-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 thermally assisted recording system in which a magnetic recording
medium and a magnetic read/ wite head-tenprising a nmeans for heating the
recordi ng medium are provided. [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. In order to realize the high recording density of a magnetic disk
system i {Dpsumenessaigmeb Bpecbfiichbidinst ance between the nmagnetic disk
and the magnetic head, to nmake the grain size consisting of the mgnetic
| ayer of t bEinbgnef itthe deoraditigomie dhemmevidlyl Assisted Receasie nph€ystemci vity
(ani sotropy field) of the magnetic recording nedium and to enhance the
speed of theeshghadl Pitetéksi ng technique. [0003] In a nmagnetic recording
medi um reducing the grain size |eads to decrease noise but, on the other
hand, a probbem ari ses
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



that the particles becone 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 I|imtation of the nagnetic pole
material used f or the wite head and the limtation of narrow ng the

di stance between the magnetic disk antRkihe magnetic head, it is difficult
to increase the anisotropy field in proportion to achieve a high recording
density in the future. 0 0041 In order to solve the above-nentioned

probl ens, a hybrid recording technique conbining an optical recording
technique wth a magnetic recording techni que has been proposed and is
recei vi ng atisytnany eRerggxsinplle] bermdae érmgg r2000rHaxOdo dedt hém@Blyt he
read/ wite head used is one on which a nmechanismis added for heating the
medi um Wiatableeditdi mgduchagcobecgvaly siofe t hélomedieam beceedeced bleheati ng
the mediumw th applying magnetic fields. Because of this, it becones easy
to wite dnimitamidiruofwlidimhggktiogrelembyerinlwnsead folretlee wasi teh héadul ty

in recording using a conventional magnetic head due to insufficient magnetic
field intensd tthe AR g e H-nd Esdwiny e)hd ekt sndks doe weeti epie@duci ng,
which is a conponent of conventional magnetic recording system The

recor g! ng mejrivdt dlas ekidredl thbavagnet fahkad , thernged 1 §f besl stredinongasti ¢
recor di ng.

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]



[ O 0 051 -3- Moreover, JP-A No. 344725/ 2ool discloses a perpendicul ar
magneti c recordi ng nmedium in which a second recordi ng nedium having a
per pendi cul ar magnetic ani sotropy and a greater intergrain nagnetic
exchange coupling is sputter-deposited on a first recording |ayer having
t he perpendi cul ar magnetic ani sotropy &nd a nmagnitude of the intergrain
magneti ¢ exchange coupling of alnobst zero. In JP-A No. 358616/2002, a
magnetic recording nediumis disclosed, in which a base layer including a
magnetic | ayer, a switching layer including a non-ferromagnetic |ayer, and
a recording layer containing ferromagnetic grains and non-ferromagnetic
grai n boundari eMorgpwetor FRHA NP -0P#E72BA280% HistGlnees AnperacRayrel fE
recording nediumis disclosed in which the thickness of the sw tching
| ayer and ndgneti st aecorsdngeagdihg, nagrietich gr segondonseprdinggmed hem
recording layer are linmted to satisfy the condition of TcB > Tsw, where
the Curi e lporimg of ndwpdradiecydlgermagnaeild amidsatropy enpératareataerti ati ng
t he magnetic exchange coupling between the recording |ayer and the base
| ayer is TowengraliR: AaNoet ir08871a098, ceupkiony disngprrnttdeumdepodiiseldosed, in
which the & content is in the range of 21-24 at% at the grain boundaries
of the m cx oTirrysit atdeasd @i syeonsdving | e therpaghetwLat hmagnétion whi ch
beconmes the magnetic recordi ng nedium [ Non-patent Docunent] Intermag. 2000
HA- 04, HA-&ifisotropy and a magnitude of the intergrain magnetic exchange

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



[ Pat ent Docunent 1] JP-A No. 344725/2001 [Patent Docunent 2] JP-A No.
358616/ 2002 -4- [Patent Docunent 31 JP-A No. 79307/1998 [Di sclosure of the
I nvention) [Problemto be Solved by the Invention] 00061 For thermally
assisted magnetic recording it is inportant to develop not only a techni que
to nerge a magnetic head and a heating¢mmechani smfor the nmedium but also a
medium suited for thermally assisted magnetic recording. Al though the CoCr
al l oy medium used for a conventional magnetic disk system is easy to
fabricate, it is necessary to nake the grain size snmaller than the current
(9 nm to achieve the super-high recording density of terabit class nenory
capacity. FatenthJfemgeent 3t heP das¥o whedB Y hel 9d%neti zation transiti on
length is about 15 nm it is expected that the grain size should be made
as snal | abPBaimswre tdle hdeknvemdionh order to avoid degradation of
recordi ng magnetization by thermal activation, it is known that the value
K,.VIk. T, [BroWhien tdheerelced oby the thevemtupm] of grains, and magnetic
ani sotropy energy, Ku, divided by the product of Boltzmann's constant, Kk,
and tenpet@ahle, T, is preferably 100 or nore. Therefore, even if the
maxi mum ani sotropy energy of 5X10-5 j/M (anisotropy field of 1600 kA/m
for a CoCr all oyoandhergeiéralasisilsmeidhimalgnesd cofrecording it is

important to develop not only a technique to merge a magnetic

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 value K,-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



20 nmare used, it is inpossible to nake the grain size less than 7 nm
Therefore, it is considered inpossible to achieve -5- a super-high recording
density for a conventional nagnetic recording technique using a CoCr all oy
medium O 00 7] 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
medi um which has a |arge magnetization switching unit of grains, is
witten by a conventional recording technique, the magnetic transition
regi on beconmes di sordered, resulting in increased noise. For instance, in
JP-A No. P30perods ghn nampreling rdadihf aredt (rANVantygl @ra bsePRat 5 medi um
wi th strengthened intergrain magnetic exchange coupling, in which the O
cont ent ofradwrdiing d-aptaiigueoiFidg i2<LeGF tael i ywnthin filmis
controlled to be in the range of 21-24at% Because this is the purpose for
reduci ng HJIGHE, the increase of the intergrain magnetic exchange coupling
is too weak to increase the magnetization switching unit of the grains, so
that it is undefstoodhdvathtt hbatherreiigtkering ithe cahayvgrban mpgreede [ 00081
On the other hand, a nediummaterial used mainly for the primary
exper i mentexaifartdee romaiglyi nas sinst edcmaegsengcthecoagnagization switching

unit of the grains are effective to improve the thermal

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



is TbFeCo which is used for magneto-optical recording systenms. ThFeCo
exhi bits strong perpendi cul ar magneti c ani sotropy, has |ess noise caused by
grai n boundari es and, noreover, the -6- conmposition of it can be
continuously controlled. Fromthis viewpoint, this material is superior to
the CoCr alloy system conventionally tused for magnetic recordi ng nedia.
However, because TbFeCo has strong intergrain magneti c exchange coupling,
the paraneter A nentioned later is very large and the recording
magneti zati on spreads |arger than an optical spot, therefore, it is thought
that there is limtation to increasing the recording density. Moreover, the
magnet i zat¢empdrcoes ofsrigl Iaan hec e9se iTvPasd yhaonaroddest-i c FeompEhsat i on
tenperature at roomtenperature. Therefore, a schene is necessary for a
r epr oduci mgiewpdintud hisuoiatas ilsdati si svpdl &t ore durd SpCrr eplodueysbam etc. 0
0 0 91 For instance, as the nediumto increase the thermal stability
descri bed ¢conddntA M 1 BY4T950 2001 meginesia téerndlhy medsast edowayaetic
recordi ng medi um described in JP-A No. 358616/2002, there are nedia in
whi ch, forbecstseacEF&orhad | syroegdi MhéePoal myeasgnar ec depokahgd by a
sputtering nethod. This 1is a nmedium designed for the purpose of increasing
t he grai n coblimey by heopprangttheh GeGrt iahkdyl dayeri sand rybFetige laayethasi ng
t he magneti c exchange coupling and uni fying themas a recording
recording magnetization spreads larger than an optical spot,
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. Therefore, the TbFeCo | ayer thickness has to be increased while
reduci ng the magnetic grain size, so that the filmthickness may becone
greater than 10 nmfor a high recording density. However, because the
di stance between the -7- head and soft magnetic | ayer increases with
i ncreasing TbFeCo |ayer thickness, thé/mmagnetic head field intensity
applied on the nmedium decreases and the distribution of the magnetic head
field applied on the nedi um becones broad. As a result of that, the
read/ wite characteristics are deteriorated. [00101 As nenti oned above,
searching for a nediummaterial and structure to use thermally assisted
magnet i ¢ riesst dndgsoétfeagneely btomdscaeasesoresht ingsgasipgoiafefe is an
obj ective of the present invention to provide a thermally assisted magnetic
r ecor di ng e mhdckpeissi.nghe magde ke digakd ifedd iheensditiyabPplasdi ered
magnetic recording nethod. (Means for Solving the Problens] (00121 In
order to adie eedithedaboeaseerindirde dbferibveion off kdemmbbpesdsi kead
magneti c recording system of the present invention uses a nagnetic
recor di ng fnedidiappilnedhot thrmgediun bexohan e cealiphisng testwige vt beabragneti c
grains in the recording

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.



mediumis large at roomtenperature (the tenperature to maintain the
magneti zation) to nake the nagnetization thermally stable by coupling the
magneti c grains and decreases by heating to nmake the magneti zation
transition sl ope becone steep while recording. 0 0131 Moreover, the

thermal |y assisted nmagnetic recording -&ystem of the present invention uses
a magnetic recording nedium having an anorphous ThFeCo | ayer, CoCr | ayer, a
| am nation | ayer of CoCr and Pt, or a lam nation |layer of CoCr and Pd on
the substrate side of the recording layer. The film thickness of the

af orenenti oned | ayers deposited on the substrate side of the recording

| ayer is cot¥dliled to be 5 nm or less. [00141 Both aforenenti oned
magneti c recording nmedia used for the thermally assisted magnetic recording
medi a of the pr¥ozrpvernyéhe ¢hermed lvhassasiecst magnedddd gfadarginise range of
1.5: E~A<6.0 at roomtenperature (the tenperature T maintaining the

magnet i zatsystem & QxS0 invenwhr usde panagreieic Arécordingr mal i zed
val ue of the sl ope paraneter around the coercivity of an MH | oop, but the
par anet er nfedifunt Heawhhd cop deooplesus MEbFeCo alaywer 1,Cdyr i heyernsi ag t he
tenperature of the nedium by heating. Here, paraneter A has a val ue defined
by the follaminegi@xiregsxi ofi. 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=— ; absolufe permeability of vacuum)

!10 Eilar.b{=0



[0015] [Expression 1] | am PO aH M=O absol ute perneability of vacuun) -9-
[Effect of the Invention] [00161 It is an object of the present invention to
provide a thermally assisted magnetic recording system achi eving excellent
thermal stability and | ower noise by using a nedium having the
characteristic in which the magneti c exghange coupling is very strong at
roomtenperature and decreases by heating. [Best Mdde for carrying Qut the
I nvention] [00171 Hereafter, the preferred enbodi nents of the present
invention will be described with reference to the acconpanying draw ng as
follows. FIG 2 is a schematic drawing of a structure of a magnetic disk
system of itBeferesehtthevEménmpionkual |y, one or nore magnetic disks 15 are
nounted in the drive of the magnetic disk system The nagnetic disk 15 of
t he presenfooliélvention is a magnetic di sk for perpendicul ar magnetic
recording conprising a soft magnetic under |ayer and a perpendicul ar
magneti ¢ recor dilng ilsaper obgretti tofi $he giratsent- dmiwesrt diom tthe mhiaeicte en  of
arrow 10.

thermally assisted magnetic recording system achieving

excellent thermal stability and lower noise by using a medium

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



[00181 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 notor 14 and reads/wites the
information on the magnetic -10- disks (nedia) . The enlarged drawing (b) is
a schematic drawing of the magnetic héad 12 view ng the configuration of
the recording wite head 101 and the reproducing read head 16 from the

si de opposite the medium The wite head 101 is a single pole type wite
head for perpendicul ar magnetic recording conprising the main pole 100 and
the auxiliary pole 102, and nmagnetic recording to the medium 15 is carried
out by thelidlenKagdimigndiiecehilelrgefirdmwinrg ) nipcl schetattiedreddntead 16
conprises the read sensor 18 consisting of a nmagneto-resistive effect
sensor | oceft ethehetaggeat idhehamynel i ciewinel the 7camiti gimea rbgmed f ctléi el d 102,
whi ch al so serves as the auxiliary pole, and the reproducing output is

obt ai ned ecdtdimangrtite heaklanel reaghéehecrépebdut i ooy tdwed redidumelbromt o t he

read sensor 18. [0019] FIG 3 is a configuration exanple illustrating a
wite headderedidsmopypsisdme nakutieddgua. hektie gy iteameaat dondiisgat sihdee
present invention. The FIG illustrates the cross-sectional structure

around t hepowd te/greadr i thewd t her Wetpehdinch 1d4 meghetic recording
comprising the main pole 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



magneti c recodi ng nedium 120 at a face perpendicular to the recording
medi um (vertical direction in the FIG) and parallel to the down-track
direction. 002 01 The wite head 101 has the nmain pole 100 and the auxiliary
pol e 102 and the pl ate-shaped auxiliary pole 102 is fornmed -11- al npst
per pendi cul ar to the recordi ng nedi um-126. Moreover, the conductor pattern
103 is fornmed in a spiral on the auxiliary pole 102, and both ends are
drawn out and connected to the nagnetic head drive circuit. one end of the
main pole 100 is connected to the auxiliary pole 102, and the other end
reaches the bottomsurface of the wite head facing the magnetic recording
medi um 120 lmet Reddarsgticpde tozhagesopdiagimediuand20he YOREOYEHr
pattern 103 collectively constitute an electromagnet, and with the driving
current a tleeordidngtomapmet¢rniliod dsiformss Lad splrhe PRGHS fEXEEEdFHI ng
| ayer 121 |ocated around the tip of the main pole 100. [00211 As the
heating mezmss 1@, iard dreteh emds raxe sdmawe deatand dqoanesteatedtiet h
respect to the main pole as shown in the FIG 3, at a position separated
from t he meEgnetol @ mad Iderisiedeiroppdsi t ene hendovih-theaolk idi pediei 680 O8, it is
placed with respect to the main pole on the down-track direction side. The
resi st ancecdreadcred @4 chr dextldawy deola 6820f ahiec e ditimmaeadndeaches

the bottom 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 can 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.



the resistance heater; therefore, it can heat the desired position even if
it is placed separated fromthe 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 fromthe wite head 102. Current flows to
the resistance heater 104 and the recékdi ng nmediumis heated by radiant
heat. -12- 0 0221 FIG 4 is another configuration exanple of a heating
means and wite head/ medi um system The wite head and nedium are the sane
as in FIG 3. The resistance heater 105, which is a heating neans, is
pl aced adjacent to the main pole. Thereby, the heater can sufficiently heat
the porti olP43%ht below the main pole, which especially needs heating up. 0
0231 Moreover, other heating neans may be used, in which a |aser beam
focused by a | efgGi.r tadisarasthissr wedifdguratdonuexsairle 1 asdrealddld being
focused by a lens, irradiates a nmetal dispersion and heats it up. [0 0241
Fur t her noregans andewot herhéedl nediwpasten nedhe wiitadwmachgndaypegeuised, in
which a voltage is applied between the main pole and the nediumto flow a
current. 0D2 Bhe same as in FIG. 3. The resistance heater 105, which
is a heating means, is placed adjacent to the main pole.
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



The recording medium 120 is fornmed by sputtering on the crystallized glass
substrate 124, in order, a soft magnetic wunder |ayer 123, a nonnagnetic
internediate | ayer 122, and a CoCr alloy nagnetic recording |layer 121.
Herein, the substrate tenperature while sputtering the CoCr all oy magnetic
recording layer is controlled to be fd@m 500C to 1500C. The nonmagnetic
internediate | ayer 122 is, for instance, Ru, Rh, or Ir and is provided to
control the crystalline magnetic ani sotropy of the -13- nagnetic recording
| ayer 121. A layer of NiAl or NiTa nay be provided to control the grain
size of the recording |ayer before depositing the nonmagnetic internediate
| ayer 122.mJdreetit tre g dawrted 2layeR l1aveserl dbiAly arakd Tehaayebsr di ng
magnetic field stronger and steeper by magnetically coupling with the
Wi te headpr#oidedsoarert rchChrt grTHTsRizFao L &lv¢ CocprPiBngdiayer hafone used
for the CoCr alloy magnetic recording layer 121. The filmthickness of the
recor di ng deyesitlgithemefmagnigt 20 intramedieds tlevest 122 wilheeshéad and
the soft magnetic under |ayer 123 magnetically couple with each other.
[ 00261 Fl Gradgnsthbmwsintdeer Lelyetri b3 s detnerake Hhe restoratieg megpetature, Cr
content of a target, and Cr content of intergrain boundaries of a
f abri cat edf tebdrsh rmghdeay etnd Hreepwad bynmagnkeabckhdadyedooplting gliakstbabstrat e
by depositing 100 nmthick pernall oy as the soft magnetic under |ayer, 20
nmthick write head. For instance, CoCrPt, CoCrPtTa, and CoCrPtB, etc.

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



Ru as the nonmagnetic internediate | ayer, and then depositing a 20 nmthick
CoCrPt recording |layer after changing the substrate tenperature from 100C
to 350'C. It is observed that the fabricated nediumis a perpendicul ar
magnetic | ayer having the easy axis perpendicular to the filmsurface
according to X-ray diffraction anal ysé4-etc. Additionally, TEM anal yses
confirnmed that the grains are columar. Next, using a transm ssion electron
m croscope with a high resolution Energy Dispersive X-ray Spectroscopy
(EDX), the C content of the -14- grain boundaries was neasured to
investigate the mcroscopic conposition distribution in the nmagnetic
recor di ng 934 botdlamGes grite Measyi st &6t éBVB§Lisprhg the BDRTAFERAPACspat i al
resolution of 1 nm irradiating the electron beamto the grain boundaries.
It is undecotwoeslfyemdilse rRbgt idraint Hee Opgoettienreceordgpgi ayeandahfes
i ncreases proportionally with increasing substrate tenperature. 0 02 71
FIG 6 is Grytontoentaliyidesedtedshy arshngtthiee nelgphevith grapatiald 0 and the
grai n boundaries 131 and shows the conparison of C content between the
present i nveswlwnidn arfdlconyetrahizt ingdihae 8lethrohebease ofthehgrpinsent
invention (FIG 6A) in which the substrate tenperature is controlled to be
50' C or noeuaddlridS00Ck ars weserstbedX roonthenFIof theet grhel Arboondentes
becomes 15-20 at% This Cr content is far lower than that of grain

of grain boundaries increases proportionally with increasing

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.



boundaries in conventional perpendicular nmedia showmn in FIG 6B which are
fabricated at substrate tenperatures of 2500C or nore. That is,

conventi onal perpendi cul ar nmagnetic recording nedia are fabricated with the
goal of making the magnetic exchange energy zero between the magnetic
grains 130 by increasing the Cr contedf-of the grain boundaries 131. On the
ot her hand, the perpendi cul ar magnetic recordi ng nedia of the present
invention are fabricated with the goal of naking the magnetic exchange
coupling stronger by increasing the nagnetic exchange energy between the
magnetic grains. [0 02 81 FIG 7 is an exanple show ng a nmagneti zation M
magnetic f9® & H curve (M+1oop) of a nediumat room tenperature

fabricated as mentioned above. A _nmethod for detecting the AC field
generated by vi BE&ti Agl 2 [fe1 pEasRlenBheWiRa @aOVSHL Faddsut MreRePngRECan
optical nethod (Kerr effect) using the phenonena of tilting the

pol ari zat | breldhdi ecwtve efNRcleep) i ghta rediwspahdreagnt bemperatghet i zati on
maybe used as magneti zati on neasurenent techniques. The paranmeter A of the
present ifantdared ssabentignedfahdre i M eregiaichfexcdetreret En@rtdye AsC. zero,
the paraneter Ais alnost 1, and the paraneter A becones greater with

i ncreasi ngfidkd npgmetatte@Xchangerazoipd i nige mdhsneementssahphba (WSEI G 7,

when the sl ope paraneter of the |line crossing the values of +50% of the
sat ur at ed megunetemeatt onandd an soptM Akl anelthdd st ue £f pet heabihgt yhef vacuum
(4nx10 -7

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. If 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 (4mx1077
[H/m]) is Mo, the parameter A is obtained using the following
expression.
A = (AM/yuo) /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



[HmM ) is ~to, the paraneter A is obtained using the follow ng expression.
A= (AMpo) /AH 0 02 91 Next, the M+ | oop was neasured with heating the
medium The heating tenperature was changed fromOC to 300C. FIG 8 shows
the rel ationship between the paraneters A and the heating tenperatures.
FIG 8 indicates that the paranmeter A-l@ecreases with increasing the
tenperature. That is, it is understood that the magnetic exchange coupling
bet ween _16- magnetic grains decreases and reaches alnost 0 at 230' C or
greater. [00301 Therefore, using a thermally assisted magnetic recording
system according to the present invention, recorded magnetizations are
t her mal | y mdarintel @tgraons tdepes ases eandecesaskenfalhesist ¢ oay 2808 grai n
magneti ¢ exchange coupling, and the nagnetization transition slope is steep
because thgreats®ergrai n magneti ¢ exchange coupling beconmes snaller by
heati ng-up the magnetic recording |layer 121 with applying the nagnetic head
field usingP@3® main pole 100. [00311 The information recorded on the
magneti c recording layer 121 is reproduced nagnetically by detecting the
| eakage fl ux Therefore, using a thermally assisted magnetic recording

system according to the 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)



fromthe magnetic recording |layer using a read head with a nmounted fl ux
detecting neans such as a GVWR (G ant magnetoresistive effect) sensor or a
TMR (Tunnel magnetoresistive effect) sensor, etc. O, it nmay be optically
reproduced by a read head with a nounted optical flux detecting neans using
the Kerr ef f ect and Faraday ef f ect-10mr the recording nedium [00321 The
effect of the present invention is shown as follows by the conputer
simul ation using mcro-nagnetics, which is the Langevin equation where the
effective magnetic field h (t) -17- according to the thernmal energy is added
to the following Landau-Lifshitz-Glbert equations (J. Appl. Phys. 75(2),
15 Jan. 1884)xdind 0o 3dhe [ Expressi enePdy dib dMided _to YehM XolHbwing h( | M+
=" IMX -1 ... W dt Mdt < hi(t) hj 6+0 > = 2kTa 6(08ij ... (2) ,Y VM5
<,hhh) > = Qandau{B)fsWi©34di Heeer Mgt idves magneapzat i Physf @eadhs, 16-ff is
the

Jan. 1994).

[0033]

[Expression 2]

dM dM

e ——y[Mx(H +h()]+ %[M x

& z W
2kT
< hi(t) B (t+7) > = ” WZ 5(t)5;; --(2)
< hi{t)>=0 -++(3)
[0034]

Here, M is the magnetization of grains, Hess 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, 6 (1) is the delta function of Dirac,

T is the time step. 6;j 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/YyVMg) is the variance, and the



effective field, -/ is the gyromagnetic ratio a is the danping constant
(decay constant) of Glbert, M is the saturation magnetization, T (t) is a
effective magnetic field by thermal activation, k is Boltzmann's constant,
Tis the tenperature, V is the volunme of grains, 6 (T) is the delta
function of Dirac, T is the tinme stepl85ij is the Kronecker delta and i and
j are the conponents (x, y, z) of the nmagnetic field. < > neans the tine
mean. [00351 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)
(2kT(x/ yVMire= idre larE aaceomndctbe . 1Mordbvert i®dn(t)sia thadonveeseéor.
Moreover, 5 (T) is the inverse nunber of the tine step, and the magnitude
of the ef fracibere ofiregreett iomd | s &b chand)eshe masatit udersoBtelpe dheeawivepol e of
the recording head has a magnetic pole thickness of 400 nmin the
down-t r acknatinescitd diedddchanggoein cqudl eimedétewf THE mainrpdlee ofcthss-track
direction. The spacing between the main pole and the nediumis controlled
to he 15 nracchheiipaidaip haeaasmagnat iaepdibe il olteds ff asicshanda tkhater is
adj acent to the main pole and heats right below the nain pole. [003 61 The
magnet i ¢ hasgh fiel¢k waseataloyzeddy mab@etamBsTéalidth of 100 nm in the

cross-track direction. The 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 Gg = 0.06um and the write track
pitch T,, = 80nm.

[0037]



program MAG C for cal cul ati ng three-di nensional magnetic fields using the
integral elenment nethod. The magnetic head field is 960 kA/mor |ess. The
thermal profile was calculated by the heat conduction equation using the
finite elenent method. The thernmal energy was assuned to he absorbed
uniformy along the filmthickness dird€ction. Heating by incidence power
of 1 mMNWfor 4 ns nade the heating tenperature, T, 2000C. The output signal
i s obtained by substituting the sensitivity function of the MR head for the
reciprocity theorem expression (Mtsunori Mtsunoto: Mgnetic recording
(Kyoritsu Publishers, Tokyo, 1977)). The output conditions are the
di st ance bet weefIfhed stiaMi§he tempepapny afieneislande andsgeropyi fealdw, =
80nm [00371 _19- FIG 9 shows the tenperature dependence anisotropy field
Hk and t hélsandr Aheonanagabipranagnet zationMknowts tlaknewa thatsbheopy
field decreases 15% and the saturation magnetization decreases 576 when the
t enper at uraniswregse st 4O0T d¢¢REEas alst abdrthe veort @dat ppn 1558- 1560, 1998)
This FIG indicates that when the heating tenperature T 2000C (room
t enper at ureadrse 20043 i ot ideg ridaeeab % evliman thenesmpens t nge neattseas¢h @ 0°C
ani sotropy field Hk is reduced to about 400 kAAm [0038] FIG 1 shows the
rel ati onshiegetmests t Magthange10f34, pp.1558-1560, 1998) . This FIG.

indicates that when the heating temperature T = 200°C (room

temperature is 20°C) using the above-mentioned heating means,

the anisotropy field Hy 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 £ilm

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



output signal in 10 years after recording and the paraneter A where a
grain size of a nmedium= 3 nm the thickness of a recording [ayer = 20 nm
(the ratio of grain size Dgrain and film thickness t, Dgrain/t is about
0.15), and the nediumis heated wup to 2000C by the above nentioned heating
means. The recording mnagnetization pattOern, with a nagnetization transition
|l ength of 50 nm is recorded alternately upward and downward al ong the

medi um t hi ckness direction (hereafter, the magnetization transition |length
is called the bit length) . Thus, it is clear that the residual ratio of
out put signal increases with increasing paraneter A, and signal does not
decay wherdide@wotpdegret vhepn the IparmngteipPewaPhdt 5ier nQre s Hedéenstbed t hat
a nediumw th the paraneter A greater than 1.5 inproves the thermnal

stabi | ity.rédsdoodly Bosiedil/&r weal chargedrnimabedoaglonhbneh iy Igta 440 from
0.15to0 1.0, simlar to FIG 1 signal -20- did not decay when the paraneter
A was 1. Simrasmielldies e, Wheh deasemsivhy Darbd ndf D@sathaageédti nthée region
fromO. 15to 1. 0 is as follows. Wth decreasing ratio of Dgrain and t,

t he magnetagratizon sotroattes unevenl y aadidbdecoas s Hehreraidlyt ynahsbabl; e;
therefore, Dgrain/t is preferably 0.15 or nore (I EEE Trans. Magn. Vol . 39,
No. 5, Sep.tROOSfordpregyLin/actorgiafetabliieo . n1Rchanhshe of IREEPERdAheul ar
magneti c recording, a recording |ayer thickness greater than the grain size
gives a stegpn. BENEI 9 Zatd 0%, tsapsi 200m) sl apereddetr] a&scbheingl ty shabl e,

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 0.13x107® 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



therefore, Dgrain/t is preferably 1.0 or less. 0 03 91 The following is the
reason why the signal does not decay if the paraneter Ais 1.5 or nore.
FIG 10 shows the relationship between the surface exchange energy J (j/M
) and the paraneter A when the ratio of the grain size Dgrain and the film
t hi ckness t, Dgrain/t, is 0.15, 0.4, add-1.0. Thus, it is understood that J
becones at least 0. 13xIO0 -3 j/M2 so that the paranmeter Ais 1. 5 or nore
when Dgrain/t is 0. 15 or nore. That 1is, considering that the conventional
CoCr alloy mediumhas a J of alnobst zero, it is understood that a
relatively strong nmagnetic exchange coupling, which is 0.13xI 0-3 j/M or
nmore, worketwramddre gt dea e shereidree mellh ubs ofhewahprebant
invention. The magnetization switching unit becones larger wth increasing
strengt h ofigresl agetiat eaedangehenupld mpraletdetebh I he angnereée grains;
therefore, it is thought that signal does not decay when the paraneter Ais
1.5 or norE204dJ00401 As shown in the above-nentioned results, the stronger
the magnetic exchange coupling between magnetic grains, the nore the
t hermal stabili g slsowmpmoved.adavecorardgnitdrethiresaghnet, i tthe rsecondiengt Bgst em
it is known that the stronger magnetic exchange coupling between the
magneti ¢ gfisddies:; id kexdteagieercdud impbee wekdowaughetit yihtiespr ohessors
carried out at a

the thermal stability is improved. In conventional magnetic

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 Sir 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 Syr/Nyr decreases with increasing

the parameter A in a conventional magnetic recording system.

On the other hand, in the present invention, S;r/Nygr increases

with increasing the heating temperature at the same parameter



tenperature enough to reduce the magneti c exchange coupling of the nedium
using the present invention, it would be possible to obtain a steep
magneti zation transition slope and reduce the noise. [00411 FIG 11 shows
the calculation results of the paranmeter A dependence of the ratio of the
output signal SLF with a bit |ength of22F50 nm and the noise NHF with a bit
| ength of 25 nm conparing between a conventional nagnetic recordi ng system
and the present thernmally assisted nagnetic recording systemw th changi ng
heating tenperatures T. The value of Dgrain/t is 0. 15. The grain size and
Hk O the mediumare the sanme as for FIG 1. Thus, it is understood that
SLF/ NHF dexraabeshsirt B haat éagi ngmpéhet pae anet4d0°8 andaA conve it drak,
magneti c recording system On the other hand, in the present invention,
SLF/ NHF i n8frétisebaswat honscartsvabue he Hentiaggarempe thngr ehat mageesane
paranmeter -22- A and, when a heating tenperature is 400'C and Ais 6 or
| ess, SLRAHRgs couphistariietwadare .t iEhaageasde gxatinst bekemesgaétmpest
exchange coupling between the magnetic grains becones alnost O by heating
whi | e recoo dyngedttiness whdidfe reedrthaty.even vdherongmad/tthats eemdwhand 1. O,
SLF/ NHF has a constant value up to A of 6. [004 21 As shown in FIG 9, the
medi um of DbheaprpSerd 0 Wwerdndrn.o, Spr/Ngr has a constant value up to A

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 S.z/Ngr at T = 400°C

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



has characteristics in which the nagnetic exchange coupling decreases
linearly with increasing tenperature. However, it is preferable to select a
medium material in which the magnetic exchange coupling rapidly decreases
Wi th increasing tenperature, because it can prevent the magneti zation of
grains fromswitching in the cooling-pBecess because of the magnetic
exchange coupling. [0043] FIG 12 shows the relationship between the O
content of the grain boundaries and the paraneter A in the case when
Dgrain/t is 0.15, 0.4, and 1.0. It is understood that the G content should
be 20 at% or less to make the paraneter A 1.5 or nore. Mreover,

consi deri ng teguined atd dre Af5 tdied eatmane wheampdigrtaime/ tofis he. Heat er

heati ng above 400' C becones inpossible. FIG 11 indicates that the

par anet er Marslooelrd hben|Bmsaimbn i6. 0. 4@rab 1not, tle getremiadreat & tapidlF/ NHF at
T = 4000C or less. It is understood fromthe FIG that the Cr content -23-
IS requireachdredsesltoatyout Boe avhanCbgeanhéhti srOuid. 15 Mt g#oveThushen
Dgrain/t is 0. 4 and 1. 0, the paraneter A rapidly increases to about 6.0
at a Cr cant ést uadewsdodld ah&t ThasCr ddntenturidersthoddeichab bhel&rattHnt ent
is required to be 15 at% or nore to nmake the paraneter A 6.0 or |ess even
i f Dgrain/ldr moxeDtcAmare theOpatheeekerr, 6id o8 lwgerstondi f adgri e/ O
content of intergrain boundaries nay be 15 at% or nore and 20 at % or

ig 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



| ess. [0044] The follow ng are actual experinental results. Two kinds of
medi um were prepared. After a 100 nmthick permall oy soft magnetic under
| ayer and a 20 nmthick Ru nonmagnetic internediate |ayer are sputter-
deposited on a substrate, the mediumof the present invention is fabricated
by sputter- depositing a 20 nmthick G@@-Pt recording |layer using a target
with a C-content of 20 at% and a substrate tenperature of 1500C, on the
ot her hand, a conventional nediumis fabricated by sputter-depositing a 20
nmthick CoCrPt recording layer wusing a target with a Cr content of 15 at%
and a substrate tenperature of 280'C. Argon (Ar) gas pressure was
control | eccouml ibeg enePgiwisenf ftdradengedasiwdray ebtaed ahdoddcarsetiei BgA of
the two kinds of fabricated nedia were obtained fromthe M+1oops using the
magnet o- opddtci wer rorefd@bimespar aneters Anere 2.0 and 1.0, respectively.
Next, the intergrain exchange -24- coupling energies of these nedia were
obt ai ned akod48] ows using activation volunmes. 0 04 5] After the
magneti zation is sufficiently saturated (saturation nagnetization) by
appl yi ng a posi hifter! ahge makm@tdtdat iforelid exddddiirmtll yTesdtanqzargeendi cul ar to
the nedium the magnetic field is swept down at a predetermined rate (R :
(saturation magnetization) by applying a positive large
magnetic field exceeding 1 Tesla perpendicular to the medium,
the magnetic field is swept down at a predetermined rate (R1:
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) / (4 xdHpxdHm)
the intergrain boundary exchange coupling energy J is
calculated by the following expression:

J = (hxKu+Ms®x107/(8n))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



for instance, 50000 (A/m/s), and the nmagnetization neasurenent is
continuously carried out until it reaches a negative |large magnetic field
(magneti zation curve 1). Moreover, a sinmlar magnetization neasurenent
(magneti zation curve 2) is carried out with different sweep rates of
magnetic field (R2: for instance, 500@5A/m/s), thereby, FIG 13 is
obt ai ned. Next, when the differences of nagnetic field, which give the
three types of different magnetization |evels of 0.9xMs, 0, and -0.9xMs in
t he magneti zation curves 1 and 2, are dHp, dHz, and dHm using the
normal i zed magnetic field h obtained by the follow ng expression: h =
dHz x ( dHmM dEHpd ¢ KaseiHpdidPneheb t at ey A %%%‘élﬁ?c’ék%ﬁéﬁgﬁ%dmg%@aﬁner gy J
is calculated by the follow ng expression: i = (hxKu +Ms2X, 07/ (8TC) ) X
(VZ/ (7EXthe)uged. Here, Ku is the anisotropy energy, and one obtained by a
magnetic torque neasurenent may be used. t is the film-25- thickness, and
one obt ai ned by Merecyss-,stbei anal VIEML mgameayz he alxteal negrsdvsr dHghe
activation volume Vz is obtained using dHz as follows, Vz =
kxTxl n(R /&) fé¢Msondldz) Here, k is Boltzmann's constant, and T is the
absol ute
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 0.2x1073
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.



tenperature. [00461 FIG 14 shows the intergrain boundary exchange coupling
energy J of the CoCrPt allay thin filmat 250C cal culated using this
expression plotted against the grain boundary Cr content. J decreases with
i ncreasing grain boundary Cr content and becones |less than 0.13xI0 -3 j/ M
when the Cr content is greater than 2@6at% An Auger el ectronic spectrum
whi ch uses the electron beamw th an acceleration voltage of 3 kV and a
beam dianeter of 0.5 nm is used for neasurenent of the grain boundary Cr
content. [0047] Fromthis FIG , it is understood that the nmedium of the
present invention fabricated with a substrate tenperature of 150'C while
deposi ti ngl@¢Blragnetic recording | ayer has a C content of 19 at% and an
exchange coupling energy of 0.2xI O3 j/M. Moreover, fromthis FIG, the
conventional medugFshergriccatd® Witle sepshsiangee afeesistufle of 2800C has a
G content of 35 at% and an exchange coupling energy of 0. -26- 0 04 81
Fur t her norreagnéetel 23 eor epes deerreundd r T duzg Mmedjwet % athenpwaserkasured for
t he nmedi um of the present invention fabricated with a substrate tenperature
of 150*C amtlver thibore diaenitdadrs] wieti &musiimatat edmpetrhtarsubstIa%€ and

the conventional medium fabricated with a substrate

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



tenperature of 2800C. As a result, the deterioration of the output signal
in the nmedium of the present invention could not be observed even if it was
| eft for 100 hours at room tenperature. On the other hand, the

magneti zati on of the conventional nedi um decreased to 80% in 100 hours
after recording. [00491 Therefore, a-BHermally assisted magnetic recording
systemw th | ow noi se and excellent thermal stability can be provided by
applying a mediumto the thermally assisted nagnetic recording system
havi ng characteristics such that the intergrain nagnetic exchange coupling
is strong at room tenperature and di sappears at a recording tenperature (a
smal | andil¥iS of pafatni nBlFRgnELh Ak Ehak§eSebepata§ Agaydiigsr ofnelhe its

di sappearing conpletely). [00501 Next, the second enbodi ment of the present
i nventi on mgdia upedidgtriiecearrd stmkRIURIRE of the heating neans, read
head, and wite head in the second enbodi nent are sane as those in -27-
FIGS. 3 anP®1]JFI GS. 15A and B are schematic drawi ngs of the nedia used in
t he second enbodi nent. [00511 The nagnetic recordi ng nmedi um 120 shown in
FIG 15A is fofhedmagngblitonscoafiiag mpdiverldepsbovinngnaF260 hhit hEck soft

formed as follows; after sputter-depositing a 200 nm thick soft
magnetic under layer 123 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



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 Cc (0.3 nm and Pd (0.7 nn) is deposited to a thickness of 5
nmor |less as the second internedi ate2Bayer 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 layer 121 is between 250'C and 300'C, which is conventionally
used. Fl Glayemdigrstess wittdt thfe @eqshitnehtt eyfearaiste ©gris el bdupdari es of
the mediumis 30 at%or nore and 40 at%or less at substrate tenperatures
from 250" Qighe32@dEn @ refrotibng ttenparsad urg mdtile aetrrdien@oupl i ng
between the magnetic grains becones 0 when the Cr content is 30 at% or
nore. | n tlics2dnbodi ment of the present invention, it is preferable that
the Curie point of the second internediate -28- |ayer agrees with the
recordi ng t enpeTheumegoetiis skichhhbg cbughéngt betweke taeondigngttienper at ure
while recording. 0 0 521 The magneti ¢ exchange coupling between the nagnetic
nmonment of ndweerseadhd Hentserauedi atrec d ayesdiadfe tleeyor esferthe present

invention is strong at room temperature. Therefore, magnetic

characteristics 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]



invention is strong at roomtenperature. Therefore, magnetic
characteristics as well as the first enbodi nent, which has a |arge
intergrain nmagneti c exchange coupling by magnetically coupling the second
internediate layer with the recording layer. That is, the paraneter A val ue
becomes nmuch greater. Therefore, the-&2diumof the present invention
becones thernmally stable at roomtenperature. Wile recording, the
magneti ¢ exchange coupling between the magnetic nonments of the second
internedi ate | ayer disappears by heating the nmedium Therefore, excellent
read/ wite characteristics with | ow noise can be obtained for the nedi um of
t he present invextonthsnking naw abewtditre vibiloh tHicknesmlof iThEeGRai n
magneti ¢ exchange coupling. Here, when the nagnetic exchange coupling
bet ween the magnetiic Woredict s ndfensid vsedorrdie mrdrteediestde ysgterimditkss a
little rather than di sappears conpletely, the magnetization transition
sl ope becdaimesmeildgpessastetheenorsénganybtemmie about| 260 Rhémedoriehe t he
Curie point of TbFeCo may be preferably slightly higher than the
t enper at urentieir! efr eber dengrding Dag8t.- 20 dNeder ttdiaglkiaign noweblrnt t he
filmthickness of TbFeCo, the magnetic field intensity of the wite head
used in t head/whrerealchy rassiestiext ircec otdien s yssiteropys fledut Qe kVbr at t he
center of the recording layer. In order to obtain excellent read/wite
char act er irgidueed tdehanvsdte opy dh ek dlshsahd dzethe magnetic head field

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 £film 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



reduced to the value which is the sane as the magnetic head field intensity
at the center of the recording |ayer. Therefore, FIG 9 indicates that the
heating tenperature of the mediumis controlled to be 1500C or nore. That
is, afilmthickness has to be enough so that the nagnetic exchange
coupling between the nmagnetic nonments30f the second internediate |ayer is

| ost when the heating tenperature is controlled to be 150' C or higher.
Because the magneti c exchange coupling is proportional to the coercivity,
the filmthickness dependence of the coercivity while heating the TbFeCo

| ayer was neasured. The results are shown in FIG 16. The filmthickness,

at whi ch tdeefiieqgeet tbat eotchpagemebapls hgecosed lats a Nasett i Mi -lowpsreexe e of
1500C or higher, is the one in which the coercivity becones 0. FIG 16

i ndi cat es nidaaturtehiewl thnhé dt Chgadse okdihe.scatmnteantieponednpeeathagewad?25 i s
preferably 5 nmor |ess. However, in order to obtain the coercivity at room
t enper at urehamydd IfAdnhicckness 30becat Feast1l sdws oREerésategished. [ 00541
Fromthe results of neasuring M+ 1| oops of the present invention nmedia using
a Kerr ef fiegtiwvamasheepapamaeyetrem and thes hed®inconbmpeed tiulrat. t AEGparaneter A
becones |I. S. Next, M+ |oops were neasured wth heating the nedium The

heating t efREIRItyL it whangathridan @ Qdara3E LwiHIG iddrshoisg t he

rel ationship between the paranmeter A and the heating tenperature. FIG 17
temperature. That is, it is understood that the magnetic
exchange coupling between the magnetic grains decreased witk
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



i ndi cates that the paraneter A decreases with increasing tenperature. That
is, it is understood that the magneti c exchange coupling between the
magneti c grains decreased with increasing tenperature becane al nost 0 above
200" C. [0055] FIG 18 is a sinulation result of the relationship between

t he paraneter A and change in output sBgynal in 10 years after recording
when the neans described in FIG 4 is used and the nediumof the present
invention is heated up to 2000C 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. itSreasasdwikh=11606ak e parrnseenid angt theedignal| dges nels
assunmed to be a layer with a filmthickness of 5 nm a saturation

magnet i zadiecayMwhen0 t2% Parametiir A 46105 SJ/or8 menw .i t Thes plsaceid imder neat h
the recording | ayer. Mreover, M decreases with increasing tenperature and
t he conpensaierenocbenmdait @ eadsi urBEAEh HEme Ar sedneh f Madgnetn aaireomgmtt ern
was alternately recorded upward and downward al ong t he medi umt hi ckness

di recti on escel lentaghetrmzatstoabiYamgi t Loni $ emgler safodsD that therslynalit is
clear that the residual ratio of output signal -31- increases with

i ncreasi ndigananetiecap @ahant tice pprahettne mals 1decay mbes sbewdpbl ameter A
is 1.5 or nore. That is, it is understood that a nediumw th an A val ue of

1.5 or nok@ehBSsult 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 Sy r/Nygr 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



excellent thermal stability. It is understood that the signal did not decay
when the paraneter A was 1.5 or nore as well as the result in FIG 1, even
when the sane cal culation was carried out with changing the Dgrain/t from
0.15 to 1.0 [00561 FIG 19 shows the A val ue dependence of SLF/ NHF while
recordi ng when the nediumis heated up3%o 4000C. It is understood that
SLF/ NHF does not deteriorate if the paraneter A is 6 or less. [0057] There
is a nediumdisclosed in JP-A No. 344725/2001, in which 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 eilspbscehebe thge sheldni sbticbpprendidfesendes ThreCtHeayer s
hi gher than that of a CoCr alloy. Therefore, the TbFeCo | ayer should be
sputter - abepesimceadionethweldcdmdivmgriegyiar. to be closer to the wite head
than the recording layer. This is because a large recording nmagnetic f ield
is requirddos8lrecord in TbFeCo |ayer. Because the TbhFeCo | ayer does not
have the function of a recording layer in the present invention, the film
t hi ckness can Mereamder asrédand asg Sthen ohetmesilanass hetadi magnepycener gy
-32- also can he made small, which are differences fromthe above-nentioned
wel | - knowtegtiddng system, there is a medium disclosed in JP-A No.

358616/2002, in which a recording layer was directly

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 KyV/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



[ 00581 Moreover, regarding the thermally assisted nmagnetic recording
system there is a nmediumdisclosed in JP-A No. 358616/2002, in which a
recording |layer was directly sputter-deposited on ThFeCo | ayer. However, in
this case, the different point fromthe present invention is that the Curie
point is |lower than the tenperature wh#3e recordi ng. 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 the nediumdisclosed in this
pat ent application works as a recording |layer at roomtenperature.
Therefore, when conventional mnmediumconditions (grain size of 3. 0 nm
recor di nglayayeisf contrhilékrdets be 203 nam bhdhat st ropy Ererkes? B5X105
j/M3 ) are applied to this invention, a TbhFeCo filmthickness is required
50 nm or Romeorf besaclvirnateg ld nkuVAk Tice g0 sma imdr e ccupswe \way the vt iFiFe Co
filmthickness of the present invention is 5 nmor |ess, which is different
from t he Wwehd, khbwhex &implcéne sjs008 Hr ¢t en gihlaer 3 embodiheefrCoFl &yet3RE s a
mediumin which, after deposition up to the ThFeCo | ayer 125 simlar to the
medi um shohe ¢hf &G ofl SApravCodr thayery k24 labeumagndtim anhsckropyg of
sputter-deposited between that |ayer and the magnetic recording |ayer 121.
The reasofhehyaghettiki ekeesdioh tlbge@o@21-.33- | ayer is controlled to be 2-3
nmis that if the thickness is

[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.



2 nmor less, crystalline lattice msmatch occurs. On the other hand, if
the thickness is greater than 3 nm the CrCo |ayer has the effect of
i nproving the crystalline magnetic ani sotropy of the magnetic recording
| ayer 121. [Brief Description of the Drawings] [00601 FIG 1 shows the
rel ationshi p between the change in ouBput 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 configuration exanple illustrating a wite head of
the present invention. FIG 4 is another configuration exanple of_ a wite
head of the prEb@nt8 ighamws itdye rrletisnshémsbehweea| blte oS hi PRP betameen t he
substrate tenperature while fabricating the recording layer, G content of
a target, pamgmetecohtand tdfe trmpegasiumebourid ifds séf emboflamengaeédhreecor di ng
layer. FIG Gis a pictorial viewillustrating the nmagnetic grains and the
grai n boupdasieas. iAv@ntions an exanpl e showi ng an MH | oop of a magnetic
recording medium -34- FIG 8 shows the rel ationship between the M4 oop
sl ope FIG. 9 shows the temperature dependences of the

anisotropy field Hxy and the saturation magnetization Ms.

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 Spp/Ngr in the first embodiment of the present
invention.

FIG. 12 shows the relationship between the MH-loop 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-1loop 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.



paranmeter A and the tenperature in the first enbodi nent of the present
invention. FIG 9 shows the tenperature dependences of the anisotropy field
Hk and the saturation nagnetization M. FIG 10 shows the relationship
bet ween the magnetic intergrain surface exchange energy and paraneter A
FIG 11 shows the relationship betweem3¥he M+1oop slope paraneter A and
SLP/NHF in the first enbodi nent of the present invention. FIG 12 shows the
rel ati onship between the MH1oop slope paraneter A and the Cr-content of
magneti c grain boundaries of the recording layer in the first enbodi nent of
the present invention. FIG 13 shows the conparisonof anM+1|oop with
different sweePl® atlds sbpPvwgaghet el &t inshin Getyeeshbis Miel PP LM hi p
between the intergrain boundary exchange coupling energy J and the magnetic
grain bobadamgter-kemdehhe RRend wrows bhe draand empeduwmegtopf £hmmgneti c
recording nediumin the second enbodi ment of the present invention. FIG
16 shows pheseskattnypaliipnbet ween the coercivity and the filmthickness when
changi ng the heating tenperature of the TbFeCo layer. -35- FIG 17 shows
the rel ati onshipl®et Weeshohe Wikl vopatiopsehip 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 Sir/Nyr

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

101.. Write head

102.. Auxiliary pole

103.. Conductor pattern

104.. Resistance heater

105... Resistance heater



paranmeter A and the tenperature in the second enbodi nent of the present
invention. FIG 18 shows the relationship between the change in out put
signal in 10 years after recording and the paraneter A in the second
enbodi nent of the present invention. FIG 19 shows the paraneter A
dependence of the SLF/ NHF when recorditg is carried out with a heater
tenperature of 4000C in the second enbodi nent of the present invention.

[ Description of Reference Nunmbers] [00611 11... Magnetic head slider 12

... Magnetic head 13 ... Carriage 14 ... Voice coil notor 15... Magnetic
disk 16 ... Read head 17 ... Bottomshield 18 ... read sensor 100 ... Min
pol e 101 120..\¥pgrehéadreg2rdingamediiiBry pol e 103 ... Conductor pattern

104 ... Resistance heater 105 ... Resistance heater -36-

121.. Magnetic recording layer
122 Intermediate layer

123.. Soft magnetic under layer
124.. Glass substrate

125.. Amorphous alloy layer
126... CoCr layer

130.. Magnetic grains

131.. Grain boundaries



120 ... Magnetic recording nmedium 121 ... Magnetic recording |ayer
122-Internediate layer 123 ... Soft nmgnetic under |ayer 124 ... d ass
substrate 125... Anorphous alloy layer 126... CoCr layer 130 ... Magnetic
grains 131 ... Gain boundaries -37- [Docunent's nane] Scope of C ains

[Claim1l] Athermally assisted recordifig- system conprising a magnetic

recordi ng nmedium a magnetic pole applying a nagnetic field to said

magneti c recordi ng nmedi um and a heating neans
applied region of said nagnetic

recordi ng nmedium has a substrate and a recording |layer fornmed on a

substr at e,[Degiidenecer oengl nBdrpm PS &lhémsomagnetic | ayer, the magnetic
exchange coupling energy between magnetic
ferromagnéfiieimayér is controlled to be large at roomtenperature to |et
the magneti zation of said magnetic particles he thermally stable,

r educed

dr ast ik athegrnal Imkes ¢ het pdgnetdzdinoreYstesi ¢onprsEbpe 8t eep
magnetic recording medium, a magnetic pole applying a magnetic
field to said magnetic recording medium, and a heating means
heating a magnetic field applied region of said magnetic
recording medium, wherein

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

sald recording medium is a ferromagnetic layer,

the magnetic exchange coupling energy between magnetic
particles constituting said ferromagnetic layer is controlled
to be large at room temperature to let the magnetization of said
magnetic particles be thermally stable, and it is reduced
drastically to make the magnetization transition slope steep
while recording.
[Claim 2]

A thermally assisted recording system as in claim 1,
wherein

in an MH-loop providing a relationship between the
magnetization M of said ferromagnetic layer and the magnetic
field H, the parameter A mentioned hereunder, which is obtained
by normalizing said MH-loop slope parameter around the
coercivity, 1s greater than 1.5 and less than 6 at room

temperature.

heating a magnetic field
recordi ng medi um wherein said nmagnetic

particles constituting said

and it

is



while recording. [aim?21 A thermally assisted recording systemas in claim
1, wherein in an M+l oop providing a rel ationship between the

magneti zati on M of said ferromagnetic |ayer and the magnetic f ield H, the
paraneter A mentioned hereunder, which is obtained by normalizing said

MH-| oop sl ope paraneter around the cofcivity, is greater than 1.5 and |ess
than 6 at room tenperature. -38- [Expression 1] (A JU aH ' pO absolute
perneability of vacuump MO [Caim3] A thermally assisted recording system
as in claim1, wherein the paraneter A of the magnetic field applied region
of said magnetic recordi ng medi um becones nearly 1 by heating wusing the
sai d heat iiRgpneansonhile recording. [Caim4] A thernally assisted recording
systemas in claiml, wherein the magnetic exchange coupling energy between

said magnetic grains i .13x10-3 J/ma or greater at room

aM
(As—— s Hy: absolute permeability of vacuum)
ﬂo 6H M=0

[Claim 3]

A thermally assisted recording system as in claim 1,
wherein

the parameter A of the magnetic field applied region of
said magnetic recording medium becomes nearly 1 by heating
using the said heating means while recording.
[Claim 4]

A thermally assisted recording system as in claim 1,
wherein

the magnetic exchange coupling energy between said
magnetic grains is 0.13x107® J/m® or greater at room
temperature.
[Claim 5]

A thermally assisted recording system as in claim 1,
wherein

said recording layer is a CoCr system layer consisting
of said magnetic grains and grain boundaries and the Cr content
at said grain boundaries is 15-20 at%.
[Claim 6]

A thermally assisted recording system comprising a

magnetic recording medium, a magnetic pole applying a magnetic



tenperature. [Claim5] Athermally assisted recording systemas in claiml,
wherein said recording layer is a CoCr system | ayer consisting of said
magneti c grains and grain boundaries and the Cr content at said grain
boundaries is 15-20 at% [Claim6] Athermally assisted recording system
conprising a magnetic recording mediwi-a magnetic pol e applying a magnetic
-39- field to said magnetic recording nedium and a heating neans heating a
magnetic field applied region of said magnetic recording nmedium wherein
sai d magnetic recordi ng nedium has a substrate and a recording |ayer forned
on a substrate, said recording layer is a CoCr system alloy | ayer

consi sti n§istdnbgnetié HRAASIANPREENDIRHHT ] R MRIH G MEES cont ent
of said grain boundaries is 15-20 at% ,.and, in an M4Ilcop providing a

rel ati onsheptbeonechaghet igndAetidz abrda el sp9dend ofe trdfadideied Icayer and
the magnetic field H_the paraneter A nentioned hereunder, which is
obt ai ned rByoreinRdl MefignsaBeMRinoop sl ope paraneter around the coercivity,

is greater than 1.5 and less than 6 at room tenperature.
said magnetic recording medium has a substrate and a

recording layer formed on a substrate,

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 15-20 at%,

and, in an MH-loop providing a relationship between the
magnetization M of said ferromagnetic layer and the magnetic
field H, the parameter A mentioned hereunder, which is obtained
by normalizing said MH-loop slope parameter around the
coercivity, is greater than 1.5 and less than 6 at room
temperature.
[Expression 2]

1 oM

(A= —— ; M, absolute permeability of vacuum)
;10 o M=0

[Claim 7]

A thermally assisted recording system as in claim 6,
wherein

the parameter A of the magnetic field applied region of
said magnetic recording medium becomes nearly 1 by heating
using the said heating means while recording.

[Claim 8]



[ Expression 21 (A= 1 am/10: absolute perneability of vacuunm) po 6H M=O
[Cdaim71 Athermally assisted recording systemas in claim®6, wherein the
paranmeter A of the magnetic field applied region of said magnetic recording
medi um becones nearly 1 by heating using the said heating nmeans while
recording. [Claim81 -40- A thermally 4ksisted recording systemas in claim
6, Wwherein the nmagnetic exchange coupling energy between said nagnetic
grains is 0.13X10-3 J/M2 or greater at room tenperature. [Claim91 A
thermal |y assisted recording systemconprising a nagnetic recording medi um
a magnetic pole applying a nagnetic field to said magnetic recording

medi um and a Hedthargnatelansas hiediehgrecoedined i VIt Rapbti e Bgfon of said
magneti c recording nedium wherein said magnetic recordi ng medi um has a
subst r at ewhgdean recording layer formed on a substrate, said recording |ayer

is a CoCr systemalloy |ayer .
the magnetic exchange coupling energy between said

magnetic grains is 0.13x10% J/m? or greater at room
temperature.
[Claim 9]

A thermally assisted recording system comprising a
magnetic recording medium, a magnetic pole applying a magnetic
field to said magnetic recording medium, and a heating means
heating a magnetic field applied region of said magnetic
recording medium, wherein

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

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 30-40 at%,

and an amorphous TbFeCo layer, a CoCr layer, a lamination
layer of CoCr and Pt, or a lamination layer of CoCr and Pd, with
a film thickness of 5 nm or less are sputter-deposited on said
substrate side.

[Claim 10]

A thermally assisted recording system as in claim 9,
wherein

in an MH-loop providing a relationship between the

magnetization M of said ferromagnetic layer and the magnetic



consi sting of magnetic grains and grain boundaries, in which the C content
of said grain boundaries is 30-40 at% and an anorphous TbFeCo | ayer, a CoCr
| ayer, a lam nation |ayer of CoCr and Pt, or a lamnation |ayer of CoCr and
Pd, with a filmthickness of 5 nmor |less are sputter- deposited on said
substrate side. [Claim10] A thermallykssisted recording systemas in claim
9, wherein in an MH1oop providing a rel ationship between the

magneti zati on M of said ferromagnetic |ayer and the magnetic -41- field H,

t he paraneter A nmentioned hereunder, which is obtained by normalizing said
MH 1 oop sl ope paraneter around the coercivity, is greater than 1.5 and |ess
than 6 at fiedshH t Ehparaxametel Pxpertiponpd ILrEumdyy . whasbol siobtednashbi lity
of vacuum) tun aH MO [C aim10] A thernmally assisted recording system as
in clai mby noheatininpespadaNEtéepron sflophepaugnetes fireuddapple ed regi on of
sai d magnetic recordi ng nmedi um becones nearly 1 by heating using the said
heati ng neaascwhity,r ésogdeager than 1.5 and less than 6 at room

temperature.

[Expression 3]

1 oM

(A=——— , Mo absolute permeability of vacuum)

Ho OH M=0

[Claim 10]

A thermally assisted recording system as in claim 9,
wherein

the parameter A of the magnetic field applied region of
said magnetic recording medium becomes nearly 1 by heating

using the said heating means while recording.



