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 magnetic recording type and 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 teehoiguUEsidat 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 yyith:iQereased hent staldity gsing,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 pfd¥ded with an exchange coupling layer, and

mutually separated magnetic p%ﬂﬁ'ﬁ% E&@ﬁﬁ?@@%ﬁ%@ﬁ%‘éaﬁﬂ@ g)ﬁ\c,agnge coupling layer (Patent
Document 1).

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 magnetic recording type and
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 obiained,
perpendicular magnetic recording type have been put into praciical use
which are comprised of perpendicular two-iayer media and single-pole
head. Further, as measures for enhancing the in-piane recording
density, technigues have been developed to make the magnetic layer
bearing recording finer. In the fechniques, heat stability of magnetic
particles deteriorates due to finer particies, and faced is the so-calied
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-particie 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).



2 Patent Document 1: USP No. 6,468,670 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 recording to a magnetic
head is inevitably increased, and there is a problem that the so-called spacing loss is increased. [0004]

The preserg;é'%%@t@a épﬁd.p: i[lJ_ gipv\m_t_i@f @é%’%ntioned respect, and embodiments of the

invention seek to provide a magnetic recording medium enabling excellent magnetic recording

reproductiqy; ghrar asterstic s bgyeblpited with the spacing loss reduced, and a manufacturing
method of the medium. [0004a] According to a first aspect of the invention, there is provided a

manufactuf(h@Q8¢thddof aveagnetio rdeordingstredig th éclddimge noreenge magnetio dake, the
magnetic recording layer having a granular structure having a non-magnetic grain boundary between

column-shapsy rapaetio geshs BHa aH exthin jeteligrhd el mavRIdh d i ienagscst Heording

layer and imparting an action for exchange-coupling the magnetj¢ grains, wherein the me includ
an ion irafi&GORE@H SO GalRHR e§8$3ﬁg§-’& ing %%rﬁ}f‘e R%ﬁk@t‘ﬁ? Fec%?d?ﬁ& I:?l);Jer(,-:‘S

performing Jon iEAYRICAALAMG Ol {A5° ¥ e REDRBACCOMRINA RYRbe?From the main
recording layer bearing recording to a magnetic head is inevitably
increased, and there is a problem that the so-called spacing loss is
increased.
[0004] The present invention was made in view of the aforementioned
respect, and embodiments of the invention seek to provide a magnetic
recording medium enabling excellent magnetic recording reproduction
characteristics to be exhibited with the spacing loss reduced, and a
manufacturing method of the medium.
[0004a] According to a first aspect of the invention, there is provided a
manufacturing method of a magnetic recording medium including, on a
non-magnetic base, a magnetic recording layer having a granular
structure having a non-magnetic grain boundary between column-shaped
magnet-ic grains and an exchange-coupling layer provided on the
magnetic recording layer and imparting an action for exchange-coupling
the magnetic grains, wherein the method includes an ion irradiation step
of, after stacking the exchange-coupling layer on the magnetic recording
layer, performing ion irradiation on a whole face of the exchange-coupling

layer.



[0004b] According to a second aspect of the invention, there is provided a manufacturing method of a
magnetic recording medium including, on a non-magnetic base, a magnetic recording layer having a
granular structure having a non-magnetic grain boundary between column-shaped magnetic grains
and an exchange-coupling layer provided on the magmetic recording layer and imparting an action for
exchange-coupling the magnetic grains, wherein the method includes an ion irradiation step of

pefforminggmia@ﬁia@%e%ﬁ@%eé%ﬁﬁ@eaeg%em-@%wmﬁm@%t@t@ﬁ%ﬂ%amount
C

of a ratio c/a of a c-axis and an a-axis in a crystalline lattice of a metal having a hexagonal

close-packedsiingiastinchigied dnlba exchangegeamingloyed is d Ornldiuen oty doAgS]ok reethod of
manufacturing a magnetic recording medium of the invention is a method of manufacturing a magnetic

recording mediumaipn etinutaeseingaa meametti cecoedingditegliulaivirtgy mggneticfegoitiatg layer
of a granular structure having nonmagnetic boundary portions between pillar-shaped magnetic

particles of AUHHFR R SuBsTant AAE AL GHAHFRIUPHRG Yah et Wit &S bR Shagrdic
recording layer to add an action of exchange cqupling the magnetic particles, and is,characterized by
having an mﬁﬂpﬁﬁﬁioﬁ@é‘bsof ﬁ@ﬁorﬁﬁhg ?d?ﬁ?%aﬂ%f&ﬁ) HR?I% erc;[é) esrurf%E%vc') %de e?@haEr?'gee
coupling | ilayeilog & 98 ouRl t nefic ssendingdayst JARES] A
method o%neéﬁgégrﬁé %g%?fﬁﬁgég%gcgﬁn%mrﬁegj@éngo%;é%lg?rﬁion isa metﬁ?déof madnufgcturing
a magnetiq recerding MIRAYFA ios MaRUiRAIAG areaBBRiCHeRMdiB M adin N hayiagiarmegnetic
recording layer of a granular structure having nonmagnetic boundary portions 3 between pillar-shaped
magnetic psfrtistes@nva mpnimagiretid kthstrate) aandwdnodschangeaotipting ka)ea pgevided @inte
magnetic recording layer to add an action of exchange coupling the magnetic particles, and is
“characteriZzed &y e hatich FrangfoR sy bt frferrdhg iGhareidRtorR 8t Enfife o#fsice of the

exchange coupling layer so that an amOUﬁlt of changf in the ratio c/a of the c ?xis to the a ?&Zﬂin a
c

crystal lattit® 6t aGhetsf HifYhglathHeagdhaf cI02BLAhCREY Wi cflird ESRERRAT intAS EXRRS
coupling layer 5,10.215% g1 /s, [3007) Ascordina o, hese. melnad Dyjon JragiiajaneL is possible o
effectively 2ontrol miute exc ange coupling octurring betweenthe magnetic recording layer having a

fine structuiggipsel to HreRAERNS the X eaBae FRYPANS lRYRB tids tusransgittecigi pptfermmath ease

without changing'various characteristics as a magnetic recording medium, and the magnetic recording
media can jihesehyoe i anufasivoet efithoat tfdetingry calustiviiy ef00Q8]da e methetioft for
manufacturing a magnetic recording medium of the invention, it is preferable that the exchange
coupling layea is1fafiltn ogtaaning n eiid Cs ardi fiearies Hatahig\bod (80039 thEC e ard bty
manufacturing a magnetic recording medium of the invention, it is prefera?)lcg.,_tlha the thickness of the

exchange ¢BUBAin@fayRr R AR 185 Sl $hat 8 '\4B% MAREBANFLGHaHRGF e PHEBF1x1013

to Ix1015 g%qa{grgr%)'piliar-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



[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 4
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, and is characterized in that reversed magnetic domain
nucleation magnetiofietd pinas-sBaP60er(eld@/Yeif pantic@rsmare aarratio kitcobagraag magnetic
domain nucleation magnetic field Hn to coercive force Hc is -0.5 or less, and the thickness of the

exchange couplfif 187eF 1S PRAP SFIRBU oGS RLEHART 3B tHi THHGHIAAGAC I BetidiFhing ion
irradiation on thegexehrange Sauing layenAlHouah the dilm thigknessiis P‘gmim&pmblg to exhibit
0

high exchange coupling force. Therefore, without increasing the spacing loss, it is possible to obtain
excellent magnetiteraesttARs reprod\dtivs chardeferistiadigitPrthéierchaingesctupling fode exerted.

[0013] In the MagaeHgIGraoia RANMLAFIRE MENNIAD G cxaARAR Soupngdayel Bipferadly

contains Pt, Co and Cr. [0014] The magnetic recording mediurm of the invention is a magnetic
recording mediuamhavingfachragreetic teeomtingdéyerf oha grarisdp stractuessisvivere pillatashaped
magnetic particl1e§ S atii”é/ haye nonmagn%tic boun a%gortions therebetween, on a nonmagnetic

substrate, and af exehZngd oAy MY & PrEIHRPOT e iRaghedi e HdHim GIARNET8d an action

layer of 7 nm Oré%%%t%w control minute exchange coupling occurring between the
magnetic recording layer having a fine structure hard to prepare and the
exchange coupling layer, it is thus possible to perform With ease without
changing various characteristics as a magnetic recording medium, and
the magnetic recording media can thereby be manufactured without
reducing productivity.
10008} 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?).
{60101 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
coupiing 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



5 is capable of reducing the spacing loss and exhibiting excellent magnetic 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 irradiation; FIG. 3 is a graph illustrating the relationship between an amount of C/A change and
the dose of ion irradiation; 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 arfd the gradient a of the magnetization curve;
recording medium having a magnetic recording layer of a granular

structure, where pillar-shaped magnetic particies 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 coupiing the magnetic
particles, and is characterized in that reversed magnetic domain
nucleation magnetic field Hn is -20000e (x10%4w A/m) or more, a ratio
Hn/Hc of reversed magnetic domain nucleation magnetic field Mn to
coercive force Hc is -0.5 or less, and the thickness of the exchange
coupling layer is 7 nm or less.

[0012] According to this configuration, by performing ion irradiation on
the exchange coupling layer, abthough‘ the film thickness is thin, it is
possible to exhibit high exchange coupling force. Therefore, without
increasing the spacing loss, it is possible {o obtain excelient 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
particies, has reversed magnetic domain nucleation magnetic fieid Hn of
-20000e (x10%/4w A/m) or more, a ratio Hn/Hc of reversed magnetic
domain nucleation magnetic field Hn fo coércive force Hc of -0.5 or less,

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



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. 1lis
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 '150, adhesive layer 12, first soft magnetic layer

is capable of reducing the spacing loss and exhibiting excellent magnetic

recording reproduction characteristics.
BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 is a diagram iliustrating 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 irradiation;

FIG. 3 is a graph illustrating the relationship between an amount
of C/A change and the dose of ion irradiation;

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

FIG. 5 is a graph illustrating the relationships between the
exchange coupling iayer thickness, and Mn/MHc and the gradient a of the
magneiization curve; |

FIG. 6 is a graph illustrating the relationship between Mn/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 OQUT 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



6 14a, spacer layer 14b, second soft magnetic layer 14c, orientation control 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 layer 14. The first underlayer 18a and second underlayer 18b constitute an underlayer 18.
[0018] As the disk base 10, for example, it is possible to use glass substrates, aluminum substrates,
silicon substrates, plastic substrates, etc. When glass substrates are used as the disk base 10, for
example, amorphous aluminosilicate glass is formeddnto a disk shape by direct press to prepare glass

disks, and the glass disksedna paibiaaieddedanning, malisking Rd chepisalsiangthcsueasssively to
prepare the base. [0019] The adhesive layer 12 is a layer to enhance adhesion with the disk base 10,

and is capable &HyeVEntig!tHatENRIghtlic JageP 4 AP Perling b ASTABCaETEsREdayer 12, for
example, it is P‘Pé@?&%‘%’, %ﬁﬁéﬂﬁ'#@éor%ﬁ% (0920} A3 the digst yﬁoﬁﬁﬁf%%%%c |aygr sdaapd second

soft magnetic layer 14c of the soft magneticlayer 14, for example, it is possiblée to use FeCoTaZr films,
etc. Examples distivecspagetdayer 28b nchrde ¢ filns eFhésfighssftanagnidtie laygerl4aland second
soft magnetic layer 14c undergo antiferro-magnetic exc{u nge couplin (AFg%, the magnetization
direction of the gﬂ'ﬁw% n%t cfl%l%rsfﬁ (fgﬁgtﬂ%%'@bt%%ra fg%’eapeﬂ%% 5t?‘?eelrngt e%dpaﬁwg r'%%gnetic
circuit) with highsagcriagye tenpanenisspespendicslar tthennganetizatien digectippearaaxtremely
reduced, and it is possible to decrease noise occurring from the soft magnetic layer 14. [0021] The

orientation conttB148yé £6 H8tact e Yt vRAGRENE 1R tansiHitePomaRsg BYiRhidtion of crystal
particles of the yigdeslayer:18, 4 é@@%ﬁ@'%?rfmeé?[é%‘%ipr& cenpgLlapgr 16 ikis gessible to use a

material selecting from Ni, Cu, Pt, Pd, Zr, Hf and Nb. Further, with the metals as a main component, it
is possible to use:hHbypdeconsdimmguonesob pioreadditive eleniesiraiesTi N4 sTa, SrpMotesd W. For
example, NI, GHW 39 L8t ARIR. [O9RP 1Rl oI na s URdegygr AR have ar
amorphous aluminosilicate glass is formed into a disk shape by direct
press to prepare glass disks, and the giass disks are subjected to lapping,
polishing and chemical strength successively to prepare the base.
[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 1dc of the soft magnetic layer 14, for example, it is possible to use
FeCoTaZr films, efc. 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 c¢ircuit) with high accuracy, componenis
perpendicular to the magnetization direction are extremely reduced, and
it is possiblie 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 particies of the underlayer 18.



and are capable of growing crystals of the hcp structure of materials constituting the magnetic
recording layer 22 as a granular structure. Accordingly, as the crystal orientation of the underlayer 18
is higher, it is possible to enhance the orientation of the magnetic recording layer 22. Among the
materials for the underlayer 18 are RuCr and RuCo, as well as Ru. Ru has an hcp structure, and
enables the magnetic recording layer with Co as a main component 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 lengthaf sputieres Rasma iplkinseducednihg depastipnitate idewrasedisand the crystal
orientation is improved. Further, by increasing the pressure, the size of the cgstal lattice is decreased.

Since the size dPig & aalqakie 6P RUNS [atyel tha tHe cilistildattite of €8 Hecteidsing the crystal
lattice of Ru app‘gg%ge?st@e st Jles QiR APl isRpossiRledofiuier saaneg hRcrystal

orientation of the granular layer of Co. [0024]The magnetic recording layer 22 is a magnetic layer of a
one-layer granutarrstriec el Evamiglos ofsnoatérials Ter the Magimetidrecdrdinexryei2 NaYe
CoCrPt-Cr203, o\%rPt?i 2Cand CoCrPtl-TiOZ. These materials may contain a plurality of oxides. S
[0025] The exchalﬁgeaé'ou I‘ilngF I%ryee?léﬁeﬁg & thin film (auxiliary recording layer) showing high
perpendicular magpetic anisetrapy g tighrsptation sragretizatioa b s (saitasivoonagnetization Ms
higher than that in the granular ma%netic layer 22) on the %ranular magnetic layer 22, and

0

exchange-coupRENRIGN &8 PRI FE TP IHE InGHRIBE ot Ry St HE B HaRF R IPling layer 24
is intended to imprave reNErSee Madnelicdemaimicieatignsnagaetc field i resistanee to thermal

fluctuations, and overwrite characteristics. As the exchange coupling layer 24, for example, it is
possible to use Su@riiraiy @oChPtBr fitkad. dniehtahiaiynétbsacutditeyatetifuim Wighsudh ia

configuration, exahiande ¢ouplingis PR INASINES HIS MAgSHe ressrding fayer apsl the

exchange coupling ?ayer.
Among the materials for the underlayer 18 are RuCr and RuCo, as weil
as Ru. Ru has an hcp structure, and enables the magnetic recording
fayer with Co as a main component to be oriented with excellence.
[0023] In this Embodiment, the underlayer 18 is comprised of a Ru fiim
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 iayer of Co.
[0024] The magnetic recording layer 22 is a magnetic layer of a
one-layer granuiar 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.



[0026] The layers of from the adhesive 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 fromzbe nagneksHere (002818 the lubricating layar28: feniexamalespagfluoro
polyether (PEPE) that is a liquid lubricant is diluted with a solvent such as Freon, is applied onto the

medium surfacé %L dippiiy Methirf) sFIR"ESAMEHAEthDR 8f LitayAMEM6RR Und iR delgdes heating
processing whep,, 9, NRRESSAG AN e 1PURE 28 i frsmeed- HRRRk R S6HPRA NeXHS the gxchange

coupling layer of the magnetic recording medium according to the invention. In the magnetic
recording medidheadcedndirgyaoutta megntidia, e ys pAderabls ehertaihel @xcrepgdicdapting fayer 24

contains a metal Q%\gggh% rflleé(f.:l %n:flé close-{g)eaﬁléed agfc gtulre,tﬁlgorln tga}; éa'tri' amou{rg gf %Qanrge in the ratio
c/a of the ¢ axis 0 the & axis in a c[)rys%arpﬁsﬁ ice ofthie me?alnranges om 10 215 16915 51%.

The exchange coupling layer 24 is intended to improve reversed
magnetic domain nucleation magnetic field Hn, resistance to thermal
fluctuations, and overwrite characteristics. As the exchange coupling
layer 24, for example, it is possible to use CoCrPt and CoCrPiB films.
In the magnetic recording medium with such a configuration, exchange
coupling is provided in between the magnetic recording layer and the
exchange coupling layer.

[Q028] The layers of from the adhesive layer 12 to exchange coupling
layer 24 are deposited successively on the disk base 10 by a DC
magnetron spuitering 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 fo 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 tayer 28, for example, perfiuoro polyether
(PEPE) that is a liguid 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



[0030]In the hexagonal close-packed structure, a state, where an amount of change in the ratio c/a of
the c axis to the a axis ranges from 10.21% (+0.2% or more or -0.2% or less) to 10.81% (+0.8% or
more or -0.8% or less), is a state where the hexagonal close-packed structure becomes 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 structufe. In addition, an amount of change in each of
the c axis and/of the s3ds,isaHe 1320 aFdnoteikHdAXe @r 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 measured X-ray
diffraction of thd @ZRhndeeestipRsigNayer sriddiata it Aicdiaad axainihdd omapeiisr the
hexagonal closes qlé%s’ttg%gg;g Qg&g)mﬁh% q@rtg‘gelq@npﬁni_rradiation. 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 aretshovay e fFftGsclreidy 3nAdican o saeBndrantfdGn Ze@so1,0ithe dose in ion
irradiation increaseg,ért -axis lattice pacin%is irlcre sed, and the c-axis Iatticiljz acing is

decreased. Furthet 48 e'ﬁ?lt 2 A& PAGIR G C3 U ’Tﬁg%es:re i SR ARG EEE 4n amount of

change in c/a isriggerpsed. dnbyspuared wastonfirmed that the berxaganat eesegrackedsstructure
becomes distorted by ion irradiation. [0032] The conditions of ion irradiation to thus distort the
hexagonal clos€Htkéd Strthaurecintpd eRmnifdd ascaypripatiesrESRsidertioir b8 e film
thickness of thefmh@)gfs%cw i_@%@yer 24. For example, when the thickness of the exchange
coupling layer 24 ranges from 3 nm to 7 nm, the dose in ion irradiation preferably ranges from 1x1013
to 5x1014 (ionsi&t2] [0083 [t Therfilra toickhaseds thamied irsthecexehaagetetmphviteleyemwith the
hexagonal closeé%a%l%%dﬁtﬂécture trg]ui%distgrted Defs%ibed nexttis ttﬁf exchanr%g couglinﬁforce of the
exchange coupllng(1ayer with TR il ?cl?ﬁeigsc{ u8'thinned Wnén' e Hif 'thitkiess i&° anged in

the exchange coopimg layer 24 othemeegereivedage ¢Hap and ieviersed magseticodomais Rucleation
magnetic field (Hn) change. As the exchange coupling layer 24 is thicker, Hc decreases and the

absolute value oPHiTinRfe§s& (IRed SIS sHAY SRS MRIARIBRIS! USCRAES). HEteiH % an
inicator incicatiis, 6 £XGHaRER SOUMING R8s S #Set Aty e valis g e radient a of

magnetization curve is preferably, but Hn can be seen easier than the value of the gradient a, and the
value of Hn is ustds toraciathe (0084 Inintaghetie reodedity) nikeliz vakerel attithe gastgubstrate were
successively layered 2 soft magnetic la eMCoTaZrF?a/%u/CoTaZrFe) ith a thickn SS % go nm,

orientation control aygﬁﬁﬁ\?\?)s 'ﬁ?’%nt ickens %_fafbsnm, Sr?dgﬂaaflié}lg(Ru With's thigkiess ot 20 nm,
magnetic recordiagdayera(CebsPipaxikie) withu et thicknessi ofatidanion exchangeseupbng feyer,
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).
[6031] 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 CoCrPB film containing Pt and Co was used as

the exchange coupling tayer, and the crystal lattice of Co was examined.

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



medium protective layer with a thickness of 5 nm, and lubricating layer with a thickness of 1.3 nm, Hc
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 0 nm. In addition, Hc and Hn were measured using NEOARK corporation Kerr
magnetism measurement equipment, while applying the external magnetization with the Kerr
diffraction angle of the magnetic recording layer set at the perpendicular direction. The results are
shown in FIG. 4. As can be seen from FIG. 4, as the exchange coupling increases (the thickness of
the exchange coupling layer decreases), the rectangular shape of hysteresis of the magnetization
curve is better, and the absolute value of Hn increases. [0035] Further, the gradient a of the
magnetization queve 3@ the valhe igfddndtisnwererebtaipedimdes- thesfilnthiekngse pfdhes 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 R&RRAERT: BNf the Gradiéned srtReapugh&tiSafoAaERYe, Sqiill¥aldéstare obtained in

no exchange cqypling layey, 24 Aadsihg exehangs souplinglaerwith A iRkness ok &5 -

Meanwhile, the value of Hn/Hc is higher as the film thickness of the exchange coupling layer 24 is
thinner. Thus, withaespeget to the exclrangasedupliig foreewnithét exehargdicogplingdhyeewhen the
film thickness is chan edl it|is upderEtCépdttha{ USiI’tl)% H%I;lc a8 ?ntigéiigat%rnisr rg{g{%?}le to using a as
an indicator. [0 PPRER! fHTRe f"naacgr“la tie recore ing KIS0 with thé apdve mertioned configuration,
the inventors of{tismventien exaanined Hn/He whediknitradiaias wasdqertaeneskagdhaiexchange
coupling layer while changing the film thickness of the exchange coupling layer 24 to 10.5 nm, 7 nm
and 5.5 nm. Th&'RSQIRS HrBSABWA Hierf@D &eadetariireskan ABMIPITRE, Ntk T8t & Hn/Hce to be

an indicator of the exChAN0s, FAMINI JeT6R d-ANRGS! tag SAngeNplIesAre BBOWR IR, g, exchange

coupling layer with a thickness of 10.5 nm without undergoing ion irradiation and the exchange
coupling layer withea ttiiekireskrafs? ram thvithe ko imaditorp (dase yex 124 3aiaes/dne?) Serformed

thereon. In other words, by performing ion irradiation on the exchange coupling | salthough the film
thickness was tﬁ?n,ﬂt K}v”%s )éh(%ss?t())lséetd %e{ﬁge' ﬁae%flg}? %x%ﬁeaﬁéaebc%urr%?ﬁg ?o?é%r%o i}é?é’xert!tgd. [0037]In

the invention, HekHg's @onegative value, preferably -0.2 or less, and more preferably, -0.5 or

less.Further, in this range, it is . o ) _ -
[6033] ~The film thickness is thinned in the exchange coupling layer with
the hexagonal close-packed stfructure thus distorted. Described next is
the exchange coupling force of the exchange coupling layer with the film
thickness thus fhinned. 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/Hce is
used. Actually, the value of the gradient a of magnetization curve is
preferably, but Hn can be seen easier than the valuge of the gradient g,
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,



preferable that a value is lower in the case of performing ion irradiation than in the case of not
performing ion irradiation, and it is more preferable that a value is lower 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
(x103/4-fr A/m) or more. [0038]The magnetic recording media with the above-mentioned configuration
exhibit the high exchange coupling force by performitfg ion irradiation on the exchange coupling layer,

although the filngkickne ssdfethive TRoERTQIRN Vitheldk W easing e, sRacing IssiHgs ppssible to
obtain excellent magnetic recording reproduction characteristics with the exchange coupling force
exerted. Furthe® i ttfe thistitresf theinkdiflor1Hyabh iFtadigitn qblgipedsiieeto Eirediiviely control

minute exchang SHBNac: AeLIURGISHICER NG NSS4 Sparcibo LMer haina & g structure hard

to prepare and the exchange coupling layer, 13 it e to perform with ease without
changing variou$ chakactedistics asraandgivetic-recordifg medsume ascr thieusiagnBiicoeBeérding media
can thereby be manufa(t:,ture without reducinﬁéaroductivit . [0039]Further, the magnetic recording

o

medium accordify 18 REIRVERHN R AFHEYNBIREFALE PR FRURMEProVAEE FRR'E Malifetic

recording layer BRidRgaa eragHiarSifleeiuigith Sonenagnetisdayers RevegnRagnaticdrrticles, and
an exchange coupling layer that is provided on the magnetic recording layer to subject the magnetic

particles to excﬁﬁﬁ@@&ﬁjdm@faﬁﬁtnﬁéy Wy P 8TESRREH BTor it ipr: excHihdéeoltiplintflayer
contains a metal hiaying.a-hgxagongl clasespacked sEHCRIE, @PQ@&@@QHHLQ&&W@?& the ratio c/a

of the c axis to the a axis in a crystal lattice of the metal ranges from 10.21% to 10.8 040]
Furthermore, initheenagadticerdboriveg snetiilne axchadigg to tmd ngyventiond sccteasstyuthare is more
preferable that the ExChanoe,cosPing, aner i3 2 M conaning Biand &2,8n¢ Higtdhe,mptal s Co.
the absolute value of Hn increases.
{0035] Further, the gradient a of the magnetizatidn curve and the value
of Hn/Hc were obtained when the film thickness 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. I\/Eeénwhile, the value of Mn/MHc is higher as the film thickness of the
exchange coupling layer 24 is thinner. Thus, with respect fo the
exchange coupling force in the exchange coupiing 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 coupiing layer 24 to 10.5 nm, 7 nm

and 5.5 nm. The resulis are shown in FIG. 6. As can be seen from FIG.

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



[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, 14 and an exctfange coupling layer provided on the magnetic

recording layer torasikst ancastinn ofgxebangescupling the Bagaeie partiples; Wyerevlte method may
have a configuration that ion irradiation is performed on the exchan%e coupling layer, and that an

amount of chanBeGk®sratid &2 BrMEte e i e Ui T HAHREAN AN BF £ 158 & Having a
hexagonal closeRagkes! SYHFtHCONIAINGR & e AXEhINaR GAURISG MG (81dde2Lmgrmore.

(ions/cmz) performed thereon. In other words, by performing ion
irradiation on the exchange coupling layer, although the film thickness
was thin, it was possibie to cause the high exchange coupiing force to be
exerted.

[0037] In the invention, Hn/Hc is a negative value, preferably -0.2 or
less, and more preferably, -0.5 or less. Further, in this range, it is
preferable that a value is lower in the case of performing ion irradiation
than in the case of not performing ion irradiation, and it is more
preferable that a value is jower ih the case of performing ion irradiation
than in the case of not performing ion irradiation by -0.05 or iess.
Accordingly, it is desirable to define the thickness of the exchange
coupling layer so as to obtain such Mn/Hc, and further, it is desirable 1o
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%/4w 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 fayer, 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 iayer

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



[0044] Described next is an Example performed to clarify the effects of the invention. (Example)
Amorphous aluminosilicate glass was formed into a disk shape by direct press to prepare glass 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-Si02 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 4x1013 (ions/cm2).

Then, a carbon jayrr witlsa gaiskingss ©f Haronas {ptmes-er thewxthangecgupling:yes 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 m&G\FERERSESiefn P Pt BTARRN Ex PO e re e paTed 2[BH 48 EISEABARGnetic
conversion charagigfisfig eYakRUONS,ereBesiymed onihe, ebtaiped MagRGE resalig media. The

electromagnetic conversion characteristic evaluations were performed by examining recording
reproduction charadteristits by a magnetic head 15

[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 layers
between magnetic particles, and an exchange coupling layer that is
provided on the magnetic recording layer to subject the magnetic
particles to exchange coupling, and may have a configuration that the
exchange coupling layer contains a metal having a hexagonal
close-packed stfucture, and an amount of change in the ratio c/a of the ¢
axis to the a axis in a crysial lattice of the metal ranges from |0.2|% fo
10.8(%.

[0040] Furthermore, in the magnetic recording medium according 1o 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 fo 7 nm.

[0042] Moreover, in the magnetic recording medium according fo the
invention, such a structure is more preferable that the ratio Hn/Hec of
reversed magnetic domain nucleation magnetic field Hn to coercive force
He 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 magneiic
recording medium provided with a magnetic recording layer having a

granular structure with nonmagnetic portions between magnetic particles,



using a spin stand.More specifically, signals were recorded while 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 recording) and GMR head
(for reproduction) are merged. The results are shown in FIG. 7. FIG. 7 is a graph illustrating the
recording density dependence of standardized output (normalized TAA) obtained from the output
voltage. [0046] (Comparative Example) Magnetic recording media of a Comparative Example
were prepared in the same way as in the Example exéept ion irradiation being not performed on the

exchange coupling;lavies wita Ryfilpoiciness ef ihe axeapge ok iy e 66 kg Myer
Electromagnetic conversion characteristic evaluations were performed on the obtained magnetic
recording medidinafé 3anietieay HsartrNERFAPR IMthEfe SRS ECaps EHB MR EIGENE [0047] As

can be seen frop fylg,, 7, 1) (G JRAONGHF SeCOrdING media, %@gﬁjﬁ?&m%e@& gallednLo0 Is

improved that is the recording density whén an output voltage obtained from roll-off becomes 50%. In
other words, in #vecheagreticuptogdiagemedid OiahisrExanmphe, ¢hetresgtutronhef matimediamfoutput is
improved. This is because it is considered that in tf]e magnetic recorcfin media of the Exa}mple, a

desired exchand3%cSuiiRg Forde i Bbtaifed BY BR it AIHALSH BVERHNEAAS A FHRIFs is thin, and
that the spacingdess ip serkieed: [BRAS]Ehe present imeblionds awtimitettathe abaveimentioned

Embodiment, and is capable of being carried into practice with
or more.
[0044] Described next is an Example performed to clarify the effects of
the invention.
{Example)

Amorphous aluminosilicate glass was.formed into a disk shape by
direct press to prepare glass 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-Si0O; film with a thickness of 13 nm, and an exchange coupling
tayer (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/fcm?®). 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 methed, 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 characieristics by a magnetic head



16 modifications thereof as appropriate.For example, the magnetic 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
degree of isolation of particles is lower than that in the granular layer, or an amorphous layer without
having a crystal structure. Further, it is considered that the strongest exchange coupling is exerted
when the magnetic recording layer and the exchange coupling are in direct contact with each other,
but direct contact is not always necessary. Furthermb¥e, as the relative positions of the magnetic

recording layer agghghe exgiiange £oupling layepdtis cansidared kel halihe-geagnatiterecording
layer is arranged in the vicinity of a recording reproduction head, but in perpendicular recording media

and the like whéﬁ@&@@ﬂ rﬁaﬁﬁ@cﬁgféiﬂﬂ)@w&w eﬁ@ﬁ’ts_fttf %@ﬁpi‘éﬁé@lit%efh%awmf@ agnetic field,
when the suﬁmgg;]%nggﬁr %lgclﬁo%ﬁpgﬁﬂ;mstheofe%%d'r@d{)ﬁg%ﬁ’ the gxchange cauplipg layer may

be disposed closer e head, and the magnetic layer may sposed relatively far from the head.
[0049] Moreovetchthra thyas Struicterestthe exateiiats for Imemithtis; thes rumbersstgizesagracessing
procedures and the like in lihe above-mentioned Embodiment are of exam%pleg, an%qeare capable of

|

being carried inPoeb?Sgﬁé%“vﬁfh VEASUE Mod ficAH8ns RS e of itthin 38 scbie’or 8 Ef?tin(j’j the effects

of the invention pEHstheli dive invatianis saRddlpit beiad qasried dbtaippctieg Wihrmpdiications
thereof as appropriate without departing from the scope of the invention. 17 Claims lLCIaim 11 A
manufacturing rHehiPEIHAEGHEE reCoediflg midtfuipsintrudifgs oiva in FIG. 7. FIG. 7

is a graph illustrating the recording density dependence of standardized
output (normalized TAA) obtained from the output voliage.

[0046] |

{Comparative Example)

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 fayer 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
aiso shown in FIG. 7,

[0047] As can be seen from FIG. 7, in the magnetic recording media of
the Example, the so-called Tsg is improved that is the recording density
when an output voltage obtained from roil-off becomes 50%. In other
words, in the magnetic recording media of this Example, the resolution of
a medium ouiput is improved. This is because if 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 info practice with



non-magnetic base, a magnetic recording layer having a granular structure having a non-magnetic
grain boundary between column-shaped magnetic grains and an exchange-coupling layer provided on
the magnetic recording layer and imparting an action for exchange-coupling the magnetic grains,
wherein the method includes an ion irradiation step of, after stacking the exchange-coupling layer on
the magnetic recording layer, performing ion irradiation on a whole face of the exchange-coupling
layer. [Claim 2] A manufacturing method of a magnetic recording medium including, on a
non-magnetic base, a magnetic recording layer having a granular structure having a non-magnetic
grain boundary between column-shaped magnetic gidins and an exchange-coupling layer provided on

the magnetic regosdingdayasanddraparting ap acliontar exchangeseenpiing the magnedicgrains,
wherein the method includes an ion irradiation step of perfoiming ion irradiation on a whole face of the

exchange-couplif§de8Easays tieddat BR S ANSGUPR DT & e 'cAiohalciaxie dmagitalantis in a
crystalline 'a“iC%nOIq%msmgﬂgg}g B‘J!rfﬁﬁ%%)@'-r?,'Clé%ﬁ%cé‘ﬁ&%t?%%tbﬂf sk”gfrl%?%‘rj Aisf‘ fjtat[‘?east- .
exchange-coupling layer is (1.27/0 or more. [Claim e manufacturing'method of a magnetic
recording mediumacoagheg colelgmhaving a granular structure, and as the exchange
coupling layer, it is possible to use a layer having a granular structure,
continuous fiim, the so-called cap layer where the degree of isolation of
particles is lower than that in the granular layer, or an amorphous layer
without having a crystal structure. Further, it is considered that the
strongest exchange coupling is exerted when the magnetic recording
layer and the exchange coupling are in direct contact with each other, but
direct coniact is not always necessary. Furthermore, as the relative
positions of the magnetic recording layer and the exchange coupling
layer, it is considered 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 fieid is applied fo the recording layer, the exchange coupling
fayer 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 like 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.



2, wherein the e_xchange-coupling layer is a film containing Pt and Co, and the metal is Co. [Claim 4]
The manufacturing method of a r.nagnetic.recording medium according to claim 1 or 2, wherein the
ig:lcsk\r/]v?t?]?no; trhaen g:c;af?(el-gcl)g;ignf )I(ailgi és(i)rr:/rrﬁﬁr less, gnd a dose amount of'in the ion irradiation
J ( _ _ on/cm2). [Claim 5] The manufacturing method of a
lr;;gpg::ctr:gcragjér;gtin;ergl:uo%ﬁ]ccordlng to claim 1 or 2,_wherein afte_r stacking the exchange-couplin_g
e m et g layer and further forming a protective layer on the exchange-coupling
layer, the ion irradiation step performs irradiatign @fjon from above the protective layer.
[Claim!]
A manufacturing method of a magnetic recording medium including, on a
non-magnetic base, a magnetic recording layer having a granular structure having a
non-magnetic grain boundary between column-shaped magnetic grains and an
exchange-coupling 1é,yer provided on the magnetic recording layer and imparting an
action for exchange-coupling the magnetic grains, wherein the method includes an ion
irradiation step of, after stacking the exchange-coupling layer on the magnetic‘recording
layer, performing ion irradiation on a whole face of the exchange-coupling layer.
[Claim 2]
A manufacturing method of a magpetic recording medium including, on a
non-magnetic base, a magnetic recording layer having a granular structure having a
non-magnetic grain boundary between column-shaped magnetic grains and an
exchange-coupling layer provided on the magnetic recording layer and imparting an
action for exchange-coupling the magnetic grains, wherein the method includes an ion
irradiation step of performing ion irradiation on a whole face of the exchange-coupling
layer such that a change amount of a Tatio c/a of a c-axis and an a-axis in a crystalline
latice of a metal having a hexagonal close-packed structure included in the
exchange-coupling layer is [0.2|% or more.
[Claim 3]
The manufacturing method of a magnetic recording medium according fo claim
2, wherein the exchange-coupling layer is a film containing Pt and Co, and the metal is
Co.
[Claim 4]
The manufacturing method of a magnetic recording medium according to claim
1 or 2, wherein the thickness of the exchange-coupling layer is 7 nm or less, and a dose
amount of in the ion irradiation falls within a range of 1 x 107 0 1% 101 (ion/cmz).
[Claim 5]
The manufacturing method of a magnetic recording medium according to claim
1 or 2, wherein afier stacking the exchange-coupling layer on the magnetic recording
Jayer and further forming a protective layer on the exchange-coupling layer, the 10n

irradiation step performs irradiation of ion from above the protective layer.



18 ABSTRACT To provide a magnetic recording medium enabling excellent magnetic recording
reproduction characteristics to be exhibited with the spacing loss reduced and a manufacturing method
of the medium, a method of manufacturing a magnetic recording medium of the invention is to
manufacture a magnetic recording medium having a magnetic recording layer of a granular structure
having nonmagnetic boundary portions between pilleg-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 recorsi¥y BpérT

To provide a magnetic recording medium enabling excellent
magnetic recording reproduction characteristics to be exhibited with the
spacing loss reduced and a manufacturing method of the medium, a
method of manufacturing a magnetic recording medium of the invention is
io manufacture 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 coﬁpiing layer provided -on the magnetic
recording layer to add an action of exchange coupling the magnetic
particles, and is charac’zerized. by having an jon irradiation step of
performing ion irradiation on the entire surface of the exchange coupling
layer after layeri'ng.the exchange coupling layer on the magnetic

recording layer.



