DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND PERPENDI CULAR
MAGNETI C RECORDI NG REPRODUCI NG APPARATUS CROSS REFERENCE TO RELATED

APPLI CATIWDSodrd46176ty i s cl ai mned on Japanese Patent Applectarroosoiioss

2004- 316222, filed October 29, 2004. Tt]i s application is an application
filed under 35 U.S.C. 111 (a) claimng ‘pursuant to 35 U.S.C. 11 9(e) of the
filing date of Provisional Application 60/625, 120 on Novenber 5, 2004,
pursuant to 35 U.S.C. |1l (b). TECHNI CAL FI ELD The present invention rel ates
to a magnetic recordi ng nedium usM@ﬂa di sk apparatus and the |ike,
and particularly relates to a per magneti c recordi ng nmedi um and a
magneti ¢ recordi ng/ reproduci ng apparatus which uses the nedi um
BACKGROUNDART Recently, there has been a noticeable increase in the
application of magnetic recordi ng/ reproduci ng apparatus such as magnetic

di sk appar PERBENDIEKLARMNGNEEPRECORDING MERIGIMAND PERPEMNDIGUHIAR. The

i ncreasing inportance of such apparatus is acconpani ed by a demand to
noticeably inprove jAgGNENe RECORHINE/REPRODIRING APPARATPUSI ng nedi a used
in these apparatus. In particular, since the introduction of MR heads and
PRML techni ques, the rise of recordl ng density has increased markedly, and
i nrecent years the introduction of GWR heads, TMR heads, and the |iKke,
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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. §111(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 signal-to-noise ratio (SNR), and high resolution. In

hi t hert o wongedioaei7aal magneti c recordi ng systens were wpdelp2wserizadhen t he
| i near recording density increases, demagnetization field becomes dom nant
and weakens the magnetization in adjacént recording magnetic domains. To
avoid this, the nmagnetic recording |ayer nust be made even thinner. On the
ot her hanrgcentsyeatset ﬁedm%lone@foﬁgﬂ?qélea@yJMRshqadﬁeandhthnrieke,, contégnuer de nal
energy at roomtenperature and the energy barrier for maintaining the
magnet i ¢ thoreases agrape obayiprodimaredynt0l%eadh.yedhi s is said to nmake it

i npossible to ignore relaxation of the recorded magnetization quantity due

the effect of tpnRanekusa dehlaad i@lackibecéventtigher reddiding HehsityBah hitRato,
recording density. In view of this, an anti-ferro coupl ing (AFC) medi um has

recently ongl(]?E%? §ladiet 4 gr%tﬁ%cc%{ﬁ%é'@% %ﬂlcrighatsf}ﬁgﬂ ng 1t{éfagl‘ﬁgﬂ! ng

density o magneti ¢ recor st ens ei ng

made t av.o therm) el.axat i on |ch i bl em ngi t.udi nal
Tagnets o HETRES BB @H&ﬁc g %&gﬁ@é? 1 o4t ifhefo o R At
attractlng attention as a powerful I mprovi ng recordln density in
t he fut urEconding: syatems warg wiggleHsgdo \X(heri dhgyilingen rrRaording fensily iREEeSER. ng
systens, in which the mediumis nagnetized in the in-plane direction,
per pendi cdémagnetizationi field droomics gosymine asd negphens the mageetdhtigrin edjagdiitch i s
perpendi cular to the surface of the nedium It is thought that this nmakes
it possi bfegofdingomagrktic demaldsec s avbiddRiSpHS tldghetid Bordiyl laferirustibe alzgt acl e
to achi eving high

even thinner.

10 On the other hand, as the magnetic recording layer is made thinger, 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 linear 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



| i near recording density in |ongitudinal magnetic recording systens, and is
thereforeideal for high-density recording. Since the thickness of the
magnet i ¢ weyess/@ariobe kept constant, the effects of therowegnsbioess

rel axation, which is problematic in |ongitudinal magnetic recording, are
conparatively small. A perpendicul ar mdgnetic recording nedi um general ly
consists of a seed layer, an internediate |ayer, a nmagnetic recording

| ayer, anided for bighedensity reggueling. wiiinde the éhigknspnokihe seagnitie layeneangbe kept
nonmagneti c substrate. After these |ayers are grown as far as the

pr ot ect i Veonsayg ithe efféctof theimdargagdnlie relaxatiohf whichgplprabderhatic indosgitidacd. | n
many cases, a magnetic filmknown as a soft magnetic under |ayer is

provi ded pRgekReadddihhré 8yapaativelgsmaipose of the internediate layer is to
enhance the characterrstics of the magnetic recording |ayer. The seed | ayer
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orientation of l"ayer gnetic recor

cryst structure of the magnetic recording lLayer is inportant in
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characteristics. In many perpendi cul ar magnetic recording nmedia, the
crystal s3uceessively o atnampggeiia pubstraleor diftel thesy dayarsn areagiospagiofag|as the

cl ose-packed (hep) structure wherein it is inmportant that the (002) crystal
pl ane i s pateativelayen a hibrisathgpt lag¢reissoftehaapplied o ddhsurfager dby miany icgsesypor t ant
that the crystal C axis ([002]) is aligned vertically with as little

devi at i onmagndtieSbkowriayve s6ft, maitieti€ updereydiic ptaidedngitetreathr the ¢aydrg
medi a have an advantage of allow ng use of a conparatively thick magnetic
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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 1ittie 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

control layer containing a non-crystal section, a grain size control layer, and an under

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



cause deviation of the crystal structure during the nmedium stacking
process. One disclosed perpendicul ar nmagnetic recordi ng nmedi umincl udes an
ori ent at iwo 20@nts66 | ayer contai ning a non-crystal sectipomJr2ogozne Si ze
control layer, and an under |ayer having either a hexagonal close-packed
(hep) structure or a face-centered cubi4c(fee) structure, which are provided
between the soft nmagnetic |ayer and the perpendi cul ar magnetic recordi ng

| ayer (e.(fec)stuact shichDue provided betwerndldsg mrag@dt@slextrpeg fergrpandienlar
magneti ¢ recordi ng medi um i ncl udes another crystal MgO fil m having a (100)

pl ane whi mlagheichecadiny 19yer @.d. 6te Paedtdocamieat ate, this crystal MO film
being inserted between a nmagnetic under |ayer and a perpendi cul ar nmagnetic

recording |ayeraf&h&t dis6scdalepindtousad TRanetid recbidifig mdlih@ iHALQUsother
t echni ques have been used in the growmh process in order to obtain a

per pendi cyl ar oy dj I U I I |1,
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to obtain eve etter recordin nd reproduci.n haracterjstics. ,Patent
Docuneht T SLbECs Em SsaisHea! BAPERT SPaB LA R KBS Sb3 PSARRYIoRAT ont
Docunment 2: Japanese Unexam ned Patent Publication No. 2001-23 140
DI SCLOSURRageticiaardingilayet (6.6 semPypptdoqcusient Bl s i nvention, in a
per pendi cul ar magnetic recording nediumattracting attention as a
next - gener at i onThisgivhile varialisrtechhénes hyventsedn ured mcthe grpyeh precessinkogdiényto
i nprove the crystal structure and thereby substantially increase the
r ecor di ngolstainsd #)efpe@cmrmag'neﬁz retgrdifie maiual haling e exdeflledrerstalantuaturg n
control |ayer of a

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,



per pendi cul ar magnetic |layer in a perpendi cul ar magnetic recordi ng nmedi um
this invention ains to provide a perpendi cul ar nmagnetic recordi ng nedi um
whi ch haswbi2bédmerievi ati on of its crystal structure. Toprathrawsoiohes above
objects, this invention provides the follow ng: (1) A perpendicul ar
magneti c recordi ng nmedi um having at | edst a soft magnetic under |ayer, an
orientation control |ayer, a perpendicular_nmagnetic |ayer, and a protective
| ayer , whi whichaee foomad dn @moamagnetegiibstrate. s uble oringationteentsel layaraonsists o6nt r ol

| ayer consists of a plurality of layers including a seed | ayer and an

i nt er nedi aphirdlity of 1dyetninthdirgubsderiddyer ahdan intermediatd layey dronatie substrate
internedi ate | ayer each have a hexagonal cl ose-packed (hep) structure. (2)

The per peggi CUlIRS s@BURRY | 5id M tBE Phiteinlillidte dhyeMeadic BAvH Athekabohd) clo¥pdcRba at
| east one | ayer of the seed layers is a netal |ayer or a |ayer having netal

as its nt. (3) A perpendicul ar nmagnetic recordi ng nmedi um havi ng
at Ieasml@g)g%m%gneti c under l|ayer, an orientation control |ayer, a

per pendi c magnet.i c, | ayer,.and a. protective layer, which.are formed on a
Ponnmghet 43 156 petEapesan maetsicanrauti Bt Ao Rbdp (pb AFRigaCead oRE
plurality of layers including a seed |ayer and an internedi ate |ayer from

t he substlesgreofdhaieed layersda gimetaldayeapes layer hayingmetal psijemain compopgiital | ayer
or a layer having netal as its main conponent, and the internedi ate |ayer
has a hex@yonatrpehdisdapmeRedic(feeq)ingt meditur kavifgipt Ithe psofhengdnaid wnder
magnetic recordi ng nedi um according to one of (1) to (3), wherein the

average gra?«*:r[laﬁ bAent@iort AUBERGel, ayerpehdichial wRagRett 1ayerpad 2protuttivd Byer] he
per pendi cul ar magnetic recordi ng nedium according to one of (1) to (4),
having  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



a seed layer of which the main conponent is the element to which ruthenium
have a contact angle of between 50 degrees and 120 degrees. (6) The

per pendi cwmbanoamagriet i ¢ recordi ng nedi um accordi ng to onecwfypfby/otoas4 5),
wherein at | east one |ayer of the seed |ayer is a nagnesiumlayer or a

| ayer having nmagnesiumas its main component. (7) The perpendi cul ar

magneti c recordi ng nmedi um according to one of (1) to (6), wherein at | east
one | ayeratddast éne layarof thednwtroediatpdayer & @02 arieatidum | ayer or a layer having
rutheniumas its main conponent. (8) The perpendi cul ar nagnetic recording
medi um ao@©pr Ai pgpemliane oiagpdiic trecdrding widrreprodtcihg addvicen evlliety arseofthe he
internmediate layer is (002) oriented. (9) A perpendicul ar magnetic

recordi ngpe?ﬁe#xd{c%mr%gﬁeﬁtgreé&*dhfgqnwumcb&ﬂ&gttb@n@sfmlﬁsi(s;uI ar magnetic
recordi ng medi umaccording to one of (1) to (8). According to this

nvention, 1t g 8RRgk B il fnBhAY qasapog%ﬁ%&srsahé SERGRN r BR AL NG wer

medi um i n which structure rpen i‘cul ar nagnet

in particular,.the axi s af, the hexa eg1:§ed he uct ure,

ori ented EERIAIngHEedi lﬂa"gh%]%%}}ee%? ﬁ\re 8h§'| eg? éc,u;q(f 61‘1&)4“8?‘{ F?é’e% st r at e
surface, and in addltlon t he averagle grain_size of the mag netlc grain

whi ch f orparisidarghe Seards efithsrheregpnal ¢lesq-packed (hePyHEVHE! gﬁqueﬁ@ syl thah e

per pendi cul ar magnetic recordi ng nedi um has excel | ent high recording
density ciapabiekiremelyBiRhdll aRESCR TR @NtOFheT HEbsDRAVWUNGES:, Fing. inladditien, the
cross-sectional structural view of a perpendicul ar magnetic recording
medi um of aviehtig® graiM &¥eid@he 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 is 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 medium 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  a perpendicular magnetic layer 5 whose easy magnetizing axis is mainly perpendicular to



Fig. 2 is a cross-sectional structural view of a perpendicul ar nmagnetic
recordi ng/ reproduci ng apparatus of this invention. BEST MODE FOR CARRYI NG
QUT THE IWwgBhloaby76he content of this invention will beprexrpgbziosend244
specifically. As shown in FIG 1, a perpendicular magnetic recordi ng nmedi um
10 of this invention is conposed by prd@viding, on a nonmagnetic substrate
1, at least the follow ng: a soft- magnetic under |ayer (ISUL) 2, a seed

| ayer 3 athd substrat¢.eantedi protsctive dayen bwhilbn eréantation entzohtlaler censistat efor | ayer
for controlling the orientation of a |ayer directly above, a perpendicul ar
magneti c playity of Winase ishsdingralyn e¢ddzianer Axdnd ihe imedrmediaeelapendi feathahe t ot he
substrate, and a protective layer 6. The orientation control |ayer consists
of a plurglpktde Sfde! ayers including the seed |ayer 3 and the internediate

| ayer 4 fromthe substrate side. Any nonmagnetic substrate can be used as

the nonmagneti Cﬁazgéé%égn%ﬁ% rhfd cﬁﬁ'ﬁf St nﬁtthgn@ﬁﬁr ntgg@%uﬂgﬁgf.el{%:cﬂn th

IS
I nvention, such re-exanpl e, an oy subst avl ng as Its

mai n conponent, such as an,. Al -Mj .alloy, a substrate conpos f normal soda
O nes S ol GRETRSS g gt of it eion st IR BB RT LAy TOREHF un
ceram cs, various types of resin, and so on. O these, A allqy substrates
and gl asshavimsAl of issmainsiemponent puehas anAldMg) alley, a gibstran serapefed 9§ nomal so
on, are nostly used. Wen manufacturing a magnetic disk, it is usual to
firstly csmlanglassd atimyinbsiticatelpdassanencrystati glasd yypes, silicen, i titemnin, earantics,

mai ntai n the adhesi veness of the |ayers, the substrate should preferably be
cl eaned apgigs itfsés RELRIE ah@ETONY Ohthesca e alloy Jitsirateatrd plasd sulbstiaiés wok on

t he substrate size.
as crystallized glass, amorphous glass, and so on, are mostly used.

10 When manufacturing a 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 will 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



Next, each |ayer of the perpendicular magnetic recording nediumw || be
expl ai ned. Soft magnetic under |ayers (SULs) are often provided in

per pendi cwbanoamagriet i ¢ recordi ng nedia. At the tine of prergreiongoassi gnal
on the medium the soft magnetic under |ayer collects the recording
magnetic field fromthe head and effici8ently prints the perpendicul ar
conponent of the recording magnetic field on the magnetic recondingwlayer.
A mat er i abaléreei begweasf thenegonding: repnedugtior chareftesstingcandatheFe®s valiteof) WoZr Nb
all oy, CoTazr alloy, can be used as the material for the SUL. Instead of

t hese si nglagackfsticsradnisigenerhlly betsveemagproximyedy 5 ainr arck 16 @n. where an
ultra-thin non magnetic | ayer such as Ru or the like is inserted m dway of

the SUL to achigyenidthiertRh! %ﬁgﬂ@mhﬁmpQuﬁdr&lnmaylaﬁtme&nﬁbnmg_ afed chgpeat h
| ayers, can be used. Wiile the |ayer thickness of the recording |layer is

appr X1 Ml &l o R ISLRINE dNELANAR 18 Fovided B 1R SofSha UL WaLALELY gfeOr di N

to thebal ance between ng - reproduction teristi t he
over ite.( char eristics. It is.generally between approximately 5
Pun a1 Ao PpP LIy, HRSISDHof S AGHREAL OFiSn VOt FE e IRt S s
controlling the crystal orientation of a filmdirectly above is provided on
the soft wpndnteemediaelayesjiom thysubshiatecsideatsspectivelyt r ol | ayer consists of a
plurality of layers, which are ternmed a seed |layer and an internediate

| ayer from the Ruafesdblpt m shide inventipecithesedegd Ryerf eshabldy hawe t fi kexiagemaht i on,
the seed | ayer shoul d have a hexagonal cl ose-packed (hep) structure or a

f ace- cent gogdpckbd ¢hdp) BRhcsitd OE taUfaCe-céieted RAbRVEEH ORrugtudé, nargli the avbraghe seed

| ayer shoul d be between 8 nmand 20 nm The internediate | ayer has a
hexagonal g ohPg s Bk &d (4RPIhcid BE béthen ThF &REM nm.
10 The intermediate layer has a hexagonal close-packed (hcp) 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 hcp (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 (hcp) 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 (hcp) structure or a face-centered cubic
(fcc) 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



| ayer and the internmedi ate | ayer can both have hexagonal cl ose-packed (hep)
structures. According to this structure, the crystal structure of the

i nt er mediwbeaodsaperieand t he magnetic recordi ng | ayer whi ebTarmosnmesn

t her eabove can be oriented to the hep (002) plane, thereby obtaining a

per pendi cul ar magnetic recordi ng medi uf havi ng excell ent recordi ng and
reproduci ng characteristics. The seed |layer is extrenely inportant for

i mpr ovi ngthetseedhiagereshiouldcheaonectoevhich rerdaci paglernd rptheniudi isdreregsnddudsigrags
characteristics of the magnetic recording layer, and is epitaxially grown

i n a hexagahbl0 ddgreee- packed (hep) structure in the sane manner as the
magnetic recording |layer. The crystal structure of the material used for

the seed layer \Wheh i SsebdViaidri WhichhQubisdiepr BEQ RBhJtBAs ds e¥dganalerystal
cl ose-packed (hep) structure or a face-centered cubic (fee) structure. The

ont act aoariept Rl e ARE A @Rt0 T ARpoR el bty AL B p B0 RE, o,

shoul d. be_at | east 50.. In .p%tig,ul ar in this invention, the el enent which
for ms Y heNfgFrago BB is JipPido LEXEYISRAY  shoul d be one to which contact

angle of rutheniumis between 50 degrees and 120 degrees. \VWen a seed | ayer
whi ch sati sfi esHemedbe @aya@eei gam szeusethe arEags ylamgter obtaifiedt whan dhet he
i ntermedi ate | ayer grown thereupon has very little angle dispersion and the
aver age gmigro-sgucterei of the filmh & dbsetved bpriyr svaniple, tideseissibheleatren ag@ospopy n si ze
I's the average di aneter obtained when the mcro-structure of the filmis
observed bytheflike, @xpipheerade AilsdnisSdetedmiidast statistichlly peeegihg the diameters

of grains which are observed in clear separation. 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



or the like, and an average value is determ ned by statistically processing
the diameters of grains which are observed in clear separation. Wen the
aver age gwei2nocai4gEeof the seed |layer is between 8 nm an#c2Qrzuos/otobes grain
size of the internediate |ayer can be controlled fine. The contact angle is
t he neasurenent of a drop, which is fotéred when a nolten internedi ate | ayer
material is dripped onto the material as a solid state used for the seed

| ayer, ex(hcpksteutters and has argraiot sizenefl apprpximatelie 13 unf. acle ivalse hpproptiatd in
substance, and is generally an indicator of the wettability with respect to
t he i nt er iaditaicenthaysiglot Ra iial80 dEpets.i SWhilkanpuré enagaesiimahatefialt Whout

I nternmedi ate | ayer does not have particularly high wettability with respect

to the maygfidials <o bt N&dSEEAIdyR ainihg nb $es§ At Halflo? n{dgheaiﬁ:m@a}gﬁmmé.

particles when the internmedi ate |ayef is deposited on the seed layer.

Det ai | ed i nvestigat | ¢ 1 h gre [ cpnt act
angl e of bet meﬁ%@%&#@%ﬂs l%ﬁ%&%(@%ﬁgﬁpﬁ Sgﬁ(tgiésfﬁhllseg@ egﬁ%@g e

o ai 1 1 BB OrBHRBRIOAE PAYCHUAEE RIEFr o TR PR HPBr e, o
material to which a internedi ate | ayer material have a contact angle of

bet ween Sliasqelgxesenad slpsa-packgd ghem stiugtupand allosithel meaneticergcerdinglayeded

| ayer material. This type of material is generally listed in data books and
so on. MabmesivwmnegiMdyjallys Simee eeaonybtal ofiertatimt ef thid indrinetiagatayerf basscallych
conditions. An appropriate magnesiumfilmis one which is forned in a

hexagonal dé&brasiflesd @K REIBE Drietatidfit off thedfithghaife fecdfdh® 18yete itols epwemy mat el y
13 run. It is also appropriate in that its contact angle to Ru is 80

Ge8E %, g DU FuTPURSSIUABTN v i 91 s apn g o
I nt er ﬂ?di gis%, }tat}{g I';we(%fagé[ griaisn siige\/(()atn tthle ?&exi’rr?ecfi'aee (flaytep cz(a?r}c {)é g(j)n%ﬂ)tlllex, &8 ré%}ﬁ Sizk he
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 parallel to the surface of the substrate is analyzed.

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



per pendi cul ar orientation of the magnetic recording |layer. The internedi ate
| ayer itself has a hexagonal cl ose-packed (hep) structure and allows the
magnet i ¢ weossdisogsl ayer to be grown epitaxially. SincepChgrznysioals
orientation of this internedi ate |ayer basically determ nes the crystal
orientation of the magnetic recording llhyer, it is extrenely inportant to
control the orientation of the internediate |ayer during nmanufacturing.

Al so, if thedntaueedigie layenand tieanagyetic sording layetingntéored \pbove dhe diffraction
controlled, the grain size of the nagnetic recording |ayer becones

ext r emel ypéakneoresspsidinghe greairpstaloplahdiés mreganeed.c Ineorodsangf bhepeependicnlar
continuously thereupon. It is said that the finer the crystal particles of
the magneliendiRGRESHRY héMbh usidia ToeaAldy! sibe ikl ONAbs {0021 idfecticAt bOthe SNR) .
A thin filmof Ru or an Ru alloy are exanples of material's which are w dely
used as ap_ Jj.ntern ] | i Sf-yi Nt '

vent: onnexeRel SRSk Backed D BT bidhde TR Rt | RE mubdbple Wtace, o o,
an Ru allgy, wth at |east one | r of the inter iate | ayer bein

o ontod (5 nedloset Sagesiints Gno BUE piBhe IS ettt pdiobrie oalcH HagHaS ¢
recording nedia, the crystal structure_ of the nmagnetic recordi ng |ayer has
a hexagonsitated dewardadhe gubsialy sefacgcwvbie keeping dhe Pragg anglarrelatinaship i (002)
crystal plane is parallel to the substrate surface, in other words that the
crystal Cdidfractiof[fd2 khis (@02 ptanngedhé diffrhetiopeintesitii cfutha(0Ql) rpdateiioplotiedh as
little deviation as possible. An X-ray rocking curve nethod can be used to
eval uat e hdyisst HeidEHibM} -anfle 6t 4 YingR difffadtisiepeki. t dHisOR térhrd SURskingt @irves
placed in an X-ray Diffractonmeter (XRD), and the crystal plane which is

paral | el }o R%UlEiL%g:ﬁr\%f ist WRaiRstP SneR e i(éozﬁjfe}(iaéa(éﬁﬁdexu\éhﬁl\/ Paﬁua%pdhe

i ncludes a fti11'm havi a hexagonal cl ose-pack ep) strdcture such asthe

IdIn]E ?; C,?: gl}rl]a%trgt%%gffacae? (%In %Qxﬁra%ﬁ%nt?r&)g& clrve Y g{)tggleld Pieh HE Eih%é{{b%dotatﬂé’ Y@OZ)t he
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 A850 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,0s, 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 Pato 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



peak corresponding to the crystal plane is neasured. In the case of a

per pendi cul ar magnetic recording nmediumusing a Co alloy, since the C axis
([ 002]) dwoectdmanref the hexagonal close-packed (hep) strugbrmsoie4arranged
per pendi cular to the substrate surface, the peak that corresponds to the
(002) plane is nmeasured. Then, the optizal systemis rotated towards the
substrate surface while keeplng the -Bragg angle relationship of diffraction
f rom t hi suged0hilsl asputteTing riethéd e taj Pasma (8 imstherd ntalyebe 884) topdrawethe s

pl otted against the rotation angle for a single diffraction peak. This is
terned a Retkting layet, ierecéntsfearsgh&plaking € VD hvethddsis ahdsally need. Wz thitknds902)
plane is extrenely parallel to the substrate surface; in contrast, a broad

curve is gpygl ﬂ%ﬂ:cﬁﬂ?&y&ﬁ@hdﬁﬂd %etuetweeaf pBF@u&Q@%» minaragdlm IWndﬁlleYerabl

di spersed. Accordingly,’ a ha dt h of "Rocki ng ‘curve (D@®O0) 1S often used

as an | ndb‘rg%teg napd)m)glgl%teﬁif@ ((’if6 A& %rIXé&@I ?Vgée%@@% a@ﬁl 4fm the

per pendl cu I C recor ng nme S | nvent| on, a

per pendi cul ar i.c recordi d| um hayv e easily
Tanuf At ured. ALY 13 et RAEPIoS 3 mETHGH W&?%&Fdwﬁgdﬂ proficifie

| ayer that actually records the S|gnal Co alloy thin films such as CoCr,
CoCr Pt, Campapstususitp thiepergpmiculammagagtichecadmesmediven descahed sbeveas Thie
material for this | ayer. The crystal structure and nagnetic quality of this
| ayer ul t perptmeligulateegneiin eedonding/egppodiicng appdratepshosimcini K. 2 Aomprisgputhter i ng
nmet hod or an RF sputtering method are nornally used to grow the above

| ayers. Whiabgetich@csitigt Bedingh DRShdWEESPEI®@ 1, % iddé¢ Mdied] Bsvhabotids ke to
optim ze the characteristics of each layer, it is generally controlled with

a range Oof,,aRRfa¥ cﬁ:ﬁrngl tedlurh 102 aliRaghefic Read THWhidtSreBSHdY 2h& Pepbllcs @ger vi ng

t he perfornance o

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 a 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,0s5, A,O3+ K;0, MgO + P,0s , and Sb,O3+ ZnO.

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



medi um The protective |layer protects the nedi umfrom danmage i ncurred by
contact with the head. Wile carbon film SO film and the |ike, can be
used, carwonobddsmzss nmostlyused. Wiile a sputtering netlpod/gezoosophasma CVD
met hod may be used to grow the protective |layer, in recent years the plasm
CVvD nmethod is nostly used. The thicknesks of the protective |layer should be
bet ween approximately 1 run and 10 ran, preferably between approximately 2
nm and 6 diamewnds 20mad. |y between 2 nmand 4 nm FIG 2 is an exanple of a
per pendi cul ar magneti c recordi ng/ reproduci ng apparatus using the

per pendi cul ar MEgteh SUL eCOsNbIgwae fhirtned de achickedds ab 0@ nml tie theegubstiate cul ar
magneti c recordi ng/ reproduci ng apparatus shown in FIG 2 conprises the
magnet i ¢ bPEahE LY ufi&G gt thOd SREMhyeR JTiNEe, Mg- B0 AARINACH §héPtvire Hipditeg h
rotates the magnetic recordi ng nmedium 10, "a magnetic head 12 which records
and reprogducgs . data on th . hChyl r di . i tor 13
ani oh rel Bt OBehoyaeb AT EREBRE 12 RIS B0 TRS A ated By RRRE CEBUR 7
recordj ng dium 10, and a recordjng/reproduci Lgnal processing system
14, The.  BCGFeh A8 T BAUREE AEPOSTEMaI op B g Wl ST ErmearaRi ERFBeRl, dat
input fromthe outside and send a recording signal to the magnetic head 12,
and can p? eed3sreapactipelnpd ubwe samplesware mpnfaeteed foreashicsamplgdHere, Ahflmend
data to the outside. For the magnetic head 12 used in the nagnetic

r ecor di ng(happwaeepodital orga retsiram ab fodritanperateret Onrthe bther bap 35 fibh€bdcd use
not only a head which has a nagneto resistance (MR) el enent using

ani sot r opjygs BBWIRED 6n &t ShivkaR WARwAShdaltd th S0OCU ThedrRte RRAdtured WF al so
a magnetic head which is nore suitable for high recording density, such

@]

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-SiO,, 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 Example 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-SiO; and a protective layer of
carbon film, were deposited on the surfaces of the remaining samples to produce

25  magnetic recording media.



as one using a giant nmagneto resistance (GW). {Exanples, Conparative
Exanpl es} A vacuum chanber containing a glass substrate for HD was

evacuat edworoesiMariéee to no nore than 1.0 x 10 5 Pa. Thepgrasmsosuhgis at e
used is made fromcrystallized glass consisting of Li2Si 206, A 203 + K20
MO + P2C65 , and Sh2G3+ ZnO The surfagg¢ roughness Ra is 5A or less, the
outer dianmeter is 65 nm and the innerdianeter is 20 mm Next, a SUL of
CoNoZr was f or ngithitadyausihg ckysedkzedf glaB0 armoftomagheticsursiet datee of\CaNbtidrgaa
sputtering nmethod, seed layers of My, Mg-1 QAl and Ti (hep) were deposited
to a thi Cmaﬂﬁye@fof‘Mgl MlinD afPi@ePheisatd layer 80 Ru3filni; eSpagidticatdordif I8yer oFed

| ayers of 4 nmof Ti (bcc) Ag, and Cu, were dep05|ted on top of a simlar

SUL in Copps Iafﬁt' Sﬁ@z,ﬁﬁr%érgf%c%ve &Qﬁ'c%:boﬁeiﬁﬁle%e'ré’@éﬂ()sneﬁ"o SEARAER wee e

rranufacture for ea anpl re Ti I'm (hep) 'was deposit on

b b
deposi t ec™BHe L t@%ﬁ@ﬁ@%emflﬂémﬁf\?t i Bachs Bolale %)y
t t f Exa t Ex |
Cont | rirealGATHEE HRBIPTHD Wb A2 gﬁgggagp'vg AN R A

using transm ssion electron mcroscopy (TEM. An internediate | ayer of Ru,
a magnet i Exarepleddi ng | ayer of Co-Cr-Pt-Si 2, and a protective |ayer of
carbon film were then deposited on the surfaces of the renmining sanples
t o produce nmagnat lubricatowds ngpliedlita. eddhi of) thesgstaall| ihe etbcgldaggreprdacihg
magnetic under |ayer of CoNoZr, a seed layer of My, an internediate |ayer
of Ru, Wegirddi@ittiee RAGE t @easufedt §ing 3 EheA@®NIE ! pedPerfdiR| Magnetic recording.
Low-frequency output LF TAA, signal-to-noise ratio SNR, and reproduction pulse
10  half-width PW50, 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.



Seed | ayers were nmade using My (Exanple 4),
(Conpar ative Exanple 4, bcc),
An XRD was used to eomfypzaosihivais t he
Ru has a hep structure,
In additi o/, D O of the (002) plane was
Ru were observed

(Exanpl e
5),
crystal

oriented to the (002) plane.
determ ned. The grain sizes of the |nterrred| ate | ayer

6, hep),

usi ng TEMabltién,

crystallized gl ass,

Ti

and Guo(GmnEparat i ve Exanpl e 6).
structure of the internediate |ayer

My- | QAl (Exanpl e 5),

Ti

Ag (Conparative Exanple

a magnetic recording |layer of Co-Cr-Pt-Si2 and a
protective Iayer of carbon film were deposited on the surfaces of the
remai ni ng sanples to produce nmagnetic recording nmedia.Simlarly,

a soft magnetic under

| ayer of CoNbZr,

and i s

usi ng
a seed | ayer of

My film [an 1Tnterfedr ate]Tayer Jof Ru f r’gtalgler’rp NET AGerdg€C Ay €Er] of
Co-Cr-Pt-|SiO, and a profegsdling |sagege © g ] Graim Stamsaf ited.| Seed
| ayers were nmade (Seedipydil) S(rieseenBlram Sizp of] anflue 8 el e 9,
hep), Ti |( Conpar af]i Meteri@x anqfSeed 7, Sepsdeayer g ;rpar h infegrsdifix (nseehd Cu
(Conpar atfi ve Exanpl e 9). | Alvebr|i c&mw V\ﬁ)&p@&@béa]@@l j{ 0 leaeh and the
r ecor di ngi+eprodudi-nrg—eh - St-eSs—pere HRasH-g oF
per pendi culZ#™Mifdgnet i ¢ recording. Low {requency ofit put LF TAA
si gnal - t of estmepie 4r at | MESNR, 'sPd [r ep?®dugt i ondpul se hal’B- wi HE-H2RAEH| 7Rer e
conpar ed aExmepr7esent ati ve pardneters tor the recordi ng/ reproduci hg
charact er| Sxingk.2 The restilts arje listef in Table L. The cfyystgl sftrudture
and the gr akinphisZ¢ Wf-10ahe¢ ochent atiz.on ¢ontrek | ayer, 7undef s.eopespendi|cul ar
magneti c Ia,gxg,;p]eq;nd a protectiveg | ayer, [of Exanple$ 7 to 9| and |Conpargti ve

Example 3

Example 6 Ti hcp 8.2 44 7.9 3.000 |28.5] 7.2

Example 9

Comparative

Example 1

Cg)’(:‘r;a;?:f Ti bee 9.1 45 8.5 3.001 [27.5] 7.8

Comparative

Example 7

Comparative

Example 2

Comparative

Example 5 Ag fee 6.0 7.2 8.5 2.999 [27.4] 7.7

Comparative

Example 8

Comparative

Example 3

Comparative

Example 6 Cu fee 5.2 5.5 8.0 3.093 | 27.7| 7.4

Comparative

Example 9

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 PW50 is small. The results indicate that the perpendicular magnetic recording

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



Exanples 7 to 9 were al so neasured, and the results are the sane as that of
Exanples 1 to 6 and Conparative Exanples 1 to 6, as shown in Table 1. Table
1 Thus, hyousiengémsmateri al having My as its mai n conpomremtspioos/oiones seed

| ayer material, it is possible to introduce an internedi ate | ayer which has
an excellent crystal structure and a vééy fine average grain size, and

t hereby provide a perpendi cul ar nagneti c recordi ng nmedi um whi ch has

excel | ent recor@n i ethet haegyio diomipagativh dixaopssiIs aod 7, |14 0506 pineXs biit the 9,
the crystal orientation distribution is small because of the small D q 50,
and then Liie G817 Rl 46 ke Rls laSreSilBlthe ifiprovehiRid it SRRl pWSY @Ctbrand
PWO0 is s The resul tS indi cate that the perpendicul ar magnetic

recordi ng nedhuns of the Exanples 1 to 9 are suitable for higher recording
denS|ty ot her hand, in Cbnparative Examples 1, 4 and 7, Dq 50 is
smal | but the n .size of is large. As _a result, the |nprovenents of
SNR and PWB0 a?]g%hgtls éﬁaﬁ@ﬂple of @ magnedc éﬁ?owwéfﬂpéo%mg ARRYAREhich uses
recordi ng/ reproduci ng apparatus which uses the magnetic recording nedium 10
havi ngd t hthegnagneticiresoribag micgiah HbbaMing thestreiyreeddseribedoboué. n gl reapagrigtici ng
apparatus conprises the magnetic recording nedium 10 having the structure
descr i bedreabmduey/reprosipting | eppamatusrcohipriskd die mapmitiesret drdingagadiuinc 10 davindi ng
medi um 10, a nagnetic head 12 which records/reproduces data onto the

nmagnet i ¢ #RGALEIURIJERE b BdVe, & sPiRaR M6todal QihidlS rotdRS tHR magnetic recording
recordi ng/ reproduci ng S|gnal proce55|ng system 14. The

recordi ng/r &BBquC' nfha?h&ﬂ:a R ?%e@ﬁil:ﬁ'gre &8&/@%&f§@ﬂat@r 056 She | ARMEeridat a

and send a recording sFgnal e magne and can process a

reproduct| Ie(c):(r)]rdﬁll I?lgclhuInr Pdn atlbegd ggt%erllt%% '15, an%aadre%grd?nn regrl'(l)tdgcmg mgngl 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
recording 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.



Thi s magnetic recordi ng/ reproduci ng apparatus uses a perpendi cul ar nagnetic
recordi ng nedi um which greatly increases the recording density w thout

di st ur bi ngot2b@/@syst al structure, and therefore serves aETIPIBYIBRIL
recordi ng/ reproduci ng apparatus which has a stable | arge

capacity. | NDUSTRI AL APPLI CABI LI TY Accotding to this invention, it is

possi bl e to provide a perpendi cul ar magneti c recordi ng nediumin which the
crystal structure of the perlDeNISTRIAdy ARBGKABLITXyer, in particular the C
axi s of the hexagonal cl ose-packed (hep) structure, is oriented such that
it has extrenel Xccidih t@nigh enebnGPRIis isOpossibld teepulistd pérperflidul@cfagr@tid 1 n
addition, the average grain size of the crystal particles which formthe

per pendi ¢l afdidPRARGLELIN WHRh the c§¥hl §RR e It Bt papehdififariasfendifit an
magneti c recordi ng nedium has excCel |l ent high recording density. CCAFM5 1. A

per pendi cul ar netic recordin I U ] t.| t.a t eLic
under | ayé%‘%“&??‘%? ?Een B0 ?%He *%:%‘ﬁg‘%“gr gﬂog%%?{\ég?%(ﬁﬁgﬁ I c?ﬂllsa?r%e?n%eéinsgl? ﬁérh qttayer,
and aqgrot_jlctive Iai/er, ‘i\/ni ch are forned on a nonmagnetic, substrate

whereith t RS XURMEDT SR GREICoTIsReRyen 1€ Shp SRS Sprfice: and iry additipny tbe
including seed |ayers and internedi ate |ayers fromthe substrate side, and
the seed tveyagegraindgizetnd theewptakprieles whighrferne therpanpandirylag magretifolaser is

cl ose-packed (hep) structure. 2. The perpendi cul ar magnetic recordi ng

medi um acexretiieby fine, ahdiitha perpedBcdammhpectevierardmggmadiuns hae exdelleltehigked

| ayer is between 8 nmand 20 nm 3. The perpendi cul ar magnetic recordi ng
medi um acfRbMinpdddnSitg! ai m 1, wherein at |east one |layer of the seed |ayers
is a netal layer or a layer having netal as its main




conponent. 4. The perpendi cul ar magnetic recordi ng nmedi umaccording to
claim1, having a seed | ayer of which the main conponent is the elenent to
whi ch rutwerbesmsbaée a contact angl e of between 50 degr ees/jamdsd4«degr ees.
5. The perpendi cul ar magnetic recordi ng medi um according to claim1,
wherein at | east one |ayer of the seedi8ayers is a magnesium | ayer or a

| ayer havi ng magnesiumas its nmain conponent. 6. The perpendicul ar magnetic
recor di ngCh#dM3m according to claim 1, wherein at |east one layer of the
internediate layers is a rutheniumlayer or a layer having rutheniumas its
mai n conponent. 7 . The perpendi cul ar magnetic recordi ng nmedi um accordi ng
to claiml1, wherein at | east one |layer of the internediate |ayers is (002)

oriented. 18. A Rejepmndictlé dhagiRaDebdoidihg GREHIMOnAME HERSUH GbAMmAGNKLEE
whi ch uses theperpendi cul ar magneti c recordi ng nedi um according to claim1.

o A ! ; ! ! . .
per p&%ﬁ?&ﬂ){eﬁﬁn RRGHbE c&ﬁl[co?[léyeﬂ% X ngurbgg%%g?@éalakglﬁglgdn Pgog%cttlve

magnetic u ayer, an orientatio ar
magnetj c | ayer,.and rotective | ayer %/nich are fornmed on a no netic
subot rh el tnibisfiice sl o AamgRR G P, Ay BrSn Ui ARG SBROd DX r al | ¢y
of layers including seed | ayers and_internediate |ayers fromthe substrate
si de, at feBRisingha Plughly offlayers inchuding sgesy layers apd ipfermediagy dayesy fram| thyer
having netal as its main conponent, and the internediate |ayers having a
hexagonal substwate-sjkec kel theheepd layersuatduthe .int¢Onedidte Iperpenttilouingra haggenal c
recordi ng nmedi um according to claim9, wherein
close-packed (hcp) structure.
2. The perpendicular magnetic recording medium according to claim 1, wherein
10  the average grain size of the seed layer is between 8 nm and 20 nm.
3. The perpendicular magnetic recording medium according to claim 1, 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, having a
15 seed layer of which the main component is the element to which ruthenium have a
contact angle of between 50 degrees and 120 degrees.
5. 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.
20 6. The perpendicular magnetic recording medium according to claim 1, wherein at
least one layer of the intermediate layers is a ruthenium layer or a layer having ruthenium
as its main component.

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

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

25 8. A perpendicular magnetic recording and reproducing device which uses the



the average grain size of the seed |layer is between 8 nmand 20 nm 11. The
per pendi cul ar magnetic recordi ng nmedi um according to claim9, having a seed
| ayer of wibi2oés/dabemai n conponent is the el ement to whi ebTetdosnioam have a
contact angle of between 50 degrees and 120 degrees. 12. The perpendi cul ar
magnetic recording medi um according tol2laim9, wherein at |east one |ayer
of the internediate layers is_a ruthenium]ayer qr a |ayer having ruthenium
as its maPFPEshptdRrguets recopling MedRAICCHIURE Reddid i-c recor di ng medi um
according to claim9, wherein at |east one |ayer of the internediate |ayers
is (002) BrientAcderpendicalgsempenetic cetadingayedivinchaveng atileagt arsdftr mpgretioci ng
devi ce whi ch uses the perpendi cul ar magneti c recordi ng nedi um according to
claim 9. under layer, an orientation control layers, a perpendicular magnetic layer, and a
protective layer, which are formed on a nonmagnetic substrate, wherein the orientation
5  control layers consisting of a plurality of layers including seed layers and intermediate
layers 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 layers having a
hexagonal close-packed (hcp) structure.
10. The perpendicular magnetic recording medium according to claim 9, wherein
10 the average grain size of the seed layer is between 8 nm and 20 nm.
11. The perpendicular magnetic recording medium according to claim 9, 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.
12. The perpendicular magnetic recording medium according to claim 9, wherein at
15 least one layer of the intermediate layers is a ruthenium layer or a layer having ruthenium
as its main component.
13. The perpendicular magnetic recording medium according to claim 9, wherein at
least one layer of the intermediate layers is (002) oriented.

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

20  perpendicular magnetic recording medium according to claim 9.



