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apparatuses are no longer used only for personal

20 computers and servers, and there are growing needs
to be used for navigation systems for vehicles,
portable music players, HDD recorders, portable
telephones and the like. For this reason, there are
demands to further improve the storage capacity and

25 the recording density of the magnetic storage
apparatus.

The magnetic storage apparatus
conventionally uses the magnetic recording medium
employing the in-plane or longitudinal magnetic

30 recording. The medium noise of the magnetic
recording medium employing the longitudinal magnetic
recording can be reduced by reducing a remanent
magnetization and thickness product tBr and
increasing a coercivity Hc of the recording medium.

35 As the remanent magnetization and thickness product
tBr is further reduced and the crystal grains of the

recording layer become smaller, the remanent



recordi ng | ayer becone smaller, the remanent -2-
magneti zation of the recording |ayer gradually
decreases due to the effects of the thermal energy,
and the so-called thermal stability deteriorates. 1In
addi tion, because there is a liLpiLt to the 5 magnitude
of the recording head field, it is difficult to
further increase the coercivity Hc. For these
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Ay eatk¥ording density becomes higher, due to the effects
of the counter field of the adjacent recorded bits.
As a result, the thermal stability is improved in
the case of the perpendicular magnetic recording
medium.

25 In addition, the perpendicular magnetic
recording medium has a scft magnetic back layer
which is made up of a soft magnetic material and is
interposed between the substrate and the recording
layer. The recording and reproduction of

30 information from and to the perpendicular magnetic
recording medium is possible without providing the
soft magnetic back layer. However, by using a
combination of a single-pole head and the soft
magnetic back layer, it is possible to greatly

35 increase the magnetic field generated from the head
at the time of the recording, and the generated
magnetic field is approximately 1.3 times that of



35 increase the nmagnetic field generated fromthe head
at the tinme of the recording, and the generated
magnetic field is approximately 1.3 tines that of -3-
the conventional head for the |ongitudinal nagnetic
recording. Accordingly, the coegcivity He obtainable
in the perpendicular magnetic recording mediumis

hi gher than that obtainable in the 5 | ongitudina
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20 of the axes of easy magnetization of the recording
layer. The crientation or alignment distributicn of
the axes of easy magnetization indicates the extent
to which the deviations of the axes of easy
magnetization from a direction perpendicular to the

25 substrate surface are distributed.

In the perpendicular magnetic recording
medium, a technique has been proposed in a Japanese
Laid-Open Patent Application No.2002-216338, for
example, to provide an intermediate layer between

30 the soft magnetic back layer and the recording layer
and to control the perpendicular orientation or
alignment of the recording layer by the intermediate
layer. According to this proposal, a stacked
structure, made up cf a first intermediate layer

35 made of Cu and a second intermediate layer made
mainly of CoCr, is provided between the soft
magnetic back layer and the recording laver.




| ayer. According to this proposal, a stacked
structure, made up of a first internediate |ayer 35
made of Cu and a second internediate |ayer made

mai nly of CoCr, is provided between the soft nagnetic
back | ayer and the recording |layer. -4- According to
the proposal made in the Japanese Laid-Cpen Patent
Application No.2002-216338, it is expected that the
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perpendicular magnetic recordlng medium and magnetic
20 storage apparatus, in which the problems described

above are suppressed.

Another and more specific object of the
present invention is to provide a perpendicular
magnetic recording medium and a magnetic storage

25 apparatus, which can reduce the orientation or
alignment distribution of the axes of easy
magnetization of the recording layer and realize
good recording and reproducing characteristics.,.

Still ancther cobject of the present

30 invention is tc provide a perpendicular magnetic
recording medium comprising a substrate; a soft
magnetic back layer provided on a surface of the
substrate; an orientation controlling underlayer
provided on the soft magnetic back layer: and a

35 recording layer provided above the orientation
controlling underlayer and having axes of easy
magnetization approximately perpendicular to the




recordi ng nmedi um conprising a substrate; a soft
magneti ¢ back | ayer provided on a surface of the
substrate; an orientation controlling underl ayer
provi ded on the soft magnetic back layer; and a 35
recording | ayer provided above_the orientation
controlling underl ayer and havi ng axes of easy
magneti zati on approxi mately perpendicular to the -5-
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20 alignment distribution of the axes of easy
magnetization of the recording layer and realize
good recording and reproducing characteristics.

A further object of the present invention

is to provide a magnetic storage apparatus

25 comprising at least one perpendicular magnetic
recording medium comprising a substrate, a soft
magnetic back layer provided on a surface of the
substrate, an orientation contreclling underlayer
provided on the soft magnetic back layer, and a

30 recording layer provided above the orientation
controlling underlayer and having axes of easy
magnetization approximately perpendicular to the
surface of the substrate, wherein the recording
layer is made of a ferromagnetic material having an

35 hcp crystal structure, and the orientation
controlling underlayer is made of a nenmagnetic

material having an fcc crystal structure and having



provi ded on the soft magnetic back |ayer, and a 30
recordi ng | ayer provided above the orientation
control ling underlayer and havi ng axes of easy
magnet i zati on approxi mately perpendicular to the
surface of the substrate, wheregn the recording |ayer
is made of a ferromagnetic material having an 35 hcp
crystal structure, and the orientation controlling
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20 FIG. 1 is a cross sectlonal view showing a

first embodiment of a perpendicular magnetic
recording medium according to the present invention;
FIG. 2 is a cross sectional view showing a
second embodiment of the perpendicular magnetic
25 recording medium according te the present invention;
FIG. 3 is a diagram showing the crystal
orientations cf recording layers, magnetic
characteristics, and recording and reproducing
characteristics of embodiment samples and comparison
30 examples; and
FIG. 4 is a plan view showing an important
part of an embodiment of a magnetic storage
apparatus according to the present invention.

35 DESCRIPTION OF THE PREFERRED EMBCDIMENTS
A description will be given of embodiments

of the perpendicular magnetic recording medium and




characteristics, and recordi ng and reproduci ng
characteristics of enbodi nent sanples and conpari son
30 exanples; and FIG 4 is a plan view show ng an

i mportant part of an enbodi nent of a magnetic storage
apparatus according to the present invention. 35
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A descri ption
will be given of enbodi nents of the perpendicul ar
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reproducing characteristics such as the signal-to-

20 noise ratio (8NR), to realize a high recording
density.

For example, the substrate 11 is formed by

a plastic substrate, a crystallized glass substrate,
a tempered glass substrate, a Si substrate, an Al

25 alloy substrate or the like. In a case where the
perpendicular magnetic recording medium 10 has a
tape shape, the substrate 11 may be formed by a film
made of polyester (PET), polyethylene naphthalate
(PEN), refractory polyimide (PI) or the like. In

30 the present invention, it 1s unnecessary to heat the
substrate 11, thereby making it possible to use a
resin substrate as the substrate 11.

The soft magnetic back layer 12 has a

thickness of 20 nm to 2 um, for example, and i1s macdce

35 of an amorphous or a microcrystalline soft magnetic
material that includes at least cne element selected

from a group consisting of Fe, Co, Ni, Al, Si, Ta,



tape shape, the substrate 11 may be fornmed by a film
made of pol yester (PET), polyethyl ene naphthal ate

(PEN), refractory polyimde (PI) or the like. In 30

the present invention, it is unnecessary to heat the
substrate 11, thereby making itgpossible to use a

resin substrate as the substrate 11. The soft nagnetic
back | ayer 12 has a thickness of 20 nmto 2 um for
exanpl e, zapduifs wgdeib 35 oindnBanorphoustanphe, the soft
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ohas Aabhkekness Pfexchange-coupled via the Ru layer.
Hence, the leak magnetic field from each of the pair
of soft magnetic layers 1s cancelled, to thereby
reduce the noise at the time of the reprocduction.
The amorphous layer 13 has a thickness of
25 2.0 nm to 10 nm, for example, and is made of an
amorphous nonmagnetic material having a main
component selected from a group consisting of Ta, W
and Mo. The amorphous layer 13 impreoves the crystal
orientaticn of the crystal grains of the orientatiocn
30 controlling underlayer 14 that is formed on the
amorphous layer 13, and also makes the grain
dizmeters of the crystal grains of the orientatiocn
controlling underlayer 14 uniform.
From the point of view of further
35 improving the crystal orientation of the orientation
controlling underlayer 14, the amorphous layer 13 1is
preferably made of Ta. In addition, froem the point
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controlling intermediate layer 15 having an hcp
crystal structure grows epitaxially on the (111)
crystal face of the orientation controlling
underlayer 1l4. Since the (111) crystal face of the

25 orientation centrolling underlayer 14 and the (0002)
crystal face of the orientation controlling
intermediate layer 15 form a good lattice matching,
the orientation controlling intermediate layer 15 on
the orientation controlling underlayer 14 grows with

30 extremely good crystallinity and crystal orientation.
Accordingly, it is possible to reduce the
orientation or alignment distribution of the c-axes
of the first and second recording layers 16 and 17
which grow epitaxially on the orientation

35 controlling intermediate layer 15. The c-axes of
the first and second recording layers 16 and 17 are

the axes of easy magnetization. In addition, in a
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ﬁ?ntﬁﬂgh'%%e Cr content of the orientation controlling
underlayer 14 made of NiCr becomes less than 10 at.%,
the orientation controlling underlayer 14 becomes
ferromagnetic, and the noise caused thereby tends to
increase. ©On the other hand, when the Cr content of

25 the orientation controlling underlayer 14 made of
NiCr exceeds 22 at.%, the crystals of a bcc crystal
structure start to mix into the crystals of the fcc
crystal structure and the orientation contrelling
underlayer 14 starts to assume the twin crystal

30 state which introduces undesirable effects on the
crystal orientation of the orientation controclling
intermediate layer 15.

In a case where the orientaticn

controlling underlayer 14 is made of NiCu, it is

35 preferable that the Cu content is 40 at.% to 39 at.%,
and more preferably 40 at.% to 50 at.%. The Cu
content of the orientation centrolling underlayer 14
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20 the content of the additive element is set in a
range of 0.5 at.% to 20 at.%. When the orientation
controlling intermediate layer 15 is not provided,
the orientation controlling underlayer 14 may be
adapted to the lattice spacing of the first

25 recording layer 16 by adding the additive element
described above. -

Preferably, the orientation controlling
underlayer 14 has a thickness set in a range of 1 nm
to 20 nm. When the thickness of the orientaticn

30 controlling underlayer 14 is less than 1 nm, the
crystallinity of the orientation controlling
underlayer 14 tends to deteriorate, and this is
undesirable. ©n the other hand, when the thickness
of the orientatiocn controlling underlayer 14 exceeds

35 20 nm, the distance between the soft magnetic back
layer 12 and the recording element becomes

excessively large to detericrate the write



recording layers 16 and 17 are obtained. Preferably,
20 the content of the additive elenent is set in a
range of 0.5 at.%to 20 at.% Wen the orientation
controlling internediate | ayer 15 is not provided,
the orientation controlling undegslayer 14 may be
adapted to the lattice spacing of the first 25
recording layer 16 by adding the additive el ement
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intermediate layer 15 has the hcp crystal structure,
the orientation controlling intermediate layer 15
grows epitaxially, with goced crystallinity and
crystal orientation, on the orientation controlling

25 underlayer 14 having the fcc crystal structure. In
other words, the crystallinity of the orientation
controlling intermediate layer 15 itself is improved,
and the c-axes orientation becomes perpendicular
with respect to the substrate surface to thereby

30 improve the crystal orientation. As a result, the
orientation controlling intermediate layer 15
improves the crystal orientations of the first and
second recording layers 16 and 17. For this reascn,
the orientation or alignment distributicen of the

35 axes of easy magnetization (c-axes) of the first and
second recording layers 16 and 17 is reduced, and

the reccrding and reproducing characteristics of the



nonmagneti ¢ Ru-X all oy having an hcp crystal

structure, or Ti, where X is at |east one el enent
selected froma group consisting of Co, Cr, Fe, N, 20
Ta, B and Mh. Because the orientation controlling
internedi ate | ayer 15 has the hgp-crystal structure,
the orientation controlling internediate |ayer 15
grows epitaxially, with good crystallinity and
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controlling underlayer 14.

In addition, the orientation controlling
intermediate layer 15 increases the coercivities of
the first and second recording layers 16 and 17
depending on the thickness of the orientation
controlling intermediate layer 15. Accordingly, in
crder to obtained desired ccercivities of the first
and second recording layers 16 and 17, the
ferromagnetic material of the first and second
recerding layers 16 and 17 and the thickness cf the
orientation ceontrolling intermediate layer 15 are
appropriately selected. Moreover, as will be
described later, i1t is possible to greatly increase
the coercivities of the first and second recording
layers 16 and 17 by the provisicn cof the orientation
controlling underlayer 14 under the orientation
controlling intermediate layer 15.

From the peint of cbtaining the good




15 recording layers 16 and 17 is reduced, and the
recordi ng and reproduci ng characteristic inprove. In
this case, a good lattice matching is also obtained
between the orientation controlling internediate

| ayer 15 and the orientation 201gentrolling underlayer
14. In addition, the orientation controlling
internedi ate | ayer 15 increases the coercivities of
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recordéed information. “The first and s cond,recordlng

| ayepgdieu. The first and second recording layers 16

20 and 17 may be a so-called continucus layer, that is,
a ferromagnetic layer made up solely of a recording
layer ferromagnetic layer.

At lest one of the first and second

recording layers 16 and 17 may be formed within an

25 atmosphere including oxygen gas when sputtering the
recording layer ferromagnetic material, so that the
ferromagnetic material includes oxygen. Hence,
oxygen is introduced at a grain interface porticn
which is an interface of the magnetic grains, and

30 the thickness of the grain interface portion
increases to further increase the separation of the
magnetic grains. Conseguently, the medium noise is
reduced and the SNR is improved. The recording
layer ferrcmagnetic material used for the first and

35 second recording layers 16 and 17 has a composition
including O (oxygen), such as CoCr-0, CoCrPt-0O and

CoCrPt-M-0.



and 17 include a ferromagnetic material having an hcp
crystal structure. For exanple, the 15 ferromagnetic

mat erial used for the first and second recording

| ayers 16 and 17 may be CoCr, CoPt, CoCrTa, CoCrPt or
CoCrPt-M where Mis at |east ofge-elenent selected

froma group consisting of B, Mo, Nb, Ta, W and Cu.
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be a so-cal |l ed Igontddqiuolisn| ayer letwet dse ofi the first and

fer rorra{gngt r clo@éieln Pg 89 9|6e|a36c9f1ﬁ rpgfofag' '%%rmed by a
Iayer ¢ rromagnetic q et ["est
and %@n@aalede@mamuﬂgalr a%@k’@rlGWé)ﬁdﬂl?l?m?/nb@Oflér%édj

Wt?&%@l@f‘lot%ﬁl%t Qﬂtﬁﬂé‘ il.'l Cblﬁdmaaggr@wwn%gaﬁnwtwmde of
putterin e .recar ayer ferraomagnetic_nater

bt TREC RdrooHer: 6 EbRrBAC T el T oo ae
anmmmmagyg&nd:mat&rndhcedrmpumiﬁmgnthﬁt@a@mﬁilc grains.
portﬂé}ggtrﬁ hgta i A, éeﬁsec‘a ofo 1tdigh SROBEL L c@rRl Nshat

e grain interface Eortlon
i nCr&h’Es ﬂ«& ﬁuﬁ%@c?h%ﬁeégérpﬁ%%%ﬁ%ﬁ gndiplar
magneite gé@p@s;t C%;msem@estlb)gtrtahﬁe nedi fiacaoifser the

duced.and t T i | :
LB PSEASAER, Bl A LIRRRIE IR LEEPLAL 0, Rasace
secohayeecobdi rgd a‘fyléfﬂ smaenaﬁ@anrﬁalsn%\ 2BAPBYItiEdnt ¥
'nClngQQaQeGPEMQQDﬁil§H§Hl@% @@prﬁnéb&iEh @e@ﬁtct to

Co - In ad east one of th

Fhr et hanaabstamE € cvof GRG By e ToBRA LA meF heion phase.
f or nelle byca s cdo-dcad ¢ Bat granpharsd ayer{owheghbiys aan
%Onsgg#lﬂggﬁgl Lutd %‘a{§¥f5 g@gﬁdfﬁg e dmghet §¢ sGAINS with

the record rromag netlc materlq%l
and ahenéﬁﬁa@ﬁ@tqree%@emﬁéﬁ%@rlr oi%?h@% §
grai §sainkhe fagheta cnghabas chds angiod vhaar whtlrd]lictd,wa%s not

t hat rows in _a direction I t
mnthf?ggpchqﬂ???ﬁgsubg?ra%%% %§e€$¥0§§5%%%$§“%£ﬁutlon
sur fpbesef ishaaie enf ati cnm@@ﬂxmblcpf ngREneéemeditatee lected

20 from a group consisting of Si, Al, Ta, Zr, Y, Ti and
Mg and one element selected from a group consisting
of O, N and C. The nonsolid solution phase may be
an oxide such as Si0,, Al;0sz, Taz0s, Zr0:, Y20a, TiO:
and Mg0O, a nitride such as S1i:N4, AIN, TaN, ZrN, TiN

25 and MgsNz, and a carbide such as 8iC, TaC, ZrC and
TiC. The mutually adjacent magnetic grains are
physically separated by the nonsolid solution phase
made of the nonmagnetic materials described above,
and the magnetic interaction of the magnetic grains

30 is reduced. As a result, the medium noise is
reduced and the SNR is improved.

Of the compositions cof the granular layer
described above, it is preferable that the magnetic
grains are made cf CoCrPt or CoCrPt-M, and that the

35 nonsolid solution layer i1s made of an oxide. More
preferably, the nonsolid solution layer is made of

8i0, or TiO,. According to this combination, the



| ayer 15, and the nmagnetic grains are nutually
separated in a direction in-plane wwth respect to the
substrate surface by the nonsolid solution phase. The
nonsol id solution phase is formed by a 15 nonmagnetic
mat eri al which does not dissolvegwith the
ferromagnetic material form ng the magnetic grains
or, by a nonmagnetic material which does not forma
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the crystallinity and the crystal orientaticn of the
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25 result, the medium noise from the recording layer as
a whole is reduced, the crientaticn or alignment
distribution of the axes of easy magnetization 1s
reduced, and the recording and reproducing
characteristics are improved.

30 In a case where the first recording layer
16 is formed by the granular layer described above,
it is particularly preferable that the second
recording layer 17 is a continuous layer or a
granular layer. In a case where the second

35 recording layer 17 is formed by the continucus layer
made of the recording layer ferromagnetic material,

the magnetic grains are separated by the grain



good crystallinity and crystal orientation, the 10
first recording layer 16 grows epitaxially on the
crystal grains of the orientation controlling
internedi ate | ayer 15. Hence, the magnetic grains of
the first recording layer 16 arg;formed in a nmutually
separated manner, and the crystallinity and 15 the
crystal orientation of the nagnetic grains are
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remanent magnetization and thickness product of the
recording layer as a whole increases and a
sufficiently large reproduced output can be secured.
In addition, the interaction of the magnetic grains
in the second recording layer 17 can be made larger
than the interaction of the magnetic grains in the
first recording layer 16, tc thereby make the
hysteresis loop have a rectangular shape and realize
good magnetic characteristics. As a result, the
recording and reprcducing characteristics of the
perpendicular magnetic recording medium 10 are
improved.

In a case where the magnetic grains of the
granular layer described above is made of CoCrPt-M,
it is preferable that the Co content is 50 at.% to
80 at.%, the Pt content is 15 at.% to 30 at.%, the M
content is greater than 0 at.% and 20 at.% or less,



first recording |layer 16. Consequently, the

hysteresis | oop becones a rectangul ar shape, and

t hus, good magnetic characteristics are obtained. 10
As a result, the recording and reproducing
characteristics of the perpendigglar magnetic
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20 surface thereof. Since the ferromagnetic artificial
lattice layer can obtain an uniaxial anisotropy
constant larger than that of the recording layer
ferromagnetic material, it is possible to easily
increase the coercivity. For this reason, even when
25 the orientation controlling intermediate layer 15 is
made thin, it is possible to obtain a perpendicular
magnetic recording medium 10 having a desired
coercivity. In addition, the distance between the
soft magnetic back layer 12 and the recording
30 element can be reduced, and the recording magnetic
field can be concentrated to improve the recording
characteristic. Each of the Co layer, the Pd layer
and the Pt layer forming the ferromagnetic
artificial lattice layer may be repeated in units of
35 cne layer or two layers.
The first and second recording layers 16

and 17 are formed by ferromagnetic layers made of



5 possible to increase the anisotropic magnetic field
and increase the coercivity in the direction

per pendi cul ar with respect to the substrate surface.
Mor eover, one of the first and second recording
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WOrdis:he recording element, lower than the anisotropic
field Hkl of the first recording layer 16. 1In a
case where the recording layer magnetic material is
CoCrPt or CoCrPt-M, an example of the combination of
25 the first and second recording léyers 16 and 17 1is
set so that the Pt content of the magnetic grains in
the second recording layer 17 is smaller than the Pt
content of the magnetic grains in the first
recording layer 16. Because the anisotropic field
30 changes depending on the Pt content of each of the
first and second reccrding layers 16 and 17, the Pt
content is set so as to satisfy the relationship Hkl
> Hk2. The Pt content of the second recording layer
17 may be zero. In this case, the first and second
35 recording layers 16 and 17 may be formed by the
granular layers, where the first recording layer 16
is made of CoCrPt-5i0; {(CoCrPt magnetic grains and



the first and second recording layers 16 and 17 are
made of recording |ayer ferromagnetic materials that 5
are conbinations of mutually different el ements or
made of recording ferromagnetic materials that are
conbi nations of the sane el enmenpg_but with nutually
different elenment contents. A sumtotal of the
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nagnﬁ%%%r'fﬂ&h anghe crystalllnlty and the crystail

crientation of the orientation contrelling
intermediate layer 15 which has the hcp crystal
structure and is formed on the orientation

25 controlling underlayer 14 are improved. As a result,
the crystallinity and the crystal orientation of the
first and second recording layers 16 and 17 that are
formed on the orientation controlling intermediate
layer 15 are improved. For this reason, the

30 orientation or alignment distribution of the axes of
easy magnetization, that is, the c-axes of the first
and second recording layers 16 and 17 are reduced.
At the same time, the magnetic characteristics are
improved, to thereby improve the recording and

35 reproducing characteristics of the perpendicular
magnetic recording medium 1C. Furthermore, since
the orientation controlling underlayer 14 and the



Si 2 nonsolid solution |ayer), and the second

recording layer 17 is made of CoCr-Si Q2 (CoCr

magneti c grains and Si Q2 nonsolid solution |ayer) The
protection layer 18 is not limted to 5 a particular
material. For exanple, the protegtion |layer 18 is

made of anorphous carbon, carbon hydroxi de, carbon
nitride, alum num oxide or the |ike, and has a
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enable the recording magnetic field to be
concentrated in a desired region of the first and
second recording layers 16 and 17. As a result, the
recording characteristic of the perpendicular

25 magnetic recording medium 10 is improved.

When the crientation controlling
intermediate layer 15 is not provided, the first
recording layer 16 is provided on the orientation
contrelling underlayer 14. 1In this case, since the

30 orientation controlling underlayer 14 has the fcc
crystal structure, it is possible to improve the
crystal orientation of the first and second
recording layers 16 and 17 which have the hcp
crystal structure.

35 Next, a description will be given of a
method of producing the perpendicular magnetic

recording medium 10 of this embodiment, by referring



the orientation controlling underlayer 14 and the -21-
orientation controlling internediate |ayer 15 are
made of the nonmagnetic materials, it is possible to

i nprove the SNR wi thout the possibility of these

| ayers 14 and 15 beconi ng the aRdium noi se 5
generating sources. Therefore, it is possible to
reduce the orientation or alignnent distribution of
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20 suppress the crystals or the microcrystals cf the
soft magnetic back layer 12 from becoming large. Of
course, it is possible to heat the substrate 11 to a
temperature on the order of approximately 150°C or
less so that crystals or microcrystals of the soft

25 magnetic back layer 12 will not become large. The
temperature condition of the substrate 11 in the
process of forming the orientation contrelling
underlayer 14, the orientation controlling
intermediate layer 15, the first recording layer 16

30 and the second recording layer 17 1s the same as
that in the process of forming the amcrphous layer
13.

Then, the orientation contreolling
underlayer 14, the orientation controlling

35 intermediate layer 15, the first recording layer 16
and the second recording layer 17 are seguentially
formed on the amorphous layer 13, using sputtering



35 Next, a description will be given of a nethod of
produci ng the perpendi cul ar magnetic recording nmedi um
10 of this enbodinment, by referring -22- to FIG 1.
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20 ferromagnetic material and the nonmagnetic material
of the nonsolid sclution phase described above,
within an inert gas atmosphere, using a sputtering
target made of the ferromagnetic material and a
sputtering target made of the nonmagnetic material

25 of the nonsolid sclution phase. In this case, if
the nconmagnetic material is an oxide, nitride or
carbide, the recording layer may ke formed within an
oxygen gas atmosphere, a nitrogen gas atmosphere, a
carbon dioxide atmosphere or, a gas atmosphere in

30 which oxygen gas, nitrogen gas or carben dioxide gas
is added to the inert gas. Accordingly, it is
possible to suppress the content of each of the
oxygen, nitrogen and carbon of the nonsolid scolution
phase from decreasing below that of the

35 stoichiometric composition, and form a gecod
recording layer. As a result, the durability and

corrosion resistance of the perpendicular magnetic



Then, the orientation controlling wunderlayer 14, the
orientation controlling 35 internediate | ayer 15, the
first recording layer 16 and the second recording

| ayer 17 are sequentially fornmed on the anorphous
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mat eri al s descri bed above. The conditions when
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29 It is assumed for the sake of convenience
that the process of forming the amcrphous layer 13
up to the process of forming the second recording
layer 17 are carried out using the D.C. magnetrcn
method. However, it is of course possible to use

25 other methods such as sputtering {(for example, RF
sputtering) and vapor evapcration.

Morecover, from the point of view of
maintaining the surface cleanness of the substrate
11 c¢r each of the layers 13 through 18, it is

30 preferable that the process of forming the amorphous
layer 13 up tec the process of forming the protection
layer 18 are carried out within a vacuum or film
forming atmosphere that is maintained.

Next, a description will be given of a

35 second embediment of the perpendicular magnetic

recording medium according to the present invention,

by referring tc FIG. 2.



Is added to the inert gas. Accordingly, it is

possi bl e to suppress the content of each of the

oxygen, nitrogen and carbon of the nonsolid solution
phase from decreasi ng bel ow that of the 35

stoi chionetric conposition, and2berm a good recording
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20 in FIG. 1. Because the recording layer 21 has a
multi-layer structure, the thickness of each c¢f the
recording layers 21; through 21, of the multi-layer
structure can be reduced, to avoid the grain
diameters of the magnetic grains from becoming large,

25 and it is possible to further reduce the medium
noise.

The recording layers 21; through 21, of
the recording layer 21 may be made of materials
similar to those described above for the first and

30 second recording layers 16 and 17 of the first
embodiment. In addition, it is preferable that the
recording layer 21; closest tc the substrate 11 is
formed by a granular layer. In this case, for
reasons similar to those described above with

35 respect to the first embodiment, the arrangements of
the magnetic grains, the crystallinity and the
crystal orientation cof the first reccrding layer 211




11 or each of the layers 13 through 18, it is 30
preferable that the process of form ng the anorphous
| ayer 13 up to the process of forming the protection
| ayer 18 are carried out within a vacuumor film
form ng atnosphere that is mai nRarned. Next, a
description wll be given of a 35 second enbodi nent
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20 and reprecducing characteristics are improved, even
when the recording layer 21 has the multi-layer
structure. Furthermeore, since the medium noise is
reduced by the multi-layer structure of the
recording layer 21, it is possible to further

25 improve the SNR.

Next, a description will be given of the
crystal orientations ¢of recording layers, the
magnetic characteristics, and the recording and
reproducing characteristics of embocdiment samples

30 and comparison examples, by referring to FIG. 3.

The first embodiment sample Embl is a
magnetic disk that has the same structure as the
perpendicular magnetic recording medium 10 of the
first embodiment shown in FIG. 1.

35 First, after cleaning and drying a
chemically tempered glass substrate, an Ar gas
atmosphere was set to a gas pressure of 0.399 Pa,



The recording layers 21, through 21, of the recording

| ayer 21 may be made of materials simlar to those

descri bed above for the first and 30 second recording

| ayers 16 and 17 of the first enbodinment. In

addition, it is preferable that2fhe recording |ayer
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' Thereafter, an Ar gas atmosphere was set
to a gas pressure of 0.399 Pa, and a first recording
layer having a thickness of 10 nm was formed on the
orientation controclling intermediate layer by the

25 D.C. magnetron sputtering method using a CoCrPt-5i0;
composite sputtering target. In addition, a second
reccrding layer having a thickness of 10 nm was
formed on the first recording layer by the D.C.
magnetron sputtering method using a CoCrPtB

30 sputtering target.

Next, an Ar gas atmesphere was set to a
gas pressure of 0.399 Pa, and a protection layer
having a thickness of 4 nm was formed on the second
recording layer by the D.C. magnetron sputtering

35 method using a carbcen sputtering target.

The stacked structure cocbtained by the

processes described above was released to the




25 inprove the SNR. Next, a description wll be given
of the crystal orientations of recording |layers, the
magneti c characteristics, and the recordi ng and

reproduci ng characteristics of enbodi nent sanples 30
and conpari son exanples, by refegring to FIG 3. The
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a gas pressure o |rst recordi
similarly to the first embodlment sample mbl,

20 except that the orientation contrelling underlayers
of the second, third and fourth embodiment samples
Emb2, Emb3 and Emb4d were respectively formed using
an NigsCr:s sputtering target, an NigCuse sputtering
target and an NisCuse sputtering target.

25 First and second comparison examples Cmpl
and Cmp2, which do not use the present invention,
were also made for comparison purposes. The first
cemparison example Cmpl was made similarly to the
first embodiment sample Embl except that no

30 orientation controlling underlaver was formed. The
second comparison example Cmp2 was made similarly to
the first embodiment sample Embl except that an NiFe
orientation controlling underlayer having a
thickness of 4 nm was formed in place of the NigCrig

35 orientation controlling underlavyer.

FIG. 3 is a diagram showing the crystal
orientations of recording layers, the magnetic



| ayer having a thickness of 10 nmwas forned on the
orientation controlling internediate |ayer by the 25

D.C. magnetron sputtering nethod using a CoCrPt-Si Q2
conposite sputtering target. In addition, a second
recordi ng | ayer having a thickngess of 10 nm was

formed on the first recording layer by the D. C

magnetron sputtering nmethod using a CoCrPtB 30
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Enb1, 20 except that the orientation controbling oure

unde?HH?é@?ess ratio were obta

20 hysteresis loop. The nucleation field is the
magnitude of the magnetic field at which the
magnetization in the second gquadrant of the
hysteresis loop begins to decrease. The hysteresis
loop bececmes rectangular when the nucleation field

25 has a negative value and the absolute value of this
nucleation field becocomes larger, and this
rectangular hysteresis loop indicates a good
magnetic characteristic. 1In addition, the
squareness ratio is obtained by dividing the

30 remanent magnetization by the saturation
magnetization, and the hysteresis loop becomes
rectangular when the squareness ratio becomes closer
to 1.0, and this rectangular hysteresis loop
indicates the good magnetic characteristic.

35 Moreover, the SNR was obtained as the
recording and reproducing characteristic. The SNR
was cbtained using a single-pole recording head at



of the second, third and fourth enbodi nent sanpl es
Enb2, Enb3 and Enb4 were respectively fornmed using an
Ni 85Cr 15 sputtering target, an N 60Cu40 sputtering
target and an N 50Cu50 sputtering target. 25 First and
second conpari son exanples Cnpk30and Crp2, which do
not use the present invention, were also nade for
conparison purposes. The first conparison exanple
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20 characteristics, the first through fourth embodiment
samples Embl through Emb4 have a cocercivity
(perpendicular coercivity) that is considerably
large compared to the first comparison example Cmpl.
Further, the first through fourth embodiment samples

25 Embl through Emb4 have a nucleation field that has a
negative value and a large absolute value ccmpared
to the first comparison example Cmpl. Morecver, the
first through fourth embodiment samples Embl through
Emb4 have a squareness ratio that is 1.0 in

30 comparison to the first comparison example Cmpl
which has a squareness ratic that is only 0.7.
Therefore, it was confirmed from these magnetic
characteristics that the hysteresis loop for the
first through fourth embodiment samples Embl through

35 Emb4 is closer tc the rectangular shape and the
magnetic characteristics are mcore preferable

compared to the first compariscn example Cmpl.
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t hr ough Enbé hab %ﬁo %@‘? kbt tehmﬁorgolment
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20 fourth embodiment samples Embl through Emb4 have

rfﬁethrough

magnetic characteristics that are slightly better
and an SNR that is increased compared to those of
the second comparison example CmpZ. This is because
the orientation controlling underlayer of the second
25 comparison example Cmp2 is made of a ferromagnetic
material (NiFe) which becomes a noise generating
source. Accordingly, the first through fcurth
embodiment samples Embl through Emb4 have an S5SNR
which is improved compared toc the second ccmparison
30 example Cmp2, that is, a case where the orientatiocn
controlling underlayer is made of a ferromagnetic
material.
Next, a description will be given of an
embediment of a magnetic storage apparatus according
35 to the present invention, by referring to FIG. 4.
FIG. 4 is a plan view showing an important part cf
this embodiment of the magnetic storage apparatus



axes of easy magnetization is small, due to the

effects of the orientation controlling underl ayer.

Wth regard to the nagnetic 20 characteristics, the

first through fourth enbodi nent sanples Enbl through

Enb4 have a coercivity (perpend@ieul ar coercivity)

that is considerably 1large conpared to the first

conpari son exanple Cmpl. Further, the first through
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t he dedvangllyara stapedand pl@ét Steyyfiet i ca perpendicular
1¢har agbaeistd %Se@éﬁdﬂﬁ?emﬁﬂﬁfrﬁ{am ech&£0Npar €d e tde the

first €o rison exa 31- Fur her nor e t
regaPHbtg%%héﬁwﬁﬁﬁﬂggﬁ 5ﬁnﬁ%§%1xﬁﬁlﬁﬁ 0L 0% G Y 34 an
char aeteridstitcissh the mpnstethrogugthe faatuhterbodiientd and
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1f5 rShag@ermar 533: ol exarrphec@rms vhibo t sedotnprodd ded

t he or.i ent ntr I I r,
' opusBEeEnl P FheaRd orandh hnagh ShE nadifing a1,
Enbl, 10 Enb2, EPﬁbBeaﬁmpEﬁb4 thes geraiebly pead d%&j is made
Withu NL33G 10 n @5 12, MNROGHAOy anda b 5@@@reproduc1ng

orientation contr under.l ayer s, have red
or i cheat Tha S PhRia R e T e S E meRs ST ap Lot ive
sy (GNRgnetlieza¢hon, Thpr oeech mbgnet head records

Chaf%ﬁ%%@ﬁ%éféh on the perpendicular magnetic reccrding
medium 43, and the reproducing head reproduces
information from the perpendicular magnetic
recording medium 43.

25 Altheough an illustration cof the single
pole recording head will be omitted, the single pole
recording head has a main pole that is made cf a
soft magnetic material and applies a recording
magnetic field on the perpendicular magnetic

30 recording medium 43, a return yocke that is
magnetically coupled to the main pole, a recording
coll for inducing the recording magnetic field to
the main pole and the return yoke, and the like.

The single pole recording head applies the recording

35 magnetic field from the main pole in a perpendicular
direction with respect to the perpendicular magnetic

recording medium 43, and forms perpendicular



15 and greatly inproved SNR. The first through fourth
enbodi nrent sanples Enbl through Enb4 have a crysta
orientation that is approximtely the sane as that of
the second conparison exanple Cnp2. However, the
first through 20 fourth enbodi rBAt sanpl es Enbl

t hrough Enb4 have magnetic characteristics that are
slightly better and an SNR that is increased conpared
to thagaedt zatheosecbhdt Benparirsord exahpr enegpEt ithi s

i s begaysqinlghenii@nt agi on controlllng underlayer of
the second 2 arison_ exanpl e IS
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gl ven o mag ne S
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ortan art o S enb neti.c
St o AGBChiBar AN, PaEdardry (Ut heopraeany 1n place
i nvenfi bhe TMRs elhdroeinhent of the nagnetic storage
apparatus 1s pﬁgngﬁg?“%ﬁEodgqﬁwﬂ?r ngbguhgﬁn%&%nﬁté@orage

recordi ng nmedium 10 o I rst enbodi ment “or th
perp%ﬂﬁﬁééﬁ&ﬁlnﬁﬁ%tP%fBePQé6N$%ﬁ;W%%P%H%?O%ﬂcqqﬁﬁng
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fi xedhan sthenunEedi henkolaled- ey ebyovan acgtiypdOrthe

n 44 n rm 44 ich n n th
ﬂn:EO£&eg%&tf%n or gTignm%nt 1§€¥£ﬁht£o% %%t%ﬁe axes of

20 easy magnetization of the recording layer of the
perpendicular magnetic recording medium 43 1is
reduced, and this perpendicular magnetic recording
medium 43 has goocd recording and reproducing
characteristics, it is possible to realize a high-

25 density recording in the magnetic stocrage apparatus
40.

The basic structure of the magnetic
storage apparatus 40 of this embodiment is not
limited to that shown in FIG. 4, and other known and

30 suitable basic structures may be used instead. In
addition, the magnetic head 48 is nct limited to the
structure described above, and the structures of
cther known and suitable magnetic heads having a
recording element and a reproducing element may be

35 used instead. In addition, it is possible to
provide more than 1 perpendicular magnetic recording
medium 43 within the housing 41. 1In a case where a



noves in a radial direction of the perpendicul ar

magneti ¢ recordi ng nedium 43, a suspension 46, and a

15 magnetic head 48 which is supported on the

suspensi on 46 are provided within the housing 41. For
exanpl e, the magnetic head 48 iS4mrade up of a single

pol e recordi ng head and a reproducing head that is
provided with a giant nagneto resistive 20 (GW)

el enphtralhié v exforr ngehead uwlecorusynat bEnaLeicor bimd heedia
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Al t hoaghtae idtxisttateonfoftichepeaimgheicpobe mesorel ng

%eadr&"bb'_]:d%&o'ﬁécg]fgm tBeg gf' Qﬂe fPﬂ% éﬁﬁ%‘l'n{?e%ﬁ‘e&‘_j the
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returQ oke thgln ne%l%gl % gleg to. t @%rg
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magneéagoetiie ¢atpﬁ, t hempgine tpol é:@ml alheav:etcum ytrkle shown)
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the recording magnetic field fromthe main'pole in
a pe@ﬁ@ﬁ&F&ﬂzﬁto§ﬁ? cBPBALRTY r¥spect to the
per pendi cul ar rMHghet dpplieaaridimge Tedhsm A8, bamt: fior nsf a

|
per DO St gt cal) o ua hecoscand o
repréﬂéﬁlﬁé héﬁﬁjﬁseh§e§hﬁh§ﬁﬂ%Q%ﬁ¢oﬁaéﬁnﬁh@ﬁﬁﬁﬁﬁm|E e

1f5 el digbibkerd dmonet bRatiisomdady | eaksrbbemtdte by
perpenglcular magnetic recordi ng nmedium 43, as a

chang& Fi ™ Y&si stance, so as to obtain the information
recorded in tﬁ&rt@@rdim@el@pﬂsqﬁtthBVpetp@mﬂiﬂnmwt

nagn?&h%te@?QQfQHQQSQEQhB%H$%eHESJSbQE ¢Q¥h®s variations
possi bl e to 10 use other elenents, such as a

ferr@ﬁﬁgﬁ@ﬂ%ﬁ%qﬁﬁ%?ns may be made without departing from
20 the scope of the present invention.

25

30

35



junction magneto resistive (TVR) elenent, in place of
the GWR elenent. In this enbodi nent of the magnetic
storage apparatus, the perpendi cul ar nagnetic
recording 15 nmedi um 43 has the structure of the

per pendi cul ar nmagnetic recordir@dg-nmedi um 10 of the
first enbodi nent or the perpendicul ar magnetic
recordi ng medi um 20 of the second enbodi nment
descWilbédIghove I wcéSt he orientation or alignnent

di stribution of the axes of 20 easy magneti zati on of
the recording |ayer of the perpendicular nmagnetic
recording medium 43 is reduced, and this

per pendi cul ar magnetic recording nedium 43 has good
rsecor di ng and reproducing characteristics, it is
possible to realize a high 25 densi t recordln in the
magneti c storage aﬁ%a?ﬁ?g§n digulare BAEREtLCr GNP LRI
t he maghehi comgixiagegapparatus 40 of this embodi ment
is not |im % Qat shown in FIG 4, and other
known and 35 SUIté% e basic structures nmay be used

i nst ead. PnSodddind @nct e brsdnetd xe heRBoxug dest ot 2

1ol M tedfhect e tSid U§ﬁbé€rd%%0;“ bed above and the
structures of _ .ot her. known and %;. Ha?ﬁetlc heads ded
having a >Feldrdi'hy® bt BRef P akd Jr%%r‘é% &Yeﬁrer%%?‘” ©
may be 8bBeusedt nsigadtibnbaddi tiaygritanhd possible to
provi de mar ¢ ddian dn ge1RGRY Gl JBINShbGer €6 di ng

medi um 43 wi thin the houSing 4 In a case where a

- 34- 05?8P5H%ﬁ?%ﬁ°?%$58%éﬂ@&l%Pqﬁﬁﬁﬁ%?E Fe oﬁﬁﬁﬁfg axes
Itedi af éas@rmaynnﬁﬂedtmbhha@gﬂuxfmmsehg perpaindeasiar to

one ﬁg gﬂg gﬁ%agug%qqg. ¢ recording nedium 43
ure of

has F stru e perpen Tul ar magnetic 5
recor di ngWiediaim 1ohef reperdingt lenbodi Aenhaske (He 2

per peadi-eHla néﬁ%‘%éﬁek@@@;r iR TP dh Hinh 28 @frytshﬂ:l

seconﬂ ng geggr I bed above I\/’Dreover,l th

perp% are F% t T £°r BESFH TR Hddi T 23014 149
underlayer is made of a nonmagnetic materlal having
an fcc crystal structure and having NiCr or NiCu as

a main ccmponent.

25

2. The perpendicular magnetic recording
medium as claimed in claim 1, wherein the
nonmagnetic material forming the crientation

30 controlling underlayer is added with at least one
element selected from a group ceonsisting of Fe, Al,
Rh, Pd, Ag, Pt and Au.

35

3. The perpendicular magnetic recording



magneti c tape, a nmagnetic tape apparatus (not shown)

10 having a known structure may be used in place of

the magnetic storage apparatus 40. This application
clainms the benefit of a Japanese Patent Application

No. 2006- 208431 filed July 31,-2606, in the Japanese
Patent O fice, the 15 disclosure of which is hereby

i ncorporated by reference. Further, the present

i nverEoRMi §SnGtlaingh t 28 Féaifede enbRBERABNESE but

var L@ﬂ§eM@éitabin0Q§ofn@£@112 g@ﬁl'ﬁf h@aiéﬂras%@ﬁﬁhbg grde 11)

wi t hout departin rom t he_scape of. t resent
Vet Bho . 58 50 tIEL | SEOVHRT S KT MBI SE £ A

per pghdéctlian megnetx tme tedydipag 2 ezl ube cohpr issinf@cear of
subsiat g;,p3 1St Magneti c back layer provided on a

10 surface of the substrate; an orientation

control ling underlayer provided on the soft nmagnetic
back | ayer; and a recording | ayer provided above the
orientation controlling underlayer and having axes 15

of easy magneti zati on approxi mately perpendicular to

the surface of the substrate, wherein the recording
ibayer is made of, a Therperpenetiich It erhghehaw @ drding
hop crystal _ structure, .and.the arientation

cont ot Piig 280 UntidPt &y F4id rof A FORHRGRS: i ¢

mat eot aknhaviieg @nfreléipgt aindstriayer elantaklgyviafy NiCr
Ni O 06 NGCOY 88 @ BLALCORPANGNngLS:r 10 at.% to 22 at.%.

15

5. The perpendicular magnetic reccrding
medium as claimed in c¢laim 1, wherein the
20 orientation controlling underlayer is made of NiCu

2

having a Cu content in a range of 40 at. to 99 at.%.

25
6. The perpendicular magnetic recording
medium as claimed in claim 1, wherein the
orientation controlling underlayer has a thickness
in & range of 1 nm to 20 nm.
30

7. The perpendicular magnetic recording
35 medium as claimed in claim 1, further comprising:
an orientation controlling intermediate layer

provided between the orientation controlling



2. The perpendi cul ar magnetic recording nedium as
clained in claiml1l, wherein the nonmagnetic materi al
formng the orientation 30 controlling underlayer is
added with at | east one elenent selected froma group
consisting of Fe, Al, Rh, Pd, -3~ Pt and Au. 35 3.

The perpendi cul ar magnetic recording -36- nmedi um as
claimed in claim1, wherein the orientation
contebiipirag veédendyehrehascordiry laygsi apnfad@dchadf 2

gr onscRheherentd aldyetNad ndiviesd i &N RBRr @4y B £l Ystructure.
parallel to the surface of 5 the substrate. 10 4. The

per pendi cul ar magnetic recording nediumas clainmed in
claim11l, wherein the orientation controlling

underl ayer is made of NNCr having a Cr content in a
range of 10 at.%to 22 at.% 15 5. The perpendi cul ar
magneti c recording nediumas clainmed in claima1l,

wherein the 20 pri entat perpeonrtialli ngndgtetliayefedsrding

made_of .NlL Cu _ havin Cu cgnt.ent- i n range.of 40 at.

to oBodi iy, a5 @ MHed 18, SlRiRl 1 visgRat s T
recordiingtardditurcast chailiag iimidarediatandesiar the made
197 | epkat gﬁltc&mt{pl gz%mgcta@q%rﬂ7ﬂ§TLa hgs oapt ?&@@@l ingNof Ru,
a ran 0 nmto nm : e per.pendi cul ar
nagn%SEE'réﬂﬁQﬁ%g R%%°ﬁed%ﬂ%%%¥%ﬁa.ﬂ%d%ﬁn claim1,
further conprising: an orientation controlling
internmedi ate | ayer provided between the orientation
controlling -37- underlayer and the recording | ayer,

and made of a nonmagnetic material having an hop

1@ ystal structure

9. The perpendicular magnetic recording
medium as claimed in claim 1, further comprising:
an amorphous layer provided between the soft
magnetic back layer and the orientation controlling
20 underlayer, and made of a nonmagnetic material
having, as a main component, an element selected

from a group consisting of Ta, W and Mo.

25

10. The perpendicular magnetic recording
medium as claimed in claim 1, wherein the
ferromagnetic material of the recording layer is

30 selected from a group consisting of ColCr, CoPt,
CoCrTa, CoCrPt and CoCrPt-M, where M is at least one
element selected from a group consisting of B, Mo,
Nb, Ta, W and Cu.

35



5 8. The perpendicul ar nmagnetic recording nedium as
claimed in claim7, wherein the orientation

controlling intermediate |ayer is made 10 of a

mat eri al selected froma group consisting of Ru,

RuCo, RuCoCr, RuCoB, RuCoCrTa add-Ti. 15 9. The

per pendi cul ar magnetic recording nediumas clained in
claim1, further conprising: an anorphous |ayer _
provi ded bet weekl t heTsoef pepmpisticubatknpgpet igndraderding

ori eptat N Ao I Pl héAYin2@ 1uNGeri @yefne2Bdnmade: of a
netic materi al havi an

non g, AS.a main ¢ onent

ol enbAE ZSBGRE © (PORFA Grot Corki SEFRGCGRITA. S Xiand
Mb. 26ri@erThexperpendogylgam .magneti c recordi ng
ediumas claimed in claim1, wherein the
ferromagnetic material of the recording |layer is 30
sel ected froma group consisting of CoCr, CoPt,

CoCrTa, CoCrPt and CoCrPt-M where Mis at | east one

el enment selected froma group consisting of B, M,

Nb, Ta, Wand Cu. 35 -38- 11. The perpendi cul ar .
magneti c recordithg nBdpumea® agidl erebat nmepaemirp recording

1}M1€r ﬁbafihhtﬁﬁsf %I@{Eﬁaae&hc oAl gﬁjlzwﬁ%ﬁéﬁnrzecor di ng

ayer urther includes oxygen. .. The .

per pendi c @l rﬁﬁﬁ%fg&“ﬁe@é&ﬁﬁmfoqﬁFﬁﬁaﬁuﬁ1RéWﬁ%ﬁ%%% of

i n cEarmoiagateeris niagaird ;r ecst ding | ayer conprises a

plural!tydﬁé JfrégfaggghF%ﬂf%yﬂéf_§Q9r8ﬁ§dﬁéﬁ¥ﬁdlayers

plurality of ferromagnetic |ayers S made Up of

magnefi Bageaius dhdeagnetie Br 36§ ohaghRePitc st eri al

1nd depeBsRldrb S0t uhboBrliayerand a nonsolid solution layer
made of a nonmagnetic material surrounding the

magnetic grains.

20

13. The perpendicular magnetic recording

medium as claimed in claim 1, wherein:

said recording layer comprises a plurality of

25 ferromagnetic layers; and

one of said plurality of ferromagnetic layers
closest to the substrate is made up of magnetic
grains made of the ferromagnetic material and a
nonsolid solution layer macde cof a nonmagnetic

30 material surrcunding the magnetic grains.

35 14. The perpendicular magnetic recording
medium as claimed in claim 12, wherein the nonsolid

solution layer is made of a compound made up of cne



made of a nonmagnetic material surrounding the

magnetic grains. 20 13. The perpendi cul ar magnetic
recording nediumas clained in claiml, wherein: said
recording layer conprises a plurality of 25
ferromagnetic | ayers; and one efsssaid plurality of
ferromagnetic layers closest to the substrate is nade

up of magnetic grains made of the ferromagnetic

mat eeitgmeartd e lewnsdl £dosolautdomp agenspadengf =f Si, Al,

nonn@gnetzlrc %aO mef eghal mgur ra%wdamlw@tﬁe%etéfement
grai ns, The gerpendlcu ar, magneti ¢ recordln

nedlﬁﬁ#§§ &@m@ﬁﬁml EEQPR PONShEY ERA PheCmoRs AR
solution layer is made of a conpound nmade up of one
-=39- elenent selected froma group consisting of Si,
& , Ta, Zr, Y, Ti and My, and at | east one el enent
selected froma group consisting of 0, Nand C. 5 15.
The perpendicul ar magnetic recording nedium as
claimed in clai erein the recordin

W%l, g 1%rlayer 545
formed by a ferromagnBti &SERITT LT a2 al'fPEE Higy erscording
t hat med imade sups bf imbteinatelaimst bckederehinn thid meodrding

feg | n SIBGPEL l;enent, 1 15
?% T%gg%g?%ééﬁéﬁfgfﬂy gngﬁ%rrecor BEE gégélum !

clalﬁéatlﬁ%ﬂ%QXﬁﬁ tﬂﬁ@réﬁnm%ﬂ?s%ﬂdOFeEéF&FRGQ%ﬂﬁrStaCkEd
conpthses fd ¥ng sdf &e€erdiong dreieic pedendad aboves t he

oriegéﬁ&g é¥%uéfé$égg under| ayer and a second

recordi ng ayer provided on the first recording

| ayer; said flrst recording |layer is made up of 25
1agnetic grains nade of the ferronmagnetic nateri al
and a nonsolid solution |ayer nmade of a nonmagnetic

16. The perpendicular magnetic recording
medium as claimed in claim 1, wherein:

20 said recording layer comprises a first
recording layer provided above the orientation
controlling underlayer and a seccnd recording layer
provided on the first recording layer;

said first recording layer is made up of

25 magnetic grains made of the ferromagnetic material
and a nensolid solution layer made of a nonmagnetic
material surrounding the magnetic grains; and

said second recording layer is made up of a
continucus layer made of the ferromagnetic material.

30

17. The perpendicular magnetic recording
35 medium as claimed in claim 1, wherein:
said reccrding layer comprises a first
recording layer provided above the orientation



materi al surrounding the magnetic grains; and said

second recording |layer is made up of a continuous

| ayer made of the ferromagnetic material. 30 17. The

per pendi cul ar magnetic recording 35 nedium as clai ned

in claiml, wherein: said recordiOrg | ayer conprises a
first recording |ayer provided above the orientation

-40- controlling underlayer and a second recording

| ayeEOTSEGV et onrnERE LAYiIest aEt ot dFRGOREyéeCifiiia® laver
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of ai Lo raahiey el Hyeach efi dhe o fi&stcaRds3eeontk1 > Hk2.
recording layers 1s made up 'of magnetic grains nade

of the ferromagnetic material and a nonsolid solution

| ayer made of a nonmagnetic 15 material surroundi ng

the magnetic grains. 20 19. A magnetic storage
apparatus conprising: at |east one perpendicul ar
magneti c recording nediumconprising a substrate, a

1goft magnetic begk ragepayddegn Daramsyhlace: ofetbeding
substrgte, an 2510riegtatioq]cont£ 1] % %nderhgyﬁrof fhe
pr ovi"G&d “Sh 3he"-2oFr n&&n&'acl%a | ‘55 FEtahd =

recofdirsg laaykrsependi dedoatsbivey t heyersensariagle up of

cont FaiNJG - upder hayrhand Mavi N0r 8%Xesmal@ASYe material
magneti zati on %ﬁffOXlﬂHte|y perpendchéar to the

surf 386 & TSR0 QuBSLMAIED kY 2F n® Pdcér digiygragnetic
Irayemaite mede of r aouhdingregnetmegnat ¢ci gl-aliand ng an

hop crystal structure, and the orientation

controlling wunderlayer is nade of a nonmagnetic

material having an fcc crystal structure and having

Ni Cr or NCu as 35 a nmin conponent; and

20 19. A magnetic storage apparatus
comprising:
at least one perpendicular magnetic recording
medium comprising a substrate, a soft magnetic back
layer provided on a surface of the substrate, an
25 crientation controlling underlayer provided on the
soft magnetic kack layer, and a recording layer
provided above the orientation controlling
uncerlayer and having axes of easy magnetization
approximately perpendicular to the surface of the
30 substrate, wherein the recording layer is made cf a
ferromagnetic material having an hcp crystal
structure, and the orientation contrelling
underlayer is made of a ncnmagnetic material having
an fcc crystal structure and having NiCr or NiCu as
35 a main component; and
a head comprising a recording element and a

reproducing element, and configured to record



a head conprising a recording elenment and a

reproduci ng el enent, and configured to record -41-

i nformati on on the perpendi cul ar nagnetic recording
medi um by the recording el enent and to reproduce
information fromthe perpendi calddr- magnetic recording
medi um by the reproducing elenent. 5 20. The magnetic
storage apparatus as 10 clained in claim19, wherein

t he hBAREFRELIQN ot ehPaPefrdafidigc e her onpapratiorrecording

Contﬁ@hﬁbﬂgb_'HK%'@&@br@&dd“él&ﬂéﬁﬂdaﬁu|Qb mageddéce
recordln% n% iumilLs adggd with at Ieagt one el enent

sel etPEGTTRAGRS %?%Iﬂp SnSIHHAYP oF RS RPINGH P,
Ag, PecolBiamd nedi@f b25th30 re8broducing element.

5

20. The magnetic storage apparatus as
10 claimed in claim 19, wherein the nonmagnetic
material forming the corientation centrolling
underlayer of the perpendicular magnetic recording
medium is added with at least one element selected
from a group consisting of Fe, Al, Rh, Pd, Ag, Pt
15 and Au.
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