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 continuously increasing at an annual rate of about
100%. Recently, 2.5- inch-diam@r% %%@ﬁ%\ﬁlsks 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 informatian Cedotin g/ dsisity Highetha 280 GBitg gt 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 recerding system (perpendicular magnetic recording disk) is
recently proposed. In a conventional in-plane magnetic recording system,
an axisidfidasy magnetization in a magnetic recording layer is oriented
along at]@lane ofasub trate surface. In theié) r1I|;3end| uIar mag netlc
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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
heen 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 & 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. Ina
conventional in-plane magnetic recording system, an axis of easy magnetization
in a 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 {0 be perpendicular t¢ the substrate surface.



2 As compared with the in-plane magnetic recording system, the
perpendicular magnetic recording system is capable of more effectively
suppressing a thermal 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 kised as the magnetic recording
layer. In such layer, Co crystals of an hcp (hexagonal closest packed
crystal lattice) structure grow in a columnar shape and Cr and Si02 (or

O 2y satrEgatatto ferin-alavamagnetic rairdoundaiyBtheauperdficular

such a granular structure, fine magnetic grains physically independent
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magnetic recording system, a single pole perpendicular head is used to
FEERd G Maginane fie kP perpea diciiain s thieiatdg fetiarduoiing layerording
}?@W MeT, 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 sgtigtia magnetic field of a sufficient intensity can not be applied to

the ma?@etic recordiné; layer. In view of the above, the perpendicular
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is formed in the soft magnetic layer. this structure, It IS possible to
applearcintéase per)ehdicular gnagrieticdielditodhshmagneticdesording. (or
I }/ r. Specificall ,ghe soft magnetic layer is a layer in which a
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writingand-admagngtic pathhisienamically formed A0006) Howeyer,an
intense magnetic field applied to the magnetic recording 3
another are easily formed so that a high recording density is easily achieved.

10005]

in the above-mentioned perpendicular magnetic recording system, a
single pole perpendicular head is used 10 generate a magnetic field
perpendicular to the magnstic recording layer.  However, if the single pole
perpendicular head is merely used, magnetic flux from a single pole end directly
returns to a return poie 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 2 soft
magnetic laver under the magnetic recording layer and a path of the magnetic
Aux (magnelic path) is formed in the soft magnetic layer.  With this structure, it
is possible 1o 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 fo a magnetic field during writing
and a magnetic path is dynamically formed.

[00086]

However, an intense magnetic field applied to the magnetic recording



layer results in an increase in leakage magnetic field to an adjacent track.

This 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 important 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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magnetization Ms. The continuous layer may be called an auxiliary
ragnetic fhgerier atoapueayendm this dpplication thes teryar continugusrmed

layer" is u %g u L:c’ess specifically indicated otherwise. Patent Document 1:
PRSP0 AINE BRASE LRI tr it PIYHH 6 B Seed by

the-pueniion MRAAL anisotropy (Patent Document 1),

lelirg

if a coercive force He of the magnetic recording layer is increased, an
increase in recording density can be achieved but writing by the magnetic head
tends fo become difficult.  In view of the above, the continuous layer also
serves 1o improve writabilly, L.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 magnstic
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 fayer. In this application, the ferm
"continuous layer” is used unless specifically indicated otherwise.

Fatent Document 1: JP-A-2003-348315

Disclosure of the invention

Froblem 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 improvement of the coercive force Hc
only by improvement of the magnetic layer. [0010i On the other hand,
the present inventor already found out that the coercive force Hc is
increased also by increasing the content of chromium in the continuous
layer. IiPEHi8levent, however, the saturation magnetization Ms is
decreased and, therefare, the original purpose_of the cantinuous layer.
ol B S o e R st HekdORaM e
qaised/inifiapenpendiesiarmagnetio erarding-megiumicthis vealiomis it i
has been made. It is an object of this invention to provide, by improving a
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iC Ic.recordi edi hich is | ved in coercive

et R R B
|osingtiongnah funetionscef thercostimimus layefobesivadisededuetionand
maintenance of overwrite characteristic. Means to Solve the Problem
[0V emeRIGHIEE S AskBie i above-mentioned problem, according to
a repr%@q@tive structure of this invention, in a perpendicular magnetic
recording medium comprising a magnetic recording layer having a
granuléerstructiie chapbsed piesrystat grains aostaining rebbalti (@o)rand
%rown. in ? columnar. 5 shapg a{%]d E grain boundary portion comprising a

CRTAGhEES bR aG Tot R A ERIBERH tH Uy KB sl i in the
ceptinus layer formedsadiasenttyrn the magnetic reearding. /auerands is
comprising a thin film magnetically continuous in a film plarie direction, the
citinaeRe fayericerians tubaligtwamiprseC) aadpidtinaus (Rygrandy not
tgg g&qtei}r\}ggus layer has a chromium content increased towards the
magne{lc recording layer.

[0011]

In view of the above-mentioned probiem caused in the perpendicular
rmagnetic recording medium, this invention has been made. 1t 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,

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

Means to Solve the Problem

(G012

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 graing containing cobalt (Co) and grown in a columnar



[0013] In the continuous layer formed adjacently on the magnetic
recording layer, a lower part nearer to the magnetic recording layer has a
greater content of chromium so as to effectively improve the coercive

force Hc while an upper part has a smaller content of chromium to achieve
noise reduction and maintenance of overwrite characteristic. [00141

The above-mentioned continuous layeramay 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 &P g athe. joonsjoundisy lhydichasmhighey eomentaf ehimmibsetoe and
c%emr%\éggg{ce Hc can rerlt%zrkabl %e%gcreased as the thi%kness of the

layer S iRcraashd BIEh TRCAELE 17 LB &rER AR HAYE SR FyaRanty on
lomerayesformesadigeanihzon themagnsticwesondingdavenddl8ninuous

The above-mentioned nonmagnetic substance may be one or more
niatefialsrédlecti@ Hom A greopiconsistingotontaimniur walideh shrdmiuiG;),
titani ide, silic ide, zirconium_oxide, and tantalum oxide. . .
TR e LSRR SRf R RN R cprgases

anexgcmantionashbpnmagngig sukstance and has a nature of
segregating around a magnetic S substance (Co). It is conceivable that

chromititfl promotes columnar epitaxial growth of Co.
in the continuous layer formed adjacently on the magnetic recording layer,

a lower part nearer o the magnetic recording layer has a greater content of
chromium so as to effectively improve the coercive force He while an upper part
has a smaller content of chromium 1o achieve noise reduction and maintenance
of overwrite characteristic,

[0014]

The above-mentioned continuous layer may comprise two layers
including a lower layer and an upper fayer. The lower iayer may have a
chromium content of 18 1o 20 ai%. The upper layer may have a chromium
content of 15 {0 18 al%.

[0015]

I & layer has a higher content of chromium, the coercive force He can
remarkably be increased as the thickness of the layer is increased.  Such
increase in coercive force He is assured by the lower layer formed adjacently on
the rmagnetic 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, sificon oxide, zirconium oxide, and tantalum oxide. Presumably,
chromium of the continuous laver inherits the nature of the above-mentioned

nonmagnetic substance and has a nature of segregating around a magnetic



[001T 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 is excessively large, an S/N ratio is decreased. If the thickness
of the upper layer falls within the above-mentioned range, the coercive
force Ho practically usable is obtained.6[0018] Further, the
above-mentioned continuous layer may have a composition of

cobalt-chromium-platinum-boron (CoCrPtB) containing boro B%. Boron . |
RHEHAEREICD! 1B cHG HNGD VIR K T FAOTBLER gl ahar Spitaxia

gg&g{ﬁx 5 compared with the case where the continuous layer has the
ove-mentioned thickness without containing boron. [0019] The
conterjofiBpron may be preferably 5 at% or less. It the content of boron is

greater, a sufficient reverse magnetic domain nucleating field (Hn) can.no
be obt i%@@%\‘%&‘%ﬂﬁ@qﬁﬁﬁ%ﬁﬁ%ﬁfy R%c‘?‘oﬁaﬁ%gﬁ oth r%%%/eernﬁgﬁ,h
it i Rossibleniaiprovides Dy imrevngra siyeidreang agompgsitionaf a

continuous layer, a perpendicular magnetic recording medium which is
ifmipkoesd micoertivd fdrebvpiend incteasea réchidlifriapsyiofthewer layer

S R SRS AT Dy o
layer falls within the above-mentioned range, the coercive force He practically
usable is obiained.

[0018]

Further, the above-mentioned continuous laver may have a composition
of cobali-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 a% or less.  If the content of

boron is greater, a sufficient reverse magnetic domain nucleating field (Hn) can

riot be obtained.

Effect of the Invention

[6020]

According to this invention, it is possible to provide, by improving a
struciure and a composttion of a continuous fayer, a perpendicular magnetic
recording medium which is improved in coercive force He fo increase a
recording density of the recording medium without losing original functions of
the continuous layer, |.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 contlnuous layers to be compared with
the exemplary embodiment. Fig. 3isa 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. 4is a
graph showing a relationship of a recording track width of a magnetic

Fecor ig&%%g{rgf%@@r%g or rate in case where a continuous layer

comprises two layers differentin composition from each other and when
the sefi@riti tontinuous layer has a fixed thickness while the thickness of
the first continuous Iagv%e{r IS varlousl%]chan

similar t§ Figs & Y6rUEY MeGEHn @?ﬁ@%ﬂ?c%%osrg gﬁtﬁ?@%{%&ﬁ&w?d% o
CANLLaY Z@%b@&%@ﬁﬁ'@ﬂﬁ%%@!‘@@@e Numerals 10022] 1disk

substrate 1 adhesion layer 14soft magnetic layer

Fig. 2 shows (¢} & view for describing a structure of 2 continuous layer in
the exemplary embodiment in Fig. 1 and (a) and (b) views for describing
structures of continuous layers 1o be compared with the exemplary embodiment.

Fig. 3 is a graph showing a relationship between a thicknass 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 widih of &
magnetic recording medium and a bit error rafe in case where g 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
[oo2z2]
1 ... disk substrate
12 ... adhesion layer
14 ... soft magnetic tayer
14g ... first soft magnetic layer
14k ... spacer layer
14c ... second soft magnetic layer

16 ... orientation control fayer



14a ... first soft magnetic layer 14b ... spacer layer 14c ... second soft

magnetic layer 16 ... orientation control layer 8 18 ... underlayer 18afirst
underlayer 18b ... second underlayer 22 ... magnetic recording layer 22a
... first magnetic recording layer 22b second magnetic recording layer 24

... continuous layer
8

18 .. underlayer

18a ... first underlayer

180 ... second underlayer

22 ... magnetic recording layer

22a ... first magnetic recording laver
220 ... second magnetic recording layer
24 ... comiinuous layer

24a ... first continuous layer

24b ... second continuous layer

28 ... medium proteciion layer

30 ... jubrication layer

Best Mode for Embodying the Invention

[0023]

Referring now to the accompanied drawings, an exemplary embodiment
of a perpendicular magnetic recording medium according 1o this invention will
be described in detail.  In the figures, those slements which do not directly
relate o this invention are not llustrated.  Similar elements are designated by
the same reference numerals. 1 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 o facilitate understanding of the
inveniion and do not limit the present invention unless specifically indicated
otherwise.

10024]

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

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



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 td 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 v
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imit the present invention unless specifically indicated otherwise. [00241
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Lcomprises & disk sHbsiRte:LiaR adhesion Iavesddrr first sofgmaanetier
layer 14a, a spacer 9

14c forms a soft magnetic layer 14, A combination of the first undeslayer 18a
and the second underlayer 18b forms an underiayer 18. A combination of the
first magnetic recording layer 22a and the second magnetic recording layer 22b
forms a magnetic recording layer 22.

[0025]

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
smoath nonmagnetic disk substrate 1 comprising a chemically strengthened
glass disk.

10028]

Or: the disk substrate 1 thus obtained, those layers from the adhasion
layer 12 to the continuous layer 24 were successively formed by DC magnefron
sputiering in an Ar atmosphere using a vacuumed film-forming apparatus.  The
medium protection layer 28 was formed by CVD.  Therealfter, the iubrication
layer 30 was formed by dip coating.  In view of high productivity, it is also
oreferable o use in-line type deposition.

10027]

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.

[oo2s]

The adhesion layer 12 was formed using a Ti-alloy target sc asto be a



layer 14b, a second soft magnetic layer 14c, an orientation control layer
16, a 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 foffis a soft magnetic layer 14. A
combination of the first underlayer 18a and the second underlayer 18b
forms an underlager 18. A combination of the first magnetic recording
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exemplary embodiment is characterized by a structure of the continuous
lager 24 iHivh silitates bhalestibednaliciayesitddiars Bisgnetization

e i L L
accuracy and a vertical component in the magnetization direction is significantly
decreased. Therefore, it is possible to reduce noise generated from the soft
magnetic layer 14, Specifically, each of the first soft magnetic fayer 14a and
the second soft magnetic laver 14¢ has a composition of CoFeTaZr. The
spacer layer 14b has a composition of Ru (ruthenium}.

[0030]

The orientation control layer 16 hag an effect of proteciing the soft
magnetic layer 14 and an effect of prometing 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 alioy 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 hep struciure arz.d serves fo grow hep-struciure
crystals of the magnetic recording layer 22 as a granular structure.  Therefore,

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



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 soft magnetic layer 14 was
configured to have AFC (antiferromag%tic exchange coupling) by
interposing the nonmagnetic spacer layer 14b between the first soft
magnetic layer 14a and the second soft magnetic layer, %ﬁlc. With this
SRILHITS, FHE53R ArapPRITRGEPL RS o AGHEHZMON BHEE R HIERY Do
is-aligngd;alang 2 magnetic path dmagnetic:cireuit) aithihigh:aectaGLaRge
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soft magnetic layer 14. Specifically, each of the first soft magnetic layer
F20BAERe second soft magnetic layer 14c has a composition of
CoFeTggsoThe spacer layer 14b has a composition of Ru (ruthenium).
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hcp structure and can achieve excellent orientation of the magnetic
recoring (ayeo coniainingeC orasaranatiystgmpentaite{oe32pranular layer of Co.

(0033}

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

[0034]

The first magnetic recording layer 22a was formed to have a 2 nm
CoCrPt-Cr.05 hep crystal structure by using a hard magnetic target made of
CoCrPt containing chromium oxide (CrCs;) as an example of a nonmagnetic
substance. The nonmagnetic subsiance 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 pottion of the nonmagnetic substance formed between the crystal

grains. The magnetic grains epitaxially grew continuously from the granular

structure of the underiayer.



The underlayer 18 has a two-layer structure made of Ru. The second
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 gas pressure is high, a mean free path of sputtered particles is
shortened. Therefore, a deposition rate_is decreased so that crystal
orientation is improved. In addition, a %h pressure causes 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 OFRw is reduced, the size approaches to that of Co so as to further

improve.erystal origpiation-obagranyiariavesohee :49083%o natde 10 nm

magnetic recording layer 22 comprises the first magnetic recording layer
Z2dmavingalthinchiclahebs cinckethy seioen iag eticnelcotaing! lagse2Phb

aving a heavy, thickness. [0034].-..... The first magnetic,recording layer.
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subsafveseqrdatjatedeardimdiddnagnetic substance to form a grain
bound% '(:Pl']{;e magnetic grains formed a granular structure comprising
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using different materials (targets). Without being limited thereto, the
rnzatietials ofitheSeldyersmaydessaime in composition or kind. As the
nonmagnetic substance for forming a nonmagnetic domain, for example,
silicon &Xd (Si0O4, chromium (Cr), chromium oxide (Cr04, titanium oxide

(Ti02), zirerpiswmimridedZa0or 21 Ntk oxide:(taz0b)aayheuged.
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
coniinuous) struciure.  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.

10038

The continuous layer 24 has a composition of CoCrPIB and comprises a
first continuous iayer 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]



[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 obiained in addition to a high-density
recording characteristic and a low-noise characteristic of the granular
layer. [0038] = The continuous Iag\/er 24 has a comgosmqn of CoCrP

and com5rdEsE Firsf CEHRGBESGg B GENE RO M r REE HHHE SEEbhY
GOPHNMAYS 1AYBE 24P 35 20, URPekdaysh R on(B) isigeptained becayse

boron has a noise reducing effect. [0039] 13 The medium protection
lenyeti 28 ywascfornreld oy &@pesatm@i@@tb@ﬁmovmw@iiﬁaimammgemdicaiaF

e g coays dapenciie capon, Tie oG pecio e,

resonding:lsyerfrom impasief & MaoRsts beadsGeneralby catbenbon

deposited by CVD is improved in film hardness as compared with carbon

dieposited by sputiefing 2l s ifrseitorceaphiiiobfacreéfdbtislprotecting
N S e e e e A s e TmRRd

ead 1as vo g crease

hayginess ganhe tmamevednlP048td in Thelubgaationdayes30-wasédrmedved.
by depositing PFPE (perfluoropolyether) by dip coating. The lubrication

layer 3t#44l a thickness of about 1 nrn.
The lubrication layer 30 was formed by depositing PFPE

(perflucropolyether) 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 detall.  Fig. 2 shows
views for describing the structure of the continuous layer, (¢} being a view for
describing the structure of the continucus layer in this exemplary embodiment in
Fig. 1, (a) and (b) being views for describing struciures of continuous layers 1o
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.

10042]

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

adjacently on the magnetic racording layer {i.e., a part nearer to the magnetic



[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 layets to be compared with this
exemplary embodiment. Fig. 3 is a graph showing the relationship
between the thickness of a continuous layer of a singl,e-l%gr structure

frRXAhY ESRIYITROH GIIRHE (B M SOSHTBTRARHAPECRMGUR 108, JoTAITT Stragiure

fgﬂﬂgfx%g%{g&a?fg Sahen é@%&mgﬁ%%%@%&% ”&%‘ﬁ%z@égﬁ@ around

gradually starting from the case when no continuous film’is
formned dtheithicksassois @amjijtheéecercivedoete kicisiimereasethard in the
then decreased. The }pg resent inventor diligently studied the

h .
ABRVREHIRIShetr PR GRS PO BSERIB I S Wirg CTHAUS SR PR
rthgeonitByousdayer that isfermeckadiagenty-08 /be MagReHEwih along a
recording layer (i.e., a part nearer to the magnetic 14 layer), Co epitaxialiy
dilowslina lzatomeaarshapeiimddriting thegrant larstracturiesf théne
magnetic layer and Cr assumed to have a nature of segregating around
tﬁ%%%ﬁfﬁi@ti Ktbstance (Co), like the nonrnagnetic substance contained
in the q@g@?tic layer, actually segregates at a grain boundary to promote
the epitaxial growth. Towards an upper part of the continuous layer,

crystal igréwthcaisrsgeal fins ae aselcoineanstddominan i shlftahfe g uous
riginal,nature e continuous layer. [0043]. _ In the comparative.... ,
LR o el 3 o G Ao L haessg 1

a singledayesmaving rostingle mrprelithizegnppsitoniniibu tonstanti in Fig. 2
content ratio of CoCrPIB. Herein, the continuous layer 124 in Fig.

2
Has et thickHesesiihEr waliarhion the Bie&tRantatre %@rﬁﬁ(i?mvs
BRI R 2 esgjflggggﬁggwfmq&w%nﬁgﬁgg% ween 4.am.and,

n tas contindous layer havin Ic composition,
ifthe thicknessisithicketintheicdeyeivedareeitte isdnchigased apdthien, if the
decreased as already described. This is presumably because a part 226
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layer 22 and that inherits the nature of the magnetic recording layer 22
sengsis seguatiotalasten Riendo0Afer parigy 2He)dsrd viewsdaydestitibingt is

the struct ft ti I ding t | L
AR Pio0 B O hCe ) B8 2 b Pared i el fhe.
theifirst RARENHAYSIAY O 24@iARdANe Second LontnLgHN [ayeERdkwbich

are different in composition from each other. The above-mentioned
structutédd4ddopted so that the content of chromium in the first continuous

layer 2.%?[%!.52'?% r%a%ev‘?'eﬂﬁ increasethe 6 %rj‘@%%%ﬂ%é‘%g&Hﬁu%%%t?a}tﬁ?f
chromium’in Sseconid continuous layer IS décreasedto improve the
Querwtiecharasielistiplanddhm&ieation Fig. 1. The continuous fayer 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 struciure is adopted so that the content of chromium in the
first continuous layer 243 is increased to increase the coercive force He and the

contertt of chromium in the second continuous layer 24b is decreassd 1©

improve the overwrile characterisiic and the S/N ratio.



15[0045] The chromium content in the first continuous layer 24a is 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 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 first continuous layer 24, [0046] For example, a curve
20-14-B5 represents the chromium content of 20 at%, the platinum
content of 14 at%, and the boron content of 5 at%. As shown in Fig. 3, in a
layer h@\%ﬁja higher chromium content, the coercive force Hc is

remarkahly-increased.asithe thickness isinereasetas-described abayais,

[0047] In Fig. 3, an arbitrary unit (au.) is given where the coercive |
fetde Hewhamtinocontianousttayesisfornedinigdefingel &4 /$dattos al%.

g%%:%ﬁ%e\ggg‘ﬁv jger %Zﬁgg’%e%%ﬁiﬁﬁﬁ Egj@%%?gsed by providingthe. . ive force

@e@%)rcecﬁc IS Ihcréased as

follows, \MhenSiiy Hoiatveciidias bgenepnfisnedthal theseoersiredosee

Hc is improved by about 20 % or more. When the content of Cr is 12 at%,
thettoruivesoee PRIGY thiregstd by By abuitine Bhaantheaferey e 4a.
contini%ﬁé?yer does not sufficiently act as a layer intended to increase

the coercive’force Hc. Accordingly, the lower limit of Cr is 15 at%. [00481

As a resylit-obinepresent ingentars studycasulficieni-coercivedoncencan 20
not be obtained with the composition of 21-15-5. Because a sufficient

eiféctibpirplovigeRmBcensieS s Mot Expeeted RETER' Y addpting the
LI e AP e g e
within @ rengedietneensthl a¥sranth2@rat®.is increased as described above.

0047}

in Fig. 3, an arbitrary unit (a.u.) is given where the coercive force He
when "no continuous layer is formed” is defined as 1, so as o indicate how the
coercive force HMe is increased by providing the continuous layer 24,
Specifically, the coercive force He 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 Crig 12 at%, the coercive force Hce is increased
only by about 10 % and, therefore, the continuous layer does not sufficiently aci
as a layer intended fo increase the coercive force He.  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 falis within a range between 15 at%

and 20 at%.



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 overwrite characteristic. Therefore, the second
continuous layer 24b must have high saturation magnetization Ms as
compared with the first continuous layer 24a. Accordingly, the chromium
content of the second continuous Iaye?624b is smaller than 20 at% and is
smaller than the chromium content of the first continuous layer 24a. [0050]
In this exemplary embodiment, the continuous layer 24 comprises the two
Iayers.[%&\ﬁéver, as long as the chromium content is greater in a layer

nearertgihe magnslicrecosdinglayshitheonumber ohlavers Frmingitiged as

continuous layer 24 is not limited to two but may be any desired number.
Felithiermdries thecoomtirudits faydrdr idéd hotiobvbugepesd paratedve the

into a plurality of layers but is required to have.a chromium, cont .
B SRR W mag R TR DTGBy T Hesidd et B
$hoWhiH(8Xansi®) MdtgsZidheranerpadabihecantinieusdayeri@dious
that is formed adjacently on the magnetic recording layer 22 has a higher

Ghyenddem cmmaﬁﬁquW@mwrm@@m&r@W@weﬁyef
URSL RAT, Qﬁﬁ smaler.ehy c’i“}"é‘ @mgq{gﬁgfggﬁ?&ﬁgqﬁﬁygn@gﬁeﬁéﬁ%@ﬁgf'8%‘;3@‘?1 rst

malhtenance of the overwriie characteris sagrap

shewing thedetationship between a recording track width of the magnetic
recording medium and a bit error rate in case where the continuous layer
24 conip¥igek two layers different in composition from each other and

o R R e e e e
Figed  CoReEO2has@ gohpaditiomiof20etieBisrpthatfirsn &layer nearer
to the magnetic recording layer, the number of layers forming the continuous
layer 24 is not limited fo two but may be any desired number.  Furthermore, the
continuous layer 24 need not cbviously be separated into a plurality of layers
but is required to have a chromiurn content increased fowards the magnetic
recording layer. 1t is desired that, as shown in (b} and (¢) 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 He while the upper part has a smalier chromium content to
achieve noise reduction and maintenance of the overwriie 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 iwo layers different in composition from each
other and when the thicknaess of the second continuous layer 24b is fixed while
the thickness of the first continuous layer 24a is varicusly changed.

[0052]

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



continuous layer 24a having a greater chromium content and a
composition of 15-15-B5 in the second continuous layer 24b having a
smaller chromium content. [0053]  Fig. 4 plots the relationship between
the recording track width and the bit error rate when the thickness of the
second continuous layer 24b is fixedjgnd the thickness of the first
continuous 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
ShAes O ey Zate-Enpie Airskisciesinalre hetensarmbisedmpeitzadof
more. Referring to Fig. 4, noise is further reduced when the first
CortBriBd irs g 6Po2RCHRH RN Y& 0P A0 iRa 2 $HIAKRESETOIPEThm
5,69 pared with the case where the first continuous layer 24a is not
C%orme “(has a thickness of 0 nm). [0055] However, if the first
contingags]layer 24a is thickened to 5 nm, noise is increased on the

trary. Accordingly, the first conti I 24 ferabl :
ke AT A & AR BT PR St i I ToBdef o

&9y PR JPERPIHSIANR QM IRLHRLEERRIMGLIRCIHNCkPESSOFBE and

second continuous layer 24b. It is assumed here that the coercive force
tHe lickmele tiblizoittlaxiinnckig jGeo ke mBgmetit reeotdinynagednm.
Withoi&é e continuous layer 24 is 5000 oersted (Oe). According to Fig. 5,
the m ‘Hm coercive force obtained by providing the desired first

continyRy $iayeh2A4ad 6 Q0 ALssiel aiBerc PRI CivR EpIegURNEKEEe to the SIN
decreased to the range of 4000 to 5000 oersted which is practically

wieabld sBRlishibl BT ersaie imaizdniogsl indaarab!m tBeay s AUPEHG. 5
od L?Ezgg :%%%.ea%sgfé?rﬁg%tﬁgs &o r%ois]e8is 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 nm).

[0055]

However, if the first continuous layer 24a is thickened ¢ 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 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 o
5000 oersted which is practically useable. Specifically, the normalized

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



From the tendency shown in the graph of Fig. 5, the thickness of the
second continuous layer 24b preferably falls within the range of
substantially 3 to 7 nm such that the coercive force Hc is 4000 to 5000
oersted (the normalized coercive force is about 0.8 to 1). [0057]

Although the preferred exemplary empgdiment of this invention has been
described above with reference to the accompanied drawings, it is
needless to say that this invention is not limited to the above-described
?mmﬁi@@%@ﬁé;%w;m@gq%%ﬁ@gﬁe,% FGHRENUITAGLYBHYS
alterations and modifications within the scope described in the claims, and

Raplinbeusaersta6d Brelesrbseralierdtion drendngsdificalisinieliyriyieorthen
Lechnical scope.of (s nvention. Jndusirial dpRlicaplitg 008Dl o ThIs

invention 1s applicable to’a perpen ar magne{lc récording medi

beamoLntede ambibiP dhard disk drive) or the like using a perpendicular
magnetic recording system. 19 CLAIMS 1. A perpendicular magnetic

recordiféPiiedium comprising a magnetic recording layer haying a

9ra”“'ﬁ&ﬁg&gﬁ%%?81189%8%Qé@%%?n%%ﬁ?&%?&iRﬁsﬁﬂ@&k&&%@%‘@a&n

grown in a columnar shape an ary portion comprising a
desuripghelicsebathnetard.dornind hetoregs thel chstalgiains rasdiass to
continuous layer formed adjacently on the magnetic recording layer arid

EBHIBASTAL LMY RagEOEaTy R BiiAbBYE FRadTRe P IR aEETn, 1tis
YHRERO PR BBLNAS VR BIRSFRRAL S BB G AR and

platinum (Pt);
modifications within the scope described in the claims, and it will be understood

that those alterations and modifications belong fo 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.



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 péir%endicular magnetic recording
medium according to claim 1 or 2, wherein the nonmagnetic substance is

one or more materials selected frorp a %}r&lp consisting of chromium
oxide, chromium, titanium oxide, Si Téoif‘ﬁ Xide, zirconium oxide, and

tantalum oxide,enaduieReIRendicdlanmagneticrecordinamedivmgneiic
according to claim 2, wherein the lower layer has a thickness greater than
O=andiBubbtastially notegbeatelthai B lhne, thenpped liyelty hiavinigias

iickness suhstaniil betwecn & B0 on S IEPERRIEHRGery

Ing t0 any one %?c almS-1 1o

whersin g eamig uonsaye-bitharhasa compesitien Metween the crystal
cobalt-chromium-platinum-boron (CoCrPtB) containing boron (B). ‘

graing, and a continuous layer formed adjacently on the magnetc recording
layer and comprising 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 towards the
magnetic recording layer.

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

3. The perpendicular magnetic recording medium according o claim 1
or 2, wherein the nonmagnetic substance is one or more materiais 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 o claim 2,
wherein the lower layer has a thickness greater than 0 and substantialty not
greater than 3 nm, the upper layer having a thickness substantially betwaen 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 {CoCrPiB) containing boron (B).



