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TITLE OF THE INVENTION MAGNETIC RECORDING MEDIUM AND
MAGNETIC RECORDING MEDIUM SUBSTRATE 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates
to a magnetic recording medium substrate and to a magnetic recording
medium comprising a recording layer. 10 2. Description of the Related Art
In the field of magnetic recording, hard disk devices have become
indispensable as primary external recording devices of computers, for
example personal computers, for recording information. As hard disk

T Idvie eromding 15emsitigs increase, development of perpendicular
magnetic recording methods which allow higher recording densities
progré&dsing; Téplabirigdumnasatignal 10hDifidinaMAGIIRENC BECCRIYING MEDIUM
methods. In perpendicular magnetic recording, the magnetic field 20 from

SU%E%%@nt bit points in the same direction as the magnetization
direction, forming a closed magnetic circuit between two adjacent bits.
The self-reducing magnetic fields (referred to below as "demagnetizing
nafields dsaused-bythe hits-oMR Magnetization are less than in horizontal

*magnetm??ra‘crdmg—iéadmg—to—m

ore stable magnetization conditions.
1 .1 in pepepndicuias magneticirggording there is no

The present invention relates to a magnetic recording
medium substrate and to a magnetic recording medium
comprising a recording layer.

2. Description of the Related Art

In the field of magnetic recording, hard disk devices
have become indispensable as primary external recording
devices of computers, for example personal computers, for
recording information. As hard disk drive recording
densities increase, development of perpendicular magnetic
recording methods which allow higher recording densities is
progressing, replacing conventional longitudinal magnetic
recording methods.

In perpendicular magnetic recording, the magnetic field
from an adjacent bit points in the same direction as the
magnetization 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.

1



10

15

20

25

particular necessity to make the magnetic film thin with increases in
recording density. In this respect, the perpendicular magnetic recording
can reduce the demagnetizing 5 field and secure the KuV value, wherein
Ku represents anisotropic energy, particularly crystalline magnetic
anisotropic energy in the case of magnetic recording, and V represents a
unit recording bit volume. Accordingly, it is robust against magnetization
by thermal fluctuations, and it 10 can be said to be a recording method
that makes it possible to push the recording limit significantly upward. As

recording jrediarRereandisulas secordingraediaiayg a higheaffigity with
horizontal recording media, and it is possible to use basically the same
patechooldgy asavassusety 1% conerdionaly ire bothtreadihylandnwritingvat-h
magnetic recording. As for perpendicular magnetic recording media, there
inigsbe@s extensivesséareh e dodieg-layéred-pérpehditnie tmaghetic
recording media, which comprise a soft magnetic 20 lining layer (typically

PSR AT G ot e TR S rCorbifie® RyER fof whidieEirdiddRmadhagnetizing
.inclyde CoCr-based alloy, C h fil Iti-] fil f
ripioscocrbass sl SuCosmarravs fim il finel

ernating ?amlna ed layers of a ra- ms o

anG Qb ARptective layer and.alubfgating laver. Jayered ZoJn dhig.orderon a

substrate. 2 Double-layered perpendicular magnetic recording media
anisotropic energy in the case of magnetic recording, and V
represents a unit recording bit volume. Accordingly, it is
robust against magnetization by thermal fluctuations, and it
can be said to be a recording method that makes it possible
to push the recording limit significantly upward. As
recording media, perpendicular recording media have a high
affinity with horizontal recording media, and it is possible
to use basically the same technology as was used
conventionally in both reading and writing of magnetic
recording.

As for perpendicular magnetic recording media, there
has been extensive research in double-layered perpendicular
magnetic recording media, which comprise a soft magnetic
lining layer (typically permalloy or the like), a recording
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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have much better writing properties than perpendicular magnetic
recording media that have only a recording layer as their magnetic
functional layer. 5 It is necessary that the lining layer of the double-
layered perpendicular magnetic recording medium is soft magnetic, and
that it has a film thickness in the region of about 100 nm to about 500 nm.
As well as serving as the path for magnetic flux from the recording film on
or above it, the 10 soft magnetic lining layer also serves as the path for
the writing flux from the recording head. Thus, it has the same function

as anironyyokenin fae magnetic Girguit of a-permanent magnet sg that itisy; 4

required to be much thicker than the recording layer. 15 Compared to film
hafeenatiom oba noarmagneticGr-based mriner layemningehorizontat 1ar
recording medium, it is not a simple matter to form the soft magnetic
malimieg- fayer of ardéulsie Taybred peegerdicidacetyrding awgivnng layer as
ordinarily, the layers constituting a horizontal recording medium are all 20

EhimeBBYEaR prbeBss iRy By Hfignetron sputtering) (see Japanese
Patent Application Unexamined Pyhlication No. 5- 143972/1993).
Mietors ToF OTFNSG HGE Sy i racbrir My bibaGo e Lo couble-
tic.| rocessi Y ' ig j .
S kb B el R SN M
malggakdi to, mass-prodiction angs 3preduetivity; there ate large prblemson of

with fabricating soft
about 100 nm to about 500 nm. As well as serving as the path
for magnetic flux from the recording film on or above it, the
soft magnetic lining layer also serves as the path for the
writing flux from the recording head. Thus, it has the same
function as an iron yoke in the magnetic circuit of a
permanent magnet so that it is required to be much thicker
than the recording layer.

Compared to film formation of a non-magnetic Cr-based
primer layer in a horizontal recording medium, it is not a
simple matter to form the soft magnetic lining layer of a
double-layered perpendicular recording medium. Ordinarily,
the layers constituting a horizontal recording medium are all
formed by a dry process (mainly by magnetron sputtering) (see
Japanese Patent Application Unexamined Publication No. 5-
143972/1993). Methods for forming not only the recording
layer but also the soft magnetic layer by dry processing have
been investigated for double-layered perpendicular recording

media as well. However, with regard to mass-production and
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magnetic layers by dry processing because of process stability, the
complexity of parameter settings, and more than anything else, process
speed. Furthermore, for the 5 purpose of achieving higher densities, it is
necessary to make the height at which the head floats above the surface
of the magnetic disk (the flying height) as low as possible 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

oradhesion, ot thick films.obtained.by. a dry pracess ig low, leveling by ; 1, oot

grinding is very problematic. Thus, various tests were performed to cover

mayRenTragnRsticsubstrate-with agnetal filrg 15dy:plating metheds, yvth
which thick films can be formed more easily than by vacuum deposition.

stSUMMARY OEd HEHIWENTIQNIf asoftmageeticslayerifoga, and more
double-layered type 20 perpendicular magnetic recording medium is film

thfgrmaed by prading Lthen RaNEAfaY nele démaihs WHicH arrmaghetizédin
a specific direction are created in a range of several millimeters to

PUTRRFA CBhtiftfeters i the PIdicg ifte Sutfat Ihat’cons i RES fessdry o
m ng@d%té? @é’i&f&%"azé magpgtic 8”}%@1%&’39%85&%6%%@%%‘1 atihe, rface of
oundaries of "4 these magnetic domains. If 'a soft magnetic layer
tHONRIging: suchmagnetie domajn wallgds yaed inLdouble layerpossible and
in the manufacture of the double~layered perpendicular
magnetic recording medium, it is necessary to cover the
substrate with a metal film of such a thickness that it can
be leveled by grinding. However, because the adhesion of
thick films 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

by plating methods, with which thick films can be formed more

easily than by wvacuum deposition.

SUMMARY OF THE INVENTION

If a soft magnetic layer for a double-layered type
perpendicular magnetic recording medium is film 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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perpendicular magnetic recording media, then there is the problem of a
large deterioration of signal reproduction 5 characteristics due to the
generation of isolated pulse noise known as spike noise, caused through
leaking magnetic fields generated by the magnetic domain wall portions.
In order to obtain, by a simple method, a double- layered perpendicular
magnetic recording medium that has 10 excellent properties, the inventors
of the present invention have thoroughly investigated conditions for
forming soft magnetic layers by plating, and the types of soft magnetic
layers that are applicable. As a result, it was found that when forminga . .
thggﬁ 1%arﬁ§§r{;:e]t% I%)%nra&ﬁl §1°subfs$ra?e ?oor\%%rené%%?r?g e |&|¥1etﬁrocu% taining

sublecaless platingysing ap.allpy that carprises aileast-twe mejals

selected from Co, Ni and Fe, if the soft magnetic laver has a coercive

pelarea @f loss dham30:0ersteds {Be) asnameasdres by-a MSMniga:difectione
that is parallel to the 20 soft magnetic layer and a ratio of the saturation

proiageetizdtion tbahgeesidbakmagnétizationfis signange ob 50ALtoc5/dn
then this is exceedingly effective in deterring the occurrence of spike
chpsiseland tHe maghBfic BBmaitwafs shatéausedf THeoihvERdreTukgrRrnoise
erformed a detailed 25 investigation of the iE)Iating conditions in order to .

nGH5in*5 stlth ScsoH AEGhote BT ArtFHOGHY that LB ERfRokS =105
geREH99 Lsperformed while applying.a parallel mAGIENE s o

In order to obtain, by a simple method, a double-
layered perpendicular magnetic recording medium that has
excellent properties, the inventors of the present invention
have thoroughly investigated conditions for forming soft
magnetic layvers by plating, and the types of soft magnetic
layers that are applicable.

As a result, it was found that when forming a soft
magnetic layer on a substrate for a recording medium through
electroless plating using an alloy that comprises at least
two metals selected from Co, Ni and Fe, if the soft magnetic
layer has a coercive force of less than 30 ocersteds (Oe), 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



10

15

20

25

field of 100 to 800 oersteds in a direction parallel to the plated substrate
during the electroless plating, and to let 5 the plated substrate rotate and
revolve in such a manner that the ratio of the 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,
thus arriving at the present invention. 10 That is to say, the present
invention provides a magnetic recording medium substrate comprising: a
substrate having a diameter of not more than 90 mm and a soft magnetic

suft plagngayer comprising.an alloy, 15 that, comprises ?ttle?%%éﬁ)%antageous

metals selected from the group consisting of Co, Ni and Fe, w
i fpEoVideren the subsitateewhrrein cwith Faspestio.a sareantds cigwae i c
direction within the substrate plane, a value of the coercive 20 force
fieBtdined Bya VSM §ibratimg=szanisle inagnetometer) otagnetizdtionl to the
measurement is less than 30 oersteds, and a ratio of the saturation

PlaagAefzEtiond the fedidial Fagnetizationis $om BOAL S/, Mofedver let
the pllre ent invention provides a method for 25 manufacturing a magnetic

P dBrding théditm SUbstrate’ e 8 Mot ToMptRsing: £°8Ep of fétiiga that
th@”@§£9@n89l%ﬁ%(¥%%éug%“%gich the film is pldted 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, thus arriving at the present invention.

That is to say, the present invention provides a
magnetic recording medium substrate comprising:

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 provided on the
substrate,

wherein, with respect to a concentric circular
direction within the substrate plane, a value of the coercive
force obtained by a VSM (vibrating sample magnetometer)
magnetization measurement is less than 30 oersteds, and a
ratio of the saturation magnetization to the residual
magnetization is from 50/1 to 5/1.

Moreover, the present invention provides a method for

manufacturing a magnetic recording medium substrate, the
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having a diameter of not more than 90 mm by immersing the substrate in

a plating solution containing a metal ion of at 5 least one metal selected

from the group consisting of Ag, Co, 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 10 in a plating solution containing metal ions of atleast two

metals 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
neRBLNg go&gﬁrghefggwhlle applying a parallel magnetic field of 100 to 800

oersteds in” 15 a direction parallel to the plated substrate, and the

substeate isgovered ydilerkeing Fatatedhand/arrevglved Jdwing the supstrate

plating such that a ratio of a rate at which the film is plated onto the
hastbsfrate tbiamptdtieng sofutiontrate rat tha snrface afitheysuhsttatestoke the

plated is 1/3,000 or 20 smaller and larger than 1/200,000, under the
sugesriditidrethat the Platingispewellis ot teast Or03dmimin anddess tharr0.3>f at

pm/min. The present invention further provides a magnetic recording

lemﬁa.masma%%ﬂch%?é@&&&ﬁe 35Th &&ordaEwiR e resefit o Ag, Co,

|nv ntlorb he m@gp@tlc recording medium and the magnetic recording

r‘ne im Stbstrate o Wﬁlcﬁ the soft magnetic, plating is applied have a

Very IgWstep of forming, by electroless plating, a soft
magnetic layer on the primer plating layver by immersing the
substrate on which the primer plating layer has been formed
in a plating solution containing 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 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 um/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
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occurrence of magnetic domain walls on their surface, and excellent
spike noise characteristics. By using this in 5 perpendicular magnetic
recording devices, excellent noise characteristics, that is, high recording
densities can be achieved. In addition, in the present invention, the soft
magnetic layer is formed by wet electroless displacement plating so that
the process is simpler and far more 10 productive than introducing a
primer layer by such methods as vapor deposition. Moreover, this
process for manufacturing the soft magnetic layer can ensure
smoathness by polishing after plating, and the resulting magnetic
R RN rEHT h &5 Bx et A ASteTistis TS BRIERCA U Substrate

tJD§§£%HPEHQNéB%9*%%5%%%@9ﬂ§§é@£%gi§§‘Qﬁg%ﬁgéhﬂﬂﬁgl%nyery low

inflection point in a minor loop. FIG. 2 is a diagram showing the direction
odBuviieh e 20 magngiistietd iscappliedduring platinchwhen ferming ghe ang
soft magnetic film. FIG. 3 is a diagram showing a circumferential minor
exloep hadta mdidaninot kbopdExampte ). FG: 4.is @Bdiageamghowing an
circumferential minor 25 loop and a perpendicular minor loop (Example
penpP8FlECylidh diagiant sKowngor Fegteddetibhcarivel pec phltert noise
(Examé)le 1. . < , . s
characteriStics, that is, high recording densities can be
achieved. In addition, in the present invention, the soft
magnetic layer is formed by wet electroless displacement
plating so that the process is simpler and far more
productive than introducing a primer layer by such methods as
vapor deposition. Moreover, this process for manufacturing
the soft magnetic layer can ensure smoothness by polishing

after plating, and the resulting magnetic recording medium

has excellent characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an inflection point in a
minor loop.

FIG. 2 is a diagram showing the direction in which a
magnetic field is applied during plating when forming the
soft magnetic film.

FIG. 3 is a diagram showing a circumferential minor
loop and a radial minor loop (Example 1).

FIG. 4 is a diagram showing a circumferential minor

loop and a perpendicular minor loop (Example 1).
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FIG. 6 is a diagram showing an image

taken with a magnetic sensor

device (Example 1). 5 FIG. 7 is a diagram showing an MFM image
(Example 1). FIG. 8 is a diagram showing an MFM image (Comparative

Example 1). DETAILED DESCRIPTIO

N OF THE PREFERRED

EMBODIMENTS 10 As the substrate used in the present invention, it is
preferable to use an aluminum substrate that has been subjected to Ni-P
electroless plating, a glass substrate or a Si substrates of Si monocrystal,
as conventionally used in the manufacture of magnetic recording media.

i5 The Si moglo rystal substrate is cgg

Because'it hds %xc?e RIS UHitorth

able of being displacement-plated.
e RAAJILE phrtCUFaIRF Lope

pas&gtggnto ?ﬁggmﬂghi@ _the object of the present invention with regard to
suppressing magnetic irregularities caused by plating 20 irregularities. As

for the-Smopogrystal usable-in the Si

sHbstate ; HAS Pariowar i tn a

preferable if the Si monocrystalline material is manufactured by the CZ
ma@rechralsidnprocess ol dhe FZx@ipdttmngiZane) method. As for the

surface 25 orientation of the substrate

, any orientation is possible, 9 such

as (1009G(1 ¥ 0¥ or f11) apuakerpiore L tds alsoMpdbsible 46 coRprisele 1) .
elements such as B, P, N, As and Sr. as impurities in the substrate, ata
tmalﬁﬁéhnﬁnfﬁéfh£ﬁ@gram showing an MFM image (Comparative

Exanple 1).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As the substrate used in
preferable to use an aluminum

subjected to Ni-P electroless

the present invention, it is
substrate that has been

plating, a glass substrate or a

Si substrates of Si monocrystal, as conventionally used in

the manufacture of magnetic recording media.

The Si monocrystal subst

displacement-plated. Because

rate is capable of being

it has exceedingly uniform

properties, it may be particularly suited to accomplishing

the object of the present invention with regard to

suppressing magnetic irreqgularities caused by plating

irregularities.
As for the Si monocrysta

it is particularly preferable

1l usable in the Si substrate,

if the Si monocrystalline

material is manufactured by the CZ (Czochralski) process or

the FZ (Floating Zone) method.

orientation of the substrate,

As for the surface

any orientation is possible,
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of 0 to 1022 atoms/cm2. I-lowever, when polycrystalline Si 5 having
different crystal orientations on the same substrate surface, and Si
containing excessively dislocated impurities are used as a substrate, then
the primer plating layer which is formed may be non-uniform because of
differences in chemical reactivity. Moreover, if substrates having extreme
10 dislocation are used, it may become impossible to achieve the primer
plating layer structure as described in the present invention because a
local battery is formed at the located portion of the substrate surface

su(chriQ% fo(rinaéioa)oft % qrinagzr %I]@tir?q Ia}Lye{.) 1.5 V\g}gl%rjc§ég§ used aleheiS 21so

Substrate material of the “present invention, ‘the necessarymaocﬂe\e/étion for

po PUMET plating-laysr farmatiopreanhe parfgrmed By skightly etghing thes,, .
surface oxide film and the substrate surface. The method  of etching can

inpeasetected framivaricusopethots,sueh as acid,a 20 atkaliand elegtielytie nge
etchings. With regard to the etching condition, when an aqueous alkali

of sélution $0¢th as cawstionSoddiiswelveted, vichingrsalyloe dohe bt ane Si
concentration of 2 to 60 wt% in a solution at 30 to 100C. Then, the

haginges okiderMtisTemdvad aiditristibsiare sutddeds shgRtypphstrate

su% gg%ed ggélha&dis(PC!%%emrelr{tnplatiQ%for oib‘;ai ing oad 10tad gsion L
olfowed 15 ‘lectrolsSs plating of thié %ﬁﬁnager%ﬁcd%aé)%?g% &AL i S
ar@i%%& g]sths pé@%%ft@%t&@, (ddﬁ%lﬂc%@gnb@%@ ?ﬁeiélfgg layer which
is formed may be non-uniform because of differences in
chemical reactivity. Moreover, if substrates having extreme
dislocation are used, 1t may become impossible to achieve the
primer plating layer structure as described in the present
invention because a local battery is formed at the located
portion of the substrate surface during formation of the
primer plating layer.

When Si is used as the substrate material of the
present inventiqn, the necessary activation for primer
plating layer formation can be performed by slightly etching
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 concentration 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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etching process, a primer plating layer is obtained by 5 immersing the
substrate in a plating solution containing a metal ion of at least one metal
selected from the group consisting of Ag, Co, Cu, Ni, Pd and Pt. The
plating solution may have a concentration of the metal element(s) which
is (are) metal ion(s) or principal metal ion(s), of at 10 least 0.01 N,
preferably of 0.05 to 0.3 N. It should be noted that in the case of a Si
substrate, a primer plating layer is formed in which Si atoms at the
substrate surface are substituted with metal atoms. The thickness of the

addisBlasement plafing layerds preferably; 10.ta 1000 am, mengl5preferably, o+ ;

50 to 500 nm. If the layer is less than 10 nm thick, then a uniform
1 agistributien of thel meétalupolyerystallnetparticles in the layer may not be
obtained. If it is over 1000 nm thick, the individual crystalline particles
may sWwelltéisd eyt belsuitable d<sla swihserdayert 20 lr hcoordandeer the
with the present invention, when manufacturing a magnetic re_cordin%
e Uil difn B Rietifim stibBfrafeefs deetitinifhith Xhith iespdetitaed by
._concentric circular _direction within the substrate plane, a value of the
S.1n %Ee %r % lg {8%11%

1 ks Sa by a VSMPmagnetiza eRSUrsMhE 1888 2

mmer sing Sups
coercive “force as obtaine

ned2 than30 Oersted, and a ratia of saturation magnetization ta, L1 residyal

magnetization is 50:1 to 5:1. When Htr is the value of an external
comageeticield at ae infigction paint,in the firgh quadrantef aynine! rlpop

sgﬁgtion may have a concentration of the metal element(s)
which is (are) metal ion(s) or principal metal ion(s), of at
least 0.01 N, preferably of 0.05 to 0.3 N. It should be
noted that in the case of a Si substrate, a primer plating
layer is formed in which Si atoms at the substrate surface
are substituted with metal atoms. The thickness of the
displacement plating layer is preferably 10 to 1000 nm, more
preferably 50 to 500 nm. If the layer is less than 10 nm
thick, then a uniform distribution of the metal
polycrystalline particles in the layer may not be obtained.
If it is over 1000 nm thick, the individual crystalline
particles may swell and may not be suitable as a primer layer.
In accordance with the present invention, when
manufacturing a magnetic recording medium, a medium substrate
is used in which, with respect to a concentric circular
direction within the substrate plane, a value of the coercive
force as obtained by a VSM magnetization measurement is less

than 30 Oersted, and a ratio of saturation magnetization to

11



radial direction within the substrate plane and H is the 5 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, then it is
preferable that the value of Htr/Htc is from 5 to 1. It is preferable to use a
substrate on which a plated 10 soft magnetic layer having magnetic
anisotropy in a circumferential in-plane direction is formed, so that the
value of Htv/H becomes 10,000 to 100, wherein Ht, is the value of the
external magnetic field at the inflection point in the first quadrant of a

r erg[ﬂ%glcioQngfgg@gftdiirzeﬁi%rﬁi%erg%qqic@gr to tihg substrate. Such a soft

magnetic layér is particularly preferable in that magnetic domain walls

and spikenoise ean Pesuppiessed even hettesrAegordingdathe field at
above-noted VSM magnetization measurement, samples of 3 to 5 mm
thsguang dee cuboutpand 20imaghetiztion @mpunt mandtmimdr 4 aoprshapecocp of
are measured with a vibrating sample magnetometer. The inflection point
ragtiReé filsteR@biant rafers i thavariebstithe extarhanmaghetidifield at the
which the value of the first quadrant of the minor loop obtained by the

Vaditie s fkaSlifementlis Grtateitiated Wi With féspetiolthetion point
o ERE LS e g (e A 28 0000 .
diinfiegtiop-paiatsy Rameleone whep the plane, then it is preferable
that the value of Hi./Hec is from 5 to 1.

It is preferable to use a substrate on which a plated
soft magnetic layer having magnetic anisotropy in a
circumferential in-plane direction is formed, so that the
value of Hiv/Hie becomes 10,000 to 100, wherein He, is the
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 external 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
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measurement magnetic field is increased and one when the 5
measurement magnetic field is decreased. However, in the present
invention, the inflection point for an increasing magnetic field, that is, the
inflection point for the loop having the smaller measurement
magnetization in the actual loops is thought of as the "inflection point in
the first 10 quadrant.” It is preferable that the soft magnetic layer
according to the present invention has a circumferential magnetic
anisotropy, at which the value of Htr/Htc is from 5 to 7., wherein Htr is the

ne@lyg-afthe.external magpetic fieldat 1ythe inflecfionppint in the first o

guadrant of a minor loop of a radial direction within the substrate plane
shahHt. s thes valuerefithe extesnal. magnets field atithe inflection Qointrith +
the first quadrant of a minor loop of a circumferential direction within the
nigubstrateoplahe sAlthougihnd seft 20cmagnetic film havieg suoh@ when the
circumferential magnetic anisotropy can be conjectured in theory, actual
NeASHGTRRERE STXAB Silm With'CorfbehfioralcsAtefiflg DRPIaing YEchnoldy
is difficult because of djfficylty in obtaining such a magnetic state. .
SR IBRATG 16 (HE BRESBhTinboRtoh, 55 HEREGES s mAGHStEateiEarF e

oIl ooty 2 pece o o avaltgg oo
neRAstad: Byapplyinga eireumfareatialbmagpeticanisetiopy such that 1o0p
having the smaller measurement magnetization in the actual
loops is thought of as the “inflection point in the first
quadrant.”

It is preferable that the soft magnetic layer according
to the present invention has a circﬁmferential magnetic
anisotropy, at which the value of Hi¢./Hic is from 5 to 1,
wherein H¢; is the value of the external magnetic field at
the inflection point in the first quadrant of a minor loop of
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
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the value of Htr/Htc is from 5 to 1, it is possible to 5 effectively suppress

noise generated by the soft magnetic layer, for example. it is preferable

that the soft magnetic layer of the present invention has an in-plane

magnetic anisotropy, such that the value of H:,/Ht. becomes from 100,000

to 100 wherein 10 H,:, is the 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. This magnetic anisotropy is unattainable

through ordinary sputtering that is used in conventional methods for

forming soft magnetic 15 films. Accordingly, there is nq way to foresee the .
b 1o e T BT ST A e S ppited 658 Faind media

cdnagnetiesgsarding mediun Jndhe spft magneticplating layerformation,a v oq .

film can be formed by a method that is ordinarily known as 20 electroless
B @isphacemeant platinig: doetectolassnlatingsrt isipossiblede tsg @ sulfide that
bath or a chloride bath, and it is possible to use various kinds of metals in
tltlee bathieHoweler/ i views of themeedto realize thesmagnretid Jproperties
of the soft magnetic layer and to obtain a cubic 25 crystal, it is preferable
e §6 aSé Hnkial SHRRBAMIRG 1BL cpraitasefett&®Y freRECEONFafg Feet ic
and to form an alloy _plated layer containing at least two of these
l%}’e‘?ﬁent@%o,@ﬁﬁuﬁﬁé ¥e are suitable for electroless plating, and

It is preferable that the soft magnetic layer of the
present invention has an in-plane magnetic anisotropy, such
that the value of Hiy/H:c becomes from 100,000 to 100 wherein
Hey 1s the 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. This magnetic
anisotropy is unattainable through ordinary sputtering that
is used in conventional methods for forming soft magnetic
films. Accordingly, there is no way to foresee the effect
for the case that such a soft magnetic layer is applied to a
magnetic recording medium.

In the soft magnetic plating layer formation, a film
can be formed by a method that is ordinarily known as
electroless displacement plating. In electroless plating, it
is possible to use a sulfide bath or a chloride bath, and it
is possible to use various kinds of metals in the bath.
However, in view of the need to realize the magnetic
properties of the soft magnetic layer and to obtain a cubic

crystal, i1t 1s preferable to use a metal salt containing
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have superior properties as soft magnetic materials. 5 Accordingly, in view
of attaining the object of the present invention, it is preferable that these
elements are contained. It is presumed. that the magnetic properties of
the present invention are caused by the location or segregation of the
principal metal components in extremely small regions, so 10 that it is
necessary that the alloy plating layer contains at least two of these metal
components. By contrast, it is difficult to attain the effect of the present
invention with a plating layer of onIy a single metal. The specific bath

< 159/mRgsition comprise-at least twq, 15 metal jons,_se Ae%tﬁs uﬁf%ngcg 4110y

cobalt and iron, and may include a mlxed bath o nicke ate an
pisuifate on paixedrhath further-containing irgn-suifate. A peeferablent s .

concentration in this case may be 0.01 to 0.5 N. As the reducing agent for

the electroléiss platinget 20=is possHitd to deerarmy eta noinber gplating, and

reducing agents, such as hypophosphorous acid or dimethylamine
haitsraREEpending o Shé bagth afd 3ed metaldoss constrbEng. thesbath.

The plated soft magnetic layer required by the present invention can be

A%aaﬂéa%ly%emha tfie StibStfate Tofat8 Pe%rid6r reeRe ditihgthe Present

lating such that the rafio of the .15 rate at which the film is plated onto
he srptl)stnéte tgthe rﬁatln% so?} ion rahte at the Surface OFfHP uabs?rageoptalned‘

1€ plated i H3000.arless and-1/20Q.000,0r higher  refeyablh e present

invention are caused by the location or segregation of the
principal metal components in extremely small regions, so
that it i1s necessary that the alloy plating layer contains at
least two of these metal components. By contrast, it is
difficult to attain the effect of the present invention with
a plating layer of only a single metal.

The specific bath composition comprise at least two
metal ions selected from nickel, cobalt and iron, and may
include a mixed bath of nickel sulfate and cobalt sulfate or
a mixed bath fuither 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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1/8,000 or less and 1/150,000 or higher, while applying a 5 parallel
magnetic field of 100 to 800 oersteds in a direction parallel to the
substrate surface when performing electroless plating. During this, the
plating film forming rate can be an important factor in realizing the present
invention in the 10 same manner as the above-noted ratio. The plating
film forming rate can be at least 0.03 pm/min and less than 0.3 pm/min,
preferably at least 0.2 pm/min. If the plating film forming speed is less
than 0.03 pm/min, then it is difficult to attain a coercive force of less than

0 oersteds, 15 regardless of .the c osition and the plating conditions.
L3 Rr&over h%_lhresggﬁal%r%?sgﬁné‘t'iszé?i]g%%eip%g%gWﬁrg@??&gﬁﬁﬁmetratifihe
p12fiihg sallyation magpefization tofhe residyal K nefizatopindhe, o oo 1o
direction perpendicular to the substrate surface becomes smaller than glgi

plwhieh is pecessany 80de aceemplishythe/presenldnventian: Ji{be plalingre rap1 v
film forming speed exceeds 0.3 pm/min, then the crystal particles

1/Becife amolplaus; 30 thatthe reésiduatmagoetizationthecomasoloping a
small. Consequently, the ratio of the saturation magnetization to the

pareaichal nitrmetzdtontihahe dréctidl 2Bp&pendieuli ¢olthel substrdteection
surface becomes larger than 16 50/1 which is necessary to accomplish

Pafd prédertinvation  FHUs t5s RUEFRFE QBT (HE FARS B the raleattroless
1%hich ghe film is plated

During this, the plating film forming rate can be an
important factor in realizing the present invention in the
same manner as the above-noted ratio. The plating film
forming rate can be at least 0.03 pm/min and less than 0.3
pm/min, preferably at least 0.2 pym/min. If the plating film
forming speed is less than 0.03 um/min, then it is difficult
to attain a coercive force of less than 30 oersteds,
regardless of the composition and the plating conditions.
Moreover, the residual magnetization becomes too large, so
that the ratio of the saturation 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 magﬁetization in the direction

perpendicular to the substrate surface becomes larger than
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onto the substrate to the plating solution rate at the 5 surface of the
substrate to be plated is larger than 1/3,000, then, there may be
unpreferable cases where the Htr/Htc value is smaller than 1/1, wherein
Htr is the value of the external magnetic field at the inflection point in the
first quadrant of a minor loop of a radial direction within the substrate 1.0
plane and HtO 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. If the ratio of the plating film forming rate onto

5dhe syhsteate; o thelating solufjon rals g thersurface Of the SUbStale ¢ 5 o
15 to be plated is smaller than 1/200,000, the ratio of Htrto H.0 becomes

THhigherithan S/ hwhichris psetesres by the present invention, and the
unevenness of plating is generated. Thus, it is not preferable. A method
for obtafinga pretieterminddplating sokitionh2@ flowhratefddmbe s plated
considered to include a method of controlling solution recirculation during

OTHIRNiINg LA BT BE StirFifg thE pritmideiutiohliiding Anajiatct sueheas

ddl thod of ti d/ Iving.th bstrate. of th
SR B5Shaa of Ftatii ShATD FestivinG T ihe bt Ao Sl 1/ 3/ 000,
tﬁéfﬁ,cti\%%éogeo%ipir@ea&%B@eﬁsﬁgﬁ%e%gg@gowgwga&%4*%?)’ [;é value

when the substrate has a large diameter, the substrate surface may

i susgentinle ta-pddy formatiRerein H.. is the value of the external
magnetic field at the inflection point in the first quadrant
of a minor loop of 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. If
the ratio of the plating film forming rate onto the substrate
to the plating solution rate on the surface of the substrate
to be plated is smaller than l/ZO0,000, the ratio of Hir to
H.c becomes higher than 5/1 which is preferred by the present
invention, and the unevenness of plating is generated. Thus,
it is not preferable.

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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The size of the substrate according to the present 5 invention is set to not
more than 90 mm because of the difficulty of forming a uniform plating
solution flow at the substrate surface when the size are larger than this,
which makes it difficult to carry out the present invention. The plating film
forming rate in the present invention 10 is defined as the grown thickness
of the plating film per unit time. The plating film cross section can be
examined with a scanning electron microscope or fluorescent X-ray
analysis or the like. What is referred to in this specification as "plating 15

o S0Mtion rate’ is t@%M@loéﬂhefmngas@au;i%m\ﬂéPgti%ﬁggfaék%to the

surface of the substrate to be plated, relative to the substrate. In

spaticat itis she raterefthe plating:solution insaredion ot lessthar dOnay be
mm away from the substrate surface, relative to the substrate. 20 The
suateegan bé eaneasuzed as forate: difference between the plating solution
flow rate in the region and the substrate to be plated, using a pitot tube
flow migter, alveheawhédlety pabmass flowanetar damdltiagotihg flowermerer,
_ or alaser-doppler flow meter. 25 In the region that is less than 1 mm

IO the £8 SubSrate to'Betlatedf thet® i8% statidhary fititl 1afér of
BT IR | AT 0 i, DB o e
substrate surface when the size are larger than this, which
makes it difficult to carry out the present invention.

The plating film forming rate in the present invention
is defined as the grown thickness of the plating film per
unit time. The plating film cross section can be examined
with a scanning electron microscope or fluorescent X-ray
analysis or the like.

What 1s referred to in this specification as “plating
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. 1In particular, it is the
rate of the plating solution in a region of less than 10 mm
away from the substrate surface, relative to the substrate.
The rate can be measured as a rate difference between the
plating solution flow rate in the 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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fluid boundary film. However, the plating solution flow rate 5 of the present
invention does not take into account the flow rate of portions directly
adjacent to the substrate whose numerical measurement is difficult, like
the fluid boundary film region. What is referred to in this specification as
"magnetic 10 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

= e by placing 13 permanent paonets or sleciomagnets Juh ;o

respéct to the su i th ng solution 2 as'shown in

p1When the strargth,of the magnetic field during plating is-at least100:;, o4 ¢,

oersteds and less than 800 oersteds, it may be different at different

tHecaiionsiofghe subsiratedbut the 20hstrengih o themagnetic:field shouldq the
fall into this range at any location of the plated substrate surface. If there

f lis adocationdatrwhi€h the stiéngtivefithet hmagpeétic field isddsstthan 1000w rate
oersteds, then a portion or all portions of the soft magnetic layer on the

ofsubsfral Ma§P5 Aot Eriaii fie Maghefiepropeifesihbp arcar whjeckbf flow

the 19 t invention. W h a substrate is used to_fabricat
g eUCTERORING niEChGi s iy TG i the” BEnglAto o nbisd 0>

nthe.ather baod, Lihe valug ofihe:; -y1t, 1ixe 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 scolution 2 as shown in FIG. 2.
When the strength of the magnetic field during plating is at
least 100 oersteds and less than 800 ocersteds, 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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magnetic field exceeds 800 oersteds, then the covering power 5 of the
plating is reduced, and there may be variations in the alloy composition
constituting the soft magnetic layer, which is undesirable. A magnetic
recording medium according to the present invention can be realized by
forming the above-described soft 10 magnetic layer of 100 to 1000 nm
thickness, then forming a magnetic recording layer of 5 to 100 nm
thickness on or above that layer, and preferably forming a protective layer
of 2 to 20 nm thickness and/or a lubricating layer of 2 to 20 nm thickness,

o+DdbR order 5 f dhe thigkness.aLihe sofl pagneticlayer excepds, 1000

nm, then, when used as a recording medium, the magnetic’ noise f?om the

£a$0ft magnetic layer during sighal seprgduetion maybecoms largesand the, e
SIN ratio of the medium may lead to a reduction in characteristics, which

getsdtlesvablef Omdthe20 other ftandoy iftlke- thickness i lessdhan 106 i, the
then the magnetic permeation characteristics may be insufficient for a

magefe agnétie panex (gt salfd Wheanseedss a réoordinge negem Lthergpower
may be a reduction in overwrite characteristics, which is undesirable. 25

o ITkéE fndyhetié PecordingfiadyEeron tidsoft hdghelié laye? JGislofhags in the

<agneti meterial fo (e purbose of magpetc secording, The magoete sy

r can pe rorme
is undesirable.

A magnetic recording medium according to the present
invention can be realized by forming the above~described soft
magnetic layer of 100 to 1000 nm thickness, then forming a
magnetic recording layer of 5 to 100 nm thickness on or above
that layer, and preferably forming a protective layer of 2 to
20 nm thickness and/or a lubricating layer of 2 to 20 nm
thickness, in that order.

If the thickness of the soft magnetic layer exceeds
1000 nm, then, when used as a recording medium, the magnetic
noise from the soft magnetic layer during signal reproduction
may become large, and the S/N ratio of the medium may lead to
a reduction in characteristics, which is undesirable. On the
other hand, if the thickness 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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the soft magnetic layer, or it can be formed via one or more 5 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 10 material containing magnetic domains that
are easily magnetized in a direction perpendicular to the layer plane. lItis
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

1 granulg film, @,&9&&’@ multidayered ééﬁ"%@éﬁﬂ?ﬁgg@ Je lynetic
formed by wet plating can be used as the recording layer. The example of
rdbe recading 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 recordiggddyer may bed20 preferabty aboutdetaf2@@am, diorectly on
preferably 10 to 50 nm. The coercive force may be preferably 0.5 to 10
theos Thbrat ety 1 &F3.5K0é FAR Bxahhld ef thidpritettio fayef more
that is formed on the n%agrletic recordin Ia%/er can include an amorphous
r

VAo Z)Sr%%réﬁe tectiv . FH 5 mies thrdtgh Spubtering oFBVEE BRb3:
p%ge@&?ecw dilm of crystalling A1203. %%%fg%%s%qséa@%e %f%ﬁ?tchea

ricating film of the uppermost layer may in e a monomolecu m

adorpedbyary.

There 1s 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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application of a fluorine-based oil, and there is no 5 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. 10 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 15 fabricated by the CZ
(Czochralski) method, were polished by colloidal silica having a mean

pmgg% size of 15 nmsq.as, 10 haye amean-square surface roughness

(Rius) of 4 nm. The Rms iS a measure of mean square roughness and

was measures-tising, arARM dpmic FereenMicraseope)+20.8eiiin of the

immersed for 3 minutes in a 2 wt% aqueous caustic soda solution at 45C,
urthe thin stirfase exidesfiimiwas vemaveddramdie sufface 6fithe stiostrate by

and then the Si surface was etched. Then, a primer plating bath (solution)
aRipds. srepafet By 25 Adding 05 NeamfAtbridirh suifate inteaf abBiebas

solution_of 0.1 .22 N nickel sulfate and the substrate was immersed for 5

Pfihutes! i the'Bhthhehtel t°80E So HEREN oritféEr Plafify ByERWa © the
ag%rm%d&fiugmermore, a plating bath (solution) containing 0.2 N

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
fo 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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5 ammonium sulfate, 0.02 N nickel sulfate, 0.1 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 65C, such that the film growth rate of
the electroless plating was 0.1 m/min. Permanent magnets were
arranged in front of and 10 behind the plating bath, and a parallel
magnetic field 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

N TRagnetic layersafiz Mm% thickness, During dhig dime, fhe yate of the pating o <

solution at a position 5 mm away from the substrate surface was

irdmeasured iy alaseedopplesfiow rate meter. dihe rate nas weasyred 0. yver
be 3000 mm/min with respect to the substrate at a radial position of 20

waamf ¢ematdthe inner 20 circumference of the substrate. The rate was
measured to be 10000 mm/min with respect to the substrate at a radial

positicHe 3L SRR . e2aPtha Giter BifduinfeFétcetdithe Sisstrata s’ -2 N
the ratios of tygaplatingofil ing rate to the plating solution flow rate at

f
AR By SH& ST e S 2@%%{{;%%&( \f/e‘iereS 1307000 atd 1/100°06 L = sulfate,
0 JesPectively, 23 Whenthe magnetic,charaelerstics of the softmagnetic, .

film obtained in such a manner were measured using an vibrating sample

- dBagneigmeten theyaiccumispential coetgive foree indhe dirgetion paradistc,

to the face of the soft
such that the film growth rate of the electroless plating was
0.1 pm/min. Permanent magnets were arranged in front of and
behind the plating bath, and a parallel magnetic field 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.
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5 magnetic layer was 1 oersted, the saturation magnetization 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 Htr
and H;c were measured on basis of 10 a VSM magnetization
measurement wherein Htr 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 15 minor loop of

cireuryfrenta dracion wihin e subssate.plane (see FIG. 2t and oo

Ht were tfound to be 13 oersteds and 8 oersteds, respectively.
£ 1/ Hwas de68. rurthesmoge wihen Htwas measuradan Rasisof a4
VSM magnetization measurement wherein Ht., is an external magnetic
v i2(rfieldrad theanflection point snthiedfirst quadrant-efianienemoap dbf coercive
perpendicular direction (see FIG. 4), Ht" was found to be 1800 oersteds.
Lo, Ht,/Hhavakl 225 tHeme 0 #r whs cbnfieméd: thaf acsofomalhetic ayer
in accordance with the Eresent invention had been formed. 25 After

NEGRRINGILSRE medetic RFER tRE subbfated A TR verédithi#ation

erpendicular magnetic reCC}]rgin film of 20 nm thickness by. sputterin
T Coip ey GO e T 2 G AR gty s TGPt

tﬁvgg g%’E‘PSV%Wes 22296 Whenthenoescive force of thesreeerding layer
magnetization was 18:1.

Furthermore, when H¢, and H.. 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¢, and Hi. were found to be 13 oersteds
and 8 oersteds, respectively. Thus, Hy./Hie was 1.63.

Furthermore, when H:y 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), Hw was
found to be 1800 ocersteds. Thus, Hivw/Hee 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

24



10

15

20

25

5 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 10
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

wadf 12:1Q paand the repredyctionisignal was-measured, Ihe resylt of this, ¢

measurement was that no spike noise was observed in the envelope
2 (pattern has-shevers irbk1 Grh tAlse,ithe avetages lewehpbthetSMhradio was cr: Ta
an excellent 21 dB. Furthermore, in order to investigate the state of 20
= Magadtdmigratic® alKereflect ithade was takeniadrogs the drginperature
substrate region with a magnetic sensor device (0SA5100, made by
atcandelq); agwé}?dmmeF@%e%%@%% Migritich ESGSIRG spkelioiss was
from th%sofékrlnea nct)-:'tic filrg was not obserggd. I(\éloreover, when the state
MESFHhE S0ft magnetic 25 filtn surfacewaS ekamirti it ]a%ﬁwﬁﬁ/ifﬁﬁﬁé%eﬁi‘él at

£JOt%, 22 Migraseopel Inaanetic dORANS A MAL RO WIIERYIRE 5n the
were not observed as shown in FIG. 7. Comparative Example 1 5 The
distbstratmwpichdtatkheearobtained inthe sameJvanBer 500 ocersteds.

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 ratio 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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as in Example 1 was immersed for 10 minutes in a 2 wt% aqueous
caustic soda solution at 45C so that the thin surface oxide film was
removed from the surface of the substrate and then. the Si surface was
etched. 10 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 80C
so that the primer plating layer was formed. 15 Furthermore, a plating
bath (solution) containing 0.2 N ammonium sulfate, 0.02 N nickel sulfate,
mi%ﬁ&ﬁ&@%%”?U%§3n9ﬂ¥khbgﬁh§%§“%ﬁﬁgjQQ rggg8?¢wkﬂﬂgﬁﬁte noise
borane as a reducing agent was prepared. The bath was heated to 70C,
wesuchibat thefdmvgrowndh rateafithe glectroless plating was 20 0.3 um/min.
Permanent magnets were arranged in front of and behind the plating
bath, and a parallel magnetic field of 450 to 600 oersteds was applied to

1 m%% Durirl\P%sg:Jg ;Lime, %he Eztj} of the 26 p?le%fing, solution at a position 5

mm awdy o ASTbSIAtE Uit e WA a5 arddYy aTadel topples manner
R e R
actlEcymferanceiof dhe substiafen The fatewas meeasiired 1abene 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 0.06 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 pm/min. Permanent magnets were arranged in front of and
behind the plating bath, and a parallel magnetic field 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 15 min. During this time, the rate of the
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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 10 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 15 magnetic layer was 31 oersteds, the saturation magnetization

p1as 46 k&, apdithe residyalypagretizationwas 025 ke that theratia o+ e
of the saturation magnetization to the residual magnetization was 64/1.

surtfrthesmose, whers biraddidit, wete measdgthbor basisof 208a/aMter. The
magnetization measurement wherein Htr is the value of an external

rahaghetic fiedd atirdintlection péint mmthe L first §hadrams bea tnihor ldop of
radial direction within the _substrate plane and Hto is the value of an

subgdhaFmaghefic Heitd %@tr%ol_ﬁﬂédtﬁfh Sintif e first uadféntdt@ dgwmer

c%g&% gﬁegccérﬁjgﬂfgkentighgltﬁ%g) §Withiﬂ'}£‘e1§g Stra%?s 27£ lasrlllergss(f eto be

. , Aran were touna to be oersteds an& 8%5 oerrsnte%s,

2§@Smﬂ¥W§ﬁ“JhHﬁ'%5 W@Sééth%U@H%Q%¥§tWh§@*ﬁ"%@éial position
measured on basis of a VSM magnetization measurement wherein Ht" is

o farsexternah magneticak fielteatdhe dnflection peintie the-fitst quadragtetarate .

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 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¢c 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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minor loop of perpendicular direction (see FIG. 4), Ht" was found to be
1,600 oersteds. Thus, He"/H was 80. The substrate having this soft
magnetic layer was covered with a recording film in the same manner as
in 10 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 15 10 nm and the
reproduction signal was measured. The result of this measurement was

p1tBaLManY SPikenoisgs were ahgeryed nthe enyelope paten f(/)%j E;é@?‘é’{?eds

in FIG. S. Also, the average level of the S/N ratio was a poor 1 .
arlurteranere Hesdertodpeesiigata the state ©f 28 magneticmigration, a

Kerr effect image was taken across the entire substrate region with a

magnétic sérsuraevice (O S ABL0anade by Candeta) . Fessa sesuft, a VSM

large number of localized magnetic walls causing spike noises were
neghsebieh tVPe Rt SHREM AL stahe 5PtHe $bft magristicifhesUifakegmnetic

, ined wit MEM ( netic force micrgscope), 28 magnetic
£ e (A mag F N 10156 HorE bsonved ot SAaRRTH FIE, =

nSonesene BimletE i see on) tLbTERONAeLY) e
fOM¥8 to be 1,600 oersteds. Thus, Hiy/H:ie 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
KOSASIOO, 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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agueous caustic soda solution at 45C so that the thin surface oxide film
was removed from the surface of the substrate and then the Si surface
was etched. 10 Then, a primer plati.ng 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 80C so that the primer plating layer was formed. 15 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

n=3RiNeiROrapR Asras redusing agentwas preparad. the hathowag beated9e rved
62C, such that the film growth rate of the electroless plating was 20 0.05
asmhhiowPeimafént. magnets were arranged in front of and behind the
plating bath, and a parallel magnetic field 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 25
< average thickness of the obtained 29 film was

Whlctﬁtp and hg{gh % plgc%s anm% on the c%ttzrccjicflgftr:# erence he manner

the p}laces ad not been covered with the urlngﬁt

adime, e Jate of the, platingselution at &Position; 3 mm away from the o

substrate 5 surface was measured by a laser doppler flow rate meter. The
adateiwas seastied kpbe 2800 mimininawith sespedt te the: 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
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 60 min. The average thickness of the obtained
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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 10 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 f'_ow rate at the substrate surface to be plated
were 1/56,000,000 and 1/160,000,000, respectively. 30 t.OYD Wt IGE:
C..,AIMS: 1. A method for manufacturing a magnetic recording medium
substrate comprising: a step of forming a primer plating layer on a
£iSubsirate haying @ diameterfnatmaredhan 39 by immersing, they, o
substrate in a plating solution comprising an metal ion of at least one
ouhetal selectedifegrarthe grbuip consisting ef-Ag, Gad Guy NipRdanddRtered
and a step of forming, by electroless plating, a soft magnetic layer on the
widdméERglanng f§@r by immeRiig e shbstratéon witieh the peinwef the
plating layer has been formed in a,platir%q so].uti_on comprising metal
t

Plighs BF ar At nietal $¥18¢HEY Hon tHEgdlip tonsiéting bt CBINtrate
<R TSI SR i P g TR Rle B B pecer. e
r08sigds ipadirectian parallel sathe platetin 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.
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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 pin/min and less than 0.3 pm/min. 31 LLOYD WISE

CLATMS:

1. 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,
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 layer
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.
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