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15  Technical Field

The present invention relates to a magnetic recording medium, a method
manufacturing therefor, and a magnetic read/write apparatus using this magnetic

recording medium.

20  Background Art

The recording density of the hard disk drive (HDD), which is one type of
magnetic read/write apparatus, is presently increasing annually by 60% or more, and it
is thought that this tendency will continue into the future. Thus, presently
development of both magnetic recording heads and magnetic recording media that are

25  suitable for high recording densities is progressing.



WO 20041064048 PCTI/ P2004/ 000205 2 Presently, the magnetic recording nedia
generally nounted in a commercially available magnetic read/wite apparatus

are in-plane magnetic recording nedia in which the easy ' [ ONn axis
in the rraé]‘%@?‘?‘t‘%ﬁ‘ﬂ“?n is oriented parallel to the substra?@%ﬁ@r‘é&% e easy

magneti zati on axis denotes the axis along which nagnetization is easily 5
directed, and in the case of a Co alloy, denotes the ¢ axis of Co having an
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recor di ng figldiahtheihpundary area between recording bits.

In contrast, what are termed a perpendicuia: magnetic' recording medium, in
which the easy magnetization axis in the magnetic film is oriented perpendicular to the
substrate, can suppress the increase in noise even when the recording density has been

15  increased because the influence of the demagnetizing field at the boundary area between
recording bits is small and clear bit boundaries are formed. Furthermore, this
perpendicular magnetic recording mediuvm has become the focus of attention m recent
years because the higher the recording density, the more magnetostatically stable it
becomes, and the more its thermal fluctuation resistance is increased.

(’ | 20 In recent years, the use of single pole heads, which a superior writing capacity
on perpendicular magnetic recording media, are being investigated in response to the
demand for further increasing the recording density of magnetic recording media. In
order to use a single pole head effectively, providing a layer consisting of a soft
magnetic material, called the backing layer, between the perpendicular magnetic

25  recording film, which is the recording layer, and the substrate has been proposed in
order to improve the efficiency of the of the flow of the magnetic flux between the
single pole head and the magnetic recording medium.

However, the read/write characteristics become insufficient in a magnetic

recording medium that simply provides a backing layer, and thus a magnetic read/write



order to use a single pole head effectively, providing a |ayer consisting of
a soft nmagnetic material, called the backing | ayer, between the
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filmconprising a Co alloy, and a protective filmare formed on a
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per pendi cBrogctivgdtmeare £0 e BPsiRie  and several nethods for inproving
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hexagonal gnetic alloy filmis 15 Increased an he c-axis orientation of
t he hExagbes proposel suchods Japaridst Patcht Nupibey 2669529, Japanese Unexamined Patent

Application, First Publication No. Hei 08-180360, and J'apanese Unexamined Patent
Application, First Publication No. Hei 07-192244,
Japanese Patent No. 2669529 proposes a method in which thé consistency of
the lattice between the Ti alloy undercoat film and the hexagonal magnetic alloy film is
15 increased and the c-axis orientation of the hexagonal magnetic alloy film is improved by
providing a Ti undercoat film between a non-magnetic substrate and the hexagonal
magnetic alloy film, and incorporating other elements in the Ti undercoat film,
However, when using the Ti alloy undercoat film, the exchange coupling in the
magnetic alloy film becomes large, and at a result, further increasing the recording
20 density becomes difficult because the medium noise increases. e
Japanese Unexamined Patent Application, First Publication No. Hei 08-180360
proposes a method in which the c-axis orientation of the Co alloy perpendicular -
magnetic recording film is improved by forming an undercoat film consisting of Co and
Ru between 2 non-magnetic substrate and the Co alloy perpendicular magnetic
25  recording film.
However, the undercoat film consisting of Co and Ru decreases the ratio of the
residual magnetization Mr to the saturation magnetization Ms, that is, M1/Ms, of the
perpendicular magnetic recording film provided thereon. As a result, further

increasing the recording density becomes difficult because the thermal stability in the



providing a Ti undercoat film between a non-nmagnetic substrate and the
hexagonal magnetic alloy film and incorporating other elenents in the Ti
under coat _fil ver, when using the Ti alloy underc '
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Disclosure of Invention

In consideration of the problems described above, it is an object of the present
invention to provide a magnetic recording medium that can improve the read/write
15 properties and allows reading and writing data at a high density, a manufacturing
method for the same, and a magnetic read/write apparatus.
In order to obtain the objects described above, the present invention employs
- tiw following structure:
(1) A first invention for solving the problems described above is a magpetic |
20  recording medium that provides on a non-maguetic substrate at least a soft magnetic
undercoat film, a first undercoat film that controls the orientation of the film directly
above, a second undercoat film, a perpendicular magnetic recording film in which the
easy magnetization axis is generally oriented perpendicular with respect to the substrate,
and a protective film, and wherein the first undercoat film consists of Pt, Pd, or an alloy
25  including at least one thereof, and the second undercoat film consists of Ru or an Ru
alloy.
(2) A second invention for solving the problems described above is a magnetic

recording medium in which, in the magnetic recording medinm described in (1), the



per pendi cul ar magnetic recording fil mbecones strong and the nedi um noi se
I ncreases, 10 and thereby further increasing the recording density becones
~difficult. D sclosure of Invention In consideration of the problens

descri bed WAhYP&064048 | s an obj ect of the present inventiBﬁTBBZWf‘@Qﬂz% a
magneti c recording mediumthat can inprpve the read/wite 15 properties and
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prot ech i vehiékiess ofiuhd sidvad @ndertdut filmiiséquab teocgahtet thaw G.5med shd eqial B or Pd, or
an alloy 25 including at | east one thereof, and the second undercoat film
consists ddssBand0mm Ru alloy. (2) A second invention for solving the

probl ens described above is a magnetic recordi na@me,di umin which, in the
magnet i ¢ r ecor diigh dewrth inventiva fphsalving the probleses Ugscribed abeve issa magnetic
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(. 10 (5) A fifth invention for solving the problems described above is a magnetic
recording medium in which, in the magnetic recording medium described in (1), a seed
film having an amorphous structure or a microcrystal structure is provided between the
soft magnetic undercoat film and the first undercoat film.

(6) A sixth invention for solving the problems described above is a magnetic

15  recording medium in which, in the magnetic recording medium described in (1), the
first undercoat film includes C.

(7) A seventh invention for solving the problems described above is a magnetic
recording medium in which, in the magnetic recording medium described in (1), the
perpendicular magnetic recording film consists of a material that includes at least Co

(' - 20 and Pt, and has a negative nucleation field (-Hn) equal to or greater than 0.

(8) An eighth invention for solving the problems described above is a magnetic
recording medium in which, in the magnetic recording film recording medium
described in (1), the first undercoat film has a granular structure consisting of Pt or Pd,
and an oxide, |

25 (9) A ninth invention for solving the problems described above is a magnetic
recording medium in which, in the magnetic recording medium described in (8), the
oxide is selected from Si0s, AlOs, Cr03, CoO, and TayOs.

(10) A tenth invention for solving the problems described above is a magnetic

recording medium in which, in the magnetic recording medium described in (1), the



recording mediumin which, in the magnetic recordi ng nedi um described in
(1), the 5 thickness of the second undercoat filmis equal to or greater
than 0.5 al to or less than 10 nm (4) A four ' i for
sol vi ng t@ﬁ%@?@ descri bed above is a magnetic recor%&ﬁﬁ@gé{'ﬁﬁ’gi n

whi ch, in the magnetic recordi ng nedi umglescribed in (1), the first
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10 (13) A thirteenth invention for solving the problems described above is a

&

manufacturing method for a magnetic recording medium in which at least a soft
magnetic undercoat filin, a first undercoat film that controls the orientation of the film
directly above, a second undercoat film, a perpendicular magnetic recording film in
which the easy magnctization axis is generally oriented perpendicular to the substrate,
15 and a protective film are formed in sequence on a non-magnetic substrate, the first-
undercoat film consists of Pt, Pd, or an alloy that comprises at least one among them,
and the second undercoat film that consists of Ru or an Ru alloy.
(14) A fourtcenth invention for solving the problems described above is a
magnetic read/write apparatus providing a magnetic recording medium and a magnetic
20  head that reads and writes data on this magnetic recording medium, wherein the
magnetic recording medium provides on a non-magnetic substrate at least a soft
magnetic undercoat film, a first undercoat film that controls the orientation of the film
directly above, a second undercoat film, and a perpendicular magnetic recording film in
which the easy magnetization axis is generally oriented perpendicular to the substrate,
25 the first undercoat film consists of Pt, Pd, or an alloy that comprises at least one thereof,
and the second undercoat film consists of Ru or and Ru alloy.
(15) A fifteenth invention for solving the problems desciibed above is a
magnetic recording medium providing on a non-magnetic substrate at least a soft

magnpetic undercoat film, an undercoat film that controls the orientation and the crystal



oxide is selected from Si 02, A1203, Cr 203, CoO, and Ta20s. (10) A tenth
I nvention for solving the problens descri bed above is a magnetic recording

“mediumin i.ch, in _the magnetic recordi ng nedi um descri ' he WO
2004/ 06403’Eﬁﬁ@}/‘)\f@604/ 000205 6 second undercoat film hg‘g‘gréﬂ&?@#b?@%

structure consisting of Ru or an Ru alloy, and an oxide. (11) An eleventh
I nvention for solving the problens described above is a nagnetic recording
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| east on A1203, Zr2, C 208, and Ta205 are added to a CoPt all oy

or a CoCr Bada 6oih alldy thaBmchdedar legPdlandgyenti on for sol ving the probl ems
descri bed above is a manufacturing nethod for a nmagnetic recordi ng nedi um

in whiBh at | eag{l6) Aseixdteemingnetritionufodesotviag the |prpblamsi destribeddaboveais € i | m
that controls the orientation of the film directly above, a second

under coat nagnetic zeqeedipgrpdivimin yhiphetn therroagnetic serordingnmediuvnpdegsnibethén easy
magneti zatjon axjs i s gen rall.y oriented perpendi cul he substrate, 15
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t he first1 uBﬂer%‘ﬁa%)filmconsists of Pt, Pd, or an alloy that conprises at
| east one ﬂl T and the second undercoat filmthat consists of Ru or

o L1 07 (L7 QBRI st UGS kO 0 e el S 0o
”Fdl U aNGnApneBs Medording medium in which, in the magnetic recording medium described in
(15), the C content of the undercoat film is equal to or greater than 5 at% and equal to or
less than 30 at%. '
(18) An ecighteenth invention for solving the problems described above is a
-magnetic recording medium in which, in the magnetic recording medium described in
15 (15), the thickness of the undercoat film is equal to or greater than 0.5 nm and equal to
or less than 15 nm.
(19) A nineteenth invention for solving the problems described above is a
magnetic recording medium in which, in the magnetic recording medium described in
(15), an intermediate film that includes at least one of Ru and Cu is provided between
(" - 20 the undercoat film and the perpendicular magnetic recording film.
(20) A twentieth invention for solving the problems described above is a
magnetic recording medium in which, in the magnetic recording medium described in
(15), a seed film having an amorphous structure or a microcrystal structure is provided
between the undercoat film and the perpendicular magnetic recording film.
25 (21) A twenty-first invention for solving the problems described above is a
magnetic recording medium in which, in the magnetic recording medium described in
(15), the undercoat film consists of any among a Pt-C alloy, Pt-Fe-C alloy, Pt-Ni-C alloy,
Pt-Co-C alloy, Pt-Cr-C alloy, Pd-C alloy, Pd-Fe-C alloy, Pd-Ni-C alloy, Pd-Co-C alloy,
or a Pd-Cr-C alloy.



20 head that reads and wites data on this nmagnetic recording nedi um
wherein the nmagnetic recordi ng nmedi um provi des on a non-nmagneti c substrate
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25

recording film consists of a material wherein at least one of Si0,, Al;O05, ZrOs, Cr04,
and Ta,Os are added to a CoPt alloy or a CoCrPt alloy are added.

(25) A twenty-fifth invention for solving the problems described above is a
manufacturing method for a magnetic recording medium consisting- of the steps of
forming in sequence on a non-magnetic substrate at least a soft magnetic undercoat film,
an undercoat film that controls the orientation and the crystai diameter of .the film
directly above, a perpendicular magnetic recording film in which the easy magnetization
axis is generally oriented perpendicular to the subsirate, and a protective film, and the
undercoat film consists of an alloy including at least Pt and C or an alloy including at
least Pd and C.

(26) A twenty-sixth invention for solving the problems described above is a
manufacturing method for a magnetic recording medium in which, in the manufacturing
method for the magnetic recording medium described in (25), the undercoat film is

formed at a temperature between 150-400°C.,

er than 5 at %

(

(27) A twenty-seventh invention for solving the problems described above is a

magnetic read/write apparatus that provides a magnetic recording medium and a
magnetic head that reads and writes information on a magnetic recording film, wherein
the magnetic head is a single pole head, the magnetic recording medium provides on a

non-magnetic substrate at least a soft magnetic undercoat film, an undercoat film that



(18) An eighteenth invention for solving the problens descri bed above is a
magnetic recording nediumin which, in the magnetic recordi ng nedi um
- described in 15 *%15), the thickness of the undercoat filmis equal to or
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i di i | mthat .ipclud | . f ' Cu,.i i ded
bt oer " 3bhls' e SRboh0S G R chFET aRRERR of The” Mt fttal T Bheia g

o 20 ( : ! e pel . .
ot efbentiftitar GldinbMERirR ifiin S {H8 chilPmBEfuHAEn ASRIE bBIGRYOVE | o
descri bed grignted ikperdicaf®do fthd SaHBYieN P4 EIROHEN S hhd the! hRd&tof filrr]n

m crocrystal structure is provided between the undercoat film and the
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whi ch, i n ané€.magneti c recordi ng nedi um described in (15), the undercoat
filmconsists of any anong a Pt-C alloy, Pt-Fe-C alloy, Pt-N-C all oy,
Pt-Co-C al | oy, Melay, i n¢datiye nyeleation fielsl willFep explained. | oy, Pd-Ni - C al | oy,
Pd-Co-C alloy, or a Pd:C-C alloy. WO 2004/064048 PCT/ JP2004/ 000205 8 (22)
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a(b 0{,\/6 10N the saturation magnetization, the negative nucleation field (-Hn) can be expressed by the
distance Oe from the Y-axis (M-axis) to the point b.
Note that the negative nucleation field (-Hn) has a positive value when the
point b is in the region where the external magnetic field is negative (refer to Fig. 2),
and éonversely, has a negative value when the point b is in the region where the external
15  magnetic field is positive (refer to Fig. 3).
The negative nucleation field (-Hn) can be measured by using a vibrating
sample magnetometer or a Kerr effect measuring apparatus.
Note that 1 Oe = approximately 79A/m.
In addition, the thickness of each of the films can be found by observing the

( 20 medium cross-section using, for example, a TEM (transmission electron microscope).

Brief Description of Drawings

Fig. 1 is a cross-sectional drawing showing a first embodiment of the magnetic
recording medium of the present invention.
25 Fig, 2 is a schematic diagram for explaining the negative nucleation field
(-Hn).
Fig. 3 is a schematic diagram for explaining the negative nucleation field

(-Hn).



whi ch, in the magnetic recordi ng nedi um described in (15), the perpendi cul ar
magnetic recording filmconsists of a material that includes at |east Co
and Pt, V| a negative nucleation field (-Hn) eq ater

t han O. ?\gg)ﬁ&\mi%ﬁty-fourth i nvention for solving the p%g:b.(%?ﬂg%@géfi bed
above in 10 which, in the nmagnetic rectddi ng nedi um described in (15), the
per pendi cul ar magnetic recording filmeconsists of a material wherein at

or o oG Pt al| B & & Aol SEaiath Feuing ModAie Mdnd BR0diBed S0, 10"

probl ens ﬂg?gticq@&r?ﬁg‘fﬁediﬁmaoftg?ﬂi‘é%%ﬁtih"?ejnﬁﬁnmt hod for a magnetic recording

medi um con I'ng of The steps formng in sequence on a non-nagnetic
substrate at | epgt 53 56loks-SRa0AM EraWiiioshiondhg hithifd eMbodiRar 60ME nfdghétid hat
controls the oriéntation and the crystal dianeter of the film directly
above, a pesypdndnedivar ofthgpedsent ineeich. ng fil min which the easy

magneti zation axis is generally oriented perpendicular to the substrate,
and adprotecti vEigf ifl iy aanwssisectiomatishrawing $hawing ondoutk emibakimert! ofy the
including at least Pt and C or an alloy including at 20 |east Pd and C
(26) A t wangyeticimeordingymedipm0ifthe PESERIROEIRA. pr obl ens descri bed above is a

manuf act uring t hod for netic recording nmedi umin which, in the
manuf act uri ng nﬁ"&t ﬁdﬂ af%?&{ %%ﬁ‘ﬁgr{g‘? F‘gati“@ébjrﬂ%'?ﬂ‘deﬁ%a ‘Eﬂﬂt@éé‘&&adgﬁqcﬁm( 25),
t he undergpat §J m.] forped.at a tenperature between 150-400C. 25 (27) A
twenty-se %‘Hﬂ"rﬁ’&&%‘?‘("&‘ﬁ"’?’g’%"% ving the probl ens described above is a

magnet i c read/ wgigt! i gs??eﬂfsé‘-tsl:@jogﬁfi&ra%ﬁ’g’&lﬂﬁﬁnggm@ﬁlb&diﬁﬁﬁ%ﬁh@Qaa gligm and

a nmagnetic hea reads and writes information on a nmagnetic Fecording
fi 1 mioswhefegbiding Medhmooktht préveadinventionsi Ngl e pol e head, the nmagnetic 7
recordi ng nmedi um provi des on a non-magnetic substrate at |east a soft '
magnet i ¢ under cBig 9fis lanschemati dizuctoes dfavwingtshatving an Example of the magnetic

read/write apparatus of the present invention.
Fig. 10 is a schematic structural drawing showing an Example of a magnetic

head that allow use of the magnetic read/write apparatus shown in Fig. 9.
15

Best Mode for Carrying out the Invention

Fig. 1 shows a first embodiment of the magnetic recording mediuvm of the
present invention. The maguetic recording medivm shown here provides on a
non-magnetic substrate 1 a soft magnetic undercoat film 2, two undercoat films 3 and 4 o
20  that control the orientation of the film directly above, a perpendicular magnetic
recording film 5 whose easy magnetization axis is generally oriented perpendicular to
the substrate, a protective film 6, and a lubricating film 7. |
Specifically, this magnetic recording medium is structured by forming in
sequence on a non-magnetic substrate 1 the soft magnetic undercoat film 2 that consists
25 of soft magnetic material, the first undercoat film 3, the second undercoat film 4, the
perpendicular magnetic recording film 5, the protective film 6, and the lubricating film
7.

A metal substrate consisting of a metal material such as aluminum or an



WO 2004/ 064048 PCT/ JP2004/ 000205 9 controls the orientation and the crystal
dianeter of the filmdirectly above, a perpendicular magnetic recording
filmin which the easy nmagnetization axis is generally oriented

per pendi cYOA004964P48 substrate, and a protective film aRETHRNHINSCoat
film consists of an alloy that includeg at |least Pt and C or an alloy that
includes at least Pd 5 and C. Bel ow, t%e negative nucleation field will be
expl ained. As shown in Fig. 2, in the history curve (MH curve), when b’
denot es tahminimt elice canore aied s thengenimapnetih suimtiatet 1a ontre men-iegnetic
magneti zation becomes O in the process wherein the external magnetic field
i s decr e&slsiratendonskstingt efanghtmet platesiab sudlo as pdass.aepmic, siicomgsibiconzat i on,
the negative nucleation field (-Hn) can be expressed by the distance Ce
from t he c¥tbile er ¢avbenran alsg bepeedsoi nt b. Note that the negative nucleation

field (-Hn) has a positive, val ue when th oint. bis in,the regi on where
t he ex'g er nZiI ré&ngg?@hf’}l% elpss o ﬁéﬁ?ﬁ?‘ﬁl\”@e‘? ﬁ@g‘% Faty be poed asg(ju,: gﬁéﬁ B"ﬂ)éHWer sely,
has agnegatj al u t Lot b ois i.n regi.en e e, ext ernal
15 rraane%f cg‘*?{?‘é?{a“ﬁp?s%z’.ﬁﬁ‘%e E@é‘%’erort o ‘?Stﬂg:)%.tc .%?Asghcea\ﬁhngéa‘fﬁtegeasn 9 eati on
field (-- gegsy e \VARTE| i h&0can S Re or a
Kerr e%fé‘@%’ aggﬁsn’g ap%%%s@ﬁg% (ﬁtﬁg?&?é%e = approgiamatei S/’g%%ﬁm I n
addi ti ongidsfle ARiftkRatod9f hfied adh hbB Edvhpthesd fordekahiple) d ééhgﬁbﬁﬂ?ﬁéd”‘g t he
20 nmedi um cross-section using, for exanple, a TEM (transm ssion electron

M cr oscophiminuddr oxide Debymuinpta aitridé, Eiliwen ngsidej or the ifibenranforsd grodiictnal

drawi ng showi ng a first enbodi nent of the nagnetic
thereof, can be used as the ceramic substrate.

-

{ L0 The non-magnetic substrate 1 has a mean surface roughness Ra equal to or less
than 2 nm (20A), and preferably equal to or less than 1 nm, which is desirable in terms
of the application to high density recording because it is possible decrease the flying
height of the magnetic head during reading and writing.

~ The non-magnetic substrate 1 has a minute waviness (Wa) equal to or less than

15 | 6.3 nm (more preferably, equal to or less than 0.25 nm), which is desirable in terms of

the application to high density recording because it is possible to decrease the flying
height of the magnetic head during reading and \;vriting.

In addition, at least one among the chamfered edge portion and the side portion

of the chamfer portion has a mean surface roughness equal to or less than 10 nm (more

(" preferably, equal to or less than 9.5 nm), which is preferable in terms of the. flying
stability of the magnetic head.

The waviness (Wa) can be measured as the mean surface roughness in a
measuring range of 80um using, for example, a surface roughness measuring apparatus

P-12 (KLA-Tencor Co.).
25 The soft magnetic undercoat film 2 is provided in order to increase the
perpendicular direction component of the magnetic flux genératcd from the magnetic
. head and in order to establish the direction of the magnetic flux of the perpendicular
magnetic recording film 5, on which the data is recorded, more firmly in the

perpendicular direction. - This action becomes more significant in particular when a



recordi ng medi um of the present invention. 25 Fig. 2 is a schematic di agram
for explaining the negative nucleation field (-Hn). Fig. 3 is a schematic

di agram f | ai ni.ng the negative nucleation field (H 64048
PU/JPZOO%%%@@%"&?O Fig. 4 is a cross-sectional draw nghgﬁ%@‘]ﬁgggogecond
enbodi nent of the nmagnetic recording nediumof the present invention. Fig.
5 is a cross-sectional drawi ng showing a third enbodi nrent of the magnetic

i i ng. SFOR e Rt RF ARG SBlneR R 5 e rRE s B RUBRE B L of e
present 1nvent| %5 s'ﬁ‘ftgmaé]epﬁ uﬁd&ﬁ%@ﬁl}ﬁ@%ﬂ@ﬁtéc{?ﬁ st ﬁhgﬂ&.ﬁ!‘xhgteﬁﬁf@%g”al g .
10

content in the undercoat I''ma e read/wite propérties.

Cr 0SS- SECH]pEll thHt 3ME1EesTRONG, ¥9 CB chh be hsaTopiighiterl. the magnetic

recordi ng nmedium of the present invention. Fig. 9 is a schematic structural
drawi ng show ngThe folawhigeare Exhipleswd s intateridaBe Qo alleysqPp@oaFeCoBf aiidhe
present invention. Fig. 10 is a schematic structural drawi ng show ng an
Exanplée ofhealike)gRiNi alloyk €BeNi; Fel¥iMo,| ReNiGs FedliSit dand the djke), iFeAl eHolys\fHeiAd,
apparatus_shown in Fig. 9. 15 Best Mde for Carrying out the Invention Fig.
1 Shows aFeAIS: RatSif iRl Y, cFolghan cthe k) Fagr rllavarfFoer, ReCrT,

FeCrCu and the like), FeTa alloys (FeTa, FeTaC, FeTaN and the like), FeMg alloys
(FeMgO and the like), FeZr alloys (FeZrN and the like), FeC alloys, FeN alloys, FeSi
alloys, FeP alloys, FeNb alloys, FeHf alloys, and FeB alloys, CoB alloys, CoP alloys,

10 CoNi alloys (CoNi, CoNiB, CoNiP and the like), and. FeCoNi alloys (FeCoNi, FeCoNiP, ( ’
FeCoNiB and the like). |

In addition, a material can be used that has a microcrystalline - structure
consisting of FeAlO, FeMgO, FeTaN, FeZrN or the like and that incorporates Fe at 60
at% or greater, or a granﬁlar structure in which fine crystal particles are dispersed in a

15  matrix.

In addition to those cited above, it is also possible to use as the material for the
soft magnetic undercoat film 2 a Co alloy that incorporates Co at 80 at% or greater and
incorporates at least one or more selected from Zr, Nb, Ta, Cr, Mo or the like.

A CoZr alloy, CoZiNb alloy, CoZrTa alloy, CoZrCr alloy, CoZrMo alloy or the

20 like can be suitably used as this material,

The coercive force He of the soft magnetic undercoat film 2 is preferably equal
to or less than 100 Oe (and more preferably equal to or less than 20 Oe).

The coercive force He exceeding the above range is not preferable because the
soft magnetic properties become insufficient and the read back waveform is not what is

25  termed a rectangular wave, but becomes a distorted waveform.

The saturated magnetic flux density Bs of the soft magnetic undercoat film 2 is
preferably equal to or greater than 0.6T (more preferably, equal to or greater than 1T).
The Bs falling below this range is not preferable because the read back waveform is not

what is termed a rectangular wave, but becomes a distorted waveform.



present invention. The magnetic recordi ng nmedi um shown here provides on a
non- magnetic substrate 1 a soft magnetic undercoat film 2, two undercoat
films 3 and 4 20 that control the orientation of the filmdirectly above, a
per pendi cOI0HIEMEB i ¢ recording fil m5 whose easy nmagndGTHRRM0$A0039S s i s
generally oriented perpendicular to t substrate, a protective film®6, and
a lubricating film7. Specifically, thi's magnetic recording nmediumis

structured by formng in_sequence on a non-magnetic substrate 1 the soft
magneti ¢ under dgtPrequciod thergaturatedomagnetic flnxdlensieyrBs sndghe thicknessteafiths | t he

magnet Fﬂgféﬁéiése%é uhReTres! T, %‘sgx éBSﬁ%e%?x%ﬁleqh?f%mﬁ%éﬁﬁ&Et‘f WL oG 111 m
magn B . !
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non-net a erial 'sucn as (gl ass, ceram cC, SI?‘IPCOH, SI|ICOn car bi de, or

carbop capveform, Rfd HROW ﬁ%p%fﬂ%%&ﬁ%ﬁwﬁé ?ﬁ)’i:cﬂfes)adeﬁérib‘iétéﬂ lized glass can be
used as the glass substrate. 5 general - pur pdse soda-line glass or

al um nosi | i cat eSpattatsg arthdds, platdgasethbds aminthe ko usn bt ased,as Aliformation
lithiumbased crystallized glass can be used as the crystallized glass. A

si nt er ed nisthiyd bbshie sgft asagnetiaunderooptdilen?., f or exanpl e, a general - pur pose
al um num oxi de, alumnumnitride, silicon nitride, or the fiber-reinforced

products t her dldie, softanageeticsendesepat Kdmc2 cambe haveoa forgy such thpt theemateriabagnet i ¢
PAst T ot et el 8 SobRRBRE SRR SR A b B [
t(er[,rrs 0  undercoat film 3 side).

Specifically, in the region of a predetermined depth from the surface of the soft
magnetic undercoat film 2, it is possible that the material that forms the soft magnetic
undercoat film 2 is locally oxidized of that this region consists of an oxide of this
material.

15 The undercoat film 3 controls the oriantation and crystal diameter of the second
undercoat film 4 provided directly above and the perpendicular magnetic recording film
5.

The matcrial that is used in the first undercoat film 3 is Pt, Pd, or an alloy

including at least one thereof. Specifically, Pt, Pd, a Pt alloy, Pd alloy, or PtPd alloy
( "0 can be used.

By using Pt, Pd, or an alloy including at least one thereof in the first undercoat
film 3, the orientation of the second undercoat film 4 and the perpendicular magnetic
recording film 5 provided on the first undercoat film 3 can be made advantageous.

With the object of making the crystal particles of the first undercoat film 3

25 microcrystallinc? in the first undercoat film 3 it is preferable to use a Pt alloy in which
the Pt has another element added or a Pd alloy in which the Pd has another element
added. |

B, C, P, Si, A}, Cr, Co, Ta, W, Pr, Nd, Sm and the like are preferable additive

clements.



of the application to high density recording because it is possible decrease
the flying height of the nagnetic head during reading and witing. The

non- nagnetj te 1 has a m nute wavi ness (W) equa t han

15 0.3 nn$*§ﬁ@@%%%%§erably, equal to or |less than 0.25 nkf?ﬁp P@h&ﬁés '
desirable in terns of the applicationigo high density recordi ng because it

I s possible to decrease the flying height of the magnetic head during
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than 9.5 nm, I's preferablle in terns of the. flying stability of the
nmagneti c Q@astetid RRoayd filSS cbVbe maddadRAntiBesid! ed as the nean surface
roughness in a neasuring range of 80musing, for exanple, a surface
roughness neasurlh ngiditipnarititisl possible 2to( HeeAai eadlogr materinl Hasingh ¢hes afltitivnghet i ¢
undercoat film2 is provided in order to increase the er pendi cul ar

di r ectl on eleommssigiven alfove i amalipyethatcingludes R‘;@néi’dt@t?dfﬂiws)-t he magnetic head
and in order to _establish the direction of the magnetic flux of the

per pendi cul ar  higparticalar peeSprablg ghatitheivst ungdercopt Srr@naaﬁapfiagymd,
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material, and a gﬁéﬁhﬁﬁe@!} oft}@tﬁrétrlfnteia%sﬁfﬁﬁw Nr%efafabqaeq.@ﬂ t@%rgxl%% rftQin thi's

material. The follow ng are Exanples of this material: FeCo all oys (FeCo,
FeCoB 0 an@.5 nm and equal to or less than 10 nm (in particular, 1 —7 nm). When the thicknessof |

the first undercoat film 3 is within this range, the perpendicular orientation of the

perpendicular magnetic recording film 5 is particularly high and the distance between

the magnetic head and the soft magpetic undercoat film 2 during reading and writing

can be decreased. Thereby, there is no decrease in the resolution of the read signal and
15 thus it is possible to improve the read/write properties.

When the thickness falls below this range, the perpendicular orientation of the
perpendicular magnetic recording film 5 decreases, and the read/write properties and the
thermal stability deteriorate.

In addition, when this thickness exceeds this range, the crystal particles become

20 coarse and the distance between the magnetic head and the soft magnetic undercoat film C 0
2 during reading and writing becomes large. As a consequence, the resolution of the
read back signal and the read back output decrease.

The first undercoat fitm 3 preferably has a fcc structure. When the first
undercoat film 3 has a fcc structure, the orientation of the second undercoat film 4

25  provided directly above and /or the perpendicular magnetic recording film 5 is favorable,
and it is possible to make the crystal particles microcrystalline. The state of the crystal
can be confirmed, for example, by X-ray diffraction or TEM (fransmission electron
microscopy).

The first undercoat film 3 can have a granular structure consisting of Pt and an



5the like), FiN alloys (FeNi, FeNi Mo, FeN Cr, FeN Si and the like), FeAl
alloys (FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlO and the |ike), FeCr
alloys (FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC, FeTaN
and t he | W@2004864088 al | oys (FeMyO and the like), FeZr aPCHYR200#60205 and t he
i ke), FeC alloys, FeN alloys, FeSi agoys, FeP all oys, FeNb all oys, FeHf
all oys, and FaB al |l oys, CoB alloys, CoP’'alloys, 10 CoNi alloys (CoN, CoN B,
CoNi P and the like), and FeCoNi alloys (FeCoNi, FeCoNi P, FeCoN B and the
like). | noxideli tincadditionyiticen hatte xgranidar sietire bexsisting ofPdiand en oxiteal | i ne
structure consisting of FeAlQ FeI\T/gO FeTaN, FeZyN or the |ike and that
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than 100 Ce {and re preferably equa 0 or less tThan 20 Ce). The coercive

force He exceedTh@sirfe phudile of thedhstimdaebatfilaf 2inflobrced thesiffact peofils @f t
magneti c properties becone insufficient and the read back waveformis not
what is #% peepemditular negneticpecordingiile; 5 bod thequoteetiveafibin 61 and thuswmesieor m  The
saturated magnetic flux _density Bs of the soft nagnetj.c undercoat film2 is

pr ef er abl {p Bdkefhe sirfsee gremasitios jof theomagnetiggeeordingrraedipmsmall and reduce
greatgy tRAN 1 T)ye nahEnbes LL] A0 05O ! I S LAND S frbR) ol 5L Rk, Pecause
roughness Ra of the first undercoat film 3 is equal to or less than 2 nm.

Because the mean surface roughness Ra is equal to or less than 2 nm, the
surface irregularities in the magnetic recording medium can be made small, the
magnetic head flying beight during reading and writing can be made sufficiently low,

15  and thus the recording density can be increased.

When forming the first undercoat film 3, with the object of making the crystal
particles of the perpendicular magnetic recording film 5 microcrystalline, a process gas
that includes oxygen or nitrogen can be used as the film developing gas. For example,
in the case that the first undercoat film 3 is formed by using a sputtering method,

(_ | %20  preferably a gas that is a mixture consisting of oxygen mixed into argon at a volume of
approximately 0.05 to 10% (preferably, 0.1 to 3%) or a gas that is a mixture consisting
of nitrogen mixed into argon at a volume of approximately 0.01 to 20% (preferably,
0.02 to 5%) is used.

The second undercoat film 4 is for preventing distortion in the crystal structure

25  of the perpendicular magnetic recording film 5 that occur due to the difference in the
crystal lattice size between the first undercoat film 3 and the perpendicular magnetic
recording film 5 and for decreasing the exchange coupling of the magnetic particles
(crystal particles) of the perpendicular magnetic recording film 5.

Ru or an Ru alioy are materials that can be used in the second undercoat film 4.



what is terned a rectangul ar wave, but beconmes a distorted waveform WO
2004/ 064048 PCT/ JP2004/ 000205 13 The product of the saturated magnetic fl ux

density thickness t of the soft magnetic undm i , Bs
t, is pr?g?g ’@Q%aual to or greater than 40T nm (nore pre %oroajlgwga,wzequal

to or greater than 60T nn). The produd® Bs t falling below this range is
not preferabl e because the read back waveform becones a distorted 5

wavef orm and tEyeuENY RaOBEak TESalioy 9 Vid & oRHARIetdoas HilH ol @trisgioﬁﬁiﬁlcto
Sputtering nmethods, plating nmethods and the |ike can be used as the

f or mat i orimpr®ichheéreat/virie peeertiewagnet i c undercoat film 2. The soft nagnetic
under coat Pilmz can be have a formsuch that the material that fornms it is
partially or coWijihethel gbjecti off decreasing Heoth uthEacrysial Hattise rsizzc of dle tsbe@nd0 '
undercoat film3 side). Specifically, in the region of a predeterm ned depth
fr om t he undercaatefilsn 4t and thef exchangm eevpjingnizetheoparpendichlar mpgnetic rpepsdingl e t hat

t he terjal that forns the soft nmagnetic ndercaat .film2.is locally :
ox di Ded T B8k RotAlley i anshen Sement addetoid the 10f 1§ preteratiy tesd A thels The
undercoat_film 3 controlg the orientation and crystal dianmeter of the second
under coat®*f{9 efff’ﬁ\/ﬁ@ég‘ directly above and the perpendi cul ar magnetic

recording filmg T P;J(i)‘% \Vafvﬁ)rdn !thé ﬁiﬁ: a*ez%rgf&gﬂgr&dﬂ efc'}egﬁgtsundercoat film3

is Pt, Pd, or an 4l I'ncluding a one thereo pecifically, Pt,

Pd, a Pt all oy prédrably 86 thidknEisPSf Blel f¥ond ARdOROMSERN 4BY cl#dl 19 origrealtd. Or an
alloy including at | east one thereof in the first undercoat
than 0.5 nm and equal to or less than 10 nm (particularly, 1 to 6 nm). When the
10 thickness of the second undercoat film 4 is within this range, the effects of the second
undercoat film 4 (preventing distortion in the crystal structure of the perpendicular
magnetic recording film 5 and decreasing the exchange coupling of magnetic particles)
is increased and the distance between the magnetic head and the soft magnetic
undercoat film 2 during reading and writing can be made small. Thereby, it is possible
15 to improve the read/write properties without decreasing the resolution of the read back
signal.

When this thickness falls below this range, the effects of the second undercoat
film 4 decrease and the read/write properties deterioraie. In addition, when the
thickness greatly exceeds this range, the crystal particles become coarse and the

20 distance between the magnetic head and the soft magnetic undercoat film 2 during o
reading and writing increases. Thereby, the resolutioﬁ of the read back signal and the
read back output decrease.

The thickness of the second undercoat film 4 can be a value that exceeds 10 nm
(for example, equal to or greater than 15 nm).

25 Preferably, the second undercoat film 4 has a hcp structure. The crystal
structure can be confirmed by using, for example, X-ray diffraction or transmission
electron microscopy (TEM).

The second undercoat film 4 can have a granular structure consisting of Ru and

an oxide. S§iO3, AlzOs, Cr20;, CoO, or TazOs can be used as the oxide.



film3, the orientation of the second undercoat film4 and the perpendi cul ar
magnetic recording filmb5 provided on the first undercoat film 3 can be

. made advant ageous. Wth the object of naking the crystal Barticles of the
first und¥P c’g?ﬁ’ 6#048m 3 25 mcrocrystalline, in the firsPCHIRROPEYRSFi | m 3
it is preferable to use a Pt alloy in yhich the Pt has another el enent
added or a Pd alloy in which the Pd has another elenent added. B, C, P, Si,

A, C, Co, Ta

ol eront s. WD 2BUESFIBHbHS 1SCHES BIEHFEOb SIS ARG RS CoMAdR R |

g(raflls'[ Z!b: ?‘?ﬁ"tB%/llsl)‘?C O@Z%{?% &ﬁ’g @n%itf}?q} &h"{%‘fip gﬁgf’sﬁégperr{ngnmﬁlag?mgermgnet I C
recor di N Gudrhdid) oar aﬁm&eeﬁgﬂ 2! 89 ervidg gRAGY O aridlbs bP iROSSHR © 1 O

use an aI oy nma erla avi n t1ona glven aboveé 1 n an

al | oy t hyhdéleatUies 4Pas@gdnm (tRioBthiid0 ¥lectrbh rh&rd%&fgyﬂ Gl a;fméasﬁ{eg D! e that
the first undercoat filnm3 consists of any anong a

al | oys Plobbérvéd mhdpey, Pt-Co-C alloy, Pt-Cr-C alloy, Pd-C alloy, Pd- Fe C
alloy, Pd-Ni-C alloy, Pd-Co-C alloy, Pd-Cr-C alloy, or Pt-Pd-C alloy. The

t hi ckness of t [fefeassmagnetinationtaxis ofths pc@qnd'@hbﬁmhﬂgyeltqmatbrdingﬁlmgrisaater
than 10 0.5 nmand equal to or less than 10 nm (in partjcular, 1- 7 nm.
Wien t he orientedrgsaerally in theedirgction pesprndicudar tojthersabsiratenand the ppmesdlf:@lnge t he

per pendi cul ar .orienta per endi_cul neti.c.re rd| Im5 is
parti cul 838H ?W‘Eﬁ%bﬁ'@ 52@’?%‘75%&18 gl a?ﬁ&"ﬁ&gﬂéf‘?lﬁd% (8‘9 sof t
magnet i cPttlndercoat film2 during readl ng and witing can be decreased.

Ther eby, "there is no decrease in the resolution of the read signal and

{ to For example, it is possible to use a CoPt alloy or a CoCrPt alloy. In addition,

it is possible to use a material that has at least one of Si0,, Al,03, Zr0,, Cr,03, and
Ta; 05 added to the CoPt alloy or the CoCrPt alloy.

In particular, preferably a CoCrPt alloy or a material having an oxide such as
Si0;, Al;05, Zr0», or Cr,05 added to the CoCrPt alloy is used.

15 In the case that a CoCrPt alloy that does not have an oxide added is used,
preferably, the Cr content is equal to or greater than 14 at% and equal to or less than 24
at% (preferably, equal to or greater than 15 at% and equal to or less than 22 at%), and
the Pt content is equal to or greater than 14 at% and equal to or less than 24 at%
(preferably, equal to or greater than 15 at% and equal to or less than 20 at%).

(‘ | 20 The Cr content falling below this range is not preferable becaunse below this
range the exchange coupling between magnetic particles becomes large, which in turn
results in the magnetic cluster diameter becoming large and the noise increasing. In
addition, the Cr content exceeding this range is not preferable because above this range
the coercive force and the ratio of the residual magnetization (Mr) and the saturation

25  magnetization (Ms), that is, Mr/Ms, are reduced.

The Pt content falling below this range is not preferable because the effect of
improving the read/write properties becomes insufficient, and at the same time, the ratio
between the residual magnetization (Mr) and the saturation magnetization (Ms), that is,
Mr/Ms, is reduced and the thermal stability deteriorates. In addition, the Pt content



15 thus it is possible to inprove the read/wite properties. Wen the
thi ckness falls below this range, the perpendicular orientation of the

per pendi Cl""’“’gﬂ?’ﬂ“ﬁd c recording filmb5 decreases, and t ﬂﬁ@%:am)bio@
e

properties an thermal stability deteriorate. In addition, enthis
t hi ckness exceeds this range, the crystd$ particles become 20 coarse and
the di stance between the magnetic head and the soft magnetic undercoat film
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film3 has a fcc structure, the orientati on of the second undercoat film4

25 provi dafd Pxideidnrent ippRfcatly equal th6r PRiteLdh ARl 8% aNd@Ga4lit6 ok eeemkliong film
5 is favorable, and it is possible to nake the crystal particles
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by X-ray diffraction or TEM (transm ssion electron mcroscopy). The first
under coat ai%)namgt thaPt kantentispqualitd ar geeateardhaw 13 atdnand equaly tapr éﬁs thad 2h WO
2004/ 064048 PCT/ JP2004/ 000205 15 oxide. In addition, it _can have a _granul ar

st r uct ur e 2%riEare praierablyperiushte orgrepistdhan ligtfpandegpghlo oplesethan @0t %)y Ta205
b d t ide. T di t f th tal; ' f
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surface pr e of the first undercodat film3 influences the surface profile

of 10 noise increasing. In addition, the total Cr and oxide content exceeding this range is not
preferable because above this range the coercive force and the ratio of the residual
magnetization (Mr) and the saturation magnetization (Ms), that is, Mr/Ms, are reduced.
The Pt content falling below this range is not preferable because the effect of
improving the read/write properties becomes insufficient, and at the same time, the ratio
16 between the residual magnetization (Mr) and the saturation magnetization (Ms), that is,
the Mr/Ms, is reduced and the thermal stability deteriorates. In addition, the Pt content
exceeding this range is not preferable because the noise increases.
Note that “the easy magnetization axis is orienied generally in the direction
perpendicular to the substrate” means that the coercive force He(P) in the perpendicular

20  direction and the coercive force He(L) in the in-plane direction are such that Hc(P) > -
Hc(L). '

The perpendicular magnetic recording film 5 can have a one-layer structure
comprising a CoCrPt material or the like, or may have a two or more layer structure
comprising different components.

25 The thickness of the perpendicular magnetic recording film 5 is preferably 7 to
30 nm (more preferably, 10 to 25 nm). When the perpendicular magnetic recording
film 5 is equal to or greater than 7 nm, a sufficient magnetic flux can be obtained, the
output during read back does not decrease, and it is possible to prevent the confirmation

of the output waveform from becoming difficult due to the noise component. Thereby,



t he perpendi cul ar magnetic recording filmb5 and the protective film®6, and
thus in order to make the surface irregularities of the magnetic recording
~medi um smal | and reduce 10 the nagnetic head flying height during reading
and witi nfOWOEPEPHhly the nmean surface roughness Ra ofPGTAEP20Q4/09p205
undercoat film3 is equal to or |ess thﬁp 2 nm Because the nean surface
roughness Ra is equal to or less than 27run, the surface irregularities in
the magnetic recording medium can be made spall, the nmagnetic head flying
hei ght  durai mggnesiciead/waitel apparatus ghat £an be appkied to,arr Increased yecprdipg dessibihd t hus
the recording density can be increased. When form ng the first undercoat
film3, wihPewetadect of neking the crystal particles of the
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(preferably, or a ga s a mxture consistrng of nittogen
m xed i nt Eilgd gndaherd iy abWwaRcedh thpphOIdadmiritt Ppropefties twilLdderdraelfdireatal sn - 0. 02
to 599 is used. The second undercoat film4 is for preventing distortion in
t he cryst dhcrehseletnoise. 25 of the perpendi cul ar magnetic recording filmb5b

t hat occur due to the difference in the crystal l|attjce size between the

fiist undercoat The eerivnioreant the ppericuaranagnstn excreding fke Sd mepferabhi 5 and
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obtained, and in addition, the thermal stability deteriorates.

The ratio of the residual magnetization (Ms) saturation magnetization (Ms),
that is, Mr/Ms; of the perpendicular magnetic recording fitm 5 is preferably equal to or
greater than 0.9. The Mr/Ms being less than 0.9 is not preferable because the thermal

16 stability deteriorates.

The negative nucleation field (-Hn) of the perpendicular magnetic recording
film 5 is preferably equal to or greater than 0. The negative nucleation field (-Hn)
being less than O is not preferable because the thermal stability deteriorates.

The average diameter of the crystal particles of the perpeﬁdicular magnetic

(" a 20  recording film 5 is preferably equal to or greater than 5 nm and equal to or less than 12
nm. The average diameter can be found by observing the crystal particles of the
perpendicular magnetic recording film 5 using TEM (transmission electron microscopy)
and processing the observed image.

AHc/Hc of the perpendicular magnetic recording film 5 is preferably equal to

25  or less than 0.25. AHc/Hc being equal to or less than 0.25 is preferable because the
variation in the diameter of the magnetic particles (crystal particles) is smail, the
coercive force in the perpendicular direction of the perpendicular magnetic recording
film 5 becomes uniform, and thereby it is possible improve the resolution.

The protective film 6 prevents the corrosion of the perpendicular magnetic



By using Ru or an Ru alloy in the second undercoat film4, it is possible to
I nprove the read/wite properties. Wth the object of decreasing both the

crystal | | i ze of the second wundercoat film4 and

coupling ?Jn&%oﬁzmggﬁpendi cular magnetic recording 5 fil m%g,]ﬁ'gﬁ%%&ggoy
havi ng anot her el enment added to the Ruzps preferably used in the second
undercoat film4. B, C, P, Ta, W M and the like are preferable additive
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filmb5 and decreasing the exchange coupling of magnetic particles) is
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undercoat film2 during reading and witing can be made small. Thereby, it

i s possi bdquallto doldsstiranVe nhd)ethe dintidnoe i tetwperother triagaetic hémlandthermediomg t he
resol ution of the read back signal. Wien this thickness falls below this
range, tH@cembewaﬂmdtﬂmisd@ﬁraglajndmhlghmwdmasbn@ase and the
read/ wite properties deteriorate. In addition, wen t he ﬁ%{]i ckness greatly

exceeds this ra]?fﬁgﬁfabelhecoé‘i"%ﬁ%al ﬁaWPnchwlbé'&iﬁ’é seghs as _qorrm%ﬂm,st ance
Do BBl BEied BRosy AR WS IR B
o el 2rd, e 78 B QNPT pRRICK IS Bl biE BRERRE,
or griRt e Wwhieh thénsilinagnetic substrate 1, soft magnetic undercoat film 2, first undercoat ( d
film 3, second undercoat film 4, and perpendicular magnetic recording film 5 are
formed in sequence by sputtering and the like, the protective film 6 is formed by
sputtering or CVD, and the lubricating film 7 is formed by dipping or the like.
In the magnetic recording medium of the present embodiment, the first
15 undercoat film 3 consists of Pt, Pd, or an alloy of at least one among them, and the
second undercoat film 4 consists -of Ru or an Ru alloy. Thereby, the read/write
properties and the thermal stability are improved, and it is possible to read and write
high density data.
Fig. 4 shows a second embodiment of the magnetic recording medium of the
20 present invention, and the magnetic fecording medium shown here provides a seed film
8, which has an amorphous structure or a microcrystalline structure, between the soft
magnetic undercoat film 2 and the first undercoat film 3.
Using an alloy including at least one selected from among Fe, Co, and Ni, and
at least one selected from among Ta, Nb, Zr, Si, B, C, N, and O is advantageous.
25 By providing the seed film 8, the first undercoat film 3 can be formed without
being influenced by the crystallinity, crystal diameter, or surface state of the soft
magnetic undercoat film 2,
It is particularly preferable to use a material for the. seed film 8 that has a

saturated magnetic flux density Bs equal to or greater than 0.3T and a coercive force He



25 Preferably, the second undercoat film4 has a hcp structure. The crystal
structure can be confirnmed by using, for exanple, X-ray diffraction or
transm ssion electron mcroscopy (TEM. The second undercoat film4 can
have a gr WMQUIM#0&M48ct ure consisting of Ru and an oxi de PCIJER004/p002¢53
Cr203, CoO or Ta205 can be used as th 1oxi de. WD 20041064048

PCT/ JP2004/ 000205 17 Preferably, the average di aneter of the crystal

particles of the second undercoat film4 is equal to or g-{r]ieater than 5 nm
and equal equal tororlessshamt() Qe nBy uyingshisveategd forthgseedfilne &nit keepossibledo f or
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posei b ¢ PR MaEnen Wl Ble Haghbd ioRrdlly Hhodiin, Ml el Favidss g
Cr203, anjterhdfdte flfl9 dohsistingeof@ELCRMOY bétivebh eheCREHIY utlekddt filnd 4 and

particul ar, preferably a CoCrPt alloy or a material having an oxi de such as
Si 02, Al12{h38 perpeficviar mEgasilt ractdihg filmt fie CoCrPt alloy is used. 15 In the
case that a CoCrPt alloy that does not have an oxi de added is used,
preferably, theltds advsntagequsito usquralCofoalley thas dnclpdestong selectedframameggal to

or less than 24 at9 refe ly, ual 0 reater than 15 at % and equal
to or Iesgt,gpéﬂb,z'@,éi%) C, g}fLSt}n){hc ﬁl?enned%ate A9 0 q

( ' ;10 By providing the intermediate film 9, it is possible to prevent the crystallinity

of the perpendicular magnetic recording film 5 from deteriorating due to the disorder in

the crystallinity in the interface between the second undercoat film 4 and the
perpendicular magnetic recording film 5. .

The thickness of the intermediate film 9 is preferably equal to or less than 5 nm

15  (more preferably, equal to or less than 3 nm). When the thickness of the intermediate

film 9 is within this range, the effect of the intermediate film 9 (preventing the

deterioration of the crystallinity of the perpendicular magnetic recording film 5) is

increased and the distance between the magnetic head and the soft magnetic undercoat

film 2 during reading and writing can be reduced. Thereby, the read/write properties

(_ 720 can be improved without decreasing the resolution of the read back signal.

Fig. 6 shows a fourth embodiment of the magnetic recording medium of the
present invention. The magnetic recording medium shown here has a structure in
which a soft magnetic undercoat film 2, an undercoat film 23 that controls the
orientation and the crystal diameter of the film directly above, an intermediate film 24, a

25  perpendicular magnetic recording film 5 in which the easy magnetization axis is
oriented generally perpendicular to the substrate, a protective film 6, and a lubricating

film 7 are formed in sequence on a non—magn.etic substrate 1.
The non-magnetic substrate 1, soft magnetic undercoat film 2, perpendicular

magnetic recording film 5, protective film 6 and the lubricating film 7 can have the



the Pt content is equal to or greater than 14 at% and equal to or less than
24 at% (preferably, equal to or greater than 15 at% and equal to or |ess

than 20 at9 O content falling below this range_i rabl e
because b%ﬁ?({%ﬁ’f’l&gr ange the exchange coupling between ﬁgs‘ﬂg?qt%%@ﬁ i cl es
beconmes |arge, which in turn results igpthe magnetic cluster dianeter
becom ng | arge and the noise increasing. In addition, the C content

exceeding this range is not preferabl ecause above this range the
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deteriora . I'n additi t he content WD 2004/ 064048 PCT/ JP2004/ 000205

18 exdeedi ng t hiThe mixnegali used of thp hetbmicdbitetile 23 isa dllog thaiisdudeset Raste®. | n

the case that a material having an oxide added to CoCrPt is used, the total

Cr  and oamdl€.content is preferably equal to or greater than 12 at % and

equal to or less than 22 at% (nore preferably, egual to or %reater than 14
§

at % and equal t &sing PeywithawC dpnet preferable hgcduse the cpstal dinmeter Bepomest o or
Saual 1o BBy Dby eyl enfichin L parpenaiculer mARea Ao BIEs, 5 A,
because b SR PguRdbEBtsests Jipd B8 e wiRef B Rnt Indbodl L0 %A |
becon|r HRFIR thibbil ihérehddsh results in the magnetic cluster dianeter . -
becom ng large and the 10 noise increasing. In addition, the total Cr and
oxi de content esgheagidegcdalifimr 281 g&rticalafiptpreferably consists of any among a Pi-C

alloy, Pt-Fe-C alloy, Pt-Ni-C alloy, Pt-Co-C alloy, or a Pt-Ci-C alloy.

The material used in the undercoat film 23 can be an alloy that includes at least
Pd and C.

15 In the case that Pd is used without C, the crystal diameter becomes large, and

 thus the crystal diameter in the perpendicular magnetic recording film 5 that is grown

epitaxially becomes large due to the influence of the undercoat film 23, and thereby the
noise increases.

In the case that an alloy that includes Pd and C is used, the undercoat ﬁlm 23

20  particularly preferably consists of any selected from among a Pd-C alloy, Pd-Fe-C alloy,
Pd-Ni-C alloy, Pd-Co-C alloy, or Pd-Cr-C alloy.

The C content of the undercoat film 23 is preferably equal to or greater than 1
at% and equal to or less than 40 at% (more preferably, equal to or greater than 5 at%
and equal to or less than 30 at%).

25 Fig. 7 shows the relationship between the C content of the undercoat film 23
and the read/write properties.

As shown in Fig. 7, the C content of the undercoat film 23 being less than 1

at%, is not preferable because the effect of the improvement on the read/write properties

is low. The C content exceeding 40 at% is not desirable because a deterioration of the



pref erabl e because above this range the coercive force and the ratio of the
resi dual magnetization (M) and the saturation nagnetization (Ms), that is,
- M/ Ms, are reduced. The Pt content falling below this range is not

pr ef er abl WhHIAEW48 he ef fect of inproving the read/ wi tRCHIOQIOUS pecones
insufficient, and at the same tinme, theggratio 15 between the residual
magneti zation (M) and the saturation nmagnetization (M), that is, the

M/Ms, is reduced and the thernal tabil)ty deteriorates. In additign, the
Pt cont erRrieniadiQle AICAYYSt hiAs ﬁaﬁgﬂt’i enEadurie cpraperich dpd the magneigstaic
I ncreases. Notge that, "the easy magnetization axis is oriented generally in

the di recETBPFheBé‘Fﬁgﬂfﬁt?‘:ul ar to the substrate" neans that the coercive for(r:]e
Ho(P) . . ; ; .
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material or the 1i1ke, or nmmy have a two of nore |ayer structure conmprising

di ffege ntth%@ﬁﬂ&lﬁ@t_ﬁﬁtsfiixﬁ%m@ Withif KBRS San@h, e peffeRGiRGlAF WrithtdidaN6f ithe
recording filmb 1s preferably 7 to 30 nm (nore preferably, 10 to 25 nmu).

When t he pappeticilet hagneigredrdingrfilons di paticalatinhigh andthealistanceobetgieat er
than 7 nm a sufficient magnetic flux can be obtained, the output during
read backthdomagmetic htad rand b sefh dagoeticsunsieswab fibn 2odyringveeading redcwrifing mat i on
of the output waveform from becom ng difficult due to the noise conponent.
Ther eby, BvoppB4smalbosShysct ippossibledodocreaseoths Fradivaite prepertiesyyithout

apparatus, that can be li,ed to, ,an increased recording density can be
obt ai ned.slol"ﬁ’%ﬁﬂﬁﬂl,“%gﬁé’% iread ek sigpak he per pendi cul ar nagneti c recor di ng

‘Z:i I(m@ s When this thickness falls below the above range, the perpendicular orientation
in the perpendicular magnetic recording film 5 is reduced, and the read/write properties
and the thermal stability deteriorates.

In addition, when this thickness exceeds the above range, the crystal particles
become course and the distance between the magnetic head an the soft magnetic

15 undercoat film 2 during reading and writing increases. Thus, the resofution of the read
back signal and the read back output decrease.

The undercoat film 23 preferably has a fcc structure. Due to the undercoat
film 23 having a fcc structure, the orientation of the intermediate film 24 provided
directly above and/or the perpendicular magnetic recording film 5 is good, and it is

(’ ( %20  possible to make the crystal particles microcrystalline. The state of the particles can be
-confirmed, for example, by X-ray diffraction or transmission electron microscopy
(TEM),

The average diameter of the crystal particles in the undercoat film 23 is equat
to or greater than 5 nm and equal to or less than 12 nm. This average diameter can be

25  found, for example, by observing the crystal pasticles of the undercoat film 23 using
TEM (transmission electron microscopy) and processing the observed image.
The surface profile of the undercoat film 23 influences the surface profile of

the perpendicular magnetic recording film 5 and the protective film 6, and thus in order

to make the surface irregularities of the magnetic recording medium small and decrease



preferably equal to or less than 30 nm because it is thereby possible to
suppress the 5 increasing coarseness of the magnetic particles in the

per pendi cyl tic recording film5 and there is no ¢ ern.that the
read/ wri t‘&%"%@%ﬁes will deteriorate due to an incr eagg%ﬁﬁz"r’?ﬂp@éqs The
coercive force of the perpendicul ar. magmpetic recording film5 is preferably
equal to or greater than 3000 Ce. The coercive force being |l ess than 3000 Ce

Goner ty dBsRBEGs head EmiRhe o JAnng SR PRk 2P Sorthg fdeRes "
magnot |y b4 Gy Badiaa R 20 g ref GRS hal TR0 T i Dl 1) 8L LERT 00 g
film5 is pref q;e@ms}eetrﬁg;ﬁgaﬁbem%e mg@s&& RO efuad - to diCledd Adh DeimItheess :

than 0.9 is not pre ecause t thermal “15 stability deteriorates.

The negatgurcdlisfelgBRtitiedof thenthghetidlecoidin g medind afdicduta, thegiaghétic Keaor di ng
film5 is preferably equal to or greater than 0. The negative nucl eation :
fiel do(- Hiving heighp dufing rédding @nd svritbdg |y edfficidntly dertensed;, ik thdrelymitl is
stability deteriorates. The average dianeter of the crystal particles of the
per pendi quissiblertadpoatase theaBcordingrddnsity. fi Im 5 is preferably equal to or
greater than 5 amand equal to or less than 12 nm, The average di aneter can
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coercive force'in the perpendicu rection of the perpendi cul ar nagneﬁic
recor di Ngpreferably a gas that is a mixture consisting of oxygen mixed into argon at a volume of

approximately 0.05 to 10% (preferably, 0.1 to 3%) or a gas that is a mixture consisting
of nitrogen mixed into argon at a volume of approximately 0.01 to 20% (preferably,
0.02 to 5%) is used.

15 The intermediate film 24 prevents distortion in the crystal structure of the
perpeildicular magnetic recording film 5 due to the difference in the crystal lattice size
between the undercoat film 23 and the perpendicular magnetic recording film 5, and at
the same time, decreases the exchange coupling of the magnetic particles (crystal
particles) in the perpendicular magnetic recording film 5.

20 Preferably a material having a hcp structure or a fce structure is used in the
intermediate film 24.

The intermediate film 24 preferably includes at least one among Ru and Co.
The thickness of the intermediate film 24 is preferably equal to or less than 10
nm (preferably equal to or less than 6 nm) so as not to cause a deterioration in the

25 read/write properties due to the magnetic particles (crystal particles) in the
perpendicular magnetic recording film 5 becoming coarse or a decrease in the resolution
because of increase in the distance between the magnetic head and the undercoat film 2.

The thickness of the intermediate film 24 can be made a value that exceeds 10

nm (for example, equal to or greater than 15 nfn).



filmb5 becones uniform and thereby it is possible inprove the resolution.
The protective film®6 prevents the corrosion of the perpendicul ar nmagnetic
WO 2004/ 064048 PCT/ JP2004/ 000205 20 recording film5, and at the sane tine
prevent s WAHNAE64%B t he nedi um surface when the nagneti CGTERAWEM2A2ts t he

medi um Thus, it is possible to use copyventional well known materials such
as C, Si02, or Zr2. Wen the thickness of the protective film6 is equal to

or greater thapn.1 riman 5 equal to,or less than, 7 nm the distance
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manuf acture the magnetic recordi ng ne I'S pos e to use a method 10
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.undercoat film3, second undercoat film4, and perpendi cul ar nmagnetic

recor Bli nildniddrahd Begerfenditllir nfagheiiRRoRIiRY fila § dre fomgediindelpimct bl ¢he t he
protective fi m6 is fornmed by sputtering or CVD, and the lubricating film
7 i s for noo-nmgneiippabstrater 1 biyea sputtering methed maghetlike, thecprottictige fdwli uiis of t he
present enbodi nent, the first 15 undercoat film 3 consists of Pt, Pd, or an
al | oy of fenmeddst spieringeghadaarfViamacthod or dheclikr apd dea Wbreating filmy7 donsi st s
St abi ||t Jomg botiation mepen 91the BB 0cSi bi'e 1o road and wite high density
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£ ?Vil ges a seedyblddPread/write properties can be obtained when the temperature is in this
. range. |
In the magnetic recording medium of the present embodiment, the undercoat
film 23 consists of an alloy that includes at least Pt and C or an alloy that includes at
least Pd and C, and thus the read/write properties and the thermal stability improve, and
15  thereading and writing of high density data becomes possible.
Fig. 8 shows a fifth embodiment of the magnetic recording medium of the
present invention, The magnetic recording medium shown here provides a seed film 8
having an amorphous structure or a microcrystalline structure between the soft magnetic
undercoat film 2 and the undercoat film 23.
( ] g 20 The seed film ‘8 can be formed identically to that shown in the second
embodiment.
By providing the seed film 8, it is possible fo form the undercoat film 23
without being influenced by the crystallinity, the crystal grain diameter, or the surface
condition of the soft magnetic undercoat film 2.
25 Fig. 9 shows an Example of the magnetic read/write apparatus using the
| magnetic recording medium described above. The magnetic read/write apparatus
shown here provides the magnetic recording medium 10 in any of the embodiments

described above, a medium drive unit 11 that rotates the magnetic recording medinm 10,

a magnetic head that reads and writes information on the magnetic recording medium



8, which has an anorphous structure or a mcrocrystalline structure, between
the soft magnetic undercoat film2 and the first undercoat film 3. Using an
al | oy incﬁwi%'oﬁ%@ 44 €ast one sel ected from anong Fe, Co, ﬁB ' at

| east one selected fromanong Ta, Nb, Zr, Si, -B, C N, é’ﬁs Nlogloﬁ% :
advant ageous. 25 By providing the seed 3G 1m 8, the first undercoat film 3"
can be fornmed without being influenced by the crystallinity, crystal

di anet er ,1n0 : | t A i's
part | cul 4075 M PAREBICLS ofd o BRU SR sighR AR er g DARHF PR, Thd Budortl ' 2
sat ur at edjgHag gﬁb&éési%u%'s?e%‘slii rde8sses Uiput t dutPlang semdses 1b&H Qe t61He @

coercive force He WO 2004/ 064048 PCT/ JP2004/ 000205 21 equal To-or less than

100 Ce. Byagiftiotiehdil2, aRE & betondcs pobdible 36 @utut ldatathy prbcdssinpahé kdall datlo
prevent the resolution fromdeteriorating due to the distance between the
magnet i ¢ signatl froanthetthegretittheadidPet i ¢ undercoat film2. Fig. 5 shows a third
enbodi ment of the magnetic recording nediumof the 5 present invention, and-
the nBgnetic redsinglegolebsadriortpaapendigularpnagnetic Jeeprding rean rheewliedtas the | m 9
consisting of a CoCr alloy between the second undercoat film4 and the
per pendi é'ﬁ#@eﬂﬁ'&@%ﬂzc recording filmb5. It is advantageous to use a CoCr

Il that includ lected f Pt . Ta, Nb. Zr .Si B .C d o
in the i nt er medhaelPYR FnFiE 0ot PRRENF U Wy 2 et APl ahedmprieg AR 'S
i ble. t e LRI ' I
PSS! b1 © e RAEAE i Se 124 il o Pl B RAR ithecoffARA T
crystal l igat yod thefe® 1 Nterface between the second undercoat film4 and the
per pendi cul ar magnetic recording filmb5..

10 According to the magnetic read/write apparatus described above, because of ; d

using the magnetic recording medivm 10 described above, it is possible to increase both
the thermal stability and the read/write properties.
Therefore, according to the magnetic read/write apparatus, troubles. such as
data loss due to thermal fluctuation can be prevented from occurring, and at the same
15  time it is possible to implement high recording density.
The operational effect of the present invention will now be clarified by way of
examples. However, the present invention is not limited to the following examples.
Example 1
A cleaned glass substrate 1 (Ohara Co. of JAPAN, external diameter: 2.5
20 inches) was accommodated in the film formation chamber of a DC magnetron ¢
sputtering apparatus (ANELVA of JAPAN, C-3010). After air was expelled from the |
film formation chamber until an ultimate vacuum of 1x10° Pa was attained, a soft
magnetic undercoat film 2 having a thickness of 180 nm was formed on the substrate 1
using a sputtering method by using a target consisting of 89Co-4Zr-7Nb (a Co content
25  of 89 at%, a Zr content of 4 at%, and an Nb content of 7 at%). It was confirmed by
using a vibrating sample magnetometer (VSM) that the product of the saturation
magnetic flux Bs and the film thickness t, that is, B-t, of this film was 200T" nm.
Next, at 240°C, a first undercoat film 3 having a thickness of 5 nm was formed

on the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content



The thickness of the internediate film9 is preferably equal to or | ess than
5 nm 15 (nore preferably, equal to or less than 3 nn). Wen the thickness
of the internediate film9 is within this range, the effect of the

i nt er med V@ 8004064848 (preventing the deterioration of tRETEPIHHANMTity of

t he perpendicul ar nmagnetic recording fj m5) is increased and the distance
bet ween the magnetic head and the soft magnetic undercoat film 2 during

reading and witing can be reduc(%g. Thereby, the read/wite operties 20
can be i Mpfoea 2ps Ao Gontericaf 2o A Ty tareed- ¢ $pPiBhingime.ihe cyvgwl parliglesi gnal .

Fig. 6 nbodi tof th ticC. ' dj f th

or Sent VR AUFARE s TRlgaUeeaat ot HFR ORI AL OO JORALIORalt ot ur o
N whi (Y t d t film2, d t film23 that

cont rol <t Rieided SRRRIFNER %I L7 Vst @ “ui ameter of the 1lmairectly
above, an intetRil #& vulibitha tim?, 4 ﬁ%ﬂﬁﬁﬁﬁe‘i&&agﬁlgﬁ%@&;g& thigkpddiopd 11 m 5

in which the easy nmagnetization axis I's oriente ener al perpendi cul ar to
the $ubss hai Qas foricd BEhiNEa Riultanght, aﬁ’d‘ﬂlefif)el‘péhﬂicﬁl%f ina@netid feBordind/ filnd 97 NMed i N
sequence on a non-magretic substrate 1. The non-magnétic substrate 1, soft
magnet i chavigg aabitknéss|ofn20, nnp efap ésrdied byarsingnmGAEd-1 SCr-ETRF2B (Qo tortentat
protective film6 and the lubricating film7 can have the WD 2004/ 064048
PCT/ J P2064 /atfo Lysconpent sh ks ety sionteoh atd7 atfbsandi B content jat Stat@niargetent . The
undercoat. film 23 controls the origentation and the crystal diangeter of the
i nt er mediNgteethet imihessnyitesing sigp dﬁ@@ﬁ@ pbeuse 91208 WasHised AF theIQrwEiBL g m 24 and
the perpendicul ar .magneti c.recording,film5 provi irectly above. 5 The
nat er i alp%gﬂﬂl #’ﬁmfiﬂ‘én’i%ﬁﬁg’%{ﬁ‘? g@ggqnnl%ﬂ]u%%eriaé)rgﬁuxglq?g)gi ?‘Hat i ncl udes at | east
{Ptl 1ignd C.

{

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

After that, a lubricating film 7 consisting of a perfluoropolyether was formed
using a dipping method, and a magnetic recording medium was obtained. The
composition of this magnetic recording medium is shown in Table 1.

15 Comparative Example 1

Except for the first undercoat film 3 not being provided, the magpetic recording
medium was fabricated according to Example 1. The composition of this magnetic
recording medium is shown in Table 1.

Comparative Examples 2 and 3

(' !_ 20 Except for the second undercoat film 4 not being provided, the magnetic
recording media were fabricated according to Example 1. The compositions of these
magnetic recording media are shown in Table 1.

The magnetic recording media in the Example and the Comparative Examples

were evaluated. The evaluation of the read/write properties was carried out by using a
25 read/write analyzer RWA1632 and a spin stand S1701MP manufactured by GIZIK Co.
(USA).

In the evaluation of the read/write properties, a magnetic head using a single

pole electrode in the write portion and using a GMR element in the read back portion

were employed, and the recording frequency conditions were measured as a track



Using Pt without Cis not preferable because the crystal dianeter becones

| arge, and thus the crystal dianeter in the perpendicul ar magnetic recording
filmb tha#o i wn epitaxially becones |arge due to the jnfluence of the
under coat |%0lr)n‘§g‘§§&and 10- t hereby the noi se increases. ‘fﬂB}Jﬁ%ﬂ%’P@agﬁ film
23 particularly preferably consists of28any anong a Pt-C alloy, Pt-Fe-C
alloy, Pt-N-C alloy, Pt-Co-C alloy, or a Pt-C-C alloy. The material used

in the undercoat, fi be an alloy that includes at |least Pd and C.
]1_5 In théedcgl g%lgﬁgﬁ%@%ﬁﬁ@%d wi thout C, the crystal dianeter becones
arge, and th | R Taf Flud } J
recording film th:e%g%ﬁ ?%{é%?%tvllﬁ epl tg%@ﬁ&%%:g@%ﬁgp@g%gf sc}@tﬂ gécf[nﬁgd

i nfl uencgpgfe, tage tHé“ﬁ?é{gﬁ@ﬁé hédd BestdbedABoveReRPYsddNe Afér ﬁiﬁtﬁlgca{teé‘ﬁiﬁék In the.
case that an alloy that includes Pd and C i1s used, the undercoat film23 20

parti cul asdoydifg ﬁéﬁita_biﬂﬁmla%h&eﬁg%raﬁyc SEYEC, alk fa10 OF detresscd(Bltckadr) | OY,
Pd-Fe-C alloy, Pd-Ni-C alloy, Pd-Co-C alloy, or Pd-Cr-C alloy. The C

cont ent of thehmutputoeiticreapect td theABad baghradmit afftey weitingl 1 second waseetladatedan 1
at% and equal to or less than 40 at% (nore preferably, equal to or greater
than 5 abgsedaond(SeSs)at 19%(Sox3). edn thin zquadnaSedenoctss fhegread vantpiteafter

rel ati onship between the C content _ of, the undercoat, film23 and the

read/ wri the paseagsof lesgcondsattes siiing thesignalon thg magnets recarding mediums gad coat
film 23 hejng, | than.1 at%. | ot preferable bec e the effect of the
| 1o oversriogies frrerd Bkttt abeh Toliiectids; < TRS speult GRS GrabeREéndi ng 40
at%is nghlg sirabl e because a deterioration of the WO 2004/ 064048

PCT/ JP20 ? 0205 : :



23 orientation occurs. As a result, the read/wite properties and the
magnetostatic properties deteriorate. The thickness of the undercoat film

- 23 is preferably equal to or greater than 0.5 . inn and equal to or |ess
than 15 nr?yf}lzrqo‘é%“g‘lscul ar, 1 to 10 run). Wen the thi ckn®€3/ipLoosBoezos
undercoat film23 is within this range, st,he perpendi cul ar orientation of the

per pendi cul ar magnetic recording film5"s .particularly high and the
di stance bet ween—the gnetic head and the soft nagnetic undercoat film?2

during reading an at%ﬁ hego s small. Thus, it is possible to increase
the read/ writeg popers|i t|h8u | owering the resolution of the read back
signal. t.o W hi, 5 thrckmegs—fjal | s bel ow t he above range, the ,
per pendi cul ar| Pr il egt i§n §rp8hF per pendi cul ar magnetic recording filmb5 is
reduced, and fthelr Wil€ groperties and the thermal stability
deteriorates.|d nladdijli gn ey fthis thickness exceeds the above range, the
crystal partilc e%m o%e lrge and the di stance between the nagnetic head
an the soft Hﬁgﬁc%ic 15--pnd at film2 during reading and writing
increases. THus, BI§ rleso] utifon lof the read back signal and the read back
out put decreddp® ihui;nnerqp tgfiln123 preferably has a fcc structure. Due
to the underdéhé £f§}rﬁ 23 hayi ng a fcc structure, the orientation of the
i nt er medi at e {ilm 24 grovi ded irectly above and/or the perpendicul ar
magneti c recdrgigng flillm 5 isjgoqgd, and it is .0 possible to nmake the crystal
particles m gr @rggg | #n g'Tnf state of the particles can be confirned,
for exanple, | & ray'deTra¢t gn or transm ssion electron mcroscopy (|
M. The averdge_dia efler lof {he crystal particles in the undercoat film 23
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to or greater than 5 run and equal to or less than 12 nm This average

di aneter can be 25 found, for exanple, by observing the crystal particles
of the un id m23 using TEM (transm ssion el ectron_m croscopy) and
pr ocessi ng'q%)g?’g%@eér ved i mage. The surface profile of thé’qfﬁﬁ’éf’%@&?f‘%i | m 23

i nfluences the surface profile of thesgerpendicular nagnetic recording film
5 and the protective film6, and thus 1n order to nmake the surface

irregularities of .,the, tjic, recording nmediumspall and decrease
2004/ 064048 PCTISBOBBAR JoBiscs hey %&%ﬁﬁ%’f&ﬁ%%ﬁﬂ&l pp fﬁ%‘%ﬁ?‘gﬁﬁn%ﬁ}g ng
readi ng and it e sur f,ace roughi -t.he undercoat, film 23
is pref epgﬁﬂn@”ﬂé@ﬁ%ﬁ&&f@ﬂ]&} gl‘-l\aoggeél ¥ Fﬁgﬁﬁ;& m grggg g%é 3,%? ?1?'1 eﬁ‘g’éﬁo?ﬁ?’ngg%Ehe
roughnes LS o or less than 2 mu, the surface irregularities of )
t he magn%f)l a}rag“c!grggiﬂﬁgfehedi um are reduced, the magnetic head 5 flying

hei ght during nsagiopd2agd2witing is sufficiently decreased, and thereby it
is possible to ingrease the recording density. Wien form ng the undercoat
film23, with Exeemdbetie @mpteitionditthe fiest igidetcoatpfilh i3cshesnoin Tabde 2, the

per pendi cul ar magnetic recording film5 mcrocrystalline, it is possible to
use a pr auagnstigesotding media wedefabricaterbaccording toExpmplad. t he gas for film
formation. For 10 exanple, in the case that the undercoat film23 is forned

usi ng a sput t erihageadiwritedproperties of the aragpetic recgeding meadia in these Hxamples

consi sting of Qx n_mxed.in argon aj a vo of approximately 0.05 to
10% ( pr ef"%ﬁ‘%ﬁﬂ'ag‘}% -1 ']ER?IS%MS% tﬁsg%arf'ﬁ ?W?Jgaﬂ?%ture consi sting of
nitrogen mxed into argon at a vol une of approxinmately 0.01 to 20%
(preferably, 0.02 to 5% is used. 15 The internediate film 24 prevents

distortion in the crystal structure of the perpendicul ar nagnetic recording
filmb5 due to the difference in the crystal lattice size ‘L




bet ween the undercoat film 23 and the perpendi cul ar magnetic recording film
5, and at the sane tine, decreases the exchange coupling of the nmagnetic

- particles (crystal particles) in the perpendicular nmagnetic recording film
5. 20 PreVor2aa64%48 mterial having a hcp structure or a PEEIB0P4005e j s
used in the internediate film24. The 4ynternediate film 24 preferably

I ncl udes at | east one anong Ru and Co. he thi ckness of the internediate
film24 is preferably equal to or less than 10 nm (preferably equal to or

| ess than 6 nrr)( SO[ as [IpIT IO TCAURS efe€rijoration in the 25 read/wite
properties due {t t:ﬁ@@agi%tﬁ&ﬁ"é &I 8522 ystal particles) in the
per pendi cul ar m%vlgn ti qc‘;r ih LIlmt 5 beclom ng coarse or a decrease in the
resol ution beda&usg P 5.6 bo{hBljance between the magnetic head
and the undercqat fig)ﬂrézg %%E %éagsg %rgthe internediate film24 can be
made a val ue tg B;méijs 1CL> - ({Forrexarpl e, equal to or greater than 15
m) . WO 2004/ 06#048g FEUH 32 8B P31 Mote that in the present invention
a structure that doeég”ﬁp‘t‘ ‘h(r§p§’ﬂ t‘hnggﬁt rnmediate film24 is al so
possi bl e. To ngnufacturée fHe[maghdtijcirecpridi ng nmedi um descri bed above, a
met hod used i I Iﬁmg Qflte qagraﬁtt\!iqq ercoat film 2, the undercoat film
23, internedi atjg §5 Eﬁ’m"’ Sland) Ttve Tp8t PeTdi cul ar .magnetic recording filmb5
are forned in dequené& pn| tthe hoh-fmggmetit lsubstrate 1 by a sputtering
net hod or the Ifike, thelpyatec{iyg flilnmoiils formed by a sputtering method,
a CVD net hod or ‘gtgeﬁl i ke, @r.].gqigéql.,ﬁib,r kLeAFLing film7 is formed by a dipping
met hod or the I|i&eé: § I &t ergjti| v w'her| tindtefcolat film23 is forned at a
tenperature of |56 to|4pOC.
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10 Superior read/wite properties can be obtained when the tenperature is in
this range. In the nagnetic recordi ng nedium of the present enbodi nent, the
undercoat film2. consists of an alloy that includes at |east Pt and C or
an al | oy W200#8e40d8les at |east Pd and C, and thus the rREJAIPR0E0205
properties and the thermal stability i ove, and 15 the reading and
writing of high density data becones posSsible. Fig. 8 shows a fifth

enbodi ment of the magnetic recording nmediumof the present invention. The
magneti ¢ recor dAqshovayinFbindthe HEampiss in/whick the firstawdercoah fim heoprists ofn

anor phousg, stryctyre or a, mcr.ocr @taj line structure between the soft

magneti c tl?ﬁﬁ&'éﬁ%l Sl?‘?W?ﬂ%’PSH‘a”ieﬁ WIKBXOPSIHES-f i | m 23. 20 The seed film'8
can be forned igdenti.c that shown in the second 1. ; enbodinent. By
provi di ng the s@@@ﬂlﬁaﬁé)i% is possible to formthe undercoat film 23

or the surf ace ExceRE the icife" ot Ble el Mhdofoodt MmCS XA i LR 5480 7
shovs_an yEa Rl Gecifinl SndBORBHe bt GG McbiifpABRRAABIT. USI N the magneti c
g redi um [ |

recordin esc ed above. The nmagnetic read/wite apparatus shown
here provides tfig faﬂmﬁﬂecmp&ﬁwbﬂmmgwﬁclxecdﬂngm@iiﬂluﬁ»,semaﬁbmnts
descri bed above, a nmediumdrive unit 11 that rotates the magnetic recording
medi um lGvereavalaged! | Théeesdlts bfthe testedare slivwnviniTable 3i nf or mati on on the
magneti c recordi ng nmedi um WD 2004/ 064048 PCT/ JP2004/ 000205 26 10, a head
drive unit 13, and a read/wite signal processing system14. The read/wite



signal processing system 14 processes input data and sends a record signal
to the nagnetic head 12, and it becones possible to output data by

" processi nnghg read back signal fromthe magnetic head 12. 5 A single pole
head for p &%‘&%Qﬂsar magneti c recordi ng can be used as RUT&IP200a900205 C head
12. As shown in Fig. 10, it is possibl e3t30 use a single pole head conprising
a main pole 12a, an auxiliary pole 12b,”"and a coil 12d that are provided on
t he conmmuni cating part 12c thereof. 10 According to the magnetic read/ wite
apparatus descri bed above, because of using the nmagnetic recordi ng nmedi um
10 described above, it is possible to increase.both the thermal stability

and the read/wite gé é;ﬁ -|herefore, according to the magnetic
read/ write appat gt usy Risuch as data |oss due to thernal
fluctuation can ge pr-efemted-Hrem occurring, and at the sanme 15 tinme it is
possible to inp unentéq' gFgQg; di ng density. The operational effect of the
present inventi b8 Wi | rf(pw cgiie_"(?]arified by way of exanples. However, the
present inventi o iS5 NQqT i7ed to the following exanples. Exanple 1 A
cl eaned gl ass st stnﬁémg §h‘ﬁ Co. of JAPAN, external diameter: 2.5 20
i nches) was acc.ﬁmmdmp i Helfil mformation chanber of a DC magnet r on
sputtering appa gtg %#\NE VA df | JAPAN, C-3010). After air was expelled from
the filmfornmalgoh 'lgpgrmghil_an ultimate vacuum of 1x10-5 Pa was
attained, a soft& &Lt Ungl coat film 2 havi ng a thickness of 180 nm was
formed on the sphstraie sinb a sputtering nethod by using a target
consi sting of SPﬁjosgrﬂ\lb (lajCp content 25 of 89 at% a Zr content of 4
at% and an Nb ;gng te ;7;@4% It was confirned by
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using a vibrating sanpl e magnetoneter (VSM that the product of the
saturation magnetic flux Bs and the filmthickness t, that is, B-t, of this
filmwas &po(?}' ’nm Next, at 240C, a first undercoat film 3 haV|n

t hi ckness W68 s forned on the soft magneti ¢ under @&é‘t/mpmmoms

descri bed above-by using a 75Pt-25C (P§4 content WD 2004/ 064048 _

PCT/ JP2004/ 000205 27 of 75 at% and a C content of 25 at% target. At this

Pl 3 ver e obds Paym it Age %Ffa o B LR of P 5% GRAsRR: o 6
[ On
':Ihimcknes;d]ﬁ]fé g§éqrun %%%’rtﬁnegbgy usin %ﬁgﬁ&gn?&r geaﬁoﬁju%m pglrﬁ%lléngl 2u| ar

magnet i Ctﬁ?‘iﬁ)ﬁ%ﬁ\gﬁz&édpghérreﬁlﬂ%@pﬁgﬁﬁb&kness of 20 nmwas forned by using a |

64Co- 17Cr content at at% C content at 17 at% Pt content
at 17 at % and Bixampies 17 t@20 2 at% target. Note that in the sputtering step
descri bed above, argon was used as the processing gas for filmformation,
and the film wxcémiforiic contposidorpofthe secnd funderodtdilmlP shéeach in Tahle d] thet i ve
film®6 having a thickness of 5 inn was fornmed by using CVD." After that, a
| ubri cat imagnti¢ racordingroedia wers fabrieatgshadcoidingtodisapphel. was forned using a

di ppi ng nethod, and a magnetic recordi ng medi um was obtai ned. The

conposi tion of ki r§a4$agﬁremo@cm@wﬁ dh%ﬁlamcuﬁpprél%&ﬁﬁlq i these Examples
Conpar ative EX c r,the fi coat film 3 not being
provi ded,¥ ?Tﬁévﬁ%?fgti eFE‘“d‘@F&%ﬁ’ﬁt%ﬂFﬁﬁﬂ B’E’Eﬁ‘?cat ed according to Exanple

1. The conposition of this nmagnetic recordl ng nediumis shown in Table 1.




Conparative Exanples 2 and 3 10 Except for the second undercoat film4 not
bei ng provided, the magnetic recording nedia were fabricated according to

- Exanpl e 1. The conpositions of these magnetic recording nedia are shown in
Table 1. TR20486#84#8 ¢ recording media in the Exanpl e and POTAIPGuNMmasas i ve
Exanpl es were evaluated. The evaluatign of the read/wite properties was
carried out by using a 25 read/wite Aal yzer RWA1632 and a spin stand
S1701MP manufactured by A ZIK Co. (USA). In the evaluation of the

read/ wite properties, a magnetic head using a single pole electrode in the
wite portion and using a GVWR elenent in the read back portion were

enpl oyed, and the rlegafdidiglfrequency conditions were neasured as a track WO
2004/ 064048 % 5@@53 @ 5 28 recording density of 600 KFCl. In the
eval uation of §t he—tther f{fuctuation properties, the spin stand descri bed
above, and thg iabgrga descri bed above were used. After witing at a
track recorjdng BEqm§Fryf 9|50 kFCl at a tenperature of 70C, the rate of
decrease (% dgcade i -t out put with respect to the read back out put
after witingfil geiaivg%gﬁitalculated based on (SS,,) x 100/ (Sox3). In
this equation, & de s'ifhe read. back output after the passage of 1
second after %Nrigif,ﬁg thg gignal on the magnetic recording nmedium and S
denot.es t he [En‘f,’tﬁ o %ﬂ»m after 1000 seconds. The results of the test are
shown in Ta@ & E.3VMO"PY04TD64045 PCT/ IP2004/ 000205 29
28 e
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n80gyw9~4R ~Y3uac '1co0 a$cvvicecvi'¥Y es7 NNN~ Q
N mpmmmmm t3 NNN ~P3r3 h~118aa$sS ur ma 1111141 WO

2004/ 064048 PCT/ JP2004/ 000205 30 As shown in 'Fable 1, tg&e E‘?%F;Wzﬁ?
provi di WO 2841064048 undercoat film 3 and the second und&ieBaee 4 showed
read/ wite properties that were superi 036 conpared to the conparative

Exanpl e. Exanples 2 to 12 Except for the conposition of the first undercoat

Lecor g oaown hs 30 An Tlife 478 Bl RO it HEUefortLiack Rt 'R £
consisted of Ru or an Ru alloy showed superior read/write properties.
Examples 21 to 25 |
Except for the thickness of the second undercoat film 4 shown in Table 5, the
magnetic recording media were fabricated according to Example 1.
The read/write properties of the magnetic recording media in these Examples

wete evaluated. The results of the tests are shown in Table 5.
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1
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1250
550

Magnetic properties
Mr/Ms
1.00
0.99
1.00
1.00
0.98
1.00

He
(O
4535
4555
4435
4600
465’
4275

Thermal
stability
Properties

(%idecade)
02
0.2
01
0.1
02
-0.5

ey
5.3
52
5.5

55
5.1

-4.6

SN
Readfwrite
properties

Thickness error rafe
(nm)
20
20
20
0
20

Perpendicular magnetic recording
film

Composition
(@t%)
64Co-17Cr-17P1-2B
64Co-17Cr-17Pt-2B
64Co-17Cr-17PE2B
64Co-17Cr-17P-2B
64Co-17Cr-17P1-2B
64Ce-17Cr-17P1-28

5
0.5
1
25

Second undercoat film
@% | (om)

Ru
Ru
. Ru
Ru
Ru
Ru

(nm)
5
5
5
5
5
5

First undercoat film

75Pt-25C
TSPt-25C
7584-25C

T5P-25C
T5P-25C

75Pt-25C

Composition | Thickness | Composition | Thicknpess

_{at%)

Bst
(Tum)
200
200
200
200
200
200

Soft magnetic
undercoat film
Composition !
CoZrNb
CoZiNb
CoZiNb

CoZNb
CoZriNb
Nb

CoZi]

Table 5
Example 1
Example 21

Example 22
Example 23
Example 24
Example 25
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which the first undercoat film3 consi3fs of Pt or a Pt alloy showed
superior read/wite properties. Exanples 13 to 16 Except for the thickness

of the first ur]gers%&%; it ITaBl 355{]{3 g} [?l;lllewﬁﬁtem?e %glgtéicﬂ{eg%ﬂang

media were fabrica accor |ng to te propertles of

1 o LT S B e RS oAU S
ar; 0~0  particular, 1 to 7 nm) showed superior read/write properties.
' Examples 26 to 32
Except for the material and thickness of the soft magnetic undercoat film 2
shown in Table 6, the magnetic recqrding media were fabricated according to Example 1.
Example 33 t0 35
Except for providing the seed film 8 between the soft magnetic undercoat film 2
and the first undercoat film 3, the magnetic recording media were fabricated accordiﬁg to
Example 1. .
The read/write properties of the magnetic recording media in these Examples |

were evaluated. The results of the tests are shown in Table 6.
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magneti c recording nmedia were fabricated according to Exanple 1. The

read/ wite properties of the magnetic recording nedia in these Exanpl es

wer e eval yat %WT results of the tests are shown in Tahle 4. WO
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As shown in Table 6, the Examples show superior read/write properties. In
particular, in the Examples in which the seed film 8 was provided, superior read/write
properties were obtained.

Examples 36 to 40

Except for providing the intermediate film 9 between the second undercoat film
4 and the perpendicular magnetic recording film 5, the magnetic recording media were
fabricated according to Example 1.

Examples 41 to 44

Except for the material and thickness of the perpendicular magnetic recording
film 5 shown in Table 7, the magnetic recording media were fabricatedl according to
Example 1. _

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the test are shown in Table 7.

g
N
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" Tabl e 4, éj}f @@%\%\is in which the second undercoat film4 consisted of Ru
or an Ru M7% d superior read/ wi properties. ExZX&EIB002/000205 25

Except for the thickn of the second dercoat film4 shown in Table 5,

the nagnetic recprdi 0%13 |°q°§r Drillcated according to Exanple 1. The
read/ wite propert$es™dd =t h&| R §§#%cording media in these Exanples
were eval uated. Thg regyris| or|Ine. gl are shown in Table S. F WO
2004/ 064048 PCT/ JP 09459&9%@;% HE g@&% ao.40
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2
5
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_(um)

Infermediate film
(%)
70Ce3Cr -
- G0Co-30Ce-10Pt
60C0-25Cr-10Pt-3B

60C0-30Cr-10Ft
60Co-30Cr-101t

_(am)
s
5
5
5
5
5
5
s
5
5

FanmN
Second undercoat filea

(o)
E;
—
b]
5
5
5
5
3
5
5

First undercoat film
(%)
75P-25C

200 FSPEISC
75Pt-25C
7SPE-25C
75P1-25C
75P-25C
F5Pt-25C
75P1-25C
75Pt-25C
T5Pt-25C

) (at%)
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru

(Tam)

200
200
200
200

00
200
200

00
200

Saft magnetic
undercoat fhm
Composition

CoZiib
CoZiNb
CoZiNp
CoZiNb
CoZiNb
CoZdNb
CoZiNb
CoZiNb
CoZiNb
CoZsNb

Table 7

Exammple 1
Bxample 36
Example 37
Example 38
Example 3%
Example 40
Example 41
Example 42
Example 43
Example 44
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0.5 nmand equal to or less than 10 ran (in particular, 1 to 7 run) showed

andthi cknges. of SRR REbI 7 fhe FRAARR Sl sberts rEAGHE irBboriiS T G e

magneti c recorcﬁ%ﬂ@gga were fabricated according to Exanple 1.

z

zZ >

Except for forming the first undercoat film 3 as explained below, the magnetic
recording media were fabricated according to Example 1.

Specificaily, a first undercoat film 3 having a thickness of 5 nm was formed on
the soft magnetic undercoat film 2 by using a 75Pd-25C (Pd content at 75 at% and C
content at 25 at%) target. At this point in time, the crystal particles of the surface of the
undercoat film 3 were observed using TEM, and found to have an average diameter of 8.3
nm.

The read/write properties of the magnetic recording medium in this Example
were evaluated. The results of the tests are shown in Table 8.

Comparative Examples 4 and 5

Except for not providing the second undercoat film 4, the magnetic recording
media were fabricated according to Example 45. The read/write properties of the
magnetic recording media were evaluated. The results of the tests are shown in Fig, 8.

Examples 46 to 54

Except for the composition and thickness of the first undercoat film 3 shown in
Table 8, the magnetic recording media were fabricated according to Example 45.

The read/write properties of the magnetic recording media in these Examples

- were evaluated. The results of the tests are shown in Table 8. 7
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2004/ 064045 PCT/ JP2004/ 000205 40 As shown in Table 6, g;,er &%50%5 show
super i orwPS8M¥98e properties. In particular, in the arlr‘g’?es I'n which the
seed film8 was provided, superior readdwite properties were obtained.
Exanpl es 36 to 40 Except for providing the internediate film9 between the
second under cogls shiuilin atf0d, the EARAIDARNANAE R he TRARECOMIAR Pdiish b ™ S
ra were fa e 1.

t he magnetic recording ne ricated according to Exanp _
Exanpl es pdlortopd AUy sRved Qipetibe rémdfwiileaproperties.hi SUGRESE raall/virite pRpeARRdi cul ar

magnetic recording " film5 shown in Tabl'e 7, the magnetic recording nedia
wer e f abmetablstdined thel caxg of asing an alloy that included Pt and Pd as well.
Examples 55 to 77
Except for the composition and thickness of the first undercoat film 3, the second
undercoat film 4, and the perpendicular magnetic recording film 5 shown in Table 9, the
magnetic recording media were fabricated according to Example 1.

The read/write properties of magnetic recording media in these Examples were

evaluated. The results of the tests are shown in Table 9.
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PCT/ JP200 42 As shown in Table 7, the Exanples s superj or
read/ wri tg/(g%%@%tofses. Exanpl e 45 Except for formng thep(ﬂ/}ﬁg?m %8t coat

film3 as expl ained bel ow, the nmagneti @6 recording nmedia were fabricated
according to Exanple 1. Specifically, a first undercoat film3 having a

(nrckness o S o ol 3n B 0 RECH R IERAERRR SERl L) LY
(1= 9O Shghied YT okl P S8t RSa ] 4584 %e bABmder 0oL

nm  The' nRadeid icbGdRpARRT § Eiswed supBfoPRANRIE pi@fefidi Nng mediumin this

Exanpl e were evaluated. The results of the tests are shown in Table 8.
Conpar ative Ex@xmbgk 78 and 5 Except for not providing the second undercoat
film4, the magnetic recording nedia were fabricated according to Exanple
45. The read/ wA tleaned gbess ilesirate 1 (Obaran@a oftTAPAN, caxteinal giameetér 2. Svinches)
eval uated. The results of the tests are shown in Fig. 8. Exanples 46 to 54
was accom_modated in the film formation chamber of 2 DC magnetron sputter apparatus
(ANELVA of JAPAN, C-3010). After air was expelled from the film formation chamber
until an ultimate vacuum of 1x10”° Pa was attained, a soft magnetic undercoat film 2
having a thickness of 180 nm was formed on the substrate 1 using a sputfering method
using a target consisting of 89Co-4Zr-7Nb (Co content of 89 at%, a Zr content of 4 at%,
and an Nb content of 7 at%). It was confirmed by using a vibrating sample
magnetometer (VSM) that the product of the saturation magnetic flux Bs and the film
thickness t, that is, B, of this film was 200T- nm.
~ Next, at 240°C, the undercoat film 23 having a thickness of 5 nm was formed on
the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content of 75
at% and a C content of 25 at%) target. At this point in time, the crystal particles of the
surface of the undercoat film 23 were observed using TEM, and found to have an average
diameter of 8 nm.
On the undercoat film 23, the intermediate film 24 having a thickness of 2 nm
was formed by using a Ru target, and the perpendicular magnetic recording film 5 having €
a thickness of 20 nm was formed by using a 64Co-17Cr-17Pt-2B (Co content at 64 at%,
Cr content at 17 at%, Pt content at 17 at% and B content at 2 at%) target. Note that in
the sputtering step described above, argon was used as the processing gas for film
formation, and the film was formed under a pressure of 0.6 Pa. |
Next, a protective film 6 having a thickness of 5 nm was formed by using a CVD
method,
Next, a lubricating film 7 consisting-or a perfluoropolyether was formed by

using a dipping method, and a magnetic recording medium was obtained.

Comparative Examples 6 to 8



Except for the conmposition and thickness of the first undercoat film 3 shown
in Table 8, the magnetic recording nedia were fabricated according to
Exanpl e 45. The read/wite properties of the magnetic recording nedia in

t hese Exaf9 ¥840¢484% cval uated. The results of the testsPETIPARGI2N Tabl e
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compositions of these magnetic recording media are shown in Table 10.

The read/write properties of the magnetic recording media in these Examples
and Comparative Examples were evaluated. The evaluation of the read/write properties
was carried out by using a read/write analyzer RWA1632 and a spin stand S1701MP
manufactured by GIZIK Co. (USA).

In the evaluation of the read/write properties, a magnetic head using a single pole
electrode in the write portion and using a GMR element in the read back portion was
employed, and the recording frequency conditions were measured as a track recording

density of 600 kFCI.

Famaa

In the evaluation of the thermal fluctuation properties, the spin stand described
above and the magnetic head described above were used, and after writing at a track
recording density of 50 kFCI at a temperature of 70°C, the rate of decrease (%/decade) of
the output with respect to the read back output after writing 1 second was calculated
based on (S8-S,) x 100/(Sex3). In this equation, S, indicates the read back output after
the passage of 1 second after writing the signal on the magnetic recording medium, and S
indicates the read back output after 1000 seconds. The results of the test are shown in

Table 10.
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substrate 1 (Ongg ®fp sPAPAN, external dianeter 2.5 inches) was
accomodat ed in t e f|7mfor mat i on chanber of a DC rmagnetron sputter

apparatus  ( ANEEYéepp fforl hEADMpEsiBfdOdf théfindercoat’ file 93ehaeM RATABIONI! B fil m
formati on chanber
magnetic recording media were fabricated according to Example 78.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 11.

.‘!‘*\.I



until an ultimate vacuum of 1x105 Pa was attained, a soft magnetic undercoat
film2 having a thickness of 180 nmwas forned on the substrate 1 using a
sput t eri ngygjoh9&hosd'Si Ng @ target consisting of 89Co-4Zr- ent of
89 at% a Zr content of 4 at% and an Nb content of 7 at’g "1(2@%\';@@%
confirmed by using a vibrating sanple rmggnetoneter (VSM that the product
of the saturation magnetic flux Bs and the film thickness-t, that is, &t,

of this filmwas 200 nm Next _at 240C { undercoat film 23 having a
t hi ckness of 5 nm pas (fpeMesia) of &Ehel Si&f|g; Bhgneti ¢ undercoat film 2
descri bed above by|gsi %9 S Bizgu'g %hﬂ? flent of 75 at%and a C content
of 25 at9% target. &t JTIF$ (T rmg;Tthe crystal particles of the
surface of the undaﬁcca%@ S 8| pR s ﬁ@%&_ ed using TEM and found to have
an average diameteg qf nm| “on| The] Uidel Epat fil m 23, the intermediate
film24 having a tlgcknes;bf 2 fup vvrau ofnmed by using a Ru target, and
t he perpendi cul ar ~p&gn gzgr & gqg %E@Q having r a thickness of 20 mm
was formed by using a |[64Cp¥MNCH17PT AR |CC8] content at 64 at% Cr content at
17 at% Pt content Fat—4F—ptpoatdBreprtgnrt—at 2 at% target. Note that in
the sputtering stepgdegc®l bed above, | ardon yas used as the processing gas
for film formatiop ?%33“1‘22" Q%Q}rgg under a pressure of 0.6 Pa.
Next, a protectivejfi hiavi nglalthilchkng¢sg of 5 nmwas formed by using a
CVvD net hod. Next, ra—ubrepti-grHHmi—ednrsi sting or a perfluoropol yet her
was fornmed by usih§ . I ppi Ng met hofd,| 4ngl & magneti c recordi ng nmedi um was
obt ai ned. Conpar at % E@$§,’$t}-p$8; ,-i2q341064048 PCT/ JP2004/ 000205
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47 Except for form ng the undercoat film23 by using targets consisting of
Pt, Ru, or C, the magnetic recording nedia were fornmed according to Exanple
78. The conpositions of these magnetic recording nedia are shown in Table
10. The rWOFOM M8y operties of the magnetic recordi ng REHTBROP400HSse
Exanpl es and Conparative Exanpl es weresjeval uated. The eval uati on of the
read/ wite properties was carried out by using a read/ wite anal yzer

y
RWA1632 and a spi R .stan 7 U In the
eval uati on of tfﬁseéh’oﬁmai%#e%rﬁ%gwgise?%awnhg%ntggi"&%‘lédag&gggizédﬁ@%eidrf’gI e pole
el ectrodg.l ' Hh?ﬂ:ﬂ' i dRnel ol ck
portion %%&Pgﬁgp%d ﬁogﬁ-f&t e°$§§%ﬁ?§;‘ge requehcﬁ%ﬁg}l?}f %)Hr%?s){/ilg@gesqngasured
as a traGkhick @R odstentdE e hindepoa @ifinloBGhas dqpallth @r Siealer Blah Q"B anll Rgudiner mal
fluctuation properties, the spin stand descri bed above and the magnetic
head desabididebsahny 40 W ¢inupdticulan kqaltterorgredtemyamt athtandBqualre@nebisng
density of 50 kFCl at a tenperature of 70C, the rate of decrease (To/decade)
of the dhtpdf aifb)tshowed puperior prapediesead back output after witing 1 second
was cal cul ated based on (S-So) x 100/ (Sox3). In this equation, S. indicates
the read back dikapplesf&te92 t he passage of 1 second after witing the signal

af ter 1000 secdiifedt HiclcUimeshof (e Wdeios; SIS a,sawh BraBbs Kb, o0
2 004/ 0 64014n§gn%g€/ré]c€12cggg4 1/1]%810212\?9651'6 fﬁ‘t?ﬁca?ed%cgorging to Example 78. .

The read/write properties of the magnetic recording media in these Examples
{ . were evaluated. The results of the tests are shown in Table 12.

i
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Except for the conpositions of the undercoat film 23 shown in Table 11, the
magnetic recording nmedia were fabricated according to Exanple 78. The

read/ wite grO})ertles of the magnetic recording nmedia in these Exar‘gp
were evaMRAEWA064Pp% results of the tests are shown in TEEVEPA§4/040205 \£\O

2004/ 064048 PCT/JP2004/000205 50 "~ @ go~—~~agOo0o~0. gag-~-~ gog
aUN~Op~+GGI'+ -1 C ryry . y494444R44R}PPsg~,aq

In of of In h ¢ sBpvn J{Ptlf @ lﬂ‘q,\%’b“?@fs lﬂ}d‘wﬁ"}b %“éﬂifs%" Bndurdalging\ NN
N'NN N B3Ryas cqﬁﬁﬂg%r ﬁre‘mer than 0.5 nm and equal to or less than 15 nm (in particular 1 to
10 nm) showed superior read/write properties.
Examples 93 t0 97
Except for the temperature during formation of the undercoat film 23 shown in
Table 13, the magnetic recording media were fabricated according to Example 78.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 13.

- £
=~



.9 9 WD 2004/ 064048 PCT/ JP2004/ 000205 51 As shown in Table 11, the Exanples
I n which the undercoat film 23 included at |east Pt or C, superior

read/ writ Les were shown. In particular, the Exa ' .ch the
C content %o(ﬂ({aﬁ@%%sger coat film23 was equal to or great e%ﬁ#&h&im’%& and
equal to or less than 40 at% (in particular, equal to or greater than 5 at%
and equal to or less than 30 at% show&d superior properties. Exanples 88
to 92 Except for the thickness of the undercoat film 23 shown in Table 12,
the magnetic recording nedia were fabricated according to Exanple 78. The

read/ wite propertieg of %h@ @M% ifelr ecording nedia in these Exanples
were eval uated. The ndsyl ¥ of| eSits are shown in Table 12. WO
2004/ 064048 PCT/ JP2004/ QO 0‘8855 $AgS 0o  xo-ggo ~~~~444444 ~~yy f S G C
GG~M~NNNNNN§U 88218152
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Example 78
Example 93

Example 94
Example 95
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S. arn WO 2004/ 064048 PCT/ JP2004/ 000205 53 As shown in _Table 12, the
Exanmpl es YR W ¥R%48he t hi ckness of the undercoat film 2BCHAB208¢/§04P05 o0 or
greater than 0.5 nmand equal to or legg than 15 nm (in particular 1 to 10
un) showed superior read/wite properties. Exanples 93 to 97 Except for the

e magnet | o1 SO, TPl Tsr BSTEHRREE A0 MUY HenlP PR FRERE The
wor e ovalttrAiaR Ehe Palireodd S EF S 2l TR LROE v d iR BRE SRR o

2004/ 064%%3%;}( JP2004/ 000205

Examples 98 to 104

Except for the material and thickness of the soft magnetic undercoat film 2
shown in Fig,. 14, the magnetic recording media were fabricated according to Example 78.

Examples 105 to 107

Except for providing the seed film 8 between the soft magnetic undercoat film 2
and the undercoat film 23, the magnetic recording media were fabricated according to

{ . Example 78.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The resulis of the tests are shown in Table 14.
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in Table 13, the #:Bxarrpl es for which the tenperature duri Eg%ﬁé"“’?@ﬁiuon of
t he undercoat film23 was from 150 to 0C showed superior read/wite
properties. Exanples 98 to 104 Except for the material and thickness of the

soft nmagneti ¢ undgreept—H-mRr—sheow—A—Hg. 14, the magnetic recording
medi a were fabri cetéed &cEaE jt g agﬁéﬁlﬁﬁ‘ﬁ?& Exanpl es 105 to 107
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Except for providing the seed film8 between the soft nmagnetic undercoat
film2 and the undercoat film 23, the magnetic recording nedia were
fabricated according to Exanple 78. The read/wite properties of the

magnet i ¢ YEAPHPH8*edi a in these Exanples were eval uatRl/IPRAM/082| t s of
the tests, are shown in Table 14. WO 2053;4/ 064048 PCT/ JP2004/ 000205 56 $ 8 0
8858%$x$ RON.+riryry.~ 44R't 444444 ul7lqg-11

VL VI N D e s shout inlgeds 1) %%%kﬁ S RS R3BA R BORBS5 s s hown
par tT??L?g%*%C‘s‘%?éﬁéﬁ“‘?éaﬂfﬁ“%%g?%%?ﬁf. SPHERL B TR bofiina e oo
provi di ngeddWim §8Behidegl m 8 obt ai ned. :
Examples 108 to 116
Except for the material and thickness of the intermediate film 24 and the
perpendicular magnetic recording film 5 shown in Table 15, the magnetic recording
media were fabricated according to Example 78.
" The read/write properties of the magnetic recording media in these Examples
were evaluated. The results are shown in Table 15.
{ , Note that in the Table, Ru/CoCr indicates having a two-layer structure in which
‘ the intermediate film 24 provides a second layer consisting of CoCr on the first layer that
consists of Ru. The thickness of the intermediate films 24 are all 2 nn, and this is
denoted by 2/2.



Exanpl es 108 to 116 Except for the material and thickness of the
internmediate film24 and the perpendicular magnetic recording filn15 shomn
in Tabl e netic recording mnedia were fabricate ccordln

Exanpl e 7ééjqﬁ@ﬁ?@§%/mmlte properties of the nagnetic re&%?&“'@’ﬁ@

t hese Exanples were evaluated. The results are shown in Table 15. hbte that
in the Table, Ru/CoCr indicates having3& two-layer structure in which the
intermediate film24 provides a second | ayer consisting of CoCr on the first
| ayer that consists of Ru. The thickness of the internediate filnms 24 are

all 2 nm and this is denoted by 2/2. WO 20041064048 PCT/ JP2004/ 000205 58
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yg 9 O A xxxxx.~x WO 2004(064048 PCT/ JP2004/ 000205 59 As shown in Table 15,
t he Exanpl es showed superior read/wite properties. Exanple 117 Except for

formng t n at film23 as follows, the nagnetic r ' I um was
fabricat eg'%aiég‘gﬁ{?ﬁ g to Exanple 78. Specifically, the un%&?@%‘i}’g@?qﬁﬁd%
having a thickness of 5 nmwas forned & a soft nmgnetic undercoat film?2
by using a 75Pd-25C (Pd content at 75 at% and C content at 25 at% target.

At this point i Mag = Vigk iﬁl/{)\%d@ﬁ J vaﬁt@ e

under coat fil m&éﬂfe%éno sgﬁi\%’e‘% USXI ng éFé and ‘F%’&ﬁ&’%% a?ééyaeﬁﬁég'ver age

di ameter of 8.@3AmplcITie read/ wite properties of the magnetic recording
media in these Exanples were evaluated. The results of the tests are shown

in Table 16. Copswapiafor \ernmxatht andeicsaefilm 26r adf followsg thdmagnelies eoaddinii | m 23
using the target consisting of Pd, the nagnetic recording nedia were

f abri cat edediomowab faigricatedaceording t¢ Fxamphe78.ead/ wite properties of this
magneti c recordi ng medi um were eval uated. The results of the tests are
shown i n Tabl e S@cifesllrphecender®at im 23 lmyingn thigkmeshef & orpwas farmed ana

t hi ckness qf the undercoat_film 23 sh [
soft magnetic unc?erooat film 2 by us?mg a%’lqd-zgc (Pd content at 75 at% and C content

at 25 at%) target. At this point in time, the crystal particles of the surface of the
undercoat film 23 were observed using TEM, and found to have an averagé diameter of
8.3 nm.
( ‘ ( The read/write properties of the magnetic recording media in these Examples
were evaluated. The results of the tests are shown in Table 16.
Comparative Example 9
Except for forming the undercoat film 23 using the target consisting of Pd, the
magnetic recording media were fabricated according to Example 117. The read/write
properties of this magnetic recording medium were evaluated. The resuits of the tests
are shown in Table 16.
Examples 118 to 124
Except for the composition and thickness of the undercoat film 23 shown in
Table 16, the magnetic recording media were fabricated according to Example 117. The
( ; read/write properties of the magnetic recording media in these Examples were evaluated.

The results of the tests are shown in Table 16.
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t he magnetic recording nedia were fabricated according to Exanple:
read/ wite properties of the magnetic recording nedia in these
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hh ~e313d-~"~~1"I '"11THMH~7r 'r fO Y P WO 20041064048

PCT/ JP2004/ 000205 61 As shown in Table 16, Exanples in which the undercoat
film23 included at least Pd and C showed superior read/wite properties.
Exanpl es MO0Q644% \ngnetic recording nedia were fabri c’é%ﬂ’zf’%’ 2h the
material and the thickness of the intgtnediate film24 and the

per pendi cul ar magnetic recording film5 were as shown in Table 17. The

ot her conditio HEL £ i d . : i ties of
t he magnetic r%%gr di nlgnafrfarcsbgflg gs’{%%é%ﬁ%%ﬁ%sm@gﬁga{evaP%%v.ﬂg%l.ﬁﬁpgftﬁﬁg esults
of the t@ataﬁdﬁﬁo%@%eﬁﬂrﬁﬁfvﬁiﬂ;}mﬁe&ﬁés,m 2004/ 064048 PCT/ JP2004/ 000205
62 O " n4 "1 NONNNNNNDO uvi 8a~vi S '~Oernby ~ n3v~~
ah ~ul't vExbples $25to 18551 NNNRR4 R4 9 RO R4

Magnetic recording media were fabricated in which the material and the
thickness of the intermediate film 24 and the perpendicular magnetic recording film 5
were as shown in Table 17. The other conditions were according to Example 78. The
read/write properties of the magnetic recording media in these Examples were evaluated.

The results of the tests are shown in Table 17.
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In addition, a soft magnetic undercoat film an undercoat filmthat.

controls the orientation and crystal dianeter of the filmdirectly above, a
per pendi cul ar magnetic recording filmin which the easy j i on axis
i s gener aMO208#/Pedf¢®d perpendicular to the substrate, a‘?@%&é@g@ﬁ ve film
are provided; the undercoat filmconsis6% of an alloy that includes at

| east Pt and C or an alloy that includes at |l east Pd and C are provided on a
non- magneti c su K n i 7 e 1 70 i i : hp@g ite
properties and %gﬁ?ﬁgr%ahﬁbgggi :&fetg' @4&%%{&&2&%&9‘%@?& recé%i ng
nedi um pr Qydgiing fikih RineRidcdagogide @ho‘mb%h%e&ioe railditeptopartieef t  magnetic
undercoat film "a first undercoat filmthat controls the orientation of the
film directly above, a second undercoat film and a perpendi cul ar magnetic
r ecor di ng Mddstrialwppdiealitityy nagneti zation axis is generally oriented

perpendi cular to the substrate, and a protective film wherein said first
undercoat filmconsists of a Pt or Pd alloy containing C and the second

under coat fi| m dBrik¢ Magneiic repréing Medipt e mﬁenzmvmﬁ@gﬁé@a%aﬁ@%mww medi um
e 60 A g B, U S o vl S S L™

. ; ; e o s ! ¢ oh
SRR R RTINSy
l'ess than o} Qefchi fithh condRINER Pdf GGR Hb) thoiRR 5P 184F 8hhng thetl; 3hlthe

. én
wherein the ?lrst under coat f|Fm has a ?]cc st%ucture. 5. Aémagr’letlc

recor di ng seestidumdemnat dim ohsiste bER ot aReraliby aTlseeds, ftiid podiibtd oingtove
anor phous structure or a mcrocrystalline structure 1s provided between the

fof t magndhé pead/write properties and the thermal stability.
(

In addition, a soft magnetic undercoat film, an undercoat film that controls the
orientation and crystal diameter of the film directly above, a perpendicular magnetic
recording film in which the easy magnetization axis is generally oriented perpendicular to
the substrate, and a protective film are provided; the undercoat film consists of an alioy
that includes at least Pt and C or an alloy that includes at least Pd and C are provided on a
non-magnetic substrate. Thereby, it is possible to improve the read/write properties and
the thermal stabitity.



undercoat filmand the first undercoat film 6. A magnetic recording nmedi um
according to claiml wherein the perpendicular magnetic recording film
consists of a material that includes at |east Co and Pt, and whose negative
nucl eation field (-Hn) is equal to or greater than 0. 7. A nmagnetic
recordi ng medi um according to claiml wherein the first undercoat film
havi ng a granul ar structure consists of Pt or Pd, and an oxide. 65 8. A
magneti ¢ recordi ng medi um according to claim7 wherein the oxide is selected
fromSi 2, A1203, G203, COO and Ta2(b..9.. A magnetic recordi ng nmedi um
according to claim1 wherein the seco AlMdercoat  filmhas a granul ar
structure consisting of Ru or an Ru alloy, and an oxide. 10. A magnetic
recordi ng medi um according to claim9 wherein the oxide is selected form

Si 02, A1208, Cr2@BgnddJccendthgPadiiBn ploviding pmg nen-inggnasicorblitraty ardadsianoft

according to claiml wherein.the perpendi cul ar netic. .recordi film
coror ot 1o frdete® e DA, Diite L EREBEAH Gt Bprro S EbESPLEA ' Dig
and Ta205 aileas abovera Gaidhd ahdeddoadfilndmnfa Geffendibioymagntic Aechbaliid flat i ng et hod
for a magnetic recording medi umconprising the steps of. formng in

sequence oWhaseras MAGKEEItONGIFIS Eeteeallytoricalsd perpendieulantq divetubiirait ed & oat

film a fi%l%'iecH{?éjﬁfn?Qﬂ{eaJiﬁl mthat controls the orientation of the film
directly above, a s€con undercoat film a perpendi cul ar magnetic recording
fil mwhose easysabfinetndeadoaofilnaximsisisof adenePdblloy mntadribged apéthpeachindul ar to

t he substrate, ang a@g{otec§gve film._ and wherein said first undercoat film
consi sts ofndgrgspt Bim gepsists GRULAPKUANGY C and the second undercoat film

consists of Ru or an Ru alloy. 13. A magnetic read/ wite apparatus providing
a magnetic recording nediumand a
2. A magnetic recording medium according to claim | wherein the thickness of the

first undercoat film is equal to or greater than 0.5 nm and equal to or less than 10 nm.

3. A magnetic recording medium according to claim | wherein the thickness of the

second undercoat film is equal to or greater than 0.5 nm and equal to or less than 10 nm.

4. A magnetic recording medium according to claim | wherein the first undercoat film

has a fcc structure.

5. A magnetic recording medium according to claim | wherein a seed film having an
amorphous structure or a microcrystalline structure is provided between the soft magnetic

undercoat film and the first undercoat film.

6. A magnetic recording medium according to claim | wherein the perpendicular
magnetic recording film consists of a material that includes at least Co and Pt, and whose

negative nucleation field (-Hn) is equal to or greater than 0.

7. A magnetic recording medium according to claim 1 wherein the first undercoat film

having a granular structure consists of Pt or Pd, and an oxide.



magneti c head that reads and wites data on said magnetic recordi ng nedi um
wherein the magnetic head is a single pole head; and the magnetic recording
medi um provi des on a non-magnetic substrate at |east a soft magnetic
undercoat film a first undercoat Mn that controls the orientation of the
film directly above, a second undercogy film a perpendicul ar nagnetic
recording fil mwhose easy nagnetization axis is generally oriented

perpendi cular to the substrate, and a protective film and said first
undercoat filmconsists of Pt, Pd, or an alloy including at | east one anong
t hese, andB.t he Asvgndicumeadinganedivn ascontieg wrofaimf7 Woerein thhorde islstlegied 66 14.
A magneti c.recoxdi di ovi,di on a non-magnetic substrate at |east a
soft nagn%'?c[ é@g%ggpk$ﬁ¢nrEgﬁq&%%%rcoat filmthat control the
orientation and the crystal dianeter of the filmdirectly above, a

per pendi cul ar magnetic recording. fil mwhose easy nmagnetization axis is
general |y 9ri ent Sepeigerdfiogmgdivmg agoeeding lociamy lewherplg the seprdidetraat 1| m

and wher ei ﬁln’?ﬁz{sq #%ﬁz{rfsﬁg%tuw Joﬁ%i%&fﬁil or%fn fﬁﬁél%g,ln %‘M éﬁ'lhﬁfdei. ncludes at |east

Pt and C or an al Includes at |east P 15. A magnetic
recordi ng nmedi um according to claim 14 wherein the C content of the
equal to or an | at%anpd e | .to.or |less than

undercoat filmjs reater t a

20 2t % 1610 A" TAGHETHE FETORa TS TSI G I G DU PR HEFET n ( he
content of rehlas&ioNndssceso,f CdMdnd ®gual to or greater than 5 at % and equal
to or less than 30 at% 17. A magnetic recordi ng medi um according to claim

14 wherein the thickness of the wundercoat filmis equal to or greater than

0.5 nm and, equa F . t han,. .18 . net i or di di um
accordi ng {lg cl‘giérﬁ%ﬂ%lc\/\(/{%gofrélln% ngér?]julilrﬁ? ée@%%ﬁ %)tdgmﬁil?vr\ﬁﬁérf ﬁat{' g'igeﬁé%,ﬁiﬁg%aqgt | east
one anong iRugreid rdcerdisg Alovorddtiny of yvearribitevingde flagaie b B10,an8 06RO,

Cry03, and Ta,0s added to a CoPt alloy or an CoCrPt alloy.

12. A fabricating method for a magnetic recording medium comprising the steps of:
forming in sequence on a non-magnetic substrate at least a soft magnetic undercoat
film, a first undercoat film that controls the orientation of the film directly above, a second
undercoat film, a perpendicular magnetic recording film whose easy magnetization axis is
generally oriented perpendicular to the substrate, and a protective film; and wherein
said first undercoat film consists of a Pt or Pd alloy containing C and the second

undercoat film consists of Ru or an Ru alloy.

13. A magnetic read/write apparatus providing a magnetic recording medium and a
magnetic head that reads and writes data on said magnetic recording medium; wherein

the magnetic head is a single pole head; and

the magnetic recording medium provides on a non-magnetic substrate at least a soft
magnetic undercoat film, a first undercoat film that controls the orientation of the film
directly above, a second undercoat film, a perpendicular magnetic recording film whose
casy magnetization axis is generally oriented perpendicular to the substrate, and a
protective film; and said first undercoat film consists of Pt, Pd, or an alloy including at least

one among these, and the second undercoat film consists of Ru or an Ru alloy.



per pendi cul ar magnetic recording film 19. A magnetic recordi ng nmedi um
according to claim 14 wherein a seed film having an anorphous structure or
a mcrocrystalline structure is provided between the soft nagnetic

undercoat filmand the undercoat film 20. A magnetic recording nmedi um
according to claim14 wherein the undewéoat film consists of one anbng a
Pt-C alloy, Pt-Fe-C alloy, Pt-Ni-C alloy, Pt-Co-C alloy, Pt-Cr-C all oy,
Pd-C all oy, Pd-Fe-C alloy, Pd-N -C alloy, Pd-Co-C alloy, or Pd-Cr-C all oy.
67 21. A nmgnetic recordi rredl um acc rding to claim 14 wherein th

aver age di ﬁete‘?‘m%fletf"rféc‘?fg%gt% B PEOV ’é%o’b "?%@aﬁ’?ﬁ‘érs%%rtatefqtffﬁftiassogqual to

or greateryf c%nﬁérﬁ%a@?lrﬁ%‘ﬁ]nd%&oﬁrﬁlm tﬁa?%oﬁthﬂ@he]&ﬁﬂfﬂnogand theTRGDELI C
recordi ng medi um according to claim14 wherein the perpendicular nagnetic

recor di ng fiametee ofibk $ilrs dokctly abaverapaipendiaulai mgnsrdesecat ihgfkm wttoseaﬂa@b/ Pt, and
whose negatiyv ucl eat.ion fi [ er n 0. 23
magnet i ¢ 1 BesER AR tars B it PreRur T APl B BB e o
magneti c rﬂmraﬂum@efdld m consi sts of a rraterl al having at |east one of Si 2,
Al, 03, Zr02, 203, and Ta205 added to a CoPt all O%ﬁ a CoCrPt alloy. 24.
A fabr| cating niihenlercont lmengaistsio an alleyr thatdeciwdegiat %Sﬁﬁmd Siongn ey st eps

form{hgt fnglug%oa?%@gtq)&)%dac non- magnetic substrate at | east a soft

rragnetl c undercoa m an undercoat filmthat controls the orientation
and the crystal dianeter of the fil m directly above, a per pendi cul ar

magnetic recording fil mwh see t|z i,on ax5|s ner al | oriented
per pendi cuf r ot O agBeUASER ':E‘tgé“ b‘g ?'Wel%\"’ Hng §3‘?t8" L?ﬁ&l?rcoat

film consi gfder@ht Rith @lehﬂ?é{ td BlagremelcthWeaw&nd &gl ok 1Rthafr40ktogN al l oy  that
includes at |east Pd and C
16. A magnetic recording medium according to claim 14 wherein the C content of the

undercoat film is equal to or greater than 5 at% and equal to or less than 30 at%.

17. A magnetic recording medium according to claim 14 wherein the thickness of the

undercoat film is equal to or greater than 0.5 nm and equal to or less than 15 nm.

18. A magnetic recording medium according to claim |4 wherein an intermediate film
that includes at least one among Ru and Co is provided between the undercoat film and the

perpendicular magnetic recording film.

19. A magnetic recording medium according to claim 14 wherein a seed film having an
amorphous structure or a microcrystailine structure is provided between the soft magnetic

undercoat film and the undercoat film.

20. A magnetic recording medium according to claim 14 wherein the undercoat film
consists of one among a Pt-C alloy, Pt-Fe-C alloy, Pt-Ni-C alloy, Pt-Co-C alloy, Pt-Cr-C
alloy, Pd-C alloy, Pd-Fe-C alloy, Pd-Ni-C alloy, Pd-Co-C alloy, or Pd-Cr-C alloy.



25. A fabricating nethod for a nmagnetic recordi ng nmedi umaccording to claim
24 wherein the undercoat filmis forned at a tenperature of 150 to 400C

26. A magnetic read/wite apparatus providing a magnetic recordi ng nedi um
and a magnetic head that reads and wites data on said nagnetic recording
medi um wherein the nagnetic head is g7single pole head; and the magnetic
recordi ng nmedi um provi des on a non-nmagneti c substrate at | east a soft
magneti ¢ undercoat film an undercoat filmthat controls the orientation and
the crystal dianmeter of the filmdirectly above, a perpendi cul ar nmagnetic
recording 21 m wﬁw@et@a@yordwagm@wnza%qoahn&sa céau’rlsl”g@h%wa|tlpeyavaragéHtawter

per pendi CU{;?{ eE@stta Hpécﬁfrtﬂé fn efc%gt ﬁlﬁgs%ﬁﬁﬁttd %ﬁg@ﬁer t[m’irl %mad}%g&lﬁ(]%@ﬂ n said

under coat onsi s an a ncl u east and
al I oy that ldssbhudizsmat | east Pd and C.

22. A magnetic recording medium according to claim 14 wherein the perpendicular
magnetic recording film consists of a material that includes at least Co and Pt, and whose

negative nucleation field (-Hn) is equal to or greater than 0.

23. A magnetic recording medium according to claim 14 wherein the perpendicular
magnetic recording film consists of a material having at least one of Si0,, Al:Os, ZrOs,
Cr,0;, and Ta;Os added to a CoPt alloy or a CoCrPt alloy.

24. A fabricating method for a magnetic recording medium comprising the steps of®
forming in sequence on a non-magnetic substrate at least a soft magnetic undercoat film, an
undercoat film that controls the orientation and the crystal diameter of the film directly
above, a perpendicular magnetic recording film whose easy magnetization axis is generally
oriented perpendicular to the substrate, and a protective film; and

said undercoat film consists of an alloy that includes at least Pt and C or an alloy

that includes at least Pd and C.

25. A fabricating method for a magnetic recording medium according to claim 24

wherein the undercoat film is formed at a temperature of 150 to 400°C.

26. A magnetic read/write apparatus providing a magnetic recording medium and a
magnetic head that reads and writes data on said magnetic recording medium; wherein

the magnetic head is a single pole head; and

the magnetic recording medium provides on a non-magnetic substrate at least a soft
magnetic undercoat film, an undercoat film that controls the orientation and the crystal
diameter of the film directly above, a perpendicular magnetic recording film whose easy

magnetization axis is generally oriented perpendicular to the substrate, and a protective
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film; and wherein said undercoat film consists of an alloy that includes at least Pt and C or

and alloy that includes at least Pd and C.



