TITILE OF THE | NVENTI ON SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM BACKGROUND
OF THE INVENTION 1. FIELD OF THE I NVENTI ON The present invention rel ates
to a magnetic recording medium which conprises a substrate for a magnetic
recording nmediumand a recording layer. 2. DESCRI PTI ON OF THE RELATED ART
In the field of magnetic recording, information recording by hard disk
devices is indispensable for primary external recording devices for

conput ers, such as personal conputers for exanple. As the recording
densities of hard disk drives increase, the devel opnent of perpendicul ar
magneti c recording types in which even higher density recording is
possi bl e ITSTadFanE MYE TENENTIOY t he conventional |ongitudi nal magnetic
recording types of hard disk drives. In perpendicular nmagnetic recording,
t he magnetic fi sUBSTRRUE RJRaMRGNEDTCSRESORDINGeMERDIBMdI recti on as the
magneti zing direction, formng a closed magnetic circuit between adjacent
bits, and there is |less self-reducing magnetic field (referred to bel ow as
a "diamagnetizing field") caused by self magnetization than in horizontal
magnet i ¢ BACKGROUYD SiFalTiHE ZivgNTheNmagneti zi ng condi tion.

5 1. FIELD OF THE INVENTION
The present invention relates to a magnetic recording

medium which comprises a substrate for a maghnetic fecording
medium and a recording layer.
2. DESCRIPTION OF THE RELATED ART

10 In the field of magnetic recording, information -
recording by hard disk devices is indispensable for primary
external recording devices for computers, such as personal
computers for example. As the recording densities of hard
disk drives increase, the development of perpendicular

15 magnet;c recording types in which even higher density
recordiﬁg is possible is advancing, replacing the
conventional longitudinal magnetic recording types of hard
disk drives.

In perpendicular magnetic recording, the magnetic field

20 from adjacent bits is in the same direction as the
magnetizing direction, forming a closed magnetic circuit
between adjacent bits, and there is less self-reducing
magnetic field (referred to below as a "diamagnetizing
field"} caused by self magnetization than in horizontal

25 magnetic recording, stabilizing the magnetizing condition.
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I n perpendi cul ar magnetic recording there is no particular necessity to
make the magnetic filmthin with increases in recording density. From

t hese points, the perpendicular magnetic recording can reduce the

di amagneti zing field and secure K,,V values, wherein Ku represents

ani sotropic energy,-in particular the crystalline mnmagnetic anisotropic
energy in the case of magnetic recording, and V expresses the volune of a
unit recording bit. Accordingly, it has stability against magnetization by
thermal fluctuations and is believed to be a recording nethod that nakes
it possible to Eush" the recording limt significantly upward. As
recordi ng rmedi alPpEEpEABAEGRART Regbebiagreasdrdinaveherdigh adfinity with
hori zontal recording nedia, and it is possible to use basically the same

t echnol ogP2&$ 1wdd afs BgCESAEENt Lonapke égé ragpethcr adnghandwithi ting of
magneti c recordi ng. Perpendi cular magnetic recording nedia conprise a soft
magnet i ¢ PPRTEGSERy Rt Cegpreanyydenspévnal Fogmokhese pokels, athe ecording
film(for which candidate materials are CoCr-based alloy, multi-layer filns
of alt er nREER§NIdEFIRareBagaeEis sRCOPEEDY apor sedideuthea thin filns of Pd
and Co, and SnCo anorphous film, a protective |layer, and a |lubricating

| ayer,® f6iRB@9SRtdzdnlstiald ang sschsecKshryathes, tweete it g | ayer of

t he perpendi cul ar magnetic recording nediumis soft nagnetic, and has a
filmthi ck§&€¥§S6NtabSRE SPETOPLM £BSaPFut in particular the crystalline

magnetic anisotropic energy in the case of magnetic recording,
and V expresses the volume of a unit recording bit.
Accordingly, it has stability against magnetization by
10 thermal fluctuations and is believed to be a recording method
that makes it possible to push the recording limit
significantly upward. As recording media, perpendicular
recording media have a high affinity with horizontal
recording media, and it is possible to use basically the same
.15 technology as was used conventionally and in both reading and
wFiting of magnetic recording.
Perpendicular magnetic recording media comprise a soft
magnetic lining layer (typically of permalloy or the like), a
recording film (for which candidate materials are CoCr-based
20 alloy, multi-layer films of alternating laminated layers of
PtCo layers and ultra thin films of Pd and Co, and SmCo
amorphous film), a protective layer, and a lubricating layer,
formed on a substrate. It is necessary that the lining layer
of the perpendicular magnetic recording medium is soft

25 magnetic, and has a film thickness of about 100 nm to about
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500 nm As well as being the path for magnetic flux fromthe recording
filmabove it, the soft magnetic lining layer is also the path for the
witing flux fromthe recording head. Because of this, it play the sane
role as an iron yoke in the magnetic circuit of a permanent nagnet so that
it isrequired to be athick film Conpared to formation of non-magnetic
Cr-based prinmer filmin a horizontal recording nedium it is not a sinple
matter to formthe soft nmagnetic lining filmof the perpendicul ar recording
medium ordinarily, the filnms constituting a horizontal recording nmedi um
are all formed by a dry process (principally by magnetron sputtering)
(Japanese S(Ratremt Rsowediloaal bPihfyi thei pathlofob- 1438421 498Byx Frdmn the
formation by dry processing has been investigated for perpendicul ar
recor di ng medhiradiasgy vidllm aHowevdrt,, fohemstlfe magpedti cofl imdas- Angductison and
productivity, there are large problens with filmformation by dry
processi ng s diise rfth proocddse strdliilnigt \f1 uxh e roamithex ireyoatiipgr ageter
settings, and nore than anything el se, process speed. Furthernore, for the
pur pose ofBehissviafy Hhigherlitdenisiyt itds, dame solecessamny itron yeke tihethei ght
at which the head floats above the surface of the magnetic disk (the
fl yi ngSheimgggne tvs: |ow@s. tpasSiaipermaheodr dianglat, son thled fmanuksactaquéref] t he
per pendi cul ar magnetic recording nmedium it is necessary to cover the
substrat e W the & netiatk fidlm.of such a thickness that it can be | evel ed by
Compared to formation of non-magnetic Cr-based primer
film in a horizontal recording medium, it is not a simple
matter to form the soft magnetic lining film of the
10 perpendicular recording medium. Ordinarily, the films
constituting a horizontal recording medium are all formed by
a dry process (principally by magnetron sputtering) (Japanese
Patent Provisional Publication No. 5-143972/1993). Film
formation by dry processing has been investigated for
15 perpendicular recording media as well. However, from the
aspect of mass-production and productivity, there are large
problems with film formation by dry processing because of
process stability, the complexity of parameter settings, and
more than anything else, process speed. Furthermore, for the
20 purpose of achieving higher densities, 1t is necessary to
make the height at which the head floats above the surface of
the magnetic disk (the flying height) as low as possible.
Accordingly, in the manufacture of the perpendicular magnetic

recording medium, it is necessary to cover the substrate with

25 a metal film of such a thickness that it can be leveled by
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grinding. However, because the adhesion of thick filmobtained by a dry
process is low, leveling by grinding is very problematic. Thus, various
tests were perforned to cover a non-magnetic substrate with a netal film
by a plating method, with which a thick filmcan be formed nore easily
than by vacuum deposition. In order to performplating with favorable
adhesion by wet process plating, it is very inportant that material which
can act as a catalyst for reducing netal ions in the plating solution
exists in large quantities at junction sites between the plating film and
the base material. Furthernore, the adhesive strength between the plating
fil m whi chriadiagnmedowsks heoquatisad thbsidiadsi depemdhiox &imechani cal
anchoring effect due to unevenness of the surface of the plated substrate,
or on cheabtalinkdt byaat dopspbeteeseni s heop) aledel smbpshy adeimdihg hies pl ati ng
film For exanple, in order to plate the surface of a material which is
poor in cherycakobtamtticty, Thauch wsiqlasidsts caimmMmes rm@dass, a net hod

for securing adhesi on based on nmechani cal anchoring is wi dely used, wherein
col | oi dal cpaeti el asnameghexed tabsbdebéediphr &imasadfi fihe beud fscer g
di pping the substrate into a Pd-Sn colloidal solution after roughening the
surface ofethedsubrithawbiby apthish oflkheahi ke, fantedlmbiageasiparri ed out
usi ng these adhered colloids as catalytic starting points.
than by vacuum deposition.
In order to perform plating with favorable adhesion by
wet process plating, it is wvery important that material which
can act as a catalyst for reducing metal ions in the plating
10 solution exists in large quantities at junction sites between
the plating film and the base material. Furthermore, the
adhesive strength between the plating film which is formed
and the plated substrate depends on a mechanical anchoring
effect due to unevenness of the surface of the plated
15 substrate, or on chemical interactions between the plated -
substrate and the plating film.
For example, in order to plate the surface of a
material which is poor in chemical reactivity, such as
plastic, ceramics or glass, a method for securing adhesion
20 based on mechanical anchoring is widely used, wherein
colloidal particles are fixed to indented portions of the
surface by dipping the substrate into a Pd-Sn colloidal
solution after roughening the surface of the substrate by

polish or the like, and plating is carried out using these

25 adhered colloids as catalytic starting points.
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On the other hand, when plating a surface of netal such as Fe or the Ilike,
nmetallic bonds are fornmed between the plating filmand the plated netal

i medi ately after starting the plating, and it is believed that strong
adhesion is ensured by generation of an alloy at the atom c |ayer |evel.

On the other hand, the surface of a silicon wafer used as the plating
substrate is extrenely reactive with oxygen. Thus, in several hours after
the production of the silicon wafer, it is deactivated by being covered by
a natural oxide filmof SiO2 whose surface is of |ow chem cal activity. For
this reason, it is difficult to formchem cal bonds with the lating film.
It is widely knORnthRaPthRE habdr aWheRi BEAELDF Bf SHREACE] °§u¥“f—‘g%19 %tacg.h be

di ssol ved for_ renoval §¥ soaking_.in HF or. the |ljike. However, the surface
of the Si dwiféh FadPFadiikes metaladilcolradss prm forpeddoekivgereshgery
easily, so that bhefore the plating filmcan be fornmed, the oxide filmis

formed ag@RHyd dddf Grduttie Bliadesupsted drmBeddptetanafken Ftarsingaked

in the plating . solution. Caonsequently, a favorable plating filmcannot be
obt aj ned. t%@cgﬂégil&ﬁt Rrs ikhdF prediiengda tapts shsengt e4hssaPings is carried
out by soakig&%§1 a Pd-Sn caolloid after roughening the surface of the
subst r at e SO R gensdateon: 8T it 213Pavirduding a&SR.ChedYRKeheBRAt i ng

plastic or the like Altgrnatively, it can be perforned by plating a_netal
| ayer On the other hand,” the surface of a silicon wafer used

as the plating substrate is extremely reactive with oxygen.
Thus, in several hours after the production of the silicon
wafer, it is deactivated by being covered by a natural oxide

10 film of Si0; whose surface is of low chemical activity. For
this reason, it is difficult to form chemical bonds with the
plating film.

It is widely known that the natural oxide film of the
Si surface can be dissolved for removal by soaking in HF or

15 ‘the like. However, the surface of the Si which has had its
natural oxide film removed oxidizes very easily, so that
before the plating film can be formed, the oxide film is
formed again by reaction with OH groups in the solution when
it is soaked in the plating solution. Consequently, a

20 favorable plating film cannot be obtained.

Because of this, when plating a Si substrate, plating
is carried out by soaking in a Pd-Sn colloid after roughening
the surface of the substrate in a similar manner to that
previously described when plating plastic or the like.

25 Alternatively, it can be performed by plating a metal layer
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fornmed by vapor phase deposition such as sputtering. However, in the
process of plating after roughening the substrate, if the adhesivity of
the plating layer is to be increased, it is necessary to increase the
roughness of the surface of the substrate accordingly. Consequently, it is
not suitable for plating a sem conductor wafer or the like wused in

el ectronic materials or the like. Furthernore, if the substrate surface is
roughened by nechani cal processing, mnarks fromthe process are generated,
and dependi ng on the di nensions and shape of the nmarks, the problemof a
consi derabl e 1 oss of substrate strength occurs. SUMVARY OF THE | NVENTI ON
It is an obrred Bl tBpoknNYRALE OdehOs PFO¥HhAEuALSHET asertdFpRbed substrate
for a magnetic recording nmedium and a nmagnetic recordi ng nedi um
conprising a rerewdvag, | eyefhe pHSESLS & hepBak fRgeatreata ittt Lan
contain thick film which has adhesion strong enough to withstand | eveling
process sygBsagapel i sl BHei Adh8ei tOrpbEOPhEf plhtihen ifher Sis syhsdrate.
According to a first aspect of the invention, as a result of repeated keen

investigathenrsakady atstkfaceetsgaietdo sHbsthstetherroBgNeiss secaidi ng
medi um a soft magnetic layer and a nagnetic recording nmedi um conprising a
recor  ngshayete whetBenshbetsutéagecbr8ahglysubsddsdfigan Lontaiin 6

not suitable for plating a semiconductor wafer or the like

used in electronic materials or the like. Furthermore, if

the substrate surface is roughened by mechanical processing,

marks from the process are generated, and'depending on the

10 dimensions and shape of the marks, the problem of a

considerable loss of substrate strength occurs.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a surface-
15 treated substrate for a magnetic recording medium, and a
magnetic recording medium comprising a recording layer,
wherein the surface-treated substrate can contain thick film
which has adhesion strong enough to withstand leveling
process such as polishing in the formation of f£ilm on the Si
20 substrate.

According to a first aspect of the invention, as a
result of repeated keen investigations into a surface-treated
substrate for magnetic recording medium, a soft magnetic
layer and a magnetic recording medium comprising a recording

25 layer, wherein the surface-~treated substrate can contain



thick filmwhich has adhesion to a Si substrate, the inventors found that
in order to achieve the object described above, it is effective to use a
surface-treated substrate for a magnetic recording nediumconprising a S
substrate, a prinmer plating layer on the Si substrate, and preferably a
soft magnetic |ayer on or above the prinmer plating |ayer, wherein the
primer plating layer is filmwhich conprises a netal and a Si oxide. The
inventors have also found that a primer plating | ayer whose netal content
increases with increasing distance froma face of the Si substrate is
particularly effective. The inventors further found that it is preferable
when t he ratiaik dfilitheshprcohmiua spladhiesd onayer a sanpuibsesaat,| eagt one net al
selected fromthe group consisting of Ag, Co, Cu, NN, Pd and Pt, or is an
al | oy whi dmweormriss €urite timattalint bedeaf toThehirventaesbayecal destotiubdd t hat
a magnetic recording nedi um which conprises a surface treated substrate for
a magnet i @becor ditng sredifientdorptiosisg aa ssaffacredneticedl sybstrand @or
recording layer is favorable as a perpendi cul ar magnetic recordi ng nedi um
Accor di ng & madreffia stecaspdaly ofedile icompatiising asisngsubskmacenpai sing a
netal and a Si oxide as the priner plating |ayer, the surface-treated
subst r at e fromex rEgriena leyear dnnghemsdi smbearatcent and phieckriblm whi ch has
adhesi on strong enough to withstand a | eveling process such as polishing.
Accor di ng gof ta meapmid. @dpeetr of tire albowentthen pramea plating layer,
wherein the primer plating layer is film which comprises a
metal and a Si oxide. The inventors have also found that a
primer plating layer whose metal content increases with
10 increasing distance from a face of the Si substrate is
particularly effective. The inventors further found that it
is preferable when the metal of the primer plating layer
comprises at least one metal selected from the group
consisting of Ag, Co, Cu, Ni, Pd and Pt, or is an alloy which
15 comprises the metal thereof. The inventors have also found
that a magnetic recording medium which comprises a surface-
treated substrate for a magnetic recording medium comprising
a soft magnetic layer, and a recording layer is favorable as
a perpendicular magnetic recording medium.
20 According to the first aspect of the invention, using
film comprising a metal and a Si oxide as the primer plating
layer, the surface-treated substrate for a magnetic recording
medium can contain thick film which has adhesion strong

enough to withstand a leveling process such as polishing.

25 According to a second aspect of the invention, as a
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result of repeated keen investigations into an surface- treated substrate
for a magnetic recording nedium a soft nagnetic |ayer and a nagnetic
recordi ng medi um conprising a recording |layer, wherein the surface-treated
substrate can contain thick filmwhich is adhesive to a Si substrate, the

i nventors have found that in order to achieve the object described above,
a surface-treated substrate for a magnetic recordi ng nmedi um conprising a
Si substrate and a prinmer plating |ayer on the Si substrate, wherein at

| east S and at nobst 50 protrusions of a height of at |east 100 nm per 100
Lm 2 are present on a surface of the prinmer plating layer is effective.

The inventesalhave frepedtibbakebh hsvekteghtyenkoinbBavenpsefesably at | east
1 and at nost 20 protrusions of a height of at |east 10 nmper 1 LM

present omrtheesushibeeratet Forpai fegnpLati pecbaveng mbaiunyent & st have al so
found it is preferable that the primer plating | ayer conprises at | east

one net al maghectedlbyem the @r adpneensi skbpgdohgAlledCom c@ﬁgrf@in§%aand Pd,
or is an alloy whose principal conponent is at |east one of these netals.

It shoul drkeotdtied thgkrt wherphaf enabkarthak-theateat eibsofatbecssi nci pal
conponent is at least 50 wt% Furthernore, the inventors have found that

the sodt wagretinc thdyer fiidnpwifiehabky fiis@osed oh Lrsabavsstidie prineer
plating layer, that the priner plating layer and the soft magnetic |ayer
are pref edabkeytbesnmbdviey foehdprasessnpbatieRrgtoandhiBak thesophgpetic

recordi ng nmedi um whi ch

described above, a surface-treated substrate for a magnetic
recording medium comprising a Si substrate and a primer
plating layer on the Si substrate, wherein at least 5 and at

10 most 50 protrusions of a height of at least 100 nm per 100

- unm® are present on a surface of the primer plating layer is

effective. The inventors have found that it is effective to
have preferably at least 1 and at most 20 protrusions of a
height of at least 10 nm per 1 pm®? present on the surface of

15 the primer plating layer. The inventors_have also found it
is preferable that the primer plating layer comprises at
least one metal selected from the group consisting of Ag, Co,
Cu, Ni, Pt and Pd, or is an alloy whose principal component
is at least one of these metals. It should be noted that it

20 1s preferable that the content of the principal component is
at least 50 wt%. Furthermore, the inventors have foﬁnd that
the soft magnetic layer is preferably disposed on or above
the primer plating layer, that the primer plating layer and
the soft magnetic layer are preferably formed by wet process

25 plating, and that this magnetic recording medium which

8



conprises the substrate for a magneti c recording mediumand a recording
| ayer is favorable as a perpendi cul ar magnetic recordi ng nmedium According
to the second aspect of the invention, the adhesion to a |layer which is
formed on the priner plating l|ayer is inproved by providing protrusions on
the surface of the prinmer plating layer in a predeterm ned range.
Consequently, the invention can provide a surface-treated substrate for a
~magneti c recordi ng nediumwherein the surface-treated substrate can contain
thick filmwhich has adhesion strong enough to withstand | eveling process
such as polishing. According to a third aspect of the invention, as a
result of aoepedtsedt Kéen subseéshitgatficans maigh et isunrfaoedi ngamediusubhatr at e
for a magnetic recording nmedium a soft magnetic |ayer and a nagnetic
recor di ng medingdnrgpipiesi ig favecabdieng s ay ererpaneieud arheagoetaece-treat ed
substrate can contain thick filmwhich is adhesive to a Si substrate, the
i nvent or s regfortdieng meatitimon have found that in order to achi eve the object
descri bed above, it is effective to use a surface- treated substrate for a
magnet i c recor didmgoredngmtwhicbke seawpd sepeatSofsthet iatrentaopyi tke pl ating
| ayer on the Si  substrate and a soft magnetic |ayer above the priner
pl ati ng lsadrersiaomhérceian layean wieghetiisc furddde dnayde psipeavipdedihegt ween t he
prinmer plating |ayer and the soft magnetic |ayer.
layer is improved by providing protrusions on the surface of
the primer plating layer in a predetermined range.
Consequently, the invention can provide a surface-treated
substrate for a magnetic recording medium wherein the
10 surface-treated substrate can contain thick film which has
adhesion strong enough to withstand leveling process such as
polishing.
According to a third aspect of the invention, as a
result of repeated keen investigations into a surface-treated
15 - substrate for a magnetic recording medium, a soft magnetic
layer and a magnetic recording medium comprising a recording
layer, wherein the surface-treated substrate can contain
thick film which is adhesive to a Si substrate, the inventors
of the invention have found that in order to achieve the
20 object described above, it is effective to use a surface-
treated substrate for a magnetic recording medium which
comprises a Si substrate, a primer plating layer on the Si
substrate and a soft magnetic layer above the primer plating

layer, wherein a non-magnetic middle layer is provided

25 between the primer plating layer and the soft magnetic layer.
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‘The inventors have also found that it is useful when the non- magnetic
mddle layer is a Ni-P layer, a Cu layer or a Pd layrer. The inventors
have found that it is preferable that the mean square roughness (Rms) of a
surface of the non magnetic mddle layer is at least 0.1 nmand at nost 1
nm that the thickness is at |least 10 nmand at nost 500 nm and further,
that the prinmer plating |layer, the non-magnetic mddle |ayer and the soft
magnetic | ayer are forned by wet processing. The inventors have al so found
that the magnetic recording nedium conprising the surface-treated substrate
for a magnetic recording nedium a soft nmagnetic |ayer and a recording

| ayer is phefenhgbheoas Raper pepdi evhan trReer dtngs HBEFUM whAEEOFKd NGO the
third aspect of the invention, by conprising a non-nagnetic mddle |ayer

bet ween t hegpeitier midafat [Lagel:aygr aang- Ph@ag@fzt Aeghel hgetayerathe
invention can provide a surface-treated substrate for a magnetic recording

medi um wheagrart heTisar { Reen td eatiety s URsiK@t eh£Lan €0 Jdrerdiile fddan whi ch
has adhesion strong enough to wthstand | eveling process such as polishing.

BRI EF DESERePREe@N ehuille PRAYhNGSsFIRns] bg a sehessti 6£vigw fbna
surface-treated substrate for a magnetic recording nmediumof the invention
FIG 2ismagpketie makencbyagekr 88SAtSskaBtebett ARNand at most 1 nm,
that the thickness is at least 10 nm and at most 500 nm, and
further, that the primer plating layer, the non-magnetic
middle layer and the soft magnetic layer are formed by wet
processing. The inventors have also found that the magnetic
10 recording medium comprising the surface-treated substrate for
a magnetic recording medium, a soft magnetic layer and a
recording layer is preferable as a perpendicular recording
medium.
According to the third aspect of the invention, by
15 comprising a non-magnetic middle layer between the primer
plating layer and the soft magnetic layer the invention can
provide a surface-treated substrate for a magnetic recording
medium wherein the surface-treated substrate can contain
thick film which has adhesion strong enough to withstand

20 leveling process such as polishing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a schematic view of a surface-treated
substrate for a magnetic recording medium of the invention

25 FIG. 2 is a photo taken by a transmission electron
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m croscope of a cross section of the surface-treated substrate for a
magneti c recordi ng nmedium conprising a soft nagnetic layer. FIG 3 shows
the result of measuring the atomic ratio S of netal to Si, fromthe Si
substrate side towards an external side of the primer plating |ayer, when
Ni, Cu, Ag or Cois conprised as the netallic element to formthe prinmer
plating layer. FIG 4 shows an exanple of the result of neasuring a
surface of the primer plating layer by AFM FIG 5 is an exanple of a

per pendi cul ar magnetic recording type hard di sk nedium of the invention.
FIG 6 is another exanple of a perpendicular magnetic recording type hard
di sk nmedi unmafoddigpd BN iidbss [HebAilED JESER RUr@N G+ TEELENVENTI ON By
forming a prinmer plating |ayer of a highly adhesive material prior to
form ng a fidsmadoyefdr Sl eidPsttiat @eddrdihig RRSEUM @c@rabiagnaassett
magnetic film having favorabl e adhesi on wi thout perform ng unnecessary
rougheni nghagtastiiotiSlayaet j vation treatnents or the |like on the substrate
surface. In addition, because the invention can be perforned by wet
process el ectrolrass & sploacerdrt rekalitng s R sRFE@SEhkSateheat k¥tio
sinplified and has excellent productivity conpared to plating by vapour
deposi bi oo fiveidtod, tay dihe fddeE.the Si substrate side towards an

external side of the primer plating layer, when Ni, Cu, Ag or
Co is comprised as the metallic element to form the primer
plating layer.
FIG. 4 shows an example of the result of measuring a
10 surface of the primer plating layer by AFM.
FIG. 5 is an example of a perpendicular magnetic
recording type hard disk medium of the invention.
FIG. 6 is another example of a perpendicular magnetic
recording type hard disk medium of the invention.
15

DETATLED DESCRIPTION OF THE INVENTION

By forming a primer plating layer of a highly adhesive
material prior to forming a film above a Si substrate, it is
possible to obtain a soft magnetic film having favorable

20 adhesion without performing unnecessary roughening, various
activation treatments or the like on the substrate surface.
In addition, because the invention can be performed by wet
process electroless displacement plating, the process is
greatly simplified and has excellent productivity compared to

25 plating by vapour deposition method, or the like.
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Furthernore, the priner plating |ayer has exceedingly favorable
characteristics as a priner filmbecause the surface activity of the
prinmer plating filmafter film formation is high so that continuous
plating is possible without a special activating step. As the Si substr
of the invention, it is particularly preferable if a Si nonocrystalline
manuf actured by the CZ (Czochral ski) process or the FZ (Floating
Zone) nmethod is used. As for the surface orientation of the substrate,
orientation is possible, including for exanple (1 0 0), (1 1 0) or (1
1). Furthernore, it is also possible to conprise an elenent such as B, P,
N, As and Frtaredmnidre,| ithe s iarr platity ilayile hasukskeabiengily a total
range of 0 to 1022 atons/cnR. However, when nulticrystalline Si having

mat eri al

di ff erent favstadlle ahsanictcrdnt ies talie aspre meubFinal Besaikaceheor Si

excessively localized distribution of inpurity is used as a substrate,
prinmer pl ainrfirdeayert iwhitgh ofs ther med ey dlet ingn-finind afmelbecause of

differences in chemcal reactivity. Furthernore, if a substrate having
extrenel y flcomsdtiized i=ditsigh Bt ittt sonsdctuouls paythegone popeibibl e to

achieve the primer plating layer. structure because a |local battery is

formeddi n widhduwdrtad ispest ipdr tacdi veft itnfee stglpst rat e surface during priner
filmformation. In the invention, it is possible to carry out the

10

15

20

25

As the Si substrate of the invention, it is
particularly preferable if a Si monocrystalline material
manufactured by the CZ (Czochralski) process or the FZ
(Floating Zone) method is used. As for the surface
orientation of the substrate, any orientation is possible,
including for example (1 0 0}, (1 1 0) or (1 1 1).
Furthermore, it is also possible to comprise an element such
as B, P, N, As and Sn and the like as an impurity in the
substrate, in a total range of 0 to 10°? atoms/cm’. However,
when multicrystalline Si having different crystal
orientations on the same substrate surface, or Si having
excessively localized distribution of impurity is used as a
substrate, the primer plating layer which is formed may be
non-uniform because of differences in chemical reactivity.
Furthermore, 1f a substrate having the extremely localized
distribution is used, it may become impossible to achieve the
primer plating layer structure because a local battery is
formed in the localized portion of the substrate surface
during primer film formation.

In the invention, it is possible to carry out the
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preferable activation for formation of the priner plating |ayer by etching
slightly the surface oxide |layer of the Si substrates. In the invention,

it is preferable to etch with an aqueous alkali solution of preferably 2
to 60 wt% caustic soda or the |ike, and renove the surface oxide |ayer
while corroding slightly the substrate surface. At- this tinme, the

et ching speed to achieve activation of the base material may be preferably
20 nmimn to 5 pninmn, and as the etched anount, it nay be preferable to
remove at |east 40 nmof base material Si. The tenperature of the fluid
during etching may differ with concentration and treatnent duration,

however apriedegenik 3Qtieat98ACraRY rhenAtebar akl thargmﬁléﬁ p@h‘ainef
operability. After perform ng such preferably etching, a highly adhesive

pl ati ng matgirabymeydpg ngbkai gad1 by thar guRgade @ﬂ&&@cgay@yeafbyhéogklng the
Si substrate in a plating solution containing at |least 0.01 N and

pref er abl yuds@rattes.0. BnNcBé ahvéeasdn ONer NS abré per S8l et e b oM tdie group
consisting of Ag, Co, Cu, N, Pd and Pt, or of said at |east one metal ion

(elenentabncgmmg@@@thlaala @buu@u@alo@eb@bfbgabl Therbhegkpesscohst ks
prinmer plating |ayer may be preferably 10 to 1086 nm and nore preferably

50 to 500 soldm orVWier ilti kKeS bﬁﬁsrbﬂéﬂe;Qh@”hu%fH&bfakﬂhg'§5gé99&h99e0f
mul ticrystalline metal particles within the | ayer may be obtai nabl e. Wen
it is nored@dilR0&1ightie thadsvbddahte surface. At this time, the
etching speed to achieve activation of the base material may
be preferably 20 nm/min to 5 pm/min, and as the etched amount,
it may be preferable to remove at least 40 nm of base
10 material Si. The temperature of the fluid during etching may
differ with concentration and treatment duration, however a
range of 30 to 100°C may be preferable from the point of
operability.
After performing such preferably etching, a highly
15 adhesive plating material may be obtained by forming a
surface layer by socaking the Si substrate in a plating
solution containing at least 0.01 N and preferably 0.05 to
0.3 N of at least one metal ion selected from the group
consisting of Ag, Co, Cu, Ni, Pd and Pt, or of said at least
20  one metal lon (elemental component) as a principal metal ion.
The thickness of this primer plating layer may be
preferably 10 to 1000 nm, and more preferably 50 to 500 nm.
When it is less than 10 nm, a uniform distribution of
multicrystalline metal particles within the layer may be

25 obtainable. When it is more than 1000 nm, the individual
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metal crystals may swell so they may not be suitable as a prinmer film It
is preferable to use a Si substrate, but in this case as described
previously, there nay be tines in which it is possible to distinguish
clearly with transm ssion el ectron m croscope i magi ng between the portions
of low crystallinity and the anorphous | ayer directly above the substrate
whi ch together constitute this prinmer plating layer, and there may be
times, in which depending on the netal species or manufacturing nethod
used in the present invention, because the conposition and crystallinity
continuously changes, that boundary is not clear. It is preferable that

filmformaeiten icsvearaller med BwelllheonehBgdmgenebal by knewapas gkegtrol ess
di spl acenent plating. Although use of a solution which does not contain a

conponent prfiech fddm.acttassapt€HEELNDe 286N s 8 UEhS BSsubyPephos gl iig aci d
and hypochloric acid is the sanme as in conventional displacenent plating,

it may be thdrst iceideardsy dapcafiekabbe eiviiolige vi, NtaRtieOmatObeseinesul hat e salt
bat h (sol ution) which does not contain a conponent serving as a gl ossing

agent suchmagnsddchar igdssiteesulf aietsaghiishy cliedgiiydaifhckehnsuli§at gnand
copper sulfate, and a preferable concentration thereof may be 0.01 to 0.5

N. A hygdr eQRlcarion ndeirdseride, i@khgdngabkteerhaithiengpor® ibasscEhasw0. 05 N of
chloride ion may not be preferable, not only because it nmay be difficult to
obt ai n t hexyrstayrl ipliady rghd ayey agorbheus layer directly above the
substrate which together constitute this primer plating layer,
and there may be times, in which depending on the metal
species or manufacturing method used in the present invention,
10 Dbecause the composition and crystallinity continuously
changes, that boundary is not clear.
It is preferable that film formation is performed by
the method generally known as electroless displacement
plating. Although use of a solution which does not contain a
15 component which can act as a reducing agent such as
hypophosphoric acid and hypochloric acid is the same as in
conventional displacement plating, it may be particularly
preferable in the invention to use a sulfate salt bath
(solution) which does not contain a component serving as a
20 glossing agent such as saccharin. The sulfate salt may
include nickel sulfate and copper sulfate, and a preferable
concentration thereof may be 0.0l to 0.5 N. A hydrochloric
acid bath, or a bath containing no less than 0.05 N of
chloride ion may not be preferable, not only because it may

25 be difficult to obtain the primer plating layer of the
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i nvention, but also because there may be a case in which plating the S
substrate itself becones inpossible. Furthernore, for the purpose of
acconplishing the invention, it may not be preferable to have each

i ndi vi dual el enent such as K, Ca or Na present in the solution at each
concentration of no less than 0.003 N. Consequently, chloride ion may be
set to less than 0.05 N, and the solution may be set to contain |ess than
0.003 N of each of K, Ca, and Na and the |Ilike. As the plating condition of
the invention, at a tenperature of 70 to 1000C the pH of the solution may
be in a range of 7.2 to 12.8, nore preferably 7.6 to 8.4. If the

t enper at uriavehttioa, pbati Agss0bdthaBel $hkesSmbRane78' Easepiat whgciHay not be
possible. If the plating solution is over 1000C, or the PHis outside the
range des@iiahdtgatibee Sdusubgtrplkat ingelfl deicbaekt $RbbsBRy1EEe possi bl e, but
the prinmer plating filmaccording to the present invention may be

unobt ai nalfhethletrmory , béopr eher shkrposhab tPHcEsnponshohedhbyiadéght i om, of
anmmonia. If PH control is perforned by hydroxides such as caustic soda, it

may be pradhl esnt nott be peefetrhdlienvenhber eweh ihdikedRhli slwinéht Nside
range described above. The reason for this is not conpletely clear,
howeved | tass&gnEavery Nanpeetant thatheheonatabhi ati eachncbheensphtid®n can

formconplex ion with a conplex form ng agent such as amoni a.
of no less than 0.003 N. Consequently, chloride ion may be
set to less than 0.05 N, and the solution may be set to
contain less than 0.003 N of each of K, Ca, and Na and the
like.

10 As the plating conditicon of the invention, at a
temperature of 70 to 100°C the pH of the solution may be in a
range of 7.2 to 12.8, more preferably 7.6 to 8.4. If the
temperature of the plating solution is less than 70°C,
plating may not be possible. If the plating solution is over

15 100°C, or the pH is outside the range described above during
plating, plating itself may be possible, but the primer
plating film according to the present invention may be
unobtainable. It may be preferable that pPH is controlled by
addition of ammonia. If pH control is performed by

20 hydroxides such as caustic scoda, it may be problematic to
work the invention even if the pH is within the range
described above. The reason for this is not completely clear,
however it seems very important that the metallic ion in the
solution can form complex ion with a complex forming agent

25 such as ammonia.
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It is possible to favorably adjust the ammoni a dosing amount with the
initial pH, however it is also possible to add the ammnia to the plating
solution in a range of 0.02 to 0.5 N, preferably in a range of 0.05 to 0.2
N. It is thus possible to formthe prinmer plating |ayer by joint use of
the etching treatnent and prinmer plating treatnent described above. An
aspect of the invention in which a Si substrate is used as the

non- magneti ¢ substrate is explained belowin detail. A schematic view of a
surface- treated substrate for a nagnetic recording nediumis shown in
FIG 1, and a photo taken wth a transm ssion electron m croscope of a

cross section af asSuckatsILr e8! edyBultyaba (et RniRgARLhE, GECORMT N

medi um conprising a soft magnetic layer wn in here, .

the prinmergRlaid AG drayele ahite 1 HAveR@ el i¢hgH %@Llslo%//\ﬁlo'sglig_dtfat Pot he

elemental silicon of the surface of the Si substrate en analyzed by

el ectron Jpeaml fdiRliLho g EHbEE Pl ARG 2 03§h§§t§k éueﬁtt te

si de shows the characteristic halo pattern of anor pho erial, t he

netal lic qorpene-ReURS, 9 adyallys o @ a3d tthe gi ff raction patter n

becomes mixed ‘until a crystalline diffraction pattern’is shown on the soft

magnet 50 side. A% fiar e %Is@lgqu%e@tﬁ»m PRe! Beinkr BUBRLRG PadLfldoyll 1
y Si and non-fixed or irregular conpositionh ratios o des,
whi ch gradualdtyy RREU®She etching treatment and primer plating
treatment described above.
An aspect of the invention in which a Si substrate is
used as the non-magnetic substrate is explained below in
10 detail. A schematic view of a surface-treated substrate for
a magnetic recording medium is shown in FIG. 1, and a photo
taken with a transmission electron microscope of a cross
section of a surface-treated substrate for a magnetic
recording medium comprising a soft magnetic layer is shown in
15 FIG. 2. As shown here, the primer plating layer of the
invention is chemically linked to the elemental silicon of
the surface of the Si substrate. When analyzed by electron
beam diffraction, the primer plating layer on the Si
substrate side shows the characteristic halo pattern of
20 amorphous material, and the metallic component becomes
gradually more and the diffraction pattern becomes mixed
until a crystalline diffraction pattern is shown on the soft
magnetic side. As for the film components, on the Si
substrate side, it is mostly Si and non-fixed or irregular

25 composition ratios of silicon oxides, which gradually becomes
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el emental netal of at |east one netal elenent selected from the group
consisting of Ag, Co, Cu, Ni, Pd and Pt. If the boundary of the S
substrate and the priner plating layer is taken to be the place where the
anor phous material |ayer becones apparent, the atomic ratio between the
total of the netal in the prinmer plating layer and the Si which is the
substrate conponent is preferably (total netal) / Si = 0.005 to 100.
Furthernore, the nmetal content increases with increasing distance away
fromthe face of the silicon substrate. Consequently, it seens that
adhesi on increases between the substrate and the priner |ayer.

Furt her nored,enidntals raltsd passitbnealse eowt aictad eNehkenameentcebdl Fgbh
el enent such as hydrogen as a conmponent other than these. Thus, in an

enbodi menttief driemid rventiiseinghiogh adses ot hew, Sivisulpst katieptthersuhsd rate for
a magnetic recording medium which has highly adhesive plating, may have a

st ruct ur e boundalriyclo fa thens ingtudls tekyst and aner pfiglrspnuesngsiaypuctgus for
filmgrowh is dispersed in a |ayer of lowcrystallinity in the priner

plating | ayMeniccibd ch Plladel whal eclererino rpheusehaktegixst abykbayer
required as the starting point for film growh is fornmed in tﬁe surface of

the prbmermquatdangdmyent, ané aftoniichathie aapieReushkayetal BEXEHe
crystalline |ayer continuously changes while ensuring there is firm

adhesi on tetdlhdrsuisd matiedsy plhe ipkederee ehd tdeSaiewalieReAaksthEl G 1
shows a priner plating |ayer 4 conprising an
substrate component is preferably (total metal) / Si = 0.005
to 100. Furthermore, the metal content increases with
increasing distance away from the face of the silicon
10 substrate. Consequently, it seems that adhesion increases
between the substrate and the primer layer. Furthermore, it
is also possible to contain a small amount of light element
such as hydrogen as a component cother than these.
Thus, in an embodiment of the invention which uses the
. 15 Si substrate, the substrate for a magnetic recording medium,
which has highly adhesive plating, may have a sFructure in
which a fine metal crystal layer that serves as a nucleus for
film growth is dispersed in a layer of low crystallinity in
the primer plating layer which is a structural elément, the
20 metal crystal layer required as the starting point for film
growth is formed in the surface of the primer plating layer,
and in which the amorphous layer - mixed crystalline layer
continuously changes while ensuring there is firm adhesion to

the substrate by the presence of the same elements.

25 FIG. 1 shows a primer plating layer 4 comprising an
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anor phous material |ayer 2 disposed on a Si substrate 1 and a m xed
crystalline layer 3, the m xed crystalline layer 3 conprising a | ow
crystalline portion 3a, and a netallic portion 3b. In an enbodi ment of the
i nvention which uses the Si substrate, the Si oxide in the prinmer plating
| ayer is formed due to oxidation of the surface of the Si substrate. The
Si  oxide is thought to be generated during the step of etching wth the
al kali solution, or before or during primer plating. It should be noted
that the Si oxide in the prinmer plating layer of the invention is not
limted to the Si oxide formed during priner plating, but also conprises

t hose forrm@:?ﬁld@fse matfdr®1 ladtdn@ dilR@bsied b 8a%i LhesRrLERN 1PhAYI AY
| ayer starts om t he anorphous |ayer. [In the enbodi mrent of the invention

whi ch usesitfeel rysHiIstingt a.apahien,t hePrdi Ry l%'r@*s't'&glﬁﬁ)ée'la?ggpﬁ' es N,
Cu, Ag, Pd, Pt or Co as the metal I'ic el enent, the result of measuring the

at omi ¢ ratdoaxpﬁlélh@ ety td}y@talflrl@l@ ?&& tSors st EAkea ®lk@g10ficthe priner
pl ati ng layer (thickness 200 nm towar he outer side is shown in FIG 3.

It shoul d eg-tigirechg.hat this is only one exanple, and that the invention
isnot limted to this. As evident in FIG 3, the nmetal content of the

primersplating lrayeh ieRE&odasestWolth thaChaashidodi whargeusbsopnthesiface of

the Si substrate. As described above, the thickness of the prinmer plating
substrate, the Si oxide in the primer plating layer is formed
due to oxidation of the surface of the Si substrate. The Si
oxide is thought to be generated during the step of etching
with the alkali solution, or before or during primer plating.

10 It should be noted that the Si oxide in the primer plating
layer of the invention is not limited to the Si oxide formed
during primer plating, but alsc comprises those formed before
primer plating. That is to say, the primer plating layer
starts from the amorphous layer.

15 In the embodiment of the invention which uses the Si
substrate, when the primer plating layer compries Ni, Cu, Ag,
Pd, Pt or Co as the metallic element, the result of measuring
the atomic ratio of the metal to $i, from the Si substrate
side of the primer plating layer (thickness 200 nm) toward

20 the outer side is shown in FIG. 3. It should be noted that
this is only one example, and that the invention is not
limited to this. As evident in FIG. 3, the metal content of
the primer plating layer increases with increasing distance

from the face of the Si substrate.

25 As described above, the thickness of the primer plating
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| ayer is preferably 10 to 1000 nm nore preferably 100 to 500 nm According
to the invention, it is preferable that at |east 5 and at npbst 50
protrusions of a height of at least 100 nmper 10 O ~LM2 , and/or at |east
| and at nost 20 protrusions of a height of at |east 10 nmper 1 PM2 are
present on the surface of the primer plating layer. If the nunber of
protrusions is within this range, the reaction area of the prinmer plating
| ayer becomes |arge during soft magnetic layer filmformation on it due to
the anchor effect. Furthernore, because the protrusions becone reaction
points so that a strong chem cal bond can be obtained, it is possible to

rai se theadkesiieereeFeraplfonoexambeo the sefl pragaehibtyl ayerc¥hsgh is
formed on the priner plating layer. If the nunber of protrusions Is snaller
t han t hi sppange, the adhesive effect’ is not obtained. If it is |arger
than this range, reaction at a bottom portion of the protrusions becones

slow, and a suf hicebealingl E6CthES iAOLneRbAL Ned. i sFULLBeraBI g, thhe gffect is
|l arger if the protrusions are uniformy distributed. It should be noted

that it iSespasT bRl b0 MRATUBE bhethelsalhsakd RuRReHhel okhgrPiaLEHSI Ons
by AFM (Atom c Force Mcroscope) . FIG 4 shows an exanple of the result

of measur iR trﬁ@p%frfl@@eu&?,aaﬂayaflrael %gga,iaa{ga aPYndEM o4t is

preferable that a non-nmagnetic mddle | ayer is
protrusions of a height of at least 10 nm per 1 pm® are

present on the surface of the primer plating layer. If the
number of protrusions is within this range, the reaction area
of the primer plating layer becomes large during soft
10 magnetic layer film formation on it due to the anchor effect.
Furthermore, because the protrusions become reaction points
so that a strong chemical bond can be obtained, it is
possible to raise the adhesiveness to, for example, the soft
magnetic layer which is formed on the primer plating layer.
15 If the number of protrusions is smaller than this range, the -
adhesive effect is not obtained. If it is larger than this
range, reaction at a bottom portion of the protrusions
becomes slow, and a sufficient effect is not obtained.
Furthermore, the effect is larger if the protrusions are
20 uniformly distributed. It should be noted that it is
possible to measure the height and number of the protrusions
by AFM (Atomic Force Micrgscope). FIG. 4 shows an example of
the result of measuring the surface of a primer plating layer

by AFM.

25 It is preferable that a non-magnetic middle layer is
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conprised between the prinmer plating |layer and the soft rmagnetic |ayer.
Consi dering the nmagnetic shielding between the prinmer plating |ayer and
the soft magnetic layer (in the case of nagnetic materials), and
furthernore the uniformty of filmformation of the soft magnetic |ayer and
i nprovenent in adhesion, the thickness of the non-nmagnetic mddle |ayer
is preferably at least 10 nmand at nost 500 nm Wen its thickness is
| ess than 10 nm there may be no effect. Wien it is greater than 500 nm
the thickness of the nediumitself increases. There is no particular
limtation to the non-magnetic mddle |ayer, other than that the |ayer is
non- magnetompr hndd bbhewaen- tagnetlwem gtheihaqybiyes piefetabiyftsel ect ed
fromthe group consisting of a Ni-P layer, a Cu layer and a Pd | ayer
dependi ngmagnathesilagaess Gndsiehaeimf tfhd mdqrgatrid ahiclhEny Hethager s
formed for exanple by soaking in an aqueous solution of nickel sulfate
cont ai ni nghaypophesphdattngatager amndt tite Gioftyeagnst for hegef ofiexampl e by
soaking in an aqueous solution of copper sulfate. Furthernore, the Pd
| ayer i s tassedfbymagoakiongmaterbadgueoasdsdivthermofe piad | @i fomsid ¢ at e.
After formng the non-magnetic mddle layer, it is preferable to adjust
the s facé folghhesmabyopobfsthagsofiheagranisqlayer ranghiwsso¢dimm)t of t he
surface of the non-magnetic mddle layer is preferably at least 0.1 nm and

in adhesion, the thickness of the non-magnetic middle layer

is preferably at least 10 nm and at most 500 nm. When its

thickness is less than 10 nm, there may be no effect. When

it is greater than 500 nm, the thickness of the medium itself

10 increases.

There is no particular limitation to the non-magnetic
middle layer, other than that the layer is non-magnetic, and
the non-magnetic middle layer is preferably selected from the
group consisting of a Ni-P layer, a Cu layer and a Pd layer

15 depending on adhesiveness. and ease of film formation.

The Ni-P layer is formed for example by soaking in an
aqueous solution of nickel sulfate containing hypophosphoric
acid, and the Cu layer is formed for example by socaking in an
aqueous solution of copper sulfate. Furthermore, the Pd

20 layer 1is formed by soaking in an aqueous solution of
palladium sulfate.

After forming the non-magnetic middle layer, it is
preferable to adjust the surface roughness by polishing.

The mean square roughness (Rms) of the surface of the

25 non-magnetic middle layer is preferably at least 0.1 nm and
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at nost 1 nm It is preferable to provide the average area roughness
within this range to give uniformty to film formation and to inprove
adhesion. Below this range, there may not be only technical difficulties,
but adhesion may deteriorate, while above this range, adhesiveness of the
primer plating |layer may worsen particularly. It should be noted that mnmean
square roughness (Rrs) of the surface is the square root of an averaged
val ue of the square of the standard deviation between the neasured |ine
and the average of the neasured |ine, and can be neasured by AFM (Aton c
Force M croscope). Although there is no particular limtation, polish can

be mechankealore! ishing pf e calrdechan GaloRald Sﬂlﬂé%ve(:g}ﬁ%) areiP

differs frompolishing with just regular polishing slurry, in that CV is

perfor nedrplighfeshewi el hythpg! kshi80t¥ §hvanuacEdisi 0y 8bkedin polishing
solution as well. Colloidal alumna or colloidal silica or the |like can be

used as @opAhkisBhnenAEdbUlpBEGaUSEhEBE-RO! I BPeed figVRhwhich uses
col | oi d-based polishing nedia is particularly fast and the surface

roughnessmhy heti eeabhyyi GREAMEHali Hik8icautiabl ends aaROLishing, method for
per pendi cul ar magnetic recording nedia. In addition to the particle

di anet®r gkteedblraid; banedepabbehi aHiBedhAqhel REneYceebogl yrswmd | at 10
to 100 nm the particles are close to spherical in shape, enabling
excel | ent pgimerhpessihg hayeeahbgedorEUht PEIRERLarly. It should be
noted that mean square roughness (Rms) of the surface is the
square root of an averaged value of the square of the
standard deviation between the measured line and the average
10 of the measured line, and can be measured by AFM (Atomic
Force Microscope).
Although there is no particular limitation, polish can
be mechanical polishing or Chemical Mechanical Polishing
(CMP) . CMP differs from polishing with just regular
15 polishing slurry, in that CMP is performed while chemically
polishing with an acidic or alkali polishing solution as well.
Colloidal alumina or colloidal silica or the like can be used
as a polishing medium. Because the polishing speed of CMP
which uses colloid-based polishing media is particularly fast
20 and the surface roughness is noticeably improved, it is
suitable as a polishing method for perpendicular magnetic
recording media. In addition to the particle diameter of
colloid-based polishing media being exceedingly small at 10
to 100 nm, the particles are close to spherical in shape,

25 enabling excellent smoothness to be realized. Furthermore,
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because CVP does not sinply nechanically polish away the surface but
performs polishing by a process which is simlar to chemcally dissolving
the surface, a polishing speed that is sufficient for industrial use can
be mai ntai ned even by using fine spherical -shaped polishing nedia. It .is
possible to formthe soft magnetic |ayer on or above the prinmer plating

| ayer of the invention. There is no particular l[imtation to the soft
magnetic | ayer and any soft nmagnetic |layer material known in the art can
be used. The soft nagnetic |ayer may preferably conprise one or nore

sel ected fromthe group consisting of Fe, Co, Ni, P, No, Zr, B and V. It

may pr ef enalanseompi R eRenFR! lsaYplFe8Qiind)i cbaly gvarBheawiherget hod for
form ng the soft nmagnetic layer is also not linmted-particularly, and any

met hod KnQyy: fialeet |E§1tarpteI%'}msb%oll%%@rin%o%yeéaﬁﬁlo%eists WBiBASS5bLent Papse
sputtering. The thickness of the soft rmagneti ¢ |ayer is dependent on its

applicati o ahdnGeRditi Ns WS tHRd sRYake,far po@i@mhg éggeaotAQQQ nm
preferably 100 to 500 nm The magnetic recordi ng nedium of the I nvention

may be prief enatdiy idnterRendindtsa iIFRIReL ¢aheser dang taBdkumevZhe, mgnetic
recordi ng nmedium of the invention conprises a Si substrate, a priier

plating | apamng (MRS efpdlir M1t R peenpoTagRehiC migddl e | ayer) and a soft
magnetic | ayer. The soft magnetic |ayer can bé a single layer, or it can be
a mlti It is possible to form the soft magnetic layer on or
above the primer plating layer of the invention. There is no
particular limitation to the soft magnetic layer and any soft
magnetic layer material known in the art can be used. The

10 soft magnetic layer may preferably comprise one or more
selected from the group consisting of Fe, Co, Ni, P, Nb, Zr,
B and V. It may preferably comprise permalloy (FegNis) for
example.

The method for forming the soft magnetic layer is also

15 not limited particularly, and any method known in _the art can
be used. For example it is possible to use sputtering.

The thickness of the soft magnetic layer is dependent
on its application and conditions of use, and may be for
example 100 to 1000 nm, preferably 100 to 500 nm.

20 The magnetic recording medium of the invention may be
preferably a perpendicular magnetic recording medium. The
magnetic recording medium of the invention comprises a Si
substrate, a primer plating layer, (preferably with a non-
magnetic middle layer) and a soft magnetic layer. The soft

25 magnetic layer can be a single layer, or it can be a multi-
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| ayer which is constituted by a plurality of filnms. According to the
invention, it is preferable that the priner plating |ayer, the

non- magnetic mddle | ayer and the soft nmagnetic |ayer are forned by wet
process plating. By form ng these | ayers using wet process plating, the
process is sinple wth superior productivity, continuous filmformation is
possible while maintaining activity, and very superior characteristics can
be achieved. FIG 5 shows an exanple of a perpendi cul ar magnetic recoding
type hard di sk nedium of the invention. The substrate for the nagnetic
recording mediumf the invention, which conprises a Si substrate 11, a

primer platieg Layen 12 c%ﬂgt§t§9EH wgaebuarmgsz b2, sg@psbe made into a

magnetic reécording medium by conprising a recording |ayer 14 di sposed on

the soft nReReldie %be&helﬁnvéﬂﬁaeﬁrﬂﬁ&eas'brb§e§5§9e PRssi PLe PlﬁéPV'de a

protective layer 15 and a ubrlcatlng | ayer In that order o
reCOfd'ngpmdﬂﬁngTh%§%r|a%ﬁésnoﬁaﬁaEEeEQEnﬁgdB%e”@%?@gSaﬁ 'Qof@e art
such as sputtering. FIG shows an exanpl e of a pérpendicu recordi ng

type har dpgigletTRdupevhizeh ¢RELSES %eﬂogrgageet beamiddl e 33} aﬁfvaffmﬁ@e

substrate for the magnetic recording nediumof the 1nventio
conprises tjele J¥RSIsALR 1AL, w@tpbkg%%sspbﬁﬁkﬁﬂgla¥ﬁé %%oc@s@oﬂsngﬂﬂﬁiéc

m ddl e | ayer 23 and a soft ™ magnetic layer 24, "can be nmade Into a nmagnetic
recor di ng wiRgi Wiy ieRMRrbaee 1% 1t9S0k8hRInkB¥e" r22ndkspRIYoRN I ENE
possibie while maintaining activity, and very superior
characteristics can be achieved.
FIG. 5 shows an example of a perpendicular magnetic
10 recoding type hard disk medium of the invention. The
substrate for the magnetic re;ording medium of the invention,
which comprises a Si substrate 11, a primer plating layer 12
and a soft magnetic layer 13, can be made into a magnetic
recording medium by comprising a recording layer 14 disposed
15 on the soft magnetic layer 13. Furthermore, it is also
possible to proyide a protective layer 15 and a lubricating
layer 16 in that order on the recording film. These layers
can be formed by methods known in the art such as sputtering.
FIG. 6 shows an example of a perpendicular recording
20 type hard disk medium which comprises a non-magnetic middle
layer. The substrate for the magnetic recording medium of
the invention, which comprises a Si substrate 21, a primer
plating layer 22, a non-magnetic middle layer 23 and a soft
magnetic layer 24, can be made into a magnetic receording

25 medium by comprising a recording layer 25 disposed on the
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soft magnetic |ayer 24. Furthernore, it is also possible to provide a
protective layer 26 and a lubricating layer 27 in that order on the
recording film These | ayers can be formed by nmethods known in the art
such as sputtering. A Co recording layer is an exanple of a recording

| ayer, a carbon protective layer is an exanple of a protective |ayer, and
a fluorine based lubricating layer is an exanple of a |lubricating |ayer.
That is to say, the recording |ayer, the protective |layer and the

| ubricating | ayer can be as known in the art. The thickness of these |ayers
will fluctuate with application and conditions of use. According to the

| nvent | ons ke p3HsIRANGYLE. bayer raPth ks, Lok L0, AYSLotmy he gy ovi ded

on a S|ngle Si t he ubstrate e soft™ nagn |ayer Ahd

recor i 1 AT Hh Ryl ded g, 00l shldes Braégtﬁﬂasahggg ﬁh@ﬁe

invention wll |'ai ned based on the exanp Wev er

present inpyent 'o% (tEhl' &ﬁ%@dmgt gggﬁhafﬁgggw% ].Bgt g4 ASHAL 2 (1

0 0) Si nDnocryst ope typ Ianme 5 mMm

whi ch had {RegiL. picadyey %%nbxnc bty cedgen atoual,cand; hgpp' ng of a 200 m

di anmet er nDnocryst |ne substrate CZ process, were

polishgd wth goldoidal, g Eﬁsﬁa9gr 1ean Rar hbﬁ o%'éerQEo}EEHhSQaﬁérfo

have a surface roughness

a carbon protective layer is an example of a protective layer,
and a fluorine based lubricating layer is an example of a
lubricating layer. That is to say, the recording layer, the
protective layer and the lubricating layer can be as known in

10 the art. The thickness of these layers will fluctuate with
application and conditions of use.

According to the invention, the soft magnetic layer and
the recording layer may be provided on a single side of the
substrate, or the soft magnetic layer and the recording layer

15- may be provided on both sides of the substrate.
The invention will be explained based on the examples

below, however the present invention is not limited to these.

Example 1

20 Both surfaces of a (1 0 0) Si monocrystal (P doped N
type substrate) having a diameter of 65 mm which had been
produced by cutout, edge-removal and lapping of a 200 mm
diameter Si monocrystalline substrate fabricated by the CZ
process, were polished with collcidal silica of a mean

25 particle size of 15nm so as to have a surface roughness (Rms)
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of 4 rim The Rrs means a nean square roughness and was neasured using an
AFM (Atom c Force M croscope). Si etching was perforned on the surface
while the thin surface oxide filmwas renoved fromthe surface of the
substrate by soaking for 3 minutes in a 10 wt % aqueous .causti c soda
solution at 45C. Next, a primer plating bath was prepared by adding 0.5 N
of ammonium sulfate into a 0.1 N aqueous nickel sulfate solution, and the
pH was brought up to 9.8 by further addition of amonia water. This
solution was heated to 80C, and when the pH was neasured again, it was 7.6.
Wil e adding ammonia water continuously to bring the pHto 8.0 at 80C

(the totalranownl, 0thaNRREI Re RS €4 MoSn OsduMe LhHE RSB nPl@ld Ng | ayer
was formed by soaking the previously etchéd Si sd%strate In the prinmer

plating badeh shiefed uBinlt @9 AGRSQRYLRAI t Peredr MaeeoQkobh) S r@ﬁfgﬂéﬂﬁﬁgtl1 a

transm ssion el ectron m croscope, an anorphous | ayer just on or above the

Si_subst i @Rl orairsLal khaeshayareonnal cARAKe tniResaFpRBOOUR shayer were
confirmed. Furthernore, as a result of investigating the conposition ratio

(atom ¢ ratiing) wfs tgovald #pdmmehal scerperents thy gQ%stEQ%engiQo?%gég:Ni

in a portion just above the Si substrate was 19:1. Furthernor

conpossti gy &t A nle@Mie Hatino)ytef aghieNus Rads®iddkedsPRb1:PRohNaE e
t hi ckness direction was 3:2, and that of the portion furthest fromthe

substrate ype. Sindkt = & 'plind NP1 i IS G ARGH Y B acRiNY bbervals
N of ammonium sulfate into a 0.1 N aqueous nickel sulfate
solution, and the pH was brought up to 9.8 by further
addition of ammonia water. This solution was heated to 80°C,

10 and when the pH was measured again, it was 7.6. While adding
ammonia water continuously to bring the pH to 8.0 at 80°C
(the total amount of ammonia water was 0.1 N), the primer
plating layer was formed by soaking the previously etched Si
substrate in the primer plating bath for 5 minutes.

15 Observing the surface of this material with a
transmission electron microscope, an amorphous layer just on
or above the Si substrate and a crystalline layer on or above
the amorphous layer were confirmed. Furthermore, as a result
of investigating the composition ratio (atomic ratio) of the

20 S8i and metal components by EDX, the ratio of Si:Ni in a
portion just above the Si substrate was 19:1. Furthermore,
the composition ratio (atomic ratio) of Si:Ni in a middle
portion in the thickness direction was 3:2, and that of the

portion furthest from the substrate was Si:Ni = 1:10.

25 Inserting lattice-shaped cuts at 5 mm intervals into this
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prinmer plating film sellotape (registered trade mark) was used to make a
‘peel off test, and delam nation of the plated filmwas not observed at

all. Exanple 2 Si etching was perforned on the surface of a Si substrate
whi ch had been obtained in the sane manner as in Exanple 1, while the thin
surface oxide filmwas renoved from the surface of the substrate by
soaking for 2 mnutes in a 45 w % aqueous caustic soda solution at 500C.
Next, a prinmer plating bath was prepared by adding a 0.2 N agueous
ammoni um sulfate solution into a 0.2 N aqueous copper sulfate sol ution,
and the pHwas brought up to 8.3 by further addition of anmonia water.

This sol U%@ﬁe%@lﬁ%@hédftj.Qm,SO'SQil@EQpEﬁmQﬁeﬁﬁgtgﬁeﬂﬁﬁr%@sﬂﬁﬁﬁ) agakn, it
was 6. 9. il e adding amonia water contindously to bring the pHto 8.0 at

800C (theykauako agmdnt pbeanypRi AWAs Qnd NbiahhgaRigh! yragdheshyerpgi mer
plating filmof the invention was obtained by soaking the previously

etched Si rsuhstimat acitnobBerpelmeE phating bath for 7 minutes. bserving
the surface of this material with transm ssion el ectron m croscope, an

anor phous | ayer on or above the Si substrate and a m xed crystalline |ayer
on or above the anorphous |ayer were confirmed. Furthernore, as a result

of i nvest pgakbng@ the conposition ratio (atomc ratio) of the Si and netal
conponent S by EDX, the ratio of Si:Cu in

Si etching was performed on the surface of a Si
substrate which had been obtained in the same manner as in
Example 1, while the thin surface oxide film was removed from
the surface of the substrate by soaking for 2 minutes in a 45

10 wt?% agqueous caustic soda solution at 50°C. Next, a primer
plating bath was prepared by 'adding a 0.2 N aqueous ammonium
sulfate solution into a 0.2 N aqueous copper sulfate solution,
and the pH was brought up to 8.3 by further addition of
ammonia water. This solution was heated to 80°C, and when

15 the pH was measured again, it was 6.9. While adding ammonia
water continuously to bring the pH to 8.0 at 80°C (the toEal
amount of ammonia was 0.2 N), the highly adhesive primer
plating film of the invention was obtained by soaking the
previously etched Si substrate in the primer plating bath for

20 7 minutes.

Observing the surface of this material with
transmission electron microscope, an amorphous layer on or
above the Si substrate and a mixed crystalline layer on or
above the amorphous layer were confirmed. Furthermore, as a

25 result of investigating the composition ratic (atomic ratio)
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a portion just above the Si substrate was 20:1. Furthernore, the
conposition ratio (atomc ratio) of Si:Cuin a mddle portion in the

t hi ckness direction was 5:1, and that of the portion furthest fromthe
substrate was Si:Cu = 1:15. Inserting lattice-shaped cuts at 5 mm
intervals into this primer plating film sellotape (registered trade mark)
was used to make a peel off test, and delam nation of the plated filmwas
not observed at all. Exanple 3 Si etching was perforned on the surface of
a Si substrate which had been obtained in the same manner as in Exanple
1, while the thin surface oxide filmwas renoved fromthe surface of the

subst r at eofy thealkiingndoneBam BuhgdneAta BY EPKY aBdeedsicayst £€:6@dgn
solution at 30C. Next, a prinmer plating bath was prepared by adding a 0.15

N aqueou5aa@mmmuum1jﬁuhfabevéotublsm sobetaalellhabl aqueQuskstdnEmdid,rate
solution, and the pH was brought up to 8.8 by further addition of anmonia

wat er . Thithes aloutpiosn tias. heated (eoRQE raand)whenst heupthvasnigasar ed
again, the pHwas 7.2. Wile adding anmonia water continuously to bring

the pH topbrRiatn iBO€het hditkhaksagRuattebnawaBNBEa1WaSNE. thal) ot fIge hi ghly
adhesive priner plating filmof the invention was obtained by soaking the

previ obis| porttdleed fSirtdesst faba khet Bebptira®e wiakakingubath:fer 3 m nutes.
Qobserving the surface of this
Inserting lattice-shaped cuts at 5 mm intervals into this
primer plating f£ilm, sellotape (registered trade mark) was
used to make a peel off test, and delamination of the plated

film was not observed at all.

10

Example 3

Si etching was performed on the surface of a Si
substrate which had been obtained in the same manner as in
Example 1, while the thin surface oxide film was removed from

15 the surface of the substrate.by soaking for 3 minutes in a 30
wt?¥ aqueous caustic soda solution at 30°C. Next, a primer
plating bath was prepared by adding a 0.15 N aqueous ammonium
sulfate solution into a 0.15 N aqueous silver nitrate
solution, and the pH was brought up to 8.8 by further

20 addition of ammonia water. This solution was heated to 80°C,
and when the pH was measured again, the pH was 7.2. While
adding ammonia water continuously to bring the pH to 8.0 at
B0°C (the total amount of ammonia was 0.15 N), the highly
adhesive primer plating film of the invention was obtained by

25 soaking the previously etched Si substrate in the primer
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material with a transm ssion electron mcroscope, an anorphous |ayer on or
above the Si substrate and a m xed crystalline |ayer on or above the

anor phous | ayer were confirned. Furthernore, as a result of investigating
the conposition ratio (atomc ratio) .of the Si and netal conponents by
EDX, the ratio of Si:Ag in a portion just above the Si substrate was 20:1.
Furthernore, the conposition ratio (atomc ratio) of Si:Ag in a mddle
portion in the thickness direction was 4:1, and that of the portion
furthest fromthe substrate was Si: Ag = 1:12. Inserting lattice- shaped
cuts at 5 mmintervals into this prinmer plating film sellotape

(regi sterpdatiagebadhkfovas usedrés. mdesarpiae) tfd surce T tdglsam nation
of the plated filmwas not observed at all. Exanple 4 Si etching was

per f or redmanethelswitAce etadsdisssuhstiatervhi ghchadebeen gbtained in the
same manner as in Exanple 1, while the thin surface oxide filmwas renoved

from theasutpheasollaybe snbstrabeventhbBessagebsBpaee asdi s fxaeml e 1.
Next, a prinmer plating bath was prepared by adding a 0.2 N agueous

ammoni um sulkakelsakul hgBri Bhooa Qbdvhl aHHeaMSrpEetal 1agsat fasee sol ution,
and the pH was brought up to 8.5 by further addition of ammonia water. This

sol uti®n wesfheatad 2ZButth&findie aAngk Wiereddler pit viasrdBBISgHIEhAGREN, It was
7.0. Wiile adding anmoni a water continuously to bring the pHto

composition ratiec (atomic ratio) of the Si and metal

components by EDX, the ratio of Si:Ag in a portion just above

the Si substrate was 20:1. Furthermore, the composition

ratio (atomic ratic) of Si:Ag in a middle portion in the

10 thickness direction was 4:1, and that of the portion furthest
from the substrate was Si:Ag = 1:12. Inserting lattice-
shaped cuts at 5 mm intervals into this primer plating film,

sellotape (registered trade mark) was used to make a peel off

test, and delamination of the plated film was not observed at

15 all.

Example 4

Si etching was performed on the surface of a Si
substrate which had been obtained in the same manner as in
20 Example 1, while the thin surface oxide film was removed from
the surface of the substrate in the same manner as in Example
l. Next, a primer plating bath was prepared by adding a 0.2
N aquecus ammonium sulfate solution into a 0.2 N aqueous
cobalt sulfate solution, and the pH was brought up to 8.5 by

25' further addition of ammonia water. This solution was heated
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8. 0 at 80'C (the total anmount of ammonia was 0. 2 N) , the highly
adhesive priner plating filmof the invention was obtai ned by soaking the
previously etched Si substrate in the prinmer plating bath for 5 m nutes.
bserving the surface of this material with a transm ssion el ectron

m croscope, an anorphous |ayer on or above the Si substrate and a m xed
crystalline |layer on or above the anorphous | ayer were confirned.
Furthernore, as a result of investigating the conposition ratio (atomc
ratio) of the Si and netal conponents by EDX, the ratio of Si:Co in a
portion just above the Si substrate was 18:1. Furthernore, the conposition

rati o (atesi gor@! i Sld Afnet | 190s Il el q‘%fstﬂ?é&' Jaid), tie

Ao
direction was 2:1, and that of the portion furthest " fromthe substrate was

Si:Co = 1yuk@lel &a@lihl;nﬁmtn@h!i_hcﬁaﬁB@pégnﬁlﬂhﬁoﬁsl§ Hatbetﬁgvehé bt this
prinmer plating film sellotape (registered trade mar ) was used to make a

peel off gegt grapde @et@E@rEgﬁéﬁtéﬁo ﬁ%aé%fﬂﬁﬁbﬁié 39%” ved at al
Exanple 5 Both surfaces of a (1 O nonocryst a oped Ee’type
substrat ehigatiyngdaecdiageper mek gialmh%hﬁmmha@ ’eﬁenlnpéﬁ’éy%%é’é{ cutout,
edge-renoval and | apping of a 20 aneter Si nonocrystalline substrate

fabri cat edblbrinbe 6¢ spaREBFStWRN BrRibshed wktheqokhokdBLtshtdchy ofn & nean

primer plating bath for 5 minutes. Observing the surface of
this material with a transmission electron microscope, an
amorphous layer on or above the Si substrate and a mixed
crystalline layer on or above the amorphous layer were

10 confirmed. Furthermore, as a result of investigating the
composition ratio (atomic ratio) of the Si and metal
components by EDX, the ratio of Si:Co in a portion just above
the 5i substrate was 18:1. Furthermore, the composition
ratio (atomic ratio) of Si:Co in a middle portion in the

15  thickness direction was 2:1, and thet of the portion furthest
from the substrate was Si:Co = 1:10.

Inserting lattice-shaped cuts at 5 mm intervals into

this primer plating film, sellotape (registered trade mark)
was used to make a peel off test, and delamination of the

20 plated film was not observed at all.

Example 5

Both surfaces of a (1 0 0) Si monocrystal (P doped N
type substrate} having a diameter of 65 mm which had been

25 produced by cutout, edge-removal and lapping of a 200 mm

29



particle size of 15nmso as to obtain a surface roughness (Rms) of 4 nm
The Rns neans a nmean square ioughness and was neasured using an AFM (Atom c
Force M croscope). After Si- etching on the surface was perforned while the
thin surface oxide filmwas renoved fromthe surface of the substrate by
soaking for 3 mnutes.-in a 10 wt % aqueous caustic soda solution at 45C,
this substrate was:successively soaked in ethylene glycol solution. Next,
a prinmer plating bath was prepared by adding 0.5 N of anmmonium sul fate
into a 0.1 N aqueous nickel sulfate solution, and the pH was brought up to
9.8 by further addition of amonia water. This solution was heated to 80C,
and when tihemptknasSi neasoredsaghl inet ieb ptiaes Falbridiie® baddiagzamoni a
wat er continuously to bring the pHto 8.0 at 80C (the total anount of
amoni a wasoBedsNyeréheobished wpthtcopldagel sbbiobtat nedndyn soaki ng t he
previously etched Si substrate in the prinmer plating bath for 5 m nutes.
After neapartngleheiserbfceSmh $dbi asnmadeosbiohim & hswmnfaddEMEbjlane<s For ce
M croscope), 35 protrusions of a height of at |east 100 nmwere observed
per 100 nmRRmkhseft & ngml atThHec Rnshapech € Ut sneatn Soumadnantrenmglredsntamd thaiss
primer plating film sellotape (registered trade mark) was used to nmake a
peel dff mesturaddudehananadf¥in(dtomhe Fpratadifrdswows) notAfilesersded at
all. Exanple 6

etching on the surface was performed while the thin surface

oxide film was removed from the surface of the substrate by
soaking for 3 minutes in a lO-wt% aqueous caustic soda
solution at 45°C, this substrate was successively soaked in

10 ethylene glycol solution.

Next, a primer plating bath was prepared by adding 0.5
N of ammonium sulfate into a 0.1 N aqueous nickel sulfate
solution, and the pH was brought up to 9.8 by further
addition of ammonia water. This solution was heated to 80°C,

15 and when the pH was measured again, the pH was 7.6.” While
adding ammonia water continuously to bring the pH to 8.0 at
80°C (the total amount of ammonia was 0.1 N), the primer
plating layer was obtained by soaking the previously etched
Si substrate in the primer plating bath for S minutes.

20 After measuring the surface of this material with an
AFM (Atomic Force Microscope), 35 protrusions of a height of
at least 100 nm were observed per 100 um’.

Inserting lattice-shaped cuts at 5 mm interwvals into
this primer plating film, sellotape (registered trade mark)

25 was used to make a peel off test, and delamination of the
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Si etching was perfornmed on the surface of a Si 5 substrate which had been
‘obtained in the sane manner as in Exanple 5 while the thin surface oxide
filmwas renmoved from the surface of the substrate by soaking for 2
mnutes in a 45 w % aqueous caustic soda solution at 50*C. Next, a priner
pl ati ng bath was prepared by adding a 10 0.2 N aqueous anmoni um sul fate
solution into a 0.2 N aqueous copper sulfate solution, and the pH was
brought up to 8.3 by further addition of ammonia water. This solution was
heated to 80'C, and when the pH was neasured again, it was 6.9. Wile
addi ng amoni a water continuously to bring the pHto 15 8. 0 at 80"C (the
total anopnttedl &iMBnivaswastOobgeMNyed hBealhighly adhesive prinmer plating
filmof the invention was obtained by soaking the previously etched S
substrate in the priner plating bath for 7 mnutes. After neasuring the
surface of this material with an 20 AFM (Atom c Force M croscope), 18

protrusi oExafbla kei ght of at |east 10 nmwere observed per 1 PM .
Inserting Tattice-shaped cuts at 5 mmintervals into this prinmer plating

film sellotapesiregchtigagedatrpderomméd omashysedrigcanke a4 peel of f test,
and del am nation of the 25 plated fil mwas not observed at all. 31 Exanple

7 Bot hs sustigeesatle ah(thOhA} BeerinBbEbYSEAl i6PtHepsdmdl mbynersybsifiat e)
having a di aneter of 65 nm which had been
Example 5, while the thin surface oxide film was removed from
the surface of the substrate by soaking for 2 minutes in a 45
wt% aqueous caustic soda solution at 50°C.
Next, a primer plating bath was prepared by adding a
10 0.2 N aqueous ammonium sulfate solution into a 0.2 N agqueous
copper sulfate sclution, and the pH was brought up tc 8.3 by
further addition of ammonia water. This solution was heated
to 80°C, and when the pH was measured again, 1t was 6.9.
While adding ammonia water continuously to bring the pH to
15 8.0 at 80°C {the total amount of ammonia was 0.2 N), the
highly adhesive primer plating film of the invention was
obtained by soaking the previously etched Si substrate in the
primer plating bath for 7 minutes.
After measuring the surface of this material with an
20 AFM (Atomic Force Microscope), 18 protrusions of a height of
at least 10 nm were observed per 1 um®. -
Inserting lattice-shaped cuts at 5 mm intervals into
this primer plating film, sellotape (registered trade mark)
was used to make a peel off test, and delamination of the

25 plated film was not observed at all.
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5 produced by cutout, edge-renoval and |apping of a 200 nmdi aneter S
nonocrystalline substrate fabricated by the CZ process were polished with
colloidal silica of a mean particle size of 15nmso as to obtain a surface
roughness (Rrs) of 4 nm The Rns neans a nean square roughness and was 10
measured using an AFM (Atomic Force M croscope) . After Si- etching on the
surface was perforned while the thin surface oxide filmwas renoved from
the surface of the substrate by soaking for 3 mnutes in a 10 wt % aqueous
caustic soda solution at 45C, this substrate was subsequently soaked in 15
et hyl ene glycol solution. _ Next, a prinmer plating bath was prepared by
adding 0.5 N of ammonium sulfate into a 0.1 N aqueous nickel sulfate
solution, and the pH was brought up to 9.8 by further addition of ammonia
wat er. ThiExasqllg i7on was heated to 80C, 20 and when the pH was neasured
again, the pHwas 7.6. Wile adding anmonia water continuously to bring

the pH to 8.0 aBot80Gukttheetobdl aampuot 0of samBhAbary@sal. 1pNjopbhenpri mer
plating layer was obtained by soaking the previously etched Sl substrate

in the pritygle phaistng tet hafdhgd andivimes.e 2% fCEH mpuivhdlcy, hb@ebsiedd! e | ayer
was obtained by dipping for 5 32 mnutes in a 0.1 N aqueous nickel sulfate

sol uti Bn widiuceeb Maidis dift o plhrephemceraaciahd Aaeerivigng £t e 290r hace of this
material with a transm ssion electron mcroscope and AMF, it had a
t hi ckness diameter Si monocrystalline substrate fabricated by the CZ
process were polished with colloidal silica of a mean
particle size of 15nm so as to obtain a surface roughness
(Rms) of 4 nm. The Rms means a mean square roughness and was
10 nmeasured using an AFM (Atomic Force Microscope}. After Si-
etching on the surface was performed while the thin surface
oxide film was removed from the surface of the substrate by
soaking for 3 minutes in a 10 wt% aqueous caustic soda
solution at 45°C, this substrate was subsequently soaked in
15 ethylene glycol solution. -
Next, a primer plating bath was prepared by adding 0.5
N of ammonium sulfate into a 0.1 N aqueous nickel sulfate
solution, and the pH was brought up to 9.8 by further
addition of ammonia water. This solution was heated to 80°C,
20 and when the pH was measured again, the pH was 7.6. While
adding ammonia water continuously to bring the pH to 8.0 at
80°C (the total amount of ammonia was 0.1 N}, the primer
plating layer was obtained by soaking the previocusly etched

Si substrate in the primer plating bath for 5 minutes.

25 Continuingly, the middle layer was obtained by dipping for 5
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5 of 250 nmand a Rrs of 0.8 nm Inserting lattice-shaped cuts at 5 mm
intervals into this prinmer plating film sellotape (registered trade nark)
was used to make a peel off test, and delam nation of the plated filmwas
not observed at all. 10 Exanple 8 Si etching was perforned on the surface
of a Si substrate which was produced in the sanme manner as in Exanple 7,
while the thin surface oxide filmwas renoved fromthe 15. surface of the
substrate by soaking for 2 mnutes in a 45 wt% aqueous caustic soda
solution at 50'C. Next, a prinmer plating bath was prepared by adding a 0.2
N aqueous anmoni um sul fate solution into a 0.2 N aqueous copper sulfate
sol uti on, mamditelse ipHawds 1bNoagheoup hdcRel bulZAttusthetiaddivhieh of
anmoni a water. This soluti-on was heated to 80*C, and when the pH was
measur ed &gaitainist hwpepbo8phowhil ecaddi ng amoni a wat er conti nuously to
bring the pHto 8.0 at 80'C (the total anpunt of ammonia was 0.2 N), the
hi ghl y adhesi veOpeemeingl bhengutfborobft heisnuetér dbal vastR5a obt ai ned by
soaking the previously etched Si substrate in the 33 priner plating bath
for 7 m nitressnisstionuiedgkyronheinrddbepel aypdr Avas obt haded byidikppssg for
5 mnutes in a 0.1 N aqueous nickel sulfate solution. Observing the
surface obft B> mmt endak Rmshod 0.8 nm. :
Inserting lattice-shaped cuts at 5 mm intervals into

this primer plating film, sellotape (registered trade mark)

was used to make a peel off test, and delamination of the

plated film was not observed at all.

10
Example 8
Si etching was performed on the surface of a Si
substrate which was produced in the same manner as in Example
7, while the thin surface oxide film was removed from the
15. surface of the substrate by soaking ?or 2 minutes in a 45 wt%
- aqueous caustic soda sclution at 50°C.
Next, a primer plating bath was prepared by adding a
0.2 N aqueous ammonium sulfate solution into a 0.2 N aqueous
copper sulfate solution, and the pH was brought up to 8.3 by
20 further addition of ammonia water. This solution was heated
to 80°C, and when the pH was measured again, it was 6.9.
While adding ammonia water continuously to bring the pH to
8.0 at 80°C (the total amount of ammonia was 0.2 N), the
highly adhesive primer plating film of the invention was

25 obtained by soaking the previously etched Si substrate in the
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5 transm ssion electron mcroscope and AMA, it had a thickness of 15 nm
and a Rrs of 0.2 nm Inserting lattice-shaped cuts at 5 mmintervals into
this prinmer plating film sellotape (registered trade nmark) was used to
make a peel off test, and del am nation of the 10 plated fil mwas not
observed at all. 34 CLAIMS 1. A surface-treated substrate for a nmagnetic
recordi ng nedium conprising: a Si substrate; and a priner plating | ayer on
the Si substrate; wherein the prinmer plating layer is a filmwhich
conprises a netal and a Si oxide. 2. The surface-treated substrate for a
magnetic recording nediumaccording to claiml1, wherein a netal content of
sai d pri nmpripleat pigtliayebathn€oeaseniwathsi, nor&aisimgidiist,ange fnid@ia face
of said Si substrate. 3. The surface-treated substrate for a magnetic
recor di ng lawydirumaac obitdiingdt byclappihgofoel ai miAutwbeiri 8 saldnnmetal of
said prinmer plating |layer conprises at |east one netal selected fromthe
group consiusbusgnatkAd, sGofaCd, sblutPdnand Pt, or conprises an alloy
conprising said at |east one nmetal. 4. The surface-treated substrate for a
magneti c Observing the surface of this material with a

5 transmission electron microscope and AMF, it had a thickness
of 15 nm and a Rms of 0.2 nm.
Inserting‘lattice~shaped cuts at 5 mm interwvals into
this primer plating film, sellotape (registered trade mark)
was used to make a peel off test, and delamination of the

10 plated film was not observed at all.
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recordi ng nmedi um according to any one of clains 1 to 3, further conpri sing:
‘a soft magnetic |ayer disposed on or above said priner plating layer. 5. A
magneti ¢ recordi ng medi um conprising: 35 said surface-treated substrate for
a magnetic recording nmedium according to any one of clainms 1 to 4; and a
recording layer. 6. A surface-treated substrate for a magnetic recording
medi um conprising: a Si substrate; and a priner plating |ayer on the S
substrate, wherein at |least 5 and at nost 50 protrusions of a height of
at least 100 nmper 100 nR2 are present on a surface of the primer plating
| ayer. 7. A surface-treated substrate for a magnetic recording nedi um
conpri si ngL24M8j substrate; and a prinmer plating |layer on the Si substrate,
wherein at least 1 and at nost 20 protrusions of a height of at |east 10
nmper 1 nR2 are present on a surface of the priner plating layer. B. The
surface-treated substrate for a magnetic recording nmediumaccording to
claim6 or clailm % sugfacerhresaradpevhefrprat fay payeenesiat | east one

recording medium, comprising:

a Si substrate; and

a primer plating layer on the Si substrate;

wherein the primer plating layer is a film which
coﬁprisés.a ﬁetal and a Si oxide.

2. The surface-treated substrate for a magnetic
recording medium according to claim 1,

wherein a metal content of said primer plating layer
increases with increasing distance from a face of said Si
substrate.

3. The surface-treated substrate for a magnetic
recording medium according to claim 1 or claim 2,

wherein said metal of said primer plating layer
comprises at least one metal selected from the group
consisting of Ag, Co, Cu, Ni, Pd and Pt, or comprises an
alloy comprising said at least one metal.

4. The surface-treated substrate for a magnetic
recording medium according to any one of claims 1 to 3,
further comprising:

a soft magnetic layer disposed on or above said primer
plating layer.

5. A magnetic recording medium comprising:
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nmetal selected fromthe group consisting of Ag, Co, Cu, Ni, Pt and Pd, or
is an alloy whose principal conponent is said at |east one netal. 9. The
surface-treated substrate for a magnetic recording nmedium according to any
one of clainms 6 to 8, 36 further conprising: a soft magnetic |ayer disposed
on or above said priner plating |layer. 10. The surface-treated substrate
for a magnetic recording nedium according to any one of clains 6 to 9,
wherein said primer plating |ayer and said soft nagnetic | ayer have been
formed by wet process plating. 11. A magnetic recording nmedi um conpri sing:
said surface-treated substrate for a magnetic recordi ng nmedi um accordi ng
to any of clai nsaia suwtFacandt rea treet anutistrdtay foron magalkede sai d
substrate. 12. A surface-treated substrate for a magnetic recording
medi um compramiing meSliwuEstgatding pra nery pirat iofy dlayiers dn g ;Siand
substrate; and soft magnetic |ayer above the priner plating |ayer,
wher ei n a non- negnetdordiindd|leeay.er exi sts between the priner plating
| ayer and the soft magnetic layer. 13. The surface-treated substrate for a
magneti c recordi iy swdiame-doomtdigilssitaien iy, a magnetic
recording medium, comprising:
a 51 substrate; and
a primer plating layer on the Si substrate,
wherein at least 5 and at most 50 protrusions of a
height of at least 100 nm per 100 um®’ are present on a
surface of the primer plating layer.
7. A surface-treated substrate for a magnetic
recording medium, comprising:
a Si substrate; and
a primer plating layer on the Si substrate,
wherein at least 1 and at most 20 protrusions of a
height of at least 10 nm per 1 um® are present on a surface
of the primer plating layer.
8. The surface-treated substrate for a magnetic
recording medium according to claim 6 or claim 7,
wherein said primer plating layer is at least one
metal selected from the group consisting of'Ag, Co, Cu, Ni,
Pt and Pd, or is an alloy whose principal component is said
at least one metal.

9. The surface-treated substrate for a magnetic

recording medium according to any one of claims 6 to 8,
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wherein the non-magnetic mddle layer is selected from the group
consisting of a NN-P layer, a Cu layer and a Pd |ayer. 14. The
surface-treated substrate for a magnetic recording nmedium according to
claim12 or claim 13, 37 wherein a nean square roughness (Rms) of a surface
of said non-magnetic mddle layer is at least 0.1 rimand at nost 1 nm
and thickness of said non-magnetic mddle layer is at |east 10 nmand at
nost 500 nm 15. The surface-treated substrate for a magnetic recording
medi um according to any one of clains 12 to 14, wherein said priner
pl ating layer, said non-magnetic mddle | ayer and said soft nagnetic |ayer
have been fugithed apppwdtsipgocess plating. 16. A magnetic recordi ng medi um
conprising: said surface-treated substrate for a magnetic recording
medi um accor di ng sef&npaghetiai heye2 tdspbsedndnaoresbodengalidyerimert he
Substrate. 38

plating layer.

10. The surface-treated substrate for a magnetic
recording medium according to any one of claims 6 to 9,

wherein said primer plating layer and said soft
magnetic layer have been formed by wet process plating.

11. A magnetic recording medium comprising:

said surface-treated substrate for a magnetic
recording medium according to any of claims 6 to 10; and

a recording layer on or above said substrate.

12. A surface-treated substrate for a magnetic
recording medium, comprising:

a 81 substrate;

a primer plating layer on the Si substrate; and

a soft_magnetic layer above the primer plating layer,

wherein a non—magneﬁic middle layer exists between the
primer plating layer and the soft magnetic layer.

13. The surface-treated substrate for a magnetic
recording medium according to claim 12,

wherein the non-magnetic middle layer is selected from
the group consisting of a Ni-P layer, a Cu layer and a Ed
layer.

14. The surface~treated substrate for a magnetic

recording medium according to claim 12 or claim 13,
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wherein a mean square roughness (Rms) of a surface of
sald non-magnetic middle layer is at least 0.1 nm and at
most 1 nm, and thickness of said non-magnetic middle layer
is at least 10 nm and at most 500 nm.
15. The surface-treated substrate for a magnetic
recording medium according to any one of claims 12 to 14,
wherein said primer plating layer, said non-magnetic
middle layer and said soft magnetic layer have been formed
by wet process plating.
16. A magnetic recording medium comprising:
sald surface-treated substrate for a magnetic
recording medium according to any of claims 12 to 15; and

a recording layer on the substrate.
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