Magnetic Recording Medium, Process for Producing Same, and Magnetic
Recording Reproducing Apparatus Using the Magnetic Recording
Medium Technical Field [0001] This invention relates to a magnetic
recording medium, a process for producing the magnetic recording
medium, and a magnetic recording reproducing apparatus using the
magnetic recording medium. Background Art [0002] In recent years,
magnetic recording apparatuses such as a magnetic disk apparatus, a
flexible disk apparatus and a magnetic tape apparatus are widely used
and their importance is increasing. Recording density of a magnetic
recording medium used in the magnetic recording apparatuses is greatly
enhdheste Esp&daly,d Singéldvt develmprent df MRPheddaidyPRME, and
Mageehnikecheglage Rerordingidendippisatore dislnpretinciéaging.lc
Reqecdmdy BRimead and TuMR head have been developed, and the rate
of increase in the plane recording density is about 100% per year. [0003]
There is still increasing a demare-for furthes eqahancing the recording
densitydg Mmagnetic recording media, and therefore, a magnetic layer
having,adighee ceersivedarse-and @ Righes-aignal-tnoise L ey, -
prdalie) apd glighJesoiuten-aimaagety dasired, IRlengitudingl magnriic «
red6eareigoragaianereigfossuidely used -3 seifflemagnetization. effect s

mediggpmes significantly manifested, that is, adjacent magnetic domains in
magnetic transition regions exhibit a function of counteracting the
magnetization each other with an increai?e in.a line recording density. To

minimij %e self—demagnetizéat?okr? efec , t%f‘gf'(ness of the magnetic
recor%ln% er must be reducedtto enhancg the shape magnetic
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Recording density of a magnetic recording medium used in the
magnetic recording apparatuses is greatly enhanced, Especially,
since the development of MR head and PRML technique, the plane
recording density is more and more lncreasing. Recently GMR head
and TuMR head have been developed, and the rate of increase in the
plane recording density is about 100% per year.

[0003]

There is still increasing a demand for further enhancing the
recording density in magnetic recording media, and therefore, a
magnetic layer having a higher coercive force and a higher
signal-to-neoise ratic (S/N ratio), and a high resolution are
eagerly desired.

In longitudinal magnstic recording media heretofore widely
used, a self-demagnetization effect becomes significantly
manifested, that is, adjacent magnetic domainsg in magnetic
transition regions exhibit a function of counteracting the
magnetization each other with an increase in a line recording
dengity. To minimize the self-demagnetization effect, thickness
of the magnetic recording laver must be reduced to enhance the shape
magnetlc aniaoctropy.

However, with a decrease in thickness of the magnetic



magnetic domains approximates to the magnitude of heat energy, and
consequently, the heat fluctuation occurs, i.e., the recorded
magnetization is reduced by the influence of the temperature. This
undesirable phenomenon puts an upper limit on the line recordation
density. [0009] Recently, an anti-ferromagnetic coupling (AFC) medium
has been proposed as means for solving the problem of limitation in -the
line magnetic recording density in thé longitudinal magnetic recording
media, which problem arises due to the alleviation of magnetization upon
heating. Perpendicular magnetic recording media attract widespread
atte&tlon as meang for enhangcin réef plane ma netni recgrdl depsit
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magnet i mtmmn counteracting function as encountered as an obstacla
for enhancing the line recording density in the longitudinal
magnetic recording media can be avelded, and the magnetic recording
density ¢an be more enhanced. Further, the thickness of magnetic
resording layer can be maintained at a certain level, and thus,
the problem of alleviation of magnetization upon heating as
encounterad in the traditional longiltudinal magnetic recording
media can be minimized.

[0C05]

In the manufacture of perpendicular magnetic recerding
media, a primer layer, an intermediate layer, a magnetic recording
layer and a protective layer are usually formed in this order on
a non-magnetic substrate. Further, a lubricating layer is often
formed on the uppermost protective layer. Inmany recording media,
a magnetic layer called as a soft magnetic backing layer is formed
under the primer layer. The primer layer and the intermediate laver
are formed for the purpose of improving the characteristics of the

d



magnetic recording layer, more specifically, for providing desired crystal
orientation and controlling the shape of magnetic crystals. [0006] To
produce perpendicular magnetic recording media having a high recording
density characteristic, the crystalline structure of the magnetic recording
layer, the discretion of crystal grains and the refinement of grain diameter
are important. In perpendicular magnetic recording media, the crystalline
structure in the magnetic recording layer is often a hexagonal
close-packed (hcp) structure. In this crystalline structure, the (002) crystal
face is paraIIeI to the substrate surface, that is, the crystalline c-axes (i e.,
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exampte Haltent document 2). [0008] Therefore silicon oxide and titanium
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Gx‘a‘?ﬂ and/or titanium oxide, have been used (see, for example,
patent document 1) . The magnetic recording layer comprised of such
alloy target has a granular structure wherein CoCrPt crystal grains
having a hep structure are surrounded by grain boundaries comprised
of non-magnetic silicon oxide and/or titanium oxide., In this
granuiar structure, good crystalline orientation and good
refinement and discretion of crystal grains can be achieved,
Silicon and titanium incorporated in the cobalt magnetic material
as grain boundary material exhibit g larger free energy change at
oxidation than cobalt magnetic material, and therefore, oxides of
these elements suppress the undesirable cxidation of cobalt (i.e,,
prevent or minimize the detericration of magnetic property) (see,
for exampls, patent document 2).

[0008]

Therefore silicon cxide and titanium oxide have a function
of suppressing oxidation of cobalt and thus preventing the
reduction of the magnetic moment. However, silicon oxide and




4 titanium oxide, incorporated in CoCrPt grains, exert an undesirable
influence on the orientation of the magnetic crystal grains and the
discretion of magnetic crystal grains, with the result of increase in noise.
Thus, in order to provide a magnetic recording medium having more
improved recording and reproducing characteristics, it is eagerly desired
that discretion of magnetic crystal grains and refinement of crystal grain
diameter, and perpendicular orientatfbn are more enhanced. Further, a
process for easily producing such a perpendicular magnetic recording
medium is also desired. [0009] Patent document 1: JP 2004-327006 A
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dedivention is to provide a magnetic recording reproducing apparatus
provi%%(yg h a magnetic recording medium having the above-mentioned
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Solving the Problems [0011] chieve the above-mentioned objects,
the present invention provides the following magnetic recording medium,

the following proce5s 35t BROBRTCIRG thEaGNERC #€ording medium, and
Problams to Be Bolved by the Invention

[00190] ‘

In view of the foregeing background art, an obiect of the
present invention is to provide a magnetic recording medium
characterized as exhibiting enhanced discretion of magnetic
crystal gralns and refinement of crystal grain diameter, as well
as good perpendicular orientation, and thus, characterized as being
capable of recording and reproducing information with high density.

Ancther object of the present invention is to provide s
process for producing the magnetic recording medium having the
above-mentioned beneficial charascteristics.

A further object of the present invention is to provide a
magnetic recording reproducing apparatus provided with a magnetic
recording medium having the above-mentioned beneficial
characteristics, and a magnetic head for recording and reproducing
an informaticn in the magnetic recording medium.

Means for Sclving the Problems

[CQOL1]

To achieve the above-mentioned objects, the present
invention provides the following magnetic recording medium, the
following process for producing the magnetic recording medium, and




5 the following magnetic recording reproducing apparatus. (1) . A
magnetic recording medium having a backing layer, a primer layer, an
intermediate layer and at least one perpendicular magnetic recording
layer, characterized in that said perpendicular magnetic recording layer
contains Co and Cr, and at least one of the perpendicular magnetic
recording layer or layers has a granular structure comprising
ferromagnetic crystal grains and graﬁ1 boundaries comprised of
non-magnetic oxide comprising tungsten oxide. (2) , The magnetic
recording medium as mentioned above in (1) , wherein the perpendicular
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tungsten oxide,

(3) ., The magnetic recording medium as mentioned above in any
one of {l) to {4), wherein the ferrocmagnetic crystal grains in the
perpendicular magnetic recording layer have an average grain
diameter in the range of 3 rm te 10 mm.

(6) . The magnetic recording medium as mentioned above in any
one of {1) to (5), wherein said perpendicular magnetic recording
layer has a thickness in the range of 1 mm to 50 nm.

[0012]

(7). The magnetic recording medium as mentioned above in any
one of {1} te (6), wherein the crystal grains in the perpendicular
magnetic recording laver are comprised of a CoCrPt alloy or a CoCrPtB
alloy,

(8) . The magnetlc recording medium as mentioned above in any
crnie of (1) to (7), wherein the backing layer has a soft magnetic
non~-crystalline atructure,

(2) . The magnetic recording medium as menticoned above in any
one of (1) to (8}, wherein sald perpendicular magnetic recording




one of (1) to (8), wherein said perpendicular magnetic recording 6
medium further has an additional perpendicular magnetic recording layer,
formed on said perpendicular magnetic recording layer having a granular
structure comprising ferromagnetic crystal grains and grain boundaries
comprised of non-magnetic oxide comprising tungsten oxide, wherein
said additional perpendicular magnetic recording layer has a granular
structure comprising ferromagnetic c@ystal grains and grain boundaries
comprised of non-magnetic oxide comprising chromium oxide. (10). The
magnetic recording medium as mentioned above in any one of (1) to (B),
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. The magnetic recording medium as mentioned sbove in
any ona czf (1} o {8}, wherein sald perpendicular magnetic recording
madium further ‘nas an additional perpendicular magnetic recording
layer, formed on said perpendicular magnetic recording layer having
& granular structure comprising ferromagnetic crystal grains and
grain boundaries comprised of non-magnetic oxide comprising
tungsten oxide,

wherein sald additional perpendicular magnetic recording
layer has a granular structure comprising ferromagnetic crystal
grains and grain boundaries comprised of non-magnetic oxide
comprising tantalum oxide.

(12). The magnetic recording medium as mentioned above in
any one of (1) to (8), wherein said perpendicular magnetic recording
medium further has an additional perpendicular magnetic recording
layer, formed on sald perpendicular magnetic recording layer having
a granular structure comprising ferromagnetic crystal grainsg and
grain boundaries comprised of non-magnetic oxide comprising




a granular structure comprising ferromagnetic crystal grains and grain
boundaries comprised of non-magnetic oxide comprising 7 tungsten
oxide, wherein said additional perpendicular magnetic recording layer has
a granular structure comprising ferromagnetic crystal grains and grain
boundaries comprised of non-magnetic oxide comprising titanium oxide.
[0013] (13). A process for producing a perpendicular magnetic recording
medium comprising forming, on a ndn-magnetic substrate, a backing
layer, a primer layer, an intermediate layer and at least one perpendicular
magnetic recording layer, in this order, characterized in that, as at least
one of the perpendicular magnetic recording layer or layers, a
CungSIRIn REIEPF magnetic recording layer having a granular structure
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redeesd rer }@é@:ﬁm@ perpendicular magnetic recording layer having
& granular structure comprising ferromagnetic crystal grains and

grain boundaries comprised of non-magnetic oxide comprising
tungsten oxide is formed; and further, an additional perpendicular
magnetic recording layer is formed on the perpendicular magnetic
recording layer having a granular structure comprising
ferrcmagnetic crystal grains and grain boundaries comprised of
non-magnetic oxide comprising tungsten oxide; whersin said
additional perpendicular magnetic recording layer has a granular
structure comprising ferromagnetic crystal grains and grain
boundaries comprised of non-magnetic cxide selected from chromium
oxide, silicon oxide, tantalum oxide and titanium oxide.

(13} . A magnetic recording repreducing apparatus provided
with a magnetic recording medium and a magnetic head for recording
and reproducing an information in the magnetic recording medium,
characterized in that the magnetic recerding medium is a magnetic
recording medium as mentioned above in any one of (1) to {12},



and reproducing an information in the magnetic recording medium,
characterized in that the magnetic recording medium is a magnetic
recording medium as mentioned above in any one of (1) to (12), 8 Effect
of the Invention [0014] According to the present invention, there is
provided a perpendicular magnetic recording medium, which has a
perpendicular magnetic recording layer wherein the crystal c-axis in a hcp
structure is oriented perpendicularly %o the surface of substrate with a
minimized angle variation, and the ferromagnetic crystal grains
constituting the perpendicular magnetic recording layer have an
extremely small average grain diameter, and which exhibits highly
enhafrce?rrecdrdiief B eh&cteristic. Brief Description of the
Drawli 8%4 015] Fig. 1 is a cross-section illustrating one example of a
perpaﬁemﬁﬁla*@%e*%?é%%?eﬁﬁ@trné@m%dﬁ%emh@p%v&ded a
PeLRGBARGH - RIgMIS T SchERRRHOSTRIBNBS affesBrhpi dFMEPIRadREdar
MAGRRBIFnERRpOHTEINtPASFa HIaS D th &t e SENEMYVEnfioRX RefdiefcBCP
SFW@F&@%@&@?W RNRGREHE Subsiratt D 'St PHadRetc baddngiapse
w1l Phidle R iabered | ashR dvaE4ayers PafseridieuBe TRagAehe Fécortivg tal
IradPEr BPFSidctiverdychreONAEBREEE FEEETdiRGIREdilmm repording layer
D8 S YA s R P heag @ Ringsarigh exhibits
higkddofiingieprodGRELigRarsystéhy Best Msdeirtafying Out the
Invention [0017] The invention will now be described more specifically.
Brief Description of the Drawings

[0015]

Fig. 1 is a cross-section illustrating one example of a
perpendicular magnetic recording medium according to the present
invention.

Fig. 2 is a schematic illustration of an example of the
magnetic recording-reproducing apparatus of the present invention.

Reference numerals:

[0C16]

Non-magnetic substrate

Soft magnetic backing layer

Primer layer

Intermediate laver

Perpendicular magnetic recording layer
Protective layer

Magnetic recording medium
Medlum-driving part

Magnetic head

Head driving part
Recording-reproducing signal system
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Best Mode for Carrying Out the Invention
[0017]
The invention will now be described more specifically.
As illustrated in Fig. 1, the perpendicular magnetic
recording medium 10 according to the present invention has a



As illustrated in Fig. 1, the perpendicular magnetic recording medium 10
according to the present invention has a 9 multilayer structure having a
soft magnetic backing layer 2; a primer layer 3 which constitutes an
orientation-controlling layer having a function of controlling orientation of
a layer formed thereon; an intermediate layer 4; and at least one
perpendicular magnetic recording layer 5, wherein the axis of easy
magnetization (i.e., crystal c-axis) isorientated in a direction
approximately perpendicular to the surface of substrate 1; and an optional
protective layer 6; which are formed in this order on the substrate 1. At
least one of the perpendicular magnetic recording layer or layers has a
ML gy & B TSRS EBfBHSTAg FefoRRInERIERSIA BRaiksshd graiR 27 @
PrYMRINGENES cOMpte FORRbREMERH St HIRGSIERT bSO I8} g Layer
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T EEMPIEAANEREsE, the Wil bethfefidifea RN tiAGIRRL zat ion
(1 SibstFaEsSredoriiishtly Soipised terakimmddrsath a3, IBPEREARAESlY
PEERPARMY a6y Sttt Vaitd Csupdtr SldasaaEoflordaigy o g glerw 1
PrefiGHinoSiIkars §Iassvndmd e o ghes 15iebhs tRadrmcRdrammdstrate
1. séfphRESHURE BRdtREsPRIBSIRESEl alumAiAtalfoyr SapsEARS darer or
Laypass Rahir AN SUBR &5 EREime cergIREs SUbBIERES AriaRTorphotisstal
ITHIASs BDBSEHA rare Y LBEJCABRIESGIASS Sultrateswirier polistieen
Dx%ﬂ&ss substrates and low surface roughness (Ra) glass substrates
(havikg°R&l C 1 angstrom) are preferably used. The substrates may be
textufe® tBEbITE BIREAE [BOBT NAthepRecessiibE rbdaeiy Hhe Phaghetiss
nOtepdrdihg maditim L tHé Stbskraee Isledubliy Washekranarthen dried: That
nopsTpgnatibstiass bké washiet and ther dddd forassuring soffisiedt there
cannperiaset Hertiph I Theonashing cail deredrdustsdinitrwatdry Ewhingped
of (Réuenerse 8phtteBng) Arar aistrbe adep®d-fdg walshing s s siresof duad
sulzgipeResTe Aot PArtatdany limitsdi00R0ks, aluminosilicate glass,
amorphous glass, silicon, titanium, ceramics, sapphire, quartz and
resing, Of these, aluminum alloy substrates and glass substrates
such as crystallized glass substrates and amorphous glass substrate
are widely used. As the glass substrates, mirror polisghed glass
substrates and low surface roughness (Ra) glass substrates (having
Ra < 1 angstrom) are preferably used. The substrates may be
textured Lo some extent.

[0019]

In the process for producing the magnetic recording medium,
the substrate is usually washed and then dried. That is, the
substrates are washed and then dried for assuring sufficient
interlayer adhesion. The washing can be conducted with water.
Etching (i.e., reverse sputtering) may also be adopted for wazhing.
The size of the substrates is not particularly limited.

[0020]

The respective layers of the magnetic recording medium will
be explained.

The soft magnetic backing layer is comprised of a material



The respective layers of the magnetic recording medium will be
explained. The soft magnetic backing layer is comprised of a material 10
having a soft magnetic property, and is widely provided in perpendicular
magnetic recording media. The soft magnetic backing layer has a
function of, when a signal is recorded in the medium, conducting
recording magnetic field from a head and imposing a perpendicular
magnetic recording field to the magﬁ@tlc recording layer with enhanced
efficiency. The material for the soft magnetic backing layer is not
particularly limited provided it has a soft magnetic property, and as
specific ex ples th reof, there can be entloned FeCo a oZrNb
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of non-magnetic material such as Ru is sandwiched between two sofr
magnetic layers, i.e., an anti-ferromagnetically coupled (AFC)
layer with a Ru spacer layer,

The total thickness of the scft magnetic backing layer is
appropriately determined depending upon the balance between the
recording/reproducing characteristics of the magnetic recording
layer and the OW characteristics thersof, buf the thicknass is
usually in the range of 20 nm to 120 nm.

[0022]

An orientation contrel layer having a function of
controlling the orientation of the magnetic recording layer is
formed on the soft magnetic backing layer in the perpendicular
recording medium of the invention. The orientation control layer
has a multi-layer structure which comprises a primer layer, and
an intermediate layer, formed on the primer layer.

The primer layer ig comprised of, for example, tantalum, or
nickel or nickel alloys capable of being oriented in the fee(111)
crystal face, such as, for example, Ni-Nb, Ni-Ta, Ni-V and Ni-W.
Even in the case when the soft magnetic backing layer has an



The primer layer is comprised of, for example, tantalum, or nickel or
nickel alloys capable of being oriented in the f cc (111) crystal face, such
as, for example, Ni-Nb, Ni-Ta, Ni-V and Ni-W. Even in the case when the
soft magnetic backing layer has an 11 amorphous structure, the surface
roughness (Ra) is sometimes increased depending upon the material for
the soft magnetic backing layer, and the layer-forming conditions, and
therefore, a non-magnetic amorph layer can be formed between the
primer layer and the orientation control layer to reduce Ra and improve
the orientation of the magnetic recording layer. [00237 The intermediate
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satls of the crystalline grientation and the surface roughness, the
., optirtidl §§%Fe§’&?rep§r%ﬁacﬁé38ﬁé§eﬁ‘a8%t&lSuB%C%?E?@d E¥ediate
PEERPLG %%’H&rﬁ@&%%”l‘&w@é@ﬁ edsurbenRt BAAFEF formed
abbrexd §§> .%gg SRARGBE §009%p appropriate) in the

magrnetlc recor ingmeamxnaccer ing to the invention has a granular
structure. Therefore, the intermediate laver preferably has a
rough surface, which is obtained by conducting the formation of
intermediate layer at a high gas pressure. However, adoption of
too high gas pressure leads to deterioration of crystalline

orientation of the intermediate laver and sometimes leads to the
intermediate layer having a too high surface roughness. Therefore,
to satisfy both of the crystalline orientation and the surface
roughness, the optimal gas pressure should be chosen, or a

double~layered intermediate layer comprising a layer formed at a

low gas pressure and a layer formed at a high gas pressure should
be provided.

[C025]

The magnetic recording layer is provided for recording a
signal thereon.

The magnetic recording medium is characterized in that at
least one of the perpendicular magnetic recording laver or layers
has a granular structure comprising ferromagnetic crystal grains



The magnetic recording layer is provided for recording a signal thereon,
The magnetic recording medium is characterized in that at least one of
the perpendicular magnetic recording layer or layers has a granular
structure comprising ferromagnetic crystal grains 12 and grain boundaries
comprised of non-magnetic oxide comprising tungsten oxide. [0026] The
ferromagnetic material in the magnetic recording layer is alloys
comprising cobalt and chromium as*éssential ingredients, and, as specific
examples thereof, there can be mentioned cobalt alloys such as CoCr,
CoCrPt and CoCrPtB. Of these, CoCrPt and CoCrPtB are preferably
andU%%zEeHQMﬁ%CBﬁ@Lg@é&S@ft?z%rmﬁv&%%%“c malgpal PIEferably s ng
tung@;ﬁ@gncgq\iq{@ge grain diameter in the range of 3 run to 10 nm. The
averagggrain diameter can be measured on the cross-sectional TEM
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prefi@igrallynas. aeiﬁ'm H&%E@P% Ldop {3 Qq_]; 5%
10 magnetigrecarding. layerin t!aﬁaeﬁégsg cularmagnelic, Lecord
crolkiheinventign may b_ﬁnggcg)uble layered structure comprising a rst
magrﬂgg@ﬁ?cordlng layer and a second magnetlc recording layer. The
ferrofpag 9&&@3&6@%&%&% 290elS IRaA Angaers ma&%ﬁ&?ed
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range of 2% to 20% by mele. The tungsten oxide-~containing magnetic
recording layer preferably has a thickness in the range of 1 nm
to 5C nm.

[0028]

The magnetic recording layer in the perpendicular magnetic
recording medium of the invention may be a double-layered structure
comprising a first magnetic recording layer and a second magnetic
recording layer., The ferromagnetic materials in the two magnetic
recording layers may be the same or different.

Preferably, the perpendicular magnetic recording medium has
a first magnetic recording layer having a granular structure
comprising ferromagrnetic crystal grains and grain boundaries
comprised of non-magnetic tungsten oxide, and a second magnetic
recording layer, fommed on the first magnetic recording laver,
having a granular structure comprising ferromagnetic crystal
graing and grain boundaries comprised of other oxide. The oxide
used in the second magnetic recording layer is praferably at least
ong gelected from chromium oxide, silicon oxide, tantalum coxide
and titanium oxide,



recording layer, formed on the first magnetic recording layer, having a
granular structure comprising ferromagnetic crystal grains and grain
boundaries comprised of other oxide. The oxide used in the second
magnetic recording layer is preferably at least one selected from
chromium oxide, silicon oxide, tantalum oxide and titanium oxide. 13
[0029] Tungsten is not easily oxidized as compared with elements which
have been conventionally used in oXide- -containing magnetic recording
materials, such as silicon and titanium, and there is no great difference in
the variation of free energy due to oxidation between cobalt and tungsten,
and %%? re, at the formation of the magnetic recording layer, oxidation
ten cur |n not %nlé?tu ten b t also cobalt Ieadln%%to Léctlon
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and that of c:h*“omlum In contrast, when tungsten iz incorporated,
chromium oxide is produced in a larger amount than cobalt oxide
in the magnetic recording laver.

(0030]

In a perpendicular magnetic recording layer having a
granular structure, the widih of grain boundaries surrounding
magnetlc crystal grains and the size of magnetic crystal grains
vary, and thus, the recording-reprcducing characteristics vary,
depending upon the particular kind of oxides constituting the grain
boundaries. In the case when an oxide present in the granular
structure is not easily subject to segregation from the magnetic
grain grains, the oxide tends to remain within the magnetic crystal
grains, wnich gives a baneful influence on the crystalline
orientation and leads to deterioration of the magnetic properties.

[0031]

It can be evaluated by the half value width 4(delta)85%0 of
a rocking curve whether the crystalline c-axis ([002] axis) in the
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structure is not easily subject to segregation from the magnetic grain
grains, the oxide tends to remain within the magnetic crystal grains, which
gives a baneful influence on the crystalline orientation and leads to
deterioration of the magnetic properties. [(0031] It can be evaluated by the
half value width a (delta) 850 of a rocking curve whether the crystalline
c-axis ([0021 axis) in the 14 magnetic recording layer is arranged in
perpendicular to the substrate surfde of the crystals with minimized
disturbance, or not. The half value width 050 of a rocking curve is
determined as follows. A magnetic recording layer formed on the
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with a broadly widensd shape is obtain the ¢rystalline
orientation in the perpendicular magnetic recording medium can be
avaluated on the basls of the half value width A(delta)850 of the
rocking curve,

(00321

In the magnatic recording layer of the magnetic recording
medium according te the present invention has & granular structure
comprising ferromagnetic crystal grains and grain boundaries
comprised of tungsten oxide, the magnetic crystal grains are
smaller and the half value width 2650 of the magnetic recording
layer is smaller than those of the conventicnal magnetic recording
layer containing only silicon oxide or titanium oxide.

[0033]

The respective layers in the perpendicular magnetic
recording medium according to the present invention are usually
formed by a DCmagnetron sputtering method or an RF sputteringmethod.

Impesition of RF bias, DC bias, pulse IC or pulse DC bias can be



smaller and the half value width 6650 of the magnetic recording layer is
smaller than those of the conventional magnetic recording layer
containing only silicon oxide or titanium oxide. [0033] The respective
layers in the perpendicular magnetic recording medium according to the
present invention are usually formed by a DC magnetron sputtering
method or an RF sputtering method._ Imposition of RF bias, DC bias,
pulse DC or pulse DC bias can be 18 adopted for sputtering. An inert gas
such as, for example, argon can be used as sputtering gas, to which 02
gas, H20 or N2 gas may be added. The pressure of sputtering gas is
riately chosen for the r spectlve layers so as ive layers with
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The constitution of an example of the magnetic recording-
reproducing apparatus according to the present inventlon is
illustrated in Fig. 2. The magnetic recording-reproducing
apparatus of the present invention comprises, in combination, the
magnetic recocrding medium 10; a driving part 131 for driving the
magnetic recording medium in the circumferential recording
direction; a magnetic head 12 for recording an information on the
magnetic recording medium 1C and reproducing the information from
the medium 10; a head-driving part 13 for moving the magnetic head
12 in a relative motion to the magnetic recording medium 10; and
a recording-and-reproducing signal treating means 14. The
recording-and-reproducing signal treating means 14 has a function
of transmitting signal from the outside to the magnetic head 12,
and transmitting the reproduced output signal from the magnetic
head 12 to the outsids.

(0036}

As the magnetic head 12 provided in the magnetic recording



the medium 10; a head-driving part 13 for moving the magnetic head 12
in a relative motion to the magnetic recording medium 10; and a
recording-and-reproducing signal treating means 14. The
recording-and-reproducing signal treating means 14 has a function of
transmitting signal from the outside to the magnetic head 12, and
transmitting the reproduced output signal from the magnetic head 12 to
the outside. [0036) As the magnetidthead 12 provided in the magnetic
recording 16 reproducing apparatus according to the present invention,
there can be used a magnetic head provided with a reproduction element
suitable for high- magnetlc recordlng density, which includes a
LeRnanRtOY R ARES UM EIRRE MG XRibliiy BRRIFHpidTSG e, there
can RE R A Wég;@ﬁé& FEMRIQEER BXfTBithd gRAf-ucTion element
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turﬁﬁ&%Iﬁéﬁﬁﬁ%?ﬁﬁ@héﬁ@’&ﬁ%ré@t@?i@ﬁcs A glass substrate for 3D was
placéE#B BT uUM chamber and the chamber was evacuated to a
reducﬁ@@?ﬁessure of below 1.0 x 10-' Pa. A soft magnetic backing layer
compiiSed BT EONB2r Hid hdvifg 28 tARRAESEHT STPRMIGASTOMY SBlort e
fmdiﬁ"é"s%%b%’ﬁ%’ﬂé’l&ﬁd then a prlmer Iayer comprlsed of NiFe with a foe

SHiA%N argon atmosphere An

mterfh&iléﬁes |%%%6ﬁ#ﬁn§é%fﬁwaﬁae%ﬂ%cﬁ-aneh@ KR Clagebey and
thes SHAERRE YASHROW AR *figon at PRERTISER beﬂa@'a'fslaq:eﬁ 107
Pa JayRroth %%m%ﬂfgmﬁnhﬁ%#w&tﬂ@%@ﬁc@ﬁ%&sw@ &R B
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& HpHeE afdgdeRBRMReduRs T lPPatirhasctondsigeture and having
a thickness of 5 nm was formed., The formation of the backing layer

and the primer layer was carried out by a sputtering method at a
reduced pressure of 0.6 Pa in an argon atmosphers, An lntermediate
layer comprized of Ruwas formed on the primer layer by a sputtering
method in an argeon atmosphere in two stages, that is, a Ru layer
with a thickness of 10 mm was formed at a reduced pressure of 0.6
Pa in a first stage, and further a Ru layer with a thickness of
10 nm was formed at a reduced pressure of 10 Pa in a second stage.

[Q038]

A magnetic recording laver with & thickness of 10 rnm was
formed on the intermediate layer at a reduced pressure of 2 Pa in
ar argorn stmosphere,

The compositions of the magnetic recording layers formed in
Examples 1-1 and 1-2 were as follows.

Example 1-1, 80 (ColbCr20Pt)-10 (WO

Example 1-2, 90{Col3Cr202¢)~10 (WO

Note, the numerals “90” and “10” which occur immediately
before the parentheses refer to a proportion by mole % of the



[0038] A magnetic recording layer with a thickness of 10 nm was formed
on the intermediate layer at a reduced pressure of 2 Pa in an argon
atmosphere. The compositions of the magnetic recording layers formed in
Examples 1-1 and 1-2 were as follows. Example 1-1,
90(Co015Cr20Pt)-10(WC3) Example 1-2, 90(C013Cr20Pt)-10(WO2) Note,
the numerals "90" and "10" which occur immediately before the
parentheses refer to a proportion byiiznole % of the 17 respective
components. For example, in Example 1-1, the proportions of Col5Cr20Pt
and W03 are 90% by mole and 10% by mole, respectively. "Col5Cr20Pt"
within each parenthesis refers to the composition of alloy which consists
resReSor By TMORBEES 52000y FISHERIFC TR Baancs Pt. T
Pf%@ﬁﬁ%@%ﬂ&%ﬁkéﬁﬁ Tifes BHGWARG EXaRptes 3t EGmparktve:
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COMRRKES” A LR ot e FORTAE Hitetedihte Yalort st arcricedd® by
mol&aSdre 1% BRI ahdigerratmosphe B RASESa Ry A8 RhnaPpLies
10 didRedtre 4 Me FIGTERT 8B ofE dekCEpRHHH: 118 CORPELREn thereof was
chan§Bdas follows. Comparative Example 1-1,

_ 90(CHIOETBHPTY- 6132 N TBIRpafalife Exampldaver with a thickness
Of Sf(EBIORE IEBHIPTIONF EvRRFHEMvR e hRFE i35 reduced pressure
of éoéédﬁcﬁf?mfﬁ%mﬁ?@a%’oﬁHP&F@P%P&% ima iR ety e
5 Pethe RTGThRRE VEH 0SS GR X RRIDISS . AP E- Waid Tl trarathatmnaed
as &g 8tive Examples 1--1, 1-2 and 1-3. This is for the purpose of

suppreS&RgAbxithtforraFdSoadir decifing dde 18 IRe inédrporatibn of

tungSteRFdkide TR EXARBIS 111 anPP-5:04 YRindSaBoN filnT 482

protectBasFE HasTreRfeFon Tachd ©f tRé PraghEtic récordmgaayers in

the abov@BXANIPRS Bh d othpAPafive ‘ERaPEs to-dieoalperpentrangE 1o
ai%ﬂégrféﬁ@?@é&%ﬁwg L e dilith HODAGE a6k ©F tha s i idict| Sonpagiiticre
Exage ?&r{b“%reain%gﬁﬁaw. This is for the purposs of suppressing
oxidation of cobalt occurring due to the incorporation of tungsten
oxide in Examples 1-1 and 1-2.

A thin carbon film as a protective layer was formed on each
of the magneti¢ recording lavers in the above examples and
comparative sxamples to give a perpendicular magnetic recording
medium,

[0040]

Each of the perpendicular magnetic recording mediums made
in Examples 1~1 and 1-2 and Comparative Examples 1-1, 1-2 and 1-3
was coated with a lubricant, and recording/repreoducing
characteristics thereof were evaluated using Read-Write Analyzer
1632 and 8pin Stand S1701MP, available from GUZIK, US. Further,
magnetostatic property of the same perpendicular magnetic
recording mediums was evaluated using a Kerr tester. Crystal
crientation of the CoCrPt magnetic crystal in each magnetic
recording layer was evaluated by rocking curve measurement of the
magnetic recording layer using X-ray diffractometry. Crystal
grain diamster was measured on a plain TEM image of the magnetic
recording layer,



in Examples 1-1 and 1-2 and Comparative Examples 1-1, 1-2 and 1-3
was coated with a lubricant, and recording/reproducing characteristics
thereof were evaluated using Read-Write Analyzer 1632 and Spin Stand
S1701MP, available from GUZIK, US. Further, magnetostatic property of
the same perpendicular magnetic recording mediums was evaluated
using a Kerr tester. Crystal orientation of the CoCrPt magnetic crystal in
each magnetic recording layer was'8valuated by rocking curve
measurement of the magnetic recording layer using X-ray diffractometry.
Crystal grain diameter was measured on a plain TEM image of the
mag %? % recording layer. 1$ [0041] From the measurement results, a
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Sarpl Compositi SNR He Grain Co16 50
2] GELT1ON
: (dR) {0a) Diameter ¢ )
()
Example 90 (Co1BCra0PL) =
(o ) 15,34 4802 7.5 3. 50
1—1 10(W0,)
Example 90 (Co13Cr20Pt) -
15,2 4382 7.8 3,61
-2 10(W0y :
Comp, Ex. 80 (Co10Cr20Pt) -
14, 45 4583 8.1 4,02
1—1 10(510,)
Comp. Ex, 90 (Co10Cr20Pt) ~ 14 31 4620 87 T
1—2 10(Ti0,) ' ' '
Comp. Ex. 80(Col0Cr20Pt) -
14,33 4302 7.9 4,24
1—3 10{Cr0y)
[0043)

As seen from Table 1, the incorporation of tungsten oxide
reduces diameter of magnetic crystal grains and enhances
crystalline orientation, which is in contrast to the incorporation
of silicon cxide, titanium oxide or chromium oxide. That isg,
tungsten oxide has a functiorn of improving the magnetostatic
characteristics and electromagnetic conversion characteristics to
an extent greater than that achieved by silicon oxide, titanium
oxide or chromium oxide. It is presumed that this is due to the
fact that tungsten oxlde exhibits high segregation to grain
boundaries as compared with the other oxides. The granular



1- 3[0043] As seen from Table 1, the incorporation of tungsten oxide
reduces diameter of magnetic crystal grains and enhances crystalline
orientation, which is in contrast to the incorporation of silicon oxide,
titanium oxide or chromium oxide. That is, tungsten oxide has a function
of improving the magnetostatic characteristics and electromagnetic
conversion characteristics to an extent greater than that achieved by
silicon oxide, titanium oxide or chrotfium oxide. It is presumed that this is
due to the fact that tungsten oxide exhibits high segregation to grain
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Using the maqnetic recording mediums, =2aturation
magnetization Ms (emu/cm’} and perpendicular magnetic anisotropy

Ku (erg/cm’) of each magnetic recording layer were measured by a
vibrating sample magnetometer (VSM) measurement and a torgue
measurement. The test results are shown in Table 2,
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(00451 20 Table 2 Sample Composition Ms (emu/ema) Ku (erg/cm2)
90(Co15Cr20Pt) Example 1 10(WO3) 652 6.85 Example 2
90(C013Cr20Pt)- 661 6.71 to (wazZ) 90(ColOCr20Pt)- Comp. Ex. 1 673
5.45 10 (si02) 90(ColOCr20Pt)- Com. Ex. 2 10 (Ti02) 689 5, 65 . 3
90(CotOCr20Pt)- 669 5.42 10 (Cr203) [0046] As seen from Table 2, the
saturated magnetization of the tungsten oxide-containing magnetic
recording layer is only several % l€ss than those of the other
oxide-containing magnetic recording layer. Usually the saturated
magnetization of a CoCrPt magnetic recording layer varies in direct
proportion to the amount of cokalt; Ihe cobalt content in the
above-mentioned tungsten oxrd'é““(:“ﬁ'nt‘alnlng magnetlc recording layers is
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low, SiAted magnEHERRHOR is to he Yiofemudmi the vl RS2 mdnt
revealed that incofidéatiSn2afthungstien oxide in the magnetic recording
layeFHRI8s not lcauses Wrableo idation%iéading to redutih of

|||ag||cu4auu|| T UII UI LUIIQDLCII UATUCT TATITUTICU Cllllallbad
pegpgpdicylar magﬁ%%?gﬁg?% py as compgged with the otherpxides|as
is expected from the fa8t W@t the incorporation of tungsten oxide
e>§hibited improvenggitiaceystalline prientation and cpercive force in
Exeanptes fland 1-2, If_ﬁ(@ mple 2, Cdmparati#é Examﬁtle 2 [Go4fr] By the

Ssame nrnhnrln as-as-mente nrl |n E :\mnln | narno
~JCAT r.l A\ r.l Ly

regarding med umsgwg?é%%@%ed wherein Q%S mag etic re%%ghng laylers
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having the follgwing caiffiégitions and
Comp. Ex. 3 90{Col0Cr20PL) - 669 6 4
10 (Cry) '
[d04e]

Ag seen Irom Table 2, the saturated magnetization of the
tungsten oxide-containing magnetic recording layer is only
several % less than those of the other oxide-containing magnetic
recording layer. Usually the saturated magnetization of a CoCrPt
magnetic recording layer varies in direct propeortion to the amount
of cobalt. The cobalt content in the above-mentioned tungsten
exide-containing magnetic recording layers is not high, and thus,
these magnetic recording layers exhibited somewhat low saturated
magnetization. It is tobe ncted that the VEMmeasurement revealed
that incorporation of tungsten oxide in the magnetic recording
layer does not causes undesirable oxidation (leading to reduction
of magnetization). The incorporation of tungsten oxlde exhibited
enhanced perpendicular magnetic anisotropy as compared with the
other oxides, as is expected from the fact that the incorporation
of tungsten oxide exhibited lmprovement in crystalline orientation
and cosrcive force in Examples l-land 1-2,

Example 2, Comparative Example 2

[0047]

By the same procedures as menftioned in Example 1,
perpendicular magnetic recording mediums were produced wherein the
magnetlic recording layers having the follewing compositions and




21 having a thickness of 10 nm were formed at a reduced pressure of 2
Pa in an argon atmosphere. The soft magnetic backing layer, the primer
layer, the intermediate layer and the uppermost carbon protective layers
were formed under the same conditions as mentioned in Exampie 1.
Example 2-1, 95(Col5Cr20Pt)-5(W03) Example 2-2,
90(Col5Cr20Pt)-10(W03) Example 2-3, 95(Col5Cr20Pt)-15(W03)
Example 2-4, 80(CoI5Cr20Pt)-20(V\%)3) Example 2-5,
95(C013Cr20Pt)-5(W02) Example 2-6, 90(Col3Cr20Pt)-10(W02)
Example 2-7, 85(C013Cr20Pt)-15(W02) Example 2-8,
80(Col3Cr20Pt)-20(W0O2) [0048] For comparlson by the same
PR etires S rhifthed IRTERERTIE LT pRhdRedia ﬁ?ﬁgnt% gssure of
2 PotBrGi G R ATE AT T B %ﬁﬂére refiG Tay S
pr %né%@%ll&%ﬁ@%ﬁ%é&%n@ Wﬁﬁvﬁ@a?ﬁ%k@@%‘ﬂ@nﬁﬁmﬁ
PrYESMEtUS 4 FEGUCd SprosErBTt 2PASR dlEr G atHERERES AN Bther
e EotiifonS Antd ProcEddres remamed the same. Comparative Example
2-1, ESREIS0PT Bomparhe E53RTele 2 W¢ 013Cr20Pt Using the
magﬁéﬁ‘@?é@or%‘ r‘?g n? dﬁﬁ:@qﬁ AEfdna Iot %se ratio (SNR), coercive
forc WJO% 650 Gne-sy gs_ ifveter of CoCrPt magnetic
cry staFW%ﬁ’e%e%eﬁmr‘?éh C‘F’r%lea?é"ém rg%ﬁ%h in Table 3. [0049] 22
Table??i@éﬁa s MRPAESdRFTTion "R Co A 0 50 (dB) (Oe)
Duanﬁfé%é?‘?:i? TRy l%@a{r%%?é@’s OBEEC%%B 15.23 4903 7.7 3.20

Exampla 2-7, Col3Cr
Example 2-8, BOKCD_BCrZOPt) ZO(WOZ)
(0048}

For comparison, by the same procedures asz mentioned in
Example 1, perpendicular magnetic recording mediums were produced
wherein the magnetic recording lavers having the following
compositions and having a thickness of 10 mmwere formed at a reduced
pressure of 2 Pa in an argon atmosphere. All other conditions and
procedures remained the same.

Comparative Example 2-1, Col5Cr20Pt

Comparative Example 2-2, Col3Cr2CPt

Using the magnetic recording mediums, high signal to noise
ratic (SNR}, coercilve force (Ho), delta 650 and average grain
diamster of CoCrPt magnetic crystal were determined. The results
are shown in Table 3.

[0049]



2-1 5(W(~) Example 90(Co15Gr20Pt) 15, 65 4754 7,5 3.53 2-210
(WO) Example 85(Co15Cr20Pt)- 16.17 4588 7.1 3.62 2-3 15(W03)
Example 80(Co15Cr20Pt) 15.42 4235 6.9 3.89 2-4 20(W03) Example
95(Col3Cr20Pt)- 15.17 5021 7,8 3.13 2-5 5(W02) Example
90(Col3Cr20Pt) 15.83 4784 7.6 3.59 2-6 10 (WO2) Example
85(C013Cr20Pt)- 16.04 4520 7.3 3.72 2-7 15(WO2) Example
80(Col3Cr20Pt) WO2) 15.39 4296 28 3.92 2-8 20 ( Coup. Ex.
G015Gr20Pt 8.66 6201 12.6 2, 99 2 Cam. Ex. Col3Cr20Pt 6.72 5195
13.52.91 2-2[00501 As seen from Table 3, the incorporation of tungsten
oxide in an amount of 5% to 20% by mole reduces diameter of magnetic
crystal grains and enhances cr orientation, and thus, the

mﬂﬂnPTnQTHTIP characteristics.and plm"rmmannptlr‘ onversio
characteristic$ are improved. In cohtrast in the cage Mrage tungsten oxide
was not incorporated (Comparative Exgmplesg-1 abngs2:2), the 10 5o
crystatibe origntatiéat#itierand t1e( stal %%? dﬁme}fer is Iar%e and
thus, the coertive force is larger thian'those 23 in E_xamp esp 2
But, due to thé absence of tungsteh oxide,| the magneti®&rystal grains ale
notmempletely diseretesarmatus .
15, 23 4903 7 3.20
a=1 5 (WO,
Exemple 80{ColBCra0pPt) -
o ( ) 16,65 4754 7.5 3.53
2—2 10(W0,)
Exemple 85 (Col5Cra0Pt) -
16.17 45h88 7.1 3,62
2—3 16 (W0,
Exampl 80 (ColBCra0P) -
bl ( " s | a2 | 6o 3. 89
2—4 20 {W0y -
Example 95 {Col3Cr20Pt) ~
15. 17 6021 7.8 3,13
2—5 5 (W0,
Example 90{Col3Cr20Pt) -
15,83 4784 7.6 3.5
2—6 10{W0,)
Example 85 (Col3Cra0pt) -
16.04 4520 7.3 3. 72
Example B0 {Col3Cr20Pt}~
15, 39 4296 4.8 3,02
2—8 20 (W0,)
. Bx.
Om;p_ 1 ColsCr20Pt 8.86 631 12.6 2 99
. Ex.
Cm:l 9 ColdCr20P+ 8,72 G195 13.5 2.91
[0050]

As seen from Table 3, the inceorporation of tungsten oxide

in anamount of 5% to 20% by mole reduces diameter of magnetic crystal
grains and enhances crystalline orientation, and thus, the
magnetostatic characteristics and electromagnetic conversion

characteristics are improved.

In contrast, in the casze when
tungsten oxide was not incorporated (Comparative Examples 2-1 abnd
2-2}, the crystalline orientation is high and the crystal grain
diameter is large, and thus, the coercive force is larger than those



exhibit exchange coupling with each other. This leads to an increase in
noise and the high signal-noise ratio is 5 dB or more large as compared
with those in Examples 2-1 to 2-8. Example 3, Comparative Example 3
[0051] By the same procedures as mentioned in Example 1,
perpendicular magnetic recording mediums were produced wherein the
magnetic recording layer was formed, in two stages. That is, a first
magnetic layer (tungsten oxide- con%nlng magnetic layer) having a
thickness of 5 nm, and then a second magnetic layer (SiO2- or
Ti02-containing magnetic layer) having a thickness of 5 rim were formed
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-1,

J&l é@ﬁ%\ﬁfq ?g')b'@saglﬁu%%@ier/second magnetic layer:
Exang %. CalbCr20Pt)~10 (W0s) /90 (CollCr20Pt) =10 (51i0;)

)
Example 3-2, 9O(C015Cr209t) ~10{W03) /90 {ColOCrZ0PL) =10 (T1i0.)
Example 3~3, 90 (Col3Cr20Pt)-10(WO;) /90 (CollCr20PL) -10 (5105}
Example 3-4, 80 (Col3Cr20Pt)- ﬁO(WOzJ/QO(ColOCrZOPt) 10({Ti0;)

[0052]

For comparison, by the same procedures as mentiocned in
Example 1, perpendicular magnetic recording mediums were produced
wherein a single magnetic recording layer having the following
composition and having a thickness of 10 nm was formed at a reduced
pressure of 2 Pa in an argon atmosphere. All other conditions and
procedures remained the same.

Comparative Example 3-1, 80(Col0Cr20pt)-10(31i0,)

Comparative Example 3-2, 90{ColOCr20Pt)-10{Ti0;)

Using the magnetic recording mediums, high signal to noise
ratio (SNR), cocercive force (He), delta 850 and average grain
diameter of CoCrPt magnetic ¢rystal were determined. The results
are shown in Tabls 4.



Table 4 Second Magnetic Average Co First Magnetic S.NR Ho Grain
Sample Recording 4 050 Recording Layer (dB) (Oe) Diameter Layer (nm)
Ex. 90(Col5Cr2QPt)- 90(Co10Cr20Pt) 4679 7.5 3 -1 10 (WO3) 10 (30)
16.32 3.55 Ex. 9Q(C015Cr20Pt)- 90(ColOCr20Pt) 3-2 10(WO3) 10(TiO2)
16,11 4692 7.6 3.64 Ex. 90(Col3Cr20Pt)- 90(ColOCr20Pt) 3 - 3 10
(WO02) 10 (Si02) 16.20 4689 7.7 3.58 Ex. 90(Co013Cr20Pt)-
90(Co10OCr20Pt) 3 - 4 10 (M2) 10M&3) 15.94 4723 7.6 3.67 r. Ex.
90(Co010Cr20Pt1)-10(SiQ2) 14.31 4654 8,1 3.92 3-1 Comp. Ex.
90(Co010Cr20Pt)-1Q(Ti02) 14.74 4481 8.2 4, 13 3-2 [0054] As seen
from Table 4, in the case when a tungsten oxide- containing first magnetic
layeri3%8Amed in combination with a tungsten oxide-not--containing
second magnetic layer, the diardé&k&ofimagnetic crystal grains can be

reduced and the crystalline_orientation is enhanced. and thus, the
magnetostatic characteristics and electrorpagnetig conversiaarage
charaglglstigs, are im ro@é‘&?nﬂwﬁ%%F_A pliggpility [Q005] Tha, | Co
Samplperpendicular recording mediewmrdixgording tq the present inventioniis /1650
ch ara@?&ﬁf‘é’@?&ﬁwgvi g a crystaliipe structureof the Qﬁe?agn@t?@er‘be& dinge )
layler, more specifically, a hexagonal 25 close-packed (h¢p) Shmlcture,
Ex. WHereinis siyialine ¢-axesaferaort)- 6 | wm | 7s " 58
3—1 10(W0,) 10810y ' ' '
Ex. 90(Ce15Cr20Pt) ~ 80 (Col0Cr20Pt) ~ 16,11 | 4699 78 3 64
3—3 10 (W0, 10(Ti0) ’ ' '
Ex, 90 {Co13Cr20Pt) - 80 (Col0Cr20Pt) -
9_3 10(W0) 106510y 16.20 | 4689 7.7 3.58
Ex. 90 (Col3Cr20ps) - 90 (Co10Cr20P1) -
44 100wy 10Ti0) 15,94 | 4723 | 7.6 3.67
Cormp.
Ex. 80 (Col0Cr20Pt) ~10 (310,) 14.31 | 4664 81 3.92
3—1
Comp.
Ex. 90 (Col0Cr20Pt)~10(Til,) 14.74 | 4481 B2 4,13
3—-2
[0054]

Az seen from Table 4, in the case when a tungsten oxide-
containing first magnetic layer is formed in cembination with a
tungsten oxide-not-containing second magnetic layer, the diameter
of magnetlc crystal grains can be reduced and the crystalline
orientation is enhanced, and thus, the magnetostatic
characteristics and electromagnetic conversion characteristics
are improved.

Industrial Applicability
[0603]
The perpendicular recording medium acaording to the present
invention is characterized as having a crystalline structure of
the magnetic recording layer, more specifically, a hexagonal




arranged in the perpendicular direction with minimized disturbance in
angle, and ferromagnetic crystals in the magnetic recording layer have an
extremely small average grain diameter. Therefore the perpendicular
recording medium exhibits improved recording density characteristics,
and is suitable for, for example, a magnetic disk apparatus and a flexible
disk apparatus. The perpendicular magnetic recording medium is
expected to have a more enhanceaEYecordmg density, and is also suitable
for new high-density recording media such as, for example, ECC media,
discrete track media and pattern media. 26 CLAIMS 1. A magnetic

recording me um having a backing layer, a primer la er an intermediate
CflOFa% ‘H‘%é Hofe % N T et
ArIgng YO8 FRiRtSAE ehc 8 fyapurbance
in agg ?ns%bd 8%?%%18% s‘?%%téflﬁhé e‘r 8n5‘?c%ﬁ‘a?r %g’ﬁ%‘ﬁ%rqu
layg&c&%ﬂ% ﬁ%; AFEFAS e F‘:}? Therefore
the RETRaIY taf gra i %j}ah“e% St 5ﬁ¥88 o?ecgrdﬂg
dengshinG ﬁaﬁe%%adé‘%ﬂo riéifg tﬁlﬁ fé“nt%%?e ZTh %agmwr
magpeecfa%%ﬁ e m.eﬁﬁﬁ%ﬁemm Shifular

‘?BFF%%%F NG GRTRTar SH et RonBafrEss
ha‘fﬁo@/o% M& RGRgsERT Ok 8. SHE Matn &S écofthig rmaditanLe for
ﬂewa%bgra" %15.rﬁef%sﬂfdéfﬁﬁa?&m?@ﬁaraéndfaﬁa?ﬁ&g icTECaT
A SRR ha Lﬁ&‘fjsﬁ’ﬁétﬁ?érédﬁ%h% 2% to 20% by mole of WO~

as the tungsten OXIde 4. The magnetic recording medium according to
claim 1 or 2, wherein the perpendicular magnetic recording layer having
the granular structure contains 2% to 20% by mole of W02 as the
tungsten oxide. 5. The magnetic recording medium according to any one
of claims 1 to 4, wherein the ferromagnetic crystal grains in the
perpendicular magnetic recording layer have an average grain diameter
in the range of 3 nm to 10 nm. 6. The magnetic recording medium
according to any one of claims 1 to 5, wherein said perpendicular
magnetic recording layer



has a thickness in the range of 1 nm to 50 nm. 7. The magnetic recording
medium according to any one of claims 1 to 6, wherein the crystal grains
in the perpendicular magnetic recording layer are comprised of a CoCrPt
alloy or a CoCrPtB alloy. 8. The magnetic recording medium according to
any one of claims 1 to 7, wherein the backing layer has a soft magnetic
non-crystalline structure. 9. The magnetic recording medium according to
any one of claims 1 to 8, wherein sald perpendicular magnetic recording
medium 27 further has an additional perpendicular magnetic recording
layer, formed on said perpendicular magnetic recording layer having a
granular structure comprising fe etic crystal grains and grain
boundaries comprised of non-magnetiC oxide comprising tungsten oxide,
wherein said additional perpendicular magnetic recording layer has a
grantitar strUBRGREEIM PTG TRBrTEGHETE BAISHRS graifsAnayrayss: @
PLIBSEntARS cHMBRISETTBI Rhmadueic Bdat cotrSHsiNgG BBRTIGMLcular
magsRiteS HECrRE HisdghRR Te Co TG Rigdiafv ade SrffoPllansesingof i cular
TEJEIRINMG FRESIAHETh ¥R PRRtERdiCUR? Magretic Rikdraing AfsthuRnie ©of
therpRrepRas @n additenaticperattidismayifetie Febbrint 1ayer, Sfermeer
sLYEH SaRe perpBHdiB AT rhagRane YaEbidin G TAFEPHadRg g yramdlgra in
m%‘ﬁs’@éﬁﬂ?@ COPHIPEI A§FeFrormainEREBRIstEl Graine aftMgFaIR BeUdEEs en
oxigmprised of non-magnetic oxide comprising tungsten oxide, wherein
said Additihal PegsedieukfIRaghBEC TEEd MG ey Erhag &gradaar 1,
whegipdetuFE R oRIRSIRG e HoRTagRCHE EARI AR GPAIRS Ehd BY&R Buhdaridde
gragprhpristEoroaghEae RXidé EonmiitiRy Sicen oXideinpETEReoxide.
magretic FEEDIBFEATddURTEEESIIHgNE HNoABHIT EleithstRo S, dikiefeift
2, ShrsdiperithchRrnRaghetéascoriing hednfao ARG hagsin advitiohdhe
S 3perpRh FEURFTMEE e AddoTdifighayet? Rifmieda Sl par pdilicutars ten
oxl@@gnetic recording layer having a granular structure comprising
ferrofnagntie Gyeesgrainsaaddgransslingasesestipisddotlaim 1 or
2, HbRYAAGNERE GEEBemsApHSRY magnetic recording layer having the
granular structure contains 2% to 20% by mole of WO; as the tungsten
cxide.

2. The magnetic recording medium according to any one of
claimg 1 to 4, wherein the ferromagnetic crystal grains in the
perpendicular magnetic recording layer have an average grain
diameter in the range of 3 nm to 10 nm.

&. The magnetic recording medium according to any one of
claims 1 to 3, wherein sald perpendicular magnetic recording layer
has a thickness in the range ¢f 1 nm to 50 nm.

7, The magnetic recording medium according to any one of
claims 1 to 6, wherein the crystal grains in the perpendicular
magnetic recording layer are comprised of a CoCrPt alloy or a CoCrPtB
allioy,

8. The magnetic recording medium according to any one of
claims 1 to 7, wherein the backing layer has a soft magnetic
non-crystalline structure.

9. The magnetic recording medium accerding to any one of
claims 1 to 8, wherein said perpendicular magnetic recording medium



tungsten oxide, wherein said additional perpendicular magnetic recording
layer has a granular structure comprising ferromagnetic crystal grains and
grain boundaries comprised of non-magnetic oxide comprising tantalum
oxide. 12. The magnetic recording medium according to any one of

claims 1 to 8, wherein said perpendicular magnetic recording medium
further has an additional perpendicular magnetic recording layer, formed
on said perpendicular magnetic rec%?dlng layer having a granular
structure comprising ferromagnetic crystal grains and grain boundaries
comprised of non-magnetic oxide comprising 28 tungsten oxide, Wherein
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ic recag g medium according to gny one of
claims 1 te 8, where:.n sald perpendicular magnetic recording medium
further has an additional perpendicular magnetic recording layer,
formed on saild perpendicular magnetic recording laver having a
granular structure comprising ferromagnetic crystal grains and
grain boundaries comprised of non-magnetic oxide comprising
tungsten oxide,

wherein sald additional perpendicular magnetic recording
layer has a granular structure comprising ferromagnetic crystal
grains and grain boundaries comprised of non-magnetic oxide
comprising tantalum oxide.

12, The magnetic recording medium according to any one of
claims 1 to 8, wherein said perpendicular magnetic recording medium
further has an additicnal perpendicular magnetic recording layer,
formed on said perpendicular magnetic recording layer having =
granular structure comprising ferromagnetic crystal grains and
grain boundaries comprised of nen-magnetic oxide comprising

3



ferromagnetic crystal grains and grain boundaries comprised of
non-magnetic oxide comprising tungsten oxide; wherein said additional
perpendicular magnetic recording layer has a granular structure
comprising ferromagnetic crystal grains and grain boundaries comprised
of non-magnetic oxide selected from chromium oxide, silicon oxide,
tantalum oxide and titanium oxide. 15. A magnetic recording reproducing
apparatus provided with a magnetié&ecording medium and a magnetic
head for recording and reproducing an information in the magnetic
recording medium, characterized in that the magnetic recording medium

is a magnetic recording medium as claimed in any one of claims 1 to 12.
rungsten oxlde,

wherelin sald additional perpendicular magnetic recording
layer has a granular structure comprising ferromagnetic crystal
graing and grain boundaries comprissd of non-magnetic oxide
comprising titanium cxide.

13, A process for producing a perpendicular magnetic
recording medium comprising forming, on & non-magnetic substrate,
a backing layer, a primer layer, an intermediate layer and at least
one perpendicular magnetic recording layer, in this order,

characrerized in that, as at least one of the perpendicular
magnetic recerding laver or layers, a perpendicular magnetic
recording layer having a granular structure comprising
ferromagnetic crystal grains and grain boundaries comprised of
non-macgnetic oxXide compriszing tungsten oxide iz formed.

14. A preocess for producing a perpendicular magnetic
recording medium comprising forming, on a non-magnatic substrats,
a backing layer, a primer layer, an intermediate layer and at least
one perpendicular magnetic recording layer, in this order,

characterized in that, as said perpendicular magnetic
recording layer, a perpendicular magnetic recording layer having
a granular structure comprising ferrocmagnetic cryatal grains and
grain boundaries comprlsed of non-magnetlc oxide comprising
tungsten oxlde 19 formed; and further, an additional perpendicular
magnetic recording layer is formed on the perpendicular magnetic
recording layer having a granular structure comprising
ferromagnetic crystal grains and grain boundaries comprised of
non-magnetlc oxide comprising tungsten oxide; wherein said
additional perpendicular magnetic recording layer has a granular
structure comprising ferromagnetic crystal grains and grain
boundaries comprised of non-magnetic oxide selected from chromium
oxide, silicon oxide, tantalum oxide and titanium oxide.

15. A magnetic recording reproducing apparatus provided
with a magnetic recording medium and a magnetic head for recording
and reproducing an informaticn in the magnetic recording medium,
characterized in that the magnetic recording medium is a magnetic
recording medium as claimed in any one of claims 1 to 12.



