13 Cctober 2006 PERPENDI CULAR RECORDI NG MEDI UM METHOD F ) 53(%“256\&6 THE
SAME AND MAGNETI C RECORDI NG APPARATUS Technical field Tth% S9Nt
invention relates to a perpendicul ar recording nedium the method for
produci ng the same and a magnetic recordi ng apparatus; and nore :
specially to the construction of a perpendicular recording medi umthat

i nproved its recording and reproducing characteristics by incorporating
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the sane and a nmagnetlc recordi ng apparatus having this nmagnetic

recor di MNPRINGNETHNRECQRDINGAIRARAIUSr recording nediumrel ated to the
present invention is preferably used in hard di sks and nagnetic tapes.
Background Art Lately magnetic recording nedia are widely used in hard

di sk driTrepicgdfield hi gh density recording nediumof a large capacity. And
in order to further enhance density, inprovenents in their recording and
reproduci ng.characteristics and redyction of chrgonol ogi cal changes in
monet | sat VR PARGT SO TP AR PR R B it T AHORE S B oduct
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attracting attention. Figs. nd 10.are schematic views of hard_ di sk
epr osertiri il elineandfin et Brodn & SRR P i RE sBn ittt 0 o
a per speutorppeitivg 2wdeflayer lpeinp exvdilapti¢harncterstcoy the mgthned dfil produciag the Fange. and@ i s a
schematig GF SEELI L8 -Lqm% h ' = A knaFig. 9.
The nagne@?qcﬁéggrdfhg ng%i%h1 dﬁ%ho_ &ﬁﬁe%%ﬂgfng&gﬁd #%gﬁﬁ%nggga base
subst r attecopding wesdio sdatedoP the proventaigyrationcis peefasztibansed dn basd disksagdeandgoetic
under | aygdes 93 formed on this base substrate 92, a underlayer 94, an
“internediate |ayer 95, a magnetic |layer 96 and a protective |ayer 97. The
per pendi cul ar recordi ng medi um 90 of this exanple conprises, for exanple,
a base Bdikgbumf£t92 conposed of glass, a soft magnetic underlayer 93
conposed of Fe - N. |lam.nated on .said glas ase substrate .92, a,
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mul tiple r:S.. Of . Iy i J.aver 97 bon
ond. t he 1 PR cnfd e 00 BuBbI bRk et n GATROARG B B0,
The t ypiafatl intshiaipaéds mafinep goid ds @ympdurtssaiding ihase- re@u@@ents rief parpendieulasof t
magnet i CrelRAer heiRl is Ractihg Seflion. 2 run for the underlayer (17O 94, 2 nm -
5rimfor the internediaté |ayer (Pd) 95, 10 rim- 50 nmfor the

magneti c | BgeP 2pdd ¥ pgmsticievs ofd brd digh perpsegtne agrsgampls phihe pepryndicylah, f or
the protegkdivpanddayer 97. It should be noted in addition that the
protective_l ayer 97 not sho may sonetinmes be cover pth fluorjc
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cross sectional view along the lines A — A as shown in Fig, 9.

-

The magnetic recording medium 90 shown in Figs. 9 and 10 comprises a base substrate 92
composed of a nonmagnetic material, a soft magnetic underlayer 93 formed on this base substrate 92,
a underlayer 94, an intermediate layer 95, a magnetic layer 96 and a protective layer 97.

The perpendicular recording medium 90 of this example comprises, for example, a base
substrate 92 composed of glass, a soft magnetic underlayer 93 composed of Fe — Ni laminated on
said glass base substrate 92, a underlayer 94 composed of for example indium-tin oxide (ITO), an
intermediate layer 95 composed of Pd, a magnetic layer 96 composed of multiple layers of Co/Pd
and a protective layer 97 composed of carbon and the like laminated successively on the soft
magnetic underlayer 93. The typical thickness of each layer is 200 nm — 3,000 nm for the soft
magnetic underlayer 93, 1 nm — 2 nm for the underlayer (ITO) 94, 2 nm — 5 nm for the intermediate
layer (Pd) 95, 10 nm — 50 nm for the magnetic layer (multilayered film of Co/Pd) 96, and 3 nm — 20
nm for the protective layer 97. It should be noted in addition that the protective layer 97 not shown

may sometimes be covered with fluoric lubricants such as perfluoropolyether and the like.



Wth regard to hcp - CoCr alloys that have | ong been studllgq)cfto%r éb%ﬁ
the perpendicul ar recording medium efforts have been made to search for
materi al s having a hi gher perpendicular nagnetic anisotropy fromthe

vi ewpoi nt of magnetization stability at high tenperatures. As one of
such materials, said Co/Pd nultilayered mediumis nentioned. The Co/ Pd
multilayered filmnmedium is known to have a hi gh perpendi cul ar nagnetic
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Pd, and is noted as a recording rrewmo? /in2 or nore. Due to a

st rong rEFgRERE Bedihy SHptghave, BWQ\IWC tq praEsh ﬁemiqﬁqﬁals@aw& adiighpt pemepdisWasor t ant
i ssue ofmargealu ehl&grow from mled\h@wpoﬁl%tslﬁagnéﬁaﬁ&tstm dt qarghrteﬂbé%ﬁa h&gnergrgnet i c

interacti Qn tilayered nedi fol | ow

nent i one°’EIc “‘ﬁ'ieéla ‘gtcc%t%t ay@‘ﬁﬂg}eé"r‘ Igpen g@i’@ % Wétﬂ@%dggees ¥B from
sever al if einsvnt 0 lﬁeevelhigh petpecti@ths nﬁfgnetla'eﬁlﬁonapy thietot infarfacid adlemsy fid thg on

t he recordl n sai d 2t he t| on of
gaps bet'i weéaﬁg‘é%ee Ltlmaé’:r{glgnasﬁtl)sfnoi gs &o?cggmg meiiulinlo 3@?35/1 rd?ffﬁ‘;ols

consequ enoﬂgym@ncteohmthng,rhom&vm@n etedmnu infaeedwith an 1m;(08aﬁt| issfri o%mfdumg atg am et
al . IEE%}; Magri . 33(5), 3247 (1997); Lianjun Wi et. Al . |EEE Trans.
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gaps anonglRefEstapipet gmsisy P%einﬁsaswa@e@ﬁ% e Bom s ErTS el huntygds of

COr r 0Si VRR&SstHe fthe &ﬂ]ﬁpd’gﬁdgbﬁﬁhe fEb&ﬂllngﬁqb(ﬁmﬁdOptl on of a I TO oxide seed

| ayer. The_ ] ami nat t hi ITOOX|de seed | ayer op.the
surTace  of e SRe Pafhs fradnin fis PR arORRE BPeGERE TnGSPe
crystal rgrl@laym&:doﬁedmhe anehasnneetiab redngiot of mapgetcantelaation. (S Pértnamayagam

i nteract] n t l;.. VS ae 8 ,

roy et of A eV el saCyna] (iR pibllY e 0.y R M IR 5 O
possi bi !309%(1Q9ﬁ))tfﬁevemdtmmes>ﬁﬂﬁsac@0§e@elm ingeserfpgh of thhmediwn beeomingaonshs of
cont af ni st Bl 0 Kt ARG heigh\T e il R ARl NOR 3 B FER e
conpos eopagbe ashieved jrthegspapding depsityipt pedivm Arddhs deyelopgieapoteapspmongthe ¢hdal gr ai n
bounflar Yer msrfaﬁbﬁﬁgé%})%o@ea% £bl'i>ut tﬁécogmglegégk bt thd rg&hdn'ﬂt ?L gr anulkar mﬁagnet ic
coupl1ng O | yer nedl um r eauces | T Oy UKI nori,

Aki hiro Ma gead?ﬂé’n%%ﬁj&qx g P8y of Japan, 26, 535 (2001).
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medi um

When a film is formed on a target composed of Au + 15 mol% SiO, by rf sputtering, SiO, forms
on the grain boundary of Au crystal grains. As a result, the intergranular .r'nagnetic coupling of the
Co/Pd multilayered medium reduces (Hiroyuki Ohmori, Akihiro Maesaka, The Magnetics Society of
Japan, 26, 535 (2001). However, the rf sputtering film forming method involves a number of
problems in that it is difficult to sputter on both sides of the medium, that the equipment is expensive
and so forth. Therefore, this method is not used in the general apparatuses for the production of
media.

As stated above, in order to realize a low-noise Co/Pd multilayered medium capable of coping
with a recording density of 300 Gb/in® or more, it is essential to develop a new underlayer that

suppresses the magnetic interaction, causes no deterioration in the surface roughness of the medium



2 13 Cctober 2006 and yet cope with sinple pr ocess of for{’g(gcqobaé ?(‘)d6
Therefore, in order to overcone the above issue, the inventors o
present invention paid their attention to the underlayer that greatly
affects the crystal grain dianmeter and the distribution of such grain
dianeter in the magnetic |ayer, and | aunched a project to develop the
conposition of a new underl ayer capable of realizing a perpendicul ar
recor di di diddmid, R &%‘T’f:ﬁ-ﬁﬁ n [ tic
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obj ects of t resent invention is to provide a perpendicul ar recording
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Di scl osumeglivgf thhtrwb/nst ihorrssuen mn@t@pd ahwvewdweess@a magnsts:ueeracttohen ermpeandiccul ar
recor di ng..fedh .y 6lialae tngisggplgmagrgﬁgnt i nvention conprises a
nonmagnetic base sub bstrate, a underl ayer fornmed directly or indi rectly on
said nonmABhEVHEr Wiesieof ippseser rventign isito proyidamathed efpyeducing? pRRFIGIE A d

under | ayI%d,forduigf}ﬁledﬁmﬂlﬁglﬂgﬁﬂ SutdtAYRE noifeharRAkrRt. Sai d Internedl ate layer for
recordi ng netic in tion, wherein said underl &ggrl ses an
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st andar deofrpiding aanendiy rdGiding npdinshhavingsadouBihdiey draderistit.r i de of sai'd both
el enents at roomtenperature is set at 70 kJ/nol [02 or N2] or above,
and the crystal grains constituting said underlayer are principally
conposedDisflosgtearibnestidravi ng a hi gher val ue OGof said two el enents, and
the crystal r; f I sed of
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crystal a tTon s structire crystal
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along the Crystal structure of under | ayer F be p SSI bl e
‘par ti cul aundaryad said enderlpyerds prisiPAtygaEpesed ofgn emémrla@ﬁedeegfﬁ%elﬁrn@t Bvipseal
grains Ofywerlviige ABGNEtic layer. And it will also be possible to obtain an

out st andi ng_noi se characteristjc and to
g According to the magnet?c recording medgum of the composition described above, 'in the crystal

structure of the underlayer, the crystal grains are principally composed of elements having a higher
value in said AG°®, and the crystal grain boundary is principally composed of oxides or nitrides
having a lower value in said AG?®, it is possible to obtain a underlayer containing fine crystal grains
and a crystal structure isolated by the crystal grain boundary. By the adoption of this structure, the
crystal grains of the intermediate layer formed on the underlayer and those of the magnetic layer
formed on the intermediate layer can be easily formed along the cfystal structure of the underlayer,
and it will be possible particularly to attenuate the magnetic interactions among the crystal grains of
the magnetic layer. And it will also be possible to obtain an outstanding noise characteristic and to

realize a perpendicular recording medium having an excellent recording and reproducing



realize a per pendi cul ar recordi ng nmedi um having an excel |l e r g
and reproducing 3 13 COctober 2006 characteristic, It is E%QF%E 2&)(?
that, in the perpendicul ar recordi ng nmediumrel at ed to the pr esent

i nventi on, elenents with a |ower value AGcontained in said underl ayer be
any one of B, A, Si, Ti, Zr, H, Ta, M, My, Ca, Be and Ce. It is
preferable that, in the perpendicular recording nediumrelated to the
present dut¥cdisiOn, the contents of elements with a | ower val ue

ACGcont ai ne nder | ayer 0 at % or bov a 0 at% or bel ow,
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the pre ti el enents with a higher value AGcontained in said
under | a;\gﬂr;I I\%éé&éﬁ%ag%geof Cu, Zn, Nb, Mp, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn,
Re, Gs, |r ltPprefereleAbet, ih the |psmp1darfﬂer Iatﬂr@ng thediym fetuted e the prepanidiaptibmthe
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an interne Late nerl t e
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pref er ablgo} BAleion) Matfe RELREADALENLAL ALY LI ElAL ed Lo L he
present 1 nvention, m t ss o sal Fntermedl at e | ayer be 0.5
run or abowgis awﬁ:ra_’pty th%t,rﬁlthe Phrefngigular ygecrdies peskiysereiicd it Be PreespbinginAen edi um

rel ated ﬁx&tﬂla&eg%ﬁs%ﬂ%deray&iaé09%05%0%43;@@@%I09béwer may conprise an
alloy principally conposed of Co a per pendi cul ar recording
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Si, %&ﬂpgﬁn&?&&ﬁi’\ﬁ %&egé b%lo S%Cf)qn}gj()é%d(ejm?rﬁg{jﬁg%w roduci ng the
per pendl cullarthe Ieemn@whag repordiingrmedéina redagedtte thermsesprt dnention; megngtic layer

conpr i serﬁayacoﬁf)ﬁs@m%no&gﬁmﬂagyédﬂﬁoééeqmam& on the nonmagnetic base
substrate, ormn internmedi ate | ayer on sal d underl ayer,
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It is preferable that, in the perpendicular recording medium related to the present invention, the

layer principally composed of said Co be composed of a CoX alloy and said X be any one of B, Al,
Si, Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce.

The method of producing the perpendicular recording medium related to the present invention
comprises a step of forming the underlayer on the nonmagnetic base substrate, a step of forming the
intermediate layer on said underlayer, and a step of forming the magnetic layer for recording
magnetic information on said intermediate layer, the step of forming said underlayer comprising a
step of forming an oxide or a nitride of at least an element or more among the elements composing
the underlayer in the underlayer.

According to the production method of such a structure, it is possible to make the crystal grains

of the underlayer infinitely small by forming oxides or nitrides of the constituent elements of said



t he underlayer in the undetlayer, According to the prOd“Cti98mﬂﬁ%E&% of
such a structure, it is possible to nake the crystal grains

underl ayer infinitely small by form ng oxides or nitrides of the
constituent elenents of said 4 13 October 2006 wunderlayer in said
under | ayer, and due to the preferential separation of said oxides or
nitrides in the crystal grain boundary, it is possible to enhance the
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conpri si differenxy efarnd=od fréd dnergg A forprodueilg amokideata nithd apﬁtrotn tahpqmu&s guUoe of
oxygen qdhmﬁ(%%?ﬁalln said filmformng gas be 10.6 Ton or above and 6 X

10-2 Torr "or i s preferable that, in the method of producing the
per pendi cullbis prefedhladibag mrtbdmathwcbﬁair@iﬂcm@Pmdicwr%®r¢ing' medintelated to fm t he
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oxygen ni trogen sed pressure o en or
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or bel owosThe ormbiadd 6k 107 dgusivBigwt he net hod of prodUC|ng t he
perpendlcular di ng nedi elated to the, present. invention
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under | ayer en or n1tro gf se I;i%rtl)(i %at tﬂe ; nr s[she gndor%ltr I’no nugld

perpendlc rec 3|H§ nedlun1r%w BEHS © ?W prese Paventt

al | oy ofgambn ld)h Tbﬂner@bmﬂﬁxmfﬁoraorlbglmr val ue 4G s any one of B AI Si,
T, Zr, ”[hll-?neth%o rdé{%bg be l%@ @J‘&%p%ugﬁg eﬂ%c&l ‘?ec%i Bfne‘af%'mﬁéd teg sai d

underlayer IS pl Int E C|ng
per pendi B PEgpent Evertign ﬁgﬁympmﬁ @éreatCéchmﬁmgtth% syfaes ehtsaifl peRiey o aphe

cont ent S;udsplidiccofiaf Iakyg\eﬁ bithitfbghiOMRF myaépaﬁuoﬁ@ghm @dERderd N sai d al | oy be
10 at % or aBove an at % or. hel ow, n%lnnre fera |l e that gy be 20
at % or aboVvks aﬁaeraé) tga[t,o)@ tl&meglé) 89\Producmg e perpendlcu ar recording medium relat to

the present invention, an alloy of which the element with a lower value AG®is any one of B, Al, Sl,_
Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce be used as the alloy composing said underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, the contents of the element with a lower value AG°contained in said alloy be
10 at% or above and 90 at% or below, and more preferable that they be 20 at% or above and 60 at%
orbelow.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, an alloy of which the element with a higher value AG°is any one of Cu, Zn,
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au be used as the alloy composing said
underlayer. '

It is preferable that, in the method of producing the perpendicular recording medium related to
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to the magnetigcs@mertdiOmARRAS ALYRing faphRuCONBE LHG LA ARSSGHEP SbvabRYE,
it is possible to record and reproduce information at a hlgq density by
nmeans of PeHdlh& peerdi aad| raprodyce dpfpanatign b dihigh eensithey presseaf tenrearpudigiar
having an.Qufist aRgiumdof %oﬁsr@geﬂtg iRB8ioh e}{amg Ul Sistarffr A58k Sdnld Creprd kit
the sane tinme 1t is possible to provide a magnetic recordi ng appar at us
havi ng &haregieristiasad ﬁ’g‘h? eAmeathng it ﬂsypoﬁﬁh@e HoRfAES & mapRatis Eecarding qpparaibs WHingh

does not ag%hf%fahcﬂﬁé%e%alﬁﬂ@ﬂhé’ﬂ%eh& cHa§acteH§§:%ffv@ﬁchl &@Qné’t%{eﬁoﬂa{% e%exh@rﬁéx?&' is
state due to a spindle fotating at hi gh speed a heati ng o

control &Bdpfonlogs hpws [ & beateg sfagy dl@é%elsplpélp &riator aDaé%hrﬁ@gedﬁng the he%ngaof a
cross sechhyiahip ¥hehe Rfe. t he magnetic recordi ng medi um constituting a form
of carrying ou{) the present invention. Fig. 2 is a graph show ng the
measurenents of coercive force He in the Enbodinment 1 of the present
inventi O'hrlelfbgscr%tlbﬁoﬁl)gl show ng the neasurenents of anisotropic
magnetic fiel In the nmbodi nent | of the present invention. Fig. 4
is a graph shdW rigserreosmsessionadivist of th¢ megnstie reserdingroedivm gonsivtipe Aded of

rationa iy 1lri'£out Qbm #nof the present invention. Fig. 5 is a graph

showi ng { asurénents of coercive force He in the Enbodiment 2 of the
present i nventﬁlwﬁ is Figph Gowing ghegnaaphiemdnts\oif aepraiteefone &is in Srdimbsdigint 1 of the
ani sotro% fdnC field Hc in the Enbodinment 2 of the present
inventio I g. I's a cross sectional view of the magnetic recording

appar at us rel digd isoa tdwphpthewimgt the measurements of anlsotroplc magnetic field Hk in the

Embodiment 1 of the present invention.

Fig. 4 is a graph showing the measurements of coercive force and squareness rationa in the
Embodiment 2 of the present invention.

Fig. 5 is a graph showing the measurements of coercive force He in the Embodiment 2 of the
present invention.

Fig. 6 is a graph showing the measurements of anisotropic magnetic field Hk in the
Embodiment 2 of the present invention.

Fig. 7 is a cross sectional view of the magnetic recording apparatus related to the present
invention.

Fig. 8 is a plane view including a partial cross section of the magnetic recording apparatus
shown in Fig. 7.

Fig. 9 is a perspective view showing an example of the magnetic recording medium.

Fig. 10 is a view showing the cross sectional structure of the magnetic recording medium

shown in Fig. 9.



invention. Fig. 8 is a plane view including a partial cros ect | f
the magnetic recordi ng apparatus shown in Fig. 7. Fig. 9 ?358%%“9&)60
per spective view showi ng an exanple of the magnetic recordi ng nedi um
Fig. 10 is a view show ng the cross sectional structure of the magnetic
recording medium shown in Fig. 9. 6 13 Cctober 2006 (Description of
codes) 10 Perpendi cul ar recording nmedium 1. Base substrate 2. Underl ayer
3. Internediate layer 4. Mgnetic |layer 4a Co |ayer (layer principally
conposed of Co) 4b Pd | ayer (layer principally conposed of Pd) 5.

Prot ect | PEsFIEYRBOf 969 Mbde for Carrying Qut the Invention The node of
carryi ngiouberpdiBiclb@s@fting fagit i on Wi || be described bel ow with reference
to dravv,Ln%?l. Fli??gs. | and 2 show schematically the cross sectional

struct ur Se5sU%BY& of carrying out wherein the magnetic recording

medi um rel amediay@® the present invention is applied to a conputer hard

di sk. Angi memg%ggﬁteirc recordi ng medium 10 shown in Fig. 1 conprises a
base substrate EOfsi st i ng of a discoidal nonmagnetic material, a
under | ayér Magneinlayert er redi ate | ayer 3, a magnetic |ayer 4 and a
protectiye | am. the other. And the said magnetic

| ayer 4 Aéaoréﬁ?%g%%a%rgﬁ%@ggg?&%gOg??)nci pally conposed of Co and a Pd

| ayer 4b*tphiddyeiayerpriecnaly sweroestd oPBd)| am nated alternatively one on the
other a fuphektirfiaykdi Mes fromthe netal underlayer 2 side. The magnetic
recordi ng nmedi um having this kind of structure is sonetines called "Co/Pd
mul tilayered nedium in the present specification. And the | am nated

St r uct ur BesoMotihior TRGHRE IOut ERAAVAtiY Medi um of the present node of

acording ot ING BIATAE £ P SELEAor PG R O Th KO EFRTE dn

i nt er meddrawiegd ayer nmay be provided as required between the base

substrate 1ngnd b0, IRINEbL LAY e 4oa%oAoRA k. LBS HOBL & Sbilighire. In

addition, a fubricating |ayer nBose 'uoric lubricant
obvi ous| yhesan g degnagp rechiding mesdiaay jelated [t (e pregent Rverdigh ét dppliqdete eregmpigermedi um |

10 havi nghrd Bigk DARitke Sidnbict ERIRY mbdien TRIRSAI i& Fﬁgeqq:_roglhﬁgs ARdicUtbsthgl1at ed
to the present invention will be described below with further details
Wit h ref @Risting o{ fbdlp(ioai_al nonmagnetic material, a underlayer 2, an intermediate layer 3, a magnetic

layer 4 and a protective layer 5 laminated one on the other. And the said magnetic layer 4 comprises
a Co layer 4a principally composed of Co and a Pd layer 4b principally composed of Pd laminated
alternatively one on the other a number of times from the metal underlayer 2 side. The magnetic
recording medium having this kind of structure is sometimes called “Co/Pd multilayered medium” in
the present specification.

And the laminated structure of the magnetic recording medium of the present mode of carrying
out shown in Fig. 1 is the most basic structure of magnetic recording medium related to the present
invention, and therefore an intermediate layer may be provided as required between the base
substrate 1 and the magnetic layer 4 as a part of the whole structure. In addition, a lubricating layer
composed of a fluoric lubricant may obviously be added on the protective layer 5.

A magnetic recording medium 10 having the basic structure of the magnetic recording medium
related to the present invention will be described below with further details with reference to Fig. 1.
(Substrate)

As the base substrate 1 related to the present invention, for example, a base plate comprising
aluminum and its alloy or oxide, titanium and its alloy or oxide, or silicone, glass, carbon, ceramic,
plastic, resin and their compound the surface of which is coated with a nonmagnetic layer of a
heterogeneous material by sputtering, deposition, electroplating and other film forming methods may

be indicated.
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structure co ose mber of layers [am nat one off the oth&r as
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princi pal | yatd'® i{psiabik Y @kange the underlayer 2 into a multilayered structure composed of a

number of layers laminated one on the other as required.

And when the difference of said AG°of the two elements composing principally the underlayer
2 is below 70 kJ/mol, the addition of an infinitely small amount of oxygen or nitrogen in the film
during film forming makes it difficult to transform the underlayer into a separated two-phase
structure and the effect of reducing the magnetic interaction among crystal grains of the magnetic
layer cannot be obtained.

As for the components of said underlayer 2, it is preferable to adopt more specifically any one
of B, Al, Si, Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce for an element of a lower value of AG°of the two
elements composing principally the underlayer 2, and any one of Cu, Zn, Nb, Mo, Tc, Ru, Rh, Pd,
Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au for an element of a higher value of AG°mentioned above. As
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the underlayer 2 will become large and course resulting in an increase of the medium noise.

(Intermediate layer)

It is preferable that the intermediate layer 3 formed between the underlayer 2 and the magnetic
layer 4 be formed to accelerate the epitaxial growth of the magnetic layer, and be composed of a
metal film having a face centered cubic structure (fcc) or a hexagonal close-packed structure (hep).
The materials for composing this intermediate layer 3 is not specially limited. However, CoCr alloy,
CoCrRu alloy, Pd, Cu, Pt, Ru and the like may be mentioned.

It is preferable that the film thickness of the intermediate layer 3 be 0.5 nm or above and 10 nm
or below. When the film thickness is below 0.5 nm, the growth of the crystal grains in the film will

be insufficient. In excess of 10 nm, on the other hand, the crystal grain diameter of the magnetic
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i nvention, however, due to the action of the underlayer 2 described
above. possille to enhance the magnetic isolation of crystal grains composing theé magnetic layer 4 and to

reduce the magnetic interaction in the magnetic layer 4. And hence it is possible to obtain a -
perpendicular recording medium having an outstanding recording and reproducing characteristic and
capable of'addressing to a high recording density.

The present mode of carrying out describes the case of composing the magnetic layer 4 of a
multilayered Co/Pd film. In the perpendicular recording medium related with the present invention,
however, the magnetic layer 4 may be formed by using an alloy principally composed of Co and Cr.
In case a magnetic layer composed of the CoCr alloy is adopted, the action of the underlayer 2
enables to form a magnetic layer the crystal grains of which are fine and moreover highly isolated.
This leads to a reduction of the magnetic interaction among magnetic crystal grains and the
formation of a perpendicular recording medium having an outstanding noise characteristic.

The following is the description of the production process of the magnetic recording medium
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possi bl e to enhance the magnetic isolation of crystal grai [oX0) {ng
the magnetic layer 4 and to reduce the magnetic interacti g%Otg%%@ddq
magnetic |layer 4. And hence it is possible to obtain a perpendicul ar
recordi ng medi um havi ng an out standi ng recordi ng and reproduci ng
characteristic and capable of addressing to a high recording density.
The present node of carrying out describes the case of conposing the
magnet i ¢ AYES cBstbid b Ide & gCo/ Pd film In the perpendicul ar
recordin (% gclfctj)rr?tretl1 é@l‘ém}“{ﬁy%?{é present i nvention, however, the
magnet i c(Spuipeng methpdy be formed by using an alloy principally corrposed of
Co and Cr. ad e GR%6rif MBEIACIhSinliRY &k ee%n%% Rfmdder mmglﬂ{e%gh&m

adopt ed, the action of the underlayer enables to forma nmagnetic | ayer
the crysteeording mpdium o) w}ﬁeéhtoéPeePlrefeﬁblr%(ﬁﬂwm%e@efemmggtmeysnuﬁematr@ehod Thi s
| eads t owlrdileiGinl iR 1@fﬁmﬁéaavhﬂagle Bisk @bktfhftdelrxa&fes BYfora He gzl BAIBE btRicGypsst aI

grai ns and_ the 0 tio pe ordln ned] Vi_ng

out st anciPits b Peh P Be P ol Sl 1 bash o EmiBebEn PBieor 1 he
- pr oductlmgetpmdmehwroefsekdmmldmgnetl c recording nedium 10 13 Cctober 2006 .
- 10 of said 2 | r|n od) As
t he sputterﬁ%g&#\et ﬁarhdtg %Y %F@F%ﬁlg%aeﬁm%%gm%‘tétwggwtﬁ(ﬁ’%&lﬂe{ mglss forareroduz:l ng
t he magnediicthereforvaddinfageare ir thn pi@lustoh af edgrctc tchedipg ssdntt 4 kvenit) wmlmle t he
transf erﬁqé Rterd éfaf?ﬁ-tﬁ:@%&rﬁehhg‘%eﬁliﬁé %gles \M]Erro@dc@ ?ﬁ‘etlt: h‘éc'ard gl rH%dlash;Ivglr r%d

whil e the base substrate 1 noves before the ta , he atlctype
sput t er i PHEFtaRdipH Egordie Ped ISPIoRw R IThaaqtqristia I?esa%?frmﬁah}mmge Gcf mclqﬁ@@ef the

subst r at @uderibg ﬁmla& 11‘-1 r{@n b@ﬁl@lﬁeesuﬁshﬁte 1t AFQFhtt&ERR nRhos AW TordFoR¥RIRIeES -

The forner transf cg ﬁfng" IEhetgrl ng nmethaod | s E{Od ctive and suitable
f or rrassm?ﬁ"fﬂfdﬁ‘iof h tetd DPERHETREA S A0S TR P ke FHRNETRS i on of
magnet i Ctypmdaﬂﬂsm@ptrsrmjl a at alowcost, while the latter statl c-type
sputtering thod .enabl.es t r netlc rec rdln aving an
out st andi ngﬂ"rae cor edc recordm%me(%urgégﬁega%ﬁw ChAPREEEIYErPEe {j’g‘é“% V8"t abl e
angl e of saldrsgutdemeethxfd forrfenmmcqeewplmgn pabhse shbeate hthnwlmtqf te underlayet he
substr at g e TOGSRY: bE R by EPEnrfRAAE ROCS BSer ARAAGEIG

recor di nge mtagl;l:a iO l\ZEteI at egﬁ\%}:{%h ?'% E%g%tent |ﬁvetl{?|% (:;s?er{o ?ﬁlltet ed to

t he tranByeeftiapdihe projselivadagertsnae en the pleert ype. The magnetic recordi ng nedi um

10 rel ated xidtdie hlagneaé E26/aing InRMRRT 1Rk csraing e R HRAMGRE rkvhod Tf itk pr@s%htd
sputtering rrgt hod

or,. formn ccessively on the base_subsirate thin
filmof PHE OfFHIREqYdt prodiceq 1 OLONF P RBEFMAAST %gposgmeﬁé H%r%ﬂaeyﬁ% heayer 4
(repeat ehsd aibitaat i Bl’ﬂlipf)seti htﬁth@&tﬂl(ﬁp&efe dbataiming oxhgen RAd/ol @y eden,dda)l oaidek drhe
g:: gg?glt Inl\lgll ' {3)5 o¥ ﬁae elsmen s G {npSSﬁngrrefi s Ggfagefrétaﬁe Iloxmed ?rlatﬂ ne‘tder‘l:ader%c ?ﬁe ungeq'la?'erql um 10
i's prodused d%nlfedlabwsprm@mllyr@mawdd af aneglloy hétwéws iof plementsf whdse st@mldlér I ayer
2, the Qe%ﬁer étf&gﬁreduan Sn Qiléeoa?a%%aerbf%bﬁ Y m@raefgfaﬁfeenpqm Ak Birf@n&xy gen
and/ or ni trog oxid s or

nitrides of 1eeerrents (o40) osmgthe
under | ay@frther 4G% st 78 &/mal eribovgrERerafoss avherp the Trderlyisr i depasiteby using a

film forming gas containing oxygen or nitrogen, an oxide or a nitride of elements having a relatively

small value AG°is formed in the underlayer 2, and moreover the oxide or nitride is disposed in the
boundary of crystal grains composed principally of an element having a relatively large value AG®
described above. For example, in the case of depositing on the underlayer composed of PdSi by
applying the sputtering method based on the use of Ar/02 gas, a phase principally composed of an
oxide of Si segregates around fine crystal grains principally composed of Pd. In the underlayer 2
thus deposited, crystal grains principally composed of an element having a higher value AG°are
highly isolated by the oxide or nitride of elements with a lower value AG®, and at the same time the
crystal grains become fine and their grain diameter distribution becomes uniform. Accordingly, the
crystal grains of the intermediate layer 3 and the magnetic layer 4 formed on this underlayer 2

become fine and uniformly distributed. Therefore, the magnetic interaction in the magnetic layer 4 is
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is, as described above, principally conposed of an alloy o 306‘@@%1[(&(}?)95 of
el enents whose standard free energy AG or produci ng an oxide or

nitride of both elenents is different, and the difference of their AGs
set at 70 kJ/nol or above. Therefore, when-the underlayer 2 is deposited
by using a filmform ng gas contai ning oxygen or nitrogen, an oxide or a
nitride of elenents having a relatively snmall value AGs forned in the
under | aygt; a%edaﬁ@ﬂe%&@rg\ﬂglgelg%u&él de or nitride is disposed in the
boundary of crystal grains conposed principally of an el ement having a
relatively W%Frngtée %ﬂea@vmé is &@soélfeidﬂédlsalscwé filpofermging gyl eontajnipgt HEgBaSe of
deposi t ifighee) dbfRRdinghand BMEHal &ﬁg@&@eﬂe Hael2g&12, ¥ adBRRloY LRt O EmGRHEL er i ng

nmet hod based on the use of Ar/ a phase pri nm&glly conposed of an
oxi de of XERNLE GITOEH WECHRS ALY P’ﬁ’éelb?ry“%tf"&]en &’r%‘fﬂﬁ?e AFEefige Wised of
Pd. In trh@nmdeyek aheh ade abiodblshed@faeddytreghd rEsults infthe Getibratidar oM ysplinkty.

conposed._of .an a_hi her val ue Al i.ghly isolated b

Che” oxt dBRBToH o TEgs Ta) an i Peen PithEe i s KR e PHE save
Ctine t heTonmrywbntvalancg@ Rl 05 Tareadrwfin tremaofdhe fraetiat prgssarie f o e o with Ar or.
distrib % . beconmes uniform Accordingly, the crystal grains of the
internedi ate | ayer 3 and the magnetic layer 4 forned on this underlayer 2
becone fi neAndribe maducinmmmsthadirsleted tohepiesemttiaveatiopraliows, lner egdepesition on the

i nt er act iAkHabd 2t RExPROBLRLIGcE BYBE ufdefla%/er b a;a?am%&pee&m%%@ oxJBeh hitpdred and

t he medi um noi se i s reduced. \Wen the underl ayer i s deposited by using
sai d fi|HFeese rﬁmachg%xmlrfdf ﬁlpﬁijlb&m e thsrsurfageof B’Géﬁdeﬂélb@b% ALRPTRG BYFNt he

mat eri al an@b@ﬁpﬂs)ky@n bitPorUnelREd, a()’ﬁhﬁkezthe tipQal elhist dfale ﬁferrﬁ@ﬂﬁﬁbslsyeyé ANt 01;1
oxygen or nitro mes c Xygen . or. 0 perse. in the
o O edtail BEr BPedahion PTGt N Siots. BB GRS | and
resul t s inarattiods ﬂlemeenagnetatlayem @fy tits g@bsafel prcmestsylt is pddsibieetb odrirol thé amcsmt of

pref erab t e ed b hln a
range of"Jd%"B E)g “f%@?suggpea ovengen%yeg%y % P g{ ‘I’Ilg 9su¥% %%gy i an% nfkt%ggn ang

parti al lpratisefiexmsyt. Howeiordht mpaial mpssire of oxpgen ang mr%egasd thﬁhdgth h%exmso@uct i on
met hod riglygd et %o&ulaﬁonpigr&%%%a}} BVENA QihiRl hOWS opt@idn® Vabd %eﬁ!s‘ﬁ&?iﬁé bd kRN on

the underl ayer to expose t'he surface of the underlayer 2 to an
at mos phet@nig ot ARtFRlsoSey e eatiel Hederlaysy £ PBgertyeepyArda rBaarrsEsosm & it is
possi bl edlmJ@omM@gtemn&w@éra@Qr@%gﬁsh&ywd@al ayer 2 adsorb a given anount

of oxygen a tro the crystal grains of th errredl ate
Tayer” 3 anduitia® uREHHEE ceied 3 P ey aaireay prigy o 155
i nfinit esmimstkd ynesimethd ottemcHdveve] imithn gbduntigmettiod related eitladi iptsat inverttibig

magnet | ]hé %ggl‘foréled Pe\éregtm) fl ﬁ%%?e%lg lia?g%é%&ogg ﬁ'l'[e lelé/%rs c dmé)(i%ﬁlg Iﬂ{%l L%d%ﬁyegg%ag the

anpunt o sorption In e su arti al

pressur ebeoiﬁpqwgd@e APrAYieE thé tepogjean matlepdidpreribed @byt Hn oﬁlere\quéss ifitlee undislapey@r , t he
partial RESISYL BdRlayPiNBRAPRh Nzt FIRYER sRMHitbNEE InQRAEL Br BfdCPAIWRE | N

t he actual productlon rocess may be set ‘as required at the optinum

val ues d¥fehtatyalgn ACHED aEppd fvHia) SHns PHRSRIBY eriPeped of anplerasnh itk pbigher

under | ay@iue ACHHdN atoé@yg@ the PABICHIA cga&nfgaswt thie ragecft feaﬁeutgme ngnEIirH ih@Acth
oxygen or e under

1
O o 0 B e e are'f REAES o s g i e Rl Hay e,

apphed to the ler film disposed below said PdSi film (on the side of the base substrate).

Or, it is possible to use a mixed gas obtained by adding oxygen and/qr nitrogen to Ar or other
rare gas for depositing the magnetic layer 4 and to reduce thereby the magnetic interaction of the
magnetic layer 4. This method which leads to the adsorption of oxygen or nitrogen within the
magnetic layer 4 sometimes causes the crystallinity and the coercive force of the magnetic layer 4 to
decline. Therefore, when oxygen or nitrogen is to be added to the film forming gas of the magnetic
layer 4, it is preferable that its contents be contained within a range of 10°® Torr or above and 6 x 10
Torr or below in terms of the partial pressure of a mixed gas with Ar or rare gas.

(Embodiments)
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| am nat ed one on the other. However, in the production net Eéng rel Zéq%d
with the present invention, the |ayer forned nearest to t
| ayer 4 anong the | ayers conposing the underlayer 2 may be dep05|ted by
appl ying the deposition nethod descri bed above. In other words, if the
underl ayer 2 conprises a PdSi layer lamnated on a NN Zr film the
di sposition of an oxide or nitride of an elenent wth a small val ue
AGSI ) ar OUfid ks idbnBF BITER dBLhBUE!PA
hi gher val uepoé( Pd) ml | east Sircnll;kt%11 Q&éﬁt& (rgn%?gn %?bl%ﬁbn%ggouwe¥%eﬂ; ef f ect
r educi ngPTeseR IRvERfIBLS 7Ot llrﬁﬁeéﬁta@@%eswbo@ﬂen%e magnetic layer 4. It is
needl ess@EmPodi¥ntiin this regard that said deposition nethod nay be
applied to the N zZr fil dIS osed bel ow sai d PdSi fllmégn t he side of
‘the base suBdhs BFSyt engedinept, he prpendioylap recqsding media reksprodrsed Bisenyaiew by
addi ng owylgledsnsaaﬁdﬂﬁrrnmgienegﬁfacﬁeﬁ)su&rw@ée\amhled rare gas for depositing the
magnetic | aye d duce .t h reb e i nter of the
magnet i c Igger Cﬂy.sgﬁﬁf& glasst R RSk %1& gay?rnﬁg({%gayﬁﬁsﬁpﬁﬁegﬁtfﬁﬂ &Y ¥en or
ni t r ogendeppsithd, and dfer amexgeseteiof tHeatyrﬁce 4f 80T seeblayea ustbs attughere yadtdabadel Ni ty
and the f | i Th
ahen oxylantHE 0 S % ol EicHRAPE S By KR, P B, G TP AR 2
magnet i cthickeggserl mn) ot milgletpyr @fﬂe@@m@@c tldyand), 4 Cspretentive fitng (mge%wﬂﬂaaﬁrhedrevm thin
a range Qfceddefy a_éBan@c‘f oRP8Y Qhea&qerGD})(th;QplﬁtenJgoﬂleﬁle IP(?lpf‘?)\ﬂ{ldena bﬁ%&ﬁﬁmﬁ&r t he

partial pressure of a m xed gas with Ar or rare gas nts) 12 13
Oct ober PeRigne metiup lhdhapld be ﬁ?}@ml?tcsﬁd\maglretlﬁ81na@§émhﬁ@@reidr?0(?§rférnd@sram| s by

show ng @ebeslipeRhEthe P@lé@éf@{e,altérﬁ@welﬁra&ﬁﬁﬂ& 20 &Nt i on | s not limted to

t hese enbo msnt e present enbo t he

per pendi cu?fﬁrﬁer gg%?ﬁ?'%gw OéT Sﬁ‘r%%ﬁ@gd Het v & '(B‘iﬁ byd?Bar‘I‘ﬁﬁnF s,
and t hei ﬁuch&gnﬁttlnecseexhlayeam aefan@t dfdsimwe t @nre \ireludag eol emﬁamuﬂenc witlsduahdyi sZeEld

gl ass ba S a | a | Z.

deposi te%?er g%{ eer anéigheef %g{ﬂ’n)eégngft{o# %geﬁéeur ect}ec rg ; %lf?é\lllgee({e ayer
to the apmssighbedinerda®ds follews: (i nt er nedi ate | ayer) WI t h a filmthickness

of 5 rim apl.GQBIgnlie! @I‘yEtQMeﬁ%?a?Zyas@sugan@’)/ NiZr OQee(ifléy'eP@ﬁlrh BiG&kaess 10l rim
120 rragnetlcfllm (magneti c otective f m (protective
ayer) P Pause QUEIMERRY: SEBUL v (Rndi e I mOHEA (B hHeesp Ltk ng

met hod t@ag%&ctuﬁecqmp@waemﬂlﬂ(ﬁwtarcknegseg%ﬂl ng medium It should be noted
t hat said gjnet c fi i ered Co/Pd filmwherein the CoB

ilmis a
| ayer and t p?’ﬁmfeﬁg’te@%fféubéﬁmtteefwgitf M ani nated 20 times. In the
pr esent enb@dlprmsmte,ata:lettimbafdepésnmgxhedhnfseefddmer Safpk es were pr oduced by
changi ng th | ck . of . r 0 10 rim
i ncl udi ng aﬁasé#g%%l aﬁgﬁﬁlm\?\ﬁo?ﬁfg%’fﬁgﬁ% ﬂéiggs am}tﬂel%aén {SornuqrrcgT ure and the
deposi ti on swhai comperativefsamples. papmdicler m@@@m&imm Prﬁatljﬁ ddepticatisimetdrei an thehe
present GERRAHBENLL0 SreftS ramcé@m eIJasnoQ@%{ap mwcg&éar ﬁyer%ﬁ{s@é f& zRd
gl ass base substrate / pZ O.seed layer (filmthickness: - nm /
Pd base WﬁFqlaaﬁrt%PéRlﬁ@%%ﬁlmsmﬁlalﬁss Wes paosBYshiy £ rargs Al ss: o. 2 r| rr) /" Pd

(filmthicknesgsultd of leMBlualidil of the magnetic characteristics of the magnetic recording media

produced as described above are shown in Figs. 2 and 3. Fig. 2 shows the result of measurement of
coercive force He, and Fig. 3 shows the result of measurement of anisotropic magnetic field Hk.

To begin with, as shown in Fig. 2 graph, it was confirmed that the coercive force Hc of the
perpendicular recording media having the structure of the present invention by adopting the NiZry
seed layer improved by approximately 600 — 1,500 Oe as compared with the media having the
conventional ITO seed layer. And it was confirmed that Hc improved by approximately 2k Oe in
comparison with media without any seed layer.

While the NiZry seed layer was exposed to the atmosphere after its deposition had been
completed in the present Embodiment, the exposure of the NiZrsy seed layer to a mixed gas

containing oxygen or nitrogen resulted in an equivalent coercive force.
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magnetic film/ C protective film (filmthickness: 6 nm T of
the base substrate: roomtenperature Gas pressure at the t?{@a&?&%&
depositing the N Zr seed |ayer: 5niforr Gas pressure at the tinme of
depositing the Pd base and the magnetic film 60mlorr And as conparative
sanpl es, perpendicul ar recording nedia of the identical structure as the
one descri bed above were produced with exceptions that an I TO seed | ayer

was used f ofg t3h§a gf&Bl@ﬁ{olwﬁu\éQﬁe ﬁé}ﬂ%& Badhe slb&tr&h& fﬁhéﬂéh&hé}@ﬁ%o‘f\@ﬁ n¥@fumed
within a range The results of eval'uation of the magnetic

char act e &f %@“@F of he Sﬁe&glﬁ@f i P dsraishy sndaitk vaeotowey C‘a’éta’éféé‘@? ftbed
: a]l?ove al’@)pﬁ)hﬁ\MMyi 3«) meg&especuaadf ﬁ% pﬁt}e@ce &wﬁd‘f@y\&ldtrfiﬁerfafs%é séefl 1a$yaasxuﬁ1errent‘
of coerclve shows _t r of neas t
ani sotr o ChGhEEREE R SR B b STIE i BLAE TR O N Seaph,
it was Cclayd stowadn Flbaz is beattab@atdd té @n froreased tengih of he anipadpiemdgretd feld of
recor F“ n%ﬁ% eﬁc 1% Qeattﬁ)ut { ura deglfeastqu erﬁa gﬁdn@%gtpoéé%%&?xg%gom Ing

the Ni Zr eed ayer I nprove y approxi na
conpar edgmeing in thetyeagpatidiagethavi ng t he conventi onal | TO seed l-ayer. And it

was confirnggh &Qgiodr&%oh @prfaré% Be @&%9&9 d@?ch@wab%lse er ndiCRIRALERRN W th
medi a wi t hout any seed fég \%h the N Zr40 seed | ayer was ex&%‘ed to

the at no%lﬁjr‘laeli*aéﬂnéﬁts%e\d 14Y€rso 0 & Qflac?PFdH%}’Gf HMnNbee Brsisrdeelenid peed dayer 9§ Ne&ent
Errb;)dl MEgHd, thd HEluBHR @S thei@ nffnetif ehaNc%ﬁ&gs feadd oy ek rﬁelalaalam@ﬁg das s?ed
contal ni oxygen ar nltl‘O resu in an eqgui val ent _coer ive force.
13 13 @Qg%%ﬁho‘%m improgemeR ?590%{01@5?% EHORTY ag%"é Y ETRATROR CEh Jte e

ani sot r opivihig W‘B@ g2t lagert,ia@d cheirlilkofalut has ooastirt ifrestctivRenf el pedseres sndathickdes seed
| ayer. ftﬁhl ) 1(gure shows, the Hk val ue shows a constant |evel at

appr oxi nat e y Ce irrespective of the presence, thickness and materi al
of the s@a@o‘ﬂlmﬁ) From this fact, it is possible to assune that an

inerease | nyldCi MR Efblmddes Wi, L iR UAg Ml LBGrl £ecct 380, (h@ifenShown

in Fig. 2 is not attributa n 1 ncreased streng eanlsotroplc
magnet i ccoqmpesed opNiZr bwgﬁa@ﬁ@blﬁ@efw &1 npp peefd ﬂanysFOH‘P?Sreil BiRdRhi @ndeglayer)
decr easeyjtia HREhRBERRSIS b Gmi z{\ﬁl@gn@ﬁ‘ct ﬂilﬁhr(m aﬁf))é&rnﬁdsed Srebms (filA tHidkBess:

magnetic | aye dt tlon ol | the conditi | ons descri bed
above of % 5@%@%@ Ewhacpnﬁsg &rﬁff Pratewé{?/ (rpteseri YR e BN 8 Ta o
or a Seedbpbﬁy@bneafn thi Eﬂieﬂhé(ibrddn&t zEﬁﬁpeﬁ&mﬁa’ilrd:onnécﬁyler[n 6{heﬂ\iiv&ﬂs irathg t he
eval uati c%fmetn ép ggggl]a.r recor&rﬁi‘{qi eflzllvﬁr;[glacd%ublee 15 erecf d?r er com c<7 c%la

havi ng a b ayers rove ¢oerc $Srce of
600 Ce olealsn@«?layﬁrrancba)Rqsaseled;byerwat produoed. msdl a having I TO seed | ayers, and

of the seeqis SHBoRRE Eflbalt CERRRRS vk Fanked€of S3ENE%LH% kilef bhieoS
cryst al | A¥edaglilas Hriping @as yidstarangethe dlogaely of & ¢gas (mﬁ@@mafymég gaéd?‘rﬁéﬁ’sed of

N Zr  havjidpesitbnfpkdetts bithE Kabe §3d Blreran®tht HAgnef BRE AL AYR FatCEMRASQM™s fs sRASI | s

(underl ayer)
Constant at 110 sccm irrespective of whether O, was added or not. The structure and the deposition

conditions of the magnetic recording media produced in this Embodiment are as follows:

The basic structure: Crystallized glass base substrate / NiZry, seed layer (film thickness: 2.5
nm) / PdSij; seed layer (film thickness: 5 nm) / [CoBys (film thickness: 0.2 nm) / Pd (film thickness:
1 nm) ], magnetic film/ C protective film (film thickness: 6 nm)

Temperature of the base substrate: room temperature

Gas pressure at the time of depositing the NiZr seed layer: SmTorr

Gas pressure at the time of depositing the PdSi seed layer and the magnetic film: 60mTorr

The results of evaluation of the magnetic characteristics of the magﬁetic recording media
produced as described above are shown from Figs. 4 to 6. Fig. 4 shows the dependence of a
squareness ratio o of the media obtained as described above on the flow rate of O, gas, Fig. 5 shows

the result of measurement of the coercive force Hc of the same, and Fig. 6 shows the result of
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with a filmthickness of 5 nm a magnetic film (nmagnetic Iﬁ_,yﬁr cg%osed
of [CoB15 (filmthickness: 0.2 m) / Pd (filmthickness:

carbon protective film (protective |ayer) were successively deposited
one on the other to produce a perpendicul ar recording medium In other
words, in this Enbodi ment, a perpendi cul ar recordi ng nedi um having a
doubl e- | ayered under| ayer corrposed of a N Zr seed layer and a PdSi seed

| ayer WarﬁeaB[rQQéﬂP&Qhe alnﬂot{'% 19‘#1[31 tofth@sagljleur ality of sanples were
produced using pure a mx gas Ar/02 as filmfornming gas and

varyi ng thelbe mwnwa% o ﬂéﬁ coeewgragquarﬁneﬁwetwr # [ofihe ewliayered €« Bi /Rd)tife medium
deposi ti ﬁﬂm?'é@@@i?gsse&fla}teh €hokdl $h FizeLbried¥oRls 18R kbR IEFINEL L an MR actiohhe

flowrate of the Ar gas was set _constant at 110 seem.rrespective of
whet her W”&a‘gag&ﬁ&earyﬁtiﬂ K0S T eShOVP U8t fige arfd YA dwpeigiet i Berotoaisli ti ons

of the nmgeiongely @OHE fhitgt §TENH iaddep i picd df Whéthdr ©, Erdaadi toeR imagfictic &Fer

fol | ows: h b tall d, gl trate / Ni Zr40
Seed | ay BT PP ek HE S oo 0, i i SRR PR T Eh Ckness:
5rim /scErE()iBﬁlﬁm(nhle]yrﬁllhITOIk)’lehsmaglﬁtuﬁe ofrdje o vaPak defredsnd tohpprbnmstsly 3. Bromm) 120

t f ik } t.hi 5 Sy f
the. base e sty ups RS B dafle bf O HABERSIye ol ASIPREFINGS ©
deposi t i ¢gses the mppIEfic @ewmnayrmng cBRirzins@a dimprsisyhstagtially. t he tine of

depositing AhendRdEk @®RagkntaYeihe it SrlBENG the mteﬁlhrmshm-ﬁoflﬁ sSbeweesul ts

of evaluation of the magnetic characteristics of the magnetic recording
medi a  prddtioe efpxugen gaswifibp decase Bher Qs isafdsgo fhediw prging eas fopa fepositiog. 4
shows t hén td@pdsrygl S53€ Bry& even if T UPdBEUES Sheflth lf@nﬁlg%ts ﬁ;he 2B (DPloiaRy as
describﬁ!g geﬁntheflowrate of C}%}egg gé %@ thes%(gsult of
measur engnt® o1 Re VEEPERDR SRSt Be R&CEh fen Qﬁéf ¥ % W™t he
resul t ofapprddmddy Qatm het) Bﬂﬂﬁepoﬁﬁmwrtmma‘gnetdﬁla)tehé{ca\mlus @il dpive stampdinet | C
field Hk [( t he sane. The magni tude of the coercivity squareness ratio a

of the rru ?ayered (CoB /Pd) filmmedium having a PdSile seed |ayer
shown in Fi Bendanisotrapecs pegndtic figd tHeshown emgigh 6ofike bpid eoepdianfgereiliv, dadlyt i on

among mMegRekl & Gk bathe a8 0 A8 ROBWRtbRofH théJPds 8 se@d l\é?ér Ush fll Shddhafaes
nonot onously  proportionately to the amount of 2 irrespective of

whet her #hejtignepd giditiop of P for FP&&W@??%I of & &agnesie laﬁyﬁew}éeaﬁ@ floy BRPER: 8¢t he

PdSi , s sged sty 8k valad@lld ddwaampples i n which the flow rate of 02 is set at

2 sccm (approxi nat el .3 mTon), nitud e a val ue decreased

Co appr ox, nF® orcrst i e SRt Sr RSB et DA HE™ S06°t | on

of 02 t oth¢ hesoragn etapetit dyl@rHioo! thdeafd bierg@edhdr agoeds, paraiuslqs)wtehe)r megnet i c

| nteract Iogrcﬁf rrr%noq CI‘ ye%% %late gl It(|)1 g egse%lu agfiﬁlh &I st :.It egl}lll tﬁ(l. L&é or ngw the
f e e ffl 50

dependence 0 rcrLve on the
addi ti onthemedmyg@maqashamly [Frohjethdé@c nqvt?edonfmehh@in <i>rslera@|mele¢ atloultﬂhseerem | m

form ng gasd v LERASY {1 nd grhl%hh-‘?c Rl RpABRAME BYekss oBYREhel &, D4hel S
added to the filmform aﬁ% gas u sccm(approxwrately 0.3 in Ton),
&

He val uePdSintsrh8ye dns ctiyg, agd ak&en'%meﬂrto thetreasnesis laysr agudal dfet o 2. 0
sccm (aﬁxwu%f@m&yto@n3ddqﬁhtJ@ﬁ§e)prJd@Jes AmeeRRSI k@ on the magnetic |ayer,

He val ue f azlmds then %ﬁm medla wgre subJected to sectional TEM observations in order to clarify the effect
of adding O, to the PdSi,g seed layer of the Embodiment. As a result, it was found that the PdSi;s
underlayer which should essentially be amorphous has been crystallized. And it was also found that
the crystal grains of this PdSi,s seed layer have developed a Si-poor PdSi phase, and that the crystal
grain boundary has developed an amorphous phase composed principally of SiO.

From this fact, it was confirmed that the addition of O, to the PdSi;g seed layer caused Si
having a small atomic radius and a high affinity with oxygen to segregate easily in the crystal grain
boundary, and as a result the crystal grain boundary around the crystal grains principally composed
of Pd which is an element having a higher value AG°will be principally composed of an oxide of Si

which is an element having a lower value AG°composing the underlayer related to the present
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1.0 kCe. Then, anisotropi.c magnetic field Hk showm in Fig. ?Octlﬁk‘i %)a
coercive force He, hardly changes as a result of the addl ion o 8 for
the formation of the PdSilg seed layer. On the other hand, at the tine
of addition of 02 for the formation of the magnetic |ayer, when the flow
rate of 02 is set at 2.0 sccm Hk value falls down sharply. These facts
suggest that the addition of an excessive anount of 02 to the nagnetic

| ayer cayses,, the anisotropic magnetic field Hk of the magnetic layer (in
ot her vvorde ot enti al power for the coercive force of magnetic

mat eri al s) itfeesrcenfarmed tipis indh inagnptie, filmsempesedof pagnltilayetel €oB&BE dibBoff or ce
of the peaidmMe RELRASER, s%gegaeésmongth@ ra}yttt;tl Saith BGhndar) Bf M@%d&%tédnss%fimt hat

in order to nmake ayered nedi um aV|n%1a smal | a val ue and a high
He val uefo%%étyﬁtbll ggain 'P‘h‘éd"ﬁf ofcdkssaggsticdygn iy fog thapthe ﬁegnemyera@ﬁ@éeaoqgayer
is very gidnewt tiv@al @fids hRatedudsNeibsAtidlls iadEe Ghalghetit NecorBa elelliom| &y @, a

reani ngf BFOHEE £ TR P e o dfts Mo ot “Bue af £ LOBrbALTEY

observatseedtlsyarn order to clarify the effect of adding 02 to the PdSile

seed | ayer gshe 'YPOP“rEﬁ”obs r's?‘% S c se'ﬂlotut ontth Was ];t%urégor 1hatme 1he %%Sl 18
under | ayer d eSsent ]i1 e am)rphous *Bas been rys al I't"zed.

And it V\etqumtusr@l sm;etrmd heshiggt an I ﬁeee(dria,ysrttabdugﬂdan sred Erhbttdlrmglt RdBicgmsgatadodryl ayer
have d eVﬁhQ H’eg}qte%egheng QF thg%\s, ia Bhﬁé %mb@d?ﬂer& ih%mfs B?mF %t}{x%{u?el of Ir%%@h@la@a? undary
has devel ope

an anor phous ase corrposed princi Fromthis
fact, it Tmaéacfclevwlmtteathﬁ H%ﬁeletat?é SegaRiqneA Bop ttezmtgaettcﬁeyep@fsm wedjwp gl thigyer

caused Shmbdd@Neniig at@ibSEABE o (RS BIBK Geed BHUr Usvird Gk Budtin® Br B frefthiivvedidah OXygen
to segregate easily in the cr staIrngral n boun(ﬂ fy and a result the
B e bSZlF‘Y

crystal gr aPf9sEiHde DC aeareian sRvderioppethad was uedhio % CBRPYSed  of
Pd whi chthk seditimed ﬁﬁmﬂﬁbdﬂaﬂﬁnﬂ gtoaze\m @thiehectlladsye sa‘}&@dﬂt kHe R¥espptteriAg impibd, Yhe

conposed of .an .oxi s .an e ha a Io r. val.ue

G b os ity R Ry lon P Bl PR e SR i O dos Y B G

i nventiomedAnd it was confirmed that, in the magnetl c film corrposed of a
mul til ayere i es

al ong the cgsygt?g{ }Jeet%u agl?%rg't) g@ Qﬁ%ﬁg%g see éiy)!ggarts%gﬁasglgtﬁt t he

crystal geasryalsesarierardr ¢ Ptefﬁeab}?a@hﬁe‘tﬁe of ﬂt&@eesasesmeedﬁ%tétﬂ possiility Rempsignet i ¢

I Nt er act bedfen AYROEF hdRANRYdr&d CA/YSHIR] and1eBdsNS the [i6velopRiin @fa ?pﬁérﬁéﬂallcﬁllrl y in
the magneti c recordi ng nediumof this Enbodinent is |likely to be

attri but 3EIGGSEPhat has segregated al ong the grain boundary of this
seed Iey@nagne%ladecaﬁmgap;ﬁ&tﬂst of TEM observations carri ed out on the

magnetic regordi ng conv structu an 1. TO
sed | ayer Ut RAGs RaEp su o B e BT S o ke R
despi t e bdiew witterferdnye tofdratwtrrgs riigli7as ofrogs hectotahied ishmsvitg ElanthIBﬂflﬂBf lefd difke
structur a r@ h l.

eqr ogat 58 "o Phiel W ehang Dplehud Bk LAUERL S NI B BB LT
is attripew aﬁhemt@ettcrtemp@g appasgep shewrein Figa{r |1‘h§13§ Hang §,r5@c§tpmselt%ar magetic
present LIy et -disk drive, 71 2 housing, 72 a magnetic recording medium, 73 a spacer, 79 a swing

arm, and 78 a suspension. The hard disk drive 70 related to the present mode of carrying out mounts
said magnetic recording medium of the present invention.

The hard disk drive 70 is externally constituted by the rectangular housing 71 having an inner
space for housing the discoidal magnetic recording media 72, the magnetic head 50 and other
elements. This housing 71 contains inside a plurality of magnetic recording media 72 skewered
alternatively with spacers 73 on a spindle 74. And the housing 71 contains a bearing (not shown) for
the spindle 74, and on the outside of the housing 71 there is a motor 75 for rotating the spindle 74.
By this structure, all the perpendicular recording media 72 are kept rotatively around the spindie 74
all being bundled together while leaving intervals with spacers 73 for allowing the approach of

magnetic heads 50.
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I ncidentally, the DC magnetron sputtering nethod was used { 0 rn%\{)gri ous
| ayers conposing the nmediumin said Enbodi nent. However, % ‘it% he®dl ess
to say that the RF sputtering nethod, the |aser deposition nethod, the
ion beamfilmform ng nethod and other filmform ng nmethods can be used.
As for the sputtering gas for formng the magnetic |layer, krypton Kr and
xenon Xe having a greater valence than Ar are preferable. The use of

th ' des t f b . f .t

mui 11 ayer off oAb R AR i dhst e g BrBRahy oo o Fegy Fen 71

per pendi czauetda‘rrotaryra@netri lnrilgrshmtwcthyyh Hebdigrvé tin jmarallelowithdhagpindpydr BisustryAnd
now t he I on
Wil e e S L

sect i onaztcovdlweinmﬂ%gt %%ﬁtlle&‘féﬂﬂ?iﬁl Sé/lrtgfarrhéfP @ nepigrgtic h@riﬁ(}e fuchfi bouglsa dendergnet i ¢
recordi “ﬁa@ﬂﬁ@%ﬁh&émﬁ ek ag,ed cﬁa%oﬁah? oBfSc%ﬁ@ffG tHe MM EELe | &”eacl@%lg_féug rec%rdu% a

pl ane view of e magnetic record ~apparat us_shown in . In Figs.
7 and 8,mesipm %?phé%%ir&beveaorr?ﬁl@wéeq %?meh agrlet@eh%l?%lswrogvéee |w1 8, recw:flma
housi ng, el&l?enalona@aelfdrcvn&leg:mfdﬁmgn o thee uﬁgneﬁsreaor&a@ﬁqedmm 79 ardl aS¥éprb@ictical M
and 78 alsus&? i 0 8 di sgrf)drliive 70. rel % ted to the present node
of carry¥#y {s i‘%ﬁh"[réea 15%11“60%{% dhe eGP ieid?- t he present

i nvention. Iﬂ'fs@ohaﬂechccbr&kg trsadatrddure ® m&emdmdghgtlcemﬁhngtnﬁdeﬂl oy td heve
rect angutlh QtlII%eQCQSO 1 a theqa]ckusg]f gcrtllorll DfYL ?a%xgtﬁ gc i¢ USI f’ﬁb@{_ tne m? 8' dal

magneti c F ec magne ‘Sient s.

Thi s houdi thvgpwm a@mﬁ? ;ind therefoss ﬂiemagrptmh@ﬂ ) wnomovwavgamempﬂthn@@dh@nmgetwed| a
72 Skem{e&)ﬁdlnﬁhédﬁ{n{‘ﬁ' vely with spacers 73 on a spindle 74. And the
housi ng 71 contains bearing (not shown) for the spindle 74, and on the

out si de of Thisdardiss ndﬁ\ge 7Ppt fhﬁéwmr%deacw goversn pasite degifed mageptic FEorgpiond| e
74. By 4hd ﬁagﬁétrcusdouﬁ@ méiim 7zh|§_x/ @eﬁ@etﬁamsylkw reé RERYS ﬁedmgn Imdsyanoz-%fg ale kept

rotatively arou ind| e n | ed t

ot he IRt en e By h whenged hria Sorenihorh B cveghof St botl o et i o

heads 50ferrdrﬁagﬂléhc(amtad)heér c2fif@ing e mdgﬁeth@emrdmg n?e]ixuﬁﬂ’d! he&o dan feliemapagitet | C

recordin ere |s a o shat 7 r ot ar uat or"
ﬁforma]g'ti %g])blno¥1ﬁ% sw1 ;% fl ﬁleaz.ig g %nhOé)tmna? Plc():f t%n '?B,Eh

bei ng suppor BEATE in par “Thi s
rotary mépaétic rec%rdilrg madowi "t?eeaidw tidtecingthel lealtaigt ylamhcsﬁalm@orathmamhp tag¢rr udi ng

N the SPAGRENeRLEAC RoRAP Shddim 12 B0 ATo MR (o ohdlE of R Of

each swing arm 79, a magnetic head 50 i5 fixed through a slender
tri angulla?gngtlfélﬁ@nm on 78 fixed diagonally opposite to the surface of each

magnet i ¢ 1 gk SinAgtioAREh KA, mlh%ﬁh@ﬂlaﬁﬁﬁb/ﬁfoﬁﬁatllaﬁ 'aipéﬂomgbo%@-% ma-lélﬁétﬁ
magneti c hed50|s72rowde W|thar frﬂ% not shown fo

wri ting PIFOMEETYR 76t AR CHEEHERE BT LR 0‘?’#3’&%1} RocseTay & desurioed

r epr oducdbba) it 1£;I>oesmsahorﬂBMy whenord 4n6 repilachi a1g high frabriitls dafsity Rodnotphevidewgnet i ¢
recordi nedi S|ble cording to said structure to rotate
t he magﬁg%l}'s@ rdglco lve’)odw{ﬁ aféecaf)a i'j}?"rove the magnetic head 50 in the
radi us di reluctldemtallmfthetlhel dikgluiae 7€ desertbod eliomgwitle thifanency @ Higs. 7 hed Srehowroalyt

an example of magnetic recording apparatuses, and the number of magnetic recording media
mounted on the magnetic recording apparatus kmay be any optional number of one or more, and the
number of magnetic heads mounted may be any optional number of one or more. And the shape and
the driving system of the swing arm 79 are not limited to those shown on the figure, and the linear

driving system and any other systems may obviously be adopted.

Industrial Applicability

As described above in details, the perpendicular recording medium of the present invention is
characterized in that said underlayer comprises an alloy principally composed of two kinds of
elements, the difference of standard free energy AG°for forming an oxide or a nitride at room

temperature of said both elements is set at 70 kJ/Mol [O, or N,] or above, the crystal grains
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of the swing arm79, and therefore the magnetic head 50 cap QY& b&hsANY
position on the nmagnetic recording medium 72. The hard di sk drive 70 of
the structure descri bed above can wite desired nmagnetic information on
a magnetic recording nedium 72 by rotating the nagnetic recording nedi um
72, by noving the swing arm79 and by causing the magnetic field
generated by this magnetic head 50 act on the ferronmagnetic netal |ayer

co ][rposi r@nﬁiﬁ'ﬂ%m@&ﬂﬂQ}Hér(éyér%:}ﬁfn&bﬂg' cmgliswrafza elexlﬁént 88 20ddh ef@ﬂﬂé KSCg&H&Igi c

i nformatign novi n S ng the nmagnefi.c hea to an
opt § onal S0¥P HFBR A He SRl gHER PLTEL o B Sl OBy et | ng
the | eakadge oragngi bﬁelémﬁtsdlaﬁﬁg)mot;xzh:evama@l@tIioe alll thyerfactss 0 fxloksitild to PBtainfae
magnet I Chlr eCOI’cg/I ?cgc rq% reéjuce Zhe ma et1c it 1‘2109101‘18 h%nr S S qdua,clztsllr(lj %’lme ef1 Ea of the
magneti c ad PTG R connect Iﬁ readin W tih 6“ Ko
|nfornatm@ﬁwa@H@h@anbmévemdmheﬁwagmmmﬁ@hgheguﬁdgﬁ§$Wed|un172 has an
outstandln i) .

above. 1t 12t BEGRILR BOBLRRL PR AE MRS Pl A AR hﬁ%f
-recor di nfg ‘g? vrdedayer qndi N9RBRANgHE base spbsiife aNsiaesthP 1o foamigk §1 Hﬂglﬂﬁ\‘ﬁé aygfesith a -
| arge Caﬂa@cﬁdlﬁ%magh&fé'l%ﬂﬁaﬁbﬁ ¥ satdhﬁdémayed THE $&p &tffbfﬁﬁn (BidIREESh) P BSnARQ%e W th

reference to . 7 and 8 show on an exanp f magnetl c recordi ng
appar at u¥®sof %ﬂ’é}n& AR ORGfricE R WFideeh ﬁ%{eﬁ% °P%J;‘6‘F‘cﬂr rf@or?neal Men}, gRPEIhe¥ t he
nragneth [ Ccththi tl'iaglndﬁ&)][aﬁ?d‘raﬁ ths umlkélaﬁﬁ mrrhycro@pﬂowa@ht 10 g oiBle t@brdame e@frlrl%lrﬁor ef
and the ads unt e 0 nu r o
one o TRy sk, HERCR B R gty S e e LR Rb B 7

are not iagneticdajet ape ¢nimbisied g eawrdiogartdirepréduging eharagtadbtitdree dutstemding. dr i vi ng
system and any ot her systens may obviously be adopted. |ndustri al
Applicability As described above in details, the perpendicul ar recording
medi um of the present invention is characterized in that said underl ayer
conprises an alloy principally conposed of two kinds of elenents, the
difference of standard free energy zG'for form ng an oxide or a nitride
at room tenperature of said both elenents is set at 70 kJ/ Mol [Gs or NZ]
or above, the crystal grains 17 13 Cctober 2006 constituting said
underl ayer is principally conposed of an el enent having a hi gher val ue
AGanmong said two el enents, and the crystal grain boundary of said
underl ayer is principally conposed of an oxide or a nitride of elenents
having a | ower value AG For all these facts, it is possible to obtain a
hi gh coercive force, to reduce the nagnetic interactions anong crysta
grains in the nmagnetic layer and therefore to record and reproduce
information at a high recording density. On the other hand, the
production nethod related with the present invention conprises a step of
form ng the underl ayer on a nonmagneti c base substrate and a step of
form ng the magnetic layer for recording nmagnetic information on said
under| ayer. The step of form ng said underlayer conprises a step of
formng an oxide or a nitride of at |east one kind or nore of elenents
anong t hose
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constituting the underlayer in the underlayer. By such a p S, AL 1S
possi bl e to produce easily a perpendicul ar recording nediEﬁ@éﬁ%?%@% t he
magneti c interactions anong crystal grains in said magnetic |layer are
smal | and yet recording and reproduci ng characteristics are outstanding.
18 13 Cctober 2006 Cdains 1. A perpendicul ar recordi ng nedi um conpri si ng
a nonmagneti c base substrate, an underlayer fornmed directly or
indirectly on said nonnagnetic basechggtrate, and a magnetic |ayer
formed on said underlayer for recor&?ng magneti c i nformation, wherein
sai d underl ayer conprises an alloy principally conposed of two kinds of
el enent sy, hhfemegﬁitjlﬁrr@&&ﬁn(foﬁlecﬁﬁxﬁleﬂﬁrgin%raeﬁ‘onﬁﬁﬁfegy b Qi strE, ORUEHR SN
oxide or a nitride of said both el enmenls at - " roomtenperature 1s set at

70 kJ/ noformped Airgtly rndgpetlyop yeid nppigagpstiy dpsg|substrale.igd @ gprengtic davpnigrmeedi o
under | ayQfd vadelapk fod edefrank YaSROPRfedatoh, vkepEeNnt s having a higher val ue
ACGof said tV\c‘f e%:glments, and the cr .st.ah1 grain gogndarléﬂof sai d underl ayer
i s princi pfi yEOREbSEEPEES 4R %Y gEngRally qmpespy et gy Kinds ofeslepraist teavi ng
a | ower difidreree AGtandard Tlee eqeenypatithir rddading @coxiddion @ niigddi dfaid bod eBinBds 4t0.-
claiml1, wherein the el t Vi a |lower value i Ccontained in said
under | ayré)(r)mieén pgrﬁtyredsnsée?%t? HEﬂm%ﬂ& gir}%] qria!)ovf’r, Hf , Ta, M, My, Ca, Be and
Ce. 3. Thethperpehgrioutastitntegoridi underlagm iatenpracipdiydiomgosed of ElamentsZhavinger ei n

the contgnts.af. REGPBRR. (BANE A | over val ue AGcontained in said
under |l ayef is 10 at% or above and 90 at% or bel ow. 4. The perpendi cul ar

recordi ng fhedseh side beuailay of widapddriayep is pnepally sormppsedcs an exifsorgfnitaflesfent s

havi ng asaldg\y@{em\;@{,ihgeay{;@g,qapl@im;@ﬂ in said underlayer is 20 at % or above
and 60 at % or belé)iw. 5. The perpendi cul ar recordi ng medi um according to

[ pe! . ! !

any one of I RERTRLIIY firegidR pdiuiRissosiing Prrlam by WheEsit PhElGIRY having gRkT val ue
AGcont ai vae@ AGTc@@dindd inder UndstRperiiSangoye 68 Af SiCr, ZoZHf, Talyin Mag, CheBe arldu, Rh,
Pd, Ag, (géj In, Sn, Re, Gs, Jr, Pt and An. 6. The perpendi cul ar recording
medi um according to claim5, wherein the contents of elenents having a
hi gher val Uk AGroditdirredrding wediwn acrd@mgay ekim 2, Wikren %eaontaiovielemdtsO0 at %
or belo £ T p i cul ar L. Ng. i i t imb5,
aher o n TS 8B A b B R B A e e n
sai d undér Teg/papendicdg regovding: medimy accarding 8o claim/z.ohemin g, cogentsyploelements

per pendi giingh 10WRE IR A HRAH T ARGAEGIRNYsDO 285 2008 o 6(CdtAIoPBeldw. t hr ough
7, wherein _the filmthickness of said underlayer is 0.5 nmor abgve and

25 nm or >-b&RoR§rPegdiovss dechring drrdivEL A58 ding PANY PRGOS AN It el o MRGSR deany
one of célandiBhalinghrmishetyvalic Q@TEIntasiet ¢h Al untidilagst iedly ahe of @y, &h, Mgteern sai d

under | ayer g[d hgac ghet.ic SI aygr erein, said internedi ate | ayer has a
face cenﬁ‘éle dCé%’l cdr’%t Igrhi{teu(? e (Pfef‘@%%,\‘lb r a hexagonal cl ose-packed
struct ur@ [Thepgpendicular recording medium according to claim 5, wherein the contents of elements
having a higher value AG°contained in said underlayer is 10 at% or above and 90 at% or below.
7. The perpendicular recording medium according to claim '5, wherein the contents of elements
- having a higher value AG°contained in said underlayer is 40 at% or above and 80 at% or below.
8. The perpendicular recording medium according to any one of claims 1 through 7, wherein the
film thickness of said underlayer is 0.5 nm or above and 25 nm or below.
9. The perpendicular recording medium according to any one of claims 1 through 8 comprising an
intermediate layef between said underlayer and the magnetic layer wherein,
said intermediate layer has a face centered cubic structure (fcc) or a hexagonal close-packed
structure (hep).
10. The perpendicular recording medium according to claim 9, wherein the film thickness of said
intermediate layer is 0.5 nm or above and 10 nm or below.
11. The perpendicular recording medium according to any one of claims 1 through 10 ,wherein said

magnetic layer comprises an alloy principally composed of Co and Cr.
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10. The perpendicul ar recordi ng nmedi um according to claim i g ez 86the
filmthickness of said internediate layer is 0.5 nm or ?/(9 and 9 rim
or below. 11. The perpendicul ar recordi ng medi um accor di ng to anyone of
claims 1 through 10 wherein said nagnetic |ayer conprises an all oy
principally conposed of Co and Cr. 19 13 Cctober 2006 12. The

per pendi cul ar recordi ng medi um according to anyone of claims 1 through 10

wher ei n §2a| ’ﬂqe %%laprel:(ﬁéﬁﬁé m&ﬁurﬁac@ﬁjdﬁlk oaéf& 'E)ﬁ\eq)ffc1alrﬂp 1%9&141 i Vo%réu%éﬁlr S

princi pally conposed and layers “principally conpose
al t er nat PREBEYF l%ﬁwmtné@ﬂ@ﬁ@dd“ﬁm%@pwwas Prifipaly efmpnosedeaf Cojand Iqyees

per pendi k@mlyrceﬁpcrssu mdfiﬁdhdﬁﬂélﬁﬁﬁﬁfaféﬂﬂﬁdn%éﬂﬂ@t Mhubeber ¥i@Igi N sai d Iayer
pri nci pa is conmposed of a. CoX allaqy d X being any

[
one of B, AFhe qﬁfZPCququ maeum gepordingyfo cim 1pewhgrgh d eaid Ty rgciElbhod of
pr oduci n@nfphﬁd pecmmdmpasbcaﬁarcemundy, Bd Mmga@wmrofmmsl @, gt, ey, Taf Mh,Or m ng
the- undel(/[l aé/ {Sean%ct he nonmagnetic base substrate, and a step of fonning
_the magnetg ayer *for recordi ng magnetic information on said underl ayer,
wherein &n Axnetlled ofpreduping the depapflicabr rew@etirtg ngede cknprisingf el enent or nore

el ement s a”Pé?& ogflﬂ)?rm%% g{é‘%ﬂéeﬁayefé}’@%dnﬂﬂg&eﬂ@ba‘éé‘ ﬁ! a%yaﬁl% Is or are formed in

the underl ayer 1n sa ormn e un ayer. 15. The net hod of
produci ng p*é?tﬁe?fcfp@maﬂle rr@gmtlel layer ﬁQ’EGF%Ydla& @@wrlhglfqr@ateqnefinmmﬂmﬁmy% n,

sai d undggrd-ayer conprises an alloy principally conposed of two ki nds of
el ements, and said both elenments conprise two el enents of which the

di ff er ence B¥oXde i dHHds po@ léﬁﬁb‘i’rﬁ)}“r}&@f efegients 5 PR SleRANtH XN BT elemsifst r i de

in room &cﬁ@p@;ﬁg&hwrﬂedasermorlﬁpyfamied [nQQe lﬁlﬂerbiae]r 110§a1d&t:b@\6€forrfhﬁg ﬂ&b&ncrém}lapd of

produci ng. perp recordln dia accordin or
Pherei n B FleRRPd P ho Rl bR SR DR T OBl VESiked 1 n ¢ he
step of dep&asil unilanigyes adngbrisescie rllayypeingipally bemposadiof axto kinde sBdengenefandxygen or

ni trogen i nsaﬁiado%ffle'rdiiﬁes ccrgre}mhg'gvo%?e%ie?tggfl}gllnénhothgdl}_fgljéﬁca%E st%BQrﬁ%re@% cﬁ§ g 10-2

Torr or bel ow. _9 er pendi ¢ recording nmedia
accor di nfr fosmiangn G oot nltfldalmﬂoqmtenmﬁﬁ‘@wgh Ollﬁ/mvh[é}‘z@r M) ghoven f or m ng gas

cont ai ni (Y XY L&RoIYT pfuda&ﬁg]%&ehcﬁcu% eééoraﬂg h@@a 8dcBRinBto cIABPQAS 15 ReheR R d
nmagneti c Iayer the partjal pressure of gen or nltrofqen in sajid film

form ng yE& OB@P&ganememwwygs? orHEREE" arvae n ghe 1t 1 feposifing saidaindiplayers. The

met hod ofhe pir@ﬂlpﬁzlssﬂ@ JP ek ypei 6l it ger infsaid Gilf Fo@ingReN RingG0DO Tek BPabb® Al xone of
claim 14 rou 17 conprising a step of exposing the surface of said
under | ay}eor ‘0 © fﬁ &%t mpsphere  cont ai ni ng oxygen or nitrogen after the
deposi ti th Ofe mehall ofpletukiay eerpeniiBulaTiveordied hodia afcopiingdu ahngnpef gamdidcul ar

o LB PR 108 K98 STl AR bl 0 Pl o
Zr, Hf, depesitingisaid pggnetiy ] 1aysethamrtl@avrqss1rm<sfe>dmg oanltragdnoy said fyo fHirmige sasi d
under | aY6ding 10°® Torr or above and 6 x 10™ Torr or below.
18. The method of producing perpendicular recording media according to any one of claim 14
through 17 comprising a step of exposing the surface of said underlayer to the atmosphere
containing oxygen or nitrogen after the deposition of said underlayer.
19. The method of producing perpendicular recording media according to claim 15 or 16 ,wherein
an alloy of which the element with and having a lower value AG®is any one of B, Al, Si, Ti, Zr, Hf,
Ta, Mn, Mg, Ca, Be and Ce is used as an alloy composing said underlayer.
20. The method of producing perpendicular recording media according to claim 17 wherein the
contents of the element having a lower value AG°and contained in said alloy is 10 at% or above and
90 at% or below.
21.  The method of producing perpendicular recording media according to claim 17, wherein the

contents of the element having a lower value AG°and contained in said alloy is 20 at% or above and

60 at% or below.
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20. The nethod of producing perpendicul ar recordi ng nedi a ?3‘3(985% to
claim17 wherein the contents of the elenent having a | ower vati &Gand
contained in said alloy is 10 at% or above and 90 at% or bel ow. 21. The
met hod of produci ng perpendi cul ar recording nedia according to claim 17,
wherein the contents of the elenment having a | ower val ue AGand cont ai ned
insaid alloy is 20 at% or above and 60 at% or below. 20 13 COctober 2006

22. The zyet hﬁan@ehocpap}qb!&jcmg p@l%érm%gi febdraihg HREREHRGhdB th? 0AC§IHNNG t O
of . whi ch the el enment

any one of im1l5 wher ei n an al |

ot gl e ey St ees it ottt s St G B, A,
Cd, | n, N6, TcRRy, KI5 ,Pd) Ang, €, Iansh, Re, 0§ It)Peandasu ausad hoyn GlyRompetthgSsaidd
underlayed 23 The net hod of produ0|ng per pendi cul ar recordi ng nedi a
accor di ng 6% ai m 19, wherein the contents of the element having a

hi gher 23| u&hAGetha dmn@cmbmgderqudisdhrdewkdi@yméc@ deQordingtoelaimbldy @haeid the 90 at %
O Del OWeneths o A ARRAOL nBEA QUG RG-RELRBRA UL RS ACH MePalIAS
according to claim1l wherern t contents o l'ement having a

hi gher Va¥latie omt@lorid -contained in said alloy is 40 at% or above and 80

at/6 or hel q¥ méfod éf ﬂ?@c&aﬁg b&pénafemr%&gdu@gm@eﬁ@;cu&dﬁg %361!11{%' Gwherein the
per pendi cul ar recordi ng nmedi um accor one of clains 1 through

13, a drqovqeﬁlfgofﬁ%ef@eenfeafrhaam % higher §%1F%A§é‘fl‘g%8i“€@ﬂné?~ldralé%fdf‘éﬂ HG Oﬁ%ttﬁri"tﬁd and
a nagnetgocat%eﬂguofwor recordi ng and reproduci ng magnetl c information,

wher ei n netl C (ﬂead records. and re rod Hﬁgnegl C |nf ITB.tI on
on and f om %H‘ ettferreii’é W WRARPS FERSFGE AG© feﬁ"r {1oH™ 25T ding'o

any one of claims 1 through 13, a driving part for driving said perpendlcular recordmg medium, and
a magnetic head for recording and reproducing magnetic information, wherein said magnetic head
records and reproduces magnetic information on and from said perpendicular recording medium in

motion.
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