﬁa&ﬁ efeﬂ{éaé gjhé %feg%es Id&&ﬁﬂ{ec@rw@a@grmm

ani sotropy, radial ditections are

ﬁ?xﬁ%%ﬁe&fdtfiﬁegﬁ gf&seg ¥8qf Phe 9&eyg%baglanheeqqﬁ5ﬁay

i ng talned texture on he surface of the

%&E%E&EniugétEﬁEe Eéséﬂ@“@nb@nELGh 2te§§u§ﬁﬁgaﬁé Sh¥ereferred
e used

or te turing may be a partlc e -11 having

g?g ggggﬁiﬂgeéﬁttEﬁnc§kEhﬁ@@reEE§a§bH§§bﬁ%165% B8 well as in

y article selected froma group consi‘'sting
diial directions.

A specific example of texturing is shown in FIG. 1.
While rotating a silicon substrate 1 in the manner of a,
slurry 5 of various kinds of abrasives is dropped on the
substrate. While pressing a tape 3 against both surfaces of
the substrate using a roller 4, texturing is performed on the
surféce 2 of the silicon substrate. Lines in circumferential
directions are crossed by reciprocating the substrate in the
manner of b, while lines can also be made in radial
directions. The lines (cut) in circumferential directions

are for providing magnetic anisotropy, and the lines in

radial directions are considered to be effective for

- preventing a head from attaching. The obtained texture on

the surface of the silicon substrate is shown in FIG. 2.

The abrasive to be used for texturing may be a particle
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di anond, alum na, titanium oxide, silicon carbide and
titanium carbi de. The abrasive may preferably have an

5 average particle size of 300 nmor less. Since the

har dness (Mohs hardness) of silicon is seven, any
materi al having hardness of seven or higher and

havi ng an average particle size of 300 nmor |ess,

may be used without special limt. The,tape to be used
for texturing can be generally 10 classified into

unwoven fabric (for exanple, matierial used for the
88P2hat A gBkrahe@linkssartanowan ifdlr.i CThésabekstifie may be
woven fabric, hair inplantation type (for exanple,
pRbebirabl ySeChagsilthe GRVRcteld FrmRO)rean kRensieding of
Al t hough depending on the size of the substrate, 15
HexhohdnNd am@mibe , Prekenakiny okeideqr rEd ikyn’ @airiceatbndy
the tape, while dropping the slurry between the tape

andahhem sabsligate. TheeiBrabl¢ecragi premsraBYyi Rakeden
a spindle speed of 100 to 1000 rpm a roll pressure

gk e1898 bartlkde @izleC¥iFUBIONY nid B Qfese .t 056AcseenadBardness
and a reciprocation 20 frequency of 1 to 50 Hz. .

Albes hhe dn@sisyr bFd sSh8RorS GlsUkreile@gNiaty eat@Aal having
cl eani ng, and subsequent drying may be carried out.

£aRgaadenblfy se¥rens WIshighe f ehd WERARR] ia6 @l Pparticle

- medi um havi ng uni form Roughness in which nagnetic

8RZSOLIFOBY (C & ke aeRissveary b e edd wiRgielt Gpecial limit.
recording film is obtained. -12 The scrub-cl eaning

may behgethpened beefigeablryruseRguriabatavieby geherally

mat eri al such -as brush or sponge (for exanple, _
classified into unwoven fabric (for example, material used
for the separator of a cell), and woven fabric. As for the
woven fabric, hair implantation type (for example, material
such as the cover of a piano) can be used.

Although depending on the size of the substrate,
texturing may be preferably perfo;méd by reciprocating the
tape, while dropping the slurry between the tape and the
substrate.‘ Preferable conditions may include a spindle speed
of 100 to 1000 rpm, a roll pressure of 100g to 10kg, a
texturing.time of 5 to 60 seconds and a reciprocation
frequency of 1 to 50 Hz.

After the texturing step, scrub-cleaning or RCA cleaning,
and subsequent drying may be carried out. Consequently, a
substrate for a magnetic recording medium having uniform

Roughness in which magnetic anisotropy can be achieved in the

magnetic recording film, is obtained.
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PVA and urethane) . The RCA cleaning is a cleaning in
use of an aqueous sol ution containi ng hydrogen

per oxi de and ammoni a, 5 and the cl eaning can be

performed by optional application of heating and/or
ultrasoni c wave or the like. The drying may be

perfornmed preferably using warmair, cool air, or

spin type drying. The surface-treated substrate for a
magneti c recording 10 nediumof t he present '
i nvefihpoAcrah-béeandagasall be perfpogedbperedeceptly using
Roughness and have, in a radial direction on the
redeftdde livos afdc sradieny dInfasyahata o rystefar sdpongk tfor example,
1000 lines/pn, nore preferably 20 to 300 |ines/pm
EyPefadalingthanelo 10be BEAt cheroAanfpis2a, cherping in use of
preferably 40 to 500 15 protrusions /pM; and average

agu iefiee Uso SPINds o Rondtaiesis)y HyRiogsn (resfaxiald yargd 3mmonia,
to 2.0 nm Consequently, the substrate is prevented

afdo bhat tcdeainiga carhderggrfidmned dgoragitigpredadpreharation of
if the height of the magnetic recording head with

headpact and/he Wirstscatie swaveace: ithelGika.or | ess. 20

Thus, the substrate can have a stable head flying
prop&heydryihe mabsbeaperfammalspredfesalhpdad usiggewiagm air,
ani sotropy in the magnetic recording f ilm The

Coedi mdFr hergFPiERPYRSf drng.prot rusi ons may be

preferably 10 nmor |ess. Wen the nunber of lines in

radi ahedpuséarensrpatedt substratet forr angegortic wecording
100Q lines / 1 pM2, good magnetic -13 ani sotropy may

meetl UBe odbtthien®rasernd dagiesttiion avor diengaddd s flmdn as

the nunber of protrusions on the surface for ’
possible except Roughness and have, in a radial direction on

the surface for recording information, preferably 10 to 1000
lines/pum, more preferably 20 to 300 lines/pm; preferably 10
to 1000 protrusions/pm?, more preferably 40 to 500
protrusions/um?; and average surface roughness (Roughness)
(Ra) of preferably 0.3 to 2.0 nm. Consequently, the
substrate is prevented from attaching to the magnetic
recording head, even if the height of the magnetic recording
head with respect to the substrate surface is 10 nm or less.
Thus, the substrate can have a stable head flying property.
The substrate can also have good magnetic anisotropy in the

magnetic recording film. The maximum height (Ry) of the

protrusions may be preferably 10 nm or less.

When the number of lines in radial directions is outside

the range of 10 to 1000 lines /1 um?, good magnetic
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recording information is outside the range of 10 to
1000 protrusions/1 pM2, the head flying property may
beconme 5 unstable. FIG 3(A) illustrates the
rel ati onship between a nagnetic recordi ng nmedi um 11
and a head 12 wherein the magnetic recording nmedi um
11 conprises the surface-treated silicon substrate of
the present invention. FIG 3 (B) 10 illustrates the
rel ati onshi p between a magnetic recording nedium 111
Ais St PE8Y A2y VWHEE ebe SbPBUAEHI &nr 8CRAGHBH] FREEHPYdiAd film.
conprising the silicon substrate of the prior art. In
FI G wWHeA ,tiee Aot fOF Gerdrgensiates fe therfatat fon
of the substrate so that the flying property of the
Peaslrd snd SihAerRaseenand sataidachpentanfet BE headot 0000
the substrate occurs. On the other hand, in FIG

B rudibh¥) 00uhDr G&d hedtPls ¥t hea ¥ Baddan
%% t he substra%% so that the:gﬁéad1ﬁ§%r@ %roﬁ%rty
besesmsse Unst abl e and attachnment of the head to the
substrate occurs. Thus, it is considered that as 20
showria, B @) 3 Austherdd ving PE el dysiip thetdiead a
becones stable because of the phenonmenon |n whi ch the
heqtlet 5cfreabedingymeniahnr 11 aysd genesat ed Wiekbén the
rotation of the substrate due to the presence of
APPROPL & atecbedghgensdihenlt Bempexsaunthei gk fage-treated
hi gher than 10 nm if the 25 flying height of the head
s5186e sapetrabfeobdethéOpirBeenasenventibie rED®! dB (W)
density, the head and the substrate will contact each
Dihestr&beshehe sebatibhehipybegwbenhght megnthéc recording

medium 111 and a head 12 wherein a magnetic recording medium
111 comprising the silicon substrate of the pridr art. In
FIG. 3(A), a flying force is generated by the rotation of the
substrate so that the flying property of the head is
increased and no attachment of the head to the substrate
occurs. On the other hand, in FIG. 3(B), a flying force is
not generated by the rotation of the substrate so that the
head flying property becomes unstable and attachment of the
head to the substrate occurs. Thus, it is considered that as
shown in FIG. 3(A), the flying property of the head becomes
stable because of the phenomenon in which the head.is floated

by an air layer generated by the rotation of the substrate

due to the presence of appropriate roughness.

When the maximum height is higher than 10 nm, if the

flying height of the head is made lower in order to increase

-14 -
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head becones 10 nmor less, it is preferable to nmake
the nmaxi mum hei ght of the roughness of the substrate
surface be 5 10 nmor |ess. Wen the average surface
roughness is less than 0.3 nm the head flight
stability may decrease and attachnment of the head to
th e substrate may occur. Wen the average surface
roughness is nore than 2.0 nm the substrate surface
for high 10 recording density may not be obtained. It
eci al.l ble that th

b f .
{Rf FReaRarAY L Fieter Feunt B eherdr Bry EBE) SAOF57B% 15l
0 : . . . . .
eFhrecl 5B A0 £ SO A ST BULRFARLGIE of cne
W th S 15 K h
B ot ST S0 nEPeO P ERF B abF o FnPEFaRPaPLE: SOoRAK g the

t he, head, fr t i ng.  _The whol h
ep bRt L ATLAL o R 10T O Le RUCE RS FUANNES Tace e
ﬁéerage rﬁuEhness in the circunferential direction 20

vy BeCFurthRér preferably 0.3 to 1.0 =, while the

AV fen, BHENERER10 EciaBLEL Bheel 00 TR DB 0.5 om,
SR 30 LRS00 ey B Phesll SR SURLERRCRE o e
e Eo L BB REELBE ) BEER R B e cuerace
?Eﬁ%ﬁ%%%%ei%h&g%%hthgﬁ 2.0 nm, the substrate surface for high
recording density may not be obtained.

It may be especially preferable that the average
roughness in the circumferential direction is 0.1 to 2 nm,
the average roughness in the radial direction is 0.3 to 2.0
nm. It is considered that in accordance with some head
properties, the roughness of 0.2 nm or more may be more
preferable in view of preventing the head.from attaching.

The whole average roughness may be preferably in the
range of 0.3 to 2.0 nmn.

The average roughness in the circumferehtial direction
may be further preferably 0.3 to 1.0 nm, while the average
roughness in the radial direction may be further preferably
0.3 to 1.5 nm.

The numbers of lines and protrusions in the radial

direction can be measured with an atomic force microscope

(AFM) .
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observation area of 3mx 3m The roughness in the
circunferential and radial 5 directions can be
measured by line analysis, respectively. The average
roughness in the circunferential direction can be
obt ai ned by the neasurenent in the range of 3 mx 3m
toward the circunferential direction at a point inner
from the outer circunference of the substrate by 1 nm
or nore (if 10 applicable, at a point inner fromthe

i nner_ circunference_ toward the cent f the. .
subsT?%t%V%§a§enﬁ?BFaﬁ%rﬁ?ugﬁﬂgssa@%&aﬁﬁ r%ﬁgﬁ%%mshElght can
t he radi al dlrgctlon can obt ai ned b

bReREAPBRER: WLk r&ﬁ‘gét8f“1§ oF Lo BbopkN Ehrough the

direction at a point inner fromthe. outer
obpesyatéPEn@Eedf of5 3ReXs W8 rate by 1 nmor nore (if
appl i cab nne romt

C|rcﬁﬂ?eF%H€€n?5ﬁaFH %h@ SéﬁFBPfSFePEéaigggétF39%a%y 1
dgrf@%%&ggﬁsﬁfaq AT nged B e a4 ed RFIFiE Mpectively.
CLbsthat 8VERAY ggﬁggﬁgﬁ‘ﬁéﬁ ﬁasgéfﬁggﬁrtséi% BbFHgTspY Rarection
c{aéﬁi@ SE SR s, %%Eﬁ%n@rgn{ér@ﬁ%dﬁ%' D509 ¢ s

;ziﬁegb“:t MRS M SR e
t t d b
tgfée e e Iegig:ne':ﬂ bc?tmr %y??észc %tee%%; I1 q‘rgn Q)e.nl %re

applicable, at a point inner from the inner circumference
toward the center of the substrate by 1 mm or more). The
average roughness in the radial direction can be obtained by
the measurement in range of 3 Hm X 3um toward the radial
direction at a point inner from the outer circumference of
the substrate by 1 mm or more (if applicable, at a point
inner from the inner circumference toward the center of the
substrate by 1 mm or more).

A magnetic recording medium can be produced by
laminating a magnetic layer and a protection layer on the
surface-treated silicon substrate through spattering,

electroplating or the like.

The present invention will be described below based on
examples. However, it should not be construed that the

present invention is limited to these examples.
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The thickness of the oxide filmon a surface of a 5
silicon substrate was obtai ned by neasurenent in a
depth direction with XPS (X-ray photoel ectron
spectroscopy) (Shi madzu-Kratos, nodel nunber:

AXlI S-HS). <Head Flying Test> 10 An underlying | ayer of
Cr having thickness of 100 nm a nagnetic recording

| ayer of Co-Cr-Ta having thickness of- 60 nmand a
protection |ayer having thickness of 30 rimwere

tially f d RF tteri th ‘g
SeauepLi o | XofoPEdh Lot 19 e SBUL 51 AR R cp giricon

he, 15 t t ed bst r at f Co ti Ex I
R S

le 2 bst t t f 250C in Ar
COBTEL£cBedt, B HRRUenk S SRRELSLNEE, S 208,
bst 1 at tested_b | yi | ubri t th
et FeL o RS R o0 B PRI O LB SRl kgt B

B0 SRR, P AP R sy o
het her e Ve S

L UL e SO M e
R

I nstrunent, scanning probe mcroscope D3100). The
observation area was 3 msquare. The nunbers of

%k%%&gﬁiggggaggskgnes were visually nmeasured wth

An underlying layer of Cr having thickness of 100 nm, a
magnetic recording layer of Co-Cr-Ta having thickness of 60
nm and a protection layer having thickness of 30 nm were
sequentially formed using RF sputtering on the surface-
treated silicon substrate of Examples 1 to 8, and the
untreated substrate of Comparative Example 1 and the surface-
treated substrate of Comparative Example 2 at a substrate
temperature of 250°C in Ar gas atmosphere. Attachment of the
head to the substrate was tested by applying a lubricant to
the magnetic recording medium, setting flying height to 6 nm,
observing the stability of head flying, performing contact

start-stop (CSS) and checking whether there is attachment.

. <Measurement of Surface Roughness and Maximum Height and

Measurement of Protrusions>

Surface roughness was measured with an atomic force
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<Determ nation of Presence or Non-Presence of Magnetic

Ani sot ropy> VSM magneti zati on neasurenent in this
specification is referred to as the nmethod for

nmeasuri ng magneti zation 10 conprising steps of cutting

a sanple into a piece of 5 nm square, applying it an
alternating external magnetic field of 25 kOe in the
substrate surface direction (the direction to which

the magnetic field is applied in the parallel to the
substrate surface), and obtaining an anount of

magresiCERE oAMEY Al W tirdg Hats EAmeRT 1o (FGAR R REobe
magnet oneter of a sanple- .vibration type. In
addirviscopendfiditlc afheopbspyviiiiohi §repevRhi datofgquare.
Is referred to as the ratio between HCD ,

(Chier eumesten QTP T ofi usdiqngn janf dsiiyas WHE s phi SHagl wreasured
external magnetic field in 20 an inner circunferentia
aiitdc ¥ on the surface of a substrate and HCD

(radial direction) nmeasured by applying an externa
magnetic field in a radial direction on the surface

of the substrate, HCD (circunferential directiaon)/HCD
«Dediegming st igh)Pregrnascry NRutRrRILnRe tHe Magnetic
saturated external 25 magnetic field when the val ue

WD seftxdondary - 18 differentiation of a transition
curve with respect to the external magnetic field . ,
r each¥SMaMggiichipathied Measdiremsnt iouthd s Snerificgtion 1s
quadrant from an external magnetic field of 0 Ce to,

e erpgdntif Ay idts 9thad Hr iy g fpgretization

magnetj zation and transitjon curves by, VSM )
BORAhisigH steps of cutting a sample into a piece of 5 mm

' square, applying it an alternating external magnetic field of

25 kOe in the substrate surface direction (the direction to
which the magnetic field is applied in the parallel to the
substrate surface), and obtaining an amount of magnetization

and a magnetization curve with a magnetometer of a sample-

vibration type.

In addition, magnetic anisotropy in this specification

is referred to as the ratio between Hep (circumferential

direction) measured by applying an external magnetic field in

an inner circumferential direction on the surface of a
substrate and Hep (radial direction) measured by applying an
external magnetic field in a radial direction on the surface
of the substrate, Hep (circumferential direction)/Hep (radial
direction). The Hep is defined as the saturated external

magnetic field when the value Mp, of secondary
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The presence or absence of magnetic ani sotropy was
determ ned by perform ng VSM neasurenent of the sanple
in circunferential and radial directions to obtain
each saturated external nagnetic field HCD 10
<Exanples 1 to 4 and Conparative Exanples 1 to 2> A
2.5 inch silicon substrate (thickness: 0.65 mm having
Roughness of 0.15 mmor |ess on basis of AW
observation was provided. A silicon substrates having
aifferen .thi,ckness of 15 oxide filmwas_obtai ned by

M PEPRG RN OBuP ale EERNEAE 1M RSN s WBdHY ZeShestato the
hydr oge eroxi,de sol ytion. The thickness of_the L
SYERRET, RERBEEIE TRty SRarPapsanas Pury, FhE Eaensition

Eerforned.in the same manner. as in FIG 1 under

BEFBui igTBohdFSitoAdads8hRoE4PMP0AR S FEER Lofaghetdice field of

nwoven

: i al:
Bablei BO( hRBemBH i Ry RPORAFo L AIFd s 20 SGoIFREns

Abr asj ve:
nAPHervEati0D ARG FreneLEdan RYTY

textured, the substrate

di anpbn lurry 25 Average particle size of
rgnsis e DY S¥e AT ARERE -
ected. to

bei n S subj )

oor ubIRe RhTRGPERCHr FPREPED #’aolaa%eﬁl?emﬁearopy was
asyred wth )
o Fhehtgiple in

circumferential and radial directions to obtain each

trate.. . Th f h
ABhE-HRb8HoRw PraRerB an.hbanras B Ene

shown i.n Tabl.e.1

saturated external magnetic field Hgp.

<Examples 1 to 4 and Comparative Examples 1 to 2>

A 2.5 inch silicon substrate (thickness:

0.65 mm) having

Roughness of 0.15 mm or less on basis of AMF observation was

provided. A silicon substrates having different thickness of

oxide film was obtained by immersing the surface of the

silicon substrate in a hydrogen peroxide solution. The

thickness of the oxide film was measured with XPS and

texturing was performed in the same manner as in FIG. 1 under

following conditions.

Rotational number of spindle: 300 rpm

Roller pressure: 20N

Tape material: unwoven fabric (made of nylon)

Roller hardness: 50 duro
Abrasive: diamond slurry

Average particle size of abrasive:

-19-
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An underlying layer of Cr having thickness of 100 nm

a magnetic recording |ayer of Co-Cr-Ta having

t hi ckness of 60 nmand a protection |ayer of 30 nm

were fornmed by RF sputtering in sequence on the

textured silicon substrate at a 10 substrate

tenperature of 250C in Ar gas atnosphere.

Subsequently, the substrate was cut into a 5 nm square

pi ece, M (magnetic hysteresis) |loops in :
circunferential and radial directions were obtained

wi t h TéSMuramd tthianepr ederieadsabsence of magneti c

ani sotropy was checked. 15 In the result, it was,

conf Afited teitng teidtivoetd s uiist ratks t it Comparathigcted to
exanple 1 prior to texturing had no magnetic
songotcbesning adhd dhyviegtbe Bredeon subskiuredofubstrate.
Exanple 1 after texturing had cl ear squareness o
Theopsut face | roeghness evant hatsanedradthl ABMr ecth®rgonditions
and had magnetic 20 anisotropy in the circunferentia
ahd ece $ohts Aefotekbgring & &sshawaninsTakhebilti ng AFM

pi ctures of Exanple 1 and Conparative exanple 1, it

i s eArdemdenaring tleager e hddr Having. tiekpess ¢hel00 nm, a
head flying property was neasured. The 25 textured

magheohc supcorates bayexanpl ee-¢rtBashpydngi hipkngss of 60
-20 flying stability and had no attachnent of the head

nm 08S atesetectperi haver ohe3Permuvesesfipshedt BYoRY
Exanple 1 had good results including good stabiljty.
sputhertogt tar yequercesohsthat Bestucsfpatdiros B&Hﬁ%réte at a
1 had poor head flying 5 stability and had attachnent
gfibsteabeatenpefsSbutresef 250°C in Ar gas atmosphere.

Subsequently, the substrate was cut into a 5 mm square piece,
MH (magnetic hysteresis) loops in circumferential and radial
directions were obtained with VS8M, and the presence or
absencé of magnetic anisotropy was checked.

In the result, it was confirmed that a silicon substrate
of Comparative example 1 prior to texturing had no magnetic
anisotropy at all, while the silicon substrate of Example 1
after texturing had clear squareness properties in
circumferential and radial directions and had magnefic
anisotropy in the circumferential direction. According to
FIGs. 4 and 5 exhibiting AFM pictures of Example 1 and
Comparative example 1, it is evident that a texture was
formed.

Further, the head flying property was measured. The

textured silicon substrates of Examples 1 to 4 had high head

-20-
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Al t hough the textured substrate of Conparative Exanple
2 had nagnetic anisotropy, the texture was not

uni formand attachnment of the head occurred. The
result of surface analysis of the textured substrate
10 of Conparative Exanple 2 with XPS is shown in FIG
6. Because the presence of oxide filmof 2.5 nm was
confirmed, it was likely that texturing had not been
performed well under the influence of the oxide film

15 i v s 1Ty QP nERKIHY i1 ddhnddit: Iaei e HdRELiPESS

was exam ned by providing the sane silicon substrate

tastusedspacExany etheafdxtieePcesatriaget B¢ SikhiglR 1 had
substrate during texturing in the presence of dianond

gRlod mesulltes ried INAIGRY igdbd raGsnot y\as o0 the BéngRdry, the
the other texturing conditions were sane as in

shvamate b Cohpakl iveX EkEmd £ and{dd FrorrmbdEstlJing
are shown in Table 1. As a result, it was confirmed

sttladli 1tiRe tzevd MRl a thegivaaite © Oft HX g eSid des & dwad

the roughness in 25 circunferential direction

Ad o ethertldx tarédatiiste Ay e icoml Ao MBaGmead 2 had

flying stability. However, as the thickness of the

maxinde ifd lamiketasdy,CltesetdxruddMad vt andencin s
found that texturing becanme difficult. Accordingly,

at@alshienito Ofthe Sidddc@rcihsig.ate 5 having an oxide
filmof 2 nmor less with optional reciprocation
duri Dhet exbulditngfcanrphoduafal §4gBNess theStextured substrate
of Comparative Example 2 with XPS is shown in FIG. 6.
Because the presence of oxide film of 2.5 nm was confirmed,

it was likely that texturing had not been performed well

under the influence of the oxide film.

<Examples 5 to 8>

Texturing in the radial direction was examined by
providing the same silicon substrate as used in Example 1 and
reciprocating the silicon substrate during texturing in the
presence of diamond slurry. The reciprocation frequency was
10 Hz and the other texturing conditions were same as in
Examples 1 to 3. The texturing conditions and results are
shown in Table 1.

As a result, it was confirmed that the textured
substrates of Examples 5 to 8 had the roughness in

circumferential direction controlled well and had the further
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sui tabl e for

di recti on.

r adi al

Tabl e 1 thicknesstexturing
condi ti onsRoughness (nmlines .i nmagneti cattachment of
oxide spindle Iine line total
surface slurryreciprocation analysis in analysis |line
di rection anisotropyin CSS (nm(Hz)circunfentla

radi al

head flying in the circunferentia

of head on

anal ysi s(lines/pmtest directiondirection

in

imppoargad éeHd SdiyenonaiRe30.tA40. 8218pr esent none Exanp |
a 21. 0di anond00. 550. 650. 7217pr esent none Exanpl e
31Hbdieaemndas0 540 t82C kB8 E6p o' dinen oxd dex didime became
42. 0di anond00. 280. 330. 4014pr esent none Exanpl e 50;

cldedimrundl G5 2h 6 3ki8nr esentfmie! that texturing became

difficult.

Accordingly,

combination of a silicon substrate

having an oxide film of 2 nm or less with optional

reciprocation during texturing can produce roughness most

suitable for head flying in the circumferential direction.

Table 1
thickness | texturing conditions Roughness (hm) lines in | magnetic |attachment
of oxide spindle line line | total radial {anisotropy| of head
on surface|slurry|reciprocation| analysis in analysisJ line ] direction in CSS
circumfential|in radial{analysis test_
(nm) Hz) direction |direction (lines/ yt m)
Example 1 0.5 |diamond _0 0.63 0.74 0.82 18 present none
Example 2 1.0 |diamond 0 0.55 0.65 0.72 17 present none
Exarple 3| 1.5  |diamond 0. 0.54 0.62 | 0.68 16 present | none
Exemple 4 2.0 |diamond 0 0.28 0.33 0. 40 14 present none
Example 5| 0,5 [diamond 10 0.52 0.65 | 0.72 18 present | none’
Example 6| 1.0 |diamond| 10 0. 45 0.55 | 0.60 18 present | none
Example 7 1.5 |diemond 10 0.40 0.45 0.48 16 present none
Example 8 2.0 |dimmond 10 0.30 0.35 0.40 15 present none
Comp. Ex. 1 2.5 - - 0.1 0.10 0.13 none none present
Comp. Ex. 2 2.5 |diamond 0 0.20 0.33 0.35 9 present | present

<Examples 9 to 10 and Comparative Examples 3 to 4>

A 2.5 inch silicon substrate having thickness of 0.65 mm

was polished under the condition such that its Roughness

-22-
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Exanpl e 61. 0di anond100. 450. 550. 601Bpr esent none Exanpl e
71. 5di anond100. 400. 450. 4816pr esent none Exanpl e

82. 0di anond100. 300. 350. 4015pr esent none Conp. Ex.
12.5--0.110. 100. 13nonenonepr esent Conp. Ex. -
22. 5di anond00. 200. 330. 359pr esent present <Exanples 9 to
10 and Conparative Exanples 3 to 4> A 2.5 inch silicon
substrate having thickness of 0.65 mm 25 was polished
under the condition such that its Roughness -22

ddet £hihegdywhhaftM,Be6RRBS 001 E5nAMHEr 1k88SaBBdscrub-cleaned.
scrub-cl eaned. Subsequently, the texturing was

shesbgneRe1yN the tekiawing wﬁ@nﬁbkfeﬁmba RhO@Hee fbl@owing
textured substrate of Exanpl e 9. A substrate polished

cbﬁdiﬁ?oﬁaﬁs FBBHQEeaﬁhéntE&%ﬁEba SubatvaseCbeargdmple 9.
t hrough usual chem cal cl eaning (hydrogen peroxide

andaaBuBRitdavRr §olSethkd IFMRhECG e hadn¥rN¥d Q8L Example 9
fluoride solution for 1 mnute, and cleaned wth pure

w&@teneangabﬁﬁgaaahlﬁsubmech@ﬁhaaunaleaalagrﬂayaﬁagbﬁ
the followwng condition to produce the textured

péHQﬁlHétSn@faﬁﬁéﬂﬁbewége @Qeﬁ 3U9ﬁhé§%@dth|§hﬁ@%l gdrogen
the sane manner as in Exanple was cl eaned throug

fyagak gehepnaakosl €api A9mi Rvee9gend Peeaxkedewdntt pure water.
anmoni a were used) and was eval uated w t hout

shBXtHLERE195 the sdRsLkAhg QhsCpeRZbaiewe iEXanRl €c3loing
substrate polished in the same manner as in Exanple 9

cédrdMRsofil eangeotiitceudhclseal uglamsadls teheaniofyExample 10.
(hydrogen peroxi de and anmoni a were used) and was

subpegied tirdte POlUSHRE iih tHHe fsenowargerond tirdExdnple 9
produce the textured
was cleaned through usual chemical cleaning (hydrogen
peroxide and ammonia were used) and was evaluated without
texturing as the substrate of Comparative Example 3.

A substrate polished in the same manner as in Example 9
was cleaned through usual chemical cleaning (hydrogen
peroxide and ammonia were used) and was subjected to
texturing in the following condition to produce the textured
substrate of Comparative Example 4.

Thicknesses of oxide films of respective substrates
prior to texturing were measured with XPS. In Comparative
Examples 3 and 4, the substrates in the state after the usual
chemical cleaning had oxide film having thicknesses of 2.5 nm.

Rotational number of spindle: 300 rpm

Roller pressure: 20N

Tape material: non-woven fabric (made of nylon)
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substrate of Conparative Exanple 4. Thicknesses of
oxide filnms of respective substrates 20 prior to
texturing were neasured with XPS. In Conparative
Exanples 3 and 4, the substrates in the state after

t he usual chem cal cleaning had oxide fil m having

t hi cknesses of 2.5 nm Rotational nunber of spindle:
300 rpm Roller pressure: 20N 25 Tape nateri al :
non-woven fabric (made of nylon) -23 Roller hardness:
50 dur Abyasive: dianond slurry Average particle
sizeRaflﬁBrg§F98?5§005PiﬁPr?exturing time: 20 seconds
5 The, texturing,was performed on the surface 2 of the
siIi%%ﬁa§b8§frgﬁémBQdd§656FMg slurry 5 of various

ki nds of abrasiye_on the substrate and _ pressing a

t apeP8eRFArPnBErbafhe SLreactsabraspEesup8Pr Be using a
roller 4, while rotating a silicon substrate 1. 10
The SEPERFARE SiPef £BxFBFPRESwas subjected to scrub-
cl eani ng,_and drying to produce textured substrate. The
sur f 2@ Fsﬁaﬁﬁéﬁg %Pstﬂérgab’@?idapg ke mBagared2wpinthe
AFM  The_t xturig& condi tions _and results are shown

Sihieap §uPstRato O PERERLng §dUrdyer 6 ®Rriguso kimds of
netic 15 recording lLayer of Co-Cr-Ta and -a_30 nm
BRIRTvES G thpe R Eat oy Sgd D Sed e de S 201 (h@gainst both
teétured %il'con ubstrate at a substrate tenperature . '
SPE 2586c°int Sggs ﬁﬁ?pﬁéﬂgg ﬂefp}ler 4, while rotating a

silicon substrate 1.

The substrate after texturing was subjected to scrub-
cleaning and drying to produce textured substrate. The
surface roughness of the substrate was measured with AFM.

The texturing conditions and results are shown in Table 2.

A 100 nm underlying layer of Cr, a 60 nm magnetic
recording layer of Co-Cr-Ta and a 30 nm protection layer were
formed in sequence on the textured silicon substrate at a
substrate temperature of 250°C in Ar gas atmosphere. Next,
the substrate was cut into a 5 mm square piece, MH loops were
obtained in circumferential and radial directions with VSM
and the presence or absence of magnetic anisotropy was
checked.

As a result, it was confirmed that a silicon substrate

of Comparative Example 3 prior to texturing had no magnetic

anisotropy at all, while the silicon substrate of Example 9

after téxturing had clear squareness properties in
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the substrate was cut into a 5 nmm square piece, MW
| oops were obtained in circunferential and radia
directions with VSM 20 and the presence or absence of
magneti ¢ ani sotropy was checked. As a result, it was
confirmed that a silicon substrate of Conparative
Exanple 3 prior to texturing had no nagnetic
anisotropy at all, while the silicon substrate' of
Exanple 9 25 after texturing had cl ear squareness
properties in -24 circunferential and radia
@%?@E}Pﬁ%ﬁ@n%alhaadnﬁgﬁéﬁlcdlaﬁpgépnépytnrinh@ﬁemagnetlc
circunferential_ direction. According to FIGs. 7 and
B1ERRFBPYi AR KRR FREGEBI6FeBERaLr dLESCHE OBxaf@oTding to
and Cbnparatlve exanple 3, it is evident that a
F%Ci?ur% aad 85 P%shh?eatmarl*ﬁ@r impgest ext greatspteeonf Example
substrates of Exanples 9 and 10 had hi gh head flying
Stapf| Feprarathke ﬁzsalaPiLachehtt igf evheerEalhph ﬁhéexture was
CSS test. Especially, the textured substrate of
EERpfe 10 had good results including good 10
stability. On the contrar t he substrate of
Conpaﬁ"%:i‘t‘“?%rf eShppfext UIF%% pobicrratls T aEe st @bi Fxagples 9
g had attachment of the head in the CSS test.
2 ¢ hblighadhBlghpReadt Elmn-ar@hﬁlaf-éf-twaﬁséahﬁﬁen@ ph§achment
magnetic ani sotropy, the texture was not uniform and
Gt { BRRrRRdoT Dt FRENESS BeEts r StEDaT aPhky 1 cEhf {Lo¥ tured
ace analysis of the textured substrate of
%%ﬁ%?%??vaf ExXapPee 41 Qi PAAXxPaofsreauhAS anrlrding good

ecau e the(?re ence of oxide filmhaving thickness of
i+ e contrary, the substrate of Comparative

example 1 had poor head flying stability and had attachment
of the head in the CSS test. Although the substrate of
Comparative Example 4 had magnetic anisotropy, the texture
was not uniform and attachment of the head occurred.

The result of surface analysis of the textured substrate
of Comparative Example 4 with XPS is shown in FIG. 9.
Because the presence of oxide film having thiqkness of 2.5 nm
was confirmed, it is likely that texturing was not performed

well due to the influence of the oxide film.

<Examples 11 to 14>

A substrate polished and cleaned through usual chemical

- cleaning (hydrogen peroxide and ammonia were used) in the

same manner as in Example 10 was subjected to the

reciprocation of the substrate during texturing in order to
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was confirnmed, it is likely that texturing was not
performed well due to the influence of the oxide

film 20 <Exanples 11 to 14> A substrate polished and

cl eaned through usual chem cal cleaning (hydrogen

per oxi de and ammoni a were used) in the sane manner as

in Exanple 10 was subjected to the 25 reciprocation of

the substrate during texturing in order to -25 study

the texturing in the radial direction. The

socdyr deat tewter tageheythasradial2@inechAalt hel Bt her
texturing conditions were same as_in Exangleg 9 % 10.
Téeipresabipngfteadeneynyasnd EesaPt ¥2apBAshBGN® ﬁer

Table 2. It 5 was confirmed that the roughness in thS
téxtuniegenonditignseverensaif BE ABnEXEIPLESWAl FOpy0- The
means of the reciprocation frequency and the hegg
teytngingabphiiyiens ped resuhér pafrspeyn in Table 2. It
Accordingly, optional addition of the_ reciprocation,

dasi agnEéxnadi hjatakhpr sogbnessghnesbengdrcypierential
suitable for head fl in% in the circunferentiagg

direction. caExhaprestzsligdiyslh dysmeads &if| t&6n'
substrate having a 3.0 nmoxide film was pro i%eq” A b
deahbsoshlid opoEr SAPRYCHadNFethEr B8a% §LYRET f%a 1lity can be
substrate using colloidal silica as,polhshiag liquig th
fhrhharpdmpgRVRE - neRerPEIERGE Bi nPREISDRde2BELEyOn OF the
polishing pads on both surfaces. The pqljshing. was
recibsdcaiti ohodus ing tex tyg ing rﬂ%@r&"léiepaqu%ﬁnﬁés most
pressure of 50 g/cnR2 with respect to . . .
suitable for head flying in the circumferential direction.

<Examples 15 to 17>

A 2.5 inch silicon’ substrate having a 3.0 nm oxide film
was provided. A double side polishing was performed to the
substrate using colloidal silica as polishing liquid with a
polishing machine containing suede-based polishing pads on
both surfaces. The polishing was carried out for 5, 10 or 20
minutes at a polishing pressure of 50 g/cm? with respect to
each substrate surface, wherein the polishing pressure is the
platen pressure applied on the substrate surface by the
double side polishing machine during polish. Then, scrub-
cleaning was carried out. The textured substrates of
Examples 15 to 17 were obtained after texturing. The
texturing conditions and the results are shown in Table 2.

The thicknesses of the oxide films in various silicon
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each substrate surface, wherein the polishing pressure
is the 20 platen pressure applied on the substrate
doubl e side polishing machi ne duri ng

surface by the

pol i sh. Then,

scr ub-

cl eani ng- was carried out.
textured substrates of

Exanples 15 to 17 were

obt ai ned after texturing. The

and the results are shown
t hi cknesses of the oxide filns

The

texturing conditions

in Table 2. 25 The
in various silicon

- 26

SPHAes PEioF t® dSthuHingIwweEel 1s i Mdroknkhgubstrate

substrate

pol i shed for

5 m nut es,

and 0.5 nmfor the

Phstshade $orpbl msheik §,0rant0 onBnyiesoanthe Gubistuhess
Tabl e 2 thicknesstexturing conditionsRoughness
(rolilsheds fornnhgreinwczds a2t mohubes de spindle |ine

line total radial of head on surface
slurryreci procation analysis in analysis |ine
di rection
Table 2
thickness | texturing conditions Roughness (nm) “lines in | magnetic |attachment
of oxide spindle line line total radiat anisotropy| of head
on surface| slurry | reciprocation| analysis in Janalysis| line | direction in CSS
circumfential{in radial|analysis test
(rm) (Hz) direction |direction (lines/ it m)
Example 9 1.0 diamond 0 0.55 0.65 0.72 17 present nohe
Example 10 0.5 diamond 0 0. 63 0.74 0.82 18 present none
Example 11| 0.5 |diamond 1 0. 65 0.85 | 0.88 19 present | none
Example 12 0.5 diamond 2 0.68 0.90 0.9 20 present none
Example 13 0.5 |diamond 5 0.75 0.90 1.05 21 present none
Example 14 0.5 diamond 10 0.77 0.95 1.15 23 present none
Example 15 1.5 diamond 0 0. 45 0.55 0.64 15 present none
Example 16 0.5 diamond 0 0.65 0.75 0.85 18 present none
Example 17 0.5 diamond 0 0.64 0.74 0.83 17 presént none
Comp. Ex. 3 2.5 - - 0.1 0.10 0.13 none none present
Comp. Ex. 4 2.5 d{amond 0 0.20 0.33 0.35 9 present | present
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ani sotropyin CSS (nm (Hz)circunfential in radial
anal ysis(lines/pnmtest directiondirection Exanple
91. 0di anond00. 550. 650. 7217pr esent none Exanpl e
100. 5di anond00. 630. 740. 8218pr esent none Exanp | e
110. 5di anond10. 650. 850. 8819pr esent none Exanpl e
120. 5di anond20. 680. 900. 9520pr esent none Exanp | e
130. 5di anond50. 750. 901. 0521pr esent none Exanpl e
140. 5di anond100. 770. 951. 1523pr esent none Exanpl e
151. 5di anond00. 450. 550. 6415pr esent none Exanpl e
C1A0MEdi anond00. 650. 750. 8518pr esent none Exanpl e
170. 5di anond00. 640. 740. 8317pr esent none Conp. Ex.
32.5--0.110. 100. 13nonenonepr esent
Conp. Ex. 42. 5di anond00. 200. 330. 359pr esent present CLAI NS |
1. Alsuff seafecesitegadiad edd o gede LFaghdtaretic

di sk conprising a texture forned on a surface of the .
ddiski cORPrd ST &t &exbwsa fafresh Bxidswiafor o thp silicon
nmthickness. 2. The surface-treated silicon substrate
subedraitey CoBPIdsiing BD Wedd fidd P f dkitp & Has Hpigkpess.
1000 lines per 1 pm in a radial direction, 10 to 1000

pr ot RusiTées spefarentreated fidigpn silrslda o mfifreding to
(Ra) of 0.3 to 2.0 nm 3. The surface-treated silicon

cdatist rlat ehesredindissd & Sexduientieorl @t el nligy per 1 pm
texture has average surface ' , )

in a radial direction, 10 to 1000 protrusions per 1 um°, and
average surface roughness (Ra) of 0.3 to 2.0 nm.

3. The surface-treated silicon substrate according to
claim 1 or 2, wherein saild texture has average surface
roughness of 0.3 to 2.0 nm in a radial direction, and average
surface roughness of 0.1 to 2.0 nm in a circumferential
direction.

4, A magnetic recording medium comprising the surface-
treated silicon substrate according to any one of claims 1 to
3.

5. A method for manufacturing a surface-treated silicon
substrate for a magnetic disk comprising the steps of:

removing or reducing an silicon oxide film existing on a
surface of a silicon substrate; and

forming a texture on the surface of the silicon
substrate having the oxide film removed or reduced using a

free abrasive-containing slurry and a tape.

6. The method for manufacturing a surface-treated
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roughness of 0.3 to 2.0 nmin a radial direction, and
average surface roughness of 0.1 to 2.0 nmin a
circunferential direction. 4. A magnetic recording
medi um conprising the surface- treated silicon
substrate according to any one of clains 1 to 3. 5. A
nmet hod for manufacturing a surface-treated silicon
substrate for a magnetic di sk conprising the steps of:
renovi ng or reducing an silicon oxide filmexisting on

<B4 B 2oh Rt bec T B E B kBN B crasm s,
wHSF B3P B236hERER RS SEORPY Gt "EapeiTY, rid e e
2403 FEALS Foria HHEGRBLFE Gial SESaTd ih e .2 hm oF
wherein said step of renoving or reducing a silicon

16%5de filmresults in the oxide film having thickness

f 2 I .. . Th hod f. f act

O 2l i o Bl LA & oo
ERALIE L LNC T LA Y 2 S
o) U0l 1900 DOV 81 ] 2 g A4S, per

e SR SRS A BoThS B v,

and the average surface roughness (Ra) of 0.3 to.2.0 nm on
the surface of the silicon substrate

8. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 7,
wherein said step of forming a texture results in the average
roughness in a radial direction being 0.3 to 2.0 nm, and the.
average roughness in a circumferential direction being 0.1 to
2.0 nm on the surface of the silicon substrate.

9. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 8,
wherein said abrasive is a particle selected from a group
consisting of diamond, aluminum, titanium oxide, silicon
carbide and titanium carbide, and its average particle size
is 300 nm or less.

10. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 9,

wherein said step of removing or reducing an oxide film
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silicon substrate according to any one of clainms 5 to
7, Wwherein said step of formng a texture results in
the average roughness in a radial direction being 0.3
to 2.0 nm and the average roughness in a
circunferential direction being 0.1 to 2.0 nmon the
surface of the silicon substrate. 9. The nethod for
manufacturing a surface-treated silicon substrate
according to any one of clainms 5 to 8  wherein said
abrasive is article selected froma group

a

QQE%ﬁ%ﬁﬁﬁuf%k% “atfond, al uni num titani um oxi de,

ar 61 185 T Y R FELEhd of SHEfsReTotor o

nuf act uri surface-treated silicon_supstrat

SAICGI RS S GRS TG TRt SR PRF Ohfchiime shi &P 10/

tep .of renpving or.reducing an oxide film-29 , ,
BT b e PRI T PR e  Fgte
a sunface-treaggd éﬂéi.gﬁﬁgggfstr te according to any
GO atifs B 1D G MrereiHShi d step of renoving

o A S D LB dosucla2.cleni sk
S e i A ke SRR 1S e L wheketh Sl
fl uorine-contajning c ound. 13. A nagnetic recordin
RERATA LT i the 7T Hiss CH A T GRApnG -
gﬁgs%§?gﬁdﬂﬁgﬂégf%“ﬁ%ﬁ%é&iﬁggme igﬁdcogﬁgféfﬁggtﬁg gﬂ%face—

treated silicon substrate manufactured in the method

according to any one of claims 5 to 12.
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