-1- [Docunent's Nanme] Specification [Title of the Invention] Thermally
Assi sted Recording System [Technical Field] [0001] The present invention
relates to an information recording systemwith a high recording density
and a thernmally assisted recording system in which a magnetic recording
medium and a magnetic read/wite head conprising a nmeans for heating the
recordi ng nedi um are provi ded. [Background Art] [0002] As one of the

i nformation recordi ng systens, a nagnetic disk nmounted in a conputer etc.
requires high recording density to support nodern information overl oaded

society. | 0 Lhz [ .recording density of a magnetic disk
system iED?égﬁégés§a§§%F3 %g%p§£HF%318$Stance bet ween the magnetic di sk

and the magpetic head, to nmeke.th rain sjze consisti of .1t he netic
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(ani sotropy,fi Idé 9f thi gagnetic recordi ng nmedium and to enhance the
speed of tﬁ € ﬁﬁﬁ rL Br6¢&dsing technique. [0003] In a magnetic recording

medi um redqucing the grain size |eads to decrease noise but, on the other
hand, a pr BP&Mari ses that the particles becone thermally unstable.

Therefore, the . _ ) ,
The present invention relates to an information

recording system with a high recording density and a thermally
assisted recording system, in which a magnetic recording medium
and a magnetic read/write head comprising a means for heating
the recording medium are provided.

[Background Art]

[0002]

As one of the information recording systems, a magnetic
disk mounted in a computer etc. requires high recording density
to support modern information overloaded society. In order to
realize the high recording density of a magnetic disk system,
it is necessary to narrow the distance between the magnetic disk
and the magnetic head, to make the grain size consisting of the
magnetic layer of the magnetic recording medium smaller, to
increase the coercivity (anisotropy field) of the magnetic
recording medium, and to enhance the speed of the signal
processing technique.

[0003]

In a magnetic recording medium, reducing the grain size

leads to decrease noise but, on the other hand, a problem arises

that the particles become thermally unstable. Therefore, the



-2- anisotropy energy should be nade larger in order to be thermally stable
with reducing the grain size. However, because of the Ilimtation of the
magnetic pole material used for the wite head and the limtation of
narrowi ng the distance between the magnetic di sk and the magnetic head, it
is difficult to increase the anisotropy field in proportion to achieve a
hi gh recording density in the future. [0004] In order to solve the
above-nmenti oned problens, a hybrid recording technique conbining an optical
recording technique wth a magnetic recording technique has been proposed
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the anisotropy field in proportion to achieve a high recording
density in the future.
[0004]
In order to solve the above-mentioned problems, a hybrid
recording technique combining an optical recording technique
with a magnetic recording technique has been proposed and is
receiving attention. For example, in Intermag 2000 HA-04 and
HA-06, the read/write head used is one on which a mechanism is
added for heating the medium. While recording, the coercivity
of the medium is reduced by heating the medium with applying
magnetic fields. Because of this, it becomes easy to write on
a medium with high coercivity, in which there was difficulty
in recording using a conventional magnetic head due to
insufficient magnetic field intensity. An MR
(magneto-resistive) head is used for reproducing, which is a
component of conventional magnetic recording system. The
recording method described above is called thermally assisted

magnetic recording.

[0005]



Mor eover, JP-A No. 344725/ 2001 di scl oses a perpendi cul ar nagnetic recording
medi um in which a second recordi ng nedium having a perpendi cul ar magnetic
ani sotropy and a greater intergrain magnetic exchange coupling is
sputter-deposited on a first recordingsl_ayer having the perpendicul ar
magneti c anisotropy and a magni tude of the intergrain nagnetic exchange
coupling of alnost zero. In JP-A No. 358616/2002, a magnetic recording
mediumis disclosed, in which a base layer including a magnetic |layer, a
switching layer including a non-ferronmagnetic |ayer, and a recordi ng |ayer

contai ning fernueanedsC oAl RS, ath NS @I T aRBeNeLes JrAirpbhpindard,es are
formed in order on a substrate. And, a magnetic recording nediumis
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4 coupling of almost zero. In JP-A No. 358616/2002, a magnetic
recording medium is disclosed, in which a base layer including
a magnetic layer, a switching layer including a
non-ferromagnetic layer, and a recording layer containing
ferromagnetic grains and non-ferromagnetic grain boundaries
are formed in order on a substrate. And, a magnetic recording
medium is disclosed in which the thickness of the switching
layer and the distance between the magnetic grains constituting
the recording layer are limited to satisfy the condition of TcB
> Tsw, where the Curie point of the base layer is TcB and the
temperature initiating the magnetic exchange coupling between
the recording layer and the base layer is Tsw. In JP-A No.
79307/1998, a recording medium is disclosed, in which the Cr
content is in the range of 21-24 at% at the grain boundaries
of the microcrystalline grains constituting the magnetic thin
film which becomes the magnetic recording medium.
[Non-patent Document] Intermag. 2000 HA-04, HA-06
[Patent Document 1] JP-A No. 344725/2001

[Patent Document 2] JP-A No. 358616/2002



[ Patent Docunent 3] JP-A No. 79307/1998 [Disclosure of the Invention]
[Problemto be Solved by the Invention] [0006] For thermally assisted
magnetic recording it is inportant to develop not only a technique to nerge
a magnetic head and a heating nmechani sg.-for the nmedium but also a nmedi um
suited for thermally assisted magnetic recording. Al though the CoCr all oy
medi um used for a conventional magnetic disk system is easy to fabricate,

it is necessary to make the grain size smaller than the current (9 nn) to
achi eve the super-high recording density of terabit class nenory capacity.

For instanegtehf bBeumdse whenpLhenepgnetiozathiser transition length is
about 15 nm it is expected that the grain size should be nmade as small as

3 nm On the;athesurands kReONdSent@oayoi d degradation of recording
magneti zation by thermal activation, 1t is known that the value K'V/ KT, in

whi ch the nggggggggobget %qV%%!%gft%% %%ﬁ%%iio%ﬂd magneti c ani sotropy

energy, K, Vi e produ tzmann"s constant, k, and

tenperatur%oo'g6 is preferably 100 or nore. Therefore, even if the nmaxi num
ani sotropy ‘energy of 5x105 J/nB (anisotropy field of 1600 kA/nm) for a CoCr
all oy and a gen ilm L. mpossible to
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head and a heating mechanism for the medium, but also a medium
suited for thermally assisted magnetic recording. Although the
CoCr alloy medium used for a conventional magnetic disk system
is easy to fabricate, it is necessary to make the grain size
smaller than the current (9 nm) to achieve the super-high
recording density of terabit class memory capacity. For
instance, in the case when the magnetization transition length
is about 15 nm, it is expected that the grain size should be
made as small as 3 nm. On the other hand, in order to avoid
degradation of recording magnetization by thermal activation,
it is known that the wvalue Ku-V/k-T, in which the product of
V, the volume of grains, and magnetic anisotropy energy, Ky,
divided by the product of Boltzmann’s constant, k, and
temperature, T, is preferably 100 or more. Therefore, even if
the maximum anisotropy energy of 5x10°> J/m’> (anisotropy field
of 1600 kA/m) for a CoCr alloy and a general film thickness of

20 nm are used, it is impossible to make the grain size less

than 7 nm. Therefore, it is considered impossible to achieve



recordi ng techni que using a CoCr alloy nedium [0007] It is thought that
strengthening the intergrain magnetic exchange coupling and increasing the
magneti zation switching unit of the grains are effective to inprove the
thermal stability. However, if a nedium. which has a |arge magnetization
switching unit of grains, is witten by a conventional recording technique,
the magnetic transition region becones disordered, resulting in increased
noi se. For instance, in JP-A No. 79307/1998, a nagnetic recordi ng nmedi um
is disclosed as a nediumw th strengthened intergrain nmagnetic exchange

coupling, LnghRbehntiBe CeceRBlian! dehdlify Fotr @ Qfo@fvréntll%{éqarrﬁa‘”g?qétrict he
magnetic thin Tilmis controlled to be in the range of 21-24at% Because

this is thecRurAgng LREnHAME A8 irB0kS PocknB110Y GRRG M. the intergrain

magneti ¢ exchange ~coupling is too™weak to incréase the magnetization
switching gy of the grains, so that it is understood that the thernal
stability éannog be i nproved. [0008] On the other hand, a nmedium materi al
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stability. However, if a medium, which has a large
magnetization switching unit of grains, is written by a
conventional recording technique, the magnetic transition
region becomes disordered, resulting in increased noise. For
instance, in JP-A No. 79307/1998, a magnetic recording medium
is disclosed as a medium with strengthened intergrain magnetic
exchange coupling, in which the Cr content of the micro-grain
boundaries in the magnetic thin film is controlled to be in the
range of 21-24at%. Because this is the purpose for reducing
noise, the increase of the intergrain magnetic exchange
coupling is too weak to increase the magnetization switching
unit of the grains, so that it is understood that the thermal
stability cannot be improved.
[0008]
On the other hand, a medium material used mainly for the
primary experiments of thermally assisted magnetic recording
is TbFeCo which is used for magneto-optical recording systems.

TbFeCo exhibits strong perpendicular magnetic anisotropy, has

less noise caused by grain boundaries and, moreover, the



viewpoint, this material is superior to the CoCr alloy system
conventionally used for magnetic recordi ng nedia. However, because TbFeCo
has strong intergrain nagnetic exchange coupling, the paranmeter A nentioned
| ater is very large and the recording_gagnetization spreads |arger than an
optical spot, therefore, it is thought that there is limtation to
increasing the recording density. Mreover, the nagnetization becones
smal | er because TbFeCo has a magnetic conpensation tenperature at room
tenperature. Therefore, a schene is necessary for a reproducing technique,

such as heabmppEadhahi 88 dUréfd bé eRsREUCEORM y (nt 9008 . Fofrdmsdainee, as
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therefore, it is thought that there is limitation to increasing
the recording density. Moreover, the magnetization becomes
smaller because TbFeCo has a magnetic compensation temperature
at room temperature. Therefore, a scheme is necessary for a
reproducing technique, such as heat irradiation during
reproduction, etc.

[0009]

For instance, as the medium to increase the thermal
stability described in JP-A No. 344725/2001 and as a thermally
assisted magnetic recording medium described in JP-A No.
358616/2002, there are media in which, for instance, CoCr alloy
and TbFeCo layers are deposited by a sputtering method. This
is a medium designed for the purpose of increasing the grain
volume by coupling the CoCr alloy layer and TbFeCo layer using
the magnetic exchange coupling and unifying them as a recording
layer. Therefore, the TbFeCo layer thickness has to be
increased while reducing the magnetic grain size, so that the
film thickness may become greater than 10 nm for a high

recording density. However, because the distance between the



| ayer thickness, the magnetic head field intensity applied on the nedium
decreases and the distribution of the magnetic head field applied on the
medi um becones broad. As a result of that, the read/wite characteristics
are deteriorated. [0010] As nentioned abave, searching for a medium materi al
and structure to use thernmally assisted magnetic recording effectively
becones an inportant issue. [0011] It is an objective of the present
invention to provide a thermally assisted magnetic recording system
conprising a nediumsuited for the thermally assisted magnetic recording

method. [ Mpany 6RR SOFY 'nﬁ‘&ﬁé‘&@ﬁ%@e‘%@hcrk%éél wi PhOl fleFe 4 91 AG MW d he
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the read/write characteristics are deteriorated.
[0010]

As mentioned above, searching for a medium material and
structure to use thermally assisted magnetic recording
effectively becomes an important issue.

[0011]

It is an objective of the present invention to provide
a thermally assisted magnetic recording system comprising a
medium suited for the thermally assisted magnetic recording
method.

[Means for Solving the Problems]
[0012]

In order to achieve the above-mentioned objective, a
thermally assisted magnetic recording system of the present
invention uses a magnetic recording medium, in which magnetic
exchange coupling between the magnetic grains in the recording
medium is large at room temperature (the temperature to
maintain the magnetization) to make the magnetization
thermally stable by coupling the magnetic grains and decreases
by heating to make the magnetization transition slope become

steep while recording.



Moreover, the thermally assisted nmagnetic recording system of the present

i nvention uses a magnetic recording nedium having an anor phous TbFeCo

| ayer, CoCr layer, a lamnation |ayer of CoCr and Pt, or a |lam nation |ayer
of CoCr and Pd on the substrate side ofgthe recording |ayer. The film

t hi ckness of the aforenentioned | ayers deposited on the substrate side of
the recording layer is controlled to be 5 nm or less. [0014] Both

af orenenti oned magnetic recording nedia used for the thernmally assisted
magnetic recording nedia of the present invention have the paranmeter A
sati sfying tde Fjange of 1.5<A<6.0 at roomtenperature (the tenperature T
mai nt ai ni ng the magnetization: -30C<T<80C), in which the paraneter Ais a
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lamination layer of CoCr and Pt, or a lamination layer of CoCr
and Pd on the substrate side of the recording layer. The film
thickness of the aforementioned layers deposited on the
substrate side of the recording layer is controlled to be 5 nm
or less.
[0014]

Both aforementioned magnetic recording media used for
the thermally assisted magnetic recording media of the present
invention have the parameter A satisfying the range of
1.55A<6.0 at room temperature (the temperature T maintaining
the magnetization:-30°C<T<80°C), in which the parameter A is
a normalized value of the slope parameter around the coercivity
of an MH loop, but the parameter A of the MH loop becomes small,
about 1, by increasing the temperature of the medium by heating.
Here, parameter A has a value defined by the following
expression.

[0015]
[Expression 1]

1 oM

(A = — ; absolu;ce permeability of vacuum)

JUO 6H M=0



[0016] It is an object of the present invention to provide a thermally
assi sted magnetic recordi ng system achieving excellent thermal stability
and | ower noise by using a nedium having the characteristic in which the
magneti c exchange coupling is very strang at roomtenperature and decreases
by heating. [Best Mdde for carrying Qut the Invention] [0017] Hereafter,
the preferred enbodi nents of the present invention will be described with
reference to the acconpanying drawing as follows. FIG 2 is a schematic
drawing of a structure of a magnetic disk system of the present invention.
Usual Iy, qRerQLcMRe thRIReLIHtdicHys 15 are nounted in the drive of the
magneti c disk system The magnetic disk 15 of the present inventionis a
magneti c du %l%qr per pendi cul ar magnetic recording conprising a soft
magneti ¢ under T'ayer and a perpendicular magnetic recording layer, and it

is rotation-driven.Ln_th Lrectio f 1 i.n_t he
enl ar ged dramﬁng¥§a}% ?ﬁegﬁié%gtég Eggdpg%égﬁ% gﬁggggégheﬁg %?%pﬁgenggnetic
head slider .11 fixed to.the . point of carriage 13 a cesseﬁban arbitrary
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magneti ¢ -10- di.sks dia) . T nl ar drawi n b) is schematj c
dr gwi ng excellent gggrma sta glgty aggdlower no s(e )by us?ng a me {um

having the characteristic in which the magnetic exchange
coupling is very strong at room temperature and decreases by
heating.

[Best Mode for carrying Out the Invention]

[0017]

Hereafter, the preferred embodiments of the present
invention will be described with reference to the accompanying
drawing as follows. FIG. 2 is a schematic drawing of a structure
of a magnetic disk system of the present invention. Usually,
one or more magnetic disks 15 are mounted in the drive of the
magnetic disk system. The magnetic disk 15 of the present
invention is a magnetic disk for perpendicular magnetic
recording comprising a soft magnetic under layer and a
perpendicular magnetic recording layer, and it is
rotation-driven in the direction of arrow 10.

[0018]

As shown in the enlarged drawing (a), the magnetic head
12 at the rear end of the magnetic head slider 11 fixed to the
point of carriage 13 accesses an arbitrary track by the voice

coil motor 14 and reads/writes the information on the magnetic



of the magnetic head 12 viewing the configuration of the recording wite
head 101 and the reproducing read head 16 from the side opposite the
medium The wite head 101 is a single pole type wite head for

per pendi cul ar magnetic recording conprjging the main pole 100 and the
auxiliary pole 102, and magnetic recording to the medium 15 is carried out
by the |eakage nmagnetic field fromthe nain pole 100. The read head 16
conprises the read sensor 18 consisting of a nmagneto-resistive effect
sensor | ocated between the magnetic shield 17 and the magnetic shield 102,

whi ch al so d%%ﬁc\ée%mééﬁﬂ? TREXEh1 F Y8 @w i (bhei & ePEeHEmbRY cOME R nd S
obtained by flowng the | eakage nagnetic fireld fromthe nmedium 15 into the
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wite hea temincluding a i ng means ~according to the
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recording @%ﬂﬁ#?ggﬂ% t%gfgggﬁ{bole 100 and the auxiliary pole 102, and
magnetic recording to the medium 15 is carried out by the
leakage magnetic field from the main pole 100. The read head
16 comprises the read sensor 18 consisting of a
magneto-resistive effect sensor located between the magnetic
shield 17 and the magnetic shield 102, which also serves as the
auxiliary pole, and the reproducing output is obtained by
flowing the leakage magnetic field from the medium 15 into the
read sensor 18.
[0019]

FIG. 3 is a configuration example illustrating a write
head/medium system including a heating means according to the
present invention. The FIG. illustrates the cross-sectional
structure around the write head cutting the write head 101 and
magnetic recoding medium 120 at a face perpendicular to the
recording medium (vertical direction in the FIG.) and parallel
to the down-track direction.

[0020]

The write head 101 has the main pole 100 and the auxiliary

pole 102 and the plate-shaped auxiliary pole 102 is formed



t he conductor pattern 103 is formed in a spiral on the auxiliary pole 102,
and both ends are drawn out and connected to the nmagnetic head drive
circuit. One end of the main pole 100 is connected to the auxiliary pole
102, and the other end reaches the botipm surface of the wite head facing
the magnetic recording nedium 120. The auxiliary pole 102, main pole 100,
and the conductor pattern 103 collectively constitute an el ectronmagnet, and
with the driving current a recording magnetic field is applied to the
magnetic recording layer 121 |ocated around the tip of the main pole 100.

[0021) As Lhgoheabip eﬂeeema}oaol E‘ﬁéaf&?or&ﬂ?g s SEARNCED NedidHeovidd, i's
pl aced with respect o the main pole as shownin the FIG 3, at a posi tion
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kOO% Ltom surface of the write head facing the magnetic
recording medium 120. The auxiliary pole 102, main pole 100,
and the conductor pattern 103 collectively constitute an
electromagnet, and with the driving current a recording
magnetic field is applied to the magnetic recording layer 121
located around the tip of the main pole 100.
[0021]

As the heating means, for instance, the resistance heater
104 is placed with respect to the main pole as shown in the FIG.
3, at a position separated from the main pole on the side
opposite the down-track direction. Or, it is placed with
respect to the main pole on the down-track direction side. The
resistance heater 104 can heat a wide area of the medium around
the resistance heater; therefore, it cen heat the desired
position even if it is placed separated from the main pole. The
power supply lines (which are not illustrated in the FIG.) are
connected to the resistance heater 104 to flow current and are
drawn out from the write head 102. Current flows to the
resistance heater 104 and the recording medium is heated by

radiant heat.



FIG 4 is another configuration exanple of a heating neans and wite

head/ medi um system The wite head and nedium are the sane as in FIG 3.
The resi stance heater 105, which 1is a heating nmeans, is placed adjacent to
the main pole. Thereby, the heater camsufficiently heat the portion right
bel ow the main pole, which especially needs heating up. [0023] Moreover,

ot her heating neans may be used, in which a |aser beamfocused by a |l ens
irradi ates the medium and further, a |aser beam being focused by a |ens,
irradiates a nmetal dispersion and heats it up. [0024] Furthernore, as the
ot her heatipgypgans, a neans of heating may be used, in which a voltage is
applied betmeen the main pole and the nediumto flow a current. [0025] The
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Thereby, the heater can sufficiently heat the portion right
below the main pole, which especially needs heating up.
[0023]

Moreover, other heating means may be used, in which a
laser beam focused by a lens irradiates the medium, and further,
a laser beam, being focused by a lens, irradiates a metal
dispersion and heats it up.

[0024]

Furthermore, as the other heating means, a means of
heating may be used, in which a voltage is applied between the
main pole and the medium to flow a current.

[0025]

The recording medium 120 is formed by sputtering on the
crystallized glass substrate 124, in order, a soft magnetic
under layer 123, a nonmagnetic intermediate layer 122, and a
CoCr alloy magnetic recording layer 121. Herein, the substrate
temperature while sputtering the CoCr alloy magnetic recording
layer is controlled to be from 50°C to 150°C. The nonmagnetic
intermediate layer 122 is, for instance, Ru, Rh, or Ir and is

provided to control the crystalline magnetic anisotropy of the



provided to control the grain size of the recording |ayer before depositing
the nonmagnetic internedi ate | ayer 122. The soft nagnetic under |ayer 123
serves to nake the recording magnetic field stronger and steeper by
magnetically coupling with the wite bhead. For instance, CoCrPt, CoCrPtTa,
and CoCrPtB, etc. may be used for the CoCr alloy magnetic recording | ayer
121. The filmthickness of the recording |ayer 121 is preferably 20 nm or
less to let the wite head and the soft magnetic under |ayer 123
magnetically couple with each other. [00263 FIG 5 shows the rel ationships

bet ween t hey l@%tirca&%co&%mg @519%%, 184 . cotieRfeOlorantiangst, nand £hy aant ent
a

of intergrain boundaries o abricated recording layer. The nmediumis

fabri cat ed 91l 0L 8% tEﬂ&g;%%rgﬁEQéiaf PHe LA oA el eROp LB OY as

t he soft nﬁbnetlc under |ayer, 2 Ick Ru as the nonnaghetic

ot o LSt B! BERRIGRRS) S eaull B0 TGS OBT peckgies

observed, | Rilnel1, LABLLCALOM oA UBLE S BRLREI S GULBE OSSOV
o 11vactl on g uses,ghe, AL ponall vy IEUARELISES oAl haale, |
h o0, UAan EReher oD seatsle Yooy, SPorlacssery (S AE G content

may be used for the CoCr alloy magnetic recording layer 121.
The film thickness of the recording layer 121 is preferably 20
nm or less to let the write head and the soft magnetic under
layer 123 magnetically couple with each other.

[0026]

FIG. 5 shows the relationships between the substrate
temperature, Cr content of a target, and Cr content of
intergrain boundaries of a fabricated recording layer. The
medium is fabricated on the glass substrate by depositing 100
nm thick permalloy as the soft magnetic under layer, 20 nm thick
Ru as the nonmagnetic intermediate layer, and then depositing
a 20 nm thick CoCrPt recording layer after changing the
substrate temperature from 10°C to 350°C. It is observed that
the fabricated medium is a perpendicular magnetic layer having
the easy axis perpendicular to the film surface according to
X-ray diffraction analyses etc. Additionally, TEM analyses
confirmed that the grains are columnar. Next, using a
transmission electron microscope with a high resolution Energy

Dispersive X-ray Spectroscopy (EDX), the Cr content of the



conposition distribution in the magnetic recording |ayer. The OCr-content is
detected by using the EDX with a spatial resolution of 1 nm irradiating
the el ectron beamto the grain boundaries. It is understood fromthe FIG
that the Cr-content of grain boundariegglLncreases proportionally with
increasing substrate tenperature. [0027] FIG 6 is a pictorial views
illustrating the magnetic grains 130 and the grain boundaries 131 and shows
the conparison of Cr content between the present invention A and
conventional media B. In the case of the present invention (FIG 6A) in

whi ch  t he Subst (RS dETREY Al RebSusent £8l § 80et0i 88t 8060 mIBEEs@BFic 150C
or less, the Cr content of the grain boundaries beconmes 15-20 at% This Cr

per pendi cul ST T & Zhaan TACEEG T 6 s CAonr e Pabe s Sl S e Tt
recordi ng AT ETE P TRA S T THa AT G B f el gl TRonet i ¢
cont ent of SHELIAT Bhundans d LR O Fe bl RerrRadeat AP SaR ARl ar
Goal of - ATeShaghe Ci% BIERBRGRICHUTT LG ELPontE® Bpel (erGaer G the
RNt G e PRl S S re S e PRl hb S I68h 1Ty with 1nePekeing
substrate temperature.
[0027]
FIG. 6 is a pictorial views illustrating the magnetic
grains 130 and the grain boundaries 131 and shows the comparison
of Cr content between the present invention A and conventional
media B. In the case of the present invention (FIG. 6A) in which
the substrate temperature is controlled to be 50°C or more and
150°C or less, the Cr content of the grain boundaries becomes
15-20 at%. This Cr content is far lower than that of grain
boundaries in conventional perpendicular media shown in FIG.
6B which are fabricated at substrate temperatures of 250°C or
more. That is, conventional perpendicular magnetic recording
media are fabricated with the goal of making the magnetic
exchange energy zero between the magnetic grains 130 by
increasing the Cr content of the grain boundaries 131. On the
other hand, the perpendicular magnetic recording media of the
present invention are fabricated with the goal of making the

magnetic exchange coupling stronger by increasing the magnetic

exchange energy between the magnetic grains.



FIG 7 is an exanple show ng a magnetization M magnetic field H curve
(MH1oop) of a mediumat roomtenperature fabricated as nentioned above. A
met hod for detecting the A C. field generated by vibrating the neasurenent
sanmple (VSM neasurenent) and an opticajgnethod (Kerr effect) using the
phenonena of tilting the polarization angle of reflected Iight

corresponding to the magneti zation may be used as magnetization neasurenent
techni ques. The paraneter A of the present invention is about 2. If the
intergrain exchange energy is zero, the paraneter Ais alnost 1, and the
paraneter Aobggpnes greater with increasing the nagnetic exchange coupling.
Therein, as shown in FIG 7, when the slope paraneter of the |ine crossing

the val ues of 50%@f 1 he satdkatste @mﬂ%gi%%?ewzseiww%ém

absol ute perneability of vacuum(4nx10-7 is o, the paraneter Ais

obt ai ned u§gggdtﬂegggk%?whﬁgéfﬁﬁgrgﬁsgp Aum %@N&Qthﬂﬁﬁi d:0029)c Next, the

MH | oop was neasur the nmedi um he heating tenperature was

changed {1 e i 0enElGondh sigts {lenk hah! 15 R ELGEDRLI

Cnder ot ood RAE PRECHRGRE PY SRERARGETUp! MEAEaTt P ot ¢ gr ai ns

decreases %%gs&%%%ggi)agg%ﬁ%npo%%i%%&cn%khod (Kerr effect) using the
phenomena of tilting the polarization angle of reflected light
corresponding to the magnetization may be used as magnetization
measurement techniques. The parameter A of the present
invention is about 2. TIf the intergrain exchange energy is
zero, the parameter A is almost 1, and the parameter A becomes
greater with increasing the magnetic exchange coupling.
Therein, as shown in FIG. 7, when the slope parameter of the
line crossing the values of +50% of the saturated magnetization
Mg is AM/AH and the absolute permeability of vacuum (4mx10”’
[H/m]) is Wo, the parameter A is obtained using the following
expression.
A = (AM/yu,) /AH
[0029]

Next, the MH-loop was measured with heating the medium.

The heating temperature was changed from 0°C to 300°C. FIG.
8 shows the relationship between the parameters A and the
heating temperatures. FIG. 8 indicates that the parameter A

decreases with increasing the temperature. That is, it is

understood that the magnetic exchange coupling between



greater. [0030) Therefore, using a thermally assisted magnetic recording
system according to the present invention, recorded nmagnetizations are
thermally stable at roomtenperature because of the strong intergrain
magneti ¢ exchange coupling, and the maggetization transition slope is steep
because the intergrain magnetic exchange coupling beconmes snaller by

heati ng-up the nagnetic recording |layer 121 with applying the nagnetic head
field using the main pole 100. [0031] The information recorded on the
magneti c recording layer 121 is reproduced nagnetically by detecting the

| eakage fl f : tic.r rqj I [ Lth a
nmount ed fl &égggﬁ:g?t yr]}guﬁmﬁgﬁdgﬁé&see%g agl%%ﬁ %n%ﬁnn%gt%%gimewgf fect)
sensor or %rgg@e Tunnel nagnetoresistive effect) sensor, etc. O, it my be
optically ~reproduced by a read head with a nounted optical flux detecting
means usinqobg% Kerr effect and Faraday effect on the recording nedium

[ 0032] The e eét of the present invention is shown as follows by the

Comput er 1 2L 160 DY, TS0 TONeb 51 WL e IARAL S 00
energy is %g%%%nfgéggiéyﬁé‘@g'¥%e present invention, recorded

magnetizations are thermally stable at room temperature
because of the strong intergrain magnetic exchange coupling,
and the magnetization transition slope is steep because the
intergrain magnetic exchange coupling becomes smaller by
heating-up the magnetic recording layer 121 with applying the
magnetic head field using the main pole 100.
[0031]

The information recorded on the magnetic recording layer
121 is reproduced magnetically by detecting the leakage flux
from the magnetic recording layer using a read head with a
mounted flux detecting means such as a GMR (Giant
magnetoresistive effect) sensor or a TMR (Tunnel
magnetoresistive effect) sensor, etc. Or, it may be optically
reproduced by a read head with a mounted optical flux detecting
means using the Kerr effect and Faraday effect on the recording
medium.
[0032]

The effect of the present invention is shown as follows

by the computer simulation using micro-magnetics, which is the

Langevin equation where the effective magnetic field h (t)



Landau-Lifshitz-G | bert equations (J. Appl. Phys. 75(2), 15 Jan. 1994).
[0033] [Expression 2] dd = - y [Mx (K- + h(t))]+ MIMx dM] (1)

<Li (t)1~i(ift)>=y 2kTa 6(s)5ii ... (2) YMs < by(t) >=0 ... (3) [0034]
Here, Mis the magnetization of grains,,feff is the effective field, yis
the gyromagnetic ratio a is the danping constant (decay constant) of

G lbert, MSis the saturation nagnetization, T (t) is a effective magnetic
field by thermal activation, k is Boltzmann's constant, T is the
tenperature, V is the volune of grains, S (2) is the delta function of
Dirac, i i W S e onec elta.and d j.are the
conponentSB?QFQ§}B§?E8fEpﬁetﬁggﬁggi%%%F§?d2%<gghﬁga%? f%% qﬁ#%?%%?ll [ 0035]
Accordi ng r i 2 it ( pRd t ach
arain 1o BBCERGERERREE 22 cqtbet, FeRaRRRS" {HE, Brollc By L0 24 0055 The
coefficieng of hgg4right-side of the expression (2) (2kTa/yVMs) is the
vari ance, aAd-t -18- direction is a random vector. Mreover, 6 (2) is the
i nverse n%gggg]of the tine step, and the nmagnitude of the effective

[Expression 2]

M __ oo M
— y[Mx(HefI+h(t))]+M[Mx dt] (D
2kT
: < hilt) bj (t+1) > = yV]l;_: 5(x)8; - (2)
< hi(t)>=0 -+ (3)
[0034]

Here, M is the magnetization of grains, Hessr is the
effective field, y is the gyromagnetic ratio a is the damping
constant (decay constant) of Gilbert, Mg is the saturation
magnetization, T (t) is a effective magnetic field by thermal
activation, k is Boltzmann’s constant, T is the temperature,
V is the volume of grains, 0 (1) is the delta function of Dirac,
T is the time step. 8;; is the Kronecker delta and i and j are
the components (x, y, z) of the magnetic field. < > means the
time mean.

[0035]

According to expressions 2 and 3, the magnitude of h (t)

applied to each grain follows the Gaussian distribution for

which the average is 0 and the coefficient of the right-side

of the expression (2) (2kTa/yVMg) is the variance, and the



magnetic field changes in each tine step. The nmain pole of the recording
head has a magnetic pole thickness of 400 nmin the down-track direction
and a magnetic pole width of 100 nmin the cross-track direction. The
spaci ng between the main pole and the ygdiumis controlled to be 15 nm The
heating nmeans is a nethod in which a resistance heater is adjacent to the
mai n pole and heats right below the main pole. [0036] The magnetic head
field was anal yzed by the conmercial program MAGQ C for cal cul ating

t hree-di nensi onal magnetic fields using the integral el enment nethod. The

magnetic h con% dlésa%%wr(}eo&éxess P% Vte er )orog é}f%\qg,ﬁ,e%@ cul at ed

by the hea i'on equation using the nite’ e

ther mal gﬁ%e. aﬁﬁle”‘égm@ﬁg%mg?g&b@ﬁe V\éﬂ&%}é %m?lO: @?ffe'clt

t hi ckness direc ating ence po s made the

heating teRReratyrer ra 200 aclie, ouLRUL: Al gpab | seblalneloby skl tuting

the sensitiv unc | reci proci

expressi on to: netl rgﬁor (Kyor | Q]lshers
Tokyo, 197%5*%0#?189%%%@%%@.%95% P aREL el hbehin b X% ol ds
G o domang the rile ek o g;aa;;@ac 0o, L08R o2 X0 .G Lhove
magnet i zat Icggsg/l tlrtacicsdll(?eogzvt':nllégat 'Ithrzee spacing between the main pole and

the medium is controlled to be 15 nm. The heating means is a

method in which a resistance heater is adjacent to the main pole

and heats right below the main pole.

[0036]

The magnetic head field was analyzed by the commercial
program MAGIC for calculating three-dimensional magnetic
fields using the integral element method. The magnetic head
field is 960 kA/m or less. The thermal profile was calculated
by the heat conduction equation using the finite element
method. The thermal energy was assumed to be absorbed uniformly
along the film thickness direction. Heating by incidence power
of 1 mW for 4 ns made the heating temperature, T, 200°C. The
output signal is obtained by substituting the sensitivity
function of the MR head for the reciprocity theorem expression
(Mitsunori Matsumoto: Magnetic recording (Kyoritsu
Publishers, Tokyo, 1977)). The output conditions are the
distance between the shields Gs = 0.06pm and the write track

pitch Ty = 80nm.

[0037]



ani sotropy field decreases 15% and the saturation nmagnetization decreases
5% when the tenperature increases 40C (IEEE Trans. Magn., vol. 34,

pp. 1558-1560, 1998) . This FIG indicates that when the heating tenperature
T = 200C (room tenperature is 20C) usiyg_ the above-nentioned heating neans,
the anisotropy field Hk is reduced to about 400 KA/m [0038] FIG 1 shows
the rel ationship between the change of output signal in 10 years after
recording and the paraneter A, where a grain size of a nedium= 3 nm the
thickness of a recording layer = 20 nm (the ratio of grain size Dgrain and

LT M EETSS e AL (iR ookl e, o o

200C by the abo t d heating mea . ation
D1 er nat ol P+ (b AT SOVANRPY LIRS HENeum § iy R TR T (O
Thus, it | §nLPERFORYnAt SLRe SPESFORE 1% 670r LBt FELCRGIAR | ncreases W th
i ncreasi ng paranmeter A, and signal does not decay when the paraneter Ais
1.5 or norB2agTALLZREioptdecremee? Stovhenhie & eMpediaiMng tRCERasear éht er A
greater than 1.5 inproves the thermal stability. Although a simlar
cal cul ati onI#8E Toaws.cMagyi ngvoyr a¢n/ ppftbhB01360t 01398) si Mhiwm RIGFIG 1
signal -20- did not decay when the paraneter A was 1.5 or nore. Here, the
reason whyibdiaahét whstciwhegedhien hela¢ inggitemperetudel I t=0 2D.09C (room
temperature is 20°C) using the above-mentioned heating means,
the anisotropy field Hx is reduced to about 400 kA/m.
[0038]
FIG. 1 shows the relationship between the change of
output signal in 10 years after recording and the parameter A,
where a grain size of a medium = 3 nm, the thickness of a
recording layer = 20 nm (the ratio of grain size Dgrain and film
thickness t, Dgrain/t is about 0.15), and the medium is heated
up to 200°C by the above mentioned heating means. The recording
magnetization pattern, with a magnetization transition length
of 50 nm, is recorded alternately upward and downward along the
medium thickness direction (hereafter, the magnetization
transition length is called the bit length). Thus, it is clear
that the residual ratio of output signal increases with
increasing parameter A, and signal does not decay when the
parameter A is 1.5 or more. That is, it is understood that a
medium with the parameter A greater than 1.5 improves the

thermal stability. Although a similar calculation was done

changing Dgrain/t from 0.15 to 1.0, similar to FIG. 1 signal



is as follows. Wth decreasing ratio of Dgrain and t, the nagnetization
rotates unevenly and becones thermally unstable; therefore, Dgrain/t is
preferably 0.15 or nore (I EEE Trans. Magn. Vol.39, No.5, Sep. 2003).

Mor eover, according to the mechani smofgperpendi cul ar nagnetic recording, a
recording |ayer thickness greater than the grain size gives a steep

magneti zation transition slope and it is thernmally stable, therefore,
Dgrain/t is preferably 1.0 or less. [0039] The following is the reason why

t he signal does not decay if the paranmeter Ais 1.5 or nore. FIG 10 shows

the relathoashbd LENRGhIN@neUphaaReEXERRAR QNG 8Y dotd/ MHeand tHhe
paraneter A when the ratio of the grain size Dgrain and the filmthickness

' RUR T ’ 'n a a i | §¢ dot b
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at | east O. t he ar anet er i's 1.5 or nore when

inft 1$,0.15 . i Lderin ti | CoCr
Dgrain/t i950,15:8510pke. Fah bbreGQInbASLENY LEALALAS CORERL | Qi

al oy medi um has a nost “zero, Tt7is at a rélatively
PLrong | TRAAShLE, SHEORROc couil LG obhleld BoRORRI0 Sl TP O TR vk
Tagnet i o ckBRERDETBOUBBFAG "/ £12 oo REER-PNE RadRerrc GEs NaLharerbre, it
S ohought yLhat "siong! €208 Nt degahapnen e RAATRLEL ALY 5 kgl T e
[ 0040] g ' + S€P ' g

mechanism of perpendicular magnetic recording, a recording

layer thickness greater than the grain size gives a steep

magnetization transition slope and it is thermally stable,

therefore, Dgrain/t is preferably 1.0 or less.

[0039]

The following is the reason why the signal does not decay

if the parameter A is 1.5 or more. FIG. 10 shows the

relationship between the surface exchange energy J (J/m?) and

the parameter A when the ratio of the grain size Dgrain and the

film thickness t, Dgrain/t, is 0.15, 0.4, and 1.0. Thus, it

is understood that J becomes at least 0.13x10°3 J/m? so that the

parameter A is 1.5 or more when Dgrain/t is 0.15 or more. That

is, considering that the conventional CoCr alloy medium has a

J of almost zero, it is understood that a relatively strong

magnetic exchange coupling, which is 0.13x107® J/m® or more,

works between the magnetic grains in the medium of the present

invention. The magnetization switching unit becomes larger

with increasing strength of the magnetic exchange coupling



As shown in the above-nentioned results, the stronger the magnetic exchange
coupling between magnetic grains, the nore the thermal stability is

i nproved. In conventional magnetic recording system it is known that the
stronger magnetic exchange coupling bejyeen the nmagnetic grains, the
greater the noise. However, if wite process is carried out at a

t enperature enough to reduce the magneti c exchange coupling of the nmedium
using the present invention, it would be possible to obtain a steep

magneti zation transition slope and reduce the noise. [0041] FIG 11 shows

the cal cul gLiQBRehesHkL ?naehet% BRLAREL etheée%%nd%cgsoft Hratdiytof the
output signal SCF with a~bit |éngth of 150 nmand the noise NHF with a bit

length of 23R qBREPALLNACBELVGRRNALHRNKARLKERAL ARARCY G IRCGAIND system

and the pre ent ermal 'y ass magneti c recording systentmnth changi ng
heat i ng te irres T. The value of Dgrain/t is 0.15. The grain size and
Hk of the i are the sane as for FIG 1. Thus, it is understood that

SLF/ NHF decreas t h_increasi t he_parangt.er nt

magneti c recordﬁ%ﬁ Peh! apﬁgeépﬁg *Ran reS&iﬁua presen?ongﬁ89 qqan
SLF/ NHF i ncreases wt |ncreasi?? thg heatiqﬂ? grature at the sane

par anet er M3INER1GHEXCRABASACRERL Y %'ft‘ﬁ‘ae‘?%t FE GO HY A7 Bt I ess,
SLF/ NHF has_a constant vagF? The reason is that the magneti.c exchange
coupl i ng b&bRebherRelng§abLild tar dSndMPEOYREs dPngopventional magnetl

recording system, it is known that the stronger magnetic
exchange coupling between the magnetic grains, the greater the
noise. However, if write process is carried out at a
temperature enough to reduce the magnetic exchange coupling of
the medium using the present invention, it would be possible
to obtain a steep magnetization transition slope and reduce the
noise.
[0041]

FIG. 11 shows the calculation results of the parameter
A dependence of the ratio of the output signal Sz with a bit
length of 150 nm and the noise Ny with a bit length of 25 nm,
comparing between a conventional magnetic recording system and
the present thermally assisted magnetic recording system with
changing heating temperatures T. The value of Dgrain/t is 0.15.
The grain size and Hx of the medium are the same as for FIG.
1. Thus, it is understood that Spr/Nyr decreases with increasing
the parameter A in a conventional magnetic recording system.
On the other hand, in the present invention, Spz/Nyr increases

with increasing the heating temperature at the same parameter



O by heating while recording. It is confirmed that even when Dgrain/t is
0.4, and 1.0, SLF/ NHF has a constant value up to A of 6. [0042] As shown in
FIG 9, the nmediumof the present invention has characteristics in which

t he magnetic exchange coupling decreasgs_linearly with increasing
tenperature. However, it is preferable to select a nmediummaterial in which
the magnetic exchange coupling rapidly decreases with increasing
tenperature, because it can prevent the magnetization of grains from
switching in the cooling process because of the nagnetic exchange coupling.

[0043] Fi SAaJ-% 3 S NG, the gl %}Aj 9%&?@%‘8‘3&\@9 &8@@ A Bt Oérl [ grain

boundari e t he paraneter he case I's 4, and

1.0. 1t 'Ssupﬁt@ﬁfa%o% thakcbhe %mgont@ﬂé 589 dgugl ng tﬁpaxftt%é)rma!g%fe%t make

t he paranete or nore. Mbreover, consi imtation of the

Fra 11 ind .ca%ﬁégrﬁmﬁﬁ%kﬁspﬁ‘?gﬁ% 3, RS E0PY & R0E ieaus, LSt bl e,

deteri t S F/ 400 th FI G
Lhat “tﬁrea e S aectitleds 55°Te hub SrRETRRR SV b MldT T
0. 15. . th t |
|ncreases §¥gégéph a%a;n%é o%téﬁF?QWbéﬁﬁ §50%§§ aﬁ%ggafue A ALY

of 6.

[0042]

As shown in FIG. 9, the medium of the present invention
has characteristics in which the magnetic exchange coupling
decreases linearly with increasing temperature. However, it
is preferable to select a medium material in which the magnetic
exchange coupling rapidly decreases with increasing
temperature, because it can prevent the magnetization of grains
from switching in the cooling process because of the magnetic
exchange coupling.

[0043]

FIG. 12 shows the relationship between the Cr content of
the grain boundaries and the parameter A in the case when
Dgrain/t is 0.15, 0.4, and 1.0. It is understood that the Cr
content should be 20 at% or less to make the parameter A 1.5
or more. Moreover, considering the limitation of the heating
temperature of the heater, heating above 400°C becomes
impossible. FIG. 11 indicates that the parameter A should be
less than 6.0 so as not to deteriorate the Siz/Nyr at T = 400°C

or less. It is understood from the FIG. that the Cr content



it is understood that the Cr content is required to be 15 at% or nore to
make the paranmeter A 6.0 or less even if Dgrain/t is 0.4 and 1.0.
Therefore, it is understood that the C content of intergrain boundaries
may be 15 at% or nore and 20 at% or |ess [0044] The follow ng are actual
experinmental results. Two kinds of nmediumwere prepared. After a 100 nm
thick permall oy soft nmagnetic under layer and a 20 nmthick Ru nonmagnetic
internedi ate | ayer are sputter-deposited on a substrate, the nedium of the
present invention is fabricated by sputter-depositing a 20 nmthick CoCrPt

recording i@yféqﬁgi“é@ t8 Eﬁr gst ﬁ\@’i%t BramgfréCQHEﬁnb?Qfaig tat% @ngsa substrate

tenperature o 0C, on the other hand, a conventional nediumis fabricated

by Sputt erpdeogsoLt) dhdh B AT & COCLRR 1 8¢ OktleNgakaset o-Ue kg santar oot

with a C con trate tenperature o Argon (Ar)

gas pr essuf 6982 6Nt oLLad: £ oo be: 0, 982 JarLfOrdg, £ach Jayer e the

paraneters I nds" of rica hedi a were “obtai ned fror t he

MH-| oops usj ng_the magnet o-qptic.Kery effect aranet ers re.2..0.and
1.0, respe?:’fi{g/%llﬁﬂd ?Oc?htgrpﬁ%tct egr('ri ﬁ°8§8ﬂ5n§% lf%%?lﬁ%%g‘f‘%ﬁ%e eln%ragfes of
these nedia were obtained as follows usin activation volu . [Q045] After
e magnet S5 ATVER TQ TS | Che ki yASker 4 &y O 12 Eveh 1P barainl?

is 0.4 and 1.0. Therefore, it is understood that the Cr content
of intergrain boundaries may be 15 at% or more and 20 at% or
less.
[0044]

The following are actual experimental results. Two kinds
of medium were prepared. After a 100 nm thick permalloy soft
magnetic under layer and a 20 nm thick Ru nonmagnetic
intermediate layer are sputter-deposited on a substrate, the
medium of the present invention is fabricated by
sputter-depositing a 20 nm thick CoCrPt recording layer using
a target with a Cr-content of 20 at% and a substrate temperature
of 150°C; on the other hand, a conventional medium is fabricated
by sputter-depositing a 20 nm thick CoCrPt recording layer
using a target with a Cr content of 15 at% and a substrate
temperature of 280°C. Argon (Ar) gas pressure was controlled
to be 0.9Pa when forming each layer. When the parameters A of
the two kinds of fabricated media were obtained from the
MH-loops using the magneto-optic Kerr effect, parameters A were

2.0 and 1.0, respectively. Next, the intergrain exchange



(saturation magneti zation) by applying a positive |large magnetic field
exceeding 1 Tesla perpendicular to the nedium the nmagnetic field is swept
down at a predetermned rate (RL: for instance, 50000 (A/m/s), and the
magneti zation nmeasurenent is continuously carried out until it reaches a
negative | arge magnetic field (magnetization curve 1). Moreover, a simlar
magneti zati on nmeasurenent (nagnetization curve 2) is carried out with
different sweep rates of nagnetic field (R2: for instance, 5000 (A/m/s),
thereby, FIG 13 is obtained. Next, when the differences of magnetic field,
whi ch 81 VecohPeihlrétely P@éo‘fftﬂéée‘?r{e‘?ﬂta WBERRIP A LN AL S] Pk 0,

and -0. 9xMs nagn tization curves and 2, are dHp, ,

u5|ng t he EﬁEgﬁé§%§g gﬁggg&gc field h obtalned by the follomnng expreSS|on:

dHzx ( dAm M the intergrain boundary exchange coupling
energy J '@o q ;culated by the foll ow ng expression: (hxKu+Msax107/
(87t)) x ( zP ? [Xt)) o0.s Here, Ku is the anisotropy energy and one
obtai ned by a netic torque neasurenent na e film-25-
Chi ckness, and drEreh ShPee Sr e bLEHCLE  FERE vt bt g tehe. uoed
Mor eover, the activation voluyne Vz |s obtalned usi ng dHz . as folloms
(saturation magnetization) by applying a positive larg

magnetic field exceeding 1 Tesla perpendicular to the medium,
the magnetic field is swept down at a predetermined rate (R1l:
for instance, 50000 (A/m)/s), and the magnetization
measurement is continuously carried out until it reaches a
negative large magnetic field (magnetization curve 1).
Moreover, a similar magnetization measurement (magnetization
curve 2) is carried out with different sweep rates of magnetic
field (R2: for instance, 5000 (A/m)/s), thereby, FIG. 13 is
obtained.

Next, when the differences of magnetic field, which give
the three types of different magnetization levels of 0.9xMs,
0, and -0.9xMs in the magnetization curves 1 and 2, are dHp,
dHz, and dHm, using the normalized magnetic field h obtained
by the following expression:

h = dHzx (dHm-dHp) / (4xdHpxdHm)
the intergrain boundary exchange coupling energy J is
calculated by the following expression:

J = (hxKu+Ms®x107/(87n))x (Vz/ (nxt))°3.

Here, Ku is the anisotropy energy, and one obtained by a

magnetic torque measurement may be used. t is the film



Vz = kxTxl n(Rl/ R2)/ (MsxdHz) Here, k is Boltzmann's constant, and T is the
absolute tenperature. [0046] FIG 14 shows the intergrain boundary exchange
coupling energy J of the CoCrPt alloy thin filmat 25C cal cul ated using
this expression plotted agai nst the gradgu boundary Cr content. J decreases
wi th increasing grain boundary Cr content and becones |ess than 0.13x103
J/ma when the Cr content is greater than 20 at% An Auger electronic
spectrum which uses the electron beamw th an accel eration voltage of 3 kV
and a beam dianeter of 0.5 nm is used for neasurenent of the grain

boundary CGn¢ephest, dPbHe BHEYhBESHFICorobk -kecendahit ead {hede g medi um

of the present invention fabricated with a substrate tenperature of 150C
whi |l e depoﬁéthggd@ he magnetic recording |ayer has a & content of 19 at%
and an exchange coupling energy of 0.2x10-3 J/nma. Mreover, fromthis FIG,

the conventi onal %edd rboat j 1511@ eobePEL Al W £, 0C has

a & content ofM %’a%%%aagg;ggg%éh%%p |§ézr gtﬁe(r)%y oﬁ 0. -26é-) 0048]

Furt her nore %?E%g)‘lﬂg}s dependence of residual rmagnetization was neasured for
preé

t he nedi urr?%f sent invention fabricated with a substrate tenperature
of 150C and Vz = kxTx1ln(R1/R2)/ (MsxdHz)

Here, k is Boltzmann’s constant, and T is the absolute
temperature.
[0046]

FIG. 14 shows the intergrain boundary exchange coupling
energy J of the CoCrPt alloy thin film at 25°C calculated using
this expression plotted against the grain boundary Cr content.
J decreases with increasing grain boundary Cr content and
becomes less than 0.13x10°® J/m? when the Cr content is greater
than 20 at%. An Auger electronic spectrum, which uses the
electron beam with an acceleration voltage of 3 kV and a beam
diameter of 0.5 nm, is used for measurement of the grain
boundary Cr content.

[0047]

From this FIG., it is understood that the medium of the
present invention fabricated with a substrate temperature of
150°C while depositing the magnetic recording layer has a Cr
content of 19 at% and an exchange coupling energy of 0.2x107?
J/m?. Moreover, from this FIG., the conventional medium
fabricated with a substrate temperature of 280°C has a Cr

content of 35 at% and an exchange coupling energy of 0.



the conventional nediumfabricated with a substrate tenperature of 280C. As
a result, the deterioration of the output signal in the nmediumof the
present invention could not be observed even if it was left for 100 hours
at room tenperature. On the other handggthe nagnetization of the
conventional nedi um decreased to 80% in 100 hours after recording. [0049]
Therefore, a thermally assisted nagnetic recording systemwth | ow noise
and excellent thermal stability can be provided by applying a nediumto the
thermal |y assisted magnetic recording system having characteristics such
that the iippgs@rai n magnetic exchange coupling is strong at room
tenperature and di sappears at a recording tenperature (a snall anmount of

remai ni ng magnetp o @xGhange, comp! i e | SepSid&ricd NP rébsadhsappearing
conpl etely). [0050] Next, the second enbodi ment of the present invention

will be dgseribeda:Tba SLEUR flucescal rhhe cheakibng.iears cead diead,  and

wite head e second enbodi nent are sanme as those in - 3 and 4.
e B S S e R A
formed as LﬁglggEVeg Egka %%h%&mQ%p%%EEEtgd w19g am Igiré%gt
temperature of 280°C. As a result, the deterioration of the
output signal in the medium of the present invention could not
be observed even if it was left for 100 hours at room
temperature. On the other hand, the magnetization of the
conventional medium decreased to 80% in 100 hours after
recording.
[0049]

Therefore, a thermally assisted magnetic recording
system with low noise and excellent thermal stability can be
provided by applying a medium to the thermally assisted
magnetic recording system, having characteristics such that
the intergrain magnetic exchange coupling is strong at room
temperature and disappears at a recording temperature (a small
amount of remaining magnetic exchange coupling is better than
its disappearing completely).

[0050]

Next, the second embodiment of the present invention will

be described. The structures of the heating means, read head,

and write head in the second embodiment are same as those in



magneti c under layer 123 and a 15 nmthick first nonmagnetic internediate
| ayer 122, in order, on the crystallized glass substrate 124, a |ayer
consisting of five layers of an anorphous |ayer such as TbhFeCo etc, or a
CoCr layer or Co (0.3 nm) and Pd (0.7.gyg is deposited to a thickness of 5
nmor |less as the second internediate |layer 125 and, on top of themis
formed a 20 nmthick CoCr alloy magnetic recording |ayer 121 such as, for
i nstance, CoCrPt and CoCrPtB, etc. as the nagnetic recording |ayer. Here,
the substrate tenperature while sputtering the CoCr alloy magnetic

recording koyer 32hds beeen 288CaR08 BA0GHUMAN d CAMMRIY iiNaley used.

FIG 5 indicates that the & content of magnetic grain boundaries of the

medi um i s o e d % at substrate tenperatures from
4 9L e+ AR 40, A% RbolSRENt & np
250C to 32 %Lfél%i ?4 Shows that the nggnetPc exchange coupling between the

magneti c gﬁ@?gi becomes 0 when the C content is 30 at%or nore. In this
enbodi nent "0 he present invention, it is preferable that the Curie point

8‘; it;‘esfiecﬁ”d i ”@eé nﬁneadg} 1€ G 4 écc!xa&’fr{%%%r o W 2] %‘i}orﬁcﬁd‘.g 1%24”*1@ ature
ghtly ‘hrgher an” the recording tenperature while Tecord ng.
|0052), The IEgasa. e21§1ANE°a FOLPL0R. S VReD, L g Rl By IRIBNC, oL the
tenperaturgéggggggfgﬁgérn? 9g£i%23 and a 15 nm thick first nonmagnetic
intermediate layer 122, in order, on the crystallized glass
substrate 124, a layer consisting of five layers of an amorphous
layer such as TbFeCo etc, or a CoCr layer or Co (0.3 nm) and
Pd (0.7 nm) is deposited to a thickness of 5 nm or less as the
second intermediate layer 125 and, on top of them is formed a
20 nm thick CoCr alloy magnetic recording layer 121 such as,
for instance, CoCrPt and CoCrPtB, etc. as the magnetic
recording layer.
Here, the substrate temperature while sputtering the
CoCr alloy magnetic recording layer 121 is between 250°C and
300°C, which is conventionally used.
FIG. 5 indicates that the Cr content of magnetic grain
boundaries of the medium is 30 at% or more and 40 at% or less
at substrate temperatures from 250°C to 320°C.
FIG. 14 shows that the magnetic exchange coupling between
the magnetic grains becomes 0 when the Cr content is 30 at% or

more. In this embodiment of the present invention, it is

preferable that the Curie point of the second intermediate



characteristics as well as the first enbodi nent, which has a |I|arge
intergrain magneti c exchange coupling by magnetically coupling the second
internediate layer with the recording layer. That is, the paranmeter A val ue
becones nuch greater. Therefore, the ;ydi um of the present invention
becomes thermally stable at roomtenperature. Wile recording, the

magneti ¢ exchange coupling between the nagnetic nonents of the second
internedi ate | ayer disappears by heating the nedium Therefore, excellent
read/ wite characteristics with | ow noise can be obtained for the nedi um of

the presenia%@yeaéfégsaﬁiwﬁlthea§eéoﬁéﬂh§nt@mbébaea§eao§naglshabﬁtqyain
magneti ¢ exchange  coupling. Here, when tThe nagnetic exchange coupling

bet ween t i .t he nte La wor ks a
ggﬂgggﬁﬂﬁgsaﬁgEPééOP&lﬁg téﬁﬁ@??ﬁh?é wABdLate b hg!

little rat appears conpfetely, e magneti zation transition
sl ope becopgg §#eeper and the noise can be made smaller. Therefore, the
Curie poin o? bFeCo may be preferably slightly higher than the

tenperature whil.g rec i, - 29- . i nki .fthe film
thimgkness of Tblg‘e?]fo?nat%n%ér}gjgnée’%qga eef%ﬁ%%i%%%?ﬁ%ﬁ%%ﬁgﬁ%ﬁé used in
this thernmally assisied recording_s sée i S, about ?69 kAL.mat the center
of the rocBIlPRYy PhyblS PROGRUerNESTNRTARRC oXaRPT eRE CPEARFRFER,
characteristics, . the. anisotropy field should be r ?yce to the val ue which
'S the sambTUEHtHRM kTPl TR ¢ STPRTATITE, TheHd R SRS ke

recording |layer. Therefore, FI .
g chgracterfstics as well as the first embodiment, which has a

large intergrain magnetic exchange coupling by magnetically
coupling the second intermediate layer with the recording
layer. That is, the parameter A value becomes much greater.
Therefore, the medium of the present invention becomes
thermally stable at room temperature. While recording, the
magnetic exchange coupling between the magnetic moments of the
second intermediate layer disappears by heating the medium.
Therefore, excellent read/write characteristics with low noise
can be obtained for the medium of the present invention as well
as a medium which has a small intergrain magnetic exchange
coupling. Here, when the magnetic exchange coupling between
the magnetic moments of the second intermediate layer works a
little rather than disappears completely, the magnetization
transition slope becomes steeper and the noise can be made
smaller. Therefore, the Curie point of TbFeCo may be preferably
slightly higher than the temperature while recording.

[0053]



9 indicates that the heating tenperature of the nediumis controlled to be
150C or nore. That is, a filmthickness has to be enough so that the
magneti ¢ exchange coupling between the nmagnetic nonents of the second
intermedi ate |ayer is lost when the heating tenperature is controlled to be
150C or higher. Because the magnetic exchange coupling is proportional to
the <coercivity, the filmthickness dependence of the coercivity while
heati ng the TbhFeCo | ayer was neasured. The results are shown in FIG 16.
The fil mthickness, at which the magnetic exchange coupling is 0 at a

heating terrper ahesc% Ot hiRREng" nolti BBLE thel BE1RANENE BkWAEEN, th@bﬁeéscl vity

beconmes 0. FI G "indicates that the filmthickness of the second
i ntermedi ahe a?&%tl@%iaérfé@éﬁ@w of'“&}?é JJ S8e HI Vﬁéed'f‘nofﬂ?§ to
obtain the coer |ty at roon1tenpera ure, m t hi ckness of east 1

nm or m’“’tﬂesr Y G‘% s(toeods‘k]eféz%ﬂir gsfjsetséﬁl tl% QU TR ﬁkﬁl/gﬁnta'tom‘?ﬂé of the

pr esent |nven a using a fect measurement sys t was -30-
Co T . M BT SRS, L 5 D, A RS B TBR o
ﬁggslnglE&ﬁ%&zﬁ%ﬁ%&téh%%géégéfggrégte@g%nggf?%grﬁg ﬁé?%&riﬁégga gges with
et easing. e TERLAL S THat Lo 4 L3 under shogd Lhat | e mans(i g,
intensity at the center of the recording layer. Therefore, FIG.
9 indicates that the heating temperature of the medium is
controlled to be 150°C or more. That is, a film thickness has
to be enough so that the magnetic exchange coupling between the
magnetic moments of the second intermediate layer is lost when
the heating temperature is controlled to be 150°C or higher.
Because the magnetic exchange coupling is proportional to the
coercivity, the film thickness dependence of the coercivity
while heating the TbFeCo layer was measured. The results are
shown in FIG. 16. The film thickness, at which the magnetic
exchange coupling is 0 at a heating temperature of 150°C or
higher, is the one in which the coercivity becomes 0. FIG. 16
indicates that the film thickness of the second intermediate
layer 125 is preferably 5 nm or less. However, in order to
obtain the coercivity at room temperature, a £ilm thickness of
at least 1 nm or more is required.
[0054]
From the results of measuring MH-loops of the present

invention media using a Kerr effect measurement system, it was



i ncreasi ng tenperature becane al nost 0 above 200C. [0055] FIG 18 is a
simulation result of the relationship between the paraneter A and change in
output signal in 10 years after recording when the neans described in FIG
4 is used and the nedium of the presegp-invention is heated up to 200C for
recording. The recording | ayer was assuned to have a grain size =3 nm a
recording filmthickness = 20 nm (Dgrain/t, which is the ratio of grain
size Dgrain and filmthickness t, is about 0.15), and Hk = 1600 KA/m The
second internediate | ayer was assunmed to be a layer with a filmthickness

of 5 Nm agatihdld fRat BHBLERELRR ABetoRedd T5. afckiU vE-Dddp wép8 and it

was placed underneath the recording |ayer. Moreover, Mb decreases wth

i ncr easi ng dLANIALHER RO &Hg QRS Y . ONri & TG A HY ee'fnger%%remﬁs

recordi ng magneti zation pattern was alternately recorded upward an

dourvet I hIBATSIRID GO Shpese  Fhaech RN RRIISLLERATR

NN ¢
tranS|t|on}}e 0 nm i s clear e resi

out put si -31-.in i th_J Rc i . I dt si gnal does

ot deca ss T D BRI AET A shq REHL AN SRR A BY, B96E 992 0

that a nediu .mﬁ;h 33}A value of 1.5 or re has excellent thernal

stabi |ty A4 GEGhdeirt doif (IR PHE S i HraTC w P hol M e BV TRaR HHe

paraneter A was 1.5 or qage as wel]l @as even when the
r

t t i FIG 1
same cal c YR WEE carfidd T duttwith %ﬁ%‘y h‘éll‘%br%]i‘?l/?‘é??%mﬁ. 15 to

1.0 exchange coupling between the magnetic grains decreased with
increasing temperature became almost 0 above 200°C.
[0055]

FIG. 18 is a simulation result of the relationship
between the parameter A and change in output signal in 10 years
after recording when the means described in FIG. 4 is used and
the medium of the present invention is heated up to 200°C for
recording. The recording layer was assumed to have a grain size
= 3 nm, a recording film thickness = 20 nm (Dgrain/t, which is
the ratio of grain size Dgrain and film thickness t, is about
0.15), and Hx = 1600 kA/m. The second intermediate layer was
assumed to be a layer with a £film thickness of 5 nm, a saturation
magnetization Mg = 0.25 T, and Ku = 4x10°> J/m3 and it was placed
underneath the recording layer. Moreover, Mg decreases with
increasing temperature and the compensation temperature is
80°C. The recording magnetization pattern was alternately
recorded upward and downward along the medium thickness
direction with a magnetization transition length of 50 nm.

Hereby, it is clear that the residual ratio of output signal



[ 00561 FIG 19 shows the A val ue dependence of SLF/ NHF while recording when
the mediumis heated up to 400C. It is wunderstood that SLF/ NHF does not
deteriorate if the paraneter A is 6 or less. [00571 There is a nmedi um

di sclosed in JP-A No. 344725/ 2001, in-3which the recording |ayer and TbFeCo
| ayer are directly sputter-deposited. Because the TbFeCo | ayer is used for
the recording layer, a thickness of 10 nmor nore is required, so that it
is clear that the anisotropy energy of the TbFeCo |ayer is higher than that
of a CoCr alloy. Therefore, the TbFeCo | ayer should be sputter-deposited on

the recor diftd-da38y Wi@Heneh@s8hingt fatbfeelit £ diRAdH@Ignka Beear 4609
| ayer. This is because a large recording magnetic fieldis required to

record in JlERCyhdtale Bocatstt he TOFE® davrsrddoesringt have;thegfunction
of a recording layer in the present invention, the filmthickness can be

made as t RiyAS RHIYN Hatl &5 SnétPfuk h&&?'é@ti%@é‘%ﬁh\Aiz?r%éi?ecﬁ&sbe made

small, which are differences fromthe above-nentioned known nedi a.

[0058] MOrEQyeryede9aL QJm%@i Lps &i‘?%{m' I ?%%&&P%%?ﬁzao heC3ighay

system there’is a ne |un1d|sc ose rch a

recordi ng A:tc;;gfot"‘%séc%&r GhERY endPYLESha FERRISY O TAFGER axe, eﬁ'o""e"er in

this case,

the result in FIG. 1, even when the same calculation was carried
out with changing the Dgrain/t from 0.15 to 1.0
[0056]

FIG. 19 shows the A value dependence of Sir/Nuyr while
recording when the medium is heated up to 400°C. It is
understood that Sir/Nyr does not deteriorate if the parameter
A is 6 or less.

[0057]

There is a medium disclosed in JP-A No. 344725/2001, in
which the recording layer and TbFeCo layer are directly
sputter-deposited. Because the TbFeCo layer is used for the
recording layer, a thickness of 10 nm or more is required, so
that it is clear that the anisotropy energy of the TbFeCo layer
is higher than that of a CoCr alloy. Therefore, the TbFeCo layer
should be sputter-deposited on the recording layer to be closer
to the write head than the recording layer. This is because
a large recording magnetic field is required to record in TbFeCo
layer. Because the TbFeCo layer does not have the function of
a recording layer in the present invention, the film thickness

can be made as thin as 5 nm or less and the anisotropy energy



different point fromthe present invention is that the Curie point is |ower
than the tenperature while recording. Mreover, as nentioned above, the
TbFeCo | ayer does not have a function as a recording |ayer in the present
invention, but the TbFeCo |ayer of tbgyoedi umdisclosed in this patent
application works as a recording |ayer at roomtenperature. Therefore, when
conventional nediumconditions (grain size of 3. 0 nm recording layer film
t hi ckness of 20 nm and ani sotropy energy of 5x105 J/nB) are applied to
this invention, a TbFeCo filmthickness is required 50 nmor nore, for

achi evi ng .3 Vs 'be6QnaQTe B, RVRME Tard RE FRGR-dd | M dhi cldiess of the

present invention nmor less, whichis different fromthe well-know

exanpl e. [b%%%éﬁ%l%h%cﬂ%eﬂb%%ﬁyeﬁ 1Fa]ZG 15B is a nmediumin which,

after dep05|t|on up'to t 5 simlar to the mediumshown in

FI G 15A, ﬁ) | ayer 126 about 2-3 nmthick 1is sputter-deposited between
t hat Iayer an the magnetic recordlng | ayer 121. The reason mhy t he
t hi ckness of th oIIe to_he.2 hat if the
Uhi ckness 1s  2URFRGYeTesE ege¥§sflg| therrRiavn a&%ﬁéﬁ%@ PV, the
other hand, if. .the thlcknes eat han Y, has th
ef fect of :ﬁerﬁ?rrg\hnr?g s[y}.?é:q{r},y dﬁ‘?é:i afﬁ’i%‘gj][? C“?%hzg ]ﬁ%gnetl c
recordi ng I%y Brief scrl tion of the Draw ng gl é0060]

616 2002 in whic ecording layer was rectly

sputter-deposited on TbFeCo layer. However, in this case, the
different point from the present invention is that the Curie
point is lower than the temperature while recording. Moreover,
as mentioned above, the TbFeCo layer does not have a function
as a recording layer in the present invention, but the TbFeCo
layer of the medium disclosed in this patent application works
as a recording layer at room temperature. Therefore, when

conventional medium conditions (grain size of 3.0 nm, recording
layer film thickness of 20 nm, and anisotropy energy of 5x10°
J/m®) are applied to this invention, a TbFeCo film thickness
is required 50 nm or more, for achieving a K,V/kT = 60 or more.
However, the TbFeCo film thickness of the present invention
is 5 nm or less, which is different from the well-know example.
[0059]

As another embodiment, FIG. 15B is a medium in which,
after deposition up to the TbFeCo layer 125 similar to the
medium shown in FIG. 15A, a CoCr layer 126 about 2-3 nm thick
is sputter-deposited between that layer and the magnetic

recording layer 121. The reason why the thickness of the CoCr



FIG 1 shows the relationship between the change in output signal after 10
years and the paraneter Ain the first enbodinent of the present invention.
FIG 2 is a schematic drawing of a structure of a magnetic disk system of
the present invention. FIG 3 is a confghguration exanple illustrating a
wite head of the present invention. FIG 4 is another configuration
exanple of a wite head of the present invention. FIG 5 shows the

rel ati onshi ps between the substrate tenperature while fabricating the
recording layer, Cr content of a target, and C content of intergrain

boundari es pfeqa ; f AYtGRh18Ed &P B3l Anehis EhG: £l End Qh%ﬁﬁéék ykew

illustrating the magnetic grains and the grain boundaries. I's an

exanpl e shoy @r%@sg"‘ éﬁg&gh%ﬁq%’{& mES QF gh g SBel U”@)n’t:ffe Eh@r 8

shows the re atl ons tween t oop s ope par anet er A and

tenperat ur I{c{‘ Egetlfléc]ﬁ{nces O%é ?%br%t%?ethé’ﬂ%s%t t@ﬁ P Laye G{l ad Shows

t he terrpera ur'e “depende anrsotropy field uration

magnet i zati,on e shi p bet the et|
i ntergrai ntk%euF?lgggtexcha%ng&g\r%e? ttlill and %%%g?re %rm n%fné‘ oh@r\%;&yt Re

relat'Onsr“ﬁgkﬁggﬁgﬂhér¥%cor 12? fé&gg 121.

[Brief Description of the Drawings]
[0060]

FIG. 1 shows the relationship between the change in
output signal after 10 years and the parameter A in the first
embodiment of the present invention.

FIG. 2 is a schematic drawing of a structure of a magnetic
disk system of the present invention.

FIG. 3 is a configuration example illustrating a write
head of the present invention.

FIG. 4 is another configuration example of a write head
of the present invention.

FIG. 5 shows the relationships between the substrate
temperature while fabricating the recording layer, Cr content
of a target, and Cr content of intergrain boundaries of a
fabricated recording layer.

FIG. 6 is a pictorial view illustrating the magnetic
grains and the grain boundaries.

FIG. 7 is an example showing an MH loop of a magnetic

recording medium.



paraneter A and SLF/NHF in the first enbodi nent of the present invention.
FIG 12 shows the relationship between the MH1oop slope paraneter A and
the Cr-content of magnetic grain boundaries of the recording layer in the
first enbodi ment of the present inventi,on. FIG 13 shows the conparison of
an MHloop wth different sweep rates of magnetic field. FIG 14 shows the
relati onship between the intergrain boundary exchange coupling energy J and
the magnetic grain boundary Cr-content. FIG 15 shows a schematic draw ng
of a magnetic recording nediumin the second enbodi nent of the present

nvention. | Fl Gerkh ahans,Lhent &heid onshis DS 18 dioid Yyapd Lhe

filmthickness mhen changing t eat1ng tenperature o ayer.

3% FLG gl shove: thertel ALl onshi p fetamen: Hher Mb| o sl apspapLer A

and the t era ure In e Seco ese |nvent|on FI G
18 shows the relatlonshép bet ween the change in output signal in 10 years
after rmuﬁ%ﬁ?ﬁp%nﬁnY%% d%raneter A in the second enbodi nent of the present
invention. FIG theﬁ:%frﬂ:eeé‘% er A de e denc of the %F/ NHF  when
recording is ca ' t he second

enbodi nent of the i invent | qi : ) )
anisotro y 1e d Hx and the saturation magnetization Mg.

FIG. 10 shows the relationship between the magnetic
intergrain surface exchange energy and parameter A.

FIG. 11 shows the relationship between the MH-loop slope
parameter A and Sir/Nygr in the first embodiment of the present
invention.

FIG. 12 shows the relationship between the MH-1loop slope
parameter A and the Cr-content of magnetic grain boundaries of
the recording layer in the first embodiment of the present
invention.

FIG. 13 shows the comparison of an MH-loop with different
sweep rates of magnetic field.

FIG. 14 shows the relationship between the intergrain
boundary exchange coupling energy J and the magnetic grain
boundary Cr-content.

FIG. 15 shows a schematic drawing of a magnetic recording
medium in the second embodiment of the present invention.

FIG. 16 shows the relationship between the coercivity and
the film thickness when changing the heating temperature of the

TbFeCo layer.



[ Description of Reference Numbers] [0061] 11... Magnetic head slider 12...
Magnetic head 13... Carriage 14... Voice coil nmotor 15... Magnetic disk
16... Read head 17... Bottomshield 18... read sensor 100... Main pole
101... Wite head 102... Auxiliary pokeg- 103... Conductor pattern 104...
Resi stance heater 105... Resistance heater -36- 120... Magnetic recording
medi um 121... Magnetic recording layer 122 Internediate |ayer 123... Soft
magneti c under layer 124... d ass substrate 125... Anorphous alloy |ayer
126... CoCr layer 130... Magnetic grains 131... Grain boundaries

FIG. 17 shows the relationship between the MH-1loop slope
parameter A and the temperature in the second embodiment of the
present invention.

FIG. 18 shows the relationship between the change in
output signal in 10 years after recording and the parameter A
in the second embodiment of the present invention.

FIG. 19 shows the parameter A dependence of the Syr/Nug
when recording is carried out with a heater temperature of 400°C
in the second embodiment of the present invention.
[Description of Reference Numbers]

[0061]

11.. Magnetic head slider
12.. Magnetic head

13.. Carriage

14.. Voice coil motor
15.. Magnetic disk

16.. Read head

17.. Bottom shield

18.. read sensor

100.. Main pole

101l.. Write head

102.. Auxiliary pole
103.. Conductor pattern
104.. Resistance heater

105... Resistance heater



- 37 - Cainms 1. Athermally assisted recording systemconprising a
magneti c recordi ng nmedium a magnetic pole applying a magnetic field Hto
said magnetic recording nmedium and a heating nechanismto heat a nagnetic
field applied region of said nagneticagecordi ng medi um while recording,
wherein said magnetic recording medi umincludes a substrate and a recording
| ayer formed on a substrate, said recording |layer includes a ferronmagnetic

| ayer, a magnetic exchange coupling energy between magnetic grains
conprising said ferromagnetic layer is controlled to be |large at room

t enper at une o0 MRindtie: MREtd el i@k sai d magnetic grains be thernally
stable, and is reduced drastically to make the magnetization transition

sl ope st eqp WhiMRGQ Db r Bty I Tk MH- [ oop providing a relationship
bet ween the magnetization Mof Said ferromagnetic |ayer and the nmagnetic

field H gpar eA M ¢y obtained by nornalizing said M+1oop sl ope

parameter around the coercivity of the magnetic field applied region of
Poati ng madn S o e, TS 1 BM A L uo M Mo
124.. Glass substrate
125.. Amorphous alloy layer
126.. CoCr layer

130.. Magnetic grains

131... Grain boundaries



and o is the absolute perneability of vacuum 2. A thermally assisted
recording systemas in claiml, wherein - 38 the paraneter A which is
obtained by normalizing said MH1oop slope paranmeter around the coercivity,
is greater than about 1.5 and | ess thap about 6 at room tenperature. 3. A
thermal |y assisted recording systemas in claiml1, wherein said recording

| ayer conprises a CoCr systemlayer consisting of said magnetic grains and
grain boundaries and the Cr content at said grain boundaries is about 15-
20 at % A£l3dMsernml |y assisted recording systemas in claim1, wherein
sai d heating nmechani sm conprises a resistive heater disposed adjacent the

Wharei n the magnet | & e Raee e e ey oy Rt TR E LB L i s
is 0.13x1G3 wagRedicygrmsaderdiaig meddutenper ahgneti6. polderapdlyimssast ed
recordi ng system conprising a magnetic recording nmedium a nmagnetic pole
appl yi ng @agngfict ik1elel H te i mageeet £C r seepdfagInafidimmandn@ aheat i ng
nechanismﬁé%g¥§g éggﬁ'nféacty(ﬂéééngﬂ&ggnéggéogield applied region
of said magnetic recording medium while recording, wherein
said magnetic recording medium includes a substrate
and a recording layer formed on a substrate,
said recording layer includes a ferromagnetic layer,
a magnetic exchange coupling energy between magnetic
grains comprising said ferromagnetic layer is controlled
to be large at room temperature to let the magnetization
of said magnetic grains be thermally stable, and is
reduced drastically to make the magnetization transition
slope steep while recording, and
in an MH-loop providing a relationship between the
magnetization M of said ferromagnetic layer and the
magnetic field H, a parameter A which is obtained by
normalizing said MH-loop slope parameter around the
coercivity of the magnetic field applied region of said

magnetic recording medium becomes nearly 1 by heating

using the said heating mechanism while recording, wherein

oM
=H

1
=
Ko

and [, is the absolute permeability of wvacuum.

M=0

2. A thermally assisted recording system as 1in

claim 1, wherein



of said magnetic recording nediumwhile recording, wherein said nmagnetic
recordi ng nediumincludes a substrate and a recording |ayer forned on a
substrate, said recording layer includes a ferromagnetic |layer, - 39 a
magneti ¢ exchange coupling energy bet gn_nagnetic grains conprising said
ferromagnetic layer is controlled to bée large at roomtenperature to |et
the magneti zation of said magnetic grains be thernmally stable, and is
reduced drastically to make the magneti zation transition slope steep while
recordi ng, whertdien phrzamegesat i &, exihielye icoupbtagneder gy breweahizirgd
magneti c q;ai S 3510.13x1 3 J/n2 or greater at(%fg tenFeratuge. 7. A
thermal |y stEa1PeRor AT REC s\ RIEHIESST n 2T eF8FhC ¥t dYr ech? di ng
layer is 2/ QFeSYshal abbay |BYSr L&eNshakknoeRin Magn&ld ¢ Qrakns agd grain
boundaries, in which the Cr content of said grain boundaries is about 30-40
at % and twirgreaiartusa.d nmagnetic recording nedium further includes: an
internedi ate | ayer between the substrate and the recording |ayer, the
internedi ate | ayer conprising five |layers of an anorphous TbFeCo | ayer, a

| am nation | ayer of _Co or | ami nation. |l ayer of. Co and _Pd, with,a film
t hi ckness of agdut @‘n%ﬁﬁrW%£§¥ Eﬁsﬁiﬁqﬁgrmﬁ%ipﬁéﬁﬁ%teﬁy§%%%rd?%g tYstem as
In claim 1, wherein

said recording layer comprises a CoCr system layer

consisting of said magnetic grains and grain boundaries

and

the Cr content at said grain boundaries is about 15-
20 at %.

4. A thermally assisted recording system as in
claim 1, wherein said heating mechanism comprises a

resistive heater disposed adjacent the magnetic pole.

5. A thermally assisted recording system as in
claim 1, wherein the magnetic exchange coupling energy
between said magnetic grains is 0.13x10°* J/m® or greater at

room temperature.

6. A thermally assisted recording system comprising
a magnetic recording medium, a magnetic pole applying a
magnetic field to said magnetic recording wmedium, and a
heating mechanism to heat a magnetic field applied region
of said magnetic recording medium while recording, wherein

said magnetic recording medium includes a substrate
and a recording layer formed on a substrate,

said recording layer includes a ferromagnetic layer,



claim7, wherein said magnetic recording nediumfurther includes: a soft
magnetic | ayer and a nonnagnetic | ayer between the substrate and the
internediate layer. 9. Athernmally assisted recording systemas in claim?7,
wherein said magnetic recordi ng nmedi umyfurther includes: - 40 a CoCr |ayer
126 about 2-3 nm between the internediate |ayer and the recording | ayer.
10. Athermally assisted recording systemas in claim®6 wherein said
magneti c recording mediumis a perpendicul ar nagnetic recordi ng medium 11.
A thermal |y asgi shagneetor ¢ixeilangst egewsl ing ehakay6 batterasm sagdetecor di ng

I IS CoCr . t | i Sti id, t] ' d
grain DOGRE oAt Ae e Lo e SENBa Qal P Yotndd | 6aF Eo kR

15-20 at %, 2= AatBer Ml | ¥oassicthpfb fRedi g Y8t @R ONRGHSE Dat ofiBgNEt i C
recordi ng medium a nagnetic pole applying a mnagnetic fiefd to said

magneti c refcorgdiing nmedingti@ndyraimeatherg tieatasnl syn totdiebeé, a aagneisc field
applied region of said_nagnetic recordi ng nmedi um whil e recording, wherein
sai d magnatiddgest ofgRAG ikadildm Facmades Bheupsonstd zajiera keeBEEEhen| ayer

f or med O“gagggﬁggégghwﬁfﬂg recordin ,Iayer i ncludes a CoCr system al |l oy

wherein the magnetic exchange coupling energy between
said magnetic grains is 0.13x10°* J/m’ or greater at room

temperature.

7. A thermally assisted recording system as in
claim 6 wherein said recording layer is a CoCr system
alloy layer consisting of magnetic grains and grain
boundaries, in which the Cr content of said grain
boundaries is about 30-40 at %, and wherein said magnetic
recording medium further includes:

an intermediate layer between the substrate and the
recording layer, the intermediate layer comprising

five layers of an amorphous TbFeCo 1layer, a
lamination layer of CoCr, or a lamination layer of Co and

Pd, with a film thickness of about 5 nm or less.

8. A thermally assisted recording system as in
claim 7, wherein said magnetic recording medium further
includes:

a soft magnetic layer and a nonmagnetic layer between

the substrate and the intermediate layer.

9. A thermally assisted recording system as in
claim 7, wherein said magnetic recording medium further

includes:



| ayer consisting of magnetic grains and grain boundaries, in which a Cr
content of said grain boundaries is about 15-20 at % wherein the Cr
content of the magnetic grains is less than the Cr content of said grain
boundaries; and, in an MHIloop providing a relationship between the
magneti zation M of said recording |layer and the nmagnetic field H a
paraneter A which is obtained by normalizing said M+1oop sl ope paraneter

around the <coercivity, nentioned is greater than about 1.5 and |l ess than
about 6 at roorm t efpEFat ut@YFher €idf - 2POUL| adr 3 MEO™ anBepHiES™ hetBBsol ut e

per neabi | it ecifme"dajt 1ai'3;‘er Aéﬁ@eglggll ‘%%C@%‘E%?%f.ﬁaj?efpr ding systemas in

claim12, erein e paraneter A e reld applied region of
sai d magnetic recordi ng nmedi um beconmes nearly 1 by heating using the said
heati ng mechanismwhile recording. 14. A thernally assisted recording
systemas in dGi mA2, themenel iyt rsegied | crecehdige ceypteémg aaer gy

bet ween sai d nagneti rains is, 0.13x10" J/ n2 or eater a room

t enper at ure:2ifs. & h 7 asF Y ed"FEET T ngF R @s ‘P‘ﬁééP'ai mtS122
. . : ; . o d adi "
wher i n S%%ﬁ%f&ﬁ%éﬂ&%&éf@f‘n@ hegh. disposed adjacent the

magneti c

11. A thermally assisted recording system as in
claim 6 wherein said recording layer comprises a CoCr
system layer consisting of said magnetic grains and grain
boundaries and the Cr content at said grain boundaries is

about 15-20 at %.

12. A thermally assisted recording system comprising
a magnetic recording medium, a magnetic pole applying a
magnetié field to said magnetic recording medium, and a
heating mechanism to heat a magnetic field applied region
of said magnetic recording medium while recording, wherein

said magnetic recording medium includes a substrate
and a recording layer formed on a substrate,

said recording layer includes a CoCr system alloy
layer consisting of magnetic grains and grain boundaries,
in which a Cr content of said grain boundaries is about
15-20 at %, wherein the Cr content of the magnetic grains
is less than the Cr content of said grain boundaries;

and, in an MH-loop providing a relationship between
the magnetization M of said recording layer and the
magnetic field H, a parameter A which is obtained by
normalizing said MH-loop slope parameter around the
coercivity, mentioned is greater than about 1.5 and less

than about 6 at room temperature wherein



16. Athermally assisted recording systemas in claim12 wherein the
substrate tenperature while sputtering the recording layer is controlled to
be from about 500 C. to 1500 C. 17. A thermally assisted recording system
as in claim1l wherein said recording hayer is a CoCr system alloy |ayer
consi sting of magnetic grains and grain boundaries, in which the C content
of said grain - 42 boundaries is about 30-40 at % and wherein said
magneti c recording nediumfurther includes: an internediate | ayer between
the substrate and the recording layer, the internediate | ayer conprising an
anor phous TbFeCo | ayer, a lam nation layer of CoCr and Pt, or a |lam nation
| ayer of CoCr and Fd %@jth a film thickness of about 5 nmor less. 18. A
thermal |y ass LQQ_I%L_ ding systemas in claim1l7, wherein said magnetic
recordi ng ned uﬁiy%rbhqu=bncludes: a soft magnetic |ayer and a nonmagnetic
| ayer between the substrate and the internedi ate |ayer; and a CoCr |ayer
about 2-3 nm between the internediate _|layer and the recording layer. 19. A
t her mal | y 3¥sitat 8 FEEOFH?H&ugﬁspéﬁméébﬂﬁ1t¥|Qﬁan?uﬁékein the substrate
tenperature while sputtering the recording layer is controlled to be from
about 250 C.

13. A thermally assisted recording system as in
claim 12, wherein the parameter A of the magnetic field
applied region of said magnetic recording medium becomes
nearly 1 by heating using the said heating mechanism while

recording.

14. A thermally assisted recording system as 1in
claim 12, wherein the magnetic exchange coupling energy
between said magnetic grains is 0.13x10° J/m’ or greater at

room temperature.

15. thermally assisted recording system as in claim
12, wherein said heating mechanism comprises a heater

disposed adjacent the magnetic pole.

16. A thermally assisted recording system as 1in
claim 12 wherein the substrate temperature while
sputtering the recording layer is controlled to be from

about 50° C. to 150° C.

17. A thermally assisted recording system as in
claim 1 wherein said recording layer is a CoCr system
alleoy layer <consisting of magnetic grains and grain

boundaries, in which the Cr content of said grain



to 300 C
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boundaries is about 30-40 at %, and wherein said magnetic
recording medium further includes:

an intermediate layer between the substrate and the
recording layer, the intermediate layer comprising

an amorphous TbFeCo layer, a lamination layer of CoCr
and Pt, or a lamination layer of CoCr and Pd, with a film

thickness of about 5 nm or less.

18. A thermally assisted recording system as in
claim 17, wherein said magnetic recording medium further
includes:

a soft magnetic layer and a nonmagnetic layer between
the substrate and the intermediate layer; and

a CoCr layer about 2-3 nm between the intermediate

layer and the recording layer.

19. A thermally assisted recording system as 1in
claim 17 herein the substrate temperature while sputtering
the recording layer is controlled to be from about 250° C.

to 300° C.





