TITILE OF THE | NVENTI ON SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM BACKGROUND
OF THE INVENTION 5 1. FIELD OF THE | 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
10 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
15 magnetic recording types in which even higher density recording is
possi bl e i s advanci ng, Egplackﬂg the conventional |ongitudinal magnetic
recor di ng i p&s Ot i ives. In perpendicular magneti c recording,
t he nagnetlc field 20 from adjacent bits is in the sanme direction as the
magnet i zi ng d|§Q@§T8ﬁTEf§Pﬁ1N§G§Egﬂgs§§cP§§ﬁ§F’y EOP¥ui t  between adj acent
blts and there is less self-reducing magnetic field (referred to bel ow as
dianagnetizing field') caused by self nagnetization than in horizontal

25 magneti c recordin stab|I|2|n the magnetizing condition. 1 1In
perpendlﬁﬂQﬁGW@mm%ﬁ%4 ﬁa&re is no

5 1. FIELD OF THE INVENTION

The present invention relates to a magnetic recording
medium which comprises a substrate for a magnetic 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 magnetic recording types in which even higher density
recordiﬁg is possible is advancing, replacing the
cohventional 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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particul ar necessity to make the magnetic filmthin with increases in
recordi ng density. Fromthese points, the perpendicular nmagnetic recording
can reduce the 5 diamagnetizing field and secure K,V val ues, wherein K,
represents anisotropic energy, in particular the crystalline nagnetic

ani sotropic energy in the case of magnetic recording, and V expresses the
volume of a unit recording bit. Accordingly, it has stability agai nst
magneti zation by 10 thermal fluctuations and is believed to be a recording
method that nmakes it possible to push- the recording limt significantly
upward. As recording nedia, perpendicular recording nmedi a have a high
affinity with horjzonta cordin i s b to use
basically the same~ 15t e %uf © ma %eggg %%% g%%é ?g%a yhgnd in both
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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
writing 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 pfotective 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



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
sanme role as an iron yoke in the 5 magnetic circuit of a pernmanent nagnet
so that it is required to be a thick film Conpared to formation of

non- magnetic Cr-based primer filmin a horizontal recording nedium it is
not a sinple matter to formthe soft magnetic lining filmof the 10

per pendi cul ar recording medium Odinarily, the filns constituting a

hori zontal recording nediumare all formed by a dry process (principally
by magnetron sputtering) (Japanese Patent Provisional Publication No.

5-143972/1993). Film rmation by dry ocessi ng has. be i nyestigated for
15 per perdiCctifar PEcHF 'n@sn%%?%gaghﬁepg£hFgﬁév@ggn?fbﬁ1fﬂgx gEBQCgQSf
mass- producti on and..producti vi.ty, %Pere re | arge r.oblemg with.film

for mat i off 5P TEN Ipridcds §PRY Shélaudd Sof O iy JRESE 4 ﬁpﬁpﬁvﬁﬁﬁ?rbdﬁblexity
of paraneter settings, .and,  nore .than t hi el,se, process speed.

Fur t her n6rléC e Eﬁ&%2§oﬁuFB@S@r&ﬁlE@h%g§ﬁh§Q%Wbﬁ%F &%ﬁ§¥¥$§%§ %9-s
necessary to nake the heL%ht at which the head floats above .the syrface of
the magn@&S@UGASIPY (e 1 g 1Rei Jhe) SAT9 dw lEs 350881 Bite™ YRES ordl ﬁ:&ey in
t he manuf act ure of_thejgﬁrpendicular gnetict rec%{d%n%tﬁediunl A
neces3ar Padeddvec ittd idubdt PaPeTRCHF ™5 MR SIS K (FH o Ssuéh & THitShess
that it can be Ie%ﬁlﬁgjpy 3 grinding. However, because the adhesion of
tthkfl'tfﬂ be a thic Ilm.

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, it.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



obtained by a dry process is low, leveling by grinding is very
probl ematic. Thus, various tests were perforned to cover a non-nagnetic
substrate with a nmetal filmby a plating 5 nethod, with which a thick film
can be forned nore easily than by vacuum deposition. In order to perform
plating with favorabl e adhesion by wet process plating, it is very
inportant that material which can act as a catal yst for reducing netal
ions in the plating 10 solution exists in large quantities at junction
sites between the plating filmand the base material. Furthernore, the
adhesi ve strength between the plating filmwhich is forned and the plated
substrate depends on a nechani cal anchoring effect due to_unevenness of
the surf@Eendinghe FAWRRE 15eGH5S dihe aiohidhetd @ htler'deti ons bet ween
the plated substrate and the plating film For exanple, in order to plate
the surfelbbaghed bintef ¥l PRAFRRS| §SpbdY: i heEREMEaPYr 8RERFVPEYiSsuch as
pl astic, ceram cs_or g[ass, a method for securing adhesion 20 based on
nmechani cEeTEnERePiLAgaLsCwi dBIYS usERE Qb FES I DIRRT EPEIT ctRs are fi xed
to indented portions of the surface by digping the substrate into a Pd-Sn
col | oi dafovesl at reR-BRgBeLicugHeRFratehwishr fadetet théemshyseratethyps
polish or the |ike, and,plating.is carried out using these 25 adhered
col | di dsmashedr aWjthcwWhight pnghpeknfsln gapnbenéosPRer MAARIS2FMER pl ating a
surface of netal such o
than by vacuum deposition.
In order to perform plating with favorable adhesion by
wet process plating, it is very 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
substratée 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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as Fe or the like, netallic bonds are forned between the plating film and
the plated netal immediately after starting the plating, and it is
bel i eved that strong adhesion is 5 ensured by generation of an alloy at the
atomc layer level. 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 10 film of Si02 whose surface is of |ow
chemi cal activity. For this reason, it is difficult to formchem cal bonds
with the plating film It is widely known that the natural oxide film of
the Si surface can be dissolved for renoval by soaking in HF or 15 the
li ke. However, Onhtheupthes bandhewsSpnwalehings2hadrfesenatuRgradxPaER il m
renoved oxidizes very easily, so that before the plating filmcan be
formed, &beFexicde thiel mike, fetaddigghindsy areadoraswWeelhVeRNgitdGps in the
solution when it is soaked in the plating solution. Consequently, a 20
f avor abl lpltaniong iflim ancanthet pBetebt aieted. iBECddsEcdly LAt WéA tpR&ting a
Si substrate, plating is carried out by soaking in a Pd-Sn caolloid after
rougheni e thetdmol agadofitt ke beBdevade tihata s§irRNdapr IREFAER 16 t hat
previously described when plating plastic or the like. 25 Alternatively, it
can be pernfstimesd by gengriatgon wit an lkayer a5 ftHemdd OBy vapdepREsel -
deposi tion such as sputtering. o
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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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
i ncrease the roughness of the 5 surface of the substrate accordingly.
Consequently, it is not suitable for plating a sem conductor wafer or the
like wused in electronic materials or the like. Furthernore, if the
substrate surface is roughened by nechani cal processing, mnmarks fromthe
process are generated, and depending on the 10 dinmensions and shape of the
mar ks, the problem of a considerable |oss of substrate strength occurs.
SUMMARY COF THE INVENTION It is an object of the invention to provide a
surface- 15 treated substrate for a magnetic recording nmedium and a
magnet i Cr& 8660 dbPovaB6t Ubh £08Pdé S HTE Boti esocldi 8y spayeterimberein the
surface-treated substrate can contain thick film which has adhesion strong
enough to wit hsdwdrdet evel i I OEESS Stk asipel 4 sténgromghdeid@rime i on of
filmon the Si 20 substrate. According to a first aspect of the invention,
as a resubttphteppeat ede keghes VeS| gat thasplatong sayéacest teabed
substrate for magnetic recording nmedium a soft magnetic |ayer and a
magnet i cifes0s8kag mediyneesPsa By NBoainecoadengh@5rbaykneswherethet he
surface-treated substrate can contain 6 thick filmwhich has adhesion to a
gi sqe_bgt g@%ﬁacéhéf tR¥eptpEsripndctbatiihgl ol deTot e @odri Mg, the iobj ect
escri be

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 ffom 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 film 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
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above, it is effective to use a surface-treated substrate for a magnetic
recordi ng medium conprising a Si substrate, a 5 priner plating |ayer on the
Si substrate, and preferably a soft magnetic |ayer on or above the priner
plating layer, wherein the primer plating layer is filmwhich conprises a
metal and a Si oxide. The inventors have also found that a prinmer plating
| ayer whose netal content increases with 10 increasing distance froma face
of the Si substrate is particularly effective. The inventors further found
that it is preferable when the netal of the priner plating |ayer
conprises at |east one netal selected fromthe group consisting of Ag, Co,
Cu, Ni, Pd and Pt, or is an alloy which 15 conprises the netal thereof. The
i nvent or shihaveiahs@hfieuntdast haheaisagnet kc Siecabdicng tepdichm whi ch
conprises a surface- treated substrate for a nagnetic recordi ng medi um
conpri si Agveatsekt roagdethat! ayebrdandta nedbdedienghkaypereics Havardblke as a
per pendi cul ar magnetic recording nmedium 20 According to the first aspect
of the iayertiont usi eFfetilimeceBpuisei ag sarfeiel-taerd tadSisubsitde tas folre
prinmer plating |ayer, the surface-treated substrate for a magnetic
recor di ng mae@ietNcC akcoediagnmebiick tolprikiicky hasiadhesiteatstrang enough
to withstand a | eveling process such as polishing. 25 According to a second
aspect obrtiher puentingn lageraon’ thesyglit sobsteptat, ednkiepreifevedtliygat i ons
into an surface- treated substrate for a magnetic recording nedium a soft
soft magnetic layer on or above the primer 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 preferablelwhen 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—tfeated 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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magnetic | ayer and a magnetic recordi ng nedi um conprising a recording

| ayer, wherein the surface-treated substrate can 5 contain thick film which
is adhesive to a Si substrate, the inventors have found that in order to
achi eve the object described above, a surface-treated substrate for a
magnetic recording nediumconprising a Si substrate and a prinmer plating
| ayer on the Si substrate, wherein at least 5 'and at 10 nost 50 protrusions
of a height of at l|east 100 nmper 100 nR 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 nost 20 protrusions of a
hei ght of at least 10 nmper 1 nR present on the surface of 15 the priner

pl ating kayan: Ihericpeantar xebavenakseitayndnist init® phekarabke-t hat the
primer plating |layer conprises at |east one netal selected fromthe group

consi sti RgedteAdsubeitraCe, tNir, aPhagndtRd, recorsiay akbaymphaseopti nci pal
conponent is at |east one of these netals. It should be noted that it 20

i s prefepabhettibat afbe codt antaghethe pechedpaly eedpomRerbmpsisahgl @ast 50
wt % Furthernore, the inventors have found that the soft magnetic layer is

pref er ablycdirspesed a@R ror wabeven the purfatephatiangd ayestrbhat chhe prinmer
plating layer and the soft nagnetic |ayer are preferably forned by wet

process c3atpliat ithgckafd lkhahithi $snegdeéscveetor di 8y sedsummnbd) chhé
conprises the substrate for a magnetic recording nediumand a recording
| ayer is iha¢arakise nasea foemhpertia¢uliar ofdgrettiocC achieve the object
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
um’ are present on a surface of the<primer plating layer is
effective. The inventors have foﬁnd 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 um® 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 is 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
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recordi ng nmedium According to the second aspect of the invention, the 5
adhesion to a |layer which is forned on the priner plating |layer is
i mproved by providing protrusions on the surface of the priner plating
| ayer in a predeterm ned range. Consequently, the invention can provide a
surface-treated substrate for a magnetic recordi ng nediumwherein the 10
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 repeated keen investigations
into a surface-treated 15 substrate for a magnetic recording nedium a
soft magnetic |ayer and a magnetic recordi ng nmedi um conprising a recording
| ayer, whemeiristBetaur tabetkrheat €drsubsbyateicamecomtiang mekiick finkdmawhi ch
is adhesive to a Si substrate, the inventors of the invention have found
that i n eederdiagathiyeveith&alBrabjlectsdesprirbeddaboter imagneteffective to
use a surface- treated substrate for a magnetic recordi ng nmedi um whi ch
conpri seseaobdidgbskraue,. a priner plating |ayer on the Si substrate and a
soft magnetic |ayer above the prinmer plating |ayer, wherein a non-nagnetic
m ddl e | ayer igacpoodidgdtd5Sthet weeanthespeciepfpkhti ngveayepnantdhehe soft
magnetic layer. 9 The inventors have also found that it is useful when the
non- $agadhiesivnddloe al Apgeri shachi 1R Ifayered @nChhleaperimer @lRding
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.

9



| ayrer. The inventors have found that it is preferable that the nean
square roughness (Rns) of a surface of the non 5 nagnetic mddle |ayer is
at least 0.1 nmand at nost 1 nm that the thickness is at |east 10 nm and
at nmost 500 nm and further, that the primer plating |ayer, the
non-magnetic mddle |layer and the soft magnetic |ayer are forned by wet
processi ng. The inventors have also found that the magnetic 10 recording
medi um conprising the surface-treated substrate for a nagnetic recording
medium a soft nmagnetic |ayer and a recording layer is preferable as a

per pendi cul ar recording nedium According to the third aspect of the

i nvention, by 15 conprising a non-magnetic mddle | ayer between the priner

pl ating rgyetinapdibhe salt amgpetbanhayBhtt he iBveBtEQD @aBn phevhda-a
surface-treated substrate for a nagnetic recording nediumwherein the

surface-frgated subghnat eagap ¢gnkhain-pt hagkrfi knmeuhiehehasradheai on strong
enough to withstand 20 | eveling process such as polishing. BRIEF

DESCRI PTh ON-OF . THE DRAWNGS F Gade | SodngchieaBti€ vi eyrofedalsLli fager treat ed
substrate for a magnetic recording nediumof the invention 25 FIG 2 is a

photo takga R¥ad %g@@%@isghgnneggcuRﬁa>1efnhceg$@a@@_@E aher ess-section of
the surface-treate substrate for a magnetic recordi ng nedi um conprising a
sof t SWHHB%hE%iEaMQHdle layer is at least 0.1 nm and 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 layér 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 is 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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FIG 3 shows the result of neasuring the atomc ratio 5 of netal to Si
fromthe Si substrate side towards an external side of the prinmer plating
| ayer, when Ni, Cu, Ag or Co is conprised as the netallic elenent to form
the prinmer plating layer. FIG 4 shows an exanple of the result of
measuring a 10 surface of the prinmer plating |layer by AFM FIG 5 is an
exanpl e of a perpendi 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 nedium of the invention. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTION By formng a priner plating |ayer of a highly adhesive nmaterial
prior to formng a filmabove a Si substrate, it is possible to obtain a
sof t magRetirestiob@ baviangrbavosablte 020 oddhitei e rfiackett epereidor mi ng
unnecessary roughening, various activation treatnents or the |ike on the
subst r at guputirace. folh aaddighk@ic becausie nigheedivenicioop rdan nige apawffar ned by
wet process electrol ess displacenent plating, the process is greatly

si mplifi edgard ikag agxeel | ent productivity conpared to 25 plating by vapour
deposition nmethod, or the like. 11 Furthernore, the priner plating |ayer
has exceedi ngl y1cf.asosable char aetelisbifcscasuaipyi ke hicbmibecatse the

surface activity of the priner plating filmafter film
5 of metal to Si, from 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 typé hard disk medium of the invention.
FIG. 6 is another example of a perpendicular magnetic
recording type hard disk medium of the invention.

15

DETAILED 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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formation is high so that continuous plating is possible 5 without a
special activating step. As the Si substrate of the invention, it is
particularly preferable if a Si nonocrystalline material manufactured by
the CZ (Czochral ski) process or the FZ (Floating Zone) nethod is used. As
for the surface 10 orientation of the substrate, any orientation is
possible, including for exanple (1 0 0), (1 10) or (11 1). Furthernore,
it is also possible to conprise an elenent such as B, P, N, As and Sn and
the like as an inmpurity in the substrate, in a total range of 0 to 1022
atons/cnR2. However, 15 when multicrystalline Si having different crystal
orientations on the sane substrate surface, or Si having excessively
| ocal i zeduditskrinbuti, onhef piriperi by aicsndgsad yas aassebstratiegltyhe pri mer
plating layer which is formed may be non-uniform because of differences in
chenmi cal fegaetiblict yha2@ckertiberinsr @s iaf paimelrstfridie beawiusg tthe extrenel y
| ocalized distribution is used, it nay becone inpossible to achieve the
prinmer pkatifage ayernvistr ot the bedawse pdatdea fidnt erfycers fiflarned in the
| ocal i zed portion of the substrate surface during prinmer filmformation.
25 I n t heoirimeenioinon,s i ghs sposhiakll echt icaonys @it ttimg 1E2 pprsefiérlabl e
activation for formation of the priner plating |layer by etching slightly
the surf agehoxitde Ispeeriadf atdhe viitingulsttepates. In the invention, it is
preferable to etch with
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

10 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,

15 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.

20 Furthermore, if 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.

25 In the invention, it is possible to carry out the
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an aqueous al kali solution of preferably 2 to 60 wt% caustic 5 soda or the
i ke, and renpve the surface oxide |ayer while <corroding slightly the
substrate surface. At this tinme, the etching speed to achieve activation
of the base material may be preferably 20 nminmn to 5 Wmn, and as the
etched amount, it may be preferable to renove at | east 40 nm of base 10
material Si. The tenperature of the fluid during etching may differ with
concentration and treatnent duration, however a range of 30 to 100C nay be
preferable fromthe point of operability. After perform ng such preferably
etching, a highly 15 adhesive plating material may be obtained by formng
a surface |ayer by soaking the Si substrate in a plating solution
cont ai ni pgederbeadst agt@Q¥aNiand fpreferablyod. 03 the @r3mWroplat-ilhgast one
metal ion selected fromthe group consisting of Ag, Co, Cu, Ni, Pd and Pt
or of saildyatr bgastcB@ngnelighaly ahe( shefentabxdoepdagrt) ods thepiSiinci pal
nmetal ion. The thickness of this prinmer plating |ayer may be preferably
10 to 10GRbsmraied .noir phefenabhyidl, t D508 pnefeliehei toi stEtkswithan 10
nm a uniformdistribution of nulticrystalline netal particles within the
| ayer magnbeq2oolt ailhailie sohéenont oifs prerferthdry 2000 mf wthe danditvicdua
13 netal crystals nay swell so they nmay not be suitable as a prinmer film
It is5prebemablre the Udd&ea Shdsuksbrat ehebwturifmcet bixd deadevas désde bed
previously, there nmay be tines in

corroding slightly the substrate surface. At this time, the

etching speed to achieve activation of the base material may
be preferably 20 nm/min to 5 um/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 soaking the Si substrate in a plating
solution containing at least 0.0l1 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 ion (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
nulticrystalline metal particles within the layer may be

25 obtainable. When it is more than 1000 nm, the indiwvidual
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which it is possible to distinguish clearly with transm ssion 5 el ectron
m croscope i nmagi ng between the portions of low crystallinity and the
anor phous | ayer directly above the substrate which together constitute
this prinmer plating layer, and there may be times, in which depending on
the netal species or manufacturing nmethod used in the present invention,
10 because the conposition and crystallinity continuously changes, that
boundary is not clear. It is preferable that filmformation is perforned by
t he met hod generally known as el ectrol ess displacenent plating. Al though
use of a solution which does not contain a 15 conponent which can act as a
reduci ng agent such as hypophosphoric acid and hypochloric acid is the
sane as mBtatonvgsBthaBahagi spkatespnthplatmbggnoitt beapub&apaet esukarly
preferable in the invention to use a sulfate salt bath (solution) which
does not peonkai Miamconponentpseferaglasta 29e gh 0S5i sigo aigent e s uoht asn
saccharin. The sulfate salt may include nickel sulfate and copper sulfate,
and a prehecabhee esndestrabednptheieotlyny there. &yt be0t5mNs An
hydrochloric acid bath, or a bath containing no |l ess than 0.05 N of
chl ori dewheghmay net pbhespbéterabbestnogudshy cheeauyewiithmbaya2smesdiohf i cul t
to obtain the priner plating |ayer of the 14 invention, but al so because
t her e5s mag lke taonasé ciro swhipeh implhahigngethecsi thgbspriatienist 98l flobecones
i npossi ble. Furthernore, for the purpose of acconplishing the invention,
crystallinity and the amorphous 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 because 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 0.01 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 Dbe difficult to obtain the primer plating layer of the
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it may not be preferable to have each individual elenent such 5 as K, Ca or
Na present in the solution at each concentration of no I ess than 0.003 N
Consequently, chloride ion nay 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. 10 As the plating condition of the invention, at a
tenperature of 70 to 100C 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 tenperature of the plating
solution is less than 70C, plating may not be possible. If the plating
solution is over 15 100C, or the pHis outside the range described above
during plating, plating itself may be possible, but the prinmer plating
filmaccondengiba,t batpaésenbecavert ithrreaypaebeunobesienabl ehich may be
preferable that pHis controlled by addition of ammonia. If pHcontrol is
perfornedlbyidqg hydr oxi debssuaheastealst becooes, imposeybbe .probl ematic to
work the invention even if the pHis within the range described above. The
reason f @gurthiesnosenotfocompkepekyposkealf, ackowpneshings&ébres ingeptioper t ant
that the nmetallic ion in the solution can formconplex ion with a conpl ex
form ng agemlay2hosubl axcdemabile. tbShbtvel sapbsdnbligiduaflavdeakhy adichst t he
ammoni a dosing anount with the initial pH, however it is also possible to
add the apneni @at ort e plratieng dal dhieosoilmtd onarge eafch) @2 ceptration

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 condition 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 pH is controlled by
addition of ammonia. If pH control is performed by

20 hydroxides such as caustic soda, 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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0.5 N, preferably in a range of 0.05 to 0.2 N 51t is thus possible to
formthe primer plating layer by joint use of the etching treatnent and
prinmer plating treatnment described above. An aspect of the invention in
which a Si substrate is wused as the non-magnetic substrate is expl ai ned
below in 10 detail. A schematic view of a surface-treated substrate for a
magnetic recording nmediumis showmn in FIG 1, and a photo taken with a
transm ssion el ectron mcroscope of a cross section of a surface-treated
substrate for a magnetic recording nedium conprising a soft magnetic |ayer
is shown in 15 FIG 2. As shown here,, the priner plating layer of the
invention is chemcally linked to the elenental silicon of the surface of

the Si substrate. i\WhpasanBhyzed Byvekestroadjbeamctef tmachiandothagpri mer
plating layer on the Si substrate side shows the characteristic halo

pattern @houd@ aBHPROKS ifAteklalkH, andwehe rmattalils @ lcompersarib leecames
gradually nore and the diffraction pattern becones mxed until a

crystal | izag dirfd agioran pat telen pistShovsodutile Sof ta magretdfc Gsiode.toAs for
the fil mconponents, on the Si substrate side, it is nostly Si and

non-fixed & N,r A@HAAKY GONROYidngen omtd.a% afo .12 ecan oxi des, which
gradual |y becones 16 elenental netal of at |east one netal el enent

sel ected from rthesgrouR $eRSiSliengooffohs tGe, pCimeli plRdiand 1Ryerl byt he
boundary of the Si substrate and the primer plating |layer is
joint use of the etching treatment and primer plating
treatment describsd 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 magnefic
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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taken to be the place where the anorphous material |ayer 5 becones
apparent, the atomc ratio between the total of the netal in the priner
plating layer and the Si which is the substrate conponent is preferably
(total netal) / Si = 0.005 to 100. Furthernore, the netal content
increases with increasing distance away fromthe face of the silicon 10
substrate. Consequently, it seens that adhesion increases between the
substrate and the priner layer. Furthernore, it 1is also possible to
contain a small amount of light elenment such as hydrogen as a conponent
ot her than these. Thus, in an enbodi nent of the invention which uses the
15 Si substrate, the substrate for a magnetic recording nmedium which has
hi ghl y adhesieve sl alditrg, ofaythavesa shreuatairad el emshitclsed efldtmel rfetoal
crystal layer that serves as a nucleus for filmgrowh is dispersed in a
| ayer of thewgatoyst aldnsiistty nign o ft Bey, piGoneCupl ati,ndd ayer Bwhi cfifi sha
structural elenent, the 20 netal crystal |ayer required as the starting
poi nt f obduirdarygcdmthd s if euited rart et keids wtfeager iafert e agrinmgerl apleat iisg
| ayer, and in which the anorphous |ayer - mxed crystalline |ayer
cont i nuousikerchanges tid Ipd aers whieng tther eniordhous adhesiienl tlayerhe
substrate by the presence of the sane elenents. 25 FIG 1 shows a priner
pl ati Bg Iaymed GEpmHesitng thre akdmanorEhdus rtweranaltHeayrert 82 difspgdsed on a
Si substrate 1 and a mxed crystalline |ayer 3, the m xed crystalline
| ayer 3 neaigdriisi nthea drawear ySiaadinond gyt iond 3dne &rid wninet ald ithe
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 other 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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portion 3b. 5 In an enbodi nent of the invention which uses the S

substrate, the Si oxide in the priner plating layer is forned due to

oxi dation 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 prinmer plating layer of the inventionis not limted to the Si oxide
formed during prinmer plating, but also conprises those forned before
prinmer plating. That is to say, the prinmer plating |layer starts fromthe
anor phous | ayer. 15 In the enbodi nent of the invention. which uses the S
substrate, when the priner plating |ayer conpries Ni, Cu, Ag, Pd, Pt or Co

as the mahakbhouel erertiatheakesubt dokpreasiubnng Stheuatsamater at aadof t he
nmetal to Si, fromthe Si substrate side of the priner plating |ayer

(t hi cknegs x200 s thawane 28 yvehe 3outte miited srysdadlineFlGyed. 3t shoul d
be noted that this is only one exanple, and that the invention is not

limted t@mphHisinds aeVicdert visht aRl1Gne3 potrite ofe3al, eoxt eantneaklltie pri mer
plating |layer increases with increasing distance fromthe face of the S
substrat @cr25 ofts gescri bed above, the thickness of the prinmer plating 18
| ayer is preferably 10 to 1000 nm nore preferably 100 to 500 nm
Accorging to the anveabodiment b$ phef eéh&bheivhawhath uses the Si
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 also 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 Si, 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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| east 5 and at nost 50 protrusions of a height of at least 5 100 nm per
100 n2, and/or at least 1 and at nobst 20 protrusions of a height of at

| east 10 nmper 1 nR2 are present on the surface of the prinmer plating

| ayer. If the nunber of protrusions is within this range, the reaction
area of the prinmer plating |ayer becones |arge during soft 10 magnetic

| ayer 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 raise the adhesiveness to, for exanple, the
soft magnetic |layer which is fornmed on the prinmer plating layer. 15 If the
nunber of protrusions is smaller than this range, the adhesive effect is
not obtaipedr Lt bteifsrhBigerot Bani1tbbsnm; angees peaceirablgt 1a0babt 600
portion of the protrusions becones slow, and a sufficient effect is not

obt ai nedpm . Furthernore, the effect is larger if the protrusions are 20
uniformy distributed. It should be noted that it is possible to neasure

t he hei ght andapysberngftbhengr ohvestoos, by AEMptAfemiblEothatMatroscope).
FIG 4 shows an exanple of the result of neasuring the surface of a priner
plating hayer sbynAFM: RAbskt shsppbefresabhe bitat aenghtmagneati deasddl e | ayer
is 19 conprised between the prinmer plating |layer and the soft nagnetic

layers Coagi der beg the pRINeihg/ shigt diagsbet veea atheoptiper plating |ayer
and the soft magnetic layer (in the

protrusions of a height of at least 10 nm per 1 um? are
present on the surface of the primer plating layer. If the
number of protrusions is within this range, the reaction area
of the ?rimer 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 strdng 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 Microscope). 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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case of magnetic materials), and furthernore the uniformty 5 of film
formation of the soft magnetic |ayer and inprovenent in adhesion, the

t hi ckness of the non-nagnetic mddle layer is preferably at |east 10 nm
and at nost 500 nm Wen its thickness is less than 10 nm there may be no
effect. Wien it is greater than 500 nm the thickness of the nediumitself
10 increases. There is no particular limtation to the non-magnetic mddle
| ayer, other than that the layer is non-magnetic, and the non-magnetic

m ddle layer is preferably selected fromthe group consisting of a Ni-P

| ayer, a Cu layer and a Pd | ayer 15 dependi ng on adhesi veness and ease of

;ghgngrgg%%?QSeghge%&ég '9%8{?a§m£9f gtigﬁgfﬁgpop nQy goakhRg in an

ion of nic e contalni osp oric acid, and the

Cu Iayer is f Egegaggy_, %%@%l%%@q? %eé)}@léé)lgghg)@ergf copper

sul f at e. "FEPT ernDr y soaki ng i n an aqueous

solutloanf oREhL gbﬂg}§ﬂgfﬁg erg%ﬁghtﬂgr Rg ﬁggﬁegmcnﬁgggk ¢;q ddbe

| ayer pre o adju e su ace roughness poﬁlshlng The

mean square_ro %ggﬁgﬁatﬁﬁhgéggg %bshf gachQEhabﬁozé pRA- aﬁg@e&hgt9lddle

| ayer isCPrefer at nost 1 nm 'S préferable

to Fi1m CFobmal: S8 AR Pa DrpE B e AR R oh B 2%§?E?§ﬂ§a%%89b¥%@%§”tf ormy
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 nd 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 soaking in an
aqueous solution of copper sulfate. Furthermore, the Pd

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

After forming ﬁhe 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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may not be only technical difficulties, but adhesion may 5 deteriorate,

whi | e above this range, adhesiveness of the priner plating | ayer may

worsen particularly. It should be noted that nean square roughness (Rns)

of the surface is the square root of an averaged val ue of the square of

t he standard devi ati on between the neasured line and the average 10 of the

neasured |ine, and can be neasured by AFM (Atom c Force M croscope).

Al t hough there is no particular Iimtation, polish can be nechani cal

poli shing or Chem cal Mechanical Polishing (CwP) . CWP differs from

polishing with just regular 15 polishing slurry, in that CW is perforned

whi | e cherricallyl Bolishing with_an acidic or sol ution as
a

wel | . CBFI BPE&I LafBm nat of® CRJ‘TGF%‘?]E%H Si 9 c%r%Yai‘E%e%}??%le\?%g#]%eaﬂ%%d as a
pol | Shi g reglum, Secause Lbe pol LSl ng,spced. of P LChU3E° | e
per pond: SAFBACAREnEERc Lor BBFHTy=HEAFAom n BathY | G s o TRE partrere
o 100" n¥RYt ECpPt PERds CAFBoAFaueaLs SLpHOrT 64r PRCSRABES 208 Bdbl ing
Si oIy THERARICAPES poPELR BRAYL RBLSHrrAGe BNV FBrRS JOl FeRing by &
Cpeed t R 213k T ayb? GASMLEZSLH Sa3RRMATLNe FETLRSE4 B80! T Shi N
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. Inladdition 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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is sufficient for industrial use can be maintained even by 5 using fine
spheri cal - shaped polishing nedia. It is possible to formthe soft magnetic
| ayer on or above the priner plating |layer of the invention. There is no
particular limtation to the soft nmagnetic |ayer and any soft magnetic

| ayer material known in the art can be used. The 10 soft nagnetic |ayer may
preferably conprise one or nore selected fromthe group consisting of Fe,
Co, NN, P, Nb, Zr, Band V. It may preferably conprise permall oy
(FeeoNi 20) for exanple. The nethod for form ng the soft magnetic |ayer is
also 15 not limted particularly, and any nethod known in-the art can be

Used oL SR R oot USRI Behg Ve SBLIT N The ickngas of he
ond Y B LSy BTRLE 00 ReI900, M 107 ST LARL100 1 500 20 The

porPEnl Gl 2 BANCLL ¢ 20350100, TR U TS IS 09100 AR v of
(pref rably AR 8 MO ARG, 0,5 ) U} mnd Qusoll el | over,

| ayer_which is constituted hy lurality.of filns.. According to the
i nvent i ol SiPE fdN5r SPEFABICE ﬁiF%FﬁePSQHEQﬁngpﬁggﬁﬁg | ayer, the

non-nagnetlc n&%d&g %% %Ebﬁgdt%h%o§%fkhe 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 (FesgoNiz) 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 médium 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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magnetic | ayer are forned by wet process plating. By formng 5 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 exanpl e of a perpendi cular magnetic 10 recoding type hard di sk nedi um
of the invention. The substrate for the magnetic recording nmedi um of the
invention, which conprises a Si substrate 11, a prinmer plating |ayer 12
and a soft magnetic |layer 13, can be made into a magnetic recordi ng nmedi um
by conprising a recording |layer 14 disposed 15 on the soft magnetic |ayer
13. Furthernore

it i.s alsq,.possible to provi .ctive layer 15 and
2l ubr | caeAg PGS 13 RCEABE araBY 6n TG PeLY, Aing T Theve | ayer o

can e TACTed i etiogs Kaguh, el e art, SUch e SRULLSE B £l Gocg, Shovs

an exanp endrcarar re ording um whi ch
d a
I

conprisesla non- g%neti%hgi%OEQ ayer.. %H%di%pi%&% :a%%rghbesg%gnetic
e

I I,
recordin I 6 St he Tnvent 1 on, Wi © conpri’s strate 21, a

[ |_at i | 22, - ' ' I : .
oot | VS o TR B SRS G0 RgReC e e g g 25 Rohr i By

magneti c 4,”"can bé ‘made’in

Fur L nr mors e LAVE L & RReeh BoP N SN Y pr e e live T ayer AN a

Furth SO possi b e tive lTayer and a
Lgb¥gfﬁééﬂgjf%%%%r%%£ %ro%ﬂ%%i%&%@% %%nEQ%ukﬁ&P%ﬂhHSfUﬂﬂQtiB%?%% llayers can
possible 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 exémple 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 recording

25 medium by comprising a recording layer 25 disposed on the
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by nethods known in the art such as sputtering. 5 A Co recording layer is
an exanple of a recording |layer, a carbon protective |layer is an exanple
of a protective layer, and a fluorine based |ubricating layer is an
exanple of a lubricating layer. That is to say, the recording | ayer, the
protective layer and the lubricating |ayer 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 nagnetic |ayer and
the recording | ayer may be provided on a single side of the substrate, or
the soft magnetic |ayer and the recording |layer 15- may be provided on both
sides of the -substrate. The invention wll be,exglaiEed based on the
exanpl es SO BRINEGIEY e Yeke 20r esEREERAYBAEPoniFsifof FPnPPEEPOCt hese.
Exanple 1 20 Both surfaces of a (1 Q 0) Si nocrystal (P doped N, type
subst r at OFHadeng RTAERELSe dRYES mh WK HEST 0% dGVESd Ay ut out
edge-renoval and | apping of a 200 nm_.di aneter Si _nonocrystalline substrate
f abri cat &drady s rcen E§SOTRENY FlimshedRGPEN L BBFE B ﬁap Pl irfleamai1 a
mean 25 particle size of 15nm so as to have a surface roughness (Rrs) 24
of 4 nm PIEFROIFeaiO"E darkSqddte SUSyRTeSPUENEMAY - neasured using an
AFM (Atom c Force M croscope), Si etching was perfornmed on fhe surface

whi | e5the thi A §&r FEECO ORI de L aErmiia Ty SHVEH S Cdma Hé Qhtate 6tYae

substrate by soaking _ _ ,
a Carbon protective layer is an example of a protective layer,

and a fluorine based lubricating layer is an example of a
lubricatihg 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 colloidal silica of a mean

25 ©particle size of 15nm so as to have a surface roughness (Rms)
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5 for 3 mnutes in a 10 wm % aqueous caustic 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 ammonia water. This solution was heated to 80C, 10
and when the pH was neasured again, it was 7.6. While adding amonia water
continuously to bring the pHto 8.0 at 80C (the total anobunt of amonia
water was 0.1 N), the prinmer plating |layer was forned by soaking the
previously etched Si substrate in the prinmer plating bath for 5 m nutes.
15 observing the surface of this material with a transm ssion electron

m cr oscope, an annr hous | ayer just on or above tge Si substrate and a
crystal | Phedl &fer 6 o?mﬁb% %nstﬁém%ﬁBrﬁﬂBﬁgeI5989 Werg eohfVefed.
Furthernore, as a result stl atln t he conp03| ion_rat atom c
ratio) oﬂe@ﬁgreﬂouéﬂngh&nnéggl eﬁp§ MES%OSCRES at i Bt o?£%P$RP in a
portion just abaove the Si bstr te wa 9: F rthernDre t he conp05|t|on
rati o (atéfi PSAOrIEhPISIRR é‘cﬁ‘l (‘]’gll i\t g%ﬁ ST G Sehicdd

dlrectlon wmas 3:2, and that ortlogﬂ{ rthes fro tg&,sub trate was
SN - P wss |rﬁ§@rvt~°1dn3r|oak thées épct FErferVare Tt i s

Z;Spﬁrefis oe Zﬁé%ﬂ RPcram dt P G %tsﬁ{c%?us%rl%fd%om&%l?a’%e Srved at
all. s ExanBIe Next, a primer plating bath was prepared by adding 0.5
’
N of ammonium sulfate into a 0.1 N aqueous nickel sulfate
solutibn, 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 layér 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 Si and metal components by EDX, the ratio of Si:Ni in a
portion just above the Si substrate was 19:1. Furthermore,
the composition rati§ (atomic ratio) of Si:Ni in a middle
portidn 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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Si etching was perfornmed on the surface of a Si substrate which had been
obtained in the sane manner as in Exanple 1, while the thin surface oxide
filmwas renmoved from the surface of the substrate by soaking for 2
mnutes in a 45 10 wm % aqueous caustic soda solution at 50C. Next, a priner
pl ati ng bath was prepared by adding a 0.2 N aqueous ammoni um sulfate
solution into a 0.2 N aqueous copper sulfate solution, and the pH was
brought up to 8.3 by further addition of anmonia water. This solution was
heated to 80C, and when 15 the pH was neasured again, it was 6.9. Wile
addi ng ammonia water continuously to bring t he pH to 8.0 at 80C (the total

f ammo 0.2 , i ghl adh fil f

Ehe T nveRt COREvREaboRar okt hy st iR PrEc: BRI NSELYEaPFLaRE pBhRY M5l (i M0t
t glaﬁ?ﬁ

oscope

in the pri ng_bath,fo 7 mn g.kh u of this
naterialuﬁgghtgtW%kgn?sg?8% 8?506?8 ) gnxéﬁn?%hgﬁ§ Fggggdon or
above thg f substr te andv l rystalllne | ayer on or above t he

anor phou ﬁyg?smg? CBREFY ﬁ%d Fﬁr hermore, as a 25 result of

investigating the conposition ratio (atomc ratio) 26 of the Si and netal

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

subgﬁgatg was.,20,1. Furthernore, the conposition ratio (atomc ratio) of
portion in the thickness direction was 5:1, and that of

the 5 portion furfhest fromthe, subslsals YRS ShefHcs 4518 ss

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$% aqueous 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 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

20 7 minutes.

Observing the surface of this material with
transmission electroﬁ 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 ratio (atomic ratio)
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Inserting lattice-shaped cuts at 5 mmintervals into this prinmer plating
film sellotape (registered trade mark) was used to nake a peel off test,
and del am nation of the plated filmwas not observed at all. 10 Exanple 3
Si etching was perfornmed on the surface of a Si substrate which had been
obtained in the sanme manner as in Exanple 1, while the thin surface oxide
filmwas renoved from 15 the surface of the substrate by soaking for 3
mnutes in a 30 w % aqueous caustic soda solution at 30C. Next, a priner
pl ati ng bath was prepared by adding a 0.15 N aqueous amoni um sulfate
solution into a 0.15 N aqueous silver nitrate solution, and the pH was

was hoar 88 Fe80C, PHdr kAL oReBiFh kaBre ggﬁ?ngﬂbaagﬁggrﬁéTgkfcaohgt'On
Wil e add] ”Qtii‘ﬁﬁogpétw%%ec?ﬂé g%ﬂ‘igﬁk%tﬁ:gﬁgrhﬂghﬁbelp"‘ ﬁ&@h@rrﬁ‘ére 80C

(the t ot al ©anou nra was y “adhesive priner

plating Eh'”‘8%Pé?§t&B¥e 5&98.§g§oaggakg%gpgé gog o the; gLy ously

et ched SIsubs e pri m nutes. Cbserving

the SurfagﬁtQEntEhsthgagﬁﬁgﬁgﬁggtBl@egkﬁeﬁﬁugglgmle'gﬁhf@ﬂa€18%0§ﬁ8pe an

annrphoug ayer on or above e Si rate an m xed crystalline |ayer

on ore abgye e FIDELRNAYS :LBXCEALeLEL8LRaRL! BT ULt DoTTRSE, a5 a result

of |nvesPl

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 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 a? 30°C. Next, a primer
plating bath was prepared by adding a 0.15 N aqueous ammonium
sulfate solution into a 0.15 N agueous 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 watervcontinuously to bring the pH to 8.0 at
80°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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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 conmposition ratio (atomc ratio) of Si:Ag in a mddle
portion in the 10 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 sell otape
(registered trade nmark) was used to nake a peel off test, and del am nation
of the plated filmwas not observed at 15 all. Exanple 4 Si etching was
perfornmed on the surface of a Si  substrate which had been obtained in the

o RS a8, EETYf gL o1, g v

renoved PI’ e sur ce o S sane nmanner as |1 n Exarrpl e

1. Next, i : _ : !
xt ndrBLL erkﬁtgngrgﬁgglgégégr%Eggggogymgggbggogggl%n N aqueous

anmoni um € solutronIn ueous cobalt ate sol ution,

and the Eﬂpgaﬁagéoﬁgg%ggBnégrfgggg% 2p.f ucthep addi-bi gpgof, aRmRAl a water.

Thi s sol S and when the pH was neasured again, it

o e0c  FrEaTante 20, RUTBR! 8, aL8LC0RE BHONBhYLLO1BLER0LEDE UL Lo 8. D

at 80C (Fﬁ ot'al’ anmou I anmonia was ( ~highl'y adhesi ve pri ner
ot chet SEoStBerFare TRt ERe e Ter® P ot FharBarh Tor sl AP AU aL. Cobservi ng
the Surf%%%p%%ition ratio (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 ratio) 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
1. Next, a primer piating bath was prepared by adding a 0.2
N aqueous 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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this material with a transm ssion el ectron m croscope, an anorphous | ayer
on or above the Si substrate and a m xed crystalline |ayer on or above the
anor phous | ayer were 10 confirned. Furthernore, as a result of
investigating the conposition ratio (atomc ratio) of the Si and netal
components by EDX, the ratio of Si:Co in a portion just above the S
substrate was 18:1. Furthernore, the conposition ratio (atomc ratio) of
Si:Co in a mddle portion in the 15 thickness direction was 2:1, and that
of the portion furthest fromthe substrate was Si:Co = 1:10. Inserting

| attice-shaped cuts at 5 mmintervals into this primer plating film

sel | ot ape (registered trade mark) was used to nmake a peel off test, and
del ami nat®oR08}, tand vdoetpl e P iTas R HBICOIRE Vod Bt “a3 .7 Bkanple 5 Both

surfaces of a (1.0 0) Si npnocrystal (P,doped.N  type,subsirate), having a
di anet er "Bt 1852 AAL A BHMARHE bR erzgoéFbHHBEﬁl%yt8uBBbP? ghﬁepﬁeﬁﬁval and

| appi ng of a 200 nm 29 dianeter Si nonocrystalline substrate fabricated by
the CZ BrBcabs8es el oot i el vitdilol 9 %i AEMCR 2 | WS of - 4 Weanti$articl e

size of |5nm so as to obtain a surface roughnes (Rrs) of 4 nm The Rns
means a Héahl¥q6§P§SFBEgRﬁé@%raﬂgaﬁéggSfHggsﬁ eghﬁs?ﬁﬁeﬁ LARM'EAt omi ¢ For ce

M croscope). After Si- etching on the surfac erfo d ile e thin
surface ©B Paéeﬁipﬁ1ﬁﬁ§kﬂﬁﬁoggﬁ PFSﬁFPH§5¥u?ESg%ao ltHBEEEBQEQa%E Ege
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 Si 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 that 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
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soaking for 3 mnutes in a 10 wt % aqueous caustic soda solution at 45C
this substrate was successively soaked in 10 ethylene glycol solution.
Next, a priner plating bath was prepared by adding 0.5 N of amoni um
sulfate into a 0.1 N aqueous nickel sulfate solution, and the pH was
brought up to 9.8 by further addition of ammnia water. This solution was
heated to 80C, 15 and when the pH was neasured again, the pHwas 7.6. Wile
addi ng ammoni a water continuously to bring the pHto 8.0 at 80C (the total
anount of ammonia was 0.1 N), the prinmer plating |ayer was obtai ned by
soaking the previously etched Si substrate in the priner plating bath for
5 mnutes. 20 After neasuring the surface of this materi,al wWth AFM
(At oni ¢ EHRRRLRF cF bSROPRFLYS ab+5@?u§?%ﬁ§r%FeaPﬂ%Fbﬂ?t%?ab¥r%$%a§? 100 nm
wer e observed per 100 nR, Insertjng Ifétige-sha ed cu%s at 5 mmintervals
into tHPECREPREVSHEaR? SRR YL ERI Fot aph ?}eﬁfgfﬁ?eﬂ t Fale®ark) 25 was
used to make a_peel off test, and de|] am nhation of tge 30 plated fil mwas
not obsePdBHiGICaPlze Ehahpl® 80 StSetehPREEWRs? pelf ?ﬁ%dr8ﬁggﬂgs§urfa0e of
a Si 5 substrate which had been obtained in the sane manner as i Exanpl e

5, whil e (RR8) t Af n4 sBRf ac O B93TH VA DTEhVER T dRUTHESUrIHe 'St t he

substrate by soaking for 2 mnutes in a 45 % agueous C tic soda
soluﬁionmﬁﬁggﬁgg usgng an AFM (Atom&c Force Mﬁc%ogcope§. %&Pter § -

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 lOAwt% 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 thean was measured again, the pH was 7.6. While
adding ammonia water continuocusly 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 5 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 umz.

Inserting lattice-shaped cuts at 5 mm intervals 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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Next, a prinmer plating bath was prepared by adding a 10 0.2 N aqueous
ammoni um sul fate solution into a 0.2 N aqueous copper sulfate sol ution

and the pH was brought up to 8.3 by further addition of anmonia water.
This solution was heated to 80C, and when the pH was neasured again, it
was 6.9. \Wile adding anmoni a water continuously to bring the pHto 15 8.0
at 80C (the total amount of ammonia was 0.2 N), the highly adhesive priner
plating filmof the invention was obtained by soaking the previously
etched Si substrate in the primer plating bath for 7 mnutes. After
measuring the surface of this material with an 20 AFM (Atom c Force

M croscope), 18 protrusions of a height of at |east 10 nm were observed
“per 1 nepléhedr £ing Wast pek- chapededuds atls mmintervals into this primer
plating film sellotape (registered trade mark) was used to nmake a peel

off test, and delam nation of the 25 plated filmwas not observed at all.
31 Exanple 7 Both surfaces of a (1 0 0) Si nonocrystal (P doped N type
subst r at Bxahavieng a di aneter of 65 mm which had been 5 produced by cutout,
edge-renoval and Iapg[ng of a 200 mm di aneter Si nonocrystalline substrate
fabricated by Sheetg lpgowé§spﬂéf@r@©¢i§ﬁe§hﬁﬁﬁHrEBFPoPéaP sitlica of a mean
particle size of 15nm so as to obtain a surface roughness (Rms) of 4 nm
The Fvs sebasrateeanisquhrd Peeghabssiagd vwas the same manner as in

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 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 measured again, it 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 scaking the previousiy 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 Qbserved per 1 pm®.
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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10 nmeasured using an AFM (Atom c Force M croscope) . After Si- etching on
the surface was perfornmed 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 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 agueous ni ckel
sulfate solution, and the pH was brought up to 9.8 by further addition of
anmoni a water. This solution was heated to 80C, 20 and when the pH was
nmeasured again, the pHwas 7.6. While adding ammonia water continuously to
bring the pHto 8.0 at 80C (the total anobunt of ammonia was 0.1 N), the
prinmer plating | ayer was obtained by soaking the previously etched Si
substrate in the primer plating bath for 5 m nutes. 25 Continuingly, the
m ddl e | &xempwas 7obt ai ned by dipping for 5 32 minutes in a 0.1 N aqueous
ni ckel sulfate solution which contains hypophosphoric acid. Ooserving the
surface of thiBotht enirdbcest hfaa tLaAsf) sSiomoapestysdALlni(Er depsgeNand AMF,
it had a thickness 5 of 250 nmand a Rrs of 0.8 nm Insertin
| atti ce- slympedubstts adte)5 hawmiingt er ddlaeitistro o ft KiSs Mpy iwipdsChp Iz %@eﬂ | m
sel | otape (registered trade mark) was used to nake a peel off test, and
del an’ napirodusfed ey pitanvdd feidoawenovetl ciserlvepiag @ff 2 200 mm

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 measured 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 previously 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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10 Exanple 8 Si etching was perfornmed on the surface of a Si  substrate
whi ch was produced in the same 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 w% aqueous caustic soda solution at 50C
Next, a prinmer plating bath was prepared by adding a 0.2 N aqgueous
ammoni um sul fate solution into a 0.2 N aqueous copper sulfate sol ution
and the pH was brought up to 8.3 by 20 further addition of anmonia water.
This solution was heated to 80C, and when the pH was neasured again, it
was 6.9. Wil e addi ng anmoni a wat er continuously to bring the pHto 8.0
at 80C (the total anmpunt of ammonia was 0.2 N), the ghly adhesive priner
pl ati ng fiihites ﬂhealﬁvéanéﬁuﬂ@§5251§BﬁélﬁédfﬁﬁesééQPﬁ@OPh@ hd€dvi ousl y
etched Si substrate in the 33 prinmer plating bath for 7 m nutes.
Cont i nui sghyainkse hivbgghesphayée @&ddebt ai ned by dipping for 5 mnutes in a
0.1 N aqueous nickel sulfate solution. Cbserving the surface of this
material wth @bservangnitbsi surépeet pnthier BaE6péaanyiAlF2 it had a
thickness of 15 nmand a Rrs of 0.2 nm Inserting lattice-shaped cuts at 5
nm i nt er Cales sivitss 1othied epticenr mplcaessgrei Bad SME) ottdpdaCr 8gitdiekagstr ade
mar k) was used to make a peel off test, and del am nation of the
5 of 250 nm and a Rms of 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 ﬁor 2 minutes in a 45 wt$
aqueous 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
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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10 plated fil mwas not observed at all. 34 CLAIM5 1. A surface-treated
substrate for a magnetic recording nedium conprising: a Si substrate; and
a prinmer plating layer on the Si substrate; wherein the prinmer plating

| ayer is a filmwhich conprises a netal and a Si oxide, and a netal

content of said prinmer plating |layer increases with increasing distance
froma face of said Si substrate. 2. The surface-treated substrate for a
magneti c recording nediumaccording to claiml1, wherein said netal of said
primer plating |layer conprises at |east one netal selected fromthe group
consisting of Ag, Co, Cu, N, Pd and Pt, or conprises an alloy conprising
said at |least one netal. 3. A surface- treated substrate for a magnetic
recor di ngrimedi piptinepbrshn§ora’ Shisubesr at@onbimeingky pl B¢ nyiddler on
the Si substrate and; a soft magnetic | ayer disposed on or above said

pri mer mhaerngaSaybtalmhérandEhElpglﬁ@r pl atpngeFayerai 8-& ¥il m which
conprises a netal and a Si oxide. 4. The surface-treated substrate for a
magnet i cageeondi ngckel sulfate solution.

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.
InsertingAlattice—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

10 plated film was not observed at all.
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medi um according to claim1l or 2, further conprising: a soft magnetic |ayer
di sposed on or above said priner plating layer. 5. A magnetic recording
medi um conprising: 35 said surface-treated substrate for a magnetic
recordi ng nmedi um according to any one of clains 1 to 4; and a recording

| ayer. 6. A surface-treated substrate for a magnetic recording nedi um
conprising: a Si substrate; and a prinmer plating layer on the Si substrate,
wherein at least 5 and at nost 50 protrusions of a height of at |east 100
nm per 100 nR2 are present on a surface of the primer plating layer. 7. A
surface-treayed substrate for a magnetic recording medium conprising: a
Si substrate;—and a prinmer plating |layer on the Si substrate, wherein at

| east 1 and at nost 20 protrusions of a height of at least 10 nmper 1 pm
2 are present on a surface of the priner plating layer. 8. The

surface-treated syhgirate foLa&dmRABSLES e rREOLMhAG B UaLaeENgli ng to
claim6 or claim7, wherein said prinmer plating layer is at |east one
met al seleéted fqPERAENYT oup consisting of Ag, Co, Cu, N,

a Si substrate; and

a primer plating layer on the Si substrate;

wherein the primer plating layer is a film which comprises a
metal and a Si oxide, and

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

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

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.

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

a Si substrate;

a primer plating layer on the Si substrate and;

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

wherein the primer plating layer is a film which comprises a
metal and a Si oxide.

4. The surface-treated substrate for a magnetic recording
medium according to claim 1 or 2, further comprising:

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

5. A magnetic recording medium comprising:
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Pt and Pd, or is an alloy whose principal conponent is said at |east one
nmetal. 9. The surface-treated substrate for a magnetic recording nmedi um
according to any one of claims 6 to 8 36 further conprising: a soft
magneti c | ayer di sposed on or above said priner plating |ayer. 10. The
surface-treated substrate for a magnetic recording nedium according to any
one of clains 6 to 9, wherein said priner plating |ayer and said soft
magneti c | ayer have been formed by wet process plating. 11. A magnetic
recordi ng nmedi um conprising: said surface-treated substrate for a nagnetic
recordi ng nmedi um according to any of clains 6 to 10; and a recording |ayer
on or above said substrate. 12. A surface-treated substrate for a nmagnetic
recor di ng nedi 6x-dcenplrsengreatsd substrate, 1,opA MELTEES ng | ayer on the
Si substrate; and a soft nmagnetic |ayer above the priner plating |ayer,
wher ei n & SFOF-HEGh G U dFicONCHySr téxiadts Bet viderr &S pr iter? p1atd ng

| ayer and the soft magnetic layer. 13. The surface-treated substrate for a
magnetic recoPditf§OoFEdRIMIa¢€ér-ding to clai m 12, wherein the non-nagnetic

m ddl e |l ayer is selected from ,
6. 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 most 50 protrusions of a
height of at least 100 nm per 100 pum’ 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 p;otrusions 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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the group consisting of a Ni-P layer, a Cu |layer and a Pd |ayer. 14. The
surface-treated substrate for a magnetic recording nediumaccording to
claim12 or claim 13, 37 wherein a nean square roughness (Rns) of a
surface of said non-nmagnetic mddle layer is at least 0.1 nmand at nost
1 nm and thickness of said non-magnetic mddle layer is at least 10 rim
and at nost 500 nm 15. The surface-treated substrate for a magnetic
recordi ng medi um according to any one of clainms 12 to 14, wherein said
primer plating |layer, said non-magnetic mddle |ayer and said soft nmagnetic
| ayer have been formed by wet process plating. 16. A magnetic recording
medi um conprising: said surface-treated substrate for a nmagnetic

recor di ngWFEAEEMCRESS ARG ‘to any of clains 12 to 15; and a recording | ayer

on the substrate. _38 : .
a soft magnetic layer disposed on or above said primer

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 magnétic 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 sald substrate.

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

a Si substrate;

a primer plating layer on the Si substrate; and

a soft»magnetic layer above the primer plating layer,

wherein a non—magnefic niddle 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
said non—mégnetic 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:
said 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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