28 Septenber, 2006 -1 TITLE OF THE | NVENTI ON NAGNETI& RECORD!NG %E% UM
METHOD OF PRODUCI NG MAGNETI C RECORDI NG MEDI UM AND

APPARATUS 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention generally relates to nagnetic recording nmedia, nethods
of producing 10 magnetic recording nmedi a ang_-nmagnetic storage apparatus,
and nore particularly to a magnetic recording nediumfor use in

| ongi tudi nal nmagnetic recording, a nmethod of produci ng such a magnetic

recordi ng nmedi unt BNOEaOFa@RE I INWENT AgE appar at us 15 using such a nmagnetic

storage apparatus. 2. Des Adﬁéf¥t°§3§eﬁn%ﬁéﬂ |¢§& Rﬁ%?ﬁ@ ot orage

capaC| ties of rragnet| cC sStorage apparatuses use er sonal COI'TpUt ers and

dynani ¢ i mage recordi ng apBRORUEENG BRGNERE CUSECRRIEYE MASLEHS D

consi derably. For exanpl e, yhlagieer Bf esToRanet ap sk @lsi ves, mainly for

dynam ¢ inagg recordi ng, which have a storage capacity exceeding 100 GB.
It is expected that the demands to further increase the storage capacity
and to further rBRILKER2BNDhEOFCASIE ofNVIlBHEONC di sk drives will continue to

increase. Presently, {n npgpely ¢ ik dflyeschion use in longitudina
magnetic recording (or in- Elane magnet | C recorm|1%&gaet|ve research is
bei ng made 30 to increase tHE H&ﬁﬁ%ﬂ%ng§ﬁ§FﬂF”s& ¥%1}¥aFP @t&hetParge

st or age capacitmadﬂ&ﬁb&eﬂ@ﬁb&dumdnmédlehemet@mﬂstdfrpmeeucah@o (SNR) of

magnet i o diKs A die: SEOSEELNELY Lo RIBeL! fahieads Dayeobsget o an

i n-pl ane recordln ensity 8xceadin
apparatus, and more particularly to a magnetic

recording medium for use in longitudinal magnetic
recording, a method of producing such a magnetic
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 to 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 recording 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. 1In order to



35 A magnetic disk is produced by successively forniggiﬁn ungerlgggé, a
magnetic |layer and a protection |ayer on a substrate® L
Sept enber, 2006 -2 inprove the el ectromagnetic conversion characteristics

of the magnetic disk, such as the resolution, non linear transition shift

(NLTS) and SNR, there is a technique that subjects the 5 substrate surface
to a nechanical texturing in a circunferential direction of the nmagnetic

disk. By providing the nmechanical texturing, axes of easy nmgnetization
of a CoCr alloy fiaprovg tdie: nepsetiremalgyeri begoneeakiigmed in the
circunferential 10 _directi.on,.to thereby |nprove t oercivity apd the
orientation rati Sg(aéa)c(%ienrjt%%l%?regﬁgrgerﬁa} qetﬂfrgg %Qn.sqﬁcr\h sél? egﬁﬁi que
can achi eve a hi ghsodedarati ngnelendingarbirpechtsent hd ifibstNEt®) sanface i s

subjected to thesﬁR?“%Wé%é i@xéUEéEHnikﬁﬁaﬁhﬁP@ s&éj@Et%thk§Xtur¢d _
substrate surface S . inherited . to the surﬂﬁgf shaPe of the magnetic disk
In other words, SPRECLA A TERGANESs 2oMGHA R SRE shPFEME 1hckRaRes due

to the mechani catitextfieirentofal heireuhdtomtef stiné amegnen itthelicslse whgr e
the disk 20 surfagg. has Hé"ﬁé@ﬁ&ﬂiéﬂ&f%‘%{ﬁwgﬁgesﬁxéé &fsﬁggig'cmF
to | Mprove the e ectrorya netic conversion characte [StICS of” the ,gnetlc
di sk by reduci nghd@eetdizsttdride dbletweefCs mddidt i EoFBABTaRE St MRIRBKLIC
surface, and thergyés Belome 4101 dmedeasi rhd el rddmfeeendiiag density

according to,this,approeach. In qgrder. to.inprove the orientation of  the
wes. of gasgOrmghbt POREPON G (S HeRtot TRt T CPRECET At Bnt 18
direction, a JapanesetasidnOpatidat@Rl Applticatdorchnfer#psaadr oposes a
met hod of 30 deppsiébpgod.Cr TWidErd YRR ig0E (e MBaeEye hawdigh With an

obl i gue evaporation. Further, Japanese
a P recordyng density, but because the substrate surface

is subjected to the mechanical texturing, the shape

15 of the textured substrate surface is inherited to
the surface shape of the magnetic disk. In other
words, the surface roughness of the disk surface
increases due to the mechanical texturing of the
substrate surface. In the case where the disk

20 surface has the increased surface roughness, it is
difficult to improve the electromagnetic conversion
characteristics of the magnetic disk by reducing the
distance between a magnetic head and the disk
surface, and there is a limit to increasing the

25 recording density according to this approach.

In order to improve the orientation of the
axes of easy magnetization of the magnetic layer in
the circumferential direction, a Japanese Laid-Open
Patent Application No.8-7250 proposes a method of

30 depositing a Cr underlaver and the magnetic layer
with an oblique evaporation. Further, Japanese
Laid-Open Patent Applications Nc.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



Lai d- Open Pat ent Applications No.2002-203312 and hb.ﬁgpé-ZGOﬁl% gb%%ose

nmet hods of sputtering an wunderlayer at an inclinatio
substrate 35 and the underlayer. However, the Japanese Lai d- Open Patent

Application No.8-7250 uses Cr for the underlayer 28 Septenber, 2006 -3
that is deposited at the inclination, and the Japanese Lai d-Open Patent
Appl i cations No.2002- 203312 and No. 2002-260218 use Cr alloys, N alloys
and Co alloys for the seed |layer that is sputtered 5 at the inclination.

QG her nmaterials : di,ed Jd,n. t . se i d= Open Pat ent
Appl i cati ons No.g%§§5§%¥N§5§€%§?%g3§%2Tgﬂ% {ﬁégbég?aggﬁzfgﬁih%ﬁgover,
accordi ng to theJapainffe LoidePpsnt Peteott theblipakdoda die- <PBA-Pat ent
IApp! i cgt ibon No. 8-§ﬁ25_(1,2htahaiimiQﬁon—awamfuwec;d@m%fsiy@,ng\;alt@mﬁoyg _
Imte y a nmas 1-C rtia ens In,the cir er.entl a L rection,
and the fil mthié}%\éyrzgé’ ShEC Sck?\éuﬁfp“& S49% 1528k FBAS d i%P%gsrﬁ i f orm
by rotating the stbsheaticlimgoidnng Ofhdre Hapanssé sl diad-epent Pagent
Application 20025203313 ithehdstdgabaarale f i 4h6peaPBhit@dg grains is

limted by a mask i.,ch gpens 1n_a_yicinity of th trat enfer _or
opens in a 20 ri%582ﬁ5ﬁ§%ﬁ“%i%ﬁe@é?@ﬁﬁhn T%&ﬁ%ﬁgﬁggﬁiiﬁﬁ&aé@cégagﬁg to
such deposition »608p@&ttering, nost of the depositing or sputtering grains

will not reach the substr ce ; d | Vit % 4.S. poor
Furthernore, the fiInythic%%%géyﬁégtrﬁgggﬁgﬁ' g%ﬁegﬁ%S%gﬂ%ﬁh%%at the film
t hi ckness ea8i| yi¢peséhdes iaf tHee JppeurPer dnidtORPReERItéMt n the case of

the Japanese LaigbOpentRanemMo Appi26ati @heNa.fti/@oRt andgliehe f i tine
thickness -easily,lncLeasqs Wi {89 fhited by a mask which

partially opens in the circumferential direction,
and the film thickness in the circumferential

15 direction is made uniform by rotating the substrate.
According to the Japanese Laid-Open Patent
Application 2002-203312, the incident angle of the
sputtering grains is limited by a mask which opens
in a vicinity of the substrate center or opens in a

20 ring-shape at a predetermined radial position,
According to such deposition or sputtering, most of
the depositing or sputtering grains will not reach
the substrate surface, and the productivity is poor.
Furthermore, the film thickness distribution becomes

25 such 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 No.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 in the

35 electromagnetic conversion characteristic of the
magnetic disk increase within the same disk surface,
to thereby make it difficult to further increase the



direction in the case of the Japanese Lai d-Open 30 Pgt egt ApELi c%t;'!o%n

No. 2002- 203312. When such film thickness distributi De
orientation distribution becones such that deviations occur in the
orientation of the axes of easy magnetization of the magnetic |ayer, and
i nconsi stencies in the 35 el ectromagnetic cgnver sion characteristic of the

magnetic disk increase wwthin the sane disk surface, to thereby nmake it
difficult to further increase the 28 Septenber. 2006 -4 recording density.

SUMVARY OF THE INVENTGOhyAceersditngl y, it is a general object of the 5
present invention to provide a novel and useful magnetic recordi ng nmedi um

nmet hod of producing nagnetic recordi ng nmedium and nagneti c storage
apparatus, in WIlMMARE QFOBHENS NIEINTIOEd above are suppressed. 143 -
Anot her and nore specific ghigelyigfgfPe ipresent '&v&giogbﬁgcttogty oy de a
magnetic recording nedium a rretlho of produci ng magnetic recarding

medi um and & M TIN5t HREGB LapPart® (RT OFAREh 2c AP Ve hpRdeUERE Ydr i ent at i on

of the axes of aespehd dagsebirddhiomedi iig mMagheld o f gyesduthal is,

i nprove the cir erential _oqrientation of th of . e neti zation
of the magneti cﬁ'ltég/néart]i n {a%g&gggg \/r\ﬂ'neeér]%&flhénﬁag')égﬁect%%p%?%f:n %rredi um has
a di sk- shape, aP@anairove ihewhdcdr dilgy pleablepsofdasrr Doedngheviec are
recordi ng medi ugupPidddsadot her object of the present invention is to

CUbstrate U Tace; a - Seed TAbBFEpPAH JH BrePAE e A &b uPFabeS an 25
under | ayer provpdedent tihevemtechayer ;t@miravidecar diargnd wyer recovidded on
the underlayer, nWARKL®," a method of producing magnetic recording
medium and a magnetic storage apparatus, which can
improve the orientation of the axes of easy
15 magnetization of the magnetic layer, that is,
improve the circumferential orientation of the axes
of easy magnetization of the magnetic layer in the
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 medium
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



information is recorded in the recording |ayer by nggggtiéing ttﬁhgq
recording layer in a recording direction, and the s d by
a 30 polycrystal of crystal grains nmade 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 partétloned by a plane that is
formed by the recording direction and 35 a Substrate nornmal which is normal
to the substrate surface. According to the magnetic recordi ng nedium of

the present inverdd ofr;bhria iRASSS P! EnkOakERN @ g@s?%é@ﬂ@@mza&% b the

orientation of the axes of easy magnetization of the tlcl and
i nprove the recdrtf MBRABRSACY 1adfe¥ h%“‘?rabﬁ@trpé’eretéb‘?d??@ ﬁédr”l?m éZQSfJU’?if her

obj ect of the preSethei nigniitdr Sed¢srddnproeiddewrm net hod of producing a
magnetic recording nedi urrhh%\ﬁ&ncq.t@? rgﬁiggxtngfl q é@@éeh% mq&t ized in
or

a recordlng direction to rec recor
conpri sing the ist&p® BFoVaHef gr rﬁﬂ‘gh%dsﬁédplféﬁélrmd}g aasTE}BEPF&tlé: 10

surface; (b) forﬂ@d&r@ﬂngnﬁl@allwrhamm@easeééor_lcasfaj 1@95::( ghaftoris ng t he
recording layer on th derlge; rein the ({) % gggg target that
i s made of an alqa(ﬁp%%ﬁ? I J:ne‘g‘:c’ar n%r?%trgl l’sl} ur & an confronts
the substrate sumrffaosyawhdnlsnspitg erssoniihgr égysot, teonhelsabst rtdise

surface, crystal.graihs ?g t@ggﬁy t fg@gaomgy@}tdg)§|Q§§St9@Q@|t|oned

by a first Ianethat s forned rec irection and a substrate
nor mal cﬁo i s SUFdaf’ t &P ih§°§ graf'l% %3135@@%% P8t &Ffned 20

directlon i ncl i nagren t hani@spest floarntirey stibst raterdiorgralayéccondithig to t he
et hod of produgipg e o PRIPRLLS feagldl oo, fedhymacsordi ag:baxt Raap esent
invention, it is possi npr.ove e orirentati
is made of an alloy material having a B2 crystal
structure and confronts the substrate surface, and
15 sputters, with respect to the substrate surface,
crystal grains 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
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 orientation
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




of the axes of easy magnetization of the magnetic 25 Egéie!r ang iggwée t he
recordi ng density of the magnetic recordi ng nedi um ' f the
present invention is to provide a magnetic storage apparatus conpri sing
at | east one magnetic recording nedium and a head 30 to record and/or
reproduce information to and/or fromthe ma6g_netic recordi ng medi um

wherein the nmagnetic recording nedium conprises a substrate having a
substrate surface, a seed |ayer provided on the substrate surface, an

under| ayer provi dedcaRide 4P RdBh akely A 8-6aCoEyg 1 ayEbrRkaybyed
on the underlayer, infortmation IS récorded in the recordjng lﬁ er by
magnet i zi ng t he PeBSANGTY 3&er of nC& Y2t adefiedbR?, M2666 OL 61 e iayng

direction, and thaetseedl ayering hopreddpstal petyacystral, afndrys{abograi ns

made of an alloy__material_ .having.a B2 .crystal ture,. [ 100]
crystal orientat PO G 1t r?erlc‘?@%?gf‘oar if?\s%aer 2(:%%%%% #é:g”‘trg?wgar%es one of two
si des partitiSonetinby}iaedltarardat ohe fodr etk byidne paedridikrped re¥t fon and

a substrate norngh ;yhi ¢hdiS NOTFBEMES BRe tHbsEEabedingl iR c#Lénr dhag to
t he magneti c storage agparat us of ;he present mvenﬁ.‘l ?n, Lt 1S .pO S|Qle 10
to inprove the ofi ERPALIEGT OMPAB2Ix¥EIGH dat PO Tghet Pz dd 1% WIS Tha S

magneti c | ayer asdrfapeave Admordingr donghdensagyebict seomsgeeti c recordi ng

medi um O her obj furt S . . present; d ' wi |
be apparent fr on%?ﬁ%e%gﬁgoﬂ%{)wﬂ% %g?é%?@d lg.re‘fséc[?ﬁo(t}?bn%\%helné %ﬁﬂg%kﬁne

conj unct i onl@i t ht® h&mMBESFTFpAMA et deAkRkden HRIEre DESERI PF GFE THE
DRAW NGS FI G 1 m&gRe€li@st isfLid PNaheVin@ynstod NPay@0 andeniqdioreanttbé a

magnetic recording. fedi 4N RSN "9rt b RRYRSENE EOYBISNY medium.
Other objects and further features of the
present invention will be apparent from the
15 following detailed description when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION QF THE DRAWINGS
FIG. 1 is a cross sectional view showing

20 an embodiment of a magnetic recording medium

according to the present invention;
FIG. 2 is a diagram schematically showing

the orientation of crystal grains in the embodiment

of the magnetic recording medium;
25 FIG. 3 is a diagram schematically showing

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 2 is a diagramschematically showing the orient gél on, of !cryié@%
grains in the enbodi nent of the magnetic recording epoe Is a
di agram schematically showing the orientation of crystal |attices of
crystal grains formng a seed |layer; FIGS. 4A through 4C are cross
sectional views for explaining an enbodi rreth of a method of 30 producing
t he magnetic recordi ng medi um according to~ ‘the present invention, FIG 5
is a perspective view generally showi ng an inportant part of a sputtering

apparatus; FIG r ecti | - Vi howi 5 | por t ant part
of the sputteri na(%a E'Rﬁl‘laﬁusysﬁg 42 gﬂl%ﬁgéf#éFggnt %’s agn%m%}éram show ng
rocking curves 28oBgpirdrAsgr , 2808177 of Al Ru | ayers of enbodi ment sanples

and an conparison exanpl e; Ff¢G 38lgsaad1@@f@rm shewing & red pht0osBhEp Of
i nci dent angl es of. Al Ru eed aégrs ar}fﬁg% g grl entation | nclsltn%t | on
angl es of the en‘Bgdllﬁ’Erh e npPeseand Lbn%%? ﬁygffrrpq% Fr& -85

di agr am showisng oodkintg tdurvesncdin@sCort B Gad sécohe rﬂi@?@i—@enéyers of
the enbodi nent gQHELEE€FQF§h@hgogggbbgggﬂﬁ{quéﬁﬁlgO FIG 10 is a diagram

showi ng magnetic | stics of magnetic disks accord to the
enbodi nent sanpl es and t he kEEppafi éénae@rﬁﬂ%‘am FPlaRv i pga taGRHAE GHEVES
di agr ans showi ngo fetectraagneti cs €cooner siaamethiar atd pek st ib€s tdfe 15 magneti ¢

di sks accordi ng Lopt 1méﬁ¥x“%$€£ecﬁﬁﬂl%%ef%§h%§fl gp@@éﬁghgxanple FI G

12 is a di agrams aracter magnet 1 c dISkS
according taé0t he FIG 10 is a diagram show1ng magnetic

. characteristics of magnetic disks according to the
embodiment samples and the comparison example;

FIGS. 11A and 11B are diagrams showing
electromagnetic conversion characteristics of

15 magnetic disks according to the embodiment samples
and the comparison example;

FIG. 12 is a diagram showing magnetic
characteristics of magnetic disks according to the
embodiment samples and the comparison example;

20 FIGS. 13A and 13B are diagrams showing
electromagnetic conversion characteristics of
magnetic disks according to the embodiment samples
and the comparison example; and

FIG. 14 is a plan view showing an

25 important part of an embodiment of a magnetic
storage apparatus according to the present 1nventlon

DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a cross sectional 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




enbodi ment sanpl es and the conparison exanple; 20 FIGS 13A agd %ﬁ re

di agrans showi ng el ectronmagnetic conversion charact E&ﬁetic
di sks according to the enbodi rent sanples and the conparison exanple; and
FIG 14 is a plan view showing an 25 inportant part of an enbodi ment of a
magneti c storage apparatus according to thg present invention.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS FI 1 is a cross sectional view
showi ng 30 an enbodi nent of a magnetic recordi ng nmedium according to the

present 'nvent'Q@1r§t”ﬁQG%@ﬂicrf%§%9'@g m@Wéﬂﬁéﬁhéﬁﬁﬁﬁlbndadélﬂn@as a
di sk substrate 11, an

see yer 12, an under]| i rst
magnetic | ayer WAYSTn gﬁnﬁ@ﬁettlh@ c%%‘b??ﬁgm§9qe§fecra]§ eﬁ %éc% R’ trefnet i c
| ayer 16, a protmesiépodinbayeryekd hd aThabmeamﬁdﬂmqela?érth@thﬂi}an

successi vel y 1 oreth oRGLNE dLslccPUlol naL LT ol 261 SeRboBlistor 208 -8

first magnetic layeéer onmaghetr c_coupl | yer e second
magnetic | ayer F@qQﬂﬁ1@aGﬁéédﬁm%ﬂy¢§§ei418ndﬂk§r%%%rdlng | ayer 18 has an

izchaggiescoum e%rﬁif:[ﬁk@i‘ﬁbﬁabﬂe\@ﬁ:cl(‘éfﬂ.Iﬁeﬁibhﬁhg@d:lo Begondamagnetic | ayers
an are antiferronagnetical.ly exghan oup vi a tic
coupl i ng | ayer ﬂ?nqﬁﬁ%ggggtgqﬂaﬁﬁ??m) %ﬁ?e?ﬁ ngﬁ%t?E Pueﬁ€'|§?§%%|ued
on the nagnetlcexuﬁxmmlngageemum:mleh@gnetaPHMMﬁﬂsQﬂ the Mmagdtetak®l 10

second nagnethﬂé36¥&&%% ﬁ@gl£ﬁ fU'Eﬁﬁ&ﬁet@z%@ﬂdﬁsF&?“@h@'@%ﬂdﬂ”hn@re
mutual Iy ant i parall i s _enbodi ment Ific aragﬁerlze seed, | ayer

12. By tmakﬂovﬁ§QQFQﬁm%ﬂF§t§§e&QXﬁﬂﬁ 2angy éuﬁo%%ﬁ?gﬁﬁgﬁguﬁﬂn%%n of
crystal grains P&y Mdigethéongcanmt noutayei yl@narippaorakheédd in a

circunferential direction pf;then il faRet 18t @nblhcterized by the
seed layer 12. By the provision of this seed layer
12, axes of easy magnetization of crystal grains

15 forming the recording layer 18 are oriented in a
circumferential direction of the disk substrate 11,
even if no mechanical texturing is provided on the
surface of the disk substrate 11 and/or the seed
layer 12. As a result, a circumferential coercivity

20 Hce, an orientation Hec/Her, 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 1longitudinal direction of tracks formed on the
magnetic recording medium 10.

The seed layer 12 is made of a polycrystal



even if no mechanical texturing is provided on the sgrfgce of! thgqcé!'ask
substrate 11 and/or the seed layer 12. As a result,

coercivity 20 Hcc, an orientation Hcc/Hcr, and a circunferenti al
coercivity squareness ratio S* of the magnetic recording nedium 10 (that
I's, the recording layer 18) inprove, where gbr denotes a radial direction

coercivity. 25 For exanple, the disk substrate 11 is nade up of a plastic
substrate, a glass substrate, a NiP- plated Al alloy substrate, a Si

substrate or the h a rfac t
substrate 11 may hoa{rvllkr? éwg%éﬁt glsé(ulf%% ﬁégrrn-ggo EI@ §l% efp%lﬂ ate ol? t he
pl astic substrat é3r.‘:t?n1éalg$§§§c§dﬂt¥s€trra$‘écbraﬁh@llfﬁLP- B})Ja@%dam dl9%gy. The

Sulbstrate nmay b%ée&i(tlﬁlé?drbyZb%SW%@ttbe@Cg?dahO it dEerhaai ¢alr _ott:emtqtﬁeng or
a laser texturin t he, circunfer Lrecti.on, .t

| ongi t udi nal di r%’cﬁ‘tq:o ~ t‘n?rgg‘l%ézhf o"fﬂ@da%ﬁ il %gén%til]% 5Cor3ﬁ‘

10. The seed $ayercekd layandéZofisa fpotyedybyalk h2g Jseptm@rspgw@rugg,

havi ng crystal grt@ien%f)g;&@?g Qxa%salé,pytt@@vg@@da1%?yetcr1/§t to%tructure

such as Al Ru, Ni and ee rned b n inclined
(or oblique) s:oﬁ’tbtléfq‘t%l)é\hFEhawnlqsr“l?el d%é PSe&"‘I%étte‘iat‘?/\hﬁﬁ ?ﬁé’le‘sqfe

layer 12 is formedebydidle subbtmadespittering, the crystal grains of the
seed | ayer 12 grow obliquebygtosa ftormhtgatttes%%ta{]@t@amf 260ufng tNe
ng

di sk substrate 11. FIG 2 is a diagram sc I call
orientati on ¥ cityst Airigriasirp Oof Senbbal n’éﬁt”‘l“@f Jt%et%ﬁnéfnp@drlé‘tﬁﬂtﬂl ng

medium In FIG Zaf ttm% rﬁgﬁéahcg&@d&dﬁnghﬂeaeaﬁ | aymi BP2care,f ateed
obliquely, that c3 rys st ﬁlé¥§1£8m%&d%ﬂ€“%§g eiayer 12 are formed
obliquely, that is, inclined towards the outer
peripheral side of the disk substrate 11, where an
15 arrow QD indicates the outer peripheral side of the
disk substrate 11. An inclination angle Ogra of the
crystal grains of the seed layer 12 with respect to
a substrate normal NOR which is normal to the
substrate surface is set with a range that is less
20 than or egual to a range (from 38.7 degrees to less
than 90 degrees) of the incident angle of the
embodiment samples which will be described later.
The underlayer 13, the first magnetic layer 14, the
nonmagnetic coupling layer 15 and the second
25 magnetic layer 16 that are successively formed on
the seed layer 12 are formed by normal sputtering,
that is, a perpendicular sputtering, such that the
crystal grains are formed perpendicularly to the
substrate surface. Hence, crystal grains 13a, 1l4a,
30 15a and 1l6a of the underlayer 13, the first magnetic
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. In FIG. 3, a
lattice face 12-1 of the crystal lattice forming the



peri pheral side of the disk substrate 11, where an 15 arEow g& ingt gtes
the outer peripheral side of the disk substrate 11. ' ngl e
eQRA of the crystal grains of the seed layer 12 with respect to a
substrate normal NOR which is nornmal to the substrate surface is set with a
range that is less 20 than or equal to a range (from 38.7 degrees to | ess

than 90 degrees) of the incident angle of t ‘enbodi ment sanpl es which will
be described later. The underlayer 13, the first magnetic |ayer 14, the

nonmagneti c coupli I 15,ang, the sec g e | r t are
successively for%ggg%A2%§%% g%édgpggéfﬁgfggge%?8§2e3§%§gho€%gle%g& ?%?ing,
that is, a perpeddi dulcringdt fepmnghes mibehnetehén-@rharel dgraridoare
1_fL gr rreg4per ggngg c%@glﬂag Otklgé"'f«‘cﬁuﬁEli;gel%tiq:ﬁé'fézﬁct@ﬁd@?ﬂfﬁir@éﬁfﬁéﬁ! o@r)?lonzs

a, a, a_an o e _underl ayer s first magnetic er
T2 the nonmagnofre GO | HEPTLGEEe18 Lind THe +BELRE et T e, Fagd: he
respectively Jrobaitritdee faite et2i-dnmefy the debsribeel mor et NORleFPG:y 3 is
a diagram schemipeqldy o 00suB3cldid Orsphall RBrOLAd &l [habhi ces of
the crystal grains formng the seed layer 12, In FIG 3, a ,Igttlce face
12-1 of the crysEaVSt&L Vel eRFATAGY hEUB Webf eABELe Soee W11b B8ed | ayer
12, such as the ¢é@@yricare,o fos examplstal icsridntenednf riomlireasibatrate

i n-plane directi owar. t he. outer rip . Sl i on QD) of
the disk substra%gg}%j Tﬁ%‘?%%?%ﬁgt?Snggﬁbfgﬁégﬁ%ﬁéqg %%F#ﬁ%%éface 12-1 may
be descri bed%y dnsangbed )IGR¥erf ot ed oy arHea 5LBBt PAt &hforaf S®OR and t he

[100] crystal ogigmnhat iign.t@deihkam¥edentGGRY #ikkche o efsFedet0aag a
crystal orientat]jon |ﬁcllnat|on gngle. According to th% enbodi nent sanpl es
b eristics

10 described | atEP® EHECHLIMATT bACof OTHETFYRR af P2 F2C

improve when the crystal orientation inclination
angle 8¢ry is set in a range from 2.1 degrees to less
15 than 5.4 degrees.

When the crystal lattices of the seed
layer 12 are formed at an inclination, the crystal
lattices of the underlayer 13 formed on the seed
layer 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 1l
increase probability-wise is also similarly induced
by the inclination of the crystal lattices of the



grains in the circunferential direction inproves and _the elegtr%ﬂﬁﬂyetic
conversion characteristics inprove when the crystal

inclination angle OCRs is set in a range from2.1 degrees to less 15 than
5.4 degrees. When the crystal lattices of the seed |ayer 12 are forned at
an inclination, the crystal lattices of thigunderlayer 13 fornmed on the

seed layer 12 are also fornmed at an inclination, and this 20 inclination
is inherited to the first nmagnetic layer 14 and the second nagnetic | ayer

16 shown in FICSedg 3092 1, UURACLKSLAo A f: [BRTHRO e LLystagnd

second magnetic Tayers 14 an present |nventor con t he
crystal grains HaURHgS 25 Fﬁé*d%b%séfa@ésfeﬁéﬁﬁétméﬁﬁﬁéﬁql%ﬂﬁﬁﬁﬁi1% t he

radi al di relct i ommmavest e f@h@ c@;{}r@@myem‘la@rte_tadlzadm@ctweﬂ Iznﬁch.rﬁ)yi]roved
approximately 2.7 ees fr. the in- an | I | on e, {ihe
formati on of théjggggéylaye %9t%ﬁ3 ?hclﬁhe gpu?te 935 5?%ed?%tthe 30
crystal oriehtat$omse othtih@rfylsrtsitl ahdtsécend o frdgret Bndeajave 14l Andres. |t
nmay be regarded M@iméaetammn&melBu\ﬁfelr%etﬂep@éﬁélofsl@@%f the

magneti zation of e and seco e 4 and that are

or Lont ed i n°t he e FUBREGRER | Wi bECROR GEHTLA by Sk A4Ags a1

I ncr ease probamdndthmgerlﬂ3&gﬂbwlnmlahbydumhﬂnmbnbgfthhelmﬂbsﬁmaba of

the crystal |at §¥H%fﬁNéF % $?§% ?9@@5 gg. 1kayerl, k4, and that
grains e

orientation of the crysta Irst and secon netic |ayers
14 and 16 1% tﬁE%ﬁ?%hn%éF@ﬁFﬁﬁ &fi rekei 8R2iL8 iifroved cetﬁérg@f

Al ternatively, |drymyabegf@ga@det® té}a@aﬁdsm@edﬁ}esmyslatthatetsi cias witet he
e YT 1 iR rd i LI U 06 BY! L PRI P! B4R OTertd - o oK

substrate 11 whil e Cr
axes of the flrst and second magnetic layers 14 and

16 in the circumferential direction.

15 The thickness of the seed layer 12 is set
in a range of 5 nm to 30 nm. From the point of view
of obtaining satisfactory electromagnetic conversiocn
characteristics of the magnetic recording medium 10,
the thickness of the seed layer 12 1s preferably set

20 in a range of 5 nm to 15 nm if the surface of the
disk substrate 11 or another seed layer arbitrarily
provided under the seed layer 12 is mechanically
textured, and is preferably set in a range of 5 nm
to 25 nm if no mechanical texturing is applied to

25 the surface of the disk substrate 11 or the other
seed layer arbitrarily provided under the seed layer
12.

A layer made of a material similar to that
used for the seed layer 12 may be formed directly on

30 the seed laver 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 of the crystal lattices
of the seed layer 12 provided underneath, and
effects similar to those obtained by performing the



underl ayer 13 grow in the direction of the substrate nqgrmal NOR
conpressive stress is applied to the 10 crystal latti Cgre L

interface of the <crystal grains to expand the crystal lattices in the
circunferential direction, to thereby orient the c- axes of the first and
second magnetic layers 14 and 16 in the C|rcunferent|al direction. 15 The
t hi ckness of the seed layer 12 is set in a @ange of 5 nmto 30 nm From
the point of view of obtaining satisfactory el ectronagnetic conversion

characteristics %c&h%e %ne‘}tl_ eﬁgﬁgr glr%g o@%%‘xﬁ%%?e tt%e ‘%{EE&Q Ss of t he

seed layer 12 is prefera range nm i
surface of the @néhl§u5@ﬁ%ﬂQQQ&n©ﬁSamﬁtﬁhes%@@dlé?&ﬁ%ﬂ%ﬂt?%rbey

provi ded under thgggeed .|l ayer 12 is nechanically textured, and S
preferably set in a range cham texturing is

%f 5 nm tE 25 nmifém{re
applied to 25 the surface &% HeXYPBkCsudts HA93 Vefh& ofh%rma ®el*l ayer
arbitrarily providedruad€r-theakked, | ahere .= AMdaydr Wadd,ofMa omteri al

simlar to that Pg@ gsf @k %§eedA£aéﬂS%c¥%H@cY Q@o@@r”%?xed'dxﬁ&éfl’a Q8r 30

the seed |ayer perpendi cul ar sputterin For exa I a er
crystal grains t%%rb%f e&ll(‘}\ﬁﬁ‘laﬂnll’h‘ér@?’ﬂe@t”i SfS¢pd %éﬁﬁrr &% P NCR,

and has a thickiess(001la wangeld) Staget A s3Gmien€eystal a amnmsmzﬁ this

| ayer are inclin &%ggb§g I herlténr g?ﬁln§4§y¥4Tec ﬂetﬂ% E%égﬁLfgtlces

of the seed | ayer rovi undern s Si m
obt ai ned bylPer o7 ¥ lhg mhéezsglpseqﬁ eMbBEACKETE SLIPCERER ﬁé‘@tsﬁm@eliqi?@ are

obt ai nabl e, t()ti“ﬁﬁ@ﬁal@ﬁ§b6$tJEhéPéakmﬁ§%ﬂ§ mdee seedchraye thie torbe
reduced. For exa Ie thgyuﬂ%?gén% elgtggkm%jstructure for the
underlayer 13, it is possible to suppress the
crystal grains of the underlayer 13 from becoming
15 liarge, and to suppress the crystal grains of the
first and second magnetic layers 14 and 16 from
becoming large.
Returning now to the description of FIG. 1,
the first magnetic layer 14 has a thickness in a
20 range of 0.5 nm to 20 nm, and is made of Co, Ni, Fe,
Co alloy, Ni alloy, Fe alloy or the like, for
example. CoCrTa and CoCrB are preferable, and a
CoCrPt~M alloy may be used as the Co alloy forming
the first magnetic layer 14, where M = B, Mo, Nb, Ta,
25 W, Cu or alloys thereof. The first magnetic layer
14 may be made up of a stacked structure that
includes a plurality of stacked layers made of Co,
Ni, Fe, Co 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 crystalfgrains of the second
magnetic layer 16. |
Formexémple, 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



5C or aC-Xalloy, where X = Mo, W V, B, M or gdgxs thﬁregéggﬁs
descri bed above, the underlayer 13 is epitaxially g = | ayer
12, and the (001) or (112) face is oriented in a direction suitable for
the crystal growth. The underlayer 13 10 nay be nade up of a stacked
structure that includes a plurality of stggltﬁgd | ayers made of Cr or the

Cr-X alloy. By using the stacked structure for the wunderlayer 13, it is
possi ble to suppress the crystal grains of the underlayer 13 from beconi ng

15 Ia{ge Iand toﬁﬁﬂ@@é@i%#&ﬂ%syk ar. @:E‘ﬁ%nﬁ)foﬁR ht@hef Cb@trwdalsﬁggnd
magnetic | ayers an rom becomi ar et urn

description of Fregtils u5ed% it EﬁﬁnggF@q n ﬁlﬁa %qyiin%% Fhea 20

range of 0.5 nmﬁebaﬂdnmagmutﬂs haderofl 6Co,arM ,tiFes, Bo alndythél Ral | oy

Fe alloy or the Aifﬁg used p?%ig%go%gg angl- %Bnﬁhﬁfﬁrngtef@bl e, and a

CoCrPt-M al | oy may éﬁormnhg I'rst magnetic
| ayer 14, whére PP Bingplager The whey t @ Foy3Ll LRy dot uSFFfé FPFst

mlslgneltlc Ia]yer tllﬁe gﬁYrb@ mds&?ﬁdamatgmkqd: SIenué:fylrecltlaaid iécl ules a
plurality of st e ayers mde Co N, , y,qFe
alloy or the Ii%gl.I a%ogspﬁéf tlﬁ%cg?%%kéa %'teﬁfctt uor%ef%l’r% ?éé ylrst é; NES

magnetic layer Mg ot adlpgssitilereofinprove the orientation of the
crystal grains of the second Jmeneidg, ! aner the.cibds €xafPkpe the

nonTREL] o FOURLLTN, ghYSE oyl JREE Ol I g 11y Dbl Ryl ov,
hcp structure. Runhas A.5| atdt,i eeadonst fiarably Q27 nmanbechfi 9.3 ove to a
28 Septenber, 2Q0& 53 | BLLGRGANSEANERE RulcntUROTWiRRIROEHE @kl oy
alloy in the case of the nonmagnetic coupling layer
15 made of the Ru alloy, the thickness of the
15 nonmagnetic coupling layer 15 may be in a range of
0.8 nm to 1.4 nm. The first and second magnetic
layers 14 and 16 are exchange-coupled via the
nonmagnetic coupling layer 15, and by setting the
thickness of the nonmagnetic coupling layer 15
20 within the above described range, the first and
second magnetic layers 14 and 16 become
antiferromagnetically coupled. In 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 nonmagnetic
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




that is used for the first magnetic |ayer 14 and the copd lLc | ayer
16, and thus, Ru and the Ru alloy are preferably uséﬂigﬁplﬁﬁggggﬁgggnetic
5 coupling layer 15 when the CoCrPt alloy is used for the first and second
magnetic |layers 14 and 16. The Ru alloy may include at |east one of Co,
Cr, Fe, Ni, M or alloys thereof. In additijgn, the thickness of the 10

nonmagneti c coupling layer 15 is in arange of 0.4 nmto 1.5 nm and
preferably in a range of 0.6 nmto 0.9 nm Depending on the Ru-content

within the Ru aléﬁ&rlsn_ltdh%rﬁﬁsﬁﬁOfaetclfb%eﬂmﬁly?aﬁQHIﬂdrﬂﬂli@Yeénd15 nmade

of the Ru all oy,tl;1 e thhl kness o% %Re 15 nonmagnetic cog.pl I ng Ia%er 5 may

be in a range of 8. BUARMESE 42 hnt NP LA @hHC s ECSRE MRk Y ST Fayers

14 and 16 are exthahbe- thuipirezswvia the nonmagnetic coupling |ayer 15, and

by setting the thickness hhé %eggﬂpg%%tﬂ&fggpg BYg hay§{asl53 20 within
the

t he above descri bed range, . Irst an secon netic layers 14 and 16
becone anti Per riotaghBEFSality &otPRed. Ofn oa Wi @ aHePB/ n@ndbxterpafe
magnetic field isfappliad,txrd heconghebyc NieceolrUbpg Fedialdlp,and the

magneti zations of. fhe {irst 25_seco eticel rs. one
mutual ly anti pglrla]%'lg’el ggéiilr?g'{lgét%%l Jguﬁr g\?\lgrrl%%% éf 1exghgljr:§xtgﬁgan%€ep§8
coupling state ofayde iftrst Idndiscevnferabdigettitat agepsotcdnP 6 depends

on the thicknesscemdnéhe RARTRANCIH € 6AURFINGARYLItADckaRG s el I9f the
rragnetlzatli)ﬁs of. the first "and second gagnﬁtlc . layers 14 and 16

reci procat e bet b HBREREGAS yLAYRT i pAr AFPAT St @ ahETE Rt ual |y
parallel state ncbep@‘dingtdmnt lrend hiltknkse sef ptrtte:iumtlrrugﬁneuci ¢cllcaupdiag
layer 15. It is pardicul gel % F}re‘?ﬁé%{é’lpﬁemEBP_%%isz%Ititm fpbckness, of the

nonmagneti c coupl i_gcgfl ayer 15 to match a’first antjferromagnetic peak
where the magnéiiZHeRs 6F Cfe ¥ steaRBdsBEGRE fgnbeyer 16 (that

is, a remanent magnetization and thickness product
15 Mr2 x t2) satisfy a relationship (Mrl x tl) < (Mr2 x
t2). The second magnetic layer 16 has the
magnetization in the same direction as the total
remanent magnetization of the magnetic recording
medium 10, and infeormation can be written accurately
20 in the second magnetic layer 16 in correspondence
with switching positions of the recording magnetic
field of the magnetic head. Of course, the remanent
magnetization and thickness product Mrl x tl and the
remanent magnetization and thickness product Mr2 x
25 t2 may satisfy a relationship (Mrl x tl) > (Mr2 x
t2). As the thicknesses of the first and second
magnetic layers 14 and 16 are reduced, the abagve
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



28 Septenber, 2006 -14 layers 14 and 16 becone mutu g att ar a 615 and
the thickness of the nonmagnetic coupling |layer 15 i The
second magnetic layer 16 has a 5 thickness in a range of 5 nmto 20 nm and
is made of Co, Ni, Fe, Co alloy, N alloy, Fe alloy and the IiKke,
simlarly as in the case of the first magnetj£. layer 14. It is preferable
that a product of a renmanent magnetization M| and a thickness tl of the
10 first nmagnetic layer 14 (that is, a remanent rmagnetization and

thijcknesi‘] prkoduciusl‘érd fﬂbilﬁhandia&stprnm}tcétpé aalyelra?ﬁﬁ’ltoﬂﬁgﬂﬁéi zati on M2

and a thickness t2 of t second .nmagnetic ) ayer t | a remanent

magnet i zati on and tntjﬁecrk%egjsnp?gaﬂ'&tc %Seﬁ\ff%né?t %)f s%ael St Y %Yrria?gt °Gnshi p

(Ml x tl) < (M2acgar)fodhtheesembarhgheynetigydeyEs hbs than the

magneti zation i”ftlli‘%ts%@grqéfﬁet 'l%@zeazs the tppal x@%@r@ntwﬁ@gn@ym@tlon of

t he rragneticogecordl ng di um 10, “and |nformat|o can be

accurately 20° i n“Phe& ﬁ&ﬁﬁ%ﬁnﬁ@ﬁeFP@léﬁﬁﬁ 13"fnt ﬁﬁﬁﬁﬂ%ﬁmﬁgneﬁﬂFh

swi tching positi aayeafs the s#rdoldi, ngniagndie csetoeldd nefgridiel. cadageirc lead.

O course, the rgmanent e tisgQn ang t Kk t X yytals
RATNEY 2 dBORELL LRl AN andh LOACKBRRR PIANE! MhEnXuSiscRNd

the remanent magnetizatlon and i ckness pro uc 2 ma¥ satlsfy a
rel ationship (M Fogrfity alkare fort fne Aixsle ERACRAESHE BAIRARIFI rst and

secglnd nmagnet i Clla?)gQrsS 14 ang 16, a%dﬂhbcaﬁ%tkls‘@ abeye f odesiie 3E:drst )
probl ems engaunt er tine r di r e 0 The
first magnefll c Ilﬁ?gpe E'nabf%]é % Cgﬁg?ﬁzcﬂ]%f pe %QQ& sf%q: el

di fferent conposgeiconsl mﬂ?ne%manﬁaeentkﬁﬁnwm#ralt §e@qmﬁr4hea§§é6ﬁd

magnetic |ayer 1fyi §t5%|e‘?f3teéls f £ 08mAR dr@desnthi g, shesulthd Na@okaeger
ani sotropi c magnetic field than
percent (at f) of other elements are indicated
similarly in this specification.

15 Therefore, in the recording layer 18, the
first and second magnetic layers 14 and 16 are
antiferromagnetically exchange-coupled via the
nonmagnetic coupling layer 15. Hence, the apparent
volume of the recording layer 18 becomes

20 substantially equal to a sum of the volumes of the
first and second magnetic layers 14 and 16, which is
large compared to the case where the recording layer
is formed by a single-~layer structure, to thereby
improve the thermal stability of the magnetizations

25 {or written bits).

The recording layer 18 may be formed by a
stacked structure having more than 2 magnetic layers.
In this case, the magnetic iéyers of the stacked
structure are exchange-coupled, and at least two

30 magnetic layers are antiferromagnetically exchange-
coupled.

Of 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 preferably in a



35 the material used for the first magnetic |ayer 14.EF!§e!al Ib%¥- Hggg for
the second nagnetic |ayer 16 nay be added with Pt wh £ ed for
the alloy 28 Septenber, 2006 -15 used for the first magnetic |ayer 16 or,
the Pt- content (in atomc percent) of the alloy may be |larger for the
second magnetic layer 16 than the first magpgetic |ayer 14. For exanpl e,
when using 5 CoCr alloys for the first and the second nmagnetic |ayers 14
and 16, only the second magnetic |layer 16 nmay be added with Pt. On the

ot her hand, when rasigeg o £olx Pt nal ey fat, t Ardf iesmaris s£cDhdmangidli e

| ayers 14 and 16 b ed f first netig | ayer, 14
and CoCrPt12 nayC8§Q§%£EF9%¢¥thgaﬁéginéﬁ%%gﬁgfigaqgghgqg,géképg %ﬁg
nunmeral affixed the Rtikienofer axemidPercent (at.%. The atomic percent
(at.% of other elements arenéndiueati®tintsi Da{ak! Yoi N Msaspeei bhincation. 15
Therefore, in the recardin Ia%{e(il %8,. the first and sf5100nd magneti c | ayers
14 and 16 are afRtPPSTOrabmet fcaPPy iGa&hanyRY tBEpPEF VitP T RRC L X & e dnet i ¢
coupling |ayer 1Bs Hemee,n tdieaappanent-0H) umeeol 1t hbemesorei ngnbaper thee
becones 20 subst angial] . u I ft first and
second magnetic ?gzldgr3%4%3&?%81%?’0?ﬂ&?§?ég ggﬁ?{fﬁed b?%r?he case

where the recor dPAGEE&AEALLY, f HPRAIMAN UL G HaF 84| RyetoRttqick LReS ¢ o

t her eby bi nprove(tbemtilﬂ@rmvdurlsctabbhhtly gfouhe ragnet BaBGans 25 (or
witten bitgy T r.qj e structure
havi ng mreizohanﬂagnrﬁgér%gﬁgﬁ a@%é@%"@ﬂ#’g Ltgégﬁgfl%é ?ffﬁlr?\éet?lﬂég?éyers of
the stacked stradtPupe Fedzaichahyegeoupidd namdfactuagst avwvdentagnetic

layers are antifernesngneld aaid y1 ekehandeh @uphedkness in a range of
0. 5 nm to 3.0 nm, may be used for the lubricant
layer 20. The lubricant may be appropriately
15 selected depending on the material used for the
protection 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 1is
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 1lé6.
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




O course, the recording |layer 18 may be forned by a_sinpgle na g | ayer
whi ch does not enploy the exchange coupli ng, siniIargéjggﬁﬁﬂﬂgﬁe—é%Lcase

of the conventional magnetic recording nmedia. The protection |ayer 19 has
a thickness in a range of 0.5 nmto 10 nm and preferably in a 28

Sept enber, 2006 -16 range of 0.5 nmto 5 ngl—,gnd I s made of Di anond- Li ke

Carbon (DLC), carbon nitride, anorphous carbon and the |ike, for exanple.

The lubricant |ayer 20 is made of an 5 organic liquid Iubricant having
perfluoropol yet hgf; +13S;8 BRehetAIdr 306 aPoyPhenylwhbsazane < img, o, the,
| i ke as the term_pal functional group, Mre par%gcularlg, ZDol . .
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manuf act ured by Ausiaronotge( ber 0.rialndi ubst bonal, fgroukampheene Theng), Z25
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may be approp?i atéley Anysepédiad tdeprdi pgYshathgbwiiershreusdd thér t he
protection |ayer yhe Deppadi N8, omrddeih Aevel tREOlastd©all anert vl stk
the lubricant |ayer %ﬁ nqg be omitted. Another seegjga er, ﬁgohhﬁggyg%ﬁgay
be 20 provi ded bgﬁﬁﬁb PR APERVSLBATLT o 1 aNE the Se¥H L8y MY T s
ot her seed | ayer epdytdei by giroarn rdromegnthecneanadng t sochnas rreR iadosy

and CrTi. The syghace ofrfhhgqothe, segtk | A¥BhaGRE e Byt 8PheBlate
textured. When using an annrghous mater) al such as 25 N P for ths her
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oxi di zed. This diberitaedidayef mhde afyMN#] ghatin simgpyreéeiablhyadxildi zed,
i mproves the C_aékae%Q‘Qhﬁyepromotes the orientation of the c-axis in
the in-plane direction. The nonmagnetic
intermediate layer may be formed by a stacked
15 structure that is made up of a plurality of layers
made of the nonmagnetic alloys described above, and
in this éase, it is possible to further improve the
crystal orientations of the first and second
magnetic layers 14 and 16. The lattice constant of
20 the nonmagnetic intermediate layer may be set to
differ by several % with respect to the lattice
constant of the first magnetic layer 14 or the
second magnetic layer 16, so as to generate an
internal stress in the in-plane direction at the
25 interface of the nonmagnetic intermediate layer and
the first magnetic layer 14 or, within the first
magnetic layer 14, so as to increase the coercivity
of the first magnetic layer 14.
According to this embodiment, the seed
30 layer 12 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 plane that is formed by the
35 recording direction and substrate normal NOR which
is normal to the substrate surface. The B2 crystal
structure has atoms A and atoms B of an alloy AB



orientation of the first and second magnetic |layers 30 14 and 16.
course, suitable materials other than N P may be us@&iﬂﬁﬂﬁﬂﬂﬂﬂhéﬂgﬁk
c-axis orientation of the first and second magnetic |layers 14 and 16. A
nonmagnetic i nternmedi ate |ayer (not shown) nay be provi ded between the
underl ayer 13 and 35 the first magnetic Ia¥§ 14 The nonmagnetic

[lo

I nternmedi ate | ayer is nmade of a nonmagnetic havi ng an hcp structure,
such as a CoCr all oy added 28 Septenber, 2006 -17 with an el enent or an

alloy M, where M, 5,80 0 g 00 yTQt PheCadlfa f’éﬁ@yﬁtbﬁlﬁfce%fit@&doﬁas a

thlckness in a ran o? glg nmto r e nonnmagnetic
i nt er nedi at e | aydi® g‘P‘éﬁsCBySltr@Her%]ﬂh@tuset heIé‘r)%?l?ﬁFl KPEgsand g yiged

]grai n Si ée of tgﬁy@mdgzl Q?geﬁeﬁosﬁ@dhﬁbr@%as: tdree crys0al bh:@rls]ttl)alOf t he
I rst and second nagnet a 14 an I re I la [
Exkiahngl S FEJardn Tl fids PBERTHES e AN

above the nonmagne]t ion onmagne
i nt er medi at e>10 laayesr l%dugegmqielrgﬂcal howazdsddvieatd ke ni Benipherad

di stribution of dihe %Esﬁﬁle graii {umgreLte Q'ia'r@la§i*l€3toa@ﬂepr0”m es the
orientation of the c-axis in W@E{el -pI edlrethse? The onrragnetlc
i nt er medi ate | ayeP e~ be PBF BBy %ﬂ@ﬁ'l rcb@f%ﬁ@ that is made up

of a plurality ofrileyeasiomadé amarmem@ndnggeﬂay&ﬂIb@smdeSbaibed above
and in this Ca%%’rd@féré’ﬁﬁgbﬁ' %lf%éﬁjf$£'e§.s FEE:Q:‘E@:&&'G tSWﬁE%'eby

orlentatlons of the rst and second nmagnetic | ayers . Thé lattice
const ant of10 20 ifed Githnelyhefta bt @FW%%E FB?éraCrﬁa@r%%téﬁﬁ f*Bd &il¥ er
by. several % w kheaspftdghottike doatvd £€i ok O0bEbaalc tRfridtei &6 shnaBgetd C

| ayer 14 or there%eggpd gn t| I Xﬁa ;g% ?ﬁ gg 2 q: tﬁégoggl nlgt er nal

stress in the in-pl “ane dife rrace nonrragnetlc
i nternedi ate | agéensay of the magnetlc recording medlum 10 and

realize a high recording density.

15 The [100] crystal orientation includes the
[010] crystal orientation and the [001] crystal
orientation that are equivalent to the [100]Jcrystal
orientation. When the inclination angle relative to
the substrate normal NOR is considered in this

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. '

35 . Next, a description will be given of a
method of producing the magnetic recording medium
according to the present invention.



the first magnetic layer 14 or, within the first nagnetic |ayer ,% 0 as
to increase the coercivity of the first nmagnetic Iayggiéﬁﬁgékﬁ#éﬁﬁgfto
this enbodiment, the seed 30 layer 12 is forned by a polycrystal of

crystal grains nade of an alloy material having a B2 crystal structure,
and a [100] crystal orientation of the crystgl 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 B2 crystal stpyeigireqaghabogh Ac@grat 886sB et ldpy AB

28 Septenber. 2006. -18_arranged alternately at. the adjacent atom c. sites
of the boc crystaieeEr boruPab it her choribodinE il Ehpotethqa ot

deposited so thatptdadufing] threystaadnot i entaticon iofg trhedtnpsealcdm@tingetso

form ng the seed ;1p. | Qy¥ELat? i$JdIt ioed towards the outer peripheral side
of the di sk substrat eﬁI% (rael atli ve to the substrate normal NOR Hence, the

crystal oriefdtation of thelPe@orih$R $AJER 18 EFGhethci pbRrertdlti al
direction is inpraeskréoet Barghlyeel b f nprevaikhe ssindt catagnet iie
characteristics %rldeatl{% gl §ciy.Qmagnet i% §9ayer, ibosrkfé]t?é afgegiss i%g:,e@nd as
a result, it is possi ?e 1o mcredse}% e recording ~ density of e
magneti c recordi i et U 20thAd a ead ¢remaa hnglsphecs dPvigudensift @ 15 The

[100] crystal origgHdatyonci Bskbdeh e aé 01PENGT veltle 0] | epkakikampand the
[ 001] crystai orient a_tlon_ilhat re equivale }1 to the 100%cr. s% I _
ori entation.?en the inclihdt P& la?r?d:lqb' rb’l‘a? Fe 56P (Y bé%r ?é; ndtral
NCR i s consi derea ispuihiesr20gspegpisfiadats ohs useds tassiomwn that seke [ 100]
crystal orientapiy ﬂ'ﬁﬁ‘?ﬂeﬁhéh% 02 €L VSt a0 ¥ athONg1Qk & crysta
orientation that has a snal] est anf%llel ] ) .
substrate 11 by the inclined sputtering. The inside
of the chamber is once exhausted to a vacuum of 1077
15 Pa or less, and an Ar gas pressure is set to 0.67 Pa
and the power is set to 2 kW, so as to form the seed
layer 12 to a thickness of 10 nm by the D.C.
magnetron sputtering with a discharge time of 4
seconds, for example. The inclined sputtering,
20 which forms an important part of this embodiment, is
carried out in the following manner.

FIG. 5 is a perspective view generally
showing an important part of the sputtering
apparatus. FIG. 5 shows the inside of a chamber

25 (not shown) of a sputtering apparatus 30. In the

~ sputtering apparatus 30, a circular sputtering

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



relative to the substrate normal NOR 1In addition, t r %énl ;w' tation
of 25 the second magnetic |ayer 16 can be inproved g the
mechani cal texturing on the substrate surface or the like. For this
reason, the surface snoothness of the magnetic recording nedium 10 is

i nproved, to thereby enable reduction in thegspacing 30 between the
recordi ng el enent and/or the reproducing elenent and the recording | ayer
18, and the recording density of a magnetic storage apparatus which uses
t he magnetic recpisisag tadcunhkd cloambénrt berd ke popeovedppldy Mext, a

deser Pt on i1 s BBy D 9 b LY, B0 e BE RGNS (EROLPI NS

4A t hrough 4C ar®lcross sectional views for explalnlng an enbodi nent of
t he nethod of producing tlirgerre_c,qﬂﬁ{eﬁ@r[g og@p@g;amplg um)aeggp@l ng to the
present inve tlgr substrate

surface of t %ﬁggﬁﬁg?rg 53Pf|¥PC%V%éﬂgd éﬁfﬁk?iﬁ aPﬁegalsﬁsﬂﬁStrate
11 is heated teW80G N Rhi doasvacuum avirosphdére df e spusitegyimd ytic

boron nitride (RBN)rleat g, ther s@sﬁf@é&n& th'}g%cld'ji Onalbﬂgt R &S ti6mh Sdown

in FIG 4A a sputterlng apparatus |s uséd to formthe er 12 on
the substrate s&tf &ad9vetifelgirge ahipsheabadreth itk ? cI i HE‘& ttering.

The inside of timcheshes theonearghatnstedivd atvacuyredéte@minks Pa or

| ess, and Ar essu [ 0, a set to 2
kKW so as ?gjfor %ﬁﬁ§{§§§d£ﬁF %5%3ﬁﬁt%§5§%ﬁgcg§2§§“%f %engéh%the D. C
magnet ron sputt &&ingEiidh §0db§cﬁﬂqF$Q¢%% onte t@étdﬁH%StFéFeeﬁﬁﬁﬁ%?eThe

inclined sputtepifndhe disk substrate 11 as sputtered particles.
The sputtered particles move approximately linearly
from the sputtering target 31 towards the substrate
15 surface to form the seed layer 12. An erosion
region 3la is formed in the predetermined region of
~the target surface of the sputtering target 31 where
the sputtering particles originated.
The rotary shield part 33 has a rotary
20 shaft 33a provided coaxially to the disk substrate
11, the sputtering target 31 and the magnet unit 32.
The rotary shield part 33 also has a plurality of
shield plates 33b that extend radially outwards from
the rotary shaft 33a. Surfaces of the shield plates
25 33b are perpendicular to the target surface of the
sputtering target 31.
The shield plates 33b are arranged at
equal angular intervals around the rotary shaft 33a.
A length of each shield plate 33b in the radial
30 direction, from 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
35 of the disk substrate 11 reach the substrate surface
of the disk substrate 11 more easily than the
sputtering particles moving in the circumferential



20 which forms an inportant part of this enbodinent, | & rri.ed 8 be! N the
followng manner. FIG 5 is a perspective V|em/genera$§§i1§ﬁ%4%ﬁg—gn—

i nportant part of the sputtering apparatus. FIG 5 shows the inside of a
chanber 25 (not shown) of a sputtering apparatus 30. In the sputtering
apparatus 30, a circular sputtering target.,31L made of a material having a

B2 crystal structure, such as an AIRu alloy, is arranged so that a
sputtering surface of the sputtering target 30 31 confronts the substrate

surface of the dhskecsuhstraterid. ahsiagigistpite311i,s sy raged on a rear

of the sputtering tar et 3 A rotary.shie art 3 arran et ween
t he di sk substragg Shd- %esgﬂt?Féﬁqﬁgqﬁﬁﬁg?i§f %&qﬂ1 ﬁ'ﬁ%t ghgwn in
35 FIG 5, the spmn:ta@:rtumgl amayafusmS(nl’IfaJménéxalndb—m@@é:lca'n Te&hiaa@mgystem

for exhausting tfe b%%ﬂ@%(nlﬁﬁeancQﬁ@@yhaﬁkﬁﬁsohnth%dgﬂﬂgk§¥§ée”1for
I ntroduci ng 28 Sep Fenber - 20 assc?:g_1 Into the chanber, and a power

supply for sc’upka}Fﬁ&C&i sc@ g‘?‘ﬁ%lﬁb & WE%GEFB‘%% 3fgd get 31. The
sputtering apparaimsnasadrrsapsf StHesshaegei [ lsstreas | BBbudilsg g BEYenhstaerd
gas ions, such S ni u ri face of the
sputtering targe?sgﬁqzerqﬁég C\’ligg fg:%npn'&)ég]?elﬁg g%l%e Cré?\tlﬁ%j: magnet unit
32. The Ar ionsPe&tsent tQh@e@lﬁﬁtéﬂhﬂt%ﬁt%.bleH@t@ﬁﬁQRﬁjQRP?ﬁbFﬁﬁ on

the target surfagg ohet RprguittLrsngrater ¢t Het@ibe sputsitersde onlo the

bstrat f f the disk substrate 11 iy ]
Sputt ered pAPt | CRRSSREVESANr 6 TaEet yOrrds A V1 Pene RA e s T T He Far get

31 towards the substhat groiilsuifeeetionf ema tdreoweedn| 4her sSHRsRaEROsi on
region 3la is forppgakbB Whe gHLAe $ENsA8d th@HLM Pfto form the seed

layer 12.
The length of each shield plate 33b in the
15 radial direction may be smaller 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 become deposited on the opposite surface of the

20 disk substrate 11.
The rotary shaft 33a of the rotary shield
part 33 is connected to a rotary driving part 34
(shown in FIG. 6 which will be described later) that
is provided on the rear of the sputtering target 31,
25 and the rotary shield part 33 is rotated by the
rotary driving part 34 at a rotational speed of 60
rpm, for example. By rotating the rotary shield
part 33, the thickness 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. ©Of 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



the target surface of the sputtering target 31 where _the sputteri
particles originated. The rotary shield part 33 has agﬁb§§R¥ﬂBE&£%§§§Q: 33a
provi ded coaxially to the disk substrate 11, the sputtering target 31 and
the magnet unit 32. The rotary shield part 33 also has a plurality of
shield plates 33b that extend radially outwasds from the rotary shaft 33a.

Surfaces of the shield plates 25 33b are perpendicular to the target
surface of the sputtering target 31. The shield plates 33b are arranged at

equal angul ar i nta%ip’@éﬁlﬁéelﬂ@ 2 S A Mh&h@feht%ia axés| 8A0tReOfd iaa€h
shield plate 33b | ah g‘dlrectt: gﬂpthe Cﬁ;ter of, the rotary
shaft 33a to thé Eﬁaég 3her € ety ? Fﬁg TqSF pf at 87935

approxi mat el y t henaspnet asnot 3¢ grhestrerinh8aGt-he - raﬁﬂmeothehe di sk
substrate 11. HE@%%uégfre§pHBb%@'Hh&m%élﬁke§h@36éﬂké9 hResr adi alre

direction 35 of the d substrate 11 reach the substrate sirfa e of the
di sk substrate 1BYRRE-BhSELyaPRAt tHhe Sphteér Ay Hdtti cPRSYmbvENGRRF Y he
circunferential 2% Sapienbeis 2006n -2l Hicecki.on of the disk substrate 11,

so as to suppress the sput}_\grl E{%w%artr{ %fgef %Omt’ﬂ%v'rﬂl%#@t a,ndireetion

away fromthe radial direction™to bect posi te an rnclination on
the substrate 5 dmflardes|a madpeitoRashe3dar angedemadirlt BRKENSZENs of

the shield plat e&h%Sbnaajrﬁ@t PheYENB e s &@é‘&éeﬁbn@fpairil&h@érfkﬁzmgpasm ng
t he central doort naﬁL the dis g substrate 1lrto be cge 0Si t con the
opposi te surfhceSBFPAE THERE t 3rr & M1 0" AREGS aﬁ’gﬁ TPYE al3 gral ns
havi ng smal | devaatyviodres 38 n tﬂhegpmmar(hmécinoﬁramaquﬁhﬁmmdtméggﬁﬁﬁrate
surface of the disk $4bsi¢ alfe lEokRelOHY therngRent! MRNds that are
magnetized in the direction of the arrows shown in
FIG. 6. The yoke 38 is made of a soft magnetic
15 material. Lines of magnetic force (hereinafter
simply referred to as lines MF) of the magnet part
32b extend from the N-pole of the inner ring-shaped
magnet 36, pass through the sputtering target 31,
turn and pass through the sputtering target 31 again,
20 and return to the S-pole of the outer ring-shaped
magnet 35. Ar ions forming the discharge plasma
trapped along the lines MF cause the sputtering
particles to be discharged from the sputtering
surface of the sputtering target 31, and cause the
25 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 1is
30 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
35 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



The I ength of each shield plate 33b in the 15 radi al d'| rectign @ﬁibe
smaller than the radius of the disk substrate 11. | t S
still possible to prevent the sputtering particles from passing the
central portion of the disk substrate 11 to beconme deposited on the
opposite surface of the 20 disk substrate_33. The rotary shaft 33a of the
rotary shield part 33 is connected to a rotary driving part 34 (shown in
FIG 6 which will be described later) that is provided on the rear of the

sputtering targeing@lle @5.and TiHe jrmcthtyaslilbal darp;a]ré Baici 8fr athat ed by the
rotary driving p a_rqt.at p fgr .gxanple. By
rotating the rot r@ g%r%bg pé%%i%ﬁ%@‘%fgﬁ 5%?90 $ E% sgegﬁfayer 12 can
be made uni for uksmErane ééuﬂﬁéﬂﬁﬁﬁ?ﬁ@blwlé§ﬁmﬂﬂ %Kﬁéﬂﬁ@r@fu@&(ﬂrﬂy on

the shield plat Qif‘eg%’@e§0tbh§tasst hﬁ'laffﬁ' @@eaaact@elsnt erwials@&hhg ghhieel d

pl ates 33b an .be ext ended. g ghr ot aréy S |er 33 does not
necessarily havé o Hed bPQt@&g%ﬁ g f% ¢rodE et i REIC5V5 owi ng
.35 an i nport antorpiaitat idhe igputitrert ingn appglat BgadGhahowani FIE.G3 5. FI G
6 i's a cross segy O%yewggcghb@%@ ,Iszbefaslp%:%% h@ CREL ¢RI S AX

whi ch 28 Septenber r oxi mate y matches the center axes of the
di sk substratecffsﬁ%k %Eh?@éﬁﬁﬂ?Qeﬁﬁéﬁ 8155R/4 tﬁ&eqnﬁﬁmf #hi 532 shown

in FIG 5. Sincegdied séatcher egtalioyve andgbebdw2t.ne dente¢s akds lssare 5
symretricaly botdtnag_lh (&f %g&{:%él S nest Ay only gggtupg%rufz;ﬁggé%fel $Shown in

FIG 6. Assownln % uni ¢ 4 Ymgnet base 32a
and a magnet paimp3zye tTine sayAse lpanigrbatsommed ﬂ@QﬁrQﬁpﬁﬁﬁég ring 10

shaped magnet 3%ay% iTWeinT{AE- ehaRec MRONetid0 Aldection of the
disk substrate 11, as may be seen from the
embodiment samples which will be described later.
15 In order to obtain a satisfactory
sputtering efficiency with the arrangement of the
sputtering apparatus 30 described above, the
inclination angle 8rgc is preferably set in a range
of 38.7 degrees to 80 degrees or less, and more
20 preferably in a range of 38.7 degrees to 75 degrees
or less. Furthermore, from the point of view of
further improving the crystal orientation of the
recording layer 18 in the circumferential direction
of the disk substrate 11, the inclination angle Oixc
25 is preferably set in a range of 43.0 dedrees to 75
degrees or less. The upper limit of the crystal
orientation inclination angle ©O¢ry, that is, 5.4
degrees, is based on the fact that the crystal
orientation inclination angle 8¢zy 1s approximately
30 6% of the inclination angle 9y from the second and
third embodiment samples which will be described
later.
The inclination angle ©iyc is defined as an
angle formed between the substrate normal NOR and an
35 dimaginary 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



a yoke 38. The outer and inner ring-shaped magnets 35 and 36 Ere for!rred by
per manent nagnets that are nagnetized in the directi shown
in FIG 6. The yoke 38 is made of a soft nagnetic 15 material. Lines of
magnetic force (hereinafter sinply referred to as |lines MF) of the nagnet
part 32b extend fromthe N-pole of the innesyqLi ng-shaped nagnet 36, pass

through the sputtering target 31, turn and pass through the sputtering
target 31 again, 20 and return to the S-pole of the outer ring-shaped

magnet 35. Ar ionriidlorgupgtirheedilscharpgeepkasex Ad@ipedi 8l aeginkel ldhes M-
cause the sputterti nﬁg eig)articlpez_ t o _be di scharge(d fr.omthe sg ttering
surface of the spuq e‘?'%bofla 8 #o5 HhatBEGSe ‘He el R region 3la to
be formed on thersuiriefay pogriftdem Oive aqwt e¥n apidt £ Andp It iong-sstTapet)
nmagnets 35 and %@ﬂﬁg%’l—;@@aiobg%Qt%rﬁlﬁo%ﬁ-[Omﬁ@etc%nt!enrt'f'égﬁ gFbegidrent, the

magnet part 32b is arranged 38} t hat %hg,erosi on regjon 3la of the
sputtering targefiPEiA | BEALRE ot He® otE et n8FdE SN tHREBEFEF IO fHer a
side of the diskthebsipuateeting sardause ¢hethputspertitrgrjpagt tekgett 3lnove
towards the d'S%é%§¥§Féﬁ§ %%u ke@qqgugf%?£gogﬂhr%mﬂfgéééogugg%c

riphe srde, that 1s,

peripheral side to the inner peripher 0 cause the
sputtering parti &eé¥ash Recortteradingents ¢ o0 £ hEhgupsiteat o Sugrabérsd an

inclination 28 SpabeEer3s 2908 a- 23ndet i NCecThe ithd i naiépnrang-e BINC
of the sputteri ng %aer icé{ es WIEE respect to the disk substrate 11 is
preferably set iR oA rand[é Gtk %- degrees to |l ess than 90 degrees. By
setting the 5 inclination ahpheecALNE ishidld phates B anatprovided

orientation inclipagih@n AN i eERYFSheMWN ddh b B a3isf aTed iy the substrate
normal NCR and thuk%gghng particles moving in the radial direction
of the disk substrate 11 so as to pass beyond the
15 center axis Ax will be blocked by the shield plates
33b. Hence, such sputtering particles adhere on the
shield plates 33b and are prevented from passing
beyond the center axis Ax and reaching the disk
substrate 11. Hence, the seed layer 12 that is
20 formed on the substrate surface of the disk
substrate 11 is substantially formed by the crystal
grains that are inclined towards the outer
peripheral side of the disk substrate 11 in 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 ncnmagnetic
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



crystal orientation of the seed |ayer 12 that is forg&%{czn %P sggo'n a
rage of 2.1 degrees to less 10 than 5.4 degrees. As

possible to inprove the crystal orientation of the recordlng | ayer 18 in
the circunferential direction of the disk substrate 11, as nmay be seen

fromthe enbodi nent sanples which will be desgribed Iater. 15 In order to
obtain a satisfactory sputtering efficiency wth the arrangenent of the
sputtering apparatus 30 described above, the inclination angle elINCis
preferably set isuaceasgerebf SBuftdegreestii® Boydegr 48s tdrrdwsls, 1anbynore
20 preferably in r ar. degr nde
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approxi mately 30¢§%,9hqt #e,d r}@if@@tfngan@t&'@ 1% N f{ @Mptrhe peecond and
third enbodi mrent sanplés which w |l bé _descri ed | ater. The inclination

angle BINC i s defPRBaIREtS %‘?\‘@H’%lflﬁr rey etien TRE BEBSH S e normal NOR
and an 35 |nagrmemyeracuﬁaﬂoﬂ|EMEthaEkcmmhxﬁﬁaEecbmt&n THERG ofasdeis

erosi on regjgn a ROSI L 0s ck_regi e
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peri pheral position DN an@e&&_owdera(gtegukﬂﬁﬂnstﬁn PEGL. plaer,altposi tion
DoOT. The center T%: Qlon iayer 19 made of DLC or the like is
formed on the second magnetic layer 16 to a
15 thickness of 3 nm, for example, by sputtering, CVD,
FCA or the like. The steps from the substrate
heating step shown in FIG. 4A to the protection
layer forming step shown in FIG. 4C are carried out
within the chamber. Preferably, the disk substrate
20 11 is not exposed to the outside even during
transport while each of these steps are carried out.
The step shown in FIG. 4C may use an
organic liquid lubricant that is diluted 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 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

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



5 erosion region 3la is defined as an intersection of__the sputteri

surface of the sputtering target 31 before the sputt@—&ﬁ&%ﬁgﬁﬁé—@é a

bi sector 35ac between a centerline 35c of the outer ring-shaped nagnet 35
and a centerline 36¢c of the inner ring- 10 shaped magnet 36. Since the
shield plates 33b are provided in the vicipgty of the center axis Ax, the
sputtering particles noving in the radial direction of the disk substrate
11 so as to pass beyond the 15 center axis Ax will be bl ocked by the shield
plates 33b. Henice, sochaspet ttdrd ngppatérdches padherel s thebesiume d pl at es

33b and are preven! £ en%ilflEo%p%%% %b?@i‘&’ d %ﬁ%fga%%]eét % A?ﬂc?ﬂ% EAG1 Ng

t he di sk substrate Hence he seed ayer orne on the
substrate surfacddbke t facdWalh fﬁﬂﬁﬁ?%fet91th§fﬁHﬁﬁ%ﬁ@FﬁlP?ﬁmﬁﬁnﬁp%y t he

gryit al ] gr ai ns Etdlattkai§ reesbmlﬁdditpv\@s dsotBebue afo wgbpplésealt_h% de of the
I Sk substra, radi_a I rection the crysta rain
orientation 25 é% %b8“|§%&l?u? t%%p?5¥|%§ta%f%%l t&&,seeﬁs
reason, the crydﬁmqﬁrﬂnybbmth@Qﬂmﬁhgayen mzlﬁqmn@v%@dahﬁ sh@press

lncllnatlon of the crysépl ct Eque%rignE§€1§ﬁe@ﬂi%ﬁ§ d2yHee9MSains
approxi mately unlfform to,t ere p ress IocaIIy non- unltgﬁmln pl ane 30

crystal orientafiforr5 $58r égF ey AUy BROWAT™ FI G 4B,
t he underl ayer Th&raﬂuréarShenagmanaiIawmmnﬁdtleEqﬁnﬂh@n3&cordumgﬂ|ng

| ayer 15 a obthﬁaﬁe Gonds MRYNEHLC i 38T Abr o ML § 9fofhepgaterials

descri bed above are 35 successively fornmed on tEe see ayer ﬁ
sputtering. Thedigfersdbist¥akeudh 16 dRPIVYRId BPdsﬁﬁt%%gP?ﬁélR

pressure to 0.67nPacaid Ahsepeesheling?nsieh &tﬁcmeﬁasmvﬁlyeﬁpmte“ ng the
layers 13 throuQeco?J%ﬁg 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 is possible to prevent the
sputtering particles from passing the central
portion and/or the outer peripheral porticn 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 direction 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]



the D.C. magnetron sputtering so that the sputtering articles r t he
substrate surface of the disk substrate 11 at an inc?ﬁ%é?ﬂgﬁﬁﬁkﬁggﬁﬂéi s 5
approxi mately perpendi cular to the substrate surface. The disk substrate
11 may be heated again before formng the first magnetic |ayer 14 or the
nonmagneti c coupling |ayer 15. The heating -peaperature of the disk
substrate 11 in this case is 10 set to 270C or less, and preferably in a
range of 200C to 240C. Next, in a step shown in FIG 4C, the protection

| ayer 19 made of DLC or theThieked.iG. fagnetrom tdpatsesohdgnagpetriad usay®x? 16

to a 15 thickness,of $s8M +hOT SHRDP! £agRYLSBULIEN v GYD. rpECA or the

| i ke. The steps fromthe substrate heating step shown in"FIG_ _4A to the
protection |ayerfGlotPWhEIsBEs USHIWR i n2 &l B eaB2gne st rF8EC5EGE "% t hin t he
chanber. Preferahledidheldisk substrate 20 11 is not exposed to tire

out si de even gduring transp 1 ]e h t step re .
The step showigqi in FIG 4C ngg}gu\sﬁ%danne%f%a%?%kl ?%u%%c}:ﬁcﬁbfril%%ﬁgg?hgt %iq'saoslg

diluted by a flfotistsvtieehl baving |3 kélampgerhed b imant anaPpeRu 25 20
may be forned toseddixdpess1of nbvwadynafohiexaeRlse.oDOy1®ULhiNg cr

spin-coating, Ii %%lf% ubm&*rsignh steam et an t he iaé kég. The magnetic
recording nediu 5la¥sbat edPAY M & nebheF 67 St B above™Mdefcr i bed
steps. 30 Accor diCogo€oid Hiisc sbmdgmenti cofl &yeer nké hbdyvinion & hch 5t kpeost

formng the ed,lcayer, 12, .t | [ f uk L ek hRg ot ar get
3l is Iocatlcse(g orolft_%g ncl)rtﬁ't e? gﬁdgggﬁét%%ﬁgegﬁég%?pﬁgyﬁp E?déso?h?hg di sk
substrate 11, totldGd@ate &5 Spdt ey iy PR FFEIdYCYy SEFERDVRR IR ERE di sk

substrate 11 at aayeaclliéddtaeinfr amtthend€s opelbpher,alarsd de €o the inner
peri pheral Side’p&g%%ction 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
pesition of the erosion region 3la is located at a
25 radius of 72.0 mm from the disk center of the glass
substrate 11. The incident angle Oiyc 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 outer (or outermost)
peripheral position Dgyr shown in FIG. 6, and to a
center incident angle cf 56.3 degrees (of a range
from 54.0 degrees to 58.4 degrees) at the inner (or
innermost) peripheral position Dyy shown in FIG. 6.
35 The outer (or outermost) and inner (or innermost)
' peripheral positions Dggr and Diy are respectively
located at radii of 30 mm and 12 mm from the disk



4 28 Septenber, 2006 -26 is, to cause the sputteri n% particl es 1;2& gkl%ecome
incident to the substrate surface at the inclination2®
respect to the substrate normal NOR  For this reason, it is possible to
suppress the 5 inclination angle of the crystal grains of the seed |ayer
12 from becom ng non-uniform and to suppress- the (100) crystal
orientation of the crystal grains of the seed |layer 12 from becom ng

non-uni form Therefore, the crystal orientation of the recording 10 | ayer
18 in the circurkeartat iaf dheegllices cfulideratiesklsubsiheat®lBe Beeidnproved,

and it is possi lila?etro 12 Ngt ease e riecofdi fg deasidiofad hgr ngggetic
recordi ng medium 10. In additiqgn, according to Egls enbodi nt” 15 of the
met hod, the rot BFFSSH% Phalt 633F8s pridts dRaiehet Re&t et sREstiBStrate

11 and the sputtetiany dhigbi BartHSceierd psopdseiddlar tan paeyehtrt he
Sputtering rti r0 assi cent rs out er
peri pher al %rtli%%%%fJétlherggo§§ig%gtg%%sst (r%gjtctga 1t?§ Eé%o%me e%{")rsll‘l'?gé on the
opposi te surfac@igkctioniiek thpsglase Bubsipateqddnt AR (§hesTPbasivble to

prevent the cryshaklgnaings of §he seeddayest 180f rem.i nclining towards
the circunferenti al o[irecticg or the i nfg 25 %)egi Br_\%ral side of the disk
substrate 11, to furtH&°°% B?Fkégglf“ﬁél' ARRLT i BRPafdl e of the crystal
grains of the seed |ayer Uidgonhbespnitrie miong uapPermt usThil edloe®l in is

possi bl e t1qosuppig8s Bhedd0)] tREYELRlsi SE@LbAN39E Wi CfyShéd ghai ns
of the 30 seed |ayer 12 from becom nganon-umf and the crystal

orientation of the PLBYr AR FeyERI18argethe’! %&Uﬁf'&r EnHlH 1 dt PRcti on of

the di sk substraherglthies daguwyefls 47.0 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 erosion

15 region 3la is located at a radius of 62.0 mm from
the disk center of the glass substrate 11. The
incident angle 9iy¢c 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 (0f a range from 23.0 degrees to 49.6 degrees) at
the outer (or outermost) 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 erosion
region 31la is located at a radius of 52.0 mm from
the disk center of the glass substrate 11. The



Next, a description will be given of 35 sanples cregheg E% t;hi sggtg_téodi ment
(hereinafter referred to as enbodi nent sanples). [F L2 5 anpl e
Enb- 1) 28 Septenber, 2006 -27 The D.C. magnetron sputtering apparatus 30
was used to forma magnetic disk having the followng structure, as the
magnetic recording nedium 10. 5 The magneti®- di sk created includes a gl ass
substrate 11 having a dianeter of 65 mm an AIRu seed layer 12 having a

t hi ckness of 10 nm a C underlayer 13 having a thickness of 4.5 nm a
Co90Cr 10 first ragnatdrnt | ageleld havdhgtlet APOkfEessind BRI Pigke sa fRpm
nonmagnetic spaggle |AWEr 1%9_@15%@&@ dhiekpessnel .alHnsuBsEREkRt 12B7Cu4
second magnetic |ayer 16 having a thickness of 13 nm g£§ § g prot ection
layer 19 havi ng¥&St M%kneRs? of 82 8 I NGFHISBF 28893 Go&th a1 % 119R4S fSat ed to
180C 15 within (wvdcuumarygse hErBBN2I3edt eiegrees to 3dr.fl rdegheesAl RE seed
layer 12, The 0Lass HISITALE bhotamodispl ey ShREAN BJ 0 230% Brd.or to

formng the nonmagneti ¢ spacer | ayer g. sputtering
appar atus 30 sh&WRYn i GBIG5 Gndasd thfe 2re2nbRL20 YNt 3389h&s Ofor ned

in the AlRu spuibeni ki@ deddet (o3labelaman Broasilli.on depreecs heoradids is

67.0 mm and a position where the radius is. 77,0 mmfrom Lsk center
of the gl ass suﬁgfglrgteg’qllatAt%%nf‘glnerpo CHiJorﬁn%fgmf’ﬁg)e%oesél%gh?gé?on 3la is

| ocated at a 25ppaditisrofDrE2sbovn fronFiGe 6i-sk Gdramrise. t hBegltisisrd
heCbiter o el el AL Pl ceaecberimmpriteciong o
it ngi ggnsr agglr lap‘égngé.tzod’ébrae%st?ﬁf %&rrséfngfélﬂ“ ‘?%ﬁf‘ﬁ?.‘l'S S?ﬁ‘pc}eegr%%_?o 49. 6
degrees) at thedestedibEear antes nost)
[First Comparison Example 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 8iyc ©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 Ocry of 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-1. FIG. 8 is a diagram
showing a relationship of the incident angles 8w of
AlRu seed layers 12 and crystal orientation
35 inclinaticn angles Besy of the first and second
embodiment samples Emb-1 and Emb-2 and the first

comparison example Cmp-1i:



peri pheral position DOUT showmn in FIG 6, and to a er . incid ngl e
of 56.3 degrees (of a range from 54.0 degrees to 58. L e

i nner (or innernost) peripheral position DIN shown in FIG 6. 35 The outer
(or outernost) and inner (or innernost) peripheral positions DOUT and DI N
are respectively located at radii of 30 nmasard 12 mmfrom the disk 28

Sept enber, 2006 -28 center of the glass substrate 11. The Al Ru seed | ayer
12 was formed in an Ar gas with an Ar gas pressure of 0.67 Pa. The shield
plates 33b of the rotary dhieelxepalts3®indiléSor oli ded 8t wareamptainsd
interval of 30 degrgessal-ang tdiee CLicunher entdals #breehion 19fo )t hea gk ass
substrate 11, and the rotar shield part 31 was rotatgd at_ 60 rpm {Second

i€ §0 Eat 19

Enbodi ment Sanpl EXERBY 2P IGE5RF E HeR spUPLEr i (RF )t &t @ 10
FIGS. 5 and 6, the erp9Si.0ndeegiends 8lafwahef arlirad seedt hayAlrisu 1spuiteni ng

target 31 betwe Lt A he . padius J,s. 447, i tion
where the rgdi 3@1?58&?%’ %\%ﬁl%f%% gilé% Igént#et?e Oqfn{?ﬁg“&%g-g su istrate
11. A center posiid®ncsf thre madseohc 181pkgi dif 131t i 3nfosdCe® %t a radi us
of 62.0 mm fromerked dhektceringyl1 &f the-0Ul ans PMsiZ adfdlthellFd rdthei dent

angle BINC of the sputtering particles from the outer peripheral side of
the gl ass subst rqa‘?’g?ﬁ’ilsaﬁsggcpéfnﬁloe a&B}gnigruiSﬁ&gdeE}ﬂ e’éngﬁg of 38.7 degrees
20 (of a range fdiohf28cBodegrees(Gw-H@. Badegr wddh &t scap songde (@r

outernost) pgri Rharakg PEShELAR iR 2 5HOWILI BhEl Gyt r 3pEripnd réantAlde
i ncident angle of 5173 deg,ees (of a range from4l.2 eﬁ%ees to.58. 4
degrees) at the3hthet Rofl ﬁH@nﬁﬁﬁ%e[ﬁﬁighérépQﬁ§rR%?% ﬁrBﬂN%ﬁé%MPﬁn

FIG 6. O herw sthe triegsetonddierdzxdi nent asaapkee witdr® was peekt e wider
the same CO”di9&¥Ei£§ &Q?vgi% c&?gK%%anEhﬁag@d%[gﬁﬁﬂe @ takes a
negative value, the (100) face is inclined by the
15 scan angle @ towards the outer peripheral side of
the magnetic disk, that is, the [100] crystal
orientation is inclined by the scan angle @ (crystal
orientation inclination angle 8¢ry) from the
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-13 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-1 which employs the
perpendicular sputtering with the incident angle Oixc
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 Binc

- of 56.3 degrees (at the measured radius of 12 mm).
Furthermore, at the measured radius of 30 mm, the



descri bed above. [Third Enbodi mrent Sanple Enb-3] 30 UEing t he SEUtiﬁiing

apparatus 30 shown in FIGS. 5 and 6, the erosion regi din
the AlRu sputtering target 31 between a position where the radius is 47.0
nm and a position where the -radius is 57.0 mmfromthe disk center of the

gl ass 35 substrate 11. A center position of _ghe erosion region 3la is
| ocated at a radius of 52.0 mmfrom the disk center of the glass substrate

11. The 28 Septenber. 2006 -29 incident angle el NC of the sputtering
particles from tdﬂEyS)tlher operdrpher abn skdeldhatth&:rglmgleubgﬁyr atfe tlde was
set to a center e ngl rapge f r 23.0
degrees to 34.0 egrgeg% ﬁ q #? f? ?gﬁ?%%l¢%£%?¥ ggrﬁghe?h position
Door shown in FI@C%deaﬁdaP@l@ C,Qa!mt e@fu fbedeptu tHrRF BN Pags iglegyriees (of

a ran%e flrom 41. t&)d’tﬁﬁﬂ?ﬁé t£Q r4% AanFcideQégéﬁh %Enbtdtﬂl_ 'mék?ﬁrstéﬁplgggqrmsi)
peri phera Sit] in . W se, e thir

enbodi nent saﬁp qékﬁ) mg W&&ﬂ%ﬁj{%ﬁe?oghe%gﬁﬂfa%%%d?F oﬁ?%%?qhe first
enbodi nent sanpl eernd imedés srinipdd: A lEne- L[ EhdsEr@ordar i s onaEx &l fal xOmpd 1]
Wien form ng thetﬂé%‘§ﬁ§d[h@and¥@§ﬁhihSrléﬁt@%ﬂ3ﬂ"E§U£ﬁé ﬁ@@ﬁ‘géé@

the erosion regiqn 3la of  the A R utterin get 31 was S
position approxiifeter y1 %oh?réﬁﬁ%ﬁf% %V%Eggséaﬁr%ﬁEﬁﬁlper?ﬁ eﬂﬁ%dent
angl e AINC of theisjutdfrthg paghedies disbnréheﬂmuent@ethahsuabunakeof

Lhe 91253 20, 6UDRAD Moo a6l o 00 dPLigtack SHed aart 133 s uoed

O herw se, e first conparfson exa create nder the sane
condi ti ons as t heryfstyask @ﬁb@ﬂﬁ:ﬁéﬁp%a}rﬂﬂblmlsqnd@éwll%e@taabé\‘fé The

crystal orientatppddicinaeél onpaR@lcrtional 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-1l. The results of FIG. 9
were obtained by measuring the rocking curves for
the (110) face of the CoCrPt;;BsCuy 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. In 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 4.
FIG. 9 shows the results for the case where the X-
ray diffraction angle 26 = 73.55 degrees, and the
30 meashrements 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,;B;Cuy second maghetic layer 16 is not
inclined for the first comparison example Cmp-1. On
the other hand, the peak of the rocking curve



25 OCRY of the crystal lattices of the AlRu seed |ayer 12 waE obt ai Ped for
each of the first and second enbodi nent sanples Enb e t he

first conparison exanple Cmp-I. FIG 7 is a diagram show ng rocking curves
30 of the AIRu seed |ayers 12 of first and second enbodi nent sanples Enb-1

and Enb-2 and the first conparison exanplezgnp-1. FIG 8 is a diagram

showi ng a relationship of the incident angles el NC of Al Ru seed |ayers 12
and crystal orientation 35 inclination angles OCRY of the first and second
enbodi nment sarrplaq:;pfarbslwamh EﬂteZ'semmi dhglki Kstis cohpar degmeesargice Cop- 1:

28 Septenber, 2 h le%fn ained by
measuring the roc ?90}Vgg %1gg§§53§e -ryeég ?p%actlon angl e
(or angle of dlﬁkﬁé% ¢UﬁWCU265902@d7Nﬁ%ﬁ%%é§ ﬁyﬁﬁé Fﬁh%%bﬁgI§P€r§‘12
from5 the out eraﬂ%l@hetab sixdes ter t@@synma@n@&mﬁtﬁi@h askdagefd tie

magnetic dis | rst cond enbodj t sa S, an Enb- 2 and
the first %rrpgfﬂ so‘ﬁa érér%:lﬁn u%{f ngngnm?%éa;t %n%*%a(:t ofet er (Cu- Ka
ray), with a scamqﬂxnedotgeamgm|ﬁpQ1m@gar|p@nkﬂhﬁ;qﬁm$h@eogﬁeﬁhe

peripheral si dema@ﬁﬁe@léoéikkv%o‘&a'ﬂﬁe opi Fhe LRBRIdiRRiAPheamplsi daunfl. the
magnetic disks. In case wh peak_ of the rocki cur occurs when

the scan angl e G'hteak%%a% aﬂ@gﬁt rgvé’fva'[ e! YRETEESOR Y Fﬁgl i ned by the
15 scan angle O romiaimty ¢heveuhers pere phes kbl feirde hef Cd&m@hﬁ@héﬂhc di sk,

that 1s. thiy [ 100 Hd/ ShflnepiEeNbd0n &5 @?Elfh%%d e 1482:3C3Rg20 O
(crystal orientation inc |na|on rom-:t strate nor mal
NOR t owar ds t heCdutek- hed¢Prersl azo “&ldéh o?h?héoﬁ’édﬁ’& |‘E,‘”€1Y%k. hagpEfenaki ng

the nmeasuremenpgak Fnt aygésadhaveddie A Rurseedimyrcs. 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¢Crig 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 CoCrPti:2B;Cus second magnetic layer 16 in this
manner, the c-axis or the axis of easy magnetization
of the CoCrPti»,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 CoCrPti;BsCuy second magnetic
layer 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-1. 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 N
cbrresponding hysteresis loops, to obtain a



12, nanmely, the Co underlayer 13 up to the protecti aver 1}91‘ not
formed on the nagnetic disks in order to reduce noi o

curves, 25 and the thickness of the AlRu seed layer 12 was set to 100 nm
As may be seen fromFIGS. 7 and 8, the peak of the rocking curve appears
when the scan angle O is approximately 0.33kegrees for the first 30
conpari son exanple Cnp-1 which enploys the perpendicular sputtering with
the incident angle BINc of 0. On the other hand, the peak of the rocking
curve appears wediraumf srentangl eoBHGLYREE Hegredd Forehtippst

embodi ment  sanplye. -, Woh §ha e BRIy B5r hei hNCkioRed iSPI § €5 §E reinkly & he
i ncident angle BINC of 56.3 degreesééat t he measur.ed r dius_of 12 m).
Furthernmore, at fefrd Grensur®geradicd S5 2t h8%28 é%ﬁ%ﬁ%%%?“zooe -31

crystal orientaticerdincltyatiBheanghe eGRYentathen AcRy eed=| dy80,12 is
appr oxi mat ely 6%.qf | pC] t | NG, &Ly ngepakki cl es
for both tﬁ% fﬁ#%taéﬁgs§%€o%gggng%g€#§%§%§§%g egBEn%P%géﬁ%%d Enb- 2. Thus,
for both the fi F§CORGH EHMELCehBYGINER SanpFeE'ERE-CR Wt ERbeBLeR was
confirmed thatihheillaH¥] cryswal okl ey¥eat i promf FIte AlORwiseedtheayer 12 is
i nclined towards _the oyter peri r.al | th ' Lsk relative
to the substrat afgeﬁo#rﬂﬁ (Eﬂfggggltoﬁeﬂ%cg’pgﬁﬁfigﬂgg%g%%é g‘ilﬁé and the
crystal orient apicérnitadiiarmté bnthageeiGCRE @Sy appasritiaadl iopr dpofhronal

o0 Pt 128700 s e L O P o bodt meatSampl
second nmagnetic_J ayer Q e i rst_enbodi nent sanpl e
Enb-1 and the fPFsFeER &rqr%o%lfgxaﬁgl é%ﬁ-tlt.le T%%r98§ull$:ﬁise of FIG 9 were

obt ai ned by neasiircngfihe rnckl ngoenciss tfiorsquaee(e$8) riadde of * t hehe
CoCr Pt 12B7Cu4 sgoond pRORSli&htation of the axis of easy
magnetization in the circumferential direction is
15 promoted.

In FIG. 10, the orientation Hcc/Hcr for
the first comparison example Cmp-1 is 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/Hcr 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 orientation of the axis
of easy magnetization of the second magnetic layer

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

30 circumferential coercivity squareness 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 8ixc
of 45.0 degrees at the measured radius of 12 mm and




| ayers 16 of the first enbodi nent sanple Enb-1 and 2% tge firEt %ggﬁfrison
exanple Cmp-1, simlarly to obtaining the results s € —1n FI G
9, when the peak of the rocking curve appears when the scan angle 0 takes
a negative value, the (110) face of the CoCrPt 12B7Cu4 second magnetic

| ayer 16 (for 25 the first enbodi nent sanplggEnb-1) is inclined towards
the outer peripheral side of the magnetic disk by an angl e correspondi ng

to the scan angle 0. FIG 9 shows the results for the case where the X-
ray diffraction Zhg eaRethe78cas o ersdiand otfhe3 BOumeasOtbeemtissear e nade

at the measured yqadi Us; p§ wﬂb Mﬂ$éﬁEn?¥m§?e %gﬁijcwgglékegtehh%dﬁg¥ of

t he rocki ng curve appears e scan a approximately 0 and the
(110) face of tﬁélesssq%appmésrewm%nahﬁaéﬁéﬁtc 4ref§xe$e§8nps not

|ncL|n$d Lor th%ﬂbddim@@aggampyb%E?ﬁﬁnégggﬁ Eﬁgaﬁ t he o;ﬂer hﬁnd, t he
peak of the %OC ing curve 28 _Septe @ rﬂﬂﬂ? en the scan
e

angle 0 is -2.7 degrees an Ceé or the cry grains of the
CoCr Pt 12B7Cu4 se&d@ih apgnesté clsayjarp risve habeng thige ccnl%m%tbpnt HecahHr of

easy ”Bgnet'zat@y&égdéﬂﬂeéo'Bf5ﬂH83fﬁgé@|thb@%ﬂéﬁh(ExéﬂﬁlaagmﬁHﬂldlSk
Is inclined towards the outer perupheral side_of t fagngt g sk for
the first enbod® ISmpY EC RS X1 tHafheL 5 A Mgt (ﬂ a8y 5% at
whi ch the rockired aturotesihasst beé mma<ﬁmmlihatmoﬁrBH@QB?G&4c16n§e¢@wd

magnetic | ayer %@1&3%&%¥§n QEC?%%&'%?Q&eth Frs%-%H¥HH §ESt AL rihi ch the

rocki ng curve has th peak for the seed In" FIGS. 7 and 8,

for the first eﬁﬂ@&ﬁﬁﬂﬁn%aﬁﬁmﬁlEﬁbﬂﬁb1%1Eﬁﬁ%Pg mé?ﬂ% by ¥ nBE¥nPRg t he
(100) face of tbeehl RhaeethdSokagen st on hecpabimatcamad 1hel( ¥ face

of the the inclination angle BOiy¢ is 38.7 degrees (at the

measured radius of 30 mm for the second embodiment

15 sample Emb-2), and that the inclination angle Bixc 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/Her is 1.02

20 or greater. Since the inclination angle By is 43.0
degrees (at the measured radius of 30 mm for the
first embodiment sample Emb-1) when the orientation
Hcc/Hecr becomes 1.02, the inclination angle Binc is
more preferably set to 43.0 or greater. In addition,

25 from the relationships of the inclination angle Bixnc
and the crystal orientation inclination angle O¢cry Of
the AlRu seed layer 12 shown in FIG. 8, the crystal
orientation inclination angle 8¢ry of the AlRu seed
layer 12 that is formed is 2.1 degrees when the

30 inclination angle Oy is 38.7 degrees. Hence, it
may be seen that the crystal orientation inclination
angle Ocay 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 6¢czy for the case where the inclination angle

Brye is 43.0.
FIGS. 11A and 11B are diagrams showing the



Al Ru seed layer 12 is inherited to the Cr under layer 13, the 10
first magnetic layer 14 and the Ru nonmagnetic coupE¥h§E¥5¥%kgé§%§§%
thereby incline the (110) face of the CoCrPt 12B7Cu4 second 20 nagnetic

| ayer 16. By inclining the (110) face of the CoCrPt12B7Cu4 second nagnetic
| ayer 16 in this nmanner, the c-axis or the3axis of easy magnetization of
the CoCr Pt 12B7Cu4 second magnetic | ayer 16 becones oriented in the
circunferential direction of the 25 nagnetic disk, and it was confirnmed

that the crystalelerteonaghnen iof adrev€oipPnl2BAAACsetbatinagedtic |ayer

16 in the circugferential gdiskectd Qi L4PEEVES: tﬁerllpstsaaddts@@wa showi ng
magnetic characteristics of magnetic di Sks accordl % FHE €30 first

through third efRREGERENEQRP Q§ﬂﬁ@.fﬁr668hQQﬂ) St
conpari son exanaangap:i donThg ampagnatmge-thar ahteeralaetatsom&ghbemecond

magnet i c LT cHh LS, ORt ahaed diSlng, & KLDLALAN SATPLE. LYPR ang 118

magnet oneter; by a I Ng magnét 5 '¢i T cuit eren
direction and tM@HQﬂﬂQ@aﬁﬂ? cHiSdng oF TPBPREFHE IMATNekECahgare#SdGhg t he

correspondi ng hysienests AAORAdUCR G aF8c8rd8 ngeRilitieit 2A86a 633nt
ntation Hcc/Hcr and, a

circunferential coercivi

ci rcunferenti al M@@é}ec'??/*‘t&é %aﬁélygnegéd‘ﬁr af £Breducing £1eMknof8s a radial
direction coer giewisure Wiee LhelQMaﬂnwﬁVQnOHtphﬁorthq_@©$05uth@naﬁnﬁ(ﬁ
easy magnet]]Ozat QR (Sﬁf C- a'l(h%) J.gtjltahﬁeed S&?&@@doﬁ%wﬁ&t ' (Cu\]'a f:r 1111@1b$ates

I sotropically orlente I n- pl ane. pe seen frcl)%l t hat the

| arger the or|eﬁpaﬂqﬁPq%c?F%FagﬁhéQﬂﬁ%?%%%aroFﬁﬁﬂ ﬁQﬁ]%ﬁn?ﬁgyafls of
easy magnetizat iod ikFQdhe 10hei resnflercinit al % §li iectobarairsegr Hnomned. 1t may

al so  be seen frggh %ﬁ]]éEEQSE E@e'd%1¥¥cip?(a9'QEHQEH&%ﬁu@'aEOQﬁQ'V'tY

squar eness rati (S
FCI) x 100, and the SNR (dB) was obtained from 20 x
15 log{S/N) based on the average output S (uVp,) at 414
kFCI and the medium noise N {(uVeps) -

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
comparison example Cmp-1. 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/Hcr improves the resolution
and the SNR of the first and second embodiment
samples Emb-1 and Emb-2. 1In 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 confirmed that the
larger the inclination angle ©Oiyc, that is, the
larger the crystal orientation inclination angle Bcry,



nore the orientation of the axis of easy magnetizatigg '}n thE :
circunferential directionis 15 pronmoted. In FIG 10% t n
Hcc/ Her for the first conparison exanple Crp-1 is 1.00, which neans that
the crystal grains of the second magnetic layer 16 is isotropically
oriented. On the other 20 hand, the orientatdén Hcc/Her for the first
enbodi nent sanple Enb-1 is 1.04 at the neasured radius of 12 mmand 1.03
at the neasured radius of 30 nm which neans that the orientation of the
axis of easy nafhet meatd dmefrefelygdond an@nebec SNy rosimBrevethe
circunferential direction is;iR{eapP1ed. itThea¢i 4CHBT peeldetl £OGRCEYGLY
squareness ratio,S* is . also inproyed.for the firs nmbadi nment _sanpl e
Emb- 1 when conpa}ia £&3thd ?r£$58gﬁﬁéﬂ@uﬁp x5 IgNﬁcﬁggfﬂﬁﬁnﬁngPnﬁ?dalso
be seen from t hes86caidr emidfeiimntl seoplasiBybstjuandné&sd tZatato Shet hat
the orientatison glatlecaxir ol sasy TRORG! I£AL1 BobyelNeciinoRdymBgNet i C

| ayer 16 in the circunferentia direction 1 s prohoted for the first

embodi nent sanpl BREnBLESB3oOMRAYRFPR EFFFR IRt MRBakpl e Enb-3 enpl oys the
inclined sputtering with theincideatsarde ONcwidl B8 Gidegress at the
nmeasured radius of 1 and 28 Se , 06..-34 . he neasured
radi us of 30 mnf)?fﬁélr]vnﬁger,ou %hes%ﬁﬁﬁggglkﬁgzﬁnn%%% ggﬂéﬁg%ﬁ%ﬂ% ﬁfas‘ created
under the same Eondighofsbas tard f & r sEMPAF istUo e 2BRBEI GRS SalpfBs

Enb-1 and Enb- 2.hHvdhg gheGly ymeethecCanVeliipna RBahaati=isty cs inprove
when the orientation HcG/ Hcr exceeds 1.00 of the first conparison exanple
Cp-1, that is,-gFeAfEF SHOF GraEuirTf8°E-01. Fromthe relationships of
the inclination angle ()| NChendfdueth 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 of the

25 fourth embediment 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.



10 orientation Hcc/Her for the first through third enhog
Enb-1 through Enb-3, it may be seen that the orient aBREREE e eSO MES
1.01 when the inclination angle eINCis 38.7 degrees (at the neasured
radius of 30 mmfor the second enbodi nent 15 sanple Enb-2), and that the
inclination angle eINCis preferably set te338.7 degrees or greater. The
present inventor has confirmed through studies that the el ectronmagnetic
conversion characteristic greatly inprove when the orientation Hcc/Her is
1.02 20 or greater. Since tHEGncl?nasi enddrg O N®OVing3magradgrees (at

the measured radig, 0f 3@ /T 1¥s thE mé?h%%_i@%@?”écéé%‘i%a'f% 1)hahen
the orientation Hcc/Hcr becones 1,02, the |ncI|nat|onﬂig%I% NCis nore
e

X
preferably set t oA BNofFNgEsge S 1Rl ag8PeAdReYS §3B F& 7t i onshi ps
of the inclinatiarhasghh Ehie 6 artd ttieecespsbald aomi At son excmpiat | Qup -
angl e eCRY of ¢ t S | ay: 1.1 F e.qr I
orientation i r51cl ihzrafat i ﬁeaﬁggge&% %%a?%g%%lrﬁ&{le%d é?%&)jgr 1%23#?:?‘3,[ 1|25
formed is 2.1 dedfeed MABRUELRE 30Mhkd Fh¥t B6n iandihe GaERi 9£38D0E degr ees.

Hence,fit blmay b%é@e@ztibgt:nta&%&wﬁ@h@r b8 B iinﬂ leimgti OB| angl e eCRY
is preferably set to 2.1 degre r regter, and nore prefer et to
2.7 degrees or greater whi gﬁ :%z[ctohel%r yg%‘gl 5% ttadiﬁ%‘ﬁ ﬁﬁgl/?lﬁé%/i%)né 35
angl e eCRY for thHéixasecahdr eompa riindn nakanplanginw-2 {§1 NCOBswAGd.adh 4 GS.

11A and 11B pie djiaf &5 §RAWMING ot Rer 28, Sepl eaReloonglldbi soBSexample
el ectromagneti c conversion characteristics of rrag]net i c,di sk% ac%%lrdl ng to
the first and se&HRT 1 enbbAPmAPTENRS 2T ERBE2 AT HiftE HARhdE PRe HYS st

conpari son exanplsedamd lcodparekect reormgnie i Cp-Qomterrsi oomphaedcteri stics
shown in FIG 114yand JAB ueke Qbt digth #3LBH 3.GHPIW ! Efp PRITS! ifadheas

whi ch the mechanical texturing provided on the substrate

15 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

20 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

25 textured substrate surface, in addition teo the AlRu
seed layer 12 that is formed by the inclined
sputtering. The circumferential coercivity
sqgquareness ratio S* is also improved for the fourth
embodiment sample Emb-4 when compared to the second

30 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

35 embodiment sample Emb-4.

The electromagnetic conversion

characteristics improve when the orientation Hcc/Her




I ncl udes an inductive recording elenment and a G ant net o-,Resi '6ve
(GWR) reproducing elenent, to neasure the isol ated %gagﬂﬁﬁpﬂﬁgfzﬁgy
resolution and 10 the SNR The isol ated wave output (pVP_P) indicates an
out put average at a linear recording density of 104 kFCI. The resol ution
(% is obtained from (average output at H¥BKFCl)/(average output at 414
kKFCl) x 100, and the SNR (dB) was obtained from20 x 15 Iog(S/N) based on

t he average output S pYﬁ-gé at 414 KkFC and the nedlun1n0|5f &PV'WB) I t
may be seen frof¥Aegds 1 aPft fde SaHRA | GATRAS RN SNERBPLEnEMP %t and

second enbodi nemfatsarg) egr&fbet amdtrEdr 2eqballheordald ed RPPomadhes of 30

d d he f h
T FG 10 desERBRd GhBVEPSL RE EPEeriSrl i BT e HEE PRt

second enbodi nemrlmqﬂ‘@sorEnﬁcwam Hre 2th%1r§0w¥]§hov‘iétrcdwﬁ)a$édt@o t he

first conpard soBmgs MWL s SiB1es HaRCe ¢hr 88 hbgm&ﬁ@, thatméhepei nproved
orientation Hcc/ Her | roves e.resolution_ a é % SNR of %h& fIESt and
second enbodi mefif€ls %st%ﬁbofl§H&Q§ﬂ?§ HeG/BEEi PSP She ReIF st

and second enbodhrerincshimd esokmbnglen® kb2 36. ar elegpmaees eflati theay be
seen that the fj E3bu rﬁe’gaozda}]cﬂ?ﬂg 5%”'B|Oenﬁﬂbfc;-r"‘@h§hf|1§r@ drits @&@Iment

orientation Hcc e second enbodi nent sanp Enb-2 has_t he

resol ution and Fﬁ@PQﬂRﬁmﬁn5breanﬁnﬁP@ﬂédjE%nbﬁFéan?Glﬁﬂb§E‘ ¢t Reresdond
enmbodi ment 135 spaplre rfEmI-2.sdbetef gBe7 idegwse sonti yred tichat thiee | ar ger

h I I I.NC, th he .
i ncl i nat on angPEoSERY. ‘38t brbeP, hos AT FhESHER S PEeCPhRk o

the SNR are |nptbee@leQEHQMQﬂmgtlptC@@W%ﬂ%&ﬂ%ecbééﬁcﬁﬁﬁﬁﬁﬂ¥§ 11B t hat
the resolution gpdathe SNRQfvdhgabthielaly when the orientation

Hcc/Her is 1.10 or greater. Since the inclination

15 angle Oiyc is 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 8iyc is more preferably set to 43.0
or dgreater.

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 1l1B.

: It may be seen from FIG. 13A that the

30 resolution 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




second enbodi nent sanples Enb-1 and Enb-2 at the 5 nmegguged r iui 16 mm
are inproved conpared to the first conparison exanpl m :
description will be given of fourth through sixth enbodi ment sanpl es Enb-4

t hrough Enb-6 and a conpari son exanple Cnp-2 which 10 have a gl ass
substrate 11 with a nechanically textured s3bstrate surface. The fourth
enbodi nent sanple Enb-4 was created simlarly to the first enbodi nent
sanple Enb-1 described above, except that the substrate 15 surfa e191 t he
gl ass substrate IMBREvedbpEéeadatc-on HEEAHATCHTATRILT i hheuseRyation
pol i shing and cl eafH Nghe apRAr atfUThesOF @Srth phavifde ttheemlegdimend i n t he
circunferential direction_.o he ¢ di ] 3. av, e face
roughness Ra of ﬁﬁ?giﬁSZEmgﬁé f??f%ﬂ@%b%dingﬁt@Eg%ﬁégéhbﬁééaaggMire ed
simlarly to the fsecord anBofifsht el bneEhh SANPIST | oy~ 4n80e, B eht
that the subsératg.q Ségrﬁﬁ‘ggegf tihe nfH \ASSe SHBEHN athe tlkkv@sf subgacted a
mechani cal texturing, simlarfl Ep Eﬁﬁg Ef &he 2 fourtfggg@gdinent sanpl e
Enb-4. The si xt h SSHSUH PRt SaRpLE EMRB® wABLC&r L&%ed s Parly to the
third embodi nent cxargeat Eoh- Bede'sord benambbhe, féxfddptentrdingats SRR e
surface of the glass. r ) e d NEechaat caket ext uri ng,
simlarly to thatE%%i‘ fﬁggéfghrgt %%es\ﬁug'gldiisin{gﬂrl]t gég t?a@%gl 4. The_s coré%t
conpari son exawp@@gyﬂﬁ@ﬁmﬁgmpéﬁ&%(QPsﬁQﬁP%rngF§q: #?Ws?mg8§ﬁg?lson
exanple Cprd desgidhedcmbove, exeepiféhel ihewsisbstaraf ers&dsbhidcdhst the
gl ass substrate 11 was subjected.a _.nechanj ext uryd L mi ly to that
of the fourth e 5@%nu§g§aﬁ8[:gll§r%c-lfrpz%ﬁ@g%tTgl Er ,ﬂ}_{z%%aféic),%%

) larger the crystal orientation inclination angle 8cry,

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 compared 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.
As 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 63, a
plurality of suspensions 66, and a plurality of
recording and reproducing heads {composite heads) 68
are provided within the housing 61l. 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



FIG 12 is a diagram show ng magnetic characteristicg g{ @gq’etié;ﬂhsks
according to the fourth through sixth enbodi nent sa LS ugh
Enb-6 and the second conparison exanple Cnp 5 2. The magnetic
characteristics showmn in FIG 12 were neasured simlarly as in the case of

the magnetic characteristic shown in FIG -#®-1n FIG 12, the orientation

Hcc/Her for the second conparison exanple Cnp 21is 1.08 mhich is 10
he i nproyed

hi gher than 1.00 _of the first conpari,son exa e
orientation Hcc/FIg %eha%@cgga OIS 5B Ié?gaglsél 1% hhehiBonpar ed
to that of the fluimt t‘muJamaiizoheemamnl € dnp=He i sedoedtiog tHeadechBachal

texturin rovid t r t n
orientat?oﬁ Hcc/EIgCBrll o%?%ﬁ %ﬁg 4é¥§%dcﬁs as %g%ﬁtgwigql£§§ t he
measur ed radi us BiplgnﬁﬂQﬁuﬁ]anfaﬁppﬁélqﬁ%ﬂimeé r&éﬁu§hﬁ BERARSHARCH

nmeans that the esLentralte Ay &heani ﬁto@fed?&ﬁﬁy ﬂg@n@titzlattidzn it he4§0 |
lrectr.on 1I.S ronot e n

second nmagnetic +ﬁ%eF In the circunter o % )i
ot her words, the r PERE& iTH DFEPRELRR & f*%%%ymﬂﬁﬁﬁ tiez &5V Y the
second nagneU(:amwera2@8|narkn@wmcuaﬁdr@nﬁaﬂalbededesgmhniﬁqnther

pronoted by the prehaBircalilv a%t&ﬁit'i’:é‘él Wbt Af eg guEf 2¢@adimddi tion to
the AlRu seed | ayer 12 that s forned by the inclined _sputtering. The

circunferential coercivity Qﬁnﬁﬁ%ﬁ%%%créP o629 | PRFEBLTPNEF for t he
fourth enbo@iDnmenthsaapterkred] whethe ompgned it tdeosditogdmedldiaconpari son

example O1p-2, gyt oBRLEQ SR dife LENreLbY &{gr&é&fggggrﬁatsi gpgoercivity

squar eness rati the atlon 0 axi's eas
magnet i zat i on 0@94@3@@céﬁéﬁﬁﬁﬂﬁﬂ|%fl596reT@Q@%W?ﬁ¢ScP?cGﬁﬁeNQRQ%ﬂlc

direction is promieeding meelifelrddsc8bbeabediowntisasphguhai-i4n Mieth
eleCtronagnetlCé¥gy?rflgﬂrough 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. I,
for example. Of course, the number of magnetic
recording media 63 is not limited and one or more
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 €3.
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. In this case, the crystal
orientation of the recording layer can be improved



characteristics inprove when the orientation Hcc/ Her S%e tergoer20

-38 exceeds 1.08 of the second conpari son exanpl e Crrpég—ﬁﬁ%—f—'s—égeater
than or equal to 1.09. Fromthe relationships of the inclination angle

el NC and the orientation Hcc/Hcr for the fourth through sixth 5 enbodi nent
sanpl es Enb-4 through Enb-6, it may be seen that the orientation Hcc/ Her
becones 1.09 when the inclination angle ANQ+4s 38.7 degrees (at the
measured radius of 30 nmfor the fifth enbodi nrent sanple Enb-5), and that
the inclination angle 9INC is 10 preferably set to 38.7 degrees or greater.
The present invéat ghehasornaht idind 1t Iiotrpt sendirds thirattapereshaped

el ectromagnetic Q(i'lﬁler%ﬁns @8{3@9&%?' S:ti’ié p&FEREN Y s T Qe p@ééacmb%lry
when t he orlenta%l on )—% reater. Si n(i:e t he |ncI| % on 15
angle BINC is 43%6° B’egﬁrt?es a'Ew?hélﬁ'@ésLﬂ d-PadF a8 Sof! “fs‘b‘?ﬁlﬁ?%r h&™Fourt h
enbodi nent sanpl eaBeb-o4) vdielm sidesomilenicttilom widiHco hadoesagelOatt he

| nclinati on angl 8,BLiGYIS (L PLeLRLANSHy 10 BRefle Urdiifdh Chng?l FI CS
13A and 13B are di agr WI ng ectromagn t| Cc conversion
characteristics &Fomn@gAstiali ERsthecddnFeoi 8RB fourth t hrough sixth
enbodi rreRt sarrp: es Enb-4 tm.pygnegpbtﬁearpihég@t sgAoed td@mard seet exanpl e
Cmp-2. The 25 e gneti.c conversion_c act S 0

13A and 13B vveref%][tgf‘glgﬁeg:osi & ?m lﬁ“etrh gg% "F%ﬁe%e}%%?%ﬁ%%u
conver si on charagtempgtifdsathbwns | mafl 68, made andtheBE Idtep@elytJb@‘:‘Jsééﬁmfrom
FI G 13A thap th,_eheSch%%oldg|Qpea§geg@gtswlg‘ggnﬁbgnf ourth and fifth

enbodi nent sanpl es Enb-4 and Enb-5 at the neasured radius of 30 mmare

i nproved conpared to the second conparison exanple Cnp-2. As shown in FIG
12

15
20
25

30

35




descri bed above, the orientation Hcc/Her of the 35 fogé%ﬂg%nd!fifhgoﬁ
. enbodi nent. sanples Enb-4 and Enb-5 are inproved co ond
conpari son exanple Cnp-2. Hence, it may be seen that the 28 Septenber
2006 -39 inproved orientation Hcc/Hcr42nmproves the resolution and the SNR
of the fourth and fifth enbodi nent sanples Enb-4 and Enb-5. In addition,
when the fourth and fifth enbodi nent sanples Enb-4 and Enb-5 5 are
conpared, it may be seen that the fourth. enbodi ment sanple Enb-4 which has
a larger orientation Hcc/Her than the fifth enbodi ment sanple Enb-5 has
the resolution and the SNR that are inproved conpared to those of the
fifth enbodi ment 10 sanple Enb-5. Therefore, it was confirmed that the
| arger the inclination angle eINC, that is, the larger the crystal
orientation incliHmttnIMdgl e ecRY, the nore the resolution and the SNR
are inproved. Simlarly, it may also be seen fromFI G 15 13B that the
resolution and the SNR of the fourth and fifth enbodi nent sanples Enb-4
and Enb-5 at the neasured radius of 16 mmare inproved conpared to the
second cohparison exanple Cp-2. FIG 14 is a plan view showing an 20
inportant part of an enbodi nent of a magnetic storage apparatus according
to the present invention. As shown in FIG 14, a nagnetic st or age

apparatus 60 generally | ude housi n urality of
magneti c recording ned|L g ﬁegs a%tGQEBFt&ﬁlﬁegﬁrd&nﬂ A Y% of arms
65, a pluralltﬁ of suspen5|ons 66, and a plurality of recording and
reprodUC|ng osite heads) 68 are provided within the housing 61

The magnetic reccgcg th.ﬁ § gngg%ggéggetggrggge§2 which 30 is

rotated by a notor omn) e’recor
10 a seed layer provided on the substrate surface;

an underlayer provided on the seed layer;
and
a recording layer provided on the underlayer,
wherein information is recorded in the recording
15 layer by magnetizing the recording layer in a recording
direction, and
the seed layer 1s formed by a pelycrystal of
crystal grains made of an alloy material having a B2
crystal structure, and a [100] crystal orientation of
20 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.

25 2. {Amended) The magnetic recording medium as




and reproduci ng head 68 is nade up of a reproducing 2I§e§d gndbgr Sy di ng

head. For exanple an Magneto- Resistive (MR) el enent
Magnet o- Resi stive (GWR) elenment, a Tunneling Magneto-Resistive (TWR) 35
el ement such as a Current-In-Plane (CHB) elenment and a
Current-Perpendi cul ar-to-Pl ane (CPP) elenent, and the |ike nmay be used as
the reproducing head. On 28 Septenber, 2006 -40 the other hand, an
i nductive head such as a thin filmhead may be used for the recording
head. Each regondingnand o gPnodygidi@ ihead &8 iiss tud eda9nathgsktip end of
a corresponding arm 65 via the suspension 5 66. The arns 65 are noved by
the actuatorgsHapt,64nd the hasigg dauctdOrerfat 15 smones i Eresosage
apparatus is known, and a detailed description thereof will be omtted in
this specifigaaing. atheiregnaedc st aoage dpparaitse Gletphdfathatdst eri zed
by the magnetic recording nedia 63. Each of the nmagnetic recording nedi a
63 has the sfatkeddiskuechape.of the enbodi nents of the magnetic recording
medi um descri bed above in conjunction with FIGS. 1 through 13B. In other
words, each of the 15 magnetic recording nmedia 63 nmay have the structure
of the magnetic recording nmedium 10 shown in FIG 1, for exanple. O
course, the nunber of RagndbhiecMagdedid HmEGRAnGIeE WHtas i ¢d2E8e4nd one
or nore maghetic recording nmedia 63 may be provided. In the 20 case where
the magneti ciPe€bfdlngs nBRG/ALB3 2R OHE QQéﬁa%Hﬁbéj§% T ErE 14,
the crystal orienptation qof the recording l.ayer 18 in th circunferenti al
direction anﬂr%ﬁ%{?agéeflﬁ%ﬁ@h@t FEyé‘gﬁ‘\j‘e iSd < 7Y ctt%issq?sctsr%tree i nproved,
and a high 25 recordin ensi n,be r i zed t t4 c, recording
Todi m 63, THETBACI £ colstr APTEnoar 2t e Saggia GO 1dYS RIS %

10 degrees.

4. The magnetic recording medium as claimed
in claim 1, wherein the alloy material is selected from
a group consisting of AlRu alloy, NiAl alloy and FeAl

15 alloy.

5. The magnetic recording medium as claimed
in claim 4, wherein the AlRu alloy has an Ru-content in
a range of 45 at.% to 55 at.%.
20
6. The magnetic recording medium as claimed
in claim 1, wherein 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.
25



storage apparatus is not limted to that showm in FI G _14, IE addiigon,
the magnetic recordi ng nedium 30 63 used in the pres S not

limted to a magnetic disk. For exanple, the nagnetic recording nedium 63
may be a magnetic tape. Wen using the4 nagnetic tape as the magnetic
recordi ng nmedium 63, the seed |ayer may be forned on a tape-shaped 35
plastic filmsuch as PET, PEN and polyam de filnms formng the substrate.
In this case, the crystal orientation of the recording |ayer can be

i nproved 28 Septenber, 7200@he dhdredfte +anakd iy nabddhkneati eNadhelihe
tape-shaped film by sputtering the particles of the seed | ayer from one

of two sidesiffclhemt apewhiewe iedges fubdteratiaipes aladot bf shUesspl ang t he
width of the tape) at 5 an angle that is inclined by a predeterm ned angl e
from a normathéosthetrape surfface iumdudrgnitdel Jpy esexturewenti on i s not
limted to these enbodi nents, but various variations and nodifications may
be made wi thout departing from 10 the scope of the present invention. 15
20 25 30 35 28 Septenber. 2006 42 IN THE CLAIMS: 5 1. (Anended) A
magnet i ¢ & ecor di ng nedBum Thenpreigiatgic aenmsiing aediingaa cldptnedt e
surface; 10 a seed | ayer provided on the substrate surface; an underl ayer
provi ded on #heCiaél laywperein:

the recording layer comprises a first magnetic
layer, a nonmagnetic spacer layer and a second magnetic
layer that are successively stacked on the underlayer,
10 and
the first and second magnetic layers are
antiferromagnetically exchange-coupled via the

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:

(a) forming a seed layer on a substrate surface;

20 {b) forming an underlayer on the seed layer; and

(c) forming the recording layer on the underlayer,

wherein said step (a) uses a target that is made of
an alloy material having a B2 crystal structure and
confronts the substrate surface, and sputters, with

25 respect to the substrate surface, sputtering particles



and a recording |ayer provided on the underlayer, “Q rein infor Lon is
_recorded in the recording 15 layer by magneti zi ng the—gégﬁﬂﬁﬁﬂﬁgkggbb in a
recording direction, and the seed layer is formed by a polycrystal of

crystal grains made of .an alloy materi4b having a B2 crystal structure,
and a [100] crystal orientation of 20 the crystal grains are inclined
towards one of two sides partitioned by a plane that is fornmed by the
recording direction and a substrate normal which is normal to the

substrate surfacene 28,256 AMeRERALNENS FTRIRLT G1dL RN NG JvRsk Upy as 28
Sept enber, 2006 43 clainmed in claim1, wherein the substrate has a di sk-

shape, and the; $d00b188¥StRht Ol seFbaineen b9f thize xeotxiding H o &St 26€
inclined toward an outer peripheral side of the disk-shape. 5 3. The
magneti c recoigding sedstpass abametdwhiikhcligi mokmalherceittheans gt eatfor ned
by the [100] crystal orientation of the crystal grains and the substrate
normal is in surfiage dh 2. frddgteemined disetdidons iaclimshreagsh 4. The
magneti c recording mediumas clained in claiml1, wherein the alloy

mat eri al Bs sedspeetl teobheasybsbipatensiogmadg of AIRu alloy, NiAl alloy and
FeAl 15 alloy. 5. The magnetic recording nediumas clainmed in claimd4,
wherein the AlRu alloy has an Ru-content in a range of 45 at.%to 55 at.%
20 6. The magnetic recording pediumas clainmed in claiml, wherein the

underl ayer is made of Clor BReCREXhgA &F BRGSNEIRG LNGMAGRKE¥F om a group

consistin . . . . . . .
9 recording medium as claimed in c¢laim 9, wherein said

step {a) sputters the sputtering particles with respect
10 to the substrate surface in the predetermined direction
within a second plane that is approximately

perpendicular to the first plane.

11. The method of producing the magnetic
15 recording medium as claimed in claim 9, wherein said
step (a) an inclination angle formed between the
substrate normal and an imaginary incident line that
connects a center of an ercosion region of the target and
a depositing position of the sputtering particles on the
20 substrate surface 1s in a range of 38.7 degrees to less

than 90 degrees.

12. The method of producing the magnetic
recording medium as claimed in claim 9, wherein said

25 step (a) uses a disk-shaped substrate, and sputters the



of Mo, W V, B, Mo and alloys thereof. 25 28 SepterrbgrEE Fi2006 b44 g@qghe
magnetic recording nediumas clained in claim2, wh te is
made of glass, and the substrate surface is nmechanically textured. 5 B.
The magnetic recording nmediumas claidmd in claim1, wherein: the
recording |layer conprises a first magnetic |ayer, a nonmagnetic spacer

| ayer and a second magnetic |ayer that are successively stacked on the

underl ayer, 10 and the first and second magnetic |ayers are

anti fer r omageLl 6aldy exchangersoupl o 3 oiber poRIBRBSLICssRRCE: | ayer.

15 9. A neth pro I'ng a magnetic recording mnedi um having a recording

layer that i$pERGNQLL 286 Jdd SubHCUE Nt thE 0641 08 tRel e¢0BE plkaemation in
the recording layer, conprising the steps of: (a) formng a seed | ayer on a

substrate surface; 20 (b) form ng an underl ayer on the seed | ayer; and

(c) formng the recording |ayer on the underlayer, wherein said step (a)
uses a target that is male aghemsthey ofitprodahchayi hjeamBznetyst al
structure and confronts the substrate surface, and sputters, with 25
respect t% thecsubdhmatedimn &ee,clspinedrimgebaini t? esfestisept enber, 2006
45 of the target fromone of two sides partitioned by a first plane that
is fornmed bycbhprisdmgdithg ditredt iohi and a substrate normal which is
normal to the substrate surface in a predeterm ned direction inclined with
5 respect to the §@5stﬁmﬁ§Qﬂﬁ%ﬁH.tﬁﬁlSﬂmﬁﬁ?%&%%dP%FtbFéﬁﬁcFHBtFﬁéeHagnetic

recording nmediumas clainmed in claim@9, wherei saig .
with respect to the substrate surface rrom reaching a

surface of the substrate opposite to the substrate

10 surface when carrying out said step (a).

14. The method of producing the magnetic
recording medium as claimed in claim 13, wherein said
step (d) uses a shield part which confronts the

15 substrate surface and has a shaft arranged coaxially to
a center of the disk-shaped substrate and a plurality of
shield plates extending radially from the shaft and

arranged at egual angular intervals.

20 15. The method of producing the magnetic
recording medium as claimed in claim 14, wherein said

step (d) rotates the shield part about the shaft.

16. The method of producing the magnetic

25 recording medium as claimed in claim 9, wherein said



step (a) sputters the sputtering particles with respegt~10 tobth strate
surface in the predeterm ned direction wthin a sec
approximately perpendicular to the first plane. 11. The method of

produci ng the magnetic 15 recording #&diumas clainmed in claim9, wherein
said step (a) an inclination angle fornmed between the substrate nornal
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

20 substrate a i S Al r%@% 38 7 qﬁgg t .fhan 90
degrees. 12. Sﬁ‘%ggrrgt%ﬁoangf (%Ro_ uc%ﬁgjﬁlﬁ%l%g et?%érr%%%%iéﬁjgﬁ di um as
claimed in chal-myR) WNGHeHN BN 123 SUaR (e d!SESy&r dis4-shHaped substrate,
and sputters the 28 Septenber, "2006 46 sputtering particles froman outer

peripheral sifge@faybheidi skashaped cnibigrd:einlaty ieetPerdechifst £l ane.
13. The method of producing the magnetic 5 recording nediumas clainmed in

claim 12, futhbBesubeomptiesisngfialke .steps of: (d) preventing the sputtering
particles sputtered wth respect to the substrate surface fromreaching a
surface & the substrate opposite to the substrate 10 surface when carrying
out said step (a). 14. The nethod of producing the magnetic recording
medi um as cl ai ned i n cldi.rmAr@ndeller eifn meainket gt gt qrhgeisagparahiel d part

whi ch confronts the 15 substrate surface and has a shaft arranged coaxially
to a centercofPFheldBsk- shaped substrate and a plurality of shield plates

extending radially fromthe shaft and arranged at equal angul ar intervals.
20 15. The net hod2bf 1BR§GuEPRgMEAE g SECT DA et as cl ai med in

claim 14, mherelnasﬁggd %Eegeggkdrg% 9%% &@%fﬂyégéjfﬁ grﬁ%%%%ntﬁg shaft.

10 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 seed layer, and a recording
15 layer provided on the underlayer,
information is recorded in the recording layer by
magnetizing the recording layer in a recording direction,
and
the seed layer is formed by a polycrystal of
20 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 a substrate normal which is normal to the

25 substrate surface.




16. The met hod of producing the magnetic 25 recordi di um as imed in
claim9, wherein said 28 Septenber, 2006 47 steps ( € tively
sputter sputtering particles with respect to the seed |layer and the

underl ayer in a direction approxi mat eB$ perpendi cul ar to the substrate
surface. 5 17.(Anmended) A nmagnetic storage apparatus conprising: at |east
one magnetic recording nediunm and a head to record and/ or reproduce
information to 10 and/or fromthe magnetic recordi ng medium wherein the
magneti c recordi ng nmedi um conprises a substrate having a substrate
surface, a seed layer provided on the substrate surface, an underl ayer

provided on the seed | gyer, ﬁ{bdn?adrﬁéﬂéil@tgoéégéaaﬁﬁapaeﬁsdsg enatfed
under |l ayer, information is recorded in the recording |ayer by rmagneti zing

the recordingnl aygimi 172 Weeddinn@dHE MRdridic B¥bidengenddl ayehaksaf or med
by a polycrystal of 20 crystal grains made of an alloy material having a
B2 crystal &tigWetHepe.and a [1001 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 25 substrate surface. 28 Septenber, 2006 48 18. The
magneti c storage apparatus as clained in claim1l7, wherein the magnetic
recordi ng medi um has a di sk-shape. 5




