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Appefpend cul ar magnetic recording apparatus. Mre

particularly, the present invention relates to a
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criagnetisc filn i [ asy- net.i zati on axes are
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recordi ng nmedi um adj acent magneti c domains serving

as signal sources are magnetized in opposite

Tedhnhéctilomseland t he thus-magneti zed magneti ¢ domai ns

repul sively interact with each other, thereby _
weakesi nPIdeRt nhBReRF2ahi ofelptasef dre, AhePemendicular

nabBeli e NG densidy Rkglihg, resondi Jedi umi,s roducing the
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[ JP2003/013929 .2 In order to attain higher .
apggggﬁ Fﬁg g@ﬁfiﬁﬁrﬁﬁf q%y, the presenp gnventlon relates
to a perpendicular magnetic recording medium including a

magnetic film in which easy-magnetization axes are oriented
perpendicular to a substrate, the magnetic film serving as a

recording layer.

Background Art:

Magnetic recording media used in practice are of a
longitudinal recording type, which employs a magnetic film
having easy-magnetization axes which are oriented parallel
with respect to the surface of a substrate. However, in this
type of magnetic recording medium, adjacent magnetic domains
serving as signal sources are magnetized in opposite
directions, and the thus-magnetized magnetic domains
repulsively interact with each other, thereby weakening their
magnetization. Therefore, when the recording density of the
recording medium is increased, adverse effects attributed to

such a phenomenon become apparent.



grains constituting the magnetic domains must be

m croni zed. However, when the magnetic grains are
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thﬂéyerQﬁ eMABRP BT S IURIP t Bedhemgr eadsagent magnetic

dop@ssisbl @ hext ent-e N%%@WQEH%edini%.p%?&%%qk%y|%ﬁlections are
magnetic recording system when a ngl e- pol'e N
adiyagirepicouréad b ial i zad nani dermgpeo fredagnetoathtdengnergy.

dicul ar netic recording.layer and.a soft_.
o e R R N R B I e
mowki chmairkapievicied bahewcihe ikeder deagurayels . are

enpl.oyed, the soft nmagnetic filmserving as an .
ugggff%o%?n?lﬁ”m pllgyso%iq?%l EOf dreCid oRgpPa st rdet ngagnetic

retBedragnebiverf i bdnwhiich theaks «f ram.the - %iﬁnh%%%netic
ohetic e
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means of the magnetic field that leaks from a magnetic head.
As has been known, in order to completely attain such
saturation magnetization in a longitudinal recording medium,
desirably, the thickness of the magnetic recording layer of
the medium is reduced to the greatest possible extent.
Meanwhile, in a perpendicular magnetic recording system,
when a single-pole magnetic head and a lamination-type medium
including a perpendicular magnetic recording layer and a soft
magnetic film of high saturated magnetic flux density which
is provided below the recording layer are employed, the soft
magnetic film serving as an undercoat film plays a role for
strongly attracting the magnetic field which leaks from the

magnetic head and for returning the magnetic field to the



3 magnetic head, and therefore, even if the thickness

of the magnetic recording |ayer is not reduced,
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readily saturated. The aforenentioned soft magnetic

filmis desirably a soft magpetic film having high

magneti c perneability and high, saturated, magnetic
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has mnever been reported production, through electroless
plating, of a thin film having easy-magnetization axes
oriented perpendicular to a substrate. In dgeneral, easy-
magnetization axes tend to be formed in a direction parallel
with respect to a substrate.

Notably, the term “undercoat film” as used herein
refers not to a film which underlies a magnetic film although
this term generally refers to such an underlying film, but to
a film which is generally called a “backing layer (film).”

In order to solve the aforementioned problems, the
present inventors have performed extensive studies, and have
found that the aforementioned problems in relation to
magnetic domain walls can be solved when metallic nuclei or a

seed layer is formed on a non-magnetic substrate; a soft



seed layer is forned on a non-magnetic substrate; a
soft WD 2004/ 040557 PCT/JP2003/013929 4 magnetic film
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nogset-ecti ve layer, the filnms and the |ayer being
provi ded atop the substrate, wherein the soft
magneti c undercoat film exhibits magnetic isotropy.
DiBrabenakl v the Iéftenragaeti ¢ undercoat filmexhibits
magnetic isotropy in a longitudinal direction of the .
subdtiCatR¥ eSsTef et uBPYtioheRrevedesf & pegRendécular magnetic
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substrate of disk-Ii ke shape, t at 1o betwee
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thgggggilog ogéggzndicular magnetic film in which easy-
magnetization axes are oriented generally perpendicular to
the substrate, and a protective layer, the films and the
layer being provided atop the substrate, wherein the soft
magnetic undercoat film exhibits magnetic isotropy.

Preferably, the soft magnetic undercoat film exhibits
magnetic i1sotropy in a longitudinal direction of the
substrate.

Preferably, when the soft magnetic undercoat film is
formed on the non-magnetic substrate of disk-like shape, the
ratio between Hs (the minimum intensity of a magnetic field
applied to the undercoat film as obtained when saturated
magnetic flux density is measured) in a tangential direction
of the undercoat film and Hs in a radial direction of the

undercoat film; i.e., the degree of isotropy, falls within a

range of 1.0 £ 0.2.



undercoat film i.e., the degree of isotropy, falls
within a range of 1.0 0.2. WD 2004/ 040557
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undercoat filmhas a saturated magnetic flux density
(Bs) falling wwthin a range of 0.2 Tto 1.7 T.
Preferably, the soft nmagneti @ undercoat filmis forned
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off &.12 rig twi tthi7n Ta range of 50 nmto 5,000 nm The

surface of .the soft magnetic undercoat filmon which

a pé)ﬁi?efr?d?aaﬁyar HRYnEPLE Fecdedilsy ungercoat 1 fipm is formed
ofl%mdﬁﬂdﬁyéﬁﬁd§“ﬁ§%fﬁ%qye£§ S 3Ur fagenr 9yghngss 5 or less

of 0.8 nmor |ess. e soft nmagnetic undercoat film
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the p5Qids /IRANEL | erandapcoat LhmexBiBlis e is a2 silicon

per pendi cul ar ‘'magnetic anlsgfropy having an ani Sotr opy
supisgirdte(Hk) falling within a range of 395 AAmto 3, 950

ﬁVrnﬂﬁ% O?n%gntion also provides a perpendicular magnetic
recording medium comprising a non-magnetic substrate; and at
least a soft magnetic undercoat film formed of a soft
magnetic material, an alignment-regulating film for
regulating the crystal alignment of a film provided directly
thereon, a perpendicular magnetic film in which easy-
magnetization axes are oriented generally perpendicular to
the substrate, and a protective layer, the films and the
layer being provided atop the substrate, wherein the soft
magnetic undercoat film has easy-magnetization axes oriented
perpendicular to the substrate.

Preferably, the soft magnetic undercoat film exhibits
perpendicular magnetic anisotropy having an anisotropy field
(Hk) falling within a range of 395 A/m to 3,950 A/m (5 Oe to
50 Oe).

Preferably, the soft magnetic undercoat film has a
saturated magnetic flux density (Bs) falling within a range

of 0.2 T to 1.7 T.



50 Ce). Preferably, the soft nmagnetic undercoat film

has a saturated magnetic flux density (Bs) falling
wowaohiossss range of 0.2 T to 1.7 T. W 2004/ 04PSBIP2003/013929

PCT/ JP2003/ 013929 6 Preferably, the soft magnetic

undercoat filmhas a thickness falling within a range

of .50 nmto 5,000 nm The sufface of the soft magneti c
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: r
recordi ng nedium conprising formng net Icn
nmppralesed | ayer on a non-nmagnetic substrate, and
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orwbetenn the soft magnetic undercoat filmis forned
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to theisgRtagnetthe sapshpgnetigndsvhetsabst rife 3 s silicon
subetated such that the substrate is maintained
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the soft magnetic undercoat film is formed while an external
parallel magnetic field is applied to the non-magnetic
substrate, and the substrate is rotated such that the
substrate is maintained parallel to the parallel magnetic
field.

The present invention also provides a perpendicular
magnetic recording medium produced through the production
process.

The present invention also provides a perpendicular
magnetic recording and reproducing apparatus comprising a
perpendicular magnetic recording medium as recited above, and
a magnetic head for recording of data onto the medium and for
reproduction of the data therefrom.

The present invention also provides a non-magnetic
substrate having a soft magnetic undercoat film thereon,
wherein the substrate assumes a disk-like shape, and the
ratio between Hs (the minimum intensity of a magnetic field
applied to the undercoat film as obtained when saturated

magnetic flux density is measured) in a tangential direction



The present invention also provides a non-magnetic
substrate having a soft magnetic undercoat film
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shape, and the ratio between Hs (the m nimum
intensity of a magnetic fiel applied to the
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subst rat avin
magnetic undercoat film on the metallic nuclei or the seed

layer by means of electroless plating, wherein the process
further comprises polishing a surface of the non-magnetic
substrate before formation of the metallic nuclei or the seed
layer or polishing a surface of the soft magnetic undercoat
film after formation of the soft magnetic undercoat film.

The present invention also provides a process for
producing a non-magnetic substrate having a soft magnetic
undercoat film thereon, including forming metallic nuclei or
a seed layer on a non-magnetic substrate and forming a soft
magnetic undercoat film on the metallic nuclei or the seed
layer by means of electroless plating, wherein the process
further comprises polishing a surface of the non-magnetic
substrate before formation of the metallic nuclei or the seed
layer and polishing a surface of the soft magnetic undercoat

film after formation of the soft magnetic undercoat film.



undercoat filmthereon, including formng netallic
nuclei or a seed |ayer on a non-nagnetic substrate
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netallic nuclei or the seed |ayer by neans of
el ectrol ess plating, wherein the process further
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Pref§neftc SPREGLBFRG Smetiith acci tifhefo Hh &iBRGReRR with
acebmpbleyBhgSetawingéention. Fig. 1Bis a _
cross-sectional view show ng a magnetic recording
medi um accordi ng to anot her enbodi nent of the present

Br&@%eﬁggggip%H%n %fi%h% %%% 1n5%g view show ng the
magneti c

Fig. 1A is a cross-sectional view showing a magnetic

recording medium according to an embodiment of the present
invention.

Fig. 1B 1s a cross-sectional view showing a magnetic
recording medium according to another embodiment of the
present invention.

Fig. 2 1s a schematic view showing the magnetic
characteristics of a soft magnetic undercoat film used for a
perpendicular magnetic recording medium of the present
invention.

Fig. 3 shows the procedure of VSM measurement of an
undercoat film employed in the present invention.

Fig. 4 is a schematic representation showing the state
of application of an external magnetic field and motion of a
substrate ' during the course of plating performed in the

production process of the present invention.
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for a perpendicular magnetic recordi ng nmedi um of the
w@e@gess7 i nvention. Fig. 3 shows the procedurCDIP20&N13929

nmeasurenent of an wundercoat filmenployed in the

present invention. Fig. 4 is a schematic

representatlon showi ng the stiate of application of an

ext érital hreYrers cati ekemphdrpobiletiot appsubdtsateaiployed in

thgu%g@gegne 6Q58 9f plating perfornmed in the

tion process of the present invention. WO
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exegplary platin apparatus enpl oyed in the present

i nventd-on. i ¢ RO SRPEEH SHRREGRE a@?‘%%@rﬁp‘[ﬁarl‘gﬁ MHPOP -
| C’C’Q:"lgFI 98A7 !L?il@sgfé‘@sthﬁY@ ng)v%'l%tltler cgﬁﬁﬂgh§5¥lw of an

| oop. % illustrates the overall configuration
exgiPde  eR rrpl’@hQ)f leer peediendiacul amagaghetzu c recordimg and

par t WS of the r.esent, .i nventi on
regquu§%%§9q§§mg%§%%%gﬁit|@ head O HﬁbeﬁgFﬁghdlcular
magrElg.c 8BCAHbwyy 8RE meRymid NHeaBPayft Hhe Hdkrpéhdicular
graph show ng the procedure of detern1n|ng t he

maﬁ@@%éﬁdF@@Q%d¥%® REC & SRTCSHITEEy aEMAT addéEo rdlng to
t he esent i Qv n r ‘o
ke B R b o0 i SMnaing
theparparaiicidarar Baghelvbde ahdis otaopyi ng{k))utatherding to the

L ti 1A shows one e le.of t,

r%%%&d 9nve%%g Um of %enﬁgg% ﬁ?TEﬂVéﬂgl g%own in the
rquagnestemlroep@rfdltm@ gﬁ%@hu@eh@)w&ﬂe?@ﬁzrﬁiﬁﬁfﬂar "

magneti ¢ undercoat film2, an alignnent-regul ating

film3, an internediate film4, a perpendicular

Beg%gﬂ%thf%@ P23 A Rl QLEC i efﬂ@@ﬂif%nand a |lubricant

I m7 deposited’in’that order on a nonmagnetic
sub§hﬁatelﬁ. Figys 1Bnshosgampbde herf exampleagfiethe recording
nmedium 10, of the_present

eg%%gﬁ::gnr Q%r%%rgﬁng pé?ﬁﬁﬂ h?n Tge magnetic recording
medium 10 comprises a soft magnetic undercoat film 2, an
alignment-regulating film 3, an intermediate film 4, a
perpendicular magnetic film 5, a protective layer 6 and a
lubricant film 7 deposited in that order on a nonmagnetic
substrate 1.

Fig. 1B shows another example of the magnetic recording
medium 10 of the present invention, in which a permanent
magnet film 8 having magnetic anisotropy directed mainly to
an in-plane direction is provided between the nonmagnetic
substrate 1 and soft magnetic undercoat film 2 of the first
example.

The soft magnetic wundercoat film employed in the
present invention is formed of, for example, a soft magnetic
film formed, by means of electroless plating, on metallic
nuclei or a seed layer, the nuclei or layer being formed on a
non-magnetic substrate, and the soft magnetic undercoat film

exhibits magnetic isotropy.



magnet film 8 having magnetic ani sotropy directed
mainly to an in-plane direction is provided between
wWao b@4nesiagneti ¢ substrate 1 and soft magnet i BCT/JP2003/013929
undercoat film2 of the first exanple. The soft .
magneti ¢ under coat filn1enplgéed in the present
invention is fornmed of, for anple, a soft magnetic
fi | mi¥eor RarrHlimenr oMmadnaiiel emcqiditichg meghium  of  the
[ i ' , .th clei dayer
O REa [ oTran bn 2 T sas e e e s Aot o EdRg i o idercoat
fidof t wimighet Eghibdéscombghitinc exbobirésy magmeta ¢ longitudinal
d.isotto%¥. 2004/ 040557 PCT/ JP2003/ 013929 10 The
L5EeTH O I EmEyRetit@ Y ecor di ng medi um of t he

pre&@ﬂeiép@ﬁﬂﬂiﬂhlﬂ%?EWE@EYtﬁésuﬁd§9ééaﬁagﬂghi%s_formed on
undercoat filmwhich exhibits nmagnetic isotropy in a
theorgiRaidialed o®i déskibhkef shhpesubidia ataidpetween Hs in a

£ i,f.i_gald. t dercopat  fi.l m.i f r Qn ,

PR LGA dnbe It W1 e SeAeddn Pink 3 Eh ), aadial

dijre cdr 1 ona e rfhiea hindieresiai to IF idfn ;t He aundeeoate Jidgncand sotropy,
Hs in a radial direction of the undercoat film i.e.,

prefergddedadfl s sigtthdpy a2 Hanefcercdblly: ¥ & Os2wi thin a

ran f 4. - Fi 2 schematically shows netic

cha%g"er%ngggméFlcF%%ysé?c”ﬁ%g%%g?%t%%dggéggg%gfﬂﬁFlcs of
thenmpkoyed mayridtel Ppr eseRtrcoatveni ian.egNRdd Cin the present
. Characteristics of the undercoat film are neasured b

IhYSE P a VSIRTVE bt &t IhG SstRRTE Shgifet efrettdrd ,unaﬁacga¥ film
aridy #le@ls@Sies BhQOR sEhewn 4 Rrdu ggi%fé%ﬂﬁng%ﬁﬁi lﬁ%g@%;ometer),

cal cul ated fromthe saturat magneti<c f EBden |
andBs) hybtarasdsf lown hehowst énesiigy | 0dpisl mgemirad, Hs is

f ic film.i d ,
cal e s LRI T s Tt g e oc Fy el f5RBL LY (BS)

obalaiiguerie Mt oac ¢les hiys tehe sfilsl modpradi ng to generati on of
magnetic domain walls. Cbnventionallg, such a soft
magnét i ESREFPhr had #dt SedRTsatNagnetbry Hidi ude afommed by

me?@%ﬁ?ﬁ?ﬁ%l%éﬁﬁ%ﬁéé& PLREYELNT 2R 1 RBERBRTLC W RINE G 11 1 ne
alignment occurs in the film, leading to generation of
magnetic domain walls. Conventionally, such a soft magnetic
film has not been satisfactory for use as an undercoat film
for producing a perpendicular magnetic recording medium,
since the magnetic film causes generation of, for example,
spike noise.

The present inventors have found that, when a soft
magnetic film is formed by means of electroless plating under
application of an external ©parallel magnetic field,
occurrence of anisotropic magnetocrystalline alignment of the
soft magnetic film can be prevented, and magnetic isotropy
can be imparted to the film, and thus have accomplished the
present invention. The intensity of the applied magnetic
field as measured when Bs 1is obtained through the VSM
measurement is defined as “Hs” (see Fig. 2). Hs is an index

for determining the direction in which magnetization readily



since the magnetic film causes generation of, for
exanpl e, spi ke noise. The present inventors have

w0 ouam4askat , when a soft magnetic filmis forpedJiego3/013929
means of el ectroless plating under application of an
external parallel nagnetic f%gl occurrence of

ani sotropi c magnetocrystalli allgnnent of the soft
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acconpl i shed the present inve i Nt éns
int Itél@a;@blnmttumgnefmre Hatela laestwmasmsdlmhan fB&s|ts direction
ai ned.t hrou th SM neasur.enent is defjned as
Of--gé 83& E]aaP%E)l.c E&Y- 2 HSddR 3 SecqCeditfiGigomhet the
Fidr jfon; L niwhich atLgn,rea ; i.e.,
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thboderaecbfetsbbnopy,th@p&@%@nﬁ&gm@dnetlmdfsﬁﬁﬁbpy of the

Ll film has eas tizatjion axes oriented
en.tﬁr{g}:[ %r eh§ OE iﬁ*h weehl®s 1¥n A a59 sko 1.0, the
sodtf@@bh@ﬂlcoﬁlﬁﬁe1§0Ebn%&@%%%UCt%'e&hﬁ%QtH%éd%é%lc isotropy.

second direction of the filmthat is inclined 90

A t3°the Ta9Reti r fdtionformed byhemeleys ecodf & smommwl,tlonal
c1pEREBIEALS MINEL) ol SOULLRN, Phudhe ) SAUMSLY Of Mi%otropic

ratl is C sof t
magaghetirgstilinine cafdigierced .t o exhebbfoﬁagneWh@n the soft

A soft ma etl filmformed by neans
maé%ﬁ%é%?Y&H&W‘Sg+%ct?ggé§§ fFat i%g t%@%nlaﬁgré%ﬁPEPP§ed VSM

me@Bugehkapl, C RdTRGACOCEYSE gl | ifie- &l igHTeRE . tﬂﬂ?rfiﬂﬁebecomes
when the soft nmagnetic filmis subjected to

eqlfér ehentBondd VM tﬁ@agnteﬁéntdlssctnoa rtetmmof but the
infbhEERLON Of the f'éﬂ%ﬁﬁgane%mgn% etQ§B§g%SIF§qB}red for

tangential diréction eréeof

obtlaenapgl et ndgrekirc B eldl FRYW r €dohorthLabt aiEni fige t Rgplied
iffers fromthat of the applied nagnetic

magpg ac gdﬁgpeaeﬁaﬂrﬁgtgpﬁlﬁ@t@ﬂ@lpﬁt¢@@ é? ey Bew In view
ofoftheherd U RAAHNT, 2 8S s8BWN i HP. 3, + PbEEE W@ﬁs cut

cut out of the soft magnetic undercoat f m f'or med
outhe@fndrhe naghet e gseldtor atdexfcahi skl lke folrapel smo:hthe non-

ma%H@EiEhe%ﬁﬁg%rate of disk-like shape such. that the test
piece includes the undercoat film and the substrate, Hs in a
tangential direction of the test piece and Hs in a radial
direction thereof were obtained, and the degree of isotropy
was determined by use of the following formula.

Degree of isotropy = Hs (in a tangential direction)/Hs
(in a radial direction)

In general, in the vicinity of Bs, the rate of change
in B is small even when the intensity of the applied magnetic
field changes. Therefore, for the sake of convenience, as
the value Hs, there may be employed an H value which is
calculated from a B value obtained by multiplying Bs by a
certain coefficient (e.g., 95%).

When a soft magnetic film is formed by means of a

conventional electroless plating technique, the resultant



pi ece includes the undercoat filmand the substrate,
Hs in a tangential direction of the test piece and Hs
WO pooa/oss’ al  direction thereof were obtai ned, P@naP2§B2013929
degree of isotropy was determ ned by use of the
follow ng fornula. Degree of_jisotropy = Hs (in a
tangential direction)/Hs (i%za radial direction) In
figaneadlibits t ARigpErnbly afadBsstadwystatleliofe chdngemenh, and
[ I when t.he intensi.ty of _the pl.i e .
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I'm since easy-magn tion axes are oriente
anyn g tegigéntdaal balierctowvedt ber bofig #s the aatadiiall is non-

[.rection econes higher _than in a tangential ,
maGhESEE ofR NGy 17 c P APIRFREFAPEO | s BPHYOLdd o lihe,  OF
ampablbudl Sfrudhersubstmaing tdmt cgantihe amplseyedd Nitbtude a

resent_ i nvention, any material can be enpl

P _ oyed so
91lpsRgwasetne anstidrdican e hegh- %ﬁbr@é"tid:lwlﬁhg@k-, Of these,
$kRGLBHCY; I oLy al | r.

@ s%ructare¥§E§aﬁgﬁeg g?%%%ekég%giF%%eqgg%#ﬁﬁygil%ygﬁﬁgerred'
Negdfless dcsidayxoninaftée, mnebarnt alnmvemuhonj skhe€k substrates
these, a silicon wafer and a gl ass wafer_ are ,
thﬁ&rt%@ﬁ@aﬂ ﬁﬂwﬁ%ﬂre@qva%ﬁ%dlgg§§?6 syﬁ?hinath@on'magnetlc

supkeaart kQvankisONi-Phese subst Hat empitlaly.have been in
advance coated with a non-magnetic ~substance such as
N : BimayEhdl s@PHRs&hpl ojeention, the soft magnetic film

containing, for example, P, which serves as the undercoat
film is formed by means of electroless plating. During the
course of electroless plating, a critical point is that an
external parallel magnetic field is applied in advance to the
substrate 1in a direction parallel to the surface of the
substrate, and the substrate is rotated such that the
substrate is maintained parallel to the magnetic field. When
electroless plating is performed under the conditions where
the external magnetic field is applied in advance to the
substrate along a radial direction of the substrate, the
resultant soft magnetic film exhibits magnetic isotropy. The

angle between the substrate and the parallel magnetic field
preferably falls within a range of * 20° or thereabouts. Fig.

4 schematically shows the plating process.



.I'n the present invention, the soft magnetic film
containing, for exanple, P, which serves as the

wanaenessat filmis forned by neans of el ectr oP@E$P2003/013929
plating. During the course of electroless plating, a
critical point is that an external parallel magnetic
field is applied in advance the substrate in a
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ul ag ations ar |npose on the net
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net such as a ferrite magnet, a neodym umiron-

Shﬁ&%oﬁnn%ﬁfet 4,0/the Sappstinahec 85 bema@sePrasatad vertically
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fixed and the substrate is rot Wever, even
V\herThteheSOEtJbgmalgmeéllcs natxedi@hdcoheéadadgnet, iSor example, P
effects t hose of the ese

rbIVIRE R S T e, BEeCHGun I FnPERG ST ADIER GO Ni-F, Co-

FeS@bStcaPﬁlﬁE% lbe reegi procatpgiverthgablyaiunderor these, a
Ilcatlon of the parallel magnetic field. The soft

maﬁ‘ﬁ@‘ﬁétll chANLEM alP coPIROsiNgonf othesanpitéaims edpldbyeds is
pak@1Eﬁ§aQﬁ§S%@eféP§¥HJ(”Eﬂstﬁgegﬁéggh¥ gﬂvghtlbn, Co-Ni-Fe-

B; ife., a B-containing material, is also preferred.

Before the soft magnetic film is formed on the
substrate, in order to facilitate formation of the film, a
surface exhibiting catalytic activity against an electrolesé
plating solution must be formed on the substrate. A surface
exhibiting catalytic activity is formed by means of a
conventional catalyzation process, or a process for forming
metallic nuclei or a seed layer on the substrate. Such a
surface formation process must be appropriately selected in
accordance with the type of the substrate. However, no
particular limitations are imposed on the surface formation
method, so long as the method can form a surface that enables
upiform. initiation of electroless plating for forming the

soft magnetic film serving as the undercoat film.



Fe-P, Co-Ni-Fe-P, or a simlar material. O these, a

mat eri al having a conposition that attains high Bs is
w@aootioenssarly preferred. In the present inventPORJP2003/013929

Co-Ni-Fe- B; i.e., a B-containing material, is also

preferred. Before the soft nﬁgnetic filmis fornmed on

the_ substrate, in order to cilitate formation of
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subBikt-kati.on of electroless plating for formng the
soft magnetic filmserving as the undercoat film WO
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ndercoat film be polished. The two polishin
an tépEdn&ﬁteéY&éEra%Pn@&%W@o@ame SHpstitution. Before

suﬁﬁnaﬂagﬁgﬁ%ﬁti%ﬂb§%ﬁ%%%s”&%lggéﬁ%Qh% a3 SRYALW Gav be

falling wthin a "range of to 350C before
supdrr§REn§oa as iinbame pok Ll hd nagyb streatteenEx amohe s sobhivlsphoric
>at ' pracess.i.nclude a conventional . .
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prelimnary treatment such as phosphori ¢ aci
formedt mant toe asiidfereataentheorstliosashteg iy emtaent of, for

example, a method for depositing Ni or Cu directly on a Si
wafer. The metallic nuclei preferably exhibit non-magnetic
property.

In the case of formation of a seed layer, preferably,
the seed layer is formed of a metal exhibiting activity
against the below-described reducing agent contained in an
electroless plating solution for forming the undercoat film.
The seed layer formed of, for example, Ni, Cu, or an alloy
thereof preferably has a thickness of 5 to 100 nm,
particularly preferably 10 to 50 nm. In the case where the
seed crystal layer is formed, Zn is preferably added to the
seed layer in order to enhance adhesion between the substrate
and the seed layer.

Examples of the method for forming the seed layer

include a dry method such as sputtering or vapor deposition



enpl oyi ng, for exanple, oxygen plasma. Exanples of the

af orenenti oned netallic nuclei include netallic nuclei
wG@mh/04@S7 N nucl ei or Cu nuclei. N nuclei orP@JP2003/013929

nucl ei can be fornmed on the surface of the substrate

by means of, for exanple, a}gret hod for depositing Ni

or Cu directly on a Si  wafer, The netallic nuclei
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forred f i 0 e ,ayer, ln this
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In the present invention, the electroless plating
solution employed for forming the undercoat film is, for
example, a plating solution containing metal ion species such
as a cobalt ion, a nickel ion, and an iron ion; a phosphorus-
containing reducing agent such as hypophosphorous acid or
sodium hypophosphite, or a boron-containing reducing agent
such as dimethylamineborane; and an agent for forming a
complex of the aforementioned metal ion species.

Examples of the supply source of the metal ion species
include water-soluble cobalt salts, nickel salts, and iron
salts, such as cobalt sulfate, nickel sulfate, and iron
sulfate. The compositional proportions of the supply sources
(the compositional proportions of cobalt, nickel, and iron),
and the concentration of metallic salts contained in the
plating solution are appropriately determined such that the

resultant undercoat film exhibits intended magnetic
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pod NI sal t - syeh B%ating solution may also contain a
surfactant, in order to enhance uniformity of the film formed
through electroless plating. The surfactant is preferably
sodium dodecyl sulfate or polyethylene glycol. The plating
solution may further contain a conventional additive such as
a sulfur-containing additive, in order to enhance smoothness
of the film.

The temperature and pH of the plating solution are
appropriately determined in accordance with the composition
of the solution. The temperature of the plating solution is

preferably 50°C or higher, particularly preferably 70°C to

95°C; and the pH of the solution is preferably 8 or more,
particularly preferably 9 or thereabouts. The undercoat film
formed by use of the electroless plating solution may be

subjected to thermal treatment, in order to enhance its soft
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- The soft magnetic wundercoat film is preferably formed
of microcrystals having a crystal grain size of 5 nm or less
or has an ambrphous structure.

When perpendicular magnetic anisotropy is identified,
as mention above, the anisotropy field (Hk) corresponds to a
magnetic field value calculated from the Bs obtained from the
hysteresis loop recorded by use of a VSM (see Fig. 9).

As described above, when magnetic isotropy is imparted
to the undercoat film, generation of magnetic domain walls is
prevented, and the resultant perpendicular magnetic recording
medium exhibits low noise and high performance, as well as
enhanced S/N ratio and overwrite characteristics. No
particular limitations are imposed on the coercive force (Hc)
of the soft magnetic film serving as the undercoat film, but

the coercive force is preferably 40 Oe or less (1 Oe = about



The undercoating filmformed in accordance with the

present invention nmay have easy-magneti zati on axes
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easy-nmagneti zati on axes oriented perpendicularly to

the substrate are remarkably1 effective for preventing

formation of magneti c domai n falls. Inthis case, the

7924/ 88t r B & Pa1ed L Yofl Ce ey -atadrests zat i on  axes
ori p endi.cul,ar t r il e
L p—
fi3o Qs fumitemprefleiabtyd 100t suBbale. shobahliyig byOmdasis of a

%%yi | ent tf qgo t 79 AAm The soft magnetic _
7% &_é"\r@éatelﬁﬁ’ WFS prsrerehy fafded BPTRPRAOERJaFamponetic
reh@viditoa 16t als HAmR S 28 JrpdiNON 418 %% gri¥t NAS- @ rding

anor phous_structure. \Wen perpendi cul ar magnetic
negii@ot?bphles peaformeade @an nbat iknwdatsmd, the example of

i sotr f:i el : r n t.0_a netic fie
R LT At G
hystNer esigmdtdemlsacor dadhibya tismmof aréSM (iseddd. Bn  the
As de cribe% ove, when magnetic isotropy is inparted
COBOPRE L RIGTC G PRERETGHOHAR 517 I Thgietime cofidin Present
inwhltS ons sBr eveRt ed, ARG IRGHRIYank, REIRERH ocgleﬁrm netic
.magnetic recording mediumexhibits |ow noise an |&ﬁ
figeyr fasterapebenbed wekeheas 1 lon remethd/cdN raat | to aile  substrate.

rwrit e chara ri.stics... No articular limtations
Tygﬁgaﬁgggség gﬁ—ﬁégegoé?§$¥% PaFggl?;b)hﬁﬁ? BREMRLPr CoCrPL,
Comm@ndt, i ColiriPin-$eioy) Ngodgdt helindengeat, UopMpdButmutthe 1ayer,

oercive force is preferably 40 Ce or |ess (1 Ce = '
Cogtb@af i’%%%04ffk§1&(§éﬁa§@1fmp2963/ 033929imipayg maherial  is

préveeapnef enpbby 40 Ce or Iess. Wen, for exanple, the
substrate having the undercoat filmis further

subjTéet genrerslirdfdes smptdlihy Hylmemaag bAva a single-layer
Ll oyed techni que,.and a ,perpendi cul ar
s A ot ey i R DR Bpae 2110w

recordin p

matregheli, c drecar dtpgeturdi WH ofwdi b RRIHOr TBNELs CaRNChBding a
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and a layer formed of a material other than the Co-based
alloy material.

The perpendicular magnetic film preferably has a
structure in which a layer formed of a Co-based alloy and a
layer formed of a Pd-based alloy are laminated, or a
composite-layer structure including a layer formed of an
amorphous material such as TbFeCo and a layer formed of a
CoCrPt-based alloy material.

The thickness of the perpendicular magnetic film 1is
preferably 3 to 60 nm, more preferably 5 to 40 nm. When the
thickness of the perpendicular magnetic film is below the
above range, sufficient magnetic flux fails to be obtained,
and reproduction output is lowered, whereas when the
thickness of the perpendicular magnetic film 5 exceeds the

above range, magnetic grains in the magnetic film become
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e, and recording and reproduction characteristics
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e B E AL,TRANSL S [LL! R Bieletably, 3,900 g o

t heSpesiilft eal 1ppgneté C nlec@BE@iidg field (-Hn) is explained
by use of an MH loop shown in Fig. 6. When a point a
represents the point at which external magnetic field becomes
zero when the external magnetic field is reduced after
magnetization is saturated, a point b represents the point at
which magnetization becomes zero, and a point ¢ represents
the point at which a line tangent to the MH loop at the point
b intersects with a saturation magnetization 1line, the
nucleation field (-Hn) can be represented by the distance
(Oe) between the point a and the point c.

When the point ¢ is located within the region in which
the external magnetic field is negative, the nucleation field
(-Hn) becomes positive (see Fig. 6). In contrast, when the
point c is located within the region in which the external
magnetic field 1is positive, the nucleation field (~Hn)

becomes negative (see Fig. 7).



mediumis not suitable for attaining high recording
density, and exhibits poor thermal stability. The
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ThEl mafmetic recording and reproducing apparatus is equipped
with a magnetic recording medium 10 having a configuration
shown in Fig. 1A or Fig. 1B, a medium drive section 11 that
rotates the magnetic recording medium 10, a magnetic head 12
that records information on the magnetic recording medium 10
and reproduces the recorded information, a head drive section
that moves the magnetic head 12 relative to the magnetic
recording medium 10, and a recording and reproducing signal
processing system 14. The recording and reproducing signal
processing system 14 is adapted to process data input from
the outside to transmit recorded signals to the magnetic head
12 and to process reproducing signals from the magnetic head
12 to transmit the processed data to the outside. As the
magnetic head 12 wused for the magnetic recording and
reproducing apparatus of the present invention, a magnetic

head that has as a reproducing element a GMR element



Hf, Nb, and Ta. Therefore, the magnetic recording

medi um exhi bits excellent error rate characteristics
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PCT/ JP2003/ 013929 21 utilizing a giant magnetic

resi stance (GWR) elenent and is suitable for
Exgmghedénsity recordi ng can be cited.

A glass substrate having an average surface roughness
(Ra) of 0.5 nm or less was subjected to chemical cleaning,
and subsequently, by means of DC magnetron sputtering, an
adhesion layer constituted by a Ti film (thickness: 10 nm)
and a seed layer constituted by an Ni film (thickness: 20 nm)
were successively formed. Subsequently, the resultant
layered product was subjected to a conventional preliminary
treatment, and then a CoNiFeP soft magnetic film (thickness:
3,000 nm) serving as an undercoat film was formed by use of
an electroless plating solution shown in Table 1.

An example of the apparatus 11 for forming the soft
magnetic film is shown in Fig. 5. A plating bath 18 filled
with a plating solution is placed in a water tank 12, and
glass substrates 20 on which the seed layer has been formed

and which are retained on a substrate retainer 19 equipped



According to the aforenenti oned nmagnetic recordi ng and
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magnetic filmis shown in Fig: atin
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PCT/ JP2Q /O 3929 22 with a rotary nechani sm (not
abgﬁﬁﬁﬁf LR ipeRRky containing alumina and silica.

Through this procedure, the average surface roughness (Ra) of
the undercoat film was regulated to 0.6 to 0.8 nm. After
completion of polishing, the thickness of the undercoat film
was found to be 300 nm, and the saturated magnetic flux
density (Bs) thereof was found to be 1.3 T. Hs in a
tangential direction of the undercoat film and Hs in a radial
direction of the film were measured by means of VSM
measurement, and the degree of isotropy was obtained. As a
result, the degree of isotropy was found to be 1.11. As
mentioned above, perpendicular easy-magnetization axes were
identified. The anisotropy field of perpendicular magnetic
anisotropy was determined to be 10 Oe from a hysteresis loop.
Furthermore, the undercoat film was observed under an OSA
(optical surface analyzer) for confirming the

presence/absence of magnetic domain walls, and as a result,



plating solution within the plating bath 18. The
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N-pol e magnet 15 and an S- pole magnet 16 are di sposed
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mepiggente/absensered hrgneei o omacompbatkstymadmagnatic head
. rﬁsgyt, WO 200&/040%57 PCT/ JP20Q3/ 013929 . . .
including a sihgle-pole head serving as a writing section and
a shield-type magnetoresistive head serving as a reading
section, whereby MF-S/N ratio was evaluated. Table 4 shows
the evaluation results and the results of observation of

magnetic domain walls.

Example 2:

The procedure of Example 1 was repeated, except that
the intensity of the external magnetic field applied during
the course of plating was changed from 35 G to 100 G
(neodymium-iron-boron magnets). Table 4 shows the results;
i.e., Bs, the degree of isotropy, perpendicular magnetic
anisotropy, MF-S/N ratio, and the ©presence/absence of

magnetic domain walls.



23 it was found that no magnetic domain wall was
generated. Subsequently, on the undercoat filmthat
whaw4bess? dri ed under clean conditions, a Si PCT/0R2003/013929
(thickness: 5 nm and a Pd film (thickness: 5 nm
were fornmed at roomtenperature by neans of DC
-magnetron sputtering, to th?e‘/lleby form an
Expppeenedi ate | ayer. The layered filmincluding the Si

and ' has a structure i.n which Si _and Pd are

partTi%%I Ié%?@%?%F | foffis]’ré‘}aél_ng}?erl cBApI ést‘%p@r‘?%cﬂd’ except that
theowoaipios! tdfort kef itHerpbdt 8i® sayetionlflafochanges as shown
. eagﬂ havi ng _a_ thickness of 0.2 nm _ and 10 Pd _|ayers,
1ned@hlfavdi-ng TR kg pitie sramiliiet elabt er Rarelthe degree

ofl e , f r.pendi.cul gRet. :
R P Y R e R Pl TaEary A Fat o
angf ther maeisencel/ ablsenger péndiaguledric mgren waldear di ng
layer, a Cfilm(thickness: 5 nm serving as a
protective |layer was fornmed, to thereby produce a
Exaagnet 4¢ recordi ng medium Read-wite conversion
characteristics of the thus-produced magnetic
r ecf§i MF CGRHHIIM Ner BX@BRSAr 8d WRF uskPeAted, except that a

plG@TRLESIYRE TR L K tﬂ{%&g}%&geﬁt? ﬁlg!mﬁ' p?keTable 1,
head "serving as a witing section and a shi el a- ypé

expaygnever edl §teiSr, head sepliggdas @abeadiénghowectthen,results;

1 wher e I\/Ft- SIN rati o was eval uated. Table 4 _shows the ,
"8val UBET on 1 es %S Sand Ot he! FRETPRY ofP FHRESVAY A omagnetic

anfiiB@Rebpg, donei1s mal | sa+ Exanphed2: he PHOESANEE/Qbsence of
Exanmpl e 1 was repeated, except that the intensity of

maghetegt 8pHalnnigAesi-c field applied during the course

of plating was changed from35 Gto 100 G

(neodym umiron-boron magnets) . Table 4 shows the
Expmplkt §: i.e., Bs, the degree of isotropy,

per p, ndi cul ar ma%neti c__anisotropy, M-S/ N ratio, and

t he E‘]ees%ﬁ%%?%% nOd oFxamRbRet CVYONEICROR&ISCs. §¥rept that
thd0QA/RA059 7 P14 IP28031 8338829 Example 1 was changed to a
double~side polished silicon wafer substrate (1 inch) having
an average surface roughness Ra of 0.3 nm or less. Table 4
shows the results; i.e., Bs, the degree of isotropy,
perpendicular magnetic anisotropy, MF-S/N ratio, and the

presence/absence of magnetic domain walls.

Example 6:

The procedure of Example 1 was repeated, except that
the composition of the plating solution was changed as shown
in Table 3 (boron-containing plating solution). Table 4
shows the results; 1i.e., Bs, the degree of isotropy,
perpendicular magnetic anisotropy, MF-S/N ratio, and the

presence/absence of magnetic domain walls.

Example 7:
In place of the glass plate used in Example 1, a 2.5-



24 Exanple 3: The procedure of Exanple 1 was _
repeated, except that the conposition of the plating
waelbiss was changed as shown in Table 2. TabtBJIRR003/013929
shows the results; i.e., Bs, the degree of isotropy,
per pendi cul ar magnetic aniso%%opy, MF-S/N ratio, and
. the presence/ absence of magnetic donmain walls. Exanple
ingh PHe pitetRire vasExsepl-e Theassulspemtiot, wescepbjected to

a l.at Lutiqn, containing the c onents
oo B RE ol Y ot R D oA BT Gpedne usual
wayabl & HiPhdudnt hevviesuld sthidkeess Bst thepdegugepiaked as a
[ otr%P , ger endi cul ar magnetic ani sotropy, M-S/ N
Sefegti]ti %ﬁwd ®héhsr sdtiideralisencEhef supsdFaitec Wwosrathen heat-
treakks. aEXamloe XorThey py £ e Of 4 ?Ep!eetﬂlem@%eéid layer of

repeated, except that the glass substrate enploy
dipkampilent widhecheggjebtanwt aseddubkgesi dapapdshelded by about

[ D f trate.(.1 inch) .havi an aver.age ,
208, b3 B8 BRR AN TR BaRi b e APl R Y FABa TR n qugmina-
bathd absukise hmateriBS, tbh@agegiree akersoll @R¥.face roughness

perpendi cul ar, magneti ¢ anisotropy, M--S/Nratio, and
Rat 10F  $r B¥enc el HFSSHEa Y meljpeeilecdsmaiesswatlating bath was

usgﬁaﬁﬁﬂc{%re:th-g‘esa{%ﬁé’cggﬂ&ftgangx?gplu%e%il \g?lls ﬁ}?%%ﬁ?%%?%nto form

except that the conposition of the ng .
aswas chzdrfechals Shomna iCoNEdRE Sofbomammnmedntai filyg having a
l.ating saql ytion) . ble 4 sho he results; i.e.,
th@%?EFﬁg 829%@8 5%“is Spae R n%%%%l%?sngﬁﬁEfFEGated at
15aACs@biopp, Mimu®/d raald shandhd heshdd esenssbabsenee ndf using
magneti c domain walls. Exanple 7: In place of the
angﬁg§§SbV§t@lué@dprﬁdEﬁéﬁEné Y, canzasnypo28044040567have the

av@EEééP§99§59é398§ghﬁésgngﬁ é% %QHSEBaBQjw%ahusg%bsgg%ently,
subStrate was su Jecte (0]

the same operation as used in Example 1 was prerformed. Shown
in Table 4 are the Bs, degree of isotropy, perpendicular,
anisotropic magnetic field, MF-S/N ratio and Presence or

absence of the magnetic domain walls of the undercoat film.

Comparative Example 1:

The procedure of Example 1 was repeated, except that an
undercoat film was formed by means of electroless plating
without placing ferrite magnets; i.e., in the absence of an
external parallel magnetic field, +to thereby produce a
perpendicular magnetic recording medium. The Bs and
thickness of the undercoat film was found to be 1.3 T and 300
nm, respectively. Through observation by use of an 0SA, the

undercoat film was found to have magnetic domain walls.

Comparative Example 2:
The procedure of Example 1 was repeated, except that a
NiFe soft magnetic film (thickness: 100 nm, saturated

magnetic flux density (Bs): 1.0 T) serving as an undercoat



bot h-surface polishing and activation treatnment in the

usual way. A NP filmhaving a thickness of 12 pm was
w@b@uedssas a seed |ayer on the substrate. ThePCT/JP2003/013929

substrate was then heat- treated at 250C for 30

m nutes to deprive the seed |ayer of distortion. The

resul tant seed | ayer was pol"lzéhed by about gum using
fidn amsasiemendd ubd preedsnmiafanibytioontrad ni andaltbe ndus-formed

S b Y | ,to have the aye raes rface

oo et Rt T ted SimseRert 5o | eks thereby

prpHaten@.bﬁ&@n@ﬁSc weed rdider wdel gane R@EQL%kQE§ *Pnversion
used,in Exanple 1 to form_ as an undercoat filma

ChéEﬂFE@ﬁlégﬁFSnagﬂ%t.%h@.|hh%%vpﬁ@d@ce@h|@@g@§§l@f gegording
Kk wBecu I e 5

melSmrtrll n%t (eesﬁgﬁgﬁ?ﬁgn Elolg: gﬁiggg glﬁgtr% tr{fr%aés%%g%%aarl{lple L

whebehyi 'Y | uad ipr edowi reazraaﬂjwat(e@ht ai fheg Stéiemce balhddece of

vgrage surface rou to 0.3 nm
maégggégugnf“? ﬁi SsYfs étrF‘SRﬁ g&‘rﬁ’élé@ OF AERERSUE epent -
was perfor msd Shown in TabI e 4 are the Bs, degree of

i sot r%@# Eer pendi cul ar, anisotropic magnetic field,
Coppaspityat 6aﬁﬁélep|3esence or absence of the magnetic
dorrqah@ 3 he, n ELLm tive
Exanpl eV@J?L é?]e p%o?e%u?gﬁgggéxg{r@%l eE %&é}g rgpea‘?%d repeated,
exggpéptthaltata aaofhndejgcﬁaild i fimmasagofioethady fEANSCONiFe in
electroes pl n thout placing ferrite magnets
Plfcg o ﬁ ?ﬁe a n]g‘aesﬁt%nar%x?lé?"ﬁ%l imafaPiel 4ragnetic

fiehd, its0 dihelebyr Hh0dHEEa 4 pQﬂﬂﬁﬂﬁé&Mégicn?QESEHEng media
recordi ng medium The Bs and thickness of

ofydder dotmylesn aBbibdtindvith @éFjS@\TTrahdo:%(}(B nmlpared with
théeﬁQSﬁE ¥8|¥ecgpﬁﬁﬁgmgggﬁgrggt% g %%%a EF%QEégwg}ﬁs, and

er coat oun

mawaétsc Cabmnmnat iweel IExanfrlee BotThgepe psedar eif thanplkgnetic
except that a N Fe soft magnetic film

ref?ﬁgﬁﬂﬂ ﬁgglioefnﬁbesgﬁéﬁgééé nkgRet PSPRUR e bRt pagnetic
reé&BBdin 1m@dIth%&VE&%. u&ﬁffrned %g&g996i9§$§5ﬁlgh S/N

PCT/ JP2003/ 013929 26 nmeans
ragpat tey i mpnairtbre tttmsbfeor med follows. Since the soft

magnetic film of high Bs is employed as an undercoat film, a
large amount of the magnetic flux that leaks from the
recording head 1is converged, leading to an increase in

reproduction signals.



filmwas not subjected to snoothing treatnent, to

thereby produce a magnetic recordi ng nedi um
woe@dO¥Nsst e conversion characteristics of thePCT/JP2003/013929

t hus- produced magnetic recording mnedi umwere neasured

in a mnner simlar to that <%) Exanple 1, whereby S/'N

rati o was eval uated. The preSence/ absence of nagnetic

domai n wal I s was confl rned?abﬂﬁodgh OSA neasur enent .

v . i”‘C"uT:rFe—ef—Ge-HﬁBa-Fa-H—V-e—‘
COE{X&BEBB?LH'()? \%f?brie ea 501u§x @pt that a soft magnetic

nypnpmszﬁmrm@lsfa@mCoNl Fe I'n pl@ipg 61 NfE. The
re shown in Table 4. As |is clear from Tabl e

— results at
4C3Ht4ﬁ@Hhé§9@Nfi&3recordl ng media [of- 1h@OEf(@IﬁJ| es

T N—ratt+o—as—con W L +he
qg@g@bﬁ té@bﬁg};ﬁ g%pg? d%&anples,

etlc recordﬁwg nedi a of the C

amm)zBEgnetl c domain walls are notoglengdsgjz&@ In the
magnetic— recording nedia of the anrml es The reasaon

ﬁﬁ#Q‘lthﬁﬁgnetl ¢ recording medi unQo@ Exa@dl @’

q&ﬁkﬂ ?iPar[ICUIdliy gh—SAN—1 Ib?rﬁﬁﬁadCIcu +6

be as f ows. Since the soft rragne I C of hi gh

B 3&, -difpboyed as an undercoat fijlomoa mdBr&@e anount
aks fromthe recording

—e#—t—he—ncagﬂet—n—c—f—l—ux—t—hat_l_e
Teppggatyreonfeityed soleadiong (F©) an | Herease in

pHT Eprottict oSt gnas—W0-2004/640557 PCTLIP2003/ 013020

27 Table 1 Conposition of pl ati nggdsbﬁl taged by

Hypophosphorous acid 0.2 nol/7dm C3HA{COH) (000Na)3 0. 1
mol /dm C2H2 (OH) 2 (COONa) 2 0.15 nol/dm (NH4) 2SO4
0.5 nmol /dMB  FeSO4 7H20 @abég ﬁrol/dm Ni SO4 6H20

T -

COH Hél bhqgﬁ ? A—rgt--cHvB |cnpcfatu €—O1
tﬁe sol ution ﬁC‘% gggpﬁ%ﬁf Jﬁusted by NaOH)
Hypophosphorous acid - 0.2 mol/dm’

Cs3H4 (OH) (COONa) 5 0.1 mol/dm®
CoH; (OH) , (COONa) 5 0.15 mol/dm®
(NHg) 2SOy 0.5 mol/dm’
FeS0,+ 7TH,0 0.002 mol/dm’
NiSO,+ 6H,0 0.025 mol/dm’
CoS0y4+ TH,0 0.025 mol/dm’
Temperature of the solution (°C) 90
PH 9 (adjusted by NaOH)
Table 3

Composition of plating solution
Dimethylaminborane (DMAB) 0.025 mol/dm’

CsH4 (OH) (COONa) 5 0.05 mol/dm’
CzHz (OH) 2 (COONa) » 0.20 mol/dm’
H3POy4 0.06 mol/dm’
(NH,) 2S04 0.005 mol/dm’
FeSOy4+ 7TH20 0.01 mol/dm?
NiSO4- 6H,0 0.005 mol/dm’
CoSO0y - TH,0 0.095 mol/dm’

Temperature of the solution (°C) 70

pH 9 (adjusted by NaOH)




Tabl e 2 Conposition of plating solution

Hypophosphorous acid 0.2 nol/dm C3H4 (OH) (COONa) 3
wW@24p00i56dm C2H2( OH) 2( COONa) 2 0. 15 nol /dm  ( Nedh/J28034013929

0.5 nol/dm FeS04 7H20 0.002 nol/dm N S04 6H20

0.025 nmol/dm CoS04 7H20 0.025 nol /dM3 Tenper at ure of

the solution (C 90 pH 9 (adjusted by NaOH) Table 3

Conposition of plating solution D nethylam nborane

(DI\/AB) 0. 025 m)I/drTB CSHZFB(bG}Q) 4(COO\Ia) 3 0.05 nol /dn8

R ! AMNR

bém\ U‘I) 4\ L U LU IIUI ) TOoOT7GihvD
(NH4) 2504 oQ 005 Pedr daB "é% J?P@bc 0, 102- @i/ dm Magnetic
Ni S04 6H2 E OBofol / dm o%%@ﬁetﬂfﬁzo 0L £95i 50! / dNBiomain

Tenper at ure t hessekah{ 0 g@: 70 pH 9 g@@lirust ed |oya11s
| NaOH) WD 2i004/04D557 PCT/ 1P3803P613929 able 4

EXpedree Ani kbt Bopj £- Me- S/ N Mafnetic BT)| b2.5ield | Absent

EXyagnetic rptid dobra®h i sortbpy Hk (0e)| 13B) wal | s| Axsent

Ex]l 8.3 1.11/00512 b5.@psent |&x. 2 1.3 0.9701% 13.4 | Absent

ExAbgent Ex[1320.p0 1895 8 1028 Absent Ex3147 1.2 0.8 sent

Ex20511. 7 AbSent |BX.1P 1.3 [[zd1 25 1275 Apseat Absent
Ex. 6 1.5 1.03 10 14.5 Absent
Ex. 7 1.5 1.11 10 12.5 Absent
: No easy-
Comp. Ex. 1|1.3 1.35 magnhetiza- 8.3 Present
tion axes
No easy-
Comp. Ex. 2 (1.0 0.72 . magnetiza- 9.5 Present
tion axes
: No easy-
Comp. Ex. 3 (1.3 0.66 magnetiza- 7.1 Present

tion axes

Industrial Applicability:

According to the present invention, an undercoat film
that has no magnetic domain walls can be formed. When the
undercoat film is employed, there can be provided a
perpendicular magnetic recording medium and a perpendicular
magnetic recording and reproducing apparatus which exhibit
high thermal stability and excellent noise characteristics,

and which attain high-density recording.



Ex. 6 1.5 1.03 10 14.5 Absent Ex. 7 1.5 1.11 10 12.5
Absent No easy Conp. Ex. 1 1.3 1.35 magnetiza- 8.3
w@e@genss7 ti on axes No easy Conp. Ex. 2 1.0 O.F@I/JP2003/013929
magnetiza- 9.5 Present tion axes No easy Conp. Ex. 3
1.3 0.66 magnetiza- 7.1 Presgﬁt tion axes Industria
Applicability: According to e present invention, an
undercoat film that has neL&EgPeti ¢ domain walls can
be formed. When the undercoat filmis enployed, there
can be provided a perpendicular magnetic recording
medilum angeappadpendiaeumaknetagn etdce Hogewer diddg. vdndomprising
reproduci ng, appar at us. whi ch exhibit high thernal

& {UbitG P eXBEFFRRe rdilse Mhr att driastl &, SO4hd magnetic

unWlireh aat t@innhi(gg- densidy recq dipgr WR L2004/ 0408Bdvia1, an
PCT/ JP2003/ 01392 29 CLAIMS 1. A perpendicul ar
alpggrenitc negtdediing médilom ¢dhpr fet ngregulmnimpgrdtd c crystal
te ), and | eas seft magnet | under coat
al?%ﬁ%%b%) f%%nedgof gig%ft %%gn%??% ma ??%F%yeufgiereon' a

peabiegaiifentl aregud griétige f £ ( 3)5)f oin r epbat igdgt-hegnetization
crystal alignnent of a_film provided directI%
a%ERer3ddh, 051egg?ﬁeﬁ&%aﬁé#yﬁé@@qr@ﬂqu%q 550 Rhghisgpstrate,

an@asy - BREREELZ3LI O yaXegsar e fd epf Bhs 9enar ally 1ayer being
per pendi cul ar to the substrate, and a protective

priogyeed( 6ptorhe thig msudsd relie, | aydrersdinng ther owiofdd magnetic
tr.at [ th ft, ti
an e E e P ot Savdiad ¢ Saapy. 2. A

per pendi cul ar magneti c recordi ng nedium as descri bed

inclaiml, wherein the soft magnetic undercoat .
2. perpendicular magnetic recording medium as
described in claim 1, wherein the soft magnetic undercoat
film (2) exhibits magnetic disotropy in a longitudinal

direction of the substrate.

3. A perpendicular magnetic recording medium as
described in claim 1 or 2, wherein when the soft magnetic
undercoat film (3) is formed on the non-magnetic substrate of
disk-like shape, the ratioc between Hs (the minimum intensity
of a magnetic field applied to the undercoat film as obtained
when saturated magnetic flux density is measured) 1in a
tangential direction of the undercoat film and Hs in a radial

direction of the undercoat film; i.e., the degree of isotropy,

falls within a range of 1.0 * 0.2.

4. A perpendicular magnetic recording medium comprising
a non-magnetic substrate (1); and at least a soft magnetic
undercoat film (2) formed of a soft magnetic material, an
alignment-regulating film (3) for regulating the crystal
alignment of a film provided directly thereon, a

perpendicular magnetic film (5) in which easy-magnetization



film (2) exhibits magnetic isotropy in a |ongitudina

direction of the substrate. 3. A perpendicul ar
wore@netiss7 recor di ng nedi um as descri bed i n cl BETIPR067013929

2, wherein when the soft nagnetic undercoat film(3)

is formed on the non-magnetic substrate of disk-Iike

shape, the ratio between Hs he mnimumintensity of
axgsmerfifet Peienked appleired tyo pdwpamiercloat 0| has substrate,

b d fl d
At TR b L et Tt W e

prfowllmeaand afod N the agudstrditeget W refid hensndeygmat nagnetic
film e., .the degree of isotropy, falls within a

unrdﬁﬁgea&f 1581m0. 2058 AsenpaEr@naiige tiggnet iakes  oriented

pe&%%gﬁqb%gaqe@buqmgogggé%fgle a non-magnetic substrate
and at least a soft magnetic undercoat film(2)

forned of a soft magnetic material, an
al i nent-re ul.ating fi (3)_for, regulatin
oyt A LA LU #@%@Fﬁ%a iErellipd® medimn as
detsher e, an Rerpendi cukdie vaagnethé fddih (Rdqh8t¥BI Glhdercoat
easy- nagnetlzatlon WO 2004/ 040557 PCT/JPZOO%/013929

£i3g dxds Cxhdbditise REE® eIy NFanseAd anigotrerhdaving an
an%‘é%%tr%%tye V£1 ang ?Hgf o6 G i; Y ?hlm J.nthrgh\%gg o@dB%EeA/m to

| ayer bBbéing provided atop strate rein
3,960t Afeigriét i0e tundér ©sat. fil m has easy-magneti zation

axes oriented perpendicular to the substrate. 5. A

per pendi cul ar magnetic recordi ng nediumas described

in d.aima vwhenpiniihe s0f tngggoetéc vadergeal; hiciMum as
exhi bits perpendi cul ar magnetic ani sotropy having

de(éﬁ)rlgﬁﬁsdﬂc%w fang P § Hkyafm$ | Lnghwbuahnda wasgeisf the soft
ma%%%t ?eé%ggg éﬁthSégﬁr 50 0 atﬂ@af%d magn%gac flux

perpendl magnetic r ng Freditum as ““9eld

deing idny (Bse dhldha@nmlthnmraughn@e wiferoeion Tt e saft T.
magneti ¢ undercoat film (2) has a saturated nagnetic
flux density (Bs) falling within a range of 0.2 T to

1771 7. pA RReReliclar maghetdcifecopdhpgi AR YWaA%m  as
described in any one of claims 1 through 6, wherein the soft
magnetic undercoat film (2) is formed of microcrystals having
a crystal grain size of 5 nm or less or has an amorphous

structure.

8. A perpendicular magnetic recording medium as
described in any one of claims 1 through 7, wherein the soft
magnetic undercoat film (2) has a thickness falling within a

range of 50 nm to 5,000 nm.

9. A perpendicular magnetic recording medium as
described in any one of claims 1 through 8, wherein the
surface of the soft magnetic undercoat film on which a
perpendicular magnetic recording layer is to be laminated has

an average surface roughness (Ra) of 0.8 nm or less.



described in any one of clainms 1 through 6, wherein

the soft magnetic undercoat film (2) is formed of
wor@soasyst al s having a crystal grain size of PGI/arma013929

| ess or has an anorphous structure. 8. A

per pendi cul ar magnetic recordi ng medium as descri bed

in any one of clains 1 throuéh 7, wherein the soft

magriét.i ¢ uAdepeopentiiloml@?) magnettiki ckressdiald | mgdium as

within a. range of 50.nmto 5, 000 nm 9. A ,
deSeraRRe At A mSIRLTE ¢ LeOra) ﬂggmapgﬁw 8¢ "BET&impdde soft
malghediy @neetlcoaitaifiBml hr Qg BnaviRighdhgs. surface

of the soft magnetic undercoat filmon which a

per pendi cul ar magnetic recording layer is to be

078 nm o TosBo N SO0 0R0587 SECH TPS005 T iage pfiiun s
debQr 1Aeperiperdiyc wnar ofagrietine reddrdived Meji wheasein the soft

descr.i bed in an of, clainms 1 through 9, wherein
matgﬁlc?%%:f AR ERET %nlﬁﬁde(rzgoé%onfqailms( PPIOt ai ns

phosphorus. 11. A perpendi cul ar magneti c recordi ng
medi um as described in any one of clainms 1 through

10, W#herei A t Rerpendichdgret e amedéiccoatedaddnn®) medium as

.ai.ns .hor.an . r di.cyl. ar tic.record
SRR PR, oI, o RATRS B BONE] SIS IR non
mabhe bikeseion tidad enqn-) negRetsid ipdestsudtist r@e i s a

silicon substrate. 13. A process for producing a

per pendi cul ar magnetic recording nmedium conprising

formang net ghloice sRUCESE BhoB1c388d 4 aYeEpRAdRcular magnetic
non- magneti ¢ substrate, and fornm'ng a so?t magneti c

regeddiagatmediwmon admenistiald | fonndhei metahkbiceediclei or a

I f el I ' wh ' h
ookt it TBENS. S ELeciiol o2 BLALLRR: VIRP Boblfeg o core

magxlegrioaluppsatdet fBgneld ctié ehdthslappldird di0 ¢hethe seed
non- magneti c substrate, and the substrate is rotated
lag§ch PHatMe#Rs subist AP Lafs nPaphédIpar URPERIRO e soft

ma@%%%ﬁb?hﬂ@%%?géﬂ:fﬂ di s 180 rheRefRENd Ul & BIRA ihrat1el
recordi ng medi um produced

magnetic field is applied to the non-magnetic substrate, and
the substrate is rotated such that the substrate 1is

maintained parallel to the parallel magnetic field.

14. A perpendicular magnetic recording medium produced

through a production process as recited in claim 13.

15. A perpendicular magnetic recording and reproducing
apparatus comprising a perpendicular magnetic recording
medium as recited in any one of claims 1 through 12 and claim
14, and a magnetic head for recording of data onto the medium

and for reproduction of the data therefrom.

16. A non-magnetic substrate having a soft magnetic
undercoat f£ilm thereon, wherein the substrate assumes a disk-

like shape, and the ratio between Hs (the minimum intensity



t hrough a production process as recited in claim13.
15. A perpendi cul ar magnetic recordi ng and reproduci ng
W@pEanasss conpri sing a perpendi cul ar magnet i cPCT/JP2003/013929
recording nediumas recited in any one of clainms 1
through 12 and claim 14, ang a magnetic head for
recordi ng of data onto the di um and for
of @prEdnEtion fdfe icheanmtied Her émeomnctee:cotamomhnagmmmtained

BBl oW MG AOLL OBl oo lderoost LML) s

her eon, wherei n the SUbstr
tas:tgmé:ladndiltdee:mm @ hethweemddy dddte M BHE iKY ensid Vradial
4 004/0 7 PCT/JP2003/ 013929 32 of a nmgnetic
lfreét &Oé’pfﬂ & GF Rderiddadt fli1am-astiebtdadrar ahersotropy,

fadaturated o ng neti fdax density is neasured) in a

t angenti al rection of ‘theé un ercoat filmand Hs in a
radial direction of the undercoat film i.e., the
deg isotro falls within a range of 1.0 0. 2.

L nonAmalr@‘?fetrF3 IRebiE r &UOShERTRy Ra¥ERY magReffc magnetic
un@@@%b%@aﬁﬂmd'HHJFE&KW5§SdQ§§ b0 hn. ?E%hnh%G’whereln the

wherein the soft magnetic undercoat fi
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18.. A b t
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mhereln the substrate assunmes a disk- |ike shape and

has 1gasy magréj eti zation axes oriented perpendicular to
t he Subst fat®R TR IR HbR- segsérates UpRYiRag e chaophly aagnetic

unﬁ@&boﬁ%gﬁgﬁbcth%&%%%?o%ke Iim ther eeR, é%?“%g%ﬂﬁié N disk-

claim 18, wherein thé t magnetic undercoa
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f Hk f t hi f 395
PP B e th0 R s Sl E5 56 r) . 20. A process for

produc:| ng a, non-magneti c substrate having a soft

g%tl c undercoat filmthereon, including formng
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on the netallic nuc y méan
sogtedponledds undercoat film exhibits perpendicular magnetic

anisotropy having an anisotropy field (Hk) falling within a

range of 395 A/m to 3,950 A/m (5 Oe to 50 Oe).

20. A process for producing a non-magnetic substrate
having a soft magnetic undercoat f£ilm thereon, including
forming metallic nuclei or a seed layer on a non-magnetic
substrate and forming a soft magnetic undercoat film on the
metallic nuclei or the seed layer by means of electroless
plating, wherein the process further comprises polishing a
surface of the non-magnetic substrate before formation of the
metallic nuclei or the seed layer or polishing a surface of
the soft magnetic undercoat film after formation of the soft

magnetic undercoat film.

21. A process for producing a non-magnetic substrate



pl ating, wherein the process further conprises

polishing a surface of the non-magnetic substrate
whedoanessor mati on of the mnmetallic nuclei or tPer/sEee/013929

| ayer or polishing a surface of the soft nagnetic

undercoat filmafter formation of the soft nagnetic

undercoat film 21. A proces% for producing a
haydnomagnet ¢ €L sufsnraitiec WOn2@@400405571m  thereon, including

P 392 3.h t d
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sugff acke o fmsthal |mo¢1—mcgrmt1w stubves tsede keyferreanbrmation of the

Ii h|n surface of e, soft nagneti ¢ undercoat

nefduuill BAA SR setharaet Rl RbLE SR poatr face of

thiel Isft2Zha hdariae assdd ©fo f OFHIGH NGF B AORPREARELHC of the soft
substrate having a _soft nmagnetic undercoat film

magREtd6n VRS SgeSEh Bed-n  claim 20 or 21, wherein the
process further conprises heat- treating t he
non- magnetic substrate at a tenperature falling
wi t Bi2n a.AaQQQC@Eslaﬂﬁrtpr@ﬂ&@ihgfarenpnkmabhagia substrate
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undercoat film thereon as described in
claim 20 or 21, wherein the process further comprises heat-

treating the non-magnetic substrate at a temperature falling

within a range of 100°C to 350°C before polishing a surface

of the substrate.



