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MANUFACTURE THEREFOR, AND MAGNETI C READ/ WRI TE APPARATUS Techni cal Field
The present invention relates to a magnetic recordi ng nedium a nethod of
manuf acture therefor, and a magnetic read/wite apparatus using the
magnetic recording nedium This applli cation is based on patent
application No. 2001-247825 filed in Japan, the content of which is

i ncorporated herein by reference. Background Art Mst magnetic recording

medi a now conmerci al ly avail abl ne rmagnetic recording nedia
wherein the axis of easy nagnet ﬁ%@‘?%whﬁ&g magnetic filmis generally

oriented I ng
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read/ wite character?@ﬁﬁgégngﬁggpggiQ?Q?Q§E2§ e thermal fluctuation
effect. Also nedium noise increases under the influence of diamagnetism
at the boundary of recording bits when the recording density is
increased. In a so-called perpendicul ar nagnetic recordi ng medi um of
which the axis of easy magnetization in the magnetic filmis generally
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magnet glgﬁor di ng medi um has high thermal stability, resulting in much
attention being

This application is based on patent application No. 2001 -247825 filed in Japan,

the content of which is incorporated herein by reference.

Background Art

Most magnetic recording media now commercially available are in-plane
magnetic recording media wherein the axis of easy magnetization in a magnetic filmis
generally oriented parallel to the substrate.

In an in-plane magnetic recording medium, there is a possibility that the volume
of recording bits will be too small when the recording density is increased and magnetic
read/write characteristics are deteriorated by the thermal fluctuation effect.  Also medium
noise increases under the influence of diamagnetism at the boundary of recording bits
when the recording density is increased. .

In a so-called perpendicular magnetic recording medium of which the axis of easy
magnetization in the magnetic film is generally oriented perpendicular to the substrate, in
contrast, recording magnetic domains that have clear boundaries can be formed due to less
influence of demagnetizing field at the boundary of recording bits even when the recording
density is increased, and therefore noise can be reduced. Moreover, since the recording

density can be increased even if the volume of bits is relatively large, the perpendicular



given to the perpendi cul ar magnetic recordi ng nmedi um Consequent IZy‘,N[]V 7009
structure of a nediumsuitable for use in perpendi cul ar magnetiC

recordi ng has been proposed, Recently, there has been increasing demand
for high-density recording in magnetic recording nedia. For this reason,
a magnetic recordi ng nedi um has been?2 proposed in which a | ayer nade of a
soft magnetic material, called a soft back layer, is provided between a
per pendi cul ar magnetic filmthat serves as a recording |ayer and a
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orientation control filmthat controls the orientation of a film provided
di r ect |pedhlif deadtdave satisfactory performance in read/write characteristics, thermal
stability, and the resolution, and therefore a2 magnetic recording medium that is improved
in these characteristics has been desired.
Japanese Patent Application, First Publication, No. Sho 59-61012 proposes to add
Cu as a third element to a perpendicular magnetic film made of a CoCr material.

However, this magnetic recording medium has small perpendicular magnetic anisotropy

constant Ku and was insufficient in read/write characteristics and thermal stability.

Disclosure of Invention

Under the above-described circumstances, the present invention has been made,
and an object thereof is to provide a magnetic recording medium that is capable of
recording and reading back information at a higher density by improving the read/write
characteristics and thermal stability, a method of manufacture therefor, and a magnetic

read/write apparatus.

To achieve the object described above, the present invention employed the

following constructions.



a perpendi cul ar magnetic film of which the axis of easy rragneti%a‘tﬂ[bln'lﬂﬂ%
generally oriented perpendicular to a non-nmagnetic substrate, and a
protective film that are provided on the non-magnetic substrate,
wherein the perpendicular magnetic filmis made of a material which
contains Co, Cr, Pt and Cu, the Cr céntent being 16 at%to 24 at% and the
Cu content being 0.1 at%to 4 at% and a coercive force (Hc) of the

per pendi cul ar magnetic filmbeing at | east 3000(Ce), negative nucl eation
field (-Hn) being O(Ce) to 2500(0e), and a ratio of resi
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In the present invention, a hard magnetic film made of a hard magnetic material
;:an be provided between the non-magnetic substrate and the soft magnetic undercoat film.

In the present invention, a magnetizing stabilization film made of a soft magnetic
material can be ﬁrovided above the perpendicular magnetic film.

The method of manufacturing a magnetic recording medium of the present
invention comprises forming at least an orientation control film that controls the
orientation of a film provided directly thereabove, a perpendicular magnetic film of which
axis of easy magnetization is generally oriented perpendicular to a non-magnetic substrate,
and a protective film, on the non-magnetic substrate, while controlling so that the

perpendicular magnetic film is made of a material which contains Co, Cr, Pt and Cu, the Cr
content is 16 at% to 24 at% and the Cu content is 0.1 at% to 4 at%, and that a coercive
force (Hc) of the perpendicular magnetic film is at least 3000(Oe), negative nucleation
field (-Hn) is 0(Oe) to 2500(Ve), and a ratio of residual magnetization (Mr) to saturation

magpetization (Ms) is at least 0.85.



medi um and reads back the information, wherein the magnetic headz;ﬂnﬁlmﬁ
single pole type head and the nmagnetic recordi ng nedi um conpri ses at

| east an orientation control filmthat controls the orientation of a
filmprovided directly thereabove, a perpendicular magnetic film of
which the axis of easy magnetization?is generally oriented perpendicul ar
to a non-magnetic substrate, and a protective film that are provided on
t he non-nmagnetic substrate, wherein the perpendicular magnetic filmis
made of a material which contains Absat
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recordi iumshown here has a structure in which a soft magnetic

under cQak ol Md2 co%{'bivé)fcir@e"lf}@d)ioﬁmmmmdicufdr magaeticafiln heisgableprdt e film 4,
a perpendicular nagnetic film5, a protective film®6, ,and, a %ub.rdi clati ng
film7 3@0@((:{@9,rr[gg§lti\€mn1a:]mbnrﬁt@@ﬂh}:bg‘n@@&@qﬁﬁ@ZiQO(Oe), and a ratio of residua

magnetization (Mr) to saturation magnetization (Ms) is at least .85.

Brief Description of Drawings

Fig. 1 is a partially sectional view showing the first embodiment of a magnetic
recording medium of the present invention,

Fig. 2 is a graph showing an example of a MH curve.

Fig. 3 is a graph showing another example of a MH curve.

Fig. 4 is a partially sectional view showing the second embodiment of a magnetic

recording medium of the present invention.

Fig. 5 is a partially sectional view showing the third embodiment of a magnetic

recording medium of the present invention.

Fig. 6 is a schematic structural view showing an example of a magnetic read/write

apparatus of the present invention. (a) shows the entire structure, and (b) shows a magnetic

head.

Best Mode for Carrying Out the Invention



As the non-magnetic substrate 1, a netallic substrate conprisingqa, NOV 008
nmetallic material such as alum num or alum num alloy nay be use(}, and a

non-netallic substrate conprising a non-nmetallic material such as gl ass,
ceramic, silicon, silicon carbide or carbon may be used. Exanples of the
gl ass substrate include anorphous gl ass substrate and crystallized glass
substrate. As the anorphous gl ass, general -purpose soda-line gl ass,

al um nocate glass and alum nosilicate glass can be used. As the

crystallized glass, lithLumt cr alliz C ed. As the
ceram c subsfﬂg&tléhoﬁfsﬁﬁﬁ@l? %’Hgg‘gﬂ’ﬁ“%ﬁ%lpﬁﬂg%\%éﬁéﬁal%Eul?g%ﬁs%%al um num

oxide, alumnumnitrjde or silicon nitride,as jQr te] @k, or
a fi berecoriimg tedaun shewwy g@l?%ﬁé?%r“”&é% “@‘écﬁ%ﬁq‘%ﬁgﬁ“ﬁgnﬁ%ﬁ?ﬁnaﬂg]%i c
substrate 1, it is possible to use e ,of - | nmet al
subst r atienatoen peyHraldE) 3@96%‘??%"1%&‘3 ﬁﬁn #hdB érlﬂgrﬁcﬁ a:‘:{lglng&&?lllgq?ﬁ%rhah as been
formed wusing a platin t hod,.,a utteri 5 i ke The soft
nmagnet poteatisfdog, "='I“idI“%1-l rigaiing f%i@ﬁ%?rﬁjeg ;bglea;ﬁngﬁlg %%e?ge?ggﬁ?akéek

per pendi cul ar conponent of, the nmagnetic . 658 @Rdthigichead and
to establ i sh AxiB¢ BORTRRANCUE ﬁ'g’sﬂﬁ‘ﬁﬁe? fnzcaatullé%%g{ratgﬁgﬁﬁe?lggndi cul ar magnetic

filmb5, that records the informati [ I4 654 b Afn-pRAAROGIEURRT T O
the sulpteriad sueh wrﬂpgl"&E?Pba“B’é%ué”n%s&n%?gbgF‘gé&{’ nent when using a single

pol e type head for perpendi cul ar i RichB ahlliouni datbidagnet i ¢
head. FABPYSE W@ﬁ%‘??&é‘?‘iﬁ %ﬁglo%fh?fgquhgsgbi&g@réédsemof 2 Sof t magnet i c

material . As thg E:terial thereof, a material containing Fe, Ni or Co
can be 308 ™MEX ‘?’rﬁ § of the material of the soft magnetic undercoat film

2 include Fe 510 Yhchii drsphdusailass Babtratd dndyosystFErgd
FeN Mo, FeN ?‘a@éﬁ@gﬁﬁ%ﬂ]ﬁ 4 NOV 2005 6 like), FeAl alloys (FeAl,

FeAl Si ’gl:%gﬁ%jﬁ[e. Fe kel abdrphous @RisS) general-perpbiekasyia-limesglass plyyuno@iteCr
resr T e and the I'ike), FeTa alloys (FeTa FeTaC FeTaN and the
like), ,helhdalinvissiliEadlg@sandh beheedi ka therugstallipedglasse BRI t he
| i ke), FeC al | oys, FeN alloys, FeSi alloys, FeP al I(%s FeNb _.al | oys,
FeHf aldrpyslizehglasedandie wpd. As the ceramic substrate, a sintered body containing
general-purpose aluminum oxide, aluminum nitride or silicon nitride as the major
constituent, or a fiber-reinforced products thereof can be used.
As the non-magnetic substrate 1, it is possible to use one of the above-mentioned
metal substrates or non-metal substrates on whose surface a NiP film has been formed

using a plating method, a sputtering method, or the like

The soft magnetic undercoat film 2 is provided in order to increase the
perpendicular component of the magnetic flux from the magnetic head and to establish
more firmly the magnetization of the perpendicular magnetic film 5, that records the
information, in a direction perpendicular to the substrate 1.

This action becomes more prominent when using a single pole type head for
perpendicular recording as a read/write magnetic head.

The soft magnetic undercoat film 2 is made of a soft magnetic material.  As the
material thereof, a material containing Fe, Ni or Co can be used.

Examples of the material of the soft magnetic undercoat film 2 include FeCo

alloys (FeCo, FeCoV and the like), FeNi alloys (FeNi, FeNiMo, FeNiCr, FeNiSi and the



There can al so be used a material having an Fe content of at Ieaﬁt[,m] 20050
containing fine crystals such as FeAlO FeMO FeTaN, FeZrN or the I|ike.
In addition, it can also have a granular structure in which the fine
crystals are dispersed in a matrix. As the material of the soft magnetic
undercoat film2, a Co alloy having @& anorphous structure, which
contains at |east 80 at% of Co and al so contains at |east one of Zr, Nb,
Ta, C, M or the like, can be used. For exanple, CoZr, CoZrNb, CoZrTa,
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saturation gnetic fl]lux_densi. 0! £ dasbersédin 4 manix. t he soft
magnet Fénﬁlﬁgg?‘fﬁ)%\graf’}laﬁ?‘ﬁ“iﬁ%"ﬁﬁ@%‘ﬁénﬁp%:agﬁness t g? the soft magnetic

under coat fi1m 2, .| 5.8 6f G ABhYpdtbhetic @derdlht A0 sdballpy beinglahy at | east

60 T run). t he above range is not preferable for

the fol |l owing 1 . whididontains 4t Mast SRatvbaEko wad elso sontaisis ot leadt oanaf OwW
char ac @ﬁ'&g %@%ﬁw\/}\ﬁltenchasracteri stics) 2 4 NOV 2005 7 deteriorate.

It is %eﬁgrfab K@ thedBies uiif Be@sedf the soft nmagnetic undercoat film2 -
(the pl®ahe of "th ' i

e orientation control film3 side) is pg{rﬁ{si al L% or
conpl etel y oxiglezafipleCODEE QodntbyCordgnee e rrngr ez Mq 2lifys 54t HSdf t he
surface of the soft nagnetic
advantageously as the material.

The coercive force He of the soft magnetic undercoat film 2 is preferably not
more than 200 (Oe) (preferably not more than 50 (Oe)).
The coercive force He that exceeds the above range is not preferable for the

following reason. That is, the soft magnetic characteristics become insufficient and the

read back wave does not become a so-called rectangular wave, but become a distorted

wave.

The saturation magnetic flux density Bs of the soft magnetic undercoat film 2 is
preferably at least 0.6 T (and preferably atleast 1 T). ABs that below the above range is
not preferable for the following reason. That is, the read back wave does not become a
so-called rectangular wave, but become a distorted wave.

Specifically, Bs-t, that is, the product of the saturation magnetic flux density Bs of

the material that forms the soft magnetic undercoat film 2 and the film thickness t of the

soft magnetic undercoat film 2, is preferably at least 40 T-nm (more preferably at least 60
T-nm). A Bs-t that is below the above range is not preferable for the following rcason.

That is. the read back wave is distorted and OW characteristics (over-write characteristics)



undercoat film 2 can be reduced, and therefore, read/wite 34“[]\! 700
characteristics of the magnetic recording nmedium can be inproved by
reduci ng noi se caused by the magnetic fluctuations. Al so read/wite
characteristics can be inproved by refining crystal grains of the
orientation control film3 formed od the soft nmagnetic undercoat film 2.
The oxi di zed surface portion of the soft nagnetic undercoat film2 can be
formed by a nethod in which the soft magnetic undercoat film2 is
exposed to a gas that includes oxygen after formng the soft magnetic
under cépferiqraem 2, or a nethod that introduces oxygen into the process

gas when formng the suyrface rti of f ' Bline@dt film
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Sp”tteémlﬁ%rﬁﬁﬁg@%?ﬁ@&ﬂﬁh (i@ UARGEEATII@AR cont ai ni ng oxygen

i ntrod uring a portion of the filmformng tine. As the

process gas, TLQPxid?%%@rEBHE@e €188 oPRleabR eshghyticrindencpanfitio @ cah b fammsdt 0. 05
to 50 vol % (preterably 0.1 to 20 vol% of oxygen is preferably used. The

ori ent @,? I Meth O Which itheRo3t inggrietikiunderooanfiluhediisfea posedrie £ RS thaginchges :
orientation and 24NOV 2005 8 crystal grain dianmeter, of the ipternedi ate
fi1m 4 opyani de fetiing teysofthpagrebioundeaeast filva 2. ged prendhrtdrtr oSSRt i ¢ film
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anor phous structure. In particular, a Ru alloy, a N alloy, and a Co

al | oy anderpoatffdmrZenn be used.

Specifically, in the case in which the surface of the soft magnetic undercoat film 2
is exposed to an oxygen-containing gas, it may be allowed to stand in oxygen gas, or in a
gas obtained by diluting oxygen with argon or nitrogen, for about 0.3 to 20 seconds. Also
the method of exposing the soft magnetic undercoat film 2 to air can be employed.

In particular, when using a gas obtained by diluting oxygen with argon or nitrogen,
st;able manufacture can be conducted because it becomes easy to control the degree of
oxidization of the surface of the soft magnetic undercoat film 2.

In the case in which oxygen is introduced into a film-forming gas of the soft
magnetic undercoat film 2, for example, when using a sputtering method as the
film-forming method, sputtering may be conducted using a process gas containing OXygen
introduced therein during a portion of the film-forming time.  As the process gas, for
example, a gas obtained by mixing argon with about 0.05 to 50 vol% (preferably 0.1 to 20
vol%) of oxygen is preferably used.

The orientation control film 3 is a film provided for controlling the orientation and



The thickness of the orientation control film3 is preferably fr mvS'lﬂﬂ‘.b
40 nm (nore preferably froml to 20 nn). Wen the filmthickness of t he
orientation control film3 is within a range from0.5 to 40 nm
(preferably from1 to 20 nm, the perpendicular orientation of the

per pendi cul ar magnetic film5 beconess substantially better and the

di stance between the magnetic head and the soft magnetic undercoat film 2
becomes smal |l during recording, and therefore read/wite characteristics
can be enhanced w thout deteriorating the rgso u§ n o t he rﬁad back
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of the mean surface, rou !@ﬁﬁdd?@dﬁ@ﬁlmn Heosdeddnaalk o
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recor diNg EATF to 2 4 NOV 2005 9 enhance the recording
density éasbhﬁ'a @GPl 1ehd badkEighatan contain at | east one of
oxygen da?tetﬁl ?at?{ otﬁgtrr\ [r]ret hod t hat introduces oxygen or nitro I.nt o

the filmformyRgn &ﬁé&hickfxék@@'ﬂﬁs by thetabove fanged the perpendipplarariant né’gnt f ol
film3 can be used.
the perpendicular magnetic film 5 is degraded, and therefore read/write characteristics and

the thermal stability deteriorate.
Also when the thickness exceeds the range described above, the magnetic grain

size of the perpendicular magnetic film 5 increases and the noise characteristics deteriorate,

which is not preferable.  Since the distance between the magnetic head and the soft

magnetic undercoat film 2 becomes large during recording, the resolution of the read back
signal and the output become degraded, which is not preferable.
Since the surface morphology of the orientation control film 3 influences the

surface morphology of the perpendicular magnetic film 5 and protective film 6, the mean

surface roughness Ra of the orientation control film 3 is preferably set to 2 nm or less in
order to reduce the flying height of the magnetic head during recording and read back by

reducing the surface unevenness of the magnetic recording medium.

Control of the mean surface roughness Ra to 2 nm or less makes it possible to
reduce the surface unevenness of the magnetic recording medium, lik;reby to sufficiently

reduce the flying height of the magnetic head during recording and read back and to



For exanpl e, when using a sputtering nethod as the filmformng hE 2005
gas obtained by m xing argon with about 0.05 to 50 vol % (preferably 0.1
to 20 vol %9 of oxygen or a gas obtained by m xing argon with about 0.01
to 20 vol % (preferably 0.02 to 10 vol% of nitrogen is preferably used
as the filmformng gas. Fine crystaP grains are formed in the
orientation control film3 by introducing oxygen or nitrogen. It is
preferable to use, in the internediate film4, a material having an hcp
structure. It is preferable to use, in the internediate film4, a CoCr
al | oy, erbameeChxtecerding dersitya Cox1 alloy (Xi: at |east one of Pt, Ta, Zr,
Ru, Nb, Cu, Re, Ni, M, G, 5, .0, N and "/ 0 ; enfa of
the intermedThg @rmntmrﬁqu&r%aéﬁéF%F?P%Wtaﬁeﬁ“a"q’re Zotrf]'é‘ié;y Jrhga%gg%ﬁfp%ﬁlme

thi ckness of the internediate film4 i ef pr e than
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the resolution due to gn increase. in di i aed g head
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film4 nmakes it possible t DYEE L Bdbsul. Bto 20 v@m)alfi on of the
perpen@b‘émcdrbymﬁﬁﬁqrﬁorfWftﬁ]ag?‘ﬂt0 etr?hsgﬁéoe]%ﬁﬁgqcoe%ci ve force) of the

per pendi cul ar magneiic (il m5 f et 1 107 s efablyd).0F fot e
char acPé)‘Seé‘tqré‘sgagHE{af’Wg By ?XE% QEQ%WiatB ?/Et The per pend(itpgﬁ ar magnetic

film5b5.is fi in i ! riBgeis] zation is generally
ori ent éhVB@VPb%‘lerh?%T“\grg P?%%‘E@%%E%?%EE?‘S% 4 Nov 2005 10 The

per pendi cul a. i £k b f8 Brthéd iFREe ofibntatiortartiok film Sriyantpdidsigo, Cr,

Pt, and Cu ghngéeﬁ%ggmaé}%r content of 16 at%to 24 at% (preferably 18 at%
to 24 9 i ~content of 0.1 at%to 4 at% (preferably 0.1 at%to 3
at 99 . i&@engtgrnt@% of less than 16 at%is not preferable for, the

fol | owi ng reasgpreffiadle to use, in the intermediate film 4, a material having an hep

structure. It is preferable to use, in the intermediate film 4, a CoCr alloy, a CoCrX; alloy

or a CoX; alloy (Xi: at least one of Pt, Ta, Zr, Ru, Nb, Cu, Re, Ni, Mn, Ge, Si, O, Nand

B).
The Co content of the intermediate film 4 is preferably within a range from 30to

70 at%.
The thickness of the intermediate film 4 is preferably set to not more than 20 nm

(and preferably not more than 10 nm) in order to prevent deterioration of read/write

characteristics due to coarsening of magnetic grains in the perpendicular magnetic film 5

and degrading of the resolution due to an increase in distance between the magnetic head

and the soft magnetic undercoat film 2.
Formation of the intermediate film 4 makes it possible to enhance the

perpendicular orientation of the perpendicular magnetic film 5, to enhance the coercive

force of the perpendicular magnetic film 5, and to further improve the read/write

characteristics and the thermal stability.

The perpendicular magnetic film 5 is a film in which the axis of easy

magnetization is generally oriented perpendicular to the substrate.



i's, since exchange coupling between nmagnetic grains increases, tblgr‘ NOY 2005
magnetic cluster size increases and the nmedi um noi se increases. The Cr
content of nore than 24 at%is not preferable for the foll ow ng reason.
That is, the ratio of residual magnetization (M) to saturation
magnetization (Ms), M/Ms, and the cbércive force Hc, are reduced. Wen
the Cu content is less than 0.1 at% the effect of the addition of Cu
cannot be obtained. The Cu content of nore than 4 at%is not preferable

because magnetic grains becone coarse and .read/ w,i ] teripstics
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4 at % iPE® Se a coércive force and M/ M (a ratio of

os! dual, Tnanel 2kl a0 VRed o BAL MO 9BeAOBIAR] uteblicedar e 1 educed.

Wien uSPHER the Ta content is preferably not nore

than 4 at%( 1S SRt ARLhAPY. 1 APYaSthk et fah@Additidreof Tau combent  of
nore than 4 a\tﬁ%@g%wfi Nov 2005 11 preferred because the coercive

force gpd, Mé{,gws AR (FESHREH of Wopithus 4 ngtihroGrefeRIbER HeeBuss| agnetit he t ot al -
content o and Ta is preferably not nore than 4 at% (and nore

pr ef er ahliys BeontBdcRrseknt réadaivfife. chaiaetetistics detasioraipnt of B and Ta of nore
than 4 at%is not preferred because the coercive force a{nﬂ M./ 42re
The perpendicular magnetic film 5 preferably has a Pt content o 04 t0

at%.
When the Pt content is less than 14 at%, the perpendicular magnetic anisotropy

constant Ku decreases and the effect of the addition of Pt cannot be obtained. That s, it is
not preferred because the effect of improving a ratio of residual magnetization (Ms) to
saturation magnetization (Mr) and the effect of increasing negative nucleation field (-Hn)
become insufficient.  The Pt content of more than 24 at% is not preferred because noise
increases.

The material of the perpendicular magnetic film 5 is particularly preferably a
CoCrPtCu alloy, a CoCrPtCuB alloy, a CoCrPtCuTa alloy or a CoCrPtCuTaB alloy.

When using the CoCrPtCuB alloy, the B content is preferably not more than 4 at%
(and more preferably not more than 3 at%). A B content of more than 4 at% is not

preferred because a coercive force and Mr/Ms (a ratio of residual magnetization Msto

saturation magnetization Mr) are reduced.
When using the CoCrPtCuTa alloy, the Ta content is preferably not iore than 4

at% (and more preferably not more than 3 at%). The Ta content of more than 4 at% is not



reduced. The perpendi cular magnetic filmb5 can have a single |

structure made of the CoCrPtCu material described above,gor i?ygg,nl\l[]h\la'\llﬂg
a multiple layer structure in which a layer conprising the CoCrPt alloy
material and a |ayer conprising the CoGrPtCu alloy nmaterial are

| ami nated. Al'so, a perpendicular nagdétic filmcan have a multiple |ayer
structure in which a Co alloy (Co, CoCr, CoB, Co-Si®2 or the like) |ayer
and a Pd alloy (Pd, PdB, Pd-Si02 or the like) layer are |lam nated. Al so,

a perpendicular magnetic filmcan haye a multiple |ayer structure i
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CoCrPtCu material described above, or it can have a multiple layer structure in which a
layer comprising the CoCrPt alloy material and a layer comprising the CoCrPtCu alloy
material are laminated.

Also, a perpendicular magnetic film can have a multiple layer structure in which a
Co alloy (Co, CoCr, CoB, Co-Si0; or the like) layer and a Pd alloy (Pd, PdB, Pd-SiO; or
the like) layer are laminated.

Also, a perpendicular magnetic film can have a multiple layer structure in which
the Co alloy and a Pt alloy (Pt, PtB, Pt-SiO; or the like) layer are laminated.

Furthermore, a perpendicular magnetic film can have a multiple layer structure
including an amorphous material layer made of TbFeCo and the CoCrPtCu alloy layer.

As the effect of the addition of Cu, an improvement in coercive force, an
improvement in Mr/Ms, and an increase in negative nucleation field (-Hn) can be
mentioned.

Table 1 shows characteristics obtained when using the CoCrPtCu alloy as the

material of the perpendicular magnetic film 5 and characteristics obtained when using the

CoCrPt alloy excluding Cu from the above material.



7 4 NOV 7005 13 As is apparent from Table 1, when using the CoCr@t;‘qm 7005
alloy (Exanple 1), the coercive force He, M/ M and negative nucl eation
field (-Hn) were inproved, and the 1%hermal stability was renarkably

i nproved, as conpared with the case*6f using the CoCrPt alloy (Exanple
2), although there was not a large difference in read/wite
characteristics. Conparing the case where the Cr content was set to 22
at% using the CoCrPtCu alloy (Exanple 1) with the case in which the Cr
content was_set to 24 at% (Exanple 3), excellent read/wite
characteripgtics.cpuld Ibe obtained in the case in which the C content

was set to| 24 aﬁ%gltois bel i eved that excellent read/wite
characteripticsecml d2e obtai ned because the O content could be set to
a high val put deteriorating the thermal stability. The thickness
of the per gnetic film5 is preferably set within a range
from3 to (arefeﬂably from5 to 40 nn). Wien the thickness of the
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per pendi cu et it film5 falls bel ow the above range, sufficient
wtc e obtained and the read back output is |owered. A

t hi ckness t han|t he above is not preferable because magnetic

grains in | pendigul ar nagnetic filmb5 becone coarse and read/wite
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preferably $t 0(¢e) and not nore than 2500(Ce). The magnetic
recordi ng B&PiT|g the negative nucleation field (-Hn) of less than
0(Ce) is not ¢rabl'g because of poor thermal stability. The ratio of
resi dual gzation |(M) to saturation nagnetization (Ms) of the
per pendi c%r gneticl|film5 is set to at |east 0.85. The magnetic
recordi ng em—rhaving M/ Ms of |ess than 0.85 is not preferable
because it i%i nferior [in thermal stability.
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59C0-22Cr-17Pt-2Cu

COMPOSITION
61Co-22Cr-17Pt

PERPENDICULAR MAGNETIC FIIL.M

57Co-24Cr-17Pt-2Cu

[Table 1)

Example |
Example 2
Example 3




In the followi ng, the negative nucleation field (-Hn) will be dez qQ OV 0d
2 4 NOV 2005 14 As shown in Fig. 2, the negative nucleation fiel - Hn)
is the nunerical value represented iy the distance (Ce) between the
point "a" and the point "c" in a MH curve, where the point "a" is a

poi nt at which the external magnetic field becones 0 in the process of
decreasing the external magnetic field froma saturated state of the
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and the read back output is lowered. A thickness of more than the above is not preferable
because magnetic grains in the perpendicular magnetic film 5 become coarse and

read/write characteristics deteniorate.

The coercive force He of the perpendicular magnetic film 5 is preferably set to at
least 3000(Oe). The magnetic recording medium having the coercive force He of less
than 3000(Oe) is not preferable because it is not suitable for increasing the recording
density and is also inferior in thermal stability.

The negative nucleation field (-Hn) of the perpendicular magpetic film 5 is
preferably at least 0(Oe) and not more than 2500(0¢). The magnetic recording medium
having the negative nucleation field (-Hn) of less than 0(Oe) is not preferable because of
poor thermal stability.

The ratio of residual magnetization (Mr) to saturation magnetization (Ms) of the
perpendicular magnetic film 5 is set to at least 0.85. The magnenc recording medium
having Mr/Ms of less than 0.85 is not preferable because it is inferior in thermal stability.

In the following, the negative nucleation field (-Hn) will be described.
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In the perpendicular magnetic film 5, the mean grain diameter of crystal grains is

preferably within a range from 5 to 15 nm.
The mean grain diameter can be determined, for example, by observing crystal

grains of the perpendicular magnetic film 5 by a TEM (transmission electron microscope)

and image-processing the image observed.
The protective film 6 is for preventing corrosion of the perpendicular magnetic
film 5, and at the same time, prevents damage to the medium surface when the magnetic

head comes into contact with the medium. Conventionally known materials can be used

and, for example, a material containing C, SiO;, or ZrO2 can be used.

The thickness of the protective film 6 is preferably within a range from 1 to 10

It is preferable to use, as a Jubricating film 7, perflucropolyether, fluorinated

alcohol fluorinated carboxylic acid, or the like.

In the magnetic recording medium with the above construction, the perpendicular

magnetic film 5 is made of a material which contains Co, Cr, Pt and Cu, the Cr content

being from 16 at% to 24 at%, and the Cu content being from 0.1 at% to 4 at%, and a

coercive force (Hc) of the perpendicular magnetic film is at Jeast 3000(Q0e), the negative



The hard magnetic film8 is preferably provided with such a consyrugy 111
that exchange coupling between the hard nagnetic filmand the soOft
magneti c undercoat film2 2 4 Nov 2005 16 is forned and the magnetic film
is magnetized in the radial direction of the substrate. By providing the
hard magnetic film@8, formation of extrenely |arge magnetic domains in
the soft magnetic undercoat film 2 can be suppressed nore effectively,

and therefore t curr e [ ' geelation @ORoNs can
be pr evmaél@neﬂﬂfrgﬁg‘ l%ﬁ@%%ﬁ@@@r F’ﬁdgglgde@gorﬁgﬁ%ﬁagﬁgﬁr ead lbggk can be
sufficiently reduced.. Tmﬁgtrpl ttohﬁ% orientation of the hard magnetic
film gsatuiatiommagpeigatipn (MSHEFL B " r alloy or a B2 structural materi al

may be fornmed, befween non- nagnet . r and a hard magnetic
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i ncl ude FeCo, alloys (FeCo, FeCoV and the like), FeN alloys (FeNi,
FeNi I\/b,'me@NF‘%?r, FeNiSi and the |ike), FeAl alloys (FeAl, FeAl Si,

FeAl Si Cr, Feal SiTi Eﬁﬁgﬁ} td PhehnbifRhen FaEFeiteconing ifstecomeeCr Ti
FeCrCu and t QCFW@? st aeﬁ?gys FeTa, FeTaC, FeTaN and the like),
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CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZrM alloys can be used

above.

Fig. 4 shows the second embodiment of the magnetic recording medium of the
present invention. In this magnetic recording medium, a hard magnetic film 8, of which
magnetic anisotropy is mainly oriented in an in-plane direction, made of a hard magnetic
material is provided between a non-magnetic substrate 1 and a soft magnetic undercoat
film 2.

It is preferable to use, in the hard magnetic film 8, a CoSm alloy or a CoCrPtXs
alloy (Xa: at least one of Pt, Ta, Zr, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N and B).

The coercive force He of the hard magnetic film 8 is preferably at Jeast 500(Oe)
(and more preferably at least 1000(0e)).

The thickness of the hard magnetic film 8 is preferably not more than 150 nm

(and more preferably not more than 70 nm). A thickness of more than 150 nm of the hard

magnetic film 8 is not preferable because the mean surface roughness Ra of the orjentation

control film 3 becomes larger.

The hard magnetic film 8 is preferably provided with such a construction that

exchange coupling between the hard magnetic film and the soft magnetic undercoat film 2



advant ageously as the material. The coercive force He of the nagqpqtﬂ[]?di'lﬂ@ﬁ
stabilization film9 is preferably not nore than 200(Ce) (and nore :
preferably not nore than 50(Ce)). 2 46 NOV 2005 17 The saturation nagnetic
flux density Bs of the magnetizing stabilization film9 is preferably at
|l east 0.4 T (and nore preferably at least 1 T). Bs t, that is, the
product of the saturation magnetic flux density Bs of the material and

the filmthickness t of .t nagnet i.zj i.h WZadti i Qrates
pr ef er BIpyme andthe magnsti Eﬁ’ﬁfﬁrg&ntet&étdﬁgtﬁ%%ggﬂeggaidﬁg%aflibnoelvgembr ;ar:ge i s not

agnet | 21 ng. b EBATATNG RS TR R e e e et

magneti zi ng ha a soft magnetic film between a

perpendi cul at, FRQRetLc Ll I A0S i Bdh 6 ipBeikd Moo o aaderent in

t her mafoBaRg ase I'n‘rea out put can be achi eved.

;th:Et Lﬁ{ae?%gr f er:p%cgjrgeniﬁ%ﬂgﬁep:ili%eg Sk &2 tgfrhagﬁetﬁcocﬁdlﬂﬂiﬁs cahttpréventddnead the

Ion 1 n surface of the perpendicul ar

magnetic filmb5.is stabil] hidlv pdueddabi | i zation film9,
so t hafTPERk "’f&rﬁﬁorlgggni&a%?an aﬁ%%ﬂeg Ey ?irﬁ%]syfl Uctuation and the read

back out put ir.l.ncr eﬁggﬁe Pﬁgmgt%}j £ 1RPharl¥nphend fim @, ihendepgaefiinz imade of

st abi | i zati ort®fFPP e nmagneti zation of the perpendi cul ar nmagnetic

filmbs i he b Gl e LOfraedibétheeia gowinagatticsubstiate he sof t
1 L?h&é or Q%{z‘)ﬁﬁ&r}ﬁﬁg RhteAlSHL b3 ¢

magnet rcoa and thé magnetizing stabilization film9 in

t he in- ol | forma closed circuit. Due to this action,

excel | 3%2@%%&#% sitca Ii.ﬂlifqty i s obtained because the magnetization of the
per pendi cul a@igc}%gﬂﬁw.e.%é iHuid efnbogireait abthieshaghetio resoxtingymgdipm ¢f thee

perpendi cul ar direction. In the manufacture of the _nagneq%hc r.ecg[digng
medi u vhtigvitiRne Ol thisimiaprenic reesding edivbov@agnetizPRsAMIFIEER £
undercoat film2, an orientation control film 3,W?n i nter{reg,ilatsemfdi | m 4
and a pRideeTdisofmagnetignetdrial s providedb@ween #rRerPERIICHE FORARIEUE H ]
substrate | by a sputtering nethod, vacuum deposition, ion plating or the
| i ke. Arprotecdvezfilmg 6t r eat ment can be carried out on the surface of the

soft magnet i d t film2 and the.orient.afl [ 3, if
nec essa?y, CExalrJnr}Jlgsrc():foﬂ?e malteng] &t e magneetlz%g' SiALARR Y {nRludk el l

alloys (FeCo, FeCoV and the like), FeNi alloys (FeNi, FeNiMo, FeNiCr, FeNiSi and the
like), FeAl alloys (FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlO and the like), FeCr alloys
(FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC, FeTaN and the like),
FeMg alloys (FeMgO and the like), FeZr alloys (FeZiN and the like), FeC alloys, FeN
alloys, FeSi alloys, FeP alloys, FeNb alloys, FeHf alloys, and FeB alloys.

There can also be used a material having an Fe content of at least 60 at%
containing fine crystals such as FeAlO, FeMgO, FeTaN, FeZrN or the like. In addition, it
can also have a granular structure in which the fine crystals are dispersed in a matrix.

As the material of the magnetizing stabilization film 9, a Co alloy having an
amorphous structure, which contains 80 at% or higher of Co and also contains at least one

of Zr, Nib, Ta, Cr, Mo or the like, can be used.
| For example, CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZiMo alloys can be used

advantageously as the material.

The coercive force He of the magnetizing stabilization film 2 is preferably not

more than 200(Oe) (and more preferably not more than 50(0e)).



In the formation of the perpendicul ar magnetic filmb5, the materhgl NOY 700%
which contains Co, C, Pt and Cu, has a Cr content of 16 at%to 24 at%
and a Cu content of 0.1 at%to 4 at% is preferably used. Al so the
filmformng conditions are selected so that a coercive force (Hc) of the
2 4 NOV 2005 18 perpendi cul ar magnetic filmis at |east 3000(Ce),
negative nucleation field (-Hn) is Ce) to 2500(Ce), and a ratio of

i dual tization (M) to sat ' iZak <0 ' | east
0735, The pr Sheanon s Sobhiiesf EAEk VERk BRI BERSTE 1 00"
ion b h tteri he like. To f
or | cpreforepl k1291 04 S GBHEP BT A TEROW mot hods such a8, di p
coating met hgg?tp ﬁlr;a?}?;g{?&t‘?? Ry éﬁ%e%&h&%ﬁ g&%ﬂe@@ﬂmém ®s dffthd hterial

manuf act ure cording medi dm shown in Fig. 4, a hard

magnetic, film8. is for h . : a3 GhrfefaBiyt atmegneRiTe
under c#¥t the iflrin’f’ﬁ tf“%i)e% tq’?gﬁfﬁ%@ﬁg‘“ﬁé%ﬁg%ﬁﬁm{lﬁg’ ngjﬁuf act}fﬁ e of the
nmagnetic recordi ned | ' e zéddthask dbiput #at i on
film onifg fhﬂ"ﬂp%écteﬁ%etx’ggg%g\r%% é;lls EIBP%rrB ?brnae})éﬁgf?ggﬁhl m5 and a P

protectivec{/i Im6 by a sputtering method. Fig. 6 is a sectional
st ruct FAFEY i ew showi ng an exanple of the nagnetic read/wite apparatus

according topthe present |0venlhilizkien faehide dfeadifmagreticdibpar at us
shown in thi ?ycﬂr %dn Jg%lﬁ%&iﬂge S'a mlagnetic recordi ng nmedi um 10 having the

const ryction i %Q%M&'cﬁlnﬁ@dh&lm tbotive fint6, 2 impetvemsnbines t hi s
magnet Fﬁt“{'eglag&%ﬁeéldgﬁe%éi u 1(13, a rragnetp?(f: head 12 that carries out

recor diyng ang giﬁg,dar{aaﬁqn@ffeakhﬁ ré4if ikckUipancandse achievedgnet i ¢ recordi ng
medi um 10, a fiead drive unit 13, and a read/wite signal processing

system 14. Theid Rashnvor s sibglievedio be as Sillogssy Fhatis.1the Supgatien P8 di ng
signal to the nmagnetic head 12 after processi_ng_the_ i n%ulf: gﬁ%ta and ‘
out put shaghetightion iatliesurfape ofthe perpgndinelar BAENAYE ims) igrsiabilized Byithe magneti c
head 12. "Exanpl es of the magnetic head 12 include a s&gglthe Hgétgatgé{pe head
for pesaeaediingsabilizetion flmd, so that leakage tlux is not miluence 18

and the read back output increases. In addition, by providing the magnetizing
stabilization film 9, the magnetization of the perpendicular magnetic film 5 in the
perpendicular direction and the magnetization of the soft magnetic undercoat film 2 and
the magnetizing stabilization film 9 in the in-plane direction form a closed circuit. Due to
this action, excellent thermal stability is obtained because the magnetization of the
perpendicular magnetic film 5 is established more strongly in the perpendicular direction.
In the manufacture of the magnetic recording medium having the construction
described above, a soft magnetic undercoat film 2, an orientation control film 3, an
intermediate film 4 and a perpendicular magnetic film 5 are formed in sequence on a

substrate 1 by a sputtering method, vacuum deposition, ion plating or the like.

An oxidizing treatment can be carried out on the surface of the soft magnetic
undercoat film 2 and the orientation control film 3, if necessary.
| In the formation of the perpendicular magnretic film 5, the material, which
contains Co, Cr, Pt and Cu, has a Cr content of 16 at% to 24 at% and a Cu content of 0.1 |

at% to 4 at%, is preferably used.

Also the film-forming conditions are selected so that a coercive force (Hc) of the



As shown in Fig. 6B, as the single pole type head, a si
head with a construction conprising a na?g nagneiic ;grglﬁ220|zzmwmwlm5
auxiliary magnetic pole 12b and a cegl 12d provided at a connecti on unit
12c that connects these nmagnetic poles can be preferably used. According
to the magnetic read/wite apparatus described above, since the 24NOv2005
19 magnetic recording nmedium 10 is used, the thermal stability and

read/ wite characteristics, b . . '
possi bbarpendanil waprat firbis b st 0O BRI Teget SRE R oh e UG

ordin ensity. In_the fol ' i
i of KoRSA0(0R), ehb apatiseres R ABHIRGF AR Ao RrE g oo e ' one

present invention is not limted to the follow n [
. g exanmples. (Wrkin
Exanpl etlepstQ 8fashed gl ass substrate (external dianeter rTEf 2. 5(i nchesg

manuf actured by Chara Co.), was_S Ln the filmf t] F)alcs

2?9 net r 1(:)2 S]E)J'lthg @: otagivepEr éiwefe(aiai)ﬁo\lm?d EY 36! ,aogﬂ? d&%p %(?’ Q@V ac u%atgii ng -
rin e filmformation ch r up to an wultimte vacuum of | "

Pa, a Smﬁthodmgﬂ’étﬁfé‘&m%‘gpé%ﬁgﬁﬁ‘lem 2 (thickness: 100 nm) wasof or m>3<d18n5

t he gl ass substrat X S - - :
09 at% 2 J@rfééaia{xﬁ%%?@ﬁ ﬁ&ﬁrﬂ%%nv%ﬁﬁ?ﬁ#@%ﬁ'i%%%ﬁﬁé%@tdépc’n[lé?2% ure
| ower. ng a_vi t [

Con et 5 Rt ELRRR HRABRT L l mged
heat i ndn fromettlediyia & e Mgl rekordinh AR Rokn LA, 4 3 hav!

After heatin an orrentation control film 3 having

a thi Ck“esﬁf gm@gs 3h Soeh LB s B0 ¢ an@hisoffReHpatiicuntiteRac il 2 bylam 2

: a
usi ng N8RS an Internediate film4 having a thickness of 5 nm

was fOrsng%rﬁr%eré&ﬁgdySiﬂﬂe%w@%r@%eiﬁghéﬁ@ﬂcordﬁrgﬁnbﬂism shoparipEigliScul ar

magnet i aving a thickness of 25 run was forned thereon using a

59C0- 22Gha dfeRlying Geath fatiSh fildD isifemsed et eednpespagicudarfhdgaetic film 5 and a

protective film 6 by a sputtering method.

Fig. 6 is a sectional structural view showing an example of the magnetic
read/write apparatus according to the present invention. The magnetic read/write
apparatus shown in this drawing comprises a magnetic recording medium 10 having the
construction described above, a medium drive unit 11 that rotates this magnetic recording
medium 10, a2 magnetic head 12 that carries out recording and read back of the information
on the magnetic recording medium 10, a head drive unit 13, and a read/write signal
processing system 14. The read/write signal processing system 14 sends a recording

 signal to the magnetic head 12 after processing the input data, and outputs the data after
processing the read back signal from the magnetic head 12.

Examples of the magnetic head 12 include a single pole type head for
perpendicular recording.

As shown in Fig. 6B, as the single pole type head, a single pole type head with a
construction comprising 2 main magnetic pole 12a, an auxiliary magnetic pole 12band a
coil 12d provided at a connection unit 12¢ that connects these magnetic poles can be

preferably used.

. According to the magnetic read/write apparatus described above, since the



was fornmed under a pressure of 0.5 Pa using argon as a process ggs' N0 2009
formng a film Next, a protective film®6 having a thickness of nm was
formed by a CVD nethod. Next, a lubrjgating film7 nmade of

per fl uoropol yether was formed by a dip coating nethod to obtain a
magnetic recordi ng nedium (see Table 2). (Wrking Exanples 2 to 15) 2 4
Nov 2005 20 In the sane nmanner as in Wrking Exanple 1, except that the

conposition or thickness of the perpend;

changemagmasignetdrding eassiumn 1§ inewiathe \‘Agﬁ“@ @%F@cﬁgg?@& h?FQbFén ;
(Conparative Exanple 1) In the same manner as in Wrking Exanple 1,
exceptcﬂnh&terﬂlhmceﬂerpendi cular magnetic filmb5 (thickness: 25 run) was

formed using a 61Co-22Cr-17Pt tar netd, ek Renas
manuf act ur edTherefore;abbesomys P‘G%&ﬁ)graé’ﬂce@ é&z{iﬂ@% Q[?dn the same
manner as in Wirking Exanple 1, except for sel ectl ng the conditions of

t he pehighneticrdingdensaynetic film5 as shown in Table 2, magnetic recording

nmedi a were rmanufactured (see Tabl.e t k&nt
recordi ng neli fé:ﬁcfﬂh%@%é”@ﬁ"rp%sﬁée %B?é‘?% F‘%{th%ﬁ{l&%gﬁrﬁgéeﬁgt&is \%ggx%érrp e,

read/ wite characteristics and t er mal \@tHeabBOwingThe
eval uairiventiomare sradgstaaed HQVRY 78‘5&‘3%’%\%@{1%%; 0?2@%%1632 manutact ur ed

by the QJZIK Co. and a spin stand S 1701 MP. In the eval uation of

magnet Examapies-act eri sti cs, measurenents were conducted at a recording
frequen c of 520 ngt usi ng a magneti c head wherein a single magnetic
pol e h aEking ExaBB'®aY the writing portion and a GVR el ement is used at

the read bac onti;o OdiaREtel BE2 Shathee mantfabiuréd hy Ghsranade
by cal cul ati % d(ggagr agtergt\réeaﬂts%{%%dgecade) of the read back out put

after ' tin il SR HhRberdMSHC napnelon kfuGering apjearatuhe
condlt ﬁgse%@gggggggﬁ (So - SS' X 100/ (So X 3). In this equation, So

(ANELVA C-3010), and after evacuating air in the film formation chamber up to an

ultimate vacuum of 1 X 10 -5 Pa, a soft magnetic undercoat film 2 (thickness: 100 nm) was
formed on the glass substrate using a target comprising 89Co-4Zr-7Nb (Co content: 89 at%,
71 content: 4 at%, Nb content: 7 at%) at a substrate temperature of 100°C or lower.

Using a vibrating sample magnetometer (VSM), it was confirmed that Bs-t, that is, the
product of the saturation magpnetic flux density Bs of this film and the film thickness t, was
110 (T *nm).

After heating the substrate to 200°C, an orientation control film 3 having a
thickness of 20 nm was formed on the soft magnetic undercoat film 2 using an Ru target
and an intermediate film 4 having a thickness of 5 nm was formed thereon using a
65C0-30Cr-5B target, and then a perpendicular magnetic film 5 having a thickness of 25
nm was formed thereon using a 59C0-22Cr-17Pt-2Cu target. In the sputtering step, 2 film
was formed under a pressure of 0.5 Pa using argon as a process gas for forming a film.

Next, a protective film 6 having a thickness of 5 nm was formed by a CVD

method.

Next, a lubricating film 7 made of perfluoropolyether was formed by a dip coating
method 1o obtain a magnetic recording medium (see Table 2).

(Working Examples 2 to 15)



denotes the read back output when
: _ one second has passed after '
L:gﬁrg:]?gu?n;]?t et hiogggnet | cdrecordi ng nmedi um ang S denot es thgquzgghms
af ter seconds. Thez@bove value is an inde
t2t11e{/rrial Esf/abl |nl ty. ;I'hEseotest results are shown in Table 2 X20f4 }\IhO?/ 2005
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{Comparative Example 1)
In the same manner as in Working Example 1, except that the perpendicular
magnetic film 5 (thickness: 23 nm) was formed ﬁsing a 61Co-22Cr-17Pt target, a magnetic
recording medium was manufactured (see Table 2).
(Comparative Examples 2 to 7
In the same manner as in Working Example 1, except for selecting the conditions
of the perpendicular magnetic film 5 as shown in Table 2, magnetic recording media were
manufactured (see Table 2).
With respect to magnetic recording media of these Working Examples and
Comparative Example, read/write characteristics and thermal stability were evaluated.
The evaluation was conducted using a read write analyzer RWA1632 manufactured by the
GUZIK Co. and a spin stand S1701MP.
In the evaluation of magnetic characteristics, measurements were conducted at a
recording frequency of 520 kFCI using a magnetic head wherein a single magnetic pole
head is used at the writing portion and a GMR element is used at the read back portion.
The evaluation of the thermal stability was made by calculating the decrease rate
(%/decade) of the read back output after writing at a track recording density of 50 kFCI
under the conditions of 70°C based on (Sg - 8) X 100/(Ss X 3). Inthis equation, So
denotes the read back output when one second has passed after the signal recor&ing onto
the magnetic recording medium, and S denotes the read back output after 1000 seconds.

The above value is an index of the thermal stability.

These test results are shown in Table 2.
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:> 000 o0co0O0O0aaaE 33333333333333300000000 UUUUUUWU 294 REW2005
2005 23 As is apparent from Table 2, in Wrking Exanples using a CoCrPtCu
alloy having a C content of 16 to24 at% a Pt content of 14 to 24 at%
and a Cu content of 0.1 to 4 at% in the perpendicular magnetic film5,
excellent read/wite characteristics and excellent thermal stability

wer e obtai ned. (Wrking Exanples 16 to 18) Using a perpendi cul ar nmagnetic
filmb5 having a two-1a

er structure and_using a. yheel t her
of the two |Aydésappareat Wi@bk&&gﬁﬁﬁnﬁgéﬁp&épgn%%ﬁéc u‘?éelwy!}aseege Tabl e
3). In Table 3, the conposition of rpendicubar  meanety ciofd 4| S is
i ndi cat Edctmtentdfd 6te APt & Pigentsnt P{iugf]o&%eﬁ% (323;J¢12(C)(r)rposiqr'ft%}d()lrc{tOo‘ﬁc t he
upper layer". Also the thickness is indicate o L of the
| ower inatyeptnphnrbkmiéls@ametlﬁtf’émL?pﬁé?e”F’aVﬁ&/W“?e(%‘r?g%rtéé :33%5@%1@)??8) In the
same manner as in Wrking Exanple 1, except for selecting the conditions
of t hetheenglestabillity|veare ARgiHedi c film 5 as shown in Table 3, magnetic

recordi ng medi a were manggf actured (see Table 3). Wth respect to
magnet {WorkingEgamplesd®l1oal®f t hese Worki ng Exanpl es and Conparati ve

Exanple, read/wite characteristics a her nab 15eakirhithie aMnging\wal uat ed.
These test rBSiNEaPeAP ?H@M‘figﬁetﬁcaﬁﬁ“ég%?‘t“ggﬂwog5 51 7 1_‘%
CoCrPtCu alloy in either of the two layers, magnetic recording media were manufactured
(see Table 3).
In Table 3, the composition of the perpendicular magnetic film 5 is indicated by
the “composition of the lower layer/composition of the upper layer”. Also the thickness

is indicated by the “thickness of the lower layer/thickness of the upper layer”™.

(Comparative Example 8)

In the same manner as in Working Example 1, except for selecting the conditions
of the perpendicular magnetic film 5 as shown in Table 3, magnetic recording media were
manufactured (see Table 3).

With respect to magnetic recording media of these Working Examples and

Comparative Example, read/write characteristics and thermal stability were evaluated.

These test results are shown in Table 3.
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apparent from Table 3, Wrking Exanples using a CoCrPtCu al I2885't ga'f’g?ln;mgs
per pendi cul ar magnetic film5 havingzg | ayer, which has a Cr content of
16 to 24 at% a Pt content of 14 to 24 at%and a Cu content of 0.1 to 4
| at% exhibit excellent read/wite characteristics as conpared with
Conparative Exanples in which a CoCrPtCu alloy is not used. (Wrking

Exanples 19 to 25) In th i Ki
sel ect 1 ng. thés mafmttfm%hi%%@@%ﬂ@%s ERubRst Ponk ASoCIBER Al IHEER ot
, magnetic r ' di
Wi " pemsbsicus mtgm-efﬁﬁ{ $bevr REReaae b pries @t B 1§ REEAASR B
ite char i il ’
oot 1 eoubmoAdoH N #oH araibraent obU] Ry HapHit EXCReRBARE ((0° N n

N NNNNN
characteristics as compared with Comparative Examples in which a CoCrPtCu alloy is not

used.
(Working Examples 19 to 25)

In the same manner as in Working Example 1, except for selecting the
composition of the soft magnetic undercoat film 2 as shown in Table 4, magnetic recording
media were manufactured (see Table 4).

With respect to magnetic recording media of these Working Examples, read/write

characteristics and thermal stability were evaluated. These test results are shown in Table

4,
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33333333 2 4 NOV 2005 27 As is apparent from Table 4, in all gmmv 17005
Exanpl es, excellent read/wite characteristics coul d be obtai ne

(Working Exanples 26 to 30) In the sane nanner as in Wrking Exanple 1,
except for selecting the material and the thickness of the orientation
control film3 as shown in Table 5, nmagnetic recording nedia were

manuf actured (see Table 5). Wth respect to magnetic recordi ng nedi a of

th Vor ki Ex I i tabilit
ver'e oval uat 4415 TREEI e Tt po ARt SRRl B8R, 2005 20

l4n 0 CL.fl.0, V J- LgBaVJJE of NOOOOO .- 00 o000--~ 00 00 to rl
‘0 Q chayagerstics 5B OBAIRed no [t r7 Nf" b VI 0O0OOOCO NNNNN

(Working Examples 26 to 30)

In the same manner as in Working Example 1, except for selecting the material
and the thickness of the orientation control film 3 as shown in Table 5, magnetic recording

media were manufactured (see Table 3).

With respect to magnetic recording media of these Working Examples, read/write

characteristics and thermal stability were evaluated. These test results are shown in Table

5.
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(Wrking Exanples 31 to 33) In the same manner as in Wrking Examu ¥0¥12003
except that the soft magnetic wundercoat film2 was oxidi zed by exposing
the surface thereof to an oxygen-contai ning gas (pure oxygen (100% 02),
50% 02 - 50% Ar, or air), magnetic recording nedia were manufactured
(see Table 6). Wth respect to nmagnetic recording nedia of these Wrking
Exanpl es, read/wite characteristics and thermal stability were

EIK&:\lu Eu ed IQ@EE algneg%éqgr&reosaﬁ;é%s,reexce DO R iR Rh&raBerigticd cbAIP R QPBRimEd 1N

by a construction using a material having an hep structural, fce structure, or amorphous
structure in the orientation control film 3.

(Working Examples 31 to 33)
In the same manner as in Working Example 1, except that the soft magnetic
undercoat film 2 was oxidized by exposing the surface thereof to an oxygen-containing gas

(pure oxygen (100% 03), 50% Oz - 50% Ar, or air), magnetic recording media were

manufactured (see Table 6}.

With respect to magnetic recording media of these Working Examples, read/write

characteristics and thermal stability were evaluated. These test results are shown in Table

6.
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As is apparent from Table 6, excellent read/write characteristics could be obtained
by oxidizing the soft magpetic undercoat film 2.

(Working Examples 34 to 40)

In the same manner as in Working Example 1, except for selecting the material
and the thickness of the intermediate film 4 as shown in Table 7, magnetic recording media
were manufactured (see Table 7).

With respect to magnetic recording media of these Working Examples, read/write

characteristics and thermal stability were evaluated. These test results are shown in Table

7.
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As is apparent from Table 7, in all Working Examples, excellent read/write

characteristics could be obtained.
(Working Examples 41 to 43)

In the same manner as in Working Example 1, except that an undercoat film
(thickness: 20 nm) made of 94Cr-6Mo was provided between the non-magnetic substrate 1
and the soft magnetic undercoat film 2 and a harci magnetic film 8 shown in Table 8 was
provided thereon, magnetic recording media were manufactured (see Table 8).

With respect to magnetic recording media of these Working Examples, read/write

characteristics and thermal stability were evaluated. These test results are shown in Table

8.
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, Spike-like noise caused by a magnetic wall in the soft magnetic

under coat fil [ h [
un ilm2 could be suppressed3and read/wite characteristics could

v, 1 ua u~ G OyE) 105

As is apparent from Table 8, spike-like noise caused by a magnetic wall in the soft
magnetic undercoat film 2 could be suppressed and read/write characteristics could be
improved without deteriorating the read/write characteristics by providing the hard

magnetic film 8.

Industrial Applicability

As described above, in the magnetic recording medium of the present invention,
the perpendicular magnetic film is made of a material which contains Co, Cr, Pt and Cu,
the Cr content being 16 at% to 24 at% and the Cu content being 0.1 to 4 at%. Therefore,

read/write characteristics can be improved, and moreover, and thermal stability can be

improved.



| nproved wi thout deteriorating the read/wite characteristics bY‘ZLNUV 1005
providing the hard magnetic film8. Industrial Applicability As

descri bed above, in the magnetic rec%di ng medi um of the present

i nvention, the perpendicular magnetic filmis nmade of a material which
contains Co, C, Pt and Cu, the C content being 16 at%to 24 at % and

t he %nt being 0.1 to 4 at% Therefore, read/wite characteristics
can b ved, and noreover, and thermal stability can be inproved. 2
4 NOV 24f15 36 CLAIMS: 1. A magnetic recordi ng medi um conprising a soft
magneti c undercoat film an orientation control filmthat controls the
ori enlat i or whgueticire¢ordimgonédivwn cdmpeisingy t her eabove, a per pendi cul ar
magnetic film of which the axis of easy nmmgnetization is generally

or i ena eeft prgpeticinnderegat fitm samerientatipaeontrokfilss thabeentrolne prieplaipref ¢ ve
film that are provided on the non-magnetic substrate, wherein the

per pefilin o videddigesslyithereabave; a peraendigfaramagneti ifilm, ohwhishdhswds afeasy, o
Pt and Cu, the C content being 16 at%to 24 at% and the Cu content

bei ngmagnetization & gengrally oaiegtedpemsadicplpe o 3 permagstioTubsRae gidfendi cul ar

R S o T RGN RN
S TRT FLEEL T ANA RN i N s
T T B 150 TR e e 808 Rl 1o
et BRI ety Aol g oces o
Coc A Sl M RHRERR ook ey TR ooyt
g‘g??etﬂdﬂ 1BRaRIAtRIn thigmtioXi eV NRER 1daE0.89N- Magnet i ¢ substrate and the

2. The magnetic recording medium according to claim 1, wherein the perpendicular

magnetic film has a Cr content from 18 at% to 24 at%, a Pt content from 14 at% to 24 at%,

and a Cu content from 0. 1 at% to 3 at%.

3. The magnetic recording medium according to claim 1, wherein the perpendicular

magnetic film comprises at least one of CoCrPtCu alloy, CoCrPtCuTa alloy, CoCrPtCuB

alloy and CoCrPtCuTaB alloy.

4, The magnetic recording medium according to claim 1, wherein a hard magnetic film

made of a hard magnetic material is provided between the non-magnetic substrate and the soft

magnetic undercoat film.

5. The magnetic recording medium according to claim 1, wherein a magnetizing

stabilization film made of a soft magnetic material is provided above the perpendicular

magnetic film.

6. A method of manufacturing a magnetic recording medium, which comprises forming

at least a soft magnetic undercoat film, an orientation control film that controls the orientation

of a film provided directly thereabove, a perpendicular magnetic film of which axis of casy

magnetization is generally



magneti c undercoat film 5. The magnetic recordi ng nedi um accor d'rzrl.g{ﬁVo'll]ﬂS
claim1, wherein a nmagnetizing stabilization film nmade of a soft
magnetic material is provided above g-pe per pendi cul ar magnetic film 6.
A nmet hod of manufacturing a nmagnetic recording medi um which conprises
formng at least a soft magnetic undercoat film an orientation control
filmthat controls the orientation of a filmprovided directly

t her eabove, a perpendi cul ar magnetic filmof which axis of easy
magnebrizated parpefdigelaeted hyn-magndic\suBitiie, And arpreeét flad, pantde cul ar to a
non- magneti ¢ substrate, and a protective film on the non-nmagnetic

subst mah-enagnbiid substrate; while nontsdlinghsit thhhthe perpeadidularmagnetivgfiiat isanddelah i s
made of a material which contains Co, Cr, Pt and Cu, the C content is
16 at @maier@d vdtiéh cordaink €oOlr, Rt and Emt the Crontentis %ot a%odto 4%t % eand thhti a
coercive force (Hc) of the perpendicular magnetic filmis at |east

3000( Ceitentriefal atfe tndet’eaandshatia eoertive fange (Hs) of hs)perpendbodyr Gedgnetamd a
ratio of ~residual nmagnetization (M) to saturation magnetization (M) is
at | e&idm ipatdeast 300 Qed.ieaetive nusleation field (GPphisA(Qe) t@cﬂéﬁﬁ(@)ngldaa rRHgeét i ¢
recordi ng medium and a  magnetic head that records information on the
nmagnefgsiduabmagnntizgtion Mok i saurationdsagpstizatiop(Ms) k¥ a3 deast P84, wherein the
magnet.i c hggd is a single pole head and the magnetic fecordjng di um

conpri'ses ot Magastc FFad{yirte JpRATRILS COMRATIURE 8 ApaepFiiqecarding mediugt contr ol
{ her o TBGUEIC 5Fa AR drR G TR R 80 e mpg1eti TIOTHAE R 280 Feadbpack,sy
TeBer kSRS ARBE I YaBhdcR Rt BRR MR rRh by nRSRRERERRIE, o
whi oh TRam EHEb LR dasBRRERak e RIS oh b BB Bt U RS 5L 0o
the peSuntst (R Uriitatidfoff i ripAligh idechy BhoalRel o BorpBRIElIEmARIRE (T O

nucl eglihosk whith the axifof &8y Hﬁgﬁét@%)ioﬁ % genlRIPBtenl Pefpehdichfar &f a r €SI dual
magneti zation (M) to saturation nagnetization (Ms) I's at |east O.85.
non-magnetic substrate, and a protective film, that are provided on the non-magnetic
substrate, wherein
the perpendicular magnetic film is made of a material which contains Co, Cr, Pt and
Cu, the Cr content being 16 at% to 24 at% and the Cu content being 0. 1 at% to 4 at%, and
a coercive force (Hc) of the perpendicular magnetic film being at least 3000(QOe),
negative nucleation field (-Hn) being 0(Oe) to 2500(Oe), and a ratio of residual

magnetization (Mr) to saturation magnetization (Ms) is at least 0.85.





