,1 9 AU G 2004 1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM BACKGROUND OF THE
| NVENTI ON The present invention relates to a perpendi cul ar nmagnetic
recording nediumthat is nounted on various magnetic recording devices. In
recent years, as a technique for achieving high densities in nddnAbBE 2004
recording nedi a, there has been increasing interest in perpendicul ar
magnetic recording systeminstead of the | ongitudinal magnetic recording
systemof the related art. A perpendicular magnetic recording nediumis
constructed froma nmagnetic recording |layer of a hard magnetic materi al
and a back layer of a soft magnetic daterial. The back layer is
responsi bl e for concentrating the magnetic flux that is generated by a
magneti c head, whi chPEBPENHEULARMAGNERIGRECORDING MEIIBMdi ng | ayer. In
general, a Co alloy crystalline film which is also used for |ongitudinal

recordi ng i | a terial for the magnetic recording |ayer
in the peﬁmGﬁ%ﬁﬁgﬁﬁ@ﬁ%ﬂ Num In response to demand for
increasingly high densities in magnetic recording nedia; refining Co
crystal grains, keduci -part.icl i distribution, and controlling

i nteractions bet \;\Ie%g rlaér%gllt ﬁ@ﬁé?/% r%%%?ﬁgsat ggquxa(ﬁ%armgﬁne[u& rieﬁ%r!‘hél_gse _
recordi ng dedidny thal RehcunféiSoraV#RudREncdic 3&Ridilg déWesd conposi tion having a
greater perpendicular anisotropy. In addition, as a thin filmhaving a

| ar ge per pendi cullmrecgni ¥esrs opy, teshaigue fermachievingangh tensities imptaghetigl | oy

anor phous fil ns .havedal been, seen as .pron si ng .as Hatleri al for

per pendi cul é?cogrg% Syedia, ?‘%’(ES?‘&? Haewalie g mterest il perpendicular magnetic
recording system instead of the longitudinal magnetic recording system of the

related art.

A perpendicular magnetic recording medium is constructed from a
magnetic recording layer of a hard magnetic material and a back layer of a
soft magnetic material. The back layer is responsible for concentrating the
magnetic flux that is generated by a magnetic head, which is used in recording
to the recording layer.

In general, a Co alloy crystalline film, which is also used for longitudinal
recording media, is used as the material for the magnetic recording layer in the
perpendicular magnetic medium. In response to demand for increasingly high
densities in magnetic recording media; refining Co crystal grains, reducing
particle size distribution, and controlling interactions between grains have been
studied as ways to increase recording density. There has also been a search
for a composition having a greater perpendicular anisotropy.

In addition, as a thin film having a large perpendicular anisotropy, rare
earth-transitional metal alloy amorphous films have also been seen as promising
as material for perpendicular magnetic recording medium.

Currently, Co alloy crystalline magnetic recording materials are mainty

used. A magnetic recording layer formed from Co alloy crystalline magnetic



Currently, Co alloy crystalline magnetic recording naterials are mainly
used. A magnetic recording layer formed from Co alloy crystalline nagnetic
9 AUG 2004 2 recording material has a column-1like structure constructed by
the growth of crystal grains in the filmthickness direction. dBixIG 2004
structure is one of the major reasons why noise is generated during
recordi ng and play back. Wth the increasing recording densities in the
future, the effect of this <crystal grain boundary on the recording signal
wi |l becone ever greater. Wth respect to this problem there have been
attenpts to reduce this effect by havng a finer crystal grain size,
unfortunately when the crystal grain size becones too small, the thernal
stability ofeqording amaserisb has aggedumerhikeratriciunel sonsieuased by abe growth ofsome
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Lo, o AR ARl SR s AR el R s T
ear t h- t r ansirédsomabhy®iis is gbﬁ@%e@ﬂﬁﬁﬂgﬁb&dﬁglaﬂa blybged. because it is

anor phous, there are no crystal grain boundaries! The above probl em does

not arise. Howev&¥ith Henigerepsing)resprlingodendities osthexfubire, thheffectiaf this nucl eus
for hol ding itfen.signal to its l.ocation. As a result, the signal
can shift orchgﬁlsg%bne QuUNdaIyOn the 1660 %ﬂgpag“g]gﬁ A 7T Ehiton %En

recordi ng atespedio tiepteBRRY thefORSR LebRABGHRS thlddts mfseefﬂa&tbty%%ingab' e for
per pendi cul ar_recordi ng nmedium material that has the objective of having a
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some situations, the recorded signal could disappear. The problem of thermal
fluctuation can surface rapidly causing additional concerns.

When a rare earth-transitional metal alloy amorphous film is used,
because it is amorphous, there are no crystal grain boundaries. The above
problem does not arise. However, since no grain boundaries exist, there is no
nucleus for holding the written signal to its location. As a result, the signal
can shift or disappear. This phenomenon is especially common when
recording at high frequency. These characteristics are not desirable for
perpendicular recording medium material that has the objective of having a high

recording density.
OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide a perpendicular
magnetic recording medium that avoids the above concerns.

Through research, the present inventors discovered that by forming a
magnetic recording layer by layering a CoCr alloy crystalline film and a rare

earth-transitional metal alloy amorphous film, a perpendicular magnetic



Through research, the present inventors discovered that by formng a
magneti c recording |layer by layering a CoCr alloy crystalline filmand a
rare earth-transitional nmetal alloy anorphous film a perpendicul ar
magnetic 1 9 AU G 2004 3 recording nmediumthat has | ow noise afd A& 2004
support high density recording can be created. Based on this discovery,

t he perpendi cul ar magnetic recording nmedium of the one enbodi nent of the
present invention has a multi-layer construction for the magnetic
recording layer, and of these, at |east one layer is a magnetic filmof a
rare earth-transitional netal alloy adorphous material. For the structure
of this nulti-layer magnetic recording |layer, the following three are
consi der ed. rédgording integfune nitad diasoW ,noRke it toan Isappedit HighnRhiisy feeedingi ng | ayer
is constructed froma magnetic |ayer of two layers. The first layer is a
magnetic | &§RPe efeatsdcocr alloy crystalline film The second |ayer is a

magnetic | ayer o -1 |t Lonal tal..alloy.anorphous film In
a second enbodi nfllasr??e,d éﬁé}ﬁﬁg{éé{%{%{% tﬁ%@%ﬁ’ﬁ%lﬂfaﬁa net1csreé:8%'%r.%gr @8@8‘8 froma
magneti c | ay€theodnd svbbddiyientSof thé @rdsedtShvdnfiy®had § nultiRgeetomtrheidr of a

rare earth-transitional netal alloy anorphous film The second |ayer is a

magnet i ¢ | ayerthgmagneliccrecarding /lagery andapf these, fat least ane layer lig 2 ehagnddisdi nent, t he

magnetic re dj aver J4s constructed from a,magnetic,|layer ,of at |east
two or nor e%;ljl{éydéf?g.'laﬁ%/ eﬁrétg'irtan%ﬁ%n%fm t%lealjogygﬁngrp!hgu Tedlet ¥ Meyer of a
rare eart h- tsfragtgid b mﬁm-ﬁyera;hh@étiamoﬁalﬁgl%y%{,ltﬁk fbllowisg tiRedgreunder st ood,

that according to the enbodi nents of the présen
considered.

In a first embodiment, a multi-layer magnetic recording layer is
constructed from a magnetic layer of two layers. The first layer is a magnetic
layer of a CoCr alloy crystalline film. The second layer is a magnetic layer of a
rare earth-transitional metal alloy amorphous film.

In a second embodiment, the magnetic recording layer is constructed
from a magnetic layer of two layers. The first layer is a magnetic layer of a
rare earth-transitional metal alloy amorphous film. The second layer is a
magnetic layer of a CoCr alloy crystalline film.

In a third embodiment, the magnetic recording layer is constructed from
a magnetic layer of at least two or more layers. At least one of the layers is a
magnetic layer of a rare earth-transitional metal alloy amorphous film.

It is to be understood, that according to the embodiments of the present
invention, it is preferable but not essential to have the rare earth-transitional
metal alloy amorphous film contain at least one or more elements selected from
the group consisting of Pr, Nd, Gd, Tb, Dy, and Ho.

In addition, the rare earth-transitional metal alloy amorphous film
preferably but not essentially contains 10 atm% or greater and 35 atm % or less

of at least one or more rare earth elements. In addition, the remainder



invention, it is preferable but not essential to have the rare
earth-transitional netal alloy anorphous filmcontain at | east one or nore
el enents selected from the group consisting of Pr, Nd, Gd, Tb, Dy, and Ho.
In addition, the rare earth-transitional netal alloy anor phous1g|AU13 2004
preferably but not essentially contains 10 atnPoor greater and 35 atm % or
|l ess of at |east one or nore rare earth elenents. In addition, the

remai nder 9 AUG 2004 4 contains at |east one transitional netal selected
fromthe group consisting of Ni, Fe, and Co. Further, it is preferable but
not essential that this rare earth-trgnsitional netal alloy anorphous film
contain 5 atm % or greater and 25 atm % or less of C. Briefly, the present
i nventi on p%ﬁtﬁinﬁ'%tk%t%n@%ﬁ%ﬂﬁﬁﬁ%@sméﬁméﬁﬁ% eoM@iAgdi N i ncl udi ng
a nmulti-layer nmagnetic recording |ayer. One of e magnetlc recordi ng

| ayers incl FdeandCammgnetic filmof a rare earth-transitional netal alloy
anor phous material ., The .rar h-transitional . netal all oy amgrphous
material may add%PFB?{aftll§/pfeﬁ‘E§tﬁﬁ “tC?Ott‘?ﬁsqﬂﬂﬁlr@@teth‘SchW &FP“F’@QH& ance.

Anot her of hﬁb@al'ﬁﬁ&f‘ 8 e | ayer of a
CoCr alloy crystal %{r}g@l?m@r@g}éﬁ?éﬁgtﬁ gﬂgﬂed‘%ﬁn@ 3 a?eéljlgssr?%netic
recordi ng | &er provides increased recording denS|ty | ower noi se, and

i ncreased dur abi it}i' g_}ﬂgordl ng. to an enbodi ment of e present i nvention
there is provi de Y.p Eep RIS AN FItioRg PestaiRs F‘eé’oPEﬁP Tl BRENtiSnpri sing: a

non- magnet i ‘f’eco?dﬂ?g Ak iR 2 TRAASLJeF nRRAkd &X&rdlr%nla%}e pRE-Jragneti c

substr at e,

the magnetic recording layers includes a magnetic film of a rare
earth-transitional metal alloy amorphous material. The rare earth-transitional
metal alloy amorphous material may additionally include Cr to improve
corrosion resistance. Another of the magnetic recording layers includes a
magnetic layer of a CoCr alloy crystalline film. In combination, the multilayer
magnetic recording layer provides increased recording density, lower noise, and
increased durability.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, comprising: a non-magnetic
substrate, a soft magnetic back layer on the non-magnetic substrate, an
intercoat layer on the soft magnetic back layer, a multi-layer magnetic
recording layer on the intercoat layer, a protective layer on the multi-layer
magnetic recording layer, a liquid lubricant layer on the protective layer,
and the multi-layer magnetic recording layer including at least a first and a
second magnetic layer effective to reduce noise and increase an information
density capability of the perpendicular magnetic recording medium.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, wherein: the first magnetic layer is

at least one of a magnetic layer of a CoCr alloy crystalline film and a magnetic



intercoat |ayer on the soft magnetic back layer, a nulti-layer magnetic
recording layer on the intercoat |ayer, a protective |layer on the

mul ti-layer nagnetic recording layer, a liquid lubricant |ayer on the
protective layer, and the nulti-layer magnetic recording |ayet 3iAUH omhi ng
at least a first and a second magnetic |ayer effective to reduce noise and
increase an information density capability of the perpendi cul ar magnetic
recordi ng medi um According to an enbodi nent of the present invention there
is provided a perpendicular nmagnetic recording nedium wherein: the first
magnetic layer is at |east one of a magnetic layer of a CoCr all oy
crystalline filmand a magnetic 19 AUG 2004 5 |ayer of a rare
earth-transihidng a FRé dhridafitiHIP bR Ullof iabidrplds flheareaRNcompgNet i ¢

| ayer is the other of the magnetic |ayer of the CoCr-alloy crystalline
filmand themagigtieldyer isatheothsf of ilee magretie dayeh of thenSoCi-alleyl crysallime al | oy

anor phous film ,According.to ap .enbodi nent of. the present invention there
i s provided @m gt %ﬁ’(ﬁ‘%‘?ﬂ%aﬁyeﬁﬁ Hg e ?ﬁéf@?ﬂ@naﬁﬁgﬂﬂﬁomf’? " the rare
earth-transigjponal netal alloy anorphous filmcontains at |east one

el ement selected froma group consisting of Pr, Nd, Gd, Th, Dy, and Ho.
According to an efbwadingtit anoémbddiment ef et presevteinvéndion thess is previgedoyi ded a

di cul i di ng. medi um_wher ein: th -
bar -t ans EBRGICoIar RAghets 16 AT BHNs SIS AbHEar S& BRI per cent

and 35 per cegtiaPfiloyldirptiout Gl koMafs @l RARHne efifbnsd el s g | on of the
rare earth-transitional  netal alloy anorphous film contains at |east one
transi ti onal comsisttg ofreNdnGd,sSBY, d¥yt, @okd Hoom a group consisting of Ni, Fe, and
Co.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, wherein: the rare earth-transitional
metal alloy amorphous film contains between 10 percent and 35 percent of
the at least one element, and a remainder portion of the rare earth-transitional
metal alloy amorphous film contains at least one transitional metal
element selected from a group consisting of Ni, Fe, and Co.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, wherein: the rare earth-transitional
metal alloy amorphous film contains between 5 percent and 25 percent of Cr
effective to improve a corrosion resistance of the perpendicular magnetic
recording medium.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, comprising: a non-magnetic
substrate, a soft magnetic back layer on the non-magnetic substrate, an
intercoat layer on the soft magnetic back layer, a multi-layer magnetic
recording layer on the intercoat layer, a protective  layer on the multi-layer
magnetic recording layer, a liquid lubricant layer on the protective layer, the

multi-layer magnetic recording layer including at least a first and a second



According to an enbodi nent of the present invention there is provided a

per pendi cul ar magnetic recording nmedium wherein: the rare
earth-transitional nmetal alloy anorphous filmcontains between 5 percent
and 25 percent of Cr effective to inprove a corrosion resista A@% gﬁ

per pendi cul ar magnetic recording nmedium According to an enbo Yt he
present invention there is provided a perpendicular magnetic recordlng
medi um conprising: a non-nmagnetic substrate, a soft magnetic back | ayer
on the non-magnetic substrate, an intercoat |ayer on the soft magnetic
back | ayer, a nulti-layer magnetic rgcording |layer on the intercoat |ayer,
a protective layer on the nulti-layer magnetic recording layer, a liquid

lubricant | gy fetiMa %éi'eeﬂ%@\;eeﬁ)t fedficd AYRE and iforedsbahi inforMefon THEHRRY | C
recording layer including at least a first and a second 1 9 AUG 2004 6

magnet i ¢ | aygrabiify efthe perpeodicdgiumagnetic $®oadmg mediuernsed ahlepgifone Wt i on
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| ayer of a Eﬁ{t?trm%?‘&nﬁfﬁét@lﬁfo%'a%%hoﬁ?hﬁﬁ al I oy anorphous film Accordi ng

to an enbodi nent e present i1nvention there is provided a
per pendi cul ar nmagretridmgrte an esibodjmesidefithe prebent mvnntlctnltberleaﬁrmowded a
earth-transitional ~ netal .alloy . anorphous fil.m contains, at ast, one

el ement sel @@@g@ﬂlﬁqlgnmggnegpagﬁgr@%gf {“i“hd”laﬁfelpr e pfe Bffh- tﬁ%‘“&g}%‘ and Ho.
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per pendi cul ar magn t|c ecor I ng rre I um erein: the rare
eart h- t r ansigtduprihsistifigt ¢flPralNd,oyd, &) DyhandsHbI | m cont ai ns bet ween 10 percent

and 35 percent of the

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, wherein: the rare earth-transitional
metal alloy amorphous film contains between 10 percent and 35 percent of the
at least one element, and a remainder portion of the rare earth-transitional metal
alloy amorphous film containing at least one transitional metal element
selected from a group consisting of Ni, Fe, and Co.

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, wherein: the rare earth-transitional
metal alloy amorphous film contains between 5 percent and 25 percent of Cr
effective to improve a corrosion resistance of the perpendicular magnetic
recording medium.

According to an embodiment of the present invention there is provided a
perpendicular magpetic recording medium, comprising: a non-magnetic
substrate, at least a soft magnetic back layer on the non-magnetic substrate,
an intercoat layer on the soft magnetic back layer, a multi-layer magnetic
recording layer on the intercoat layer, a protective  layer on the multi-layer

magnetic recording layer, a liquid lubricant layer on the protective layer, the

multi-layer magnetic recording layer including at least a first and a second



at least one elenent, and a remai nder portion of the rare
earth-transitional metal alloy anorphous filmcontaining at |east one
transitional netal element selected froma group consisting of Ni, Fe, and
Co. According to an enbodi ment of the present invention there i¢ QhﬂWﬁﬁ da
per pendi cul ar magnetic recording nedium wherein: the rare 9 J
earth-transitional netal alloy anorphous film contains between 5 percent
and 25 percent of C effective to inprove a corrosion resistance of the
per pendi cul ar magnetic recording medium According to an enbodi nent of the
present invention there is provided a4 perpendicular nagnetic recording

medi um conprising: a non-magnetic substrate, at |least a soft nmagnetic

back | ayer on the non- neg i t e | i th f
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Gd, Tb, Dy, and Ho. ’

According to an embodiment of the present invention there is provided a
perpendicular magnetic recording medium, comprising: a non-magnetic
substrate, a soft magnetic back layer on the non-magnetic substrate, an
intercoat layer on the soft magnetic back layer, a multi-layer magnetic
recording layer on the intercoat layer, a protective layer on the multi-layer
magnetic recording layer, a liquid lubricant layer on the protective layer, the
multi-layer magnetic recording layer including least a first and a second
mégnetic layer effective to reduce noise and increase an information density
capability of the perpendicular magnetic recording medium, at least one of the
first and the second magnetic layers being a magnetic layer of a rare
earth-transitional metal alloy amorphous film, the rare earth-transitional metal
alloy amorphous film containing  at least one element selected from a group
consisting of Pr, Nd, Gd, Tb, Dy, and Ho, the rare earth-transitional metal alloy
amorphous film containing between 10 percent and 35 percent of the at least
one element, and a remainder portion of the rare earth-transitional metal alloy

amorphous film containing at least one transitional metal element selected from

a group consisting of Ni, Fe, and Co.



Gd, Th, Dy, and Ho. According to an enbodi nent of the present invention
there is provided a perpendicular nmagnetic recordi ng nmedium conprising: a
non-magneti ¢ substrate, a soft magnetic back | ayer on the non-magnetic
substrate, an intercoat |ayer on the soft magnetic back |ayeH, g AUG 2004

mul ti-layer magnetic recording |layer on the intercoat |ayer, a protective
| ayer on the multi-layer nmagnetic recording layer, a liquid |ubricant

| ayer on the protective layer, the nmulti-layer nagnetic recording |ayer
including least a first and a second nmagnetic |ayer effective to reduce
noi se and increase an information dendfity capability of the perpendicul ar
magnetic recording nedium at |east one of the first and the second
magnetic | ayers belerdbose raagrathercotjegjb feasres, andr advartageshoft theps¢sentonal et al

al l oy anorp S t [ar art h=trapsi t.i,pnal tal . alloy anorphous
fil m cont ai Eﬁ#\%ué %lélagiég%%@é %’Pg‘ﬁ% [hos%l @& ECHBW% SHPEIP TR8nE sting of
Pr, Nd, Gd, cbjuné¥on wil tmccbﬂﬂpadyaffair@@ﬁfgb;ihwai likeORRkrenitB n@memld OY

anor phous film containing between 10 percent and 35 percent of the at |east
one el enent ,degigepte thesamesleatenisor ti on of the rare earth-transitional netal

all oy anorphous filmcontaining at |east one transitional netal elenent
selected from a group consisting of Ni, Fe, and Co. 19 AUG 2004 8 The

above, and GIREEF DESCRPTIONOWF FAE AIGURERant ages of the present

invention will becone apparent fromthe follow ng description read in

conjunction with the acconpanying drawi ngs, in which |like reference

nunerals  desi gnaf'tige. 1t irg% c?‘gsggse&{o%nrgg e? diaElI':{almEsﬁloenEnSgCﬂaﬁzrrle struGc:tu;g_(') aFl CURES
perpendicular magnetic recording medium.

Fig. 2 is a graph showing how the coercivity = of the magnetic
recording medium created in an embodiment depends on Tb composition.

Fig. 3 is a graph showing the hystersis loop  for a magnetic recording
medium created in an embodiment of the present invention.

Fig. 4 is a-graph showing the results of measuring the changes in the
magnetic properties for magnetic recording media created with different
sputtering rate.

Fig. 5 is a graph explaining an embodiment of the present invention and
showing how the SNR of the CoCrPtTa film, TbCoCr film, and the layered film
of the magnetic recording media created in the embodiments depends on the
recording density.

Fig. 6 is a graph showing the results of measuring the Cr concentration

dependence of the saturation magnetization and the increase in number of errors

with respect to the magnetic recording media created in an embodiment.



Fig. I is a cross-section nodel diagramshow ng a |ayered structure of a
per pendi cul ar magnetic recording nmedium Fig. 2 is a graph show ng how the
coercivity of the nmagnetic recording nmediumcreated in an enbodi nent
depends on Tb conposition. Fig. 3 is a graph showi ng the hystet8iAQ &Bp for
a magnetic recording nediumcreated in an enbodi nent of the present
invention. Fig. 4 is a. graph show ng the results of neasuring the changes
in the magnetic properties for magnetic recording nedia created with
different sputtering rate. Fig. 5 is a graph explaining an enbodi nent of
the present invention and show ng hoW the SNR of the CoCrPtTa film TbCoCr
film and the layered film of the nagnetic recording nedia created in the
enbodi nent s DEBPERIBTION O THE EREFERREBEMBODIMENTS i s a graph showi ng
the results of neasuring the C concentration dependence of the saturation
magneti zati on and the increase in nunber of errors wth respect to the

magneti c-recor di ngrRdb o6 ﬁﬁF%@éli B @0sLRRcH BB Atperpeddittde 2R3 ferR
DESCRI PTI ON OF THE PREFERRED EWBODI MENTS Referring nowto Fig. 1, a

cross- sect i oacarfling npesliyre mdluded asoftragigetticcback e dayed Enap meadcoatldyacBudes a soft
magneti c back | ayer an.interco netic

recording | Mylﬂd;yea%@gae%;ggcg@ipg : elf gﬁ{d a&rg&?@v@&%&%&ﬁﬁr@?@& on a
Furtace o, SR crr Bk aleic bl 1 LI e s 0
descri bed. formed on top of the perpendicular magnetic recording medium, as will be

described.

It is to be understood, that for purpose of understanding the below
description the first layer of multi-layer magnetic recording layer 4 is adjacent
intercoat layer 3.

For non-magnetic substrate 1, a conventional substrate used for
magnetic recording media is used. Either an Al alloy with NiP plating or
strengthened glass or crystalline glass can be used. To conduct magnetic
domain control of soft magnetic back layer 2, between non-magnetic substrate
1 and soft back layer 2, either an anti-ferromagnetic layer of an Mn alloy can
be used, or a hard magnetic layer in which the magnetization is oriented in the
radial direction of non-magnetic substrate 1 can be used.

Intercoat layer 3 controls the crystal orientation and crystal grain size of
multi-layer magnetic recording layer 4. Examples of materials that may be
used for intercoat layer 3 include TiCr alloy and CoCr alloy. For protective
layer 5, a thin film mainly of carbon may be used. Additionally, liquid
lubricant layer 6 may be a perfluoropolyether lubricant.

In a first embodiment for multi-layer magnetic recording layer 4 is

constructed from a two layer magnetic layer. The first layer is a magnetic



It is to be understood, that for purpose of understanding the bel ow
description the first layer of multi-layer magnetic recording layer 4 is
adj acent intercoat |ayer 3. For non-magnetic substrate 1, a copventi onal
substrate used for magnetic recording nedia is used. Either an{lﬁ\lﬂlﬁl il
with Nip plating or strengthened glass or crystalline glass can be used.
To conduct magnetic domain control of soft magnetic back layer 2, between
non-nmagnetic substrate 1 and soft back layer 2, either an
anti-ferromagnetic layer of an M alloy can be used, or a hard nagnetic
l'ayer in which the magnetization is ofgented in the radial direction of
non- magnetic substrate 1 can be used. Intercoat |ayer 3 controls the

crystal orl SOLA SELAIIS AR AR fhihe SoBha 147 Blahibiato Bpgnet | ¢

recording | _ materitals that may be wused for intercoat
| ayer 3 inclyyse editbtradtitional metil QioGranadrblogus filior protective layer 5, a thin

filmminly of carbon . .b d. ., Addi t. I iqui [ C
my be & por {1 uotosaRennEr teutsepid fmoofea: i tis BbRvsrelifbiag™ | e °
mul ti-1ayer ,g&g&}% Iejed %,gi?rr?\lre?:g: SN Firdt e'nﬁ)odﬁ&'ﬂﬁttﬁélﬁisﬁﬁgfatr oMhua tweo | ayer

magnetic | ay ayer is a magnetic 19 AUG 2004 10 | ayer of a

CoCr al | oy G4peeddahdgdnesc fayéris a angndtivdayee ob adare ayeth-tressitiongbgetet 0Vl ayer of  a
rare earth-transitional netal allo

_ y. amor phous film 1In. addidli in the
second enbodimespious dilms |4nd .thq,pﬁqonfla{%qr ey ARBRRLC lF%etfo‘%d? %&(}ra§g)y 4, in
reverse o:‘ &Efste{ll"g{e lllFrlgrrbod! ment, the first layer of the two [ayered
magnetic | ay gnetic layer of a rare earth-transitional netal all oy
amor phous film gnghbMkorsedondihbayldrd i anteodimenebf cmhkiyleyer ofmagn@isCr  al | oy

recording layer 4, having a construction with a magnetic layer of two or more
layers is effective in noise reduction. Even in this situation, at least one layer
of the magnetic layer with two or more layers is a magnetic layer of a rare
earth-transitional metal alloy amorphous film.

In the perpendicular magnetic recording medium of the present
invention, examples of materials that can be used as CoCr alloy crystalline film
include but are not limited to alloys of CoCr, CoCrPt, CoCrPtTa, CoCrPtB.

In addition, examples of materials that can be used for rare
earth-transitional metal alloy amorphous films include but are not limited to
alloys of TbCo, TbFeCo, TbCoCr, TbFeCoCr. In this situation, a composition
in which the sum of the rare earth elements that are added is 10 atm % or
greater and 35 atm % or less is particularly effective for creating a good

- perpendicular magnetic film. For the transitional metal material of the
remainder, it should contain at least one or more elements selected from a
group consisting of Ni, Fe, and Co.

In general it is known that rare earth-transitional metal alloy amorphous
films do not have good corrosion resistance. By adding Cr at 5 atm % or

greater and 25 atm % or less, this corrosion resistance can be improved.



crystalline film Furthernore, for the third enbodi nent of nulti-I|ayer
magnetic recording |layer 4, having a construction with a magnetic |ayer of
two or nmore layers is effective in noise reduction. Even in this
situation, at |east one layer of the magnetic layer with tmo{brgmqm,,

| ayers is a magnetic |layer of a rare earth-transitional netal alloy

anor phous film In the perpendicul ar magnetic recordi ng nmedi um of the
present invention, exanples of materials that can be used as CoCr all oy
crystalline film include but are not Iimted to alloys of CoCr, CoCrPt,
CoCrPt Ta, CoCrPtB. In addition, exanpies of materials that can be used for
rare earth-transitional netal alloy anorphous filns include but are not

limted to all oyheOdmbdaieRents RFaE® prdsefio fdventidaF@ieodescrided bdlow. sltt uation, a
conposition in which the sumof the rare earth elenents that are added is

10 atm % or shouléabeemunderstodd, howewsr othat sk following tambedimanis arer 88 ve f or

creating a good er pendi cul gr t i . he t e I I
o0 2 YenbeoPSrEERS! F FRORRAME St WP BRE BB, TRLaL
sel ected fropyshe SeQUPINGEIRDRS Adtdintifed b theb@emBétiméRs. | N general it is known

that rare earth-transitional nmetal alloy amorphous films do not have good
corrosi on resi st d&uvcetheByonautigneticCrsubstrate, agnchendeallyg seengthenaddg2s at m % or
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device, and a CoZrNb amorphous soft magnetic backing layer was formed at a
thickness of 200nm. Next, using a lamp heater, heating was conducted to a
substrate surface temperature of 250 degrees C. Afterwards, a TiCr undercoat
film of 10nm thickness, a CoCrPtTa magnetic layer of 10 nm thickness, and a

ToCoCr magnetic layer of 20 nm thickness were formed.

Finally, after a protective film of carbon of a 5 nm thickness was formed,
this was removed from the vacuum device. These film formations were all
conducted under an Ar gas atmosphere of 5 m Torr and by a DC magnetron
sputtering method.  Afterwards, a liquid lubricant material layer of
perfluoropolyether was formed at a 2 nm thickness by a dip method, and the
perpendicular magnetic recording medium was completed.

The magnetic properties of the manufactured perpendicular magnetic
recording medium were calculated by measuring the hysteresis loop by an
oscillating sample-type magnetometer. In addition, the -electromagnetic
conversion property of the resulting perpendicular magnetic recording medium
was measured by a MR head using a spin stand tester. The anti-corrosion test
of this perpendicular magnetic recording medium was evaluated by the increase
in number of errors before and after leaving this perpendicular magnetic

recording medium for 72 hours in an environment of 80 degrees C/80 % Rh.



and the present invention is not limted to these enbodi ments. For the
non- magnetic substrate, a chemcally strengthened gl ass substrate (for
exanpl e N-10 gl ass substrate manufactured by Hoya Co.) having a snooth
surface was used. After washing, this was brought into a sputjeraygemce
and a CoZrNb anorphous soft magnetic backing layer was for med at a ’
t hi ckness of 200nm Next, using a |l anp heater, heating was conducted to a
substrate surface tenperature of 250 degrees C. Afterwards, a Ti Cr
undercoat filmof 10nmthickness, a CoCrPtTa nagnetic |ayer of 10 nm
thickness, and a TbCoCr magnetic laygr of 20 rimthickness were formned.
Finally, after a protective filmof carbon of a 5 nmthickness was forned,

this was renoved ﬂcfd&f@n&l rfARHYRodeYs F. IThEs eabhdild feaortidg iper iser e al |
conducted under an Ar gds atnoSphere of 5 m Torr and by a DC magnetron

spu]E lt ering lrmlyh?]xth 1aﬁrtc§][w@b@ecr fayer. qWhawnase changes inathe cogTcMIty 6t of

per fluoropol yet her y ornmed at a,.2 nmithickne | s d,

per pendi cul &ke Bﬁ@ﬁ%ﬁ?‘-ﬁ”ﬂ@%@eﬂ? AeFoRding (hrdiu %@ﬁ%ﬁéﬁrﬂ?@tlﬁ%ﬂ Cand the
properties %E-%ﬁaﬁgynﬁﬂeéﬁf?% %ﬁ?osﬁﬁ&?ﬁﬂﬂ& GAlpRlof TBGRE R, r gi@teraadsg medi um

were cal cul a asuring the hysteresis loop by an oscillating
sanpl e-t ype ammagredolees arhigh woerditity i dhat is weahd¢ ae & rnsmegdistiae magagifer si on

property of the resulting perpendicul ar . net.i i }
Teasur od by requing GRS iy b5 s Yrds: Qe devis ot RE SHRE TR T ot
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increase in humber ’garro s before and after |eaving this perpendicul ar
magneti c  r qaeyecHldigenteste Wombimed, 7the hotal sonicantaationrpfithe rare mﬂh)ﬂ%%flﬁ egrees
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was optimal in the range of 10 atm % or greater and 35 atm % or less.

Next, as one example, the multi-layer magnetic recording layer was
made to have a two layer construction. For the first layer, a CoCrTaPt film
with 2 10nm thickness and for the second layer, a TbCoCr film with a film
thickness of 20 nm was layered, and a perpendicular magnetic recording
medium was manufactured.

Additionally referring now to Fig. 3, the hysteresis loop of the
resulting perpendicular magnetic recording medium is shown. It is noted that
even though magnetic layers of different magnetic properties were layered, the
magnetization of the magnetic film of the first layer and the magnetization of
the magnetic film of the second layer were magnetically joined. A hysteresis
loop that is seen with a single layer medium was achieved.

However, if the ratio of the film thicknesses differs greatly, the
magnetization of the first layer and the magnetization of the second layer no
longer magnetically join. As a result, the hysteresis loop becomes a shape
in which the hysteresis loop of the magnetic film of the first layer is

overlaid on the second layer. A perpendicular magnetic recording medium



Additionally referring nowto Fig. 2, the magnetic recording |layer is only
one | ayer of a ThCoCr | ayer. Shown are changes in the coercivity of the
perpendi cul ar magnetic recordi ng nedi um when the Thb conposition was
changed. Wth a Th conposition in the range of 10 atm % or gregf&rARdmsS
atm % or less, a high coercivity that is usable as a perpendicul ar nagnetic
recordi ng nmedium can be achieved. Simlar results can be obtained by using
Pr, Nd, &d, Dy, Ho in place of Th. In addition, even where two or nore of

t hese el ements are conbined, the total concentration of the rare earth

el ement was optimal in the range of 80 atm % or greater and 3 5 atm % or

| ess. Next, as one exanple, the nmulti-layer magnetic recording | ayer was

made to havg, b0k | PRShdtEtibP RanroP ackiBR: Ebdd teshiy B terms @6Cr TaPt fi | m
with a 1Onm%tlt?11itc neg‘is%an%&f or thelsecond Iayer,éa TbCoCr filmwith a film

t hi ckness ofecafllingn vkesadtenyséiced, and a perpendi cul ar magnetic recordi ng
medi um was manufactured. Additionally referring now tqQ Ei. he
hysteresis | oop &dd{tﬁé‘ﬂ eEung Py tﬁﬁ%e‘ﬁ&ﬁ%uf%_ teﬁﬁ%né;f’?aé{l(?nescgﬁt I'ng nedi um
Is shown. | csragtggl éﬂﬁ% Ar@GRr Wps BRed RN CsguB¥ARS @dte dorf ther ent

T
magnetic properties were [ayere€d, the nmagnetization of the magnetic film
of the firstrbCagefilmnd thésccond teyer zas icbenged. Figed shope thecchapgen Bf t he

2 S ngl o | eGSR RORSS o oh e BT iU B e Teiecin PR Ol T
a single la . , 'O of the film
thi cknesses di f;f Sha Wilﬁ@tr'e%dl.raﬁ NRagdPRO Rid Adksitp AT thidkBessi prdtiudtajser and t he
magneti zati on of the secon ayer- no |longer magnetically join. As a

resul t, the physthiaedsits al copstirec ahescaersivigpe alone whaine et maddyl8igsFesi s | oop
of the magnetic filmof the first layer.is oyerlaid.on the &ec%nd | ayer. A

per pendi cul AUrReERAEe, BY CORREING ,t,lzf tigripg ~ conditions, sucht as”  spuftefin

gas pressure and gas flow rate, the coercivity can also be changed. In sum,
the residual magnetic flux density-film thickness product can be easily adjusted
by changing the film thickness of the magnetic recording layer.

Additionally referring now to Fig. 5, the recording density dependency
of the SNR (the signal to noise ratio of the recording charcteristics) of the
perpendicular magpetic recording medium of the present invention is shown.
For comparison, the results for a magnetic recording medium using a CoCrPtTa
film alone for the magnetic recording layer and a magnetic recording medium
using only a TbCoCr film are also shown. With the TbCoCr film, in the
recording density range of 200 kFCI or greater, the signal could not be written,
and the SNR rapidly decreased. However, by having a layered magnetic
recording layer, the SNR could be maintained at a good value even at high
recording density ranges.

Additionally referring now to Fig. 6, Cr was added to the TbCo that
was the material for the multi-layer magnetic recording layer. Fig. 6 shows the

saturation magnetization Ms and the increase in number of errors with respect



19 AUG 2004 13 with this kind of |ayer construction cannot achi eve good
results in terns of recording characteristics. Additional referring now to
Fig: 4, the sputtering conditions of the CoCrTaPt filmof the first Iayer
were fixed, and the sputtering rate for the TbCoCr film of th z’jg
| ayer was changed. Fig. 4 shows the changes in the magnetic pro% &84 of
t he perpendi cul ar magnetic recording nmedium It is noted, that while
resi dual magnetic flux density-filmthickness product is maintained at a
constant, the coercivity alone can be nade |arger. Furthernore, by
changing the sputtering conditions, sddh as sputtering gas pressure and
gas flow rate, the coercivity can al so be changed. In sum the residual
magnetic fl ue therGri ¢ompdsitiont hiWHeneSiswas addiet Madedreasedsn laymankjtosd ed by
changing the filmthickness of the magnetic recording layer. Additionally
referring ndWM8"Fig. 5, the recording density dependency of the SNR (the
signal 1o noise rahbP36fuhd of GOSN BT GhEAREER nahettifion of
per pendi cul ar magnetic recor g nmediu e present nver ion is shown.
For conpari sthe TbCh€r fibms tikdasnef(or ']Hwnﬁ@ﬂ,efolrcher(élcwndemgmnﬁdt whistulsd 260 a
CoCr Pt Ta f|Im Ione fo the mag ic recqrding. layer and a magnetic
recordi ng Orly’ssﬁn e?“ﬁ“*l’ at thencapase i aymbes GRATONY Whent he TbhCoCr
film |nth d F r si gnal
&r W 95phd&d g{%felh%v)ﬁ%ﬁg%?eﬁ%q a'&)t%béi' oqfle és,gc{l‘gmg\ejaéipfng%e

could not be witten, ah ecreased. by having a

| ayer ed magnatii % of gﬁe@.&ﬁ“ e 1Ina:3e@§e, mttlhe rﬁhﬂBeﬁ@ﬂ lefrolecdtid BE greedted! a good
val ue even at_ hi recordi ng density ranges. Additionally referring nowto

Fig. 6, Cr wHer @eavhp@ Grig a of fthet purposes of improving the anti-corrosion
properties of the rare earth-transitional metal alloy amorphous film, it is

desirable to add 5 atm % or greater and 25 atm % or less.

As described above, with the present invention, the magnetic recording
layer of a perpendicular magnetic recording medium is constructed by layering
two or more magnetic layers. At least one of these layers is a magnetic film of
a rare earth-transitional metal alloy amorphous film, With the present
invention, a perpendicular magnetic recording medium exhibiting good SNR
qualities even at high recording densities can be achieved.

Furthermore, the layered medium of the multi-layer magnetic recording
layer constructing the perpendicular magnetic recording medium of the present
invention can be easily produced using existing manufacturing devices.

Therefore, the perpendicular magnetic recording medium of the present
invention is well-suited to be mass produced as a large capacity magnetic
recording medium.

Having described preferred embodiments of the invention with reference
to the accompanying drawings, it is to be understood that the invention is not

limited to those precise embodiments, and that various changes and



was the material for the nmulti-layer nmagnetic recording layer. Fig. 6 shows
the saturation nmagnetization Ms and the increase in nunber of errors with
respect 19 AUG 2004 14 to the C conposition. Wien C was added, M
decreased in a nonotone nmanner. Wien 30 atm % or greater was added, the
saturation magnetization of the TbCoCr film became 0. Ther ef dr& AUGomgs he
Cr concentration, it nmust be 25 atm%or less. Furthernore, |ooking at the
increase in nunber of errors, when C was not added, there was an

i ncreased nunber of errors, but by adding 5 atm % or greater, the increase
in the nunber of errors could be prevented. Therefore, when C is added
for the purposes of inproving the anti-corrosion properties of the rare
earth-transiti - | ' LA inithe drB witdest dephitiagt 0 add 5
atm % or grggpg?%%ﬁgq% ‘Eﬁ%%g%%?ﬂ?%gg?giggg%scribed abovehiatrﬁthe pr esent
i nvention, them thegamieior spidt of e inyenticyardefhedingey sppended slams.nagnet i ¢
recording nediumis constructed by layering two or nore magnetic |ayers.

At | east one of these layers is a magnetic filmof a rare
earth-transitional netal alloy anorphous film Wth the present invention,
a perpendi cul ar magnetic recordi ng nmedi um exhi biting good SNR qualities
even at high recording densities can be achieved. Furthernore, the | ayered
medi um of the nmulti-layer nagnetic recording |ayer constructing the

per pendi cul ar magnetic recordi ng nedium of the present invention can be
easily produced using existing manufacturing devices. Therefore, the

per pendi cul ar magnetic recording nmedium of the present invention is

wel |l -suited to be mass produced as a | arge capacity nagnetic



recordi ng nmedium Having descri bed preferred enbodi nents of the invention
with reference to the acconpanying drawings, it is to be understood that
the invention is not limted to those precise enbodi nents, and that
various changes and 1 9 AUG 2004 15 nodifications may be effeq*gd!h$erein
by one skilled in the art without departing fromthe scope or pﬁ 2004 f
the invention as defined in the appended clains. 19 AUG 2004 16 WHAT I S
CLAIMED I S: 1. A perpendicul ar nagnetic recordi ng nmedium conprising: a
non- magneti ¢ substrate; a soft nagnetic back |ayer on said non-magnetic
substrate; an intercoat |ayer on said soft magnetic back |ayer; a

mul ti-layer magnetic recording |layer odbésaid intercoat |ayer; a protective

| ayer on sai i - netic recording layer; a liquid |ubricant

| ayer on sa.\’gﬂgiﬁ%@%@f@@% and said multi-layer magnetic recording

| ayer including at | east a magnetic layer of CoCr alloy crystalline film
and a magnetic |layer of a rare earth-transitional metal alloy anorphous
mat eri al ef f ect i ‘e A perpandigdarmaignetiaregording wedismaeomprfieg: nat i on density
capability of said perpendi cul ar magnetic recording nedium 2. A

per pendi cul ar nagn% F%ngggggﬁﬁakhediunl according to claim1l1, wherein
sai d first magneti sofl mygictic back 1dyensi sfid oRnagnétROnbitiate;l ayer of a CoCr

al T oy an intercoat layer on said soft magnetic back layer;
a multi-layer magnetic recording layer on said intercoat layer;
a protective layer on said multi-layer magnetic recording layer;
a liquid lubricant layer on said protective layer; and
said multi-layer magnetic recording layer including at least a magnetic layer
of CoCr alloy crystalline film and a magnetic layer of a rare earth-transitional
metal alloy amorphous material effective to reduce noise and increase an

information density capability of said perpendicular magnetic recording medium.

2. A perpendicular magnetic recording medium, according to claim 1,
wherein:

said first magnetic layer is at least one of a magnetic layer of a CoCr alloy
crystalline film and a magnetic layer of a rare earth-transitional metal alloy
amorphous film; and

said second magnetic layer is said other of said magnetic layer of said CoCr-
alloy crystalline film and said magnetic layer of said rare earth-transitional metal

alloy amorphous film.

3. A perpendicular magnetic recording medium, according to claim 2,
wherein:

said rare earth-transitional metal alloy amorphous film contains at least one
element selected from a group consisting of Pr, Nd, Gd, Tb, Dy, and Ho.

4, A perpendicular magnetic recording medium, according to claim 3,

wherein:



crystalline filmand a nagnetic |layer of a rare earth-transitional netal
all oy anorphous film and said second magnetic |layer is said other of said
magnetic | ayer of said CoCr- alloy crystalline filmand said nagnetic | ayer
of said rare earth-transitional netal alloy anorphous film :ﬁ

per pendi cul ar magnetic recording nmedium according to claim2/ 9 MG &op:
said rare earth-transitional netal alloy anorphous f|In1conta|ns at | east
one elenent selected froma group consisting of Pr, Nd, &, Th, Dy, and
Ho. 4. A perpendicul ar magnetic recordi ng nedium according to claim 3,
wherein: 19 AUG 2004 17 said rare earth-transitional netal alloy anorphous
filmcontains between 10 percent abfl 35 percent of said at |east one

el enent; and a remai nder portion of said rare earth-transitional netal
all oy anorphous filmcontains at |east one transitional netal elenent

sel ected from asﬂﬂ@!}i‘@ eﬁﬂMaﬁﬁlh&%l RHhetdd allo?%mo%l‘@u%lm@onﬁlrﬁef)&%@gi ol ar
magnetic recording medium according to claim4, wherein: said rare

ear t h- t r ans peicentzand 36 paicent Ofayldeﬂt’mapwl¢m¢nh @dntai ns  between 5 per cent
and 25 percent of Cr effegtive to i e a cor esi e of said
per pendi cul ar nmagfet |I8mfn§§%rr ECHY e gp Bre ﬁﬂBEOU&BFfHOE%h i %ﬁraglﬁé’t ic
recordi ng medimophdue Fikii ®hidhis aleBQRnERGRASHDRal bt tlathdit selected from

a group consisting of Ni, Fe, and Co.

5. A perpendicular magnetic recording medium, according to claim 4,
wherein:

said rare earth-transitional metal alloy amorphous film contains
between 5 percent and 25 percent of Cr effective to improve a comosion

resistance of said perpendicular magnetic recording medium.

6. A perpendicular magnetic recording medium, comprising:

a non-magnetic substrate;

a soft magnetic back layer on said non-magnetic substrate;

an intercoat layer on said soft magnetic back layer;

a multi-layer magnetic recording layer on said intercoat layer;

a protective layer on said multi-layer magnetic recording layer;

a liquid lubricant layer on said protective layer;

said multi-layer magnetic recording layer including at least two or
more magnetic layers effective to reduce noise and increase an information
density capability of said perpendicular magnetic recording medium; and

at least one of said magnetic layers being a magnetic layer of CoCr
alloy crystalline film and the second magnetic layer being a magnetic
layer of a rare-earth transitional metal alloy amorphous film.

7. A perpendicular magnetic recording medium, according to claim 6,
wherein:

said rare earth-transitional metal alloy amorphous film contains at least

one element selected from a group consisting of Pr, Nd, Gd, Tb, Dy, and Ho.



a soft magnetic back | ayer on said non-magnetic substrate; an intercoat
| ayer on said soft magnetic back |layer; a nulti-layer nagnetic recording
| ayer on said intercoat |ayer; a protective |ayer on said nmulti-|ayer
magnetic recording layer; a liquid lubricant |ayer on said prog gﬁ,{%im
| ayer; said nulti-layer magnetic recording |layer including at |eas or
nore magnetic | ayers effective to reduce noise and i ncrease an information
density capability of said perpendicular nmagnetic recordi ng nmedi unm and at
| east one of said magnetic |ayers being a nagnetic |ayer of CoCr alloy
crystalline filmand the second magnetic | ayer being a magnetic |ayer of a
rare-earth transitional netal alloy anorphous film 7. A perpendicular
magneti c recordi ng medi um according to claim®6, wherein: said rare
earth-transitional netal alloy anor phci s filmcontains at | east one
el ement selected froma group consisting of Pr, Nd, Gd, Th, Dy, and Ho. 19
AUG 2004 18 8. A perpendicul ar magnetic recordi ng nedium according to
claim?7, wherein: said rare earth-transitjonal netal alloy anporphous film
contai ns bet ween 8104 pereadiculgn gnamice recerdingmedigmg aggordisg & claive /el enent ;
and a remai ndgf, fprtion of said rare earth-transitional netal alloy
anor phous filmcontains at |east one transitional netal el enent selected
from a group conshidlt irsrg edrtiNiransktéonabndetad.aldy Ampsphpendiilaul @ntaimgnet i ¢
recording necgegﬂrgen %%%;c%iltna%d%% pCf:lrc?elnEn o? said at least one element; and
a remainder portion of said rare earth-transitional metal alloy
amorphous film contains at least one transitional metal element selected from

a group consisting of Ni, Fe, and Co.

9. A perpendicular magnetic recording medium, according to claim 8,
wherein:

said rtare earth-transitional metal alloy amorphous film contains
between 5 percent and 25 percent of Cr effective to improve a corrosion

resistance of said perpendicular magnetic recording medium.

10. A perpendicular magnetic recording medium, comprising;

a non-magnetic substrate;

a soft magnetic back layer on said non-magnetic substrate;

an intercoat layer on said soft magnetic back layer;

a multi-layer magnetic recording layer on said intercoat layer;

a protective layer on said multi-layer magnetic recording layer;

a liquid lubricant layer on said protective layer;

said multi-layer magnetic recording layer including at least a first and a
second magnetic layer effective to reduce noise and increase an information

density capability of said perpendicular magnetic recording medium;



wherein: said rare earth-transitional netal alloy anorphous film contains
between 5 percent and 25 percent of Cr effective to inprove a corrosion
resi stance of said perpendicul ar nagnetic recording medium 10. A

per pendi cul ar magnetic recordi ng medi um conprising: a non- ng@%'[sglm
substrate; a soft magnetic back | ayer on said non-magnetic substrate,  an
I ntercoat |ayer on said soft magnetic back layer; a nulti-layer nmagnetic
recording layer on said intercoat |ayer; a protective |layer on said

mul ti-layer magnetic recording layer; a liquid lubricant |ayer on said
protective layer; said nulti-layer magnetic recording |ayer including at
|l east a first and a second magnetic | ayer effective to reduce noise and
increase an information density capability of said perpendicul ar nagnetic
recording medium 1 9 AUG 2004 19 Sﬁjd first magnetic layer is at |east
one of a magnetic layer of a CoCr alloy crystalline filmand a magnetic

| ayer of a rare easidhfirkt Maghdticdaydr ifrat Rlast dilel cf)a MABTSHD Qarger foif lanCoGrail d second
magnetic |ayer is said other of said a magnetic |ayer of said CoCr alloy
crystal line falpy epystalige dilmagndes imagnalje laysr ok ajrerereart-tuasitinnalimetals; ¢ i onal

nmetal alloy %m%%%@oﬁé hﬂ?m; and said rare earth-transitional netal alloy
anor phous filmtontdining at |east one el enent selected froma group

consi sting of Pr, shid se€ahd misgnely layanis shid. other of said a magnetic layer of said

CoCr alloy crystalline film and said magnetic layer of said rare earth-
transitional metal alloy amorphous film; and

said rare earth-transitional metal alloy amorphous film containing at
least one element selected from a group consisting of Pr, Nd, Gd, Tb, Dy, and
Ho.

11. A perpendicular magnetic recording medium, comprising:

a non-magnetic substrate;

a soft magnetic back layer on said non-magnetic substrate;

an intercoat layer on said soft magnetic back layer;

a multi-layer magnetic recording layer on said intercoat layer;

a protective layer on said multi-layer magnetic recording layer;

a liquid lubricant layer on said protective layer;

said multi-layer magnetic recording layer including at least two or
more magnetic layers effective to reduce noise and increase an information
density capability of said perpendicular magnetic recording medium;

at least one of said magnetic layers being a magnetic layer of CoCr
alloy crystalline film and the second magnetic layer being a magnetic
layer of a rare earth-transitional metal alloy amorphous film;

said rare earth-transitional metal alloy amorphous film containing at
least one element selected from a group consisting of Pr, Nd, Gd, Tb, Dy, and
Ho;

said rare earth-transitional metal alloy amorphous film containing

between 10 percent and 35 percent of said at least one element; and



11. A perpendicul ar magnetic recordi ng medium conprising: a non-nmagnetic
substrate; a soft magnetic back | ayer on said non-nmagnetic substrate; an
intercoat |layer on said soft nagnetic back layer; a nmulti-I|ayer nagnetic
recording layer on said intercoat |ayer; a protective |layer o# @

mul ti-layer magnetic recording layer; a liquid |ubricant Iayer on 3gpd
protective layer; said nmulti-layer magnetic recording |ayer including at

| east two or nore magnetic |ayers effective to reduce noi se and increase
an information density capability of said perpendicular magnetic recordi ng
medi um at | east one of said magnetic |ayers being a magnetic |ayer of CoCr
alloy crystalline filmand the second nagnetic | ayer being a nagnetic

| ayer of a rare earth-transitional netal alloy anorphous film said rare
earth-transitional netal alloy anorphous filmcontaining at |east one

el ement selected froma group consisting of Pr, Nd, Gd, Th, Dy, and Ho;
said rare earth-transitional netal al3Qy annrphous filmcontaining between

10 percent and 35 percent, of said | east one el enent; .and 9. AU G 2004
20 a remainder pdr tPHANGE Portern e s vy FaRETEPSRanal 2oy

armor phous fi lMLHRHA] f'ilhf‘%ﬁt%mh?%%i 18€ohd AARLifidrRN FhetiBbRef SRR 56" ect ed
froma group consisting of and Co.
from a group consisting of Ni, Fe, and Co.





