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TITLE OF THE INVENTION Method for Manufacturing a Surface-Treated
Silicon Substrate for Magnetic Recording Medium 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates
to a substrate for a magnetic recording medium and the method for
manufacturing the magnetic recording medium. 10 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 experienced a
continuous rapid increase at an 15 annual rate of 50 to 200%. In

mass-production level. products having the surface recording density of
E@EG%MM@rciany available, while in laboratory level, the
do'r&%% isyrfacs recprding density,of 1605 Gpitsiincha fias been tgported.

he mass-production level 20 surface recording density Is equivalent to 80
Sugasleytgﬁ@efomam@ﬁ%@l?& HED; andjsiegyivalent 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 |s mounted) thls recordlng 25 capacity is enough for the
' NT f&brding medium of only one platter.

1. Field of the Invention

The present invention relates to a substrate for a
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 experienced 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 mass-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. 1In 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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The recording density is expected to improve in future. However, a
conventional longitudinal magnetic recording mode is reaching a
recording limit due to thermal fluctuation. It 5 is considered that when its
recording density reaches 100 to 200 Ghits/inch2, a vertical magnetic
recording mode will sequentially take over. Although the recording limit of
the vertical recording is not known precisely now, itis considered that a
value of 1000 Gbits/inch2 (1 Thits/inch2) 10 may be attained. If such high
recording density could be attained, a recording capacity of 600 to 700

Gbytes per platter for a 2.5" HDD WOLi|d be attained. In this regard, in
re St 15 FeBI B Aonsib) YeRdiaig. s Faquired to reduce the fiying

height of alo,magnstic Lecordinghead, fram.the cpgventonal beight of,3Q .o |

nm to 10 nm or less. Thus, it becomes necessary to smooth the

HofuRetrate sudaseHewsyen ithasheansfound that fdhe swfacerding mode
roughness at a micro level (Roughness) is too small, a problem of

isattachmentofdhe deaddothe substratewsr a20 prebterlofdecreasecdfon. It
flying stability of the head takes place. Thus, it is ideal to provide a

1 s sgigstrate ravihg-ds smalPWaline ss ereidicte-Waviié sy as possibie, 880 to
well as Roughness on the order of 0.3 to 2,0 nm. As the terms

20 Qofr&erhitig e toughngsS bi& SUbEFSRT0 Yo GsetPfor a5 RddRetid 11
sefgooudin 1%§di9$<%a§,%?.m%fgﬂ%ﬂ§%’ I %"@%%%'rdgnﬁ limit of the

ICro-waviness an oughness are used Tor representing
vertical recording is not known precisely now, it is
considered that a value of 1000 Gbits/inch? (1 Tbits/inch?)
may be attained. 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”

-0



10

15

20

25

the roughness of observing ranges of 5 to 100 mm, 80 mto 5 mm, and 80
m or less, respectively. In addition, in magnetic recording, if the recording
5 density per unit area is enhanced, the volume of the magnetic recording
unit (bit) has to be decreased as a matter of course. However, it is known
that, as the volume of a magnetic body originating a ferromagnetic
material in charge of recording is decreased, the ferromagnetic material
does 10 not continue to be held stable forever, due to a fundamental
principle of the magnetism theory. It is known that, as the competition at

room tem{:})erature betwé?er‘] thermal energy KT (k: Bﬁit%mann constant, T:

"MapESutE tEmetature and ARILBHERRES endry KV (Ka anissirgpc ="t 19

ener specially_crystal 15 anisotropic energyin cas magnetj
s b7 1 et 1 ks S Uolinhe aran €0 ©

nmiMaghetie seerrding unitextremelysmall, of ¢lose to the range of kT to
KuV, so that the magnetized state of the ferroelectric body becomes

unstable.d¥hendhe unit oh20rmagnretization ds. extremélytsmalt bkeothis,ng

the ferromagnetic body behaves as if it is a paramagnetic body. Such a
desaid Vs kalled Blperpaamaynelismn ads kndWa tiatledh piatefigl magactic

specific limit size (critical volume) at which super paramagnetism state

L eERpEaradIn A hettidt adiiefic 25 raBoftfitd, H&he vofurfie 8t récording

coffilis degreased down. -3 to pear the grifical valume by inprasing.
recording 8en3|ty,
magnetic body originating a ferromagnetic material in charge
of recording is decreased, the ferromagnetic material does
not continue to be held stable forever, due to 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 K.V (Ky: anisotropic energy, especially crystal
anisotropic 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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the magnetization in a ferromagnetic state decays rapidly as time passes
before reaching a super paramagnetic state. Consequently, the
magnetization orienting in random 5 directions generates a problem of
degenerating magnetic recording information. The occurrence of such a
phenomenon in magnetic recording poses extremely serious problems in
that recording information written with effort cannot be read out after a
certain time passes, or in that writing itself 10 cannot be performed after a
certain time passes. Methods of roughening the surface of a silicon

substrate_ include a dry. etchi rocess, using chlorine (Japanese Patent |
0 B BCatioh URGAmiRat PUBICAToR Kot 7C3GHA0RHOdS) SRAd A0 Cns+cY,
nhiregiment.using alkali hydroxjde (Japa, Sé%fé‘t%”éé%%‘_’“aété%&&5rapidl as
Unexamined Publication No. 53-57144/1978), depending on the chemica
t 1 REOpsties In thasermethods, althoughsthessurfaces roughness maybe .

controlled, it is not possible to finish the entire surface of the substrate in
Coasmiformtsuyface reughngsst(Roughoess)r Specifically, sincenttien

substrate is 20 kept stationary and etched under an uneven circumstance
digafng efchity seledtive etchiingateirssh that afhie appeardue o a

processing stress remaining in the substrate. As described above, a

e fRFGM Gurtade Fetifnh@8s (RDUGhRESS)T EAANGE el pralttiCally &taRed By o

inS%\n ?!X éf‘l”@ acid.or é'ikr?é} ?go%tggihgx%ag%eeﬂc apisEIopy C?PQBE%%S in
obtained in the -4 magnetic recording film by using this treatment alone.

that recording information written with effort cannot be read

out after a certain time passes, or in that writing itself

cannot be performed after a certain time passes.

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
chemical 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
roughness (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 cannot be obtained in the
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SUMMARY OF THE INVENTION The present inventors have experienced

that, in a hard 5 disk medium, a substrate having a suitably textured

surface generates magnetic anisotropy in the substrate surface direction

of a recording film formed on the substrate so that the value of Ku

increases. The inventors thought that in order to attain a hard disk

medium with high recording 10 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 co Centri% circle shape.in the circumferential direction of the
magifdtrate v 8?0%%%8%5 proVid@¥mAgr&tE gr%égtrgﬁfW%nr%aﬁ%aﬂﬂ%g

suitable roughness for head flying stability. Therefore, the present

invention provides a textured silicon substrate for a magnetic disk having
sypNmagnetic fitig and/its;mamufacturing method. According to the present

20 invention, the degree of the surface roughness (Roughness) of the

subStratepcarsiee contnoled: by texturirg, dvead flyig- stahility is assuredhard

magnetic anisotropy can be attained in the magnetic recording film, and
dipighedsiding defsiBpéart e atainad. 25 Adédraimgrtotthstpiasshtsurface

invention, to address the above -5 problems, the various approaches are

IeBfiemptet BRGTTS fourftl st prefeYabty, aftet eV o retiiting an

di%é@gfwy(%%aa recording film formed on the substrate so that

the value of K, increases. The inventors thought that in
order to attain a hard disk medium with 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, the 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.
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surface of a silicon substrate for magnetic recording medium, texture is
formed in circumferential and radial directions of 5 the substrate by
texturing, uniform surface roughness (Roughness) of the substrate and
good magnetic anisotropy in a magnetic recording film can be attained.
Specific conditions are further studied to complete the present invention.
Specifically, the present invention provides a surface- 10 treated silicon
substrate for a magnetic disk comprising: a silicon substrate, a silicon

PTERidE M 6P6 t8 2 mthickARES 2EXiSting bh & 5GitARE Bf tid Silicbn* S found

enSHbstrate, and,a texture. formed on the surface of the silicon substiate, .,

r , aln
Moreover, the présent invention provides a met od for 15 manufacturing

suasfacertreated silicon substratedfor 8, magnsticdisk £OmMPrISING SERRS: um,
of: removing or reducing an oxide film to 2nm or less in thickness on a

testrfaee 0f ar sitieen substrate; art:fornting A textureof a sutfacexnfithes of
silicon substrate having the oxide film removed or reduced by 20

thperfohdingpirechanicat textirg provessinguusing e free abrasives s
containing slurry and a tape; and a magnetic recording medium

(RepribHin tHe siftace-treated SficBR Substatd AtdHtifacturdd SRthePy 10 2

method. According to resent.invention, it is possible ta .25 lower. the
me g L R e SR POSIIE 8. 20 O eens

arg0ed,magnetic apisoifopy casbe Attaipgd in aJnagpetic secarding film,
and higher recording

Specifically, the present invention provides a surface-
treated silicon substrate for a magnetic disk comprising: a
silicon substrate, a silicon oxide film of 0 to 2 nm thickness
existing on a surface of the silicon substrate, and a texture
formed on the surface of the silicon substrate.

Moreover, the present invention provides a method for
manufacturing a surface-treated silicon substrate for a
magnetic disk comprising steps of: removing or reducing an
oxide film to 2nm or less in thickness 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
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density can be achieved. 5 BRIEF DESCRIPTION OF THE INVENTION
FIG. 1 exhibits an example 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 magnetic recording medium comprising a
surface- treated silicon substrate of the present invention and a head, and
FIG. 3(B) is a conceptual view showing the relationship between a
magnetic recording medium comprising a conventional silicon substrate
and a head; 15 FIG. 4 is an AFM (atomic force microscopy) image of a

surface-treated silicon substrate of Example 1; FIG. 5 is an AFM image o
e b bttt b GO TSTv XA 1o a0 6 ok Ghieer be

at%Q@HE@tQSrQSW58RéE?éxégyé¥éﬁwgo%@fH9”§%€CH9§%§%Orecording

measurement of thé surface of the substrate of Comparative Example 2.

deFRlG £ is-am AFM Latamic force microscopy) image of a surface-treated
silicon substrate of Example 9; FIG. 8 is an AFM image of a silicon
substrate of 25 Comparative Example 3; and -7 FIG. 9 is a graph showing
the result of XPS (X-ray photoelectron spectroscopy) measurement of the
S heP Siibstrate of Eonphiative Eample 4.

iy

FIG. 1 exhibits an example of texturing;

FIG. 2 exhibits a texture on a surface of a silicon
substrate;

FIG. 3(A) is a conceptual view showing the relationship
between a magnetic recording medium comprising a surface-
treated silicon substrate of the present invention and a head,
and FIG. 3(B) 1s a conceptual view showing the relationship
between a magnetic recording medium comprising a conventional
silicon substrate and a head;

FIG. 4 is an AFM (atomic force 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 9;

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

Comparative Example 3; and
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5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
According to the present invention, specifically a silicon substrate for a
magnetic recording medium is provided, an oxide film on a silicon
substrate for a magnetic recording medium is removed or reduced prior to
texturing, and a 10 texture is formed in circumferential directions and
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. ]g When the surface oxjde film is thick, Eextu géls no done
uniforiiily sb thit Aniforie aghetic Ahisonopy Hhd dostt head fIylngray

phaabllify cannot be attaingd in, ey magnetlc Jgeqrding:film, The reason ¢ e

can be explained as follows. e oxide film on the surface of silicon is
subiieen dioxide. dp20-pther werdsy sprealled 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

consrdered that texturlng |s not applred unrformly because of the

N Afb ‘ A 9) K H A

rmoved or reduced -8toa thlcknessof 0 to 2 nm. Immedlately after
cuttﬁr@cﬁrﬁdi%ﬁmb silfidb, ﬁ’é%ﬁr@&ce%Bé’&&t‘fdrP&radﬁ%ﬁﬁdegﬁ %&é’

to
- form.an oxidefim. on e surface Alinoush the progress of g oxidalion,

vided,
an oxide film on a silicon substrate for a magnetic recording
medium is removed or reduced prior to texturing, and a
texture is formed in circumferential directions and 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

-8-
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5 depends on the amount of dopant such as boron or phosphor, the oxide
film is formed by leaving in the atmosphere or chemical cleaning such as
RCA cleaning. The film thickness may range on the order of 1 to 10 nm.
Although the oxide film is not so thick, when a surface is subjected to 10
texturing to reach a nanometer level as in case of a texture, the oxide film
cannot be ignored. A method for removing the oxide film may include
polishing and chemical treatment. According to the present invention, it is
found that the problems can be solved by 15 texturing the surface
. immedi,at%% after thfe icrub-cieaning following the surface treatment. A
© cRerhital fragfiient which is ord of the methods for removing the oxide

film - may inglude a method f8{1£ec”i‘_91\§{'”8rtzggﬁ%’%%%}glgﬁuéiﬁgiac‘é@?m%%

liquid. An example of the 20 chemical liqui ective to remova

suofsilicon giodde smayinglideia flugringyeantaining sompernd such 88 film
fluorine group-containing acid or a salt thereof. It is found that the

onprdiders caadre. sovedibyupimensingotheg sdisen stibstratedir acceiwioal
liquid having ability to 25 dissolve silicon dioxide for approximately 1 to 60

depedshsosb L asanrerove the oridetilmu ahdahe® ey tHESIRESP T/
substrate. The chemical liquid having ability to dissalve silicon dioxide

EBhhayineitidé hylrdgentifdtid &¥d arfinonidm® fubfide atmosphere or

chemical cleaning such as RCA cleaning. The film thickness
may range on the order of 1 to 10 nm. Although the oxide
film is not so thick, when a surface is subjected to
texturing to reach a nanometer level as in case of a texture,
the oxide film cannot be ignored.

A method for removing 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
chemical 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 approximately 1 to 60 seconds so

-9.-
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5 In the case of polishing, it may be basically double sided polishing by a
double sided polishing machine. The polishing machine may contain
polishing cloth on both sides and an abrasive can be used for wet
polishing. A silicon substrate to be used in the present invention 10 may
include single crystal silicon and poly crystal silicon where there is no
specific limitation concerning 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

15 for scra cordln % ost of |t material can b o
25 BT RET AL TS e ndd D et L T A MRy i clibeo
suBgfé‘r%!‘é%S Of%'?l%S‘éPl%%‘éa('fGQ t%@f%i’rﬁagﬂ'}%&aé‘%'i’w tapes A0do 1 ve

free abrasives on the both sides. The 20 texturing in circumferential

sidireetionsiis gdone bysspindle1 (tation,and the texiuring ind adiah dgetionsum
is done by spindle reciprocation. The texturing in radial directions may

flnotrhela line being parallel to the radial directions, but be a line on a slant
because of the structure of the 25 texturing machine. - 10 Although the
textlre ay beefemed Basicail) im DirchmfarentinPdirectibns Lit dlséoesnt ©
be formed in radial_directions due to the reciprocation and a reC|procat|on

SLteGuency HowlerYthe BRidnhg inf tafidl difections tayrachine.  The

polishing machine may contain polishing cloth on both sides
and an abrasive can be used for wet polishing.

A silicon substrate to be used in the present invention
may include single crystal silicon and poly crystal silicon
where there is no specific limitation concerning 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 texturing 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 circumferential 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 because of the structure of the

texturing machine.

-10 -
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5 not be a line being parallel to the radial directions, but be aline on a
slant because of the structure of the texturing machine. The angle may be
determined by the rotational number of the substrate and the
reciprocation frequency. According to the present invention, texturing may
be referred 10 to as making cut in circumferential directions as well as in
radial 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 15 substrate. While pressing a tape 3

t both f f th bstrat ler 4, textur
porTahr B8 b Eaact 3 o tHE e SeLiFAle G 1 o7

Cl%'é%‘ﬁ{?feefé%t&% ‘1"%@'1988@{%1%03399 by, EGIROEALNG the, SLbStAle 0, 45 41

the” manner of b, while Tines can ‘also be made in radial 20 directions. The

d1 iees (cut)singirsupdenential-diraclions sareSfQr previdingdeagneticat ion
anisotropy, and the lines in radial directions are considered to be effective

f régrupreventingeavhead fronhattaching riheyohtaineddtexfure onethei ons may
surface of the silicon substrate is shown in FIG. 2. 25 The abrasive to be

nogség for texufingmapbeargdriicle Ll h&dng highel hardiressithas, but be
silicon. The abrasive may be preferably a particle selected from a group

; &66155% 6t Sarond Hidmie, Taritih Gide Siiton Gbidrid 1T ing
mac a{]}luem Calrlbllgea;lrg eabrE%Sylv énacye%reeg%@gl OPe}\ye %he rotational
number of the substrate and the reciprocation frequency.
According to the present invention, texturing may be referred
to as making cut in circumferential directions as well as in
radial 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
surface 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

-11 -
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5 average particle size of 300 nm or less. Since the hardness (Mohs
hardness) of silicon is seven, any material having hardness of seven or
higher and having an average particle size of 300 nm or less, may be
used without special limit. The tape to be used for texturing can be
generally 10 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, 15 texturing

ay b ferabl f d ' ting the  t hile d '
"2 iufty BeRedi 16 e drtFthe Sbstate. PHoferdtlé ondTioHE iy

priElyde 3 spindle, spaeg of 10040,1004 P%daam(';' PEGFSULS 0F %99%% of

10kg, a téxturing time of 5 to 60 seconds and a reciprocation 2
difreauencysafulnt, 80 Hz: After the texturing step; seyHbcleaning or REA
cleaning, and subsequent drying may be carried out. Consequently, a
t i salstrate darrd mBgnetichrecetding mediumshavirgfemifdriny Roughness in
which magnetic anisotropy can be achieved in the 25 magnetic recording
aviRgds obdifidéd1e12 THe strubfeatihg maydisperfoimed préferdisiydness
using. relatively soft material such as brush or sponge (for example, PVA

(M3AG WPEhARES SThE RCA ticanthg'is &6185RiINgIR UsEDf art aquédis "9
ha%ngteigrSI Cg@taénei\r} rbygq:o%{]g%%rgxygaaqga%mrmgong%’ average particle
size of 300 nm or less, may be used without special limit.

The tape to be used for texturing can be generally
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 performed 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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5 and the cleaning can be performed by optional application of heating
and/or ultrasonic wave or the like. The drying may be performed
preferably using warm air, cool air, or spin type drying. The
surface-treated substrate for a magnetic recording 10 medium of the
present invention can be made as flat as possible except Roughness and
have, in a radial direction on the surface for recording information,
preferably 10 to 1000 lines/m, more preferably 20 to 300 lines/Rm;
preferably 10 to 1000 protrusions/m2, more preferably 40 to 500 15

protr%}sions/m ;an avera%e surfagﬁ roughpess I;ou%hness\:%e

(Ra) of |
preférdbly 036 2,071t Eandegudritly tiie” ShBSatels prey s oo
rc 8GN fo the-magnetic srecording, head, even it the heightaf the . oy anp1e,
magnetic recording head with respect to the substrate surface is 10 nm or

pviessn 20 Haus, dhe substrate eainhave astapje head flying-propertyn Thee of
substrate can also have good magnetic anisotropy in the magnetic

anrecouding dilmoThe maximont beight (Ry)yaf the eprotrasionsdraybd ammonia,
preferably 10 nm or less. When the number of lines in radial directions is

angutside @5the rafge af 10%0 2000 MRBS ! 2N gbed Magimaticl-ggt ion of
anisotropy may not be obtained in a magnetic recording film. When the

heqfmbér 3F Brotrusiorstr e Surteotstor feddtingifformation is outside
the fange;Qf 10,10 1900 protrusiens/t M2 the fsad fiving RLORErY.IPaY 45 »,
become

cool air, or spin type drying.

The surface-treated substrate for a magnetic recording
medium of the present invention can be made as flat as
possible except Roughness and have, in a radial direction on
the surface for recording information, preferably 10 to 1000
lines/um, more preferably 20 to 300 lines/um; preferably 10
to 1000 protrusions/um2, more preferably 40 to 500
protrusions/umz; 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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5 unstable. FIG. 3(A) illustrates the relationship between a magnetic
recording medium 11 and a head 12 wherein the magnetic recording
medium 11 comprises the surface-treated silicon substrate of the present
invention. FIG. 3(B) 10 illustrates the relationship between a magnetic
recording medium 111 and a head 12 wherein a magnetic recording
medium 111 comprising the silicon substrate of the prior 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 15 increased and no attachment of the head

to the substrate occurs. On the qther hand, in FIG. 3(B), a flying force is_,
b ety THe oG brANE Slbolialb SSHAT e MEScpg S £ im-

Property, begames Hpstable-and aitaghmentof he, head 1 the subsrate

occurs. Thus, it is considered that as 20 shown in FIG. 3(A), the flying

reBrReryOf the headibesames stable because efthgdphenomenon impoo
which the head is floated by an air layer generated by the rotation of the

prsubsiate ndye tqutite prasence £f approprinte reyghnegsmidhendbeme
maximum height is higher than 10 nm, if the 25 flying height of the head is

un fizfelidwer in order to increase - 14 the recording density, the head and
the substrate will contact each other. Further, since the flying height of

the Fidad beldomes 18 At 8F kst fs preférabf i ke e’ Hilxithum
madSi9Pt of the roughness afing supstrale,suface.d 15 wherein the
magnetic recording medium 11 comprises the surface-treated
silicon substrate of the present invention. FIG. 3(B)
illustrates the relationship between a magnetic recording
medium 111 and a head 12 wherein a magnetic recording medium
111 comprising the silicon substrate of the prior art. 1In
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
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510 nm or less. When the average surface roughness is less than 0.3
nm, the head flight stability may decrease and attachment of the head to
the substrate may occur. When the average surface roughness is more
than 2.0 nm, the substrate surface for high 10 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 15 properties, the roughness of 0.2 nm or more may be
more preferable in V|ew of pr ve mg he h ad from a}%tachm

Th
t G ER RISTANE OGRSy mal Be ErafbraB i Mo TARGE brD3 12
cofit e, average foughness,nihe c'rgqmeereenae' digotion 20MADE, ¢ pe

further preferably 0.3 to 1.0 nm, while the average roughness in radial
hediegtion-may beofurther preferably 0:3 1o, 15meThe neimbers of ings e

and protrusions in the radial direction can be measured with an atomic
mafaroemibkesgope o5 (AleM).cl§iesaverage sarface saughnessantitbe be

maximum height can be measured with an atomic force microscope
L0tHrBugH tHee Bbservation area of 311m x 311m. The roughness in the

circumferential and radial ,
When the average surface roughness is less than 0.3 nm,

the head flight stability may decrease and attachment of the
head to the substrate may occur. When the average surface
roughness is more than 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 nm.

The average roughness in the circumferential 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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5 directions can be measured by line analysis, respectively. The average
roughness in the circumferential direction can be obtained by the
measurement in the range of 3 pm x 311m toward the circumferential
direction at a point inner from the outer circumference of the substrate by
1 mm or more (if 10 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 pm x 311m toward the radial direction at a
point.inner from the outer circumference of 15 the substrate,t%/ 1 mm

mork i GHEICASIE, P4 POt HRBPHGM e ier CieuPErahed (BRARIT o2"
oo the.center of the. subshale fy.1mem oL mgre). A T1aGREtc 1S50rdng. o

medium can be produced by laminating a magnetic layer and a protection

oblaver9n the %Qfgérf%qe-g]ggte}g siligon substrate through spattering,
electroplating or the like. The present invention will be described below

based ®nr exgimpiess Howevies, it shauld hot betconstraed thatdhe 25
present invention is limited to these examples. - 16 First, the respective
dikfreeisufing nsetholls ohgessilicoh Rubstrate areadeseiibed befwgctively.
<Measurement of Oxide Film Thickness> The thickness of the oxide film

on d SGrfACEOPES Sifto Stibistratd wak Obtained By TheAsurément fitg =107

cagegglobtained by the measurement in the range of 3 Um x 3um
toward the circumferential 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). The
average roughness in the radial direction can be obtained by
the measurement in range of 3 Um x 3Uum 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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direction with XPS (X-ray photoelectron spectroscopy) (Shimadzu-Kratos,
model number: AXIS-HS). <Head Flying Test> 10 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 15 untreated substrate of
Comparative Example 1 and the surface- treated substrate of
Comparative Example 2 at a substrate temperature of 250C in Ar gas
atmos here. Attachment of the head to the substrate was t?ste

apprl Snubricant t HRS Maghetic TaEsriy Mredilit sét néj]ﬂymﬁlllcon
suBE@PLEO 6 nm, 20 observing the stability of head flying, performing

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

<veMeoasurementaf Surface RoughnessandMaximum Height and
Measurement of Protrusions> 25 Surface roughness was measured with

an atomic forcé nd g anicfoscopedAMie (Digital dnsteunsentf scannirg a
_probe microscope D3100). The observation area was 3 llm square. The
s1pdmbers sPprofrispissdiiesiwere Vsuglifameasiedt with AFpepth

<Determination of Presence or Non-Presence of Magnetic Anisotropy>
direction with XPS (X-ray photoelectron Spectroscopy)

(Shimadzu—-Kratos, model number: AXIS-HS).

<Head Flying Test>

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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VSM magnetization measurement in this specification is referred to as the
method for measuring magnetization 10 comprising 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 15 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 betw HCD (ci f tial directi db lyi
i AR AgRSI eld 1920 B RASF GHELITHefortal RGN BTG

ni 2430 0L2 sybsyate and HEP (tadial disction) measured by appiving,

an exte magnetic field in ara ial direction on the surfac
Th8Ubstrale rHCEx(Greymferentiakdicection)/HICH (radial diregtion), The& sured
HCD is defined as the saturated external 25 magnetic field when the value
wiMD2BfMsecondary -18 differentiation of a transition curve with respect to
the external magnetic field reaches a maximum. The transition curve is in
first quadrant from an external magnetic field of 0 Oe to the maximum
magnetic field of 25 kOe among 5 ma%?etization and transition curves by

DYstitheduréhent FHéE pratencsordbiehds offHagnafic 4RkdTbpy

An\ivggtg%'%a§rplned by performing VSM measurement of the sample in

VSM magnetization measurement in this specification is
referred to as the method for measuring magnetization
comprising 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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circumferential and radial directions to obtain each saturated external
magnetic field HCD. 10 <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 15 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
d,l%%nditions. 20.Rotatignal number, of,srqff])indle: 300 rpm. Roller pressure:

N*Fapetatétial dniovertfabic { %d%uo]?‘ﬁ?/lowr%tﬁoﬁgrsﬁaeraﬁegs? o
o x UG, ARrasive; diamond sy, 25 Ayerage pArticle size ofAbrasive; 100, .,

nm -19 Texturing time: 20 seconds After being textured, the substrate

cuW@s subjectedta- seruprsleaning anddrying toprodHsge adeytwed c field of
substrate. The surface roughness was measured with AFM. The

0 cendition$5 anskrésults nbtexturing gresshbowfinZEatied. Ancunderlying
layer of Cr having thickness of 100 nm, a magnetic recording layer of
magpeCr-Fathb®ihgpthitkness ®f Bhon curves by VSM measurement.

The presence or absence of magnetic anisotropy was
determined by performing VSM measurement of the sample in
circumferential and radial directions to obtain each

saturated external magnetic field Hcp.

<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: 100 nm
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nm and a protection layer of 30 nm were formed by RF sputtering in
sequence on the textured silicon substrate at a 10 substrate temperature
of 250C 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 VSM, and the presence or
absence of magnetic anisotropy was checked. 15 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 texturlng%ﬂad clear §%uareness properties in
circamferahtidicand fidial tiretfiGid'afid had magnetic 20 anisotropy in

the gircumigrent ad&@%%@%"m{ﬂ'@gé% 51GS: fand, s expibiting AEM.

pictures of Example 1 and Comparative example 1, it 1s evident that a

sclexture1was, fagmeg.d-urthernthechead flying propertwas seasured. -Ehes |
25 textured silicon substrates of Examples 1 to 4 had high head -20 flying

Thstability and haduhaktachment oi¢he head iw CSS Aest. Espeeiallypthet ions
textured substrate of Example 1 had good results including good stability.
andnrpecbnirapy, the x$ubstrate e €offparativenExampre 1 had poor head
flying 5 stabllltﬁa?nd had attachment of the head in CSS test. Although the

textifed’Sl5strate BF chbmparafife EXafplet? hab maghefic anisotrdpy ™ 2

ma%%gﬁxn” @Pt””¢89§é¥“%f Co—-Cr-Ta having thickness of 60

nm and a protection layer of 30 nm were formed by RF
sputtering in sequence on the textured silicon substrate at a
substrate temperature of 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 VSM, and the presence or
absence 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 magnetic
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
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attachment of the head occurred. The result of surface analysis of the
textured substrate 10 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. 15 <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 20 10 Hz

and the other texturing conditjons were same as in les 1to 3. The
1) SBlton AR rCMe bre LA F b L. A PR, Hnae
reSenfirped that the textured substrates of Examples.S o 8hadthe. | 1,4

roughness in 25 circumferential direction controlled well and had the
gofuthes s21dmpraved; head flyipg stability; Howeveroas thesthickness 8f, the
the oxide film became closer to 2 nm, the tendency was found that
s utexturing:becarmengifficatt i Aecardmngly, €« ombinatigroofra siedn suibstrate
5 having an oxide film of 2 nm or less with optional reciprocation during
st gdxidririgl can prdtikeablighhess inost stitgbledefhéad fiyingtin fie

circumferential direction. Table 1 .
Although the textured substrate of Comparative Example 2 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 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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thickness texturing conditions Roughness (nm) lines in magnetic
attachment of oxide spindle line line total radial anisotropy of head on
surface slurry reciprocation analysis in analysis line direction in CSS

circumfential in radial analysis test (nm) (Hz) direction direction (lines/p

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 Example 3 1.5 diamond O
0.54 0.62 0.68 16 present none Example 4 2.0 diamond'0 0.28 0.33 0.40
1 mp reABEIESERL RoRe yExample-5 035 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
Examplee? 1.5 didrhend 10 k4@ 645 . 4816 present ode Exaraple 8
2.0 diamond 10 0.30 0.35 0.40 15 present none Comp. Ex.12.5--0.11
closg10R1E nofe ok (reBEFnCHMR X 21305 didhicnd 6020 758 bas e

resent present <Exané|eﬁ)7les 9to 10 and Com

di £ guddhy silfconSHLHE

=]

rative

haViRG MRS 010 65 nirh

He s aiae

4> A

.under the co%ditigg f‘ﬁ{cg that i}ﬁnR%Egli%%sss -ngtq_gtgg@igggﬂth AFM

bV s G

i)

nm or

ess and scru

cleaned. Subsequently, the texturing

reci¥@$ pedounedinthefollawing. capdidien tp prrAice thedexueed most
Substrate of Example 9. A substrate polished in the same manner as in

sui texanpledd Shwad cidanadgthioughhesual chemieat eteaivng (iydeogeon .
peroxide and ammonia were used), immersed in 1 wt% hydrogen fluoride
solution for 1 minute, and cleaned with pure water.

Table 1
thickness | texturing conditions Roughness (nm} lines in | magnetic |attachment
of oxide spindle line line | total radial lanisotropy| of head
on surface|slurry|reciprocation{ analysis inlanalysis{ line | direstion in £S8
ciroumfentialjin radialianalysis test_
(nm) {Hz) direstion (direction {lines/ g m)|
Example 1 0.5 [dismondg 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
Exampie 3 1.5 |diamond ] 0.54 0.62 0.68 16 present none
Example 4 2.0 |diamond 0 0.28 0.33 Q. 40 14 present hone
Exampie 5 0.5 |diamond 10 0.52 0.65 0.72 18 present hane
Example 6 1.0 jdiamond 10 0.45 0.55 0. 60 18 present none
Exampie 7 1.5 |diamond 10 0.40 0. 45 0. 48 16 present none
Example 8 2.0 [diamond 10 0. 30 0.35 0. 40 15 present none
Comp. Ex. 1 2.5 - - 0. 11 C.10 0.13 none none present
Comp. Ex. 2 2.5 idiamond 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
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Subsequently, the texturing was performed in the following condition to
produce the textured substrate of Example 10. 10 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
evaluated without texturing as the substrate of Comparative Example 3. A
substrate polished in the same manner as in Example 9 15 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 Com arati¥e ample 4. Thicknesses of oxi

d
e o FEapAaiE SRS 507 prlorth tautih WTE assuréd aic -e=ned-
suXES, 1 Comparplive Examples3 gudd.the subsalesindfe sale Aot g

the usual chemical cleaning had oxide fifm having thicknesses of 2.5 nm.
coRetational pumber afispindle: 300 :rpmr Rollenprassyres 20N 28 d@pee 9.

material: non-woven fabric (made of nylon) -23 Roller hardness: 50 duro

Abrasiveo sliaraord shitrysAvetage panticle size ofabrasiveislGhnmxample 9

Texturing time: 20 seconds 5 The texturing was performed on the surface
wag of Hee sl ol subistrata by dtopping sk 5 oPdarious Kindsiop Fbirasive

on the substrate and pressing a tape 3 against both
peroxide and ammonia we¥e used), immersed in 1 wt% hydrogen

fluoride solution for 1 minute, and cleaned with pure water.
Subsequently, the texturing was performed in the following
condition to produce the textured substrate of Example 10.

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 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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surfaces of the substrate using a roller 4, while rotating a silicon substrate
1. 10 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
15 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 250C in Ar gas atmosphere. Next, the substrate was cut into a 5 mm
square Iﬁiece MH loops W?@ obtained in circumferential and radial

diredionENItR VSM 20 and the)

e PreSence or absence of magnetic

anislggr]pggivy]aes: CQ?%%% dAssgtlE%sﬁJg)t, it was confirmed that a silicon

substrate of Comparative Example 3 prior to texturing had no magnetic

anisoiopy at allawhile the silicen substrate of Example 9,25 after
texturing had clear squareness properties in -24 circumferential and radial

directiontsiand dad inagnetic anisotrapy in the circumferential direction.
According to FIGs. 7 and 8, exhibiting AFM images of substrates of
ExaRi)ste tg shd ‘Carfpaasive xampled, ivis élidentthatatexturfwhses
formed. Further, the textured silicon substrates of Examples 9 and 10 had

S1highHeatRiing Stebifity afid Har s aftacimgne ©f various kinds of

abrasive on the substrate and pressing a tape 3 against both
surfaces of the substrate using a roller 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 texturing had clear squareness properties in
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of the head in the CSS test. Especially, the textured substrate of Example
10 had good results including good 10 stability. On the 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. 15 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 thickness of
2.5 n was con;lrme it |séJ|ke y that texturlng WasC?1 g rformed well

L HGET ﬁ{ee?ﬁ’lug c&BFtheSkide it 50 LEREm ek 1 151 49 R Silstrate
anPQlished and gleaned through f‘é&’é‘h@leﬁ'céh cleaning, (hydrogen g ; 9,59

peroxide and ammonia were used) in the same manner as in Example 10

FI¥as subjacted o thend raciprgcation ofthe-suibstrate, during texturing ifkample
order to -25 study the texturing in the radial direction. The reciprocation

9 Hredquenoypwas Dito2=Hzramtldhe other fexturingleonditibnrswere-samere was
as in Examples 9 to 10. The texturing conditions and results are shown in
formpBR-2. It 5 was confirmed that the roughness in the circumferential

direction can be controlled well by means of the reciprocation frequency
and H§§%%H¢Wﬁﬁfggﬁmﬂpg bélllcon substrates of Examples

and 10 had high head flying stability and had no attachment
of the head in the CSS test. Especially, the textured
substrate of Example 10 had good results including good
stability. On the 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 thickness 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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10

15

20

25

further improved. Accordingly, optional addition of the reciprocation
during texturing can provide roughness most 10 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 15 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/cm2 with respect to each

bstrate surface, wherejn the polishing pressure is the 20 platen
SCehHE abBRr % Socttiie SOHAEE oy W COAtTe side Bolishing

reMashine.during polish, The. seruby clegning was gariied out, The
textured substrates of Examples 15 to 17 were obtained after texturing.

t e Xhe riextringreconditions and-theggsults gre; shawn ipTable2.25 The  The
thicknesses of the oxide films in various silicon -26 substrates prior to

tetexturingywerend Serimirfer thedsubistrate: palisked fanbiminutéspdrd 0.5 It
nm for the substrates polished for 10 minutes and 20 minutes. Table 2

wahiclaiess tagdring Tondions Ruiijhness mf litesihnaaghetential
attachment of oxide spindle line line total radial anisotropy of head on

AL 5 Gifthce BIufiy tebiprecation Hsfysid’ i dnalysiS ifg irgttidn'h CSS

circumfential in rgdial analé(sis teat
recliprocatlion Ifrequency an

stg

the head flying stability can be
further improved. Accordingly, optional addition of the
reciprocation during texturing can provide roughness most

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 wvarious silicon
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(nm) (Hz) direction direction (lines/pm) Example 9 1.0 diamond 0 0.55
0.65 0.72 17 present none 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 0.95 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 0.750.8518 -
(Eennone Srpmned +0aAamond 00,04 0574.0. 83,17 fleseningng
omp. 0.11 0. 10 0.13 norie none present Comp.Ex.4 2
gismendQ 30 G3a1hasOpresent present ‘?JrMﬂﬁLlst@tAthgsl. A
surface-treated silicon substrate for a magnetic disk comprising: a silicon
suBstedted afilicorlosigeuiasob0 o 20hmithitkaBss existing on a surface
of the silicon substrate, and a texture formed on the-surface of the silicon
substrate. 2. The surface-treated silicon substrate according to claim 1,
wherein said texture has 10 to 1001%'|rée§ per 1 jm in a radial direction, 10

to 1000 protrusions per 1 jim2, and_average surface roughness (Ra) of

0.3 toisk@sh fexBurnE s Ere-tre ateRPeesh SBpstrate aéthT’dihg ggenetic |attachnent
of oxide spindle iine line total radiai anisotropyj of head
on surface| slurry | reciprocation] anafysis in |analysis| line direction in CS8

sircumfentiai{in radialianalysis tast

(nm} (Hz) direction jdirection (lines/ & m)

Example § 1.0 diamond 1] 0.55 0.65 0.72 17 present none
Example 10 0.8 diamond 0 0.63 0.74 0.82 18 present none
Example 11 0.5 diamond 1 0.65 0.85 0.88 18 br,esent hohe
Example 12 0.5 diamond 2 0.68 0.980 0.95 20 present none
Example 13 0.5 jdiamond 5 0.75 0. 90 1.65 21 present none
Exampis 14 0.5 diamond 10 0.77 0.95 1.15 73 present none
Example 15 1.5 diamend 0 0. 45 0.55 0.84 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 0.4 0.83 17 present hong
Comp. Ex. 3 2.5 - - 0. 11 0.10 0.13 none none present
Comp, Ex. 4 2.5 diamond 0 0.20 0.33 0.35 9 present { present
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claim 1 or 2, wherein said 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 MCSLLP
claims 1to 3. 5. A method for manufacturing a surface-treated silicon
substrate for a magnetic disk comprising the steps of: removing or
CLiddlizing a silicon oxide film to 2nm or less in thickness, the film existing
on a surface of a silicon substrate; and -28 MCSLLP forming a texture on
the surface of the silicon substrate having the oxide film removed or

reduced,using 3 free abrasivescantaining siurey and g tane, 6. J Th%adgnetlc

method for manufacturlng a surface-treated silicon substrate according to
d1 shaimsmmheseingaid step of forming a texture results in 10 to 1000 lines
per 1 jm in a radial direction, 10 to 1000 protrusions per 1 jim2, and the
averageisufface reughneasst@®a) of 0.3 to 2.0 nm on the surface of the
silicon substrate. 7. The method for manufacturing a surface-treated
silicén sibsteate aeebrtfing td-Bny 6né of elaims™s fohe, CWheRdn SRiBstepg on

of forming a texture results in the average
a surface of the silicon substrate, and

a texture formed on the surface of the silicon substrate.

2. The surface-treated silicon substrate according to
claim 1, wherein said texture has 10 to 1000 lines per 1 um
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 said 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 a silicon oxide film to 2nm or less
in thickness, the film existing on a surface of a silicon

substrate; and
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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. 8. The method for manufacturing a
surface-treated silicon substrate according to any one of claims 5to 7, MCSLLP
wherein said abrasive is a particle selected from a group consisting of
diamond, aluminum, titanium oxide, silicon carbide and titanium carbide,

and fte EVePaye particle’dige 98 3005 of fesze 9o Fhé fethod oo

anufactu%?aq]a surface-treated s#'licon substrate according to any one of

SUBIAIhE 5108 “Wherein Said ste of erfioving o fediiding & Bide fi "0 >
¢ -Samprises polishing, 29 MESLLP, 1, The method for manufacturing a

surface-treated silicon substrate according to any one of claims 5to 9,
whegein-said steprof demoving-erredueing anoxdde filn scemprisesuse of
a chemical liquid. 11. The method for manufacturing a surface-treated
s i silicom sabstrate aceording taltlaim 9 wherein sajd ehemicah ligaidlissscep of
fluorine-containing compound. 12. A magnetic recording medium
focompdsingtthe surface<tsedted silicohGubstrafdmahufacturedsin thetm in a
method according to any one of claims 5to 11. -30

radial direction, 10 to 1000 protrusions per 1 um2, and the

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

7. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 6,
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.

8. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 7,
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.

9. The method for manufacturing a surface-treated
silicon substrate according to any one of claims 5 to 8§,
wherein said step of removing or reducing an oxide film

comprises polishing.
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MCSLLP

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
comprises use of a chemical liquid.

11. The method for manufacturing a surface-treated
silicon substrate according to claim 9, wherein said chemical
liquid is a fluorine-containing compound.

12. A magnetic recording medium comprising the surface-
treated silicon substrate manufactured in the method

according to any one of claims 5 to 11.
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