DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM
Technical Field [0001] This invention relates to a perpendicular magnetic
recording medium to be mounted to an HDD (hard disk drive) using a
perpendicular magnetic recording system. Background Art [0002] With
the recent increase in information processing capacity, various types of
information recording technologies have been developed. In particular, the
surface recording density of an HDD using a magnetic recording
technology has been continuou%%@r@k@ﬂ@@t an annual rate of about
100%. Recently, 2.5- inch-diameter magnetic disks used in HDDs and the
like are required to have an information recording capacity higher than
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achieve an information recoding density higher than 250 GBits per square

inch. [0003] In order to achieve a high recording density in a magnetic

ﬂ%s use?é]i in an HDD or the like, a magnetic disk using a perpendicular
é%'rqéq Eéiﬂ'ding system (perpendicular magnetic recording disk) is

recentmmqposed. In a conventional in-plane magnetic recording system,

an axis of easy magnetization in a magnetic recording layer is oriented

along a pkameehbosutettae wuafaezpentheyter penghatiarecaghiegcmedium to

recording system, it is arranged that the axis of easy magnetization is
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}dipgm N %netic recording system, the perpendicular magnetic
recor ng sei}stem'is capable of more effectively suppressing a thermal

Background Art

[0002]

With the recent increase in information processing capacity, various types
of information recording technologies have been developed. In particular, the
surface recording density of an HDD using a magnetic recording technology has
been continuously increasing at an annual rate of about 100%. Recently, 2.5-
inch-diameter magnetic disks used in HDDs and the like are required to have an
information recording capacity higher than 160 GB per disk. In order to meet
such a demand, it is necessary to achieve an information recoding density
higher than 250 GBits per square inch.

[0003]

In order to achieve a high recording density in a magnetic disk used in an
HDD or the like, a magnetic disk using a perpendicular magnetic recording
system (perpendicular magnetic recording disk) is recently proposed. In a
conventional in-plane magnetic recording system, an axis of easy magnetization
in @ magnetic recording layer is oriented along a plane of a substrate surface.

In the perpendicular magnetic recording system, it is arranged that the axis of

easy magnetization is oriented to be perpendicular to the substrate surface.



fluctuation phenomenon during high-density recording. Therefore, the
perpendicular magnetic recording system is suitable for an increase in
recording density. [0004] Heretofore, CoCrPt-Si02 or CoCrPa-Ti02 is
widely used as the magnetic recording layer. In such layer, Co crystals of
an hcp (hexagonal closest packed crys"t)al lattice) structure grow in a
columnar shape and Cr and SiO2 (or TiO2) segregate to form a
nonmagnetic grain boundary. By the use of such a granular structure, fine
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8 Y[y can not be applied to the magnetic recording layer. In view of the
above[dbgqerpendicular magnetic recording disk is provided with a soft
magnetic layer under the magnetic recording layer and a path of the
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another are easily formed so that a high recording density is easily achieved.

[0005]

In the above-mentioned perpendicular magnetic recording system, a
single pole perpendicular head is used to generate a magnetic field
perpendicular to the magnetic recording layer. However, if the single pole
perpendicular head is merely used, magnetic flux from a single pole end directly
returns to a return pole on an opposite side so that a magnetic field of a
sufficient intensity can not be applied to the magnetic recording layer. In view
of the above, the perpendicular magnetic recording disk is provided with a soft
magnetic layer under the magnetic recording layer and a path of the magnetic
flux (magnetic path) is formed in the soft magnetic layer. With this structure, it
is possible to apply an intense perpendicular magnetic field to the magnetic
recording layer. Specifically, the soft magnetic layer is a layer in which a
magnetization direction is aligned in response to a magnetic field during writing
and a magnetic path is dynamically formed.

[0006]

However, an intense magnetic field applied to the magnetic recording



results in a problem of WATE (Wide Area Track Erasure), i.e., a
phenomenon of erasure of recorded information over an area within
several micrometers from a track to be subjected to writing. As a
technique for reducing WATE, it is impartant that a reverse magnetic
domain nucleation field Hn of the magnétic recording layer has a negative
value and its absolute value is large. In order to obtain high Hn (having a
large absolute value), proposal is made of a CGC (Coupled Granular
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perpendicular magnetic anisotropy (Patent Document 1).

[0007]

If a coercive force Hc of the magnetic recording layer is increased, an
increase in recording density can be achieved but writing by the magnetic head
tends to become difficult. In view of the above, the continuous layer also
serves to improve writabiliy, i.e., overwrite characteristic by improving saturation
magnetization Ms.

[0008]

In other words, the purpose of forming the continuous layer on the
magnetic recording layer is to reduce noise by improving the reverse magnetic
domain nucleating field Hn and to improve the overwrite characteristic by
improving the saturation magnetization Ms. The continuous layer may be
called an auxiliary magnetic layer or a cap layer. In this application, the term

"continuous layer" is used unless specifically indicated otherwise.

Patent Document 1: JP-A-2003-346315

Disclosure of the Invention

Problem to be Solved by the Invention



In order to increase a recording density of a recording medium, itis a
primary problem to improve the coercive force Hc. In order to achieve this,
it is necessary to improve crystal orientation of magnetic grains and to
achieve isolation, uniformity, and miniaturization of the magnetic grains.
However, limitation is imposed upon imAprovement of the coercive force
He only by improvement of the magnetic layer. [0010] On the other hand,
the present inventor already found out that the coercive force He is
increatRko by increasing the content of chromium in the continuous
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[0012] In order to resolve the above-mentioned problem, according to a
repres@@t&gbe structure of this invention, in a perpendicular magnetic
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continuous layer. In this event, however, the saturation magnetization Ms is
decreased and, therefore, the original purpose of the continuous layer may not
be achieved.

[0011]

In view of the above-mentioned problem caused in the perpendicular
magnetic recording medium, this invention has been made. It is an object of
this invention to provide, by improving a structure and a composition of a
continuous layer on a magnetic layer, a perpendicular magnetic recording
medium which is improved in coercive force Hc to increase a recording density

of the recording medium without losing original functions of the continuous layer,

i.e., noise reduction and maintenance of overwrite characteristic.

Means to Solve the Problem

[0012]

In order to resolve the above-mentioned problem, according to a
representative structure of this invention, in a perpendicular magnetic recording
medium comprising a magnetic recording layer having a granular structure

composed of crystal grains containing cobalt (Co) and grown in a columnar



formed between the crystal grains, and a continuous layer formed
adjacently on the magnetic recording layer and comprising a thin film
magnetically continuous in a film plane direction, the continuous layer
contains cobalt, chromium (Cr), and platinum (Pt), and the continuous
layer has a chromium content increase® towards the magnetic recording
layer. [0013] In the continuous layer formed adjacently on the magnetic
recording layer, a lower part nearer to the magnetic recording layer has a
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layer. [0018] The above-mentioned nonmagnetic substance may be one
or more materials selected from a group consisting of chromium oxide,
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[0014]

The above-mentioned continuous layer may comprise two layers
including a lower layer and an upper layer. The lower layer may have a
chromium content of 18 to 20 at%. The upper layer may have a chromium
content of 15 to 18 at%.

[0015]

If a layer has a higher content of chromium, the coercive force Hc can
remarkably be increased as the thickness of the layer is increased. Such
increase in coercive force Hc is assured by the lower layer formed adjacently on
the magnetic recording layer.

[0016]

The above-mentioned nonmagnetic substance may be one or more
materials selected from a group consisting of chromium oxide, chromium,
titanium oxide, silicon oxide, zirconium oxide, and tantalum oxide. Presumably,
chromium of the continuous layer inherits the nature of the above-mentioned

nonmagnetic substance and has a nature of segregating around a magnetic



substance (Co). It is conceivable that chromium promotes columnar
epitaxial growth of Co. [0017] The above-mentioned lower layer may
have a thickness greater than 0 and substantially not greater than 3 nm,
and the upper layer may have a thickness substantially between 3 and 7
nm. If the thickness of the lower layer i§ excessively large, an S/N ratio is
decreased. If the thickness of the upper layer falls within the
above-mentioned range, the coercive force He practically usable is o
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Q%Wtﬁ Spqusition of cobalt-chromium-platinum-boron (CoCrPtB)
ontaining boron (B). Boron has an effect of reducing noise. With this
structygn 1¢$s noise is generated as compared with the case where the
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[0018]

Further, the above-mentioned continuous layer may have a composition
of cobalt-chromium-platinum-boron (CoCrPtB) containing boron (B). Boron
has an effect of reducing noise. With this structure, less noise is generated as
compared with the case where the continuous layer has the above-mentioned
thickness without containing boron.

[0019]

The content of boron may be preferably 5 at% or less. If the content of
boron is greater, a sufficient reverse magnetic domain nucleating field (Hn) can

not be obtained.

Effect of the Invention

[0020]

According to this invention, it is possible to provide, by improving a
structure and a composition of a continuous layer, a perpendicular magnetic
recording medium which is improved in coercive force Hc to increase a
recording density of the recording medium without losing original functions of
the continuous layer, i.e., noise reduction and maintenance of overwrite

characteristic.



Brief Description of the Drawing [0021] Fig. 1 is a view for describing a
magnetic recording medium according to an exemplary embodiment of
this invention. Fig. 2 shows (c) a view for describing a structure of a
continuous layer in the exemplary embodiment in Fig. 1 and (a) and (b)
views for describing structures of continuous layers to be compared with
the exemplary embodiment. Fig. 3 is a graph showing a relationship
between a thickness of a continuous layer of a single-layer structure
having a single monolithic composition and a coercive force. Fig. 4 is a

%F?e‘?rrg?ri}% mg{g)ﬁ 5‘%'@%051319 of a recording track width of a magnetic

reco lum an It error rate in case where a continuous layer
comprigee o layers different in composition from each other and when

the second continuous layer has a fixed thickness while the thickness of
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14b ... spacer layer 14 second soft magnetic layer 16 ... orientation
ttunertfaparg elshadimaedayérig. 1 and (a) and (b) views for describing
structures of continuous layers to be compared with the exemplary embodiment.

Fig. 3 is a graph showing a relationship between a thickness of a
continuous layer of a single-layer structure having a single monolithic
composition and a coercive force.

Fig. 4 is a graph showing a relationship of a recording track width of a
magnetic recording medium and a bit error rate in case where a continuous
layer comprises two layers different in composition from each other and when
the second continuous layer has a fixed thickness while the thickness of the first
continuous layer is variously changed.

Fig. 5 is a graph, similar to Fig. 3, for use in determining the thickness of

the second continuous layer.

Description of Reference Numerals
[0022]
1 ... disk substrate
12 ... adhesion layer
14 ... soft magnetic layer
14a ... first soft magnetic layer
14b ... spacer layer
14c ... second soft magnetic layer

16 ... orientation control layer



18a ... first underlayer 18b ... second underlayer 22 ... magnetic recording
layer 22a ... first magnetic recording layer 22b ... second magnetic
recording layer 24 ... continuous layer 24a ... first continuous layer 24b ...
second continuous layer 28 ... medium protection layer 30 ... lubrication
layer Best Mode for Embodying the Invéntion [0023] Referring now to the
accompanied drawings, an exemplary embodiment of a perpendicular
magnetic recording medium according to this invention will be described
in detal i HRARI(FHLR' those elements which do not directly relate to this
inventipglaa_r_gﬁ}% qu%ﬂé .rSimiIar elements are designated by the same
reference numerals. oted here that sizes, materials, and other

specificgymesicnluescsizgwn in the following exemplary embodiment
are no more than examples provided in order to facilitate understanding

of the dRventiGgagiicde erRydiingit #yepresent invention unless specifically
indica?dg]i othltervgse. 0024] F(i&?. iseF view for describing a structure of a
perpe icutar R [EYedGH hddlqﬂ s according to the exemplary
embodipient gEHys YRR TR REMRERGISKIar magnetic recording

medium illustrated in Fig. 1 comprises a disk substrate 1, an adhesion
layer 124 a.feensofionadagtic layer 14a, a spacer 9 layer 14b, a second
soft ma%netic layer 14c, an orientation control layer 16, a

24a ... first continuous layer

24b ... second continuous layer

28 ... medium protection layer

30 ... lubrication layer

Best Mode for Embodying the Invention

[0023]

Referring now to the accompanied drawings, an exemplary embodiment
of a perpendicular magnetic recording medium according to this invention will
be described in detail. In the figures, those elements which do not directly
relate to this invention are not illustrated. Similar elements are designated by
the same reference numerals. It is noted here that sizes, materials, and other
specific numerical values shown in the following exemplary embodiment are no
more than examples provided in order to facilitate understanding of the
invention and do not limit the present invention unless specifically indicated
otherwise.

[0024]

Fig. 1 is a view for describing a structure of a perpendicular magnetic
recording medium according to the exemplary embodiment of this invention.
The perpendicular magnetic recording medium illustrated in Fig. 1 comprises a

disk substrate 1, an adhesion layer 12, a first soft magnetic layer 14a, a spacer



first underlayer 18a, a second underlayer 18b, a first magnetic recording
layer 22a, a second magnetic recording layer 22b, a continuous layer 24,
a medium protection layer 28, and a lubrication layer 30. A combination of
the first soft magnetic layer 14a, the spacer layer 14b, and the second
soft magnetic layer 14c forms a soft magnetic layer 14. A combination of
the first underlayer 18a and the second underlayer 18b forms an
underlayer 18. A combination of the first magnetic recording Iaéer 22a
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The medium protection layer 28 was formed by CVD. Thereafter, the
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roductivity, it is also preferable to use in-line type deposition. [0027] The
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manu g methods ofthe respective layers will be described. [0028]
The agbesgin layer 12 was formed using a Ti-alloy target so as to be a 10

First, amorphous aluminosilicate glass was formed into a disk-like shape
by direct press to produce a glass disk. The glass disk was successively
subjected to grinding, polishing, and chemical strengthening to obtain the
smooth nonmagnetic disk substrate 1 comprising a chemically strengthened
glass disk.

[0026]

On the disk substrate 1 thus obtained, those layers from the adhesion
layer 12 to the continuous layer 24 were successively formed by DC magnetron
sputtering in an Ar atmosphere using a vacuumed film-forming apparatus. The
medium protection layer 28 was formed by CVD. Thereafter, the lubrication
layer 30 was formed by dip coating. In view of high productivity, it is also
preferable to use in-line type deposition.

[0027]

The exemplary embodiment is characterized by a structure of the
continuous layer 24, which will later be described. At first, structures and
manufacturing methods of the respective layers will be described.

[0028]

The adhesion layer 12 was formed using a Ti-alloy target so as to be a



Ti-alloy layer of 10 nm. By forming the adhesion layer 12, the adhesion
between the disk substrate 1 and the soft magnetic layer 14 can be
enhanced and, therefore, it is possible to prevent the soft magnetic layer
14 from peeling. As a material of the adhesion layer 12, for example, a
CrTi alloy may be used. [0029] The so?tomagnetic layer 14 was configured
to have AFC (antiferro- magnetic exchange coupling) by interposing the
nonmaqnetic spacer layer 14b between the first soft magnetic layer 14a

Eha”t‘mé_éé!% Egﬁ‘mag@é/ti@@yé‘ﬂ_i%?ﬁhﬁfiﬂ%'@%& e?hﬁ@%ﬁsmn
RARREIE Ry B e o0, REHAR WAL P100AL B hcod
wit a n r

magnetic path (magnetic circuit Ig uracy a vertical
sAMNRBesTOiR tednnaneticatioprdirestianissionifigaatiy. Ideereps@@dm peeling.
Therefore, it is possible to reduce noise generated from the soft magnetic
Rsermaltesiss sifidagpdesiast thelirs st aajnpts Ryer1adanaaphee used.
seconf § g agnetic layer 14c has a composition of CoFeTaZr. The
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layer 14 and an effect of promoting alignment of orientation of crystal
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magnetic layer 14. Specifically, each of the first soft magnetic layer 14a and
the second soft magnetic layer 14c has a composition of CoFeTaZr. The
spacer layer 14b has a composition of Ru (ruthenium).

[0030]

The orientation control layer 16 has an effect of protecting the soft
magnetic layer 14 and an effect of promoting alignment of orientation of crystal
grains of the underlayer 18. The orientation control layer may be made of a
material selected from Ni, Cu, Pt, Pd, Zr, Hf, and Nb. Furthermore, the
orientation control layer may be made of an alloy containing the above-
mentioned metal as a main component and one or more additional elements
selected from Ti, V, Ta, Cr, Mo, and W. For example, NiW, CuW, or CuCr may
be preferably selected.

[0031]

The underlayer 18 has an hcp structure and serves to grow hcp-structure
crystals of the magnetic recording layer 22 as a granular structure. Therefore,

as the underlayer 18 has higher crystal orientation, orientation of the magnetic



11 recording layer 22 can be improved more. A material of the underlayer
may be selected from Ru, RuCr, and RuCo. Ru has a hcp structure and
can achieve excellent orientation of the magnetic recording layer
containing Co as a main component. [0032] The underlayer 18 has a
two-layer structure made of Ru. The setbnd underlayer 18b as an upper
layer is formed under an Ar gas pressure higher than that when the first
underlayer 18a as a lower layer is formed. When the_@ﬁas ressure is
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of Co. Therefore, if the size of the crystal lattice of Ru is reduced, the size
epmReeRs to that of Co so as to further improve crystal orientation of a
granulstaﬁdgéjzr of Co. [0033] The magnetic recording layer 22 comprises
the fir netic recording layer 22a having a thin thickness and the
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The first magnetic recording layer 22a was formed to have a 2 nm
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of CoCrPt containing chromium oxide (Cr203) as an example of a
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a granula structure comprising grains grown in a columnar
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formed between the crystal grains. The magnetic grains epitaxially grew
toadaiinsIR filh fessarmurguses the size of a crystal lattice to be reduced.

The size of the crystal lattice of Ru is greater than that of the crystal lattice of Co.
Therefore, if the size of the crystal lattice of Ru is reduced, the size approaches
to that of Co so as to further improve crystal orientation of a granular layer of Co.

[0033]

The magnetic recording layer 22 comprises the first magnetic recording
layer 22a having a thin thickness and the second magnetic recording layer 22b
having a heavy thickness.

[0034]

The first magnetic recording layer 22a was formed to have a 2 nm
CoCrPt-Cr.03 hep crystal structure by using a hard magnetic target made of
CoCrPt containing chromium oxide (CroO3) as an example of a nonmagnetic
substance. The nonmagnetic substance segregated around a magnetic
substance to form a grain boundary. The magnetic grains formed a granular
structure comprising crystal grains grown in a columnar shape and a grain
boundary portion of the nonmagnetic substance formed between the crystal
grains. The magnetic grains epitaxially grew continuously from the granular

structure of the underlayer.



structure of the underlayer. 12 [0035] The second magnetic recording
layer 22b was formed to have a 10 nm CoCrPt-TiO2 hcp crystal structure
by using a hard magnetic target made of CoCrPt containing titanium
oxide (TiO2) as an example of the nonmagnetic substance. In the second
magnetic recording layer 22b also, the h?agnetic grains formed a granular
structure. [0036] In this exemplary embodiment, the first magnetic
recording layer 22a and the second magnetic recording layer 22b are
forme(ﬂqaﬁﬁiing different materials (targets). Without being limited
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(CrOX), titanium oxide (TiO2), zirconium oxide (ZrO2), or tantalum oxide

m@r@zs)cmﬁgin@gé'éan {@mmi%(m&ebaﬁmmsaayée 24 e qponmagnetic
cteristic, of this exe r bodiment, a thin f (c nt| us layer,
e R o o A T St
pNHBYBHS & & film mianestinestiQn is formed on the granular magnetic
?ayer to form a CGC (coupled granular continuous) structure. With this

structy)36yh thermal resistance of the continuous film is obtained in
addition to a high-density recording characteristic and a low-noise
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owe ayer and’a secon s layer as an ayer. Boron
(Bréeegntaingdaigcssisg heltsdhas e rigeratiteiis of these layers may be
same in composition or kind.  As the nonmagnetic substance for forming a
nonmagnetic domain, for example, silicon oxide (SiOy), chromium (Cr),
chromium oxide (CrOy), titanium oxide (TiO»), zirconium oxide (ZrOy), or
tantalum oxide (Ta>Os) may be used.

[0037]

As the continuous layer 24 as a characteristic of this exemplary
embodiment, a thin film (continuous layer) exhibiting high perpendicular
magnetic anisotropy and magnetically continuous in a film plane direction is
formed on the granular magnetic layer to form a CGC (coupled granular
continuous) structure. With this structure, high thermal resistance of the
continuous film is obtained in addition to a high-density recording characteristic
and a low-noise characteristic of the granular layer.

[0038]

The continuous layer 24 has a composition of CoCrPtB and comprises a
first continuous layer 24a as a lower layer and a second continuous layer 24b
as an upper layer. Boron (B) is contained because boron has a noise reducing
effect.

[0039]



effect. [0039] 13 The medium protection layer 28 was formed by
depositing carbon by CVD while maintaining vacuum and contains
diamond-like carbon. The medium protection layer 28 is a protection layer
for protecting the perpendicular magnetic recording layer from impact of a
magnetic head. Generally, carbon depB%ited by CVD is improved in film
hardness as compared with carbon deposited by sputtering and is
therefore capable of more effective:é é)rotecting the perpendicular

magnetfoSrELRHHTY RAEITHB TS B LR ST RHEN RFABH EARP PRAQ 12 BRISDY
/B oL Cadi e s ne R AL TR BRSO RL

ricatio was formed epositing

(hediluerppolyetioer) e frsaeatipentEbduhagatien kaeesthdase perpendicular
thickness of about 1 nm. [0041] The continuous layer in the

magesidiciaas idagniene résurdinp as dlitnaaghetigdesedmefasiasally, carbon
truct ill ibed further,in detail. Fig. 2 sh iews.
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embodiment in Fig. 1, (a) and (b) being views for describing structures of
tenpeyoersdeydas hoapectomperedi vgtlia yieisfexantipdaiy gacb ot ime magige iy

isa ?raph showing the relationship between the thickness of a continuous

-of % 3iRFE- YAj@9edritareasadig & ¥iglBs bRt sinasiisimproved.

and a ‘{ﬁr:]ve force. [0042] At first referring to Fig. 3, when the thickness
of the continuous layer is gradually increased starting from the case when

no coringldutsridaitshfRiyeedo(theghirknes His depovitithe _RPeEive force

He is increased and then decreased.

(perfluoropolyether) by dip coating. The lubrication layer 30 has a thickness of
about 1 nm.

[0041]

The continuous layer in the perpendicular magnetic recording medium of
the above-mentioned structure will be described further in detail. Fig. 2 shows
views for describing the structure of the continuous layer, (c) being a view for
describing the structure of the continuous layer in this exemplary embodiment in
Fig. 1, (a) and (b) being views for describing structures of continuous layers to
be compared with this exemplary embodiment. Fig. 3 is a graph showing the
relationship between the thickness of a continuous layer of a single-layer
structure having a single monolithic composition and a coercive force.

[0042]

At first referring to Fig. 3, when the thickness of the continuous layer is
gradually increased starting from the case when no continuous film is formed
(the thickness is 0 nm), the coercive force Hc is increased and then decreased.
The present inventor diligently studied the above-mentioned phenomenon and
observed the following. In a lower part of the continuous layer that is formed

adjacently on the magnetic recording layer (i.e., a part nearer to the magnetic



The present inventor diligently studied the above-mentioned phenomenon

and observed the following. Ina lower part of the continuous layer that is

formed adjacently on the magnetic recording layer (i.e., a part nearer to

the magnetic 14 layer), Co epitaxially grows in a columnar shape

inheriting the granular structure of the 4agnetic layer and Cr assumed to

have a nature of segregating around the magnetic substance (Co), like

the nonmagnetic substance contained in the magnetic layer, actuall
am{k;&{ra’gucture
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continuous layers 124 and 224 is a single layer having a single monolithic
ewapetinitry Aiteciledisiagteories Biaig e CoTPIBIHerprioniete the epitaxial

contipuous layer 124 in Fig. 2 (a) has a thin thickness thinner than 4 nm.
ST ot GHYAIHR, AN BERGRTELR Tagari oD s S dgrowh Hong a
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continuous layer having the monolithic composition, if the thickness is
thiokeudbe leyercive force He is increased and then decreased as already

described. This is presumably because a part 226 including the magnetic
recordﬁﬂa‘@i/er 22 and a lower part of the continuous layer 224 that is

formed efacensanle ERARBIIA FCOSiOR P PR WA BE HGous

nature of the magnetic re g layer serves as a grahular structure.

(2044 161 a2 {229 ssVieyingiedageribing theasiinglo e oh dhienkoob mpasstion with
layer according to the exemplary embodiment in Fig. 1. The continuous

mpensiantepiesdsalie Phyfees 4B themaisoiithoenlneges 2areari@4hie Fig. 2
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layer in Fig. 2 (b) has a heavy thickness within a range between 4 nm and 12
nm. In case of the continuous layer having the monolithic composition, if the
thickness is thicker, the coercive force Hc is increased and then decreased as
already described. This is presumably because a part 226 including the
magnetic recording layer 22 and a lower part of the continuous layer 224 that is
formed adjacently on the magnetic recording layer 22 and that inherits the
nature of the magnetic recording layer 22 serves as a granular structure.

[0044]

Fig. 2 (c) is a view for describing the structure of the continuous layer
according to the exemplary embodiment in Fig. 1. The continuous layer 24
comprises two layers, i.e., the first continuous layer 24a and the second
continuous layer 24b which are different in composition from each other. The
above-mentioned structure is adopted so that the content of chromium in the
first continuous layer 24a is increased to increase the coercive force Hc and the
content of chromium in the second continuous layer 24b is decreased to

improve the overwrite characteristic and the S/N ratio.



above-mentioned structure is adopted so that the content of chromium in
the first continuous layer 24a is increased to increase the coercive force
He and the content of chromium in the second continuous layer 24b is
decreased to improve the overwrite characteristic and the S/N ratio. 15
[0045] The chromium content in the first®ontinuous layer 24ais 18 to 20
at% while the chromium content in the second continuous layer 24b is 15
to 18 at%. As shown in Fig. 3, if a layer has a higher chromium content,
the col?Brtelforce He can remarkably be increased as the thickness of

the layer is | inc ' ive fo i r o
the tras o e P R e S S & e
venreseatsHhgibremame aPent Geddnat¥ortheudatindpe contert 06 14 18 at%.
at%, and the boron content of 5 at%. As shown in Fig. 3, in a layer having

AR idrigud donlekerthecadtghe feienHens seriantatslg coercive force
increased as the thickness is increased as described above. [0047] In

o T e R o R g i
QIRRGRERLRESIRYBEIR TRt BARIIRed A8y ARSHRINUARIRBOY IR 24a.
coercive force He is increased by providing the continuous layer 24.

Specifjo@iyg]the coercive force He is increased as follows. When Cr > 15
at%, it has been confirmed that the coercive force He is improved b
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present inventor's study, a sufficient coercive force can
Hc is remarkably increased as the thickness is increased as described above.

[0047]

In Fig. 3, an arbitrary unit (a.u.) is given where the coercive force Hc
when "no continuous layer is formed" is defined as 1, so as to indicate how the
coercive force Hc is increased by providing the continuous layer 24.
Specifically, the coercive force Hc is increased as follows. When Cr > 15 at%,
it has been confirmed that the coercive force Hc is improved by about 20 % or
more. When the content of Cr is 12 at%, the coercive force Hc is increased
only by about 10 % and, therefore, the continuous layer does not sufficiently act
as a layer intended to increase the coercive force Hc. Accordingly, the lower
limit of Cris 15 at%.

[0048]

As a result of the present inventor's study, a sufficient coercive force can
not be obtained with the composition of 21-15-B5. Because a sufficient effect
of improving characteristics is not expected merely by adopting the two-layer
structure, the upper limit of Cr need not specifically be considered. Preferably,

the content of Cr in the continuous layer 24 falls within a range between 15 at%

and 20 at%.



not be obtained with the composition of 21-15-B5. Because a sufficient
effect of improving characteristics is not expected merely by adopting the
two-layer structure, the upper limit of Cr need not specifically be
considered. Preferably, the content of Cr in the continuous layer 24 falls
within a range between 15 at% and 20'8%. 16 [0049] The Cr content of
the second continuous layer 24b may be considered as follows. The
second continuous layer 24b is originally intended to improve the
overwif84hracteristic. Therefore, the second continuous layer 24b must

have hﬁ%@}%@ﬁ@ﬁ?&i@&%%%%t 3n?1‘?138ﬂ§0@93eq Wip H?g 5 considered as

continuous layer ccording e chromium’content of the secon

RORKIOUS Hayescadll sosmalisnshapstPatisanehisanyahiesibaa theémprove the
chromium content of the first continuous layer 24a. [0050] In this

exempitergeaipodirisdint, tHdheminaolis|agepd eonilise:s iy efg4b must
ayers..However, as long as the chromium content is greater ip a layer.
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Furthermore, the continuous layer 24 need not obviously be separated

b & pionality tfdey20satbbibisdésjsiredito therethecbroomiontoontéant of the first
increased towards the magnetic recording layer. It is desired that, as

SABIMH RHBOIRYRE 26Rin Fig. 2, the lower part of the continuous layer 24

that is d adjacently on the magnetic recording layer 22 has a higher
chromium content to effectively improve the coercive force He while the

upper parhikasxarsislalecehbeditentomie rbitt nahitvia s sel restuelities the two
and maintenance of the overwrite characteristic. [0051] Fig. 4 is a graph
yeiang tieweraioasHBea®&ed ehresukihgardertisdireater in a layer nearer

to the magnetic recording layer, the number of layers forming the continuous
layer 24 is not limited to two but may be any desired number. Furthermore, the
continuous layer 24 need not obviously be separated into a plurality of layers
but is required to have a chromium content increased towards the magnetic
recording layer. It is desired that, as shown in (b) and (c) in Fig. 2, the lower
part of the continuous layer 24 that is formed adjacently on the magnetic
recording layer 22 has a higher chromium content to effectively improve the
coercive force Hc while the upper part has a smaller chromium content to
achieve noise reduction and maintenance of the overwrite characteristic.

[0051]

Fig. 4 is a graph showing the relationship between a recording track width
of the magnetic recording medium and a bit error rate in case where the
continuous layer 24 comprises two layers different in composition from each
other and when the thickness of the second continuous layer 24b is fixed while
the thickness of the first continuous layer 24a is variously changed.

[0052]

In Fig. 4, CoCrP1t-TiO» has a composition of 20-15-B4 in the first



of the magnetic recording medium and a bit error rate in case where the
continuous layer 24 comprises two layers different in composition from
each other and when the thickness of the second continuous layer 24b is
fixed while the thickness of the first continuous layer 24a is variously
changed. [0052] In Fig. 4, CoCrPt-TioZ has a composition of 20-15-B4 in
the first 17 continuous layer 24a having a greater chromium content and
a composition of 15-15-B5 in the second continuous layer 24b having a

SRTHIQATSRRIN? AR SO I pIBHY TheRIaHbASHIA Kefesition of
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second continuous layer nd the ess 0
gentintous layer 24ais 0 nm, 1 nm, 2.5 nm, and 5 nm. [0054] The bit
error rate as a horizontal axis in Fig. 4 is a value linked to the S/N ratio. A

smallelOBio@}ror rate (more minus) is desirable because noise is reduced
more. Refeyring, to, Fig. 4, noise is further reduced when the first . .
cominthra g e RO BT e o G BSE 3 Ape th bt
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formed (has a thickness of 0 mm). [0055] However, if the first continuous
thgeth Rka és shid kb adot<bcd miinuoois daige irtaas€dron, thenogrzranym, and 5 nm.
Accordingly, the first continuous layer 24a preferably has a thickness
greateiot‘%?‘w]o and substantially not greater than 3 nm. [0056] Fig.5is a

9raph. SITWAY 4051 %Atk 1 SHIGHIMRE e THGKBESSi@L NG Iue linked to the S/N

ratio. A smaller bit error rate (more minus) is desirable because noise is
reduced more. Referring to Fig. 4, noise is further reduced when the first
continuous layer 24a has a thickness of 1 nm and a thickness of 2.5 nm as
compared with the case where the first continuous layer 24a is not formed (has
a thickness of 0 mm).

[0055]

However, if the first continuous layer 24a is thickened to 5 nm, noise is
increased on the contrary. Accordingly, the first continuous layer 24a
preferably has a thickness greater than 0 and substantially not greater than 3
nm.

[0056]

Fig. 5 is a graph, similar to Fig. 3, for determining the thickness of the
second continuous layer 24b. It is assumed here that the coercive force Hc (1
on the horizontal axis in Fig. 5) of the magnetic recording layer 22 without the
continuous layer 24 is 5000 oersted (Oe). According to Fig. 5, the maximum
coercive force obtained by providing the desired first continuous layer 24a is
6000 oersted. The coercive force must be decreased to the range of 4000 to
5000 oersted which is practically useable. Specifically, the normalized

coercive force in the graph of Fig. 5 must be decreased to about 0.8 to 1.



second continuous layer 24b. It is assumed here that the coercive force
He (1 on the horizontal axis in Fig. 5) of the magnetic recording layer 22
without the continuous layer 24 is 5000 oersted (Oe). According to Fig. 5,
the maximum coercive force obtained by providing the desired first
continuous layer 24a is 6000 oersted. The coercive force must be
decreased to the range of 4000 to 5000 oersted which is practically
useable. Specifically, the normalized coercive force in the graph of Fig. 5
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is about 0.8 to 1). [0057] Although the preferred exemplary embodiment

epenEvievert It e PkeB Hedtribed above with reference to the
accom drawings, it is needless to say that this invention is not
limite above-described embodiment. It is obvious that those
skilled Ay g it AL PENIRRGEKRIIGME Al ratisamr JnedificrianSWItIO been
the scope described in the claims, and it will be understood that those
déecaitieasanny enwdliicaterrs telonf ¢catte tephniedl dcopegs thiss needless to
invention. Industrial Applicability [0057] This invention is applicabletoa .
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sk drive).qr.ihe like ysi endicylar magnetic recording. syst
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magitietiGions within the scope described in the claims, and it will be understood

that those alterations and modifications belong to the technical scope of this

invention.

Industrial Applicability

[0057]

This invention is applicable to a perpendicular magnetic recording
medium to be mounted to an HDD (hard disk drive) or the like using a

perpendicular magnetic recording system.



recording layer having a granular structure composed of crystal grains
containing cobalt (Co) and grown in a columnar shape and a grain
boundary portion comprising a nonmagnetic substance and formed
between the crystal grains, and a continuous layer formed adjacently on
the magnetic recording layer and comﬂﬁsing a thin film magnetically
continuous in a film plane direction, wherein: the continuous layer
contains cobalt, chromium (Cr), and platinum (Pt); the continuous layer
has a chromium content increased t he magnetic recording layer.

2. The per ' : ﬁ;gng' ' ' rding, to.claj .
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20 at%, the upper layer having a chromium content of 15 to 18 at%. 3.
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wherein the nonmagnetic substance js pne or mqre materials selected
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magnetic recording medium according to claim 2, wherein the lower layer
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the upper layer having a thickness substantially between 3 and 7 nm. 5.
Whe"sépendicular magnetic recording medium according to any one of
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the continuous layer has a chromium content increased towards the
magnetic recording layer.

2. The perpendicular magnetic recording medium according to claim 1,
wherein the continuous layer comprises two layers including a lower layer and
an upper layer, the lower layer having a chromium content of 18 to 20 at%, the
upper layer having a chromium content of 15 to 18 at%.

3. The perpendicular magnetic recording medium according to claim 1
or 2, wherein the nonmagnetic substance is one or more materials selected
from a group consisting of chromium oxide, chromium, titanium oxide, silicon
oxide, zirconium oxide, and tantalum oxide.

4. The perpendicular magnetic recording medium according to claim 2,
wherein the lower layer has a thickness greater than 0 and substantially not
greater than 3 nm, the upper layer having a thickness substantially between 3
and 7 nm.

5. The perpendicular magnetic recording medium according to any one

of claims 1 to 4, wherein the continuous layer further has a composition of

cobalt-chromium-platinum-boron (CoCrPtB) containing boron (B).



