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pursuant to 35 U.S.C. 119(e) of the filing date of Provi sTonaI Application

60/ 625, 120 on November 5, 2004, pursuantito 35 U.S.C. 111(b). TECHN CAL

FI ELD 15 The present invention relates to a nmagnetic recordi ng nmedi um used
in a hard disk apparatus and the |like, and particularly relates to a

per pendi cul ar magnetic recording nedi magneti c
recordi ng/ reproduci ng appar at us whipﬁsggbgﬂ medi um BACKGROUND ART 20
Recently, there has been a noticeable increase in the application of
magneti c recordi ng/ reproduci ng apparatus such as magnetic di sk appar at us,
fl exi bl e di sk apparatus, and magnetic tape apparatus. The increasing

i nport ance OPERPENDICHHAR MAGNETIERECPRAMNG MiDE/M &) BERBENDIGCGARI vy

i nprove the recording density of magnetic recording nedia used in these
apparatusg. | n parti cUMAGNETICRECORDING/REPRODUUCING ARPARATB®ads and PRWML
techni ques, the rise of recording density has increased nmarkedly, and in WO
2006/ 046776 PCT/ JP2005/ 020244 2 recent years the introduction of GVR heads,
TMR heads, and the like, continues to increase at a pace of approximtely

100% each year. Thus theg@ss RePERENEROG RERATEDWPHRYEATIONGEr recording
density than hitherto,

Priority is claimed on Japanese Patent Application No. 2004-316222, filed
October 29, 2004. This application is an application filed under 35 U.S.C. §11i(a)
10  claiming pursuant to 35 U.S.C. §119(e} of the filing date of Provisional Application

60/625,120 on November 5, 2004, pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
15 The present invention relates to a magnetic recording medium used in a hard
disk apparatus and the like, and particularly relates to a perpendicular magnetic recording

medium and a magnetic recording/reproducing apparatus which uses the medium.

BACKGROUND ART
20 Recently, there has been a noticeable increase in the application of magnetic
recording/reproducing apparatus such as magnetic disk apparatus, flexible disk apparatus,
and magnetic tape apparatus. The increasing importance of such apparatus is
accompanied by a demand to noticeably improve the recording density of magnetic
recording media used in these apparatus. In particular, since the introduction of MR

25  heads and PRML techniques, the rise of recording density has increased markedly, and in



and accordingly to achieve a magnetic recording | ayer which has high
coercivity, a high 5 signal-to-noise ratio (SNR), and high resolution. In
hitherto | ongitudi nal nagnetic recording systens were w dely used. Wen the
| i near recording density increases, demagnetization field becones dom' nant
and weakens petization in adjacent recording nagp SRS

avoid this, “t(ge rragnetl c recording |layer nust be made evgﬂl'f’ﬂ. nne? 10 01
t he ot her hand as the magnetic recording layer is nmade thinner, the thernal
energy at roomtenperature and the energy barrier for maintaining the
magnet i ¢ donredens yearp preomahdidien sdn@MRelealls, TIMRshdads, saiddthe dikepkmntintes to

i npossible to ignore relaxation of the recorded nagnetization quantity due

the effect qﬁcréﬁmﬁcabﬁal{p}mhaﬁly fobucdatiaydagn) and limt the |inear
recording density. 15 In view of this, an anti-ferro coupling (AFC) nmedi um

has recently beenThiy MBRSEH d@madd i 5 Rer BEhd: FRIRYRE AcAsRY hdnBEro,
recordi ng density of |ongitudinal magnetic recording systens, and effort

are being mglg ag&,@x@y ¢ L&ﬁ%ﬁ:{;ﬁg%@ﬁé &cgfdﬁl@%'vﬁ{%hv‘ﬁﬁsgh%ﬂeiog?%ﬂﬁp i hnl ques
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which is peggendl cular to the surface of the rredl um IS thou ht that this
nmakes it gRgRetizationafiold becompesedorainprt d weakapm His E‘ég’ieé‘ﬁa“f\ﬁ/nlpc%‘ﬁ’r"§man
obstacle to achieving high 25 linear recording density in |ongitudinal
magneti ¢ r ecedding mageatieemainsd e avdid this, HreanappetoBeedug igr must be made

PCT/ JP2005/ 020244 3 ideal for high-density recording. Since the thickness
of the nagnetvemthiralger can be kept

10 On the other hand, as the magnetic recording layer is made thimlxer, the thermal
energy at room temperature and the energy barrier for maintaining the magnetic domains
approach the same level. This is said to make it impossible to ignore relaxation of the
recorded magnetization quantity due the effect of temperature (thermal fluctuation) and
limit the lincar recording density.

15 In view of this, an anti-ferro coupling (AFC) medium has recently been
proposed as a technique for improving the linear recording density of longitudinal
magnetic recording systems, and effort are being made to avoid thermomagnetic
relaxation which is a problem in longitudinal magnetic recording. |

Perpendicular magnetic recording techniques are attracting attention as a

20 powerful way of improving recording density in the future. In contrast to conventional
longitudinal magnetic recording systems, in which the medium is magnetized in the
in-plane direction, perpendicular magnetic reco‘rding systems magnetize in a direction
which is perpendicular to the surface of the medium. It is thought that this makes it
possible to avoid the effects of demagnetization, which is an obstacle to achieving high

25  linear recording density in longitudinal magnetic recording systems, and is therefore



constant, the effects of thernomagnetic relaxation, which is problematic in
| ongi tudi nal magnetic recording, are conparatively small. A perpendicul ar
magneti ¢ recordi ng medi um generally consists of a seed |ayer, 5 an
internedi ate | ayer, a nmagnetic recording |ayer, and a protective |ayer,

which are g o6aieessi vely on a nonmagnetic substrate, ﬁfﬁﬁgy&m?e | ayers
are grown as far as the protective layer, a lubricating Fayer I's often

applied to the surface. In many cases, a3 magnetic filmknown as a soft
magneti c under | ayer is provided underneath the |ayers. The purpose of the
i nt er nedi at dddab g higisddneite rdeariae. t Bince lar thickesss of the maphetihyeragnée kept10
recording |layer. The seed layer is to control the size of the magnetic

crystal as vghitariSthe effects bF SeAhordgnetid Rldxatior whidheis ipfdbiéRI iatliengitayiagl and
the magnetic recording layer. The crystal structure of the magnetic

recordi ng | gyeheiiSrebdfaRk! #8 bothParatiRIMHAHL Ur i ng a perpendi cul ar magnetic
[ I

recordi ng medi'um havi ng excellent characteristics. In many perpendi cul ar
"ayer has a hexagarrtiapisul BaEhoR'Bordhi Wi echily bl BERCle e DY 0 19
e OOl b o B 169, B W el ot
L et h ol e o BB R SR S ot B v o

a conparatively thick magnetic¢c recording |ayer, they have a 20 drawback t hat
the total tHIreReiBEedaysr. ¢ brigatingdayrettinioficr pppedrtotthe SEfacer elmBamuFASEeAds to
be thicker than that of current |ongitudinal magnetic recording nedia, and
this is |iabnaengiic fibmbsewal ey aapit oragoétict pnser layer igIprevidadcundemesth thenigyerhie

medi um st acki ng process. One discl osed perpendicul ar nagnetic recording

medi um i ncl Uthespuapose of gt intarmediate dater ¢d tol cahance dhon thravkarigtics oftthe ragsdtizl
section, a grain size control layer, and an under 25 |layer having either a
hexagonalld clesedipgtdges (Iihe BPedsibydids tor @nadl the kize f drnhapnedc exykthicasWRl! as

2006/ 046776 PCT/ JP2005/ 020244
the crystal orientation of the intermediate layer and the magnetic recording layer.

The crystal structure of the magnetic recording layer is important in
manufacturing a perpendicular magnetic recording medium having excellent
characteristics. In many perpendicular magnetic recording media, the crystal structure

15 of the magnetic recording layer has a hexagonal close-packed (hcp) structure wherein it
is important that the (002) crystal plane is parallel to the substrate surface; in other words,
it is important that the crystal C axis ([002]) is aligned vertically with as littie deviation
as possible. However, while perpendicular magnetic recording media have an
advantage of allowing use of a comparatively thick magnetic recording layer, they have a

20 drawback that the total thickness of the stacked thin-film of the entire medium tends to
be thicker than that of current longitudinal magnetic recording media, and this is liable to
cause deviation of the crystal structure during the medium stacking process.

One disclosed perpendicular magnetic recording medium includes an orientation
contro! layer containing a non-crystal section, a grain size control layer, and an under

25 layer having cither a hexagonal close-packed (hcp) structure or a face-centered cubic



4 (fcc) structure, which are provided between the soft magnetic |ayer and
t he perpendi cul ar magnetic recording | ayer (e.g. see Patent Docunent 1).

Anot her di scl osed perpendi cul ar nmagnetic recordi ng medi um i ncl udes anot her
crystal MgO film having a (100) plane which is broadly parallel to the

substrate, &b Senemsssieystal MyO fil m being inserted betmegETaPﬂ@§@ 4 C under
see Patent

| ayer and a perpendicul ar nagnetic recording |ayer (e.g.

Docunent 2). Thus, while various techniggyes have been used in the growth
process in order to obtain a perpendicul ar nmagnetic recordi ng nmedi um havi ng
an excel | ent(fee) sticadre, sthiclcare pRyvidet bemeen thesbft magaetidayandnd te perpendieaslar

t echnol ogi cal inprovenents to obtain even better 10 recording and

reproduci ng mimescietsrdiiiofer (S8 ke Patdd Dobmiént 1). Japanese Unexam ned Patent
Publ i cati on No. 2004-30767 Patent Document 2: Japanese Unexam ned Patent

Publ i cation No. 20QdesafRlosdd! eipdridiar Ghaghdi¥ERUdrg Thedidm lificlades @Rbweat Of

this invention, in a perpendi cular nagnetic recording nmedium attracting

attent ! on aS i Nbo SANCARAE (1Uod b€ G 'ﬁ%@ﬁg@bﬁg&%w&%@&&@i fige. to

mar kedly i nprove the crystal® structure and there stantially Thcrease

cont 1ol 1y ar e 980 S Bng REFhT befch h Sl OB i3 ol = "

magneti c recordin magi u this ipventjon ai to provide a perpendicul ar
magneti c rec‘B‘f‘%’i"’H‘g’eﬁ%‘ PgAXER (T Sprkatent F‘é‘ne’agii ation of its crystal
structure. To achieve the above gbjects, this invention provides the
following: (1) A perpavilevarieys taehgiases bave begsyused ip Wﬁ@m’#‘?ﬂ?&wﬁgn grder Wast a
soft magnetic under 25 |layer, an orientation control l|ayer, a perpendicular
magneti c | ayehtain aperrandiewarapagngic reggrding medium having an excellent crystal structure,

there is still a demand for further technological improvements to obtain even better
10  recording and reproducing characteristics.
Patent Document 1: Japanese Unexamined Patent Publication No. 2004-30767

Patent Document 2: Japanese Unexamined Patent Publication No. 2001-23140

DISCLOSURE OF INVENTION
15 It is an object of this invention, in a perpendicular magnetic recording medium
attracting attention as a next-generation high recording density medium technique, to
markedly improve the crystal structure and thereby substantially increase the recording
density.
By scrutinizing the material used in an orientation control layer of a
20  perpendicular magnetic layer in a perpendicular magnetic recording medium, this
invention aims to provide a perpendicular magnetic recording medium which has little
deviation of its crystal structure.
To achieve the above objects, this invention provides the following:
(1) A perpendicular magnetic recording medium having at least a soft magnetic under

25 layer, an orientation control layer, a perpendicular magnetic layer, and a protective layer,



WO 20061046776 PCT/JP2005/ 020244 5 which are fornmed on a nonmagnetic
substrate. The orientation control |ayer consists of a plurality of |ayers
including a seed |layer and an internedi ate |layer fromthe substrate side.
The seed layer and the internedi ate | ayer each have a hexagonal cl ose-packed
(hcp) structyl Spesmachn) The perpendicul ar magnetic recor d;,eg,ﬁﬁg,dw%@ccor di ng
to (1), wherein at least one |layer of the seed layers is a netal layer or a
| ayer having netal as its main conponents (3) A perpendicular nmagnetic
recordi ng nmedi um having at |east a soft nagnetic under |ayer, an

ori ent ati on wificH gre lforhmyi @h,a monpapieicdilsther  Theoedntationapgetro! layed consprsadfect i ve

| ayer, which are forned on a nonnagnetic substrate. The orientation control
| ayer consi st Slu@fityldT 1ayepd incRMidgya @kd lavesn dnictantedigte dayee G@nl By Sibsad an
intermedi ate layer fromthe substrate side. At |east one |ayer of the seed
layers is a (Rt alrhé 34RMNafdr dhd! RY SteddRMial0lafB @kh Aavd b hexdPRhA doeRANREAL, and
the internedi ate | ayer has a hexagonal cl ose-packed (hcp) structure. (4)
The perpendi(ﬁﬂj Arudi@gnetic recording nmedi um according to one of (1) to (3),
wherein 15 3 average grain size of the seed layer is between 8 nmand 20

nm (5 he endi cul ar _magnetic recordin Ium or di one of (1
to (El)? avi( eape%egg"cﬁ%{}Wg%'ﬁm\ﬁgﬁoéﬁﬁ% gl&g‘l %%ggﬂl otﬁg@t’ “?'gr%g]héet?%afte Tent 'Eo)
whi ch rut heni um have contact angl e of between 50,degrees and 120 degrees.
(6) The per JEIAPEEF SreoaeRUE AEnetE CRELR AR AP HEBS RS IGARSOBRAEE (1) to
(5), wherein_ 20 at | east one Jayer of the seed |ayer is a magnesium | ayer
or a layer HaVvAmgmeadicaler meeaatic reearding imediimnbayiagal leastia sefemagnege padeul ar
magneti c recordi ng medi um according to one of (1) to (6), wherein at |east
one | ayer oflaxeneanionicatetienicantie! laxgrer perpendiqulpr meagnetin laxsreandoy prateptivedayehavi ng

which are formed on a nonmagnetic substrate. The orientation control layer consists of
10 a plurality of layers including a seed layer and an intermediate layer from the substrate

side. At least one layer of the seed layers is a metal layer or a layer having metal as its

main component, and the intermediate layer has a hexagonal close-packed (hcp)

structure.

(4) The perpendicular magnetic recording medium according to one of (1) to (3), wherein
15 the average grain size of the seed layer is between 8 nm and 20 nm.

(5) The perpendicular magnetic recording medium according to one of (1) to {(4), having

a seed layer of which the main component is the element to which ruthenium have a

contact angle of between 50 degrees and 120 degrees.

(6) The perpendicular magnetic recording medium according to one of (1) to (5), wherein
20  at least one layer of the seed layer is a magnesium layer or a layer having magnesium as

its main component.

(7) The perpendicular magnetic recording medium according to one of (1) to (6), wherein

at least one layer of the intermediate layer is a ruthenium layer or a layer having

ruthenium as its main component.

25  (8) The perpendicular magnetic recording medium according to one of (1) to (7), wherein



rutheniumas its main conponent. 25 (8) The perpendi cul ar magnetic recording
medi um according to one of (1) to (7), wherein WO 2006/ 046776

PCT/ JP2005/ 020244 6 at | east one layer of the internmediate |layer is (002)
oriented. (9) A perpendicular magnetic recording and reproduci ng devi ce

whi ch uses th&00BffsPNdi cul ar nagnetic recording nmedi um ?E‘Pﬁf'ﬁbﬁgofz& one of
(1) to (8). Accordl ng to this invention, it is possible to provi

per pendi cul ar magnetic 5 recording madlym in which the crystal structure of
t he perpendicul ar magnetic layer, in particular the C axis of the hexagonal
cl ose- packeat lchat pre hyenafitheriatermeadiate iayat ie @2yotierttddat it has extrenely smal |
angl e dispersion to the substrate surface, and in addition, the average

grain size @) WgerRdiCilhc migatic \Motding aimth tdpmdnah@ewxdéumﬁchnas}asemcc | ayer
is extrenely fine, and the perpendi cul ar nmagnetic recordi ng nmedi um has

excel | ent _hipghendOulkaRRitlO kSRS ihaieR RBidind 16 onBBE B 1SR PTI ON OF THE

DRAWNGS Fig. 1 is a cross-sectional structural view of a perpendicular

St uctural eS?LS'JS B Y A B R A S e
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b ovi i g, GRFESHB G REE PLLE ”geaoa%jle# e—paekeﬂéé@é?mﬁﬁﬁfoh%‘tﬁ@ %af?%S?ted ”

magneti c under | ayer SUL 2 a seed layer 3 and an internediate |ayer 4
which for m"ahasOWr@me F‘B"Hl @ngle rdigpersiopeto the substiater Birfars Andhia asidition: ei on of

a layer directly above,
average grain size of the magnetic grain which form the perpendicular magnetic layer is

extremely fine, and the perpendicular magnetic recording medium has excellent high

10 recording density capability.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional structural view of a perpendicular magnetic recording
15  medium of this invention.
Fig. 2 1s a cross-sectional structural view of a perpendicular magnetic

recording/reproducing apparatus of this invention.

BEST MODE FOR CARRYING OUT THE INVENTION
20 The content of this invention will be explained specifically.
As shown in FIG. 1, a perpendicular magnetic recording medivm 10 of this
invention is composed by providing, on a nonmagnetic substrate 1, at least the following;:
a soft magnetic under layer (SUL) 2, a seed layer 3 and an intermediate layer 4 which
form an orientation control layer for controlling the orientation of a layer directly above,

25 aperpendicular magnetic layer S whose easy magnetizing axis is mainly perpendicular to



25 a perpendi cul ar magnetic | ayer 5 whose easy magnetizing axis is mainly
per pendi cul ar to WD 2006/ 046776 PCT/ JP2005/ 020244 7 the substrate, and a
protective layer 6. The orientation control |ayer consists of a plurality
of layers including the seed layer 3 and the internediate |ayer 4 fromthe
substrate siyggbiirRonmagnetic substrate can be used asphhgpRaIRAREt i C
substrate used I1n the 5 magnetic recording nediumof this 1 nvention, such
as, for exanple, an Al alloy substrate #faving Al as its main conponent such
as an Al-My alloy, a substrate composed of normal soda gl ass,

al um nosi | i ahé eulglraes andanpowstiad layeass Thepesentatidni camrol tayearbuwists o€raam cs,
various types of resin, and so on. O these, A alloy substrates and gl ass

substrates sphehlityast Xayets tindthdid€ thegkead Jayer B0 hiph ehieSingrmgdiatealager SO fidfh tiRr e
nostly used. 10 When manufacturing a magnetic disk, it is usual to firstly
clean and drypdhe sigubstrate; simlarly in this invention, to maintain the
adhesi veness of the layers, the substrate should preferably be cl eaned and

dried before form nhm?é.{%ﬁse&sﬁ@%gﬁbﬁssd ad e bibfthhdHeli0 Abeile LA ittt rat e

si ze. Next, each er o er pen magneti c recor |ng medi um wi | |

be 15 expl ai ned Sof nder SULs din
per pendi cul ap gg&gté%lgf?rgmgr 6‘?‘&"58“%‘5‘&?“5” %ﬁs H?re}fe elég?pﬁ’gﬁg Srgl%l gnal
on the nedi soft pmagnetic under IIe stherec

Tgnot o 1 SIRBAL A R EaTPPRGT st PR AT gE Bl d S6Re CFRiEen ot et
conponent of the recording magnetic field on the magnetic, recording | ayer.
20 A mat eri a¥odhglashgpluwinosiigynlase eonsryael @hass dyres. glheqn dHanbEmo CH NS
CoZrNb all oy, CoTazZr alloy, can be used as the material for the SUL.
Instead of tteges typesgifecsimiand soremynddf thesealealloy sabstipies pad/glasssubaeteasech wher e

an ultra-thin non magnetic |ayer such as Ru
as crystallized glass, amorphous glass, and so on, are mostly used.

10 When manufacturing a2 magnetic disk, it is usual to firstly clean and dry the
substrate; similarly in this invention, to maintain the adhesiveness of the layers, the
substrate should preferably be cleaned and dried before forming the layers. There are
no limitations on the substrate size.

Next, each layer of the perpendicular magnetic recording medium wili be

15  explained.

Soft magnetic under layers (SULs) are often provided in perpendicular magnetic
recording media. At the time of recording a signal on the medium, the soft magnetic
under layer collects the recording magnetic field from the head and efficiently prints the
perpendicular component of the recording magnetic field on the magnetic recording layer.

20 A material having soft magnetic characteristics such as FeCo alloy, CoZrNb alloy,
CoTaZr alloy, can be used as the material for the SUL. Instead of these single soft
magnetic layers, a tri-layer structure, where an ultra-thin non magnetic layer such as Ru
or the like is inserted midway of the SUL to achieve anti-ferromagnetic coupling between
above and beneath layers, can be used. While the layer thickness of the recording layer

25 is approximately between 2 nm and 20 nm, it may be set appropriately according to the



or the like is inserted mdway of the SUL to achieve anti-ferromagnetic
coupling between above and beneath |ayers, can be used. Wile the | ayer
t hi ckness of the recording layer 25 is approximtely between 2 run and 20
nm it may be set appropriately according to the WO 2006/ 046776

PCT/ JP2005/ B 02M#046876hal ance bet ween the recordi ng repr oBGEIR28¢5/020244
characteristics and the over wite (ON _characteristics. It is generally
bet ween approximately 5 am and 15 run. 1% this invention, an orientation

control layer,for,contrqlli the cr i (o f i hGRCt |y
above is pr elaﬂ%cdbééwe%%gles%a? ?rd"‘trlggrr?éxfol\ég&g’h él(ra;aicgggétfc.s et?le SIr i‘Jé'ir{% gﬂ@n
control layer consists of a plurality of |ayers, which are terned a seed

| ayer and é’ﬁarf’?rf%ﬁl'ﬁ%dil P§°P§9&€WB%@H@X§¥P§§¥P%%%WT espectively.
Preferably in this invention, the seed |ayer gould have a_hexagonal

cl ose- packed (hcpln daip d&t"iﬂ“@“ora“a°‘?°&’&"é‘9€e?ﬂ“€|'=’€ ayet bioe ng}}mgt byt and
the average grain size of the seed |ayer should be between 8 nmand 20 nm
10 The i nt eroneotetiereof afilm divgelyaatious appravided po the- sofioregnetip gpder davenctliee. The
seed |ayer and the internedi ate |ayer can both have hexagonal cl ose-packed
(hcp) st Buctonientstion dmtrol Biyergeansistsnif s porality todilayers; Mbichrare texined arsewst layex of t he
internmedi ate | ayer and the magnetic recording | ayer which are grown

t her eabove cad ab titémiedintedaler frotthe hidptr{tO6id3, regpearively. t her eby obt ai ning a

per pendi cul ar magneti c recordi ng medi um havi ng excellent 15 recording and
reproduci ng char apte@drhtiy i S - thifh @R, | MY Cteell S 1%t I ROBIMY hav@ o theRdgohr

i nproving the magnetic characteristics and the recording/reproduci ng

characteri st E—gﬁéke&'lﬁcgﬁ%‘é! b of § TeNeR@redailc ﬁ@éjckuiuéuue‘?%&@fé Q«Létr%gggrom

in a hexagona ose- packe hcp) structure in the sane manner as

magneti c re%%iﬂ%i%@g{@é?{eﬁ\}é%{I!-ﬁgﬁnld:ﬂeyl?é\@éen§tnwgﬁﬁdaxn9.f the material used for

the seed | a

10 The intermediate layer has a hexagonal close-packed (hep) structure.  The seed
layer and the intermediate layer can both have hexagonal close-packed (hcp) structures.

According to this structure, the crystal structure of the intermediate layer and the
magnetic recording layer which are grown thereabove can be oriented to the hep (002)
plane, thereby obtaining a perpendicular magnetic recording medium having excellent

15  recording and reproducing characteristics.

The seed layer is extremely important for improving the magnetic characteristics
and the recording/reproducing characteristics of the magnetic recording layer, and is
epitaxially grown in a hexagonal close-packed (hep) structure in the same manner as the
magnetic recording layer.

20 The crystal structure of the material used for the seed layer in this invention
should preferably be a hexagonal close-packed (hep) structure or a face-centered cubic
(fce) structure.  The average grain size of the seed layer should be at least 8 nm, and the
contact angle of the intermediate layer material to the seed layer material should be at
least 50°,

25 In particular in this invention, the element which forms the main component of



shoul d preferably be a hexagonal close-packed (hcp) structure or a

face-centered cubic (fcc) structure. The average grain size of the seed
| ayer should be at least 8 mm, and the contact angle of the internediate
| ayer material to the seed |layer material should be at least 50 . 25 In

particul ar | IS, Lpvention, the el enment which forns th | nent of
VO 2006/ 046§%Lﬂa@f3‘;&2005/ 020244 9 the seed |ayer shoul FCEEP ARl Bt 1

contact angle of rutheniumis between 50gdegrees and 120 degrees. Wien a
seed |l ayer which satisfies these conditions is used, the crystal

orientati on th see Bayenit@uIIEEE dticgo My coglabvdngleneN rethpdiamlia Setweely 50 dédrées angl e
di spersion and 5 the average grain size is |liable to be very small. Here,
the average g8 3pMdsee8. i S the average dianeter obtained when the

m cro-structure of the filmis observed by, for exanple, transm ssion

el ectron m CroSCORyhenOf de g%%éifewhﬁﬂdsaﬁgﬁﬁivﬁ{eéé%omh&&hii§ &, S §odaiby

statistically processing t aneters of grains which are observed in

bet een 51 HeARo) Pt IR rRYEisarts Uit dr kT 18 SRR &
controlkﬁd KLne. The conta.cﬁlié ngle is thﬁ measurenent of a drop, which is
formed when WS2VEHARE 8147 fiERlS @Fg?EeY%EH’ traterial is dripped onto the

material as a solid state used for the seed |layer, expressed as its contact
angl e with the subieEedh®raversge sBpingsisq i% b @xerags diameterg abfaingd | yhegnthe

i ndi cator of the mettabilitgmmdth respect to the internediate |ayer

mat eri al . 15niFiaitricire ofitberfilnm is abagreed by, fasexarpple.itrpnamissian gleetrangRistoseid¥s not
have particularly high wettability with respect to the material of the seed
| ayer, it i oordbslile; andad evaragel vabueds detemhinedhby statidticall ywpronessing thendiemeterdi at e

| ayer is deposited on the seed |ayer. Detailed investigation has reveal ed
that when a ofgirsind ohichavé obsepveddnickat sepagitien. When the average grain size of the

10 seed layer is between 8 nm and 20 nm, the grain size of the intermediate layer can be
controlled fine. The contact angle is the measurement of a drop, which is formed when
a molten intermediate layer material is dripped onto the material as a solid state used for
the seed layer, expressed as its contact angle with the surface of the solid substance, and
is generally an indicator of the wettability with respect to the intermediate layer material.

15  That is, when the material of the intermediate layer does not have particularly high
wettability with respect to the material of the seed layer, it is easier to form fine crystal
particles when the intermediate layer is deposited on the seed layer.

Detailed investigation has revealed that when a material having a contact angle
of between 50 degrees and 120 degrees in bulk is used, these characteristics are

20  maintained in the thin film intermediate layer, and the grain size of the intermediate layer
becomes extremely small. Therefore, a material to which a intermediate layer material
have a contact angle of between 50 degrees and 120 degrees in bulk, should be used as
the seed layer material. This type of material is generally listed in data books and so on.

Magnesium (Mg) is one example of a material which satisfies such conditions.

25  An appropriate magnesium film is one which is formed in a hexagonal close-packed



of between 50 degrees and 120 degrees in bulk is used, these characteristics
are 20 maintained in the thin filminternediate |ayer, and the grain size
of the internediate | ayer becones extrenely snmall. Therefore, a material to
which a internediate | ayer material have a contact angle of between 50

degr ees andv&?&m@&&? es in bulk, should be used as the ;gggpkﬁ%ﬁﬁyagterial
SO on.

This type of material is generally listed in data books an gnesi um
(My) is one exanple of a material which gatisfies such conditions. 25 An
appropriate magnesiumfilmis one which is formed in a hexagonal

cl ose- packedhifp saQ&6:E0MA 1A aRedin kR AT npPRdddely 10 rific i}t isilsdl approsiabnat has a

grain size of approximately 13 nm It 1s also appropriate in that its

contact angligati Brtakbaftie SLRE G0 d¥ibdse I LpiFE SNRHEINIh TRd&dl Hithohd hout
additives can be used, an alloy containing no |l ess than half of magnesiumis

appropri at €. ,3kiged %%g%%,%ald flairflg ﬁohl'le% ti[lﬂlmdf%h[gjrlésiﬁﬁ%daiphfbﬁggﬁfei ci ently

enhance t he pér pendi ¢ orientation o e magnetic reco ayer.

The internediate er, itself as e al. cl -p h styructure
and allows the rraéﬁét’f‘tgn?eedg%? A“,‘Ygé qutf/'{e;l’r fl(1? %RgBelsg?sgg\ﬁo e%%%%’é@%"%u fice the
crystal qrientation of .this internedi gte I %ﬁ%rleasi term nes

I ﬁ?' | Y dcg Ift he
crystal ori SRePHisHanprigntation,of the magnete Kook er 10g intermedigte layep iy
i mportant to control the orientation of the internediate, | ayer during
manuf act ur i fgs ahexagoay clese-pagked Ahen) stguctye and, aldowssthg magpgtic ieeasding daysT © | ayer
can be controlled, the grain size of the magnetic recording |ayer becones
extrenel y fibeegrownepitaxialygr Sines thef crysial oriegration of thivingerdiedigte] layesrbagically
continuously thereupon. It is said that the finer the crystal particles of
t he magnet i adeteemineslithg crgsyatrorientadon rof athe rmaguetis irguuading dayeni geisr @ttiemelySNR) . A
thin filmof Ru or an Ru alloy are exanples of materials which are widely
used as an itdpoitaxiteonaaitral ehel ayaitatidAtdfSthy i ingrdiiae loenduting MBanufaetking.s
i nvention, the internediate | ayer may be stacked froma thin filmof Ru or
10 Also, if the average grain size of the intermediate layer can be controlled, the grain size
of the magnetic recording layer becomes extremely fine since the grains of the magnetic
recording layer grow continuously thereupon. It is said that the finer the crystal
particles of the magnetic recording layer, the greater the signal-to-noise ratio (SNR). A
thin film of Ru or an Ru alloy are examples of materials which are widely used as an
15 intermediate layer satisfying these conditions.
In this invention, the intermediate layer may be stacked from a thin film of Ru or
an Ru alloy, with at least one layer of the intermediate layer being oriented to (002). As
mentioned earlier, in many perpendicular magnetic recording media, the crystal structure
of the magnetic recording layer has a hexagonal close-packed (hcp) structure, it being
20  important that the (002) crystal plane is parallel to the substrate surface, in other words
that the crystal C axis {{002]) is arranged in the perpendicular direction with as little
deviation as possible. An X-ray rocking curve method can be used to evaluate this
property. Firstly, a film deposited on the substrate is placed in an X-ray Diffractometer
(XRD), and the crystal plane which is paralle] to the surface of the substrate is analyzed.

25  When the sample includes a film having a hexagonal close-packed (hep) structure such as



an Ru alloy, with at | east one |layer of the internmedi ate | ayer being
oriented to (002). As nentioned earlier, in many perpendi cul ar nagnetic
recording nmedia, the crystal structure of the magnetic recording | ayer has
a hexagonal cl ose-packed (hcp) structure, it being 20 irrportant that the

(002) cryst 1S parallel to the substrate surfacegp xvords
that the Cr%(%%l{o@i@ﬁa‘&sl s ([002]) is arranged in the perpen |cuﬁ9 |rect| on

with as little deviation as possible. Ay X-ray rocking curve rrethod can be
used to evaluate this property. Firstly, a filmdeposited on the substrate
i s placed i nh@mmtefmediyteDhyef and themeigactic eedRihg lartmichiored wbbal theldiffiactidni ch i s
parallel to the surface of the substrate is analyzed. 25 Wen the sanple

i ncl udes a fihchinchasspbeiing RENROGPAM ShRSR-Hhaeked. (ICHE cid bCh peperdiGaras WO
2006/ 046776 I}SCT/JPZ 05/%g20244 11 tlﬂe internedi ate | ayer and the nagnetic

recording '%@%r eﬁsf&bﬁng%eaaeeﬁ%sﬂg@cglailﬁf agrck e c%z%g@@]y 83R0BR o ghet O t he

crystal plane 1s neasured. In the case of a perpendi cul'ar © nagnetic

r ecor di ng nqgkgééyngﬁi‘{(&g_p?ﬂ%ﬁ (Blgh aceth %Mgfar;gﬁgeag&uﬁ RORL busllcdigGlibaap, Of the

hexagonal cl0S ructure r1s er pendi cu

substrat fac 5 the at rn esponds i S.
rreasured ﬁéﬁpea?(htgao%?ﬁe %fs&'@r@@ Plgig s MeAsYeha brglg'g’t %%gﬁ%gfxsmlssurface
whi | e keepin gan e relationshjp of, diffractio fromtg‘g 002)
pl ane. The dgTafelg tlhf’ltS Lﬁ*\' ‘H%‘:?H‘ém okpeping| the Srags ange irelgtions ‘?'ét t he
rotation angle for a single dlffractlon eak. This is ternmed a Rocking

curve. A siitiffgcyencfomdhis (9623 plage.oblhs diftectpnointansity pOthe (00 plege ilssplétiﬁdr enel y

parallel to the 10 substrate surface; in contrast, a broad curve is obtained
when t he di ragsinsighe oitationeangled®) a sipgladiffractionipdal. y ”lailsslpéerrmd a Rackipg dimigl vy, a
hal f-wi dt h of Rocking curve (A050) is often wused as an indicator of the
degree of th& sharg Reekingrduevit Bt obdainall whire thea0pBnplanxuisagxtienglyepdraiel teder di ng
medi um According to this invention, a perpendicular magnetic recording
nedi um hayi n@ibéraidRirfacé)Gh Qoftadst, Rebremiiurye FRIbULRAWHeRhe direction of the (002)
plane is widely dispersed. Accordingly, a half-width of Rocking curve (A850) is often
used as an indicator of the degree of the crystal orientation of the perpendicular magnetic
recording medium. According to this invention, a perpendicular magnetic recording
medium having a small AG50 can be easily manufactured.
15 As its name implies, the magnetic recording layer is the layer that actually
records the signal. Co alloy thin films such as CoCr, CoCrPt, CoCrPt-O, CoCrPt-SiO;,
and CoCrPt-Cr,QO;, are often used as the material for this layer. The crystal structure
and magnetic quality of this layer ultimately determine the recording and reproduction.
A DC sputtering method or an RF sputtering method are normally used to grow
20  the above layers. While the sputtering gas pressure is determined as appropriate to
optimize the characteristics of each layer, it is generally controlled with a range of
approximately 0.1 Pa to 1.2 Pa. This is adjusted while observing the performance of the
medium.

The protective layer protects the medium from damage incurred by contact with

25  the head. While carbon film, SiO; film, and the like, can be used, carbon film is mostly



15 As its nane inplies, the magnetic recording layer is the |ayer that
actually records the signal. Co alloy thin filnms such as CoCr, CoCrPt,
CoCrPt-O CoCrPt-Si2, and CoCrPt-Cr203, are often used as the material for
this layer. The crystal structure and magnetic quality of this |ayer

ultimately ded slhobbddst he recording and reproduction. A Dgcﬁ/[ﬁ%tsﬁfz&ﬂ? met hod
or an RF sputtering nethod are nornmally used to grow 20 the above [ayers.
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damage i ncurgreiecti) 19RRR fdce yielrs tRplhdigs OVBUmeth¥d is%&ﬂgb@fd.f Thethiskne®s film
and the |like, can be used, carbon filmis nostly WO 2006/ 046776
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per pendi cul ar ma%etj ¢ recordi pg nedi um descrj bed e, perpendi cul ar

gbov . T
magneti c r ecCBHPRIR /“ls‘é‘ﬁr‘gﬂﬁﬁlip ICHH PagNGUC L900THNE Fefium descrbRsl 3HoNE ¢
magneti c recording medium 10 showmn in FIG 1, a spindle notor 11 which

rotates t he Pemegdiculae magnese dpqosding/erpradiging appasgheomm indde 2 somprisehtheecor ds
and reproduces data 10 on the nagnetic recording medium 10, a head actuator
13 whi ch r el megneti¢ yecomiingsmediom Hhghesniio HiGat, a spindle matersPewhich gotates theagnet i ¢
recordi ng nmedium 10, and a recording/reproducing signal processing system
14. magnetic recording medium 10, a magnetic head 12 which records and reproduces data
10 on the magnetic recording medium 10, a head actuator 13 which relatively moves the

magnetic head 12 with respect to the magnetic recording medium 10, and a

recording/reproducing signal processing system 14.

The recording/reproducing signal processing system 14 can process data input
from the outside and send a recording signal to the magnetic head 12, and can process a

15  reproduction signal from the magnetic head 12 and send data to the outside.

For the magnetic head 12 used in the magnetic recording and reproducing
medium of this invention, it is possible to use not only a head which has a magneto
resistance (MR) element using anisotropic magnetic resistance (AMR) as the reproducing
element, but also a2 magnetic head which is more suitable for high recording density, such

20  as one using a giant magneto resistance (GMR).
{Examples, Comparative Examples}

A vacuum chamber containing a glass substrate for HD was evacuated in

advance to no more than 1.0 x 10° Pa. The glass substrate used is made from

crystallized glass consisting of Li»Si»0s, ALO;+ K,0, MgO + P,0s , and SbyOs+ ZnO.

25  The surface roughness Ra is 5A or less, the outer diameter is 65 mm, and the inner



The recording/ reproduci ng signal processing system 14 can process data i nput
fromthe outside and send a recording signal to the magnetic head 12, and
can process a 15 reproduction signal fromthe nagnetic head 12 and send
data to the outside. For the magnetic head 12 used in the magnetic recording
and reprodugidithesiRHeUM Of this invention, it is possiblg-igpMssfQl only a
head whi ch has a magneto resistance (MR) el enent using anisotroplc nmagnetic
resistance (AMVR) as the reproducing elggent, but also a magnetic head which
is nore suitable for high recording density, such 20 as one using a giant
magnet 0 r esidGdrmdierds @MR).. ( Exanpl es, Conparative Exanpl es) A vacuum chanber
containing a glass substrate for HD was evacuated in advance to no nore

than 1.0 X 10-5 Paiext] A&s10l a5Co1bHSWAsfoEneds®h thickidd of 0@ Rin & the lsabsiraiged
gl ass consisting of Li2Si 206, Al1203+ K20, MyO + P205 , and Sb203+ zZnO. 25

{h ?fﬁLL?ngycz‘%g%@’%?%ép%@ﬁﬁ%%%d&%% 3541 MG AMTRA) sl Ao
SUL CoN ' :
asing a spurt 8RR T Ewh ta BxhRPESTRRAD Bk o cdf BYEE REMR, of”Y

deposited t hi ckness of nm. i anpl es .1 and 3. respectiyvely.
Al so, segd Iﬁﬁ?i’ M aﬂ‘féﬁ’nw%? ﬁg’oﬂte‘i?%‘e%xg? gp%ﬂmﬂ%%&dp 89@?%“‘&1‘@ WK‘*& I5n top
of a simlar. SUL in Conparative anples 1, 2 and 3, respectively.. Two
sanpl es wer & #dnsfespectively 1 bwo ST arﬁﬂraépfap@ffg,fgwacbier Plerigs, T
deposited on a substrate at roomtenperature. On the other hand, Ti film
(bee) was dBeR)Svas dapasiiediomasubsirpie @t KO WRDEHEH Orbe olgr hapdgBoidm (hee)
crystal structures of Exanples | to 3 and Conparative Exanples | to 3 were
confirnmed usiasgieposits®Rbn altiwe siifstrgteavincls wae beaséd ®aild°Cedtic koye! smetresadfser ved
usi ng transm ssion el ectron m croscopy

Examples 1 to 3 and Comparative Examples 1 to 3 were confirmed using an XRD. The

10 grain sizes of each seed layer were observed using transmission electron microscopy
(TEM).

An intermediate layer of Ru, a magnetic recording layer of Co-Cr-Pt-Si0O, and a
protective layer of carbon film, were then deposited on the surfaces of the remaining
samples to produce magnetic recording media.

15 Using crystallized glass, a soft magnetic under layer of CoNbZr, a seed layer of
Mg, an intermediate layer of Ru, were then deposited in the same manner as Example 1,
Seed layers were made using Mg (Example 4), Mg-10Al (Example 5), Ti (Example 6,
hep), Ti (Comparative Example 4, bcc), Ag (Comparative Example 5), and Cu
(Comparative Exampie 6). An XRD was used to confirm that the crystal structure of

20  the intermediate layer Ru has a hcp structure, and is oriented to the (002) plane. In
addition, AB50 of the (002) plane was determined. The grain sizes of the intermediate
layer Ru were observed using TEM.

Then, a magnetic recording layer of Co-Cr-Pt-Si0; and a protective layer of
carbon film, were deposited on the surfaces of the remaining samples to produce

25 magnetic recording media.



(TEM. An internediate |layer of Ru, a magnetic recording |ayer of
Co-Cr-Pt-Si2, and a protective layer of carbon film were then deposited
on the surfaces of the renmaining sanples to produce nagnetic recording
media. 15 Using crystallized glass, a soft magnetic under |ayer of CoNbZr, a
seed | ayer oWO2R§M4¢H6 | nt er medi ate | ayer of Ru, were t herPdEFBYFP¥E4i n t he
sanme manner as Exanple 1. Seed |ayers vvere made using My (Exanple 4),

My- 10Al (Exanple 5), Ti (Exanple 6, hcp t Ti (Corrparatlve Exanpl e 4, bcc),

(o confirm that traapgs ity uelesd OB 35BN ARt TR, e PR 00

hcp structure, nd i nted to t 002 . In —additiqn, ,A050_of the
(002) plane 5 6F W&@ arnistegnegiie seet By Wi ahenfireisordibe i of R
wer e observed using TEM Then, a nmagnetic recordl ng, | ayer of Co-Cr-Pt-Si 02
and a pr ot ecCoda-Rtdjar aﬂﬁapéfﬁ?%'dﬁ 1ayey of caghopdilme yersideaepitsd: ¢ dred dayersawae of
the remai ning sanples to produce 25 magnetic recordi ng media. WO

2006/ 046776 P@d¢ M@0 MDAGRample 1), SMle)gﬂ|(9£xamlen§),cﬂ"y§5aamn12eﬁ Wrsdi a
soft magnetic under | ayer of CoNbZr, a seed layer of My film an '

i nt er medi at e (Cayparatoe Exandple M bec)nﬂgr‘(éiomanaﬁemtﬁdhmglel 8y end €fu (Comp@ratiPe - Si O2,
and a protective |layer of carbon film were deposited. Seed | ayers were
made using Mgxgdpia9ple 7), My-1OAl (Exanple 8), Ti (Exanple 9, hep), Ti 5
(Conparative Exanple 7, bcc), Ag (Conparative Exanple 8), and Cu

(Conparative Exangl gbddant AvdsUBpiiRanio ¥Rh 8P Rhds€dahd tﬁ‘é‘(‘ré’boﬁiméé&%&ﬁucxﬁ@d the
recordi ng/ reproduci ng characteristics were neasur ed using a for

per pendi cul ag,RgaRRtiES Werd Malkitdd using a head for perpendicular magnetic recording.

Low-frequency output LF TAA, signal-to-noise ratio SNR, and reproduction pulse

10 half-width PWS50, were compared as representative parameters for the
recording/reproducing characteristics. The results are listed in Table 1.

The crystal structure and the grain size of the orientation control layer, under a

perpendicular magnetic layer and a protective layer, of Examples 7 to 9 and Comparative

Examples 7 to 9 were also measured, and the results are the same as that of Examples 1

15  to 6 and Comparative Examples 1 to 6, as shown in Table 1.



Low-frequency output LF TAA, signal-to-noise ratio SNR and reproduction
pul se 10 hal f-wi dth PWh0, were conpared as representative paraneters for the
recordi ng/ reproduci ng characteristics. The results are listed in Table I.
The crystal structure and the grain size of the orientation control |ayer,
under a perpendi r magnetic |ayer and a protective | nples 7
to 9 and Co a&g{@\%ﬁ Exanples 7 to 9 were al so rreasuredﬁé{ﬁjp&mghé@ﬂsul ts
are the sane as that of Exanples 1 15 tj@ 6 and Conparative Exanples | to 6,
as shown in Table 1. WD 2006/ 046776 PCT/ JP2005/ 020244 15 Table I Crystal
Orientationpyenage Crystalline Average Distribution 4050 Grain Size of LF
Seed layer Structure Grain Size o Ru SNR PW60 of Ru Internedi ate TAA
Mat eri al of Seed Seed Layer Layer Internediate (nV (dB) (nsec) |ayer (nm
hcp (002) peak, () Layer ) nm Exarrple I Exarrple 4 |vg hcp 13.0 4.3 7,8 3.012
28.5 7.0 ampte—7Exanpt¢ 2 Exqmpte ST T0A TepARagE 473777 3-020 28.6
7.1 Exanplg¢ 8 Exam|l 3 € [crystalline] Average %‘?’St:ﬂ Ofnentanon Grain Size of
o o istribution A850 LF
Seed layer | Structure {Grain Size of]

. Ru SNR | PW50
Material of Seed | Seed Layer of Ru Intermediate Intermediate T (dB) {(nsec)
Layer {mV}

layer (nm) Layer

hep (002) peak, ( °) (nm).

—{D—

Example 1
Example 4 Mg hep 13.0 4.3 78 3.012 | 2857 7.0
Example 7
Example 2
Example 5 | Mg-10Al hep 13.0 43 7.7 3.020 12861 7.1
Example 8

Example 3
Example 6 Ti hep 82 44 7.9 3.000 |285) 7.2

Example 9
Comparative
Example 1
Comparative
Example 4
Comparative
Example 7
Comparative
Example 2
Comparative
Example 5
Comparative
Example 8
~Comparative
Example 3
Comparattve
Example 6
Comparative
Example 9

Ti bee 9.1 4.5 8.5 3.000 [ 275] 7.8

Ag fee 6.0 7.2 8.5 2999 | 274 7.7

Cu fee 5.2 5.5 8.0 3.093 {277 74

Thus, by using a material having Mg as its main component for the seed layer

5 material, it is possible to introduce an intermediate layer which has an excellent crystal
structure and a very fine average grain size, and thereby provide a perpendicular
magnetic recording medium which has excellent recording and reproducing
characteristics. In Examples 1 to 9, the crystal orientation distribution is small because of

the small A 050, and then the grain size of Ru is small. As a result, SNR is improved

10 and PWS50 is small. The results indicate that the perpendicular magnetic recording

mediums of the Examples 1 to 9 are suitable for higher recording density.



Exam Ti hcp 8.2 4.4 7.9 3.000 28.5 7.2 Examle 9 Conparative Exanple I
Conparative Exanple 4 Ti bcc 9.1 4.5 8.5 3.001 27.5 7.8 onparative Exanple
7 Conparative Exanple 2 Conparative Exanple 5 Ag fcc 6.0 7.2 8.5 2.999
27.4 7.7 Oorrparative Exanple 8 Conparative Examle 3 Conparative

Exanpl e 6 CuypS @4%755 5 8.0 3.093 27.7 7.4 Conparative ﬂ?gzjgpdogmgzgghus by

using a material having My as its nmain conponent for the | ayer
material, it is possible to introduce anygnternedi ate | ayer which has an
excel | ent crystal structure and a very fine average grain size, and thereby

provi de a per pendi Onlthrlothefbgii i CompaativdiBxgmprdil parewd7,cA oG iseman buethé
recordi ng and reproducing characteristics. In Exanples | to 9, the crystal

orientation gigt LLDWE RN firgtMBls!a REGRURE iflbrovements of SNR and PWS0 are not

enough.
FIG. 2 is an example of a magnetic recording/reproducing apparatus which uses
5  the magnetic recording medium 10 having the structure described above. The magnetic
recording/reproducing apparatus comprises the magnetic recording medium 10 having
the structure described above, a spindle motor 11 which rotates the magnetic recording
medium 10, a magnetic head 12 which records/reproduces data onto the magnetic
recording medium 10, a head actuator 13, and a recording/reproducing signal processing
10 system 14. The recording/reproducing signal processing system 14 can process input
data and send a recording signal to the magnetic head 12, and can process a reproduction
signal from the magnetic head 12 and output data.
This magnetic recording/reproducing apparatus uses a perpendicular magnetic
recarding medium which greatly increases the recording density without disturbing the
15 crystal structure, and therefore serves as a magnetic recording/reproducing apparatus

which has a stable large capacity.



the small 0 0 50, and then the grain size of Ruis small. As a result, SNR
is inproved 10 and PWh0O is snmall. The results indicate that the
per pendi cul ar magnetic recording nediuns of the Exanples | to 9 are

suitable for higher recording density. ................... .. WD 2006/ 046776
PCT/ JP2005/ Q2836 04dBs On the other hand, in Conparative EgggBpfss026s and
7, 4 050 is small but the grain size of Ruis large. As a result, the

i mprovements of SNR and PWh0 are not enopgh. FIG 2 is an exanple of a
magneti ¢ recording/ reproduci ng apparatus which uses 5 the nagnetic

recordi ng medi um 10 havi ng t he [RIDUSTRIAG. APEPCIARNY [&yove. The magnetic
recordi ngi reproduci ng apparatus conpri ses the nagnetic recordi ng nmedium 10

having the struct i " L:adl ro.1 [ ot at t he
magnetic recordi nd&l&ﬁggﬁgﬁé Pgsﬂ'é‘%ﬁgeg{rﬁel% ?Scpscﬁgg% %2&&}?%3 i %ﬁé@#é‘e@?@%ﬁ%es
data onto the magneti¢ recordjng nedium 10, a_.head actuator 13, and a.
recor di ng/ r SBFVEINE TR ‘EP’g’r’i'a‘Vhlﬁif‘ Seeerystal S uLg of B?‘ﬁ H@gpenﬁppéﬁa: magnetic layer, in
recordi ng/ reproduci ng signal processing system 14 can process input data
and send a rpectoudarthe € grislof the hexeganabelesd-packed ¢hep? stragturec roripntedesish shat
reproduction signal fromthe magnetic head 12 and out put data. This

nmagnet i ¢ 51 eGEMES REHEMEIOSHSN RAgiR PG IS tdI HRS sdbsalePRRFACE LRl i BANIRbA, Cthe
recordi ng medi um whi ch greatly increases the recordi ng density w thout

di st ur bi ‘ , y
recor ai ngtr cheRe i EEM M QY iio® n AT Bl AEIERI I OAGR

2006/ 046776 PCTI JP2005/ 020244 17 J.NDUSTRI AL, APPLI CABI LI TY
extreme‘ll:;r %ne, ant? %he perpendicular magnelfic recordx%% mef!hum has excellent high

j recording density.

N



According to this invention, it is possible to provide a perpendicul ar
magnetic recording nmediumin which the crystal structure of the

per pendi cul ar magnetic layer, in particular the C axis of the hexagonal

cl ose-packed (hep) structure, is oriented such that 5 it has extrenmely smal
angl e dispersion to the substrate surface, and in addition, the average
grain size of the crystal particles whi¢kh formthe perpendi cul ar magnetic

| ayer is extrenely fine, and the perpendi cul ar nmagnetic recordi ng nmedi um
has excellent high recording density. ~_ 18 CLAIMS 1. A perpendicul ar
magnetic r éi%ﬁkgg medi um having at | east a soft magnetic under |ayer, an
orientation | ayer, a perpendi cul ar magnetic | ayer, and a protective
| ayer, which are formed on a nonnagnetic substrate, wherein the orientation
control layer conprising a plurality of |ayers including seed | ayers and

i nternnedi atke | ayepgpé Ztrﬁ@agnsub@mrdtne magddian hariag etHeass @ seft magratic uadl t he

| nter redi atig, | ayer GRG0 N 19e S EXRNRNAL mELRREHRAC K LRERL SLIYCt Ure,

at | east one’Tayer € |n ayers Aeni ayer
| ayer havi nghick s Heiiad onaisndnbtigidicrsubQmpo naelein théldnéﬂiﬁuﬁleﬁdtrb]ayﬁfr has t he
mai n conponent consi ting f t he ﬁ@ﬁnent havi ng a contact of between

50 degrees SOHWPTISIAG ady ﬂadc'fsdt‘ peipged Javenypid ptpeadinte 13 D’%{F : Btic

recor di ng n&giim gﬁ&'th@geédq nf ré‘hﬂiﬂ tte lﬁttt%teeiatt 15!?& AT ANE a%@f&‘dg@nﬁ' ze of
the seed layer is bétween 8 n rim 3. The perpendi cul ar magnetic

recordi ng nédrﬂnﬂaddbndmhgmnm,clalntl mhereln at least one layer of the
seed | ayers Is %t [ngst onell y% of tBe 1n(’-tlenne¥1a{e 19}?&:\1% 189 n&t%t?iltlmalayért()? a 'irtiaylep hav?n%nponent

ruthenium as its main component, and
the seed layer has the main component consisting of the element having a contact

angle of between 50 degrees and 120 degrees to ruthenium.

2, The perpendicular magnetic recording medium according to claim 1, wherein the

average grain size of the seed layer is between 8 nm and 20 nm.

3. The perpendicular magnetic recording medium according to claim I, wherein at
least one layer of the seed layers is a metal layer or a layer having metal as its main

component.

4. The perpendicular magnetic recording medium according to claim 1, wherein at
least one layer of the seed layers is a magnesium layer or a layer having magnesium as its

main component.

5. The perpendicular magnetic recording medium according to claim 1, wherein at

least one layer of the intermediate layers is oriented along (002) cyrstal plane.

6. A perpendicuiar magnetic recording and reproducing device which uses the

perpendicular magnetic recording medium according to claim 1.



4. The perpendi cul ar magnetic recordi ng nedi um according to claim1l1, wherein
at |east one |layer of the seed |layers is a nmagnesium | ayer or a | ayer
havi ng magnesiumas its rmain conmponent. 5. The perpendi cul ar magnetic
recordi ng nmedium according to claiml , wherein at |east one |ayer of the
internediate layers is oriented along (002) cyrstal plane. 6. A

per pendi cul ar magnetic recordi ng and repPoduci ng devi ce which uses the

per pendi cul ar magnetic recordi ng medi um according to claim1. 19 7. A

per pendi cul ar magnetic recordi ng medi um having at |east a soft magnetic
under | ayep, a”A‘iS'éiy%H&@ﬁlﬁxﬂ GRAE ERbrd A G dumhaPEERERAL U AlmdRERCde: | veT
and a protectiv er Ich are orﬁb on a nonmagnetic substrate,

wher ei n t helayen an@m@n@mn@omtmldhyekay@E@emho.ri&i rsag'nmjc bfyeraamd apaitdctiye lafyed ayers

i ncl udi ng se a nd i nt er nedi at e fromthe . subst te si de, at
st ong © 53k s rmel S pORARE pbSuniereis HRTHen gt Faid Bt g et

as its mai n:GRARIHSM pluriiey M’l@yéré‘ﬁm@!uﬁﬁl@'s@&ﬂa @Y I BInRAMENGteda REXRER AR
cl ose-packed (hcp) structure,” at | east one layer of the internediate |ayers

is a rut henmhﬂrattayidp,a@ieaa qna;l@rer hEte aepd laygrsie ninuaial dayer pwsa bﬁrslrhacymgpnfﬁént and
Lhe Seed | ek AR chARa TRl 16 AIRNERLy SR NShS 0, Bk Bl GREL 1AV N0

contact anglé Fees and €ees ALdm. 8. The
per pendi cul gicpyRgiogird,C recordl ng medi um according to claim7, wherein the
average grain size of the seed layer is between 8 run and 20 nm 9. The
per pendi cul ar nmegheast enerlayes of thegnieaendists kyes ith Rhenge [aypnerz laygs dpeng at

| east one | gugd, henhnts tegqlayers is oriented along (002) crystal
pl ane. 10. A pSPgi% Fﬂ %§8ﬁ2?|§ recordi ng and reproduci ng devi ce which
uses the per penite scﬁddayanhgmﬂab in@in enopatemgonestingmfaltcdedentdatios alcantat 7.

angle of between 50 degrees and 120 degrees to ruthenium.

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

average grain size of the seed layer is between 8 nm and 20 nm.

9. The perpendicular magnetic recording medium according to claim 7, wherein at

least one layer of the intermediate layers is oriented along (002) crystal plane.

10. A perpendicular magnetic recording and reproducing device which uses the

perpendicular magnetic recording medium according to claim 7.



