TI TLE OF THE | NVENTI ON MONOCRYSTALLI NE SI LI CON
SUBSTRATE COATED W TH METAL PLATED LAYER AND
PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM BACK:
THE INVENTION 1. Field of the invention The mmmmmw
invention relates to a nonocrystalline Si  substrate
coated wWith a netal -plated layer and to a magneti'®"™" .
recordi ng medi um whi ch conprises the substrate
Description of the related art In the field ofnmmmmmmm”mmmn
magnetic recording, information recording by
TATSE deviTéds INVENTdiRpensabl e for primary ext er nafGooooz*
recordi ng devices for conputers such as persona
conmpuMONSCRANS T&X AiIpiEe S TAT Cohe SUBSIRATE) CHATH T IWESTIDIMETAL -
hard disk drives increase, the devel opnent of
PRATYEEN AR Ra rAN DTERREE ND TGN IMIGN /RS RECOWD TG a¥emT UM
hi gher density recording is possible is advancing,
repl acing the conventional |ongitudinal magnetic
recordi ng types of hard disk drives. In perpendicul ar
B HIGROUND @FOITHEN NVENT Tdgnetic field from adj acent
bits is in the same direction as the magnetizing
1di Feetlicom,f ftdremingemtolaased magnetic circuit between
adj acent bits. There is |l ess self-reducing magnetic

The present invention relates to a monocrystalline Si

substrate coated with a metal-plated layer and to a magnetic
recording medium which comprises the substrate.
2. Description of the related art

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

In perpendicular magnetic recording, the magnetic field
from adjacent bits is in the same direction as the
magnetizing direction, forming a closed magnetic circuit
between adjacent bits. There is less self-reducing magnetic
field (referred to below as a "demagnetizing field") caused

by self magnetization than in the horizontal magnetic
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field (referred to below as a "demagneti zing field")
caused by self nmagnetization than in the horizontal
magnetic 1 recording so that the nmagnetizing condition

is stabilized. The perpendicul ar magnetic recording

does not require the magnetic filmbecones thinner as

the recording density increases. Fromthis view, the

per pendi cul ar magnetic recording can reduce the
demagnetizing field, and secure K ,V values wherein

K/, represents anisotropic energy, in particular the
rdprag R Maghetite St OPiy %@ﬂ&ﬂticﬂnW? sEa5L1 1 zed.
of magnetic recording, and V represents the volume o

a  unither @eepdndd Rillar AR IInbcdiaitty &&Piddt Yrequire
agai nst magnetization by thermal fluctuations and it

3N rRRyreAi¢ thatn Ydicnd$ o 1806 A N0 BthOd tAB g density
makes it possible to push the recording limt

iSicaRifdeEant FyolPWaRE. vASw,e¢PledipRe M iduldGragnetic

per pendi cul ar recording nedia have a hlgh_afflrn%y
ﬂ@dd}aﬂd@g&é@flﬂé&ﬁ@é H18E U hhdighd®d) Phg | £14 53 POSsi bk Ecure K,V
to use 'basically the sanme technol ogy” as was used
AN LN i K. reBRil en®adiatd st ofild iIdHe Yy, in-
magneti ¢ recordi ng. The perpendi cul ar magneti<

PR ArciiRg: Rl W Bl S8 ma B SUDSE §St Lop B S@hLrgy in the
magnetic lining layer (typically permalloy or the

dddeC)of Md@REed i Nbdd A Orai e GHPEEEE € the volume of a

mat eri al s 1 ncl udes CoCr-based al |l oy, SnCo anor phous

drithnaed rditd ivd By endddriBnefl 3l tier natd no-din inaf efhainst
| ayers of PtCo layers and ultra thin films of Pd and

ré@ne A RAARC By e Heaed L fRICkw@at tMd Cald ndt | 8¥8rbel baid that
IS necessary that the lining
this is a recording method that makes it possible to push the
recording limit significantly upward. As recording media,
the perpendicular recording media have a high affinity with
the horizontal recording media. It is possible to use
basically the same technology as was used conventionally in
both reading and writing of magnetic recording.

The perpendicular magnetic recording medium comprises,
on a substrate, a soft magnetic lining layer (typically
permalloy or the like), a recording film (for which candidate
materials includes CoCr-based alloy, SmCo amorphous film and
multi-layer films of alternating laminated layers of PtCo
layers and ultra thin films of Pd and Co), a protective layer,
and a lubricating layer. It is necessary that the lining
layer of the perpendicular magnetic recording medium is

softly magnetic film having a thickness of at least 100 nm to
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| ayer of the perpendi cul ar magnetic recordi ng nmedi um
is softly magnetic filmhaving a thickness of at

| east 100 nmto 2 about 500 nm The soft magnetic
lining layer is the conductive path for magnetic flux
fromthe recording film above it, and is also the
conductive path for the witing flux fromthe
recordi ng head. Thus, it plays the sanme function as
an iron yoke in the magnetic circuit of a pernmanent
magnet so that it is required to be a thick film

aceipased hA.thenfosspti ARgREL DEN1 TROASt i &y EF- Pasede.
under-layer filmin a horizontal recording nmedium it

cbfidiet iveapy tho fber Malyhe t3ef tr MBI dHeNifaG SidiMd Fi1m
the perpendicular recording medium Typically, the

abbl8BitgoRAkH Wl hNGoa ther IceARl Al iFeC Yot G JFRIHIMAN] i ng
all formed by dry processes (mainly by nagnetron

£304t Eebhn@heFirko rbohi@hican byraudr yi Brgesss bas begn
investigated for a perpendicular recording nedium as

fugttiohoweveh, irbemybiie iaspee! nalynERse: RedNGH ¢ gnd
productivity, there are large problens for film

pkenaBbheNnBynety spr @6a%SiiRg iReGASA 1&fd J¥ PRESS thick film.
stability, the conplexity of paranmeter settings, and

nore ¢b@paaayt Rbnéhel $8rndtRHACESS nSReRA gnEY ther B8 ed
for the purpose of achieving higher densities, it is

uﬁ@@@siazlért gilmake theodheight sat _ﬂéla'o%*aitr{a;e nRAGirf,| 03t Sis not

above the surface of the magnetic disk (the flying
eheiygbb) fasml eWeadsoF®@S Hakn@t il 1 ithe menuhactung of the

per pendi cul ar magnetic recording nedium it is
pBependaculbe eeverdihg medstmat eTybiBad1 et he films
constituting a horizontal recording medium are all formed by
dry processes (mainly by magnetron sputtering). Film
formation by a dry process has been investigated for a
perpendicular recording medium as well. However, from the '
aspect of mass-production and productivity, there are large
problems for film formation by dry processing because of
process stability, the complexity of parameter settings, and
more than anything else, a process speed. Furthermore, for
the 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. In
the manufacture of the perpendicular magnetic recording
medium, it is necessary to cover the substrate with a metal

film of such a thickness that it can be leveled by polishing.

However, because the adhesion of thick films obtained by a
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filmof such a thickness that it can be |evel ed by

pol i shing. However, because the adhesion of thick
films obtained by a 3 dry process is |low, |eveling by
polishing is very problematic. Thus, various tests
were perfornmed to cover a non-magnetic substrate with
a netal filmby the plating nethod which can forma
thick filmnore easily than the vacuum deposition. In
order to performplating for good adhesion by a wet
plating, it is very inportant that material which can

dast pascea sCatsallyst, flervdiedite ine gt h 1:Q0Si & Nvd he problematlc.
plating solution exists in large quantities at ] oi

ToiulseS vhetiween tdit PhatidpefidMandd e -pases m%@rm@énetlc
Furt hernore, the adhesion strength between the

spbattirag of WirH e@r et Aand itihe W} alird Dase nfB&Fh@d which can
depends on a mechani cal anchoring effect due to

fomey anfegskoff ithe rord acess iofy e d Jmbeh i ddpoPltion.
on chenical interactions between the plating f|In1and

the prat egdease pRE¢oral plReHineXFR odd a‘HH@é’lJIP by a wet
plate the surface of material having poor chenical

pleadhigyi it SUCkeas AhddrtantCaHE Gt ridl a98ic® can act as
met hod for securing adhesi on based on nechani ca

aakeharliyesg ifHrwirdelueidse e tlle iMRiN0t mrpﬁﬁlﬁ%%)@lution
of roughening the surface of the base material by

epdlsitshiing lerrgd kgidndia. i dgmesr Sjdichtt hei has odBiedh athe plating
into a Pd-Sn colloidal solution so that coll oi dal

fpan eeldeshay daadhelatdial ndeqrederfdiles @hd RRlhesion
surface, and then plating the base material using the
sadkaytt beltheiets tde leatialgy/tiiCnbtRIindtl-H0d "the plated base
material depends on a mechanical anchoring effect due to
unevenness of the surface of the plated material, or on
chemical interactions between the plating film and the plated
base material.

For example, in order to plate the surface of material
having poor chemical reactivity such as plastic, ceramics or
glass, a method for securing adhesion based on mechanical
anchoring is widely used. The method comprises steps of
roughening the surface of the base material by polishing or
the like, immersing the base material into a Pd-Sn colloidal
solutioh so that colloidal particles are adhered to indented
parts of the surface, and then plating the base material
using the adhered colloids as a catalytic starting point.

When plating onto metals such as Fe or the like,

metallic bonds are formed between the plating film and the
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When plating onto netals such as Fe or the Ilike,
netallic bonds are forned between the plating filmand
the 4 plated netal just after starting the plating. It
is believed that strong adhesion is ensured by
generation of an alloy at the atomc level. On the

ot her hand, a silicon wafer used as the plating base
material is particularly reactive with oxygen. Wthin
a few hours after manufacturing, the surface is
deactivated because the surface is covered with a

platdbahe@%i1ds st MRkr %E%%t W@'Qﬂﬁb?ﬁic W&fheE?CQE believed

act|V|ty For thIS reaso ult® to form

tﬁE%ms‘E%bnGO'&%e‘éﬂﬂotﬂ tihe ef?xls%tfegg bffyJ Ig'@n fIIt 1%nwock8|a¥1 alloy at

known that” such a natural ox
t8Hlr baegican ke 1di ssol vably renoved by soaklng in HF or
the Ilike, but the Si surface which has had its

nat ur gh d nmoyed;i | I Si :
o 90 PRECSSEEGThaRTONCG k8 0 BEERY, 1k R prating

bBbb”hh%e&Q%qeqsa%%&%lghl%%¥¥'f@écﬂ@@é] #ngﬁgﬁﬁin Within a

the solution aftér the renoval of oxide

f@%fﬁb@r%h%fE%&”%Eh%Ea%Eu&H%b’n%h@'éﬂrf i deactivated
desirable plating fil mcannot be obtai ned. Because of

bebBbSise Bhat isHG rfARM0 id Fovalhsd hAalks 15 dr8d oﬁl‘itdégyfllm of

soaking in a Pd-Sn colloid after roughening t

S&@Efaﬁﬁléﬁ 1 X1 §U@SEﬁ@ﬁ§ca1naét§bﬁk ar n@ﬁléoré S it
for said plating onto plastic or SUMVAR

1EH51EWEMEON0%trhaH‘1e§ﬁ dahe Ho'?ﬂég ml ttH1 acthe‘)lpﬁ_talﬂgmg film.

directly onto such
It is widely known that such a natural oxide film of the Si

surface can be dissolvably removed by soaking in HF or the
like, but the Si surface which has had its natural oxide film
removed is oxidized very easily. When it is soaked in the
plating solution, the oxide film is formed again by reaction
with OH groups in the solution after the removal of oxide
film and before the formation of plating film. Thus, a
desirable plating film cannot be obtained. Because of this,
plating onto a Si substrate is carried out by soaking in a
Pd-Sn colloid after roughening the surface of the substrate

in a similar manner to that for said plating onto plastic or

the like.

SUMMARY OF THE INVENTION

Contrary to the thought that plating directly onto such

Si surfaces was difficult, inventors including those of the

5



Si surfaces was difficult, inventors including those
of the 5 present invention found that it is possible
to forma nmetal |ayer having good adhesi on by
substitution plating onto a Si  nobnocrystal surface. A
patent application for this has been already filed
(for exanpl e, Japanese Patent Application Unexam ned
Publ i cati on No. 2004-143586) . In addition, it becane
possible to use the plating nmethod for formng a
magneti c | ayer (such as CoN Fe, N Fe, CoFe and N P)

pha¥eng ideedtIeht rERGREHHG tPHaPalt s A1 Qﬁﬁ:ﬁ%ﬁﬁ“a metal

| ayer. A patent application for this has been already

15ibedhbtoRge¥aRRl GdhedaRANBSL PNl AR GAldAR .
Unexaninengﬁblication hb.%égéz- 146032) . E%meveﬁ onto a Si

m@ﬁ@ﬂ;?sﬁﬁ&a%bEﬁabéxefAiﬁaEQﬁﬁegpﬁEi@agﬁonsfgﬁtEﬁ&% B¥%s been
plating, there is still roomfor i|nproving the

addbggionibeyvween vt e ARl kﬁn%aﬁ%%%%ea@%Iﬁgg gbplication

|
substrate. The present invention provi
UABRARL M eHAPLbIE cBit 1SWD I, 2o 0N 1 sseh onOhdBRESon, it
|

nmetal filns having good-adhesion with the

beBARE! pokakibilee taubSEr ahe 1 thelyedthFiUSor@ forming a
structure which can ensure that "adhesion is

mpyRsentedayAeC qisdichd als0 e FieY, eSaMtte | R 0% NiP) having
order to address such issues, it has been found as a

gbedukbref mbgndenkh priopeettie@aion®s thiain<HSCreRANCI €3 patent
in the adhesi on between the plating layer andthe S

appbstraienafergeneahed HeeReRdiradyOFilike Sifor example,
substrate that is used. It has al so been found that
JapafiegeNOatEatahbbne cSit isudPricdatmihay PhyBIRI-RIANA 2004-
146032).

However, when a metallic layer is formed on a Si
substrate by plating, there is still room for improving the
adhesion between the plating layer and the Si substrate. fhe
present invention provides a monocrystalline Si substrate on
which one or more metal films having good .adhesion with the
Si monocrystalline substrate are formed. Thus, a structure
which can ensure that adhesion is presented.

According to the present invention, in order to address
such issues, it has been found as a result of in depth
investigations that discrepancies in the adhesion between the
plating layer and the Si substrate are generated, depending
on the Si substrate that is used. It has also been found

that in a monocrystalline Si substrate having metal-plated

layer attached thereon, the combination of a Si substrate



| ayer attached thereon, the conbination of a S
substrate 6 having volune resistivity of 1 to 100 n-cm
and a netal - plated layer is preferable. That is,
according to the present invention, a surface- treated
Si substrate conprising a nonocrystalline S

substrate having volune resistivity of 1 to 100

LI-cm. and at |east one netal -plated | ayer on or
above the nonocrystalline Si substrate is provided.
Furt hernore, a perpendicular nmagnetic recording
pERAngMveARRLd SIdig diftii Sprd oe-{d epd ¢y Sim §H855rﬁ%?al—
i s provided. According t'o the present invention

plla tedbSlanaire i hpHdkrdiE resistivity of at least 1
f2-cmis used in a process for manufacturing the S

subst rabe GeNPhEcEictdidy Headle PraJ@ialiRiaitethd AYersurface-
Then, it is possible to provide a magnetic recordlng

HPRAItEN GATRAILE 1k e Sonithsd 1§ & R My Hal BASE Ope
netal -plated | ayer forned thereon or thereabove

sirenaite aSafdg "(ﬁﬂfiﬁﬁé Crd SYEF i VRY, U9r &l 50, LOFPOGL 88D) and at

and a recording | ayer. Consequent y, t he magnetic

1eRGA GrRg nfEadi 1P hase Jood, &dhasi on. ahﬁ?@@rﬁhé“héﬁ’oéf‘?stalllne

present invention, because the nonocrystalline Si

ﬁutssﬂds&tx%ﬁta\&swgam@léq.c Pl PHleemtne, theagRdiitular
good adhesion, it is suitable for the applications of"

ma!grn%ﬁ:lfcorréiﬁzlﬁlr@tﬂe&imﬁﬁ cofSF Ds RGeS st Of 8- Pheated Si
Si substrates and others. It is also suitable for use

s st rths tirat@e-Jwirded magnet i ¢ recordi ng medi um by
form ng

According to the present invention, the Si substrate
having volume resistivity of at least 1 Q:'cm is used in a
process for manufacturing the Si substrate comprising at
least one metal-plated layer. Then, it is possible to
provide a magnetic recording medium comprising a Si subsfrate
having at least one metal-plated layer formed thereon or
thereabove (wherein a soft magnetic layer may be also
comprised) and a recording layer. Consequently, the magnetic
recording medium has good adhesion.

According to the present invention, because the
monocrystalline Si substrate having metallic film formed
thereon has good adhesion, it is suitable for the
applications of wires for solar batteries, micro-machines
formed on Si substrates and others. It is also suitable for
use as a substrate for a magnetic recording medium by forming

a magnetic film on the metal film.



a magnetic filmon the netal film 7 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention is described nore specifically bel ow.
According to the present invention, it has been found
that the conbination of a nonocrystalline Si substrate
having volune resistivity of 1 to 100 fl-cm and at

| east one netal - plated layer is preferable for the S
substrate having at |east one netal -plated | ayer
formed thereon. When at | east one netal -plated | ayer
is formed on the nonocrystalline Si substrate by a
plating method, if the volunme resistivity of the S

srAstIED OESCHIPPI 90 | Tiem prEMERREDEENR oS BB T AL €
havi ng at | east one netal- pI ated 1 ayer Torned thereon

rel i ahihe hawes o0 aediesian. 1sTr@e53tr§é@c$t1ﬁ@fee éﬁe@?flcally
used in the present invention nay be preferably a Si
vaer ystalline material which has been preferably

manuf actured by the CZ (Czochral ski) process or the

FZ (Fliradd i rpng) (Rt kb sehhie subsie ade, MW astye&d found
by the CZ process may be nore preferable because it is

Qa8 &fhe tQOMBDRAEREE &f | ArgSnEEAPBE LI 1 SHBSEL ak@bsThEte having
vol ume resistivity of the nonocrystalline Si

éﬂﬂﬁﬁéfﬁé%f@ﬂl@ftﬁ &9 100, f 206N - WheRnkNatVakUAR® one metal-
resistivity is lower than 1 Kl-cm the adhesion

gl teen d Per nes aprofet fele | fyLrtROAst heuSkt 806t hateng at
is poor so that the |ayer easily delamnates. It may
bea SOrenPred €4 80p Yabed 01 5P A- £8¥med thereon.

When at least one metal-plated layer is formed on the
monocrystalline Si substrate by a plating method, if the
volume resistivity of the Si substrate is 1 to 100 Q-:cm,
then the Si substrate having at least one metal-plated layer
formed thereon reliably have good adhesion.

The Si substrate to be used in the present invention
may be preferably a Si monocrystalline material which has
been preferably manufactured by the CZ (Czochralski) process
or the FZ (Floating Zone).method. The substrate manufactured
by the CZ process may be more preferable because it is easier
to fabricate a large diameter substrate.

The volume resistivity of the monocrystalline Si
substrate may be 1 to 100 Q-cm. When the volume resistivity
is lower than 1 Q-cm, the adhesion between the metal-plated
layer and the Si substrate is poor so that the layer easily

delaminates. It may be more preferably 5 to 50 Q-cm.
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8 The surface orientation of the nonocrystalline S
substrate may be (100), (110) or (111). Wen the
nonocrystalline Si substrate has one of these surface
orientations, then there is no one orientation that
has a dom nant adhesive force. Even nore preferable
may be a (110) surface, which is nost widely used, in
which the orientation has an allowable | ean of +10.
However, when polycrystalline Si is selected as the
substrate, the netal -plated |layer fornmed is not

uni f ofimedsertfacdl ofrdfeerteas dm dhesbsdnaiey st rened si
and in the chem cal reactivity. Thus, polycrystalline
sBbstxatet mey tebl @ eocor di Iy tax t (el py eséien the
invention. The netal -plated | ayer may not be limted
ooz ryistglld ideayEr dudstmytdenss phnk ab £ tyheode | qyefsce
including the layer which directly contacts the

cauireraee i 4 hec i heree. i A pnéatot 2astaolen that has a
nmetal -plated. |ayer which is fornmed on the S

donrioemyts taaltd gieves Ulistdet e Eviehe maeiealpre faireth leayely be a (110)
which faces to the Si nonocrystalline substrate is

stad fleedk ,asviilgh f'nucdsatviodel@yeséd, The wiultieathé®Norientation
| ayer may preferably conprise at |east one neta

eal et el fowaiB €L GHIOWE  CI0PS swagV@ﬁ:,A@heﬁopo@?»cryisfcalline
Pd, Fe and Pt, or may preferably conprise an alloy or

S donpairet teodprd dilng ddisstretae) . tHhanexapbestofl Lager
alloy may include NiFe and NiCu and the exanpl es of
fidmmechnpouradt meyd fiord uwilee Nid-eB fifwl &b Fef. ifuthdesubserate
it is also possible to use a conpound such

strength and in the chemical reactivity. Thus,
polycrystalline Si is not suitable according to the present
invention.

The metal-plated layer may not be limited to a single
layer but may be a plurality of layers including the layer
which directly contacts the surface of the substrate. Among
at least one metal-plated layer which is formed on the Si
monocrystalline substrate, the metal-plated layer which faces
to the Si monocrystalline substrate is called as the
"nucleation layer". The nucleation layer may preferably
comprise at least one metal selected from the group
consisting of Ag, Co, Cu, Ni, Pd, Fe and Pt, or may
preferably comprise an alloy or a compound comprising the
metal. The examples of the alloy may include NiFe and NiCu

and the examples of the compound may include NiFeB and NiFeP.

Furthermore, it is also possible to use a compound such
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9 as NP in which Pis incorporated into Ni. Even nore
preferable may be a nucleation filmin which N is
conprised as the principal conponent because of
relative ease for formng a filmwhich has good
adhesion. It is not necessary that the nucleation
layer is a single layer and it may be a nulti-Iayer
such as Ni/Cu, Ni/Ag, N /Co, Pd/Cu, Pd/Ag and
Pd/ Ni / Cu. The boundary surface between the
nmonocrystalline Si  substrate and the nucleation | ayer

aBBNiROE nbehwaat pcaR hecoriRaElteddehitieatied. E¥8h more
exanple, in the case of a N nucleation film it my

pa¥erableunddr Hes Wl haeq esltidet Wigm lirkenIidhSND (¥ Jcchprised
Ni Il Ni. The transition region of SiO (Si) + N shifts

ast eadi by iheaPatih@oliporietit Peksisal @ rSirda adidreddad for
rich condition to the pure Ni nucleation film The

foehahgpbatredr apelchPhRW bR dHRE in .Monocr yst al
substrate is not limted to the nucleation | ayer, but

my ats@scasRr hseedsseht thR@NehleC nhid@atabeve a9ferOns a
the nucleation layer. A Si nonocrystalline substrate

sGagNE ShRer ahd 8aShnaanN®dTe! ahridiatied drayRictand ati/cu, Ni/Ag,
| east one soft magnetic |ayer may be used as a

NI Ccbacedycest ed /b sinateel MNar/cwa per pendi cul ar
magneti ¢ recording medium For this application, it

may bghaepessdayyt kal flelkh betuwkleaC@heOmondR rystalline Si
nonocrystalline Si substrate have the sane structure,

sabd tsulet anld alHey AR dtiictknesf r Pt i WKt can be
magneti c properties. That is, the netal -plated |ayers
cdeerly delineated. For example, in the case of a Ni
nucleation film, it may have a boundary surface structure
like Si/Si0 (si) + Ni/Ni. The transition region of Si0o (si)
+ Ni shifts steadily from the Si rich substrate side via an
Ni rich condition to the pure Ni nucleation film.

The metal-plated layer provided on the Si monocrystal
substrate is not limited to the nucleation layer, but may
also comprise a soft magnetic layer above or on the
nucleation layer. A Si monocrystalline substrate comprising
at least one metal-plated layer and at least one soft
magnetic layer may be used as a surface-treated substrate for
a perpendicular magnetic recording medium.

For this application, it may be necessary that both
surfaces of the monocrystalline Si substrate have the same

structure, and substantially same thickness, composition and

magnetic'properties. That is, the metal-plated layers are
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10 provided on both sides of the nonocrystalline S
substrate so that the thickness, conposition and
magneti c properties of the nmetal-plated |ayers are
symretrical surfaces with respect to a plane of the
nonocrystalline Si substrate. The formation of a film
or films which have the sanme characteristics onto
bot h sides can increase the capacity per single S
substrate on conparison with only a single side.
According to the present invention, a soft magnetic

pray¥etelds chobaRe Ry dolsald Mg ranchonlo T8N HANaf il iy A rate so
a coercive force of 50 oersteds (0e) or |less. Wen a

teaer ¢hke thfiekeR dss M ddian ol )1 dlfet il riidrties of
magneti c properties may di sappear so that the

thRgRetiat -Headed NG yarderadayimatdi @sPaeairidded Reith respect
soft magnetic under-1layer for perpendicular recording

tERY baiahet @ ff WhA hodrlydtaidasid &l eudwirdthe. The
coercive force is as snmall as possible, but the

forfiaffidn oFelCifMan YrCe tihad WA e FRaltzeddme
practice nmay be about 0.1 oersteds. Provided that the

chagaeties ifsitlifd Sritdy MRk iRled|Rld Nhdmidnd, tridYefdity per
magnetic material may be suitable. The soft magnetic

sfinlgMemay. ishPstdetie il idrasSidh astoNTe; a Nfgyle side.
(permal | oy), FeCo and Ni Co which can satisfy the

aboveacaeted ngarge thle PRVIseNte indfedl.idn, ANGIFL Mihetic
components such as S, B, C, 0, F, My, A, Si, P, Ti,

IMye@ isMTforméed By pletide.and A md\p pidEeRblRhatdl, a
Ag, In, Sn, Sb, La, Ce, Pr, Nd, Pm Sm Eu, &, Tb,

derdiere BorcENofYlBo laardffadslai0dVN dre,leds, WhenPta @oercive
Au are incorporated fromthe plating solution

force is more than 50 oersteds, the soft magnetic properties
may disappear so that the magnetic recording under-layer and
especially the soft magnetic under-layer for perpendicular
recording may fail to function. It is desirable that the
coercive force is as small as possible, but the minimum
coercive force that can be realized in practice may be about
0.1 oersteds. Provided that the magnetic film is formed by a
plating method, any soft magnetic material may be suitable.
The soft magnetic film may include a material such as CoNiFe,
NiFe (permalloy), FeCo and NiCo which can satisfy the above-
noted range of coercive force. If one or more components

such as s, B, C, O, F, Mg, Al, si, P, Ti, V, Cr, Mn,-Cu, Zn,
Ga, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Sb, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re,

Os, Ir, Pt or Au are incorporated from the plating solution

11



11 into the soft magnetic filmat a conposition of 5
mass% or |less, then their influence on the soft
magneti c properties may be small, and at that |evel,
the influence may be allowable. According to the
present invention, it is possible to activate the
substrate surface which my be required for formng a
netal -plated | ayer by lightly etching the surface

oxi de | ayer of the nmonocrystalline Si substrate or the
substrate surface. The substrate surface may be

iptef enabkyret phgdeitncamilal kal ia sehiplosaht i9HCH RS dassy or
causti c potassi um hydroxi de solution and/or a caustic

1égga spkH! kaBi0f iarcoaaeR! bal itdR @b rt2 % dYproperties
weight. It is preferable to renove the oxide |ayer of

mbepsubfhnat e aand aki ghkly 1e8nQde Hehe niFukS@ ay be
surface. A preferable speed for etching the base

amabeebak . for inparting activity may be 20 nmimn to 5
~Lmmn. As for the etching amount, it may be

pref enabbedti Agr eB0Y¥Reaprkeast 1{‘1@eﬁ|‘lﬂl@fn bage imatRIgsAlble to
Si. The tenperature of the solution durlng et chi ng

adepends @net RRLEERGER! sl AR ARG IR ERSS ITY rdduiBsedUtor
a range of 30 to 1000C may be preferable fromthe

f@@hﬂhgofa i@ W16h 1epeiahbisydry byNaxightine licisiuhstitad esurface
is hydrophilicly treated after etching, but the

oy deoplifeirC offr ealeMpidhdcs vyteflariald si paldrete ust rtgne
al cohol or hydrogen peroxide. . Al cohol such as
sebkyrene ghydRlce.et hanol and i sopropyl

The substrate surface may be preferably etched in an
alkali solution such as a caustic potassium hydroxide
solution and/or a caustic soda solution of a concentration of
2 to 60% by weight. It is preferable to remove the oxide
layer of the substrate and lightly corrode the substrate
surface. A preferable speed for etching the base material
for imparting activity may be 20 nm/min to 5 um/min. As for
the etching amount, it may be preferable to remove at least
40 nm of base material Si. The temperature of the solution
during etching depends on the concentration and processing
time, but a range of 30 to 100°C may be pfeferable from the
point of view of operability.

Next, the Si substrate is hydrophilicly treated after
etching, but the hydrophilic treatment is preferably

performed using alcohol or hydrogen peroxide.

Alcohol such as ethylene glycol, ethanol and isopropyl

12



12 al cohol may be suitable for use. An aqueous
solution of 1 to 20 w eight% my be suitable for use
as the hydrogen peroxide. A hydrophilic treatnent my
be perforned, for exanple, by imersing the etched S
substrate into al cohol or hydrogen peroxide. The tine
and tenperature of the hydrophilic treatnent nmay
change dependi ng on the nunber of objects to be
treated and the volune of the treatnent bath. They may
be preferably 30 seconds to 10 mnutes at 15 to 80' C.

alleehSil maybdler atud thahdle Fasx heen hpdr epbebusakbYution of 1 to
treated increases adhesivity with respect to the

20etvalighltat edyl dgesfivameE fdireie@n dd thanth diRydrS peroxide.
good uniformty in formation of film on a

non- naghgtirephasec Afrkatmenthnal/C biengeaiTd riedr, oFdid iekanple,
treatment, a highly adhesive plating material is

bgbtiameed iby ithEerctrd 5ia sullsalrdie seltd iarsMyChhr hydrogen
contains netallic ion (ions) or main netallic ion

peirod)deaf Dhe oimeDaRdNMEtAbsrseleet ed thenhibeophhioup
consi sting of Ag, Co, Cu, Ni, Pd, Fe and Pt, or one or

trend mehnito yis yO IchGogeo Wagte rediny icsi Nthes aiuhiane of JPfe-ts to be
metals. The concentration of the netallic ion (ions)

tireattleel pinat ithg vodutid @t e heraitndaastbdiDl Nheyomay be
preferably 0.05 to 0.3N on basis of el enental

peefeaadlly. 3theddindeass 10f rtikeitey alt plated deryer MRY si
be preferably 10 to 1000 nm nore preferably 50 to

shibE trmateWrdra t thes tddieektesikdehildss tlhartddhttwd ddcreases
not have a uniform distribution of the netallic
apibleydryidtyalw iffdr tiedpesct Weertlishenetal-plated layer. formed
thereon it, and imparts good uniformity in formation of film
on a non-magnetic base.

After such etching and hydrophilic treatment, a highly
adhesive plating material is obtained by immersion in a
plating solution which contains metallic ion (ions) or main
metallic ion (ions) of one or more metals selected from the
group consisting of Ag, Co, Cu, Ni, Pd, Fe and Pt, or one or
more alloys or compounds comprising said one or more metals.
The concentration of the metallic ion (ions) in the plating
solution may be at least 0.0l N, more preferably 0.05 to 0.3N
on basis of elemental component.

The thickness of the metal-plated layer may be
preferably 10 to 1000 nm, more preferably 50 to 500 nm. When-

the thickness is less than 10 nm, it may not have a uniform

distribution of the metallic polycrystal particles. When the

13



13 thickness is nore than 1000 nm the individua

crystal particle is enlarged so that it may not be
suitable as an wunder-layer. The fornmation of the

nucl eation layer is described in further detail. The

nucl eation | ayer may be preferably forned by a nethod
that is generally known as non-electrolytic

substitution plating. The solution may be simlar to

that for the conventional substitution plating so

that it does not contain a reducing agent such as

thy pepbespher moracitthaoy 1000pand)| ahiec iawiidzi ddmleverystal
according to the present invention, it nmay be
ppt-efielablie kealasecal Sl fafas Had hanhiredt wesiintdble as an
contain saccharin or the |ike which is a gl ossing
ufdieerilalyerbExanpl es of the sulfate may include nicke

sul fate and copper sulfate. The preferable
concemheatfbematiiohhef shlef afe lrmytile Qadkn dH.desdridbed in
bath containing a hydrochloride solution or a bath
faenhaimidegadtl .| east O OS N chloride ions may not be
preferabl e because it is difficult to obtain the

nmet al Thkahed lkeaydonofl atlear mags &R drafemabdry dwdnddidre a
may be cases in which plating onto a Si substrate
mettheld thedonss gemmossli bt ekndwrt tdemor-esledtmalyyniod be
preferable in ternms of perform ng the present

siubserittiudn orhatl atdach elTare o ladidlonamaly, b€a sdmd. M it® that
present in the solution at concentration of 0.003 N

for dheatcemveCdnisegierddystitutieyn peatpief esabtleat hat does not
chloride ion is present at |ess than 0.05

contain a reducing agent such as hypophosphoric acid or

hypochloric acid. However, according to the present
invention, it may be preferable to use a sulfate bath which
does not contain saccharin or the like which is a glossing
material. Examples of the sulfate may include nickel sulfate
and copper sulfate. The preferable concentration of the
sulfate may be 0.01 to 0.5 N. A bath containing a
hydrochloride solution or a bath containing at least 0.05 N
chloride ions may not be preferable because it is difficult
to obtain the metal-plated layer of the present invention and
there may be cases in which plating onto a Si substrate
itself becomes impossible. Furthermore, it may not be
preferable in terms of performing the present invention that
each element such as K, Ca and Na is present in the solution
at concentration of 0.003 N or greater. Consequently, it may

be preferable that chloride ion is present at less than 0.05

14



14 N, and el enents such as K, Ca and Na are each
present at less than 0.003 N. The plating conditions
for form ng the nucleation |layer may include a
solution tenperature of 70 to 1000C, and a pH of the
bath (solution) that is in a range of 7 to 10, nore
preferably 7.5 to 9. Wien the tenperature of the
plating solution is less than 700C, plating may not
be possible. Wien the tenperature of the plating
solution is nore than 1000C, or when the pH of the _
NsOlautld @) enferfil Suteth tde Bh@L ardnge ardd tdnlpd sdntdat less
itself is possible, the netal-plated |ayer of the
thra@s@ntooianwent i on may not be obtained. It is

preferable that the pHis adjusted by addition of

amoniTae pWernnigheopldiits cad Wireddinitdnmd dtuslgdtiasn layer
caustic soda, even if the pHis adjusted to be within

nizlfe iaRAVRId aNUR 1itli o BYeniddtdt e dif fieWd t@oRChIBNE 2 pH
the present invention. The reason for this is not
odbsbleutaityh clsmdAutivi) ithaeeans ihal radwd asf on ©b 1he more
metal ion in solution with a chelate-form ng agent
pxedie rah 1amTOrE ad L exutedi tgly tiefpeiriadiire Idf ithe plating
sufficient that the anmount of amonia to be added is
st atel e ] trsdre 7 aPep e pdiad ng @y inditt A gd¥dsible.

val ue. The ammoni a may be added such that the

Wheme diiter atdrpedatute oHlaie nel dainy i so Bboldn O §2mdk ¢ othan

0.5 N, preferably 0.05 Nto 0.2 N The netal -pl ated

loayer, eanwbenf ehregHby fFC@mel Rongitiikg iabere-didieedthe above
etching and netal plating processes.

range, although plating itself is possible, the metal-plated
layer of the present invention_may not be obtained. It is
preferable that the pH is adjusted by addition of ammonia.
When the pH is adjusted by hydroxide such as caustic soda,
even if the pH is adjusted to be within the above range, it
may still be difficult to achieve the present invention. The
reason for this is not absolutely clear, but it seems that
chelation of the metal ion in solution with a chelate-forming
agent such as ammonia is exceedingly important.

It 1s sufficient that the amount of ammonia to be added
is appropriately adjusted depending on an initial pH wvalue.
The ammonia may be added such that the concentration in the
plating bath is about 0.02 N to 0.5 N, preferably 0.05 N to
0.2 N.

The metal-plated layer can be formed by combining the

above-noted etching and metal plating processes.
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15 The soft magnetic plating | ayer may be preferably
formed by a nethod which is generally known as non-

el ectrolytic substitution plating. A sulfate bath or a
chl oride bath nay be used for non-electrolytic
plating, and a variety of netals may be used in the
bath (solution). However, because of the need to
generate magnetic properties and to obtain cubic
crystals, it may be necessary to use one or nore
metal salts which contain one or nore el enents

sel ecttad Bodm trizeyngrtdup pdatsingg ilayef ooy N mrek ealsioy

that an alloy plating |ayer that contains at | east

flommeal Hyhes ene teeheiitisch sid ayereska The KGoowiNi aaintgbi-e

can be non-electrolytically plated, and in order to
elealtid he prussnittutniventp ot ing mn kel fatef éraad or a

that these elenments are conprised because of their

dhavaoriadd airtoperyt ikes wsed ofdr megned iected eyt bd spldbiey, and a
specifically, the conposition of the bath preferably

veenl edynparfl sreetald emst Mevouseed aid i tthe dmstisel @slwediody om

ni ckel , cobalt and iron. The exanples may include a
Howeatbhatdeadfusd ckieltisalded® tandyeaobsdte stddradeic apcbperties
m xed bath further conprising iron sulfate. The
agwhdentakdtdion amyic herypsed ks ablty e Yibe mdcdsMrfheo use one
reduci ng agent in non-electrolytic plating may

dmeiaitke netEdlp ressigto vt et chn th iretdryd aod neo ber ehemezins

ot her various conmpounds and may be sel ected dependi ng

ssl ectrest diron drhevygmdup scgrebentng nof heopafh. and Fe so that
an alloy plating layer that contains at least two of these
elements is formed.

The Co, Ni and Fe can be non-electrolytically plated,
and in order to realize the present invention it may be
preferable that these elements are comprised because of their
favorable properties as soft magnetic materials.

More specifically,'the composition of the bath
preferably may comprise at least two metallic ions selected
from nickel, cobalt and iron. The examples may include a
mixed bath of nickel sulfate and cobalt sulfate, and a mixed
bath further comprising iron sulfate. The concentration may
be preferably 0.01 to 0.5 N.

The reducing agent in non-electrolytic plating may
include hypophosphoric acid, dimethylamine borane, and other

various compounds and may be selected depending on a metal

ion which is present in the bath.
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16 The magnetic recordi ng nmedi um of the present
invention may be produced by form ng the above soft
magneti c | ayer having a thickness of 100 to 10,00 nm
then forming a 5 to 100 nm magnetic recording | ayer
on or above it, and then preferably formng a 2 to 20
nm protection layer and/or a 2 to 20 nm |l ubrication

| ayer in that order. When the thickness of the soft
magnetic layer is nore than 1000 nm it may not be
preferabl e because the magnetic noise fromthe soft

magnetrhe hayele iRy e crdMd intaiiturdWi Nthe tdt®esent invention
reproduction of the signal so that the SINratio

a8 bee prddue o I o rimncie st e nashwin syemidigetic layer
thickness is less than 100 nm it may not be

harvefrey abltikacaise dihelomaneti®0o pefiTeghé®Nforning a 5 to 100
characteristics of the soft magnetic under-|ayer my

0 eifd i1 Kd iSQy thafe OVE -3F | o ehafl Lt £ d SEhES
of the nedium decline. The magnetic recording |ayer

pafe fr GV EEd i rspfd 2 negned ign | BySf e dBYoSOIPRYEBCaRd/or a 2
hard magnetic material in order to perform magnetic

Hoe @ cinndLubhhie- e teicon di diget ajrerta@y dedéernmed directly

on the soft magnetic layer, or may be fornmed after

pl acemirn aheonhiknddy e f iy shtatitadiyeiS Baigdr abs more
Ti if it is necessary to control the particle

thHaamet0ts rof, tie dysict oanskéheralvbgneétguse the magnetic
properties. The hard magnetic material for the

el divugn [tAyerso St mdng@id i caver wayipet edgasfioagt during
as it conprises nmagnetic

the reproduction of the signal so that the S/N ratio reduces
its performance as a medium. When the thickness is less than
100 nm, it may not be preferable because the magnetic
permeation characteristics of the soft magnetic under-layer
may not be sufficient so that over-write characteristics of
the medium decline.

The magnetic recording layer on or above the soft
magnetic layer may comprise a hard magnetic material in order
to perform magnetic recording.

The recording layer may be formed directly on the soft
magnetic layer, or may be formed after placement of one or
more intermediate layers such as Ti if it is necessary to
control the particle diameters of the crystals and the
magnetic properties.

The hard magnetic material for the recording layer is

not particularly limited as long as it comprises magnetic
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17 domains that are easily magnetized in a direction

perpendi cular to the layer plane. It may include Co-Cr

alloy filmformed by sputtering, Fe-Pt alloy film

Co-Si granule film Co/Pd multi |ayer film and

various others. It may also include filmforned by a

wet met hod such as a Co-Ni -based plated | ayer, and
filmformed by coating such as filmof bariumferrite
conprising a magneto plunbite phase. The thickness of

such a recording | ayer may be about 5 to 1000 nm

doheengr éhatakine B stia Yphhaymetieccaer 6 W feiion may

be 0.5 to 10 Koe, nore preferably 1.5 to 3.5 KCe. The
pptokadtiicue arayer ther med/can dllag.ecoednag hayendeByo-Cr alloy
conprise an anorphous C-type protective |ayer forned

fhyma fosmald &y Bpuwtebgretedt and oy aiist,aldd+®i granule
protective |ayer such as A1203 The upper nost

fliahy, i Cal/iPein mudytdr 1EB)e rC Aiin St varieousTd sy fIitl May also

formed by coating a fluorine-based oil, and there is
ihe lpakt ifdlarfdrimdd aty en wet tmiHodesudh agerd ao-Ni-based
coating nmethod. The present invention will be

pdesed Neddiel atdasidth dbrmetanpt eoatHdaewich ids stiowh b f
not be construed that the present inventionis

blairiiuive o etrar itthee mompeargilres &l rtagyrfe tan g ICoimiatatpivese .

Exanples 1 to 7 A (100) Si nonocrystalline substrate

(a B- tbpedhRPcikpess substuch @) reavirag nay disaet etawfbe about 5
65mm and having a surface 18

to 1000 nm, more preferably 10 to 50 nm. The coercive force
may be 0.5 to 10 KOe, more preferably 1.5 to 3.5 KOe.

The protective layer formed on the recording layer may
comprise an amorphous C-type protective layer formed by a
sputtering or CVD method, and a crystalline protective layer
such as Al;0s;.

The uppermost lubrication layer may comprise a mono-
molecular film formed by coating a fluorine-based oil, and

there is no particular limitation to the type of agent or

coating method.

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

Examples 1 to 5 and Comparative Examples 1 to 7

A (100) Si monocrystalline substrate (a B-doped P-type

substrate) having a diameter of 65mm and having a surface

18



roughness (Rns) of 0.5 nmfor both surface was
prepared as a Si substrate for the formation of

netal -plated | ayer by a known nethod of cutout,
edge-renoval and lapping of a Si  nonocrystalline
substrate having dianeter of 200nm fabricated by the
CZ (Czochral ski) nethod, followed by the polish of
both surfaces with colloidal silica having an average
particle size of 15 nm The Rws represents the nean
square roughness and was measured using an AFM

r%%tg%%‘f% forGe) r@%c%%)forﬂb%ay sggg%fu%slélgggggd as a

aq ueous 10 Wt caustic so t1on

SrI' 1y toes%r%% RS St ﬂéqefé;l}t\apu%{ t reaﬁeu{ f" Aigyc?r]fe%ﬂei r@y a

sur ace strate

k?l%vvtrlh?n fcf"% 3 y%@%amﬁgd%en%m %&)ai% YRS of a si

prepare anmont um su

Qm%ecr - ltjgt e@rﬁﬁqayer Wa's or rreJP%y %gﬁeéu%%aé(goﬂhgabrlcated
bﬁ/{))?g%cg:rzl mgezr a{{}:%nlgg}{:lgt E&%‘a{cf&t Fc])fr?)q'rcont a:i) %Ieo pZOJT\JISh of
b?ﬁ?éﬁ%@a%éﬁ B A S R hd e %“hg*‘??f‘é&e

p=844&iing sggzgé1 eSS i EPaH %ané $Q bg{%gﬁ%t(;ol he on n Square

mas for eatlng the platln

SR d ’Ei‘Fcf%& en t\#’é}é %tmhfiﬁ'%&gfé ké‘i‘@%

for 15 n1nutes gnet C proper the so
lating |ayer obtained was neasured using a
VSM (vi brating sanple 19

The substrate was immersed in a 45°C aqueous 10 wt%
caustic soda solution for 10 minutes to remove the thin oxide
surface layer on the surface of the substrate, and treated
for Si-etching on the surface. Then, an under-plating bath
was prepared by adding 0.5 mol/dm® ammonium sulfate to a 0.1
mol/dm’ aqueous solution of nickel sulfate. The under-plated

layer was formed by heating the bath to 80°C and immersing

the substrate for 5 minutes.

Moreover, a plating bath (solution) containing 0.2 N
ammonium sulfate, 0.02 N iron sulfate, 0.07 N cobalt sulfate
and 0.04 N dimethylamine borane as the reducing agent was
prepared. A soft magnetic layer was formed by heating the
plating bath (solution) to 65°C and immersing the substrate
with the under-layer for 15 minutes.

When the magnetic property of the soft magnetic plating

layer obtained was measured using a VSM (vibrating sample
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magnet oneter), the coercive force was 42 oersteds
(Oe). The adhesion of the netal -plated | ayer obtained

was tested using a crosscut exfoliation tester (NDDEL

AD- 1110, manufactured by Ueshi ma Sei sakusho

Cor poration) based on JIS K5400 (grid test). Exanples
6 to 10 and Conparative Exanples 8 to 14 Apart from
use of a Si nonocrystalline substrate having a

di aneter of 200 nmfabricated by the CZ nethod as the
Si substrate for the formation of the netal -pl ated

RSP ShaER IR

sﬁl fate t e rretdﬂv%ilaat ed yazl? S %%h ?lnayél‘éagc?étﬁmed was
%taéd‘e@sl ti‘ecféé@cﬁ@” IE:{J‘&’B%& MOPEL AD-1110,

esion test was carrie sane nner as

ARG e@@y'“'@és&ﬂméos%?séggs%"@atgttx ﬁgr@tsgd on J1s

Apart” from use nonocryst a
g%%ﬁg a%e % a dianmeter of 200 nm fabricated by
Cz od as the Si  substrate for the formation
of the netal-plated film and use of an aqueous 0.01
to 0.5 nol/L solution of copper nitrate and nicke

E&gﬁggé% 6r%bnf@aAﬁﬁl@BﬁﬁakgyféeSﬁgﬁﬁgigsTgbkg %4 was

adhes'ﬁ?ﬁarttesfrcyi@%é:@rcgf ed Uty i hes SR HENDEE s £5at8 having
20 Exanple 1. Adhesion Test

a diameter of 200 mm fabricated by the CZ method as the Si
substrate for the formation of the metal-plated layer, use of
an aqueous solution of caustic soda for the etching treatment,
and use of an under-plating bath of 0.1 mol/dm® aqueous
solution of nickel sulfate, the metal-plated layer shown in
Table 1 was obtained in the same manner as in Example 1. The

adhesion test was carried out in the same manner as in

Example 1.

Examples 11 to 15 and Comparative Examples 15 to 20

Apart from use of a Si monocrystalline substrate having
a diameter of 200 mm fabricated by the CZ method as the Si
substrate for the formation of the metal-plated film, and use
of an aqueous 0.01 to 0.5 mol/L solution of copper nitrate
and nickel sulfate, the metal-plated layer shown in Table 1
was obtained in the same manner as in Example 1. The

adhesion test was carried out in the same manner as in
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In order to neasure the adhesion of the film the
surface of a 20 mMmx 20 mmtest piece was scratched to
form eleven parallel lines having a pitch of 0.5 nm
using steel nails to which a predeterm ned | oad
(240g) was applied. Then, the test piece was rotated
by 90 and scratched again to form eleven lines. O
100 grids, the nunmber in which delam nation occurred
was neasured. Explanation of the Results The results
are shown in Table 1. As a result of examning the
Ek@rghiconshi p of the adhesion of the metal - plated

| ayer to the substrate with respect to the vol une
resistivity of the Si substrate, it was found when the
volume resistivity of the Si substrate increased, the
ARe L Ofre @l i ds whi ch had been del am nat ed decr eased
—according to the delam nation results. In particular,

when the el kRSistideVithe AfdHdE odl o¥URS &i€@m, the
exceeded 0.010 f2cm the nunber of grids which had

s %c%elo%ﬁan@toe%ng%rz%azrg@i% J']yece M TddPatc eudrreto form

el am nation was observ es having a vo
J1@%e8t ipdirtat 16f1 él_tin!e%aﬂaxﬂizfqgfé B i A tdhyerdTy Gy M@fh%h@teel
volune resistivity of the Si substrate exceeded 10
2408 tAAEa IO td AR Add M yas g?@@(ﬁgeﬁas applied. Then,
According to this 21 result, when a Si substrate

Vi vaQl; r.esd Stiay o0 0 5 [
SRR, 1 Sideaia oy 14 a0 e i3 ro fomm
eLhady alieEONPLIES1 08 Jrieisd! thlahehtledyeh wh iRIRRNIGiination
recordi ng medi um havi ng good adhesi on can be

occurred was measured.

Explanation of the Results

The results are shown in Table 1. As a result of
examining the relationship of the adhesion of the metal-
plated layer to the substrate with respect to the volume
resistivity of the Si substrate, it was found when the volume
resistivity of the Si substrate increased, the number of
grids which had been delaminated decreased according to the
delamination results. In particular, when the volume
resistivity of the Si substrate exceeded 0.010 Q-:cm, the
number of grids which had been delaminated decreased sharply.

No film delamination was observed in samples having a volume

resistivity of at least 1 Q-:cm. Furthermore, when the volume
resistivity of the Si substrate exceeded 100 Q-cm,

delamination of the film was observed. According to this
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provi ded, the magnetic recordi ng nedi um conprising the
Si  substrate, the netal -plated |ayer (which may al so
conprise a soft magnetic layer) and a recording

| ayer. 22 Table 1 netal |ayervolune resistivity nunber
of grids delamnated (9 cm Exanple 1Cu2.30 Exanple
2Cu9. 40 Exanpl e 3Cul40 Exanpl e 4Cu200 Exanpl e 5Cu950
Exanpl e 6N i4.80 . Exanple 7Ni 9. 70 Exanpl e 8N 130
Exanpl e 9Ni 210 Exanpl e 10N 900 Exanple 11N and Cu3. 20
Exanpl e 12Ni and CulOO0 Exanple 13Ni and Cul60 Exanple

N1 BnavHAR Q) Exaii £ Ao ek (U O e Pre&Xstivity of 1 to
1. Cu6. 1x10- 3100 Conp. Ex. 2Cu8.4x10-395 Conp. Ex.

BAULIXIR- Bd2used in a process for manufacturing the surface-
treated Si substrate comprising a metal-plated layer, a
magnetic recording medium having good adhesion can be
provided, the magnetic recording medium comprising the Si
substrate, the metal—plaﬁed layer (which may also comprise a

soft magnetic layer) and a recording layer.
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Conp. Ex. 4Cul3x10-35 Conp. Ex. 5Cul5x10-33 Conp. Ex.
6Cu20x10- 32 Conp. Ex. 7Cul259 Conp. Ex. 8N

i 5. 2x10- 3100 Conp. Ex. 9N i7. 1x10-3100 Conp. Ex. 10N
i 10x10-39 Comp. Ex. 1 1IN i13x10-37 Conp. Ex. 12N

i 15x10- 34 Conp. Ex. 13N i19x10-31 Conp. Ex. 14N i 1408
Conp. Ex. 15N i and Cu5.2x10-3100 Conp. Ex. 16N i and

Cu7.1x103100 Conp. Ex. 17N iTane 1Cul0x10' 315 Conp. Ex.
18N i ~ard—CH2%x310-34 Comp. Ex_ 19Ni _and Cu15x10- 33

Conp.| Ex. 20, NTetadnldyer) el ue06ss | Covipy| révher 21 Nir it dsadedami nated
Cul3310 23 CAINM 1. Alsurf@reed)reatled Si substrate,
conprfi §xamgte 14 noreacrygtal | i negSi substrate hay ng
vol UEELEXJmEQI silvity of [T 10 1PP— OO amd—at—teast
one a——ptatiet—-ayer{p+ cv:veg—en—@r—ahm'ﬂ tfe s
subst hﬁmpﬁ’?? The ¥urface-trtated Si| substrate0
accor|dExegpteo4 dl ai roul, 20 0
Example 5 Cu 95 0
Example 6 Ni 4.8 0
:Example 1 Ni 9.7 0
Example 8 Ni 13 0
-Example 9 Ni 21 0
Exampie 10 Ni - 90 0
Example 11| Ni and Cu 3.2 0
Example 12 | Ni and Cu 10 0
Exampie 13 | Ni and Cu 16 0
Example 14 | Ni and Cu 20 0
"Example 15 | Ni and Cu 97 0
Comp. Ex. 1. Cu 6. 1x107 100
Comp. Ex. 2 Cu 8. 4x1073 95
Comp. Ex. 3 Cu 11x1072 12
Comp. Ex. 4 Cu 13x107°
Comp. Ex. 5 Cu : 15x107
Comp. Ex. 6 Cu 20x107
Comp. Ex. 7 Cu 125
Comp. Ex. 8 Ni 5. 2x1073 100
Comp. Ex. 9 Ni 7.1x1073 100
Comp. Ex. 10 Ni 10x1073 9
Comp. Ex. 11 Ni 13x1073 7
Comp. Ex. 12 Ni 15x107° 4
Comp. Ex. 13 Ni _ 19x107 1
Comp. Ex. 14 Ni 140 8
Comp. Ex. 15| Ni and Cu 5. 2x1073 100
Comp.Ex. 16| Ni and Cu 7.1x107° 100
Comp.Ex. 17} Ni and Cu 10x107° 15
Comp.Ex. 18| Ni and Cu 12x1073 4
Comp.Ex. 19| Ni and Cu 15x10°° 3
Comp.Ex. 20| Ni and Cu 21x1078 1
Comp.Ex. 21| Ni and Cy 133 10
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wherein said at |east one netal -plated |ayer which

faces to said nonocrystalline Si substrate conprises

at | east one netal selected fromthe group consisting

of Ag, Co, Cu, N, Pd, Fe and Pt, or is an alloy or a
conmpound conprising the netal. 3. The surface-treated

Si substrate according to claiml1l wherein said at

| east one netal -plated | ayer conprises two or nore

| ayers and at |east one of the netal-plated |ayers is

a ferromagnetic |layer having a soft magnetic property

G I¥Scoercive force of 50 oersteds or less. 4. The
surface-treated Si substrate according to claim 2

wherein said at | east one netal -plated | ayer conprises
two or nore |layers and at | east one of the

met all-.plAatsed feyeertraasted Jersudrsgnete ¢ ¢ayerihavgng a
soft magnetic property of a coercive force of 50

oer st edsoopdryss.aliinkhe is wikadrradtree dtad rs  whsig at e
according to claiml1 wherein said at |east one
mestislt-ipliatyed d dyearo 110 @rQvededand 24 both surfaces of
said nonocrystalline Si substrate so that

t hi ckp&sdes s tc ompogidtiadne latkdrdgnatd erurapbsd i®@s ©&f above
the netal-plated |layers are symetrical with respect

the #iplsavstmfta.he Si nonocrystalline substrate. 6

The surface-treated Si substrate according to claim?2

wher &i-n T duntfdaadiraateednt al syb st et ¢ ayecording to.claim 1,
provided on both surfaces of said nonocrystalline S
whgirstimatsa ish athadteadthi akenasstes] ~watpadi 1apers whilch faces to
magneti c properties of the

said monocrystalline Si substrate comprises at least one

metal selected from the group consisting of Ag, Co, Cu, Ni,
Pd, Fe and Pt, or is an alloy or a compound cbmprising the
metal.

3. The surface-treated Si substrate according to claim 1
wherein said at least one metal-plated layer comprises two or
more layers and at least one of the metal-plated layers is a
ferromagnetic layer having a soft magnetic property of a
coercive force of 50 ocersteds or less.

4. The surface-treated Si substrate according to claim 2
wherein said at least one metal-plated layer comprises two or
more layers and at least one of the metal-plated layers is a
ferromagnetic layer having a soft magnetic property of a
coercive force of 50 oersteds or less.

5. The surface-treated Si substrate according to claim 1

wherein said at least one metal-plated layer is provided on
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netal -plated | ayers are symmetrical with respect to a

pl ane of the Si nonocrystalline substrate. 7. The
surface-treated Si substrate according to claim3

wherein said at |east one netal -plated | ayer is

provided on both surfaces of said nonocrystalline S
substrate so that thicknesses, conpositions and

magneti c properties of the netal-plated |ayers are
symmetrical with respect to a plane of the S
nmonocrystalline substrate. 8. The surface-treated S

bexilys tsrvert e caset arfd i seg & ananlcad g st a Mihiarreei S1. s@isk tatat€asd that
one netal -plated layer is provided on both surfaces

tdfi cdaieds semnocropgtcal il i sSiarslibstgradtel spid@drties of the

t hi cknesses, conpositions and magnetic properties of

metfe 1 petediedp | latved d aaey ss e teyinaeelt niicted e dgedtespecd plane
to a plane of the Si nonocrystalline substrate. 9. A

ofer perdBéumanoragsttild inecsnbistgatedi um conprising a
surface-treated Si substrate of any one of claiml to

8. Xb. The surface-treated Si substrate according to claim 2
wherein said at least one metal-plated layer is provided on
both surfaces of said monocrystalline Si substrate so that
thicknesses, compositions and magnetic properties of the
metal-plated layers are symmetrical with respect to a plane
of the Si monocrystalline substrate.

7. The surface-treated Si substrate according to claim 3
wherein said at least one metal-plated layer is provided on
both surfaces of said monocrystalline Si substrate so that
thicknesses, compositions and magnetic properties of the
metal-plated layers are symmetrical with respect to a pléne
of the Si monocrystalline substrate.

8. The surface-treated Si substrate according to claim 4
wherein said at least one metal-plated layer is provided on
both surfaces of said monocrystalline Si substrate so that
thicknesses, compositions and magnetic properties of the

metal-plated layers are symmetrical with respect to a plane

of the Si monocrystalline substrate.
9. A perpendicular magnetic recording medium comprising

a surface-treated Si substrate of any one of claim 1 to 8.
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