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TITLE OF THE INVENTION SUBSTRATE FOR MAGNETIC
RECORDING MEDIUM AND METHOD FOR MANUFACTURING SAME
5 BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to a substrate for magnetic recording medium
and to a method for manufacturing the substrate for magnetic recording
medium. 10 2. Description of the Related Art The recording density
(surface density) of magnetic recording has increased extremely rapidly
and continuously at yearly rates of 50 to 200% for these past 10 years. At

TItThe mass Hroduc'%i/on Ie%/el products with 70 Gbits/inch2 are 15 shipped,
—w%ﬁe%wfi@ré&%—a@nsities several times higher, namely 160
Gbitsdpeha, have hesn iepefied At the. Jaberalpry Jeyel pUHRES IRCPEYRIFor

densities at the mass production level correspond to 80 Gbytes per one
MaRtatter efa 135" £ (3. 5 inch HDD), and correspond to 40 Ghytes per
20 single platter of a 2.5" HDD. At these recording volumes, installation of
single platter recording media gives a sufficient volume for use in an
ordinary desk top personal computer (equipped with a 3.5" HDD) or a
A BEEsdRal Edmptifefeglipgped with a 2.5" HDD). 25 It is expected
that recording densities will also 1 continue to improve in the future.

L Howeter, 3he CoRvERToHAT 1Btizontal magnetic recording methods are

approgghing their, thermal fluctuation recording fimit, andt seerms that
they will b replaced be perpencﬂcular magnetic recording when

magnetic recording medium and to a method for manufacturing

the substrate for magnetic recording medium.
2. Description of the Related Art

The recording density (surface density) of magnetic
recording has increased extremely rapidly and continuously at
yearly rates of 50 to 200% for these past 10 years. At the
mass production level, products with 70 Gbits/inch? are
shipped, while surface recording densities several times
higher, namely 160 Gbits/inch?, have been reported at the
laboratory level. Surface recording densities at the mass
production level correspond to 80 Gbytes per one platter of a
3.5" HDD (3. 5 inch HDD), and correspond to 40 Gbytes per
single platter of a 2.5" HDD. At these recording volumes,
installation of single platter recording media gives a
sufficient volume for use in an ordinary desk top personal
computer (equipped with a 3.5" HDD) or a laptop personal
computer (equipped with a 2.5" HDD).

It is expected that recording densities will also
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5 recording densities of 100 Gbit/inch2 to 200 Gbit/inch2 are reached. At
the present time it is not certain what the recording limit of perpendicular
magnetic recording will be, but it is believed that 1000 Gbit/inch2 (1
Thit/inch2) is achievable. If these types of high recording densities are 10
achieved, it will be possible to obtain a recording volume of 600 to 700
Gbytes per single platter of a 2.5" HDD. In order to realize such a high
recording density, the flying height of the magnetic recording head must
be reduced from the conventional 30 nm to 10 nm or less, and smoothing
15 of the substrate surface is Esse tial. However, it has re%entlg been

CORuNAtRat ProbiEms Shich As tHE held Hdhering” 16 the substaté SF 4 §8ss 02t
noft head flying Stahility occur. when micro level surface roughness is 10Q vq ;

small. That is, a substrate having extremely low waviness and micro

t hwayiess Z0andhavng adeyghness ofiabeut 0340 20 Rdsidedlat they
(Regarding unevenness of a substrate to be used for a magnetic

w1 tdcasdingapedioathaving ammagaetiosfilay, weavinessi stanesdoriang when
observable range of 5 to 100 mm, micro waviness stands for an

regphser/abledangé of 89 m fo 50Rntahd/ 25 iighress Mlarfdsifof Bach’ are

observable range of up to 80 m.), 2 At present, glass substrates are
FeRStGd bx}“faptg“%oﬁ&ﬁﬁ&%utttﬁ@%e%ﬁed Tolgness s notathigvatiee

and it. is nqtiposglbl to lowe Igflé% gdhrnenslg t(r)lﬂ%elccie%lg%dog%ad height, be,

& rt
*©EThe méthods for Surface- oeung ening silicorm substrates include a ry

pugtching methad with ghlorine (Japaness: Patent rApRlicationdnexamineds
Publication No. 7-263406/1995) and a

achievable. If these types of high recording densities are

achieved, it will be possible to obtain a recording volume of

600 to 700 Gbytes per single platter of a 2.5" HDD.

In order to realize such a high recording density, the
flying height of the magnetic recording head must be reduced
from the conventional 30 nm to 10 nm or less, and smoothing
of the substrate surface is essential. However, it has
recently been found that problems such as the head adhering
to the substrate or a loss of head flying stability occur
when micro level surface roughness is too small. That is, a
substrate having extremely low waviness and micro waviness
and having a roughness of about 0.3 to 2.0 nm is ideal.
(Regarding unevenness of a substrate to be used for a
magnetic recording medium having a magnetic film, waviness
stands for an observable range of 5 to 100 mm, micro waviness

stands for an observable range of 80 Um to 5 mm, and

roughness stands for an observable range of up to 80 um.)
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method of treatment with alkali hydroxide (Japanese Patent Application
Unexamined Publication No. 53-7144/1978). 10 However, although it is
possible to control the degree of surface roughening with these methods,
it is not possible to finish the entire substrate with a uniform roughness.
That is, because the substrate is etched while the substrate rests
motionless in a non-uniform atmosphere during etching, 15 selective
etching occurs and defects form due to the effect of process strains
residual on the substrate. The reality at present is that it is not possible to
obtain a uniform roughness with such simple acid or alkali etcging. 20

SUMMARY OFTHE TION Accordigl§ the prasehtivention
poPioMdes a sypstratg fof amagneye, regording 'ﬁ%diHB‘ci_”a"&'Pli%Qvablde and it

roughness of the surface of the substrate is controlled, in which hea
isflyipg stabilityisdnaigtained, andhthat bageuagnetic filnrthat 25:.¢a80 nead
achieve high recording densities. The present invention 3 also provides a
hengthad for roughening the surface of the substrate. In the present
invention, in order to address such issues, it has been found as a result of
repeated SIAVEStFAtEAS tHatThe Peugniess T the sdfadeontheubstrates
substrate can be made uniform preferably by shaking or rotating the

INgh&e 8f §5UbStrate fBPa Magitic'retordity Mheditm incdifakafs Fatent
Apg‘i'%ort"i%%”'ﬁ%'a%r%’{‘f%e'ﬁt Whieh ulirasgund has ?E%E Mgﬂ%‘% andy 4
surfactant has been added. e present invention has been
me COMRIeted bydherpugh canfirmation of the detalls of thepg.conditions.tent
Application Unexamined Publication No. 53-7144/1978).
However, although it is possible to control the degree of
surface roughening with these methods, it is not possible to
finish the entire substrate with a uniform roughness. That
is, because the substrate is etched while the substrate rests
motionless in a non-uniform atmosphere during etching,
selective etching occurs and defects form due to the effect
of process strains residual on the substrate. The reality at

present is that it is not possible to obtain a uniform

roughness with such simple acid or alkali etching.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a substrate
for a magnetic recording medium in which roughness of the
surface of the substrate is controlled, in which head flying
stability is maintained, and that has a magnetic film that

can achieve high recording densities. The present invention
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More specifically, the present invention provides a silicon substrate for a
magnetic recording medium in which a surface to be used for forming a
recording layer has 40 to 15 1000 protrusions per one m2 with a
maximum height of 10 nm or less and average roughness of 0.3 to 2.0
nm, and in which there are no defects or spots of any of the surface.
Furthermore, the present invention provides a method for manufacturing
a silicon substrate for a magnetic recording 20 medium comprising a step
of etching the surface of the silicon substrate, the step comprising

applying ultrasound to the surface of the silicon substrate which has been
R g hE et 1 AT S prNTIL & TSt The

sufecording medium comprising the silicon substrate. 25 With the present
Invention, it is possible to adjust 4 the flying height of the magnetic

recordingcheadtedower than bas heen conventienallypassible.andstoch
realize high recording density. 5 BRIEF DESCRIPTION OF THE

1 s DRAWINGSHREIS . el@) chncepiually shows alrelationshipebeterten a
magnetic recording medium in which a silicon substrate of the present

injirehtion s esed, Hiita head Tt EIG sk (B)fis dh diagrakahat of the
schematically shows a relationship between a 10 maggéetic recording

SURfddiithin WhictP& cBRTEntBhat SHitoR TSubistrate % dsed’ ARt tRE head.

roflF:8. A pdhe [esullaf AFM.obsgrvation of the surface ofn un-elefied; g
substrate o %omparatlve %xamp?e i, and FIG. 2 (%) is the result of A

me @RSGVation 9f the 19 surfage, of an etehedisubsirate of Bxample?, which

ultrasound has been transmitted and a surfactant has been
added. The present invention has been completed by thorough
confirmation of the details of these conditions.

More specifically, the present invention provides a
silicon substrate for a magnetic recording medium in which a
surface to be used for forming a recording layer has 40 to
1000 protrusions per one um? with a maximum height of 10 nm
or less and average roughness of 0.3 to 2.0 nm, and in which
there are no defects or spots of any of the surface.
Furthermore, the present invention provides a method for
manufacturing a silicon substrate for a magnetic recording
medium comprising a step of etching the surface of the
silicon substrate, the step comprising applying ultrasound to
the surface of the silicon substrate which has been shaking
or rotating. The present invention also provides a magnetic
recording medium comprising the silicon substrate.

With the present invention, it is possible to adjust
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FIG. 3 (A) is a sketch of defects observed on the surface of the substrate
produced by treating the substrate obtained in Example 2 with ultrasound,
and FIG. 3 (B) is a sketch of defects observed on the surface of the
substrate 20 obtained in Comparative Example 8 that has not been
treated with ultrasound. Both were observed under a focus lamp. FIG. 4
(A) is a result of observation of a topographical image taken by OSA, of
the substrate obtained in Example 3 in which the application of ultrasound
was 25 combined with rotation of the substrate. FIG. 4 (B) is a 5 result of

b i ! hical i ken b , of th b btained
o SR PP e ke by 9o, e it e
£nRETRAILERRESCRICIIQN QF THE PREFERRED,EMBOADIMENT >, hign

According to the present invention, it'is possible to impart a uniform
refoughness particudarly to a surface of a substrate for a magnetic
recording medium in which silicon is used, preferably by shaking or
rotating the surface of the 10 substrate in an alkali solution containing a
surfactant in which ultrasound is being transmitted. There is no particular

hitatidrd ta th 1bStrateifdeENGthe present invention. The silicon
substrate may include a monocrystalline or polycrystalline 15 sjlicon

substrate; afd &3-typEGRyHE silicoi Substrate S AR therd isRusishg e @

magﬁrtlcular |ImltatI89 to thee ranufactu I}rggcrﬂethog olf ithe S|I|(s:8g sggg{%teb £ the

eric reco Nng medaium 1n w 111co
atis, the substrate can be prepared even from recyCPed watfers to be

prdiscarded, forexamplesbecause the siliconsybstratedsinot . 1 () is a
diagram that schematically shows a relationship between a
magnetic recording medium in which a conventional silicon
substrate is used, and the head.

FIG. 2 (A) is the result of AFM observation of the
surface of an un-etched substrate of Comparative Example 11,
and FIG. 2 (B) is the result of AFM observation of the
surface of an etched substrate of Example 2.

FIG. 3 (A) is a sketch of defects observed on the
surface of the substrate produced by treating the substrate
obtained in Example 2 with ultrasound, and FIG. 3 (B) is a
sketch of defects observed on the surface of the substrate
obtained in Comparative Example 8 that has not been treated
with ultrasound. Both were observed under a focus lamp.

FIG. 4 (A) is a result of observation of a
topographical image taken by OSA, of the substrate obtained
in Example 3 in which the application of ultrasound was

combined with rotation of the substrate. FIG. 4 (B) is a
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20 influenced by the silicon's own electrical properties. Thus, the
substrates used in the present invention can be characterized in that their
raw material costs can be kept low. In etching, the application of
ultrasound is for the 25 purpose of preventing selective etching from
occurring on the 6 surface of the silicon substrate. The vibration of the
etching solution with ultrasound can generate uniform etching so that a
uniform roughness will be imparted to the substrate for a magnetic
recording medium. Furthermore, it seems that 5 ultrasound has an effect
reven tln%the attachment of gas droge n) on the syl bstra%)e surface

reSHE rSertihgthe TeatAchmRRPbFMpUrties dNdTrit siderto giver ©F
thgnt%rﬂte@gteéfegt&\e%%@ao' o the rpuoness of e, guface,ctifie,; o ony
substrate, the frequency of the ultrasound may be 10 preferably 30to
11 800Q khizg The substsatedg shaken and rotated in order to receive the
ultrasound evenly over the entire substrate. It seems that this
combination may be effective because of the nature of ultrasound.
Shaklng of the substrate means the actlon of 15 rocklng or shaklng and

from S|de to side. It is preferable that shaklng or rtatlon occurs 1to 80
times & I MbRTItd-Give Uit ToRfrol 8 thR Toaghneds bf thPSubistrate t°

surface Herein, one shak is counted as 2C‘)LoneL veglcal cyécle r one

f
lmﬁorlzontaluélylc Cb]t(r)nr éxamp té “thé"etching agent fo be usedugurﬁwcge or @

suiching may be @r%f%?%@é ap alkalizolytion cRAAINING 8 sHHackaNti@ i con is

used, preferably by shaking or rotating the surface of the
substrate in an alkali solution containing a surfactant in
which ultrasound is being transmitted.

There is no particular limitation to the silicon
substrate used in the present invention. The silicon
substrate may include a monocrystalline or polycrystalline
silicon substrate, and a p-type or n-type silicon substrate.
And there is also no particular limitation to the
manufacturing method of the silicon substrate. That is, the
substrate can be prepared even from recycled wafers to be
discarded, for example, because the silicon substrate is not
influenced by the silicon's own electrical properties. Thus,
the substrates used in the present invention can be
characterized in that their raw material costs can be kept
low.

In etching, the application of ultrasound is for the

purpose of preventing selective etching from occurring on the
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mixture containing a surfactant and an alkaline salt, and an alkali
detergent having a pH value of 10 to 13. Even more 25 preferable is the
use of an alkali etching agent which has 7 been is adjusted to have a pH
value of 11 to 12. This pH range may be preferable because the
roughness of the surface of the substrate can be uniformly and effectively
controlled. Preferably, the alkaline salt can be one or more salts 5
selected from the group consisting of potassium hydroxide, sodium
hydroxide, sodium carbonate, sodium hydrogencarbonate, ammonium
hydroxide, potassium carbonate and potassium hydrogencarbonate. The
suLiafive S4i My 58 AdHaH 55 HRAtthe Potasdilin Lo ydroxte Lol

etqu%§k§3¥gp§g¥e#wuEH@QQ%QSBﬁﬁguggﬁnsgggkgﬂga¥99form etching

preferable that the amount of the alkaline salt is adjusted so that it will be

soabaut:0.90% ntorFbVHin thegichingssqlutian.Jhei siyfactant indhe ptchingh st rate
solution may preferably 15 include one or more surfactants selected from

f otheagrosipn eansistirg-ofrdm-pnie sufactantsisucteas polypxyalkyleaas that
alkyl ether and polyoxyalkylene alkyl phenyl ether; anionic surfactants

ulsyets as atkyisehzenestlfeic acidl aridesans: ieredh alldt pRespisate, of gas
polyoxyalkylene alkyl phenyl ether 20 sulfonic acid and salts thereof and

(hg8iy8RyAlkyI8Re Bikyl Bther&iifonicAdidHma $HitS tREFebT anid datidHic

e Syffadiants, suchias, g luoripe-based surfastant; a sal of hidh aming and

alogenr%tcli1 (v?here?ﬁp the amine contains at least one aﬁ<yl grou

un$eRtaining 404e 20.qarhen atpms), 25 halegenated alylpyridinumands y rface
tertiary ammonium salts. The

of the substrate, the frequency of the ultrasound may be
preferably 30 to 3000 kHz.

The substrate is shaken and rotated in order to receive
the ultrasound evenly over the entire substrate. It seems
that this combination may be effective because of the nature
of ultrasound. Shaking of the substrate means the action of
rocking or shaking, and may include, for example, moving the
substrate vertically, or moving it from side to side.

It is preferable that shaking or rotation occurs 1 to
80 times per minute to give uniform control of the roughness
of the substrate surface. Herein, one shake is counted as
one vertical cycle or one horizontal cycle, for example.

The etching agent to be used during etching may be
preferably an alkali solution containing a surfactant, a
mixture containing a surfactant and an alkaline salt, and an
alkali detergent having a pH value of 10 to 13. Even more

preferable is the use of an alkali etching agent which has
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8 surfactant may be more preferably a non-ionic or anionic surfactant.
Specific examples of the surfactant may include compounds such as
sodium laurylsulfate, tetraethyl ammonium 5 chloride,
polyoxyethylene-(10) octyl phenyl ether, polyoxy ethylene-(10) octyl ethyl
ether, LIPON-F (manufactured by Lion Corporation), CLEAN THROUGH
(manufactured by Kao Corporation) and EXCEM LIGHT (manufactured
by Kyoeisha Chemical Co. Ltd). 10 It may be preferable that the
concentration of the surfactant in the etching solution is 0.01 to 10% by

ht. Thi be preferable fram th f view of wettabilit
B FovePEA O T AN EoR T o, FEVERTEHTof bubtick tbéhed 1 et

randf éa%%gf e yibsprate, ,and %%B%C{Q'é‘&“‘é'fye(”}%‘d%'ﬂﬁe‘:%t and %tesurface

solution treatment). More specifically, when the concentration is less than

o £0:{01%0 smbwem,eth@e&rr@a hendeterigrationof the wettability of et rolled.

substrate surface and its ability to reduce grit attached, or there may be
case® rewhichtaiyhuhbles starttbiadhera 120 Hdhelconocenrtratiomisre salts
greater than 10% by weight, problems of cost and treatment of the waste
seselutien niaiPstaftte 6ecuiPTRE BEHfaEaNTiscdd el Sfmproveteroxide,
wettability of the surface of the substrate and to realize uniform etching.

SO%%ehé’&fé%ﬁrﬁ%aﬁa%b%fea&%%‘?%re\%%ﬂhafba%%yéiﬁ%%‘gc@rﬁ onate,
which ha gerated rlnqthe etchglcgnfr%m adgerlrégcto the

amgﬁ)r é(llléno e SU strafe EO that uneven assium
hydrogencarbonate.

The alkaline salt may be added so that the potassium
hydroxide, sodium hydroxide or the like will provide a
predetermined pH. It may be preferable that the amount of
the alkaline salt is adjusted so that it will be about 0.001
to 1M in the etching solution.

The surfactant in the etching solution may preferably
include one or more surfactants selected from the group
consisting of non-ionic surfactants such as polyoxyalkylene
alkyl ether and polyoxyalkylene alkyl phenyl ether; anionic
surfactants such as alkylbenzenesulfonic acid and salts
thereof, alkyl phosphate, polyoxyalkylene alkyl phenyl ether
sulfonic acid and salts thereof and polyoxyalkylene alkyl
ether sulfonic acid and salts thereof; and cationic
surfactants such as a fluorine-based surfactant; a salt of
high amine and halogen acid (wherein the amine contains at
least one alkyl group containing 10 to 20 carbon atoms),

halogenated alkylpyridinium and tertiary ammonium salts. The
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etching can be prevented. The surfactant may have a further role of
preventing the re-adherence of impurities or grit 5 that has been present in
the etching solution. Furthermore, from the view of prevention of selective
etching and mass production, it may be preferable that the temperature of
the etching agent is maintained at room temperature or is heated to 20 to
90C during the etching. 10 It may be particularly preferable that an etching
agent contains 1% by weight or less of surfactant and 0.1 mol or less of
alkali hydroxide and has a pH value of about 12. It may be preferable that
thfe substrate is polished and washed before the step of etching. 15 There
Ul RS baRiculst IriUOR t5 thE BETRHING Ut GesxSHble KpoTarR: ©
sy With 8 nop-woven cloth using colloidal silica or the like, and then polishing
using a polishing cloth (suede-type). The washing may be preferably

perfogped by ichemigal2QwashingistichasReAawmashing in Hse gfie
H202-NH4O0H, or scrubbing in use of a detergent. The process of etching
comaybelpreferablyapersariednby sapphiing Ultreasounddo the atkali satutioni um
containing a surfactant, and immersing the polished and washed
chigisstrtte 250WhiReiRaINY eesubstrate 6t ¥ to BDGPIL(if I Easerefl 10XV
shaking, the vertical motion is 1 to 80 times per minute). The immersion

et hayPrefelaBly 185t b0t 1718 300 hiutes (FStHGN ARG ihfErSiohStcty
LR By i i gk pumRcL R ©
Corporation) and EXCEM LIGHT (manufactured by Kyoeisha
Chemical Co. Ltd).

It may be preferable that the concentration of the
surfactant in the etching solution is 0.01 to 10% by weight.
This range may be preferable from the point of view of
wettability, prevention of re-adhesion of grit, prevention of
bubbles attached to the surface of the substrate, and
productivity (including cost and waste solution treatment).
More specifically, when the concentration is less than 0.01%
by weight, there may be deterioration of the wettability of
the substrate surface and its ability to reduce grit attached,
or there may be cases in which air bubbles start to adhere.
If the concentration is greater than 10% by weight, problems
of cost and treatment of the waste solution may start to
occur.

The surfactant is added to improve the wettability of

the surface of the substrate and to realize uniform etching.

The surfactant may also have a role of preventing gas
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in an etching agent may cause the selective etching of the surface of the
silicon substrate so that defects or spots are generated and a uniform
roughness is not obtained. The scrubbing and drying, immediately
following the 10 step of etching, may provide a substrate for a magnetic
recording medium having a uniform roughness. The scrubbing may be
preferably performed using a brush, or a relatively soft substance such as
a sponge (of PVA or urethane, for example). The drying may be
preferably 15 performed by hot air, cool air or spin drying. Furthermore,
when the subﬁtratg not washed |mmed|a Iy foIIoWIn he ste

(DERRRTG ¥ mY pre?éra}%?ee fo SOREHES s?rlélféﬂﬁt Surfd ggﬁ{lgt grom
adH'é'r glue E’Ea%‘ét 310,68 Whep ghe substrate,is sfored én 21,20 akall of

pH 8 or greater or in a strong acid solution of pH 2 or less, then etching

e t eantiyesand-thedesiredisinfacerconditiondnay net he pbtained. sThatisher
it is possible to ensure a uniform roughness by storing the substrate in an

roaeidicfdetergent sotugiontafter ¢he Steprafretehing. Thisus 26 because grit
storage in an acidic detergent solution prevents the 11 etching from

thproceedidgcany RiFthes Mnd beddisetherelisca Jossibility that etching
may [%roceed due to residual alkali that adheres to the surface of the

substrateiPhESUbStrafe ﬁ’?sfo}h@d - 4te? f 5 BERAPIES BPtHR sutfctatt Ve

r staring may preferabl lude a non-ionic surfactant t such as
%'%/0%}’515ﬁz e?\{gb akgp/)l %ﬁ Efjhe surfLa%ctant%ay be prgsengt%%%u&a% the

teﬁ%@%@'@nﬁ Oc@i%t%%g%l%w§%ﬁn E@ $19fa098 ined at room

temperature or is heated to 20 to 90°C during the etching.

It may be particularly preferable that an etching agent
contains 1% by weight or less of surfactant and 0.1 mol or
less of alkali hydroxide and has a pH value of about 12.

It may be preferable that the substrate is polished and
washed before the step of etching.

There is no particular limitation to the polishing, but
one example is polishing with a non-woven cloth using
colloidal silica or the like, and then polishing using a
polishing cloth (suede-type).

The washing may be preferably performed by chemical
washing such as RCA washing in use of H,;0,-NH,OH, or scrubbing
in use of a detergent.

The process of etching may be preferably performed by
applying ultrasound to the alkali solution containing a
surfactant, and immersing the polished and washed substrate

while rotating the substrate at 1 to 80 rpm (in the case of

10
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solution. Water may be preferable as the solvent of the 10 storage
solution. It may be preferable to hold the pH at about 3 to 6, and the
solution may be adjusted using an acid such as hydrochloric acid, nitric
acid, sulfuric acid, acetic acid, or a salt of thereof. The substrate for a
magnetic recording medium of the 15 present invention is characterized
by the following. The substrate is extremely flat, apart from the roughness
(for a substrate used for a magnetic recording medium having a
magnetic film, unevenness may be expressed by waviness in a range of

5.to 100 mm, micro-waviness in f80m fo520 mm, and
S ighest 15a 1436 of Ot BOLH The nUber of DRSS B <) -

Th%léf{%%%ﬁoé fggording ipformation s 4019, 1009,ger 1 mz, pigterghly 4019

0 per 1 m2, the maximum height of the protrusions is 10 nm or less,

(randthe sudace rerahnassisdradrangeff 0:hta-2041))As a result,
there 25 is no adhesion even if the magnetic recording head comes 12

withim 1@ hmy ok thehsurtgce=ofthe sabstfatessokthat theh dlyingoofdie headt ing,
is stable. When the number of protrusions on the surface on or above
Laghichfinformation Wit berécordedds outside &iedralgek 5of 40 touppdctant

per 1 m2, the flying characteristics of the head become unstable. When

I ki helgit ExcBads 1014, if tHe Ming Height (e heddid the
solgEES it 1 Heane U feoyan demiy Uop e e g, ..
geheadis10 nm of less; Hdspecessary 4a gensurethe maximum height of

The scrubbing and drying, immediately following the
step of etching, may provide a substrate for a magnetic
recording medium having a uniform roughness.

The scrubbing may be preferably performed using a brush,
or a relatively soft substance such as a sponge (of PVA or
urethane, for example). The drying may be preferably
performed by hot air, cool air or spin drying.

Furthermore, when the substrate is not washed
immediately following the step of etching, it may be
preferable to store the substrate with a surfactant at a pH
value of about 3 to 6. When the substrate is stored in an
alkali of pH 8 or greater or in a strong acid solution of pH
2 or less, then etching continues and the desired surface
condition may not be obtained. That is, it is possible to
ensure a uniform roughness by storing the substrate in an

acidic detergent solution after the step of etching. This is

because storage in an acidic detergent solution prevents the

11
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the indentations or unevenness on the surface of the substrate is not
more than 10 nm. Furthermore, when the average roughness is less than
15 0.3 nm, adhesion occurs between the head and the substrate in
addition to a reduction in the flying stability of the head. When the
average roughness is greater than 2.0 nm, then it is not possible to obtain
a substrate surface for high recording density. 20 It should be noted that
the maximum height and the average roughness are measured with an
atomic force microscope (AFM), using the observation area of 10 m

square. The number of protrusions is measured visually by AFM .
ot G BeR Al GRS o (AT Sorivebu Aty Ko & FAatiHEN > betisaiea 1> 2

po 2 MRAGNEIIC refgrding mediym, 11 ‘%@8@&%"%(9&;@”33&”9&% o608 aika1i

present invention is used, and a héad 2. FIG. 1 (B) is a diagram that

t hgeheymatically showsa relatignship between aypagrpeticrecording substrate
medium 11 in which a conventional silicon 5 substrate is used, and the

ishead 2eth EIG.wh &) buoyancy is generated by rotation of the substrate
and the buoyance of the head is improved so that there is no adhesion.
On thex ety handl it RIS, sSE)a singe the Duoyarcyiis hotagerieratedtap 1y
the rotation of the substrate, the buoyance of 10 the head is unstable so

I Sah@sioR HISS BECUrS I TRE T $39R5) W6 3016 260 hTheiE tene
a1 endless fhop 030 M INFEIC, L, () Howeer, the gffept of the

present invention cannot be o fained b focusﬁ)ng on the roughness (Ra)
coflong: The effectef t@‘?@eg%ntli@‘%e@ipmgight in the storage
solution. Water may be preferable as the solvent of the
storage solution. It may be preferable to hold the pH at
about 3 to 6, and the solution may be adjusted using an acid
such as hydrochloric acid, nitric acid, sulfuric acid, acetic
acid, or a salt of thereof.

The substrate for a magnetic recording medium of the
present invention is characterized by the following. The
substrate is extremely flat, apart from the roughness (for a
substrate used for a magnetic recording medium having a
magnetic film, unevenness may be expressed by waviness in a
range of 5 to 100 mm, micro-waviness in a range of 80 Um to 5
mm, and roughness in a range of up to 80 um). The number of
protrusions on the surface for recording information is 40 to
1000 per 1 umz, preferably 40 to 500 per 1 umz, the maximum
height of the protrusions is 10 nm or less, and the surface

roughness is in a range of 0.3 to 2.0 nm. As a result, there

is no adhesion even if the magnetic recording head comes
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15 obtained by providing a substrate with a metal film having a
predetermined number of protrusions and a predetermined maximum
height, in addition to a predetermined roughness. Stated simply, the
effect of the present invention is obtained by providing conditions in which
the head moves like 20 an air hockey puck. A substrate of the present
application which has been etched in this way can be coated with a
recording layer and used as a recording medium. The silicon substrate of
the present invention may be 25 used as a magnetic recording medium

by ¢ ' ding 141 f ding inf tion. Before t
0 DR mEnt BT rechrAIng eyt oy S6 PTOISTABE 15 praviBgan 0

fl9Qg%r-lgyertB%mgggiggioges%ra@%e. elem(_ants selected from the group
consisting of Cr, Ni, P, Co, 5 Zr, Mn, Fe, Ti, Cu, Zn, Nb, Mo, Tc, Ru, Pd,
Ag, Gehdm, SheShultbela, J¥, BeoOsuli Bhand Au: Hheks isie-padicular
limitation to the recording layer, examples of which may include a cobalt
abrecordingdayernand@o=CoT av The reeordinglayerimay beuprovitkedthye range
any 10 method known. There is also no limitation to the thickness of the
of reiddrding 14yt, and this iy beranyfordinagy cthickness:TA sarbon of the
protection layer or a fluorine-based lubricating layer may also be provided
hegfole e cording 15 layer. The invention is described below based on

examples, Howeyer, tahouldngtbe constiued thatthe presente £1ying

height of the head is lowered in order to increase the

e

recording density, then the head and the substrate will make
contact. Moreover, since the flying height of the head is 10
nm or less, it i1s necessary to ensure the maximum height of
the indentations or unevenness on the surface of the
substrate is not more than 10 nm.

Furthermore, when the average roughness is less than
0.3 nm, adhesion occurs between the head and the substrate in
addition to a reduction in the flying stability of the head.
When the average roughness is greater than 2.0 nm, then it is
not possible to obtain a substrate surface for high recording
density.

It should be noted that the maximum height and the
average roughness are measured with an atomic force
microscope (AFM), using the observation area of 10 um square.
The number of protrusions is measured visually by AFM
observation.

FIG. 1 (A) conceptually shows a relationship between a

13
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invention is limited to these. 20 Examples 1 to 20 and Comparative
Examples 1 to 11 A substrate for a magnetic recording medium member
having an external diameter of 65 mm, an inside diameter of 20 mm and
a thickness of 0.64 mm was fabricated from monocrystalline silicon. A
multiple number of substrates 25 were prepared by polishing the substrate
firstly with (i) 15 Suba400 (manufactured by Rodel Co.), which is a
non-woven cloth, together with colloidal silica (3%-SSS, manufactured by
Nissan Chemical Co.), and secondly with Supreme RN-H (manufactured
Rodel Co. ether with, colloida] silica 5 (3%-SSS, manufactured b

b t
e o o S A o v har s S0 L e (bbb ©F
by AEM measured with 3 viewing field of 10.m,square). The substrates, ;. .

were etched according to the conditions shown in Table 1. Immediately

a1 fpllewing thersteprof etghing,1 10 the substrates were sgribhedanddied. o

Then, the condition of the surface was visually inspected with a focus
matamp (o ckeck- ot defectsiand spots) mndrobservedunderrani ARM, silicon
wherein the image of the surface topography was scrutinized. 15
suRrasaFemeént ofReugEdstdirl Marithum Héight, Hnd MedSurenkaiyemncy
. Protrusions Atomic force microscopy observation of the substrate was
1S paRBmMEd GSingYan aloffic forc8 michSscopR{8Eamfing Prope® Pucyance of
thg/li roscope JSPM-420%, mgng@g%urgggy JEQL) to rggl%se%reo%o th

15 1mgrq¥e S e 138 no T . %ﬁ the
surrace roughne S. The observation area was set to m square. e

ot REatrusions, were measured dsually;through AFM, 0bservation. ot
generated by the rotation of the substrate, the buoyance of
the head is unstable so that adhesion also occurs.

The roughness (Ra) is 0.30 to 2.00 nm in FIG. 1 (&),
and less than 0.30 nm in FIG. 1 (A). However, the effect of
the present invention cannot be obtained by focusing on the
roughness (Ra) alone. The effect of the present invention is
obtained by providing a substrate with a metal film having a
predetermined number of protrusions and a predetermined
maximum height, in addition to a predetermined roughness.
Stated simply, the effect of the present invention is
obtained by providing conditions in which the head moves like
an air hockey puck.

A substrate of the present application which has been
etched in this way can be coated with a recording layer and
used as a recording medium.

The silicon substrate of the present invention may be

used as a magnetic recording medium by comprising a recording

14
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FIG. 2 (A) is the result of AFM observation of an un- etched surface of the
substrate of Comparative Example 11, 25 and FIG. 2 (B) is the result of
AFM observation of an etched 16 surface of the substrate of Example 2.
Visual Inspection with Focus Lamp The substrates were visually inspected
for the presence 5 and number of defects and particles using a focus
lamp (manufactured by Yamada Optical Co.) with a brightness of
100,000 lux. FIG. 3 (A) is a sketch of defects observed on the surface of
the substrate obtained in Example 2 in which the substrate was treated

1 with ujtrasound. FIG. 3 (B?_bif a 10 sketch of defects observed on the
2(ifface of the SUbstrate bbtainad in Sdmparative Example 8 in which the

substiate yyas jnot teated with ultigsound. Both, wete gbserved ,U|”9§ 'Ray be

focus lamp. Absolutely no defects were found on the former, while

prinrumerable-defeetswers saenenthe later 15&xtgmal INgomgwith aRore
Optical Surface Analyzer An image of the surface topography was

el ehserved usirgr and0 A(mariufaciuredoby CandelaiCorpofation). %@, P, Co,
Investigation of the pH The roughness of the surface and the external

zr apPearahiee were ifvestigatedwhilkdvaryifig the pHEsf th@detchihg In, Sn,
solution from 9 to 14 using KOH. When the pH value was 9, there was

SPeubidiantally Ao cR&rnge iy théTou§inéssS 28%when the pH value was 14,

thereyas g tendency for {he. 47 Suripee fe LEEOMeHOPRE 1AL g ng
defects to occur. On the

layer, examples of which may include a cobalt recording layer
and Co-Cr-Ta. The recording layer may be provided by any
method known. There is also no limitation to the thickness
of the recording layer, and this may be any ordinary
thickness.

A carbon protection layer or a fluorine-based
lubricating layer may also be provided above the recording

layer.

The invention is described below based on examples.
However, it should not be construed that the present
invention is limited to these.

Examples 1 to 20 and Comparative Examples 1 to 11

A substrate for a magnetic recording medium member
having an external diameter of 65 mm, an inside diameter of
20 mm and a thickness of 0.64 mm was fabricated from
monocrystalline silicon. A multiple number of substrates

were prepared by polishing the substrate firstly with (i)
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other hand, when the pH was 10 to 13, no defects or spots were
generated and it was possible to control the number of protrusions and
the roughness. 5 Investigation of the Surfactant The roughness of the
surface of the substrate and the external appearance were investigated,
while varying the concentration of the surfactant from 0.005 to 20% by
weight. 10 When the concentration was 0.005% by weight or less, the
wettability of the surface of the substrate was reduced and defects and
spots of the surface of the substrate occurred after the etching. When the

trati 20% b ight , although the f th
SuR AN br F BIOMUS kRS 15 oXeafient.fhiche Wi Chse ifwhiEh g ="
-1 8Yerage surtace, rqughpess gid notncrease, On the other hand, when. ... q

the concentration was from 0.01 to 10% by weight, no defects or spots
byWere generatech and contro of the ugeberof protiusians anedthe rRN-1
roughness was excellent. It was also confirmed that 20 the average
(meoughmess terdotp dropeas the concenteatien ofv thér surfadtantintreasesca
Investigation of the Temperature The roughness of the surface and the
(3&xtepral 2apdesrance dery invesagatedn@iile vanfiny thettenfperatreve a
18 of the etching solution from 10 to 100C. When the temperature of the
roa%%?gS&maﬁoﬁg wasTOC 8P 188 2 HerE Wére &ddés iff witieH &fehihg dia®

. not, péroc§ed f\nd Otgere was no_etching effect. When the temperature was
ield
r greater,

VliHé 10

innunerabié Bibbles were generated from the
substiale DEGIUES st es were etched according to the conditions

shown in Table 1. Immediately following the step of etching,
the substrates were scrubbed and dried. Then, the condition
of the surface was visually inspected with a focus lamp (to

check for defects and spots) and observed under an AFM,

wherein the image of the surface topography was scrutinized.

Measurement of Roughness and Maximum Height, and Measurement

of Protrusions

Atomic force microscopy observation of the substrate
was performed using an atomic force microscope (Scanning
Probe Microscope JSPM-4200, manufactured by JEOL) to measure
the surface roughness. The observation area was set to 10 um
square. The protrusions were measured visually through AFM
observation.

FIG. 2 (A) is the result of AFM observation of an un-
etched surface of the substrate of Comparative Example 11,

and FIG. 2 (B) is the result of AFM observation of an etched
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of rapid reaction with the alkali, and there were cases in which defects
and spots occurred on the surface of the substrate. On the other hand,
when the temperature of the etching solution was from 20 to 90C, there
was no generation 10 of defects or spots on the surface and there was
excellent control of the number of protrusions and the roughness.
Investigation of the Ultrasound Frequency The application or
non-application, as well as the 15 frequency of the ultrasound in the
etching solution was investigated. The surface of the substrate which had
been etched without use of ultrasound w. fognd to have defects and

SUL56sTatsed by sei &R/Jéaettc‘?hiﬁg. ONAE bthet hand, all substrates to
which ultrasound had been applied had 20 neither defects nor spots, and
the number of protrusions and the roughness could be excellently

vi gontrolieds hvestigation ef,Retatien arshaking FIG. 4 (A) is a result of
observation of a 25 topographical image taken by OSA, of a substrate
obtaimect ins A9Example virwhich she applidatopeaftidifasoundivas presence
combined with rotation of the substrate. FIG. 4 (B) is a result of

angpseirira tdpodrasiical imagettakén by SASEIE sabstrate sobtaited
in Comparative Example 9 in which only ultrasound 5 was applied.

(MARHE GG tHeS SUbStrat 6 BRI E& I EBmparative” ExAntpl& B HHYRg SS oF

108elsets: fhg entirg surface of the subsirale c'l%"do'%rglfe dylations, The. 3 on
stibstrate suffaces which had rot been rotated or shaken at all in this way

t hBad wpeyerness and etching nan 40 Unifgrmitigs acresstheirentire n which
surfaces. On the other hand,

the substrate was treated with ultrasound. FIG. 3 (B) is a

sketch of defects observed on the surface of the substrate
obtained in Comparative Example 8 in which the substrate was
not treated with ultrasound. Both were observed under a
focus lamp. Absolutely no defects were found on the former,

while innumerable defects were seen on the latter.

External Imaging with an Optical Surface Analyzer

An image of the surface topography was observed using

an OSA (manufactured by Candela Corporation).

Investigation of the pH

The roughness of the surface and the external
appearance were investigated, while varying the pH of the
etching solution from 9 to 14 using KOH. When the pH value
was 9, there was substantially no change in the roughness.

When the pH value was 14, there was a tendency for the
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substrates that had been rotated or shaken had neither defects nor spots,
and the number of protrusions and roughness could be excellently
controlled. However, at a rotation or shaking frequency of 100 times per
minute or 15 higher, there were cases in which the bubbles of the gas
generated during etching were entrained in the etching solution, causing
spots of the surface of the substrate. Head Flying Test 20 A Cr
under-layer of 100 nm, a Co-Cr-Ta magnetic recording layer of 60 nm,
and a protective layer of 30 nm, were formed in that order by RF

sputtering on the silicon substrate of Examples 1 to 3, and Comparative
SUBRAITpIdL ARACTE (ROl HEaet Shaiple) At & SubshSte tGriboratute of e

ot £ROCIZIA an, Argon gas atmasphere, After coating these magngtic 40,

recording media with a lubricant, the flying height was set to 6 nm and the
we fiing stability of the, head wasohsesvad, 1 0 addition dhe presencedfver of

adhesion between the head and the substrate was checked while
prperformiogsa eontaci® stastisibpESS). As a result, the flying stability of

the head for Examples 1 to 3 was high and there was no adhesion during

the CSS test. The stability for Examples 2 and 3 was patrticularly high

abilitgfo veEXs and 11 was poor. The stability for

the nop- realed Gamparafive Fxample 11 was p%ﬁ%“'saé% joorand.head 1.
adhesion occurred uring the sS test. ,&I%hough the stability for
eXQ@PHEEaQﬁigéégwkélN@%@ﬂﬁm9¥@@H@é@@@, while varying the
concentration of the surfactant from 0.005 to 20% by weight.
When the concentration was 0.005% by weight or less, the
wettability of the surface of the substrate was reduced and
defects and spots of the surface of the substrate occurred
after the etching. When the concentration was 20% by weight
or more, although the range of the number of protrusions was
excellent, there were cases in which the average surface
roughness did not increase. On the other hand, when the
concentration was from 0.01 to 10% by weight, no defects or
spots were generated and control of the number of protrusions
and the roughness was excellent. It was also confirmed that

the average roughness tends to drop as the concentration of

the surfactant increases.

Investigation of the Temperature

The roughness of the surface and the external

appearance were investigated, while varying the temperature
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15 that for Comparative Example 11, an excellent result could not be
obtained since etching was insufficient. A head flying test could not be
performed with substrates obtained in the other Comparative Examples
because of defects or spots on the surface of the substrate. 20
Observation of Defects and Spots of the Substrate Surface As a result of
inspection of OSA images of defects and spots generated on the surface
of the substrates, it was found that the defects and spots were
projections. It seems 25 that these were formed because etching had not
occurred on 21 the defect parts due to selective etching caused by

of 4ist5itiGhs tHrBlgh POHSHIAG. RESHIts'Shdwin 1Y Tables 1A% 2 5 Even if

the flying height, which is indispensable for realizing high recordin
RS 1S cBtiom 18 Ao 1o SIS he My of e e and o™

we Prevest bead radhesion during E$Sitesting .t js-thedegult gfitherpresents no
invention imparting specific protrusions and roughness to the 10 surface

et 6ha sybstratec Eurthermore,ibe serfaee of the-suksirate otay be easiyter,
roughened by etching the surface of the silicon substrate through the

1nfistead bl thepresértinverntors 229 A RN N RIN TNIRI N PRI ARl leqfause
NNNNNyCCCCcCcCcccccecececececececcec oooo000,

oL b 6V P 0T b 7% e el geecidere ¢ere cEseTtin

whgégcéefects and spots occurred on the surface of the
substrate. On the other hand, when the temperature of the

etching solution was from 20 to 90°C, there was no generation
of defects or spots on the surface and there was excellent

control of the number of protrusions and the roughness.

Investigation of the Ultrasound Frequency

The application or non-application, as well as the
frequency of the ultrasound in the etching solution was
investigated. The surface of the substrate which had been
etched without use of ultrasound was found to have defects
and spots caused by selective etching. On the other hand,
all substrates to which ultrasound had been applied had
neither defects nor spots, and the number of protrusions and

the roughness could be excellently controlled.

Investigation of Rotation or Shaking

FIG. 4 (A) is a result of observation of a

topographical image taken by OSA, of a substrate obtained in
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CCCCCCCCCCCCCCCCCCCCC~"000000000000
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wiP0 008000960 £ & 'GubsQ 2T 098,000 03cq O7Le QO O
O0O0ro0o0
observing a topographical image taken by 0OSA, of a substrate
obtained in Comparative Example 9 in which only ultrasound
was applied. Although the substrate obtained in Comparative
Example 9 had no defects, the entire surface of the substrate
had large undulations.

The substrate surfaces which had not been rotated or
shaken at all in this way had unevenness and etching non-
uniformities across their entire surfaces. On the other hand,
substrates that had been rotated or shaken had neither
defects nor spots, and the number of protrusions and
roughness could be excellently controlled. However, at a
rotation or shaking frequency of 100 times per minute or
higher, there were cases in which the bubbles of the gas
generated during etching were entrained in the etching

solution, causing spots of the surface of the substrate.

Head Flying Test

A Cr under-layer of 100 nm, a Co-Cr-Ta magnetic
recording layer of 60 nm, and a protective layer of 30 nm,
were formed in that order by RF sputtering on the silicon
substrate of Examples 1 to 3, and Comparative Examples 1 and

11 (non-treated example) at a substrate temperature of 250°C

in an argon gas atmosphere. After coating these magnetic
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regg}ggng media with a lubricant, the flying height was set
to 6 nm and the flying stability of the head was observed.
In addition, the presence of adhesion between the head and
the substrate was checked while performing a contact
start/stop (CSS).

As a result, the flying stability of the head for
Examples 1 to 3 was high and there was no adhesion during the
CSS test. The stability for Examples 2 and 3 was
particularly high and excellent results were obtained. On
the other hand, the head flying stability for Comparative
Examples 1 and 11 was poor. The stability for the non-
treated Comparative Example 11 was particularly poor and head
adhesion occurred during the CSS test. Although the
stability for Comparative Example 1 was slightly better than
that for Comparative Example 11, an excellent result could
not be obtained since etching was insufficient. A head
flying test could not be performed with substrates obtained
in the other Comparative Examples because of defects or spots

on the surface of the substrate.

Observation of Defects and Spots of the Substrate Surface

As a result of inspection of OSA images of defects and
spots generated on the surface of the substrates, it was
found that the defects and spots were projections. It seems

that these were formed because etching had not occurred on
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the defect parts due to selective etching caused by

distortions through polishing.

Results Shown in Tables 1 and 2

Even if the flying height, which is indispensable for
realizing high recording densities, is set low, it is
possible to stabilize the flying of the head and prevent head
adhesion during CSS testing. It is the result of the present
invention imparting specific protrusions and roughness to the
surface of a substrate.

Furthermore, the surface of the substrate may be easily
roughened by etching the surface of the silicon substrate

through the method of the present invention.

22



c s .

m o M w SO ‘Hd jo Jusuwisnipe Joj pasn sem SpIXoipAY WNISSe10d 7k
© o M > w W WEI0BMNS B SB PBST SBM Jayle Mg suvlAyleAxoAiod [*
© ~_ O O > @ auou suou 1 (¢ L 0¢ | 06¥ 0 08 S¥ 0¢ 0§ 0zl 001 ¥4

QoW ospouu [Touou ozt | 00 0s¥ 0 o | & 0z 05 _Joer | o0 oz

So U §BuoY | auou 1009 680 05y 0 ! Gy 0z 03 02l 001 61

o) @) M I = » 8uou suou 1 0579 G680 05¥y 01 0 G 0¢ 0% 0 ¢l 001 8l

o=o 2 Z g duou 1 00 ¥ SL°0 0GY 0 ot 000¢ 0¢ 09 0zl 001 {1

\<)O o m = @ Suou sUou 1 0f ¥ 080 0S¥ 0 0t 0001 0¢ 09 0¢l 0ol 91

n= M 0O = {; Buou auou | 06y 08 0 0% 0 0l 00l 0¢ 09 07l 001 Gi
ZZ<s0 Z (] BJou | 8uod |} OF G 00 1 006G 0 0l Sy 02 09 0¢l 001 vl

OO " o< s suou 1 00§ 004 005 0 01 3 0¢ 0% 0¢l 00°1 gl

O % 7o _.n_uL o euou suol | 006 08 1 05¢ 0 Gi o 0t 06 0¢l 001 4

VR o 2 = € suou | suou | 009 0¢ 'L 0S¥ 0 Gl SF 0¢ 09 0zl 001 11| ojduex3
S>0° o E mu Juod auou | 0t} 0t 0 0L 0 §1 G 0t 0¥ 0%l 001 01

c Q0O T 4 Ru suou 4 07 '] 0t 0 G 0 ]! Gy 0t 0¢ 0¢l 001 6

SO gWOFouou | euou | 03¢ 09 0 005 0 0g &% 51 09 0zl 00l |8

820 nvw Mw M suou auou 1 00 08°0 008 0 0e G¥ Gi 039 0%l 00°S L

e} O M o - |uou auod 1 008 0t 1 0S¥ 0 0¢ Gy Gl 09 0%l 08 0 9

/@W o = o T °uou auou 4 058 051 0oy 0 0¢ 14 1 09 07t 10°0 G
0020 m =F euou eucu 1 006 0%°1 oy 0 0¢ Sy 0¢ 05 o€l 00’1 ¥

o Xe) M O] M\f._ suou suol 1 009 001 00§ 0 0l S 0¢ 0§ 0¢l 001 )

0 m\.wN o =z Puou auou 4 07 ¢ 09 ¢ 061 0 0¢ Gy 0¢ 0s 101 0071 /4

.nlu OZ-Zo O _[ 8uou auou 1 05| 080 0¥ G 02 G 0¢ 04 00l 00 | i
nO=< _._oL 1 (Ui) () AT ASG Uy |y ) (Z) {utw) () b ()

1N S > - o @) suc|snilicd | 3uiyeys [Uoizelod uoiin|os

m.E o ©) __O @) 14g 18y | s$8uysEnod jo Jo jo punos polJded |Juiyele JO| 7x |UOI3BJIUSOUOD

WZ => = (_§30Us {530848p | Winu| xeuw afelaAe lagqunu Jaqunu [ fequnu | —eJ3|n jucisiauwl|ainjedduel | yd 1ugloelins

P @lgel

23




i0oE00iINto000000diIENNMMNNNNC EOON YL.CCmC
0 -0 ve "L"-*0000.0000000 mMNU<noinmN O.NOOy N4--t7u)™

D Yo6py~iNg

NNNI

NOOOOOOOO00OOYy3 ddFO>V'NNNNN
.QN+(Qa N~x 0i0'i"i'’X’0000O0O0O0O0O0OONO ON~. Y

CEt)CIJtN WOEUNMV~ncor~-mmO0OX'(~0 Ormma aOOCO0-

0-0 o X

‘pasn sem apxoIpAY wmssejod AUQ Ok
‘Hd jo Juswisnipe o) pasn SeM IPIXCIPAY WINISSRIO 7%
JUBRIDBLINS B SB DOSN SEM Jay3e [Ajie SusjAyIRAX0Al0d |*

alou suou 0¥ 0 gl'0 01 - - - - - - - 11
lusssJd | quaseid | G 0} 0571 I 0l 001 a¥ 1] 0¢ 0l 001 0l
1u9sad | Jussadd | 06 9 0071 00§ auou auou 14 0¢ 0§ 0778 0071 6
1uasald | juesald | (09°§ 080 Q08 0 0 aliou 07 0% 077! 0071 8
3ussald | quaseudd | 00l 081 005 0 07 St 0¢ (6 0¢l £xauou L
auou auou 050 oLQ ol G gl 14 0g 0l A 001 9 x3
jussald | quasedd | 00 ‘91 00 ¢ )8 ¢ gl 114 0g 00l 07t 00°1 G | duwop
auou auou 001 ¢ 0 00§ 0 0t G¥ 51 09 0771 00 07 Y
jussaud | quasald | 0§ Gl 0t 00 0 0F 514 G 09 071 500 °0 £
1ueseldd | quesald | 00 71 05§ ¢~ 0g 0 07 14 07 0% 0¥l 00°1 [4
auou aueu 080 510 Gl 0 0c GY 07 05 06 0071 l

(U} (w A dsd by Ty | (zR0) {urw Qo) b (%)

suoisnildod|duieys juoilelold uc|injos

Judiay {ssauysnod 10 10 Hy puUNGs potdad [3uiyole Jo| 7x |UOI1RJIULDUOD

s10ds | s3oelap |wnwixew | efeisAr Jaquiny daquinu | Jequnu | ~BJULIN |UoIsJeumt | ainjeldwel | |Hd juejoelins

¢ 8|9el

24



UW _CO 24 MCSLLP CLAIMS 1. A method for manufacturing a

surface-treated silicon substrate for a magnetic recording medium, the

method comprising: a step of etching a surface of a silicon substrate

wherein ultrasound is applied to the surface of the silicon substrate with

the silicon substrate shaken or rotated. 2. The method for manufacturing a

surface-treated silicon substrate for a magnetic recording medium

according to claim 1, wherein said ultrasound has a frequency of 20 to
CLBOYS kHz. 3. The method for manufacturing a surface-treated silicon

substrate for a magnetic recording medium according to claim 1, wherein

the substrate is shaken or rotated 1 to 80 times per minute in said step of

etching. #. fbexnethed formantfactuing, g surfagetreated slligo8y silicon

substrate for a magnetic recording medium according to claim 1, wherein
suBaitsiep of etchingnegmprses use of-an nefchingiagent camptisirigoan

alkaline salt and a surfactant, and having pH of 10 to 13. 5. The method
cofariaanufacturing a surface-treated silicon substrate for a magnetic

recording medium according to claim 4, wherein said surfactant is one or

more&efddt&d Fforf thé §iolFconsiditiatofHolYoxyalidféie SRYIEsthar e

wnBRWXYalkylene aliylphenyl ether, glkylbenzenesulionic agid 23)e silicon

substrate with the silicon substrate shaken or rotated.

MCSLLP

2. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 1, wherein said ultrasound has a frequency of 20 to
3000 kHz.

3. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 1, wherein the substrate is shaken or rotated 1 to
80 times per minute in said step of etching.

4. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 1, wherein said step of etching comprises use of an
etching agent comprising an alkaline salt and a surfactant,
and having pH of 10 to 13.

5. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 4, wherein said surfactant is one or more selected
from the group consisting of polyoxyalkylene alkyl ether,

polyoxyalkylene alkyl phenyl ether, alkylbenzenesulfonic acid
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MCSLLP and salts thereof, alkyl phosphate, polyoxyalkylene alkyl phenyl
ether sulfonic acid and salts thereof, polyoxyalkylene alkyl ether sulfonic
acid and salts thereof, fluorine-based surfactant, salts of high amine anq\/I
: e . . CSLLP
halogenated acid, halogenated alkylpyridinium and tertiary ammonium
salts. 6. The method for manufacturing a surface-treated silicon substrate
for a magnetic recording medium according to claim 4, wherein said
alkaline salt is one or more selected from the group consisting of

anfotiSiumn hjdroxitle, Sodfi RYAPGHEE Sodidn CarBaiats Y d6didne 1<V +

hydrogencarbopate, ammaonium h ide,. potassiu rbonate and

P o o At boratoey Sk S s rachng Shra Ly Lene

a1gyface-freated, siican substratefarasmagneticyecarling mediMne —based
according to claim 4, wherein said etching agent comprises said

sustfdactantat & asoncentmtiongf G0k e 16%byhwetghtnd.tHwe methnd for
manufacturing a surface-treated silicon substrate for a magnetic

ha ferprding soedilivyaccordingnioglamn d, hekdin tempertoreisf sad ts .
etching agent is 20 to 90C. 9. A magnetic recording medium comprising a
surféce-tréat88 Silicon S0bsHaR o & midgrdticret Brdig fddhmn -8 <

1 §4fface of the subsirate having 40 19,1000 prorusions per ane, m2 with
maximum elgﬁt of 10 Am 6F eSS an average rougﬂ%ess of 03 6 20"

£ oNBh yherein hee-arena defects on spAts ofthe entre,gurface. #6-e

8ing

selected from the group consisting of potassium hydroxide,
sodium hydroxide, sodium carbonate, sodium hydrogencarbonate,
ammonium hydroxide, potassium carbonate and potassium
hydrogencarbonate.

7. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 4, wherein said etching agent comprises said
surfactant at a concentration of 0.01 to 10% by weight.

8. The method for manufacturing a surface-treated
silicon substrate for a magnetic recording medium according
to claim 1, wherein temperature of said etching agent is 20
to 90°cC.

9. A magnetic recording medium comprising a surface-
treated silicon substrate for a magnetic recording medium, a
surface of the substrate having 40 to 1000 protrusions per
one umz with a maximum height of 10 nm or less and average
roughness of 0.3 to 2.0 nm, wherein there are no defects or

spots of the entire surface.
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