1 DESCRIPTION MAGNETIC RECORDING MEDIUM AND
MANUFACTURING METHOD OF THE SAME TECHNICAL FIELD [0001]
The present invention relates to magnetic recording media and
manufacturing method of the media and more particularly, to magnetic
recording media in perpendicular magnet"ic recording type and
manufacturing method of the me@g FARDRGRIPIND ART [0002] In recent
years, in magnetic recording apparatuses typified by a HDD (Hard Disk
Drive), since the high recording resolution is obtained, perpendicular

magnetic recording tyﬁ{ﬁ AP@KFE EnFPIEE'BtlQ Bmﬁﬁﬁgﬁ@% ?%hich are

comprised of perpendicular two-layer mediaan head. Further,
as measures for enhancing the in-plang xggording density, techniques have
been developed to make the magnetic layer bearing recording finer. In the
techniques, heat Ktability 8CrhbidgHietic MaTiti€st&teribrates Aiveo finer
particles, and faced is the so-called thermal fluctuation problem such as
deterioration and loss of recorded information. To solve the problem, it has

begreaiied pYt e yovide the magnetic fine-particle structure with
increased heat stability using an exchange-coupling type medium that

njagoeficaliheoppéase magnedictiparticlesde nuagnatjoalticstalbidizeéingomedia and
example, in CGC media, granular having a fine-particle structure is provided
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manufacturing method of the media.

BACKGROUND ART

[0002] In recent years, in magnetic recording apparatuses typified by a
HDD (Hard Disk Drive), since the high recording resolution is obtained,
perpendicular magnetic recording type have been put into practical use
which are comprised of perpendicular two-layer media and single-pole
head. Further, as measures for enhancing the in-plane recording
density, techniques have been developed to make the magnetic layer
bearing recording finer. In the techniques, heat stability of magnetic
particles deteriorates due to finer particles, and faced is the so-called
thermal fluctuation problem such as deterioration and loss of recorded
information. To solve the problem, it has been carried out to provide the
magnetic fine-particle structure with increased heat stability using an
exchange-coupling type medium that magnetically couples magnetic
particles to magnetically stabilize. For example, in CGC media,
granular having a fine-particle structure is provided with an exchange
coupling layer, and mutually separated magnetic particles are

exchange-coupled via the exchange coupling layer (Patent Document 1).



DISCLOSURE OF INVENTION [0003] However, in order to strengthen the
exchange coupling in the above-mentioned structure, it is required to
increase the thickness of the exchange coupling layer to some extent. When
the thickness of the exchange coupling layer is thickened, the distance from
the main recording layer bearing recordifig to a magnetic head is inevitably

ineseased andhiberelis @ problemstaa@aherso-called spacing loss is
increased. [0004] The present invention was made in view of the

aReeRfdARE fREpLY BN IOR an object of the invention to provide a

ic recording medium enabling excellent magnetic recording .. :
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manufacturing a magnetic recording medium of the invention is a method of
neaalifacteingoa phidgn ety eectrdimmedixiarfor nydhefactoeinthickesetief the

recording medium having a magnetic recording layer of a granular structure
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provided on the magnetic recording layer to add an action of exchange

couplras e nagheatie paricles, @ubls nchéractehzed dychdeigsgpramng loss is
irradiation step of performing ion irradiation on the entire surface of the
eXt31&3§€ Boupling layer after layering the exchange coupling layer on the
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recording medium of the invention is a method of manufacturing a magnetic
reeepling matium fos manovisettring atmagnetihieeerdingprediden haviiigyaetic
magnetic recording layer of a granular structure having nonmagnetic _
bERARIAN B0 FIEHSLEN befidain pillaxeplpBl MagheitcodaRIedipg areproduction

ngﬁzrinr% Elgrt,gt?gsbs%at%,e exhibited with the spacing loss reduced, and a

manufacturing method of the medium.

[0005] A method of manufacturing a magnetic recording medium of the
invention is a method of manufacturing a magnetic recording medium for
manufacturing a magnetic recording medium having a magnetic recording
layer of a granular structure having nonmagnetic boundary portions
between pillar-shaped magnetic particles on a nonmagnetic substrate,
and an exchange coupling layer provided on the magnetic recording layer
to add an action of exchange coupling the magnetic particles, and is
characterized by having an ion irradiation step of performing ion
irradiation on the entire surface of the exchange coupling layer after
layering the exchange coupling layer on the magnetic recording layer.
[0006] A method of manufacturing a magnetic recording medium of the
invention is a method of manufacturing a magnetic recording medium for
manufacturing a magnetic recording medium having a magnetic recording

layer of a granular structure having nonmagnetic boundary portions



and an exchange coupling layer provided on the magnetic recording layer to
add an action of exchange coupling the magnetic particles, and is
characterized by having an ion irradiation step of performing ion irradiation
on the entire surface of the exchange coupling layer so that an amount of
change in the ratio c/a of the c axis to thé’a axis in a crystal lattice of a metal

hering:a hepagonsh slose-pasked stuptitectentained inohe eyelkarRg&ubstrate,
coupling layer is 10.21% or more. [0007] According to these method, by ion
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to prepareagna(f e e>?change c%%%lir?g? lI’a‘l)yer,git iSGh{ gsesfﬁlept%rﬂgrfeosrmand 'S

vitheeaseeyibaut hghanging g/ adeusisharaetriiatiehasstepagietiscigsersing ion
medium, and the magnetic recording media can thereby be manufactured
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magnetic recording medium of the invention, it is preferable that the .
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the invention, it is preferable that thé thickness of the exchange coupling

laper éxZhamge lesspénd thaea doge. irjdhe ian dradiation is in the range of

1x1013 to 1x1015 (ions/cm2). [0010] In the method of manufacturinga
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magnetic recording medium of the invention is a magnetic 4 recording

e AN BAVIRYR IMag R rétdsdihy Sapessitlgmprarform with ease without

changing various characteristics as a magnetic recording medium, and
the magnetic recording media can thereby be manufactured without
reducing productivity.

[0008] In the method of manufacturing a magnetic recording medium of
the invention, it is preferable that the exchange coupling layer is a film
containing Pt and Co, and that the metal is Co.

[0009] In the method of manufacturing a magnetic recording medium of
the invention, it is preferable that the thickness of the exchange coupling
layer is 7 nm or less, and that a dose in the ion irradiation is in the range
of 1x10*® to 1x10*®° (ions/cm?).

[0010] In the method of manufacturing a magnetic recording medium of
the invention, it is preferable that in the ion irradiation step, ions are
applied from above a protective layer after layering the exchange
coupling layer on the magnetic recording layer and further forming the
protective layer on the exchange coupling layer.

[0011] A magnetic recording medium of the invention is a magnetic



structure, where pillar-shaped magnetic particles spatially have nonmagnetic
boundary portions therebetween, on a nonmagnetic substrate, and an
exchange coupling layer provided on the magnetic recording layer to add an
action of exchange coupling the magnetic particles, and is characterized in

that reversed magnetic domain nucleatidh magnetic field Hn is -20000e
(xéQ3rtring/mm edimerehavaty Hntisqisaversecomaggetiagomain a granular
nucleation magnetic field Hn to coercive force He is -0.5 or less, and the
tisitfd 9  tHEsiehard acctiiingday &R a0 NeHE or PEsE Clee1 2jsRééting fave
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possible to obtain excellent magnetic recording reproduction characteristics
wigie eidiegcHamge douplitly farcea@ienteaf [@3LRRIMBeanaghietc tbeordiagnetic

medium of the invention, the exchange .coupling layer preferably contains Pt, .
CRASHE 85 [00A%] he FRAIAGHETEED iy HRRhurESFRS Ty ahGBRGUG, domain
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structure, where pillar-shaped magnetic particles spatially have nonmagnetic
baardaryqgiorémes seerebetyrestic odamainmagoktatisnbstagecaitd éeld Hn to

exchange couplin%‘lay.er provided on the magnetic recording Igger to add an
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rati eversed magnetic domain nucleation magnetic field Hn to
cpxucive forer bielipfg QS eilessnaigd eafilom thiskprssarhihegekohangaiiation on
coupling layer of 7 nm or less, and 5 is capable of reducing the spacing loss
atiteegPiphaitpexcalemt tadaras although the film thickness is thin, it is

possible to exhibit high exchange coupling force. Therefore, without
increasing the spacing loss, it is possible to obtain excellent magnetic
recording reproduction characteristics with the exchange coupling force
exerted.

[0013] In the magnetic recording medium of the invention, the exchange
coupling layer preferably contains Pt, Co and Cr.

[0014] The magnetic recording medium of the invention is a magnetic
recording medium having a magnetic recording layer of a granular
structure, where pillar-shaped magnetic particles spatially have
nonmagnetic boundary portions therebetween, on a nonmagnetic
substrate, and an exchange coupling layer provided on the magnetic
recording layer to add an action of exchange coupling the magnetic
particles, has reversed magnetic domain nucleation magnetic field Hn of
-20000e (x10°%/4m A/m) or more, a ratio Hn/Hc of reversed magnetic
domain nucleation magnetic field Hn to coercive force Hc of -0.5 or less,

and a film thickness of the exchange coupling layer of 7 nm or less, and



recording reproduction characteristics. BRIEF DESCRIPTION OF

DRAWINGS [0015] FIG. 1 is a diagram illustrating a configuration of a

magnetic recording medium according to an Embodiment of the invention;

FIG. 2 is a graph illustrating the relationship between an amount of change

in lattice constant and a dose of ion irrad?ation; FIG. 3 is a graph illustrating

the telptionship hadwerryanaspubingfioés chrangxiaindtthg daselpdinmmagnetic
irradiation; FIG. 4 is a diagram illustrating the relationships between an
es@pRIfBEHaplAEUayENtIHibRasse HALIGSe and Hn; FIG. 5 is a graph

illystrati Iati ip xchange coupling layer thickness,
alﬁlc% Er%/n c%g%ﬁéﬂ?ﬂeétgﬁg%@ Iﬂ;&gsﬁetization curve; FIG. 6 is a graph
illggsiaging the relationship between Hn/Hc and the dose of ion irradiation;

and FIG. 7 is a graph illustrating the recording density dependence of
standardfZéd oltpat ebtdiagdafonl isiyaet vgtagec BEEIUNMOOE POR magnetic
CARRYING OUT THE INVENTION OOl%A Embodiment of the invention
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of a magnetic recording medium according to an Embodiment of the
infeciiang&his laagre o nastardirg dadiovesod mmagnetd acéoording medium
used in pergzendicular magnetic recording reproduction type. [0017] The

magnetidt o%iiﬁg%%ﬁm ﬂ@éﬁé@gﬁ’&/\ﬁ{‘ﬁ! MEliPRsienks O &1yjiggnount
0gpe 1R AAVE BRIl 3ol ol mapngis aer 6 14a, spacer layer 14b,
second soft magnetic layer 14c, orientation control

FIG. 4 is a diagram illustrating the relationships between an
exchange coupling layer thickness, and Hc and Hn;

FIG. 5 is a graph illustrating the relationships between the
exchange coupling layer thickness, and Hn/Hc and the gradient a of the
magnetization curve;

FIG. 6 is a graph illustrating the relationship between Hn/Hc and
the dose of ion irradiation; and

FIG. 7 is a graph illustrating the recording density dependence of
standardized output obtained from output voltage.

BEST MODE FOR CARRYING OUT THE INVENTION
[0016] An Embodiment of the invention will specifically be described
below with reference to accompanying drawings.

FIG. 1 is a cross-sectional view showing a schematic configuration
of a magnetic recording medium according to an Embodiment of the
invention. This magnetic recording medium is a magnetic recording
medium used in perpendicular magnetic recording reproduction type.
[0017] The magnetic recording medium 100 as shown in FIG. 1 is

comprised of a disk base 10, adhesive layer 12, first soft magnetic layer



layer 16, first underlayer 18a, second underlayer 18b, magnetic recording
layer 22, auxiliary recording layer 24, medium protective layer 26 and
lubricating layer 28, where each layer is stacked in this order. In addition, the
first soft magnetic layer 14a, spacer layer 14b and second soft magnetic
layer 14c constitute a soft magnetic Iaye|614. The first underlayer 18a and

seqand paderlaypel8hicopstivie avtndadayarcl fay KIOLSE Asribedisiobasmtrol
10, for example, it is possible to use glass substrates, aluminum substrates,
slRyEH dbbdtrgtey npleBRy SuBStRatesC el WiHET|gIkes $8Bstiages aHCUKRGPERING
tr|1e cél§ se 101.forr exam rlg"n amgrer;ogﬁ aIrL]Jq@(iPosilicartgtglisseis gorgge% and
infd & disk’s elfﬁ(é II‘é’lyydirect pr'e& %o%)reparé glassI l(JJIring, and the glags diSKs
afgpyitiecigd 9 lapring, wAksRINg AN ¢hgetCca sendibsuscassyvedrder.  In
prepare the base. [0019] The adhesive layer 12 is a layer to enhance

adtdiiom withetHe sdislo tiage g0 caind| ayedipbibie cifresendpgthietbofind second

magnetic layer 14 from peeling off. As the adhesive layer 12, for example, it .
SR8 T8 6oL, Ao (B 050) AS D THARIR FodgHElcihyor LR first
2PARGGNESPEANAUNIT JAEL AAE RL YR S@h BBARRHGRYE dddBayer 18.
example,’it is possible to use FeCoTaZr films, etc. Examples of the spacer

|d9er 84b indutesRdifiknba dédhel firstf sofeagmetic iayer pbs sihdeseoondesoftiass
netic layer 14c undergo antiferro-magnetic exchange coupling (AFC),

:P*?Z* iz bR CTHBFRBIESH FIHGRBNS KR AP earPiRgtib pHES I ates,
aligned glong, tgf%é%f‘j%‘ﬁé'ﬁ&’?et? (paqnets 8'§CH1§ Wikl gl geeyragy. )?xample,

components p ular to the magnetization direction are extremel

reghicgsh ang Hlispessinle decdetseasesneiseneccuningdrenskheisgfie by direct
magnetic layer 14. [0021 ] The orientation control layer 16 protects the soft
nrdgasti® 1Ryepars, glpivs sheidting dlieatatRrsolishstarpaveiesisiarte lapping,
und rlﬁ\. er 18. 7 As materials for F]hg orientatior‘)}: ntrol layer %ﬁ‘éi IS

p%gs'%leq% aggé: emical strength successively to prepare ase.

[0019] The adhesive layer 12 is a layer to enhance adhesion with the
disk base 10, and is capable of preventing the soft magnetic layer 14
from peeling off. As the adhesive layer 12, for example, it is possible to
use CrTi films, etc.

[0020] As the first soft magnetic layer 14a and second soft magnetic
layer 14c of the soft magnetic layer 14, for example, it is possible to use
FeCoTaZr films, etc. Examples of the spacer layer 14b include Ru films.
The first soft magnetic layer 14a and second soft magnetic layer 14c
undergo antiferro-magnetic exchange coupling (AFC), the magnetization
direction of the soft magnetic layer 14 can thereby be aligned along the
magnetic path (magnetic circuit) with high accuracy, components
perpendicular to the magnetization direction are extremely reduced, and
it is possible to decrease noise occurring from the soft magnetic layer 14.

[0021] The orientation control layer 16 protects the soft magnetic layer

14, while promoting orientation of crystal particles of the underlayer 18.



material selecting from Ni, Cu, Pt, Pd, Zr, Hf and Nb. Further, with the metals
as a main component, it is possible to use alloys containing one or more
additive elements of Ti, V, Ta, Cr, Mo and W. For example, NiwW, CuW and
CuCr are suitable. [0022] Materials constituting the underlayer 18 have an
hcp structure, and are capable of growin7g crystals of the hcp structure of
madenialse canstivitingghereagaeta recartdingd gyar 28,ar agigossaile to use a
structure. Accordingly, as the crystal orientation of the underlayer 18 is
highEe ! iiiss pessipie {6xAhEhce thePdridiflation b tRa thAdhetid reEbedingith the
BEraR Amonghe malsials for ineundetlaver 45 are RyCHand RUCGH8S one
ARt RuhaL ah th struc U}e,'arPaoené es thé magneﬁc recor In'g g
laytemuits &@dRE R eahERPRent to bryoranterh vaHyaxcellense o jR314n Niw,
this Embodiment, the underlayer 18 is comprised of a Ru film of a two-layer
sttustln dnGoBfirgalsusaddad underlayer 18b on the upper side, the gas

pressure of Ar is made higher than in forming the first_ underlayer 18a on the
ARRP2lde MatEHAlR GRRSHHLRR RS ARREY ik AVFol ltfauoRUCTure.
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and the crystal orientation is improvéd. Further, by increasing the pressure,
thesizét ofitige chystah tagtiesics deoadised. | Syrece B sizeaf gharustaklaticrire.
of Ru is larger than the crystal lattice of Co, decreasing the crystal lattice of

Rhc&95HaEResAhdNErfMt RtRAHRBO B it he pRdRIR NS fulhdp dHRBREe Tt is
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cording layer a magnetic layer of a one-layergranular struct

Exaroplgs ioé medesiaks $ofdhameagnaicidgeerdpglay®id2raséd RuCo, as well
CoCrPt-Cr203, CoCrPt-SiO2, and CoCrPt-TiO2. These materials may

cohAtdin a plikaItpDf VXides SIO0LHEThansk@rmlie Solfing dgyati fgeording
tkllcianyglrmwg?llqj)ij:li(?ra/sr%ccr?wrgmgcomponent to be oriented with excellence.

[0023] In this Embodiment, the underlayer 18 is comprised of a Ru film
of a two-layer structure. In forming the second underlayer 18b on the
upper side, the gas pressure of Ar is made higher than in forming the first
underlayer 18a on the lower side. When the gas pressure is increased,
since the free migration length of sputtered plasma ion is reduced, the
deposition rate is decreased, and the crystal orientation is improved.
Further, by increasing the pressure, the size of the crystal lattice is
decreased. Since the size of the crystal lattice of Ru is larger than the
crystal lattice of Co, decreasing the crystal lattice of Ru approaches the
crystal lattice of Co, and it is possible to further enhance the crystal
orientation of the granular layer of Co.

[0024] The magnetic recording layer 22 is a magnetic layer of a
one-layer granular structure. Examples of materials for the magnetic

recording layer 22 are CoCrPt-Cr,03, CoCrPt-SiO,, and CoCrPt-TiO,.

These materials may contain a plurality of oxides.



layer) showing high perpendicular magnetic anisotropy and high saturation
magnetization Ms (saturation magnetization Ms higher than that in the

granular magnetic layer 22) on the granular magnetic layer 22, and
exchange-couples magnetic particles in the magnetic recording layer. The
exchange coupling layer 24 is intended 8 improve reversed magnetic

d@oas] nutieatircmaggetioligitdniagsistanee fotharmat {kekuadionsesdeding
overwrite characteristics. As the exchange coupling layer 24, for example, it
iSPERIIbIE MO WEICITED aRGOECHXRR! fIms dd iRdimagidseti@ftdiggd high

medlum Win such & confiauration, excharige, cpupling.s sravdggl nbetveen,
the magnetc TEordingdayer ana ST SNgd ERpningAayer. 1002818

layarsiaftiheny tha @dhesiygrayrr kg ée exshandrCQuRtngalaxRigfeaelayer 22,

deposited successively on the disk base 10 by a DC magnetron sputtering
n@eth gzkivham aerosphlere ofagnesingraedeamedhdepesitioti appacdtlisg layer.

With consideration given to productivity, it is preferable to form the layers
APAInB) A tBH LB 1062 el IEARRH prediUe Rifer BRvRTSed
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magnetic head. Examples of materials constituting the medium protective
|diec tR6 doe €, Ldalboyes,wea s arh aziecapiisticand sfisatHeeraxailyn garbeooupling
deposited by a CVD method improves the film hardness as com&ared with

tHRYR 2epdRlteli i BISputtdFrRORRIRNGd [ ArkSR Capabll ot iffofee g theilms.
PRI né‘?‘t‘g"@{\}%‘&%@ s Sﬁﬁe%ﬁ‘(ﬁ%ggﬁ'%té&%’ﬁép@%ﬁ? exchange

magnetic head. [0028] As the [ubricating layer for example, perfluoro

petyasnely (REBRVIRRIAS ia liggitkéicary isndiliied wite cosalventsyeh asd the
Freon, is applied onto the medium surface by a dipping method, spin coating
nfXPBANISFRYPHRENRY &nd undergoes heating processing when 9

nﬁ)cc?fg?ryﬁ%d Itg])?elragl%rf rg%wfotrﬁgegdhesive layer 12 to exchange coupling
layer 24 are deposited successively on the disk base 10 by a DC
magnetron sputtering method in an atmosphere of Ar using a vacuumed
deposition apparatus. With consideration given to productivity, it is
preferable to form the layers and films by inline type deposition.

[0027] The medium protective layer 26 is a protective layer to protect
the magnetic recording layer from shock of a magnetic head. Examples
of materials constituting the medium protective layer 26 are Cr, Cr alloys,
carbon, zirconium, and silica. Generally, carbon deposited by a CVD
method improves the film hardness as compared with the film deposited
by a sputtering method, and is capable of protecting the perpendicular
recording layer more effectively against shock from the magnetic head.
[0028] As the lubricating layer 28, for example, perfluoro polyether
(PEPE) that is a liquid lubricant is diluted with a solvent such as Freon, is
applied onto the medium surface by a dipping method, spin coating

method or spray method, and undergoes heating processing when



[0029] Described next is the exchange coupling layer of the magnetic
recording medium according to the invention. In the magnetic recording
medium according to the invention, it is preferable that the exchange
coupling layer 24 contains a metal having a hexagonal close-packed
structure, and that an amount of change h the ratio c/a of the c axis to the a

axisciesa grystah tattice e heapataksangas. from 10.21% to 10.81%. [0030] In
the hexagonal close-packed structure, a state, where an amount of change
inQR& YhtioRAS BFIfRIC RIS 115 thiken exEAIHIR SRYATING fayer(«d. 2hs o@anetic
orrégozr%?nor Ineqses ibomlg'sclg/rodgﬁo' g/ot Lmore ¢ ro-n0.8% or less), is a state

where ﬂwegnexagonal c‘fose-pagked Sructire hekomes distorted. In other

words, thig staierthgfRES dhe: BEXRPYN M celARA-RREA IPIGUESUIRe INGIRARRSN, it is
(extends) the a-axis lattice spacing, and decreases (shrinks) the c-axis
|antietesphtgndiara ieus xlistanab e diaxagorialelo 24 paokedrstractuedaldmying a

irradiation is performed on the entire surface of the exchange coupling layer
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addition, an amount of change in each of the ¢ axis and/or the axis is
16 drh%002 j9tote |-@2%0 or more or -0.1% or less), and preferably, 10.21% or
more (+0.2% or more or -0.2% or less). [0031] The inventors of the invention

mBasted Xralf BiffLtRAPOFth<| BRENBRGESOUPITMG 1HRr ifradiaied WHRSAP an
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becomes distorte by ion Irradiation. Herein, a

ay G Wadused a6 rinerexehamgewouplingslayen aodibe ¢neigidaticerire or
Co was examined. The results are shown in FIGs. 2 and 3. As can be seen
fréhBRAGOR,188510 itherdstelth BheffadiRgionanaeerel, alnsa-ariekaticeiructure

Sngigll%ciass distorted. In other words, this state distorts the hexagonal
close-packed structure, increases (extends) the a-axis lattice spacing,
and decreases (shrinks) the c-axis lattice spacing. To thus distort the
hexagonal close-packed structure, ion irradiation is performed on the
entire surface of the exchange coupling layer 24. By the applied ions, it
is possible to narrow the c-axis lattice spacing, and widen the a-axis
lattice spacing in the hexagonal close-packed structure. In addition, an
amount of change in each of the ¢ axis and/or the axis is [0.1|% or more
(+0.1% or more or -0.1% or less), and preferably, |0.2|% or more (+0.2%
or more or -0.2% or less).

[0031] The inventors of the invention measured X-ray diffraction of the
exchange coupling layer irradiated with Ar® ions and examined on
whether the hexagonal close-packed structure becomes distorted by ion
irradiation. Herein, a CoCrPtB film containing Pt and Co was used as
the exchange coupling layer, and the crystal lattice of Co was examined.

The results are shown in FIGs. 2 and 3. As can be seen from FIG. 2, as



increased, and the c-axis lattice spacing is decreased. Further, as can be
seen from FIG. 3, as the dose in ion irradiation increases, an amount of
change in c/a is increased. In this way, it was confirmed that the hexagonal
close-packed structure becomes distorted by ion irradiation. [0032] The
conditions of ion irradiation to thus distort the hexagonal close-packed

structuiesnipe detenmaeidasmppioisée $) consideration latthe filspacing is
thickness of the exchange coupling layer 24. For example, when the
tHKIRSEL 6 tRE ©XIafigextdUpliigaayRACN dalfg8S HEASEAM tour ther tids can

F se in ion |rrad|EE(gp£rngr t_)éycrlanges from 1x1013.to 5x1014 %ons/cmz .
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hexago®) elapeacked stnedyerithusigtostedalpercied pextisnd® that the
exchange coupling force of the exchange coupling layer with the film
thiekagssiusl asiareac kK Hest thetfilra reclaness idishanrigddoin itbie ievashatige .
coupling layer 24, the coercive force (Hc) and reversed magnetic domain
20 Dt ARG ) e R SerinGe Yotpiig 1oy bPaAgenal
ke, fifcReareasra@dd dbn asqlter valde fHa propanas (e ¥akia st ation
negative, and therefore, decreases). Herein, as an indicator indicating the
exathaegélcoupliokrfesse off nitdc éx alsath A ctoalyintbe aptre 2f theRpradieataple,
of magnetization curve is preferably, but Hn can be seen easier than the

vAIDE b fife (h4H1RAT 2, CRARGHRFAIBB 3 19AYS e d %Y Bk &hiRBNIRIBAIGM 3 nm

gpetic recordi edj er. the gla e S Si 13
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66x107 Diemtation’gontrol layer (NiW) with a thickens of 10 nm, underlayer
(Ru) with a thickness of 20 nm, magnetic recording layer (CoCrPt-oxide) with

al@fd@lesd be1f AnihiskherdscHUpRRSIAydh e BxelRengn srteting layer with
V\{il'%haaf1tep>i<%kgjn()er?§lOgI%snerr-]pgggelgbgt%t(i:rt]gr@% rus distorted. Described next is
the exchange coupling force of the exchange coupling layer with the film
thickness thus thinned. When the film thickness is changed in the
exchange coupling layer 24, the coercive force (Hc) and reversed
magnetic domain nucleation magnetic field (Hn) change. As the
exchange coupling layer 24 is thicker, Hc decreases and the absolute
value of Hn increases (the value is negative, and therefore, decreases).
Herein, as an indicator indicating the exchange coupling force, Hn/Hc is
used. Actually, the value of the gradient a of magnetization curve is
preferably, but Hn can be seen easier than the value of the gradient q,
and the value of Hn is used to examine.

[0034] In magnetic recording media where on the glass substrate were
successively layered a soft magnetic layer (CoTaZrFe/Ru/CoTaZrFe) with
a thickness of 60 nm, orientation control layer (NiW) with a thickens of 10

nm, underlayer (Ru) with a thickness of 20 nm, magnetic recording layer

(CoCrPt-oxide) with a thickness of 13 nm, exchange coupling layer,



with a thickness of 1.3 nm, He and Hn were obtained when the film thickness
of the exchange coupling layer 24 was 10. 5 nm, 7 nm, 5.5 nm, 4 nm and O
nm. In addition, He and Hn were measured using NEOARK corporation Kerr
magnetism measurement equipment, while applying the external
magnetization with the Kerr diffraction ar]r&Ie of the magnetic recording layer

setadithg peiperdicslaagieatinn. 3hercishdsares shew) iafdGuBribatoag beyer
seen from FIG. 4, as the exchange coupling increases (the thickness of the

ewtHaryd Rskmrislayerldécit@seklc tad debianygles shigensichysheasither film

the.magnetizatjon curve is better, and the absolute val Hn increases.
S B R R dn e g R R P Ok I VAR s nm.

Hp/klg Weke ohtained wharuthie filnpthigkiaess o iR Qﬁ@'&%@ﬁ@&q}ﬁ?H@gN@MRK
24 was thus 10. 5nm, 7 nm, 5.5 nm, 4 nm and O nm. The results are shown
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thinner. Thus, with respect to the exchange coupling force in the exchange
cebpling ilayeiGvien thes fitian thickoesss fsarhahged4it és whdeestobdribat csinging
Hn/Hc as an indicator is preferable to using a as an indicator. [0036] Then, i

tHBGHRATHRC YR Pk 19Ri WillP tis bV esrieriiBHee '@d’rﬁnglPéH&@,Stﬁ%b! "the

: vent - ion imadiati
e s i AR CARNAE hetter, and
offtbea@sehang € geupbrgHaac 2daeet0.5 nm, 7 nm and 5.5 nm. The results

are shown in FIG. 6. As can be seen from FIG. 6, with respect to Hn/Hc to

b0 QR dhdidatsE e thEhexeFadigs Euphiriy foreagnetiziaitn wieryanaedalbesvalue
a(r)? F—Pn‘?W@ in/et:rrlg %(t"g%nﬁv(\:/%%%”ﬂgel%% W%tlgl?ness of the exchange coupling
layer 24 was thus 10. 5nm, 7 nm, 5.5 nm, 4 nm and 0 nm. The results
are shown in FIG. 5. As can be seen from FIG. 5, in the gradient a of
the magnetization curve, equal values are obtained in no exchange
coupling layer 24 and the exchange coupling layer with a thickness of 5.5
nm. Meanwhile, the value of Hn/Hc is higher as the film thickness of the
exchange coupling layer 24 is thinner. Thus, with respect to the
exchange coupling force in the exchange coupling layer when the film
thickness is changed, it is understood that using Hn/Hc as an indicator is
preferable to using a as an indicator.

[0036] Then, in the magnetic recording media with the above-mentioned
configuration, the inventors of the invention examined Hn/Hc when ion
irradiation was performed on the exchange coupling layer while changing
the film thickness of the exchange coupling layer 24 to 10.5 nm, 7 nm
and 5.5 nm. The results are shown in FIG. 6. As can be seen from FIG.

6, with respect to Hn/Hc to be an indicator of the exchange coupling force,



thickness of 10.5 nm without undergoing ion irradiation and the exchange
coupling layer with a thickness of 7 nm with ion irradiation (dose: 4x1013
(ions/cm2) performed thereon. In other words, by performing ion irradiation
on the exchange coupling layer, although the film thickness was thin, it was
possible to cause the high exchange co&&ling force to be exerted. [0037] In

thenrention sdrfk /sl agregasvehonuei ipigferakbh4hgd @rctrgsiagdaperewith a
preferably, -0.5 or less. Further, in this range, itis preferable that a value is
|dtiekinede ebdd & parfariifing iomidRidatiog e indirtieasand ibe exchange

pgéfl?éﬁ'i‘r']” |'é’ge]lFr‘3‘v‘?{ﬁt'8Wh?é‘|9réé's§’sr% g preferabis,at %X%H%ésﬁé’%vs% Mhx1013
the case fp rforming 1on irradiation than In the case of not performing ion

infrReialion by PePhaness.ifgeiringlyit is grsiralle éa defpe fafBigkiRFSion
of the exchange coupling layer so as to obtain such Hn/Hc, and further, it is
desirdisigeo set ¢brdriveizasfden deadiation speds @ ibimtaghstieh dithickhiedgess
of the exchange couplirég Ia¥er. Furtheg'r)gore, the reversed magnetic domain

nlf@R N HafRSRIRIPIM'S prMtaFably AtBbEE (REAIR T R g, to be

[QQ381dlpe magnetic recording media with the above-mentioned

configuration exhibit the high exchange coupling force by performing ion
ifadiz@tion om the excleangencodplidg |ayea, aklgawiyte the il thickeeablig t0iR. or
Therefore, without increasinq the spacing loss, it is possible to obtain

ek&%??erﬁqﬂaﬁ?'@t?c RIGSRIRB Yep‘r%cﬁjc‘?ibri%ﬁ%racfé'l‘igﬁ@éf w_ifh fihds g%ﬂ%ﬁgét is
Frggélllg}% B%C?h%eét. Iﬁgrﬁ%efoWe ?nn}ﬁtgocda%t%? é%‘éﬁﬂlﬂﬂﬂé%éﬁnirradiation

lation, It IS possible to ettectively control minute ange coupling

ogeariring beteweeadbe pragnatipcerdinggdayen havdrgaaibne stivgture Rarenore
to prepare and the exchange coupling layer, 13 it is thus possible to perform
viite Efed gitHot ehdpliiggigakeaver in the case of performing ion irradiation

than in the case of not performing ion irradiation by -0.05 or less.
Accordingly, it is desirable to define the thickness of the exchange
coupling layer so as to obtain such Hn/Hc, and further, it is desirable to
set conditions of ion irradiation so as to obtain such a thickness of the
exchange coupling layer. Furthermore, the reversed magnetic domain
nucleation magnetic field Hn is preferably -20000e (x10%/4m A/m) or
more.

[0038] The magnetic recording media with the above-mentioned
configuration exhibit the high exchange coupling force by performing ion
irradiation on the exchange coupling layer, although the film thickness is
thin. Therefore, without increasing the spacing loss, it is possible to
obtain excellent magnetic recording reproduction characteristics with the
exchange coupling force exerted. Further, in the method of the
invention, by ion irradiation, it is possible to effectively control minute
exchange coupling occurring between the magnetic recording layer

having a fine structure hard to prepare and the exchange coupling layer,



characteristics as a magnetic recording medium, and the magnetic recording
media can thereby be manufactured without reducing productivity. [0039]
Further, the magnetic recording medium according to the invention is a
magnetic recording medium provided with a magnetic recording layer having

a granular structure with nonmagnetic Ia%/érs between magnetic particles,

and ign exabangsssiipling layerfiahiswiravidad @nuhtmagnsiigngeaydingrious
layer to subject the magnetic particles to exchange coupling, and may have
aCltBHAGURAtRIICthafithed eXRREAGE Colipfirgdimer BrAHiNG. a Aldalthaviftegnetic
hrexagr%,nra]ll cl%seapgckce:gnstrtfﬁtgrrg and an amounFao(;c chggge int rbe {atio ((:{a in
of th8'¢ ' Bfis {0 %5e% a&5%in & crysrt)éfl lattice OFHhe detal rang(\évs', 18 1d 2146'"9
o rd0.8di¥0ithp040] Furthermore, in the magnetic recording medium according

to the invention, such a structure is more preferable that the exchange

cupHnp layerrihartiinihsontaming Pe and ©od Bl theedhenmeaakigrdmdooal]the
Still furthermore, in the magnetic recordin r%?dium accarding to the
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magnetic recording medium according to the invention, such a structure is
nerevereferatzdg tieaicthp aeticl &8)/Hmaf  eeveeset anagneticugoimginl ayeleatian is
magnetic field Hn to coercive force He is -0.2 or less in the exchange
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and an exchange coupling layer provided on the magnetic recording layer
close-packed structure, and an amount of change in the ratio c/a of the ¢
axis to the a axis in a crystal lattice of the metal ranges from |0.2|% to
|0.8|%.

[0040] Furthermore, in the magnetic recording medium according to the
invention, such a structure is more preferable that the exchange coupling
layer is a film containing Pt and Co, and that the metal is Co.

[0041] still furthermore, in the magnetic recording medium according to
the invention, such a structure is more preferable that the thickness of
the exchange coupling layer ranges from 3 nm to 7 nm.

[0042] Moreover, in the magnetic recording medium according to the
invention, such a structure is more preferable that the ratio Hn/Hc of
reversed magnetic domain nucleation magnetic field Hn to coercive force
Hc is -0.2 or less in the exchange coupling layer.

[0043] Further, a method of manufacturing a magnetic recording
medium of the invention is a method of manufacturing a magnetic
recording medium provided with a magnetic recording layer having a

granular structure with nonmagnetic portions between magnetic particles,



to add an action of exchange coupling the magnetic particles, where the
method may have a configuration that ion irradiation is performed on the
exchange coupling layer, and that an amount of change in the ratio c/a of the
Cc axis to the a axis in a crystal lattice of a metal having a hexagonal
close-packed structure contained in the é)‘%change coupling layer is 10.21%

OANDE A RpsedgdingXaganprsample parfaenad i etacihethe @ifectayer
of the invention. (Example) Amorphous aluminosilicate glass was formed

infd adflsrR s EOPyO Hiahirags epraace asy apretisnerHctfasdisks the
were subjected to lapping, polishing and chemical strength.successively to
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SHeeRSH YR8 updfh ragnaticlyante alréhe(RY/60dR4AGR) Withe ratio c/a of

thickness of 60 nm, a NiW film with a thickness of 10 nm, a Ru film with a
thlvkreexisf DO tim, a BosCrPe SIX filinl alitle @ tfickmestadfhid/img, arftexagonal

exchange coupling layer (CoCrPt) with a thickness of 7 nm by a DC
R L et BB e ot R T e e QCP R JR¥RA S AO-21%

cgpplipedayer was irradiated with Ar' ions with a dose of 4x1013 (ions/cm2).
Then, a carbon layer with a thickness of 5 nm was formed on the exchange
ciupling lapersbyibedVite riethed & kdripatineidgemwidhta thiskihesb efeffScts of
nm was formed on the carbon layer by a dip method, and magnetic
rée6rHING Mdia of this Example were prepared. [0045] Electromagnetic
ﬁg)@)\(gﬁaggcharacteristic evaluations were performed on the obtained

agnetic recording media. The electromagnetic conversion characteristic

evaluationmwigrresfarmachbyilexaminrg seaerdingr repiothuetiandisk shape by
characteristics by a magnetic head 15 using a spin stand. More specifically,
sijrers weessdeopdenaihiglass disks, and the glass disks were subjected to

lapping, polishing and chemical strength successively to prepare the
glass substrates. On the glass substrate were deposited successively a
soft magnetic layer (CoTaZrFe/Ru/CoTaZrFe) with a thickness of 60 nm, a
NiW film with a thickness of 10 nm, a Ru film with a thickness of 20 nm, a
CorCrPt-SiO; film with a thickness of 13 nm, and an exchange coupling
layer (CoCrPt) with a thickness of 7 nm by a DC magnetron sputtering
method in an atmosphere of Ar. Next, the exchange coupling layer was
irradiated with Ar* ions with a dose of 4x10*® (ions/cm?). Then, a
carbon layer with a thickness of 5 nm was formed on the exchange
coupling layer by a CVD method, a lubricating layer with a thickness of
1.3 nm was formed on the carbon layer by a dip method, and magnetic
recording media of this Example were prepared.

[0045] Electromagnetic conversion characteristic evaluations were
performed on the obtained magnetic recording media. The
electromagnetic conversion characteristic evaluations were performed by

examining recording reproduction characteristics by a magnetic head



changing the recording frequency and further changing the recording

density, reproduction outputs of the signals were read, and the

characteristics were thus examined. In addition, as a magnetic head, a
perpendicular recording merge type head was used where a perpendicular
recording single-pole head (for recordin&)5and GMR head (for reproduction)
areimgrgedsgine sesnlis aravmirews e Eifteallyl-| Gighassa grarh ilestiaing while
the recording density dependence of standardized output (normalized TAA)
obfdR8ENBoih the DR ItH§EUO028] FOdMBHREIChRAGINE) M&agregerding
reRording media.of 8 Comparatye Bxampleavere, prepared I the same gy
as inthe’Example except ion irradiation beirig not performéd on the

eXRRARER ARG Bt Wt axBimiHiekness aliiei xchangerynding IrygH, a
of 10.5 nm. Electromagnetic conversion characteristic evaluations were

peeftrateti @nahe dbdndthmhagnetigereconoling hestlia inthe sarmedvaydeie  a
the Example. The results are . also shown in FIG, 7. [0047] As can be seen
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obtained from roll-off becomes 50%. In other words, in the magnetic

réscadgrg phedia s this - tamples ohdiresalatisitpfda peedienteutpus iandardized
improved. This is because it is considered that in the magnetic recording
nPRURMGH(HY BRdtrpie TA Qe SRid 8Rch Hivge t@@uﬁHF@%Végt%Q(?otained by ion
IZ&H% n even when the film thickness is thin, and that the spacing loss is
reduced. [0048] The present invention is not limited to the above-mentioned
Erobediaciivandstaeanaple of being carried into practice with 16

modifications thereof as appropriate. For example, the magnetic

Magnetic recording media of a Comparative Example were
prepared in the same way as in the Example except ion irradiation being
not performed on the exchange coupling layer with a film thickness of the
exchange coupling layer of 10.5 nm. Electromagnetic conversion
characteristic evaluations were performed on the obtained magnetic
recording media in the same way as in the Example. The results are
also shown in FIG. 7.
[0047] As can be seen from FIG. 7, in the magnetic recording media of
the Example, the so-called Tso is improved that is the recording density
when an output voltage obtained from roll-off becomes 50%. In other
words, in the magnetic recording media of this Example, the resolution of
a medium output is improved. This is because it is considered that in
the magnetic recording media of the Example, a desired exchange
coupling force is obtained by ion irradiation even when the film thickness
is thin, and that the spacing loss is reduced.
[0048] The present invention is not limited to the above-mentioned

Embodiment, and is capable of being carried into practice with



recording layer and the exchange control layer are not limited particularly in
their structures, but preferably, the magnetic recording layer is at least one
magnetic layer having a granular structure, and as the exchange coupling
layer, it is possible to use a layer having a granular structure, continuous
film, the so-called cap layer where the dg—,‘Sree of isolation of particles is lower

thaodhiaddn dne graveutes fayes, AIpt GvRRIRNOUS Ryer axidivplid)aving amagnetic
crystal structure. Further, it is considered that the strongest exchange

CERGMIHY N9 dR¥REAMhSAGrRX SRS E CRIEGATIRY $hyieana thendiethaagdcularly
coupling afe, i drect contackyiin sach.olhor, but dredt coniactis aot alupys,
necessary. E’ur&Hermore, Y ’erative posﬁl e ot thve magn%tlc eécording
layes and ghe gxchanae rRaYRINYa laye il s consierrasd bergr fakie exchange

magnetic recording layer is arranged in the vicinity of a recording
repnaplircgolareaditbist possipeéndiculse racadighaetig andthe lileay giareture,
a soft. magnetic reinforcin&ﬁer exists to sup ’%men the head wri
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the magnetic layer may be disposed relatively far from the head.
Maoreover, theilayea structtaess thec tnagerials dotheemiberrs, the siderkersthat the
sizes, processing procedures and the like in the above-mentioned

EFHSUIR R NSRrIee! 1BAd 18reespitle WNSEn eafBa e prigeeting
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the’invention. Further, inve IS capable of being carried into practice

wiihgvoditieatiensi hereofas Brpraptats withoutrdgpasing iwmabetpeopelative
the invention. 17 CLAIMS 1. A method of manufacturing a magnetic

réesding medidhehMaa)atimatrraid idgolay Ry 13@d otheg@rthangeucarpling

hlaa‘%% ri]topsmcaoqﬁnsqg%red better that the magnetic recording layer is arranged
in the vicinity of a recording reproduction head, but in perpendicular
recording media and the like where a soft magnetic reinforcing layer
exists to supplement the head write magnetic field, when the sufficient
magnetic field is applied to the recording layer, the exchange coupling
layer may be disposed closer to the head, and the magnetic layer may be
disposed relatively far from the head.

[0049] Moreover, the layer structures, the materials for members, the
numbers, sizes, processing procedures and the Ilike in the
above-mentioned Embodiment are of examples, and are capable of being
carried into practice with various modifications thereof within the scope
of exhibiting the effects of the invention. Further, the invention is
capable of being carried into practice with modifications thereof as

appropriate without departing from the scope of the invention.



boundary portions between pillar-shaped magnetic particles on a
nonmagnetic substrate, and an exchange coupling layer provided on the
magnetic recording layer to add an action of exchange coupling the
magnetic particles, wherein the method has an ion irradiation step of
performing ion irradiation on the entire dffface of the exchange coupling
layer after layering the exchange coagpliwgvgyer on the magnetic recording
layer. 2. A method of manufacturing a magnetic recording medium having a
magnetic recording layer of a granular structure having nonmagnetic

boundary, portions beElween illar-shaped magnetic particles on a . :
b magre kS B Bte AT 4 SARARA CHITHG [y BIOGAREGH g2 ving 2

MAEHREEi EeGRIEENgi Ry eraiperdd Amagiian G Xehanae ROURIDt H'ehonmagnetic
magnetic particles, wherein the method has an ion irradiation step of

pefionaary ionoitiadiatiopedy elee erpitéaststeaieeof thvagehtngepedtiplieg on a
layer so that an amount of ch%nge in a ratio c/a of a ¢ axis to an a axis in a

cRSUN RRREL P Y IRERI radind A MEKUHAI RIS PURRe R ¥R ARY 1 ded on the
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of manufacturing a magnetic recording medium according to claim 1 or 2,
wheargie tirepexeitdage coupling layer is a film containing Pt and Co, and the
metal is Co. 4. The method of manufacturing a magnetic recording medium

accordin i& EPAItA e IRE IR HICkPIRSE' 8RS RRAETRIO LAFIIREMING ion

U TR A SR alonin UBUaaE S v
regpeding mredisis haeeprding o ctpiayk 0ba, tbareig e the resdreadgtiager.
step, ions are applied from above a protective layer after layering the
e%chang® method of manufacturing a magnetic recording medium having a
magnetic recording layer of a granular structure having nonmagnetic
boundary portions between pillar-shaped magnetic particles on a
nonmagnetic substrate, and an exchange coupling layer provided on the
magnetic recording layer to add an action of exchange coupling the
magnetic particles,

wherein the method has an ion irradiation step of performing ion
irradiation on the entire surface of the exchange coupling layer so that an
amount of change in a ratio c/a of a c axis to an a axis in a crystal lattice
of a metal having a hexagonal close-packed structure contained in the
exchange coupling layer is |0.2|% or more.
3. The method of manufacturing a magnetic recording medium
according to claim 1 or 2, wherein the exchange coupling layer is a film
containing Pt and Co, and the metal is Co.
4. The method of manufacturing a magnetic recording medium

according to claim 1 or 2, wherein a thickness of the exchange coupling

layer is 7 nm or less, and a dose in the ion irradiation is in the range of



coupling layer on the magnetic recording layer and further forming the
protective layer on the exchange coupling layer. 6. A magnetic recording
medium comprising: a magnetic recording layer of a granular structure,
where pillar-shaped magnetic particles spatially have nonmagnetic boundary
portions therebetween, on a nonmagnetilc8substrate; and an exchange

coxpbing tayex podvided o iy magnetic recording layer to add an action of
exchange coupling the magnetic particles, wherein reversed magnetic

demain nitfeafisi teagnetic NalBURCEIP0D06e OF as6vetia ragefipg omedium
reversed ma netic doniain n clgvaﬁ[ion .magnetic field .Hn(tﬁ oercive force He

isa-cfagror'rf(g’ssf)a%cii i hicknBOE5F the Tl ear'lag éguap |ﬁg'?£‘yesrt%p7 Aoh ord e
legspifed herBrAORAlGViECArding faediven aegerdingtde claie fnyhaigindRehange
exchange coupling layer contains Pt, Co and Cr.

coupling layer on the magnetic recording layer and further forming the

protective layer on the exchange coupling layer.

6. A magnetic recording medium comprising:

a magnetic recording layer of a granular structure, where
pillar-shaped magnetic particles spatially have nonmagnetic boundary
portions therebetween, on a nonmagnetic substrate; and

an exchange coupling layer provided on the magnetic recording
layer to add an action of exchange coupling the magnetic particles,

wherein reversed magnetic domain nucleation magnetic field Hn is
-20000e or more, a ratio Hn/Hc of reversed magnetic domain nucleation
magnetic field Hn to coercive force Hc is -0.5 or less, and a film
thickness of the exchange coupling layer is 7 nm or less.

7. The magnetic recording medium according to claim 6, wherein the

exchange coupling layer contains Pt, Co and Cr.



