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;e3erL6TryR TITLE OF THE | NVENTI ON N%GNETIC RECORDING
MEDI UM AND MAGNETI C RECORDI NG MEDI UM

BACKGROUND OF THE I NVENTION 1. Field of the '”ﬂmﬂu"ﬁﬂ“l“ l“lllll”l"
The present invention relates to a magnetic re

medi um substrate and to a magnetic recording nedlunumw*
conprising a recording layer. 10 2. Description of

Related Art In the field of magnetic recordlng mmmnmmmnmmmn
external recording devices of conputers, for exanpleoooo2

di sk devi ces have becone indi spensable as pri
TPELEoNEl THEMIMVENT,IONor recordi ng information. As hard

di sk drive recording 15 densities increase,

develMBGﬁETIGfRE@DB@ENGCME@EUMH@N@IMQGNEHQEUBEQORDING MEDIUM

met hods whi ch al |l ow hi gher recording densities is
SPBEGRASEI ng, replacing conventional |ongitudina

magneti ¢ recordi ng methods. Tn perpendi cul ar magnetic
recordinng, the magnetic field 20 from an adj acent bit
points in the sane direction as the nmagneti zation
BACKeBOUND, Of0IMMENGNYENTASR nmagnetic circuit between

two adjacent bits. The self-reducing magnetic fields

1(r efielded ft adhezelIoweas iothemagneti zing fi el ds") caused

by the bits' own nmagnetization are less than in

hori zBhtapreagnét iavehtieaordilagesl eadiangabentre recording
st abl e magnetization conditions. 1 I n perpendi cul ar
medgnet scbisécartd red her @ magne thar tiecidrari e eestidny t o
make the magnetic filmthin with increases in

compaidiing demsidopding tlkiyerr.espect, the perpendicul ar
magneti ¢ recordi ng can reduce the demagneti zing 5

2f.i Bedcangtsecud tthe Relatadudrtwherein Ku represents

ani sotropic energy, particularly crystalline magnetic

' ani ot tbpi €ieddr gf maghkéicasecofrdimgnehiacd disk devices
recording, and V represents a unit recording bit
hagkubrecomec dndilisglepsabtl 6 sisr phnige raga@ivtstrnal recording
magneti zation by thermal fluctuations, and it :
devices of computers, for example personal computers, for

recording information. As hard‘disk drive recording
densitiés increase, development of perpendicular magnetic
recording methods thch allow higher recording densities is
progressing, replacing conventional longitudinal magnetic
recording methods.

In perpendiéular magnetic recording, the magnetic field
from an adjacent bit points in the same direction as the
magnhetization direction, forming a closed magnetic circuit
between two adjacent bits. The self-reducing magnetic fields
(referred to below as “demagnetizing fields”) caused by the
bits’ own magnetization are less than in horizontal magnetic

recording, leading to more stable magnetization conditions.
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10 can be said to be a recording nethod that makes it
possible to push the recording limt significantly

upward. As recordi ng nmedia, perpendicul ar recording

medi a have a high affinity with horizontal recording

media, and it is possible to use basically the sane
technol ogy as was used 15 conventionally in both

reading and witing of magnetic recording. As for

per pendi cul ar magnetic recording nedia, there has been
extensi ve research in doubl e-1ayered perpendicul ar

magneln cpéecondi agl aednagnebi chreoopdiag 8hsovét is no
magnetic 20 lining layer (typically permalloy or the
phtkegularrreoedsngyl apemakbothehinebhneandi ddflee thin with
mat eri al s i ncl ude CoCr-based all oy, SnCo anorphous
ihtkernaad iml recbagéngf demsatyal t 26 nghingréapeont edhe

| ayers of a PtCo layer and ultra-thin films of Pd and
pEopendipubtechbgackayeregpdddngubancatidngel aper demagnetizing
| ayered 25 in this order on a substrate. 2

fDeubl entlagecadepehperdivc vhatuenaghetried nr &uoraipne skedisa

have much better witing properties than perpendicul ar
amagoetbpiceenerdigyy peditd culat liyave yertlay 1a nee aagthiatd c
.layer as their magnetic functional layer. 5 1t is
anésessapyct baertlye ihi nheg chagep fohayhe tdaulleedrayiered and vV
per pendi cul ar magnetic recording nediumis soft
repgreknts andntitiateccbridasngabfiitl motllumekneBscondihgly, it is
regi on of about 100 nmto about 500 nm As well as
rebnginggasnshempgnk tiaa tiegnéti ¢chielrmalf fdmctthetions, and it
recording filmon or above it, the 10 soft magnetic
chnnbrgshageitoabsoasercesdingt e tpath thert thakesr iith mpssible
flux fromthe recording head. Thus, it has the sane
tbuposhothas ragoirdéngy dkieiitn stilya ifagrettily cipwewid. oRsa

per manent magnet so that it is required to be nuch
rebpckéngt hediehe peependiliog laay erecorsliGgnp@ddd thavie [anhigh
formati on of a non-magnetic Cr-based priner layer in a
afidinityt wli thebordizog tradingmoridinigs mectiza singplid et trayssible
to formthe soft nmagnetic lining | ayer of a
tdoulskebhajered Ypéhge sdineultechnedond kg ned waed

Odinarily, the layers constituting a horizontal
coayvendiingadedi dim Hodhalreard nidoemnsd WL te ndgr y st ic

(mai nly by ‘magnetron sputtering) (see Japanese Patent
rAgpiridéagi-on Unexanmi ned Publication No. 5143972/1993).

Met hods for form ng not only the recording |ayer_ but

al so PEefesf peﬁﬁgﬁ%tlr:@l|aa¥y§uag@>¢tdpy NSCOFES o Giaghpe there
been investigated for double-Iayered perpendicul ar .
hasc Heginn § XE5 T dica T sfgIqh %\%v&l,ewéxfﬁne@ba%m%dlcular
mass- production and 3 productivity, there are |arge |
MEIBISItE P TRICOR Fawsk imeatliang ol regidtice 1yt mlaahstic
processi ng because of process stability, the .
1d&rpide diephr Tof (Gyariditetlet ROy hd-tHorletkhan @ recording

anythi ng el se, process. speed. Furthernore, for the
layer (for which candidate materials include CoCr-based alloy,

SmCo amorphous film and multi-layer film of alternating
laminated layers of a PtCo layer and ultra-thin films of Pd
and Co), a protective layer and a lubricating layer, layered

in this order on a substrate.
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5 purpose of achieving higher densities, it is
necessary to nmake the height at which the head floats
above the surface of the nagnetic disk (the-flying
hei ght) as | ow as possible and in the manufacture of
t he doubl e-1 ayered perpendi cul ar magnetic recording
medium it is necessary to cover the 10 substrate with
a netal filmof such a thickness that it can be
| evel ed by grinding. However, because the adhesion of
thick filns obtained by a dry process is low, |eveling
by grbodbbg-layeéeey peepeafBtiuCar ThHgnetakl @dsot8Shg media
were perfornmed to cover a non-nagnetic substrate with
havaehakhf bemt:s by iphiayi pgopeitads, tWahnh paltpehdifiuak r
films can be fornmed nore easily than by vacuum
mégpesiti @ecoBUVMBRMOE aTHEaNWENE ON1Wf 23 re@idtrding layer as
magnetic | ayer for a double-layered type 20
tpetipendyaelae Tagaetioganegak@rng mediumis filmformed
by plating, then many nmagneti c domai ns which are
nmagnettzed hecasspegi thetdihecliafngr e ageeabgdthl double-
range of several mllineters to several centineters on
ltherpbapengehidimusurf acgnkitac eersiriditemddiensalt soft
magnetic | ayer, and 25 magnetic domain walls are :
mggnetatedaatl thetbawntasi @s fafimd thildrese sTagnNehieC region of
domains. If a soft magnetic |layer containing such
abaghel0o dariion awahilts 509 uwsed As deubl esl a¥etring as the path
perpendi cul ar magnetic recording nedia, then there is
fbhempyakltem dflux Ifabge tthet ekicoralingn fAflrSiognalr above it, the
reproduction 5 characteristics due to the generation
softi sabakedcplling ngoilageknawscas espidse a30ite, peas&dr the
t hrough | eaki ng magnetic fields generated by the
woagheti ¢ldamdgiromwdlhle pecbirdisg hraer.derhtis, obtahas bie same
a sinple nmethod, a doubl el ayered perpendi cul ar
foaghebnc aseeor dirng yedieunmt lthate hasgnkd iex cdldoaritt of a
properties, the inventors of the present invention
phawentehtr naghley isovédhitgatted sc arditiirens tHfoobef aumbnghicker
soft magnetic layers by plating, and the types of soft
thagnéhec reapedd nghdkyare applicable. As a result, it
was found that when formng a soft 15 magnetic | ayer
on a Sabparatetpofidmr oomditagnmedi ammbhroaghetic Cr-based
el ectroless plating using an alloy that conprises at
préast flayeretial @ delrdeoadaflr gmcOadiNig aredlife, iift tike not a
soft magnetic |ayer has a coercive force of |less than
s3prder sp&ger( @o) fogm whgswodd bypanerdy limingileestd @f a
that is parallel to the 20 soft magnetic |ayer and a
dpabil 6 ~df vERE ds REFPENdd S Utegh &eicoad oy medinm r eSrddaprily,
magnetization is in a range of 50/1 to 5/1, then this
the érye&di rMy téftddmniove inerdacaytiaing adsr Wgwunrashiga are all
of spi ke noise, and the magnetic domain walls that
feamed Py, aTREY BYOTESSs (MeleHar Dyerfasmmddan dardileaing) (see
25 investigation of the plating conditions in order to
Japgaeges Pa Aprddfoa thpgn dinexamgynad  Ruddl fanunibn R 5-
it is advantageous if plating is perforned while
L4887¢/ 3§93 ) par ¥eFBPIFagast feTmiapdnet e0dyt hgogecording
oersteds in a direction parallel to the plated )
13yB&t PHe 3d§9 fde FO I g ditdss ARy Ry Hil Rrpgegsisng have
the plated substrate rotate and revolve in such a '
bggRnen VErRAd e £ deulilife aatar e ReRaNdIL¥aY ieeerding
pl ated onto the_ substrate to the plating solution rate
ngdipnéssetdce BPWERBYsubdthatregesdpé&oplassgpireduction and
1/ 3,000 or smaller and |l arger than 1/200, 000, thus
arriving at the present invent3on. 10 That is to say,
the present invention provides a magnetic recording
medi um substrate conprising: a substrate having a
di ameter of not nore than 90 nmm
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and a soft magnetic filmplating |ayer conprising an
alloy 15 that conprises at |least two netals sel ected
fromthe group consisting of Co, NN and Fe, which is
provided on the substrate, wherein, with respect to a
concentric circular direction within the substrate
pl ane, a value of the coercive 20 force obtained by a
VSM (vi brating sanpl e magnet ometer) nagneti zation
nmeasurenent is |less than 30 oersteds, .and a ratio of
the saturation magnetization to the residua
prBaieti zatiyon therkr aheS0/akgk0 polob1 M @AS! £a18 cating soft
present invention provides a nethod for 25
mABALtaet UkiyRE sa LFRERET G ol@ERN Sig & R MU Sty Al Ly
the 6 met hod conprising: a step of formng a priner
skhBLlAgyl, ay8e @BmpleHRshl afre phaviddcd daAMBieYs, 0farlPiore
nmore than 90 nmm by inmersing the substrate in a
tﬁbﬁtbﬁgtﬁ@h@{bQ@eQOEE@b%b%QS@e@%La|Fh?ﬁh@&m@ke5 k8@Sthe
one metal selected fromthe group consisting of Ag,
p&RpoSk, ol achd edléhgPhii g?Re AR i@fs,f AR ndBessary to
el ectrol ess plating, asoft magnetic |ayer on the
mAkeMBhePhatighg layehiky itHEEhaRg ke USSR & RN surface of
which the primer plating |ayer has been forned 10 in a
thkahbggesouion qemkaifmiyisgMilkdlghitone Ofl At dLadsdiMle and
netals selected fromthe group consisting of Co, Ni
iangdhEemanwhgneitiirien otfhe het QR uefl FQERIIGd R rgfddicular
magnetic |ayer, electroless plating is used, the
mabakikng recpediaomeddiid, e iapplsy nketed f2analdelcover the
magnetic field of 100 to 800 oersteds in 15 a

sdbseehitenwpahalal elettad tfhemplodt etchubstiraleneand & it can
substrate is covered while being rotated and/or

beelekeedddbri agihkdenpl.at Hoges8eh bBakudel ahk0a8he8ion of
rate at which the filmis plated onto the substrate to

taipkatfingssobithiined alye aaidriyh@rddkelsaca sofildwW)e leveling by
substrate to be plated is 1/3,000 or 20 snaller and
grangeéngt han ver200roddematder. t DRuspndiatkionst hastkh@ere -

plating speed is at least 0.03 ~Znimn and |l ess than"
pér3opmeni mo cover a non-magnetic substrate with a metal film
by plating methods, with which thick films can be formed more

easily than by vacuum deposition.

SUMMARY OF THE INVENTION

If a soft magnetic layer for a double-layered type
perpendicular magnetic recording medium is £ilm formed by
plating, then many magnetic domains which are magnetized in a
specific direction are created in a range of several
millimeters to several centimeters on the plating film
surface that constitutes the soft magnetic layer, and

magnetic domain walls are generated at the boundaries of
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The present invention further provides a magnetic
recordi ng nedi um usi ng such a substrate. 25 In
accordance with the present invention., the nmagnetic 7
recordi ng nmedi um and the magnetic recordi ng nmedi um
substrate to which the soft magnetic plating is
applied have a very | ow occurrence of magnetic donain
wal I's on their surface, and excellent spi ke noise
characteristics. By using this in 5 perpendicul ar
magneti c recordi ng devices, excellent noise

tl‘?@é’é arﬁéc?ﬁé@ltcécam&bﬁ& | Spr rH Wb FEGRI A OG denNSid ) 6Sof@ining

be achi eved. In addition, in the present invention,

sthe ﬁ@&ﬁeﬂaensémglhawsilgsléOﬁggé DY &@hb@&e§59@kess
di spl acenent plating so that the process 1s sinpler

péﬁaeﬁéic@paﬁ RAgRELAUCEE¥ErEDAR hBHEQdUEHBE BhREEMRE the
| ayer by such nethods as vapor “deposition. Mbreover,

pf@b§eﬁr8§e§5159?enaéﬂéﬁﬁéyétﬂgntB? §9 hamagagkbeuEEXSh
can ensure snoot hness by polishing affer I ng, and

cﬁgﬁaéeéyigtmgsnagaetbCth@cgE bBQtHBH'HB‘B§§l§¥€§|eﬁmke noise
characteristics. 15 BRI EF SCRI PTI ON OF. THE

kit &s'§p§kg'ﬁ95§€1589MbES @Hrbﬁ%beﬁéhﬁﬂnBOMEbnbEl@ fields
m nor | oop. FIG I's a diagram showi ng thé difection

gbRe bt &8 ByZQhaaﬂaghéﬁlélabﬁahﬁ @H@h'EGrGMBhBQ plating
when form ng the soft magnetic fil IG 3 is a

d'agrﬁMWéﬁ@@tnﬂoaoﬁtéﬁﬂnfﬁyeﬂtéﬁhpﬂbnﬁéthQ@P andodble-
radial mnor |oop (Exanple 1). FIG is a diagram

1§9@ﬁeagpar§éﬁauaﬁ@aenhaaheﬁhEO&eaérh@ﬁg ﬁ@glﬁm that has
per pendi cul ar mi nor | oop (Exanple 1 5is a

efltaurant pptbgent{Exanphe lhveﬁh@%s6ofstﬁedb§§ééﬂh invention

magneti c sensor device (E5 FIG 7 is a diagramFIG 8

hhSecatHbagngRl Exanpbetiyatshowbnai shewsng@oEx@BRhend soft
showi ng showi ng a reproducti on envel ope an i mage taken

nighBt acabalyEbsi BRrgpl4EXagpl and) thantiobki BEJecft magnetic
(Conpar ati ve DETAI LED DESCRI PTI ON OF THE PREFERRED

1EYBED| VERFSa18 Applheabubstrate used in the present
invention, it is preferable to use an al um num

substxate tbatlbpsibersssabhrat eHatowhkenPretrehgohessft
plating, a glass substrate or a Si substrates of S

magnectystakerasncangebsienakl Yousad riekotrde ngameHackute rough
of magnetic recordi ng nedi a.

electroless plating using an alloy that comprises at least
two metals selebted from Co, Ni and Fe, if the soft magnetic
layer has a coercive force of less than 30 oersteds (QOe), as
measured by a VSM, in a direction that is parallel to the
soft magnetic layer and a ratio of the saturation
magnetization to the residual magnetization is in a range of
50/1 to 5/1, then this is exceedingly effective in deterring
the occurrence of spike noise, and the magnetic domain walls

that cause it. The inventors further performed a detailed

investigation of the plating conditions in order to attain

5
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15 The Si nonocrystal substrate is capable of being

di spl acenent - pl at ed. Because it has exceedingly

uni form properties, it may be particularly suited to
acconpl i shing the object of the present invention with
regard to suppressing nmagnetic irregularities caused
by plating 20 irregularities. As for the S

nonocrystal usable in the Si substrate, it is
particularly preferable if the Si nonocrystalline
material is manufactured by the CZ (Czochral ski)

sSBERCLSSoPE hAGnE¥Zi EFhagkiNgagane) Bt bade A% £Qr slR8ntageous
surface 25 orientation of the substrate, any

iprpeat ahd onsi e POSEMBEEWh D1 e §E§my§ﬁg(é Baghilél haGhetic
or (1 11). Furthernore, it is alsSo possib

£LONRrbseled egenisosyehsa8yB ik, a“hléécﬁﬂgn55a§§llel to the
inmpurities in the substrate, at a total anmount in the

plahee Qﬁththéoagrﬁﬁﬁnﬁﬁe”gleE@F@Y@Es ﬁ@ﬁﬂlng, and to let
pol ycrystal line Si aving different crystal

t10& | gP4ABEH 08SpORrhhe £8EBRLEURANT BEGo3YES @R 5uBRdaShanner that
cont ai ni ng excessively dislocated inpurities are useg

tié PabUbSéfatBe thea hheywRibARELR! 2t hRYiLkayeL+WAi GRtLS the
formed may be non-uni form because of differences in

sEher gad t@a@héthatlﬂ@rgey@tlohfr§HBSEEaES§ BaviBge of the
extrene 10 di slocation are used, it nay becone

supposstbl €otveapghheve tBelpeloeo BkatiA¥1k2Y8hd larger than
structure as described in the present invention

1pzocapseon tiecal abaiveny hs tReNBdedbnthenkegated.
portion of the substrate surface during formation of

the priaeriplesisgy) ayes. pAdsMheni Shehsidnedrasibbs a
substrate material of the present invention, the

mA@eessar yeastdvayi aadion QﬁbHEEaaéa&bﬂgrhayﬁﬁ

formati on can be perfornmed by slightly etchlng t he

sur f acesulxd thea £ ¢ | a-andg t hed sahst & At 6 shb ag6re TBBan 90 mm

met hod of etching can be selected from various nethods
asdich as acid, 20 alkali and electrolytic etchings.

Wth regard to the etching condition, when an aqgueous

al kala softutnamsuch Asleapbittngotayés ebepteding an alloy

etching can be done at a concentration of 2 to 60 w~
that acempuises at Basd tEOCGneThen, sthecsudfl deemoxhde group

filmis renoved and the substrate surface is slightly
c@bstotindedf séot hdf dndpFacewbhthpliat prgviaedobhaithieng

good 10 adhesion followed by electroless plating of
stihetsate, magnetic |layer are carried out in this turn.

In the primer plating (displacenent plating) after the

et chiviiepeiozessitla pespectptatangohagetris obtaiibed by

5 imrersing the substrate in a plating solution
devechioinglbhiet hei snbetratel pasheone weflak sél dteedoercive

fromthe group consisting of Ag, Co, Cu, Ni, Pd and
f@¥¢6Thbt@gaedn§ySalMBMONVﬁhyahQnG aampheembgaeitometkr)

the nmetal elements) which is (are) netal ions) or
npgnetlpariont apaponesentofisaiesd ktbast 30. oerNteds, and a

preferably of 0.05 to 0.3 N. It should be noted that
rapiehefchbe saturstispbmagacsizatpennée phet regidapdr

is formed in which Si atons at the substrate surface
nageesiupationt éd ®iren ABYAl tat 8. The thickness of the

di spl acenent plating layer is preferably 10 to 1000

nm rPeea%ehr ctlee abr9ssntt sn8e0than provhdebagemetbod for

| ess than 10 nmthick, then a uniformdistribution of
m@h@fﬁetarlbal?cmygﬂatupnéesardn@gegednumh@ubaygat@aythe

not be obtained. If it is over 1000 nmthick, the

i ndi vidual crystalline particlges may swel | and may not

be suitable as a priner layer. 20 In accordance with

the present invention, when manufacturing a nmagnetic

recordi ng medium a nedium substrate is used in which

with respect to a concentric circular direction within

t he substrate plane a value of the coerC|ve force as

I - . o e o
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25 than 30 Cersted, and a ratio of saturation

magneti zation to 11 resi dual magnetization is 50:1
to 5:1. When Htr is the value of an external nagnetic
field at the inflection point in the first quadrant of
a mnor loop of radial direction wthin the substrate
pl ane and Htr~ is the 5 value of an external nmagnetic
field at the inflection point in the first quadrant of
a mnor loop of circunferential direction within the
substrate plane, then it is preferable that the val ue

mg{h$@régmprh§lg50n15 to 1. It is preferable to use a
substrate on which a plated 10 soft nagnetic | ayer

havi ng @@%@eéfcf@9m§@§r99yriﬂbﬁ ﬁléQH eispékabn a substrate
I n-pl ane rection is forned, so that the va ue of

nkbyAbts bespeesr1Qs QQQ £8rd0Pnawhepeit B ikdetB8ng the
val ue of the external magnetic field at the inflection

sPO5PEat8 theaf platidyadhant1gh @oHEEthhQOB ﬁEtE@elon of at
direction 15 perpendicular to the substrate. Such a

1895¢ Bﬁgnﬁét§l|§¥§éctédp§EBhCHhérbYoﬁbeEgh§95%1h6 beahy, co,
magneti ¢ domain walls and spi ke noi se can

ceUPRY espgdagventbettgr. According to the above--noted
VaM wagnetlzatlon measur enent, sanples of 3 to 5 mm

squarg g£EpCHE e¥imirHd BY 8?86€£bléébogléﬁPH§t andort
m nor | oop shape are neasured Wth a vi rating sanpl e

mABHBEL ENBLOEY Ehethafb@thanEQtﬂhgoﬁa?E% by $tmersing the
quadrant refers to the value of thé ex erna magneti c

stibetdadt whi ghithetval geipbrt Beatihgt 1ayadr agk ekehhN€ormed
m nor | oop obtained by the above 25 neasurement is

ifli Bf prent hat editviee wohhaif$AEChetalt ABNE20f at least two

metais selected from the group consisting of Co, Ni and Fe;
wherein in the step of forming the soft magnetic layer,

electroless plating is used, the plating is performed while

applying a parallel magnetic field of 100 to 800 oersteds in

a direction parallel to the plated substrate, and the

substrate is covered while being rotated and/or revolved

during the plating such that a ratio of a rate at which the

- film is plated onto the substrate to a plating solution rate

at the surface of the substrate to be plated is 1/3,000 or
smaller and larger than 1/200,000, under the condition that
the plating speed is at least 0.03 pm/min and less than 0.3
pm/min.

The present invention further provides a magnetic
recording medium using such a substrate.

In accordance with the present invention, the magnetic

7
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measured external magnetic field Hto yield a maxi num
as shown in FIG 1 for exanple. Actually, the first
guadrant mnor |oop has two inflection points, nanely
one when the nmeasurenent nmagnetic field is increased
and one when the 5 nmeasurenent magnetic field is
decreased. However, in the present invention, the

i nflection point for an increasing nagnetic field,
that is, the inflection point for the |oop having the
smal | er neasurenent magnetization in the actual | oops

rééof@?ﬂ?hﬁeeﬁuﬁsahae hénékgﬁEkQE PREAL gl ggtﬁgﬁghﬁsgu%gtrate

guadr an S pre era t hat t e SO na

t&aNﬁ{cﬁCEHédEBQttﬂaEHEt@Ee ?QElhgvggth?Bmglchﬁave a very low

C|rcum‘erent|a magneti c a I sotr

08 HEeREe r%%lﬁﬁ nbﬁlgrﬂghglhowé Ielgﬁe%ﬂf?%rﬁh§f%%% and

ue o e ex er nal rragnetl C

ek?éif&ﬁtog EﬁbnhoaeetEﬁa2h5§grg§%§egnt 8 §0£h£909n

radla direction wthin the substra e p e and

?hél&ﬁ§a¥ahH$n@ElEh§e§5§8EH g@QEQE'CeQleQeﬁE B%?se

ection p0|nt in the first a m nor

c9§r§c9é£9geiegenkh§k @greﬁ& ﬁnr@hbkpﬂpgpaeﬁgé%&@@t%an be

ane. Alt ougﬁ a sof gnetic having such a
aehfgugaerenalgédpﬁga@tIfna@héogfg n@aanSnEQﬁﬁ?CEHéegoft

I'n theory, actual nmanufacture of the fil

m&&ﬂ¥€ﬂE'QEgErS@HtE8&h@a 8k QE%tb@@c&?SEQQEO@Xsbﬁacement
difficul ecause of difficulty in obtaining such

pm§9935I§OSEﬁg@ tﬁgcg&gbegstqstB@mgﬁ%§eahd!&&%ﬂhb%% 25
howevér, this magnetic state can be realized and

p9@&h8ﬁﬂbé3thaﬂuﬁﬁ&k%@hc&ﬁbuﬁngQhe@pﬁl@%%tansh%h methods as
magneti c recordi ng nmedia can be found So that superior

vEPEragkphbsth6s . Calo PERESUT €6 s Byr88PLYi BSr 8nanufacturing
circunferential nagnetic anisotropy such that the

tMal yerof nhlyhektic 18ybrobkd tashrel bmb®tPOesisPbe ©813shing
effectively suppress noi se generated by the soft

afegpepl thayer antiorhexaeghetihly hogheefier ke dialy tedium
soft magnetic |ayer of the present invention has an
hhB- pkasel8ngnehiag aaes@ktaRy, such that the val ue of
Ht "/ Ht ~ becones from 100,000 to 100 wherein 10 H~ is
the value of the external nmagnetic field at the
inflection point in the first quadrant of a minor | oop
BREEFhPEJCRERTION pEr pEBEdDRAWANGES0 the substrate. This
magneti c ani sotropy Is unattainable through ordinary -
sputteIgnglt hat ai diugedm Bheatgnahonals laetheds pbaht in a
form ng soft magnetic 15 filns. Accordingly, there is
nihnowayovp.f oresee the effect for the case that such a
soft magnetic layer is applied to a nmagnetic recording
medi UREGL n2t he sofiiapmrgneshowphat ithe dayectionmdn ehich a
a filmcan be formed by a nmethod that is ordinarily
mkpgownias f2elel dct rppddediduplinage panit iplcatwhegy fdrming the
el ectroless plating, it is possible to use a sulfide
sbdthmegnatdhkl diiilde bath, and it is possible to use
various kinds of netals in the bath. However, in view
of thEIGeeld tie medibgeatmhehowdnet iac cirauafieiresntdfalt e nor
soft magnetic layer and to obtain a cubic 25 crystal,
lbbpi snpr ef eralilad td nose laopet ([@xasgdlte cdgnt ai ni ng 14
el enent selected fromCo, N and Fe, and to form an
al | oyFpGat édibapediegmbai showgialg lacastr dumdeafentthiede minor
el ements. Co, Ni and Fe are suitable for electrol ess
lpbat ang, aape Hpere iswgen orinmroderdn el xasusief t1)nagneti c
materials. 5 Accordingly, in view of attaining the
obj ect of the present 8
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invention, it is preferable that these elenents are
contained. It is presuned that the magnetic properties
of the present invention are caused by the |ocation or
segregation of the principal nmetal conponents in
extremely small regions, so 10 that it is necessary
that the alloy plating |ayer contains at |east two of
these netal conponents. By contrast, it is difficult
to attain the effect of the present invention with a
plating |layer of only a single netal. The specific

bat h | | i
el oct B0 17 oht i cHoF - EhoakeiR8 + GRC-ARHCRAGP RGP adePe

'pgtgk gé?ggggg%he ckel sylfate_and cobalt sulfate or a

‘containing iron sulfate. A

prefﬁffﬁs P heer Gt e oeRerbf Fhoiurat Pakucmith o
nBLALLRG. oLb20 aévgegsgexgmgoshggpanv of ‘a nuber of

aci ng agents, suC horous acid or

0t YA N0 aney S80Sk 18 o0 BRPELLLGe Bfone 1.

net al "1 0ns cons ng t

| h
e obt i el By *oetriberninedfal aict ?%li%%aéé?éaapsratlve
E%g%ghr gurlng t he platlng such that the ratio of the

e at which the filmis plated onto the
substrate to the plating solution rate at the surface
of the substrate to be plated is 1/3,000 or |ess and

p#4290x000=0ErAEIRBN: OB 818! BRk¥zAkE 0800011888 s2nd

17100000 gher; Wit e apprytrhg—a—S>—patarte

magne éctﬁéeéﬁggérégg 10800, 0oer st gds Lp.a %Qbéﬁﬁﬁbgn it is

par al to t substrate surface en performn

?E?@EEBHSSEOPhQE' g- a?ﬂﬁhﬂgmtgh?s#&ﬁ%epkﬂ%%ngaﬁlLgén

ormng rate can be an I nportan actor 1nrea

shEZeEE@ﬁeEB NﬂygnEEQEtEBHEQS EQF§?HEf”%”B§5s§Sshﬁétrate or a

ve-noted ratio atin ormng rate

shes ?Bsk?ﬁ%&s 093S¥”ﬁghgc§2%thﬁss %hﬂgngeﬁtﬁghghgylused in

preferably at least 0O the atin

therphndrgpeadel 8¢l Ragnkhan Qegéforcglﬁfdﬁgen it is

difficult to attain a coercive ess than 30

oer stegds, sionbRgargLess QﬁbkﬁﬁaﬁgnﬁgsbgbgﬁléngftBélng
pl ati ng conditions. Mreover, the resid

_dﬂBB@SEbﬁéthﬁlE@@@"ESBéQQuéér9@ h&8 éQ@EeBDﬁgi?thﬁl95rm
the saturation magnetization to.the residu

Ea@tuéaslen hayt be gb&egbuqarn9re@a@b@uk@rab%ohgqlshlng
strate surface becones snaller than 5/1 which is

tﬁ@cagﬁaex 3@ tﬁeaggegahtsHnbaﬁtab%S%a&h!&%@@&u@&o I f
the plating filmformng speed exceeds 0.3 um mn

shE@@ebBQn@rmabﬁbt@@f&k%b%&lﬁ%@@&%saﬁﬁb%@@u%y $2 afthalg
the residual magnetizati on becones too smal
iepBgaquentiks.the ratio of the saturation

magneti zation to the residual magnetization in the

di r echsoBoZ5ther pensloavbaystalt Ngapuksihathesyif 8e@strate,
becones | arger than 16

it is particularly preferable if the Si monocrystalllne

material is manufactured by the CZ (Czochralski) process or
the FZ (Floating Zone) method. As for the surface

orientation of the substrate, any orientation is possible,

9
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50/1 which is necessary to acconplish the present

invention. Thus, it is not preferable. If the ratio of

the rate at which the filmis plated onto the

substrate to the plating solution rate at the 5

surface of the substrate to be plated is l[arger than

1/ 3,000, then, there nmay be unpreferable cases where

the Hr/Hc value is smaller than 1/1, wherein Htr is

the value of the external nmagnetic field at the

inflection point in the .first quadrant of a m nor

f padial (difegti ythiny th 1%%5? 10, . .

s%ﬁﬁﬁzgagg qu’fs(?hg §§|§g 0 ?hg)éx?%rnaeaﬁgg%?tggzls also
pds@luhated Neokpt! 66! LoOBPAL DL SO, 108 £ I8! Quadiallyobn o5

a minor loop of a circunferentiral direction wthin the

imssi£ 8L phapge LhpbPearali 9 of ngﬁglg%ggﬁﬁgihn%he range

formng rate onto the substrafe to t

£0g Ut d onp22aty e surd.aaks of t -
ol agﬁedé s srrgloﬁlgr/tc?‘ hanq{f; 200,1806?%?%%%‘@ 53%31%%%35

hd¥indesoresr8hgheryEhan St leMbi€hohs Bﬁe£ﬁ%r§ngySﬁQ§trate
present invention, and the unevenness of plating Is
GereE RS egng THUScohtal 81 AQ : M Phpuriti
sobtain%ng a preggte?niﬁe% %$g§%ﬁg@§%?u??%ggggeg?ogﬁpurltles
af@1@5§@na§eaC§ﬁ§b€§£€g,tﬁhéﬁcngepﬁiﬂgihﬁgaﬁfn layer which
controlling solution recirculation during plat ng,%
idrethofe @ nsyi eI AGNLHRI PbAhI PE-SQLUt LeNqYSFRTeARes in
agitator such as a paddle, or.a nethod of rotating

crR&! @41 reyebvi hgcihe sty at 6.1 s ihese ¢ d e JRLW L« t reme

of rotating and/or revolving 25 the substrate iIs

dss Tt e e gféeghbyp {OrnQPtBERbRE 8nddssible to achieve the
predeterm ned solution flow rate. However, when the ’

pBihst rat £t hag Qa%/éfggtﬂh@ﬂﬁiérast@@s@k‘?§é&a_iﬁ §Héf?E§sent
may be susceptible to eddy formation. The size of the

iswdst 1o epacaasdi A9160at Nea PEEBENLsSrbAMEAt LONthe $8tated
to not nore than 90 mm because of the difficulty of

pdotdmdon thefoubsptaténgusohséi @arihgwedinhheon of the
substrate surface when the size are larger than this,

pitieh woakesnigt 18iy&Ficult to carry out the present
invention. The plating filmformng rate in the
presaiten rerent s onsdd as thed | H\ask @sat bengtOmial b Ekngss
of the plating filmper unit tinme. The plating film

~ preosst secténhican breexastssdrw dbtavscasni Agrepetheon

m croscope or fluorescent X-ray analysis or the |ike.
pMilaingslagéer ferdmabion tansbepperfbeatiopyaslighsliyngtching

the surface oxide film and the substrate surface. The method
of etching can be selected from various methods such as acid,
alkali and electrolytic etchings. With regard to the etching
condition, when an aqueous alkali solution such as caustic

soda is elected, etching can be done at a chcentration of 2

to 60 wt% in a solution at 30 to 100°C. Then, the surface

“oxide film is removed and the substrate surface is slightly

corroded so that displacement plating for obtaining good
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15 solution rate" is the rate of the plating solution
in a direction parallel to the surface of the
substrate to be plated, relative to the substrate. In
particular, it is the rate of the plating solution in
a region of less than 10 nm away fromthe substrate
surface, relative to the substrate. 20 The rate can be
neasured as a rate difference between the plating
solution flowrate in the region and the substrate to
be plated, using a pitot tube flow neter, a vane-whee
alMpeisnssollowedeber elabtibleasoundtihowoet@l, s ftdmagnetic
| aser-doppler flow meter. 25 In the region that is
1boss thancirmreaweutf Lamehhe 8rn.substrate to be
plated, there is a-stationary fluid |layer of plating
sol utignthdapri¥esplatangt aiesphatemsnhaplatingd teter the
the plating surface due to the viscosity, which'is
eeahling phectkyi dabgunfary pfiakingHowewer i st B thlidldd®y
solution flowrate 5 of tﬁe present invention does not
ifkesinyotneceunktiheef hawar aatahgpebliv@isndideeddiing a
adj acent to the substrate whose nunerical neasurenent
me8ali ibhcukt atl Lkasthentl wiettabowrdaty ki IFoke @heN group
What is referred to in this specification as "magnetic
cdfistkelifdgi 6fandireeti an, panal pel ahd Phe Sukstpabein
surface" is a magnetic field that is applied such t%at
sbhetabsohayeheakbue ebnthetanglienf ermedebyetthe RIl1ALRGAE (s)
surface (i.e. the substrate plane) and the magnetic
whiiox at dayeposetibdnioh (sheosubstihati®aiunledel ii®n @89S of at
than 20, and can be attained by placing 15 permanent
lamgbedsoor Nl peerferapngt & £1 owiotsh tbespectN.t oIthehould be
substrate 3 in the plating solution 2 as shown in FIG
ndtedhehathénsthengtbeobft he Siagnekite attiee| & duimkg plating
plating is at |east 100 oersteds and | ess than 800
legest edsformedaynbehdichf Sienatoalks ditf terestiblsteattcorirface
of the substrate, but the 20 strength of the magnetic
ateebdbshobbhteflavi thnimetbhi atoalge Bheahiitknassoafothe
the plated substrate surface. If there is a |ocation
dasphbcehehheprdtkéngt hagert he pagfetrablfyi alod tics 11085 nm, more
than 100 oersteds, then a portion or all portions of

prhéezabl ymh§nebi 600aper. ohft beeslbgeéraie hays26hant 10 nm

attain the magnetic properties that are an object of
thhek19thepr eseni fompediiistr i bwiewns wdh thesmedtalat e i s

used to fabricate a nagnetic recording nmedium this :
pmaycrEstbpl linet hargéndest iion thie deiyes. md@y tied dtehe@btained.
hand, if the value of the magnetic field exceeds 800

I6ei &t ddsovened OPRenpokbiicky poweringliofidusd mratsted liine
reduced, and there may be variations in the alloy
PastipesEei BAYCENSELt andngavhacsobre waghelile lesyer primer layer.
which _is undesirable. A magnetic recording nmedium

accor Rngceorepacpr wsEht theyeressntcanvieatioal i rdgrby

fornin% t he above-described soft 10 magnetic |ayer of
nappfestrgenInm MRidERYdSs reapad ingr mesd v negmedigim substrate
.recording layer of 5 to 100 nmthickness on or above
ishusePajdr Whash piftdr Zsispecdr fiong somasmdatio e iinguar

of 2 to 20 nmthickness and/or a lubricating |ayer of
d2regtagnniithiiak fbes subs tuedie grl@de, B5 wFluehef the coercive
thi ckness of the soft magnetic |ayer exceeds 1000 nm

forer, arheRtadegadya ar ¥SH dasyarddiafhon meamirstent 1s less
noi se fromthe soft magnetic |ayer during signal .

thepr d8uPersitefay 2psedneatdiyef Hadunad ignmagnerigation to
the mediummay | ead to a reduction in characteristics,

whi ch is undesirable. On the 11
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20 other hand, if the thickness is |less than 100 nm
then the magnetic perneation characteristics may be
insufficient for a soft nagnetic prinmer |ayer, and
when used as a recording nmedium there nay be a
reduction in overwite characteristics, which is
undesirable. 25 The magnetic recording |ayer on the
soft magnetic | ayer 20 is of hard nagnetic nateri al
for the purpose of nmagnetic recording. The nmagnetic
recording |layer can be formed directly on the soft

rBBgaekilCrbanerti zak ibh gansie 1f epned jvia one or nore 5
various internediate | ayers such as Ti, by which

cryst gheRant, lse trRAIWE @G RNt Ghar %Eg%fét% CSield at
can be matched as necessary. There is no particul ar

themih#lieeriba bhentatier ikl EQ&sEh%u%@&%%k'%fr%pﬁﬁ%ngloop of
| ayer, as long as it is hard magnetic 10 materi al

ré@nkai AiRecrasnetii¢ ndomehes stibak rake asiney a@&@g@@ | Z80kne
in a direction perpendicular to the layer plane. ft'is

vBOSSi Blfe aho et @ ryan Qkh%n@t'l@ sflicenda%ta t@é @hﬁi'e'&)ion point
film(e.g. Co-Cr-Ta, - -Ta-Pt)

1§p@hbeﬁh&@t aEQBhtabkoﬁ thﬁk Qo@% Sf Qﬁﬁ@%h&é@édﬁlal
or a Co/Pd multi-layered 15 film Furthernore, the

dire@tfiehmed thy nveheplsablstda¢an phanksednds tite is preferable
recordi ng layer. The exanple of the recoding | ayer nay

thael gde FaloeNorbasedipl aki pgokhi bntand, a coated film
of bariumferrite of a magnetopl unbite phase. The

thi cknesssobrefiegabypetef usecar dubgthayer oRBwhlen?@ Elated
preferably about 5 to 100 nm nore preferably 10 to

sBit TAgnedeiCilwg efrohee immy migmnpraienallss tdopyt AnlQ
KCe, nore preferably 1.5 to 3.5 KCe. An exanple of the

chiretietkirea tliagyennt-patanies diekerd oo isheorm@dst is® that the
recordi ng |layer can include an anorphous carbon 25

vhased offr &t eAH . Vieetohesf DopedOt Boough, spuekeihng.Ofis the
CVWD, and a 21

value of the external magnetic field at the inflection point
in the first quadrant of a minor loop of the direction
perpendicular to the substrate. Such a soft magnetic layer
is particularly preferable in that magnetic domain walls and
spike noise can be suppressed even better.

According to the above-noted VSM magnetization
measurement, samples of 3 to 5 mm square are cut out, and
magnetization amount and minor loop shape are measured with a
vibrating sample magnetometer.

The inflection point of the first quadrant refers to
the value of the éxternal magnetic field at which the value

of the first quadrant of the minor loop obtained by the above

measurement is differentiated twice with respect to the

12
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protective filmof crystalline A1203. Furthernore, an
exanple of the lubricating film of the uppernost |ayer
may i ncl ude a nononol ecular filmfornmed by application
of a fluorine-based oil, and there is no 5 particul ar
l[imtation to the type of agent or nethod of the
application. The present invention is explained bel ow
wi th exanpl es, however the present invention is not
limted to these. 10 Exanple 1 Both surfaces of a (1 0
0) Si nonocrystal (a P-doped N type substrate) having

mdadlL2B88t ektefrn@d MAgnetieh Mad dbeerPraduced Maxinun, as
cut out, edge-renoval and | apping of a S

sAeRaciustakl.i ne f‘@ltb%t}da@c{erhaVAagualfﬂ;/QnEh@r £k s20guEBrant
15 fabricated by the CZ (Czochral ski) method, were
m@ﬁbksmearfbha%oltw dalf1sidtica RRVMNRG,a RN Waiid GliRn the
size of 15 nmso as to have a nmean square surface
meadaRBRss t( Rihefi 4 MM1d The iR daS Rl MRS Wi WhdEdthe
square roughness and was neasured using an AFM (Atonic
nEak6e eMettogEeRR) 1 2 iBaidNg d MERITIRGSLOr BoWeRdEeSihNthe

a 2 Wt~ aqueous caustic soda solution at 45C, the thin
ptekkage iaxiete ifon, memes imemeved o gvite i face frddheng
substrate and then the Si surface was etched. Then, a
magh@eﬁcplfateilrdﬂ hataht (iS0! WHeoRn Mas HAIRPHHER YRS the loop
adding 0.5 N anmoni um sul fate into an aqueous sol ution
hafriBgl tR2 smi¥ 1nicak ele sl eadet tanth grite: iAiStgmtie, Wake actual
imrersed for 5 mnutes in the bath heated to 80C so

1bbals tike thlougeit pifatdsgHeayem fMas i i frurihei®re,rst

a plating bath (solution) containing 0.2 N 5 amoni um
quddfi-ahe,. 70. 02 N nickel sulfate, 0.1 N cobalt sulfate,

0.01 Niron sulfate, and 0.04 N dinethyl am ne borane

as a redtei pgedgenblwashprepakedo fthéalalt iwas aheat edcording
to 65C, such that the filmgrowh rate of the

tel ebkr preserny dtmivegtias ek - MiMdunReraranien gt

were arranged in front of and 10 behind the plating
abhdtsbt rapy ,a agamdilc thegnetlive fdfelH . of..4568 feom08 to 1,
oersteds was applied to the substrate during the
whleateiing He / hies stifbst valee t of behpl atedrnas nagmeéetlcatiald at
rotation rate of 60 rpm while electroless plating was

ther flarfited tiom 20imh.in yWhd diingsta eofdraragret i diayer loop of
of 2 ~m

a radial direction within the substrate plane and H¢. is the

value of the'eXternal magnetic field at the inflection point
in the first quadrant of a minor loop of a circumferential
direction within the substrate plane. Although a soft
magnetic film having such a circumferential magnetic
anisotropy can be conjectured in theory, actual manufacture
of the film with conventional sputtering or plating
technology is difficult because of difficulty in obtaining
such a magnetic state. According to the present invention,

however, this magnetic state can be realized and optimum

13
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15 thickness. During this tinme, the rate of the

plating solution at a position 5 mmaway fromthe

substrate surface was nmeasured by a | aser doppler flow

rate nmeter. The rate was neasured to be 3000 mm min

with respect to the substrate at a radial position of

20 mm i.e. at the inner 20 circunference of the

substrate. The rate was neasured to be 10000 mMi m n

with respect to the substrate at a radial position of

32.5 mMmm i.e. at the outer circunference of the

stRstiiahe v Ty the 131108 4f e Phatdde fd | ' -

"Tate to the pl ati ng sa%ltdu?"l on #%Wo?ﬁédrgétgcltﬁ1efgéé¥ﬁw media

SHOS aLenILAGe Lo 2B da dl ahed s 30,000 ang, .
175] 00, OOO_,n r_esspectai vﬁ 23 enaﬁe_lmgneti c _ ensured

Bg,h GRS %%r@uﬂﬂ%%épéﬂdal%éﬁé! I{Tﬂéa%adwdsl;\éh that
uch a marnner were neasured using an vibrating sanple

HIRIRRUNBLS 1 LN CHECHRERN enthah cagrgisveskanesd i

t%l%g% recti ontpartal el to the Pace o? tﬁeﬁgo%tl 5 -°

JERRAL NG 1hAYRI RS <1 rggfs?etaﬁgger%iﬁhsceﬁﬁt%g{ﬂ@%oft magnetic

magnet i zat'i on " was 18 e resi

lrgg,@;}e’tif%qii% $ 1 kG so that the ratio of
turationerram

S gnetization to residual magnetization was

18: 1. tRURLNeHAGEeapiReR HEl 13fd Jdire WRIG JTBASURA O f the

basis of 10 a VSM nagneti zati on measur ement wherein

dildsdrt il ot ite 9fa A eXLRA L BaNaTd G iaerii_ﬂs@ércls;g%,p such

inflection point in the first quadrant of a m nor

tofatf adialydiveds @ﬂvmgchb@cbﬁ%sslf%w alo® , Ploane AN dHiiherein
is the value of an external nmagnetic field at the

H )1 8CthON D& f NehBCekt E8ha OURLEABE 1 6f fBe1a HLNBRe
'oop of circunferential direction Wwthin the substrate

iRlrane Hisee gdiGt In .tHE re @t Hhadens foend dode 1%p of the

oersteds and 8 oersteds, respectively. Thus, Htr/H ~

Maecki®h Jeuiddiriiniar Whennd "sWas: MBS Ur @8 i@N nkdgict ic

of a VSM magnetization measurement wherein H" is an
itsytidpyragn el 20 ddeld @rddtdh idddeedt PPt tdrify that

the first quadrant of a mnor | oop of perpendicul ar

id reEd am (EetrditGorll ddthowds fOouneb i he I8P magnetic
oersteds. Thus, Ht"/H ~ was 225. Hence, it was

faandd r nedcbhding150f theagnals &io awel tioh REY@ANGR: effect

wWith the present invention had been formed. 25 After

floa rineg dd¥es t30ft smoned i sotayweigndtiec subgdr aie 2&dplied to a
was covered with a perpendi cul ar magnetic recording
rddratifc Aegupditicknesisuby sputtering with a .

conposition of Co:Cr:Ta - @:19:2 (ratio in w~),

whi | e Imithieaisaifity ntaum dteinperlattlingy dta RO Goneemnidne a £ilm
coercive force of the recording | ayer was 5 neasured,

ddre woefarmea] floy e metide thatects orpempehty ckihewnt as

the fill surface was 2.2 KCe and the coercive force in

d et leds ail Qelreaddmdnt opldeidd | mBBurdlace A H0Mblating, it
oersteds. Moreover, the substrate was covered with
mmydwidsl c drdbomsofa asthi tdadsstinfodiOa noplanidda bath, and it
fluorine-based 10 lubricating filmwas applied by

i ppdswiblersonysd hesr Dyt si kinds ao Ppempealls cithathe bath.
magnetic recordi ng medium The resulting nmedi um was

Howd et edirorview p histlaemdneed DE eeabing bhs magneedc

out. Then, .a writing operation was perforned with a
preowsTt ey VR ieasb fit madheticnbaper gandoto 16btidinma cubic
and the reproduction signal was neasured. The result
ofydtak, neasis eenfenalsléhbd nee spiketadi seltasontaining
observed in the envel ope pattern, as shown in FIG 5.

Al so, the average level of thgsS/Nratio was an

excellent 21 dB. Furthernore, in order to investigate

the state of 20 magnetic mgration, a Kerr effect

i mage was taken across the entire substrate region

with a magnetic sensor device (OSA5100, made by

Candela , as shown in FIG 6, but magnetic mgration

S s o Y - o Y R
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m croscope), magnetic domains that may result in white
noi se were not observed as shown in FIG 7.
Conparative Exanple 1 5 The substrate which had been
obtained in the sane manner as in Exanple 1 was
imrersed for 10 mnutes in a 2 wg' aqueous caustic
soda solution at 45C so that the thin surface oxide
filmwas renoved fromthe surface of the substrate and
then the Si surface was etched. 10 Then, a priner

pl ati ng bath (solution) was prepared by adding 0.5 N

e 8BRBALUBLS ELfake FirBko can) aqusaasFeolahHOQOOEOleaH alloy
nickel suifate and the sSubstrate was imersed fo

pﬂhEHHe§a rtQ%n@@ﬁﬂlﬂ%adelEQS%OGW%o Eh%he%QeeQ%h@%%s
plating layer was fornmed. 15 Furthernore, a plating

bath ¢sol uti aAk @@nbﬁenEGQthZeNfé?”@@ééﬁkemegét?latlng, and
0.02 N nickel sulfate, 0.1 N cobalt sulfate

hh%@ns§BEE§b%’F%B%e@t@@sNa@'g%&@Vha%ﬂbQ@cb%h%@%lﬁ§sa
reduci ng agent was prepared. The bath was heated to

AZ@Q&d%H%@ythéh %ﬁ%wfb&”b@%@Whﬁn@a%%eOBbﬁﬁ%teb@ckh%|%%%sent
pl ati ng was immn. Pernmanent magnets were

igeadged, 'ﬁtf&%nbr%ﬁe%%@lﬁeﬁhﬁ@ the skl alli-Rgnkat Rreak@ntained.
a paraIIeI magnetic field of 450 to 600 oersteds was

18PRki 88 ekl thalRsthat dadieitie PhepRlrdticddofTh®e present
substrate to be plated was rotated at a rotation rate

18k eB0 1bRMarehida@ sele By @RS oRladliohd oMaS et RALHGNTRE the
for 15 min. During this tine, the rate of the 26

pRh Akl BE 15 AletHiloR oo R PR tin0R X HMcAWRE ANAMARE ons, so
substrate surface was nmeasured by a | aser doppler flow

thate ifetier nethe shate thas masuied @1ke 110 1Mw/iMddntains at
with respect to the substrate at a radial position of

128 sfMtwo. &f ahelske MatrRAr n@ohew¥ser epgecehtthst, it is
substrate. The rate was neasured to be 290 mmmn with

diespent tt @ct ke taubstthat @ fflect oditdle PRSI iefveddion with
mm i.e. at the outer circunference of the substrate.

aThust itkye 1a3tdro® fofortihe aplsatigne hidomif.ormng rate to

the plating solution flow rate at the substrate

surf atiet gpkeific bath composition comprise at least two
metal ions selected from nlckel, cobalt and iron, and may
include a mlxed bath of nickel sulfate and cobalt sulfate or
a mixed bath further containing iron sulfate. A preferable
concentration in this case may be 0.01 to 0.5 N.

As the reducing agent for the electroless plating, it
is possible to use any of a number of reducing agents, such
as hypophosphorous acid or dimethYlamine borane, depending on
the bath and the metal ions constituting the bath.

The plated soft magnetic layer required by the present

invention can be obtained by letting the substrate rotate

and/or revolve during the plating such that the ratio of the
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10 pl ated were 1/333, 333 and 1/ 966, 667, respectively.
When the magnetic characteristics of the soft magnetic
filmobtained in such a manner were neasured using an
vi brati ng sanpl e nmagnetoneter, the circunferentia
coercive force in the direction parallel to the face
of the soft 15 magnetic | ayer was 31 oersteds, the
saturation magneti zation was' 16 kG and the residua
magnetization was 0.25 kG so that the ratio of the
saturation magnetization to the residual nagnetization

r 288 gél%hlgﬂrBﬁgr%g%ﬁhéghgﬁﬁgéglQHQOthSW%ﬁ%SQ% %”r%o the

onbasis 0o rement er ern

pt'g[;} hs, g@fuxf%ﬂergfteage g1l ;sﬂ@'fa gnet i h%o be

I'on pol nt quaar ant O%l a m nor oop

=BReRRCLEl 07850108 4HL0 B e apeotp £ ALABR BNty
1 BESELbEry RSN ! BURUERRL oLy ,%° g o

p%gallghaﬂggg chgg%lé) pid Wbb %gdSHb m§ %e?%UQ%.todg%ectlon

oerste oers eds r espect

€
pEEQZEQE %@StgevéHPF%Eg@%rgB% %ﬁ%h e@%%rﬁﬁ% uéiectroless

asi's of magneti za BRent
%8 an external magnetic 5 fi Id at t he |nflect|on
p0|n in the first quadrant of a minor |oop of

perpeﬁgggﬂé EhggreEB%OE%g%EﬁgFtﬁﬁm4kogﬁﬂnQM@§tgo%Qg %% an

er st eds he 'substra

1H§¥EE nEhE?c§B§tlﬂa @%ﬁ&%lhﬁa%ﬁewﬁ§e%%$%rg%ggﬂ@%d% fn the

cordi ng I'min the sane nner 1

sifle! Héhaérpﬁﬁp%ﬂ@' GUbYe - %g'%ﬁt 'r%tl%_‘?or‘?h?g gﬁ‘éiﬂg‘ 2%m

pro uce e resulting nmediumwas insta

fEEhEﬁ aEQt@”@aQCb%fa%'ﬁ%a Socgr hﬁﬂmﬁ anghﬁgggfgaag 0.3

g operation was per nanosl

R?ﬁgndugﬁe%EQQBUQQa@eﬁgggto% %53%9mﬁﬁ)angftgﬁe plﬁtlng film

reproduction sighal was neasure e result of

fBRASHECEBREAVAS G1Rak WREY %p'oﬁe PRI SS Weled %Qs%rv%ihfflcult

in thé envelope pattern, as shown in FIG 5. Al so

t@VQE@Qinﬁv%beQElEQefg&Ner%%'QeW%St%aﬁp@Q 1R dBeds
Furthernore, in order to investigate the state of 20

rBBERal ks sTbdr 2hieORonoléartictf feel thRga Mahdt akRMitions.
across the
Moreover, the residual magnetization becomes too large, so
that the ratio of the saturafion magnetization to the
residual magnetization in the direction perpendicular to the
substrate surface becomes smaller than 5/1 which is necessary
to accomplish the present invention. If the plating film
forming speed exceeds 0.3 um/min, then the crystal particles
become amorphous, so that the residual magnetization becomes
too small. Consequently, the ratio of the saturation

magnetization to the residual magnetization in the direction

perpendicular to the substrate surface becomes larger than
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entire substrate region with a nmagnetic sensor device
' (OSA5100, made by Candela). As a result, a l|large
nunber of | ocalized nagnetic walls causing spike
noi ses were observed,. Mreover, when the state of the
soft magnetic filmsurface 25 was exam ned with an MM
(magnetic force m croscope), 28 magneti ¢ domai ns
that may result in white noi se were observed as shown
in FIG 8. Conparative Exanple 2 5 The substrate which
had been obtained in the same manner as in Exanple 1
5093 WHTRIhS 8¢ efcekl afiyn e ddomp 14 sM Yoraq rBUsivehtion.
soda solution at 45C so that the thin surface oxide
Thidsm was ifse e faremathie .surface of the substrate and
then the Si surface was etched. 10 Then, a priner
pl ati ng kakthrasebubiforhewas tier apaied chy taddifagn0.i% Niated
ammoni um sul fate into an aqueous solution of 0.1 N
ofitek &fh es Wubatte-aaed tHohe hsubStatatrey WS utie sedd &t The
mnutes in the bath heated to 80C so that the priner
siirdlaideg dfaygre wab stafaied .tol e Wllhesdrare, L s gy atiih 1/3, 000,
bath (solution) containing 0.2 N amoni um sul f ate,
thedy Nhrirekelays Wd ain®rFekad 1eokalde S wartee tHd M M. value
iron sulfate, and 0.015 N di nrethyl am ne borane as a -
irseduei g ragerdn Mgs phegarcdd Hipeibatihe wasl head £dthé® external
62C, such that the filmgrowh rate of the el ectrol ess
mRlggidtig S 120 £ Ghe it lectRrrananit nagneis Mefst quadrant
arranged in front of and behind the plating bath, and
of pamdlncal Imagneif G fdaelidh lofd 4% Hierb QA Rersteds sMsstrate
applied to the substrate during the plating. The
st raaice Heo be phatesll waso f otlad eslkbérmal ohaghebicateeld at
of 60 rpm while electroless plating was 25 perforned
thex i6(f lmatiotheciver dge e dkinests qpfaddentot@ianedirz®d loop of
filmwas 3.0 ~ mand there were six places nmainly on
at lod rautmee rerrtcivatf etierecer v ol thhien fllecesidsdratot desre. If
covered with the plated film During this tine, the
that eradfid lef ditedt i tsiolqutfiidm dtomanipositdon dntom@veaysubstrate
fromthe substrate 5 surface was neasured by a | aser
ol p ffdtowm g atcel utdtcer .rafttee arattEhdhammbasared tthe bmibstrate
2800 mmMmn with respect to the , substrate at a
treadiiealp lpdmid iion ssfalZ@mmihan el /230,440, ey ratio of Her to
circunference of the substrate. The rate was neasured
Heo hec®009 hhghen Whah bétpebichoishprefibsredteyatha present
radial 10 position of 32.5 mm i.e. at the outer
igivenunifasy.erfoed dfhe hnesidistesa e f Thistindel s agdrosrafed. Thus,
plating filmformng rate to plating solution flow
itaties arott rssfidialrla e surface to be plated were

1/ 56, 000, 000 and 1/160, 000, 000, respecti velg/. 30
A method for obtaining a predetermined plating solution

flow rate can be considered to include a method of
controlling solution recirculation during plating, a method
of stirring the plating solution using an agitator such as a
paddle, or a method of rotating and/or revolving the
substrate. Of these, the method of rotating and/or revolving

the substrate is simple and effective for obtaining a
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VWHAT IS CLAIMED IS: 1. A magnetic recording nmedi um
substrate conprising: a substrate having a di aneter of
not nore than 90 mm and a soft nmagnetic film plating

| ayer conprising an ' alloy that conprises at |east
two netals selected fromthe group consisting of Co,

Ni and Fe, which is disposed on the substrate, wherein
with respect to a concentric circular direction within
a plane of the substrate, a value of the coercive
force obtained by a VSM magneti zati on nmeasurenent, i s

pkeastbhanndd eensteds, raned 2akati onsfiesatyrghbANthe
magneti zation to residual magnetization is from50/1

shBsbrdteZnakhe NMREGRL WG a@¢ekdi Y MBeibdirSURSshdif@ce may be
according to claim1, having a circunferenti al _
sBeBgtip1anie0kUERY rowaRtlibat, a value of Hr/H ~ is
from5 to 1 wherein Hr is a value of an externa

magnethe kigkdodt tae klbkeehtenNapebRHinG thethir pkesent
quadrant of a minor loop of a radial direction wthin

ihbenstbst iat gcpl 2Be nddnidre thad VAl We B A sRX AT Rale
magnetic field at an inflection point in the first

day¥zdeant yob fa foirah o QOMNAffofnC NGWIeS &lhdion flow at the
direction within the substrate plane, on basis of the
s\VbMtragaekuzdaicen wiRas Whegitze 3relh@r@gnataé this, which
recordi ng medi um substrate according to 31 claim1, '
mB&¥isNg tad iifFiphate tBRGRQIHVC cati SOl @e ssth ifaintad on.
valule of H"/H~ is from 10, 000 to 100 wherein Ht"

is a yakuplatiag exter makmipgnetite finelk®eabrakent invention
inflection point in the first quadrant of a minor | oop

ief da fpekrpeadi chlealy rdiwne thi@kned st e Hiksiglaitd gy di€m per
and Ht~ is the value of an external nmagnetic field at

uhhe iAkleectTh8 pOhdingnfiba Ekbst geadiant cah BenkRamined

| oop of a circunferential direction within the
ws tiths ar acanpliane e ler trasi siefrdsfee péSMmeagnetrdezsaidnn X-ray
measurenent. 4. The magnetic recordi ng nmedi um
adabstsiat e racher diikg: .t o cl ai m 2, having an in-pl ane

magneti ¢ ani sotropy such that a value of H"/H ~ is

from ¥8a2t0068 tref:@@edhéreiin Hhisi spaoidlivetdbnams “plating
external magnetic field at an inflection point in the
sbilusti oquaditaft ief tdheminadre lcdophef rd gieimperatilaaiam in a
direction to the substrate plane and H ~ is the val ue
dafreart iext @@l ledgret ithd issinfaate tdfe ihd |sadistoretpoitd be

in the first quadrant of a mnor |oop of a

pdiartegnt eredrttiiate dia édtd gnubsitttstre + héns plagttiatd apl, ang, is the
on basis of the VSM nagnetization neasurenment. 5. A

naftchod ftdre p@ifiact wd ng: iomegnet iregisvoraf Nesedihan 10 mm
substrate conprising: a step of formng a primer

aplagt ifimprl Dy o Aty e deay i ey &t dieaane efhefsulzatrate.
nore than 90 nm by inmersing the substrate in a

Thleatriatg seinutdiomaessrediary arate diffgreicaitbetigen the
one netal selected fromthe group consisting of Ag,

datizw sadutign Pepwikt® yimrdre region and the substrate to

be plated, using a pitot tube flow meter, a vane-wheel type
mass flow meter, an ultrasound flow meter, or a laser-doppler
flow meter.

In the region that is less than 1 mm away from the
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a step of formng, by electroless plating, a soft
magnetic |ayer on the priner plating | ayer by

i mrersing the substrate on which the priner plating

| ayer has been fornmed in a plating solution conprising
metal ions of at least two netals selected fromthe
group consisting of Co, NN and Fe; wherein in the step
of form ng the soft magnetic |ayer by el ectrol ess

pl ating, applying a parallel nagnetic field of 100 to
800 oersteds in a direction parallel to the plated

sﬁB%f%&%&etotB% §§Q§Eﬁat%h%%ephgt%dswgkh%ng%gn%l5qkﬁﬁ%®er of

revol ved so that a ratio of a platin

EQH thlE%h%h'%thah%@e%nHﬁ %h t%%%SE5%E61%O€IT% fixed to

ati g solution rate at the sur%ace of the su

t%%zgﬁaﬁhﬁbeguﬁay £340Q0 +Qr +3yEmklier. and a"w@ﬁ cnt han called the

0, 000,” under a condition that the atlng r-ate

fahikeashinda93 TN ABdel €8S Eﬂénpga§1H§1Qbfut@onAflow rate

magneti ¢ recordi ng medi um usi ng sal

o"fe%%db%s%@' E%%Hfﬁ%hatd%e%c ‘ﬁ%rtd IRG et Q 3Ry 008 @t the flow
clalns . . e. AY e. A3 e. AY R AY

rgté o@ Breﬁ%n% éEch%Eyea%ha%eﬁf @dAfﬁeA%u%s%%é%erhose

numerlcal measurement is difficult, like the fluid boundary
film region.

What is referred to in this specification as “magnetic
field in a direction parallel to the substrate surface” is a
magnetic field that is applied such that the absolute value
of the angle formed by the plated surface (i.e. the substrate
plane) and the magnetic flux at any position of the substrate
surface is less than 20°, and can be attained by placing
permanent magnets or electromagnets 1 with respect to the
substrate 3‘in the plating solution 2 as shown in FIG. 2.
When the strength of the magnetic field during plating is at
least 100 oersteds and less than 800 oersteds, it may be
different at different locations of the substrate, but the
strength of the magnetic field should fall into this range at
any location of the plated substrate surface.

If there is a location at which the strength of the
magnetic field is less than 100 oersteds, then a portion or
all portions of the soft magnetic layer on the substrate may

not attain the magnetic properties that are an object of the
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y.A .AAF y.AH . AsF y. A 3 y. AY3 y. An3 eQ "zAWZVH

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]ca] cRa]c
Ra!'$ [ )eM x}*]IN

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
| .

l,Lh"nT"""/#o####O$o$$$@6@@&&&'8'a"'((()}xsnid_Z]]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
p9§¥gﬁ%??k?%%g%%%g%g@&&ﬁl§@&H3AC§QE§&£§%&a' "15ed ot

faEEfE&téUBkR§§ML€§EC@E%@LQ@L&ah%g%ﬁ ]C%%Eélﬁé C@L%ﬁh%ain the

] ca] ca] ca] ca] ¢a] ca] ca] ca] cal ca ca) cajc”

| == ’)’)
G o B s e O e et AR T g tne
msghég%gaégg}eakﬁebeakc@b@ahgeée@hézkggkéakﬁ@]ggbgg%gg power

o%lehga ¢ak¢ahcakcakaaleal cahgalkna ga#salsalga Qakeahgaln the

Jca] calca] caJca] ca] ca] caJ ca] ca]ca] ca] ca] ca] ca

a%yg§\85hb551tlon constituting the soft magnetic layer, which
ANFAAN G [ "B X aalbnbb}xsnld Z]c]ca]ca]ca]c ]ca
lLcahg@]sgg]ag@bca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bbbb! e ghhj ki
nFncnnnﬁg?ﬂeegep%@éaggER?MﬁéalaﬁnhecéLeLﬁa]Ea]EﬁLCﬁngent
] ca] ca] caJ ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca]ca]ca
1heeheabﬁahaﬁ]5@]%ehqah@a]Y?]@@EﬁﬁﬁgL%h%S%b&%@tebkk%§5%d soft
uuvWIWWAX XY ™ { ] ca] ca] ¢a] ca] ca] ca] ca] ca] ca
mh?abe@bcah?ekcakcqb@ak@ahQ@bcahc@hqc@h%@kcakﬁ@hcabgﬁhﬁg a
ca] ca] caJ ca] ca] ca! . 4DvE[ <j
mb BMEEBLwrebet i heal egkeabeakcabcabeahgalpakgakseal e6al 62 above
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca] ca]ca]ca]c
tBhealegb3BpfitiVok#ferably forming a protective layer of 2 to
I }wr mhc”™Y] ] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca]
20ahralbakeakes] aajigakca] capealezlied] caleal o& cakeapoahm
ca'l o%®nQ 49{} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
taaterakea) cahcahat] eaheal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca)] ca] ca]ca]ca! Q zi K- F10%}| & ()-S-10%}| & ()-8310%}| & (
)-1 GLO%h& thickness of the soft magnetic layer exceeds
10%| & ()-3"10%4| & ()-!10%H & ()-Awi K-3!' @ 10% & () - &3
1002 h&, ( thehQ%ahé&n( LisdA%d|s& a( )relcd Ladhlg& me)di3h) Y%4h& (megnetic
109 & ()-ZWK-f/ "10%4| & ()- s- 10%t| & ()-Fl +
nbQ%&#| &ro- Ihp@soft magnetic layer during signal reproduction
10% & ()-F M 10%4| & ()-9% 10%4| & () - F#-10%4| & () - WHhf H
nby bEowhellara@e,sdbdyEhe EYN R@:io of the medium may lead to
s$10%{ +{ & ()-104| 104| 104]| " ;
as tedc&ion- 99 t0M & tEri3Yi¥si0%hi&h( Yis undefsifirable. On the
"10y) #10%6& () -!5y) #10%&' () -!x $109%& ()- ~ $10%&' ()-
othedvdasd|) i £ $heY&h(irkPess is less than 100 nm, then the

magnetic permeation characteristics may be insufficient for a
soft magnetic primer layer, and when used as a recording

medium, there may be a reduction in overwrite characteristics,

which is undesirable.

The magnetic recording layer on the soft magnetic layer
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~ @/ "10 &10%| & ()- 3 10%| & ()- 10%| & ()-° 10G 10G
10Gs; s109C& () -!yY1Y9d 096G () - [ ) edE~_ @/

"103m 10%4| & ()- ! 10%4| & ()-3 10%4| & ()-, " 10%4| & ()- 3
1094 & ()- !10%4| & ()- M dE~_ @/ "10311"10%| & ()-y/
%d0%l| & ()- ' "10%&' () - %10% & () -

1 109%4| & () - S#109%4| & ()-: xz{|}a~_=f/ "10! ~$109%& ()- SF
#10%GH&' () -! SF #10% " & ()- 104| 104| 104|

S10%4| & ()-LO#10%| & ()-*]z} "<~ =f/ "10'/ Y%AO%& ()-

- F109%3& ()-3+ 10938 ()-!x 9A0%& ()- ! Y%A0%& ()-

131 Q%GR+ Flagnieltli ¢ M HEQERR o Yub94e (OF St ic
$10%' ()-s 10G 10G 10G ; 10%&' ()-/ Y40%Gm& () -

dedosdinky. ! 1$10%&' () - ! 1$10%& () - % $10%1& () -

The magnetic recording layer can be formed directly on
the soft magnetic layer, or it can be formed via one or more
various intermediate layers such as Ti, by which crystal
particle radius and magnetic characteristics can be matched
as necessary.

There is no particular limitation to the material for
the magnetic recording layer, as long as it is hard magnetic
material containing magnetic domains that are easily
magnetized in a direction perpendicular to the layer plane.
It is possible to use various film such as a Co-Cr alloy film
(e.g. Co-Cr-Ta, Co-Cr-Pt, Co-Cr-Ta-Pt) by sputtering, an Fe-
Pt alloy film, a Co~Si granule film, or a Co/Pd multi-layered
film. Furthermore, the film formed by wet plating can be
used as the recording layer. The example of the recoding
layer may include a Co-Ni based plating film and a coated
film of barium ferrite of a magnetoplumbite phase.

The thickness of this type of recording layer may be
preferably about 5 to 100 nm, more preferably 10 to 50 nm.
The coercive force may be preferably 0.5 to 10 KOe, more
preferably 1.5 to 3.5 KOe.

An example of the protective layer that is formed on
the magnetic recording layer can include an amorphous carbon-

based protective film formed through sputtering or CVD, and a
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| 96$10%&' ()- Y #GLO%I&' ()-!~Y $LO0YEES ()- sl KLMN?g-\: f/
"1 ks$10%a& ()- ! s$10%& ()- 3 s$L0%& ()-! 3
s$10%n& ()- 10m 10m 10m ; s10%& ()- ; ‘'!1A”A<~\:f/
11+ 00& ()- | >+OL0%& () - |} USHL0WR ()-Y
#109& ()-! 109& ()-Y z10%& ()-!,"h"j"k*|"m""bCE/ "11Y
T 100@& ()-Y 109@Z& ()- 10 10 109:

109%&' ()-L93" 109&’ ()-F Y7&109&' ()-""/ #o####dEDCE /
"T& 11008 ()-1 3100@& ()- @ 109%2& () -, 9: $109&& () -
FI 10928 () - S@ 109Z& ()- #0$0$$$% Y EDCS /
prot3¢ iU E& (U 30 &10kirle A1,0;.
10978& ()-: ! 109Z& () - #109%& () - 3M 100Z&' () -\ Y&8& 8' dEb
Cf/ "Flirthermore, an example of the lubricating film of the
51092& () - F31092& () - FIM 109@& () -/ #109Z& ()-3"! 109Z&

&3 e oLV & Ve &a@' 'include @ hondmb 12TUR fi)1d ¥ormed by
s$10% i & ()- 10Z 10z
application of a fluorine-based oil, and there is no

particular limitation to the type of agent or method of the

application.

The present invention is explained below with examples,
however the present invention is not limited to these.
Example 1

Both surfaces of a (1 0 0) Si monocrystal (a P-doped N-
type substrate) having a diameter of 65 mm, which had been
produced by cutout, edge-removal and lapping of a Si
monocrystalline substrate having a diameter of 200 mm
fabricated by the CZ (Czochralski) method, were polished by
colloidal silica having a mean particle size of 15 nm SO as
to have a mean square surface roughness (Rms). of 4 nm. . The
Rms is a measure of mean square roughness and was measured
using an AFM (Atomic Force Microscope).

Being immersed for 3 minutes‘in a 2 wt% aqueous caustic
soda solution at 45°C, the thin surface oxide film was
removed from the surface of the substrate and then the Si
surface was etched.

Then, a primer plating bath (solution) was prepared by

adding 0.5 N ammonium sulfate into an aqueous solution of 0.1
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10ZL; t 109%Z& () -s9 $10%Z& ()-F710%& ()-())***#+a?_@/
T~ @109 () - 10%8 () - %d0%r& () -: ! 10%r&' () - $10%r&
"()-!~$109%& ()-#++,0,q,r,s,t,,zodY7! "; 10%' & ()- 10m
10m 10m
T109%m& () -!3"10%m& () -! H3"109%&' ()-!) @10%m& ()-,, --.
-\ --3}72dY7! "D 10%& ()-D 10%& ()-Q Ul0%=& () - Q
Ul0%& ()-!'[; 10900& ()-!'@
1096G& ()---.//10}r<dY7! ' yCI1#10%&' () - ( @L10%' () -! p( @
10%&' ()-P$10%& () - ! fP$10%&R () -
N. 10U Glr1GFhtEl b228%%e Skl SR WE)s liYmersed for 5 minutes
$109XX& () -!'yY $10%& ()- 10G 10G

1h0Ehet BAUEHehtEEl QUCSY°€) s838AL4[ 8REOHETmbT! 1§%Q%%&1ayer
()-11 $109& () - $10%& () -1y’ $10%& () - @L0%A& ()-!y@#10
WH& (Epr6eeR6- 7778{\: ! 1 ~s$10%& ()-,3 t$10%[& ()-'R 3
£$10% X[ X& ()-!,3 t$10% & ()- 10 10 10: 109%& ()-89: : O;
I <" <} Fagthbhrhdr¥d 0%/ §16k1hlglbath (solution) containing 0.2 N
940%’ ()-' YLOYZBE ()- 1" YA09N& ()-S$S100Z&' () -1 ~sS100&
agnilngg/légﬁx? )é@%fgﬁ%?%h@zl B9 143 (1-ffa i, 1AE&'N )cobalt sulfate,

0.01 N iron sulfate, and 0.04 N dimethyl amine borane as a
reducing agent was prepared. The bath was heated to 65°C,
such that the film growth rate of the'electroless plating was
0.1 uym/min. Permanent magnets were arranged in front of and
behind the plating bath, and a parallel magnetic fiéld of 450
to 600 oersteds was applied to the substrate during'the
plating. The substrate to be plated was rotated at a
rotation rate of 60 rpm, while electroless plating was
performed for 20 min, yielding a soft magnetic layer of 2 um
thickness. During this time, the rate of the plating
solution at a position 5 mm away from the substrate surface
was measured by a laser doppler flow rate meter. The rate
was measured to be 3000 mm/min with respect to the substrate
at a radial position of 20 mm, i.e. at the inner
circumference of the substrate.. The rate was measured to be
10000 mm/min with respect to the substrate at a radial
position of 32.5 mm, i.e. at the outer circumference of the
substrate. Thus the ratios of the plating film forming rate
to the plating solution flow rate at the substrate surface to

be plated were 1/30,000 and 1/100,000, respectively.

23



10

15

20

25

MLOYGE ()- 10Z 10Z 10Z;

1092& () - >=| ===>Q>>dEbC! | GLOYCE () -

1098 () - F3109%G& () - 3M 109%C& () - F, 10%C& () - S9- #109%C& (
) - >r 2?2?@H@RIELC | F- @ 10938 () -

+109%38 () - Y) z10%3& () - Y' | 10%3& () - %10%38 () - 3! 10%3& (
) - @ABASAAADEDC! !~ 9! 10%68 () - YI 7nt 10%6& () - Yf 5M 10%G8 (

S3S100G& () - F110%68 () -/ $10%G&' () - AMMAABBCD-\ : | | ~V$10%

|1& ()-!p-#10%| 4] & ()-SF ' 10%& ()-! SF m'10% | & () -

10G 1anl 06k e {)c DEEDROAGET 3134 0 A0  soft magnetic
10%1] & () -1 1#10%4& ()-!11#10% ] & ()-' L$10%I& ()-Ty' L$

_f£@ﬁ|§Eﬁéiﬁ€&mﬁﬁ8%&&h[£3£3£$%fUWé@édﬁ%asured using an

104| 1t $10%h& ()-1 $10% & ()-!y | $1006f& ()-!

v O g - $drhp B OAdiSe € dme 04 4R4| pIKpithELLELE] PE cdBrcive
10 h 10 h 10 hL; 10% h& () - +$10%

f&da -id HHOMEME () 1 S PYEL £) - 6 $ERINRSCE) o EMINMVIYDEE
PE: 10 10 h3"10%& ()- @, #109%&' ()- F, 10%& () -

maOABe (Laydd 0¥ 1) cesBAPYERe (32 NYER OERBIREEREL i zation
was 18 kG, and the residual magnetization was 1 kG, so that
the ratio of saturation magnetization to residual
magnetization was 18:1.

Furthermore, when H., and Hi. were measured on basis of
a VSM magnetization measurement wherein H¢, is the value of
an external magnetic field at the inflection point in the-
first quadrant of a minor loop of radial direction within the
substrate plane and H¢. is the value of an external magnetic
field at the inflection point in the first quadrant of a
minor loop of circumferential direction within the substrate
plane (see FIG. 3), H¢r and Hee were found to be 13 ocersteds
and 8 oersteds, respectively. Thus, He./Hee was 1.63.

Furthermore, when Hiy was measured on basis of a VSM
magnetization measurement wherein H;, is an external magnetic
field at the inflection point in the first quadrant of a
minor loop of perpendicular direction (see FIG. 4), H.,z was
found to be 1800 oersteds. Thus, H¢v/Hec was 225. Hence, it
was confirmed that a soft magnetic layer in accordance with

the present invention had been formed.

After forming this soft magnetic layer, the substrate
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at 220°C. When the coercive force of the recording layer was
measured, the coercive force in the direction perpendicular
to the film surface was 2.2 KOe and the coercive force in the
direction parallel to the film surface was 500 oersteds.

Moreover, the substrate was covered with amorphous
carbon of a thickness of 10 nm, and a fluorine-based
lubricating film was applied by dipping thereon, thus
obtaining a perpendicular magnetic recording medium.

The resulting medium was installed on a spinstand and
DC erasing was carried out. Then, a writing operation was
performed with a nanoslider GMR head at a floating height of
10 nm and the reproduction signal was measured. The result
of this measurement was that no spike noise was observed in
the envelope pattern, as shown in FIG. 5. Also, the average
level of the S/N rétio was an excellent 21 dB.

Furthermore, in order to investigate the state of
magnetic migration, a Kerr effect image was taken across the
entire substrate region with a magnetic sensor device
(OSA5100, made by Candela), as shown in FIG. 6, but magnetic
migration causing spike noise from the soft magnetic film was

not observed. Moreover, when the state of the soft magnetic

film surface was examined with an MFM (magnetic force
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Comparative Example 1

The substrate which had been obtained in the same manner
as in Example 1 was immersed for 10 minutes in a 2 wt%'
aqueous caustic soda solution at 45°C so that the thin
surface oxide film was removed from the surface of the
substrate and then the Si surface was etched.

Then, a primer plating bath (solution) was prepared by
adding 0.5 N ammonium sulfate into an aqueous solution of 0.1
N nickel sulfate and the substrate was immersed for 5 minutes
in the bath heated to 80°C so that the primer plating layer
was formed.

Furthermore, a plating bath (solution) containing 0.2 N
ammonium sulfate, 0.02 N nickel sulfate, 0.1 N cobalt suifate,
0.01 N iron sulfate, and 0.06 N dimethyl amine borane as a

reducing agent was prepared. The bath was heated to 70°C,

such that the film growth rate of the electroless plating was
0.3 um/min. Permanent magnets were arranged in frént of and
behind the plating bath, and a parallel magnetic field of 450
to 600 oersﬁeds was applied to the substrate during the
piating. The substrate to be plated was rotated at a
rotation rate of 60 rpm, while electroless plating was

performed for 15 min. During this time, the rate of the
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plating solution at a position 5 mm away from the substrate
surface was measured by a laser doppler flow rate meter. The
rate was measured to be 100 mm/min with respect to the
substrate at a radial position of 20 mm, i.e. at the inner
circumference of the substrate. The rate was measured to be
290 mm/min with respect to the substrate at a radial position
of 32.5 mm, i.e. at the outer circumference of the substrate.
Thus, the ratios of the plating film forming rate to the
plating solution flow rate at the substrate surface to be
plated were 1/333,333 and 1/966,667, respectively.

When the magnetic characteristics of the soft magnetic
film obtained in such a manner were measured using an
vibrating sample magnetometer, the circumferential coercive
force in the direction parallel to the face of the soft
magnetic layer was 31 oersteds, the saturation magnetization
was 16 kG, and the residual magnetization was 0.25 kG, so
that the ratio of the saturation magnetization to the
residual magnetization was 64/1.

Furthermore, when H:, and H: were measured on basis of
a VSM magnetization measurement wherein H¢, is the wvalue of
anAexternal magnetic field at the inflection point in the
first quadrant of a minor loop of radial direction within the
éubstrate plane and Hi. is the value of an external magnetic

field at the inflection point in the first quadrant of a

minor loop of circumferential direction within the substrate
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plane (see FIG. 3), H¢r and H¢. were found to be 78 oersteds
and 80 oersteds, respectively. Thus, H¢./Hi. was 0.97.

Furthermore, when Hi, was measured on basis of a VSM
magnetization measurement wherein Hiy is an external magnetic
field at the inflection point in the first quadrant of a
minor loop of perpendicular direction (see FIG. 4), Hyy was
found to be 1,600 oersteds. Thus, Hey/Hee was 80.

The substrate having this soft magnetic layer was
covered with a recording film in the same manner as in
Example 1 so that a perpendicular magnetic recording medium
was produced.

The resulting medium was installed on a spinstand and
DC erasing was carried out. Then, a writing operation was
performed with a nanoslider GMR head at a floating height of
10 nm and the reproduction signal was measured. The result
of this measurement was that many spike noises were observed
in the envelope pattern, as shown in FIG. 5. Also, the
average level of the S/N ratio was a poor 10 dB.

Furthermore, in order to investigate the state of
magnetic migration, a Kerr effect image was taken across the
entire substrate region with a magnetic sensor device
XOSA5100, made by Candela). As a result, a large number of
localized magnetic walls causing spike noises were observed.
Moreover, when the state of the soft magnetic film surface

was examined with an MFM (magnetic force microscope),
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magnetic domains that may result in white noise were observed

as shown in FIG. 8.

Comparative EXample 2

The substrate which had been obtained in the same manner
as in Example 1 was immersed for 10 minutes in a 2 wt%
aqueous caustic soda solution at 45°C so that the thin
surface oxide film was removed from the surface of the
substrate and then the Si surface was etched.

Then, a primer plating bath (solution) was prepared by
adding 0.5 N ammonium sulfate into an aqueous solution of 0.1
N nickel sulfate and the substrate was immersed for 5 minutes
in the bath heated to 80°C so that the primer plating layer
was formed.

Furthermore, a plating bath (solution) containing 0.2 N
ammonium sulfate, 0.02 N nickel sulfate, 0.1 N cobalt sulfate,
0.01 N iron sulfate, and 0.015 N dimethyl amine borane as a
reducing agent was prepared. The bath was heated to 62°C,
such that the film growth rate of the electroless plating was
0.05 um/min. Permanent magnets were arranged in front of and
behind the plating bath, and a parallel magnetic field of 450
ﬁo 600 oersteds was applied to the substrate during the
plating. The substrate to be plated was rotated at a
rotation rate of 60 rpm, while electroless plating was

performed for 60 min. The average thickness of the obtained
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rate was measured to be 2800 mm/min with respect to the .
substrate at a radial position of 20 mm, i.e. at the inner
circumference of the substrate. The rate was measured to be
8000 mm/min with respect to the substrate at a radial
position of 32.5 mm, i.e. at the outer circumference of the
substrate. Thus, the ratios of plating film forming rate to
plating solution flow rate at the substrate surface to be

plated were 1/56,000,000 and 1/160,000,000, respectively.

30



"110%& ()- 10 h 10 h 10 h9; 10% h& ()-f/$10% & () -
jf/$10%h& ()- s-:10%h& ()-@BdE _ @  $10%-10%% () -
10968 () -, & 10938 ()- 3"10%& ()-1 , 10%G& () -
&10%&' ()-8j $"dE _@  $10%! z 10%==%' () -
10968 () -3310%& () -#10%& () -31096& () - 1096 () - "M-dE
] _@ $10%
-10%6& () - YH109%6& () -Y) 1096 () -F ! 1096&" () - %1096 ()
- 3#109%G& () -1 xmbCl " $10% " 10938 () - 10G 10G 10(9;
1096& ()-L9S 109%& ()-VYI 11 109%6& () -/t$10%' () -1 ] Z;
WwHRE! 185YOLAYERD( ISk’ YUdO%&R' ()- %409k ()-! %A0%& ()-!
%@WO% ()- v WOW& ()- '"# |~ @ @109 ()- F
110% ()- 10G 10G 10®xy; -
10968 () - F1$109%63( & () -! ~F1$10%&' ()-100"?~ @ F! 109%&' () -
I'Ks %4 08@mepnks 1%l @%¥eoeddng) m3HiQ¥R sQbs¥rate comprising:
109 ()-310% () -"#3$%OnbC
a substrate having a diameter of not more than 90 mm
and
a soft magnetic film plating layer comprising an
alloy that comprises at least two metals selected from the
group consisting of Co, Ni and Fe, which is disposed on the
substrate,
wherein with respect to a concentric circular
direction within a plane of the substrate, a value of the
coercive force obtained by a VSM magnetization measurement,
is less than 30 oersteds, and a ratio of saturation
magnetization to residual magnetization is from 50/1 to 5/1.
2. The magnetic recording medium substrate according to
claim 1, having.a circumferential magnetic anisotropy such
that a value of H:./Hee 1s from 5 td 1 wherein Hi, is a value
of an external magnetic field at an_inflection point in the
first quadrant of a minor loop of a radial direction within
the substrate plane and Hec is a value of an external
magnetic field at an inflection point in the first quadrant
of a minor loop of a circumferential direction within the
substrate plane, on basis of the VSM magnetization

measurement.

3. The magnetic recording medium substrate according to
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of a minor loop of a circumferential direction within the
substrate plane, on basis of the VSM magnetization
measurement.

4. The magnetic recording medium substrate according to
claim 2, having an in-plane magnetic anisotropy such that a
value of Hiy/Hie is from 10,000 to 100 wherein Hey is a value
of an external magnetic field at an inflection point in the
first quadrant of a minor loop of a perpendicular direction
to the substrate plane and Ht. is the value of an external
magnetic field at the inflection point in the first quadrant
of a minor loop of a circumferential direction wiﬁhin the
substrate plane, on basis of the VSM magnetization
measurement.

5. A method for manufacturing a magnetic recording
medium substrate comprising:

a step of forming a primer plating layer on a substrate
having a diameter of not more than 90 mm by immersing the
substrate in a plating solution comprising an metal ion of at

least one metal selected from the group consisting of Ag, Co,
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Cu, Ni, Pd and Pt; and

a step of forming, by electroless plating, a soft
magnetic layer on the primer plating layer by immersing the
substrate on which the primer plating layer has been formed
in a plating solution comprising metal ions of at least two
metals selected from the group consisting of Co, Ni and Fe;

wherein in the step of forming the soft magnetic iayer
by electroless plating, applying a parallel magnetic field of
100 to 800 oersteds in a direction parallel to the plated
substrate, the substrate is plated while being rotated and/or
revolved so that a ratio of a plating rate at which the film
is plated onto the substrate to the plating solution rate at
the surface of the substrate to be plated is 1/3,000 or
smaller and larger than 1/200,000, under a condition that the
plating rate is at least 0.03 pm/min and less than 0.3 pm/min.

6. A magnetic recording medium using said magnetic
recording medium substrate according to any one of claims 1

to 4.
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