TI TLE- OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI UM AND SUBSTRATE FOR MAGNETI C
RECORDI NG MEDI UM 5 BACKGROUND OF THE INVENTION 1. Field of the invention
The present invention relates to a substrate for a nagnetic recording
medi um and a magnetic recordi ng nedium which conprises a recording |ayer.
10 2. Description of the related art In the field of nmagnetic recording,
hard di sk devices are indispensable as primary external recordi ng devices
of conputers, for exanple personal conputers, for recording infornmation.
Acconmpanyi ng an increase in hard disk drive 15 recording densities,

devel opment of perpendicul ar types of magnetic recording which allow a

hi gher ree¢ofrdingrdengl tivESTIBKROIr €ssi ng, replacing conventi onal
| ongt udi nal” magnetic recorading nmethods. | n perpendi cul ar magnetic

recording, a maanetkerti REGorBONE N By AENBCOTES BRATE SPdR MAGNSAI®
direction as the magnetizing direction, formng a closed magnetic circuit
bet ween thgcgﬁbgggnMqubﬁ and self-redUC|ng magnetic field (referred to
bel ow as a "demagneti zing field") caused by its own nagnetic field is |ess
than in horizontal magnetic 25 recording, stabilizing the magneti zing
condition. 1 In perpendicular magnetic recording there is no

5 BACKGROUND OF THE INVENTION

1. Field of the invention
The present invention relates to a substrate for a
magnetic recording medium and a magnetic recording medium
which comprises a recording layer.
10 2. Description of the related art
In the field of magnetic recording, hard disk devices
are indispensable as primary external recording devices of
computers, for example personal computers, for recording
information. Accompanying an increase in hard disk drive
15 recording densities, development of perpendicular types of
magnetic recording which allow a higher recording density is
progressing, replacing conventional longtudinal magnetic
recording methods.
In perpendicular magnetic recording, a magnetic field
20 from an adjacent bit is in the same direction as the
magnetizing direction, forming a closed magnetic circuit
between the adjacent bits, and self-reducing magnetic field
(referred to below as a "demagnetizing field") caused by its
own magnetic field is less than in horizontal magnetic

25 recording, stabilizing the magnetizing condition.
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particul ar necessity to make the magnetic filmthin with increases in
recording density. Fromthese points, because perpendicular nmagnetic
recordi ng can reduce the demagnetizing 5 field and secure the KuV val ues
wherein Ku represents anisotropic energy, and particularly crystalline
magneti c anisotropic energy in the case of nmagnetic recording, and V
represents a unit recording bit volune, it has stability against
magneti zati on by thermal fluctuations, and it can be 10 said that this is a
recordi ng nethod that nmakes it possible to push the recording limt
significantly upward. As recording nedia, perpendicular recording nedia
have a hi gh af Thnptypehtihchdat zoaynétiecoedongingdiheranisihoi s possi bl e
to use basically the sane technol ogy as was used 15 conventionally in both
readi ng apdriwiiciilag okcesgneli co meker dhagmadnetar geipenHiaukachmagnetic
recording nedia, there has been extensive investigation into double
| ayered pecpendicculiar reagieting teasidiyng Fedhathasdhpelnts n wechison 20 to
a recording |layer, a soft magnetic lining |layer (typically pernalloy or
t he |ike) peapreddrcdilag mayeet(itotewbiradhingCandi dadeceatiel defmabnektideng
CoCr-based alloy, a nulti-layer filmof alternating | am nated | ayers of
ultra shi fikilldmanef selfi@e lthyeKuandaPdeandheaeian@uSrepragenpbous film, a
25 protective layer and a lubricating |ayer are layered in this 2 order on
a substrataisotropic energy, and particularly crystalline magnetic
anisotropic energy in the case of magnetic recording, and V
represents a unit recording bit volume, it has stability
against magnetization by thermal fluctuations, and it can be
10 said that this is 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 technology as was used
15 conventionally in both reading and writing of magnetic
recording.
As for perpendicular magnetic recording media, there
has been extensive investigation into double layered
perpendicular magnetic recording media in which, in addition
20 to a recording layer, a soft magnetic lining layer (typically
permalloy or the like), a recording layer (for which
candidate materials include CoCr-based alleoy, a multi-layer
film of alternating laminated layers of ultra thin films of

PtCo layer and Pd and Co, and SmCo amorphous f£ilm), a

25 protective layer and a lubricating layer are layered in this
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The doubl e | ayered perpendi cul ar magnetic recording nedium has nuch better
writing properties than a perpendicular magnetic recordi ng nedi um having
only a 5 recording |layer as a magnetic functional layer. It is necessary
that the lining |l ayer of the double |ayered perpendicular magnetic --
recording nediumis soft magnetic, and has a filmthickness of at |east
100 nmto about 500 nm The soft magnetic lining layer is the 10
conductive path not only for magnetic flux fromthe recording film above
it, but also for the witing flux-fromthe recording head. Because of

this, it plays the sane roll as an iron yoke in the magnetic circuit of a

per manent oFagRebnsSa st dafrehas to be nuch thicker than the recording
| ayer. 15 Conpared to the formation of non-magnetic Cr-based prinmer film

in a horizontal Thecardble MRGLYEY pheptariBLlar mafnthecsettobrBUngtic
lining filmof the double |ayered perpendicular recording mediumis not

sinple. on@didia has miulRd bt rCaRstihdl bR rialkisz@Rkal ar ecordi ng medi um
are all 20 forned by a dry process (principally by nmagnetron sputtering)

(see JapapesedRatient APRIgsaliien \ReraThaedRubli tation MA1y & 143972/ 1993)

Met hods for forming not only the recording Ilayer but also a soft
magnet ¢ lrayerdihdmaRiFOGRSS RAgRAYE ¢ FeerHikwast 1gatked for the double

| ayer ed perpendicul ar "25 recordi ng nedium as well. However, fromthe aspect
of mass 3 produgti B aRdeREAHYCERYL! ¥het NERENJT @ ahRARIE£PERAR! @BBLWEE D
layered perpendicular magnetic recording medium is soft
magnetic, and has a film thickness of at least 100 nm to
about 500 nm. The soft magnetic lining layer is the

10 conductive path not only for magnetic flux from the recording
film above it, but also for the writing flux from the
recording head. Because of this, it plays the same roll as
an iron yoke in the magnetic circuit of a permanent magnet so
that it has to be much thicker than the recording layer.

15 Compared to the formation of non-magnetic Cr-based
primer film in a horizontal recording medium, the formation
of the soft magnetic lining film of the double layered
perpendicular recording medium is not simple. Ordinarily,
the films constituting a horizontal recording medium are all

20 formed by a dry process (principally by magnetron sputtering)
(see Japanese Patent Application Unexamined Publication No.
5-143972/1993). Methods for forming not only the recording
layer but also a soft magnetic layer by dry processing have
been investigated for the double layered perpendicular

25 recording medium as well. However, from the aspect of mass-
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form ng soft magnetic |ayers by dry processing because of process
stability, the conplexity of paraneter settings, and nore than anything

el se, process speed. Furthernore, for the 5 purpose of achieving higher
densities, it is necessary to make the height at whieh-the head floats
above the surface of the magnetic disk, the flying height, as | ow as
possible and in the manufacture of the double |ayered perpendicul ar
magnetic recording medium it is necessary to cover the 10 substrate with a
metal filmof such a thickness that it can be |eveled by grinding.

However, because the adhesion of a thick filmobtained by a dry process is
| ow, | eveprogubyiograndi pgodSciesryt Py obheratice ThH§e NASHDaIEs twstls were
performed to cover a non-nmagnetic substrate with a netal film15 by a

pl ating ne@hmdngmsbhtwmagﬁeai&hi@yefsImycaﬂysﬁré@éggﬂngn@é@aﬁgéiéﬂ than by
vacuum deposi tion. SUMVARY OF THE | NVENTI ON When a soft magnetic |ayer for
a doubl e payeeed byppil20ypetpendbipl exitRopet beraRE0EH S8 FREh4M d1sd f or ned
by a plating nethod, nultiple nagnetic donains are created. The nagnetic
donmi ns amergaghehi 28¢dthing &pe€j fhLodeseCckpOBdl N Pur g f, &dreWhe
mllimeters to a fewcentineters on the plating filmsurface that

constig ut perpbeesoft a0RPBEGIHE hayRer dénandigBYNeti €sdpaBtasyed | soare

generated at the boundaries of 4 these magnetic domains. Wen a soft
magnet i ¢ hayer theonkayntngtSWENchagRet headofBbAtWahbsve StHSeguifade doabl e
the magnetic disk, the flying height, as low as possible and
in the manufacture of the double layered perpendicular
magnetic recording medium, it is necessary to cover the
10 substrate with a metal film of such a thickness that it can
be leveled by grinding. However, because the adhesion of a
thick film obtained by a dry process is low, leveling by
grinding is very problematic. Thus, various tests were
performed to cover a non-magnetic substrate with a metal film

15 by a plating method, with which a thick film can be formed

more easily than by wvacuum deposition.

SUMMARY OF THE INVENTION

When a soft magnetic layer for a double layered type
20 perpendicular magnetic recording medium is formed by a
plating method, multiple magnetic domains are created. The
magnetic domains are magnetized in a specific direction in a
range of a few millimeters to a few centimeters on the
plating film surface that constitutes the soft magnetic laver,

25 and magnetic domain walls are generated at the boundaries of
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| ayer perpendi cul ar magnetic recording nedium there is the problemof a

| arge deterioration of signal reproduction 5 characteristics caused by the
generation of isolated pulse noise known as spi ke noi se, caused through

| eaki ng magnetic fields generated by the-nagnetic domain wall portion. In
order to obtain by a sinple nethod a double |ayered perpendicul ar nmagnetic
recordi ng nmediumthat has excellent 10 properties, the inventors have

t horoughly investigated conditions for form ng soft nagnetic |ayers by

pl ati ng nethods, and the types of soft nagnetic |ayers that are
applicable. As a result, it is found that when a soft magnetic 15 layer is

fornmed ontaesabavgnatiubdbmat 8sf orWigern e£ 0§ 6if i ona gesh 1en 1dyorigh el ectrol ess
plating, using an alloy of at I|east two netals selected fromthe group

consi stingoataCainky sasd magnthecsabhaiBonatie hayasedsisebeab@Bl&o have a
coercivity of less than 20 oersted (Ce) in a direction that 20 is parallel

to a substiegke speibacdiandat-omphaddce aetat-denef meatumat tRBraB@REethaati on
to residual magnetization in a direction that is parallel to the substrate

surface i prbbarm 4rlat Qadg3, detethiatasioh 5@f kigngnetreprbayeribs
exceedingly effective in deterring the generation of spike noise and the

25 nmaghet ichadarkietrivalilcs wauskdcaysenkhgespirke i6ai 5€. i3okdtklepamEe, it is
found that when such a plating layer has a ratio of saturation
magnet i zakhbdRet knoesl d¥alspike noise, caused through leaking magnetic
fields generated by the magnetic domain wall portion.
In order to obtain by a simple method a double layered
perpendicular magnetic recording medium that has excellent
10 properties, the inventors have thoroughly investigated
conditions for forming soft magnetic layers by plating
methods, and the types of soft magnetic layers that are
applicable.
As a result, it is found that when a soft magnetic
15 layer is formed on or above a substrate for a recording
medium through electroless plating, using an alloy of at
least two metals selected from the group consisting of Co, Ni
and Fe, the soft magnetic layer is selected to have a
goercivity of less than 20 cersted (Ce) in a direction that
20 is parallel to a substrate surface and to produce a ratio of
saturation magnetization to residual magnetization in a
direction that is parallel to the substrate surface is from
4:1 to 4:3, so that such soft magnetic layer is exceedingly
effective in deterring the generation of spike noise and the

25 magnetic domain walls which cause the spike noise.
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magneti zation in a direction that is perpendicular to the substrate face,
of 10000:1 to 100:1, the generation of the 5 magnetic domain walls is
suppressed even nore, which is extrenely desirable. Mreover, a thorough
investigation of the plating conditions for obtaining such a soft nagnetic
filmwas perforned, and it is found that it is preferable that the 10
substrate to be plated rotates or revolves so that the ratio of the
plating filmform ng speed on or above the substrate to the plating

sol ution speed above the substrate surface is fromat least 1. 3x106 to

|l ess than 1: 2xI 08. That is to say, the invention provides a surface 15

treated substrarerthérmor@gneti Csrecaondi tgatedhe s EOHPE i S1A0ing Bapst rate
having a di aneter of not nore than 90 mm and a soft magnetic plating

| ayer of aasakl eptcenpri seAgratibfamagandizheionwhtehriésignayi ded on or
above the substrate; wherein the 20 soft magnetic |ayer has coercivity of

| ess t hanmd@neeishedon(0a) ai Aiaediioat thatt hat pesppasathehrt 8catrybstrate
surface, and wherein a ratio of saturation magnetization to residual

magnet i zatubBtirate dikeect b&nibbab:nstpanabl:el thet Bensubsibat efsunéace is
from4:1 to 4:3. 25 Furthernore, the invention provides a nethod for 6
manuf a&t unaRPed isUdbagent vaatledisubsbpabe skdr cgtefBgbet| CwhieBotigi Nng medi um
conprising a step of electroless plating for formng a soft magnetic film
of an al | exteempliysidegigbblleast
Moreover, a thorough investigation of the plating
conditions for obtaining such a soft magnetic film was
performed, and it is found that it is preferable that the
10 substrate to be plated rotates or revolves so that the ratio
of the plating film forming speed on or above the substrate
to the plating solution speed above the substrate surface is
from at least 1: 3x10° to less than 1: 2x10%.
That is to say, the invention provides a surface-
15 treated substrate for a magnetic recording medium, comprising
a substrate having a diameter of not more than 90 mm; and a
soft magnetic plating layer of an alloy comprising at least
two metals selected from the group consisting of Co, Ni and
Fe, which is provided on or above the substrate; wherein the
20 soft magnetic layer has coercivity of less than 20 oersted
(Oe) in a direction that 1s parallel to a substrate surface,
and wherein a ratio of saturation magnetization to residual
magnetization in a direction that is parallel to the

substrate surface is from 4:1 to 4:3.

25 Furthermore, the invention provides a method for
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two netals selected fromthe group consisting of Co, NN and 5 Fe on or
above a substrate having a dianeter of not nore than 90 mm wherein the

pl ati ng conprising coating the substrate which is rotating or revol ving
during plating so that the ratio of plating filmformng speed on or above
the substrate to the plating solutien speed above the substrate surface to
10 be plated is fromat least 1. 3x1 06 to less than 1: 2x108 and the
plating filmform ng speed is fromat |east 0.03 pmimn to less than 0.3
pin/mn. Furthernore, the invention provides a magnetic recording nedium
conprising the magnetic recording nedium 15 substrate. The surface-treated

SUbStratemBﬂﬁféfﬂﬁﬂﬂﬁ&iQ g&fgaééngregﬁgaugﬁwg£f§t@afope§nm§§@%€£éed to the

soft magnetic plating™ according to e invention has a ver OW Ooccurrence

of nagnetE@CQQaghQMM@akﬁgoeoﬁ¢§i§yﬁ agegrgpd EX@P&&@ﬂélégé%gl giﬂgiﬁﬁr

characteristics. en t surface-tfeated substrate Is use r

per pendi cbansgoReLbeLr £60AdLNg devhoge excellsntcofighpeschasactesisti cs,

that is, high recording dehsities can obt al ned. | i on, according

to the infﬁBth@ﬂal%hgeléeéédngggﬁF£He|8¥8ﬁpiéoﬁ@igggn&yofﬁéOFYﬁf and

el ectroless 25 displacement plating so that the process is sinpler and far
7 nor & predughi ¥e %BégetQesﬁBQEféﬁefﬁéviﬂﬁerH§é QFérpéfnﬁét hEYE' ¥y Vapor

deposition or the [1ke. Mreover, this process for nmanufacturing the soft
magneti c baygh, CARe®RSH he plating comprising coating the substrate

which is rotating or revolving during plating so that the

ratio of plating film forming speed on or above the substrate

to the plating solution speed above the substrate surface to

10 be plated is from at least 1: 3x10° to less than 1: 2x10° and

the plating film forming speed is from at least 0.03 pm/min

to less than 0.3 um/min.

Furthermore, the invention provides a magnetic
recording medium comprising the magnetic recording medium

15 substrate.

The surface-treated substrate for a magnetic recording
medium which has been subjected to the soft magnetic plating
according to the invention has a very low occurrence of
magnetic domain walls on its surface, and excellent spike

20 noise characteristics. When the surface-treated substrate is
used for a perpendicular magnetic recording device, excellent
noise characteristics, that is, high recording densities can
be obtained. In addition, according to the invention, the
soft magnetic layer is formed by wet type electroless

25 displacement plating so that the process is simpler and far
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snoot hness by graining after plating, and the resulting 5 nagnetic
recordi ng nmedi um has excell ent characteristics. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS There may be no particular limtation to the
substrate wused in the invention provided that the substrate is non- 10
magnetic. It is possible to use a Si nonocrystal substrate, glass
substrates, or an alum num substrate on which a Ni-P non-el ectrol yte

pl ati ng has been provided, which is conventionally used in the nmanufacture
of magnetic recording nedia. 15 The Si nonocrystal substrate can be
subjected to displacenent plating. Because it has extrenely uni f orm

prOpert'eﬁorétpk@dﬁéfibéufﬁéﬁytﬁé'ﬁ@@céQSaFSPnP$E§$EﬁEhﬁ Bfdr of the
invention fromthe point of suppressing magnetic Irregu arl I es caused by

pl ating '15999'1@?'{75 8§r d@;@ogb@léh IPNEREYSL g . USRAddvdihe tﬂlssubstfate may

particularly preferably include a Si monocrystalline matéri manuf act ur ed

by the CZpt&eeshr abskhinRELEESSi R Eﬂ;@ Eee 4K ng?é%ié‘gl%? )céﬁ?t&?mr Jhe

substrate nmay have any possible Surface orientation udln exanpl e

(10 0). dodchheds BYdgfdsdil) arFUELDEREDEG, 106 %Hgﬁsfé%flt{%é{ contain a

total 8 ampunt of 0 to 1022 atons/cn® of elefents s as B, P,”"N, As, Sn
and the | hkenasikMpPHELELESG ﬁ@&f&ﬁrhaﬁhgﬁceﬂyéﬁtCéﬂéfé&ﬁé??sﬁicgav'ng

different crystal orlentatlons on the sane substrate surface
havi ng extrenely | ocalized

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

There may be no particular limitation to the substrate
used in the invention provided that the substrate is non-

10 magnetic., It is possible to use a $i monocrystal substrate,
glass substrates, or an aluminum substrate on which a Ni-P
non-electrolyte plating has been provided, which is
conventionally used in the manufacture of magnetic recording
media.

15 The Si monocrystal substrate can be subjected to
displacement plating. Because it has extremely uniform
properties, it is particularly suited to accomplishing the
object of the invention from the point of suppressing
magnetic irregularities caused by plating irregularities.

20 The Si monocrystal used in the Si substrate may
particularly preferably include a Si monocrystalline material
manufactured by the CZ (Czochralski) process or the F2
(Floating Zone) method. The substrate may have any possible
surface orientation, including for example (1 0 0), (1 1 0)

25 and (1 1 1). Furthermore, the substrate may contain a total

8



5 inpurities are used as a substrate, the priner plating |layer may be
non-uni form because of differences in chemcal reactivity. Mreover, when
substrates having extreme segregation are used, the desirable priner
plating layer structure may not be forned because a | ocal battery is
formed 10 in the segregated portion of the substrate surface during priner
filmformation. Wien Si is used as the substrate material of the

invention, it is preferable to activate the substrate surface for priner
plating layer formation in advance by etching 15 slightly the surface oxide
filmand the substrate surface. The etching can be carried out by various

net hods sgeBun@sSoachdioal 6% htehsFLREts Pl ¥Sbgen ¥ tiudeoas b t Op etighi Ay,
condi tions, when an aqueous solution of alkali such as caustic soda is

used for ehchhAgthéheipubstiratsusikiase i at,chedat a concentration of
2 to 60 % at solution tenperature of 30 to 100C for renoving the surface

oxi de fihalandr{otatlif@diNOhitengubsttatensutfpseas!daiddyatThen ot is
preferable to carry out displacenment substitution plating for obtaining

good adheshensahel kawedrhye Q@r?é@@}ré?ﬂ_l§5§ipﬂ1§\triﬁ? ERf r &R BY N f\Ga i D@ of t
magnetic layer. 9 In displacenent plating after the etching, a plating

filmmay bepheigedsbyreoakéddaths substrate, i fha Praké NGl 014G 1 Diver

containing ion or principal ion of one or nore netals selected fromthe

group confah§t bAOneh-A8if&em KHcabke of differences in chemical
reactivity. Moreover, when substrates having extreme
segregation are used, the desirable primer plating layer
structure may not be formed because a local battery is formed

10 in the segregated portion of the substrate surface during

primer film formation.

When Si is used as the substrate material of the
invention, it is preferable to activate the substrate surface
for primer plating layer formation in advance by etching

15 slightly the surface oxide film and the substrate surface.

The etching can be carried out by various methods such
as acld, alkali or electrolysis. With regard to etching
conditions, when an aqueous solution of alkali such as
caustic soda is used for etching, the substrate surface is

20 etched at a concentration of 2 to 60 wt% at solution
temperature of 30 to 100°C for removing the surface oxide
film and for corroding the substrate surface slightly.

Then, it is preferable to carry out displacement
substitution plating for obtaining good adhesion, followed by

25 electroless plating for obtaining the soft magnetic layer.
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5 Pd and Pt at the concentration of at least 0.01 N and preferably of 0.05
to 0.3 N where the concentration is based on those of netal elenents.
Consequently, Si atons at the substrate surface are substituted with netal
atonms. There is no particular limtation on the nethod for displacenment 10
pl ati ng, and any plating nethed known in the art can be used. The

t hi ckness of the displacenent plating | ayer nay be preferably 10 to 1000
nm nore preferably 50 to 500 nm Wen layer is less than 10 nm thick,
uniformdistribution of the netal multi-crystalline particles may not be
obtained. Wen 15 it is over 1000 nmthick, the crystalline particles may

swel | and may notybg, sakdabl€ 36,61 RE 1 IBf el aYRL .eg'%f%{@ o sharggieristic

of the invention may lTie in use of an el ectroless ng lfayer as the

o . . . . L
soft magnetig mhayse f@rﬁ??cﬁfgc‘ééﬁngetHé é@@sﬁ@% J[Iff éﬁffﬁ%ﬁi nmedi um

20 wherein the soft magne r haS coercivity ess 0 oersted

(Oe), preEélﬁ’@thzcéﬁtéiﬂfﬁétfS’n(QE)pﬁﬂchﬁélai?ﬁaéfOorﬁ’é éﬁiﬂ_—% ion

magneti zation to residual nagnetization being from4:1 to in a

directionppapakl eb1kot8qSePshr 8he ot8GSs: cINSLsOlhq BANGL ] Cod ayey, Mgy, nore
preferably have the 25 ratio of sa?ura i on magnettzatioh to residua

mignetfiZaPEOBnéOPEeEBQtﬁé0&&9&%1:591&190993&tiI‘?i@?ﬁ]etﬁ_rI‘d[{IC gr direction

to the substrate of the soft nagnetic plating e soft magnetic

plating | gyerera¥1fect0nBY by 8.3MRtNRE-Lf chi! BOAOLABEL O 9eDST BALYg known
as el ectrol ess
on those of metal elements. Consequently, Si atoms at the
substrate surface are substituted with metal atoms. There is
no particular limitation on the method for displacement
10 plating, and any plating method known in the art can be used.

The thickness of the displacement plating layer may be
preferably 10 to 1000 nm, more preferably 50 to 500 nm. When
layer is less than 10 nm thick, uniform distribution of the
metal multi-crystalline particles may not be obtained. When

15 it is over 1000 nm thick, the crystalline particles may swell
and may not be suitable'as a primer layer.

The major characteristic of the invention may lie in
use of an electroless plating layer as the soft magnetic
layer in the manufacture of the magnetic recording medium,

20 wherein the soft magnetic layer has coercivity of less than
20 oersted (Oe), preferably 2 to 5 oersted (0Oe) and has a
ratio of saturation magnetization to residual magnetization
being from 4:1 to 4:3 in a direction parallel to a substrate

face. The soft magnetic layer may more preferably have the

25 ratio of saturation magnetization to residual magnetization
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5 displacenent plating. In electrolytic plating, a sulfide or chloride bath
can be used. Although various netals can be contained in the bath, netal
salts containing two or nore elenents selected fromCo, N and Fe are used
so that an alloy plated |layer 10 containing two or nore elenents is formned.
It is because the nagnetic properties for a soft nmagnetic |ayer has to be
achieved and it is necessary to obtain a cubic crystal. Because Co, N and
Fe can be used for electrol ess pl ati ng and have excellent properties as
soft magnetic 15 materials, there is a need to include these el enents
according to the invention. According to the invention, because the

o1 Lot pal TR CESRoA0et I deen 35 PnB e sPiiE SR aPe B hn, By ror

the all oy \platipn tE%X%FO&Oﬁ?%%%BE? %%85%%§E_hwgtgggf%gg e nmetal conponents.

On the other hand, it 1s di cu obfai " th ‘of the invention

using a plated Eﬂge%o%E E%gggggheggggghg Qﬁiggc%é&cng§gghe of the bath-

(sol ution) conposItion nmay I’ n h™~of nlcEglbgu?fate and

cobal t subfaealh icfion LSLSLabl & ARNCENL ALEON gt LBLLAIR:8 N A

reduci ng agent ‘usabl'é’in el’ectroless plating may ~inclu pophosphor ous

acid, di hyl 1 I nd a conpound sel ected based on the bath or
JLTe B R Y

the nme

In electrolytic plating, a sulfide or chloride bath can
be used. Although various metals can be contained in the
bath, metal salts containing two or more elements selected
from Co, Ni and Fe are used so that an alloy plated layer

10 containing two or more elements is formed. It is because the
magnetic properties for a soft magnetic layer has to be
achieved and it is necessary to obtain a cubic crystal.

Because Co, Ni and Fe can be used for electroless
plating and have excellent properties as soft magnetic

15 materials, there is a need to include these elements
according to the invention.

According to the invention, because the magnetic
properties are presumed to be caused by segregation of the
principal metal component in extremely fine regions, there is

20 a need for the alloy plating layer comprising at least two of
these metal components. On the other hand, it is difficult
to obtain the effect of the invention using a plated layer of
a single metal.

A specific example of the bath (solution) composition

25 may include a mixed bath of nickel sulfate and ccbkbalt sulfate
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5 bath. The plated soft magnetic layer that is required for the invention
can be obtained by electroless plating of the substrate which is rotating
or revolving in the plating liquid so that the ratio of a plating film
formati on speed on 10 or above the substrate to a plating solution-speed

- above the substrate surface to be plated is from1l: 3xI06 to |l ess than 1:
2x108, and is preferably from1- 8xl 06 to 1: 1.5x108. Wwen the ratio of
the plating filmformation speed on the substrate to the plating solution
speed of the substrate 15 surface to be plated is less than 1. 3x|l 06,
with regards to rotational frequency, the residual magnetization may becone

much |arg%ﬁthhﬁan@Ee%ab@%'%oﬂEeﬁt%aQEoﬁaBQr@tb@ntonﬁgﬁeﬁ'Zat'on to
resi dual nmagnetization that is prescribed by the invention. Wien the ratio

of the plating Ai keyhet A8t kgBn20uSRBEd ©R Eﬂ@c%&:‘@%%%tﬁléelﬁé‘emﬂzat' ng
solution speed on the subsfrate surface to be plated Is greater” than 1:

2xl 08, i tincisidaohypoehesablbekecavse,t hemedhia %ﬁl§§t56§5hg and a,
magneti zation to reésidual nagnetlzatlon may béecone smal fhan 4:1

prescri begdayoin@ isRYQRLION KRR YACYERNBIS @r25ehtehﬁleft'allﬁh595”§9 B¥e
plating may be caused. 12 Just like the previously described ratio, the
plating fyatm formng speed itself is an inportant factor for enbodying
the invention. According to the invention, the plating speed may be at

I east 0.03 pnl nracapdahkess sbh@NnBgdetic layer that is required for the

as

invention can be obtained by electroless plating of the
substrate which is rotating or revolving in the plating
liquid so that the ratio of a plating film formation speed on
10 or above the substrate to a plating solution speed above the
substrate surface to be plated is from 1: 3x10° to less than
1: 2x10% and is preferably from 1: 8x10° to 1: 1.5x10%.
When the ratio of the plating film formation speed on
the substrate to the plating solution speed of the substrate
15 surface to be plated is less than 1: 3x10% with regards to
rotational frequency, the residual magnetization may become
much larger than for a ratic of 4:3 of saturation
magnetization to residual magnetization that is prescribed by
the invention. When the ratio of the plating film formation
20 speed on the substrate to the plating solution speed on the
substrate surface to be plated is greater than 1: 2x10°, it
is not preferable because the ratico of saturation
magnetization to residual magnetization may become smaller
than 4:1 as prescribed by the invention, and unevenness in

25 the film formed by plating may be caused.

12



5 pmimn, and preferably at least 0.2 gnimn. Wen the plating filmformng
speed is less than 0.03 nmmn, it is difficult to obtain a coercivity of

| ess than 20 oersted (Ce) even if the conmposition or plating conditions
are changed, and noreover, the residual nmagnetization may 10 becone too

| arge so that the ratio of saturation nmagnetization to residua

magneti zation in the direction perpendicular to the substrate face may
unpreferably exceed 4:3. Wien the plating filmform ng speed exceeds 0.3
mmn, 15 then the residual magnetizati on may becone too snmall due to the
constituent crystal particles becom ng anorphous, and the ratio of

o ou AROnShLERNLRE et B2E01BLeTHORELLELEAN ok Do) NEnd! pOGELE

per pendi cul ar to the Substra econe "snal'ler e prgferable

rati o of ﬁi#gy%gﬁﬁﬁu e@ggﬁ%fﬁgggg?iq%ngnai ?%Q%EE%WEQ%QOQI%%EHQ sol ution

fl ow spee controlTrng solution "récircul ation

durin | at.i ; 0 t.igrin .platin o i . usSi n n
agita?of g%%%%'é §n§§ dﬂé&%gﬁ O%"né?ﬁégg%%gbo%gtggﬁ gﬁgégg%o Ut?%% of the
substrate. .2 §¥ t hese, _t.he.netho

si npl e anéﬂégFegtﬁﬁg oP%%ﬁ%% ﬁﬁngeékgiﬁéﬁﬁgiﬁﬁ%gﬁfg%%ﬁ}%%%sEﬁgbaog eég.
cuscept] It Aa eaay s SR o L ABGORaRg o A/ MaPent i on. the Substrate
size is set When the plating film forming speed is less than 0.03
pm/min, it is difficult to obtain a coercivity of less than
20 ocersted ({Oe) even 1f the composition or plating conditions
are changed, and moreover, the residual magnetization may

10 become too large so that the ratio of saturation
magnetization to residual magnetization in the direction
perpendicular to the substrate face may unpreferably exceed
4:3.

When the plating film forming speed exceeds 0.3 um/min,

15 then the residual magnetization may become too small due to
the constituent crystal particles becoming amorphous, and the
ratio of saturation magnetization to residual magnetization
in the direction perpendicular to the substrate face may
become smaller than the preferable ratio of 4:1.

20 A method for obtaining a predetermined plating solution
flow speed may include a method of controlling solution
recirculation during plating, a method of stirring the
plating solution using an agitator such as a paddle, and a

method of rotation and revolution of the substrate.

25 Of these, the method of revolution of the substrate is

13



5 to not nore than 90 mm When the substrate dianeter is larger than 90
mm it is difficult to forma uniformplating solution flow on the
substrate face so that the effect of the invention is difficult to be
obt ai ned. According to the invention, the plating filmformng-10-speed is
defined as a thickness of growh of the plating film per unit time. The
plating filmcross- section can be investigated by scanning el ectron

m croscope, fluorescent X- ray analysis or the like. According to the
invention, the plating solution speed 15 is defined as the relative speed
of the plating solution to the substrate in a direction parallel to the

substrat e figgd e QDR HRkede R PBEERGHIRAL & bricddthenithkat s¥guspegd of
the plating solution with conparison to the substrate 1n a region being

l ess than ehQumgraway, fremeibe, suﬂéﬁr@ﬁ@ §Hﬁé@9§te|152@afa@ bengeasured as a
speed difference between the p ating solution flow speed In said region

and the may@RHMatef heacsURshs dle sh%cfé?tamfee%u\%d@gz FoRih®4 ohu be, a
vane-wheel type nass flow nefer, an ultrasound flow neter or

| aser - doppl er  abkewdiBLeko %ﬁe'@n%@ﬁt&%ﬂ'OEhEh%hbb%rkﬁéssﬁgénlé ggxawnay
fromthe 14 substrate to be plated, there is a stationary fluid |ayer of

pl ating salditHean mehicChnmpyes i a ﬁh@ﬁethaagubgtbaté EhéﬁgtéP ifhe plating
surface due to the viscosity of the fluid boundary film According to the
i nvention,) Hesvehard R mm, it is difficult to form a uniform plating
solution flow on the substrate face so that the effect of the
invention is difficult to be obtained.
According to the invention, the plating film forming
10 speed is defined as a thickness of growth of the plating film
per unit time. The plating film cross section can be
investigated by scanning electron microscope, fluorescent X-
ray analysis or the like.
According to the invention, the plating solution speed
15 1is defined as the relative speed of the plating solution to
the substrate in a direction parallel to the substrate face
to be plated. In particular, it 1s the relative speed of the
plating solution with comparison to the substrate in a region
being less than 10 mm away from the substrate surface. It
20 can be measured as a speed difference between the plating
solution flow speed in said region and the movement of the
substrate to be plated using a pitot tube, a vane-wheel type
mass flow meter, an ultrasound flow meter or a laser-doppler

flow meter.

25 In the region that is less than 1 mm away from the

14



5 plating solution fl ow speed does not take into account the flow speed of
the region directly adjacent to the substrate whose nunerical neasurenent
is difficult, like the region of the fluid boundary film According to the
i nvention, the crystal structure of 10 the sof{ magnetic |ayer having
characteristics as prescribed are investigated through X-ray diffraction.
The result shows a crystal arrangenent of the soft magnetic layer is of an
FCC or BCC cubic crystal structure, regardless of its conposition.
Conmparing the intervals between the lattice faces of the 15 portions that
formthe square faces of the crystal, when the |lattice face interva

per pendi ¢k +t@ tehe oPhandn a2 ekt tm%et 5C 2 |%Xﬁ%ﬁ:l@ﬂgr&h?lfﬁﬁel??teﬁr89' ,
parallel to the planar soft nagnetic |ayer are conpared, a difference is

found in gihe;hat %'OQ.%ltfl%?lew'hﬁtc?lr Ydkes TheaCukigel %HaltC@sf ﬁ%‘?cft @@keastgo
perpendlcular to the soft magnetic layer is longer by at least 0.3 % and

less than 3% 1 B4 heii e WuleS thO¥RE bH3Los3¥Gho@ ther eRgeql N the
| attice face interval is not dependent on orienfation or arrangenent of

the cryst gosmaairgh f"iQEhSt'AHESr&bﬁ‘gs%ttH@gﬂﬁ%éﬁti@Merho‘Pé‘@ £S gependent on
the 25 angle with respect to the surface of the planar so?t magnetic is

| aver . s TN IRIGIGS 16RO fraloul Ripbeldd dRKNAMR. LBYE lihichS acksanEPdnbhat such
an internal crysta structure is a factor in determni ng t he magnetl C
charact eriglhCspfed e 39 rdBYCHiITARNY 0 NG PRERKOBUbstrate
whose numerical measurement is difficult, like the region of
the fluid boundary f£ilm.
According to the invention, the crystal structure of
10 the soft magnetic layer having characteristics as prescribed
are investigated through X-ray diffraction. The result shows
a crystal arrangement of the soft magnetic layer is of an FCC
or BCC cubic crystal structure, regardless of its composition.
Comparing the intervals between the lattice faces of the
15 portions that form the square faces of the crystal, when the
lattice face interval perpendicular to the planar soft
maénetic layer and the face interwval parallel tc¢ the planar
soft magnetic layer are compared, a difference is found in
the lattice face interwvals. The cubic lattice face that is
20 perpendicular to the soft magnetic layer is longer by at
least 0.3 % and less than 3 %. Furthermore, it is found that
such difference in the lattice face interval is not dependent
on crientation or arrangement of the crystals which
constitute the soft magnetic layer, but is dependent on the

25 angle with respect to the surface of the planar soft magnetic

15



5 The thickness of the soft magnetic |layer nmay be preferably 100 to 1000
nm \When the thickness exceeds 1000 rim the magnetic noise fromthe soft
magnetic | ayer of the nediumduring signal reproduction nay becone | arge
and the SIN of the nediummay 10 lead to a reduction in characteristics.
Thus, it is undesirable. Wen the thickness is less than 100 nm the
magneti c perneation characteristics nay be insufficient as a soft nmagnetic
prinmer |ayer and there may be a reduction in overwite characteristics as
a nmedium Thus, it is 15 undesirable. After form ng the soft magnetic |ayer
of 100 nmto 1000 nm as noted above, the magnetic recordi ng nmedi umof the

i nventi onlaggrhe pheferabl ye prosysedrby £R181 N9 @ PRARE! i1yt recofgi ng | ayer
of 5to 100 nm a protection layer of 2 to 20 20 nmand a | ubrication | ayer

in sequenagsamedr tabeveutheasofihtefBanetiryshayessribeuragngt K¢ rreegrdi ng
| ayer may be fornmed on or above the soft magnetic |ayer and may be a

recor di ngihayeteehiaingBgnet neghky ibaciamBiceerakthies BRIRREI gokecording. 25
The magnetic recording |ayer can be formed directly on 16 the soft magnetic

| ayer, or maneancheaferned vha eneecatitwre intermediate |layers such as Ti,

by which a crystal particle size and magnetic characteristics can be

mat chesl as neceghar yhidReeesney BBRenNgopar hbgHbaicl 1ALLAtLQ) £ the materi al
preferably 100 to 1000 nm.

When the thickness exceeds 1000 nm, the magnetic noise
from the soft magnetic layer of the medium during signal
reproduction may become large and the S/N of the medium may

10 lead to a reduction in characteristics. Thus, it is
undesirable. When the thickness is less than 100 nm, the
magnetic permeation characteristics may be insufficient as a
soft magnetic primer layer and there may be a reduction in
overwrite characteristics as a medium. Thus, it is

15 undesirable.

After forming the soft magnetic layer of 100 nm to 1000
nm as noted above, the magnetic recording medium of the
invention may be preferably produced by forming a magnetic
recording layer of 5 to 100 nm, a protection layer of 2 to 20

20 nm and a lubrication layer in sequence on or above the soft
magnetic layer.

The magnetic recording layer may be formed on or above
the soft magnetic layer and may be a recording layer of a
magnetically hard material for magnetic recording.

25 The magnetic recording layer can be formed directly on

16



5 for the magnetic recording layer, as long as it is a highly magnetic

mat eri al contai ning magneti ¢ domains that are easily nagnetized in a
direction perpendicular to the planar |ayer. The magnetic recording |ayer
may include a Co-Cr- alloy film applied through sputtering, a Fe-Pt alloy
film a Co-Si 10 granule filmand a Co/Pd multi-layered film In addition,
a filmfornmed by wet plating such as a Co-N -based plating film can be
used as the recording film Further, a filmforned by coating such as
bariumferrite filmof a nmagnetoplunbite phase can be used as the
recording layer. 15 The thickness of this recording |ayer may be generally

5 to 100 gme sBEE :ﬂé%ﬁ@t:@élyaQQr;%éoiﬂn&aan@tf@frﬁ@Heqiwéﬁb seURsEL t o
coercivity, it nmay be preferable to provide a recording layer of 0.5 to

10 KCe, imternegigrablyydrd $6cB. &s KO by2hhilhe Protpstivedpypridhat is
formed on or above the magnetic recording |ayer may include an anorphous

C-based sipeohREtMEnétl & EQERBELENT 9HOBs SPYH LS I MG Me&VES nécPsHILELi Ve
filmof crystalline such as A1203, and the |ike. Furthernore, the

lubricating filthefe thiey UPPERdDSA r 2bch Byer 1 it 4 thicd tidey arn®npdmd eican ar
filmthrough application of 17 a fluorine-based oil. There may be no

parti oyl akoli ghtahhgRet Oct Pecb¥BEngf 1ag6n] 85 IBAKOSs of t appl dcri gDy The
invention is explained belowwith an exanple. 5 However, the invention is
never conphbHedibomBEeliAlt 8Ont8ining magnetic domains that are easily
magnetized in a direction perpendicular to the planar layer.
The magnetic recording layer may include a Co-Cr alloy film
applied through sputtering, a Fe-Pt alloy film, a Co-Si

10 granule film and a Co/Pd multi-layered film. In addition, a
film formed by wet plating such as a Co-Ni-based plating film
can be used as the recording film. Further, a film formed by
coating such as barium ferrite film of a magnetoplumbite
phase can be used as the recording layer.

15 The thickness of this recording layer may be generally
5 to 100 nm, more preferably 10 to 50 nm. Furthermore, with
regard to coercivity, it may be preferable to provide a
recording layer of-b.S to 10 KOe, more preferably 1.5 to 3.5
KQe.

20 The protective layer that is formed on or above the
magnetic recording layer may include an amorphous C-based
protective film formed through sputtering or CVD, a
protective film of crystalline such as Al,0s, and the like.

Furthermore, the lubricating film of the uppermost

25 layer may include a monomolecular film through application of
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this. Exanple I . A (1 0 0) Si nonocrystal (P-doped N-type substrate)
havi ng a dianeter of 65 nmwas produced by coring, chanfering 10 and

| appi ng of a 200 mm di ameter Si nonocrystalline substrate fabricated by the
CZ-process. A surface roughness (Rrs) of 4 nm was obt ai ned by grinding
both surfaces with colloidal -silica having an average particle size of
15nm The Rms is a nean square roughness and was neasured using an AFM
(Atomic 15 Force Mcroscope). After renoval of the thin oxide filmfrom
the substrate surface and Si etching on the substrate surface by soaking
the substrate for 3 mnutes in a 2% by wei ght aqueous caustic soda

solution g ﬂ%oglntehea%léfeﬁtorﬂte ‘I"ﬁéréoﬁgﬁdbéoﬁo H}EEEE§agoliﬂ1§anézlﬁ

heated to 80' C wherein the bath was a priner plating bath (solution

produced ky, ad@di td Qff %g%rN Hy8 94 348 iidaq #h aqueous sol ution of
0.1 N nickel sulfate. Consequently, the prinmer plating layer is forned on

the substrate. 25 Then, a plating bath (solution) containing 0.2 N 18
anmoni um sul fate, 0.02 N nickel sulfate, 0.1 N cobalt sulfate, 0 01 Niron

sul fate, and 0. @ eN;dhABiNYA 3T RENALARE 8213w "uﬁ%c'a'ﬁg %9 Etl
prepared. The bathe was heated to 65C so that the film grow speed of the
el ectr gl esgyRlwAld NGHN i m;dfi8 FUBS! bR MaS itk ) be limited to

this.
Example 1

A (1 0 0) Si monocrystal (P-doped N-type substrate)

having a diameter of 65 mm was produced by coring, chamfering
10 and lapping of a 200 mm diameter Si monocrystalline substrate

fabricated by the CZ process. A surface roughness {(Rms) of 4

nm was obtalned by grinding both surfaces with colloidal

silica having an average particle size of 15nm. The Rms is a

mean square roughness and was measured using an AFM (Atomic
15 Force Microscope).

After removal of the thin oxide film from the substrate
surface and Si etching on the substrate surface by soaking
the substrate for 3 minutes in a 2% by weight aqueous caustic
soda solution at 45°C, the substrate was socaked for 5 minutes

20 1in a bath heated to 80°C wherein the bath was a primer
plating bath (solution) produced by addition of 0.5 N
ammonium sulfate into an aqueous solution of 0.1 N nickel
sulfate. Consequently, the primer plating layer is formed on
the substrate.

25 Then, a plating bath (solution) containing 0.2 N
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The substrate to be plated was rotated at high speed of 60 rpmin the

pl ati ng solution, while electroless plating was perforned for 20 m n,
yielding a soft magnetic layer having a thickness of 2 pm 10 During this
time, the plating solution speed at a position 5mm away fromthe substrate
surface was neasured by a |aser doppler flow speed neter. The speed was
3,000 mimn wth respect to the substrate at the inner circunferentia
edge of the substrate being 10mm away fromthe center of the 15 substrate,
while the speed was 10,000 minmin with respect to the substrate at the
outer circunferential edge of the substrate being 32.5mm away fromthe
center of arfersuiststdtfate, Tiie ovaN o9 oide 1t ke 1Fadtel, n® .fli kmcbbaMitngusFaed,t o
the plating solution flow speed above the substrate surface to be plated
20 were 1:0.31107 iant kullRie, Waed Ohedmapreied hghanadher bstrbes ak whe soft
magnetic filmobtained in such a manner were neasured wth an oscillating

type magneteaiiiielg age tCaRIsCipHaik red .t heThdi heehe oRadH it &l £t ¢dve face of
the soft magnetic |ayer was 25 4 oersted (Ce), the saturation magnetization
was 18000 s@ theer The eSilduajrowagnepezat iodh thas «A@0@ rG) eadpllhe ihat ba of
saturation magnetization to residual magnetization was 2:1. \Wen the
magnet gc qﬂﬁgaﬁﬂgyﬂggﬂéxwa@eme1n@§guﬁgg ina direction that is
perpendi cular to a face of the soft 5 nagnetic layer in a simlar manner,
the coercivity whe 53QbGtrate to be plated was rotated at high speed of
60 rpm in the plating solution, while electroless plating was
performed for 20 min, yielding a soft magnetic layer having a
thickness of 2 pm.
10 During this time, the plating solution speed at a
position 5Smm away from the substrate surface was measured by
a laser doppler flow speed meter. The speed was 3,000 mm/min
with respect to the substrate at the inner circumferential
edge of the substrate being 10mm away from the center of the
15 substrate, while the speed was 10,000 mm/min with respect to
the substrate at the outer circumferential edge of the
substrate being 32.5mm away from the center of the substrate.
The ratios of the plating film forming speed to the plating
solution flow speed above the substrate surface to be plated
20 were 1l: 3x10" and 1: 10°%.
When the magnetic characteristics of the soft magnetic
film obtained in such a manner were measured with an
oscillating type magnetometer, the coercivity in the

direction parallel to the face of the soft magnetic layer was

25 4 oersted (Oe), the saturation magnetization was 18000 G, the

18



the saturation magneti zation was 18000 G the residual nagnetization was
10 G and the ratio of saturation nmagnetization to residual magnetization
was 1800: 1. Moreover, when the crystals of the soft nmagnetic layer 10 were
observed by X-ray diffraction, the average interval of the lattice faces
-in a direction parallel to a filmface constituted by a group of
un-orientated FCC crystals was 2.024 A, the average interval of cubic
| attice faces in a direction perpendicular to the filmface was 2.040 A,
and 15 thus the lattice face interval in the direction perpendicular to
the filmface was O B% | onger than the cubic lattice face interval in the
di recti on reaialuladl magnihe zhithonf aes. 90e syubshdatBeceapribsbig such a soft
magnetic | ayer was coated with a 20 nmthick perpendi cul ar magnetic
r ecor di ng sa2@irfaitlimnc angaietiing tCon €o @ediBaalnmaghght zeatbaswat €010 : Ta
79:19:2 by sputtering at a constant tenperature of 2200C. Wen the
coercivity of tHeenechedinagnkayer chasameastiseflcs wbeeCReLgi1¥bllyihnat he
direction perpendicular to the film face was 2.2 KOe, and the coercivity
in the di rddatedotio2b thatalilselpetrpehnkia clillam ftace Wase588 ebestedt(0e). 20
Mor eover, the substrate was covered w th anorphous carbon of a thickness
of 10 &m mamphettien lagatred nwiat I iai lhluaanrerhastd kobtigetitpgwhisl Bobye,
di ppi ng. Consequently, a perpendicul ar nmagnetic recordi ng nmedi um was
produced. thellsatmdition hagnebtiaianednwassi nsDal0l ej ehearspidsktand
magnetization was 10 G, and the ratio of saturation
magnetization to residual magnetization was 1800:1.
Moreover, when the crystals of the soft magnetic layer
10 were observed by X~ray diffraction, the average interval of
the lattice faces in a direction parallel to a film face
constituted by a group of un-orientated FCC crystals was
2.024 A, the average interval of cubic lattice faces in a
direction perpendicular to the film face was 2.040 A, and
15 thus the lattice face interval in the direction perpendicular
to the film face was 0.8% longer than the cubic lattice face

interval in the direction parallel to the film face.
The substrate comprising such a soft magnetic layer was
coated with a 20 nm thick perpendicular magnetic recording
20 film containing Co, Cr and Ta in weight ratios of Co:Cr:Ta =
79:19:2 by sputtering at a constant temperature of 220°C.
When the coercivity of the recording layer was measured,
the coercivity in the direction perpendicular to the film
face was 2.2 KOe, and the coercivity in the direction

25 parallel to the film face was 500 oersted (Oe).
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and DC erasing was carried out. Then, the noise of the nmediumwas neasured
w t h nanosli der GWR head at a floating height. of 10 nm As a result, no
spi ke noi se was observed in the reproduction envel ope pattern. 10
Furthernore, for the purpose of investigating the state of magnetic
mgration, the Kerr effect was investigated across the entire substrate
region with a magnetic sensor device (0OSA5100, nade by Candela. Co., Ltd.)
However, magnetic mgration capable of causing spike noise fromthe 15
soft magnetic | ayer was not observed. 21 CLAIMS 1. A surface-treated
substrate for a magnetic recording nedium conprising: a substrate having

a dianeter of nedr&®ier ! hate uvEk rad s ddvdmanali i Ridigibdayer
conprising an alloy of at least two netals selected fromthe group

consi sti ngadbokoof N tanNEkiessWhE choismprond dege®n-Qit 8Poyech he substrate;
wherein the soft magnetic |ayer has a coercivity of |ess than 20 oersted

(Ce) in aftlubeChéobasbat liSrpeselhgl f10n By SEbSHIRG e SYHRGRIerdNd Waerein a
rati o of saturation nagnetization to residual magnetization in a direction

that is ppeaperiitolihenaghdsicatecsvdingentsifmomd dré@uded. 2. The
surface-treated substrate for a nmagnetic
5 The medium thus obtained was installed on a spinstand
and DC erasing was carried out. Then, the noise of the
medium was measured with nanoslider GMR head at a floating
height of 10 nm. As a result, no spike noise was ocbserved in
the reproduction envelope pattern.

10 Furthermore, for the purpose of investigating the state
of magnetic migration, the Kerr effect was investigated
across the entire substrate region with a magnetic sensor
device (0OSA5100, made by Candela Co., Ltd.). However,

magnetic migration capable of causing spike noise from the

15 soft magnetic layer was not observed.
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recordi ng medi um according to claim1, further conprising: a nmagnetic
recording layer that is provided on or above said soft magnetic film
plating layer. 3. The surface-treated substrate for a magnetic recording
medi um according to ctaim1l, wherein said soft magnetic plating l.ayer has a
ratio of saturation magnetization to-residual magnetization of 100:1 to
10000:1 in a direction that is perpendicular to said substrate surface. 22
4. The surface-treated substrate for a nagnetic recording nedi um according
to claim?2, wherein said soft nagnetic plating |ayer has a ratio of
saturation magnetization to residual magnetization of 100:1 to 10000:1 in
a directienaifh@t is perpendicular to said substrate surface. 5. A nethod
for manuf actoring a surface-treated substrate for a magnetic recording
medi um conprising a step of electroless plating for formng a soft
magnetic filmconprising an alloy of at |east two nmetals selected fromthe

group consisting @f i ralle-ANdFRO% st AR &R %Ugéb%%kﬁch§%bggdﬁ

di aneter of not nore than 90 mm wherein the step of ectrol ess pPating
conpri ses eQAtid)9 dAerSWhsly-ate which is rotating or revolving during the
plating so that a ratio of a plating filmformation speed on or above the

substrate to a platingsePLhEli RRvSRGed APONELEr of not more than 90 mm;

and

a soft magnetic plating layer comprising an alloy of
at least two metals selected from the group consisting of Co,
Ni and Fe, which is provided on or above the substrate;

wherein the soft magnetic layer has a coercivity of
less than 20 ocersted (Ce) in a direction that is parallel to
a substrate surface; and

wherein a ratio of saturation magnetization to
residual magnetization in a direction that is parallel to the
substrate surface is from 4:1 to 4:3.

2. The surface-treated substrate for a magnetic

recording medium according to claim 1, further comprising:

a magnetic recording layer that is provided on or
above said soft magnetic film plating layer.

3. The surface-treated substrate for a magnetic

recording medium according to claim 1,

wherein said soft magnetic plating layer has a ratio
of saturation magnetization to residual magnetization of
100:1 to 10000:1 in a direction that is perpendicular to said

substrate surface.

22



surface of the substrate is from1: 3x106 to less than 1: 2x10%, keeping
the plating filmformng speed at least 0.03 pnimn and |less than 0.3
pmmn. 6. A magnetic recording medi um which conprising the
surface-treated substrate according to any one of claims 1 to 4. 23

4. The surface-treated substrate for a magnetic

recording medium according to claim 2,
wherein said soft magnetic plating layer has a ratio

of saturation magnetization to residual magnetization of
100:1 to 10000:1 in a direction that is perpendicular to said
substrate surface.

5. A method for manufacturing a surface-treated
substrate for a magnetic recording medium comprising

a step of electroless plating for forming a soft
magnetic film comprising an alloy of at least two metals
selected from the group consisting of Co, Ni and Fe on or
above a substrate having a diameter of not more than 90 mm,

wherein the step of electroless plating comprises
coating the substrate which is rotating or revolving during
the plating so that a ratio of a plating film formation speed
on or above the substrate to a plating solution speed above a
surface of the substrate is from 1: 3x10° to less than 1:
2x10°%, keeping the plating film forming speed at least 0.03
pm/min and less than 0.3 pm/min.

6. A magnetic recording medium which comprising the

surface-treated substrate according to any one of claims 1 to

4,
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