‘;H;ﬁllll freve e reeer reer e ettt 1 - *GoooNt TI TLE OF THE
I NVENTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG- REPRODUCI NG APPARATUS USI NG THE SAME BACKGROUND OF THE | NVENTI ON

5 The present invention relates to a perpendi cul ar magnet) mmumm
medi um conprising a magnetic recording |ayer and a soft Jmﬂmmmmn r and
adapted for a high-density magnetic recerding and to a *GO000Z*

magnet i c-recordi ng-reproduci ng apparatus using the 10 partlcular |
per pendi cul ar magnetic recording nedlun1 In a perpendi cul ar doubl e-| ayer

medi um formed by |am nating a PEP #ng¥ﬂy§ﬁ¥iékng | ayer on a soft
SO

magneti c | ayer having a high perreabili magneti c | ayer plays

the rol e of a pha 1 at the
recordi ng mg%&?ﬁﬂé\@fg ﬁ%R %Adﬂ{ﬁfcge%ggogedr@r ate Ftl\f[ﬂ magnec?l ¢ head
and that has 'ﬁ%@@@tdm%thEﬁod@ﬁmd\ﬁﬂr@\fwsewﬂ@%ﬁyﬁm5 passed in a

hori zontal direction and be brought back to the side 20 of the nmagnetic

head, thereby inproving theppegereuRNg- orepyedurivegTebN Ci ency. On the ot her
hand, the soft nmagnetic |ayer tends to form domains for decreasing the

magnet ostati c ener ghe Présigimiihwaldiomnefaid®etdto ad pdpHonEilard es
bet ween the adjacent domains. It is 25 known in the art that a spike-Ilike
noi se i s genemab@@tic recording medium comprising a magnetic
recording layer and a soft magnetic layer and adapted
for a high-density magnetic recording and to a
magnetic recording-reproducing apparatus using the
10 particular perpendicular magnetic recording medium.

In a perpendicular double-layer medium formed by
laminating a perpendicular recording layer on a soft
magnetic layer having a high permeability, the soft
magnetic layer plays the role of a part of the

15 function,of the magnetic head such that the recording
magnetic-field that has been generated from the
magnetic head and that has magnetized the
perpendicular recording layer is passed in a
horizontal direction and be brought back to the side

20 of the magnetic head, thereby improving the recording-
reproducing efficiency. On thé other hand, the soft
magnetic layer tends to form domains for decreasing
the magnetostatic energy, and domain walls are formed
at the boundaries between the adjacent domains. It is

25 known in the art that a spike-like noise is generated
at the site where the domain wall is present. The

spike-like noise can be suppressed by suppressing the
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- ¢
at *vhe site where the domain wall is present. The spike-like noise can be
suppressed by suppressing the LILLEELEEr~trrrrrrrrrrrrrrrrrrrrrrrrnrnd
*159159* 2 formation of the domain walls in the soft nmagnetic |ayer. Somne
met hods for suppressing the domain wall formation are proposed in, for
exanple, Jpn. Pat. Appln. KOKOKU Publication No. 3-53686 and Jpn. Pat. 5
Appl n. KOKAI Publication No. 5-258274,. I? IS proposed that a hard magnetic
| ayer or an antiferromagnetic |ayer is tormed above or bel ow a soft
magnetic layer so as to fix the direction of the easy nmagnetization of

the soft NegneLilayss de diiie dfllal WL LT dA. SpRiessd g the

formation of ~domai n wa magneti ayer. 1n view of the
control of thgadigrect isthdnddifta LAk AP ddifa B daTRONELT ©
| ayer, it is coOnvenient to use a hard netic yer that permts 15

easi |y cont r ol gt WG oRia MBgnatdZabisnnl, e, hesd, mgnetic

| ayer itself. Where a hard magnetic layer is formed bel ow the soft

magnetic | ayenpplihe makm@gﬂfﬂi!déﬂi@tﬁmd.5_3‘-653636)@6&‘330;5@9“@5‘&._C head
enough so as to inhibit the witing of the information 20 nagneti zati on.

However 5 the hapd nTagoRAITC Hudyldicdtsorhari .ca4assaual tox the poswddani nal
magnetic recording nediumin the material and the nmagnetic charac-
teristics, anthihereharel pragretds ca leyenc e wfameditiinffer romagnetic

layer is formed above or below a soft magnetic layer

so as to fix the direction of the easy magnetization

of the soft magnetic layer to the radial direction for

10 suppressing the formation of the domain wall in the

soft magnetic layer.

In view of the control of the direction of the
easy magnetization of the soft magnetic layer, it is
convenient to use a hard magnetic layer that permits

15 easily controlling the direction of magnetization of
the hard magnetic layer itself. Where a hard magnetic
layer is formed below the soft magnetic layer, the
hard magnetic layer is far from the magnetic head
enough so as to inhibit the writing of the information

20 magnetization. However, the hard magnetic layer is
basically equal to the longitudinal magnetic recording
medium in the material and the magnetic charac-
teristics, and therefore provide a source of medium
noise. Also, it is desirable for the soft magnetic

25 layer to be thin in view of the manufacturing cost and
the dust generation during the film forming process.

However, the noise from the hard magnetic layer is



p
moi §&. Also, it is desirable for the soft magnetic 25 layer to be thin in
view of the manufacturing cost and the dust generation during the film
form ng process. However, the noise fromthe hard magnetic layer is Y { 3
increased if the soft magnetic |ayer is nade thinner and the distance

bet ween the hard nmagnetic | ayer and the magnetic head is decreased. It
follows that the use of a hard magnet.icsl ayer generates a problem5
particul ar where the soft magnetic layer is nade thinner. On the other
hand, the use of an antiferro- nmagnetic |ayer is advantageous over the use

of a hard .”aﬁlgx%ge%e@’%r o}, V‘seo"fttﬁgat ot S S ”ﬁ] R Ffﬁfﬁné@ because
magnet i zati on~doés not take 51ace. ﬁkver, si'nce e antiferromagnetic

| ayer does no NBCTRSE QR i i i t r ghetic
layer, it is Elnllgl?r{:?ue?td];[ o cont %([ﬁt% I reﬁéyzrﬁfedjg?%%ﬁ% %?y%ﬁegnrr%gneti C
spin of the arhef @lfrethz TRUNPLL JRIaser SO 115w O et tond i X the
direction of the magnetization of the soft nagnetic layer to the radi al

direction, a seid Jragnetdd |nﬁa\(ﬁfetiic5 fajdedididisdted of I oMesh &y formng an
antiferro- magnetic |ayer on the soft nagnetic |ayer with a 20 magnetic

field appliedgartiikelradivile ¥l rerd iUEL agagribitsid ospped N dapagese Pat ent
Publication No. 3-53686 referred to above. However, where an antiferro-
thinner.

On the other hand, the use of an antiferro-
magnetic layer is advantageous over the use of a hard
magnetic layer in view that a noise is not generated

10 because magnetization does not take place. However,
since the antiferromagnetic layer does not have a
macroscopic magnetization unlike the hard magnetic
layer, it is difficult to control directly the
direction of the magnetic spin of the antiferro-

15 magnetic layer. Therefore, in order to fix the
direction of the magnetization of the soft magnetic
layer to the radial direction, a soft magnetic layer
is formed first, followed by forming an antiferro-
magnetic layer on the soft magnetic layer with a

20 magnetic field applied in the radial direction, as
disclosed in Japanese Patent Publication No. 3-53686
referred to above. However, where an antiferro-
magnetic layer is laminated on a soft magnetic layer
as proposed in the Japanese patent document quoted

25 above, the distance between the soft magnetic layer
and the magnetic\head is increased because of the

presence of the antiferromagnetic layer and therefore



,wagnétic | ayer is lam nated on a soft magnetic |ayer as proposed in the
Japanese patent docunent quoted 25 above, the distance between the soft
magnetic | ayer and the nagnetic head is increased because of the presence
of the antiferromagnetic |ayer and therefore 4 give rise to the problem
that the recording magnetic field generated fromthe magnetic head tends
to be diffused so as to lower the recording magnetic field intensity and
the recording resolution. 5 As descri bed above, in the conventional

per pendi cul ar doubl e-1ayer nedi um conprising a soft nagnetic |ayer and a

per pend! oul ar GROLAI J AR, AN Sth D B SOLS, ARSI Syl e the

spi ke-1i ke ndi'se was suppress y hagheti zi ng e SO 10 | ayer

in the radial gi.r i i it | Y
antiferr onagnefgieéglcgfg% eﬁl‘;v%%_,natﬂgé Srgd@ﬂ%ﬁc% ﬁjeeicgr%nrrd;%ng?i%e | ayer gives
rise to the pLQHRBed Y SOHSE dowdIeNG AL MY e diddisegneigc | ayer

itself. On the other hand, in the case of using an 15 antiferronagnetic

layer, it is dinftfdnGultly L ¥He Hecd Bl nREdd AR n L he magneti zati on.
Al so, an additional problemis |ocated 1T n that the distance between the

magneti ¢ head and the sfdrimgneibevd AyEE thé ¢oveasesna0 BRI EF SUMVARY
OF THE | NVENTI ON An obj ect of the present invention, which has been
achi eved in vipewpehditelsd watibdre-desesd hegiium comprising a soft
magnetic layer and a perpendicular recording layer
laminated on the soft magnetic layer, the spike-like
noise was suppressed by magnetizing the soft magnetic
10 layer in the radial direction by using a hard magnetic
layer or an antiferromagnetic layer. However, the use
of the hard magnetic layer gives rise to the problem
that noise is generated from the hard magnetic layer
itself. On the other hand, in the case of using an
15 antiferromagnetic layer, it is difficult to control
the direction of the magnetization. Also, an
additional problem is located in that the distance
between the magnetic head and the soft magnetic layer
is increased.
20 BRIEF SUMMARY OF THE INVENTION
An object of the present invention, which has
been achieved in view of the situation described
above, 1s to provide a perpendicular magnetic
recording medium capable of suppressing the medium
25 noise and also capable of obtaining a high recording
magnetic field intensity and a high recording

resolution.



'abové, is to provide a perpendicul ar magnetic recording nmedi um capabl e of
suppressing the nmedi um 25 noi se and al so capabl e of obtaining a high
recording nagnetic field intensity and a high recording resolution. 5
According to a first aspect of the present invention, there is provided a
per pendi cul ar magnetic recording nmedium conprising: a nonmagnetic
substrate; 5 a longitudinal hard magnetig nulti-layered film arranged on
t he nonmagnetic substrate, including at “|east two hard nagnetic | ayers

| am nat ed one upon the other with a nonmagnetic internedi ate |ayer

i nt d therebet . 10.a | it ydi nal ft tic | f d

the |ongi tudinal RSFATHGNel: s Smiti=h A70eat R MiatF SO pendi cul ar
ti - di ‘ | i tudi . f1 ti.c | .

According Lo 3t VaRHEYEc seRrEot s, BRokPResh A7 bl bRl lar IR R

provi ded a ”HQBSBEEiﬁgcﬂEQEﬂg% Eg&égﬁggb@?napparatus, conprising: a

per pendi cul ar magnet recordi ng-r g nedium driving nechanismto
support and rotatet %nﬁ@gﬁ%&&%ﬁ%ﬁﬂiﬁﬁ?ét%ﬁgnetiC recor di ng-r eproduci ng
ea

medi un  a nmagnetic quipped W th an ‘el ement to record information in
the pergendi cul ar FRARGLIi¢udinal hard magnetic multi-layered film
arranged on the nonmagnetic substrate, including at
least two hard magnetic layers laminated one upon the
other with a nonmagnetic intermediate layer interposed
therebetween;
10 a longitudinal soft magnetic layer formed on the
longitudinal hard magnetic multi-layered film; and
a perpendicular magnetic recording layer formed
on the longitudinal soft magnetic layer.
According to a second aspect of the present
15 invention, there is provided a magnetic recording-
reproducing apparatus, comprising:
a perpendicular magnetic recording-reproducing
medium;
driving mechanism to support and rotate the
20 perpendicular magnetic recording-reproducing medium;
a magnetic head equipped with an element to
record information in the perpendicular magnetic
recording medium and with an element serving to
reproduce the recorded information; and
25 a carriage assembly which supports the magnetic
head such that the magnetic head is movable relative

to the perpendicular magnetic recording medium;



recording mediumand with an el ement serving to reproduce the recorded
information; and 25 a carriage assenbly which supports the magnetic head
such that the nagnetic head is novable relative to the perpendicul ar
magnetic recording medium p r 6 wherein the perpendicular magnetic
recording nediumconprises: a nonmagnetic substrate; a |ongitudinal hard
magnetic nulti-layered film 5 arranged @n the nonmagnetic substrate,
including at |east two hard nagnetic |ayers | am nated one upon the other
wi th a nonmagnetic internediate | ayer interposed therebetween; a

| ongi tudi nal soft rm%(}e#rfn%@%ﬁédeég%gig%%g}ﬁ%?&gtlgngg&ggldggl har d

magnetic nulti-|ayere nagneti ¢ reco?ding | ayer

formed on th%ldyuﬂtdgM#yy soft magnetic |ayer. Additional objects and
advant ages of f%e pr esent ﬁnvention will be set forth in the description

which 15 follows, ahidagadt i dhpderphyious fromthe description, or may
be | earned by practice of the present invention. The objects and

advantages of the presefttidmedt i 9drdeiadeet £l hdedi andyebtai pednyby neans
of the instrunentalities and conbi nations 20 particularly pointed out
hereinafster. arranged on the nonmagnetic substrate, including at
least two hard magnetic layers laminated one upon the
other with a nonmagnetic intermediate layer interposed
therebetween;
a longitudinal soft magnetic layer formed on the
10 longitudinal hard magnetic multi-layered film; and
a perpendicular magnetic recording layer formed
on the longitudinal soft magnetic layer.
Additional objects and advantages of the present
invention will be set forth in the description which
15 follows, and in part will be obvious from the
description, or may be learned by practice of the
present invention. The objects and advantages of the
present invention may be realized and obtained by
means of the instrumentalities and combinations
20 particularly pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the present invention, and
25 together with the general description given above and
the detailed description of the embodiments given

below, serve to explain the principles of the present



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng
drawi ngs, which are incorporated in and constitute a part of the
specification, illustrate enbodi ments of the present invention, and 25
together with the general description given above and the detailed
description of the enbodi nents given below, serve to explain the
principles of the present 7 - inventiagn. ;FIG 1 is a cross-sectional view
exenplifying the constitution of a nagnetic recordi ng nmedi um of the
present invention; 5 FIG 2 shows as a nodel an exanple of the direction
of the magneti;zatiqnn the radial direction of a disk-like substrate;
FIG 3 shows as a model’ anot her exanple of the direction of the

magneti zation i n theqadiale i (S Aed AP Sk Ltk PUELER! B FI G 4

is a cross-sectional view show ng another exanple in tutron of a

magneti c recoilindg i thRdigiMoH o i gHAS lrddRIPhedddm Of 1 $hd
cross-sectional view show ng another 15 exanple 1n the constitution of a

magneti c recopdeR@ntMadivientdlon;he present invention; FIG 6 is an oblique
view showing in a dismantled fashion the constitution of an exanple of a

magneti @ recordi NGFIRPIOEKIWY Sppamadds]l ofn tdansesest 20ei nventi on;
direction of the magnetization in the radial direction
of a disk-like substrate;

FIG. 3 shows as a model another example of the
direction of the magnetization in the radial direction

10 of a disk-like substrate;

FIG. 4 is a cross-sectional view showing another
example in the constitution of a magnetic recording
medium of the present invention;

FIG. 5 is a cross-sectional view showing another

15 example in the constitution of a magnetic recording
medium of the present invention;

FIG. 6 is an oblique view showing in a dismantled
fashion the constitution of an example of a magnetic
recording-reproducing apparatus of the present

20 invention;

FIG. 7 is a cross-sectional view showing still
another example in the constitution of a magnetic
recording medium of the present invention; and

FIG. 8 schematically shows the constitution of a

25 magnetizing apparatus used in the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The perpendicular magnetic recording medium of



FIG 7 is a cross-sectional view show ng still another exanple in the
constitution of a magnetic recording nedium of the present invention; and
FIG 8 schematically shows the constitution of a 25 nagneti zing apparat us
used in the present invention. DETAILED DESCRI PTION OF THE | NVENTI ON The
per pendi cul ar magnetic recording mediumof 8 the present invention
conprises a structure in which a nonpaggetic substrate, a |ongitudinal
hard magnetic nulti-layered filmare lamnated in the order, a

| ongi tudi nal soft magnetic |ayer and a perpendicular 5 nagnetic recording

ayer. The | onglt udbaal arg. aRel e I L aXarak fLI L piigs 2t

| east, a non ré intérmediate layer ~an magre ayers

whi ch are | anj pafed,ape harsd Saneti 6 hayes + a1t e 0t el ard: mgneti c
t%ere

| ayer with a nonmagnetic I ntermédi ate 17ayer i nterpose et ween

respectively. nihe; mgoetiea FaaQr dird0 -G NG ARAAtdSy ofa the present
i nvention is an apparatus having the above-noted perpendi cul ar nmagnetic

recordi ng medigaylsubneanPaitiethalgheraid.1agrRacidical Ipergditirmanst i
recor di ng-reprodidci ng apparatus of the present invention conprises the

per pendgcul ar nggaBet icC rekesaitigd afRe UMTHY iNgrid tREaT St support and
rotate the perpendi cul ar magnetic recording nedium an 20 elenent to
record infornhhgastie mbetpenpgediceulfdim includes at least, a

nonmagnetic intermediate layer and two hard magnetic

layers which are laminated one hard magnetic layer

upon the other hard magnetic layer with a nonmagnetic

10 intermediate layer interposed therebetween

respectively.

The magnetic recording-reproducing apparatus of
the present invention is an apparatus having the
above-noted perpendicular magnetic recording medium

15 incorporated therein. Specifically, the magnetic
recording-reproducing apparatus of the present
invention comprises the perpendicular magnetic
recording medium, driving mechanism to support and
rotate the perpendicular magnetic recording medium, an

20 element to record information in the perpendicular
magnetic recording medium, a magnetic head to
reproduce the recorded information, and a carriage
assembly which supports the magnetic head such that
the magnetic head is movable relative to the

25 perpendicular magnetic recording medium.

In the perpendicular magnetic recording medium of

the present invention, the longitudinal hard magnetic



L}

magneti c recording nmedium a magnetic head to reproduce the recorded
information, and a carriage assenbly which supports the magnetic head such
that the nagnetic head is novable relative to the 25 perpendi cul ar
magneti c recording medium In the perpendi cul ar magnetic recordi ng nmedi um
of the present invention, the longitudinal hard nagnetic 9 |ayer arranged
bel ow the | ongitudinal soft magnetic _lagyer_is of a multi-layered structure
prepared by alternately |am nating hard magnetic |ayers and nonmagnetic

| ayers and produces the interaction of 5 aligning the directions of the

magneti zat | Onﬁgfge%psgﬁgﬂig%ewel%w %p®g%$§&§4@$%rls ddk @ ANtdaral lel

fashi on. Beca articul-ar fun € ‘present 1hvention nmakes

|1 POSSI bl & 19, 9URPLESs el Do 123KaAGHled R TR éfpzféﬁa&é‘cg gy the hard

magnetic 10 layer and to Inprove t probl'em of the "noi'se eration from
the hard mgns&tgrhgﬁg& W LAGWE £ 1InRCHRAY M e id StARGes baiyween the

magneti ¢ head an ongl tudi nal” soft magnetic |ayer. Also, in the

present invenhhARaghbeikand Jeagnahnic pridckerndclitdad ditdhet ongi t udi nal
hard magnetic nulfi-layered filmcan be nmagnetized easily in an optiona

directign so asihaingkehel dpeswithiond @f RPIesHdtElAltMal weagidy the
spi ke-1i ke noise generation fromthe |ongitudinal soft magnetic |ayer. 20
FIG 1 is a ca@gaceatt hara magewtexenpalyidns righ téhe antiparallel
fashion. Because of the particular function, the
present invention makes it possible to suppress the
leakage of the magnetic flux from the hard magnetic
10 layer and to improve the problem of the noise
generation from the hard magnetic layer without
increasing the distance between the magnetic head and
the longitudinal soft magnetic layer.
Also, in the present invention, the hard magnetic
15 layer included in the longitudinal hard magnetic
multi-layered film can be magnetized easily in an
optional direction so as to make it possible to
suppress relatively easily the spike-like noise
generation from the longitudinal soft magnetic layer.
20 FIG. 1 is a cross-sectional view exemplifying the
construction of an example of a magnetic recording
medium 10 of the present invention. As shown in the
drawing, the magnetic recording medium 10 comprises a
substrate 1, a longitudinal hard magnetic layer 8
25 formed on the substrate 1 and consisting of a first
magnetic layer 2-1, a nonmagnetic layer 3-1, a second

magnetic layer 2-2, which are laminated one upon the



construction of an exanple of a magnetic recording medium 10 of the
present invention. As shown in the drawi ng, the nmagnetic recordi ng nedi um
10 conprises a substrate 1, a |ongitudinal hard magnetic |ayer 8 25 forned
on the substrate 1 and consisting of a first magnetic |ayer 2-1, a
nonmagnetic |ayer 3-1, a second magnetic |ayer 2-2, which are | am nated
one upon the 10 other in the order nentijgned, a |ongitudinal soft

magnetic |ayer 4 forned on the |ongitudinal hard magnetic |ayer 8, an
underl ayer 5 forned on the Ilongitudinal soft magnetic layer 4, and a 5

per pendi cul ar oﬂﬁ%?e%c tﬁ'l%C%rrglier}g zr!eq‘%ﬁl roxfe& Oranqdor{l "éd%ginaLTS%Eft?yer > In

the present invention, a hard magnetic layer i u In e Tongitudinal

har d nagneticmgghgkiclQ$§%§d4fkbqugyfﬁgqﬂg(%yﬁﬁﬁﬁﬂﬁ@ﬁghtgg%éongitudina

10 soft magnet l"ayer. a result, ongi t soft magnetic |ayer

i s capabl e of m_a@ma%\iicnqag,{ér &XChan g/ Ul Y19 Mddrddie d,ongid udinal hard
magnetic nmulti-layered filmin the present invention. In order to

magneti ze thelbaggitiddinRal soFft maRaRatic 18 4, akrd ape direction by using
the hard magnetic nmulti-layered film the exchange coupling or an exchange

interacsi on petrpeadiche arongighediiralr sfridifrpnelyer |ayRirmsdl dhechdard
magnetic layer in contact wwth the |ongitudinal soft nagnetic |ayer is
utilized. In phaetilegert e 20 exchange coupling or the exchange interaction
pr oduced
In the present invention, a hard magnetic layer
included in the longitudinal hard magnetic multi-
layered film may be in contact with the longitudinal
10 soft magnetic layer. As a result, the longitudinal
soft magnetic layer is capable of achieving an
exchange coupling with the longitudinal hard magnetic
multi-layered film in the present invention. In order
to magnetize the longitudinal soft magnetic layer in
15 one direction by using the hard magnetic multi-layered
film, the exchange coupling or an exchange interaction
between the longitudinal soft magnetic layer and the
hard magnetic layer in contact with the longitudinal
soft magnetic layer is utilized. In practice, the
20 exchange coupling or the exchange interaction produced
between the atoms positioned adjacent to each other at
the interface between the longitudinal soft magnetic
layer and the hard magnetic layer is utilized for
magnetizing the longitudinal soft magnetic layer in
25 one direction. Since the exchange interaction is

produced in the present invention between the

longitudinal hard magnetic multi-layered film and the



‘bet ween the atons positioned adjacent to each other at the interface

bet ween the | ongitudinal soft magnetic |ayer and the hard magnetic |ayer
is utilized for magnetizing the |ongitudinal soft nagnetic |layer in 25 one
direction. Since the exchange interaction is produced in the present

i nvention between the |ongitudinal hard magnetic nulti-layered film and
the - 11 longitudinal soft magnetic laygy, it is necessary for the layer
included in the | ongitudinal hard magnetic mnulti-layered film which is in
contact with the Iongitudinal soft nagnetic Iayer to be a hard 5 magnetic

I
dggﬂablngt ?o?ggﬁ%%gﬁr él%tli %)ré?’tof‘élr@gnel |nz; o olf%e?% Inv?egstsl’arog%ne%c Iayer
ntuded 10 t8Ae! GAYLLUAILAL Y d o B BIdInd AHREH ddddBe i ch Ts T

contact with t he Iongltu soft rragn ayer 0 be |gned in a

predet er m nedpdhk8Ch QR r MGHA , lh(%slhq.ld}PQLté ans & tatéle v{;%&f‘ecf( Hgation noted

above are aligned, it~ is possible to suppress t e spi e noi se. \Were

the nonmagnet hengURsHidka isAth rafdfhetiane aykr Oft R Kl sk.nddqis desirable
for the hard magnetic layer in contact wth t'he | ongi tudi nal soft magnetic

| ayer $0 be magnetiizedayert,heiod rapum‘r@fraa;ﬁd@c digyection or in the radial
direction. Mre preferably, it is desirable to align the directions of
magneti zati on of 2@lishg har dheagreident ajrerentidine 1adialdesteshion.

for the directions of magnetization of the hard

magnetic layer included in the longitudinal hard

magnetic multi-layered film, which is in contact with

10 the longitudinal soft magnetic layer, to be aligned in

a predetermined direction. Where the directions of

the magnetization noted above are aligned, it is

possible to suppress the spike-like noise.

Where the nonmagnetic substrate is in the shape

15 of a disk, it is desirable for the hard magnetic layer
in contact with the longitudinal soft magnetic layer
to be magnetized in the circumferential direction or
in the radial direction. More preferably, it is
desirable to align the directions of magnetization of

20 the hard magnetic layer in the radial direction.

Each of FIGS. 2 and 3 shows as a model that a
disk-like substrate is magnetized in the radial
direction. To be more specific, FIG. 2 shows that the
disk-1like substrate is radially magnetized from the

25 center of the substrate toward the periphery of the
substrate, as denoted by arrows. Also, FIG. 3 shows

that the disk-like substrate is radially magnetized in



Each ‘of FIGS. 2 and 3 shows as a nodel that a disk-like substrate is
magneti zed in the radial direction. To be nore specific, FIG 2 shows that
the disk-like substrate is radially magnetized fromthe 25 center of the
substrate toward the periphery of the substrate, as denoted by arrows.
Also, FIG 3 shows that the disk-like substrate is radially magnetized in
12 the opposite direction fromthe periphery of the disk toward the
center of the disk, as denoted by arrows. It is also possible for the

di sk-1i ke substrate to be nagnetized in the circunferential direction,

i.e., in5th | S ; I i ' L on. t

nvention, i1 T QRSN HaREHE A Sl e EEMNPRy o8 RS BLERT
i the di j d%?HE?l til he, adj d ti

?a;/gPs i ﬁ anI gﬁﬁéﬁéﬂ:§ﬁ| Ir eclﬁnﬂ@t&%%m'lgagl g%ﬁﬁgés?r a Iaelr?g‘rgglfehlechar d

magnetic | ayerg RGSidiiNgbsAdiRCer th&ags oL ke Ve iBs BrBOETRGNELI C | ayer
i nterposed therebetween to have approximately the sane magnitude of

nmagneti c mMonepfagndfterd hig e adi seaite Na€h ARoNLEE6t18)er 8, bayein15 the
sanme nmagni tude of magnetic nonment, the magnetic nonments of the two

adj acent har d ymgrEiddkwiayecr afdun taeEd €vDye eathe Ot heh. SO as to mnim ze
the I eaking magnetic flux. It follows that, where the hard nmagnetic

mul ti-layered fil mimdheasresereyetnvembeon pf it20shdedipaghet forl ayers, it
can be assuned that every two

hard magnetic multi-layered film to align the
directions of magnetization of the adjacent hard
magnetic layers in an antiparallel direction. It is

10 also desirable for the hard magnetic layers positioned
adjacent to each other with a nonmagnetic layer
interposed therebetween to have approximately the same
magnitude of magnetic moment.

Where the two adjacent hard magnetic layers have

15 the same magnitude of magnetic moment, the magnetic
moments of the two adjacent hard magnetic layers are
canceled by each other so as to minimize the leaking
magnetic flux. It follows that, where the hard
magnetic multi-layered film includes an even number of

20 hard magnetic layers, it can be assumed that every two
hard magnetic layers form a pair, with the result that
the leaking magnetic flux of the entire hard magnetic
layers can be minimized so as to improve the problem
of noise generation most effectively.

25 .If the difference in magnitude of the magnetic

moments exceeds 0%, the two adjacent hard magnetic

layers is larger, media noise from the multi layered



hard magnetic layers forma pair, with the result that the |eaking
magnetic flux of the entire hard nagnetic |ayers can be mnimzed so as to
i nprove the problem of noise generation nost effectively. 25 If the
difference in magnitude of the magnetic nonents exceeds 0% the two

adj acent hard magnetic layers is larger, nmedia noise fromthe nulti

| ayered - 13 hard magnetic layer tends {9 be larger. A simlar effect can
be expected even if the |longitudinal hard magnetic nmulti-layered film does
not include an even nunber of the sumof the hard nagnetic 5 l|layers. For

exanple, in tﬁ%rﬁaﬁl%g%;etﬁcdil% AN Ig__eeégdébg%c;ta%e:,ln% éé]{nl | ar effect can be

expected if the sum “of the gnitu c nonents of the hard

megnetic |ayers that Qe ymonsiiged daginl | goutves dvis pppryimtely

equal to the sum of the nmagnitudes of 10 the ‘nagnetic nonents of the hard

magnetic | ayengnighaiudidad TRAREARfbtadinllyi i fod | M IMiGodSPot it IS
desirable for thé difference between the sumof the magnitudes of the

nmagneti c nNONERhe1Qdet Re Ralcth MERrd Gf aes Ssuhadf afite Magnethzatkdiadi al |y
outward 15 and the sum of the magnitudes of the magnetic nonments of the

hard magneti c laggelss t IRlr asanpAg)etirzethd ashsd |yf iav@isktDile 0 or nore O
as possible. If the difference noted above, is larger, nedia noise from
the multi | ayenuedthated , megrdinid drayefifdendsan dbdeedfedttaderf the sum
of the magnitudes of the magnetic moments of the hard
magnetic layers that are magnetized radially outward
is approximately equal to the sum of the magnitudes of
10 the magnetic moments of the hard magnetic layers that
are magnetized radially inward. In this case, it is
desirable for the difference between the sum of the
magnitudes of the magnetic moments of the hard
magnetic layers that are magnetized radially outward
15 and the sum of the magnitudes of the magnetic moments
of the hard magnetic layers that are magnetized
radially inward to be 0 or more 0 as possible. If the
difference noted above, is larger, media noise from
the multi layered hard magnetic layer tends to be
20 larger.

Incidentally, if the construction that the
directions of magnetization of the adjacent hard
magnetic layers are aligned antiparallel to each other
through the nonmagnetic layer is applied to the

25 recording layer of the longitudinal magnetic recording
medium, it is impossible to obtain a sufficient

reproduction output. Thus the particular construction



Incidentally, if the construction that the directions of magnetization of
the adjacent hard magnetic |ayers are aligned antiparallel to each other
t hrough the nonmagnetic layer is applied to the 25 recording | ayer of the
| ongi tudi nal nmagnetic recording nedium it is inpossible to obtain a
sufficient reproduction output. Thus the particular construction 14 is
conveni ent only for the perpendicul ar. magnetic recording nedium In the
present invention, it is desirable for the coercive force of the hard
magnetic | ayer adjacent to 5 the longitudinal soft magnetic |ayer to be

| arger than t ] o] (o] h t her. r etjic layer. 1In the

absgnce of anygxggrﬁ(ﬁgbxﬁgénéﬁﬁg %iog:l g,h%t %%rp%g#én@%%eﬁa?qegég and the

har d nagneticrgﬁgggiﬁgemegggﬁgtized at random Where an external magnetic
e r

10 field is appl _ magneti zing the hard magnetic layer in a
predeterm ned direghi @Re RRLlshd! dventibn ! N& Gas &Y Apply 1 f1) ahLxt ernal

magnetic field having an'intensity high enough to overcone the interaction

for aligning therbayd mB@BE! ¢ tAKEHS rid) mAYNLR idntiRArAldBla dintedld on, each
direction of the hard nagnetic |ayers included in the hard magnetic nulti-

|l ayeredsfil m tpeesohfithaidanesbifénmalnidie eXlagietalto MRgNQlrigef it@lath so as
to make the directions of nagnetization parallel. If the external nmagnetic
20 field is renevedekatee, folreediorfethieowtdfe miginet imaatnedic layer.
In the absence of an external magnetic field, the
soft magnetic layer and the hard magnetic layer are
magnetized at random. Where an external magnetic
10 field is applied for magnetizing the hard magnetic
layer in a predetermined direction, particularly, in
the case of applying an external magnetic field having
an intensity high enough to overcome the interaction
for aligning the hard magnetic layers in an
15 antiparallel direction, each direction of the hard
magnetic layers included in the hard magnetic multi-
layered film faces in the direction of the external
magnetic field so as to make the directions of
magnetization parallel. If the external magnetic
20 field is removed later, the direction of magnetization
of one of the adjacent hard magnetic layers is
reversed by the interaction, though the direction of
magnetization of the other hard magnetic layer remains
to be equal to the direction of the external magnetic
25 field.
Where an even number of hard magnetic layers,

e.g., two hard magnetic layers, are formed on a



of one of the adjacent hard magnetic layers is reversed by the
I nteraction, though the direction of magnetization of the other hard
magnetic |layer remains to be equal to the direction of the external
magnetic 25 field. Wiere an even nunber of hard magnetic |ayers, e.g.,
two hard magnetic layers, are formed on a 15 dtsk-like substrate a the nd
of an external magnet- is applied t disk-like oldwatrd , followed bsubstrate
rad ¢ field S field?l$k~ﬂ§kge i rabl e renmoving the external magnetic
magneti zati on of ablge for the %F&%Erhaela gnetic one hard n of reversed
so as to be magneticlq Aol iadpne  where tﬂ‘g %ﬁ/mg@@gézed radially in e to
be two war to each_other i nt éhWatqsqggn tic layersiail ndyr S NO I eason
for the nmagnetic chaFEU@EdLnggie equal  di T IS s Eerentia cs© therle
one har O rragnetiziaition ove Bve sk fg,the reason & ﬁagmghg | ayer
alon r the entire regqldh oft aghj e;e. It is ?r’é’g’h@tti:}z@te#o understand that th
1 consi deredd ion Le part' he £Q§&ﬁahm§ f magnetic éﬁﬁﬂaﬂ mdbﬁjljy
reversed in both 1 ﬁﬁ@ﬁézheibgyg% IncIudgguiﬁ@epﬁegggEiggvention &d
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a hard magnetic nulti-la in the longitudina |ongitudinal soft yered film
Is in contact 1 hard magnetic |ayer magnetic layer, and t with the the
not ed above the hard 20 exchange | ongitudi nal soft ma is strongly tcoupled
Wt magnetic h interaction Cher 1lc |ayer because of etw the directi eb
een, the soft magnetic of nmagnetization of It follows that Ic la the to
ngit magnetized state layer is strongly géfected udinal the circunstances,
O the hard magnetic | by the 25 nmagnetizatio ces, the state that th ayer.
Under with the lon nof the hard nagnetic the direction of revers

gi tudi nal._sof § g avain GO aelndia¥eraiL S prdlesiqable far. anetic

| ayer is Partiall’y magneti zi ng gl tudi na magnetic | ayer

in one direction. ogugh REINY tHhe Siduation, 10 dhe present invention, it

is desirable for the coercive force of the hard magnetic layer in contact
with the 5 | oRgivkudiingl, S6f i IRENEHblayRr thded@Fdbfe timwrcd ey coercive

force of the other hard magnetic | ayer so as to suppress the reversal in
the directiontpe hEa@Netbdgaiti@N 1efydherd angidast naltisafie magnetic | ayer
5 longitudinal soft magnetic layer to be larger than the
coercive force of the other hard magnetic layer so as
to suppress the reversal in the direction of
magnetization of the longitudinal soft magnetic layer
and the hard magnetic layer in contact with the
10 longitudinal soft magnetic layer, thereby permitting
the direction of magnetization of the other hard
magnetic layer to be reversed preferentially.

In this case, it is desirable for the difference

in coercive force between the hard magnetic layer in
15 contact with the longitudinal soft magnetic layer and
the other hard magnetic layer to be larger than about
1 kOe. If the difference in coercive force noted
above is smaller than 1 kOe, partly reversal in the
direction of magnetization in the soft magnetic layer
20 and hard magnetic layer tends to be caused.

FIG. 4 is a cross-sectional view showing another
example of the construction of a magnetic recording
medium of the present invention. As shown in the
drawing, the magnetic recording medium 20 is

25 substantially equal in construction to the magnetic
recording medium shown in FIG. 1, except that a

nonmagnetic layer 3-2 and a third hard magnetic layer



and the hard magnetic layer in contact with the 10 |ongitudinal soft
magnetic | ayer, thereby permtting the direction of magnetization of the
other hard nagnetic |layer to be reversed preferentially. In this case, it
is desirable for the difference in coercive force between the hard
magnetic layer in 15 contact with the | ongitudinal soft nagnetic |ayer and
the other hard magnetic |ayer to be largges than about 1 kCe. If the
difference in coercive force noted above is smaller than 1 kCe, partly
reversal in the direction of magnetization in the soft magnetic |ayer 20

and hard magnelix alreé\’efurtiﬁ'g%z %&%ﬁg@@%@@wegﬁ%hé L&-8n§'Resgsect i onal

vi ew show ng anot her exa e construction of a nmagnetic recording

medi um of the rpypRantc iy i D ﬁ%wwﬁ?ibﬁdiﬁéﬁ%é'ﬂt_rﬁgén@@%e“ c
recording medium 20 is 25 substantially equal in construction to the

magnetic recadidy Edi WAShghd th &l fecdrd Ex§améaiat 2@ shewrapnetic
| ayer 3-2 and a third hard nagnetic layer 1 17 2-3 are further arranged
bet ween the secgmnd /hard nagnetic |ayer 2-2 and the |ongitudinal soft
magnetic layer 4 in the magnetic recording nedium 20 shown in FIG 4. 5
Wiere aB even nunbefthefe haxt devegnetmoet ayersaademagnetildetlayershardard
magnetic nulti-layered film it 1is desirable to increase the coercive
force of onlyincluded in the hard magnetic multi-layered film, it
is desirable to increase the coercive force of only
the hard magnetic layer in contact with the
longitudinal soft magnetic layer. However, where an
10 odd number of hard magnetic layers are included in the
hard magnetic multi-layered film, it is possible to
make these hard magnetic layers approximately equal to
each other in coercive force. Where the magnetic
recording medium includes three hard magnetic layers
15 2-1, 2-2 and 2-3 as shown in FIG. 4, the interaction
is exerted from the upper and lower hard magnetic
layers 2-1 and 2-3 to the intermediate second hard
magnetic layer 2-2, though the interaction is exerted
from the second hard magnetic layer 2-2 alone to each
20 of the first and third hard magnetic layers 2-1 and
2-3, even if these three hard magnetic layers are
approximately equal to each other in magnetic
characteristics. It follows that the direction of
magnetization tends to be reversed preferentially in
25 the second hard magnetic layer 2-2. Even where an odd

number of hard magnetic layers are included in the

hard magnetic multi-layered film, these hard magnetic



the hard magnetic layer in contact with the |longitudinal soft magnetic

| ayer. However, where an 10 odd nunber of hard magnetic |ayers are included
in the hard magnetic nmulti-layered film it is possible to nmake these
hard magnetic | ayers approximately equal to each other in coercive force.
Where the magnetic recording nediumincludes three hard magnetic |ayers 15
2-1, 2-2 and 2-3 as shown in FIG 4, thejgnteraction is exerted fromthe
upper and |lower hard magnetic layers 2-1 and 2-3 to the internedi ate
second hard nmagnetic layer 2-2, though the interaction is exerted fromthe

second hard net.i c - 0 t C j ISt third
hard magnet i E?LI% yellrss AZr-aé/lq{a?n% e?quJBI ncgove%t?r? %%%Ig_ q’;]r%%@ﬂ%ir& n%gn_e ic layers
are approxi maelde Laualed ¢ RAGNLMINES i@_f@qs&t%gbltéé act g4y, st es. It

follows that the direction of rmagnetizationten e reversed

preferential | wary ZRadme: isecendharn JBonedt iy e¥he-Londedher e an odd

nunmber of hard nmagnetic |ayers are included in the hard nagnetic

nul ti -1 ayer ed siftmmadiras darLd/dmanetiord 8- hd ayerge st ecdicpggial to each
other in coercive force. As described previously, it is possible to allow

the habd magfeldce .l ay®ie igaaorddcir vd 1tudticon oigidsichiiad shedfin magneti c
| ayer to have the | argest coercive 5 force. The particular situation is
est abl i shed i pripraipdieplisn ithd o s sehenteran adddihnedbest diahdird nagnetic
| ayers are included in the hard magnetic
magnetic layers are included in the hard magnetic
multi-layered film. However, if an excessively large
number of hard magnetic layers are included in the
10 hard magnetic multi-layered film, it is considered
that the direction of magnetization of the hard
magnetic layer in contact with the longitudinal soft
magnetic layer is unlikely to be reversed. In view of
the manufacturing process of the medium and the
15 manufacturing cost, it is considered desirable for the
hard magnetic multi-layered film to include 2 to 3
hard magnetic layers, more desirably two hard magnetic
layers. 1In this case, it is desirable for the
difference in coercive force between the hard magnetic
20 layer having the largest coercive force and the hard
magnetic layer having the smallest coercive force to
fall within a range of between about 1 kOe and 2 kOe.
If the difference in coercive force noted above is
smaller than 1 kOe partly reversal in the direction of
25 magnetization in the soft magnetic layer and hard

magnetic layer tends to be caused..

Where the hard magnetic multi-layered film



nultf-layered film However, if an excessively |arge nunber of hard
magnetic |ayers are included in the 10 hard nagnetic nulti-layered film

it is considered that the direction of nagnetization of the hard magnetic
| ayer in contact with the longitudinal soft nmagnetic layer is unlikely to
be reversed. In view of the manufacturing process of the nediumand the 15
manuf acturing cost, it is considered desjgablLe for the hard magnetic
multi-layered filmto include 2 to 3 hard magnetic |ayers, nore desirably
two hard magnetic layers. In this case, it is desirable for the

difference in; oI BY rﬁ§1q§h&§§p %gyggg'c y havi ng the
| ar gest coercil\q/le u((;drecsg Jarﬁ the har énggr}]%'?lign yer (lf’la‘]\_ll egi%ah%i%mallest
coercive forcqide fiald M Adidhdhd@nge Ofe BEUNERD AROW are KRR ADE, Ze kOe.
If the differenceei n coercrit verﬂ%gg}ce notée)%elg%ove IS sm rﬂeer t%an 1 kCe

partly rever s infhdrier i rStdi0) Ofn@rdmgnelé 2etiRnedn 4 heisgld magnetic

| ayer and hard magnetic |ayer tends to be caused.. \Were the hard nmagnetic

nul ti -1 ayer ed Haddnmkyndticd Udgge AN Hdch thupdrefe 0dd hes hsreghethe | ayers and
where the hard nmagnetic | ayers have the sane magnitude of nagnetic nonent,

the magsetic fllankddr drsitgle caws,d Mmonetpesdityls tS Hoppressetipsl so as
to the 5 leaked. In this case, it is possible to suppress the |eakage of
t he magneti c fllaskadgeomfi hehdhaamaginet § lux nfietdm -t lesy eacd fmagméyichangi ng
appropriately the
multi-layered film by changing appropriately the
magnitude of the magnetic moment of each hard magnetic
layer. Where, for example, the hard magnetic multi-
10 layered film includes three hard magnetic layers, it
is possible to minimize the magnetic moment of the
entire hard magnetic multi-layered film by allowing
the saturation magnetization of the intermediate hard
magnetic layer to be twice as much as that of each of
15 the upper and lower hard magnetic layers, or by
allowing the intermediate hard magnetic layer to have
a thickness twice as much as that of each of the upper
and lower hard magnetic layers, with the result that
the leakage of the magnetic flux can be minimized.
20 The magnitude of the magnetic moment can be changed
by, for example, changing the material constituting
the magnetic layer, or by changing the component ratio
of the magnetic layer.
Where the hard magnetic layers are equal to each
25 other in composition, it is desirable to allow the sum

in thickness of the odd-numbered hard magnetic layers

as counted from the magnetic recording layer to be



¥

magni t ude of the magnetic nonent of each hard nmagnetic |ayer. \Were, for
exanpl e, the hard magnetic nulti 10 layered filmincludes three hard
magnetic |layers, it is possible to mnimze the magnetic nonment of the
entire hard nmagnetic nulti-layered filmby allowing the saturation

magneti zation of the internediate hard magnetic |layer to be twi ce as nuch
as that of each of 15 the upper and |owes,hard nmagnetic | ayers, or by
allowing the internmedi ate hard magnetic Tayer to have a thickness tw ce as
much as t hat of each of the upper and |lower hard magnetic Iayers with the

result that géog(ai@ eeloJ éhue%lna&n%;cc%%ﬁéegaﬂbﬁlgkm ni mén% 20 The

magni t ude of fﬁ) magneti C can changi ng

the materi al r conmponent
ratio of the magnerkl C %yer%%&% en%ég;ne e @;‘gééslg%‘{rl%&equal to
each 25 ot hemy g KOMPAR] it a0 e}arrdéc? gy rﬁ&}ﬁﬁ@s ald Qyad he,

t hi ckness of the odd- nunber magnetic layers as counted ron1the

magneti c recordidyy duamkdr tr e 2P m%qw% Med Rl s qUBd €105 4 heagaim i n
t hi ckness of the even-nunbered hard magnetic |ayers even if the hard

magneti ¢ nul titHeawei@btfid Mdnalirless athe dch i eafd mLy®ek feimber of hard
magnetic layers. In this case, 5 the magnetic nonents of the entire hard

magnetic | ayarsyers encalmiblng aneheadhastiser aso tas Mdimaeniide | eakage
of the magnetic flux, thereby effectively

the leakage of the magnetic flux, thereby effectively
improving the noise problem. Incidentally, it is
desirable for the difference in the total thickness

10 between the odd-numbered hard magnetic layers and the
even—-numbered hard magnetic layers to be 0 or near 0.

In the hard magnetic multi-layered film used in

the present invention, a desirable combination of the
hard magnetic layer and the nonmagnetic layer includes

15 the combination of a Co-based alloy and Ru, V or Cr.
If a Co-based alloy of a hexagonal close-packed
structure is used for forming the magnetic layer, a
large coercive force can be obtained. Also, in order
to maintain the C-axis of the Co-based alloy formed on

20 a nonmagnetic layer in a planar direction, it is
desirable to use Ru, V or Cr for forming the
nonmagnetic layer. In the case of employing the
particular combination, it is possible to obtain
easily the antiferromagnetic coupled state so as to

25 obtain desired hard magnetic characteristics.

In the present invention, the thickness of the

nonmagnetic layer interposed between the adjacent hard



i mproving the noise problem Incidentally, it is desirable for the
difference in the total thickness 10 between the odd-nunbered hard nmagnetic
| ayers and the even-nunbered hard nagnetic |ayers to be 0 or near 0. In
the hard magnetic multi-layered filmused in the present invention, a
desirabl e conbination of the hard magnetic |ayer and the nonmagnetic | ayer
includes 15 the conbination of a Co-basgd alloy and Ru, Vor O. If a

Co- based all oy of a hexagonal cl ose-packed structure is used for formng
the magnetic layer, a large coercive force can be obtained. Al so, in order

to maintain tﬁﬁgrﬁég’iics 13 e&'%ePt%fgﬁgggia'b'e%eft%rr%‘iile%t%o\garor gnetic

| ayer in a plan irectron, I's rable to use for

forning the pARMAGRELLE LAYl thh thie ae33e Pl SHULHAhdNG RRFdscul ar
conmbination, it is possible to obtain easily the antifterromagnétic coupl ed

state so as tgQuéh ehhai Rhdegiiredthadnd FEFIRRYNE taRIBTLdStitifese I N the
present invention, the thickness of the nonmagnetic |ayer interposed

between the adhagenhghetdc2layeRgnatrec alldyekes Anefterakint g rdatienm ned to
produce the interaction with the adjacent hard magnetic layers such that
the dirgctiondiekcrdgneti zati on of these hard magnetic |ayers are aligned
inthe antiparallel 5 direction. For exanple, in a nmulti-layered film
including a ferromagneampirgndint iaomuirtiall dyererd florlmedirofl ety a
ferromagnetic transition metal layer formed of Fe or
Co and a nonmagnetic metal layer formed of, for
example, V, Cr, Cu, Mo, Ru, Rh or Re, a ferromagnetic
10 coupling and an antiferromagnetic coupling have been
found to appear periodically in the thickness
direction of the nonmagnetic layer. It is known in
the art that, in the multi-layered film noted above,
the period of the antiferromagnetic coupling or the
15 ferromagnetic coupling of the adjacent hard magnetic
layers is about 1 nm, as reported in, for example, "A.
Heinlich and J.A.C. Bland, Ultrathin Magnetic
Structures II, Springer-Verlag (1994)". Also, the
thickness of the nonmagnetic layer in which the
20 antiferromagnetic coupling appears first is slightly
smaller than 1 nm. In this case, the strongest
coupling force can be obtained. Then, the intensity
of the antiferromagnetic coupling tends to be lowered
with increase in the thickness of the nonmagnetic
25 layer to about 2 nm and, then, to about 3 nm.

In the present invention, in order to suppress

the leakage of the magnetic flux from the longitudinal



Co and a nonmagnetic nmetal |ayer formed of, for exanple, V, Cr, Cu, M,

Ru, Rh or Re, a ferronmagnetic 10 coupling and an antiferromagnetic coupling
have been found to appear periodically in the thickness direction of the
nonmagnetic layer. It is known in the art that, in the nmulti-layered film
not ed above, the period of the antiferromagnetic coupling or the 15
ferromagnetic coupling of the adjacent hpsd pagnetic |layers is about 1 nm
as reported in, for exanple, "A. Heinlich and J.A C. Bland, Utrathin
Magnetic Structures Il, Springer-Verlag (1994)". Also, the thickness of

t he nonmagnet ir}%lﬁyoa@r%i#eiwilﬁ%négiesnﬁoaﬁan@% Liﬁﬁsgromﬁ%]cngo epl i ng appears

first is sligh t case e strongest coupling

force can be ohiaingd. JMiel: $he JAiensidscal:d heantifery opanet i c

coupling tend owered wth increase in the ness of the

nonmagneti ¢ 2942y fladre AR0Ula e MBI G ddithgddt f00 y e} NEAn Ik the present

invention, in order to suppress the |eakage of the negnetic flux fromthe

l'ongi tudi nal Znpisfeh MagnRatd a dryifudiha Hrd M @Ye iher pdseso bl em a
mul ti-layered structure consisting of a hard nagnetic |ayer and a

nonmagnegt i ¢ | ayeralcah hthe engyratedkdtidhef airg taml aednhaigkdragnetic | ayer
so as 5 to align the magneti zation of the adjacent hard magnetic layers in

an anti paral | elaghgteiad ilaveA siy ardepenidiaygg eI et #ddtekdress Risd,he
nonmagnetic | ayer,
depending on the thickness of the nonmagnetic layer,
the adjacent hard magnetic layers can be ferro-
magnetically coupled. In the case of the

10 ferromagnetic coupling, it is impossible to suppress
the leakage of the magnetic flux from the entire hard
magnetic layers. Therefore, the thickness of the
nonmagnetic layer is set to be antiferromagnetically
coupled.

15 As described above, the thickness of the
nonmagnetic layer that permits the highest intensity
of the interaction for aligning the directions of the
magnetization of the adjacent hard magnetic layers
included in the hard magnetic multi-layered film in an

20 antiparallel direction, which slightly differs
depending on the material, is slightly smaller than
about 1 nm on the average. Where the nonmagnetic
layer is formed of, for example, Ru, it is known to
the art that the thickness of the nonmagnetic layer

25 that permits increasing the interaction is about
0.8 nm. If the thickness is slightly deviated from

the optimum thickness noted above, the interaction to



t he adjacent hard magnetic layers can be ferro- magnetically coupled. In
the case of the 10 ferromagnetic coupling, it is inpossible to suppress

t he | eakage of the nmagnetic flux fromthe entire hard magnetic |ayers.
Therefore, the thickness of the nonmagnetic layer is set to be
antiferromagnetically coupled. 15 As descri bed above, the thickness of the
nonmagnetic |ayer that permts the highegt intensity of the interaction
for aligning the directions of the magnetization of the adjacent hard
magnetic |layers included in the hard magnetic nulti-layered filmin an 20

antiparallel djyregcti i Sl | f i th terial,
is slightly s%ﬁegg‘r I%arﬂya%&uﬁ%r%lsgn@né .gtn}géjt h@%@%ﬁgfg%%g%é%e ﬁonnanag:lia?i C
layer is for”%ﬁxt%fr?axfaquéilxﬁim{eecti%h fidnds QWD £fQrtihde Bletd@t the

t hi ckness of the nonmagnetic |ayer 25 that permts increasing the

interaction igahod H&du8s Ifs thetHd ckessat &d stiahttye dsyvi ahad from

the opti mum thi ckness noted above, the interaction to - 23 align the

directions of driekmast izad iioitdhdiiordntd Rel Bgh ethali d Peédioiensis to be
further lowered. |If the thickness is further deviated fromthe optinum

t hi ckness, theHatrergedt iatiomlign tgerdl Yectdonscioio® bégimamgnetbeat i on
in a parallel direction begins to be produced, with the result that the
effects of sypmudssdyg witeh [Hekagswit tttetagnetetiddux and t he
suppressing the leakage of the magnetic flux and the
noise generation are rendered insufficient. 1In view
of the facts that the state in the bonding interface
10 between the magnetic layer and the nonmagnetic layer
differs depending on the combination of the materials
and that it is difficult to ensure the thickness
accuracy of 0.1 nm on the entire substrate surface,
it is necessary for the fluctuation in the thickness
15 of the nonmagnetic layer within a certain range to be
acceptable. Under the circumstances, the desirable
thickness of the nonmagnetic layer included in the
hard magnetic multi-layered film should be not smaller
than 0.5 nm and can be smaller than 1.2 nm. If the
20 thickness of the nonmagnetic layer falls within the
range noted above, it can be considered possible to
obtain the effect of suppressing the noise caused by
the hard magnetic multi-layered film.
It is preferable for the hard magnetic layer to
25 be formed of an alloy containing mainly Co, Cr and Pt.

In the case of using a magnetic layer formed of the

particular alloy, it is possible to control easily the



noi se generation are rendered insufficient. In view of the facts that the
state in the bonding interface 10 between the nagnetic |ayer and the
nonmagnetic |layer differs depending on the conbination of the materials
and that it is difficult to ensure the thickness accuracy of 0.1 nmon the
entire substrate surface, it is necessary for the fluctuation in the

t hi ckness 15 of the nonnagnetic | ayer- wizhin a certain range to be
accept abl e. Under the circunstances, the desirable thickness of the
nonmagnetic layer included in the hard magnetic nulti-layered filmshould

be not smallep;5hanxQs0 RY R reAB L@ NIRIJeRIc iRk MAd Ido the 20
t hi ckness of the“nonnagnetic layer falls within the range noted above, it

can be considgﬁﬁgrgggskabeanseqbtain the effect of suppressing the noise
caused by the hard magnetic multi-layered film It is preferable for the

hard magnetic layernmn 29de faiomd sdfctanmll aiaonivimg awinly Co, C
and Pt. In the case of using a magnetic |ayer forned of the particular

alloy, it is passhelre eampdet thle easisityrudtd o ofeasynaaptietid 0 i ncrease the
coercive force and to suppress the noise. FIG 5 is a cross-sectional view
showi nghas amethediexameldd urhe fc ahet Pretseort dhventdgmet | A5 shesor di ng
medi um of the present invention. As shown in the drawi ng, the nmagnetic
recordi ng mediinnmt3@ shrewing,n thieGmagnied igulrstcandigld yestjival 3t stewWt ructi on
‘o in FIG. 5 is substantially equal in construction to
the magnetic recording medium shown in FIG. 1, except
that a nonmagnetic underlayer 7 is formed between the
10 substrate 1 and the first magnetic layer 2-1 in the
medium 30 shown in FIG. 5.
In the present invention, it is possible to
further form a nonmagnetic underlayer between the
nonmagnetic substrate and the longitudinal hard
15 magnetic multi-layered layer in order to control the
crystal orientation such that the easy axis of the
longitudinal hard magnetic layer extends in the
longitudinal direction, as shown in the drawing.
Since the direction of easy axis of the longitudinal
20 soft magnetic layer is longitudinal to the film
surface, it is preferable for the direction of easy
axis of the hard magnetic layer to be longitudinal to
the film surface in order to align the directions of
the axes of the film in a predetermined direction.
25 However, since the surface of the substrate of the

magnetic recording medium can be amorphous in many

cases, the easy axis is not necessarily directed in



‘the magnetic recordi ng medi umshown in FIG 1, except

under | ayer

that a nonmagnetic
7 is formed between the 10 substrate 1 and the first magnetic

|l ayer 2-1 in the nmedium 30 shown in FIG 5. In the present invention, it
is possible to further forma nonmagnetic underl ayer between the

nonmagneti c substrate and the | ongitudinal

hard 15 magnetic multi-|ayered

| ayer in order to control the crystal ojientation such that the easy axis

of the |longitudinal hard magnetic |ayer extends in the |ongitudinal
Since the direction of easy axis of
t he | ongi t udi A f net 1,C s, | i tudi to-t Lk m

. i;lagﬁ’lrgé%eu?ﬁébrfal%r}eéch:gldd‘?yt% the i fale tOr é‘%éfé}ar q

magnet ¢ | ayen i ia d ongidndnalinly theeddd mstsdane 4 giger to align

min a predetermned direction.

direction,

surface, it

the directions

as shown in the draw ng.

e for t rection of easy axis of the

es of the fi

25

However, sincedia fitid acendfa tha b B f adchofo 1 heng MBgdIed i fed €L di ng
medi um can be anorphous in many cases, the easy axis is not necessarily
directed in - 25 tHOnGidwd i, did ed ig¥sdibidecd i fomms U frenddnechard
magnetic layer is sinply formed directly on the substrate. As a method of

control Isi ng t iendlirlegtdOof of diFfeaat adiseridl ilseposstin andgndtoidn a

nonnmagnetic 5 underl ayer of a different material bel ow the magnetic
In the presentlayatention, it is preferable to

10

15

20

25

In the present invention, it is preferable to
form an underlayer consisting of an alloy containing
mainly Cr as such a nonmagnetic underlayer. The
underlayer formed of Cr is particularly effective for
controlling the direction of the easy axis of the hard
magnetic layer consisting essentially of an alloy
containing mainly Co, Cr and Pt.

Also, in the present invention, it is preferable
for the perpendicular magnetic recording layer to be
formed of an alloy containing mainly at least one
element selected from the group consisting of Co, Cr
and Pt.

In the present invention, it is also possible to
form the nonmagnetic underlayer 5 between the
longitudinal soft magnetic layer 4 and the perpen-
dicular magnetic recording layer 6, as shown in
FIG. 1. Since the crystallinity in the surface region
of the longitudinal soft magnetic layer differs
depending on the material, it is preferable to form
the nonmagnetic underlayer in order to control the

crystal orientation such that the easy axis of the

| ayer.



forman under| ayer consisting of an alloy containing mainly Cr as such a
nonmagneti ¢ underl ayer. The 10 underl ayer forned of C is particularly
effective for controlling the direction of the easy axis of the hard
magnetic | ayer consisting essentially of an alloy containing mainly Co, C
and Pt. Also, in the present invention, it is preferable 15 for the

per pendi cul ar magnetic recording | ayer teggbe. formed of an alloy containing
mainly at | east one elenent selected fromthe group consisting of Co, O
and Pt. In the present invention, it is also possible to 20 formthe

nonmagneti c Ugﬁ&fﬂé Ic@lé’?%@?ﬂewé ré&QE&ng 03l e$0Lke ggeghcﬁl%yer 4

and t he perpe ar magnetT c recordl ng , as s mn in

Si nce the crysgs@hbémwuwrt@fré@fiaﬁe rﬁgl Parm%gt PRe! ABAMEYHERRL soft
magnetic |ayer differs 25 depending on the material, it is preferable to

form the nonnpedetis @ﬂdeiiay§rpb§s95ﬂ@rt601ﬁﬁﬂéﬁe|s&BE aSryatal
orientation such that the easy axis of the 26 = perpendicul ar magnetic

recording | ayesr@st£N0dgra int deam@LE PENEhE Uhedidnr 861 58NanBythermng the
nonmagneti c underlayer, it is possible to inprove such as the crystal

grai n dimanet erye¢dedivegli vesobustoand Abgob wkepedtnhg megneuiton. Al so,
where the magnetic recording layer is forned of a nmaterial containing at
| east one el emeetofdiomnyt heygroip fomsédtohgaohateri&t containing at
least one element from the group consisting of Co, Cr
and Pt, it is desirable for the nonmagnetic underlayer
to be formed of a material containing at least one of
10 Co, Cr and Pt and providing a nonmagnetic composition
in view of the lattice mismatch. On the other hand,
it is possible to obtain satisfactory magnetic
characteristics and recording-reproducing charac-
teristics in the case of using any of Pt, Pd, Rh and
15 Ru for forming the nonmagnetic underlayer. It follows
that it is possible to further improve the magnetic
characteristics and the recording-reproducing
characteristics by forming an alloy layer containing
Co, Cr, Pt, Pd, Rh and Ru in combination between the
20 longitudinal soft magnetic layer and the perpendicular
magnetic recording layer.
As described above, a hard magnetic multi-layered
film prepared by laminating ferromagnetic layers with
a nonmagnetic layer interposed therebetween is formed
25 in the present invention below the longitudinal soft

magnetic layer so as to make it possible to control

easily the direction of magnetization of the hard



‘and Pt, it is desirable for the nonmagnetic underl ayer

hand, it is possible to obtain satisfactory magnetic

Rh and 15 Ru for form ng the nonmagneticyynderlayer. It follows

to be fornmed of a
material containing at | east one of 10 Co, O and Pt and providing a
nonmagneti c conposition in view of the lattice m smatch. On the other
characteristics and
recordi ng-reproduci ng charac- teristics in the case of using any of Pt, Pd,

that it is

possible to further inprove the magnetic characteristics and the
recordi ng-reproduci ng characteristics by formng an alloy |ayer containing

G, C, P, Pﬁvan ttqh%glggféx“i IhatiQn é’%é@ﬂ‘t”&%%@s'pf’é‘%f%‘ﬂ&’?& soft

magnetic | ayer

ferromagnetic |

rpendicular ‘rmagnetic fecording

descri bed abO\é%gﬁe@%r R YL MY innd BT Bbn fi HdN R SPAF

ayer .

ek

rs with a nonmagnetic |ayer Interposed therebetween is

| am nati ng

fornmed 25 in GhetPrRgeRit idVieRldon da i tdes [aidaidat rspfene Magneti c

|l ayer so as to make it possibl'e to control easily the direction of
nmagnet i zat i onhefrd keighitd LA ayegneidel 4 ayert ifSeldws Ashae resuld, it is

possi ble to suppress the spike-like noise fromthe |ongitudinal

sof t

magneti 6 | ayepolse idlepries xddld 2witie Mayndthiee hetaskdignesf ca Iyt itsel f.
It follows that it is 5 possible to realize the nmagnetic recording of a
hi gh recordi ngooagiislg cmadgredtd d niieyisd tinteenbs A higid a éciogldi ng resol uti on.

recording resolution.

FIG. 6 is an oblique view showing in a dismantled

fashion a magnetic recording-reproducing apparatus of

10 the present invention. As shown in the drawing, the

magnetic recording-reproducing apparatus of the

present invention comprises a magnetic disk 121 of a

hard construction for recording information,

spindle 122 mounted on the magnetic disk 121.

and a

The

15 spindle 122 is rotated at a predetermined angular

velocity by a spindle motor (not shown).

A magnetic

head gaining access to the magnetic disk 121 for

recording-reproducing information is mounted on a

slider 123, which is mounted to the tip of a

20 suspension 124 formed of a thin plated-like leaf

spring. The suspension 124 is connected to one end of

an arm 125 having, for example, a bobbin portion for

holding a driving coil (not shown).

A voice coil motor 126, which is a kind of a

25 linear motor, is mounted to the other end of the arm

125. The voice coil motor 126 comprises a driving

coil (not shown) wound about the bobbin portion of the



FIG "6 is an oblique view showing in a dismantled fashion a magnetic

recor di ng-reproduci ng apparatus of 10 the present invention. As shown in
t he draw ng, the nagnetic recording-reproduci ng apparatus of the present

i nvention conprises a nmagnetic disk 121 of a hard construction for
recording information, and a spindle 122 nounted on the magnetic di sk 121.
The 15 spindle 122 is rotated at a predefgerm ned angular velocity by a
spindl e notor (not shown). A magnetic head gaining access to the magnetic
di sk 121 for recording-reproducing information is nounted on a slider

123, which | ScERUALS0LA LhALERAIE 2:30.ausReRNan 428 Jorred of a thin

pl at ed- 1| i ke Ie Spring e suspenS|on 4 71's ¢onne o one end of an

arm 125 havi nge cf,0b £{2mLEerd b ORI aaliliedd 53 dray ng col |

(not shown). Vol ce co not or whi ch | a kion I'i ' near notor,

is mounted tochheqethenqerd;af ﬁ&%@@%al%%erﬂ%twe@;e coil notor 126
conprises a driving coi'l (not shown) wound about the bobbin portion of the

- 28 arm 125 and aneegnet i1Q CiifC el & Hishviddd1d 0fd aowees mIent nagnet and
a counter yoke arranged to have the driving coil interposed therebetween.

The arng125 i pehelhidgby (wppehame )l aweankrld ind upprr REGH (REiershown)
arranged in upper and |ower portions of a stationary shaft 127 and is
rocked by thpovreieasceifl amstartib2@ryl mhatfiterl 2Woratsl, itsheocked by

the voice coil motor 126. 1In other words, the

position of the slider 123 on the magnetic disk 121 is

controlled by the voice coil motor 126. Incidentally,

10 a reference numeral 128 shown in FIG. 6 denotes a lid.

The present invention will now be described in
more detall with reference to Examples of the present
invention.

Example 1:

15 A magnetic recording medium was prepared as
follows.

FIG. 7 is a cross-sectional view showing the
construction of a magnetic recording medium for
Example 1.

20 As shown in the drawing, the magnetic recording
medium 40 is substantially equal in construction to
the medium shown in FIG. 1, except that a nonmagnetic
underlayer 7 is further formed between the substrate 1
and the hard magnetic layer 2-1 in the magnetic

25 recording medium 40 for Example 1.

The magnetic recording medium 40 shown in FIG. 7

was prepared as follows.



position of the slider 123 on the magnetic disk 121 is controlled by the
voi ce coil notor 126. Incidentally, 10 a reference nuneral 128 shown in
FIG 6 denotes a lid. The present invention will now be described in nore
detail with reference to Exanples of the present invention. Exanple 1. 15
A magnetic recording nmediumwas prepared as follows. FIG 7 is a
cross-sectional view showi ng the constragtion of a magnetic recording
medium for Exanple 1. 20 As shown in the draw ng, the nagnetic recording
medium 40 is substantially equal in construction to the nedium shown in

FIG 1, except thatg qgggg;l #§g§§I§M§g d between
t he substrate 1 an fﬁgﬂhar naé%e ic layer Eg%#?niﬁﬁégﬁ%?%gﬁﬁg 25
recording rredlsl&ré)ré&ﬁoors@arm@atllomwf @@%anélﬁ%giﬁé‘tglmw@s shown

in FIG 7 was prepared-as fol - Specifically, a glass substrate 1

nmeeting the shapdadd Hed fﬂd}ﬂtldcﬁfb@ifc %Lass'ﬁ:ﬂd'l_ﬁ‘é'\ MegetdTask sk was
prepared as a nonmagnetic substrate. The glass substrate 1 was heated to

250C, and a DGumdieiten wHpHdLrddirovass @opl kad koDChaahaatedngl ass
substrate 1 under an Ar gas atnosphere having a gas pressure of 0.6 Pa so
as to | am nat epsiiteessig/etas \epploied [tayetlse heated glass substrate 1
under an Ar gas atmosphere having a gas pressure of
0.6 Pa so as to laminate successively various layers
on the glass substrate 1, as follows.
In the first step, a CrMo alloy layer having a
10 thickness of 40 nm was formed as the nonmagnetic
underlayer 7 on the nonmagnetic substrate 1 (glass
substrate).
Then, a longitudinal hard magnetic multi-layered
film of a three-layer structure was formed on the
15 nonmagnetic underlayer 7 by forming a Co-Cr-Pt hard
magnetic layer 2-1 in a thickness of 10 nm with a
Co-22at%-Cr-13at%Pt alloy used as a target, by forming
a Ru nonmagnetic layer 3-1 in a thickness of 0.8 nm on
the hard magnetic layer 2-1 with Ru used as a target,
20 and further forming a hard magnetic layer 2-2 in a
thickness of 10 nm on the Ru nonmagnetic layer 3-1
with a Co-18at%-Cr-13at%Pt alloy used as a target.
Incidentally, targets of different compositions were
used for forming the Co-Cr-Pt hard magnetic layers 2-1
25 and 2-1 so as to increase the coercive force of the
hard magnetic layer 2-2 in contact with the

longitudinal soft magnetic layer 4.



on the glass substrate 1, as follows. In the first step, a M alloy |ayer
having a 10 thickness of 40 nmwas forned as the nonmagnetic underl ayer 7
on the nonnmagnetic substrate 1 (glass substrate). Then, a | ongitudi nal
hard magnetic nulti-layered filmof a three-layer structure was forned on
the 15 nonmagnetic underlayer 7 by formng a Co-Cr-Pt hard nmagnetic |ayer
2-1 in a thickness of 10 nmwith a Co-2at% Cr-13at%t alloy used as a
target, by forming a Ru nonmagnetic layer 3-1 in a thickness of 0.8 nmon
the hard magnetic layer 2-1 with Ru used as a target, 20 and further

formng a hard ”Hggt‘_?}lﬂt%véxa)’ea{ AR aff@%g‘@ﬁr gf?éofé‘fﬂmé’cﬁ‘ e, Ru

nonmagneti c | ayer th a Co-18at% Cr-1 oy used as a target.

I ncidental |y, t43I38les Ofodifffernla L AMOSidiPntuaei£l d50d hgndtordn ng the
Co-Cr-Pt hard magnetic layers 2-1 25 and 2-1 so as to increase the coercive

force of the 1bgkd np@ietHe Iyrar-22 Hard o ardt ¢ thagdre 21pngidridi nal
soft magnetic layer 4. 30 Further, a Co-Zr-Nb alloy layer was fornmed in a

t hi ckness of QB sy -tltadgidlidnalseabdfds rmgnetdget. | ayer 4 on the
Co-Cr-Pt hard magnetic layer 2-2 with a Co-5at%r-10at%\b all oy used as a
target. 55 Still furdther]l furdhhdGr,- R Gd+Cy-Payelloysldpsedas i fioamddii ckness
of 20 nm as the nonnmagnetic underlayer 5 on the |ongitudinal soft nmagnetic
| ayer 4 with dn a thickness of 20 nm as the nonmagnetic underlayer
5 on the longitudinal soft magnetic layer 4 with a
Co-37wt%Cr-8at%Pt alloy of a nonmagnetic composition
used as a target, followed by further forming a
10 Co-Cr-Pt-B alloy layer in a thickness of 30 nm as a
perpendicular magnetic recording layer 6 on the
nonmagnetic underlayer 5 with a Co-20at%Cr-10at%Pt-
2at%B alloy used as a target.
Finally, a carbon layer was formed in a thickness
15 of 10 nm as a protective layer 9.
The perpendicular magnetic recording medium 40
having the various films formed successively within
a vacuum container was taken out under the air
atmosphere and, then, a magnetic field of 1.2 MA/m was
20 applied to the medium 40 radially outward by using a
magnetizing apparatus utilizing an electromagnet
prepared exclusively for this experiment so as to
magnetize the longitudinal hard magnetic layer in a
radial direction.
25 FIG. 8 schematically shows the construction of a

magnetizing apparatus. As shown in the drawing, the

magnetizing apparatus 50 comprises a pair of coils 351,



Co- 37wt %Cr - 8at %4t al | oy of a nonmagnetic conposition used as a target,
followed by further forming a 10 Co-Cr-Pt-B alloy |layer in a thickness of
30 nmas a perpendicular magnetic recording |ayer 6 on the nonmagnetic
underl ayer 5 with a Co-20at %r-10at %t - 2at%B al |l oy used as a target.
Finally, a carbon layer was fornmed in a thickness 15 of 10 nmas a
protective |ayer 9. The perpendi cul ar—-magnetic recordi ng nmedi um 40 having
the various filns forned successively within a vacuum contai ner was taken
out under the air atnosphere and, then, a magnetic field of 1.2 MN m was

20 appl i ed to 21 segigin 40y T Ae! LycRUIREE, bY1 #L00e Bectipgpet | 21 N0

apparatus utilizing an el ectromagnet prepared exclusive or this

experinent so @sridht MBYNELl Kfed Mo | AN t Uk H3kn hendsgrgpeiscshaygs in a
radial direction. 25 FIG 8 schematically shows the construction of a

nmagneti zi Nng appagadrist i ASE SRV & Ngd MEr &l S 119, a t Ere BBOBL H&hHLe@ppar at us
50 conprises a pair of coils 51, 31 52 arranged to face each other. If an

electric curnentadsowd ) ovksl $igovh oim ttlOughakhege £0mdgndlic52, a
magnetic field is generated in a direction denoted by arrows. As shown in

t he drawi ng, aemgnting nedioor gl sredt tendOd 15 parabpet batpesnl | el
between these coils 51 and 52. If an electric current is allowed to flow
t hrough t hese Wuides &1i1$HR1idndsb2. If an electric current is

allowed to flow through these coils 51, 52, it is

possible to allow a predetermined magnetic field to

flow radially outward through the magnetic recording

10 medium 100.

The recording-reproducing characteristics of
perpendicular magnetic recording medium 40 thus
prepared were evaluated by using a magnetic head
utilizing a magnetoresistance effect. Generation of

15 spike-like noise was not recognized at all over the
entire disk. Also, the S/Nm, reproduced signal
output/medium noise ratio of the recording medium, was
found to be 28 dB under the linear recording density
of 400 kFCI.

20 Incidentally, the recording-reproducing
characteristics were also evaluated for the perpen-
dicular magnetic recording medium before application
of the magnetizing treatment, with the result that a
plurality of spike-like noise of a magnitude substan-

25 7 tially equal to that of the reproduced signal was

observed. This clearly supports that the longitudinal

hard magnetic layer was actually magnetized uniformly



possible to allow a predetermi ned magnetic field to flow radially outward
t hrough the magnetic recording 10 nedium 100. The recordi ng-reproducing
characteristics of perpendicular nagnetic recordi ng medi um 40 thus
prepared were evaluated by using a magnetic head wutilizing a
magnet or esi stance effect. Generation of 15 spike-like noise was not

recogni zed at all over the entire disk.34 so, the S/Nm reproduced signal
out put / medi um noi se ratio of the recording nedium was found to be 28 dB
under the linear recording density of 400 kFCI. 20 Incidentally, the

recordi ng- r epndyGng., GHAT aoff(ﬁ%lrjénﬁé C o e aéx?ooﬁﬁf’aaé@grgﬁf%ﬁé” the perpen-

di cul ar magnetfic recording me ef or'e application e magneti zi ng

treatment , W hBdhiginANY tkoldifindht VA Iy Alpoplde-diipnnles,of a

magni tude substan 25 tially equal to that of t eproduced signal was
observed. Thi $he e sWRarts that the |ongitudinal hard magnetic |ayer
was actually magnetized uniformly - 32 in the radial direction of the

substrate by Chaparadield Zfiandleat:ment so as to suppress formation of the
domain wall. Conparative Exanple 1: 5 A perpendicular magnetic recording

medi um pas prepar ed @srgdhdA € Magexcept rébetdengim@eukowés - Pt hard
magnetic | ayer having a thickness of 20 nm was
prepared as in Example 1, except that a single Co-Cr-
Pt hard magnetic layer having a thickness of 20 nm was
formed in place of the longitudinal hard magnetic
multi-layered film by using a Co-22at%Cr-13at%Pt alloy
10 as a target.
The recording-reproducing characteristics of the
‘magnetic recording medium thus prepared were evaluated
as in Example 1, with the result that generation of a
spike-like noise was not recognized at all over the
15 entire disk. Also, the S/Nm under the linear
recording density of 400 kFCI was found to be 22 dB,
which was clearly inferior to that for Example 1.
The experimental data clearly support that the
use of the longitudinal hard magnetic layer of a
20 multi-layered structure comprising a nonmagnetic layer
interposed between the adjacent hard magnetic layers
is effective for suppressing the medium noise
generated from the perpendicular magnetic recording
medium.
25 Examples 2 and 3:
A perpendicular magnetic recording medium was

prepared as in Example 1, except that the thickness of



formeéd in place of the longitudinal hard magnetic multi-layered film by
using a Co-22at % r-13atoPt alloy 10 as a target. The recordi ng-reproduci ng
characteristics of the magnetic recording nediumthus prepared were
evaluated as in Exanple 1, with the result that generation of a

spi ke-1i ke noi se was not recognized at all over the 15 entire disk. Al so,
the S/Nmunder the linear recording dengjty of 400 kFCl was found to be 22
dB, which was clearly inferior to that for Exanple 1. The experinenta

data clearly support that the wuse of the |ongitudinal hard nmagnetic |ayer

Dt ooon the. aGHBYBLedoRhE RS, GOTRA 0 ChARMIARC! & S | Tl e Pose

bet ween the aéjacent har d “magneti c "l ayers ective for suppressing the
medi um noi se 199n%@gted fromthe perpendi cul ar nmagnetic recording nedium
25 Exanples 2 and 3: A perpendi cul ar magnetic recordi ng nedi um was

prepared as in Exampee rbcdigRf-idptoddte ddi eldesst &f i 38i cd hef Riach

nonnmagneti c | ayer was changed to 0.5 nmor ~ 1.2 nm The

recor di ng- r epogdyegicnthagrtdd eddiddinhimerich tiafs tfyepamgnetierg ecor di ng
medi a thus prepared were 5 evaluated as in Exanple 1, with the result that

spi ke- bi ke neivaguatsdnels riec Gangdd dt, atitlovdre trheset itteat disikke-Al so,
the S/ Nm under the linear recording
like noise was not recognized at all over the entire
disk. Also, the S/Nm under the linear recording
density of 400 kFCI was found to be 23 dB for each of
Examples 2 and 3, which was clearly superior to that
10 for Comparative Example 1 and inferior to that for
Example 1.

It is considered reasonable to understand that,
if the thickness of the Ru layer is changed to 0.5 nm
or 1.2 nm, the interaction for aligning the

15 magnetization of the adjacent hard magnetic layers in
an antiparallel direction is lowered so as to provide
the state close to that of the recording medium in
which the longitudinal hard magnetic film does not
include a nonmagnetic layer as in Comparative

20 Example 1.

Example 4:

A perpendicular magnetic recording medium was
prepared as in Example 1, except that the thickness of
the Ru nonmagnetic layer included in the longitudinal

25 hard magnetic multi-layered film was changed to 4 nm.

The recording-reproducing characteristics of the

magnetic recording medium thus prepared were evaluated



density of 400 kFCl was found to be 23 dB for each of Exanples 2 and 3,
whi ch was clearly superior to that 10 for Conparative Exanple 1 and
inferior to that for Exanple 1. It is considered reasonable to understand
that, if the thickness of the Ru layer is changed to 0.5 nm or 1.2 nm
the interaction for aligning the 15 nmagnetization of the adjacent hard
magnetic layers in an antiparallel diregfian is |owered so as to provide
the state close to that of the recording nediumin which the |ongitudina
hard magnetic filn1does not include a nonmagnetic |layer as in Cbnparative

20 Exanple 1. asEﬁ% m‘ilzleAlpeRﬁeﬂﬂt‘HE e gcnegﬂapt r%ﬂﬁ% nonrragnetl c

prepared as in Exanp except at the t |ckness

| ayer incl udegaish nihe denginiudidnalt ?ailh%ﬂemﬂ{@té&tm% talé}@yerﬁpsél I m was
changed to 4 nm The recordi ng-reproduci ng characteristics of the

nmagneti ¢ r ecokdien® /MRdiuHad N UhPrIeRAAd IS EMA Wdesiry 3% as in Exanple
1, with the result that spike-like noise was not recognlzed at all over

the entire di 3o Area wadhesddMindey 2heid.i near recordi ng density of 400
kKFCI was found to be 24 dB. 5 It is considered reasonable to understand

that Eganple 4 wasid nfsera@rs ide fedingd esdndbilé heo SiiMbe r besadisehéthe Ru | ayer
havi ng a thickness of 4 nm
Example 4 was inferior to Example 1 in the S/Nm
because the Ru layer having a thickness of 4 nm
scarcely produced the effect of aligning the
magnetization of the adjacent hard magnetic layers in
10 an antiparallel direction. However, Example 4
including the longitudinal hard magnetic multi-layered
film was superior to Comparative Example 1 in the
S/Nm, supporting that the longitudinal hard magnetic
multi-layered film is effective for suppressing noise.
15 Comparative Example 2:

A perpendicular magnetic recording medium was
prepared as in Example 1, except that a longitudinal
hard magnetic multi—layered film of a four-layer
structure consisting of a Co-Cr-Pt hard magnetic layer

20 having a thickness of 10 nm, which was equal to the
Co-Cr-Pt hard magnetic layer 2-1, a Ru nonmagnetic
layer having a thickness of 4 nm, a Co-Cr-Pt hard
magnetic layer having a thickness of 10 nm, which was
equal to the Co-Cr-Pt hard magnetic layer 2-1, and a

25 Ru nonmagnetic layer having a thickness of 4 nm, which
were laminated one upon the other in the order

mentioned, was formed on the nonmagnetic underlayer 7.



scarcely produced the effect of aligning the magnetization of the adjacent
hard magnetic layers in 10 an antiparallel direction. However, Exanple 4

i ncluding the |ongitudinal hard magnetic nmulti-layered filmwas superior
to Conparative Exanple 1 in the S/ Nm supporting that the |ongitudinal
hard magnetic nulti-layered filmis effective for suppressing noise. 15
Conparative Exanple 2: A perpendicul ar qﬁgnelic recordi ng nmedi um was
prepared as in Exanple 1, except that a longitudinal hard magnetic

mul ti-Iayered filn1of a four-layer structure consisting of a Co-Cr-Pt hard

magnetic | ayer 20 qeej[ﬁ]g(}j al -t he
Co-Cr-Pt hard magneti cqﬁ%aye Cﬁéﬂi un':él)l(r%l g@n%%%g&]?%?%%fﬂgv%%g&é
t hi ckness of I ]gﬁﬂ§§s of 10
nm whi ch wasﬁeg%ltqtcg%te%%n@n%dm réetl c ﬁi@‘g% Foal 25 Ru

nonmagneti ¢ | gyeq nhaviafghiad thi %&@ﬁ%l’@ r‘les”u@t WH A o Vi@]f@réﬁi‘&ﬁaéﬁd one
upon the other in the order ‘mentioned, was forned on the nonnmagneti c

under | ayer 7. sp3kelhe Keee@ iGN G %Wtﬂﬁié@f@ﬂ@fﬂﬁélpﬁ &dudheo
magnetic recording medi umthus prepared were evaluated as in Exanple 1,

Wi th the resukthathatf ahp Wedlddducefd SRiNeE- Wdee: niserwdda nmagni t ude
substantially equal to 5 that of the reproduced signal were observed.
Therefore, it Thaesefiopessiiltl easo ienpalssdild ¢ e SWMugtreopeatd yS/Nit i S
consi dered reasonabl e to understand
properly. It is considered reasonable to understand
that, since a Ru nonmagnetic layer was interposed
between the hard magnetic layer included in the
10 longitudinal hard magnetic layer and the longitudinal
soft magnetic layer, the exchange interaction ceased
to be produced between the two magnetic layers, with
the result that a domain wall was formed in the
longitudinal soft magnetic layer.
15 Example 5:

A perpendicular magnetic recording medium was
prepared as in Example 1, except that the thickness of
the second Co-Cr-Pt hard magnetic layer included in
the longitudinal hard magnetic multi-layered film was

20 set at 20 nm, said second Co-Cr-Pt hard magnetic layer
being set at a high coercive force.

The recording-reproducing characteristics of the
magnetic recording medium thus prepared were evaluated
as in Example 1, with the result that generation of a

25 spike-like noise was not recognized at all over the

entire disk. Also, the S/Nm under the linear

recording density of 400 kFCI was found to be 25 dB,



that, since a Ru nonmagnetic |layer was interposed between the hard
magnetic |ayer included in the 10 |ongitudi nal hard magnetic | ayer and the
| ongi tudi nal soft magnetic |ayer, the exchange interaction ceased to be
produced between the two nagnetic |layers, with the result that a domain
wal | was fornmed in the |longitudinal soft magnetic layer. 15 Exanple 5: A
per pendi cul ar nagnetic recordi ng nediumygs —prepared as in Exanple 1,
except that the thickness of the second Co-Cr-Pt hard magnetic |ayer
included in the longitudinal hard magnetic nulti-layered filmwas 20 set

at 20 nm sai %ﬁﬁp%sc% sPte i PNl et Axsie Pei nghset at a high

coercive force. e recordi ng-reproduci ng characteristics of the nmagnetic

recording medijuWpd s RIERA & I8 S 1Y A &E 2 8816 EXaPRb et MAEH the
result that generation of a 25 spike-like noise was not recogni zed at al

over the entig@rditsk 1Avss tie M undeind heohde@dind ECRaAFENg density
of 400 kFCl was found to be 25 dB, - 36 which was | ower than that for

Exampl e 1. Thenagrn¥terceiuldt 11nwd i@ £1Em magnet i zetipareilébe two hard
magnetic | ayers included in the longitudinal hard nmagnetic nulti-I|ayered
filminsan antdipsredie] vadidecta onl ywasredudad byt peoducked bedweendt he two
hard nagnetic |ayers noted above. However, it is considered reasonable to
under st and t hatagrsitrice ltdyers noted above. However, it is
considered reasonable to understand that, since the
second hard magnetic layer was formed thicker than the
first hard magnetic layer, the effect of mutually
10 canceling the magnetic moment was rendered
insufficient, with the result that the magnetic flux
partially leaked from the second hard magnetic layer
so as to increase the medium noise, compared with
Example 1 in which the first and second hard magnetic
15 layers were formed in the same thickness. The
experimental data clearly support that, where the
longitudinal hard magnetic multi-layered film includes
an even number of hard magnetic layers, the medium
noise generated from the perpendicular magnetic
20 recording medium can be suppressed by making the
magnitudes of the magnetic moments of the adjacent
hard magnetic layers included in the longitudinal hard
magnetic multi-layered film substantially equal to
each other.
25 Example 6:

A perpendicular magnetic recording medium was

prepared as in Example 1, except that the longitudinal



second hard magnetic |ayer was forned thicker than the first hard magnetic
| ayer, the effect of nutually 10 canceling the magnetic nonent was rendered
insufficient, with the result that the magnetic flux partially |eaked from
the second hard magnetic layer so as to increase the nedi um noi se,

conpared with Exanple 1 in which the first and second hard nmagnetic 15

| ayers were forned in the sanme thickness,, The experinental data clearly
support that, where the |ongitudinal hard magnetic multi-layered film

i ncludes an even nunber of hard nmagnetic |ayers, the nmedium noise

generated from_th er pendi cul.ar. _magnet i Q recordi di um can_be
suppressed by h&gﬁﬁ%g{%ﬁtlcngn&% gl eagleo]%ecfh%lolr%g"ﬁaeﬁ i(%:P?raDgln esnj()?y?lf'ne

adj acent  har i_C rs..inel i n_A.he j i r ghetic
mul ti-Iayer ed%ftlrylﬁ%r%g}tflbestégn s|e'LaﬁEi-1ly eqc%}fajlIE:EgtCJ:o(51 éegg# g?%eaf q%%gﬁpfaey %@ A

per pendi cul ar I.C 44 j i ] i le 1,
except that t ﬁe%%?hgl giat l}éﬁcﬁg{r@gr?y dr%?lddjﬁ%\%aql?rﬁugﬁ?dﬁﬁaeir 2%512(% was of a

five-layer sl uet U GRS Mddietdfc afpsCro A, hargh Maigidget fyer  having
a thickness of 10 nm which was equal to the Co-Cr-Pt hard nmagnetic |ayer

2-1, a Bu nonmagrat iMawArn@¥ertfiaumsa dhickness, of &t anded Cr-Pt hard
magneti c | ayer having a thickness of 10 nm which was equal to the
Co- Cr - Pt har d margretiicc laaper hvling Rthickness of 10 nm, which was
equal to the Co-Cr-Pt hard magnetic layer 2-1, a Ru
nonmagnetic layer having a thickness of 0.8 nm, and a
Co~Cr-Pt hard magnetic layer having a thickness of
10 10 nm, which was equal to the Co-Cr-Pt hard magnetic
layer 2-2, which were laminated one upon the other in
the order mentioned. The third Co-Cr-Pt hard magnetic
layer in contact with the longitudinal soft magnetic
layer was set at a high coercive force by using a
15 target of a different composition in forming the third
Co-Cr-Pt layer. The recording-reproducing charac-
teristics of the magnetic recording medium thus
prepared were evaluated as in Example 1, with the
result that spike-like noise was not recognized at all
20 over the entire disk. Also, the S/Nm under the linear
recording density of 400 kFCI was found to be 26 dB,
which was lower than that for Example 1. The
interaction to align the magnetization of the three
hard magnetic layers included in the longitudinal hard
25 magnetic multi-layered film in an antiparallel
direction was certainly produced among the three hard

magnetic layers noted above. However, it is



nonmagnetic | ayer having a thickness of 0.8 nm and a Co-Cr-Pt hard
magneti c | ayer having a thickness of 10 10 nm which was equal to the
Co-Cr-Pt hard magnetic |ayer 2-2, which were | am nated one upon the other
in the order nentioned. The third Co-Cr-Pt hard nagnetic |ayer in contact
with the longitudinal soft magnetic |ayer was set at a high coercive force
by using a 15 target of a different conpgpition in formng the third
Co-Cr-Pt layer. The recordi ng-reproduci ng charac- teristics of the magnetic
recording nmediumthus prepared were evaluated as in Exanple 1, with the

result that Sﬁgﬁg}hle%@dm}ie%%o‘f‘@ 1R0% of %%Q%’}isﬁ:%qlda i, 20 ef’ur)toﬁe{zﬁ entire

di sk. Also, t m under the [inear recording density o Cl was

found to be 26ndBe nWhHChWRSthewalhvidhan Hhathd dudesem &y e

interaction to align the magnetization of the three hard magnetic |ayers

included in tBamkongighediidamohentd 2R rEaneilvaddlil dray ergdyfdddidan an
antiparallel direction was certainly produced anong the three hard

magneti ¢ | ayenarfomadnabave muiewevelyeddd if3 1m,3& het algriterias igasanabl e to
understand that, since the three hard magnetic |ayers having substantially

the safe magbét baemhaedt maghe tiikc lluged s the |engdled nd aharad magnetic
multi-layered film the nagnetic nonent 5 of one hard nagnetic |ayer is not
cancel ed so asatise daakegkeakaddeomatgme tiegfdtix; fllaadirdedd nthe o t he
increase in the nedium noi se, conpared with Exanple 1

increase in the medium noise, compared with Example 1

in which two hard magnetic layers were included in the

longitudinal hard magnetic multi-layered film.

10 Example 7:

A perpendicular magnetic recording medium was
prepared as in Example 1, except that the two Co-Cr-Pt
hard magnetic layers were made substantially equal to
each other in the magnitude of the coercive force.

15 The recording-reproducing characteristics of the
magnetic recording medium thus prepared were evaluated
as in Example 1, with the result that spike-like noise
similar to the reproduced signal was somewhat observed
over the entire disk. It is considered reasonable to

20 understand that, since the two hard magnetic layers
included in the longitudinal hard magnetic multi-
layered film were substantially equal to each other in
the magnetic characteristics, the direction of
magnetization of only one of the two hard magnetic

25 layers falled to be preferentially reversed after the

magnetizing treatment, and the direction of

magnetization of the two hard magnetic layers was



in which two hard magnetic layers were included in the |ongitudinal hard
magnetic nulti-layered film 10 Exanple 7: A perpendi cul ar nmagnetic
recordi ng medium was prepared as in Exanple 1, except that the two
Co-Cr-Pt hard magnetic | ayers were nade substantially equal to each other
in the magnitude of the coercive force. 15 The recordi ng-reproduci ng
characteristics of the magnetic recardifg nedi umthus prepared were
evaluated as in Exanple 1, with the result that spike-like noise simlar
to the reproduced signal was sonmewhat observed over the entire disk. It is

considered r e%%m Bl18 f G2 AETY and E&aforrﬁ'apc&orﬁé‘ﬁut%@lf%ijt netic

| ayers included in the | ongi tudi nal hard nagnetic nulti- [ayere il mwere

substanti al | y te@uUalonqa teRGM Ot heyr i Madia: fMmanekd £, chegacteristics, the
direction of nagnetization of only one of the two hard nagnetic 25 | ayers

failed to be pxefariarintalll Watey it 8f tapdde: tRanejézéngtiseadment, and
the direction o magneti zati on of the two hard magnetic |ayers was - 39

partially revepie®d-9d kas rdd feorfrcn ddi@ige mpddd i e mddweet Dogi t udi nal
soft magnetic layer. The experinental data clearly support that generation

of spi ke-|i keewairsd gy aadihen petrpdredi ougare swghady andk tegotite ng nmedi um can
be suppressed by nmaking the coercive force of the hard magnetic layer in
contact with coeerdiomgificrdienatf ddfa heaghetdandtayerldyegein tbamtact

with the longitudinal soft magnetic layer larger than

the coercive force of the other hard magnetic layer

included in the longitudinal hard magnetic multi-

10 layered film.

Example 8:

A perpendicular magnetic recording medium
including a longitudinal hard magnetic multi-layered
film of a five-layer structure was prepared as in

15 Example 6, except that the thickness of each of the
three Co-Cr-Pt hard magnetic layers was set at 10 nm,
which was equal to the thickness of the Co-Cr-Pt hard
magnetic layer 2-1. The recording-reproducing
characteristics of the magnetic recording medium thus

20 prepared were evaluated as in Example 1, with the
result that the S/Nm was found to be 26 dB under the
linear recording density of 400 kFCI, which was lower
than that for Example 1.

It is considered reasonable to understand that

25 the S/Nm was lowered because the medium noise was

increased, compared with Example 1 in which the

longitudinal hard magnetic multi-layered film included
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coercive force of the other hard magnetic layer included in the

i tudinal hard magnetic nulti 10 layered film Exanple 8: A

endi cul ar magnetic recordi ng nedium including a | ongitudinal hard
etic multi-layered filmof a five-layer structure was prepared as in

15 Exanpl e 6, except that the thickness of each of the three Co-C-Pt hard

magn

etic |ayers was set at 10 nm whichggwas-equal to the thickness of the

Co-Cr-Pt hard magnetic layer 2-1. The recordi ng-reproduci ng
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B under the |I|inear recording density of 400 | dwer

that for tEeamRle® clive trdred FBitdR athI@ASONA &4 tiRagiier Stangk L hat 25
S/ Nm was | ower ed because the nmedi um noi se was increased, corfpared with

Exanple 1 in wh corthet hangi tixd naindianehivaoned e M dnet Byerpghd il m
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coer
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cons

uded - 40 two hard magnetic layers. Incidentally, in Exanple 8, the
ci ve forceasf nadle CerGerPttHmr chmgnef ieadiayef thé sthidaciamd th the

tudi nal soft magnetic |layer was made | arger than that of each of the
r hé&rd 5 magmettiic layers wmliike tttee Qo-Qr+Rt Heaxd megedtioc | ayers used
ne Exanpl es described previously. In spite of the particul ar

[ ruction, leyiekes- hislesl g dhe Examples described previously. 1In

spite of the particular construction, spike-like noise

was not generated in Example 8. It is considered

reasonable to understand that the interaction from

10 both the first and third hard magnetic layers is

exerted on the intermediate second hard magnetic
layer, though the interaction from the intermediate
second hard magnetic layer alone is exerted on each
the first and third hard magnetic layers, with the

15 result that the direction of magnetization of the
second hard magnetic layer is preferentially reversed
so as to suppress the spike-like noise. 1In
conclusion, the experimental data support that, where
an odd number of hard magnetic layers are included in

20 the longitudinal hard magnetic multi-layered film, the
medium noise from the perpendicular magnetic recording
medium can be suppressed even if the hard magnetic
layers have substantially the same coercive force.
Example 9:

25 A perpendicular magnetic recording medium was
prepared as in Example 1, except that V was used in

place of Ru for forming the nonmagnetic layer. The



‘was not generated in Exanple 8. It is considered reasonable to understand
that the interaction from 10 both the first and third hard magnetic | ayers
is exerted on the intermedi ate second hard nmagnetic |ayer, though the
interaction fromthe intermediate second hard magnetic |ayer alone is
exerted on each the first and third hard magnetic layers, wth the 15
result that the direction of nagnetizgti?@ of the second hard nagnetic

| ayer is preferentially reversed so as t0 suppress the spike-like noise.
In conclusion, the experinental data support that, mhere an odd nunber of
hard magnetic ded |n 20 the | on |tud| hard netlc

I
mul ti-Ilayered ijeaclyoelrd%tr%eerer%?rgo Um ot se hﬁ%ﬁ?ﬁﬁs Je??)e?'n poa% ]
di t
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used in place of or form ng the nonmagnetic yer

recor di ng- reprdgﬂgqltr}g &ﬂ"alcﬁﬁt@dlstw&sg fduldde: &Bgnes § Cyp I 6gI0f i ngp fredi um
thus prepared were évaluated, with the result that the S/Nn1under t he

i near mwecor digag i steRsiday Oft KRR e veaud opthd Onde 213 g 1 yhi Gheas 5
sati sfactory, though the S/ Nm val ue was slightly lower t an hat for

Exanple 1. It theld aMat Hadr theaniEdd um  npt seo Dfowdet ipet pensli kel im magnet i ¢
recordi ng nmedi um

noise of the perpendicular magnetic recording medium

can be suppressed even in the case of using V in place

of Ru for forming the nonmagnetic layer included in

10 the longitudinal hard magnetic multi-layered film.

Incidentally, it is considered reasonable to
understand that the S/Nm was slightly lower than that
for Example 1 because the exchange interaction
produced between the adjacent hard magnetic layers

15 with the Ru layer interposed therebetween is stronger
than the exchange interaction produced between the
adjacent hard magnetic layers with the V layer
interposed therebetween.

Example 10:

20 A perpendicular magnetic recording medium was
prepared as in Example 1, except that Cr was used in
place of Ru for forming the nonmagnetic layer. The
recording-reproducing characteristics of the magnetic
recording medium thus prepared were evaluated, with

25 the result that the S/Nm under the linear recording

density of 400 kFCI was found to be 27 dB, which was

satisfactory, though the S/Nm value was slightly lower



can be suppressed even in the case of using V in place

t he nonmagnetic |ayer included in 10 the | ongitudinal hard nmagnetic
multi-layered film Incidentally, it is considered reasonable to
understand that the SINmwas slightly |lower than that for Exanple 1
because the exchange interaction produced between the adjacent hard
magnetic |ayers 15 with the Ru |ayer J ntgerpased therebetween is stronger

t han the exchange interaction produced between the

layers with the V layer interposed therebetween. Exanple 10: 20 A
per pendi cul ar, pagnehLe FEEOEILRRIERYI UM% o1RLERALRD AT HeN nEXATRI © 1,
plate of Ru for

except that G was used I'n
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of Ru for form ng

adj acent hard nagnetic

orm ng the nonnmaghetic | ayer.

the result that the S/ Nm under

the Iinear re@@ﬁdb@gsuﬁgeégbédoévéQOth@hew%%slO%qu%9n962§7i%8, whi ch was

sati sfactory,

t hough the S/ Nm value was slightly | ower -

than that for

Exanple 1. ltpigtbows RhafForhgorRdngmtheonsamaknkhe cpesperdiedhayeaagnetic
recordi ng nmedium can be suppressed even in the case of using Cr in
of Ru f®r fordhnghéhtonghtraghatilc hhayemaignetudeaud tiirlayerkandgitmdi nal hard
magnetic nulti-layered film Incidentally, it is considered reasonable to
under stand that th&n8ilenwadlyl,i ditt iy lconeriddran tdezisonable to

10

15

20

25

understand that the S/Nm was slightly lower than that
for Example 1 because the exchange interaction
produced between the adjacent hard magnetic layers
with the Ru layer interposed therebetween is stronger
than the exchange interaction produced between the
adjacent hard magnetic layers with the Cr layer
interposed therebetween.

In each of Examples 9 and 10, a Co-Cr-Pt alloy
was used for forming the hard magnetic layer, and Ru,
V or Cr was used for forming the nonmagnetic layer.
However, it is also possible to use the ferromagnetic
material and the nonmagnetic material other than those
noted above. It is possible to obtain the similar
effect by selecting the thickness of the nonmagnetic
layer such that an antiferromagnetic exchange
interaction is produced between the adjacent hard
magnetic layers. However, it is desirable to use Ru,
V or Cr for forming the nonmagnetic layer because the
nonmagnetic layer formed of the particular element
noted above permits effectively suppressing the medium

noise.

pl ace



‘for Exanple 1 because the exchange interaction
adj acent hard magnetic layers 10 with the Ru | ayer
is stronger

Examples 9 and 10, a Co-Cr-Pt all oy
magnetic layer, and Ru, V or C was wusegfgfar form ng the nonmagnetic

| ayer.
t he nonnagnetic naterial ot her than those noted above. It is possible to
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| ayer such that a
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suppressing t
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t han the exchange interaction produced between the adjacent
hard magnetic layers with the Cr |ayer interposed therebetween. In each of

However, it is also possible to use the ferromagnetic nateri al

15 was used for formng the hard

and
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e nmedium noise. - Exanpl'e 11: A perpendi cul ar nmagnetic
recordi ng nedhuﬁmu@&etrircemrd%cﬂa@dxn waa gt thrCeldhathed O - M all oy
nonmagneti ¢ underl ayer was not fornmed below the 5 | ongitudinal hard
magneti &8 nul t lohayenednkill marbthenagemarid morlrteiprleiwdeaty fdlar.act eri stics of
magneti c recordi ng nmedium thus prepared were

The recording-reproducing characteristics of the
magnetic recording medium thus prepared were
evaluated, with the result that spike-like noise
having a magnitude substantially equal to that of the
reproduced signal was somewhat observed. It is
considered reasonable to understand that, since the
Co-Cr-Pt hard magnetic layer of a hexagonal close-
packed structure was formed directly on the amorphous
substrate, the easy axis of the hard magnetic layer
was oriented mainly in a direction perpendicular to
the film surface and partly at random, resulting in
failure to align uniformly the directions of
magnetization of the longitudinal soft magnetic layer
radially outward, thereby forming the domain wall.

What should be noted is that the easy axis of the
longitudinal hard magnetic multi-layered film can be
controlled in the longitudinal direction by forming a
nonmagnetic underlayer between the nonmagnetic
substrate and the longitudinal hard magnetic multi-
layered film, with the result that it is possible to
suppress the medium noise from the perpendicular

magnetic recording medium.



eval uated, with the result that spi ke-1i ke noi se having a nagnitude
substantially equal to that of the 10 reproduced signal was sonmewhat
observed. It is considered reasonable to understand that, since the
Co-Cr-Pt hard magnetic | ayer of a hexagonal close- packed structure was
formed directly on the anorphous substrate, the easy axis of the hard
magnetic |layer 15 was oriented mainly_inga direction perpendicular to the
filmsurface and partly at random resulting in failure to align uniformy
the directions of nagnetization of the |ongitudinal soft magnetic |ayer
radial ly outvwafgmdiergby formng the domain wall. 20 What shoul d be noted
is that the easy axis of the |longitudinal hard magnetic nmulti-layered film

can be controlled A rpd Heeh @Gl 8 RAYnEE L 8CEESH-BYnf Oh8l DEmaya BONMAgNEt i C
under | ayer between tﬁélﬁginagnetic sﬁ%@trate andrthgélong?tudY%al har d

magnetic mul tipreffadayeredid itxampid M f hexegstl thdhathd tndsmpgssi ke to
suppress the nmedi um noi se fromthe perpendi cul ar magneti c recordi ng nedi um

44 - Exanpl e iZideAlparentidal @f Aregureti-€Pt e£DI 6 Nga $egh Nk ¥aked Pr epar ed as
in Exanple 1, except that the nonmagnetic underlayer made of a Co-Cr-Pt

al l oy was not bedravedHe hyed mveridisc\pba panatioed B¢ regneding regpsdi ng | ayer
The recordi ng-reproduci ng characteristics of the nagnetic recording nedi um
t hus prepared were The recording-reproducing characteristics of the
magnetic recording medium thus prepared were
evaluated, with the result that the S/Nm under the
linear recording density of 400 kFCI was found to be
10 24 dB, which was lower than that for Example 1. It is
considered reasonable to understand that, since the
Co-Cr-Pt-B perpendicular magnetic recording layer was
formed directly on the amorphous Co-Zr-Nb longitudinal
soft magnetic layer, the perpendicular orientation of
15 the perpendicular magnetic recording layer was not
controlled sufficiently and the crystal grains were
not sufficiently diminished, leading to the S/Nm lower
than that for Example 1. It follows that the
recording-reproducing characteristics of the
20 perpendicular magnetic medium such as the capability
of suppressing medium noise and the recording
resolution can be improved by forming a nonmagnetic
underlayer between the longitudinal hard magnetic
layer and the perpendicular magnetic recording layer.
25 Example 13:
A perpendicular magnetic recording medium was

prepared as in Example 1, except that a Co-Pt-CrO



eval uated, with the result that the S/Nmunder the I|inear recording
density of 400 kFCl was found to be 10 24 dB, which was | ower than that for
Exanple 1. It is considered reasonable to understand that, since the

Co- Cr-Pt-B perpendi cular magnetic recording |ayer was fornmed directly on

t he anorphous Co-Zr-Nb | ongitudinal soft magnetic |ayer, the perpendicul ar
orientation of 15 the perpendi cul ar nagnggic_recording | ayer was not
controlled sufficiently and the crystal grains were not sufficiently

di m ni shed, leading to the SSNmlower than that for Exanple 1. It follows

that the recqr erlg'}{aWr?_ﬂLéCiﬂgi %tgfi%ir‘ﬁ& s LASr el PAL AeNEL cul ar

magneti ¢ nedi um-such as e capabi [ of suppressing nediummnol se and the

recording resd L[-_tﬂé)_l’t _b@ciérpi’%ygfl by £k F%é;%é@? Wqﬁ%ﬁ%ﬁerl ayer

bet ween the | ongitudinal hard nmagrietic |aye e perpen

magneti c reconddiddianpayedd. XA 1Bt -Ar-der PRddi wad af o FRENSi A fe r
recordi ng nmediumwas Tprepared as in Exanple 1, ‘except that a Co-Pt-CrO 45
| ayer having aHeiddeissi dfs I e sy fedesondi Pl eee £oF theniley O -Pt-B

| ayer as the perpendicular magnetic recording |layer. The Co-Pt-CrO | ayer
was forged undgfe ditercdididions shédeficglive clondidé+mscioridwssing 5 the

other layers. Specifically, the Co-Pt-CrO layer was forned by the
sputtering metwecd fimoerd dyhitgie frestsar Engrmet inod pheder corttayini ng traces of
0z with a pressure Ar atmosphere containing traces of 09 with a
Co-Pt-Cr alloy used as a target.
The recording-reproducing characteristics of the
10 magnetic recording medium thus prepared were
evaluated, with the result that the S/Nm under a
linear recording density of 400 kFCI was found to be
27 dB. The value of 27 dB, which was slightly lower
than the S/Nm for Example 1, was satisfactory. It
15 follows that the medium noise from the perpendicular
magnetic recording medium can be suppressed even in
the case of using a magnetic recording layer differing
in the material and the fine structure from the
perpendicular magnetic recording layer made of a Co-
20 Cr-Pt-B alloy. To be more specific, the medium noise
can be suppressed even in the case of using a
perpendicular magnetic recording layer made of a Co-
Pt-CrO alloy.
Example 14:
25 A perpendicular magnetic recording medium was

prepared as in Example 1, except that Pd was used in

place of the Co-Cr-Pt alloy for forming the



Co-Pt-Cr alloy used as a target. The recording-reproduci ng characteristics
of the 10 nmagnetic recording nmediumthus prepared were evaluated, wth
the result that the S Nmunder a |inear recording density of 400 kFCl was
found to be 27 dB. The value of 27 dB, which was slightly |lower than the
S/'Nm for Exanmple 1, was satisfactory. It 15 follows that the medi um noise
fromthe perpendi cular magnetic recordi jg nedi um can be suppressed even in
the case of using a magnetic recording |ayer differing in the material and
the fine structure fromthe perpendicul ar nagnetic recordi ng |ayer made of

a Co 20 Cr- Pt yBld et b0 Bfud®i £, SPq6d 1 Cioddle sBANM MOl se  can be

suppressed even in the case of using a perpendicular magnetic recording

| ayer nmade of @ regRndAc@R %&ld@geti@(af%@réﬂi 2b, e per pendi cul ar magnetic
S

recordi ng nmediumwas prepare in Exanple 1, except that Pd was used in

pl ace of the Co- O -e atd @yrd DigsLspi s@ut Ny 46harHOPERoSet E§ sndekéd ayer
posi tioned bel ow the perpendicular magnetic recording | ayer. The

recor di ng- r epredueEtig: dwdaadiatg stddisumftile pragnedd avdegor di ng medi um
thus prepared were 5 evaluated, with the result that the S/ Nm under a
| i near Becor dievg ldertsd,y wift MGh&k R swias fimmnmdieo HAm Amdd: ahe val ue of
27 dB, which was slightly | ower
linear recording density of 400 kFCI was found to be
27 dB. The value of 27 dB, which was slightly lower
than the S/Nm for Example 1, was satisfactory. It
follows that the medium noise from the perpendicular
10 magnetic recording medium can be suppressed even in
the case of using Pd for forming the nonmagnetic
underlayer.
Example 15:
A perpendicular magnetic recording medium was
15 prepared as in Example 1, except that Rh was used in
place of the Co-Cr-Pt alloy for forming the
nonmagnetic underlayer positioned below the
perpendicular magnetic recording layer.
The recording-reproducing characteristics of the
20 magnetic recording medium thus prepared were
evaluated, with the result that the S/Nm under a
linear recording density of 400 kFCI was found to be
26 dB. The value of 26 dB, which was slightly lower
than the S/Nm for Example 1, was satisfactory. It
25 follows that the medium noise from the perpendicular

magnetic recording medium can be suppressed even in

the case of using Rh in place of the Co-Cr-Pt alloy



than 'the S/Nmfor Exanple 1, was satisfactory. It follows that the medium
noi se fromthe perpendi cular 10 magneti c recordi ng nedi um can be suppressed
even in the case of using Pd for form ng the nonnmagnetic underl ayer.
Exanpl e 15: A perpendi cul ar nmagnetic recordi ng nediumwas 15 prepared as
in Exanple 1, except that Rh was used in place of the Co-Cr-Pt alloy for
form ng the nonmagnetic underlayer posij4oned bel ow the perpendicul ar
magneti c recording | ayer. The recording-reproducing characteristics of the
20 magnetic recordi ng medi umt hus prepared were evaluated, with the result

that the S/ Nm nsity. of 400 kFCl was found to be
26 dB. The val urlde# %AodB : gé] r[cﬁﬁgcgﬁ hlfrféeﬁyl%?r than the S/ Nm f or

Exanple 1, was |f acgory. It 25 folloms that t he nedi um noi se fromthe
per pendi cul ar 5‘ eti'c recordi ng medi um can be suppressed even in the

case of using Rh i rh%@ﬁ?er?chétf@ax@%% ndtial J!é’c)’of1 ind Hed Pl fgs t he

nonmagneti ¢ underl ayer Exanpl e per pendi cul ar” magneti c recording

medi um was  pPRARMAEASd HP@ENESL d 1 2XGeRpt halatRRWagdiSeskd Nin 5 pl ace
of the Co-Cr- alloy for formng the nonmagnetl c underl ayer positioned
bel ow t Be pere Wi athdragheal-Cpt LISl NEbF a¥ming the

nonmagnetic underlayer positioned below the

perpendicular magnetic recording layer.

The recording-reproducing characteristics of the
magnetic recording medium thus prepared were

10 evaluated, with the result that the S/Nm under a
linear recording density of 400 kFCI was found to be
28 dB. The S/Nm was satisfactory as in Example 1. It
follows that the medium noise from the perpendicular
magnetic recording medium can be suppressed even in

15 the case of using Ru in place of the Co-Cr-Pt alloy
for forming the nonmagnetic underlayer.

In each of the Examples described above, a glass
substrate was used as the nonmagnetic substrate.
Alternatively, it is also possible to use an Al-based

20 alloy, a Si single crystal substrate having the
surface oxidized, or a substrate having the surface
plated with Ni-P, with substantially the same effect.
Also, the various layers were formed on the
nonmagnetic substrate by the sputtering method in each

25 of the Examples described above. Alternatively, it is
also possible to employ another method such a vacuum

vapor deposition method in place of the sputtering



The recordi ng-reproduci ng characteristics of the magnetic recording nedi um
thus prepared were 10 evaluated, with the result that the S/ Nm under a

| i near recording density of 400 kFCI was found to be 28 dB. The S/ Nm was
satisfactory as in Exanple 1. It follows that the nmedi um noise fromthe
per pendi cul ar magnetic recordi ng nmedi um can be suppressed even in 15 the
case of using Ru in place of the Co-Cr-Pigalloy for formng the
nonmagneti ¢ underlayer. In each of the Exanples described above, a gl ass
substrate was used as the nonmagnetic substrate. Alternatively, it is also

possibl e to uge i WHased AR @idide1 1% Snsidgle Srysd@l substrate having

the surface oxidized, or a substrate having the surface plated with N -P,
with substantially Ahg i efdBfdntad$and MoyefiQusidpyeassiwere formed
on the nonmagnetic substrate by the sputtering nethod in each 25 of the
Exanpl es descricked 1ab@esuAiderhide/eliillidd i e aossiterd @ ipl oy
anot her net hod such a vacuum vapor deposition nethod in place of the
sputtering 48theetdredenti timveahsicantiralilts the share affamts 1iAddit | onal
advant ages and nodifications will readily occur to those skilled in the
art. Théref or éimittesl preeddret spacmticonridtailis drdatkrreaspactsives not 5
limted to the specific details and representative enbodi nents shown and
descri bed her empoddaeortdi rsdiopn aral idascridwid ifeetdions regcdosd imegley wi t hout
departin

P J various modifications may be made without departing

from the spirit or scope of the general inventive
concept as defined by the appended claims and their

10 equivalents.



‘from'the spirit or scope of the general inventive concept as defined by

t he appended clains and their 10 equivalents. - 49 - WHAT IS CLAIMED | S:

1. A perpendicular magnetic recording nedium conprising: a nonnagnetic
substrate; 5 a longitudinal hard magnetic multi-layered film arranged on
sai d nonmagnetic substrate, including at |east, a nonmagnetic internediate
| ayer and two hard nagnetic |ayers, whigkh acre | am nated one hard nagnetic
| ayer upon the other hard nagnetic |ayer with the 10 nonmagnetic
internedi ate | ayer interposed therebetween; a |ongitudinal soft magnetic

| ayer formed on said |ongitudijgiaharsl dmgneipcrgul ti-layered film and a
per pendi cul ar nagnetic recording layer formed 15 on said |ongitudinal soft

magnetic |ayer. 2. peApEadpeuaaeumagnmbgﬁet@@o&db@gdﬁaqlmgulaﬁqordlng to
claim1l1, wherein the thickness of said nonnmagnetic |ayer is set to produce

an interactioncomptieengt he two hard magnetic | ayers positioned to 20 face
each other with said nonmagnetic |ayer interposed therebetween to align
the directions of magnehmaghebhc efibsheaeehard nmagnetic |ayers to be
antiparallel. 3. A perpendicul ar magnetic recording nmedium according to
claim1,5wherei n saddlnogmbgdéna¢ hard magnetic multi-layered film
arranged on said nonmagnetic substrate, including at
least, a nonmagnetic intermediate layer and two hard
magnetic layers, which are laminated one hard magnetic
layer upon the other hard magnetic layer with the
10 nonmagnetic intermediate layer interposed
therebetween;

a longitudinal soft magnetic layer formed on said
longitudinal hard magnetic multi-layered film; and

a perpendicular magnetic recording layer formed

15 on said longitudinal soft magnetic layer.

2. A perpendicular magnetic recording mgdium
according to claim 1, wherein the thickness of said
nonmagnetic layer is set to produce an interaction
between the two hard magnetic layers positioned to

20 face each other with said nonmagnetic layer interposed
therebetween to align the directions of magnetization
of these hard magnetic layers to be antiparallel.

3. A perpendicular magnetic recording medium
according to claim 1, wherein said nonmagnetic

25 substrate is disk-shaped, and the hard magnetic layer

in contact with said longitudinal soft magnetic layer

is magnetized in the radial direction of the



25 substrate is di sk-shaped, and the hard magnetic layer in contact with
said longitudinal soft nmagnetic layer is magnetized in the radial
direction of the 50 - disk-shaped substrate. 4. A perpendicul ar magnetic
recordi ng medium according to claim1, wherein said hard nagnetic |ayers
included in said |longitudinal hard magnetic 5 multi-layered film and
positioned to face each other wth sa dS@onmagnetic | ayer interposed

t her ebet ween have about the sanme nagnetic nonent. 5. A perpendicul ar
magneti c recordi ng medium according to claiml1, wherein the sumof the
magnetic 10 ndtrektshbpedeshbedremegneti c | ayers included in said

| ongi tudi nal hard nagnetic nulti-layered filmand nagnetized radially
outward i s substantidal | 3 egualenddcutlhe magneft iiche evagrihicc meaiiwrt of t he
hard magnetic |ayers included in said |ongitudinal hard magnetic 15

mul ti-layered eccordhdgnagnefpiandly adhelrkeyni swddd haré. mAgpertpgendi cul ar
magnetic recording medium according to claim1, wherein the sumof the

t hi cknesses of LBHerRai8chkigret in Bayer dongétudénailnhagdi daposgiicudi nal hard
magnetic_nulti-layered filmand 20 magnetized radially outward is

subst antPal |y BHbat-taYerRe Sdhiropnehboshitdrnedsée dpcehearhr @thegnet i c

| ayers incIudedFLn sai d | ongi tudinal hard magnetic nulti-_layered filmand

magnet i zed radVaFPySPAaR@PmaIngtic, daNgirc dPAFTRRGRE: LRerebsLHRRG medi um

have about the same magnetic moment.
5. A perpendicular magnetic recording medium
according to claim 1, wherein the sum of the magnetic
10 moment of the hard magnetic layers included in said
longitudinal hard magnetic multi-layered film and
magnetized radially outward is substantially equal to
the sum of the magnetic moment of the hard magnetic
layers included in said longitudinal hard magnetic
15 multi-layered film and magnetized radially inward.

6. A perpendicular magnetic recording medium
according to claim 1, wherein the sum of the
thicknesses of the hard magnetic layers included in
said longitudinal hard magnetic multi-layered film and

20 magnetized radially outward is substantially equal to
the sum of the thicknesses of the hard magnetic layers
included in said longitudinal hard magnetic multi-
layered film and magnetized radially inward.

7. A perpendicular magnetic recording medium

25 according to claim 1, wherein the coercive force of
the hard magnetic layer in contact with said

longitudinal soft magnetic layer is larger than the



‘25 ac¢cording to claim1, wherein the coercive force of the hard magnetic

| ayer in contact wth said |ongitudinal soft magnetic layer is larger than
the 51 <coercive force of the other hard nagnetic layer. 8. A

per pendi cul ar magnetic recordi ng medium according to claim1l, wherein said
nonmagnetic internediate layer is forned essentially of at |least 5 one

el ement selected fromthe group consistisg o ruthenium vanadi um and
chromium 9. A perpendicular magnetic recordi ng medium according to claim
8, wherein said nonmagnetic internediate |layer is forned essentially of

rutheni um 10 aggehasvé t8e&nesstRetochalk! Barihalghlebiam apdr. snaller than
1.2 nm 10. A perpendicul ar magnetic recording nedium according to claim

1, wherein said hard.mapnptirpehdyenlarsmhgnaedcessedrdahbymetiian al | oy
containing mainly 15 cobalt, chrom umand platinum 11. A perpendicul ar
magneti c recoracogrdengune ategiomdl hgwhereliai said mbemegnesacd hard magnetic
| ayer has a thickness not |arger than 10 nm 12. A perpendicul ar nagnetic
recordi ng nedi imt@otmediatdi hgyeo téafermedwhesenhialhpnafigatt leaghderl ayer
made of an alloy containing mainly chromumis further fornmed between said
nonmagnet i ¢ sudkerelenant salectednfremdthal ghand fegadsténgubfi-| ayered

film 13. A perpendi cul ar magnetic recordi ng nmedi um
ruthenium, wvanadium and chromium.

9. A perpendicular magnetic recording medium
according to claim 8, wherein said nonmagnetic
intermediate layer is formed essentially of ruthenium

10 and has a thickness not smaller than 0.5 nm and
smaller than 1.2 nm.

10. A perpendicular magnetic recording medium
according to claim 1, wherein said hard magnetic layer
is formed essentially of an alloy containing mainly

15 cobalt, chromium and platinum.

11. A perpendicular magnetic recording medium
according to claim 1, wherein said hard magnetic layer
has a thickness not larger than 10 nm.

12. A perpendicular magnetic recording medium

20 according to claim 1, wherein a nonmagnetic underlayer
made of an alloy containing mainly chromium is further
formed between said nonmagnetic substrate and said
longitudinal hard magnetic multi-layered film.

13. A perpendicular magnetic recording medium

25 according to claim 1, wherein said perpendicular
magnetic recording layer is formed essentially of an

alloy containing mainly at least one element selected



-

'25 acécording to claim1, wherein said perpendicular nmagnetic recording

| ayer is forned essentially of an alloy containing mainly at |east one

el enent selected - 52 fromthe group consisting of cobalt, chrom um and

pl ati num 14. A perpendi cul ar magnetic recordi ng nedium according to claim
1, wherein a nonmagnetic underlayer 5 made essentially of an alloy

contai ning as a main conponent at |east 6me el enent selected fromthe group
consisting of cobalt, chromum platinum rhodium and rutheniumis
further formed between said | ongitudinal soft magnetic |ayer and said

per pendi cul ar fagnethé dPonpcesdbngtinyess &6babtpeepeBgiawl ahdmagnetic
recordi ng medium according to claim1, wherein said | ongitudinal hard
magneti c nul tiplagened.filmincludes two hard nagnetic layers. 15 16. A
magneti ¢ recordi ng-reproduci ng apparatus, conprising: a perpendicular
magneti ¢ recordi nglfeprddoerpgndiedianm magdet¥cngegecHangsmetidusupport and
rotate said 20 perpendicul ar nagnetic recordi ng-reproduci ng nedium a
magneti ¢ head @qadppedgwrehchpinl bnevhenpishaseeprsgnetieconderhégemat i on
in said perpendicular magnetic recording mediumand with an element to
reproducg t he Paeeraedcnhiat ket Phnanaadloy containing as a main

component at least one element selected from the group
consisting of cobalt, chromium, platinum, rhodium, and
ruthenium is further formed between said longitudinal
soft magnetic layer and said perpendicular magnetic
10 recording layer.
15. A perpendicular magnetic recording medium
according to claim 1, wherein said longitudinal hard

magnetic multi-layered film includes two hard magnetic

layers.
15 16. A magnetic recording-reproducing apparatus,
comprising:

a perpendicular magnetic recording-reproducing
medium;
a driving mechanism to support and rotate said
20 perpendicular magnetic recording-reproducing medium;
a magnetic head equipped with an element which
serves to record information in said perpendicular
magnetic recording medium and with an element to
reproduce the recorded information; and
25 a carriage assembly which supports said magnetic
head such that the magnetic head is movable relative

to saild perpendicular magnetic recording medium;



T —

25 a'carriage assenbly which supports said magnetic head such that the
magneti c head is novable relative to said perpendicular nmagnetic recording
medi um - 53 wherein said perpendicular magnetic recording nedium
conprises: a nonmagnetic substrate; a |ongitudinal hard nagnetic

mul ti-layered film 5 arranged on said nonmagnetic substrate, including at

| east, a nonmagnetic internedi ate |ayer and +wo hard nmagnetic |ayers

| am nat ed one hard magnetic | ayer upon the other hard nagnetic |layer with
the nonmagnetic internediate |ayer interposed therebetween; 10 a

| ongi tudi nal soft nageeéis bayerpéopsrdienlsai laghengkt wdcBabihRgrd magnetic
multi-layered film and a perpendi cul ar magnetic recording |ayer fornmed on
sai d | ongi t udimediwoftompghees e | ayer. 17. A magnetic recordi ng-reproduci ng
apparatus 15 according to claim 16, wherein the thickness of said
nonnmagneti c | ayer i3 sehmagnetibdusebahrahéeracti on between the two hard
magnetic | ayers positioned to face each other with said nonnmagnetic | ayer

i nterposed therebetweengibudingh haeddnagoetdasmoltimdageiredt Eohm20 of
these hard nagnetic layers to be antiparallel. 18. A magnetic

recor di My- r eprHERRIIRA appafat dsnonkedreihg sebetarhedeinghedena ahid
nonmagnetic substrate is disk-shaped, and the hard nmagnetic layer in
contact with s¥Ftordi PeRMAGEPCEEEt InkgFBedtataybpyer and two hard

magnetic layers laminated one hard magnetic layer upon
the other hard magnetic layer with the nonmagnetic
intermediate layer interposed therebetween;
10 a longitudinal soft magnetic layer formed on said
longitudinal hard magnetic multi-layered film; and
a perpendicular magnetic recording layer formed
on said longitudinal soft magnetic layer.

17. A magnetic recording-reproducing apparatus

15 according to claim 16, wherein the thickness of said
nonmagnetic layer is set to produce an interaction
between the two hard magnetic layers positioned to
face each other with said nonmagnetic layer interposed
therebetween to align the directions of magnetization

20 of these hard magnetic layers to be antiparallel.

18. A magnetic recording-reproducing apparatus
according to claim 16, wherein said nonmagnetic
substrate is disk-shaped, and the hard magnetic layer
in contact with said longitudinal soft magnetic layer

25 is magnetized in the radial direction of the disk-
shaped substrate.

19. A magnetic recording-reproducing apparatus



25 i$ magnetized in the radial direction of the disk- shaped substrate. 109.
A magneti c recordi ng-reproduci ng apparatus 54 according to claim16,
wherein said hard magnetic |ayers included in said |ongitudinal hard
magnetic multi-layered filmand positioned to face each other wth said
nonmagneti c | ayer interposed therebetween 5 have about the sane magnetic
nmonment. 20. A magnetic recordi ng-repreduééng-apparatus according to claim
16, wherein the sumof the magnetic nonments of the hard nagnetic | ayers
included in said |ongitudinal hard magnetic multi-layered filmand 10
magneti zed radaatbydbngwasdcisimub6j anheakliy esqiédl hhed mhgnsudcof the
magneti c nonents of the hard magnetic |ayers included in said | ongitudinal
hard magnetic layérs-ingkudddfihnsand hagodtidédaiadaatl papneadid. 21. A
magneti ¢ recordi ng-reproduci ng apparatus 15 according to claim 16, wherein
the sum of themuihickaresed 6tlmhendapdsihgneedctpafars eachudélern said

| ongi tudi nal hard nmagnetic nmulti-layered filmand magnetized radially
outward i s sub$ibhtsaifdynegnagnebict heystnivtetrpesei tkassbesweent he hard
magnetic_layers 20 included in said |ongitudinal hard rmagnetic multi-

| ayered ¥i | m andVRegett zeke r sapal PyInahds dnopent A nagneti ¢
recording-reproduc&&g apparatus, according to claim 16, wherein the

coercive force of 2Yhe RaPAIRELHEL FECPEJLRITRERBATYEL NG BRPEAREUS

according to claim 16, wherein the sum of the magnetic
moments of the hard magnetic layers included in said
longitudinal hard magnetic multi-layered film and

10 magnetized radially outward is substantially equal to
the sum of the magnetic moments of the hard magnetic
layers included in said longitudinal hard magnetic
multi-layered film and magnetized radially inward.

21. A magnetic recording-reproducing apparatus

15 according to claim 16, wherein the sum of the
thicknesses of the hard magnetic layers included in
said longitudinal hard magnetic multi-layered film and
magnetized radially outward is substantially equal to
the sum of the thicknesses of the hard magnetic layers

20 included in said longitudinal hard magnetic multi-
layered film and magnetized radially inward.

22. A magnetic recording-reproducing apparatus
according to claim 16, wherein the coercive force of
the hard magnetic layer in contact with said

25 longitudinal soft magnetic layer is larger than the
coercive force of the other hard magnetic layer.

23. A magnetic recording-reproducing apparatus



25 1 ongi tudinal soft magnetic layer is larger than the coercive force of
the other hard magnetic layer. 23. A nmagnetic recordi ng-reproducing
apparatus 55 according to claim 16, wherein said nonmagnetic internediate
| ayer is fornmed essentially of at |east one elenent selected fromthe
group consisting of ruthenium vanadiumand chromum 5 24. A magnetic
recordi ng-reproduci ng apparatus accordi Bg te claim 23, wherein said
nonmagnetic internediate layer is fornmed essentially of ruthenium and has
a thickness not smaller than 0.5 nmand smaller than 1.2 nm 10 25. A

magnet i c recorgkddrd iy ol Ch @i mPPe) alhiSr e &€ COA U NYohRaghat M:16, wherein
said hard nmagnetic |layer is forned essentially of an alloy contai ning
mai nl y cobal t,ictenmediseadl ayat i heinfoPbed AcsBgneiatlyecdr dtnleaepr oduci ng
apparatus 15 according to claim 16, wherein said hard nmagnetic |ayer has
a thi ckness notné¢ aebementaselécted RFomAthaggetup ceuwsidtnggrepr oduci ng
apparatus according to claim 16, wherein a nonmagnetic underlayer made of
an al |l oy cont afwien hemnl yardd bam uan@ochsofimmher for med bet ween said
nonnmagneti c substrate and said |ongitudinal hard magnetic nulti-Iayered
film 28 A magnet44%- r orIRRt ke procetd hod apprradusingceppdraguso cl ai m

16, wherein said perpendicul ar ) _ ,
according to claim 23, wherein said nonmagnetic

intermediate layer is formed essentially of ruthenium
and has a thickness not smaller than 0.5 nm and
smaller than 1.2 nm.

10 25. A magnetic recording-reproducing apparatus
according to claim 16, wherein said hard magnetic
layer is formed essentially of an alloy containing
mainly cobalt, chromium and platinum.

26. A magnetic recording-reproducing apparatus

15 according to claim 16, wherein said hard magnetic
layer has a thickness not larger than 10 nm.

27. A magnetic recording-reproducing apparatus
according to claim 16, wherein a nonmagnetic
underlayer made of an alloy containing mainly chromium

20 is further formed between said nonmagnetic substrate
and said longitudinal hard magnetic multi-layered
film.

28. A magnetic recording-reproducing apparatus
according to claim 16, wherein said perpendicular

25 magnetic recording layer is formed essentially of an
alloy containing mainly at least one element selected

from the group consisting of cobalt, chromium and



25 mégnetic recording layer is forned essentially of an alloy containing
mai nly at | east one el enent selected fromthe group consisting of cobalt,
chromumand 4 y 56 - platinum 29. A nagnetic recording-reproducing
apparatus according to claim 16, wherein a nonmagnetic underlayer nade
essentially of an alloy containing as 5 a nmain conponent at |east one
el ement selected from the group consistisdg ef cobalt, chromum platinum
rhodium and rutheniumis further fornmed between said |ongitudinal soft
magnetic | ayer and said perpendicular magnetic recording layer. 10 30. A
magneti c recorgilagineproduci ng apparatus according to claim 16, wherein
said longitudinal hard magnetic nulti-layered filmincludes two hard
magnetic |ayers. 29. A magnetic recording-reproducing apparatus
according to claim 16, wherein a nonmagnetic
underlayer made essentially of an alloy containing as
5 a main component at least one element selected from
the group consisting of cobalt, chromium, platinum,
rhodium, and ruthenium is further formed between said
longitudinal soft magnetic layer and said
perpendicular magnetic recording layer.
10 30. A magnetic recording-reproducing apparatus
according to claim 16, wherein said longitudinal hard

magnetic multi-layered film includes two hard magnetic

layers.



