DESCRI PTI ON  PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM  METHOD OF

MANUFACTURI NG THE SAME, AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS
Technical Field [0001] The present invention relates to a perpendicul ar
magneti c recording nmedium a mnethod of manufacturing the sanme, and a
magnetic recordi ng/reproduci ng ppRarab N Usi ng the magnetic recording
medium Priority is clainmed on Japanese Patent Application No. 2007-060653,
filed March 9, 2007, the content of which is incorporated herein by
reference. Background Art [0002] In recent years, the application range of

magnetic rec arat uses such as netic disk a ar atuses, flexible
di sk appar EOJ%&%N%%?&%%M& E{F (gg@mUMaMET ¥ed remar kabl Y,
and the inportance thereof has |ncreased Therefore, a technl que for
significantly i nprdMANgFARGURING THESAMBESANY I@EAGiﬁaﬁﬁli c recording nedia
used for these apparatuses has been devel oped, In particular, the

devel opnent of an MRAEERDANG/RERRYDUCTSGA pRieR Aegsaccel erat ed i nprovenent s

in the surface recording density. In recent years, with the devel opnment of
a GWR head and a TuMR head, the recording density has increased at a rate
of about 100 percent per year. -1_ [0003] 1In addition, there is a demand

for fur%eg%icéﬂﬁéﬁase in the recording density of

[0001]

The present invention relates to a perpendicular magnetic récording medium, a
method of manufacturing the same, and a magnetic recording/reproducing apparatus
using the magnetic recording medium.

Priority is claimed on Japanese Patent Application No. 2007-060653, filed

March 9, 2007, the content of which is incorporated herein by reference.

Background Art

[0002]

In recent years, the application range of magnetic recording apparatuses, such
as magnetic disk apparatuses, flexible disk apparatuses, and magnetic tape apparatuses,
has increased remarkably, and the importance thereof has increased. Therefore, a
technique for significantly improving the recording density of magnetic recording media
used for these apparatuses has been developed. In particular, the development of an
MR head and a PRML technique has accelerated improvements in the surface recording
density. In recent years, with the development of a GMR head and a TuMR head, the

recording density has increased at a rate of about 100 percent per year.



the magnetic recording nedia. In order to neet such demand, it is necessary
to inprove the coercivity, the signal-to-noise ratio (S/Nratio), and the
resolution of a magnetic recording layer. In a |ongitudinal magnetic
recording type that has generally been used, with an increase in |linear
recordi ng density, recording nagnetic domains adjacent to nmagnetization
transition reg@@mq mutual | y weaken their magnetizations, which is called
sel f-demagneti'zation. In order to prevent self-denagnetization, it is
necessary to red t he thickness .of_.the .magneti¢ recording I. to

i ncrease shap«i:n a#ﬁﬁ?ﬁet ol {e&aflgﬁ?/r ﬁ*ﬁgﬁdﬂﬁrgasﬁﬁ’éﬂletrﬁ%or@ﬁgﬁﬂ%a%f t he
magnetic recording layer is reduced, the strength of an energy barrier for
nai nt ai ArhGagnraicreEdng sedisnailmordsr ubest auehi demapdaigiratecesatiat of  t he

t hermal energy, and the phenonenon in which the anount of recorded

magnet i Zapiova the soerddg dat siiral-tooneisd @tip €8/ tatie), wad itetreaiutidresta f 1 uct uati on
phenonmenon) is not negligible, which determines the limt of the |inear

recor di Rgyensickyrdid08R7] 1 NohRGDAal HERNStC RBoAHE r&@@fﬂat h&deaamapet | C

coupl i ng) nedi um has been proposed as the technol’ogy of 1 nproving the
tic

| i near recordi,ng.densit f | angi t udi nal _ nmagne recordi.ng type,
trying tbgg%{é%gg‘%}tﬁgn %i%%‘fée)m liﬂ%grr reeaﬂgl}qgo%npﬁr, t55et ﬁ'é?qcstﬁfﬂqni’? t he

| ongi t udi pal magnetic recording type. [0006] As a technigue for inproving
sur f ace 2ABEHH &P Agoertization trangition rp&ines Bulually Weekpnahels megpelizations. t ype has
drawn attention. In the |longitudinal magnetic recording -2 type according to
t he rel atlech archlledbselfedtimagnétization nelini ardat to prevée seif-dehmpretitiatie tif ion.

necessary to reduce the thickness of the magnetic recording layer to increase shape
magnetic anisotropy.

[0004]

When the thickness of the magnetic recording layer is reduced, the strength of
an energy barrier for maintaining the magnetic domain is substantially equal to that of
the thermal energy, and the phenomenon in which the amount of recorded magnetization
is reduced due to a temperature variation (heat fluctuation phenomenon) is not
negligible, which determines the limit of the linear recording density.

[0005]

In recent years, an AFC (anti-ferromagnetic coupling) medium has been
proposed as the technology of improving the linear recording density of the longitudinal
magnetic recording type, trying to solve the problem of reduction in thermomagnetism
in the longitudinal magnetic recording type.

[0006]

As a technique for improving surface recording density, a perpendicular

magnetic recording type has drawn attention. In the longitudinal magnetic recording



However, in the perpendicular magnetic recording type, a nediumis

magneti zed in the perpendicular direction of the surface of the nmedium 1In

this way, it is possible to avoid the self-demagnetization that prevents an
increase in linear recording density in the |ongitudinal magnetic recording
type. Therefore, the perpendi cular magnetic recording type is applicable to

obtain high recording density. In.addition, _ since the petpendicul ar

magnet i c&ggé%cto&?’ﬂ%{ot@‘ﬁé&é%ﬂ aﬁa@ REdivg @ﬁg&gpﬁ?@éﬁ%ﬁgﬂgﬁla{nﬁ&rﬁgﬁb“ c layer to
be constant, it is possible to relatively reduce the effect of the

t her noneldAweTesnn thepaspendi¢ilarieagneigiecordingaly peragnestiine is wegnatizedintthpe. [ 0007]
In general, a perpendicular magnetic recording nmediumis forned by

sequent i gdrpgndicadrdixeétien efithel ndeick ay e mediuhnt Briiidial B id goseible @ magnetic
recording layer, and a protective |layer on a non-nmagnetic substrate. In

gener al . ay3ld @ stieRbORREMNPihal ¥R & 1hEARn 1fcd: YO ARL LA CT | S
formed on the protectfve [ayer. 1n addition, in nany cases, a nagnetic

| ayer, ich is.,a soft magneti.c soft netic |layer,. i rovi ded bel ow the
under | aytF OngiRdRR eenel? avvording Bpe; < Thgipiot hepspaadicul HaRFi e ¢ he
characteristics of the magnetic recording layer. In addition, the underlayer
f unct i orf§cerdingdypeys applécabratotoktaimbighiredording flensiy. i Intaddivioni sinee thayer and t he
magneti c recording |layer and control the shape of a nagnetic crystal.

[0008] pependicyir alagabticigscomdngodpd b mEgned the thicloesdbige haygaetid laydrmpor t ant
to manufacture a perpendi cul ar nagnetic recordi ng nmediumw th good

o ! A, 1o e AL PRI CHL e st 10, o0 o
structur gy sddinie loBRIAAN midhBke RcbAR gL ystal -3
[00071
In general, a perpendicular magnetic recording medium is formed by
sequentially laminating an underlayer, an intermediate layer, a magnetic recording layer,
and a protective layer on a non-magnetic substrate. In general, after the protective
layer is formed, a lubrication layer is formed on the protective layer. In addition, in
many cases, a magnetic layer, which is a soft magnetic soft magnetic layer, is provided
below the underlayer. The intermediate layer is formed in order to improve the
characteristics of the magnetic recording layer. In addition, the underlayer functions to
align the crystal particles of the intermediate layer and the magnetic recording layer and
control the shape of a magnetic crystal.
[0008]
The crystal structure of the magnetic recording layer is important to
manufacture a perpendicular magnetic recording medium with good characteristics.

That is, in the perpendicular magnetic recording medium, generally, the crystal structure

of the magnetic recording layer is an hep structure. It is important that a (002) crystal



pl ane be parallel to the surface of the substrate, that is, a crystal c-axis
([002] axis) be aligned in the perpendicular direction with the | east
possi bl e disorder. [0009] 1In order to align the crystal particles of the
magnetic recording layer with the |east possible disorder, the internediate
| ayer of the perpendi cul ar magnetic recording nedium has been nmade of Ru

VTGt B BURAGR BYEGENESoAR. LIROIRORE! c, 5GAF dhng (dbayRlc dgcor ding to

the rela I'nce the crysta he "nmagnetic reco

epi t axi al J. rown on the (0Q2) crystal plane o : magneti c recordi ng
medi um V\ﬁail%ne m%ﬁf&?@%&f %HF?t@Ht‘”&fh@ﬁqiaéhP%@L@%%qf&%d (for exanple, see
Pat ent Docunent 1). [0010] That is, when the (002) crystal plane

orientation of {d88] Ru intermediate layer is inproved, the orientation of
the magnetic recording layer is also inproved. Therefore, it is necessary

to inprove theld&de)toalize Meadridl paftichy of thedig@ietit GedoPdin®lg et WRK HiRCOr di ng
density of the perpendicul ar magnetic recordi ng nmedium However, when Ru is

= o - : _ t T - i 4c f th
Irec yléggt%%éﬁﬁ%é?)?d&{'tg@giﬁémﬁﬁgeo%gércorf%%%énﬁdﬁgljéagn%lce lée%%ld&g]ea;i gh i Se

Ru layer 1s  too large tarn orien -on,

a non-nmagnheti c terial, educes the tension of the magnetic fi,eld fromthe
ond T o e peSegh nide of RESBFIRE e e Hop ot i MBPITe seRoeying

Therefore, in the related art, an underlayer having an fcc (111) crystal
pl ane or layat ercpusking to thexdatedert.betinesiie ciistad of the meagmeti¢ recording lagerds t he Ru
internedi ate | ayer (for exanple, see Patent Document 2). The underl ayer
havi ng t bitaxiatly gbvwii ohtlice(Ob2scrsthll dhecsfiRaL, almapnttidieasdidiny wydiomtwidugh t he

t hi ckness thereof is small. Ru deposited on the underlayer having the fcc

Structur godtAsy iRt fion ch 6k Hfided tf%;@g,g_@é%mﬁ@dm%& gntation than Ru

directly depo he soft magn wever, since it is
difficult to Cﬁﬁﬁbfl the dianmeters of the crystal particles of Ru on the

That is, when the (002) crystal plane orientation of the Ru intermediate layer is
improved, the orientation of the magnetic recording layer is also improved. Therefore,
it is necessary to improve the (002) orientation of Ru in order to improve the recording
density of the perpendicular magnetic recording medium. However, when Ru is
directly deposited on an amorphous soft magnetic layer, the thickness of the Ru layer is
too large to obtain good crystal orientation, and Ru, which is a non-magnetic material,
reduces the tension of the magnetic field from the head to the soft magnetic layer, which
is a soft magnetic material. Therefore, in the related art, an underlayer having an fee
(111) crystal plane orientation is inserted between the soft magnetic layer and the Ru
intermediate layer (for example, sec Patent Document 2). The underlayer baving the
fee structure has a high crystal orientation even though the thickness thereof is small.
Ru deposited on the underlayer having the fce structure has a smaller thickness and a
higher crystal orientation than Ru directly deposited on the soft magnetic layer.

However, since it is difficult to control the diameters of the crystal particles of Ru on the



-4 underl ayer having the fcc structure, the particle dianeter increases,
which results in an increase in the dianeter of the crystal particles of a
Co alloy deposited on the Ru internmediate layer. As a result, the amount of
noi se i ncreases and recording/reproducing characteristics deteriorate.
[0011] | rder to jnprove the recording/reproduci ng characteristics, it is
necessaf”;’/‘:[(‘gtrgrye V%gﬁhg?ﬁﬁépﬁémaglﬂpém =3 “Pcé??é‘?sdiwmjhﬁéﬂ‘&tﬁh‘? hpabl e of
reducing the dianeters of the crystal particles and obtaining a high

per pendistdase inghe distretdr o thenatydtapartglgedd Ca dbgrdtposited epitiediici ng
characteristics. Therefore, a perpendicular magnetic recording nediumis

requi r ethiwhiedinicCiapers olage redigt, eaverrent ieagdcRaRbbed® and can be easily
manuf actured. [Patent Docunent 1] JP-A-2001-6158 [Patent Docunent 2]

JP- A- 2005- L.SGl : : ntion Problens that the Invention is
to Sol v%iof%ggé%r%ggﬁgrcgég%t?nggcstggﬁpgﬁyﬁas been nade in order to solve the
above probl en'ﬁ)i1 d an object of the present invention is to provide a
magneti c reco iﬁg medi um that can reduce the dianeters of particles of a

per pendi cul ar magnet iic recording |ayer and obtain _a high perpendicul ar
ori entation, Iedeyy apwyeithererertmerapriogvcing clysadieristies éds aecessagpicoduced at a
hi gh density, a nethod of manufacturing the sane, and a magnetic
recor di obpthineppeopkndiontar ayppactid tesordidy medium capable of reducing the diameters of
the crystal particles and obtaining a high perpendicular orientation and having good
recording/reproducing characteristics. Therefore, a perpendicular magnetic recording
medium is required which can solve the above-mentioned problems and can be easily
manufactured.

[Patent Document 1] .JP-A—2001—6158

[Patent Document 2] JP-A-2005-190517

Disclosure of the Invention
Problems that the Invention is to Solve

[0012]

The present invention has been made in order to solve the above problems, and
an object of the present invention is to provide a magnetic recording medium that can
reduce the diameters of particles of a perpendicular magnetic recording layer and obtain
a high perpendicular orientation, thereby enabling information to be recorded or
reproduced at a high density, a method of manufacturing the same, and a magnetic

recording/reproducing apparatus.



Means for Solving the Problenms [0013] In order to achieve the object, the
present invention has the followng structure. According to a first aspect
of the present invention, a perpendicular magnetic recording nmedi um

i ncl udes: a non-nmagnetic substrate; and at |east a soft nmagnetic |ayer, an

under | ayer n 4 ht.er jat.e | ayer, and a perpendi cul ar magnetic recording
igens B3 o i Habiem

| ayer t & non- magneti ¢ substrate in this order. The
under |l ayer is_a 3111) crystal orientation |layer having an fcc structure,
and the inter %dBhte I ayer includes a (110) crystal orientation |ayer
having a bee structure and a (002) crystal orientation |ayer having an hep
structure in Ihédeniodehievéihe obticn) diet wensiaconidndap detiobdwinhstrpeasent
invention, in the nmagnetic recording nediumaccording to the first aspect,

the (110) oryatabraRiii6a R0kl MRS prleiiNlntiie DRMCAIHEL HE8HdRY | ncl ude 60

at% or nmore of Cr. According to a third aspect of the present Invention, in

(110) o5l BEELR BPaRF R B ASRR W% e bl Leblolm R o o o

which is a majn conponent, and at |east qne  elenent selected fromthe group
consi st Ahgndsriaper, an intermgdiapgiayqy and g perpggdicgiar mrgnetpyecquding lgxer tal, v, Nb,
Ta, Mo, W B, C Si, G, In, Ti, Zr, H, Ru, and Re. According to a fourth
aspect afe foheedoorethe mbninmagaetic ibstratein this arderneThe undxclayetiing (11igdi um accor di ng
to any one of the first to third aspects, the diameter of the crystal

particl ess@f ofidiRatichlByerbhvia ah fQr@biupd, hodHeaNeFmbButk l'?ei feluBges St ructure

may be in the range of 3 nmto 10 nm According to a fifth aspect of the
P SoE T UOYESH A NGEbo5C SEARLELA D hapRLRLRS, L0 e one of
layer having an hep structure in this order.
According to a second aspect of the present invention, in the magnetic
recording medium according to the first aspect, the (110) crystal orientation layer
having the bee structure may include 60 at% or more of Cr.
According to a third aspect of the present invention, in the magnetic recording
medium according to the first or second aspect, the (110) crystal orientation layer
having the bee structure may include Cr, which is a main component, and at least one
element selected from the group consisting of Pt, Ir, Pd, Au, Ni, Al, Ag, Cu, Rh, Pb, Co,
Fe, Mn, V, Nb, Ta, Mo, W, B, C, Si, Ga, In, Ti, Zr, Hf, Ru, and Re.
According to a fourth aspect of the present invention, in the magnetic recording
medium according to any one of the first to third aspects, the diameter of the crystal
particles of the (110) crystal orientation layer having the bee structure may be in the
range of 3 nm to 10 nm.
According to a fifth aspect of the present invention, in the magnetic recording

medium according to any one of the first to fourth aspects, the thickness of the (110)



-6 crystal orientation |ayer having the bec structure may be in the range of
1 rimto 50 am According to a sixth aspect of the present invention, in

t he magnetic recordi ng nedium according to any one of the first to fifth
aspects, a soft nmagnetic |ayer of the soft magnetic |ayer may have an

anor phous ructure.. Accordi to a sevent h aspect of the present invention,
in the ﬁ%ﬁi?fl@faﬁl%}fﬁﬁﬁ&m ‘E%SHHEWdP%b?WE%VDSES%bPﬂFHé Bist to sixth
aspects, the (111) crystal orientation |ayer having the fcc structure nmay

i ncl ude one akkegrdiglteesath fspoenad thy went twaptsed thé nidgnetid iv¢orfinEe, NV, and
Ni Nb. According to an eighth aspect of the present invention, in the

nmagnet i enedh@f B¢ddidify MRMyWTe € ARG fIfh B8Pt AR mdpheid lay&loftie sevent h
aspects, the (002) crystal orientation |ayer having the hcp structure nmay

i ncl udesgfgn%%n%ﬁeﬁg%%g&@%av@%%g{a{ﬁ%]ég anngg_?g_nth aspect of the present

i nvention, tic recor um according to any one of the
first to eighth aspects, at .|least e | ayer. of the. _perpendi cul ar magnetic
recordi ng |ay%ﬁ¢°%§§%§%a§ﬁ"38§h Elf@%?(?ﬁ im?%ﬁt %@H@Pi*&”ﬁ%@?@@%\ﬁ a layer forned
by continuously depositing Co and Pd. According to a tenth aspect of the

pr esent recAydRg MeAiumacepishieg toany oae of die gyt ie pxdurseety tipdabarrgali ncl udes: the

magneti ¢ recordi ng nmedium according to any one of the first to ninth
aspect spriamatian lapgriaving thefd strhattirerregoindadeo one gfyodiected franné growt i on on or
fromthe magnetic recording nmedium Advantages of the Invention [0014]

Accor di RgnbsetiRe NINGHe NiFe NBNEAPRINGL s possible to provide a
per pendi cutar magnetic recording mediumw th high recording density in which

the crystal CA%%%rﬁin%fto an eighth aspect of the present invention, in the magnetic

recording medium according to any one of the first to seventh aspects, the (002) crystal
orientation layer having the hep structure may include Ru or a Ru alloy.

According to a ninth aspect of the present invention, in the magnetic recording
medium according to any one of the first to eighth aspects, at least one layer of the
perpendicular magnetic recording layer may be an oxide-containing magnetic layer or a
layer formed by continuously depositing Co and Pd.

According to a tenth aspect of the present invention, a magnetic
recording/reproducing apparatus includes: the magnetic recording medium according to
any one of the first to ninth aspects; and a magnetic head that records or reproduces

information on or from the magnetic recording medium.

Advantages of the Invention
[0014]
According to the present invention, it is possible to provide a perpendicular

magnetic recording medium with high recording density in which the crystal c-axis of



-7 the crystal structure of a perpendicular magnetic |ayer, particularly, an
hcp structure is aligned wth the surface of a substrate with a very small
angl e di spersion and the average dianmeter of crystal particles of the

per pendi cul ar magnetic layer is very small. Brief Description of the

Drawi n 00 FIG .1 is a.cross-sectional viewillustrating the structure
of a pg‘f’B%ﬁ’&fLaigﬁr%ﬁfmer?éarh’smeedlw%ma@}?&c FRYET B CE O ot P U REE 151 esent
invention, FIG 2 is a diagramillustrating the (111) plane orientation of
an f ee dignee withghe surfage 9f ¢ substrafie agthemydry swell eagle dispetseon(@@d2he pl ane
orientation of an hep structure; FIG4 is a diagramillustrating the (110)
pl ane oavieepe alidnadieraff caysod @asicley of the@ierpetidulat oaBndth: layaddiiagirarmialll ustrati ng
the structure of a perpendi cul ar magnetic recording/reproduci ng appar at us
according to the present invention. [Reference Nunmerals] [0016] 1:

Non- magneti c substrate 2: Soft nmagnetic soft magnetic |layer 3: Underl ayer

10: ' PerBRMAPEUTBi N EGREPFE P B or i ng mech am 11 Nedi umdriving unit o
[0015]
FIG. 1 is a cross-sectional view illustrating the structure of a perpendicular
magnetic recording medium according to the present invention;
FIG. 2 is a diagram illustrating the (111) plane orieﬁtation of an fcc structure;
FIG. 3 is a diagram illustrating the (002) plane orientation of an hep structure;
F1G. 4 is a diagram illustrating the (110) plane orientation of a bece structure;
and
FIG. 5 is a diagram illustrating the structure of a perpendicular magnetic
recording/reproducing apparatus according to the present invention.
[Reference Numerals]
[0016]
1: Non-magnetic substrate
2:  Soft magnetic soft magnetic layer
3: Underlayer
4: Intermediate layer
5: Perpendicular magnetic layer
6: Protective layer
10: Perpendicular magnetic recording medium

11:  Medium driving unit



-8 12: Magnetic head 13: Head driving unit 14: Recordi ng/reproduci ng signal
processi ng system Best Mdde for Carrying Qut the Invention [0017]

Herei nafter, the content of the present invention will be described in
detail. [0018] As shown in FIG 1, a perpendicular magnetic recordi ng nmedi um
according to ;the, pr t _invention includes at |east a soft magnetic soft
magneti c Iaye}£2,N§ﬁ&§ﬁgﬁg#layer 3 and a first internediate |layer 4 formng
an orientation_control |l ayer that controls the orientation of an upper

| ayer, a secohd iAeak¢B#&EEEt | ayer 5, a perpendicular magnetic |ayer 6
havi ng an easy magnetization axis (crystal c-axis) that is substantially
per pendi cul ar 4.0 Rewubsg/raprejucargdigmappotesinigsgsttmyer 7, which are fornmed on
a non-magnetic substrate 1. The orientation control |ayer includes a
plurality of layers. The orientation control |ayer can also be applied to
new perpendi cul ar recording media that is expected to inprove recording

densi ty§e&&\%§§ef?’g?ﬁj—5‘%ﬁ%ﬁ&t esfﬂ%Qntﬁ)% ECC nedia, discrete track nedia, and

pattern e e non-magnetic substrate used for the nagnetic
recordi ng nedgﬁnz according to the present invention, any of the follow ng
non- magneti c bk r at es may be wused: an Al alloy substrate made of, for
~exanple, an Al-My alloy having Al as a main conponent; a general soda gl ass
substrat e; anHateuwitan $ie dontenbobths ptbsgitasentionsill he descebed mristathous
gl ass-based substrate; a silicon substrate; a titaniumsubstrate; a ceramcs
[0018]
As shown in FIG. 1, a perpendicular magnetic recording medium according to
the present invention includes at least a soft magnetic soft magnetic layer 2, an
underlayer 3 and a first intermediate layer 4 forming an orientation control layer that
controls the orientation of an upper layer, a second intermediate layer 5, a perpendicular
magnetic layer 6 having an easy magnetization axis (crystal c-axis) that is substantially
perpendicular to a substrate, and a protective layer 7, which are formed on a
non-magnetic substrate 1.  The orientation control layer includes a plurality of layers.
The orientation control layer can also be applied to new perpendicular recording media
that is expected to improve recording density in the near future, such as ECC media,
discrete track media, and pattern media.
[0019]
As the non-magnetic substrate used for the magnetic recording medium
according to the present invention, any of the following non-magnetic substrates may be
used: an Al alloy substrate made of, for example, an Al-Mg alloy having Al as a main

component; a general soda glass substrate; an aluminosilicate-based glass substrate; an

amorphous glass-based substrate; a silicon substrate; a titanium substrate; a ceramics



-9 substrate; a sapphire substrate; a quartz substrate; and substrates nade
of various kinds of resins. Anong these substrates, in many cases, an A
all oy substrate or a gl ass-based substrate, such as a gl ass ceram cs
substrate or an anorphous gl ass substrate, is used as the non-magnetic

substr atsﬁFst} e‘&%sﬁa}gkgfefsuggtrartél% cgjaﬂ%&%b%&?%,t ats%bstl'attesi Radel gt"%é{%@<ﬁﬁ%§ 0 use a

m rror-polishé ate or a‘'subsira ving a |I'ow A)). The
non-magneti ¢ substrate may include a little Etiure ['0020% In a process of

manuf actUrPHE- a HAGHSERE Yhgkates 1 PSR Al 0% WPFRATEPBAN and dry a
substrate. In the present invention, it is also preferable to clean and dry
a substglassdaprst ibsirate, sugines 4 glagh cskanmfenabateate pi aapempbesssglassisubstoits, t o
i nprove the adhesion between the |ayers. The cl eani ng processes include a

cl eani ngs psedessbe MEi-Mggnetic Ghbdgitd, r &Y HeS@sSHthé Slabdibstafe, Wels lpreferablenat er
cl eaning process. In addition, the size of the substrate is not

Facor di ng Rear i e ks ek G e S A RARE PAAIEN T TRoTt mmgnet i ¢
| or demclighrity BRIk oY AENIREE" T cor i ng mmanetic ield i
generated from a head, and a perpendi cul ar conponent of the recording
magnetic fiel doP}ef f ect i vel y applied to a magnetic recording |ayer. The
soft magnetic soft magnetic |ayer nay be made of a material having so-called
s lo:‘ g y rrg? n‘:t i dn alparcast efmatifasurispicihagktia diseGoidmsenoradol faytly eefozdid\b- based
] | dry a substrate. In the present invention, it is also preferable to clean and dry a
substrate before a magnetic disk manufacturing process, in order to improve the
adhesion between the layers. The cleaning processes include a cleaning process using
etching (reverse sputtering) as well as a water cleaning process. In addition, the size of
the substrate is not particularly limited.
[0021]
Next, the layers of the perpendicular magnetic recording medinm will be
described.
[0022]
The soft magnetic soft magnetic layer is generally provided in the
perpendicular magnetic recording medium. In order to record signals on a medium, a
recording magnetic field is generated from a head, and a perpendicular component of
the recording magnetic field is effectively applied to a magnetic recording layer. The
soft magnetic soft magnetic layer may be made of a material having so-called soft

magnetic characteristics, such as a FeCo-based alloy, a CoZrNb-based alloy, or a

CoTaZr-based alloy. It is preferable that the soft magnetic soft magnetic layer have an

- 10 -



CoTaZr-based alloy. It is preferable that the soft nagnetic soft magnetic

| ayer have an -10 anorphous structure. Wen the soft magnetic soft nmagnetic
| ayer has an anorphous structure, it is possible to prevent an increase in
surface roughness (Ra) and reduce the 1lift of the head. In addition, it is

ol o <nirohl Gy Eukpe DAL e ERBaRlvd ot AR 1SGERS o OB, agnet o

| ayer nmade of, for example, Ru is interposed between two |l ayers to form an
AFC magnfHeRITP-dl SPOpRP ARl RrCE B0 AREGTASE (b SUrRe FRIBHASS RMenfAEdchitifes pr ead
use. The overall thickness of the soft magnetic layer is in the range of
about 20liftnijhethead.20in additiop, i istpoissibiedo approgp récatdihy daheiter ninvecknby t he

bal ance between recordi ng/reproducing characteristics and OV

char act eydasd, il &ddih 3] sindl@ sdfh@agiedis eadfer, avi@BtkOM, whillea QElyaRinat i on contr ol
| ayer that controls the orientation of the upper layer is provided on the

soft magpet.i f.t i The . i i l.ayer, has a
nulti-Ia@@%ﬁggéﬂggﬂggggﬁégﬁﬁ%ﬁ%@#@%@%@I%ngagﬁ%?ﬁFgﬂﬁgggépggmﬁgyer formed on
t he substr in this order. [0024 ILn the present invention, it is

br of of abFRAFE RS i asR o engtc ki MBR FRF iiP BAABPERaiSe ce ot ruct ur e
(fcc structure) that has a high orientation control capability even when

t he t hi ckheewrdi thidkaessafélre soft maguietic tayer is e thevengegd abpat@tem) ¢d 12he crystal

particles of the underlayer are in the range of 6 (nm to 20 (nm. In
addi t i ongnm)t et if is appropriftelyriechrmined/bayies baindehetwisd eedoadifg/rdpasdiRing
body-centered cubic lattice structure (bcc structure) and the second

i nt er mredi1gtRidrRUE add @ SRPREMkAI0 contact with an upper nagnetic recording
| ayer has a hexagonal close-packed |attice structure (hcp structure).
[0023]
In the present invention, the orientation control layer that controls the
orientation of the upper layer is provided on the soft magnetic soft magnetic layer. The
orientation control layer has a multi-layer structure of an underlayer and an intermediate
layer formed on the substrate in this order.
[0024]
In the present invention, it is preferable that the underlayer have a
face-centered cubic lattice structure (fee structure) that has a high orientation control
capability even when the thickness of the layer is small and the average diameter of the
~ crystal particles of the underlayer are in the range of 6 (nm) to 20 (nm). In addition,
the first intermediate layer on the underlayer has a body-centered cubic lattice structure
(bee structure) and the second intermediate layer that comes into contact with an upper
magnetic recording layer has a hexagonal close-packed lattice structure (hep structure).

[0025]

The fce structure, the bee structure, and the hep structure of materials forming
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[ 0025] The fcc structure, the bcc structure, and the hep structure of
materials formng - 11 the underlayer and the internedi ate | ayers defined
by the present invention indicate crystal structures in an environnment in
whi ch the magnetic recording medium according to the present invention is

-used, thathd gndetiBfer Ghd SleahteihEdiek MRS REnEPBMHSIRRAAh W RIon iflics ew of the

obj ect of the present invention. The internedi ate |ayer according to the

present i ion.includes t fir.st ,.i rnedi.ate | ayer having a,bcc (110)
crystal or ?@%ﬁg |C(§%re§Lna’fﬁn |nsVlrgr slﬁtdlel&h%‘%ﬂ\%\’gglﬁg{lwé:re%@églné%@fmﬁg?ﬂr €an fcc

(111) crystal orientation and the second internediate |ayer having an hcp

(002) cryd® Hie PEFSERIRYRILOR 1 Resdoibpt is:Tthe CysipbHRICTUBRS 4 ARG fBRPEHHILEENEL magnet i ¢

recording layer formed on the internediate |ayer is substantially

det er mi nedidwof the objeytsifdhe pres@mimeiion.of the internediate |ayer. Therefore,
it is very inportant to control the orientation of the internediate |ayer

in a nethod of mReu@eicdatdEyéMRcAEMRaS dicGibRht BRI G i@EMSRG nMedi um
Simlarly, if it is possible to finely control the average di aneter of the

| . . . . | . 3 H f h
crystel . PRk oban oL ke D A R, ROt RIS o, 1,

likely to sycceed to the,s of the crystal, particles of the internedi ate
| ayer, ané?ngeﬁ yﬁé@ﬁ'&ﬁ@@%?@ﬂif"ﬁéﬂ oNRuato and the seeq mf‘?&il}%él?ﬁeﬁgeérystal
particles. Therefore, it has been found that the smaller the dianeter of
t he cryst &pvipaen hep Q92perystabotienigioni ¢ recording | ayer becones, the higher
the signal-to-noise ratio (SNR) becones. [00271

[0026]

The crystal orientation of the magnetic recording layer formed on the
intermediate layer is substantially determined by the crystal orientation of the
intermediate layer. Therefore, it is very important to control the orientation of the
intermediate layer in a method of manufacturing the perpendicular magnetic recording
medium. Similarly, if it is possible to finely control the average diameter of the crystal
particles of the intermediate layer, the crystal particles of the magnetic recording layer
continuously formed on the intermediate layer are likely to succeed to the shape of the
crystal particles of the intermediate layer, and the magnetic recording layer is likely to
have fine crystal particles. Therefore, it has been found that the smaller the diameter
of the crystal particles of the magnetic recording layer becomes, the higher the
signal-to-noise ratio (SNR) becomes.

{0027}

The (111) crystal plane of the fee structure is a regular hexagon in which the

length of one side is ¥2a/2 (a: a lattice constant), as shown in FIG. 2. In the fcc crystal,

since the {111) plane is a close-packed plane, the (111) crystal plane is preferentially

-12-



The (111) crystal plane of the fcc structure is a regular hexagon in which
the length of one side is ']2a/2 (a: a lattice constant), as shown in FIG
2. In the fcc crystal, since the (111) plane is a close-packed plane, the
(111) crystal plane is preferentially -12 oriented on an anorphous soft

nmagnet i ¢ ogighfed GRAA @inoepHoay 861t nﬁg&n% s§ﬂ%@n&t’i@la&é§ag ®1G.8fshbie tHO@hpe Cr yst al
pl ane of the hcp structure. Simlar to the fcc (111) crystal plane, the hcp

(002) crystal I Xadon g I ne side is
b5 nodt HRSOPLRRR e PRI SHEERC] s é%‘%cﬂ%&@imi@%%%l% Be, it is

i kely t ferent or| ed. Sinc stal plane has
a regul a&‘anbléq’a@@aﬂrymgﬁ’z@@ IX? be%a@e@}nwﬁvﬁgﬁ E’BE"Q@ %151 A& Fcc (111)
crystal plane may have a hi ?h crystal orientation even though it does not
have a | Sitfs thhapABYscrystal nlams is élﬁ‘ati@h)S%rP@Ckedﬂﬂa@ﬁdlétS likely forhsr ove cryst al

orientation, a material in which the lattice constant ('12al2) of the fcc

crystal @Sefeﬂeﬂﬁﬂlyt@eh{%d | 8trice cle: 180 REystd plof hhbe rdpar beygbakl i s sel ected.
[ 0028] However, in order to inprove the recording density of the

per pendi g gﬁg?§;§%gM2b Qrg;s]t%gﬁfaﬁé B9 {HEREd fim.l) érgsthgpd%%gﬁﬁﬁé% ;lﬁnélg g{}'s%} to

i nprove th or i ion but SO t of the

crystal partl | es of, th ne ord fcc 111) crystal
pl ane and™ F %?)Vefl 6{@%’5 Iﬂcﬂvgﬁl argfﬁi;hé\%pgaey Iﬁéﬁﬁ ]r"'i‘gf{al regul ar
hexagons, since the crystals are |aninated and rovvn Wi t out any di sorder,
the ori éniERIPEHCTYSBkEEniaton; apmetsvialin vhieh the lattgcwfmtaem aRpotdmtfewl the
di aneters of the crystal particles. In addition, while the crystals are

bei ng gr ewyatal ishdoseny dedhisicatenstedsdf thdthep cﬁ,@dﬂes&&rcteﬂcl e dianeter
di stribution is w dened, which makes it d| fficult to inprove the recording

density. [ 002910028]

However, in order to improve the recording density of the perpendicular
magnetic recording medium, it is necessary not only to improve the crystal orientation
but also to reduce the diameters of the crystal particles of the magnetic recording layer.
In the fec (111) crystal plane and the hep (002) crystal plane obtained by laminating the
regular hexagons, since the crystals are laminated and grown without any disorder, the
orientation thereof is improved, but it is difficult to control the diameters of the crystal
particles. In addition, while the crystals are being grown, the crystals are weeded out,
and a particle diameter distribution is widened, which makes it difficult to improve the
recording density.

[0029]

FIG. 4 shows the bee (110) crystal plane introduced as the first intermediate
layer in the present invention. As can be seen from FIG. 4, unlike the fce (111) crystal
plane or the hep (002) crystal plane, the bee (110) crystal plane does not have a regular

hexagonal shape (among the lengths of six sides, two sides have a length of a and the
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FIG 4 shows the bcc (110) crystal plane introduced as the first internediate
| ayer in the present invention. As can be seen fromFI G 4, unlike the fcc
(111) crystal plane or the hcp (002) crystal plane, the bcc (110) crystal

pl ane does not have a regul ar hexagonal shape (anDng the | engths of six

si des, @%&ﬂ%}?sﬁﬁyﬁa&d%ﬂgh%%a@ anf e R, ikgg ﬂﬁeogﬁof r9&§ have a

Iength of cr sta since t sta ane is a

The feb PEDS R 4rptres iaﬁaﬁa%aﬁeéﬁé)w%e»ﬁ%eéﬁpe %\éiﬁilgff&r%%%eﬁ@@tm Shep

structure on the fcc structure, since the bee crﬁstal does not have a
regul ar héMayowatal slaapef theiugdertayhi. nglovyeneelike the hehstpssirtionderfsc t he growt h
of the crystal. However, this msmatching contributes to controlling the

di anmet er ssw@dctimgsinceytht dbc gasthl ddeg sot HdvelaSe@id@dei@nbishapdyprisdching cryst al
orientation by balancing the lattice constant of the fcc crystal with the

lattice coananihetha ga%g ﬁééﬁiﬂh ofgtféeu‘iﬂt?lcahb%evér s%ﬂgﬁ%&hﬁi to obtain

the sane crystal entati on amnate o ructure and

e . <A, D S8, 2L B R L B 1S8R ol in FiG 4 as

possi bl e. The sane m smatching as described above occurs between the first
i nt er nedi a:tl@orf@%rcr}ﬁsa%qa@n@n% by balanging Biejletteegansigniefdbe fre cawsiad nath

internedi ate | ayer having an hcp (002) orientation, which contributes to
control | i thy lathiee dormtant of the bfc tiystabr ySyteaifically, itiispce;siblc[t@%&]in tHersatohi s way, the
di aneters of the crystal particles of the magnetic recording |ayer forned

on the seggBEl bidreaBRsaha ih 8YBhinke \if Bk b6 SriteRe ADH: hep ¥Stdthre i ent ati on

are controlled. Therefore, for orientation, the crystal c-axis ([002] axis)

I's effect yglio adhiiERlIGHolWing tAE ARG m%%géo%rsh%ﬁ S EI®T th Be LlGosuRS M at e

the area of the hexagon shown in FIG. 4 as possible. The same mismatching as
described above occurs between the first intermediate layer having a bee (110)
orientation and the second intermediate layer having an hep (002) orientation, which
contributes to controlling the diameters of the crystal particles.

[0030]

In this way, the diameters of the crystal particles of the magnetic recording
layer formed on the second intermediate layer having the hep (002) crystal orientation
are controlled. Therefore, for orientation, the crystal c-axis ([002] axis) is effectively
oriented in the perpendicular direction to the substrate.

[0031]

In the perpendicular magnetic recording medium, a method of using the
half-width of a rocking curve may be used as a method of evaluating whether the crystal
c-axis ([002] axig) of the magnetic recording Iayef is oriented in the perpendicular

direction to the substrate with the least possible disorder. First, a substrate having a
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[0031] In the perpendicular magnetic recording medium a nethod of using
the half-wdth of a rocking curve nay be used as a nethod of eval uating
whet her the crystal c-axis ([002] axis) of the nagnetic recording |ayer is
oriented in the perpendicular direction to the substrate with the | east

possi bl e gi.sofARE] '[h%i‘éb%_l? ?lﬁceﬂ%satnr?-ﬁ'@y SRR &er, g:ng.“{ a Eﬁyg%g ﬁl{aﬁéa ?fa?ﬁ ereon

is placed 6n an X-ray diffractoneter,” and a cryst Is parallel
to the surf of, the. su rate i.s.analyz the X-ray diffractoneter.
Krays apeidaf ealied Uik Sles it Balyesty R kel Arodoret aditSingle 1o
observe a diffraction peak corresPondi ng to the crystal plane. Wen the
magnet i ¢ HESHHAPHEP the gnbratet a prsletcaningd aridant agle ithebservaye dififaghol directi on
of the hcp structure is perpendicularly aligned with respect to the surface

of the supsikrcatrespofiimgead treerysial péeake. cWieasipomdgmetic recording mr{edi?y) ispl ane i s
observed. Then, an optical systemis swing relative to the surface of the

subst r at emphd bea G@iaﬂéﬁiﬂﬁé Aekib (R2BHRSG ARG R n@btsﬁuétal%q@g& bRdibhierl¥ 002) pl ane.
In this case, when the diffraction intensity of the ( 0153) pl ane with

respect Rl ASLLARL . « 80 B AL JNE.QP hale Yol ML ATRLOART ¢ TS

possi bl e raw raction rntensity curve avi I'e of 0 as

its center, ich is called a_yocking.curve. |n this case, _when the (002)
plane is %6@@@?@3% 9b855~fe§1 | Thery n PRl Byt i DR RS RS RARETCE O har p

rocking curve is obtained. On the other hand, when the direction of the
(002) pl afhe sivestraiel whillymgivtasnidg the Bregamenglowithmespeeirty ehel (§0lanenedn thiher ef or e,
in many cases, the half-width O (delta) 0 50 of the rocking curve is used
as an i ndeie fwient the diffrii@ionl inteiiyeiiias (00D) slind Wigth pepas fstitethamatiagnet i ¢

recordi ng medium [0032]
angle of the optical system is plotted, it i3 possible to draw a diffraction intensity curve
having a swing angle of 0° as its center, which is called a rocking curve. In this case,
when the (002) plane is substantially parallel to the surface of the substrate, a sharp
rocking curve is obtained. On the other hand, when the direction of the (002) plane is
widely spread, a broad rocking curve is obtained. Therefore, in many cases, the
half-width A {delta) 8 50 of the rocking curve is used as an index for the crystal
orientation of the perpendicular magnetic recording medium.

[0032]

According to the bresent invention, the underlayer having a (111) crystal plane
orientation that is made of an element having the fcc structure or an alloy thereof is
provided, and the first intermediate layer having a (110) crystal plane orientation that is
made of an element having the bec structure or an alloy thereof is provided on the
underlayer. In addition, the second intermediate layer having a (002) crystal plane

orientation that is made of an element having the hep structure or an alloy thereof is

provided on the first intermediate layer. Therefore, it is possible to manufacture a
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According to the present invention, the underlayer having a (111) crystal

pl ane orientation that is nmade of an el enent having the fcc structure or an
alloy thereof is provided, and the first internediate |ayer having a (110)
crystal plane orientation that is made of an el ement having the bcc

SOt U R L NCARE Bl SR VL AR 0l 6 MBHSI Y g 1 addi ] on,

the sec ernedrat e Tayer “havi ng ane ientation that
is made of an element having the hcp structure or an alloy thereof is

provi deFOBWAIHO pimediun ysiBg RBlY the Biiqrapdiate lpameadsod an plemest ivydeg hee t o

manuf acture a -15- | perpendi cul ar nmagnetic recordi ng nmedi um having a smal |
hal f - wi dich ssfctid®. 50, as conpared to a nediumusing only the internediate

| ayer nmade of an el enent having the hcp structure. [0033] Signals are
actual |y recorgdjon the magnetic recording |layer. The magnetic recording

| ayer is generally nmade of a Co-based all oy, such as CoCr, CoCrPt, CoCrPtB,

CoCr Pt B- X, CoGk - X2 éﬁqq - (:gé;?r - Sk - Cr Pt-Ti 02,
CoCr Pt -Zr02, %Et%?\%(% : &E%d% A ﬁgn(%c%@&%g]%%\z %ﬁ%mﬁtgﬁﬁ%ul ar, when
a nmagnetic_.oxide | ayer js used ranul. ar styucture in which an oxide

sur r oundscHEgH béﬁe‘éls erédrli} g{agqs 0%%%93@#@531161 , P60 a8 hedn CohdPwhghettBe
interaction between the Co crystal particles is weakened, which results in
a r eductGanPiBrXp Glo€ePtBRKngIdoLrPt-BeCoCiRstSaD,, GilrBeCule, GudPt-AéOnagnet i ¢
characteristics of the | ayer determ ne recordi ng/reproducing

char act €dCGaPi-EZ80,, D303 NDBNCECIFIT24BY BLCHCIIHEG05.di RGattRyRE, Wi 2 gr anul ar
structure, it is preferable to
magnetic oxide layer is used, a granular structure in which an oxide surrounds magnetic
Co crystal particles is obtained, and magnetic interaction between the Co crystal
particles is weakened, which results in a reduction in noise. Finally, the crystal
structure and the magnetic characteristics of the layer deterfnine recording/reproducing
characteristics.
[0034]
Since the magnetic recording layer has a granular structure, it is preferable to
increase the pressure of the gas when forming the intermediate layer to form uneven
portions on the surface of the layer. In this case, the oxide of the magnetic oxide layer
is concentrated on the concave portions of the surface of the intermediate layer, thereby
forming the granular structure. However, when the gas pressure is increased, the
crystal orientation of the intermediate layer is likely to deteriorate, and the surface
roughness may be increased. Therefore, in order to improve an orientation property
and reduce the surface roughness, the first intermediate layer is formed at a low gas

pressure, and the second intermediate layer is formed at a high gas pressure.

[0035]
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i ncrease the pressure of the gas when formng the internmediate |layer to form
uneven portions on the surface of the layer. In this case, the oxide of the
magneti c oxide layer 1is concentrated on the concave portions of the surface
of the internediate | ayer, thereby formng the granular structure. However,

when the gas piggseral ai[3C nagh@aseghutddie mehys bodn RF ispitteing onetitdd ishe
internmediate layer is likely to deteriorate, and the surface roughness may

be incregsgds &Hﬁﬂ@@&%»@ﬂm%@@%@ R @Y Q:E'R‘P*Biﬁs’,‘%%d Bi@s,w@ﬂs%rdt y and

reduce the surface roughness, irst intefrmediate’layer 1's Tormed at a

| ow gas ressur nd e s d internediate |layer is forned at a high gas
pressur e? E@@gféfgp 5 é@ﬁ%&gﬁgﬁ’% 8 %%%tt]érqlﬁéasr?e?hod or an RF
sputtering nethod is used to formthe above-nentioned | ayers. |n addition,
an RF bisiteangensiiressureds ppprepriptelpdetenningd sech th eerhlnye0ms gasoptiard gas, and
N2 gas may be used. In this case, a sputtering gas pressure is

appr opr i dtaedcyergeiter h geskrsiytie spiadringgahpleasies ishaatrdiiel wpttamidily in the
characteristics. In general, the sputtering gas pressure is controlled

SUDSt antfuahd ¥ 0.0 BOP)ANTR. Ghuide R A0 6ER) aprTRiSAYLERLAD 0aS pressure

is approprirately adjusted depending on the performance 'of a nmedium [0036]
The protective |layer | rovi gded_t rotect the recording nediumfromthe
damage c%&gré%g%ﬁﬁcoerﬁ%%’f[%@g e\/@@ﬁn?tﬁ%ghead and the nedium For exanple, a
carbon | ayer or a Si2 |layer is used as the protective layer. In many
cases, the carlB8304 ayer is wused as the protective |ayer. For exanple, a
sputtering nethod or a plasma CVD nethod is used to formthe protective
| ayer. | n recelhe peetve e ippmyived Gviprotet thedecondisg gedemafbom thbeen used. A
magnetron plasma CVD net hod nmay al so be used. The

damage cansed by contact between the head and the medium. For example, a carbon

layer or a Si0; layer is used as the protective layer. In many cases, the carbon layer is

used as the protective layer. For example, a sputtering method or a plasma CVD

method is used to form the protective layer. In recent vears, the plasma CVD method

has generally been used. A magnetron plasma CVD method may also be used. The

thickness of the protective layer is preferably in the range of about 1 (nm) to 10 (nm),

more preferably, in the range of about 2 (nm) to 6 (nm), and most preferably, in the

range of about 2 (nm) to 4 (nm).

[0037]
In particular, it is possible to manufacture a magnetic recording medium with

little notse in which a magnetic crystal is isolated by an oxide while maintaining crystal

orientation by adjusting the pressure of the gas when forming the intermediate layer and

the pressure of gas when forming the magnetic recording layer.

[0038]

FIG. 5 is a diagram illustrating an example of a perpendicular magnetic
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t hi ckness of the protective layer is preferably in the range of about 1 (nm
to 10 (nn), nore preferably, in the range of about 2 (nm to 6 (nm, and
nmost preferably, in the range of about 2 (nm) to 4 (nn). [0037] In
particular, it is possible to manufacture a nmagnetic recording nediumwth

little ngi -] LGh: ¢ crystal i.s isola ) n_oxi whi | e

mai nt ai n?érﬁzé?d&frl@rse\teg(%&%%i agﬁ%%ﬁgél nm%ﬁeaéﬁ?%%]tdlfcﬁl? E‘h@%‘?‘%@ é?f?%ngé? ecﬁ‘%’é‘ gas when
form ng trBe internedi ate | ayer .and the pressure of, gllas when formng the
magnet i c %86‘8’6‘?%@‘&3%&’%@?@ aging appagstes showa 1gFiG - Hintiofes ibe MRENA an exanpl e
of a perpendi cular magnetic -17 recordi ng/reproduci ng apparatus using the
per pendi tashbadingmgdism Y sheroridiflg. hediedivm diivewgregmnidtthat roetes kit ng/ r epr oduci ng
apparatus shown in FIG5 includes the nagnetic recording nedium 10 shown in

FIG 1, ardvettitimnediug 1Y atfdgneltd hédaan thatradrss dheproteeistoRgatmdinuh 10, a
magneti c head 12 that records or reproduces information on or fromthe

magneti c ﬁﬁgg | " 'éygﬂntjg ﬂ"’lﬂ d EVZ I es the
magnet i cﬁ%ea gdz"‘%?%f%‘??ve gm% e ﬁl?g%gﬁdcdrggnc%%f %%él%{e P um , and a
recordi ng/ r epr qdugi si.gnal , processin stem 14, [0Q39] The
recor di nﬁ?ag@%}cgﬁﬁ&hﬂ%lg?%ntﬁlth%m@@ir?%r‘i‘\égf@m%lQ:é"ﬂgﬁr ocess data input
fromthe outside and transmt recording signals to the nagnetic head 12. In
addi t i onrecordieg/reprasiuginggignepproeessinggysemrdl processing system 14 can process
reproduction signals fromthe nagnetic head 12 and transmt data to the
out si de. [ 0040]0039]
The recording/reproducing signal processing system 14 can process data input
from the outside and transmit recording signals to the magnetic head 12. In addition,
the recording/reproducing signal processing system 14 can process reproduction signals
from the magnetic head 12 and transmit data to the outside.
[0040]
As the magnetic head 12 used for the magnetic recording/reproducing
apparatus according to the present invention, the following may be used: a magnetic
head that includes, as a reproducing element, a magneto-resistance (MR) element using
an anisotropic magneto-resistance effect (AMR), a giant magneto-resistance (GMR)

element using a GMR effect, or a TuMR element using a turme] effect, and is applicable

to improve recording density.

Examples
[0041]
Hereinafter, the present invention will be described in detail with reference to

examples.
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As the magnetic head 12 used for the magnetic recording/reproducing
apparatus according to the present invention, the follow ng may be used: a
magneti c head that includes, as a reproducing el enent, a magneto-resi stance
(MR) el errent using an anisotropic nagneto-resistance effect (AVR), a giant

magnet o- i l.enen sing a GWR effect, or a TuMR el enent

usi ng a n@%eie%%ﬁe&%@an%%%tﬁ ]iljcabl e to inprove recording density.
Exanpl es [0041] % fter the_present inventjon will be described in
detail with rér*e&ceﬁe erés@aweaeéﬂggkaes TuERHp e thergingvassipaieid e Exanpl e
1) A vacuum chanber haV| ng an HD gl ass substrate set therein was evacuated
to a prpmsmefd)f()ﬁl@ @a)orBs{.Pa) or |less. [0042] Then, a soft magnetic
soft magnetic |ayer that was nade of CoNbZr with a t hi ckness of 50 (nm and

an under | ayergjd@ had the fcc structure and was made of NNFe wth a
t hi ckness of were formed on the substrate in an Ar atnosphere at a

"ot er ed at o 1057 SEC R0 %q?t ARG P IRE AE Btk PG Mo Sl erent
havi ng the bcc structure, and all oys, such as C-B, C-W, C-M, and
Or-Ti (Grcknessel ) @nn()@eﬁﬁeﬂa@rwe@%etrhﬁﬂéhqfcﬁ sanduRaadmies ate of NeFel - 13) . Asa
conparative exanple, the first internediate |layer was made of a Cr all oy
(Cr > 669 thicRnegsarf at(hme were formed on the substrate in an Ar atmosphere at a gas

pressure of 0.6 (Pa) by a sputtering method.

[0043]
A first intermediate layer was made of Ru having the hep structure, an element

Cr having the bec structure, and Cr alloys, such as Cr-B, Cr-Mn, Cr-Mo, and Cr-Ti (Cr

> 60(%)) (Comparative example 1-1 and Examples 1-1 to 1-13). As a comparative

example, the first intermediate layer was made of a Cr alloy (Cr > 60(%)) {Comparative

examples 1-2 to 1-8). In order to mix Cr, the substrate was rotated during a deposition

process. The distance from the rotation center of a substrate holder to the center of the

substrate was 396 (mm), and the number of rotations of the substrate holder was 160

(rpm) during the deposition process. During the deposition process, the discharge

powers of two targets were arbitrarily adjusted to control the Cr concentration in the

layer. The relationship between the film deposition speed and the discharge power of

each target was checked, and the composition of the Cr alloy was calculated from the

discharge power and the discharge time during the deposition process. The thickness

of the first intermediate layer was adjusted to 10 (nm). Then, the second intermediate

layer made of Ru having the hep structure was formed in an Ar atmosphere at a gas

pressure of 10 (Pa).
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exanples 1-2 to 1-8). In order to mx C, the substrate was rotated during a
deposition process. The distance fromthe rotation center of a substrate
hol der to the center of the substrate was 396 (mm), and the nunber of
rotations of the substrate holder was 160 (rpm during the deposition
process. Duri ngo4ahe deposition process, the discharge powers of two targets
were arbitrarily adjusted to control the C concentration in the |ayer. The -

rel ati onshi p between the .fil m deposition.speed and the. diischarge power of
each target was %m@ﬁé&ndgﬁlﬁaﬁ%g&?%@leﬁ H“%Pg‘i%fé%sm&l%y&mﬁgéo al cul at ed
fromthe discharge power and the discharge tinme during the deposition

pr ocess CorhEPHRiQuiand eprotgetiverayer mage of Rresrmbenmaddo Cigssd adj usted to 10
(nm. Then, the second internediate |ayer made of Ru having the hcp

st r uct umerpsadictlar maghdtic regording atediomphere at a gas pressure of 10 (Pa). -19
[0044] In Exanple | and Conparative exanple 1, a magnetic recording |ayer

made of Co- Cr {45pi O2 and a protective layer made of C were forned to
manuf acture a perpendi cul ar magnetic recordi ng nmedium [0045] A |ubricant

the 1 ecor di ng/s SaH s AR BLRd oRE B Bkl P TR BBk PR et 1o
Stand  SRAERELLUETPREN BOFTBNGIES SRS eIt B PEPAIGES TR U Then.
the static magnetic characteristics of the perpendi cul ar magnetic recordi ng
medi um wegoeding wedivm weretgrahiated using@RasdiWiitg Aaphxeat @52, anfl Gpu6$tand
S1701MP available from Guzik Technical Enterprises of the USA. Then, the static
magnetic characteristics of the perpendicular magnetic recording medium were
evaluated by a Kerr measuring apparatus.
[0046]
In order to examine the crystal orientation of a Co-based alloy forming the
magnetic recording layer, the rocking curve of the magnetic layer was measured by an
X-ray diffractometer. In addition, in the examples, for the samples having good
recording/reproducing characteristics, the diameters of the crystal particles of the
Co-based alloy forming the magnetic recording layer were observed by TEM.
[0047]
In order to check the orientation of the first intermediate layer, in Examples 1-1
to 1-13 and Comparative examples 1-1 to 1-5, the first intermediate layer was formed
with a thickness of 20 nm, and the bee (110) orientation of the first intermediate layer
was examined.

[0048)

The measured results are shown in Table 1.

-20 -



In order to exam ne the crystal orientation of a Co-based alloy formng the
magneti c recording |ayer, the rocking curve of the nagnetic |ayer was
nmeasured by an X-ray diffractoneter. In addition, in the exanples, for the
sanpl es havi ng good recording/reproducing characteristics, the dianeters of
the crystal pﬁﬂﬁb?les of the Co-based alloy form ng the magnetic recording
| ayer were observed by TEM [0047] |In order to check the orientation of the

first internmediate,layer, in Exanples, |-1. -13 and Co rative exanpl es
155t 1oe Tt A tr bt S TheR AEBS By eI R Mg SRR PR Ekcmess of 20
nm and the bcc (110) orientation of the first internediate |ayer was

exani ned’as FaA#Q Or gratehbas 8PE), edarameters of BRdarng thethep|srugtire, Spgh [ 0049]  As
can be seen fromthe exanples shown in Table 1, when the content of C was

equal t as SNRgHeatuel A® BonvE@0 (iBprovédie Ipaddinet girk @fstRpatiRldsh@vinge, hcp
structure, such as SNR, He, and A6 50, were inproved. In addition, fine

crystal i 1 I of the crystal

parti cl g%ﬁ(ﬁ)e?ér%uhﬁa%{‘%%g?)g?%fe%b@%%Eg@%éﬁﬁgh%@?%%? éc|Ent ernedi ate | ayer was
made of Cr-B, Ogg/h or O-Ti and the content of each el ement added was

i ncreased, thE 58 k intensity of the bcc (110) crystal plane was reduced.
Finally, the peak is _not observed. That is, it is considered that, when the
content of anVdieaibhiirshiademeriote lavar aves sepdeh Erfe £rMnox Geriigndtheor i ent at i on
is broken, and the characteristics of each paraneter in Table 1 are

| ower edcorient ofeadibglement added was increased, the peak intensity of the bee (110) crystal

plane was reduced.  Finally, the peak is not observed. That is, it is considered that,
when the content of an element added is increased, the bee (110) crystal orientation is
broken, and the characteristics of each parameter in Table 1 are lowered, For Cr-Mo,
since Mo is an element having the bee structure, the bee structure was maintained even
when the content of Mo was increased. Therefore, a diffraction peak was observed as
shown in Table 1. In the fce (111) crystal plane and the bee (110) crystal plane having
hexagonal shapes shown in FIGS. 2 and 4, when the areas of NiF ¢, Cr, and Mo are
calculated from their lattice constants, the area of Cr is substantially equal to that of
NiFe, but the area of Mo is considerably larger than that of NiFe. That is, when the
content of Mo in Cr-Mo is increased, large lattice mismatching occurs between the
underlayer and the first intermediate layer. As a result, orientation deteriorates, and the

SNR is lowered.
(Example 2 and Comparative example 2)
Similar to Example 1, a soft magnetic layer was formed on a glass substrate.

An underlayer was made of NiFe with a thickness of 5 (nm) (Example 2-1), In
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since Mo is an elenment having the bee structure, the bee structure was

mai nt ai ned even when the content of Mo was increased. Therefore, a
diffraction peak was observed as shown in Table 1. In the fcc (111) crystal
pl ane and the bcc (110) crystal plane having hexagonal shapes shown in
FIGS. 2 and 4, when the areas of NiFe, Cr, and Mo are calculated fromtheir
| atti ce aditgnahiyers idhemadeat @foyCobiates bbatiaingioal 0,yaneQoed oft W, #hidh of N Fe,
but the area of Mo is considerably larger than that of NiFe. That is, when

the congent b@feiden o Wi MRich Svas REALRS 8mn RS 4 AlidkneQ dfisi(\smg ching occurs

between the underlayer and the first internedi ate |ayer. result,
ori ent at i-Qn t er4 oraies,~and the.  SNR..i s, owered, l.L.e 2 and

Conpar at'i ver gf;eagb% t§ 72%%) SiT;?leP’fr%]%sgln%ﬁ%lF% 1i¥er§V a&&?@%@ﬁ@‘?ﬁ%& | ayer was
formed on,a glass_substrate. An underlayer was made of NiFe with a

t hi ck nes@lcgﬂe% 0? hPrUEst g6 Brossurs of §.f (Ba), et sacond integpnedisialaye Wasde of

al |l oys obtained by adding 0, 10, and 20% of W which was a bcc elenent, to
Ni , whi chadead Riswitin a tldckreseofit (nnviat b gas priessokenaSld) @h).5 AvwompatEwvanpl es 2- 2
to 2-4). Then, a first internediate | ayer was made of O with a thickness

of 10 ( Ies@xrﬁi_@ﬁaﬁ&@ﬁréﬂéﬁﬁadéfof@qiﬁw(&@ﬁévixgﬂﬂaﬁoﬁﬁ%ﬁ@ﬁrﬂcﬂ&@ww ate | ayer
was mnmade of Ru with a thickness of 10 (n at a'gas pressure of 10 (Pa). As

H | ! P . h
G bt or 8 e R PR RS, UE R RConfteble R R 23,821 P

(Conparative %@ﬂﬁl es 2-1to 2-3). [0051] In order to observe the crystal
orientation of first internediate |ayer on the underlayer, the first
internedi ate | ayers nade of only Cr were forned with a thickness of 20 nm

on the under| dyerdsr Herbsaryetthecregppuisntation of thedosntegmedaelayeppeéher- 1 to 2-4

underlayer, the first intermediate layers made of only Cr were formed with a thickness
of 20 nm on the underlayers having the compositions according to Examples 2-1 to 2-4
and Comparative examples 2-1 to 2-3, and the bee (110) orientation of each first
intermediate layer was examined.

[0052]

Then, similar to Example 1, a magnetic recording layer made of Co-Cr-Pt-SiO,
and a protective layer made of C were formed on the surface of the sample to
manufacture a perpendicular magnetic recording medium. Then, various
measurements were performed, and the measurement results, such as the signal-to-noise
ratio (SNR), coercivity (Hc); and A8 50, are shown in Table 2. In addition, the bee
(110) crystal orientation of the sample having a layer made of Cr with a thickness 20
(nm) was examined, and the value of A8 50 of the Cr (110) crystal plane is shown‘in
Table 2.

[0053]

As can be seen from Table 2, when the underlayer is not provided or when W >
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and Conparative exanples 2-1 to 2-3, and the bcc (110) orientation of each
first internediate | ayer was exam ned. [0052] Then, simlar to Exanple 1,
a magnetic recording | ayer nade of Co-Cr-Pt-SiO2 and a protective |ayer
made of C were forned on the surface of the sanple to nanufacture a

per pendi cdb@s), tegieicintaghet ot Btthgnapdiic thardhieisticy aad the srysrabassttgivmnifs wer e
performed, and the neasurenent results, such as the signal-to-noise ratio

(SNR),  coefeGhidntc fddsddi@N by éoaréﬂawéi‘éc? sﬂ‘Ha\e@asbﬂ lsTaas%ﬁmzs IAE @aﬂct'e k@, the bee
(110) crystal orientation of the sanpl e having a layer made of & with a

crystal pranerel L itk EAPOLAE RS0 HE AR U e B8 ulienthr BT o

when the underl ayer.is |ded or when W> -22 20(9%, the static
magnet i c/ @D’é‘é‘[ PrRivaaL réﬂéﬂ%%@e‘ﬂ?@?@éteé%@fEﬂ@w@?@?sﬁtnéllth%ﬁ Pt ati on of the
magnetic recording |ayer are | owered. The reason is as follows. As can be
seen fromagediicel&tromagnite dusetepiticsrad thaiay staly@ientatian ofithesnagoetihave the fcc
structure, the (110) «crystal orientation of Cr in the first internediate

| ayer is toueligday@nge Iovered.ati c magnetic/ el ectromagnetic characteristics
and the crystal orientation of the magnetic recording |ayer are | owered.
(Exanpl e 3 and Conparative exanple 3) Simlar to Exanples 1 and 2, a soft
magnetic | ayer was forned on a glass substrate. An underlayer was made of
Ni Fe havi hi{‘; truc re vvlt thickness of 5 (nm in an Ar

at nospher Qg?fn ge B’fanﬁi’ Pa) .

Similar to Examples 1 and 2, a soft magnetic layer was formed on a glass
substrate. An underlayer was made of NiFe having the fce structure with a thickness
of 5 (nm) in an Ar atmosphere at a gas pressure of 0.6 (Pa).

{0054}

A first intermediate layer was made of Cr having a bee structure with
thickness of 10 (nm) in an Ar atmosphere at a gas pressure of 0.6 (Pa). Second
intermediate layers made of Ru having the hep structure, Cr having a bee structure, and
Ni having an fce structure were formed on the first intermediate layers with a thickness
of 10 (nm) (Example 3-1 and Comparative examples 3-1 and 3-2).

[0055]

Then, a magnetic recording layer made of Co-Cr-Pt-8i0; and a protective layer
made of C were formed on the surface of each of the samples to manufacture a magnetic
recording medium. Then, various measurements were performed, and the
measurement results, such as the signal-to-noise ratio (SNR), coercivity (Hc), and A8 50,

are shown in Table 3.

[0056]
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[0054] A first internediate |ayer was made of O having a bcc structure
with a thickness of 10 (nm in anAr atnosphere at a gas pressure of 0.6
(Pa). Second internediate |ayers made of Ru having the hcp structure, Cr
having a bcc structure, and N having an fcc structure were formed on the

first internedi aAgcélﬁweesrle@n ﬁbinhrametmmgag%ﬁg th® Sard O d b2 E¥ @Rl Rndibnand

Conpar ati ve exanples 3 and 3-2) 00 Then, a "nmagnetic recording |ayer

made of Co.qy (LS, 02 AP AL B SEALYE: 1L@¥ﬁerma 68 -8l GoWL e, f ajiEd on the

surface of "eac anpl'es facture na et ordirng medi um

Then, vari rements mere perforned, and th surenment ., results, such
as the si g%‘ﬁlmt{e%nerﬁigfit%gg’ii%‘ﬁn@ € SKRyLY ‘:g'ogeésl Ii‘ﬂtl‘)?el%tf‘g) nﬁ%&‘ﬁj hegackgisticsple shown
in Table 3. [0056] -23 As can be seen from Tabl e 3, Ru having the sane hcp
(002) crysthglintomcsiite layenare signiicantlnlowsyed. s Wi the giteratsidints layerds meder bel ow
the magnetic recording layer. Wien the internediate |ayer is nmade of only
Cr, Co is &N, did lept(eek) cayseth] bhec dhakie beeitsd bethedtc (16 hecrysthigflamdbatte | ayer
are significantly [owered. When the internediate |ayer is nade of N, the

hcp (002) ﬂ{a}’a%tt&lsu% GRe N§ gﬁélﬁieh)ﬁtﬁa&%@ﬁs%aﬁ hﬁ‘)sé 6Ethe Mte%&%@ pl ane,

but the aracteristics of the NI 1hternmedi ate layer are | ess than those of
the Ru intg&gpdlate | ayer. [0057) [Table 1] i

[0057]

[Table 1]
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[0059]
[Table 3}
0
First Second o riggltit)io n
g Underlayer | intermediate ! intermediate | SNR ;| He .
ample of magnetic
(structure) layer layer (dB) | (Oe) laver ADSO
(structure) (structure) - 4 )
Example 3-1 | NiFe (fcc) Cr (bce) Ru (hep) 15.8 | 4761 3
Comparative .
example 3-1 NiFe (fcc) Cr (bce) Cr (bee) - | 2541 Nopeak
Comparative . :
example 3-2 NiFe (fcc) Cr (bee) Ni (fce) 13.2 | 4979 3.8
[0060]

The present invention can be applied to a perpendicular magnetic recording

medinm, a method of manufacturing the same, and a magnetic recording/reproducing

apparatus using the magnetic recording medium.
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In Om OE+ NNNNN,~N'y N'".NNic82d p ~'r ~'" 0. aa WW~ WU U~
U[0059] [Table 3] First Second (002) Underlayer internediate internediate
SNR He orientation Sanple (structure) |layer layer (dB) (Qe) of nmagnetic

| ayer AO50 (structure) (structure) (QLaBxamle 3-1 NiFe (fcc) C (bcc) Ru
c) 15.8 4761 3 Conparative NiFe (fcc) O (bee) O (bcc) - 2541 No peak
examle 3-1 Conparative NiFe (fcc) C (bee) NI (fcc) 13.2 4979 3.8 examle
3-2 [0060] 5 The present i nvention can be applied to a perpendicul ar
magneti c recording r}ge %&rﬁe”ﬁ mathog nufa turing the sanme, and a
magneti c recordi zjg/ Fhy ™ ‘f’éﬁcﬂ EPAYPEHEOTHEGHE i ¢ recording

medi um -28 CLAI M5 1 A perpendi cul ar magneti c recordi ng nedi um conpri si ng:
a non-nmagnetic smnrlaa@etlaﬁ@bstrate and

5 at least a soft magnetic layer, an underlayer, an intermediate layer, and a
perpendicular magnetic recording layer that are formed on the non-magnetic substrate in
this order,

wherein the underlayer is a (111) crystal orientation layer having an fce structure,
and
10 the intermediate layer includes a (110) crystal orientation layer having a bee

structure and a {002) crystal orientation layer having an hcp structure in this order.

2. The magnetic recording medium according to claim 1,
wherein the (110) crystal orientation layer having the bee structure includes 60

15  atomic% or more of Cr.

3. The magnetic recording medium according to claim 1 or 2,
wherein the (110) crystal orientation layer having the bec structure includes Cr,
which is a main component, and at least one element selected from a group composed of
20 Pt Ir, Pd, Au, Ni, Al, Ag, Cu, Rh, Pb, Co, Fe, Mn, V,Nb, Ta, Mo, W, B, C, Si, Ga, In, Ti,

Zr, Hf, Ry, and Re.

4. The magnetic recording medium according to claim 1 or 2,
wherein the diameter of crystal particles of the (110) crystal orientation layer
25  having the bee structure is in the range of 3 nm to 10 nm.
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S at |east a soft magnetic |ayer, an underlayer, an internedi ate |ayer, and
a perpendicul ar magnetic recording |layer that are fornmed on the

non- magneti ¢ substrate in this order, wherein the underlayer is a (111)
crystal orientation |ayer having an fee structure, and 10 the internediate
| ayer includes a (110) crystal orientation |ayer having a bcc structure and
a (002) crystal orientation |ayer having an hcp structure in this order. 2.

The magnetic recd.diThg mEgdctioraotididhaguntccdrding td clahdreion t he (110)
crystal orientation |layer having the bcc structure includes 60 15 atom c%

or more of Cr. 3-wﬂe‘i‘&n"ﬂﬁ@ﬂﬂ%@ssro?%(‘i’i@%ﬁ%@ﬂioﬁ@h@ﬁ&?{]ag&{b}%gh%tﬁk@i:c!n' or 2,

wherein the (110) crystal orientation ["ayer having t ructure

i ncludes Cr ' .S, .2 nmain co ent, and at |east one el enent sel ected
froma grou%mg%é%)%g @eor@gﬁmq‘gsgmﬁd, Au, Ni, A, Ag, Cu, Rh, Pb, Co, Fe,
M, V, Nb, Ta, Mo, W B, C S, &G, In, Ti, Zr, H, Ru, and Re. 4. The
magneti ¢ recordi ng nmedium according to claiml or 2, wherein the dianeter of
crystal particles of the (110) crystal orientation |layer 25 having the bcc

structure is in tthe Thamygnefic Bcomingmddummccer@hgso affhenawefgniaiisd todgor di ng
medi um according to claim1l or 2, wherein the thickness of the (110) crystal

orientation |ayeryiitieth AGoft headde®e la§ér dfehd ot thigrefic 1dyer FangemefrpRodm to 50
nm 5 6. The nagnetic recording medi umaccording to any one of clainms | to

S, structure.

10
7. The magnetic recording medium according to claim 1 or 2,
wherein the (111) crystal orientation layer having the fcc structure includes one

alloy selected from a group composed of Ni, NiW, NiFe, NiV, and NiNb.

15 8. The magnetic recording medium according to claim 1 or 2,
wherein the(002) crystal orientation layer having the hep structure includes Ru

or a Ru alloy.

9. The magnetic recording medium according to claim 1 or 2,
20 wherein at least one layer of the perpendicular magnetic recording layer is an

oxide-containing magnetic layer or a layer formed by continuously depositing Co and Pd.

10. A magnetic recording/reproducing apparatus comprising:
the magnetic recording medium according to claim 1 or 2; and

25 a magnetic head that records or reproduces information on or from the magnetic
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wherein a soft nmagnetic |ayer of the soft magnetic |ayer has an anor phous
structure. 10 7. The magnetic recordi ng nmedi um according to claim1 or 2,
wherein the (111) crystal orientation |layer having the fee structure

i ncl udes 0ﬂ§mﬁﬁ@¥ﬁ&ﬁ%ﬁ!ected froma group conposed of Ni, NNW N Fe, NV,
and Ni Nb. 15 8. e magnetic recording nedium according to claim1l or 2,
wherein the(002) crystal orientation |ayer having the hcp structure includes
Ru or a Ru alloy. 9. The nagnetic recordi ng nmedi umaccording to claim1 or
2, 20 wherein at |least one |ayer of the perpendicular magnetic recording

| ayer is an oxide-containing magnetic |layer or a |layer formed by
continuously depositing Co and Pd. 10. A magnetic recordi ng/reproducing
apparatus conprising: the magnetic recordi ng nedium according to claim1l or
2; and 25 a magnetic head that records or reproduces information on or from
the magnetic -30 recording nedium -31
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