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RECORDI NG MEDI UM AND MAGNETI C STORAGE APPARATUS 5
BACKGROUND OF THE | NVENTION 1. Field of the Invention
The present invention generally relates to

per pendi cul ar magnetic recordi mdnedi a and magnetic
st orage apparatuses, and nore particularly to a 10
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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



-2- magnetization of the recording |layer gradually
decreases due to the effects of the thernmal energy,
and the so-called thernmal stability deteriorates. 1In
addi tion, because there is alimt to the 5 nmagnitude
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further increase the coercivity Hc. For these
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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 soft 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 1s approximately 1.3 times that of



magnetic field is approximately 1.3 tinmes that of -3-
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layer. The orientation or alignment distribution 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”magnetid recording
medium, a technigue 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 of 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 layer.



mai nly of CoCr, is provided between the soft nmagnetic
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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
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 another object of the present
invention is to provide a perpendicular magnetic
recording medium comprising a substrate:; a soft
magnetic back layer provided on a surface of the
substrate; an orientation controlling underlayver
provided on the soft magnetic back layer; and a
recording layer provided above the orientation
controlling underlayer and having axes of easy
magnetization approximately perpendicular to the




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-
surface of the substrate, wherein the recorrding
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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 controlling 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 nonmagnetic
material having an fcc crystal structure and having



| ayer is nade of a ferromagnetic material having an 35
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mat eri al having an fcc crystal structure and havi ng
-6- NCr or NNCu as a main conpb%ént; and a head
conprising a recording el enent and a reproducing
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ggpa FI 1l is a cross sectléﬁal 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 to the present invention;
FIG. 3 1s a diagram showing the crystal
orientations of 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 EMBODIMENTS
A description will be given of embodiments

of the perpendicular magnetic recording medium and



35 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A
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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 allocy 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 is 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 pm, for example, and is made
35 of an amorphous or a microcrystalline soft magnetic
material that includes at least one element selected
from a group consisting of Fe, Co, Ni, Al, Si, Ta,
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35 of an anorphous or a mcrocrystalline soft nmagnetic
material that includes at |east one el enent sel ected
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of soft magnetic layers is cancelled, to thereby
reduce the noise at the time of the reproduction.
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 improves the crystal
orientation of the crystal grains of the orientation
30 controlling underlayer 14 that is formed on the
amorphous layer 13, and also makes the grain
diameters of the crystal grains of the orientation
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 is
preferably made of Ta. 1In addition, from the point



controlling underlayer 14 uniform Fromthe point of
view of further 35 inproving the crystal orientation
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crystal structure grows epitaxially on the (111)
crystal face of the orientation controlling
underlayer 14. Since the (111) crystal face of the

25 orientation controlling 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 1lé and 17 are

the axes of easy magnetization. In addition, in a



orientation or alignnent distribution of the c-axes
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whi ch grow epitaxially on the orientation 35
controlling internedi ate | ayer 15. The c-axes of the
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undesj A} B2 §E£€44S rHd NGf 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 controlling
underlayer 14 starts to assume the twin crystal

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

In a case where the orientatiocon

controlling underlayer 14 is made of NiCu, it is

35 preferable that the Cu content is 40 at.% to 99 at.%,
and more preferably 40 at.% to 50 at.%. The Cu
content of the orientation controlling underlayer 14



crystal orientation of the orientation controlling
internmedi ate layer 15. In a case where the orientation
controlling underlayer 14 is nade of NiCu, it is 35
preferable that the Cu content is 40 at.%to 99 at.%
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ofi erfthfg i gpntent of the additive element 1s 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 orientation

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

35 20 nm, the distance between the soft magnetic back
layer 12 and the recording element becomes
excessively large to deteriorate the write



30 controlling underlayer 14 is less than 1 nm the
crystallinity of the orientation controlling

underl ayer 14 tends to deteriorate, and this is
undesirable. On the other hand, when the thickness of
the orientation controlling unde¥dayer 14 exceeds 35
20 nm the di stance between the soft nagnetic back
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C_ax%%é”éﬁTé%%5%9&%“5g§§rgfiggndl%fé?mediate layer 15
grows epitaxially, with good crystallinity and
crystal orientation, on the orientation ceontrolling

25 underlayer 14 having the fcc crystal structure. 1In
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 reason,
the orientation or alignment distribution of the

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



with respect to the substrate surface to thereby 30
i nprove the crystal orientation. As a result, the
orientation controlling internediate |ayer 15

i mproves the crystal orientations of the first and
second recording layers 16 and 1%~ For this reason,
t he orientation or alignnment distribution of the 35
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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
25 controlling intermediate layer 15. Accordingly, in
order to obtained desired coercivities of the first
and second recording layers 16 and 17, the
ferromagnetic material of the first and second
recording layers 16 and 17 and the thickness of the
30 orientation controlling intermediate layer 15 are
appropriately selected. Moreover, as will be
described later, it is possible to greatly increase
the coercivities of the first and second recording
layers 16 and 17 by the provision of the orientation
35 controlling underlayer 14 under the orientation
controlling intermediate layer 15.
From the point of obtaining the good



ferromagnetic material of the first and second
recording layers 16 and 17 and the thickness of the 30
orientation controlling internediate |ayer 15 are
appropriately selected. Mdrreover, as will be

described later, it is possibl k% greatly increase
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S utterl the recor aX erromagneti c terial
t gaid thé may be a so called contlnuous 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 portion
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. Consequently, the medium noise is
reduced and the SNR is improved. The recocording
layer ferromagnetic material used for the first and
35 second recording layers 16 and 17 has a composition
including O (oxygen), such as CoCr-0, CoCrPt-0 and
CoCrPt-M-0.
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is introduced at a grain interface portion which is
an interface of the magnetic grains, and 30 the
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of O, N and C. The nonsolid sclution phase may be
an oxide such as S8Si0Q,;, Al;03, Taz0s, Zr0z, Y203, TiO;
and Mg0, a nitride such as Si3N4, AlN, TaN, ZrN, TiN
25 and Mg3Nz, and a carbide such as SiC, 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.

O0f the compeositions of the granular layer
described above, it is preferable that the magnetic
grains are made of CoCrPt or CoCrPt-M, and that the

35 nonsolid sclution layer is made of an oxide. More
preferably, the nonsclid solution layer is made of
Si0; or TiQ;. According to this combination, the
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Consegquently, the arrangement of the magnetic grains,
the crystallinity and the crystal corientation of the
recording layer as a whole are improved. As a

25 result, the medium noise from the recording layer as
a whole is reduced, the orientation or alignment
distribution of the axes of easy magnetization is
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 continuous layer
made of the recording layer ferromagnetic material,
the magnetic grains are separated by the grain
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sufficiently large reproduced output can be secured.
In addition, the interaction of the magnetic grains
25 in the second recording layer 17 can be made larger
than the interaction of the magnetic grains in the
first recording layer 16, to thereby make the
hysteresis loop have a rectangular shape and realize
good magnetic characteristics. As a result, the
30 recording and reproducing 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,
35 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,
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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 one layer or two layers.

The first and second recording layers 16

and 17 are formed by ferromagnetic layers made of
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el enwiite trewerdthgn ellmmamt soflpegirc 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 iayers 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 recording layers 16 and 17, the Pt
content is set so as to satisfy the relationship Hk1
> 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-Si0; (CoCrPt magnetic grains and




field Hkl of the first recording |layer 16. In a case
where the recording |ayer nmagnetic material is CoCrPt
or CoCrPt-M an exanple of the conbination of 25 the
first and second recording layers 16 and 17 is set so
that the Pt content of the nagné@?ﬁ grains in the
second recording layer 17 is smaller than the Pt
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Accordingly, the crystallinity and the crystal
orientation of the orientation controlling
intermediate layer 15 which has the hcp crystal
structure and is formed on the orientation

25 contreolling 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 10. Furthermore, since
the orientation controlling underlayer 14 and the



Accordingly, the crystallinity and the crystal
orientation of the orientation controlling
internedi ate | ayer 15 which has the hcp crystal
structure and is forned on the ogjentation 25
control ling underlayer 14 are in% oved. As a result,
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spr eatialyl of thee recvordii mg magnettiic ff ¢ ddi hot 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 orientation controlling
intermediate layer 15 is not provided, the first
recording layer 16 is provided on the orientation
controlling 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




20 horizontal direction is suppressed, to thereby

enabl e the recording magnetic field to be

concentrated in a desired region of the first and

second recording |layers 16 and 1 As a result, the
recording characteristic of the %%rpendicular 25
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f6at%uppre p{gfeg@¥§%a S or the microcrystals of 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 controlling
underlayer 14, the orientation controlling
intermediate layer 15, the first recording layer 16

30 and the second recording layer 17 is the same as
that in the process of forming the amorphous layer
13.

Then, the orientation controlling

underlayer 14, the orientation controlling

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




heat the substrate 11, because it is possible to 20
suppress the crystals or the mcrocrystals of the
soft magnetic back |ayer 12 from becom ng large. O
course, it is possible to heat the substrate 11 to a
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16 or. t he second recor
20 ferromagnetic materlal and the nonmagnetic material

of the nonsolid solution 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 solution phase. In this case, if
the nonmagnetic material is an oxide, nitride or
carbide, the recording layer may be formed within an
oxXxygen gas atmosphere, a nitrogen gas atmosphere, a
carbon dioxide atmosphere or, a gas atmosphere in

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

35 stoichiometric composition, and form a good
recording layer. As a result, the durability and
corrosion resistance of the perpendicular magnetic



is formed by the granular |ayer, the granular |ayer
is formed by sinultaneously sputtering the 20
ferromagnetic material and the nonmagnetic nateri al
of the nonsolid solution phase dg@frlbed above, '
within an inert gas atnosphere, ng a sputtering
target made of the ferromagnetic material and a
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or thepltketnth@®rocess of forming the second recording

layer 17 are carried out using the D.C. magnetron
- method. However, it is of course possible to use
25 other methods such as sputtering (for example, RF
sputtering) and vapor evaporation.
Moreover, from the point of view of
maintaining the surface cleanness of the substrate
11 or each of the layers 13 through 18, it is
30 preferable that the process of forming the amorphous
layer 13 up to 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 embodiment of the perpendicular magnetic
recording medium according to the present invention,
by referring to FIG. 2.



per pendi cul ar magnetic recordi ng nedium 10 of this
first enbodinent is fornmed by the processes descri bed
above. 20 It is assuned for the sake of convenience
that the process of form ng theéggorphous | ayer 13 up
to the process of forming the second recording |ayer
17 are carried out using the D.C. magnetron nethod.
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20 in FIG. 1. Because the recording layer 21 has a
multi-layer structure, the thickness of each of 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 to the substrate 1l 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 of the first recording layer 211



nis an integer greater than or equal to 3.

O herwi se, the structure of the perpendicul ar
magneti ¢ recording medium 20 is the sane as that of
t he perpendi cul ar magnetic recoggéng medi um 10 shown
20 in FIG 1. Because the recor g layer 21 has a
mul ti-layer structure, the thickness of each of the
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when the recording layer 21 has the multi-layer
structure. Furthermore, 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 embodiment 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,



15 easy mmgneti zation of the recording |layer 21 of the
per pendi cul ar magnetic recordi ng medi um 20 of this
second enbodi ment is reduced by the orientation
controlling underlayer 14 via the_orientation
controlling internedi ate | ayer 137-and the recordi ng
20 and reproduci ng characteristics are inproved, even
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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 controlling intermediate layer by the
D.C. magnetron sputtering method using a CoCrPt-Si0;
composite sputtering target. In addition, a second
recording layer having a thickness of 10 nm was
formed on the first recording layer by the D.C,.
magnetron sputtering method using a CoCrPtB
sputtering target.

Next, an Ar gas atmosphere 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
method using a carbon sputtering target.

The stacked structure obtained by the
processes described above was released to the




sputtering target indicates the content of each 15
element in at.% and the sane designation is used for
each conposition described hereunder Further, an
orientation controlling |nterned§$te | ayer having a

t hi ckness of 25 nmwas forned on“the orientation
controlling underlayer by the D.C. magnetron 20
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2 Egﬁ%&§%§¥eﬁhggrnlngéggegggg 1%%(¥on rofflng underlayers
of the second, third and fourth embodiment samples
EmbZ2, Emb3 and Emb4 were respectively formed using
an NigsCris sputtering target, an NigCugp sputtering
target and an NispCusp sputtering target.

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

30 orientation controlling underlayer was formed. The
second comparison example CmpZ2 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 NigCrip

35  orientation controlling underlayer.

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



The second, third and fourth enbodi mrent sanples Enb2,
Enb3 and Enb4 are nagnetic disks that 15 have the
same structure as the perpendi cul ar nagnetic recording
medi um 10 of the first enbodlnen% shown in FIG 1

The second, third and fourth 3di ment sanpl es Enb2,
Enb3 and Enb4 were made simlarly to the first
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magnitude of the magnetlc fleld at which the

magnetization in the second gquadrant of the
hysteresis loop begins to decrease. The hysteresis
loop becomes rectangular when the nucleation field

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

30 remanent magnetization by the saturation
magnetization, and the hystereéis loop becomes
rectangular when the squareness ratio becomes closer
te 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 obtained using a single-pole recording head at




In addition, the magnetic characteristics shown in
FIG 3 are represented based on the hysteresis |oop
nmeasured by a Kerr effect nmeasuring 15 apparatus
using the Kerr effect by applylngoa magnetic field in
a direction perpendicular to the’“substrate surface.
The coercivity (perpendicular coercivity), the
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samples Embl through Emb4 have a coercivity
(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 compared
to the first comparison example Cmpl. Moreover, 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 ratio 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 to the rectangular shape and the
magnetic characteristics are more preferable
compared to the first comparison example Cmpl.



the first through fourth enbodi nent sanpl es Enbl

t hrough Enb4 has a Co(0002) crystal face that is
parallel with respect to the substrate surface, that
is, c-axes (axes -of easy magneti_zation) that are 15
oriented perpendicularly to the substrate surface,
and the orientation or alignnent distribution of the
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t hat
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Prst®e nﬂﬁFls éyy%ﬁ?g -31- Furthernore, with
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Enbl ,and an SNR that is increased compared to those of
the second comparison example Cmp2. This is because
the orientation contrelling 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 fourth
embodiment samples Embl through Emb4 have an SNR
which is improved compared to the second comparison

30 example Cmp2, that is, a case where the orientation
contrelling underlayer is made of a ferromagnetic
material.

Next, a description will be given of an
embodiment 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 of
this embodiment of the magnetic storage apparatus




10 Enb2, Enb3 and Enb4 respectively provided with

Ni goCr 10, Ni e5Cr15, N 60Cu40 and Ni 50Cu50 orientation
control ling underlayers have reduced orientation or
alignment distribution of the axes of easy

nmagneti zation, inproved magnetit3%haracteristics, 15
and greatly inproved SNR. The first through fourth

enbodi nent Enbl t hrough E .have £ st al
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apparatus is provided wt perpendi cul ar et.l

recor di ng nedluﬁPfO &5y %’fpsg q&ﬁﬁé% $ Ea%% 15’ made
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nmagneti ¢ st orage arat us 40 sin
%phuﬂ W tgmegt . The recordlng head record s

information on the perpendicular magnetic recording
medium 43, and the reproducing head reproduces
information from the perpendicular magnetic
recording medium 43.

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

30 recording medium 43, a return yoke that is
magnetically coupled to the main pole, a recording
coil 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



driven by a spindle (not shown), a perpendicular 10
magneti c recordi ng nedium 43 that is fixed on the hub
and is rotated thereby, an actuator unit 44, an arm
44 which is mounted on the actuator unit 44 and noves
in a radial direction of the pe?ﬁ%ﬁdicular magneti c
recordi ng nedi um 43, a suspension 46, and a 15

magnet_ i ea ich i uppart ed,.on sjon
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f& magnetization o% %e recordlng layer of
perpendicular magnetic recording medium 43 is
reduced, and this perpendicular magnetic recording
medium 43 has good recording and reproducing
characteristics, it is possible to realize a high-

25 density recording in the magnetic storage 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 not limited to the
structure described above, and the structures of
other 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. In a case where a



in the recording |ayer of the perpendicul ar nmagnetic
recording nedium43. It is of course possible to 10

use ot her elenents, such as a ferronmagnetic tunne

junction nmagneto resistive (TMR) glenent, in place of

the GVR el enent. In this enbodi mBAT of the magneti c

storage apparatus, the perpendicul ar nagnetic
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second enbodi nent descri bed above. Mreover, if the
per pendi cul ar magnetic recording nedium43 is a

magnetic tape, a nmagnetic tapey@pparatus (not shown)
10 having a known structure nmay be used in place of

thﬁHAﬁaﬂﬁeéiﬁIﬁﬁgr?ge apparatus 40. This application

cl=i f a Japanese Patent Application

No. 2006- 208431 filed July 31, 2006, in the Japanese

Patent Q@ .fi ¢e,pdhieenkdh dilsot asiee ©f c Whe edrd Sndenedium

i ncorporated by reference. Further, the present

TrURhtPORIfs not linited to these embodi nents, but

varyd Qys,Mafdati ons  and nodifications may be nade

wi t hout departing from 20 the scope of the present

i neemafdn ma@E:13 I8k Bfer WWAVIS LI MEDESEdce Aoof the

ggégepg'gular magneti c recordi ng nedium conprising: a
u s%ra e, a soft magnetic back | ayer provided on a

suEhaes i@h e ors Wesitaile) i ra Oid SNl afd O €L dad | b0t he
under| ayer provided_on the soft magnetic back | ayer;
SHEt MRERRF HF nharhytRYPFovRBEd above the orientation

cont rall]j y - V] :
ragnee I o A AR L s Jr flfpion
serfackling théeslbgtrabed hbheirpgnakhe pécerdiyng | ayer
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BT at 28t R t FRTCFABALF L ¥nP&FPEAYLGHEAEI FPnghe Surface
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an fcc crystal structure and having NNC or N Cu as a
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the orientation controlling underlayer is made of a
nonmagnetic material having an fcc crystal structure and
having NiCr or NiCu as a main component and

the soft magnetic back layer having a stacked
ferrimagnetic structure made up of a pair of soft
magnetic layers that are antiferromagnetically exchange-

coupled via a Ru lavyer.

2. The perpendicular magnetic recording medium as
claimed in claim 1, wherein the nonmagnetic material
forming the orientation controlling underlayer 1is added
with at least one element selected from a group

consisting of Fe, Al, Rh, Pd, Ag, Pt and Au.

3. The perpendicular magnetic recording medium as
claimed in claim 1, wherein the orientation controlling
underlayer has a (111) crystal face that grows
preferentially in a direction approximately parallel to

the surface of the substrate.



magnetic | ayers that are antiferromagnetically
exchange- coupled via a Ru layer. 2. The perpendi cul ar
magneti ¢ recordi ng medi umas3éctainmed in claiml,
wherei n the nonmagnetic material formng the
orientation controlling underlayer is added wth at
| east one ehgrepergrieiied £¥ qlﬁag-?hegfmpremmgnﬂgdﬂﬁm as
Fe, Al, Rh, Pd, Ag, Pt and Au. The per pendi cul ar
‘%ﬂ@gﬂ%ﬁd B @b ng n’éﬂ?ﬁﬁiasthél arieatpsienaicentrolling

e or a n n r ;ha
(111) %F%/Igt a? ‘Jf‘%%% %Eg@lg?of\}\éGH%begergn??’%}tl%l%l nlillaSél %ange
afi rlectatork approXiamtely parallel to the surface of
the substrate. - 36 4. The perpendi cul ar magnetic
recording nediumas clained in claim1l, wherein the
ori ent aki, ONTHEN Peerdl cuiRde MAWRIt 1 S f@é’@r zéz\l l%dlum as
having a C content in a range of 10 at.%to
Cslaler%i per pekaii e ul arwhegedni theecoidnhgtiodi amn&golllng

£ r e _oriepntatio
R o DR o PR "miEegr XP kAT eRy drcg Tance
adforerdt | rca gange. $of 40 at. to 99 at.% 6. The
per pendi cul ar magnetic recording nmediumas clainmed in
claim1l1l, wherein the orientation controlli ng
under | ayer [ 2N
nm 7. ili’he gg[r%pengble?’ll&%%gxnngﬁ% regcor ng rreoE? n@dlum as
Jladimestl dim claim 1L, Whetdtn tbaporsengatannor:oanb:amldmg

tr.qll t di at i ded_ bet th
SO0 1O TR | 3y EFPaRAOEd PPoEr dingm-

| ayer, and nade of a nonnmagnetic material having an

hcp crystal structure. 8. The perpendicul ar magnetic
recor di g nEBeuReapendiguded maoriediim Leagwdioig nedium as
qryl; t|o rol | ntermsdlatelayer i s made of
ca rrat erl %}q@gzt]‘g’d ’#LP%HI?%\ ?“6%36 2ohEf st | ng of Ru,

Rudo, ofhéhfhtlﬁhCthtBGEQGhﬁa1®m@rmﬁd1é£e'm&yer provided
% endi | ar netjic recordi n mediumas clained in
bg|gpﬁp1 Iqqﬁﬁn qfﬁqﬁfrol ing underlayer and the

recording layer, and made of a nonmagnetic material

having an hcp crystal structure.

8. The perpendicular magnetic recording medium as
claimed in claim 7, wherein the orientation controlling
intermediate layer is made of a material selected from a
group consisting of Ru, RuCo, RuCoCr, RuCoB, RuCoCrTa and

Ti.

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 underlayer,
and made of a nonmagnetic material having, as a main
component, an element selected from a group consisting of

Ta, W and Mo.



an anor phous | ayer provi ded between the soft magnetic
back |l ayer and the orientation controlling underl ayer,
and made of a nonmagnetic et &r i al havi ng, as a nain
conponent, an el enment selected froma group consisting
of Ta, Wand Mb. - 37 10. The perpendicul ar nmagnetic
recor di A§ -medhempexpendierlny rmagreri ¢, reperdinst medium
- gnet i teri of . e ' ' :
as SERLARBOTR saedM A, Pndini it SR folfohBSh Wcerial of
theCeoérdaditoCllElyeand Coa Ricthdd Whese M gscap teastistdmey of
el enent selected froma group_consisting of B, b, Nb,
CoC¥ya, CAPEnd ST = TRY. CAE Horfh T BF ~MaghBere Medsr Gitnd east
oneMBUEHENtag QiR frbik! 21 do-hh c‘!@ﬁéfésﬁih?eof B, Mo, Nb,
ferromagnetic material of”the recording layer further
Ta,i Hceude§usxygen. 12. A perpendi cul ar nmagnetic
recordi ng medium conprising: a substrate; a soft
magneti ¢ back | ayer provided on a surface of the
substrate;, amrhey RHEEADICEDNE MNRadhegidngeebaveng medium
provided on the_  soft magnetic back |ayer; and a,
F O TRE | By eFlpiByilQed Whsted n hdofienemagretic

. o . )
ULl 10 upderlayen; llgi‘r‘ég‘:gé%g;ﬁ%lﬁo 1r?@f‘t¥d%eé oxygen.

magnet1 zat1on approxi nate ar tot

surface of the substrate, wherein the recording |ayer
is made_qf a _ferromagpetic material having .an hcp ..
crystal 1evr ud REFERTHUGHIRT SBRSRetie FEFPEGige medium
d&ﬁﬁfﬁgﬁﬁ@tic | ayers, one of said plurality of
ferromagnetic layers is made up of nagnetic grains
made substhratiesr r omagnetic material and a nonsolid

sol uti | ayer .made of a nonmagnet i terial
SuPr BaGi AFIRE AT CLAVa et O¥ndetnaRop, NEAS Of the
Sidt¥ddé pg underl ayer is nmade of a nonmagnetic

mat eri al having an fcc crystal structure and having
Ni 87 6F iRntatder qantrebhimennderlgger provided on the

soft magnetic back layer; and
a recording layer provided above the orientation
controlling underlayer and having axes of easy magnetization
approximately perpendicular to the surface of the
subgtrate,
wherein the recording layer is made of a ferromagnetic
material having an hcp crystal structure and comprises a
plurality of ferromagnetic layers,
one of said plurality of ferromagnetic layers is made
up of magnetic grains made of the ferromagnetic material and
a nonsolid solution layer made of a nonmagnetic material
surrocunding the magnetic grains, and
the orientation controlling underlayer is made of a
nonmagnetic material having an fcc crystal structure and

having NiCr or NiCu as a main component.




13. A perpendi cul ar magnetic recordi ng nmedi um

conprising: a substrate; a soft magnetic back | ayer

provi ded on a surface of thezgsubstrate; an

orientation controlling underlayer provided on the

soft magnetic back |ayer; and a recording |ayer

provi ded abo | £ ' ol]] e

A 8 R e D
conperipamdi:cul ar to the substrate, wherein the recording

|l ayer is made of a ferromagnetic material having an

he EMPRH2r uct ure and conprises a plurality of

f e Enlddnd Bieacione Wy St s Phaviabhty Sfirface of the
ferromagnetic |layers closest to the substrate is nade

subgyy reftefagnet i ¢ grai ns nmade of the ferromagnetic

materi al. 0 l.i ol ution,layer mde of

notr??rlaé) %Iéte?lg %%021 ri ﬁ%tsrﬂorlflolun iurﬁ;def]ﬁ e fyn%{ ?\él%?‘gi 78, the
sofanchagrlet iar itetkatlispreGorddd! | i ng under | ayer is made of

a nonnmagnetic materi al haviqg an fcccrystal structure
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medium conprising: - 39 - a substrate; a soft
plurgdiéti efpder rogpeanstisyilde®mon a surface of the

substr ke ,an enignLatd t | nder

orourded e tng ERrEn Lo R i YA closest

to tbeosdbegrkaged spmaviedeg alfoweadrize iar i eatrisomade of the
control ling underlﬁyer and havi ng axes of, eas

fer RAGTPLALT B tCEipioRinte P SOich AR doR dtasss made of
a néHMbgaetet hBRe$YRI! K&Y®ounding the magnetic grains, and

the orientation controlling underlayer is made of a
nonmagnetic material having an fcccrystal structure and

having NiCr or NiCu as a main component.

14. The perpendicular magnetic recording medium
as claimed in claim 12, wherein the nonsolid solution layer
is made of a compound made up of one element selected from a
group coensisting of Si, Al, Ta, Z2r, Y, Ti and Mg, and at
least one element selected from a group consisting of 0, N

and C.

15. A perpendicular magnetic recording medium

comprising:




wherein the recording layer is nade of a ferromagnetic
mat eri al having an hcp crystal structure and forned by
a ferromagnetic artificial kagttice layer that is nmade
up of alternately stacked thin filns of a
ferromagnetic el enent and a nonmagnetic el ement, and
the orleq%atlon controlling underlayer is made of a
Yt eri al having an fcc crystal structure

an@ éﬁfﬂIMhﬁﬂégldﬂbiﬁﬁl&é¥éﬁiﬁ@bfﬁ&@ﬂpﬂﬂeﬂtsuﬂﬁacé of the
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sof&nma@maﬂmmwbaqxIkﬂyﬂtypmnuided above the orientation
controllln under er and ving axes of ea
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i s made up .of magnetic grains nmade of th
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magneti C grains; and said second recording |ayer Is
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Ni Cr or NiCu as a main conponent. 17. A perpendicul ar
haviggn¥ife PécHidiing Snediaml CoMpansindg: a substrate; a
soft magnetic back | ayer provided on a surface of the

16. 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 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 hcp crystal structure and comprises a
first recording layer provided above the orientation

controlling underlayer and a second recording



substrate; an orientation controlling underlayer
provided on the soft magnetic back |ayer; and a
recording | ayer provided abgye-the orientation
control i ng underl ayer and havi ng axes of easy
magneti zati on approxi mately perpendicular to the
puyLace ol ibha sHbSHLALe. s whereln e regording | ayer
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saydt di rstrueturdiagd lagepr isemadle fupr sif meeEiediirg grains
C%ﬁégﬁ rovi ded above the orientation controlling ,
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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 and having a stacked
ferrimagnetic structure made up of a pair of soft magnetic
layers that are antiferromagnetically exchange-coupled via a
Ru layer, an orientation controlling underlayer provided on
the soft magnetic back layer, and a 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 hcp crystal
structure, and the orientation controlling underlayer is
made of a nonmagnetic material having an fcc crystal
structure and having NiCr or NiCu as a main component; and

a head comprising a recording element and a reproducing
element, and configured to record information on the
perpendicular magnetic recording medium by the recording
element and to reproduce information from the perpendicular

magnetic recording medium by the reproducing element.

20. The magnetic storage apparatus as claimed in
claim 19, wherein the nonmagnetic material forming the
orientation controlling 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
and Au.



