1 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
provided with the magnetic recording medium, Background Art [0002] In

recenfyerre; AGNEHE IAgaNdntLAPPRiataeS Suehraodumagnetinelsknd

apparatys, a flexible di IG, Ja are
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Reenagastc ¥eddling medium provided with the magnetic recording

apparatuses is greatly enhanced. Especially, since the development of an

MR head and a PRML technjglig, the arealgrecording density is more and
more increasing. Recently a GMR head and a TuMR head have been

develb%@f-,bnd the rate of increase in the areal recording density is about
1009 hes yeavef(008] Thbed s stilh ircrezened bod@srpekiforduRpdr I, 2
pr60020G0g e secording dgnsingin Magnelis e aisingmedia, andgnetic
therefore, a mg{gne’uc layer hgvg‘gﬁa hf%@%&%g%%ﬁ f%%e A0 r?e@i er
reCRRTEHRE-TEREFAND ENRYPAAG B Righer resolution are eagerly desired.
retriuiigitudiadigiagnetic recording media heretofore widely used, a
self-demagnetization effect becomes significantly manifested, that is,

adjacent magnetic domains igargg ngﬁdt@f@ition regions exhibit a
function of counteracting the maghetization each other with an increase in
a line @e@¢ding density. To minimize the self-demagnetization effect,

thickness-@fdhe magneticrenosting kawermdsgbeppaitrtds@seshighices &
mal e S1aPg: Magnelicanisotromy 000 4isk apparatus and a magnetic
tape apparatus are widely used and their importance is increasing.
Recording density of a magnetic recording medium provided with the
magnetic recording apparatuses is greatly enhanced. Especially,
since the development of an MR head and & PRML technique, the areal
recording density is more and more increasing. Recently a GMR head
and a TuMB head have been developed, and the rate of increase in
the areal recording density is about 100% per year.

[0003]

There 15 still incressing a demand for further enhancing the
recording density in magnetic recording media, and therefore, &
magnetic layer having a higher coercive force and a higher
signal-to-noise ratic (SNR), and & higher resolution are sagerly
desired.

In longitudinal magnetic recording media heretolore widely
used, a self-demagnetization effect beccomes significantly
manifested, thset 1s, adjacent magnetic domains in magnetic
transition regions exhibit a function of counteracting the
magnetization each other with an increase in a line recording
density., To minimize the self-demagnetization effect, thickness
of the magnetic recording layer must be reduced to enhance the shape
magnetic anisotropy.
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2 However, with a decrease in thickness of the magnetic recording layer,
the magnitude of energy barrier for keeping the magnetic domains
approximates to the magnitude of h&at energy, and consequently, the
heat fluctuation occurs, i.e., the recorded magnetization is reduced by the
influence of the temperature. This undesirable phenomenon is said to put
an upper limit on the line recordation density. [00051 Recently, an
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m@h@b@lﬁ@m%ra@ﬁwlongltudlnal magnetic recording media can

be mipinized; 10006} hnthe:manuacture abpregsrdEttaaragrsitspread
2S5 ”19 megia, an poderayer i%'”&ﬁ@‘ﬁgﬁé IRYEHA MagRelic-ding

ecor a er and an overcoat are usua d in this,order on a
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chuppetsestereicoahin masy magecticatconlingddedialrn a direction
perpendicular to the major surface of the magnetic recording media,
which is in a contrast to the transitional longitudinal magnetic
recording media wherein the magnetization occurs in an in-plane
direction. Due to this characteristic, the undesirable
magnetization-counteracting function as encountered &g an chstacle
for enhancing the line recording density in the longitudinal
magnetic recording media can be avolded, and the magnetic recording
density can be more enhanced. Further, the thickness of magnetic
recording layer can be maintained at a certain level, and thus,
the problem of alleviation of magnetization upon heating as
sncountered in the traditiomal longitudinal magnetic recording
media can be minimized.

[0006]

In the manufacture of perpendicular magnetle recording
media, an under layer, an intermecdiate layer, a magnetic recording
layer and an overcoat are usually formed in this order on a
non-magnetic substrate., Further, a lubricating layer is often
formed on the uppermost overcoat. Inmany magnetic recording media,
a magnetic layer called as a soft magnetic layer is formed beneath
the under layer. The under layer and the intermediate layer are



a magnetic layer called as a soft magnetic layer is formed beneath the
under layer. The under layer and the intermediate layer are 3 formed for
the purpose of improving the characteristics of the magnetic recording
layer, more specifically, for providing desired crystal orientation and
controlling the shape of magnetic crystals in the magnetic recording layer.
[0007] To produce perpendicular magnetic recording media having a
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[oooeg]

BAs material for the magnetic recording layer, alloy targets
such as, for example, CoCrPt, which have been combined with silicon
oxide and/or titanium oxide, have been used (see, Ifor example,
patent document 1, below).

The magnetic recording layer formed using such alloy target
has a granular structure wherein CoCrPt crystal grains having a
nep structure are surrounded by grain boundaries comprised of
nen-magnetic silicon oxide and/or titaniumoxide, Inthisgranular
structure, good crystal oriantation and good refinement of crystal
grains and discretion of crystal grains can be achieved. Silicen
and titanium incorporated as grain boundary material in the cebalt
magneticmaterial exhibit a larger free energy changs for oxidation
than the cobalt magnetic material, and therefore, oxides of these
elements suppress the undesirable oxidation of cobalt (i.e.,
prevent or minimize the deterioration of magnetic property) (see€

for example, patent document 2, below).



than the cobalt magnetic material, and therefore, oxides of these
elements suppress the undesirable oxidation of cobalt (i.e., prevent or
minimize the deterioration of magnetic property) (see, for example, patent
document 2, below)..4 [0009] Therefore silicon oxide and titanium oxide
have a function of suppressing oxidation of cobalt and thus preventing the
decrease of the magnetic moment. However, silicon oxide and titanium
oxide pieqrporated in CoCrPt grains, exert an undesirable influence on
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Parent document 2: JP 2006-164440 A

Disclosure of the Invention
Proplems to Be Solved by the Invention
[0011]
Tr view of the foregoing background art, 2 primary object

of the present invention is €0 provide a magnetic recording medium
characterized as exhibiting enhanced discretion or decoupling of
magnetic crystal grains and enhanced refinement of crystal grain
diameter, as well as good perpendicular crientation in the
perpendicular magnetic recording layer, and thus, charagterized
as being capable of recording and reproducing information with high
gensity.

Another object of the present invention is to provide a
process for producing the magnetic recording mediuwn having the
above-mentioned beneficial characteristics.

& further object of the present invention is to provide a
magnetic recording reproducing apparatus provided with a magnstic
recording mediuwm having the above-mentioned beneficlal
characteristics,

Maans Zor Selving the Problems




A further object of the present invention is to provide a magnetic
recording reproducing apparatus provided with a magnetic recording
medium having the above-mentionéd beneficial characteristics. Means for
Solving the Problems 5 [0012] in accordance with the present invention,
there are provided the following magnetic recording medium, the following
process for producing the magnetic recording medium, and the following
magrﬁ(gggzr]ecording reproducing apparatus. (1) A perpendicular magnetic
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(2) The perpendicular magnetic recording medium as
mentioned above in (1}, whersin the content of ruthenium in the
ferromagnetic crystal grains is in the range of 1 atomic % to 15
atomic .

(3} The perpendicular magnetic recording medium as
mertioned above in (1) cr (2), wherein the oxide contained in the
magnetic layer or lavers comprising the ferromagnetic crystal
grains and the grain boundaries comprised of an oxide is at least
one oxide selected from the ¢roup conzisting of oxides of 51, Ti,
Ta, Cr, AL, W, Hb and Ru.

(4) The perpendicular magnetic recording medium as
mentioned above in any one of {1) to (3), wherein the fotal amount
of the oxide contained in the magnetic layer or layers comprlsing
the ferromagnetic crystal grains and the grain boundaries comprised
of an oxide is in the range of 2% to 20% by mole,

{oCl4]

(3) The perpendicular magnetic recording medium as
mentioned above in any one of (1) to {4), wherein the ferromagnetic
crystal grains have an average grain diemeter in the range of 3
mm to 12 nm.

{(6) The perpendicular magnetic recording medium as



of an oxide is in the range of 2% to 20% by mole. [0014] (5) The
perpendicular magnetic recording medium as mentioned above in any
one of (1) to (4), wherein the ferrom@&gnetic crystal grains have an
average grain diameter in the range of 3 nmto 12 nm. (6) The
perpendicular magnetic recording medium as 6 mentioned above in any
one of (1) to (5), wherein the thickness of the magnetic layer or each of
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8 A pquCess or'producing the perpendicular magnetic recqrdin

medilii asHfeRBTRRPEbEYAH ARFBREIG AFTE{FWHIER " Bimpfises a
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east cobalt, and an oxide material, wherein at least one of the
STFRSFBHT&gnetic material and the oxide material contains ruthenium. [0016]

(9) A magbetic recording reproducing apparatus provided with a
perpemiﬂﬂa(fmﬁ%@%@&%gmgle@um@nge@ﬁé@mma@ada@@retic
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£ 2, BEIRSAdIcular magnefic recording medium.whictypas @ perpendicylare
material, wherein at least one of the ferromagnetic material and
the oxide material contains ruthenium.

[0018]

(3) A magnetic recording reproducing apparatus provided
with & perpendicular magnetic recording medium and a magnetic head
for recording and reproducing an information in the magnetic
recording medium, characterized in that the perpendicular magnetic
recording medium is the one as mentioned above in any ong of (1)
e (7).

Effect of the Invention

(0017}

Becording te the present invention, there is provided a

perpendicular magnetic recording medium, which has a perpendicular
magnetic recording layer wherein the crystal c-axle in a hep
structure is oriented perpendicularly to the surface of substzate
with & minimized angle vsriation, and the ferromagnetic crystal
grains constituting the perpendicular magnetic recording layer
nave an extremely small average grain diameter, and which exhibits
highly enhanced recording density characteristic.

Brief Description of the Drawings
[0018]



magnetic recording layer wherein the crystal c-axis in a hop structure is
oriented perpendicularly to 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 enhanced recording density
characteristic. Brief Description of the Drawings [0018] 7 Fig. 1lis a
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. recording layer 6 Overcoat 10 Magnetic recording medium 11

IYREGRfRdriving part 12 Magnetic head 13 Head driving part 14
Recdtditgresproduciagsignal system Best Mode for Carrying Out the
Inventien ¢0020] The invention will now be described more specifically
with reference to the accompanying drawings. As illustrated in Fig. 1, the
perp%na@gﬁ’larflanqggeﬁéﬁc sr%#&%%emedium 10 (which is hereinafter
referfed¥eis mepRpietie t806YEing medium” when appropriate) according
to the presest Twestion has a multilayer structure comprising at least a
soft ¢ Intermediate layer

5 Perpendicular magnetic recording laysz

6 Overcoat

10 Megnetilo recording medium

11 Medium-driving part

12 Magnatic head

13 Head driving part

14 Recording-reproducing signal system

Best Mode for Carrying Out the Invention

[0020]

The invention will now be described more specifically with
reference to the accompanying drawings.

As jllustrated in Fig. 1, the perpendicular magnetic
recording medium 10 (which is hereinafter referred to as “magnetic
recording medium” when appropriate) according te the present
inventlion has & multilaver structure comprising at least z soft
magnetic laysr 2; an under layer 3 and an intermediate layer &,
which constitute an orientation~controlling layer having a
function of controlling orientation in & layer formed thereon; and
a perpendloular magnetic recording leyer 5 (which iz hereinafier
referred to as “magnetic recording layer” when approprisate),
wherein the axis of easy magnetization (i.s., crystal c-axis) is
orientated in a direction approxinmately perpendicular to the
surface of substrate 1; and an optional the overcoat 6; which are
formed in thls order on the substrate 1.



magnetic layer 2; an under layer 3 and an intermediate layer 4, which
constitute an orientation-controlling layer having a function of controlling
orientation in a layer formed thereo; and a perpendicular magnetic
recording layer 5 (which is hereinafter referred to as "magnetic recording
layer" when appropriate), wherein the axis of easy magnetization (i.e.,
crystal c-axis) is orientated in a direction approximately perpendicular to
the sudage.9fsubisiiater] mapestt.epiepat timgvesgeat 6; whickhmpeised
£ Qrmed i i oiehan the sibsirated & Higparpendiglar agecigase
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used In the magnetic recording medium according to the present
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Ra < 1 angstrom, are preferably used. The substrates may be
textured to some extent.

(0022}

In the precess 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
interlaver adhesion. The washing can be conducted with water.
Etching (1.e., reverse sputtering) may also be adopted for washing.
The size of the substrates is not particularly limited.

[0023]

The respective layers of the magnetlc recording medium will
be axplained.

The soft magnetic layer is widely provided in many
perpendicular magnetic recording media. The soft magnetic layer
nas a function of, when a signal is recorded in the magnetic
recording medium, conducting recording magnetic fisld from a head
and imposing a perpendicular magnetic recording field o 2 magnetic
recording layer in the magnetic recerding medium with enhanced
afficiency.



The size of the substrates is not particularly limited. [0023] The respective
layers of the magnetic recording medium will be explained. The soft
magnetic layer is widely provided infimany perpendicular magnetic
recording media, The soft magnetic layer has a function of, when a signal
is recorded in the magnetic recording medium, conducting recording
magnetic field from a head and imposing a perpendicular magnetic
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prefe@ %ll?as an amorphous or microcrystalline structure because the
surface roughness (Ra) is reduced and thus lift-up of a head
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rientation of 't agnetic recording layer is _
The total thickness of the soft magnetic layer or layers 1s

appropriately determined depending upon the balance between the
recording/reproducing characteristics of the magnetic recording
layer and the OW characteristics thersof, but the total thickness
of the soft magnetic laver or layvers is usually in the range of
about 20 nm to 120 nm.

10025]

An orlentation contrel layer having a functien of
controlling the orientation of the magnetic recording layer is
formed on the soft magnetic laver in the perpendicular magnetic
recording medium of the invention. The crientation control layer
has & multi-layer structure which comprises an under layer, and
an intermediate laver, formed in this order ¢n the soft magnetlc
laver.

The under layer 1ls comprised of, for example, tantalum, or
metal or metal alloys having a fcc structure capable of being
oriented in the {111} erystal plans, such as, for example, Ni, Ni-Nb,
Ni-Ta, Ni-V, Ni-W, NiFe and Pt.

{0026]

Even in the case vhen the soft magnetic layer has an amerphous
or microsrystalline structure, the surface roughness (Ra) 1s
sometimes increased depending upon the material for the soft



formed on the soft magnetic layer in the perpendicular magnetic

recording medium of the invention. The orientation control layer has a
multi-layer structure which comprisé8 an under layer, and an intermediate
layer, formed in this order on the soft magnetic layer. The under layer is
comprised of, for example, tantalum, or metal or metal alloys having a fcc
structure capable of being oriented in the (111) crystal plane, such as, for

madRianple, Nis Ni-Nhy NisTas sV haMindh NiFe,9ad R, {0026] Rven i e,
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Ra lA¥er-feppingcenditions: andihesaiorei onnen-megneligemorphessrayey
1 can be formed between the soft magnetic layer and the orientation control
yér to reduce Ra and improve the crystal orientation in the magnetic
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rough speface, which is obtained by conducting the formation of

gne P B T e 4200
reqRBH R ARSIy #FRPSEHEIkes FesUAS TR ARRTe MRsdAIS T RYr Faving
stadeodtigh sufacedoughngss. ereferd) dasalisfier 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 crystal orientation
of the intermediate layer and sometimes results in an intermediate
layer having a too high surface roughness. Thersicre, to sztlsfly
both of the crystal orientation and the surface roughness, the
optimal gas pressure should preferably be chosen, or &
double-layered intermediate layer comprising & layer formed at &
low gas pressure and a laver formed at a high gas pressurs should
preferably be provided.

[00Z28]

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

The perpendicular magnetic recording laysr in the magnetic
recording medium of the invenrion is comprised of at least one
magnetic layer. The magnetic layer or at least ons of the magnetic
layers has a granular structure a@ﬁ@rising ferromagnetic crystal
grains which are predominantly comprised of cobalt and fuxnther
contain ruthenium, and further comprising grain boundaries
comprised of an oxlds,



both of the crystal orientation and the surface roughness, the optimal gas
pressure should preferably be chosen, or a double-layered intermediate
layer comprising a layer formed at dllow gas pressure and a layer formed
at a high gas pressure should preferably be provided. [0028] The
perpendicular magnetic recording layer is provided for recording a signal
thereon. The perpendicular magnetic recording layer in the magnetic
recorgipg gnedium of the invention is comprised of at least one magnetic

layer, The magnetic layer o at | one of the magneti a
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co mﬂ géa ﬁ the ferromagnetic material in the perpendicular
magne IC recor ing Tayer, there can be mentioned cobalt-based alloys |
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mopae of the magnetic layers comprises ferromagnetic  crystal grains which

are pr. %%%@inantly comprised of cobalt and further comprise ruthenium.

Thec ntént of ruthenium in the . ,
The perpendicular magnetlic recording layer comprised of at

least one magnetic layer is characterized inthat the magnetic layer
or at least one of the magnetic layers comprises ferromagnetic
crystal grains which are predeminantly comprised of cobalt and
further comprise ruthenium. The content of ruthenium in the
ferromagnetic crystal grains lspreferably inthe rangeol latomic®
to 15 atomic &,

The thickness of the magnetic layer or sach of the magnetic
layers is preferably in the range of 1 rm to 20 rm, The
ferromagnetic crystal grains have an average grain diameter
preferably in the range of 3nmto 12 nm. The averays grain diameter
can be measured on the plane-view TEM ilmages.

10031

2s mentioned above, the perpendicular magnetic recording
layer in themagnetic recording medium of the inventionmay comprise
either a single magnetic laver or two or more magnetic layers. The
single magnetic layer or at least one cf the magnetic layers
comprizes ferromagnetic crystal grains which are predeminantly
comprised of cobalt and further comprise ruthenium, and further
comprising grain boundaries comprised of an oxide. When the
perpendicular magnetic recording layer comprises two or more
magnetic layers, the magnetic layers may comprise different kinds



ferromagnetic crystal grains is preferably in the range of 1 atomic % to 15
atomic %. The thickness of the magnetic layer or each of the magnetic
layers is preferably in the range of 12nm to 20 nm. The ferromagnetic
crystal grains have an average grain diameter preferably in the range of 3
nm to 12 nm. The average grain diameter can be measured on the
plane-view TEM images, [00311, As mentioned above, the perpendicular
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preddii3antly comprised of cobalt but may or may not comprise

ruthefip.\Whenthe, perendicular magnefic-reretding laves RormBreeshe

,.wo or more magnetic I%¥ers, the tofal thickness of the ma nc_%ei_gi‘cvIaxgg}se IS,
PreSETErably T tRE Ty Bt & 15%0 hnT 1o832F The perﬁgeen icuiar
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la:mggggced by forming the respective layers thereof by sputtering target

et B R e b G T Sesendicular

fersalABHE TR CrEIRE Ry ¥ 18 Safe dB I HENPRIRGNEGRe it AR hBrising
re€obalras arvessentiakingredie frandfeptionalyniithentdmymisingprising
copalt a8 an essential ingredient and optionally further comprising
ruthenium, The ferromagnetic allovs preferably further comprise
chromit, As speclflc exanples of the fsrromagnetic alloys, there
can be mentloned cobkalt-based alloys such as Colr, CoCrPi, CoClrPtRy,
CaCrPel, ColrPiRuB, ColrPeB-¥X, ColrPtRuB~¥, CoCrPtB-X-Y and
CoCrPtRuB-¥~Y (wherein X and Y represent oxides).

(0033}

In the case when Rup0 is used as a target oxide material used
for forming the oxide for grain boundaries in the perpendicular
magnetic recording layer, & target ferromagnetic materiazl may or
may net centain ruthenium, which depends upen the sputiering
conditions. When a targst ferromagnetic material not containing
ruthenium and oxide material containing Ru0 are used, it 1s
important that the target ferromagnetlc material is selected from
cobalt alloys having added therein an additionzl element exhibiting
higher affinity with oxygen than the affinity of ruthenium with
oxygen. Such additional element includes, for example, Cr, B, T1,
Ta and Cu.

[0034]

Energy of sputtering particles 1s generally larger than the



ruthenium. The ferromagnetic alloys preferably further comprise
chromium. As specific examples of the ferromagnetic alloys, there can be
mentioned cobalt-based alloys suchias CoCr, CoCrPt, CoCrPtRu,
CoCrPtS, CoCrPtRuB, CoCrPtB-X, CoCrPtRuB-X, CoCrPtB-X-Y and
CoCrPtRuB-X-Y (wherein X and Y represent oxides). [0033) In the case
when Ru20 is used as a target oxide material used for forming the oxide
borid r&’@%&@%‘f“&'%&% in é&@&fmmswﬁrmweeﬁ@ feewding I@uﬁtﬁwrﬁen
target fefromagnetic material may or may not contain ruthenium, ?,' .
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£h@GRINRN PXides Whenides-tsioiioed fionmelemagiehaying difewenint
affinities for oxygen, an eC{ement having a high affinity for oxygen is

18 ;)TPEFeere?ﬁigﬁg%x%ﬁ%ggztﬁah an element having a poor affinity for oxygen.
The dffi#§ for oxygen is expressed by the bond energy between an

elemgat angh oxygen Hsdbekongenesayd ecemasdacgsr,i thesoysitesofied
£nde %ﬁ-‘?@e”%%% %mfmqﬁd%@%%t%ﬁ'ﬁ‘% fhe glemant. is more sasilyey,

oxidlzeé‘fﬁ) Kls seen from the_above-mentioned phenomenon, It is,
o BTG AT AL G & RRRERRIAT SXUE EORARG S B gERE S Hnicy
of sputtesadura Mmetabelementhavimged detteriaflibjty for oxygenrdtian e
ex@r@ii@'f the affinity of chromium for osygen is larger than the
affinity of ruthenium for oxygen, and therefore, when a
cobalt-based ferromagnetic alloy having added thereln chromium and
ruthenium oxide is sputtersd, chromium would be preferentially
oxidized to be thereby deposited as chromium oxide to form crystal
grain boundaries, and ruthenium would form 25 & metal a solid
solution with the ferromsgnetic slleoy. This phenomenon can be
confirmed by analyzing the chemically bound state and segregated
state of the metal elements by X-ray photoslectron spectroscopy
{XP8) and energy dispersive X-ray spectrosceopy (EDS).

(0038}

Due to the above-menticned phenomencn, when a cebalt-based
ferromagnetic alloy containing ruthenlum oxide is sputtered, a
resulting ferromagnetic crystal grains contain ruthenium. This
result is similar to the case when a cobalt~based ferromagnetic
alloy containing ruthenium metal is sputtered. Thus, under such
film-forming conditions, the desired granular structure comprising
cobalt-based ferromagnetic crystal grains containing ruthenium,
and grain boundaries comprised of an oxide can be obtained whether
& cobalt-based alley target material contains ruthenium as an



of ruthenium for oxygen can preferentially be oxidized. For example, the
affinity of chromium for oxygen is larger than the affinity of ruthenium for
oxygen, and therefore, when a cobdlt-based ferromagnetic alloy having
added therein chromium and ruthenium oxide is sputtered, chromium
would be preferentially oxidized to be thereby deposited as chromium
oxide to form crystal grain boundaries, and ruthenium would form as a
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whether the crystalline c-axis . , = ,
layer Tormed on a substrate is analyzed by X-ray diffractometry,
i.e., the crystzl plane which is parallel to the substrate surface
is analyzed by scanning the incident angle of X-ray to observe
diffraction pesks corresponding te the crystal plane. In the
perpendicular magnetic recording medium comprising a cobalt-based
alloy magnetic material, crystal orientation ocours sc that the
direction of the c~axis [002] of the hep structure is perpendicular
to the substrate surface, therefore, peaks attributed to the (002)
crystal plane are observed. Then the optical system ls swung
relative to the substrate surface while a Bragg angle diffracting
the (002) crystal plane is maintained., The diffraction intensity
of the (002) crystal plane relative o the angle at which the optical
system ig inclined is plotted to draw a rocking curve with a center
at & swung angle of zero degree. If the (002) crystal plane is
inparallel with the substrate surface, & rocking curve with a sharp
shape is obtained. In contrast, if the (002) crystal plane is
broadly distributed, a rocking curve with a broadly widened shape
iz obtained, Thus, the crystal crientation in the perpendicular
magnetic recording medium can be evaluated on the basis of the full



([002] axis) in the magnetic recording layer is arranged in perpendicular
to the substrate surface of the crystals with minimized disturbance, or not.
The full width at half maximum A65¢ of a rocking curve is determined as
follows. A magnetic recording layer formed on a substrate is analyzed by
X-ray diffractometry, i.e., the crystal plane which is parallel to the
substrate surface is analyzed by scanning the incident angle of X-ray to

wi Gbseqvendifiragion-peaks eeresponding te the eovstahplanes+s the
perpcmgigéjiar magnetic recording medium comprising a cobalt-based
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comprising rutheniom and grain boundaries comprised of an oxide, and
chiHaer6rel théTRagnetic crystal grains are smaller and the full width at half

maxini0fE®050 of the magnetic recording layer in the perpendicular

magngfic reeauling raediia is smallerdhan.those: of the-capyeriianal
wellBANEUE recording layér ol contaiing (e 8 J200E Gauer 1y
formed by a DC magnetron sputteringmethod or an RF sputteringmethod.
Impesition of RF bias, DC bias, pulse DC or pulse DC bias can be
adopted for sputtering. An inert gas such as, for example, argon
san be used ag sputtering gas, to which O gas, H:0 or N gas may
be added. The pressure of sputtering gas is appropriately chosen
for the respective layers so as to give layers with the desired
characteristics, but, the pressure is usually controlled in the
range of approximately 0.1 to 30 Pa. An appropriate pressure can
be determined depending upon the particular magnetic
characteristics of magnetic recording medium.

[0040]

An overcoat 1s provided so as to protect the magnetic
recording medium from being damaged by the contact thereof with
2 head. The overcoat includes, for example, a carbon laysr and
& 810, layer. A carbon layer is widely used. The overcozt can be
formed by, for example, a sputtering method or a plasma CVD method.
A plasma CVD method including a magnetron plasma CVD method is
popularly used in recent years.



the grain diameter and the -crystal orientation influence on the width of
oxide grain boundaries segregated on magnetic crystal grains, and
consequently influence on the recofding reproducing characteristics.
[0039) 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 biags Q@Mmp&lwm@r@mm hias ganahié yadeptenkfarange of
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trezediog déeimstied has a function of t;answzttmng signal from tha
outside to the magnetic head 12, and transmitting the reproduced
output signal from the magnetic head 12 to the cutside.

[0042]

As the magnetic head 12 provided in the magnetic recording
reproducing apparatus accerding to the present invention, there
can be used a magnetic head provided with a reproduction element
sultable for high-magnetic recording density, which includes a
magneto-resistance (MR) element exhibiting an anisotropicmagnetic
resistance (AMR) effect, a GMR element exhibiting a giant
magneto-resistance (GMR) effect and & TuMR element exhibiting &
tunneling magneto~resistance effect

Exanples

[0043]

The invention will now be described speclfically by the
following examples,

Examcle 1, Comparative Example 1

A glass substrate for HD was placad in a vacuum chamber and
the chamber was evacuated to & reduced pressure of below 1.0 x 107
Pa, A soft magnetlic laver comprisad of CollbZr and having a
thickness of 50 nm was formed on the glass substrate, and then an



circumferential recording direction; a magnetic head 12 for recording an
information in the magnetic recording medium 10 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
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of chanfiserand #ssehéniiéd®as evacuated to a reduced pressure of below
1.0 x flpRa.1A soft magnetic layer comprised of CoNbZr and having a
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Intermediate layer comprised o il}q was formed ﬁ%n the under layer by a

EXEBB @ rivg methdd i %’f-ﬁ&é& tmospPRgr&Sinttivo Stiges, that is, a Ru
layer Bidralthickries26f £O T#AMES tidfhed. At B#educed pressure of 0.6
Pa ing,first slagep andofutthescri g pe3Ru) =10 (Cr;05)

{
Example 1-3,; 90(6{312 r1BPLIRW) =10 (RuOy)
Example 1-4, 80{(CelzCrlB8Pt3Ru)-10(TiCe)
Example 1-5, 80(Cel2Crl8PL3Ru}~10(W0s)
Example 1-6, 90 (Col2Crl8Pt3Ru)~10{W0O;)
Example 1-7, QO(CG;EC“lSE’tBRu) 10 (A1:05)
Exarmole 1-8, 80(Col2Crli8Pt3Ru)=~-10(T&;Cs)
Example 1~8%, 20{Col2CrlB8PL3Ru)=3(810:)=7(T1iCy)
Example 1-10, 90(Col2Crl8PL3Ru)-2{510;) -8 (Rulz)
Example 1-11, B0{Col2CrifPL3Ru)-6{Ti0;) -4 (Taz0s)

[0045]

Por comparison, amagnetle recording layer with & thickness
of 10 nmwas formed on the intermediate layer at a reduced pressure
of 2 Pa in an argon atmosphere by substantially the same proceadure
as mentioned above in Comparative Example 1-1 through Comparative
Example 1-3, except that the composition thereof was changed as
follows.

Comparative Example 1-1, 90(Col2Crl8Pt)-10(5102)

Comparative Example 1-2, 20(Col2CrlgPt)~-10(Ti0z)

Comparative Example 1-3, 80 (Col2CrlB8PL) =3 (340 =7 (T102)



a Ru layer with a thickness of 10 nm was formed at a reduced pressure of
10 Pa in a second stage. [0044] A magnetic recording layer with a
thickness of 10 nm was formed on tBe intermediate layer by sputtering at
a reduced pressure of 2 Pain an argon atmosphere. The composition of
the magnetic recording layers formed according to the present invention
in Example 1-1 trough Example 1-11 was as follows. Example 1-1,
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fe@@@@i’%&:}; QQ@@@C;}&E@Buw(&awzasameghetgﬁely The

ISR rs
ng%)%& 3R§)é 3%%1%2) s 7 A rﬁx?g%?%@ﬂ the first parenthesis
EoriEPLEEBIR LT HI&T05T- BG05) Jer gpounts of Cr, Pt and

Ru AHE A2 GriBRLI3RY)- a(maﬁy}mﬁa%oa)d[aoaspﬁm dompasisent avhayneilsd
th‘%%gi?tg daver w dettaémsm@% oF;‘ %&%W‘Iéﬂtﬁéx@{l‘:% inggrapdiose
r at a reduced pressure, o ainana osphere v
te §ug85 ; gﬁp&gwgmﬁg?ﬁ&ﬁﬁo%{ gr’ﬂ P ml)p()g}rja gher
Exﬁo@}mﬁlamﬂ ﬂ%ﬁ@tﬁ@bﬁﬂommlﬁkample 1-3, except that the
comppgtien thereof was changed as follows. Comparative Example 1-1,

90(C rI8Pt ), Gemparative |
90(C éﬁ %KJJ%%’F% C?ompara?vecgéé@rrr?% g% %rmeci on each of the
mamm@mé%@@ym@a fé‘%@@%e%ﬁéﬁ%ﬁ% &yt gREPgHative
whick ocewr dmmediatelyheforethe fwaparentbesesirdiadormdiam.

90<C?;125{15f%%ér%92¢% Bolfndel telerdoa pipadion i ol

% of erromagnetic c rains and the oxide resgectl E
S RARBRASS £ IO 3 e DL ETP R TTeER & pafintodiot 2 7
1-YGak2 CeRBRY) referlignthat ahe retativeamobts of @RIk 1Y
characteristics thereof (i.e., signal-to-noise ratioc BNR) were
evaluated using Read-Write Analyzer 1632 and Spin Btand 81701MP,
which are available from GUZIK, US. Further, maghetostatic
property (i.e,, coercive force Ho) of the same perpendicuiar
magrnetic recording mediumg was evaluated using a Kerr tester.
Crystal orientaticn of the ferromagnetic cobalt-based alloy
crystal grains in each magnetic recording layer was evaluated by
the c~zxis crientation dispersion (4880) using X-ray
diffractometry. Average crystal grain diameter was measured on
aplain TEM image of the magnetic recording layer. These paramesters
ars widely used for evaluating the characteristics of perpendicular
magnetic recording mediums., The evaluation results are shown in
Table 1.

(00471



Ru are 12 atomic %, 18 atomic % and 3 atomic %, respectively, and the
amount of Co is the balance. This expedient expression applies to the
compositions of the ferromagnetic ggstal grains in the other Examples
and Comparative Examples, [0046] A thin carbon film as an overcoat was
formed on each of the magnetic recording layers in the above examples
and comparative examples to give a perpendicular magnetic recording
medium. Each of the perpendicular magnetic recording mediums made in
Examples 1-1 through 1-11 and%&a%ative Examples 1-1, 1-2 and 1-3
was coated with a lubricant, and recording/reproducing characteristics
thereof (i.e}, signal-to-noise ratio SNR) were evaluated Hs'mg@e[ad-Write

Analyzer 1632 and, spin giang S1701MP, which are availghip fromee 4
GUZIK}%U . Further ica@encec}roa%atlc propifty (|.e.,l‘t§ber0|§5%f_%qe HoSgg

tR8TRIRe rp &% ar magnetic recofdiig medjomis was evaluate

[+]
using a Kelr tester. GR¥RAI orientatipn of the ferromag eticobalt-baded
alloy_crystal grains in each magneti¢ recordingllayer was B/8luated hy
thesenpes Qriervast mewsmm(o&m ng}g X r%%glﬁ _raﬁso etry. , qn
Avetage crystal grainglpmeter was ine ed on a plain TEM image of
THe TanNetc regprlTeHaYeTsd iesejparameters are widely used for
evaluating the chg%%ﬁisgﬁs o%’-perperid‘ié@lar nd48hetic rééording 3:3!
madu e Tha avualils inE‘g P I TR PR H T aloloandl [O04ADumd Tadad
e ooy Te-CyoroottroT TO SUTIS AT CTSTIOWIT T [ TADICT L [UVUS Mo L I'alitc
EXERge Coﬁﬁigﬁii%ﬁ:\rbqpé?‘r%‘i’ﬁCo 4 ShSampla MagnetfisiRecorslivg
(d@)y dB) He piame-186®:Layer (0e) ter () _(nm) | Example
HKredi2Crl 8 P8 RLY: 26, BHHAROR 7.2 3.5%)5% -110(R102) xfmple 546
90{C022Cr18Pt3RU)4£i82 4682 7.23,51"1 - 2 166( r203) Example ™

( CTI3P _
SRR FO[Ce12Cr1813R) 16,65 | 4679 | 7.5 3.51

1=5 10{W0s)

Excmple 90{Co12Cri1BPI3RY]- 16.61 4736 s 4 388
1-6 10{WO2)

Exumple $G{Co12Cr18P13RU)- 16.57 4680 7.3 554
1o 7 10{AleOa)

Example PO{Col12Cr18F3RVI- 16.72 476 7.3 547
1 -8 10{Twe0s)

Example 90{Co12Cr1 BPI3RU - 648 4566 79 A 54
1—9 3{8102}-7 (THOg

Exampie RCe12C 8P13RY)- 16.58 4673 75 5,42
1—10 2{3iC)-8(RuCz)

Example P0{Cal2CrI8P13RU}- 6,58 4645 7.4 335
=11 §(1102)4{TasOs} A
Co.Bx, PO{Co120r18P1}- 15,38 4530 8.5 493
1—-1 1018102}
Co.Ex, PO{Cal2Crigkt)- 15.55 453 8.3 425
1-2 10{TI2)
Co.tx. Pof{CoTacrisri): 1551 | 4513 | 83 415
1—8 _ 3{8I02)-7 (TIO2)

[0048]

Az mesn from Table 1, the incorporation of ruthenium in the
ferromagnetic crystal grains reduces diameter of magnetic crystal
grains and enhances crystal crientation (Examples 1-1 through l-11},



1-3i0(Ru02) 16,64 4681 Sample 3.49 Example 90(C012Cr18Pt3Ru)-
16.52 4673 7.2 3.46 1 -4 10(1102) Example 90(C012Cr18Pt3Ru)- 16,65
4679 7.5 3.51 1-5 10(W03) Examiile 90(Co12Cr18Pt3Ru) 16.61 4736
7,4 3.38 | -6 10(W02) Example 90(Cal2Cr18Pt3Ru)- 16,57 4680 7.3
3.34 1-7 10(Al1203) Example 90(C012Cr18Pt3RU)- 16.72 4761 7.3 3.47
1- 8 10(10205) Example 90(Co12CrIBPt3RU)- 16,68 4566 7,2 3,54 1 -9

whi3RY 13G&P@Q&@@%@Qﬁ%@ﬁé&@ﬁﬁﬂl@p@ﬁ&?%é&é@am
-10 2(SI102)-8(Ru02) Exam Cal2 r18Pt3Ru25 58 46§5 7,4.3. i“‘
in the %?#%?ﬁ&&%%f&fﬁx %A&% B80S 15 3855 55 425 1-
and 16@102T0®EEX SHEoITTrIvmy TS HRd523 884 28 E%@ml@z) L-,
cryEka 90460l2rI8RL- 5-5.&@33'4@5?!18& 4i o r360i2) tHx 10243 10048) s
wSEeRion.Iaoie.t (g Incarperalian of tURGRINTIR ihe eRomAnaliG, <o
© ac%aista rzfgi%scl% uces amé%%%) magnetlc crystaﬁ rains and enhances

an @rygwo@@ﬁaw fRRENTRRS EIRBRGIPY- ﬁf—z%ﬁ%%ﬁ%@ﬁﬂc%rﬁré’&%l
griiecaseivemethertivmismatinegsporated thére ferronagheticrenystaic

£nSLa1s LG z &%V%Xﬂm'%&éa& &;&i@éxﬁlbmszqm@@mgaum

Incorporate e ferromagnetic crystal grains has a function o

£0 {FRETO ORIt AHAGRSTIREAT CHRRRES ISR hE Sﬁerc%?ﬂaaﬁ‘éﬁs crystal
grmmn@wacmwtmwn dmextortgresde titriretat adlsievednbyf Hen

ExiGORAANSficerysial | the above-mentioned benafits of the
farromagnetic ¢rystal grains having rutheniun incorporated therein
can be obtained even when two or more kinds of oxides are used in
combination with the ferromagnetlc crystal grains.

Example 2, Comparative Example 2

[0048]

Magnetic recording mediums were produced by the same
procedures as mentioned in Example 1 and Comparative Ezample I,
whersin a non-magnetic amorphous material Cr30Ti layer with a
thickness of 20 nm was formed instead of the soft magnetic CoNBZr

layer on the glass substrate at a reduced pressure of 0.8 Pa. The
Cr50Ti laver is completely free of magnetization in contrast to
the soft magnetic layer, and thus, the formation of the non-magnetic
amorphous materisl Cr50Ti layer was conducted for the purpese of
vibrating sample magnetrometer (VEM) measurement and torgue
measurement for evaluating saturation magnetization Ms and
perpendicular magnetic anisotzopy Ku.

The NiFe under layer, the Ru intermediate layer, the magnstic
recording layer having the fellowing composition and the carbon
overcoat were formed in this order on the non-magnstlc amorphous
Cr50Ti layer by the same procedures and under the same conditions
as adopted in the above-mentioned examples and comparative examples.
All procedures and other conditions remained the same.

10050}

Example 2-1, 90(Col2Crl8PL3Ru)-10{81i0s)

Example 2-2, 90 (Col2Crl8Pt3Ru)-10 (WOs)

Comparative Examples 2-1, 90(Col2Crl@pt)=-10(51C;)



grains having no ruthenium incorporated therein. It is presumed that this
is due to the fact that an oxide exhibits high segregation to form grain
boundaries as compared with the fé&fromagnetic crystal grains having no
ruthenium incorporated therein. As seen from Examples 1-9 to 1-11, the
above-mentioned benefits of the ferromagnetic crystal grains having
ruthenium incorporated therein can be obtained even when two or more

kindsahxidas 3¢ sRardneCoupingionyriieing seramagisc crysta
grains. xam le 2, Comparative E Ie 2, !O 49] Mﬁne%mrecordlng
medl epr)%‘i’fé%El 3y fﬁé:%% 86 &8
mamwimnamémm mmg@@ndd;ﬁgﬁ@ﬁ ApORETHEg Rstie ot ropy
Ku argesphels erteHahGrghbdayeryddrai ficknoss alcd:nieyastarmeda

ins ead of ft C QONB y S
ViR ORI TS B PA TR CISOT IS b s fosaice
meaﬁaaﬁ@ﬁﬁaaon’fﬁﬁ%d}ﬁﬁést%wﬁé%ﬁmaﬁmm Y eFaERe tﬁus the
formdtj@d 0f the non-magnetic amorphous material Cr50Ti layer was
conducted for the purpose of vibyating sample magnetrometer (VEM)
measurement and torque measurementfor evaluating saturation
maanetization. Ms and_perpendicular.magnetic anisotropy Ku. The NiEe
unger Ia%/er, e Ru inténeshstetayfer, the magnetisirecording layer
ha Wf e following gesnpositieriagd thercarbonseveraeat weredagnadin

thig Qrdeg on fhe now&n@g%ﬁm(ghous r50TI layer byjthe same
progedl.fres d under theﬁ?{f&? con |t|ons ds adop¥ed in the 6.4

(J.IJUVC II'ICIILIL.IICU Cl\alll UIII al auvc C/\C‘.III'JICO. I\ Plubcuulcb
arfdBIRT conditions %fﬁ%ﬁég ﬁﬁ?@% e. [0050] Example 2-1, .3
90(€&a12Cr18P13RY)-1D(SIBM Bkample 2-2
90(CwECr18] L’>t3Ru)_ 20(M3¥r®5ﬂrhparatlve Example, 2-1, 52
90(€6el2Cr1.8Pt)-10(Si02) ZasiComparative Example '
90(EQRCr18PY)-I0(WQd)clsiag Hre magnetig recording megdiums,
satyratipn magnetization M;s(\(%gu/cmfs) and perpeddicular magnetié
GIIIDULIU[J_Y [\ \Clglblllo} urcacri Illclgllcllb I UIUI;IIH iaycl cre e asurc
by a

[0052]

As seen from Table 2, the saturated magnetization of tha

magrnetic recording medium having a magnetic recording layer
comprising ruthenium-containing ferromagnetic crystal graing in
Examples 2-1 and 2-2 1s only several % less than that of the magnetic
recording medium having a magnetic recording layer comprising
ferromagnetic crystal grains containing ne ruthenium in
Comparative Examples 2~1 and 2-2. In contrasf, the perpendicular
magnetic anisotropy of the magnetic recording layer comprising
rutherivm~containing ferromagnetic crystal graing in Examples 2-1
and 2-2 i1s larger than that of the magnetic recording layer
comprising ferromagnetic crvstal grains containing no ruthenium
in Comparative Examples 2~1 and 2-2. This fact would be foreseen
from the fact that the magnetic recording layer comprising
ruthenivm-containing ferromagnetic crystal grains in Examples 2-1
and -2 has high crystal orientation and high coercive force as
compared with those of the magnetic recording layer comprising
ferromagnetic crystal grains contalning no ruthenium in




vibrating sample magnetometer (VSM) measurement and a torque
measurement. The test results are shown in Table 2. [0051] Table 2
Composition of Ms Ku Sample Ma@hetic Recording Layer (emu/cm3)
(10&erg/cm3) Example 90(Cal2Cr18P13Ru} 630 6A 2 - 1i0(Si02}
Example 90(Co12CriSP13Ru) 2 - 2 10(W03) 622 6.3 Co.Ex. 90 (Co 12Crl
SPt) 66G 5.3 2- 1 10($102 Co.Ex. 90(Co 12Cr i apt). 2- 1 10(WO03) 651

Co ér&%%] éﬁa?ﬁfihﬁomia@}% 25 the S@‘i‘z‘i@@@éﬁ@ﬁ%&tgﬁti@ﬂﬁf&@eﬁ.s
ic recor avin netic recording,laye
Px%%‘fﬁ‘ﬁﬁ %? urﬁ’ C%Eﬁ %ﬁ& fg%gggﬁehc%rys g%%%xs |£r$1 1sx>atmpy
of Eméslzciwci RIS OR SeVEYARTe- SERih B SPIRS AEGRERE =O
*hieﬁé’f‘éwn@@éﬁthﬁlsvl&ﬁ@ewﬁmwmﬂﬁmmh@mﬂn@éxa@nﬁ
erromagnetic. crysta i the p .
o T B e ey
g’rﬁﬁﬂﬁe%&@n’éﬁ‘éjﬁ’é%o?dm@ﬂa%ﬂ%ﬁ’ﬁﬁsmg ruthenium-containing

ferrome@imEtic crystal grains in Examples 2-1 and 2-2 is larger than that of
the He recor & L fegromagnetic crystal grains
”ﬁ%m%%m%i% e e mpies 2. an 2.2 T o
Woulmf)éC r pfFS’ﬁ“F%chﬁﬁa?ﬁ?éiﬁ o thE rSRSTHNG layer®
magoenpisiny autheniwmdesniaipig fendmhgmﬁdﬁeﬁyﬁa}l@ram magnetic
reu%@[ﬂﬁ %gy%xa@gé:—] 2 f@sf:iah!gh swab@ﬂewmmaaﬂéagbmmsweaw@@
ared with tho otema netic.rec |n er comprising . ..
onfgn% g ﬁ%vﬁ\éryg%:ef i% CiYe a%aaxf'x %\% fwﬁ‘ Werein

i con?amlﬁg ho Futhenium |
gach of the mgnetw recording lavers having thea Following

compositions and having a thickness of 12 mmwas formed by sputtering
at a raduced pressure of 2 Pa in an argon atmosphere. ALl other
procedures and conditions remained the same,

Example 3-1, 90(Col2CrlBPtlRu)-10(8i0:)

Example 3-2, 90(Col2CrlB8PtERu)-10(310Cs)

Example 3-3, 90 (Col2Crl8PtilRu)-10(510;)

Example 3-4, 80(Col2Crl8PtlsRu)~10(310;)

For comparison, a comparative magnetic recording medium was
produced by the same procedures as mentloned above except that,
instead of the magnetic recording layer coemprising ruthenium-
containing ferromagnetic crystal grains, & magnetic recording
layer having the following composition and having a thickness of
10 nm was formed by sputtering at a reduced pressure of 2 P& in
an argon atmosphere. ALl other procedures and conditions remained
the same,

Comparative Example 3-1, 90(Col2Crl8pt)-10(310;)

[Q054]

Using the above-mentioned magnetic recording mediums,
sigral~to-nolse ratio (BNR}, coercive force (He), c-axis

rientation dispersion (A850) of the cobalt-basedmagnetic crystal
grains and average grain diameter of the cobalt-bazsed magnetic
crystal grains were evaluated. The test results ars shown in Table
3,

{00551



Comparative Examples 2-1 and 2-2. This beneficial effect is presumed to
be due to the fact that the high magnetic anisotropy of the cobalt-based
magnetic crystal grains can be maiained to the largest extent by
incorporating ruthenium having a hexagonal close-packed (hcp) structure
in the cobalt-based magnetic crystal grains also having a hcp structure.
[00531 Example 3, Comparative Example 3 By the same procedures as
mentioned in Example 1, a soft magnetic layer, an under layer, an
intermediate layer, a magnetic ?@&%@uﬂg layer and a carbon overcoat
were formed in this order _on a glass substrate to give g maanetic
recording medium wherein each of the /magneti¢ recordingdaygss having
the following compgsitionggndhaving a thickness of 12 naywias forraed

b%/ﬁgﬂ:w tering a%é% yeeskpressyre of P&t an &%on apesphere Al

procedures ondltlons remainddihe salfe) Example 341, o)
90(Co12CH18Pt1Ru)-16T8M2) Examplg 3-2, 90(Col2Crl8Pt5RU)-10(SiO?
Example 3k3, 90(Cc12Cr8PH ORU)-10(Si02) u:mmplp 34"

%@@ﬁm_@CrlPtl_SPﬂjPQﬁ)%SF@?z‘)?F%ﬂcomp arisoy, a coypparative;magngtic,

. recerding medium wase {§téeuced by the same pgrocedu es as mentioned
%ng%@xcept thag, desteadapkihemagngetic recording layer comprisin
rutlgeglum- contalnlng]fﬂ@%agnetlc cryisthf-gFains ég agnét'?t re(:or?d%ﬁg

\ﬁ%m tglf%g( uu—; B&{F&erg& gRStion md-travinga ullugless of Lo MM

i by S ing at a reéfuced pressure|ok&Pa in am argors.38
phere Allother.) nel.conditions.remair

(Emnmiﬁati e E)?é}ﬁ'fﬂéz’;mﬁ@b\(@f@IECrlE P(j)g%@(9logé)7£0 D54} Usin t@e‘w

abave-merjtioned magdi¢iiCrecording mediums, | signal-to-noise ratio

(SN, coercive fqr@‘@wgbrq;gaxps orientation dispersion (A$50) o[f the

co@llt-based magnetlcm@@tﬁl gralns and‘a?v%sr ;é‘@?ﬁir dleﬁ'r?eter oft

shown in Table 3.

[0058)]

As seen from Table 3, in the case when the amount of ruthenium
in the magnetic crystal graing is in the range of 1 to 15 atomic &
{(Examples 3~1 to 3-4), the diameter of magnetic crystal grains is
small and the crystal orientation is high, to the desired extent,

v

and thus, the magnetostatic characteristic and electromagnetic
conversion charzcteristic are improved, as compared with the case
when ruthenium is not contained in the magnetic crystal grains
(Comparative Example 3-1}, Thus, it will be seen thatl the amount
of ruthenium in the magnetic crystal grains is preferably in the
range of 1 to 12 atomic %.

t0057]

Example 4, Comparablve Exampls 4

By the same procedures as mentioned in Example 1, & soft

magnetic laver, an under layer, an intsrmediate layer, a magnetic
recording layver and a carbon overcoat were formed in this crder
on a glass substrate to glve a magnetic reccrding medium wherein
each of the magnetic recording lavers having the following
compositions and having a thickness of 12 mm were formed by
gputtering at a reduced pressure of 2 Pa inh an argon atmosphare,



[0055] 23 Table 3 Average Composition of SNR He Grain Co Sample
Magnetic Recording Diame- €50 Layer (d8) (Ce) ter () (nm) Example
90(Co012Cr18Pt1 RU) 16.46 4702 72% 3,40 3-1 10(5102) Example
90(Cal2Cr18Pt5Ru) 3.2 10(Si42) 16.50 4682 7,3 3,36 Example 90(Co
12Cr18Pt10Ru) 33 10(Si02) 16.41 4663 7,4 3.38 Example
90(Cal2Cr18Pt15Ru) 16.33 4673 7,5 3.40 3-4 10(5102) Co, Ex,

A SUEHPCAIRN,I5384890.854 23,3 1R DR EJahs seon from

e case when the amount of ruthenium in the magnetic

crysBrETERe i8 14 thd F4hgeds t B5 18R Mot I {Examples 3-1 to 3-4),
the dixerepéeof AtagrigicConAtaligriigig ~<nhialiind the crystal orientation

IS hi%é@@@g Gesiredexentycand thus thesmagsstostatic characteristic
and glectromagnetic conversi cterist] improved, as
com%ﬁ%@b\i\%h%tﬁ%' ca@e&ﬁ%gﬁo'?n[‘jﬁ?e%r%’ﬁ&sfggFaégﬁ’tained in the magnetic
crystakarahg (CodmpHahoedSrBPie R )y IR Gelwill be seen that the
amouttaah Tethemy e in the praarsticalystabgrins)is preferably in the

rangg.of Lig ioatomic %&%%%&ﬁ@%%@”&%@%ﬁ&?ﬁ%%&%

the same pro%ed;tlres as méntioned in Example™T, a'soft magdnetic layer,
ProGHORECPYayEE STNRCPHRIAGIETIRY IS ARHGHIIRA rRBSMANBHATEF aHePa 2
na@aFRon Quwrepal wertdoemeatzinithis erde il awlass substrate togived
hateagneticyeording MedumWiee, med by sputtering at a reduced
pressure of 2 Pa in an argon atmosphere, All cther procedures and
conditions remained the sams.

Comparative Example 4-1, Col2Cri8Pt3Ru

[0058]

Using the above-mentioned magnetic recording mediums,
slgnal-to~noise ratie (8NR), coercive force (He), c-axis
orientation dispersion {4850) of the cobalt-based magnetic crystal
grains and average graln diemeter of the cobalt-based magnetic
crystal grains were evaluated. The test results are shown in Table
g,

[0059]



each of the magnetic recording layers having the following compositions
and having a thickness of 12 nut were formed by sputtering at a reduced
pressure of 2 Pa in an argon atmosithere, 24 All other procedures and
conditions remained the same. Example 4-1, 98 (Col2Cr18Pt3Ru)-2(Si02)
Example 4-2, 96(Col2CrI8Pt3Ru)-4(Si02) Example 4-3,
92(Col2CrI8Pt3Ru)-8(Si02) Example 4-4, 88(Col2CrI8Pt3Ru)-12(Si02)
Example 4-5, 84(CoI2CrI8Pt3RuL);§@1Ql2) Example 4-6,
80(COI2CrI8Pt3Ru) 20(S|02) For‘CTjTﬁTSé‘lson a comparative magnetlc

ng Iayer h ol
compositipn and Ceewvingl#othikness of 1 va%[:or edFBputt at

3datiieed pregsidesat 28imag argpn gmsphere || Bthereprocetiired
and condjtions remaingd the same. ¢ r@é atwe@%t pleérl, (%)

Col2CrI8 t3Ru [0058) sing the above-mentioned magne} pcording

MeeheRSTS ' —coercive force (), c-axis

S’F@ﬁféﬁo dlsp?ér(g%z égagggf’ihe cdbai-laased saagnetic zrystal giditis
alt-hased }

Bene Zeal atecﬂéTtﬁeEt%@tl@ﬁims)are shoyérb@ Table,
0A

| nrﬁlne
1

[0059) 25 Tgkglg 4

Average CompositiogfibeCR Ma Grain aamp%4 e|Magnetic
(ds)g(%@é@%mgpg%;_ayer ter () (n m) Example
Ssécﬁ% r18Pt3RU); 16,40 4685 7.9/3.56:54-1/2(8#82) Exdrfiple 3.51
67355
Example 88| 16,48 | 4673 8.1 3.4
44 12 {81C)
Example 84{Co12Cr18P13RY}- 16,42 | 44723 7.7 3,55
4.5 168102
Exampie BO{Co12Cr1BPi3RY)- 1633 | 4452 7.4 3.76
4ed 20181032}
Gj’f"' Co12Cr18F13RY 1050 | 2265 | 123 | 32
[0060]

As seen from Table 4, in the case when the amount of the oxide
in the magnetic recording layer is in the range of 2% to 20% by
mole (Examples 4-1 to 4-6), the diameter of magnetic cyrystal grains
is small and the crystal orientation is high, a&nd thus, the
magnetostatic characteristic and electromagnetic conversion
characteristic are improved. In contrast, in the case when the
oxide is not contained in the magnetic recording layer {Comparative
Example 4-1), the diameter of magnetlic crystal grains is large and
thus the crystal crientation dispersion is better than those in
Examples 4-1 to 4-6, but, the exchange coupling among magnetic
erystal grains is strong and thus the magnetostatic characteristics
ars poor, the signal-to-noise ratic is low, and the reduction of
8NR 1s &t least 5 dB.

[0061]

Example 5, Comparative Examble 5

By the same procedures as mentioned in Example 1, & soft




4-2 4(Si02) Example 92(Co012Cr18Pt3Ru)- 16.50 4682 7.6 3.51 4-3
8(5102) Example 88(C012Cr18Pt3Ru)- 16.48 4673 @.1 3.41 4-412
(5102) Example 84(Co012Cr18Pt3Rgp- 16,42 4673 7.7 3,55 4-5 16(Si02)
Example 80(Col2CrIBPt3RU)- 16.33 4652 7,4 3.76 4-6 20(SI02) Ca.Ex.
Co012Cr18Pt3RU 10.50 2265 12,3 1 3.21 4-7 [00607 As seen from Table
4,1in the case when the amount of the oxide in the magnetic recording

qﬁ&%&% g‘e ragg%%é%igg%/n oy ﬂf‘z%@r@é@ﬂﬁ@%éy%fo 4% €ric

agnetic crysta s Is small and t?le cry alﬁ?] ntation
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¥ %{?M coniainediin the gagastie serarding l@wsré%aearamg ls,

Example 4-1), the diamnieter;of. ma%netlcc rystal ﬁralnsr? Iar and
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by 4181ty they mmng@mﬂwgmmgmﬁ]ag%tw eﬁwtag@faﬁrrgﬂ%smﬁ@
Th@nd s ﬂ}ﬁm@Q@JOétati%ehﬁaaﬁ@ﬁ§&csa@r@:@oqwhezsigmal -tgHRoise
cmﬁ%‘%@ low, and the teduction of, SR IS a é%aér §9§yé@9%:5’%§8&éa

AU S AR pIE e *Same procedures as"mentioned
Lr@xampld ¢l dssmaet h%@@@%ﬁéft%ﬁ'ﬁné@r Fﬁwnah”ingﬁm@dlgte All
othayeh somaanesic sagortingiayerandaneanach tverceatwere formed in

this ogg(?qﬁ%,azg_@%%st%a(tglt@zgw@ (@/magnetic recording medium

wherein’ the magnetic recordln%ﬂlayer was formed in two stages. That is,
a flrsﬁ%w \'” and theHea second magnetic layer were formed by
sputtetngitr redired pbedsire of 2 Pa in an argon atmosphere. The

total hickpgss.of he-MagRelic-layers Wasnk2 Dddirding nedivms were
produced by the same procsdures as mentioned above except that a
single magnetic recording layer having the following composition
and having a thickness of 10 nmwas formed by sputtering at a reduced
pressure of 2 Pa in an argon atmosphere, instsad of the first and
gecond magnetic layers. ALl other procedures and conditions
remained the same.

Comparative Example 5-1, 90(ColQOCrZ0Pt)-10{5i0p)

Comparative Example 5-2, 90(Col0CrzZCPL)-10(Ti0s)

(0062}

Using the above-mentlioned magnetic recording mediums,
signal-to-noise ratic (SNR), coercive force (He), c-axils
orientation dispersion {A250) of tha cobalt-based magnetic crystal
grains and average grain diameter of the cobalt-based magnetic
crystal grains were evaluated. The test results are shown in Table
5.

[00€63]



compositions of the first and second magnetic layers were selected from
the following three compositions as shown in Table 5. All other
procedures and conditions remained the same. 90
(Col2Cr18Pt3Ru)-6(Si02)-4(RU02) 90(ColOCr20Pt)-10(Si0O2)
90(ColOCr20Pt)-10(TiO2) For comparison, comparative magnetic
recording mediums were produced by the same procedures as mentioned
above except that a single magnetic recording layer having the following
composition and having a thickne8£488 0 nm was formed by sputtering at
a reduced pressure of 2 Pa in.an argon.atmosphere.instead.of the ficst
and |{second magnetic layers. All other progedures and conditions

remainegc;h@,{ggm ggson p@gﬁx@&mle Grain | Co A8
$901Col0G§20R Ri02) 4 Dig- 50

8@(ColQCr2 l%ﬁOTlOc | i agnetic
recof d%g mecéD S S|gn onélén ?La&hge %Q%rm e

D fE i(HC)'
c-axis arientation-dispers JQQ—GA85@)-OLt-h9~ Raghete-erystal
GrainsTalaEvEra GBI FRein| dPAMREEISRERE ¢ agmatic | crygtal
grains weisdyal(iatdd. The testtegulis are shown in Table 5. [0063] 27
Ay. Copnpesittomaphkom JmsiﬁdmmtmaimCoécr%S 'Sam- |First Mdg ig

o yer

$acand.Maeneieds)Ho Diaw@ﬁ Pip Recpldifig L 4/2F Retording

m

(cettmeter () (nm) EX; 90(C Z3RU)90(ColOCTrZOPT)- 16 53 4783
6 3.4805ch16(3102)4(R u02) g%jg 2) Ex| ?g olégélspﬁﬁu
40(CotOCra@RId46.65 4785 7' 5 2 2 Au02§ To(d1855Ex
90(C010QCr20P)- 90(CalpcHHEsN1HeRaR) 18P 13RI} 16724792\ 7.3-2-34

(5102 - 9%) ] ?D(c“:mmrm
i M&?’gm oPt) 18P13RU} 16,67 14752 | T4 | 3.46
> moz) -6{5102) -4 (RUOz)
Co.
EX, FO{CoT10Cr20PH-10{810z) 1531 | 4554 B3 4.04
o1
o,
EX, 90(Co10Cr20PH-10{TiOs) 15.24 | 4481 | 82 | 4.2
52

[C064]

A seen from Table 5, in the case when at least one ol the
first and second magnetic layers is a magnetic recording laver
comprising ruthenium-containing magnetic crystal grains, the
diameter of megnetic crystal grains can be reducsd and the crystal
orientation is enhanced, and thus, the magnetostatic
characteristics and electromagnetic conversion characteristics
are improved.

[0065]

Example &, Comparative Example 6

By the same procsdures as menticned in Example 1, a soft
magnetic layer, an under layer, an intermediate layer, a magnetic
recording layer and a carbon overcoat were formed in this order

on a glass substrate to glve a nmagnstic recording medium whersin



Ex. 90(ColOCr20Pt)- 90(Col2Cr 5-4 10(7102) 18Pt3Ru) 16.67 4752 7.4
3.46 -6(5102)-4(Ru02) Co. Ex, 90(C010Cr20Pt)-10(S102) 15,31 4554
8,34.06 5-1 Co. Ex, 90(COIOCr2¢yPt)-10(Ti02) 15.24 4481 8.2 4.13 5-2
[0064] As seen from Table 5, in the case when at least one of the first
and second magnetic layers is a magnetic recording layer comprising
ruthenium-containing magnetic crystal grains, the diameter of magnetic

crystal grains can be reduced and | Qrie Qn.j han
e TR el Tl et e B o reotid " E8fet
ma tEHer e ERArsSR Nt OBiS IERERes  [IoEE R B Ak BREGEE TR AR
of Exsanpie SBy:thersamecppivettreTas megtionad incErariplg Ieysoftiad

a tﬂl%%d%%% layey» af) undey ayste an, inigpmediale lay eh MmagRlicena i ned

recording layer and a carbon overcoat were formed in this order on a
they|E&Substrate to give a magnetic recording medium wherein 28 the
magBetngpeeokhig |8YdCwadotiEd by GHutering a target material

havirﬁ%%igllﬁumgﬁgm&@}@@@ tegﬂqg?gprgﬁm) ;)f_ 2kPa in afn12

. AR prochd I B o 0LS 1o s s S Example

6-1, FOEOnIRCHSRIPIO(RUBRYERAHaBgetic recording medium was
pr%ﬁ%}%ﬁ{fﬁ?@%ﬁ@ﬁfﬁés%%@ﬁ@&eﬁ abc}vecexceptt_that a
2T S EERNG e e pranteen By e Sam poeenes Lo
by mﬁW@b@v“éa@ﬁ%ﬁm‘a%i%aaﬁéﬁ%@e%%%#@%%ﬁﬁaﬁzfsimﬂ
at thicknasseal }Qaupurasdariert by spotteringra sangetghaterial Badingk e
pr&gg%\ﬁ’%cggﬁpﬁﬂaﬁtions remained the same.

Comparative Example 6-1, 50(Col2CriBPt)-10(S10z)

Comparative Example 6=2, 90 (Col2Crl8RL4TL) =6 (810;) ~4 (Cryls)

[00e6] '

Using the above-mentioned magnetic recording mediums,
signal~to-nolse ratio (SNR), coercive force (Hel, c~axls
orientation dispersion (A850) of the cobalt-based magnetic crystal
grains and average grain diameter of the cobalt~based magnetic
erystal grains were evaluated. The test results are shown in Table
6.

100e7]

Table ©



at a reduced pressure of 2 Pa in an argon atmosphere. All other
procedures and conditions remained the same, Comparative Example 6.1,
90(Col2Cri8Pt)-10(Si02) Comparative Example 6-2,
90(Col2Crl8Pt4Ti)-6(Si02)-4(Cr203) [0066] Using the above-mentioned
magnetic recording mediums, signal-to-noise ratio (SNR), coercive force
(Hc), c-axis orientation dispersion (De50) of the cobalt-based magnetic
crystal grains and average grain diameter of the cobalt-based magnetic
crystal grains were evaluated. The test results are shown in Table 6.
~1006}1 Table 6 29 Av. 3’omposition of Cdmposition of SNRao grain Co

Z9 Sam- Magnetic Dia- b { cg aferidl (dB) ((r)e) pie Rggprding, /&
Layert meteerisgsitbmrst 90(Col2Cr- 9 Co7(,r 8t 18PtF 18P16RuU) 1683
W75317,2 B39 eheh(RUD2) 4 35.2(Crhdaeoo(Qaact- 92(ColoC Ey.
62 15Pt)- 18Pt3Ru)- 16|75/4P75ME 811 | 7(1]02)-3(Ru02)"/7102)-i
(Cr203) 92(Co12Cr- 92(Col2Cr 6-3 18Pt41i) 18Pt4Ru) 16.654762 7.3
3.32 |-6(SI&piAMBU02) -B(5102)4¢Tr-2) 9G(Col2¢r- Same as Cd,EXx,
IBM)- Compogitjenof 15.58 4539?@#@ 4.23 B-1, 1H(b1@2% Targes Materiab
9&(&:)((‘0120 eas"o' er, ZHé mposiltionof 15.31 4402 9.4 4,46
62.-6{5i0$4 /r%%ég\ Torg ‘t!‘v’!m\,..u. mg?
90((:0 120 F2(Col0lr
& 18PH- 1BPH3RW)- 1676 | 4775 73 34
52 7 {TOz)-3 (RuCn) 7 (T2 11CrOa)
FACHIICH R0t 20
:Z 18P14T) 18RRU) 1645 | 4762 7.3 332
BS54 {RUCH) S {5104 [T
Cokx oI 20- Same of
o 18P4)- Cormpodiion of 1538 | 4530 85 423
* 10{SI0s) Terget Materncl
- F{Co1 20 Sarme o8
”-‘:'2 : 18P Compastion of 1831 | 2402 B4 4Ah
' (S04 ICRO3) Target Motericl

100681
As seen from Table 6, even in the case when a target material

for forming ferromagnetic crystal grains containing no ruthenium
is used, a magnetic recording layer comprising ruthenium-
containing ferromagnetic crystal grains canbe formedby sputtering,
1# ruthenium oxide is used as & target material in combination with
the targset material for forming ferromagnetic crystal grains. The
thus-prepared magnetic recording layer comprises magnetic crystal
grains having a reduced grain diameter and the result ting magnetic
recording medium exhibits improved recording/reproducing
characteristics. It is presumed that ruthenium oxide ls
dissociated into an oxvgen atomand 8 rutheniumatem, and, the oxygen
atem iz bonded with a metal having & high affinity with oxygen,
guch as chromium or titanium, and the rutheniummetal is taken into
the ferromagnetic crystal grains,



[0068) As seen from Table 6, even in the case when a target material for
forming ferromagnetic crystal grains containing no ruthenium is used, a
magnetic recording layer comprisirgg ruthenium- containing ferromagnetic
crystal grains can be formedby sputtering, if ruthenium oxide is used as a
target material in combination with the target material for forming
ferromagnetic crystal grains. The thus-prepared magnetic recording layer
comprises magnetictlcxgxatsaé @n&%@yﬂg@ﬂ d&ﬂped grain diameter and
the resulting magnefic recording ium exhibits improved
recofdit®Preproducing characteristics. It is presumed that ruthenium oxide
is disseciateskinigar axygervathinanedimtheriortangratbsthgesent
1nvRONEER %@’Eﬁ%@%@&ﬁi‘&’_&& 3 Delal haying, a:igb ARty Wi axyaae,

such as chromium or titanium, and the ruthenium metal is taken intp, the
St RRRGIRR P Sy AT, 56 ST AP AR RCABITE, JP0ROT ThE L)
hexperperidiciiaeresorsitg Mediuat aecbiding 181 Prebeh CMERioR g% es
arecwfﬁa%gli%é %h%ﬂégﬂt#@ﬁfﬁmffyaﬁﬂE&féw@ﬂ@mmmw@tic
, recording layer, mare specifically, a_hexaqq o)
mséiﬂf&%?ég?wﬁ% rBiItS et I%%a%"e%m% é%%e%?é@g ??11 E?%g%gn icu al?r%
magtiesctiprrestr tingnikede tidtaMsante FYRAERE lahdFértonfatréiec St
o GHaiRs-In thee mamnelic kecpidiperdyeubayeranexdiamehedinall avaliges
. __grain _diameter. Therefore ihe icular. kecording medium exhibits
* m?%%%iﬁ%r%%%%fﬁ% eﬁéﬁéghﬁgggg%%g%% izing the beneficial
charB&tekistitag thes pppehdlidr SRR rétortimg Medtny 3%@6?&“!?1?
madadbedresent diventies isrsuitatledina magrietiguestrdhgireotieng e
su AR, TOL SXREAG A 1aAgnele sl apparRiiey Tisaemary] calas

magnetic recording medium is expected to have a more enhanced

eXGERORUing FEIERE L FIShSBPEREBTor new perpendicular recording

mediargugl Bl exadmpiea heCl medizg rdisopete t Aok medgRaried to
napattemhmediany 3lad recording density, and is alsc suitable for
new perpendicular recording media such as, for example, ECC media,
discrete track mediz and pattern media.



CLAIMS 1. A perpendicular magnetic recording medium comprising at
least a soft magnetic layer, an under layer, an intermediate layer and a
perpendicular magnetic recording layer, which are formed on a
non-magnetic substrate, characterized in that said perpendicular
magnetic recording layer is comprised of at least one magnetic layer,
which magnetic layer or at least one of which magnetic layers comprises
ferromagnetic crystal grains pre%gm%ntly comprised of cobalt and grain
boundaries comprised of an oxi erein said ferromagnetic crystal
grains further comprise ruthenium. 2. The perpendicular magnetic
recorting egshupeacdanding teackmnit, whersihite vetam CIRTHTEFLRT
at 'fiégg{esr%%@nﬁg@n@raeﬁéalwfms isin thesanae @i, atemic:Yetaddiate
atomlc%{ The er dicular magynetmggcor rTedlum ageor w&éo
LAY Rr®, Wgr@ﬁ é‘ A ERSRENhE Rte ma% etit Taver or layers
Formedpising thenfergnathetisirssen hairhana S aRs Bourdaresaid
pefoRRRrised of ansgxidelis Hdleasione Quiderselectemtpirosetiegrap least

consisting of oxides of S| T| I T
On%é%%%%ﬁ%ﬁajf et s r b el R Tt e of wnier
maqﬁt@tsW@Wﬁtf@f@éﬂé%lﬁﬂ%ﬁ%%ﬁaéccﬁﬁﬁhéa if'tRéTHagnetic
px@&ﬁ%&aw:eysmmpmsm e fetraagndtis:erystalgmaies dad tengrained
of b%‘r daries of A exide s n-ibesrangg ak2% 1200k byroler

he per|c§end|cu ar magnetic recording medium according to any one of
CORRAATE1 F4180AERIN the ferromagnetic crystal grains have an average

grainZliameter ipethperatigribé 8 nagte L 2aire S FHaparghdic @arcraing

«o"Ragngtic regarding medium,Acaording {0 aey one Of dansskidhagnetic

hereinthe thi ckness of the ma neti er or ea fthem tic
\gﬁftﬁy W&ﬁ’“%oﬁp%’eg lﬁ%ﬁné tﬁ% Crystal rglng egn a&%%ér:a%'

bounGaneﬁb@nmmlemi@klﬁég@ahméﬂ“ rafgE erd HRTHORRRRPEHAW
£ othe dotalthickness, ofdhe magnsticilayersdsindbeirange ofsynet iz dGyer
ox g EeLEAt UL PR Leg Lo o A b,
boundaries cowprwaad of an cxxda is at leaat one oxide selected
from the group consisting of oxides of 3i, Ti, Ta, Cr, AL, W, Nio
and Ru.

4. The perpendicular magnetic recording medium according
to any one of claims 1 to 3, wherein the total amount of the oxide
contained in the magnetic laver or layers comprising the
ferromagnetic crystal grains and the grain boundaries comprised
of an oxide isg in the range of 2% to 20% by mole.

5. The perpendicular maghetic recording medium according
=0 any one of claims 1 to 4, wherein the ferromagnetic crystal grains
have an aversge grain diameter in the range of 3 nm to 12 nm.

6. The perpendicular magnetic recording medium according
to any one of claims 1 to 5, wherein the thickness of the magnetic
layer or sach of the magnetic lavers, which cumprises the
ferromagnetic crystal grains and the grain boundaries comprised
of an oxide, is in the range of 1 nm to 20 nm; and the total thickness
of the magnetic layers is in the range of 2 rm to 40 nm.

7. The perpendicular megnetic recording medium according
to any one of claims 1 to 6, wherein the soft magnetic layer has



32 a soft magnetic non-crystalline or microcrystalline structure. 8. A
process for producing the perpendicular magnetic recording medium as
claimed in any one of claims 1 to 73%hich comprises a step of forming
the perpendicular magnetic recording layer by sputtering a target material
which comprises a ferromagnetic material comprising at least cobalt, and
an oxide material, wherein at least one of the ferromagnetic material and

a s@§°§9§ Hoalerial containg. thenium,. SyA-magnaliaiecoding ructure.

IVEPIOVO ng apparatu rowde with a rpendlcul etic.r g
medftim aﬁd%ﬁ%etfg’ﬁegﬁ P&%rgfhg RRa rep%r{i u0|nr }ﬁa&%@@@

redofotingtioredi tre atagietaad cordrry nSEuRL &ﬁé@fer&é%%n%éf%@h
n&ﬁf%'ﬁu?{éﬁaﬁf‘%ﬁﬁﬁgr@m megisntisiiEoneanetaimetirvadyng
ayoenve g;olsaggn']cstjégmg a target material which comprises a
ferromagnetic material comprising at least cobalt, ancd an cride
materizl, wherein at least one of the ferromagnetic material and
+he oxide msterial contains ruthenium.

9, A magnetic recording reproducing apparatus provided
with a perpendicular magnetic recording medium and & magnetic head
for recording and reproducing an information in the magnetic
recording medium, characterized in that the perpendicular magnetic
recording medium is the one as claimed in any one of claimeg 1 to

7.



