; 89:; e3e300hhi |l .l1\o6LoTod -1 E OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI UM
METHOD OF PRODUCI NG MAGNETI C RECORDI NG MEDI UM AND MAGNETI C STORAGE
APPARATUS 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention generally relates to magnetic recording nedia, methods of
produci ng 10 magnetic recordi ng nedi a and_qagneti c storage apparatus, and
nore particularly to a magnetic recordi ng nediumfor use in |ongitudinal
magneti c recording, a nethod of producing such a magnetic recordi ng nmedi um
and a magnetic BIDLEgEOFaHE aiNeeg5I08i ng such a magnetic storage

apparatus. 2. DescrlptlOnfﬁgG&E@I5E§%?§%%Q?§%§§€895hy N&hﬁ&ﬂgdagapa0|tles

of magnetic storage apparatuses use uter dynam c

i mage recordi ng appar at us &R ChfeMA&R ZA haeCPREL &ks dtE DA 8BPabl y.
For exanpl e, there are magneiner deskToRizGgs, s PEhRAYpEOor dynam c i mage
recordi ng, ﬁQiCh have a storage capacity exceeding 100 GB. It is expected
that the demands to further increase the storage capacity and to further
reduce 25 the cBBCKOROMMNINEIH cTHE SKNYENIEONM || continue to increase.
Presently, in magnetic mgy%fﬁlggstggrIwy%dgaégngltudlnal nmagneti c

recording (or in- pl ane magnetic recording), active research is_being nade
30 to increase the recordiif RARFENLsIYSNLIRaPERETEHE Y YR BB AFe
capacity. Inprqmsgﬁétaci&dxﬁfuiﬁ@ ﬁegﬁahwmkﬁmm@e bt prddNRIngf nmagnetic

di sks and Vit t| a (o] | ane
recordi ng gen5| €3e§%e53¥h ;%%9%% Fl% ggggq%gﬁaggé%lg 83 ?s pr oduced
by succeSS|veIyaﬁbﬁﬁﬁﬁgsanEunﬁeﬁ¢a9epar§lﬁa§h%ﬁli FayérmﬂﬁPQﬁ¥@otectlon

layer on a substsabedih® HderuhOfor nde |1WrRYﬁgiB§dQ|r1%q_t nERoset kc
|sk such, as the resolutlon

h t t t
non i near 1 arertoER L8 P (TS UaRs BRSNS FEoh Pelitie: That

subjects the recording medium and a magnetic storage apparatus

15 using such a magnetic storage apparatus.
2. Description of the Related Art

Recently, storage capacities of magnetic
storage apparatuses used in personal computers and
dynamic image recording apparatuses for home use

20 have increased considerably. For example, there are
magnetic disk drives, mainly for dynamic image
recording, which have a storage capacity exceeding
100 GB. It is expected that the demands to further
increase the storage capacity and te further reduce

25 the cost of magnetic disk drives will ‘continue to
increase.

Presently, in magnetic disk drives for use
in longitudinal magnetic recording (or in-plane
magnetic recording), active research is being made

30 to increase the recording density so as to realize
the large storage capacity. Improvements in both
the signal-to-noise ratio {(SNR) of magnetic disks
and the sensitivity of magnetic heads have led to an
in-plane recordimg density exceeding 100 Gbits/in?®.

35 A magnetic disk is produced by
successively forming an underlayer, a magnetic layer
and a protection layer on a substrate. In order to



5 substrate surface to a nechanical texturing in a circunferenti al
tirection of the magnetic disk. By providing the nechanical texturing, axes
of easy magneti zation of a CoCr alloy form ng the magnetic | ayer becone
aligned in the circunferential 10 direction, to thereby inprove the
coercivity and the orientation ratio (OR) di51 the circunferential direction.
Thi s techni que can achieve a high recording density, but because the
substrate surface is subjected to the nechanical texturing, the shape 15 of

the textured SUQ& e St‘:&'ié%@eb%r‘dﬁ{hﬁjdé’@ﬂct@oh'ﬂ%r%‘ifcfrﬁce shape of the
magnetic di sk. %Fpther wor ds, % rface rogg §H§ of the disk Burface
xt B tae

i ncreases due t& ﬁ@‘ﬁﬁ%ﬁbﬁ?%ﬁ? £ S M e dtr 358 uPfa In the
case where the diesk 120 sounf asenhdd rigser i ticzeased oswrsfraicet r ONQFRBeésandt is

difficult to |n@&@ye1g¢giglﬁgt50@@yygl SonNEESLep scharactgri stics of the

magnetic di sk by réducing t i stance between_ a nmagnetic head_ and the disk
surface, and t h&REStFaLe | FRELRES /&Y @aﬁ?@h%ﬂécéé W hyg déRsit y

according to thcar@mrm_eéhtialoﬁderredmomm@vehtehmaqdmcatdmgkof Ehe axes
of easy nagnetlz%tlon of t niia

tic | cir
direction, a JaBaﬁgégﬁﬂﬁd engﬁgltenCa rﬁ?%g %ﬁ@% Epropgses a
met hod of 30 depeégineitiggat Cpnunderl &psir ainljl@hef@éfgﬂétq chaymagneth can
obl i que evapor at hgar HELARE, sJaBaReSE A ai Kl C@@Bcaﬁt@ﬁeMAlcatl ons
No. 2002- 20 12 n NQiZOOZ 260@% p%gpose met ogﬁ utter%n g .
under | ayer Fﬁﬂ Tt ohP bEPREER Y HE"RUBEE r 40E §§eﬁﬁf¥ﬁ Y uRBEr IF&Fer .
However, the Japanesxe:d;ta:t@jnq:)anll?at Applth:at comcNm B r72b0iates Cr for

t he underlayer IS S t e C , he Japanese
Lai d- Open Paten?liggqggﬁloﬁgﬁﬁg 5%a%fi%§@ éH ESW¥é$gl%gg€%ﬁuse Cr

alloys, N alloy§cqxdics aﬂlw%tﬁforbme%ee%ﬂu?ayéhet FRL 3 Sraphit FHEEGCS at
thedinc||nat|onlsC%h?ﬁaﬁﬂémlﬁbsth@vmeuﬂaime@lstu&mmiﬂﬂg;hese dapprese
Lai d- Open Rat en I 1250 0331 002260218.
Mor eover, accoréFﬁggto %?Qbs féi(§%¥ﬁ€$g%c§f§%hé%ﬁ§%£€%§ Eﬁld Open
Pat ent Appllcattbﬁ N@Qﬁ@@%osh@hé pﬁcﬁﬁﬁnmém@ﬁﬁl@fdﬂﬁéﬁdepb%l@thgratons is
limted by a magkrwhi cftr{@réualfla&eoge;rﬁs;nrmsr;@eoﬁl teenfarantd @t fdieection,
and the filmthickness |n C|r%ﬁnfere g g ctlon S ngge unlform
by rotating theBabSESS%. 39€ Ebai § 5% J%‘?) 55 OsRR PhEent
Application 2002uR833E2 e therfackedentinargie oisehwhemet ttdrd ngigkains i s
limted by g ”aéﬁrW@d31H5§n§hénlﬂc%b%§é&3%&4f&8€ SURSIH AL £5 center sor

opens in a 20 rlng shape at a predeterm ned radi al posit,ion. Accordln to
such depositiondd éﬁﬁ@ﬂérq%g}mﬁﬁgﬁeoﬁhﬁhéiHﬁﬁBEPFPH&e&P‘éﬁﬂRTE?Fﬁ@O&ra|ns
wi Il not reach thersuhziniadtei ssir b@ceheamch griet peodustki Wyt yredupbdnyg. the

Furt her nore, thﬁlgk tmé?%wgéﬂdbs&r?wgﬂf%]ﬁ@g ”gﬁdzﬂﬁﬁﬂﬁhéﬁat the film

t hi ckness easily Increase erentr a irection 1n the case of
the Japanese LaPHr&pes Pareht BRI d&t ifort bl B- 7258 nFE AT 9 i FA®t hi ckness

easi |y incpgasesetBrihgrg Etﬂér@élﬁiyr Q@UOQ@J.I’H;UB@ €B3€ @fpgimdrapanese
Lai d- Open 30 Patent Application 312., Wen t££|1 nlth %%§s

di stributions occur, the e%fa?Fo m%ﬂ%ﬁ%ﬁﬁ Bﬂebgég‘ S Suc ntﬂ

devi ati ons occuaxgn vife ec;rssennagnanlafattm axkestbe @égylerten@ehfzﬁrl én of

the nmagnetic | ayge, c%%dnﬂf@f‘éﬁ@lﬁ@cld%%éd?:ltch? 38 gheahymanet 4Copen
conversion characteristic of the na% f%@ i ncrease withi,n %he sane
Pl@d]t ¥

di sk surface, to2tRBreB\PRke?F108i EPPREFS R risas?

30 depositing a Cr underlayer and the magnetic layer
with an obligque evaporation. Further, Japanese
Laid-Open Patent Applications No.2002-203312 and
No.2002-260218 propose methods of sputtering an
underlaYer at an inclination between the substrate

35 and the underlayer.

- However, the Japanese Laid-Open Patent
Application No.8-7250 uses Cr for the underlayer



-4 recording density. SUMVMARY OF THE | NVENTI ON Accordingly, it is a general
object of the 5 present invention to provide a novel and useful nagnetic
recordi ng medi um nethod of produci ng magnetic recordi ng nedi um and
nmagnetic storage apparatus, in which the problens described above are

’suppr essed. i~ - Another and nore specifi C3Ob] ect of the present invention
is to provide a nmagnetic recording nedium “a method of producing magnetic

recordi ng medi um and a magneti c storage apparatus, which can inprove the

orientation of thgraxes of n§§§¥ea5a%&gﬂl‘5‘é'fﬁé19f?agﬁohhe dmgnetic |ayer,

that is, inprove the Ci reunferential. orientation of ‘the axes_of _easy
magneti zati on of 2PR&SFyet it~ PEGEr Py ate %%E%lﬁﬁ&l@ntshé‘“?m%%%?l c
recordi ng nmedi upoBas 2a i kshapep2and 02Ny oveet e nedaydi NP tleaiibysof the

20 magnetic recgrgl Ry, rr%_dléje%rg gél I I nanatt he& Pﬂggg f tbie p%ﬁ ?Egﬁ_l @lventl on

isto prowdeamagnetlcr rred i'umc FSing a su aving a
substrate sdrfagé; télesééﬁllaly@tlpﬂ@w @adieon Itléliféegl‘%l@ tr s urehcbesan 25

?Ederl gyelr provggﬁél@a tlhﬁfm@l%l ¥ ain @ai@cgbéhn@adtaé’rﬂf provi ded OB
€ underl ayer relrn .| ntrorna (0] reco | er Yy
magnet i zi ng t he APRLGFE TP THyRP - b g&@ecg\f ﬂ@gal Egég CE&" gbgé

| ayer is forned2b92a830 pol ycrystal of crystal grains made of an all oy

material having a B2 cryst réé{rHEtUrg;’cc?ﬂﬁr‘}‘?[égol;h%r%‘ﬂlaﬂ.q@é' entation of
t he crystal gral ns are inclined fowards one two sid 2 titioned by a

pl ane that 1% f@eREE U AherF kbR ARG tidhIanRess FE2 W& ibst rat e nor nal
whi ch is nornal ApplibetsrstNat @-3e603cehd\croe lidagtt andles nafnehic

recor di ng medi ug&g% tlIEe_:erg{eegﬁgﬁl i Q\ée'ig.'m%nctedt Sapfﬁ%%')ﬁlﬁ 49,1 nprove -5
the orientation of th 2as magne |za on of the magnetic |ayer and
i nprove the rec@ﬁétn@ldehﬂmyﬂ%flﬂh@h%gﬂét@@“f‘éé@ﬂ@hlﬁd fEdf ®@T LA ur t her

obj eCE of the Seﬁﬁaelﬁhgl @&elﬁﬁl@lﬁllékhésfsoM%Q%@r&?ﬁn&%@:éﬁtﬂépdum ng a
magnetic r cor di,n iumhaving a re r at ,i.s nmagne in a
recor di ng rec‘fif“gﬁn?&of’ec](ﬁ o‘“?&?o}lﬁ‘é eItk :L%’tﬁég?té&&gdltﬁjge K ?IC ate.

conpri sing the Btepsdoing a)o fonai dgransesd lay@rOpana Passtirate 10 surface;

(b) formng an mpderlayer,om 4He- §9§@1|2ay9crhe aﬂHcQBEnchFang{HQetélE ggeordi ng
| ayer on the underl ayer, vvhereln the “step % uses a t%;qg}ﬂthat i s made of

an al | oy mat eri 8PUREGTIG %R BRLR§sEAl l§ﬂl&ﬁ rRY aRd™Eg <t RB®Efbstrat e
surface, and 15ispdt weics,n ¢ ho f esheciksubstitet subshtatre caird@ers tnyst al

grai ns of et t _br f i t d st pl ane
that is fo?@ed %g'g?hgfhr %E:Eo%&?ng %%@gf:le%ﬁrﬁ %ﬁakésggggr @/esj'ﬁto{rér%[ which is
normal to the s&%@@i‘fétlélgsqu a%léchndapﬁﬁédé'tcér NP hedP 20 &3 i FROFRcPEned

with respect t Otltl@ed§§>lé§3tlr@trﬁ; NeF rrabut/ﬁ@qqrrﬁtt ngr onkhe imat osk Ofepr:adum ng
t he nagnetlc recordin medium acc c|ng to Hgg pregguctaQﬁﬁptlon Ly, IS
possible to i np?lagesflﬁjg &%%%t%ltlfgﬂ 3 B8 rFétl 3aPP8A *of
t he magnetic 25Flllayh_era1m3d:a,rrptr1m’fefu.hm rténcmlme@s d@m§ttr)1b®¥tlt¢ﬂe hagaBeisc
recording pBdi UBhch that the film thickness easily increases in the
circumferential direction in the case of the
Japanese Laid-Open Patent Application No.8-7250 and
the film thickness easily increases in the radial
direction in the case of the Japanese Laid-Open
30 Patent Application No0.2002-203312. When such film
thickness distributions occur, the orientation
distribution becomes such that deviations occur in
the orientation of the axes of easy magnetization of
the magnetic layer, and inconsistencies 1in the
35 electromagnetic conversion characteristic of the
magnetic disk increase within the same disk surface,
to thereby make it difficult to further increase the



Anot her object of the present invention is to provide a nmagnetic storage
apparatus conprising at |east one nagnetic recordi ng nediunm and a head 30
to record and/ or reproduce information to and/or fromthe magnetic
recordi ng medium wherein the magnetic recordi ng nedi um conprises a
Substrate having a substrate surface, a seed | ayer provided on the
substrate surface, an underlayer provided on the 35 underlayer, and a
recordi ng | ayer provided on the underlayer, information is recorded in the
recording layer ‘hygyegne)idiAgikhe recording layer in a -6 recording
direction, and the seed Tayer is forned by a polycrystal of crystal grains
made of an alloy material having a B2 crystal structure, and a [|00]
crystal orientaSUBMARY tdhe THRSTHIVENIAICH are 5 inclined towards one of two
sides partitioned by a pl . oryred; by .t I r di Lrecti and
a substrate nornal mhich.ﬁggﬁégggpgﬁahtﬁggsh str %g'sur g@@?eggcggdﬁggato
the magneti @ st BE&FEHppr BENELIER e HieskAE AnPOVE RN tuF8LHdssi bl e 10
to irm_rovle the geigeRtatd Oﬁe@%rﬂﬂﬁga&?ﬁdﬁréﬁaﬁytﬁﬁgl?ﬂﬂhzgﬁﬁcb@zﬁlcﬁ)ﬁgt he N
magnetic | ayer and_inprove the recordi ng densi.t t.he netic recording
medi um Ot her OB GRS TGP Een of SRS opc He YR S AL RAE o vi 11 be
appar ent from t BppB5aftols owi ngwhéchi e deseplpiisodesranipeddabgve are
conj unction wth,bhe Aacconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE

DRAW NGS FI 1 is a cross sec#ional vieM/shomﬁngFZO agﬁfnbodigen% of a
magnetic redordi ng medi amARREREF NG b RS pPREEAT iHvEMToh: CFI &M% is a
di agr am schenat pealskyntshiowagtibe drs erd gpronidé er ystgietgrai hs cionr dilngy
enbodi rent of 't heqragneld Gl £A8HILR M1 ngonBlfecd d Sréckagham

schematical ly show ng ‘the orientation of crys I"atti1 ces of c¢rystal grains
form ng a seed Magdum Arsh. a2 4A2gRESIGh SO B €S cPBPS IS T ondl L Glewd ™ or
exglaining an emﬁp&bmﬁnuﬂ@é arehhed iofn 39 ptRduaixeg td® e@mgnpetic recordi ng
medi um accardi ng_to the present .inyention: Fl is a tive view
general ly gﬁgmﬁﬁaggﬁﬁﬁﬁx)%%%togaF %nm%Q%%%%§Z%?X§%ap6§§% Egg'FIG. 6is a
cross sectional impewvehdviege 85camfiensortiiont puiendmtinn sphit EBei ages
apparat us showngirnellsG migidGiz4thism dif aghamaBawtnG roeke Agi AUEKRS

case where the magnetic recording medium has a disk-

shape, and improve the recording density of the
20 magnetic recording medium.

Still another object of the present
invention is to provide a magnetic recording mediunm
comprising a substrate having a substrate surface; a
seed layer provided on the substrate surface; an

25 underlayer provided on the underlayer; and a
recording layer provided on the underlayer, wherein
information is recorded in the recording layer by
magnetizing the recording layer in a recording
direction, and the seed layer is formed by a

30 polycrystal of crystal grains made of an alloy
material having a B2 crystal structure, and a {100]
crystal orientation of the crystal grains are
inclined towards one of two sides partitioned by a
plane that is formed by the recording direction and

35 a substrate normal which is normal to the substrate
surface. According to the magnetic recording medium
of the present invention, it is possible to improve



of AlRu | ayers of enbodi nent sanpl es and an conparison exanple; FIG 8 is a
ti agram showi ng a rel ationship of incident angles of AlRu seed |ayers and
crystal 5 orientation inclination angles of the enbodi nent sanples and the
conparison exanple; FIG 9 is a diagram show ng rocking curves of
CoCr Pt 12B7Cu4 second magnetic layers of the enbodi nent sanple and the
conpari son exanple; 10 FIG 10 is a diagram show ng nagnetic
characteristics of magnetic disks according to the enbodi nent sanpl es and

the conparison exanmy ekt £5:ichlA anddl1Biak et _ABMEN SN Nation of

el ectromagnetic %onver sion, Chill’ acteristics of 15 nmagnetic gl sks accardi ng

to the embodi meht*Ss A%t GRd ?H@rc&ﬁér%%%ﬁogﬁaﬁﬁlee;rqff@ 159 §€85¢i%Gr am

showi ng magnet i o fcharcactagnstics refcombired i mediisks according to the

embodi nent sanpl es and t he, CoMARison exampl 6 2AFIFR<ddh aadehilar o
gnet

di agrans show ng el ectromagneti c conversion characteristics of magnetic
di sks accor di ngio tch® Eibdde nenfreddifsl 2t apBCERE 18GhFartadncEx&npl e; and

FIG 14 is a pl @@cﬂr@&rﬁ@&ﬂéﬁguﬁgh&&ﬂﬂﬁ)(ﬁhtﬁ@&:o@@lﬁhq)flﬁlefiﬂbﬁditm&t of a
magneti c storage_appar.atus according to the present inventjon. DESCRI PTI ON
CF THE PREFERREDBRBAD énFFGref%urs‘P n%_r%s]s:e(szgételnon%acf %"‘?‘g?f%hom ng 30 an
enbodi ment of aimdgmadtiorcondihg mediandBegoldiyed  t c-amer pgesenthe
invention. A magpebisc Jecpsfli pg-ardiqgun Ibshovayker BirGa lshgst2adiesk
SUbStratené(];”n and seed ager 12,. an under| a{yjﬁr 13, a first magnetl c layer
14, a nonmeghet PETEGES i ngP B5TPAJENAN R LReebhAY dgitet i ' ajeFC16, a
protecti on | ayelaergncarad | Ubji ﬁamﬂr@thOrebatqam siucgessouelthef or med
on the disk Subapaa&%]a;@eﬂ Neneres did S OBONGY QdAYVS ddrqgbPinat
nonmagneti ¢ coupling er’ 15 8nd the second. magnetic layer 16 forma
recordi ng | ayer 188Mapee Cf’fec%?dﬁﬁéolyamt%%l%hshéﬁléﬁcWar%%-%ﬁlﬂﬁFé&
structure in whsehudtaidd rshdandns rseaond magsebse rfaayersudfdaasd kbdare

antiferro net i cal l.y exchange-coupled via the nqQ e l.ing | ayer
15. In a rsT?la e \?\/R@Fécer{os’ex‘fjegﬁaffe giie itcof?ré?dsflggg%pe%ée %ﬁggﬁg’mgneti c

recordi ng medi uaryYgtatagneainat pénshef tawgétrfromngne of two sides
' partitioned by a first plane that is formed by the

recording direction and a substrate normal which is
normal to the substrate surface in a predetermined

20 direction inclined with respect to the substrate
normal. According to the method of producing the
magnetic recording medium according to the present
invention, it is possible to improve the crientation
of the axes of easy magnetization of the magnetic

25 layer and improve the recording density of the
magnetic recording medium.

Another object of the present invention is
to provide a magnetic storage apparatus comprising
at least one magnetic recording medium; and a head

30 to record and/or reproduce information to and/or
from the magnetic recording medium, wherein the
magnetic recording medium comprises a substrate
having a substrate surface, a seed layer provided on
the substrate surface, an underlayer provided on the

35 underlayer, and a recording layer provided on the
underlayer, information is recorded in the recording

layer by magnetizing the recording layer in a



10 second magnetic layers 14 and 16, oriented in an inplane direction, are
mutual ly antiparallel. This enbodi nent is characterized by the seed | ayer
12. By the provision of this seed |ayer 12, axes of easy magnetization of
crystal grains 15 forming the recording Iayer 18 are oriented in a
circunferential direction of the disk substfate 11, even if no mechani cal
texturing is provided on the surface of the disk substrate 11 and/or the
seed layer 12. As a result, a circunferential coercivity 20 Hcc, an

orientation Fbc&@ﬂbriﬁﬁbadEkE%%@Bﬁ*”Hh@'tﬁ@e%@édtBé?QHaign%%%déﬁ'Eyfy
of the magnetic recordin g 9IUH]1 3;tha is, .the reﬁgrdlng ﬁﬁ

i nprove, where BcPUeffot¥3talr 8di Ar ¥R ra t PBR L8Gerd B B ‘%&anple
the di sk substraixeldidas nndEngpaomZa¢ﬁtha¢ smmﬁdﬁufe,aagbaas[%Mﬁmrate,
a N Pplated Al al b a . fhe h |ng a

di sk- shape. Theéglrféﬁg %%i@ﬁ?a& g?éét%?¥%tal }éfﬁs g¥

textured. Fot 307&ERRL, t@ﬁéréﬁrfoei@e ﬁ Ve phass cp%lrﬁblsnaﬂéd 1brYe gl ass
substrate or the 1M pedediAl ralrh@s s;.u;bSth@t e eyt dien § ediblé@dlbyl keiag
subjected to a nechg)lcaJttextur g qw_ql aser texturlngt E

ci reunferenti al 2diFER TRt St REETRS, TH G 3551 BRET Ui Tal %?rEE S&F 3t
tracks fornmed oﬁWﬂﬁammgneAccordmmgﬁtq;mﬁﬁlmﬁgn@tiﬁu§%@2d99ayer 12 is

made of a.polyc%?§ atus 69 Eﬁ%‘ﬁ%é&éﬁ%ainGEﬁh@%J(”ﬁ@dlgy%éﬁs@ﬂﬁy
structure, such as he seed | ayer

havi ng a crys

12 is fornéé)by Qnﬁmﬂﬁq%%dt?ﬁrOE&%Qﬁﬁ51%%uP%;A%ﬁbQMﬁ%ﬁPQAFFSBE descri bed
| at er. \When themaqnyﬂiiayEGnlafl$Hénmﬁqh@y1théawaﬁ|amm spptber nde t he
crystal grains d 1 r i Ly, t :
substrate surfagfeeco?al}??&dcli% st%r%t%%ééﬁ%@%: I%C'aopél?%g a?ﬁggﬁﬁﬁ
schematical |y showi ng 10 t‘Pﬂéh@Fi ekj&Gton %‘Pdc?y§F§Iergrfa€F%1%uFﬁst Rifs the
enbodi ment  of tb@emtiﬁvéﬁﬁﬂbdi nglmedwnapbarléh@ o henerystal grains

of the seeqﬁiay r 2 are f%%gg h%yel %%EQ%% a o ncllned towards the

out er periphera aqSI%rrow D

i ndi cates the ogpélrj up@rumrmtbu d@eofaqmnaskisx@bﬁnaaﬁenqa An
inclination angle 8~~ of the crystal ~grains of the seed layer 12 with
respect to a sup to the substrate surface
is set with a rd -5~ e 2 0 a range (from 38.7
degrees to |l ess than 90 de@I@es) ah Ehennnssdeattamﬂaicﬁ1¢%eshnbamgnﬁn
sanpl es whixgh Wah' & AeseLiPedel at 6f é‘&é‘@&&b%‘i é’m clilfﬁmf' rst
magnetic | ayer 14, t e nonnagneti c cogq' | ayer 15 an e second 25
magnetic | ayer QGCPHQF%HEF%UEBQSEFﬁéﬁP?cﬁ%%ﬂnéﬁophe seed |ayer 12 are
fornmed by normal sputteri nlgIGthat ilss a ailpmg:p@:ﬂdsculearat&p:ﬁlbylsgowsmgh t hat
the crystal gra re far erpe h S

Hence, crystal EE§|%§ que OH 8 % f%a t§é13ﬁ§%r$%§ggg%§%

first magnetic P§y§h61¢EQHﬁ¢h@nﬁﬁ@ﬂﬁdkﬁ%dﬂ@@#ﬁ@-Iayer 15 and the second
magneltl &olq ayer 16 respectipeby grow ian dihey dhheskhemadfi ddel pubsblang

nor ma :

the orientation of crystal lattices of crystal
grains forming a seed layer:
FIGS. 4A through 4C are cross sectional
views for explaining an embodiment of a method of
30 producing the magnetic recording medium according to
the present invention;
FIG. 5 is a perspective view generally
showing an important part of a sputtering apparatus;
FIG. 6 is a cross sectional view showing
35 an important part of the sputtering apparatus shown
in FIG. 5:
FIG. 7 is a diagram showing rocking curves



FIG-3 is a diagram schematically showing 35 the orientation of crystal
tattices of the crystal grains formng the seed layer 12. In FIG 3, a

| attice face 12-1 of the crystal lattice form ng the -10 seed |l ayer 12,
such as the (100) face, for exanple, is inclined fromthe substrate

I n-plane direction towards the outer perip_h,a_ral side (direction OD) of the
di sk substrate 11. The inclination angle of the 5 lattice face 12-1 may be
descri bed by an angle 6caY fornmed by the substrate normal NOR and the [ 100]
crystal orientatjrorn]@nd] §bEs sard! efSsyineht Ranefes redqtanas a crystal
arientation inclination angle. According to the enbodi nent sanples 10
descri bed | at er S ok ¥ it 5?‘?5‘15%6?" the crystal grains in the
circunferential direction FoproBes =and 4hegehectshavagneta credaversisonip
characteristics _idmprove n \ i ti i hel Lhatign | e AIRY
is set in a ran&ﬁr%%ﬁ'%%gdgégggg tc’so.f Ia}lélsg{l1§g%%a%%&éf%e%$§e§2yﬁ%é®#the
crystal |attice&rdfeitet seedingldmarier eaRgifed Oft i | FEPPAATEHT, t he

crystal latticesagfplde andethayeionkd fDESRdeBmMNI ;Seed [ ayer 12 are al so
fornmed at an inclination, Egg tgi s 20 i$cl ination is i nheri}(ed to the first
on

magnetic |ayer 14 and the Magriet Tt Paf8r *16 "SHon" Yh“EP8s YT ‘ahd 2.
Of the crystal @faidCtb niEn§uk heetionst maahsktondayegrsetd thgers 14 and

16, the present e&n’ﬂ)‘bﬁfﬂ&én@oggh\Fﬁ%d drhate f becehystals & ad fsmPayi;ng 25 the
axes of easy magnetization_inclined in the radial direction have the axes
of easy maghtization inclFh&d BY dpprox@hafer) SRPYHeyt eBRIPRGMS he

i npl ane directi ehaxdenceristéckommmiamet ithdiséad dayerdildgby ot tde

i nclined sputt et f s t (o]l i first and
second nmagnet i cE %}q})eoflsﬂ%{ aﬁéﬁgé.%% tcarI%/rOE @}Illo% ?gggtraglelci tﬁaét);?%ggsrﬁenorrenon in
whi ch the axes of easy magh&EPzatlildn &1d t héBf pE&§t 4P SEeHNARREGAS i C
layers 14 and 1@1lthairaiegeet et ednveiditodSchbrawterienties difrection of

t he di sk squst rate 1]t'i ncLease pr.obabj i ty£Wi §E i sem%l S{ir% i | arIrrl lienduced
by the inclimnat 61 0T the P Pat A7 Iar Tt 9f “t'hie ST SRR ng r f2) and
that orientatioangf tiiee cepseal sgraieramflehe first and second magnetic
layers 14 and 16 in the cigegnfepentd g c@ié&ﬁéﬁloﬁhio%iirfq’rr@é’?ﬂetﬁ%rebY-

Al ternatively, ié may be regarded that 5 sjnce.the %s al . attic%i1 of the
under | ayer 13 afB3 A5t toGdar 85 MREVUTEF Berih&HO L H_ of Ot A& i sk
substrate 11 wheheodignatyssahpdea rndftiidecungerliswer dBagpdw:in the
direction ofy the substrate ma O/ PE esSLVe; i i.ed to the
10 crystal %IOatti ces at thngggi'nlliB%chpe ofé'?tﬁe%é%%ﬁ% g?%lsﬁghgg expand
the crystal |atEil&6SHANaFREbiFcERMSRITtIA ahpERCtAT I ¢hePEby ori ent

t he caxes of thrabnestiangi segondcrmaaiaid ctbaypes eibalitndibt | Bafbees
circunferenti al aﬁidr% te! on, 1a5r1'hent rgxcaknelss, ognt he seed layer 12 is set in

a range of 5 nm nm ~BY om £ he poi Nt of - view of obt aj ni ng satisfactory

el ectromagneti c conversi onfEQar ddt éiSi st iRkanf viRe SE@YENE #ecor di ng medi um
10, the thigknesspofh tditr seedt| ay¥enl 2risoiREREABIEY SelagdPetDca range of 5
nmto 15 nmif the surface of %he disk s bstr?tge 1 or_anot her. _seed | ayer

arbitrarily proVi-Gé@aAmHPThats8edIRT 112 M Ty XU ed ™ and

is preferably set in a range of 5 nmto 25 nmif no nmechanical texturing is
applied to 25 tBgsl@tpkrlfpaicﬁl@fggh@Hgll%ﬁ@-&&ﬁgt Bumadpaimees ot her seed | ayer

arbitrarily providegd under_the segdtayer 12. , , )
FIG. 1 is a cross secticnal view showing

30 an embodiment of a magnetic recording medium
according to the present invention. A magnetic
recording medium 10 shown in FIG. 1 has a disk
substrate 11, and a seed layer 12, an underlayer 13,
a first magnetic layer 14, a nonmagnetic coupling

35 layer 15, a second magnetic layer 16, a protection
layer 19 and a lubricant layer 20 that are
successively formed on the disk substrate 11. The



A layer nmade of a material simlar to that used for the seed | ayer 12 may
be formed directly on 30 the seed | ayer 12 by perpendi cul ar sputtering. For
exanple, this layer has crystal grains thereof grown in the direction of

t he substrate normal NOR, and has a thickness in a range of 5 nmto 30 nm
Crystal lattices of this layer are inclinedy by 35 inheriting the
inclination of the crystal lattices of the seed |ayer 12 provided
underneath, and effects simlar to those obtained by performng the -12

inclined sputterding@arng SRt 8k Bablage A 0 4 heg gBY nepaklghd hec t Bbeknessy of the
seed | ayer 12 tq be reqiced. Fgr exaqghg, t he gnderla er tg i_,s made of 5 Cr
or a Cr-X al | oy -aW5dr et X 2 fp 0y S¢CBd NBagRresi oy ¥ Her £8f LOAR descri bed
above, the underkayerdiliByi sagpirt 8i.al IThgroancodinge Iseeslr | A§ehak2,arand t he
(001) or (112) j 1! [ ' [ is I OF - rystal
growt h. The und%?%gvgﬁy%S&QQb%gd %g%lﬁgaggép9gf%§lg?géﬁg% g%%%%t%?%fthat
incl udes a plur 8B DMaFaekés Laysss rhtled® &6 Grehe O-X alloy. By

usi ng the ﬁt aCkedltS_][ﬂdLCﬁcbtﬁﬁgflf@tibb&l@c@}féﬁ&ﬁﬁeiﬁfdp{l%@ Possthke Ito
suppress the cr a rains of the underlayer_13 f.rom becom ng, 15 | arge,
and to suppr essxt%hénac‘ﬁ-‘y%%ﬁ 5?5?n§n§f Fre” ig'gt' a}r%l saecso%%t?ragﬁgtrieq nIogyers
14 and 16 from B&ternigl ImagectRet drisily howarplilkd doscrliiptinagneftim G 1,

the first magnetiedra¥ialg Ifted@and 110Dl GssStiPaR 120 S AW RE €43 shMdlry 20
nm and is que of Co I, Fe, Cg allg%, %h a&lié, Fe alloy.or the l.iKke,

for exanpl &% CoBFFRhdaSRs BLGr &3yedtrhbl @09and a GG B EM 4l 69 idy be
used as the Co pllkay fdrmagithe Birestmunagnel ycahdyeardl lehere M = B, M,

Nb, Ta, 25 W Qu or alloyspiherepbodlifdirsl gRapSted ayes A¢ Fag be mde

up of a stacked structure that includes a plure y of stacked’| ayers nmade
of Co, Ni, Fe, &6°&l HAyeNi1at| ofy td=aREyvHEirReOfi K1l ByS@8Ang e
stacked structure,fexdhefisssby3fapgnetiftiayenrléryidtdas goasnkl e to

i nprove th ri entat.iaon the crystal -.grains.ef _the second netic |ayer
167 Bor exaiol e CFRE b g e i LA AoL8! Sk B Sl dRReL ) ThYS
Ru all oy, Rh al Feycusgdarentiay direlsdidkert Rahandilsk avesthatec 11,

structure, whilgyBd has b hePcRERYERUN e PREgaikatddHe goAsbantna = 0. 27
nm whi ch i s C'Oéﬁr%%é% of the disk substrate 11 and/or the seed
layer 12. As a result, a circumferential coercivity

20 Hce, an orientation Hec/Hcer, and a circumferential
coercivity squareness ratio S* of the magnetic
recording medium 10 (that is, the recording layer
18) improve, where Hcr denotes a radial direction
coercivity.

25 For example, the disk substrate 11 is made
up of a plastic substrate, a glass substrate, a NiP-
plated Al alloy substrate, a Si substrate or the
like having a disk-shape. The surface of the disk
substrate 11 may or may not be textured. For

30 example, the surface of the plastic substrate, the
glass substrate or the NiP-plated Al alloy substrate
may be textured by being subjected to a mechanical
texturing or a laser texturing in the
circumferential direction, that is, in a

35 longitudinal direction of tracks formed on the
magnetic recording medium 10.

The seed layer 12 is made of a polycrystal



-13 lattice constant _a = 0.25 nmof the CoCrPt alloy that .is used for the
first magnetic layer 14 and the second magnetic |ayer 16, and thus, Ru and
the Ru alloy are preferably used for the nonmagnetic 5 coupling |ayer 15
when the CoCrPt alloy is used for the first and second magnetic |ayers 14
and 16. The Ru alloy may include at |east ope of Co, Cr, Fe, Ni, M or
alloys thereof. In addition, the thickness of the 10 nonnagnetic coupl i ng
layer 15 is in a range of 0.4 nmto I.5 nm and preferably in a range of

0.6 nmto 0.9 nmavIeRene: Pg+an tgtteﬁps CORERBE Wi Rirh 4 1o Runaklieyy i ghe

case of the nonma netlc couplin of the al | gy, _t'he

t hi ckness of t h&™¥$ Y fnndgh FFB%EGmﬁ??@ ?ﬁygiRFB Mﬁﬁ{?g?ﬂ geP&nge?ﬂeo 8
nmto 1.4 nm Theed rityandl8edcendompnetbe bayerslliheahd(d6 abdigque)
exchange. couP! ed ot dibe, JONRRORCL.C. L0 4BGCLYR toarahd DYSEl LW the

t hi ckness of the nonmagne ?IC coupl i'ng in the a ove
descri bed rahgeSeeite ¥3¥%¥ Ja%dleecfamn%g%tteq &)’/”(-,Crlslféﬁldaﬁﬂu?é@eﬂ?éétﬁre

anti f erromagnet icé@l lor eotpl egralimsa s aﬂl@eV\B@éﬁ nayext exnagraggnetic field
is applied to th I t|c recordln d|u netlzatlo s of Jde flrst
and 25 second na ne%|J YyersT15°%A J16 é@% Sug&%ﬁﬁ ?l%araH

i ndi cat ed arrow§hien dHlsx qubFheadecHange coupl i ng state of the first and

second nagnetlc Iayers 14 apg.16 depends; réﬁesﬁméﬂgﬁ¥@agi tg%ow;ng

nonnagnetl Ing la 15, an neti zat,i on first” and
cecond mmgridt o Bhs G St ahiors ?fearp\f%%%fa gpelizations of I pyliment
anti parall el staﬁetﬂajma@meUablquunuﬂmg meauendepéMﬁlmgGonZthehmhlckness
of the nonmignet:'.r%s‘?c%lﬂﬁ'éf@lﬁéyéﬂf e 'ée%?ni’é EkCli'zaral:.é’e PESEREADI e to 35

set the thickness of the nonmagneti ¢ cou % ayer match a first

anti f er r omagnet PR -p&a€ Iiher 2 elﬁagmﬁq%%ﬁ$ nEOUﬁQQ%e?W?s@uﬁﬁﬁ second
n’ﬁ.gnﬁtl c %14hbayelp$16]zihhn§|1&6 bleccmﬁal mMd sl hubamtrlaptaf ati,elwnedet]taet g
t hi ckness t i c. i e 5 t he nne secon
et o 1 ayer 6 onde U el ERHBEL Thd Do rOobR ik A4t OERL oFIR AN

made of Co, Ni,dFek @yhﬂﬁtwteNﬂlaII@W 1%?%4$@Vl@ﬂjqqﬁi¢|&em §ﬁmqﬁﬂly as

in the case of theshiastyrmonst i b@ lapersdda 14ybe Areherabl eespakta oy oduct
of a remanent nagneé %atlon M | Pﬁ%&h'qugss tl of the 10 %lrst magneti c
e rb

| ayer 14 (that fs5UY§5 %n?oﬁﬁﬁ 5 RANSt RPERKEs ™ rbdfict M1 x tl)
and a product oSuBSKQmﬂEHﬁunﬁgnetusamaﬁtw&ahaadramgﬂ(ﬂ@&%SlszldBSthe

second nagnetic er ths 8 n et nd,t ness
product 15@'%%2 Ehtg}é) éﬁés%ﬁaﬂr)eﬁat%aﬁﬁs%l S@%oﬂﬁgg ] )@cd%'eg got I%I)E%The

second magneti ctPafef Y169k eRe RaghdS ZdtFoAeNh BRE Sarfet dFRBction as the
total renmanent emgndhmaﬂucgamﬁlebemnxymnwrileberdem;nﬁﬁh@niaﬁerand

i nformati on can Hg WH #?$§Eui§tegﬁéu%lf§% gg% qgﬁa§£l 4Ia¥ eI16 in

correspondence mnth Wit osSi'tions o cor gneti ¢ d of
t he magnetic he%@anGWﬁik@xﬁovﬁelﬂ@m%ﬁ%ﬁrdﬁ@n@ﬁﬁzéthﬁ%ﬁQP@hlckness

product M bksx thagndttike raej@ﬂems me&etaﬂ@te@eceeeltvtel%rte@m@aoduct M2 x
25 t2 may satlsﬁﬁga rel tlonsh

Chi CEnasy o LN b an moaarted | By Ao e P et OF nPeduced.
t he above describhed pﬁoMaﬂnﬁEmendmC@&aieﬂpmmeerﬂnEIOSQGﬁat@@br@hﬁg are

suppressed. 30 JP?sEhﬂsbﬂEEW@téEe|%ﬁ%&éﬁ1 éﬁél%%Q%Wiim@@eEhe layer 16
may have dlfferen conp03|t|ons For exanple teri.al iﬁ gr t he

second magneti cSFEFEF E§|%P%%?%€tedﬂﬁﬂﬁﬁ¢nﬁE¥?EP WriecH 3
| arger ani 86t r opbe magnéide 4f etdet hanlerlayer 13, the first magnetlc

layer 14, the nonmagnetic coupling layer 15 and the
second magnetic layer 16 respectively grow in the
direction of the substrate normal NOR.
FIG. -3 is a diagram schematically showing
35 the orientation of crystal lattices of the crystal
grains forming the seed layer 12. 1In FIG. 3, a
lattice face 12-1 of the crystal lattice forming the




35 the material used for the first magnetic |ayer 14. The all oy used for
the second nmagnetic |ayer 16 nmay be added with Pt while no Pt is added for
the all oy -15 used for the first nagnetic layer 16 or, the Pt content (in
atom c percent) of the alloy may be |arger for the second nagnetic |ayer 16
than the first magnetic |ayer 14. For exanple, when using 5 CoCr alloys for

the first and the second magnetic | ayers 14 and 16, only the second
magnetic |ayer 16 may be added with Pt. On the ot her hand, when using

CoCrPt alloys f h 1L styand 0 nagoet i gohayers, 14 d CrPte
may be used for%ltér?té:1 %%9%§1%§m8325ﬁ% ayer Egg%d%%’mflgprr%%gggg%éed for
the second magnéfi dNGhidred el raRerde HaRRMEREE APRFIdENe A Predtiastes

at gm' c pgr cent I (:arﬂar)ds Ttthlee ab@ﬂia(ﬁf pertgiiefal . %ﬁd@f f(@i@ic@i@ﬁﬁ‘om @rfg
i ndi cated sim y i.nthis specificatio 15. Ther.efqr.e, in the recordi ng
| ayer 18, the f??ls?t C‘falnsd( s%%%%grﬁﬁﬁnéﬁi'c ﬁa@%r%nfilgﬁ%l@ ated-e 0f°¥he
anti f err omagnet Lealtiyrexibhamgécduplead ha dedernbrdadnetdc zoupei Aged ayer

15. Hence, the appaLeNtLy Ot HEesQhstha deeas fhag Naxelhadd hpcoresoz0
substantial ly egual Ja:%ﬁ a sum of Htiige vol upes of the first and iecond

magnetic | ayers~i43 ELGREeh1PE | &gt [dohparBdlfo Gche Ehse Rfere the
recordi ng | ayerresefrarated: byaa 8i nglyetadyerr séntetdpe, itroclivwesaebygni nprove

the thermal stabjlhty of et.i.zat] ( ittﬁﬂl its). The
recording la erQ}fgh’%e% lﬁeé%j?gnggab%ba%sﬂ?gc -egdgfsiti?‘%g%rsea av%)éng nore than 2
magneti c | dyer sdepRIEMSS ke rt hEhpa@idtatt 2 aeps odf thfe stwEkad structure

are ;axchange-cogﬁlaieleh,s angd @tﬁeleﬁsbﬁm\g@%}amneameﬁmﬁﬁ af ovles and

anti f err omagnet | exchangec ed. course, . the recordin ayer 18
may be forned bJ}C/ﬁ% ??Lr?éﬁ%epcn%g%%gggcl é:)c/)élrvevﬁjp% d%lel.rﬁocfeerr%ﬁtojyg?he exchange
coupling, sinilarpyoxys iwharmetBE cayetefl tdhel evhadarinondlc vaynel P

recordi ng nedi aandhe RL.Qfecdiopl aven Ihmas Arbhl eknesfdibdsrapgeedls 0.5
nmto 10 nm ang refe&a& ina -16 range of 05 nmto 5 nm and is nade
of Di anond-Di ket @aPbon 4 %Sr,e%ca'r bon nitride, anorphous carbon and the

i ke, for exanple. The | ubfhiemanthtayerys2@l slatadecet af Zioy geeed |iquid

| ubri cant ~havi ngags&f hyoronol yeihey as admid-£haLpiand G Pheayl;
benzene ring or_the |ike as the termnal functional group. Mre
particul arly, ZBRECA&ERSF &t Urie’l BYIRBAGY Sl Uos TPEPRPNAN flit$9Ral group:

-OH), AMB001 1layer 12 are also formed at an inclination, and this

20 inclination is inherited to the first magnetic layer
14 and the second magnetic layer 16 shown in FIGS. 1
and 2. Of the crystal grains forming the first and
second magnetic layers 14 and 16, the present
inventor confirmed that the crystal grains having

25 the axes of easy magnetization inclined in the
radial direction have the axes of easy magnetization
inclined by approximately 2.7 degrees from the in-
plane direction. Hence, the formation of the seed
layer 12 by the inclined sputtering affects the

30 «crystal orientations of the first and second
magnetic layers 14 and 16. It may be regarded that
the phenomenon in which the axes of easy
magnetization of the first and second magnetic
layers 14 and 16 that are oriented in the

35 circumferential direction of the disk substrate 11
increase probability-wise is also similarly induced
by the inclination of the crystal lattices of the



10 manufactured by Ausinonoto (termnal functional group: benzene ring),
Z25 manufactured by Monte Fluos, and the like, with a thickness in a range
of 0. 5 nmto 3.0 nm may be used for the lubricant layer 20. The |ubricant
nmay be appropriately 15 sel ected depending on the material used for the
protection layer 19_ Depending on the kind olf protection |ayer 19 used, the
| ubricant |ayer 20 may be onitted. Another seed | ayer (not shown) nmay be 20
provi ded between the disk substrate 11 and the seed |layer 12. This other

seed | ayer may fgeeraadlwéramon%gpe;ﬂ&t n@f@éhelataw &5 MhP Eiand CrTi.
The surface of this other seed | ayer not be tex;ur ed. V\hen usi ng

an anor phous nmaf&didS Uehtas §5r|q|tpafr5$/ ?‘ﬁ?gnGt RSt | &8RS 14

pref erabl e t hat atnkie 15urfracenhef ctth‘lcsmtﬁéwEEnSE&ﬂi H&)t@al’ctl:lSOm)Xidl m@mmcs
other seed |ayer f N ef i Vs t he
c-axi s in-plane o%ntjgtl %fgeﬁ:gﬁtm{%lﬁ f % dLl cli%glpgge%s 30 14
and 16. O cour §éncsuitim| ervatedi élast%ltfh%fﬁ Pﬁaﬁhﬁl Pl rbeyegea% @4ehmr ove

the c- aXIts Orl?ﬁ!h@tlgﬁle[cpf?@xbgrfilsr&Ejeaﬂﬂlﬁéﬁoﬁdrﬁ@%@@dlcdégdﬁr{Sfléth%?ﬂ 16. A
nonmagnetic in i at.e ot _shown) na provi ded be n the
under i ayer 13 aﬁ&n%S SJH%E? ﬁrzgﬁ’e‘ﬁ %@%rfoStf‘nl HohhBg ng%e%

internedi ate | ayedeirslamzte b grponnayrste cdakkboy ilvayiaiy 1a1me hepbsttmadtair e,
SUCh aS a CoCr ablr%laciml co%ﬁr@s‘sﬁ@é‘ &?&Egt i Qf aﬁ‘:‘bﬁlé@ytyﬂth\éﬁ‘ere M =

, lggb Ta, or alloys thereof, and, has t hi ckness in a range
of 0. 5 nm t'd 5 ﬁl‘hysft@rl es@inpt 625TRE ﬁ%‘rﬁ’rﬂ%ﬁ%{“f‘clpﬁteé‘rﬁ?éb‘? a2k FBfer grows by
inheriting 5 thergsystlaldtaihy apdecpesidl tigeacrysitad dfathiecenden aysy 13,
and inproves th r o] d c s 14
and 16 whi on ar o iegtrieRt L e RS, RO T
| ayer. In additf88S e trhfﬁmﬁgﬁéﬂ:l enchtse ¢l aNeJre tigy erayedacésd @mé grain

size devi ation wedtil ithhd helﬂtﬁﬁafel@'éwtqrhpfdibec@ﬁmt al grain (nmagnetic
grain) sizes, and prom)tesI,the nt at i on. of thec i S |n%ge|n pl.ane

~direction. “The nonmagnetic Bt Eg glnftes I ajg/e?h?ra?e fSrned 45satked 15
structure that is sadengs offabphor &lo t3)0 ofm| ayEerrm;di@ agfoime adnwagnetic

al | oys descri begfagg\ﬁ%lr?ﬂmjg'ga{:mb§a(& id1bstpPeasiRler 10 EyRiRes igmprove
the crystal orleBtatlons of "the firs second mag netjc layers 14 %nd 16.

The lattice conSPaRESHE™ thesnBhnk t“?acgrll%’feizr@& & dre e %set to
di ffer by severgheothildkriespect thetmeddatlagercafstiantpmdf¢habfiyr stet
magnetic |gyer 14 or rta'hegesecff’”g gﬁg@%t G 'rﬂ%(ei}gll@h S%u"isf%@e QSPGE%G an
internal stress In th rection interface of
nonmagnetic i nt@%ﬁéd.sawq%‘y@ AhdOrh@ Qe r nagRet .léwea*yearr%tewl\mt hin
the first magnepkeviayer ukde 80tRe keddCrLpse 1Be1eoweﬁheﬁyc@ilyhe first

magnetic | ayer 14, Acco di g, to thi s .enbodi ment, the _seed 30 12 is
formed by a poI%crystraIG{ rgcr1 s?a]ftjrﬁfaelrr‘ia;ij ee%fln 210y ¥ (]I)erl alMhavi ng

a B2 crystal st¥ackéram aﬂan IaO[rmee]la@ri;@tJaltwt@magu ¢ frrhiedr §ot al

grains arepzisncl t Redst,owards oper gt E\ﬁeksisdﬁ%tpﬁétiet haned byha @tae@ that is
direction and subs

normal to the SEBSEr 4 Hri Heb T 1he Ln P AP s BPOGCL € hate SHong YATan
atons B of an alfoy AB
A layer made of a material similar to that
used for the seed layer 12 may be formed directly on
30 the seed layer 12 by perpendicular sputtering. For
example, this layer has crystal grains thereof grown
in the direction of the substrate normal NOR, and
has a thickness in a range of 5 nm to 30 nm.
Crystal lattices of this layer are inclined by
35 inheriting the inclination cof the crystal lattices
of the seed layer 12 provided underneath, and

effects similar to those obtained by performing the



-18 arranged alternately at the adjacent atomc sites of the bcc crystal
Structure. In other words, the seed layer 12 is deposited so that the [100]
crystal orientation of the crystal lattices formng the seed 5 layer 12 is
inclined towards the outer peripheral side of the disk substrate 11
relative to the substrate normal NOR. Hencgl the crystal orientation of the
recording layer 18 in the circunferenti al fection is inproved, to thereby
10 inprove the static nagnetic characteristics and the el ectromagnetic

conversi on char agtqri ufRd 3% A J@é%tahhabwos@% b&@eiebyncrease the
recording density of t gnetlc recordln nedi ym_10 reallzeahlgh
recordi ng densi Epakls ‘I’tﬁée[ borkaegst 4t o??%n?ﬁ?ﬁorquyr?c’-l“ u]d%s Ph@e[010] '

crystal orientatieamocgdl. the [001] crystal orientation that are equival ent

to the [100]crystal ori e”tﬁékogx%\?ﬁ% the 4 gghﬁggtll ANgh elge{nghl ve do the

substrate normal NOR i s conSidére this eC| cat1on I'S assuned
that the [160] Erystrala difehtatilen i ndiemg e§ th 0[:1(%] ‘bry%t aMoopirent at i on

or a crystal Orh@;@é ahdhabrhas na gwddespeanabevies! ainyeuh@etrhayer
substrate nor mai addltgg t he crg/stgb ori eré;ﬁeallon o; 25 tr&e second
magnetic |ayer 16 d¢&n Eli‘éltr%]r% d SOt FdPhR§ YL haht cAF
texturing on théehsubstOlat eosufilale diadcheisi keieRbed hirs # edspactioa

surface snoot hn fis 1t gpgLi ;%ctoa[pl Sowedi UmrlQ i $ndOPLQyed. 1t0
t her eby enabl e rgg &%tbllo%e?ﬂptﬂgés%a in BO@b%t ween the recordi ngﬁel enent

and/ or " t he 4% pr Bayc By %3 LereRPp aﬁdat ﬁ&%@&%@d?ﬁﬁufcﬂr‘ére fgragpynehedes
recordi ng densi typafurea Inbignesd £ csstekage bppar at madehicch Wsesrt haemagnet i ¢

recordi ng medi ugg&%fycang rﬁgfﬁ b(Ehler’rpsr celgedg’ét?gétt’ul?e gg SErLpLion will be

given of a neth pro manelc recordi ng medi um according to
the present invepdegd.ayer . 1.1@: FLGSlS4@q9rﬁb1€|bﬁ e SUPRHDBZ KRBt onal views

for expl ai ni ng @@y@qulg&%\in@foﬁfhfthréetd}mie@iapé@dqgl rm:dﬂneo@agm@hlgc
recordi ng di u?ﬁaccordl ng to the preser]c[ i nvent %eghshown in

FI G ah afiCor LRECEUbaTaI E0 OIPREE 1 M o S "SUbSUPHE 1301 B8l eaned
and dried, the fdisktsursiragecold msgmedtied 1aye86Cldi i Ja6 vBcaum
at m)sphere by uggc@hidpyrotyLic boron nitride (PBN) heater, for exanple.

10 In addition, in the step shown in Fl a sputtering appar tu5|s
used to form the seed Ia;fé‘iﬁ')t‘ﬁnbﬁgt Ililé’wsJH%téé?e ?ﬁrcfr&c?ét’o‘? ﬁg
substrate 11 bythbe fiinadt nedgsput tediaygr The hasi dettbzfld}ctrsese:@anhea IS once

exhausted t, a m S,dkoBagr Ss neg_.a A esgUr eg.s set
to 0.67 Pa2§nd %%ﬁg%ovc\)g 9125 se tg 5% \./-\Jf;? a%@ t;qg g)rémt e s‘éed Hl’jayeElre 12 to
a thickness of @0 ﬁﬁqllﬂbfrtﬁ’él[ﬁtloﬁragﬁ@t rioht @puP ety Wiy af@Fscharge tine
of 4 seconds, fekagyample. CJ@?Thnﬁhldn@%CSﬁBltiﬂélpgef%&amle:h sndna an

inportant part aof .this i ment s carried o i foII nner .
FIG. 5is a per§885t itvgf\%tﬁgg?%eﬂ%;ya Iy“%%e(ém gfﬁel rrpor nyp éﬂ‘%f&g{, t he
sputtering appatheusiEiGrnEIsabhs tlaerdmst de ﬁheéecwaﬁ'bea 2Ho¢ n&ib rs )

of a sputters ngwap@ﬁr%txusaﬁpo éntha%e%wttefﬁ@gfﬁpe@ra;atg&l@@lcalgyégul ar
sputtering targ ﬁ 31 of mat er.i al haVI}f%? ﬁgz cr st al {ucture such
[

as an AlRu allo ﬁb%‘%e sBPt Rt 2 AR 85

sputterlng targehcludes a plurality of stacked layers made of Co,
Ni, Fe, Cec alloy, Ni alloy, Fe alloy or the like.
By using the stacked structure for the first
30 magnetic layer 14, it is possible to improve the
orientation of the crystal grains of the second
magnetic layer 16. | '
For,example, the nonmagnetic coupling
layer 15 is made of Ru, Rh, Ir, Ru alloy, Rh alloy,
35 Ir alloy or the like. Rh and Ir have an fcc
structure, while Ru has a hcp structure. Ru has a
lattice constant a = 0.27 nm which is close to a



30 31 confronts the substrate surface of the disk substrate 11. A nmagnet
unit 32 is arranged on a rear of the sputtering target 31. Arotary shield
part 33 is arranged between the disk substrate 11 and the sputtering target
31. Although not shown in 35 FIG 5, the sputtering apparatus 30 further

1 ncludes an exhaust system for exhausting the inside of the chanber, a gas
i ntroduci ng system for introducing -20 gasses into the chanber, and a
power supply for supplying discharging power to the sputtering target 31.

The sputtering appanalls 30s{LAPS 5-discharge pekasaR iy ush ng; eLectrons

and gas ions, such as Ar 1ons, inTa vicinity of the sputteri ng suf face of
the sputtering FARGet315ed ohgTt k89 ifedss oIMAABRELISC [Pre bf 2RE fFRGnet
unit 32. The Arskensdcaismétect angetr med.eramdl ahua, prededred nthedrLO regi on

on the target s e of th ring.tar t S ered onto the
substrate surfagéigﬁ.ta%ee |§i§§%%§§r§’ate eld'il %gésglt]}?t glpgﬁlaﬁﬁﬁ%%ﬁes. The
sputtered parti€ePeslioe bapeoxifardien |HhrdfeyrPEomitiey shut eefingofar get
31 towards the sHbsthiatsr Iihgusbaeadt adfpidn therseeds awerada. 160 emesi on
region 3la is fgrrreg in the predﬁt r m negTre i on of tfhe?tar et urfﬁce of
the sputtering tar§eto¥ Ther tPEhBENGTt €S 3t paPEi 8fed Yr i GF nat 8d. e
rotary shield pdnt 033 aldsows rohargoZQ shaft 33a provided coaxially to the

. disk substrate 11, the sp%%e&&ggt&gagett@ d-{hesaagnet it 32. The
rotary shield part 33 also has a_plurality of shield plates 33b_t hat extend

radi al |y odtdwar B8TFAGRYHE roPaPy18Far@ ¥5a. 1 But FadBs 2o A1 shfePd 4pl at es
25 33b are perpemndteullars trant hentiapgetf eaf ageinf at hrangeutd®rt n§ har get 31.

The sh el bl elgeassh or o rangsd o Pl aogulec el ergugd the

rotary shaft 33a _ eac ate . e radra
direction, fromiheycdm drheofcepe pét &he shatnagBatis walkied pevepher al

edge of the shiebdmpbat & B3hei RuaRPNOX, MRl Ve hhexnark® as ofhéS greater

t han t he r?%i us of the di.sk substrate 11. He]{zge thE Sputteri nlg gar%icles
moving in ttre rRAMBRIGSES i ORUBELEP LR i sk sIB¥t P&t &1 £ rB3Act R
substrate surfage8ohm he di sk smbst Take fiilr storendasekpncharedmetsputteri ng

parti ¢l es movi ng,BLNG Lidui 67 88kl @hcnaride dbb8EILAN afa ke di sk
substrate 11, so as to suppress the sputterllgg particles from m)ﬁhng in a
C

direction awnay PPBRAORE Hrigdi @PUBT 88t LéY ST oARddBYo SIS Ed- R t h™&n
inclination on théckubksts aife Sheunbamagratiaddtbupbinghd sarganbenent and

di mensi ons o6 1Her RBhel Pl &0 SRBADIY VMot NEREPUILA L N par i cl es
from passing the central portion of thé disk substrate 1 %0 becone
deposi ted on t heceppdsimeansairfaceagprehd diad shbsbegeaerl.

antiferromagnetically coupled. 1In a state where no
external magnetic field is applied to the magnetic
recording medium 10, magnetizations of the first and

25 second magnetic layers 14 and 16 become mutually
antiparallel as indicated arrows in FIG. 1. The
exchange coupling state of the first and second
magnetic layers 14 and 16 depends on the thickness
of the nonmagnetic coupling layer 15, and the

30 magnetizations of the first and second magnetic
layers 14 and 16 reciprocate between the mutually
antiparallel state and a mutually parallel state
depending on the thickness of the nconmagnetic
coupling layer 15. It is particularly preferable to

35 set the thickness of the nonmagnetic coupling layer
15 to match a first antiferromagnetic peak where the
magnetizations of the first and second magnetic



10 Accordingly, crystal grains having small deviations in the growth
direction are grown on the substrate surface of the disk substrate 11 to
formthe seed | ayer 12. The |l ength of each shield plate 33b in the 15

radial direction may be snmaller than the radius of the disk substrate 11.
In this case, it is still possible to prevent_the sputtering particles from
passing the central portion of the disk substrate 11 to becone deposited on
the opposite surface of the 20 disk substrate 11: The rotary shaft 33a of

the rotary shi e'l@ylé%ré 188 éﬁdCQ@n%@&ﬂné On@t h8Y aARY Gt MbABa DREL 3 d shown
in FIG 6 which be descrlb d Iat g that is provided on_the r g
d by

the sputtering Fgregét iknegs P3IRRFEFd TR B3I La¥Gfat
the rotary driviisg tpar tt134naesa. rot ational speed of 60 rpm for exanple. By

rotating the rotary shiel dppart33.d %c#rﬁ‘%ﬁlf@eiﬁy%‘;rotlh@ sged,layer 12 can

be made uniform and the sputtering part w dhere umforrﬂy on
the shield pl at §133mas t hat at Kanw® mfenant® At e diMof2ifelghfeld® pl at es
33b can be extesdedo CfNﬁ,OUFéSB cbhalrm:tp,r ynshaelayparte 3a’31£l@§5aﬁ@t the

necessarily have.ta be rot IS, a_craoss tio ew sh ng 35
-an inportant pa tlﬁ(gf’ thd™s ?lf &r Fﬁ’g la{]pptal}%tﬁgs% sfflgt\?\ln |€ émggnﬁ is
a cross sectionabyeirew&ut Btohg @nsifEralphesthgtaacameduaki s£AR whi ch

-zz approxi mat ek%m%teqﬂesmé&ﬁeﬁg%%cﬁ%%pfaﬁheadltslklc%bégga&@ 5% tihe
sputtering targgt 31 and the, magnet ur}aqx gt shown in FIG 5. Since the
[

struct ur es dhoveldst FARELhE LaNEd Catg’ Sasy‘?ﬁ’f’é???réiél about the
center axis Ax, manhyttihes tipper astr attitrien¢ $s showduiat MG 6. tAS showa i n

PS8, the mopebainl G2 Lneludes A, mRanet. ases3% and samgnet part

32b. The magnet art IS m an outer ring shaped ma%net 35,
an inner ring-sh ﬁé&%e‘iz36faﬁﬂea%ﬁﬂ@@8maqﬁététﬁ éraiéﬁ‘ﬂ tfné
ring-shaped rragmst,s a3 eieth St ame ghertied hyo peafanenti smgaes sptbaucar e

magnet i zed d| I‘%(‘Ztl on of %?graar rLo_nglst %Mlgneﬁﬁh $- til'pe y%&f%if

made of a sosft magnetl C 158%%3 i'nes I'c force (hereéeina
sinply referredt®o.as THamesedppdofagme tiegnk2 ypar € 63 extedd from t he

N-pol e of the ipAgheiitGrShaRednmegRets a3t PassctRbauds thge S@@th@rl ng
target 31, turn and pass through the s SChéerlng tar %5:31 ag a 20 and
return to the SFPBRESOr (HROBAEFAAF T é‘p elie nBaHEG L¢P oAE “Bor i ng
t he di scharge pheadimnt rlidppegndl mngotrlnaﬂmcnescazﬁ bause ittheespatteratgly
particles bg be;di %‘Pﬁéarsgee@oriéOﬂh?ﬂ%tsi@“ltaeiéf‘gléu&ka%ﬁeé $naBHERer i Ng

target 31, and cause the 25 erosron region 3la to be forne
sputtering surf#ééh ?Weltdihjetﬂgaﬂasllﬁﬁé’rnsrl% SR8p&E CREGHAS ‘B‘?Sgﬁﬁal% may
be formed by el ectnamageaiise rhﬂghbrtacen‘imﬂnentnf t:barrmnetth@aremaalamts 30

arranged so thag,the Sy o, £9L00 43,0, 1 N6, SAULLCRND § A 9CLnal ek

| ocat ed on the oufer “si e ou peri
substrate 11, tbepansatt ﬁt@%rp@néﬁm@npaﬁqd ctlésCBaeﬁﬁv@mﬁWHsMFﬁeXdu sk

substrate b attanmiaRCldiatd op Ar Q@lta&qo%%royﬁenmmr lxprtelr>al>sud§2t@ t he
i nner peri pher

d t | to b
i nci dent to thekgilbs?rﬁ‘ﬁt E%E%r?%ﬁgﬁﬁf%%ﬁ%%l rfjc]?9 ‘ﬁg %Sil}:lsr%g R 158581 © Pecom

magnetic layers 14 and 16 are reduced the above
described problems encountered at the time of the
recording are suppressed. .

30 The first magnetic layer 14 and the second
magnetic layer 16 may have different compositions.
For example, the material used for the second
magnetic layer 16 is selected from materials which
result in a larger anisotropic magnetic field than

35 the material used for the first magnetic layer 14.
The alloy used for the second magnetic layer 16 may
be added with Pt while no Pt is added for the alloy



-23 angle AINC. The inclination angle AINC of the sputtering particles with
tespect to the disk substrate 11 is preferably set in a range of 38.7
degrees to |l ess than 90 degrees. By setting the 5 inclination angle AINC in
this range, the crystal orientation inclination angle AIRY showmn in FIG 3
formed by the substrate normal NOR and the_iéQO] crystal orientation of the
seed layer 12 that is fornmed can be set in a@arage of 2.1 degrees to |less 10
than 5.4 degrees. As aresult, it is possible to inprove the crystal

orientation of thed eecording lfa)f%rt Jf&a?@ewe Q'ary@ﬂﬁﬁs epti ai;hel rp%cll on of
t.he di sk substrate 11, a be seen

? \Ffa he e mfgt sa whi ch
will be descri b&PIERLY . (45 ﬁOBPd:erp%BC%’B i5FaBY o#¥spift t eri ng
ef ficiency wthltzheyear r fngenbrt safcdrig rs@gneeﬂnnqa@mmrhﬁ ush3d@ déscri bed

above, the [nol Ll o angbe 8l NG o Pr el or 88y Seimin 2 4ARge A

degrees to 80 degrees or prefe range o 38 7

degrees to dggj’rcéesaHOY§s§°rFGrfterre§h¥)$E aflfior’ﬁhtehes%??ﬂ@ BE IPiedw Of
further inprovingydes crystal qrg erﬁraly oth ef steleerrceem@lm@glbaye@ew i the

circunferenti al dr re)ctr dof the |P3ck suQ t&g oltlrrext hreal}gc ﬂ%%' QL § a}pqg

BINCc 25 is prefer ny SBPIFR ran e of egrees to degrees or
The upper |int CoCntie @Hjsval fori @h@tf@nstnendn@tqwcén@aenﬁrcm that i s,

5. 4| degAES\e(S i s 1kasseds 0?4'[Q§df q%t/ tdlﬁéf rhﬂsrb £ Ay Sbtel uereldertt@z_tl@@%l F@E"s&taw on
angl e i s approxi nmate % 0 I nati on,_an romthe
second and } ir a@rﬂfbtﬂ}r‘ﬁei%y?& el (S‘H&ﬁﬁh— %a%le]%rgﬁg 1Tt ertNghe

i nclination anglsecalrlNC magdetiiced aaseanl angwkefrer métk btmeealt hd fSuestirat e
oLl iR and 85 35, | 4EabRa5Y ot e e LLORL! Nl GNechRpaaelalier TERD of

the erosion region 31 deposit osition in a track region on the
substrate surfaf&rseitthelat-3q od %%lbsﬂﬁ{“énif 2fffe 1RALR2EEG on i s
defined as the ISQ@iJ.QIthB}IIV\Eﬁnt&ﬂsl WiedciPLcannennost) peri pheral posi tion

DIN and an puter (or out er ppst ég%ferlr |n'phe1{ a{hgogetcro% (ﬁ)#ﬁlaggg E%nt TERO

O the 5 erosion region 31a'T'§ 4s-an I nterse espue[errng
surface of the $pnstterang sargad IR oie LagFesputlierang sfaprts and a

bi sector 35ac b@HM%ﬂbﬁk&ﬁQéﬁékh@%r¥¥iéﬁcﬁ@ﬁg@wdwuﬁléw shapedemagnet 35
and a centerline 36¢c of the |nner ringl0 sha ﬁgd n%t%é’ré 36.. Si nce the shr eld
t ce

plates 33b are PPOVISFEETHCt REUWILAMA 3R %FT %xi 5RAx IPPRE S
sputtering part vollesnerowf nghenrelkendidial ldyeectliBoegfonde di sk substrate

11 so as t as "syc‘%ﬂﬂt 5 fer- .axi s [ 1 shield
pl at es SSbQCIEIen%el% suc :wfl ereg%%lpe{:rcﬁléctzl %@ayﬁertﬁrﬁpggﬁl ?{eq;gjat es
ra

33b and are prevéRted qr?%n‘?%5§§ﬁn§‘at%%bctiﬂ§y€éﬁt dr! &4 dhi ng
t he di sk substrakegkl.cdiepseedt e seed dayerwharkehathd sr@fofdinmgd larydhe

substrate surfafc(%a?f alrrggeer ﬁ%?l negg?g’vget d].a’lj%%i-ss%wa%t&ﬂté ally f:g (gyby t he

crystal grains e oufer periphera e of the
di sk substrate impineHchethadrbpraisdediamilahy Ofe té}%ﬂ%gn%?é?ﬁtlons

orientati o5 obrt ha iseedhl BYek)12 is approximately uniform For this
reason, the crystallinity f the se | ay rove the i cIrnatron
of the crystal lattices of ]'E“ﬁergg&fqd rfiiéeﬁe'.clgp fﬁﬁ ox?ﬁa?gl?f urfi form
to thereby suppséssHesta$tyundbnrenibfaoring nmpkendh3m ¢4 yRaahediicentzats oh- of

the recording | ayerpld d4s@, SLER SRQME I Figyeﬁ%% otfhe;wdetlaakee 13, the
first nmagnetic [ayer 14, the nonmagnetic couglrng ég g %he second

magneti ¢ Iayer 6 TN O Sr T a8 COR 195 TRILR ?QI’S &Cr e

magnetic layers are antlferromagnetlcally exchange-
coupled.

Cf course, the recording layer 18 may be
formed by a single magnetic layer which does not
employ the exchange coupling, similarly as in the

35 case of the conventional magnetic recording media.

The protection layer 19 has a thickness in

a range of 0.5 nm to 10 nm, and preféfébly in a



35 successively fornmed on the seed |ayer 12 by sputtering. The | ayers 13
through 16 are fornmed by setting the Ar gas pressure to 0.67 Pa and -25
successively sputtering the layers 13 through 16 by the D.C. magnetron
sputtering so that the sputtering particles reach the substrate surface of
the disk substrate 11 at an incident angle {hat is 5 approxi mately
perpendi cul ar to the substrate surface. The disk substrate 11 may be heated
again before formng the first magnetic |ayer 14 or the nonmagnetic
coupling |ayer Yangdheoheatl bnam enpes aimif eafll tike nsK sabptbalaid-Likethis

case is 10 set tQ 270C ss,..and preferahly in a range of 200C to, 240C.
Next, in a stepEsaH: |§]51L—'%:g’ Eé,rbﬂ”fg rblrti)fé ?i’or?lqoaﬁpel?o 9 hHEAE S alﬂ_ct or
the like is foridd dnikde Secomdamagiretic |ayer 16 to a 15 thickness of 3

nm for exanple, by sputtegng) g cHHA Paykhe dd ks JhigeSbepsdf rom the
substrate heating step shown in FIG 4A to %’Yhe protection | ayer formng

step shown ih FPEIHE Gretdulfi 4TIt PAVERE ATMDELCTPPEIYSINSE the
di sk substrate 2@ Xkl msimothexposed t-0OH hephahgilde beveredar cng gt reansyos t

whi |l e each of t step r r.ri.ed t §p?mn ' |G 4C may
use an organic ?ﬁ%%;#$u€??cg% %ﬁﬁﬁiiéﬁ%?Fggggabgﬁﬁ Uor?grgolvent or the
li ke, and the | Bedtdaiitlanlgr 25020 maRubRCEBIREd o MPRBE cKABSS of 1.5 nm
for exanple, by (pWdning ] SPhAceqatiadly gtbd@pt d-sunersidne1steam jet and the

i ke. The netic recordin di,um.,10 is created.in this naner_.by the
above descgﬁgedmgp %CEﬁFﬁécggdﬁﬂf%QFQ?ﬁ% 2ﬁ86&%ﬂﬁﬁ %Hngﬁéoﬁgﬁhod, in
the step of forginegrheosrednkayengl?, ihe weovifartuxgdnbgl¥oofet he

sputtering targef 3k | S3AQCaH8d19%d Ne, Pt es $hde 9fe 16 QUL CR ARG RIYET @l
side of the disk sybstrate to cause the 35 sputtering. particles to nove

11 p
towards the disK- SuBstratd- 9108y ARV RFi REEFork ¥y di hEUBEEER Fer i pher al
side to the i nnéayeearijher aThei debrtiketnt ma26bies apr qansetehg sputtering

particles t,a be ineh d - rf.ac gt i pgldd nation
angle O NC l\?\a;l t hgr%ggﬁﬂec ét%g}%ﬁgaébggtoﬁg@éng%%?fﬁé% %F%% t%lgg r@eaeson, it is
possi bl e to supprés€gtheon layer 19. Depending on the kind of

protection layer 19 used, the lubricant layer 20 may
be omitted.
Another seed layer (not shown) may be
20 provided between the disk substrate 11 and the seed
layer 12. This other seed layer may be made of a
nonmagnetic material such as NiP, CoW and CrTi. The
surface of this other seed layer may or may not be
textured. When using an amorphous material such as
25 NiP for this other seed layer, it is preferable that
the surface of this other seed layer is oxidized.
This other seed layer made of NiP, that is
preferably oxidized, improves the c-axis in-plane
orientation of the first and second magnetic layers
30 14 and 16. Of course, suitable materials other than
NiP may be used to improve the c-axis orientation of
the first and second magnetic layers 14 and 16.
A nonmagnetic intermediate layer (not
shown) may be provided between the underlayer 13 and
35 the first magnetic layer 14. The nonmagnetic
intermediate layer is made of a nonmagnetic alloy
having an hcp structure, such as a CoCr alloy added



5 inclination angle of the crystal grains of the seed |layer 12 from
becom ng non-uniform and to suppress the [100] crystal orientation of the
crystal grains of the seed |ayer 12 from becom ng non-uni form Therefore,
the crystal orientation of the recording 10 layer 18 in the circunferenti al
direction of the disk substrate 11 is inproyved, and it is possible to

i ncrease the recording density of the magnetic recording nmedium 10. In
addition, according to this enbodi nent 15 of the nmethod, the rotary shield
part 33 is provided, bat weennkhe di;skysubsibat enll A& hgisputtering far get

31. Hence, it is _possible tg prevent. the sputtering particles from passing
the central porfifon Hhd/®Br tHe C&uttdrl Bt i bhersripodiddf fhéhigdiass
substrate 11 toibeconeamkeposiEt @d Somm heo oppasi, t € caurdeep D€ .t h@hai sk
substrate 11. [ sibl e r t l. .qrai ns of
the seed | ayer C%g’%?r%g%?‘%%%ﬂ %%Ee%tn%%%gét%égglgr ?&% er el ig{lxgl&?"é:c |an or
the inner 25 peftifshetzistaleinfitvhardl skrgabatr grain stsef aft K& suppress

the inclinationuad:e Dfet he3¢r vslalighpbPesot hehe rsaathl aygh 2 I afhe
becom ng non- uni f.orrp0 Therefore,, it is oss'#.bl eto sdsp%rdgs; th%'%wo%ﬁﬁ
crystal orient ati'dn of2the®er9ERaMaF heC of VA& 30 S| AJel 15 s v

beconi ng non- uniefdrtmxismtl ¥ he rowyistaddowoe | Bne anpomaginathec r esbedimeglilatyer 18
in the circunfengntdal offeghison :0fy t hendi shnaubBsale i ésmbaRRALd.

Next, a description wll be given of 35 sanpples created %t h}_ls .embodi nent
(her ei naf t €r¥ r ef@¥Sdd X aSeenb8Gi PR % adpF8s e VIR TR BB et ifhpl e
Enb- 1] - 27 The sRGbuwapoet odn theutdreys ngl agpaiat usnBhaascugeditrg form a
magneti ¢ di sk havi t o] i st t ; LC.L rdi.
modi am 10 5 The et 2 ar ERHePEs S of EanEarch, RAChe T8RS g
a diameter of 65heminmPleRe dés@dtayadt- 12ThavrRgredtitekPess of 10 nm a

ICr undﬂl ﬁye_r 1%&;@;@@@&@3@&9}9&;@3 4be5REHrmédCfb%ﬂ?_ 19t hkkel Imagnet llg
ayer V1 Nng | CKNEess Q n a non netJl .c_ space ayer

oy ng o i EkosEe S e T, Bt sl s S P A PP E L ayR Y

havi ng a t hi cknegsieofofl 5clnen nandagn€ tprot ki oys Heperr idedagbagea tafickness

of 4.5 nm The ghass,suhsitat ei%li‘é‘aiﬁ'@sﬁi@ﬂetﬁd e the M {BpRovac e by
the PBN heater prior to formn he Al seed | ayer 12 Theﬂjgl ass substrate

t Yy
11 was heated sFARYISEAYy Cf%l%%ég:tﬁroin(?r Ct% #15% nf hg Sth@RL FRRREGneti ¢ spacer
| ayer 15. Usi ngmikeexpid t Pivagsapdarmatdisl 80 shhen liat Hld&S. cSdnahdn@, dihe
erosi on 20 y£qQi 3 ed . in t S i tiak g 31 between a
posi tion Wﬁedrae ?Eee %133(51:’1‘%1:(;1{1&3’{%? 65%1%%%%%%5??&%?\%?%@&}% us i s
77.0 mm from t heidifer denteeveradlhé ¢lidds sapeerat &C1then E@RE&FSposition

of the erosion eegisemn¥lafsthecatiedtatmagRdtiadiuyeaf 742 &rmghkromthe
di sk center of the %IO?ss sub tra#g 11. .Té'ue Lnci dent aneqjt%ran’” gf t he

sputtering partlsc(?lC &% P Thet Gu F{eﬁ:erll p'her%l agj a& e g?a%s substrate

11 was set to aipéeterl retidens angitdicofintepladegrdaeqtoform ahn§éefrom 42.8
30 degrees i 49n6deyaeSIf athEh@ cAMRInd©f cOvheemaidi N6 | PAgEal apesi tion

Do0r SO L T, LT Sy S Tl SPTL gl 86,3 dearges (of @
peripheral posinagneBin shoywri b4Fl Go Gs 350 Thecoeeee (Wre ou@ernﬁs‘ﬂ)tyand
o o h! e BESEhaRerL AU A qRER SO fRT g0 BN are respect | vely
According to this embodiment, the seed
30 layer 12 is formed by a polycrystal of crystal
grains made of an alloy material having a BZ crystal
structure, and a [100] crystal orientation of the
crystal grains are inclined towards one of two sides
partitioned by a plane that is formed by the
35 recording direction and substrate normal NOR which
is normal to the substrate surface. The BZ crystal

structure has atoms A and atoms B of an alloy AB



_28 center of the glass substrate 11. The Al Ru seed layer 12 was fornmed in
an Ar gas with.an Ar gas pressure of 0.67 Pa. The shield plates 33b of the
rotary shield part 33 were provided at an angular 5 interval of 30 degrees
along the circunferential direction of the glass substrate 11, and the
rotary shield part 31 was rotated at 60 rpn% [ Second Enbodlnent Sanpl e
Enb-2] Using the sputtering apparatus 30 sh %n in 10 FIGS. 5 and 6, the
erosion region 3la was fornmed in the AlRu sputtering target 31 between a

posi tion where the IadiysS,hse4 }taQZm apnd anROSId 'alearY‘@eéw?oﬁtE]% QS &5

77.0 mmfromthe disk’center o | ass substrate 11. A center position
of the erosion 8% KFonc3¥atird Isdb]%l%‘é*éju’a‘? a rRdiIUNF B2r8Smmitroni §%ré
di sk center of thergt a3 swbdiepat=i tldd Jbethaei dadrd phod e BERStefl t he

sputtering partlqul %gég%tjhgfo%ther &e%%ggg a}laés:lldceegf %Pﬁog as$§, o subs ate

11 was set to a cent rncident angl rees 9a range rom
23.0 degrees>to Maefesr db@rees}n@tl ltﬂfﬁad ouPeardsr t@@t ewf@et)peeﬁpbmadl

gosmon(D]pUT shawe }d‘fF*% é,lsacndsttws?r&ggt Q&dlr@lMeaﬁgL%h@f 51 (
egrees (of a range from gr 0 rees e inner (or

i nnernost) peri ﬁr‘ﬂg’rsaqraz%epBQFﬂag I\%teprs\l shORRCPn Eﬁ’é ’2 ﬁﬂ rwise, the
second enbodi newtr isamipd 8l &nboZ wdise oreecad:edlugdélaytetre Banencohei ti ons as the
first embodi ment ssanph e Fohe Ladesaridied afove. iHidvbETbed! ERRL FAP! ©

Enb-3] 30 Using.the sp utterln% appar at us
erosi on region 3TRLHE bR fed raﬁJt%é“%%tsﬁuf:tlé‘rliaﬁdxtlatﬁﬁcmaE’é’tvFereeh
posi ti on where Eehedtathtsghatdé &dnman‘wllanpohlatrla@;rte/ﬂm*eltbe badi U IS

57. 0 mm from t he ik cent et <of, tNa 0] a8, 3 suhsatg d 1 Aogantey

position of the &rosi on r égi on ocated at a ra |us 0 from
the di sk center dématiHey P Bsshsubstgngttel d 1reghsding 202qd HepdéAt aalﬁigl e Al K~

of the sputterirnggparid céeﬁlt;hometd&ﬁﬁ@rd@ﬁgh@@eral Si de of t he gI ass
substrate was set to a gntzé%(ﬂ i dent a£|g|e

g t 8C i range
from 23.0 rees to 34.0 at®BY ¥ hal o QPTG 6 t’l)d q'ID sher al
position Dout sHOWMD Il cFy€Lad, candntataieended ithe d[eﬂﬂllangresofaMS 0

degrees (of a range {f¢Lm4d. ghgegraec%s é&ﬂ@afeﬂ%grt%est)h@t [1@9]b@§z%rta(lor
i nner nost) perlpheral position DIN shown in FIG 6. O herw se third 10

enbodi nent  sanpPé& HEMEE 128 - cr B&E& %etn?itenéaﬁ‘é’r’ccﬁﬁﬁ ?oﬁ§l§§ltvﬁe %9 r st
enbodi nent sanpléeErh:Hsdestei hedmaldowoR [ £5r sbn€djeare ¢ oin Exadel e Cnp- 1]

20 specification, it is assumed that the [100] crystal
orientation indicates the [100] crystal orientation
or a crystal orientation that has a smallest angle
relative to the substrate normal NOR.

In addition, the crystal orientation of

25 the second magnetic layer 16 can be improved without
providing the mechanical texturing on the substrate
surface or the like. For this reason, the surface
smoothness of the magnetic recording medium 10 is
improved, to thereby enable reduction in the spacing

30 between the recording element and/or the reproducing
element and the recording layer 18, and the
recording density of a magnetic storage apparatus
which uses the magnetic recording medium 10 can
further be improved.

3% Next, a description will be given of a
method of producing the magnetic recording medium

according to the present invention.



When formng the AlRu seed |ayer 12 by the 15 perpendicul ar sputtering, the
trosion region 3la of the AlRu sputtering target 31 was set to a position
approximately confronting the glass substrate 11. The incident angle O NC
of the sputtering particles fromthe outer peripheral side of the glass 20
Substrate 11 was set to 0. No rotary shield part 33 was used. O herw se,
the first conparison exanple Cmp-1 was creajfed under the sanme conditions as
the first enbodi ment sanple Enb-1 descri bed above. The crystal orientation

inclination angle 25 A-AY efgihe Gf Vit Abub At WicCes Of c £ hgs ALBe t3epk 1 ayer 12
was obtained for each of the first and secopd enbodi nept sanples Epb-1 and

d I
Enb-2 and the fir'st¥Tonpar P§8|Jraé>9airﬁﬂ ea]@)nﬁl-“?."dliﬁén@ ¢% Ghai Gt % Howi ng
rocki ng curves 3rafudhegAbRe seerthdtayer setdrafinfg rmsdd hud second ierdodd nent

sanples Enb-1 a - - first conparison exanple Cnp-1. FIG 8 is a
di agram show ngrlgjérzg)%%ls%ﬁghﬁ%%gp*h%ni nci dent angles AN~ of Al Ru seed

| ayers 12 and crystal oriehRaBi 6135 $HReVRnani dd @ndiis ALRgIOENGhe first

and second enbodiupytrseapkas e b Aangh&Enhidkandiddherdtesticapari son
T | t.s and .8 were obt ai.ne

exanpl e Cp-i: - 30 e res f FIGS.,.7 b
measuring t he r GAAHY U?K}gsgf&?cﬁheﬂﬁ 09} SFaGEPETRYS dﬁfﬁgc?ﬁe%ea%gl e
(or angle of diftfor dctd ‘b@\)szh;angl. radegreesFrofsphiver Al Ry yeedolfayers 12
from5 the out eF eyl phet ah o shde fia £ 18 | PBBK) Peld fher al rgkde xafndine, :
magnetic di s¢<s i rst” and second enbodi nent sanpl es 5%%)-1 and Enb- 2 4and t he
first conpardson exanpl e ChP- PSRN anlX- FEF FSR QMR &P EEFE K Hay),
with a scan angke spulik¢akhggappregetuyeivalisedontd hiout ehepeeiggher al  si de
and a positive \iglalé%(op%t?ﬁ L Aner, pearid phegal  sisde. of ¢ h@%gagggqcl c disks. In
eak 0 e t

a case where the rocking curve occurs when the scan angle O
takes a negativéupAtEATLe hel (PO0)HeacE¢EiNAE SReF IRF 1 he- 15T8€ar Mdigle ~
towards the outelf peid phigsaabesi d& Inddeerngustied dicka FHatiuims oft e 100]

crystal orientation is inclined by the scan_angle 0 (crystal ori.e tion
The 1 nat ok AngPe BARASTS orftie Utk r9te RAPYECIROR Y Soak dESt K6 St
peri pheral 20 skdel dfhe heowagnesi sadi ske hER, nski ®F the heaputégemasdt he

layers above theshldu seedsl gyehildnd@iedy, 1bhenCopindes | pyer 13 up to the
protection |ayer 19, were not forned on, the?nggne i ¢ di sks |nﬂgr er to
h

reduce noi se i nPERE ST nFPLEFFES N DT B £ stbfet Ru seed
| ayer 12 was sebetcornt), nfor Aexaapilke sekBmef iomlENESl sbantde8inghe peak of
the rockin ur : - SGah 0 oxd 1
degr ees fo%({:he%&il?%to Oﬁg%mn%grﬁg‘ it exan%?%g%%prs\/‘\:hql %rh ée<J:'nr7p gglsn}étn%é o
per pendi cul ar sFACFERAhE W t k't RS HAQ et 1RAgMETE SN of 0. On the ot her
hand, the peak of the rockrng.c8rve appsarspabenvicherissangangkellyis -3.6

degrees for the I,li rst enbod nent .sanpl e nb-% g/ﬂi C r-{n:_g! 5 the inclined
sputtering wi t hStRE i%njfmgﬁéfceangl‘@ca% 6. _ 3e%rpees ‘%%fn he measured
radi us of 12 mPPPRWtEs nor BIGat 5t khansthedinadides ©f B0chAfbere  -31
crystal orizntather idHddmptbenaanghe LGRNf apba rAltls seed | ayernk2 is
approxi mately 6~ oft t he incident ﬁgﬁl ?a | N~ of thi srputte1:r1|:n9.gart| cles for
both the first ARYCEETOHE cHEBEF | RsCERFUFAT SPUELETing
target 31 made of a material having a B2 crystal
structure, such as an AlRu alloy, is arranged so
that a sputtering surface of the sputtering target
30 31 confronts the substrate surface of the disk
substrate 11. A magnet unit 32 is arranged on a
rear of the sputtering target 31. A rotary shield
part 33 is arranged between the disk substrate 11
and the sputtering target 31. Although not shown in
35 FIG. 5, the sputtering apparatus 30 further includes
an exhaust system for exhausting the inside of the
chamber, a gas introducing system for introducing



5 and Enb-2. Thus, for both the first and second enbodi nent sanples Enb-1
and Enb-2, it was confirned that the [100] crystal orientation of the Al Ru
seed layer 12 is inclined towards the outer peripheral side of the nagnetic
disk relative to the substrate 10 normal NOR, and the inclination angle

6l N~ and the crystal orientation inclinatigp.angle O-AY are approximtely
proportional to each other. FIG 9 is a diagram show ng rocking curves of
the CoCrPtl zB7Cu9 second magnetic layers 16 of the 15 first enbodi nent

sanpl e Enb-1 anQatsfs%g‘iarrsﬁoC@H@aE:m@beea(ar@h@ QTB'OllerﬂBil Byl Esrof FIG 9
were obtained b curves for ace _of the

Ki
CoCr P11 26-ud SBEBHA THIGReE ECP Ay e RS nEOr FPEL N SaeE
Enb-1 and 20 thélfirst conparison exanple Cmp-1, sinmlarly to obtaining the

results shown in FIG 7. Ifhglgbugtégyybtgﬁbggggugf§dm%f§§g|ng curve

appears when. the scan angle ~ takes a negative val ue, (110) face of the
CoCr Pt | 2B~ s@&éﬁcﬁlarfeﬂfr]el?lr‘ésqnéyéfmﬂ@cﬁrb? o5 Ch& Oy s‘?tn%n%%& HEREsanpl e
Enb-1) is inclisedht ewarxls idesoutier aperigphes 8l sifde hef sﬁmtﬂagmﬁglc di sk

by an angle cor h ho u for

t he case where %E§Q§?%§Q%$ff¢%ch§%%§h Qgi 5518%5 gé dggfg g%dkéﬁ

measur ement s ar @fnadersmt thef aeasupdd t |m@g@¢t3@nmﬁ s nd9 pelgeen from
FIG 9, t[leI peakoafg ttdﬁgé)cﬂéﬂlégtﬁbi@\é? taﬁwh BJgﬁ%oy\hgla tag%ax&_t‘caélt@ﬂﬂkgea i's :
appr oxi ma an he e ~ second magnetic
| ayer 16 |§ not FFHEP & dlflqg %@rgl st> oripa ?lggrgéf ng J On the

ot her hand, thetpegletof3l heo rlbekspgtdwnat onida appeambaMﬂﬁteheuséaneangle

His -2.7 degreg§ and thes K 1d0)s E%ﬁ%éﬁlﬂfE%¢£¥§E%Er%H&ﬁE&EHc1@§
CoCr Pt 12B7Cu9 second naﬁnetlc Ia er having the caxis or the axis of

easy magnetizattBf & @npﬁrFﬁélﬁﬁm%ﬂvﬂl?EEFPE&Wﬁt§%% HhgRELLY di sk,
is inclined towieds tme(npmﬁt@eﬁngheeagem(ﬁﬂOfoWhedmammﬁ|suhsskat@r t he

first embogineng s %ggleg%ﬂ¥g.mT@ﬁes%%Qﬁgg%gﬁ?Q qug ﬁ§ nat which

t he rocking curve has the for th second nagnetlc
| ayer 16, mat chB89iRpa silah Ja?lgf@fmeéf i theidpFedstarmiiach $9@ipBcRitng

curve has the penk fc@rrgteh;e s’-ﬂRﬂa&@edﬂ ayey s’lﬁutﬂeﬂﬁ@ tarafuek 8311 Qretrhe
first enbodi nen r_ words lining the (100) face

sanpl c
b The A m Seoknia SR e iy parfiate e R gl 00M9 L0e O A R
seed layer 12 is inheritedhs rheaCy wideld ayert133 tlve GoTravyfirst

magnetic | ayer sma@ad 3the ﬂb@?@@age%talxqﬂoltgplwgth@y@aslé siwst hgeeby
i ncline the (112% e of 'the CpCrPt|2B~Cu9 secog HEO magnet.i c Iaﬁe5£16 By
0) o]

inclining the ( &cégﬂtq?ﬁﬁ%ﬁCFPFEf§7éﬁb R % 13y 8 in
t hi s manner, thehe= amtsny‘ﬁﬁmehdlpamt s ya hegnietszat pdumdlite of

CoCr Pt i ZB, Qu9 sg g@@% MRde dayeEnle BsnaRs Lhented Ihditds from

circunferenti al |rect magneti c was_ confirned
that the crystafh®r r@ﬁtaam oﬁ%ﬁtt%éac:oosptnf?a:%gogeéaﬁdSrbe}g%léiuelﬁgﬁér 16
in the ciregenfesspt bek @ggdndnculprotes.cHd Gadfets sardiaags aff sbhwi ng
magneti c charac%gug Eﬁ% of I n@t%% di sks according to the 30 first
through third e I ment sa ? S Enb-1 through Enb-3 and the first

conpari son exanple Cnp-1. Tﬁh% shegnedi plef@mciEi arecsrerngwd skeond

magnetic | ayer é@lmr anQfliainethtiskpg1a w:@&{doahgaﬁeltgﬂw%mngggwet er,
by appl yi ng na %bel in the 35 g 4H3 |a£ g rectl nd the
radi al dlrecu ?ng AT TRSRSCak nb t c&ﬁ' pondi ng
hyst er esi s3Doop$ireotdbinai fwom the center of the rotary shaft 33a

to the outer peripheral edge of the shield plate 33b,
is approximately the same as or is greater than the
radius of the disk substrate 11. Hence, the
sputtering particles moving in the radial direction
of the disk substrate 11 reach the substrate surface
cf the disk substrate 11 more easily than the
sputtering particles moving in the circumferential




-33 circunferential coercivity Hcc, an orientation Hcc/HCr, and a
circunferential coercivity squareness ratio S*, where Hcr denotes a radial
direction coercivity. Wien the orientation Hcc/Hcr = 1.00, 5 the axis of
easy magnetization (or c-axis) of the second nagnetic |ayer 16 is
isotropically oriented in-plane. It nmay be.seen fromFIG 10 that the

| arger the orientation Hcc/Hcr, the nore tﬁ “orientation of the axis of
easy magnetization in the 10 circunferential direction is pronoted. It may

al so be seen fraﬂgh@lolno Maéh%hslgw %%gﬁ@a@érwnf Qlendd adocoercivity

squareness ratio S, the nore the orientation of the axis of. easy

magnet i zation i RUPRE SIS (UM eFRAE L& 180 RATohCHES 15 TH MR BERT | ﬁnFF‘G 10,
the orientationdibeekldaror (Hwatjaeffbmsth@orﬂmiabndexamlmm 1bé8cohne00,

whi ch neans thaf_th r Seco n 16 is
isotropically o@?gngegg% ?th% (}Lnn 19 g g?%e%ybtl on c/ Her for
the first e@bodSmﬁtﬂC@arrplb’l Eﬁ%dlti@nl M%taﬁh@nﬁ’éé@@ﬁedﬁm&dl us of 12 nm

and 1.03 at theqiRasuriesd adk ushef sBQema P €8s m8aps alihal éf@v@ﬁtel&h%tl on
of the axis of eas netizatjopn of the second, magnetic | 25 16 in the

circunferential SHPIY’EEH% iRA LT bbE&d T oAt %??%ﬁﬂ?e?:g‘ﬁt i %%}m vity
squar eness ratipoStllosa alfsochapd dvkd shdrs tthaet € i 15t tenbediamntdspoapli&scEnb- 1

when conpared t 0.t he f il £OMDAL] 300 X! ORs Ak b IBY @hso be

seen fromthe 3 CII‘CU ential coercivity squareness ratio S* that the
ori ent ati o Qof It\ﬁéoégllélgd-fyrea%?yﬁﬁgﬁeﬂlrzadﬂ%ﬁi%‘(lPﬁe sB&donFSiabREt PES| ayer
16 in the circuphetgst iggowlit e€i restisnpraxy®tetofar ohheHfd rsibsubadenent

sanmpl e Enb-1. 3§?gggctehio£¥gnq{@og QE”EH?S@ e%éE”P%etS”Tflo é‘f '{1{% Logli ned

sputtering with e Inci ang e 6i grees neasur ed
radi us of 12 nmawedr 1234 28.8 at the neasured radius of 30 nm O herwi se,

tﬂe ]Eh' rd engodl m?nzj SarfpljﬁmEnPeﬁg%So&r exad smdendt b&a&@mwnﬂnt t@es as
the first secqnd_enhodi nent sa

el ectr omagﬁgtl c*e Pﬁér g) AP ACTRY | g’tel @gqﬁb?BVEEﬁﬁe%Q%g%C??%ﬁt &€ on
Hcc/ Her exceedstleO@isfk tshdbfirastecdiparilsortiekanpheeCnptl,ig hatils,

greater than or 0 # p tde. d nﬁj:-bﬁatl on
angl e Al N~ and ?ﬁgg%gﬂgr |ten%?‘g%gm ﬁ;/ﬂ% S%ngrﬂ?ﬂgﬁ?l rﬁg'?fttlhr h thir

enbodi nent sanpP@8SERE- £ rRRTAT EMHPS X GO eyt bR §e@ﬂrstkh§tu %I%F?eﬂllatl on
Hcc/ Hcr beconestd. BDécwohen ddpos hedédnahi aheangmo M NE ssr¥hice defrebes (at

t he measur ra t he second enbodi nent 15 sanpl e Enb-2),
and t hat tgg |n(g1lL| naglt‘lo\;&]‘%mlg O{AJFNC is preferably set to 38.7 degrees or

greater. The present i nver?-‘tl”(ﬁ hakagsntheded 13w o‘aéhtgﬁuﬁo&aﬁma%h%ﬁé
el ectromagneti ¢ §98V§BSI1%“ A act el sbl @ HERdty HERKAVE \Mmtm

orientation Hcc/ is.l r greater....Si.nce.the_li cI at a I Al NC
i's 43.0 degrees't ? Phénn%gsclzrr e@ ‘i”gﬁ d‘fl](sd)‘?m{fl?o?rtllgf dflrirs 98 ment
sanpl e Enb-1) whenprhbeiceidenirat e Hee/rH@rf b?ekt@rrésuttgzlntmetamﬂnéﬂ-uon

angl e AlNCziss nphg phef %roaclaﬂy S 1 £ a3l 013 Pr £at %talt@dad;cytm@, 25 from
the rel ationships of the .incl |nat|on an%Ie Al Nc_and th 1:és%?l 1gwtsﬁntatlon

i nclination angf®@tAFRYIE 44T ARG sdéd dayfer” T?aEﬁB\‘Rﬁ
crystal orientatpop fnel ienadnmwine angBe ARY tafnd hiehél Rutsm}d draield12 t hat

Is formed is 2-§a9€95%?5€M¥”£ﬁfékness of the seed layer 12 can be
made uniform, and the sputtering particles will
30 adhere uniformly on the shield plates 33b so that
the maintenance interval of the shield plates 33b
can be extended. Cf course, the rotary shield part
33 does not necessarily have to be rotated.
FIG. 6 is a cross sectional view showing
35 an important part of the sputtering apparatus 30
shown in FIG. 5. FIG. 6 is a cross sectional view

cut along a plane passing a center axis Ax which



30 inclination angle AINC is 38.7 degrees. Hence, it may be seen that the
¢crystal orientation inclination angle AIRY is preferably set to 2.1 degrees
or greater, and nore preferably set to 2.7 degrees or greater which is the
crystal orientation inclination 35 angle AIRY for the case where the
i‘nclination angle AINC is 43.0. FIGS. 11A gggﬁllB are di agrans show ng the
-35 el ectromagnetic conversion characteristics of magnetic di sks accordi ng
to the first and second enbodi nent sanples Enb-1 and Enb-2 and the first

conpari son exanm @, £9Rihat BN, HlLEIHOBBYRRL icer LONYLESI O ¢l agi ki stics
shown in FIG 11A and 11B were aqbtai ned using a congosgﬁ]e gnetic head
HAF T Akt N6

whi ch incl udes a?habeFPvé reddtdi PYUEFERE - Resi sti ve
(GWR) reproduci mpetetenhitt @2redsuwe fheFilsal dt.ed Svaweeouhput, t he

resol ution and ]socf\i]cl‘?t\:cr‘ygs edsolgied.1aye tgwf"ét %né%raE#ﬁL%% &S an

out put average at a l1near recordlnghden5|ty | resol ution
(~) is obtaifed FSFUREAVERAgERUHUEN At CEDESRFARYT H¥r afBLoutthi wrraL4
KFCl) x 100, anddhectONRe(dB) smssobiai pred.fream 20 x 15 1 og( S/ N) based on

the average output S (uVp_ 414 KkF nd t he .nedi um noi se .N (UyVrnms) It
may be seen fromFI G 11A B)ﬁata‘é'tl}%“én r%%%ﬁ?i'or?'aﬁ@? h"éa%Rﬁ%ofmtlﬁe % rst and
second enbodi medtn&kHnpe @saEmagneand Ead- 22at arise agasgmet Rentadidls. of 30

nm are i nproved [gMAs§detoplhe fiXstisoRpaL $QN Sxaipl 8uEaR- ki As- shown in
FIG 10 desiélbegggbo e, the orjentation Hcc/HCr of, the first an $econd
enbodi nent npl% -B3GRGCET2 W eI PRABFoTEF Lotk ed PB9PRe 11§ gnd

conpari son 25 exargiies Cip- 1. THenceytet any benseernrirnat shhpedmoregurest s
orientation Hcc/sHcr, ves. .t | Wt i of .t fol r and
second enbodineﬁﬁpggk%Fgg %%g-?ﬁgﬁﬁ§%#g§2?efﬁggﬁﬁpfion, g%gngﬁﬁﬁf%%%t and
second enbodi neM@Eipt e8AEAD- L ERDCD13D0 &fe TuhpaFEAYSI 194 B! seen
that the first emmdieentTaanglokEms 1i whingAeha¥ a |56 fermagnentias i on

Hce/ Her thapsth%d%gﬁﬁgl?nbgghgﬁggpi%n éﬁ?ggﬁ-%gyg%t g%%§§§%§% Qn and the

[
SNR t hat are i nproved coipare ose e 'second 35 sanpl e

Enb- 2. Ther ef or &1nmal wase éearedmdd taait 1 i hes| ¥Fgerc ft Heh¢ neRgnati @aengl e
AlN~, that is, e |atOehdt Reca YHalNOpbeat alri @hd NGihdAt FORARMH M RY,
-36 the nore the resolutjon and the SNR a inmproved., Simlarly, Jjt may
2190 be seen f1OR%AG 198 PRAS ﬁ%%% BRP off PAiTE S BN 6Pt 1 r 5t and
second enbodi nerttursampi@spEss- T hamdi@Enbt RBeaspulte éxr ilegstiredetadilusa@iing mm
are inprovegh conpay b4 Qrhheofichs! LOIPRET SeN+e%anR]1& CPidg-shaped

magnet 35. Ar ions'forming the discharge plasma

trapped aleng the lines MF cause the sputtering
particles to be discharged from the sputtering

surface cof the sputtering target 31, and cause the
erosion region 3la to be formed on the sputtering
surface.

The outer and inner ring-shaped magnets 35
and 36 may be formed by electromagnets.

In this embodiment, the magnet part 32b is
arranged so that the erosion region 3la of the
sputtering target 31 is located on the outer side of
the outer peripheral side of the disk substrate 11,
to cause the sputtering particles to move towards
the disk substrate 11 at an inclination from the
outer peripheral side to the inner peripheral side,
that is, to cause the sputtering particles to become
incident to the substrate surface at an inclination




Next, a description will be given of fourth through sixth enbodi nent
‘sanpl es Enb-4 through Enb-6 and a conpari son exanple Cmp-2 which 10 have a
gl ass substrate 11 with a nmechanically textured substrate surface. The
fourth enbodi ment sanple Enb-4 was created sinmlarly to the first

‘enbodi ment sanpl e Enb-1 described above, exgept that the substrate 15
surface of the glass substrate 11 was subjected to a nechanical texturing
usi ng a polishing and cl eani ng apparatus, so as to provide the texturing in

the circunferenijghedigrgcti omef i hhe imagneid caslysk wiih 20 @verage surface
roughness Ra of

0-3.nm, 20 The fifth e di ment s | e, Enb-5 was created
simlarly to th%pEEESH&qﬁﬂRﬁﬁ$%ﬂieEanR éﬁﬁ@@%gggpiﬁgﬁaégﬁ$€, except
that the substratessupftace lofis hergfassbdybstetatenla wasgsubjfeci@d’a
mechani cal textyyj sig | Rahhal fedhe-25 fayrihenbodi prat sanple
Enb-4. The si xt‘]ﬁlﬂéggggéi r%;gntlaés%y feaEnb-,G v;e/agts creat edysi mlarly to the third
enbodi ment SanptRCEMAS 1985 @R BHed Bbove diteptFeRde t FE S HSYTREL surface
of the glass substieatatibrivaisnsubhected arifl areghanstalwr ext FIGQ, 3
simlarly to that_of the fqurth [ t;‘@@l -4 e d
conpari son exarr%f’%m %é( V\%se csrléagggggigﬁi “ar y ttgogggnﬁ rt:sy\ré C rrpg?i son
exanpl e Cnp-1 desgetbaéd cabre; aekerpr it e tyredubayeat 4 235 Mtff fa€e of the
gl ass substrat erdin¥as csybjrect £6t aj AEehaRiAlo £ eXt ur Hegresisnd@rlysto that
of the fouréh enbodi gegt a%e Enb- 4. Fl (jnc 12.'sia dia r.abrgésh g)vi ng
magnetic chiract®fNsPi-&s S Maghet i &SdPsKS Httor df hg to BHe Fout t h°t hr ough
si xth enbodi nentmsaoplees hientidy ¢ hadughr iEmi-6- 2ow @ﬁeﬁ@@cmm£Qﬂﬁ¢%mison
exanpl e Cnp 5 21?@@9 rRan '@h&h@mghtﬁﬁ' MASi shounrkethldd J2 weee

e

measured siml ar as in the case o magneti ¢ characteristic shown in

FIG 10. In FI 13k sppstddteht bt i of SHEGMHG®S FCRhETS8C conpari son
exanmpl e Cnp- 2 ismbo@8mehitchsdmse 18s hivgheh twian lb&0dekctrtiddd risdt eonpari son

exanpl e <1. The i nprov of | ati.o / : d conpari son
exagl e %-52 when cgprrparglgjt%}?%%t£8f %F%%Tﬁé'{stggglﬁ%ggics%go%quanprg Cmp-1

is due to the neeWhhecdnad & Ti¢hERproviided O t hEranEsHeRte A5 Shyeface. On

the other hand, sphetrakiient %tp&%lrkleﬁéngo frsdhepéeurbbvenbadigrent sanpl e
Enb-4 is 1.11 at the asure i

radi ys of, 12 and,. 1.1Q at .the ed
Fadi us of 30 miTGALER CHEANGARLE b 0l SHERTHROOY CRE Al < of 248y
magneti zati on offt Be.Z20 despores nagn8li delgayars 16r i heslie @nturdeeenti al
direction by prz?ggﬁggabllr} é{trhec.; Mﬁeé, olehes gor g@éﬁgggg. el e dxbse8k easy

magneti zat1 on of the second nmagnetiC layer 16 in fhe %I rcunf.erential
e

direction is fRFhefSgronsted-ByrPRES el T yPos™ refSubstrat e
surface, in addittrohetro itdper ArRugserd kayertd2 ¢haenkstiommedt byhée he

i nclined sputter] (g ent.i caoer.cl.yi r.enes: FQnS* IS
al so i nproved f%%ggﬁglggurqtarf%g%i %n?lhéeaﬁr%lgé‘]\é_rhngééfié%gﬁqc%%%%iteg t he
second 30 conpa?fsbhceddmit esuwpptpatand lirt the brcdipatdedn andhe t Rac

ci rcunf erenti al j §0gkeirkiriap 1SAUSE ENERS al @lainyg S*'of haB . Vhelegireand ato onsof the

axi o o easy mgpetzation ol the spopdumaneiye gyt o e
Enb- 4. orientation inclination angle 8c¢ry, that is, 5.4
degrees, is based on the fact that the crystal
orientation inclination angle Ocry 1s approximately
30 6% of the inclination angle 8:y¢ from the second and
third embodiment samples which will be described
later.
The inclination angle @iye is defined as an
angle formed between the substrate normal NOR and an
35 imaginary incident line that connects a center Tero
of the erosion region 3la and a depositing position
in a track region on the substrate surface of the



The el ectromagneti c conversion characteristics inprove when the orientation
Hcc/ Her -38 exceeds 1.08 of the second conparison exanple Crp-2, that is,
greater than or equal to 1.09. Fromthe relationships of the inclination
angle AIN~ and the orientation Hcc/Her for the fourth through sixth 5
enbodi nent sanpl es Enb-4 through Enb-6, it _pgy be seen that the orientation
Hcc/ Hcr becones 1.09 when the inclination aggle A=NA is 38.7 degrees (at

t he neasured radius of 30 nmfor the fifth enbodi mrent sanple Enb-5), and

that the inclinaiion gpgke AlN- 15 10 H&efcgfa%hi yr%ﬁioﬁoégadé%g?éc?ﬁ%sor

greater. The present inyentor has confirnmed through studies t
el ect romagnet i ¢ CHHVEFSiEER WERRrfRt LBNGreatdy 1 APREPESHArti cul arly when
the orientationgcipierad bokdtiogrBal eind Shnceuthe it ihatéenoss)angl e

AN~ is 43.0 de th ur ed.radi us,,of 30 faor the faourth

enbodi nent samﬁ{e%n%ﬁ‘g%a\%hg)ﬁrgﬁﬁl%ﬁ Beifat i ?ﬁ%%‘?’ll-g?rbgﬁﬁ’neosf 189, the

i nclination angl® BN se@dod prled et abfipfdsted @30 bntgreatarionoFl GS.

13A and 13B are uliags st shaWgN G &} £5LE OBRIREG G HOPVEEShen tehayact g1 i stics
of magnetic disks %ccorglbng to.the J‘ourtE t hr ough s':kt;h enbodi ment sanpl es

Eb- 4 t hrough EREE ERd. (e SBAEHRF LEApaFRESS G edERpEsO T &%

el ect romagnet i ¢ kediweesi ancehdractioré sBbcsoshawe ioutt GSrihgAsarapdBB wer e
obtained sini | aglardse | 95t hgcase it Lhe: gbealdormonsts Cy AARYeLSIAN

characterispjics showm in FIGS. 11A and 11B. I't may be seen trom 13A
that the 30% esGNARYH BRE"EHe 36NR of the fourth and fifth enbodi ment

sanpl es Enb-4 and Enb-5 at stheemrasursili eadi gl a0fe 303 TN are pbHIVOMRI

conmpared to the ;seqand . ,.S0 I -2. és wn_in FIG 12
descri bed above,l%t he orf%gﬁgg:t?n%é% Ssgfgﬁe %%gr?t htgﬁd fifth

enbodi ment sanplS@M T YR anBAEFE-H &F P HbREvEd ddifparadied dheeseciorn
conpari son exarr}aa:_;zg e -@isﬂeﬁﬁﬁ,sﬂﬂaﬂ'éliyl,besée@é ttﬁf“paﬁ%@ ]?e%m%%f I ﬁvedd
orientatio c/Her_ inproves. the .resql ution _an e of urth an
fifth embo |‘E!_m|csntcesn§:r$p"1‘ e Eip2 4 gﬁ(ﬁE(r}rY)@ 5]9??ﬁ%§gldi % o ,ev\flléhettﬂﬁe %% and
fifth enbodi ment3¥anplésnEab- 4uahd B Be 61 nge peorparlesls atdhewy b Seen

that the fourthgenkod nent I [ ' ion
Hcc/ Her than ”r:g fift r%nb%%?%r?’? s%%ﬁ%%n%?gbﬁzlﬁdhgf%éo@é?%gtr?%tand t he

SNR that are i npFOVEF colpaFBBtES PHose ¥ BRE FeRh ol feft k0 sanpl e
Enb- 5. Ther ef or eubistt neatse cobf i r Hedhdehattideskatdgar yide ihcthaatiign angl e

BING. thal de, EBenddf O Lhe chyslalaOri egraliandndidagigp angle ARY,
the nmore the resolution and the are inproved. SimlarTy, it may also be -
seen from FI G $8PE3Eatmtll hésr esbaamhi ahlyt AersRl 41y t hlef sawet adnd

fifth embodi nenyradmy eshdirba deand HEnina af ol e deeasy esht@di us of 16 nm.

are inproved COHQ%&%%éféfhgiagcg%dt%%nﬁgé OQuBé%@%é%(T?-gh the
radial direction, and the crystal grain orientation

25 of the seed layer 12 is approximately uniform. For
this reason, the crystallinity of the seed layer 12
improves and the inclination of the crystal lattices
of the seed layer 12 becomes approximately uniform,
to thereby suppress locally non-uniform in-plane

30 crystal orientation of the recording layer 18.

In a step shown in FIG. 4B, the underlayer

13, the first magnetic layer 14, the nonmagnetic
coupling layer 15 and the second magnetic layer 16
which are made of the materials described above are

35 successively formed on the seed layer 12 by
sputtering. The layers 13 through 16 are formed by
setting the Ar gas pressure to 0.67 Pa and




FIG 14 is a plan view showing an 20 inportant part of an enbodi ment of a
‘magneti c storage apparatus according to the present invention. As shown in
FIG 14, a magnetic storage apparatus 60 generally includes a housing 61. A
hub 62, a plurality of magnetic recording nedia 63, an 25 actuator unit 64,
‘a plurality of arns 65, a plurality of suge%asions 66, and a plurality of
recordi ng and reproduci ng heads (conposite heads) 68 are provided within

t he housing 61. The magnetic recording nedia 63 are nounted on the hub 62
which 30 is rotahedohy ;& dmf 05 POk rih@Whe TheyEe6ONAI NG Ay ePEOdyCi Ng
head 68 is nmade up of a reproduci ng head and a rec%édlnqiheaq%%gfr exanpl e
an Magnet oResi sEN§eP(FR) %8 FHBRE Ola SBHTTS IHYhet 8- RBGiTst e TRWRY SELERent ,
a Tunnel i ng MagpetaiBasisstraech TVRe 3hbedterer¢ sucliage aCurhentdiki- Pl ane
(QP) element apdng Quients Per pendipddlsdo-Fhane (HER) d ement, and the

p ead. -4

| i ke may be used as the teproducing he 0 the ot her hano%, an
i nductive héad 3RBRC#SME Gk PRFRERSHE WAL beCusbs fBrP et 8cSMIiHAS Sead.

Each recordi ng apd wepnOdIM fH9rhead168 ns, riniedten iy in pefdref a

correspondi ng arm 65 via.the_suspension.b 6 Th r 6 e noved by the
actuator unit 6%‘.’”??1@% ¢ thhatr BROFST ot %%Y%grrgégg)tri 05”2% orage appar at us

is known, and andetaigined idescoupliion tiseresofldni |l | The dfiatein this

speci fication. E@ﬁp%@%&ﬁ‘ff& St of age qarparatyis: 69+ kS 110 ighalacs echzed iy the

magnetic recordi ng medi a 63. Each of the cgagne iC ﬁCOI‘.dI ndg medi a g%ehas

the stackedUstragfur® o' e RAbdEFFentdDPEH eﬁﬁé &t i'¢ recb?dPRgCfredi um

descri bed abovezpo°conmjeurrtdth.with FIGS. 1 through 13B. In other words,

each of the 15 magnetic rq@%;gi ngnngdisge%? mBYy.haye Eheg styaictyrg of the
wn in Fl '

magneti c recordi ng nedi um 10 sho 1, for exanple., course, the
nunber of nagnePFetesddl N yedi 4% 3ace (Rt Phhi PEJ E&FI 1oES ot Shor e
magneti c recor deggmeedionh Ghéyebenpr addgieskid n1aher2Q écase ahere the

magneti c recor dj di um 6 as _the disk-s as..s j t he
crystal ori(iént a{:ﬂgﬁrﬁe&est%eoge%o?ﬂfngolrayeexrar%gpfgh ?Heggﬁ%ceu%?rlght ?ng’
direction and t FéAebectataraghieei c Eorvatdmh Eharather isstisrak® i nproved,

and a hi gh 25 reggedinng dansitycqan jhe rral | Zede by chke prgnett conecor di ng
nmedi um 63. The basi ¢ construction of  the nargnieﬂ;c ﬁ#gr%%e aé)rparat u%uits not
limted to that [8KERN GAFTEIRY S4CP| ARREd t10nf LF he 2 ifadist i T ot 5P dPHG

medi um 30 63 usedthint kheprasambernvedriefieiabhpt khei tedk oswbatgase c
di sk. For npl e, sth gggcg ecar diRg Jedi YL 63 vaRY he- Andgagnetic tape.
When usi ng%pﬁe !r[rggrlltest ?lgrgtiap %ge?hggna netic recordivn nmedi um&ES t he seed

| ayer may be foF#EASESLE tHpblehapel ADRTS cSFEPM Sdéh SR PETY BEN-and
polyam de filns form ng t hehsubsépakeowm ihiBIGasdC tiaey orgestan

orientation of B?Sak%%”f¥&ﬁkéa¥8£r§%%d%3EHE%OYgddiluted by a
fluoric solvent or the like, and the lubricant layer

25 20 may be formed to a thickness of 1.5 nm, for
example, by pulling, spin-coating, liquid submersion,
steam jet and the like. The magnetic recording
medium 10 is created in this manner by the above
described steps.

30 According to this embodiment of the method,
in the step of forming the seed layer 12, the
erosion region 31la of the sputtering target 31 is
located on the outer side of the outer peripheral
side of the disk substrate 11, to cause the

35 sputtering particles to move towards the disk .
substrate 11 at an inclination from the outer
peripheral side to the inner peripheral side, that



-41 in the longitudinal direction of the tape-shaped film by sputtering
*the particles of the seed | ayer fromone of tw sides of the tape (two
edges of the tape on both sides along the width of the tape) at S an angle
that is inclined by a predetermined angle froma normal to the tape
surface. Further, the present invention is,got limted to these

enbodi nents, but various variations and nnalflcatlons may be made wi t hout
departing from 10 the scope of the present invention. 15 20 25 30 35 -42

Cains: 5 1. Apmgnebl @ah%@rtﬁi@gsﬁﬁdt@mle@malswglea mbs:tarcairee havi ng a

substrate surface rovided on th bstr surf 1
under | ayer prov]r%ﬁgS %é’ %beeg # g séll}ec%%d;g%g%ltr% T P %)r\l/gli lg
t he under| ayer, aIV\hbeeBmcl mmhraltfﬁapecg ﬁ@cdrhﬁdsmhstﬁétﬁeémmmb Fajer by
magnetizi ng theygecprdisng Jdauss, IDtalgegfa;rs@lrtm@ﬁscgu%,rels% chieg acteri zed

i ol oy eper e RioRRgoR BTy ober BRI She SR SeLpg e ©
orientation ofIéwﬁﬁryst&kqm%bésomtEglmdm4unhf@mmrdandn&aﬁsmppmssdes
partitioned by'@he [100] crystal orientation of the crystal grains
of the seed layer 12 from becoming non-uniform.
Therefore, the crystal orientation of the recording
10 layer 18 in the circumferential direction of the
disk substrate 11 is improved, and it is possible to
increase the recording density of the magnetic
recording medium 10.
In addition, according to this embodiment
15 of the method, the rotary shield part 33 is provided
between the disk substrate 11 and the sputtering
target 31. Hence, it 1s possible to prevent the
sputtering particles from passing the central
portion and/or the outer peripheral portion of the
20 disk substrate 11 to become deposited on the
opposite surface of the disk substrate 11.
Consequently, it is possible to prevent the crystal
grains of the seed layer 12 from inclining towards
the circumferential direction or the inner
25 peripheral side of the disk substrate 11, to further
suppress the inclination angle of the crystal grains
of the seed layer 12 from becoming non-uniform.
Therefore, it is possible to suppress the [100]
crystal orientation of the crystal grains of the
30 seed layer 12 from becoming non-uniform, and the
crystal orientation of the recording layer 18 in the
circumferential directicn of the disk substrate 11
is improved.
Next, a description will be given of
35 samples created by this embodiment {hereinafter
referred to as embodiment samples). '
[First Embodiment Sample Emb-1]



20 plane that is fornmed by the recording direction and a substrate normnal
which is normal to the substrate surface. 25 2. The magnetic recording
mediumas clained in claim1, characterized in that the substrate has a

di sk-shape, and the [100] crystal 30 orientation of the crystal grains are
inclined in an outer peripheral side of the,disk-shape. 35 3. The magnetic
recording nmediumas clained in claim1 or 2, characterized in that an -43
angl e formed by the [100] crystal orientation of the crystal grains and the

substrate normal is in a rangg pfc2. &a@@yggghtgpugggrgmy15§§5g§gﬁge§0 5

4. Th t di I f cla 1 to 3,
charagtgﬁgggdlfnrggoﬁﬁé? tte #ﬁ%?gnﬁ?gHi%lq %%%egﬁg&qdlgh%igroup

consi sting of AlRulabkdyg NtAtuathoy, and Few madgoytits recoiimimggnetic
recordi ng nedluqhgglghag@ed in claim4, characterized in that the Al Ru

al l oy has an_Ru-content in range of 45 at.~ to 55 at.~. 20 6. The
magnetic recording nedlun1§§“?5n%$%?ﬁé&|q+%ﬁnF¥ﬁaEﬁ§|#§Cﬂ%Qﬁﬁia glass

characterized i nsthatrthe wideid-ayey ESdII&d%GﬁrQSEOBSGIrﬁr %ralAogu where X
s 3 S unatsde g, 2ubetons) AL Pngl oM iMines B o101 304,81 | oys. t her eof

30 7. The magnetic rec m 2, ¢hat act eri zed in
that the 35 subs‘%ﬁ%@élﬁyeﬁad@ d"la‘gl@@sa érl?dthee%@b@frété amfaxe is

nmechani cally textey,ed,, first magnetic layer 14 having a thickness
10 of 2 nm, a Ru nonmagnetic spacer layer 15 having a
thickness of 0.7 nm, a CoCrPti;B7Cusy second magnetic
layer 16 having a thickness of 15 nm, and a C
protection layer 19 having a thickness of 4.5 nm.
The glass substrate 11 was heated to 180°C
15 within vacuum by the PBN heater prior to forming the
AlRu seed layer 12. The glass substrate 11 was
heated similarly to 230°C prior to forming the Ru
nonmagnetic spacer layer 15. Using the sputtering
apparatus 30 shown in FIGS. 5 and 6, the erosion
20 region 3la was formed in the AlRu sputtering target
31 between a position where the radius is 67.0 mm
and a position where the radius is 77.0 mm from the
disk center of the glass substrate 11. A center
position of the ercsion region 3la is located at a
25 radius of 72.0 mm from the disk center of the glass
substrate 11. The incident angle 8:yc of the
sputtering particles from the outer peripheral side
of the glass substrate 11 was set to a center
incident angle of 46.4 degrees (of a range from 42.8
30 degrees to 49.6 degrees) at the ocuter {(or outermost)
peripheral position Dgyr shown in FIG. 6, and to a
center incident angle of 56.3 degrees (of a range
from 54.0 degrees to 58.4 degrees) at the inner {(or
innermost) peripheral position Djy shown in FIG. 6.
35 The outer (or outermost) and inner (or innermost)
peripheral positions Dgyr and Diy are respectively
located at radii of 30 mm and 12 mm from the disk




-44 8. The magnetic recording mediumas claimed in any of clains 1 to 7,
‘characterized in that: the recording |ayer conprises a first nagnetic 5

| ayer, a nonmagnetic spacer |ayer and a second magnetic |ayer that are
successi vely stacked on the underlayer, and the first and second magnetic
‘layers are antiferromagnetically exchange-ggupled via the 10 nonnmagnetic
spacer layer. 15 9. A nethod of producing a magnetic recording nedi um
having a recording |ayer that is nagnetized in a recording direction to

record informationcbp bhe checoyidi o9 ééM@'&ra&Qﬁplrl singneha1stepsead: 20 (a)

formng a seed Iayer n a subst rat surfac ng._a nder | ayer on
the seed |ayer :13%eT (LF F&eni %cépd?ﬂb é?lgh g %f%‘ﬂ% Rerl ayer,

characterized |pré®amreabd'$xeﬁ?(%a us®kea stharglel phatebs 3Fide Hftlam aIon_
material having.g B2, cokstals fetyse,80d oy onle hbeasubsidaigr surface,

and sputters, E substrate"30 surface, sp utterlnf
particles of t Hentargel ProRlorfedFeefoadirdds T tFEFERBA SBPH ¥3 1 st pl ane
that is formed dbyrébeibacerdidig djIeeki enbandatsubsirahe mnovenatowhrgh is

normal to the s bst£ te s%rf cein a Qr %t rm d rection inclined with
LBrate Totiaf PoPhidel SMAPdgh

respect to the or TiHl hod of producing the
magneti c recording néaeamm@sﬁmhﬂ¢mmenﬁ ERaPhe® Ertratdct eri zed in that said

step (a) sputters the spugtgr Q:rPé‘rébﬁth%r\Mﬂd“ a{@@@egtutsostoh%mmtmte 5
surface in thedgfedet rmne%t rectlon Wi th t_hat

d
appr oxi mat &Py petpendrcdlfdr Yo te ?F?EFOBI§<¥lﬂ% g? %ﬁg %Hﬁﬁﬁo+n
produci ng t he negmeriRur epatdieng. medtamgas Alaiestwéanckaipmsg,tion

characterized in fpat gai 4,860 (A) a7 bNeld NAId 0D position where the
radius is 77.0 mm from the disk center of the glass
substrate 11. A center position of the erosion

15 region 3la is located at a radius of 62.0 mm from
the disk center of the glass substrate 1l1. The
incident angle 6;yc of the sputtering particles from
the outer peripheral side of the glass substrate 11
was set to a center incident angle of 38.7 degrees

20 {of a range from 23.0 degrees to 49.6 degrees) at
the outer (or cutermost) peripheral position Dour
shown in FIG. 6, and to a center incident angle of
51.3 degrees {(of a range from 41.2 degrees to 58.4
degrees) at the inner (or innermost) peripheral

25 position Dy shown in FIG. 6. Otherwise, the second
embodiment sample Emb-2 was created under the same
conditions as the first embodiment sample Emb-1
described above.

[Third Embodiment Sample Emb-3]

30 Using the sputtering apparatus 30 shown in
FIGS. 5 and 6, the erosion region 3la was formed in
the AlRu sputtering target 31 between a position
where the radius is 47.0 mm and a position where the
radius is 57.0 mm from the disk center of the glass

35 substrate 11. A center position of the erosiocn
region 3la is located at a radius of 52.0 mm from
the disk center of the glass substrate 11. The



15 angle forned between the substrate nornmal and an inmaginary incident |ine
that connects a center of an erosion region of the target and a depositing
position of the sputtering particles on the substrate surface is in a range
of 38.7 degrees to 20 |l ess than 90 degrees. 25 12. The nethod of producing
the magnetic recording nediumas clainmed insgny of clains 9 to 11
characterized in that said step (a) uses a éiskshaped substrate, and
sputters the sputtering particles froman outer peripheral side of the disk

30 shaped substrateidehat iaveyl® ¢he bitr sheplane:t8sihd phe- et bgdrebny
productng Lhe gt e ok i 1o v clel B L3 el

characterized by the steps “of".
particles sputter2d @kthtcespemanteort hacdyglesttr adegkar bdcesfromegnebsng a

surface of the substsat-aneRPaside $9. bhaesulsid ats surback gagLying
out said ste roduci ng the_magnetic 10 recording

g (q%h 5 14. The net hod of ,

medi um as cl 3i medF nCRFEFm (PE CHERERPEF) 2 88 G PR RER L sBPE &t (Rvruses a
shield part whi ctheenf LonFIa@.hes substr ave asurdracer anchasna shefle apFanged
coaxially to a Q@?F@rdgérgg% dj $Ks aPﬁHﬂ%”Q%&ﬁflfi?@ddgggk%@ghﬂ§y4gf48hleld

plates 15 extending radrally fromthe shaft and arrangéd at “equal “ahgul ar
interval s. 20 1¥eFRRefet Bbd tdfe proRIBEi ATt Hanfighest & Peedpdiara hedi um as

clhai |m§d in cl S‘ rpdsﬂti@EaD@ﬁ:tglﬁbigdihﬂ it h@gi d?@h@@&o(i@e,r of @b esht g 20
shield part 0 . t.. .25 .16._ The.met hod of produci,ng the magnetic
recor di ng n%giu#%g%mglg?ﬁ%dﬁﬁmg%% B CPalis §3%?§%§ EﬂgﬁgbﬁgFﬁii Fn that
sai d steps (b) &@mn¢eyipaspeast itred yEEpatt embopliment ngapalel Emds-In th
respect to the sped-}tayen apdthe underlayer in a direction approxi mately

r pendi cul ar h . r rf -
perpendi cular to the ??lﬁggs%aﬁﬁéﬁ?éogchample Cmp-1]

When forming the AlRu seed layer 12 by the
15 perpendicular sputtering, the erosion region 3la of
the AlRu sputtering target 31 was set to a position
approximately confronting the glass substrate 11.
The incident angle Biyc of the sputtering particlés
from the outer peripheral side of the glass
20 substrate 11 was set to 0. No rotary shield part 33
was used. Otherwise, the first comparison example
Cmp~1 was created under the same conditions as the
first embodiment sample Emb-1 described above.
The crystal orientation inclination angle
25 Bcry 0f the crystal lattices of the AlRu seed layer
12 was obtained for each of the first and second
embodiment samples Emb-1 and Emb-2 and the first
comparison example Cmp-1.
FIG. 7 is a diagram showing rocking curves
30 of the AlRu seed layers 12 of first and second
embodiment samples Emb-1 and Emb-2 and the first
comparison example Cmp-l. FIG. 8 is a diagram
showing a relationship of the incident angles B8iy of
AlRu seed layers 12 and crystal orientation
35 inclination angles 8¢y of the first and second
embodiment samples Emb-1 and Emb-2 and the first
comparison example Cmp-1:




a -47 17. A magnetic storage apparatus conprising: at |east one magnetic
srecordi ng nedium and a head to record and/or reproduce information 5 to
and/or fromthe nmagnetic recordi ng nmedium wherein the magnetic recording
medi um conpri ses a substrate having a substrate surface, a seed | ayer

‘provi ded on the substrate surface, an undggbgyer provi ded on the
under |l ayer, and a recording |ayer 10 provi ded on the underl ayer,
information is recorded in the recording |ayer by magnetizing the recording

layer in a recording direqgtjOnyeandrghairagterd zer hadt Batwehe ssesihager is
formed 15 by a pol ycrystal of cry stal g@al ns made_of E‘ al I Y, ma#eri al
havi ng a B2 cryRY ale8gMgdtd eth%nﬂoﬁ LG0T af Obr F8ft ati oW

crystal grains axerhgchireit4ombsisangé eof (dmeasgdesofadiiftfimredidy) a pl ane
that is formed by thegyr gcg{ gijp%gegl rggt lt?% %@osgeau% LiAle nor ppLyWhi ch

is normal to the”subSfrat netic-stora gﬁarat us
as clai med Pn ctagnPBterchaBicdleeraédsiine e ’?Ih% HagREt |P@3%1ég‘b‘?’a g nmedi um
has a di sk-shapei3d0635the magnetic disks (first and second
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o e
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& ()- substrate normal NOR towards the outer peripheral
20 side of the magnetic disk. When making the
measurements, the layers above the AlRu seed layer
12, namely, the Co underlayer i3 up to the
protection layer 19, were not formed on the magnetic
disks in order to reduce noise in the rocking curves,
25 and the thickness of the AlRu seed layer 12 was set
to 100 nm.
As may be seen from FIGS. 7 and 8, the
peak of the rocking curve appears when the scan
angle @ is approximately 0.1 degrees for the first
30 comparison example Cmp-l which employs the
perpendicular sputtering with the incident angle Brxc
of 0. On the other hand, the peak of the rocking
curve appears when the scan angle @ is -3.6 degrees
for the first embodiment sample Emb-1 which employs
.35 the inclined sputtering with the incident angle Bixc
‘of 56.3 degrees (at the measured radius of 12 mm}.

Furthermore, at the measured radius of 30 mm, the
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5 and Emb-2. Thus, for both the first and second
embodiment'samples Emb-1 and Emb-2, it was confirmed
that the [100] crystal orientation of the AlRu seed
layer 12 is inclined towards the ocuter peripheral
side of the magnetic disk relative to the substrate
10 normal NOR, and the inclination angle 9:y and the
crystal orientation inclination angle 8¢y are
approximately proportional to each other.
FIG. 9 is a diagram showing rocking curves
of the CoCrPt;;B;Cus second magnetic layers 16 of the
15 first embodiment sample Emb-1 and the first
comparison example Cmp-1. The results of FIG. ¢
were obtained by measuring the rocking curves for
the (110) face of the CoCrPt;;B;Cus second magnetic
layers 16 of the first embodiment sample Emb-1 and
20 the first comparison example Cmp-1, similarly to
obtaining the results shown in FIG. 7. 1In FIG. 9,
when the peak of the rocking curve appears when the
scan angle @ takes a negative value, the (110) face
of the CoCrPti;B;Cuy; second magnetic layer 16 (for
25 the first embodiment sample Emb-1) is inclined
towards the outer peripheral side of the magnetic
disk by an angle corresponding to the scan angle @.
FIG. 9 shows the results for the case where the X-
ray diffraction angle 26 = 73.55 degrees, and the
30 measurements are made at the measured radius of 30
mm.
As may be seen from FIG. 9, the peak of
the rocking curve appears when the scan angle @ is
approximately 0 and the (110} face of the
35 CoCrPt,,B7Cuy second magnetic layer 16 is not
inclined for the first comparison example Cmp-1. On
the other hand, the peak of the rocking curve
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magnetic disk for the first embodiment sample Emb-1.
The scan angle @ of -2.7 degrees at which the
rocking curve has the peak for the CoCrPti;B;Cuy

10 second magnetic layer 16, matches the scan angle ¢
of -2.7 degrees at which the rocking curve has the
peak for the AlRu seed layer 12 in FIGS. 7 and 8,
for the first embodiment sample Emb-1. In other
words, by inclining the (100} face of the AlRu seed

15 layer 12, the inclination of the (100) face of the
AlRu seed layer 12 is inherited to the Cr under
layer 13, the Cog¢Crip first magnetic layer 14 and
the Ru nonmagnetic coupling layer 15, to thereby
incline the (110) face of the CoCrPt;;B;Cus second

20 magnetic layer 16. By inclining the (110) face of
the CoCrPty;B;Cus second magnetic layer 16 in this
manner, the c>axis or the axis of easy magnetization
of the CoCrPt;;B,Cuy second magnetic layer 16 becomes
oriented in the circumferential direction of the

25 magnetic disk, and it was confirmed that the crystal
orientation of the CoCrPt;2B;Cus second magnetic
iayer 16 in the circumferential direction improves.

FIG. 10 is a diagram showing magnetic

characteristics of magnetic disks according to the

30 first through third embodiment samples Emb-1 through
Emb-3 and the first comparison example Cmp-1l. The
magnetic characteristics of the second magnetic
layer 16 were obtained using a vibration sample type
magnetometer, by applying magnetic fields in the

35 circumferential direction and the radial direction
of the magnetic disks and measuring the '

corresponding hysteresis loops, to obtain a
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ratio S§*, where Hcr denotes a radial direction
coercivity. When the orientation Hce/Hcr = 1.00,

5 the axis of easy magnetization (or c-axis) of the
second magnetic layer 16 is isotropically oriented
in-plane. It may be seen from FIG. 10 that the
larger the orientation Hcc/Hcr, the more the
orientation of the axis of easy magnetization in the

10 circumferential directicon is promoted. It may also
be seen from FIG. 10 that the larger the
circumferential coercivity squareness ratio S*, the
more the orientation of the axis of easy
magnetization in the circumferential direction is

15 promoted.

In FIG. 10, the orientation Hecc/Hcr for
the first comparison example Cmp-1 1s 1.00, which
means that the crystal grains of the second magnetic
layer 16 is isotropically oriented. ©On the other

20 hand, the orientation Hcc/Hecr for the first
embodiment sample Emb-1 is 1.04 at the measured
radius of 12 mm and 1.03 at the measured radius of
30 mm, which means that the crientation of the axis
of easy magnetization of the second magnetic layer

25 16 in the circumferential direction is promoted.
The circumferential coercivity sguareness ratio S*
is alsc improved for the first embodiment sample
Emb-1 when compared to the first comparison example
Cmp-1, and it may alsc be seen from the

30 circumferential coercivity sguareness ratio S* that
the orientation of the axis of easy magnetization of
the second magnetic layer 16 in the circumferential
direction is promoted for the first embodiment
sample Emb-1.

35 The third embodiment sample Emb-3 employs
the inclined sputtering with the incident angle Bixc
of 45.0 degrees at the measured radius of 12 mm and
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that 15, greater than or egqual to 1.01. From the
relationships of the inclination angle 8ix¢ and the
10 orientation Hece/Her for the first through third
embodiment samples Emb-1 through Emb-3, it may be
seen that the orientation Hcc/Hcr becomes 1.01 when
the inclination angle Biyxc is 38.7 degrees (at the
measured radius of 30 mm for the second embodiment
15 sample Emb-2), and that the inclination angle Bx is
preferably set to 38.7 degrees or greater. The
present inventor has confirmed through studies that
the electromagnetic conversion characteristic
greatly improve when the orientation Hcc/Hcr is 1.02
20 or greater. Since the inclinaticon angle 8iyc is 43.0
degrees (at the measured radius of 30 mm for the
first embodiment sample Emb-1) when the orientation
Hcc/Hcr becomes 1.02, the inclination angle Oixc is
more preferably set to 43.0 or greater. 1In additicn,
25 from the relationships of the inclination angle Oixc
and the crystal orientation inclination angle O¢ry of
the AlRu seed layer 12 shown in FIG. 8, the crystal
orientation inclination angle ©cry of the AlRu seed
layer 12 that is formed is 2.1 degrees when the
30 inclination angle 8iyc is 38.7 degrees. Hence, it
may be seen that the crystal orientation inclination
angle Bcry is preferably set to 2.1 degrees or
greater, and more preferably set to 2.7 degrees or
greater which is the crystal orientation inclination
35 angle 9¢ry for the case where the inclination angle
Sine 15 43.0.
FIGS. 11A and 11B are diagrams showing the
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includes an inductive recording element and a Giant
Magneto-Resistive (GMR) reproducing elément, to
measure the isolated wave output, the resclution and
10 the SNR. The isolated wave output (pVyp) indicates
an output average at a linear recording density of
104 kFCI. The resolution (%) is obtained from
(average output at 104 k¥CI)/(average output at 414
kKFCI} x 100, and the SNR (dB} was obtained from 20 x
15 log(S/N) based on the average output S (pVg.p) at 414
kFCI and the medium noise N {uVens) -

It may be seen from FIG. 11A that the
resolution and the SNR of the first and second
embodiment samples Emb-1 and Emb-2 at the measured

20 radius of 30 mm are improved compared to the first
compariscon example Cmp-1l. As shown in FIG. 10
described above, the orientation Hcc/Hcr of the
first and second embodiment samples Emb-1 and Emb-2
are improved compared to the first comparison

25 example Cmp-1. Hence, it may be seen that the
improved orientation Hcc/Her improves the resolution
and the SNR of the first and second embodiment
samples Emb-1 and Emb-2. In addition, when the
first and second embodiment samples Emb-1 and Emb-2

30 are compared, it may be seen that the first
embodiment sample Emb-1 which has a larger
orientation Hcc/Hcr than the second embodiment
sample Emb-2 has the resolution and the SNR that are
improved compared to those of the second embodiment

35 sample Emb-2. Therefore, it was cecnfirmed that the
larger the inclination angle Oiyc, that is, the
larger the crystal orientation inclination angle Oc¢ry,
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fourth through sixth embodiment samples Emb-4
through Emb-6 and a comparison example Cmp-2 which

10 have a glass substrate 11 with a mechanically
textured substrate surface.

The fourth embodiment sample Emb-4 was
created similarly to the first embodiment sample
Emb-1 described above, except that the substrate

15 surface of the glass substrate 11 was subjected to a
mechanical texturing using a polishing and cleaning
apparatus, so as to provide the texturing in the
circumferential direction of the magnetic disk with
an average surface roughness Ra of 0.3 nm.

20 The fifth embodiment sample Emb-5 was
created similarly to the second embodiment sample
Emb-2 described above, except that the substrate
surface of the glass substrate 11 was subjected a
mechanical texturing, similarly to that cf the

25 fourth embodiment sample Emb-4.

The sixth embodiment sample Emb-6 was
created similarly to the third embodiment sample
Emb-3 described above, except that the substrate
surface of the glass substrate 11 was subjected a

30 mechanical texturing, similarly to that of the
fourth embodiment sample Emb-4.

The second comparison example Cmp-2 was
created similarly to the first comparison example
Cmp-1 described above, except that the substrate

35 surface of the glass substrate 11 was subjected a
mechanical texturing, similarly to that of the
fourth embodiment sample Emb-4.
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fourth through sixth embodiment samples Emb-4
through Emb-6 and the second comparison example Cmp-
2. The magnetic characteristics shown in FIG. 12
were measured similarly as in the case of the
magnetic characteristic shown in FIG. 10.

In FIG. 12, the orientation Hecc/Hcr for
the second comparison example Cmp-2 is 1.08 which is
higher than 1.00 of the first comparison example
Cmp-1. The improved orientation Hcc/Hcr for the
second comparison example Cmp-2 when compared to
that of the first comparison example Cmp-1 is due to
the mechanical texturing provided on the substrate
surface. On the other hand, the orientation Hcc/Hcr
for the fourth embodiment sample Emb-4 is 1.11 at
the measured radius of 12 mm and 1.10 at the
measured radius of 30 mm, which means that the
orientation of the axis of easy magnetization of the
second magnetic layer 16 in the circumferential
direction is promoted. In other words, the
orientation of the axis of easy magnetization of the
second magnetic layer 16 in the circumferential
direction is further promoted by the mechanically
textured substrate surface, in addition to the AlRu
seed layer 12 that is formed by the inclined
sputtering. The circumferential coercivity
sqguareness ratioc S* is also improved for the fourth
embodiment sample Emb-4 when compared to the second
comparison example Cmp-2, and it may also be seen
from the circumferential coercivity sgquareness ratio
S* that the orientation of the axis of easy
magnetization of the second magnetic layer 16 in the
circumferential direction is promoted for the fourth
embodiment sample Emb-4.

The electromagnetic conversion
characteristics improve when the orientation Hcc/Hcr
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exceeds 1.08 of the second comparison example Cmp-2,
that is, greater than or equal to 1.09. From the
relationships of the inclination angle 81y and the
ocrientation Hcc/Hecr for the fourth through sixth

5 embodiment samples Emb-4 through Emb-6, it may be
seen that the orientation Hcc/Hcr becomes 1.09 when
the inclinaticon angle O:iyc 1is 38.7 degrees (at the
measured radius of 30 mm for the fifth embodiment
sample Emb-5), and that the inclination angle Binc is

10 preferably set to 38.7 degrees or greater. The
present inventor has confirmed through studies that
the electromagnetic conversion characteristic
greatly improve particularly when the orientation
Hce/Her is 1.10 or greater. Since the inclination

15 angle 8iyc 1s 43.0 degrees (at the measured radius of
30 mm for the fourth embodiment sample Emb-4} when
the orientation Hcc/Hcr becomes 1.10, the
inclination angle 6iyc is more preferably set to 43.0
Qr greater.

20 FIGS. 13A and 13B are diagrams showing
electromagnetic conversion characteristics of
magnetic disks according to the fourth through sixth
embodiment samples Emb-4 through Emb-6 and the
second comparison example Cmp-2. The

25 electromagnetic conversion characteristics shown in
FIGS. 13A and 13B were obtained similarly as in the
case of the electromagnetic conversion
characteristics shown in FIGS. 11A and 11B.

It may be seen from FIG. 13A that the

30 resclution and the SNR of the fourth and fifth
embodiment samples Emb-4 and Emb-5 at the measured
radius of 30 mm are improved compared to the second
comparison example Cmp-2. As shown in FIG. 12
described above, the orientation Hcc/Hcr of the

35 fourth and fifth embodiment samples Emb-4 and Emb-5
are improved compared to the second comparison
example Cmp-2. Hence, it may be seen that the
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are compared, it may be seen that the fourth
empbodiment sample Emb—-4 which has a larger
orientation Hcc/Hcr than the fifth embodiment sample

Emb-5 has the resolution and the SNR that are

improved compared to those of the fifth embodiment

10 sample Emb-5. Therefore, it was confirmed that the
larger the inclination angle €ryc, that is, the
larger the crystal corientation inclination angle Ocry,
the more the resolution and the SNR are improved.

Similarly, it may also be seen from FIG.

15 13B that the resolution and the SNR of the fourth
and fifth embodiment samples Emb-4 and Emb-5 at the
measured radius of 16 mm are improved cbmpared to
the second comparison example Cmp-2.

FIG. 14 is a plan view showing an

20 important part of an embodiment of a magnetic

storage apparatus according to the present invention.
2s shown in FIG. 14, a magnetic storage

apparatus 60 generally includes a housing 61. A hub

62, a plurality of magnetic recording media 63, an

25 actuator unit 64, a plurality of arms 65, a
plurality of suspensions 66, and a plurality of
recording and reproducing heads (composite heads) 638
are provided within the housing 61. The magnetic
recording media 63 are mounted on the hub 62 which

30 is rotated by a motor (not shown). The recording
and reproducing head 68 is made up of a reproducing
head and a recording head. For example an Magneto-
Resistive {(MR) element, a Giant Magneto-Resistive
(GMR) element, a Tunneling Magneto-Resistive (TMR}

35 element such as a Current-In-Plane (CIP} element and
a Current-Perpendicular-to-Plane (CPP) element, and

the like may be used as the reproducing head. On
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5 66. The arms 65 are moved by the actuator unit 64.
The basic construction of this magnetic storage
apparatus is known, and a detailed description
thereof will be cmitted in this specification.

The magnetic storage apparatus 60 is

10 characterized by the magnetic recording media 63.
Each of the magnetic recording media 63 has the
stacked structure of the embodiments of the magnetic
recording medium described above in conjunction with
FIGS. 1 through 13B. In other words, each of the

15 magnetic recording media 63 may have the structure
of the magnetic recording medium 10 shown in FIG. 1,
for example. Of course, the number of magnetic
recording media 63 is not limited and one or mecre
magnetic recording media 63 may be provided. In the

20 case where the magnetic recording medium 63 has the
disk-shape as shown in FIG. 14, the crystal
orientation of the recording layer 18 in the
circumferential direction and the electromagnetic
conversion characteristics are improved, and a high

25 recording density can be realized by the magnetic
recording medium 63.

The basic construction of the magnetic
storage apparatus is not limited to that shown in
FIG. 14. 1In addition, the magnetic recording medium

30 63 used in the present invention is not limited to a
magnetic disk. For example, the magnetic recording
medium 63 may be a magnetic tape. When using the
magnetic tape as the magnetic recording medium 63,
the seed layer may be formed on a tape-shaped

35 plastic film such as PET, PEN and polyamide films
forming the substrate. 1In this case, the crystal

orientation of the recording layer can be improved
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from one of two sides of the tape (two edges of the

tape on both sides along the width of the tape} at
5 an angle that is inclined by a predetermined angle
from a normal to the tape surface.
Further, the present invention is not
limited to these embodiments, but various variations
and modifications may be made without departing from

10 the scope of the present invention.
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1. A magnetic recording medium

comprising:

a substrate having a substrate surface;

a seed layer provided on the substrate surface;

i0 an underlayer provided on the underlayer; and

a recording layer provided on the underlayer,

wherein information is recorded in the
recording layer by magnetizing the recording layer
in a recording direction,

15 characterized in that the seed layer is formed
by a polycrystal of crystal grains made of an alloy
material having a B2 crystal structure, and a [100]
crystal orientation of the crystal grains are
inclined towards one of two sides partitioned by a

20 plane that is formed by the recording directicen and
a substrate normal which is normal to the substrate

surface.

25

2. The magnetic recording medium as
claimed in c¢laim 1, characterized in that the
substrate has a disk-shape, and the {100] crystal

30 orientation of the crystal grains are inclined in an
outer peripheral side of the disk-shape.

35

3. The magnetic recording medium as
claimed in claim 1 or 2, characterized in that an
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angle formed by the [100] crystal orientation of the
crystal grains and the substrate normal is in a

range of 2.1 degrees to less than 5.4 degrees.

4. The magnetic recording medium as
claimed in any of claims 1 to 3, characterized in
10 that the alloy material is selected from a group
consisting of AlRu alloy, NiAl alloy and FeAl alloy.

15
5. The magnetic recording medium as
claimed in claim 4, characterized in that the AlRu
alloy has an Ru-content in a range of 45 at.% to 55
at.%.
20

6. The magnetic recording medium as
25 claimed in any of claims 1 to 5, characterized in
that the underlayer is made of Cr or a Cr-X alloy,
where X is selected from a group consisting of Mo, W,
V, B, Mo and alloys thereof.

30

7. The magnetic recording medium as
claimed in claim 2, characterized in that the
35 substrate is made of glass, and the substrate

surface is mechanically textured.
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8. The magnetic recording medium as
claimed in any of claims 1 to 7, characterized in
that:
the recording layer comprises a first magnetic
5 layer, a nonmagnetic spacer layer and a second
magnetic layer that are successively stacked on the
underlayer, and
the first and second magnetic layers are
antiferromagnetically exchange-coupled via the

10 nonmagnetic spacer layer.

15 9. A method of producing a magnetic
recording medium having a recording layer that is
magnetized in a recording direction to record
information in the recording layer, comprising the

steps of:
20 {a) forming a seed layer on a substrate
surface;
(b} forming an underlayer on the seed layer;
and
(c) forming the recording layer on the

25 underlayer, )
characterized in that said step (a) uses a
T target that is made of an alloy material having a B2

crystal structure and confronts the substrate
surface, and sputters, with respect to the substrate

30 surface, sputtering particles of the target from one
of two sides partitioned by a first plane that is
formed by the recording direction and a substrate
normal which is normal to the substrate surface in a
predetermined direction inclined with respect to the

35 substrate normal.
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10

11. The method of producing the magnetic

recording medium as claimed in claim 9,

characterized in that said step (a) an inclination
15 angle formed between the substrate normal and an

imaginary incident line that connects a center of an

erosion region of the target and a depositing

position of the sputtering particles on the

substrate surface is in a range of 38.7 degrees to
20 less than 90 degrees.

25 12. The method of producing the magnetic
recording medium as claimed in any of claims 9 to 11,
characterized in that said step (a) uses a disk-
shaped substrate, and sputters the sputtering
particles from an outer peripheral side of the disk-

30 shaped substrate relative to the first plane.

35 13. The method of producing the magnetic
recording medium as claimed in claim 12, further
characterized by the steps of:
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(d) preventing the sputtering particles
sputtered with respect to the substrate surface from
reaching a surface of the substrate opposite to the

substrate surface when carrying ocut said step {(a).

14. The method of producing the magnetic
recording medium as claimed in claim 13,
characterized in that said step (d).uses a shield
part which confronts the substrate surface and has a
shaft arranged ccaxially to a center of the disk-
shaped substrate and a plurality of shield plates
extending radially from the shaft and arranged at

equal angular intervals.

15. The method of producing the magnetic
recording medium as claimed in claim 14,
characterized in that said step (d) rotates the
shield part about the shaft.

16. The method of producing the magnetic
recording medium as claimed in any of claims 9 to 15,
characterized in that said steps (b) and (c)
respectively sputter sputtering particles with
respect to the seed layer and the underlayer in a
direction approximately perpendicular to the

substrate surface.
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17. A magnetic storage apparatus

comprising:

at least one magnetic recording medium; and

a head to record and/or reproduce information
to and/or from the magnetic recording medium,

wherein the magnetic recording medium comprises
a substrate having a substrate surface, a seed layer
provided on the substrate surface, an underlayer
provided on the underlayer, and a recording layer
provided on the underlayer,

information is recorded in the recording layer
by magnetizing the recording layer in a recording
direction, and

characterized in that the seed layer is formed
by a polycrystal of crystal grains made of an alloy
material having a B2 crystal structure, and a [Ll0Q]
crystal orientation of the crystal grains are
inclined towards one of two sides partitioned by a
plane that is formed by the recording direction and
a substrate normal which is normal to the substrate

surface.

18. The magnetic storage apparatus as
claimed in claim 17, characterized in that the

magnetic recording medium has a disk-shape.



