24 May 2006 -1- DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C STORAGE
APPARATUS 5 TECHNI CAL FI ELD The present invention general |$3Ma%2006;
magneti c recordi ng nmedi a and magnetic storage apparatuses, and nore
particularly to a magnetic 10 recordi ng nedium having a seed | ayer and an
under| ayer which is nade of a binary alloy; and to a magnetic storage
appar at us whi ch uses such a nmagnetic recording nedium 15 BACKGROUND ART A
typi cal | ongitudi nal nagnetic recordin medi um i ncl udes a substrate, a
seed layer, a & or Cr alloy under P&ﬁg? RIBTEQNCr alloy internediate
layer, a Co alloy magnetic layer where the 20 information is witten, a C

overl ayer, and a are stacked in this order.
Substrat es t hat g?%ﬂﬁgggg FkyaﬁégﬂgrﬁﬁhgﬂMNﬁﬁp[ﬂ%ﬁ%@Tﬁp-QEQﬂﬁQ@
substrates and gl ass substrates. ThaPgzasrisgibstrate i s nore popul ar due
to its 25 4esistance to shock, snoothness, hardness, |ight weight, and

mnimmflutter especially at a disk edge in the case of a nmagnetic disk.
Al substrates wth 3§€5ﬂﬂé§ﬂaﬂéﬂﬂhﬂP has been widely used for many years
f or magnetl ¢ 30 recordi NngheULRBSRS:t W}%‘eHEQWH %ten@ﬁ‘lif”%iﬁtt‘ér escﬁ Ts >

150C, allo% und rlayers fqQrm a desirable orientation ered
Ni P on gl ass GP9ARF 1§hb§??%¥ 1Rgs e e Eég§§téﬁ¥é%¥?9ég?n pronot i ng

t he proper CrngaMany&ﬁﬂucandlemmﬂﬂigﬁrtﬁcﬁlaaiyuﬁﬁeklay&@ﬁeaicdlSC|OSGd

Uni t S Rat 7, Jdh th th eed
:gygr nléﬁ?st?%gii?ihgﬁme?ecﬁnog r&ian %%gre §§%&A%Q] ?ﬁeN;§n§086

ayer which is made of a binary alloy, and to a

magnetic storage apparatus which uses such a
magnetic recording medium.

15 BACKGRQUND ART
A typical longitudinal magnetic recording

medium includes a substrate, a seed layer, a Cr or
Cr alloy underlayer, a Co-Cr alloy intermediate
layer, a Co alloy magnetic layer where the

20 information is written, a C overlayer, and an
organic lubricant which are stacked in this order.
Substrates that are presently used include NiP-
plated Al-Mg alloy substrates and glass substrates.
The glass substrate is more popular due to its

25 resistance to shock, smoothness, hardness, light
weight, and minimum flutter especially at a disk
edge in the case of a magnetic disk.

Al substrates with electroplated NiP has

been widely used for many years for magnetic

30 recording purposes. When grown at high temperatures
Ts > 150°C, Cr alloy underlayers form a desirable
(002} orientation. Sputtered NiP on glass or Al
substrate has proven to be as effective in promoting
the proper crystallographic orientation of Cr

35 underlayers as disclosed in a United States Patent
NO.5,866,227. Therefore, with the same seed layer,
exlsting Al media technology can be used for the



-2 subsequent |ayers. FIGS. 1 through 3 show exanples of the |ayer
structure of the conventional magnetic recording nedia. Im&%hrough
3, those parts which are the sane are designated by the same 5 reference
nunerals. In a first exanple shown in FIG 1, on a glass substrate 1 is
formed an anorphous |ayer 3 nade of N P- 2¥he Ni P layer 3 is preferably
oxidized. On the NP layer 3 is grown an underl ayer made up of 10 two
essentially O underlayers 4 and 5 with a (002) texture on which a

magneti c | ayerSyP$8daepdsitasters TheF&Sond Crhundghl 8y erh v usxahpyebas a

|l arger lattice ’ rst n I Th etic
Iaygr 7 has :iéflggg)én?ra?eﬂ @E‘rﬁz@%ufrb %f oq;kll%n%g{l?%}é%m%c?l ﬁaggggéae up of

stal | ogra
a single |ayer AL HERG fﬂeél%‘aayergnt ﬁétGSare'L i FhEpuebt 3oomlm:$eapdrtbehave

magnetical |y ashboe Emgnetic d4a¥er arAn desisaid ayer bg l{%%e SOJJH I CoCr alzl)oz
e under | ayers

may be di spos t he netic layer 7 and t

and 5. To gnha%%fegf%ncgdﬁéﬂe ma% "NiP to glass, elenents suchas C nay be
alloyed with NiP or a sépﬁaraatiélasiheek\amplléweﬁrh&wﬂaﬁiﬁ gxgenti aldy of O may
o el oyl pueyer Lo Rl L oy guBSLELES ] L Bhnaull 4Pt o0 1ot

to enploy this adhe5|ve | layer 2 otective
| ayer 8 made Wt de, o &nYidn orlgmi B1F ubpiveant3 Ilag/emrefarebd@posxicﬂaﬂzeﬁor use

with a magnet |cm ttt&@sﬁlueeaa@@ﬁ ﬁSJ.él §Ebﬂfn v V@n@ﬁ?ﬁag'&'} %g\?ﬁ%%‘% g}g:’:mpl €

shown in G g IELctr $S|m ar tot

FIG 2, the magne?l I 4 cg " rRPPEEEGYEF S DIRRAI Pt YIS 3 alR¥2) 7-a and
7-b that are dmitereomagmétictald ynagoeplied tdyarigh asspagersiwyer 10 nade
Of b S0 85 i 196 bgaSeroalde SYPLUSG! . d a1 yugngt Lo I 35 (SEW)

The first | ayer 7-a functions tabilizin F5econd | ayer
7-b 24 May 20@@.tlce parameter than the flrst Cr underlayer 4.

The magnetic layer 7 has a (1lﬁn crystallographic

15 orientation, and may be made up of a single layer or
multiple layers that are in direct contact and
behave magnetically as one magnetic layer. An
interlayer 6 made of a CoCr alloy may be disposed
between the magnetic layer 7 and the Cr underlayers

20 4 and 5. To enhance the adhesion of NiP to glass,
elements such as Cr may be alloyed with NiP or a
separate adhesive layer 2 made essentially of Cr may
be employed. However for metallié substrates like al,
it is not required to employ this adhesive layer 2.

25 On the magnetic layer 7, a protective layer 8 made
of C, and an organic lubricant layer 9 are deposited
for use with a magnetic transducer such as a spin-
valve head.

In a second example shown in FIG. 2, the

30 structure is similar to that of FIG. 1. But in FIG.
2, the magnetic layer 7 is replaced by a plurality
of layers 7-a and 7-b that are antiferromagnetically
coupled through a spacer layer 10 made of Ru, so as
to form a so-called synthetic ferrimagnetic medium

35 (SEM) . The first layer 7-a functions as a
stabilizing layer, and the second layer 7-b



-3 functions as a main recording layer. Athird exanple shgm in2§|gg 3
utilizes a refractory netal seed | ayer 3-a made of Ta-M

either nitrogen or oxygen. On the glass 5 substrate 1 is forned a Ta-M seed
| ayer 3-a either by reactive sputtering with . Ar + NZ or Ar + 02 gas on

whi ch an underl ayer 4 is deposited. The ~krystall ographic orientation of
(002) is nmentioned in a United States Patent No.5, 685,958, but the 10
conposi tion of the underlayer is limted to C or G alloy, and no nention
i s made of und@PICHIGTS dfledofa IWat?Fd18acRaye B2 structured material s,

for exanple. The magnetai cthayar ekdnfpfor SRAwaN itther i@t esl gyen 16 £ he
underlayer 5 with a (1121_21 ? preferred orientation as in the first
exanpl e descFEBEd SHitve. "The Intersht 138t tir d-6f Mk RGnEErY .| #PE&Te whi ch -

i ncl udets grai M ysze:.t@gea:r Prfsttegdsrstc{jz_r baik v gan . |toroe1f e{ﬂ@dgpfggtgﬂt ation ?nd Cr
segregati S c aracteristics_ o e. nmagnetic
i EE%@Q_F%t?e e Eae ?lure ‘J’opﬂ? hlg ﬁ&&néﬁ €t aver FLthSTally

recordi ng nedrum The mcrosStruc
control | ed byb¥h&egseigie spetserdore weeh Rayer &,and ane 0r0,NMefass on

under | ayers. Wsuahl wn Nifuési49ed as theisgedihayer *he 25 a suitable
substrat es nade ofﬁa_ ass or_alumnum Various seed l'ayer materials such as

CoCrzr, Ni Al CSa¥d RIACHEEP BECuSEd aT-Hht @ noifn-{ﬁloéﬁe mgpentianiedn
required for theal gngitadi sakteseearthng. Ndhe, AlsBU s3aed hayeenBas becone

nore 30 pul.g t.0 i pfl uenc n.the strong.texture growth of the
subsequenlt%oung gtég'rtsmadndgf gr}etl ¢ OJC%EF‘EH Fng®i 2 gPs ‘i\lé‘& gﬁe °Al RF seed
| ayer was foahélotfo raétﬂjc@gmahﬁlgnz@sﬁ dﬁadhe05ubs@@m1rﬁyeuadeaﬁay@rfs and

the magnetic hayersai3p sL\Lau ks ezB%ﬁdé'@ﬁyésdm@%%f Al s ngggoONpoSi tion

ranges of 50%Ru arld 50 % : Thouq_h B2 24 I\/ay 20
he magnetlc layer 7 is formed on the

interlayer 6 or the underlayer 5 with a (1120)

15 preferred orientation as in the first example
described above.

The microstructure of the magnetic layer
which includes grain size, grain size distribution,
preferred orientation and Cr segregation strongly

20 affect recording characteristics of the magnetic
recording medium. The microstructure of the
magnetic layer is usually controlled by the use of
one or more seed layers and one or more underlayers.

Usually, NiP is used as the seed layer on

25 a suitable substrates made of glass or aluminum.
Various seed layer materials such as CoCrZr, NiaAl
and RuldAl may be used to obtain in-plane
magnetization required for the longitudinal
recording. The AlRu seed layer has become more

30 popular due to its influence on the strong texture
growth of the subseQuent underlayers and magnetic
recording lavers. Also the AlRu seed layer was
found to reduce grain sizes of the subsequent
underlayers and the magnetic layers.

35 AlRu 1is a B2 structured material in
composition ranges of 50% Ru and 50 % Al. Though B2



-4 structured AlRu is useful, it is increasingly demandi gg to seaﬁ:h for

ot her conposition ranges of AlRu. One way to approach th s to
sputter deposit fromtwo different targets respectively 5 purely made of
Al and-Ru in the sane chanber, that is, to enploy a nulticathode system
By varying the power ratios between the4wo targets, it is easy to study
| arge conposition ranges which are otherwi se quite expensive using various
single all oy tar%ets 10 mpade of Al Ru_alloys. Such a nmulticathode system
of fers new ways®UCe Ut chl Rer 18054l onltak§ed naiehs gngéyt he B2

structure of AbRandHoweves,sthere Gy @th@@béb%?gs@t%ﬁfﬁéﬁg%‘%fﬁ?t ween

the filmgro 15 en made_fromsingle alloy target and

nul ti cat hodewé‘%‘yém \M;ber TSEnpPed A REBB Pgoblem b% hossRgitéaed | oy
target, it isdeppygidasirdm tdor mi fiffedesn hot aRlesRUIdRId @t PREAFEL ET'S, A
(001) textur (o] Ech,or (002). and _Co al.l oy 20 magnetic | ayer
with (1120) tgﬁ?ﬁﬁ . &%#,R&hgﬁ\*fﬁ n%na%gedéﬁg‘ﬁ tcgba%s}??ﬁ'Alt%él’fd Ru
using the mutfic&ChGHP 3Bt @npupitdctatdmddy sysicemver By dirdfyeubt the form a

good (002) inpplare rtaaxtdd epofwbkRUGR e 25¢AC Lagly;; fhere_ are demands to
realize alterpate rtructur es g,hi_ch caen be uggggt%ggf’orlr#tjh% “-5661)%% exture
of Al Ru usi ng® FHBY ntiPE%Eat TR Sy $ioR rangasdrhieh, adrrethesvwabeo demands

to extend thequise efxpehes it isahigode Sysienstagoktharn 1BA, 303 sheust ured

mat eri al § gwhi ghy b d tain the preferred (001) texfture for the
| ongi t udi nal mag?étfi ?‘l;kégo?%?%ggﬁedi um 35 DI SCLOSURE OF THE | NVENTI ON

Accordingly, it is a gerfefedhh @dbpedtichttmde psesentn offents anetowpravi de a
novel and usetyl sd4rMy #O6composition ranges which give the B2

structure of AlRu. However, there can be

substantial differences between the film growths

15 when made from single alloy target and from the

multicathode system. For example, when AlRu,, is

used as a single alloy target, it is very easy to

form, under normal sputtering parameters, a (001)

texture on top of which grows Cr(002) and Co alloy

20 magnetic layer with (llﬂn texture. However, when

films are deposited with Al and Ru using the
multicathode system, practically it is very
difficult to form a good (002) in-plane texture of
AlRug,.

25 Accordingly, there are demands to realize
alternate structures which can be used to form the
(001) texture of AlRu using the multicathode system.
In addition, there are also demands to extend the
use of the multicathode system to other B2

30 structured materials which may be used to obtain the
preferred (001) texture for the longitudinal

magnetic recording medium.

DISCLOSURE OF THE JNVENTION
35 Accordingly, it is a general object of the

present invention to provide a novel and useful



-5 magnetic recording medi um and nmagnetic storage apparatuys,_jn lch the
demands descri bed above are satisfied. Another and nore s ' ect of

the S present invention is to provide a magnetic recording nedium
conprising a substrate; a magnetic recording |ayer made of a Co alloy or a
CoCr alloy; a seed |I|ayer disposed bet we€r? T he ‘substrate and the magneti c
recordi ng | ayer; and an underl ayer nmade of 10 a binary alloy materi al
having a B2 structure and. di sgosed et ween the seed | ayer and the
magneti ¢ recor QPHGEFdyert S ShEF L EHE | 35 €er PRIRREdE oftaragat eri al
conpri si ng essapphablysof omewhlcel ementdemd REF AGsiche Ridagyoak! Qe
mat eri al of th?aﬂ"ﬂg%ﬁ_le er. 15 According to the magnetic recordi ng nedi um
of the present i'nvention, it is possible to reduce grain sizes of the
under | ayer and the magnetAnrotieeor dindg mdmy espeand ipr oot destr ede
orientationm of | ok di I : a result, it is 20
possible to re%%igggnga%gl&éeﬁj‘égﬁe%grg%n ncg‘é}%%sahgl\?%ﬁlgeténc iﬂ%?fﬂ\?édng
performance. SPEREURNGOREIT oh} @8t 20FUbFE TR eeene mAgwerttioresotrdipgovi de a
magneti c st or ajeyeppakaleuss £ CONDST SNGAts} e2SE.8Re JFRgREL i £ £§8§fdi ng

m

medi um 25 conpyising .a substrate, a magnetic recordi ng lFayer e of a Co
alloy or a Coéa%?f:o ,lsgosseee%at?%§gf’end?c§ﬁos%‘&jb%*éfﬁé8natnﬁje Qidstrate and the

magnet i Ic I11r econdgngtiayercantiag Uagenr ayard naﬁleuﬁﬂea'lbjﬁzrw anea@iH e¥ g
materi al havi ng 8; B2 st uat LSPQsS&A: e n.t see yer an
t he magnetic rigolr'di ﬁ§ a:iglyﬁ %?Egrgggdqﬁ%g&erggb%i %36%55033“%6 n%fgr‘i al
conprising ess h?P%FPg Or BiReBf tRrefefSs ¥aorer ngndt Baebimsarrye tl Eoy '
material of theecodethay@ayeand whebead nshisdeaw i 498 i RiOMmRLd 0§rOR and/ or
reproduces 35 | rmatigon fromithe magneti.c recording nedium According to
. the magnetic srﬁ%égﬁgggp%%mﬁrulssh?gtﬁﬁ e&tésae]rﬁyiﬂgeﬂgﬁoﬁ,f i4l9%enbEsible to

realize a orming the binary alloy material of the underlayer.
L5 According to the magnetic recording medium of the

Present invention, it is possible to reduce grain

sizes of the underlayer and the magnetic recording
layer, and promote desired orientation of the
magnetic recording layer. As a result, it is

20 possible to realize a magnetic recording medium
having an improved performance.

Still another object of the present
invention is to provide a magnetic storage apparatus
comprising at least one magnetic recording medium

25 comprising a substrate, a magnetic recording layer
made of a Co alloy or a CoCr alloy, a seed layer
disposed between the substrate and the magnetic
recording layer, and an underlayer made of a binary
alloy material having a B2 structure and disposed

30 between the seed layer and the magnetic recording
layer, the seed layer being made of a material
comprising essentially of one of elements forming
the binary alloy material of the underlavyer; and a
head which writes information on and/or reproduces

35 information from the magnetic recording medium.
According to the magnetic storage apparatus of the

present invention, it is possible to realize a



24 May 2006 -6 magnetic storage apparatus having an inproved erformance,
because of the reduced grain sizes of the underlayer and éﬁbyﬁﬁgﬁggﬁc
recording |layer and the pronoted desired orientation of the nmagnetic 5
recording |layer of the magnetic recording nedium Qher objects and
further features of the present inventiofwll be apparent fromthe
foll ow ng description when read in conjunction with the acconpanying
drawnngs , 10 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross
sectional vi eW3BBREAG & EPRIe oRPRAKALSS dxanbhe of amporoved i onal

magneti ¢ reC%Qrﬂ@rﬁEdlclém décdh&e 3£ L1 CFOSSc88CH-QNE! é’l%“sséﬁ?""' ng a
part of a seco qg exagg g t he conventional , magnetic recording nedi um
FIG 3 is a cross BBEFFIAAICNi sFBﬁnW&QQeEﬁﬁtr%FoadﬂMQwi%&%ﬁpﬁédof t he

conventi onal neElgaepromo2@d ebws Jitag oedientaHldén éflﬁh@ %ggﬁé§§gt|onm

vi ew show mg a t f first enmbodi gnetic

recordi ng %edf%%ﬂ%ggg%élaftc)t%g BSSS&ﬁS %?h%nf?SHfd2§gH%§d%#ms a cross

sectional view showi ng &rheporivhactparndifar skeondeanhadistent ofiet he

magneti ¢ recorghi Oge AEdi URNAGSU LI 191 § Opkhe gﬁj’aeé&@{: *_—B}ﬁe% on; FIG 6 is a
ar

cross sectional view showng 30 an I nport & thitd enbodi ment of
t he nagnetlclﬁﬁiﬁﬂVhﬁgngﬁﬁﬁﬁ%R%%ﬁﬁlﬁ o & pkeseaniunerdmi onitEl G 7

i s a di agram sttosv agcARPaspaaig uhBawohghl Ru sanpl.es co-sputtered from A
and Ru taggets 35 for different Al Ru thicknesses;

BRIEL DEéCRIPTION OF THE DRAWINGS
FIG. 1 is a cross sectional view showing a

part of a first example of a conventional magnetic
"recording medium;

15 FIG. 2 1s a cross sectional view showing a
part of a second example of the coaventional
magnetic recording medium;

FIG. 3 is a cross sectional view showing a
part of a third example of the conventional magnetic

20 recording medium;

FIG. 4 1s a cross sectional view showing
an important part of a first embodiment of a
magnetic recording medium according to the present
invention; A

25 FIG. 5 is a cross sectional view showing
an important part of a second embodiment of the
magnetic recording medium according to the present
invention;

FIG. 6 is a cross sectional view showing

30 an important part of a third embodiment of the
magnetic recording medium according to the present
invention;

FIG. 7 is a diagram showing XRD spectrums
of AlRu samples co-sputtered from Al and Ru targets

35 for different ALlLRu thicknesses;

FIG. 8 is a diagram showing XRD spectrums
of AlRu samples co-sputtered from Al and Ru targets



FIG 8 is a diagram show ng XRD spectruns of Al Ru sanples co-sputtered
24 May 2006

fromAl and Ru targets 24 May 2006 -7 5 for different subst 2006
tenperatures; FIG 9 is a diagram showi ng XRD spectrunms of Al Ru sanpl es
co-sputtered fromAl and Ru targets for different sputtering Ar pressures;
FIG 10 is a diagram showi ng an XRD spec?rum of Al Ru sanples co-sputtered
fromAl and Ru targets by applying a substrate bias of -150V; FIG 11 is a
di agram showi ng a _perpendicular Kerr | oop obtained for a 10

Al Ru/ Cr Mo/ CoOr'tB &t £ fREGRE TS tu2tps terdienpawrehowi ng a schematic

representation of a substnat.e Piasi 894eki8skn %wﬁkgu%hﬂi -tsi,ﬁ’géceﬁ&% grow h;

FIG 13 is a di for explaining the “15 substrat | asi ect and
the AIRU init iOafg#f’?n% 55?‘8%%, SV et exeds QiR oyt aRNEh BN TR EO091)
texture of Al Rpr whef fepahy epaity®Peing alemidsdsrepresent in the sane
pl ane; FI 15 is a di a%?%? stlcbwi .n% XRD. s ectrurgs of
A ass/ Al / AT Ru/ Cr Mo/ CoCr ‘structur2sSTAHEAE SR nfRaf®Y 001) texture
of Al Ru exi st SPeFuneofsaAd Rli el showong PR spedt Fuom AQf and Ru
G ass/ Rul ALRUAGI A Qo0 P! Bhotlyud Ul e3upithei 25 Al Ry, bas, 3 gy edom nant

I cU

(001) texture; FIG 17 1s_a diagram show ng per pend ar ~Tcoércivity
val ues of Al (or Ru)/Al Ruf v/ oGPt/ diaprast $ewimy G 18 is a cross

sectional vieweshidigcu BAramempard &t obakti nefd tdis g£mbodi ment of the
megnetic | §tonAagE; APARL ALYS e Q1o dd, ks @ Plan view showing the

FIG. 12 is a diagram showing a schematic
representation of a substrate biasing effect and
AlRu initial film growth;

FIG. 13 is a diagram for explaining the

15 substrate biasing effect and the AlRu initial film
growth; '

FIG. 14 is a diagram showing a (DOli
texture of AlRu, where only one type of element is
present in the same plane;

20 FIG. 15 is a diagram showing XRD spectrums
of Glass/Al/AlRu/CrMo/CoCrPtB/ structures, where a
predominant (001) texture of AlRu exists; ‘

FIG. le6 is a diagram showing XRD spectrums
of Glass/Ru/AlRu/CrMo/CoCrPtB/ structures, where

25 AlRu has a predominant (00l) texture;

FIG. 17 is a diagram showing perpendicular
coercivity wvalues of Al (or Ru)/AlRu/CrMo/CoCrPtB/
structures;

FIG. 18 1s a cross sectional view showing

30 an important part of this embodiment of the magnetic
storage apparatus; and

FIG. 19 is a plan view showing the
important part of the embodiment of the magnetic
storage apparatus.

35

BEST MODE QOF CARRYING OUT THE INVENTION
FIG. 4 is a cross sectional view showing




i nportant part of the enbodi nent of the nmagnetic storage agparaE gﬁ 35
BEST MODE OF CARRYI NG OQUT THE INVENTION FIG 4 is a cross i ew

showi ng 24 May 2006 -8 an inportant part of a first enbodi nent of a
magnetic recordi ng nedi um according to the present invention. In FIG 4,
on a glass or Al substrate 11 is depositéd a seed |ayer 13 and an

underl ayer 14 5 nade of an intermetallic binary.alloy. The seed |ayer 13
is made essentially of one of the elements of binary alloy underlayer 14.
The seed | ayerdf3impaytpatr autt vef yasfutrsdr ednbdd imdBtow fOA parti al

pressures, fOrm@j(I@éT{’LE r@&otx@l&lj‘dﬁébﬂﬁr ajc‘bdlidﬂan%d%o%'ht eg]yer Ig}geti ¢

| ayer 17 made of al | o% gnetic 1 has a
(1120) crystef‘ir}"o%rﬂ%bﬂpc or |“erFt%ﬁ|oﬁ aﬁdar’rﬂﬂ-ao‘és natleAlpsobstrstagle | ayer

or multiple | ayfr@pdaattaﬁeaj b ghid eE&ye%OiltBa(&n@néin bghaye 1mmaneti gally as
one magnetic dave ne yer 17, a protective |layer 18
made of C,~an anlc e r osi f se wth a
S A S E A SRRt L agePlie o e (uipos: £6¢ e

magnet i c translcmtﬁelr Bichsasade spisenalue liead die gfasseorelAimsnbstrate
11 may be 20 gyeqhgni t u erI 14 i,s,made of. a binary
al | oy such asqrﬁ?l3 ) éfg érxéito% %E&g%llggu i Tﬁ% © bt Rary 1AMy {133

pronote |atti (E‘@Yrré?%hFﬁﬁcéﬁCfeld’r y%@‘attﬁgﬁdpmld‘-forﬁzemratqzorpacn‘tJsmbsequent

| ayers. 25 Forprexsuiptes , REblr, &akipDE .t henl idse %ﬁdé&sﬁ&yerf 97y jabtaining a
good Iatt# r owmt subsequent (1120)

ge chn th the (,002) of G and
texture o rrag%%" ?%@Ae?sma’ﬁﬁleetdn‘aejrgﬁﬁér qﬁa?‘a&e Rible® 0F 0321 L% % ur ed
mat eri als such as RuAI Ni Al, CoAl, FeAl, 30 FeTi, CoHf, CoZr, Ni Ti, CuBe,
Cuzn, Al Mh, APRECQGMILLoyhRh The MagngtOsALayemH haves appr dx2hit el y 40%

to .
crystallographic orientation, and may be made up of

a single layer or multiple layers that are in direct
contact and behave magnetically as one magnetic

15 layer. On the magnetic layer 17, a protective layer
18 made of C, and an organic lubricant layer 19 are
deposited for use with a magnetic transducer such as
4 spin-valve head.

The glass or Al substrate 11 may be

20 mechanically textured.

' The underlayer 14 is made of a binary
alloy such as AlRu, preferably B2 structured. The
birary alloy used promote lattice matching and
crystallographic orientation of subsequent layers.

25 For example, RuAl, CoTi or the like are useful for
obtaining a good lattice matching with the (002)

growth of Cr and subsequent (11ﬁn texture of

magnetic layers. The underlayer may be made of B2
structured materials such as RuAl, NiAl, CoAl, FeAl,

30 FeTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg,
MnRh, IrAl and Osal which have approximately 40% to
60% composition ranges of one of the elements.
Usually, approximately 50% is the composition range
where the B2 structure formation occurs for the

35 above mentioned binary alioys. But in some cases



60% conposi ti on ranges of one of the elenments. Usually, apgroxi mately 50%
IS the conposition range where the B2 structure formation 2 t he
35 above nentioned binary alloys. But in sone cases 24 May 2006 -9 |ike
VA1, a high percentage of A, of the order of approximately 75% for
exanple, is needed to obtain the struct uré-simlar to B2 structure. The
under |l ayer material formng B2 5 structure nay be deposited by sputtering

fromtw separat | targets or fromseparate netal targets whose
conposi ti ons arlg'%r en%%gf n%n?llgifhf oor‘:r‘r%‘c'ieng]?(?rﬂ Ay pecbf thét @598 T 08 £t he

binary alloy. Hpprambeakeayer 754 i sfdepesiatred 0 s théelBasT OfodPain

approxi mately §yund0-60+nm. far ?grrp . nkhe .seed | ayer 13, which
functions as a buffel; ayer, Siqsml epos#?eggpr&"ltorru?%uf e underlayer 14, and

is made of one of the el efBAt #NEHETha nakesa tehwd adl iy ymahgop2f or m ng the
underl ayer 34. skqfudduexafblebeaico ot BY %ge%gd%%¥%€?%|§r%%9 Jor an
i e

Al Ru underl ayer, and a Fe or _Ti seed | ayer use r-a
under | ayer 14. SPR3RAGE i BRTALhE 2 LIREF | QFe£ LR Rgpamsent nathy be made of a

netal nitridetorgxislesbbsenecafpdier pbaseALe WHLtbBkER 20 thgipary

all oy formng I _— of her rds, .an Al-N or Al -0 seed
| ayer 13 may btgr}%&ger}%?% o@(g% %\I%Rﬁna{]cnedléjf?gygyfgﬂe SrdiaE i 251y -Ti -Nee seed
| ayer 13 may b&8T§Ssd Fvfralfetis Gieherd biyed té. a Hhd akmtadsnbtri de or oxide

seed | ayeri(l3 pp@rRb:esmane2) xXe@l 1@ntg 1 ¥ st alfloqgre%%mps: grientation for the
under| ayer 14 and provi deg excel | e:}%ﬁ}é 002% growt h for C}r based subsequent
| ayers and very good (1120§¢ E&ffy oF tRe MhGFt ifineyEen37asTie seed

layer 13 is depodifteed tayar, 3@st kieghreisse @f paRproXid el Yufd 8-kt 50 nm
O er xampl &, P51 LR Ve Anlgbal o ke s:RL L2200 JAYEE 3L the
the binary alloy forming the underlayer 14. For
15 example, an Al or Ru seed layer 13 is used for an
AlRu underlayer, and a Fe or Ti seed layer 13 1is
used for a FeTi underlayer 14. In addition, the
seed layer 13 may essentially be made of a metal
nitride or oxide of one of the elements which makes
20 the binary alloy forming the underlayer 14. 1In
other words, an Al-N or Al-0 seed layer 13 may be
used for an AlRu underlayer 14, and a Ti-O or Ti-N
seed layer 13 may be used for a FeTi underlayer 14.
The metal nitride or oxide seed layer 13 promotes an
25 excellent crystallographic orientation for the
underlayer 14 and provides excellent (002) growth

for Cr based subsequent layers and very good (llﬂn

texture for the magnetic layer 17.
The seed layer 13 is deposited to a
30 thickness of approximately 0.5 nm to 50 nm, for
example. Desirably, a total thickness of the seed
layer 13 and the underlayer 14 is approximately 30
nm to 60 nm. This desired range of the total
thickness can be deposited in just two chambers and
35 reduces the drop in glass substrate temperature
during deposition of subsequent layers. The seed



nmto 60 nm This desired range of the total thickness ¢ e deposited in
just two chanbers and 35 reduces the drop in glass substr yerat ur e
during deposition of subsequent |ayers. The seed 24 May 2006 -10 | ayer 13
may be processed under a suitable tenperature range of approximately 100C
to 230C wth a pressure of approxinateF}OS mrorr to 50 mlorr wth or

W t hout the substrate bias. The substrate S bias may be applied to a

netal lic subs#rate de of . a material such ,as Al, however, a pre-seed

|l ayer made of*4°fm H@ﬂysﬁﬁhpﬁgcéﬁﬁgﬁiﬁ%ﬁ?édafBPLE%Eﬁ%g when using a
gl ass substratemp¥he tpret ecdnge bdyeppkd i snavdeyoll 06 °d0thayznegca

t hi ckness of oxi nat el nm-to 5 nm._for,ex e. In addjitign, the
organi c Iubrivgg%){‘ §I g%e?%%lb}%agkagpﬁirc Nes t%}yaggﬁgﬁrﬁt%? ygq RAPES 3 nm
The C protect¥yeh| ayewitdany beedepbsitmatedybi&VD | Thizarsibandapeot ect s

the magnesi c g ££9r LI pko &{Fﬁjiir'@?inﬁb %Ql%girﬁgléf EEEQQL?%JCC? dﬁg&gdg%i on but

al so fromphysical contacts wth the ad. rican ayer ~19 reduces
stiction betvdeh®tREIRGaF U Hhd? EhBlmadiPeta ¥eF ecadr BrAgseedl UAYSEFG 5 is a
cross sectionaddei 6w shewitgri20 a0chmey @t pagksok o« SeEONE: £8HALI nent

of the rragneht”ilgnrgggrdi ng njgdi um agc%rgozllifgeg to the present invention. In
FIG 5, those parts Wi it et i heSU85 those corresponding parts in
FIG 4 are designated Hhea lprehestiskedencer nuBreial sadand & @5 descri ption

t hereof wol | e, ot tednild &G Jd 3 reactively, sputtered
with Nor Ois e mlgoyed.thhj S seeg,fl g?@?%q(ﬁn?%l%lr'%vésﬁ?hgﬁ ;J,O %Tgni ficantly
fromthe firstor eRBBdPIENt de3cRPBédiapoveh s FEnie lubrigant sectional

vi ew showi ng Layeknpor hand attiioknaskhiofd fifpesk MRAteQfy tihenm Megngti c
recording ”thyﬁ‘afﬁgr@'B%gégé@varEE%%E 18 may be deposited by

CVD is hard, and protects the magnetic recording

H

15 medium not only from atmospheric degradation but
also from physical contacts with the head. The
lubricant layer 19 reduces stiction between the head
and the magnetic recording medium.

FIG. 5 is a cross sectional view showing

20 an important part of a second embodiment of the
magnetic recording medium according to the present
invention. In FIG. S5, those parts which are the
same as those corresponding parts in FIG. 4 are
designated by the same reference numerals, and a

25 description thereof will be omitted.

In FIG. 5, a seed layer 13 reactively
sputtered with N or O is employed. This seed layer
13 improves the IPO significantly from the first
embodiment described above.

30 FIG. 6 1is a cross sectional view showing
an important part of a third embodiment of the
magnetic recording medium according to the present
invention. In FIG. 6, those parts which are the
same as those corresponding parts in FIG. 4 are

35 designated by the same reference numerals, and a
description thereof will be omitted.

In FIG. 6, a plurality of magnetic layers




invention. In FIG 6, those parts which are the sane as those
corresponding parts in FIG 4 are 35 designated by the sa

nunerals, and a description thereof will be onmitted. In FIG 6, a
plurality of magnetic |layers 24 May 2006 -11 17-a and 17-b that are
antiferromagnetically coupled through a Rd-spacer |ayer 20 to formthe
so-called synthetic ferrinmagnetic nedium (SFM structure. Furthernore, a

| atti ce mat chi | ayer y. be 5 di sposed_between the nagnetic | ayer
structure (17-2?_‘31%96}) jlin"g[?t Egaﬁnééel %lﬁﬁrFBWagétetﬁldéafrﬁfcﬁPﬁﬁle\ﬁ th
the magnetic |ayeoughructRur esfddead, 1h{dy) 2ndcopreventdmn H5-diifidgi on from
t he underl ayer_14_i the magnetic .l ayer stru 17-a, 17-b). An hcp
10 interl ayer i%“ﬁ%gettgé: iﬂqnesre]f e%%&%\h?eﬁ“et%“%%gwc GBS ruct ure
(17-a, 17-b) ahdrthermeder)| ayekatdices mEHecthingi htgelrayer dHy abso serves as
a buffer Between Lhgqb g;}T.dgl r L L h etic | r
structure (17-a ?L?Q%)d %‘I%he al'?t?%:{g ﬁéé&%gélgiggglg%%l&yc%%r%g}é’? 8t - M
| ayer and deposiTRY £89 e kMeeslay erapdt e Faiakyitenmatciingm where M

is a mterial wheheehednfaga@igr 0HPeGORH Hid NG Of (Mp~aTi .1 MpAnd VWi th an
atom c proporti]%\ grgatoer tﬁj;a gE equalsfto 20 10% Alternatively, the
lattice matchifgcYa)ercls g ﬁb Hade e SN i T ¢ yUBFCRS A¥RA bt alRRPckness
of approxi natehy magmettd. 3 mye Hoseverctusiencel The, Latbi)ce pad awepers of
the Ru | athice | | r 5,ar e l.ar, t S f .alloy or
CoCr 25 alloy hﬁ%g?%?gtrhgyﬁa%%%t?g ﬁgﬁgrrﬁdigégﬁég%%ﬁl% ﬂE%%“ﬁul?attice
mat chi ng | ayerlA%2Eaffet A 9ot hrak. 17T i kher Pager tayes hdde of a
slightly magnerhe hepnonrRgrieifer NCp SLWCtdyBre £08E aalhayeravhi ch is

gtefgilt L?gdt &%é@d«ggge%ﬁeﬁbc?’c? @ggégfla%trellyzl 1ax§]crin {[:lgeShrc}.rB m-gh;;?nggfc
layer structure (l17-a, 17-b).

15 The lattice matching layer 15 may be made
of Cr-M layer and deposited to a thickness of
approximately 1 nm to 10 nm, where M is a material
selected from a group consisting of Mo, Ti, V, and W
with an atomic proportion greater than or equal to

20 10%. Alternatively, the lattice matching layer 14
may be made essentially of Ru having a thickness of
approximately 1 nm to 3 nm. However, since the
lattice parameters of the Ru lattice matching layer
15 are larger than those of the Co alloy or CoCr

25 alloy used for the magnetic layers 17-a and 17-b,
the Ru lattice matching layer 15 cannot be too thick.

The hcp interlayer 16 is made of a
slightly magnetic or nonmagnetic hcp structured CoCr
alloy which is deposited to a thickness of

30 approximately 1 nm to 5 nm. The hep structured CoCr
alloy includes CoCrPtB, CoCrPt, CoCrTa, CoCrPtTa,
CoCrPtTaB and the like. When hcp magnetic CoCr
alloys are grown directly on bce Cr alloy films, a
portion of the magnetic layer 17-a in contact with

35 the bcc underlayer 14 is adversely affected due to
lattice mismatch and/or diffusion of elements from

seed layer 13, and in this cése, the magnetic




all oy includes CoCrPtB, CoCrPt, CoCrTa, CoCrPtTa, CoCrPtT nd i ke.
When hcp magnetic CoCr alloys are grown directly on bcc @?—Péﬂe%‘i&gl ne, a
portion of the magnetic layer 17-a in contact with 35 the bcc underl ayer 14
is adversely affected due to lattice msmatch and/or diffusion of elenents
from seed layer 13, and in this case, tHemagnetic 24 May 2006 -12

ani sotropy of the magnetic layer 17-a is reduced as well as the total
magneti zati on of the magnetic, |ayer structure (17-a, 17-b). The use of the

hcp nonmagneffé SPHER%YRE tBepreEiftsl qutayarddditanie Bedntedt @sfrom

occurring on wbelnmagneii« toyel mdlgnediec{dd-8s kird)madgepikesult, the
magnetic ani $9t [OPY. and t he c?grci Vi t i r structure is

y_ of the magnetic | aye
i ncreased. | n-ad8Ft ot T HeE Fnldlake gr'ﬁ%%t at FOR o g k%fnébﬁehpé’ | ayer
structure i s 10ninApnevEd: asnthelantar |15/ esrdbe htRCIH QNS (9488 aduahly match
the lattige pag r d | I tization .of the magnetic |ayer
structure’is o tgg}t%e?,rotafﬂa?épgfggﬁ soor?g%qﬁ}?er&agﬁggz&q HAEF®Tis  mninized.
Mor eover, theSEBRR&EMNIGN Of 7 saml Lérbl5 gris ns mesulie i niler fracgnetithe

magnetic | ayesniSbtueipy @ 8h80BnidTzed, Jhe ﬁggﬂgaigfrr{{éyéelgggrb? made
up of at |eas twg anti ferromagneti cal Iz%lcoupl_ ea alToy  magnetic
| ayers, wheref hTBEERES 0 theChEghAeic L2§et518Pe ditghi ¥rcakeng paral | el

to the film pbanentahareofoSuthet hagnatiat i DaPer Q@tiuctwheseih = He 1/ Hc,

1 mplane, TRabEpvEe gl el Shisbtll I cofRReh iR iedvedidss
excel | ent in-PEEAE &hicertalt bRewARERMeS g i aled bre tthel labove descri bed
conbi nati on ofaghetsead idyes s 18nheandgole: indes | aves (14 dherefgre, the
embodi ment s dgseriped afove. provide 4.5Gher for,Taling A (Pol) texture
froma ‘ yer® 1is
minimized. Moreover, the formation of smaller
15 grains at the interface of the magnetic layer
structure is also minimized.
The SFM structure may be made up of at
least two antiferromagnetically coupled CoCr alloy
magnetic layers, wherein c-axes of the magnetic
20 layers are significantly parallel to the film plane
thereof such that a ratio h < 0.15, where h = Hel
/He, Hcl denotes perpendicular coercivity, and Hc
denotes coercivity along the film plane. The SFM
has an improved thermal stability but require
25 excellent in-plane orientation which is provided by
the above described combination of the seed layer 13
and the underlayer 14.
Therefore, the embodiments described above
provide a scheme for making a (001) texture from a
30 B2 structured alley or a binary alloy. In order to
obtain the (001} texture from a B2 structured
material, essentially the first deposited seed layer
13 on the substrate 11 needs to be made of one of
elements forming binary alloy of the underlayer 14.
35 This fact is made use to define a very thin and
preferably a monolayer metal film as the seed layer
13.




30 B2 structured alloy or a binary alloy. In order to obtajn the 1)
texture froma B2 structured material, essentially the fi 2 ted
seed layer 13 on the substrate 11 needs to be nade of one of elenents
formng binary alloy of the underlayer 14. 35 This fact is nade use to
define a very thin and preferably a nomdBayer nmetal filmas the seed |ayer
13. 24 May 2006 -13 The deposition condition for the wunderlayer materi al
such as AIRu is crucial for _developing the desired texture, especially
when deposited using tHH&SmAEPeaLkddE SRAGHE WABr fopurtdiss netal |i.c targets

are co-sputtetedew biedi iiereni al peweh @%Iﬁ@a@olgbk@d&ﬂgﬁiﬁ@?'red
texture. Mbst %\é{errortant r%b$0$|tlon conditions which describe the proper

texture are st qPefe TP LI ofhiTakTebses BFPEFLAE L %k ptheRri ng
pressure and dépssbstdates iasthd dederniqtiiosdai bl shew haivep sk the

Al Ru growth f nt, deposition. (sputter condi ti ons.
FIGS. 7 }Mﬁroﬁ‘é‘ﬁ%ﬂh tﬁ%egdp%c%%‘gnéoofpu I\/Eﬁi"%l flé%z‘?‘hﬁt ur es
deposited at BR¥¢Er EAL10ES Whuwrlkeaiing t@@ncﬁ&smsdfbexﬂ:lue:eﬁl Rwasnder | ayer
14. Each Al Rul#pdbtLAEr Bfe%o%:!@%iér@oh%u'ﬁ%é‘pwﬂ%t hMBesd b dingeL] ayer 14,

the M lattice matchi | ayer Interlaye The
Al Ru under| HETPRE 8% r?ed'“b‘?/ EBb§65tatt@r|q‘@“P?§ﬁFtlm .20 different pure

metal targetsthofcbheandsRewE Aﬂ’ulaNsSOBpﬁ&t@ﬁmﬁjil@r@ﬁsﬁ&lé he.gasily

obt ai ned h wer faf] ed be en the two targets. In
FIGS. 7 ?%r ou@%ﬁpgﬁ% %r %%nat eg‘ &ggl‘%éral %reﬂg'(“t S P RfBtary units
(A U.), 25 anehg hblBBsEicesEh RifeRess 126 (fdegrdae@eréha dRrhcss it hmgr am

showi ng XRD smfggglngf) AL saphes co-sputtered fromA and Ru targets

for different AlRu thlc%@%ﬁfes7 'Qrgﬁgﬁr§M¥ﬁ§L Xééaspectrums of

AlRu/CrMo/CoCrPtB structures deposited at different
15 sputtering conditions for the AlRu underlayer 14.
Each ALRu/CrMo/CoCrPtB structure is made up of the
AlRu underlayer 14, the CrMo lattice matching layer
15, and the CoCrPtB interlayer 16. The AlRu
underlayer 14 is formed by co-sputtering from two
20 different pure metal targets of Al and Ru. An
Al ,Rug, composition can be easily obtained by
changing the power ratios applied between the two
targets. In FIGS. 7 through 9, the ordinate
indicates the intensity in arbitrary units (A.U.),
25 and the abscissa indicates 28 (degrees).

FIG. 7 is a diagram showing XRD spectrums
of AlRu samples co-sputtered from Al and Ru targets
for different AlRu thicknesses. In other words, FIG.
7 shows the XRD spectrum of the AlRu samples with

30 different AlLRu layer thicknesses ranging from 3 nm
to 100 nm. Curves 101, 102 and 103 respectively
correspond to AlRu layer thicknesses of 3 nm, 20nm
and 100 nm. It is clear from the XRD spectrums that
a prominent peak appears near 2& of approximately

35 43°. This peak corresponds to ALRu({li0) which is
not a desired texture for the subsequent Cr and

magnetic recording layer 17. The texture which is




7 shows the XRD spectrum of the AlRu sanples with 30 differegb Alﬁoéayer
t hi cknesses ranging from3 nm to 100 nm Curves 101, 102

respectively correspond to AlRu | ayer thicknesses of 3 nm 20nm and 100
nm It is clear fromthe XRD spectruns that a prom nent peak appears near
2e of approximately 35 430. This peak cortiésponds to Al Ru(110) which is

not a desired texture for the subsequent C& and magnetic recording |ayer
17. The texture_which is 24, l\/a¥ 2006 -14 of interest is the ALRu(002) which
has the XRD peSk L& GHRF 2eldf tREpALR LI C2) Sbimli desnithe gkBB pea(k002)

and Co(1120) texbunes.2d nofhappeasamdislpl bo° thigithi gkness ranges
AlRu(110) texture is domnant. 5 In this case, the substrat’e tenperature

FlG o is a diagronianon bo b EEHAEYET AER) b3 i wo it pered

FIG 8 is a diagram show ng spectr uis

from Al and Ruiiarget; o] LEf.er rate. tenperatures. | n other
words, FIG_ 8 Efﬁg\/\gﬁl%ekré%éec%aggetshéﬂgﬂ)i#?gi e%ef(é:ﬁfgét%r CBAPERE -gr owt h
of AlRu | ayer.lBuihés JRse. 2bhe 30bsdrk POitenppeetting waorkeppond t o

substrate {enpesatoresdol d0: 200G ri806.ANdAC 1 d9al BothigLase, A

pressure used for_ _the sputtering was kept at 5 mlorr and the Ru | ayer
t hi ckness was “RBpt-eEdi$ant at 20 nm The substrate tenperature was
changed from OC to 230C. HIGis8clkear fdicmitde skb&Gind aga nspdetrAhBu(110)

texture i s donimpa n Q e-ls. clear]| sent . Anot her

| mpor t ant sputmt)grg%g%p%raa tﬁ%RHé gg}a\"é:t%ggp#eggérrnehgséaéydf gRPut%aér%SBFteri ng.

This varit&t i ofPEndiffe xt F eSPBAGFAG S SQATMPRIYLBREN -i s IsioWrein FIG 0.

FIG 9 is a diagram,sirau ngg XEkbws spectd tiidcof o Al RSamy8s-£oasputtered

fromAl and targets for dig%erent sc%uttterifg Ar pressures. Curves 301,
of AlRu layer.

302 and 303 rg%%EFi Vel Tor? espond €Y Curves 201,
202, 203 and 204 respectively correspond to

substrate temperatures of 230°C, 200°C, 150°C and 0°C.
15 In this case, Ar pressure used for the sputtering

was kept at 5 mTorr and the AlRu laver thickness was

kept constant at 20 nm. The substrate temperature

was changed from 0°C to 230°C. It is clear from the

FIG. 8 again that ALRu(l110) texture is dominant and
20 AlRu (002) texture is clearly absent.

Another important sputtering parameter is
the Ar pressure used for the sputtering. This
variation and the corresponding texture growth is
shown in FIG. 9. FIG. 9 is a diagram showing XRD

25 spectrums of AlLRu samples co-sputtered from Al and
Ru targets for different sputtering Ar pressures.
Curves 301, 302 and 303 respectively correspond to
Ar pressures of 5 mTorr, 20 mTorr and 50 mTorr. In
this case also, the required AlRu(002) texture is

30 clearly absent.

Next, a description will be given of the
substrate bias effect to AlRu growth, by referring
to FIGS. 10 and 11. FIG. 10 is a diagram showing an
XRD spectrum of AlRu samples co-sputtered from Al

35 and Ru targets by applying a substrate bias of -150V.
In FIG. 10, the ordinate indicates the intensity in



Ar pressures of 5 mlorr, 20 nmTorr and 50 nforr. In this case also, the
required AlRu(002) texture is 30 clearly absent. Next, aZ2d4cMawi2006n ||
be given of the substrate bias effect to AIRu gromh, by referring to
FIGS. 10 and 11. FIG 10 is a diagram showi ng an XRD spectrum of Al Ru
sanpl es co-sputtered fromA 35 and Ru tabgets by applying a substrate bias
of -150V. In FIG 10, the ordinate indicates the intensity in 24 May 2006
-15 arbitrary units (A U), and the abscissa indicates 2 B (degrees). FIG
11 is a di agramdshowiryg uwniper panbi.¢ul andethel abpcdlstsa neddiocatas 2

Al Ru/ Cr Mo/ CoCyPt | re, re; hesA 14 is 100 nm the
CrM latti cecgnnt a%fgg%yer EV!SE g %?n gﬁ %‘%{%&@%§Eﬁt érl ayer 16 is 18
nm In FIG Fﬁrp?ﬂgl&r“&t%t‘@?ﬁdﬂ-@&@e@ﬁ%%@r fpst &tion (degrees), and

t he abscissa Anmwams;/tdm:ﬁw@ml eruf:ﬂ:%'rda (kegerel@nkOm ItRIE $ibstr ate
bi asi ng, % er of Cr/N P before an Al Ru

t 1S_necessar, de 0S| inJ]a
|l ayer. In’thi a%%ge'sli H(f’ g]r IE?prfib&r {5 SJLO aJr%gtéFiegﬁ‘lalt)F%‘i‘g et@hBTfor the
two |ayers, but is §i wes artdhettbuGolsFtt® wihate chages tlide iabsiemcemof growt h

of 15 ARu(002) e ke 4bSUIAL & LEIRaLa! Uit as t%éogh%ln%u(rgto %’@é&@%ﬁ bi as

of -150 V was applied. I's case, a predom nant
observed, al 6¥R9 ’J\FFﬁ’a raé‘rcht'?@'él IDEGAE SPovierd AEREES 16Nt @akeed Thus, out
of all the SpEiéERi r@go@qndl tions, only the 20 substrate biased sanples with

| ow sputtering power IdtheRu hase.with relatively |arger
RuAl undiﬁl ayer thi ckne rgr%té?e? ﬁlﬁg 5]'%E ﬁ?ﬁaséﬁgstr"étésblnﬁc%ﬁﬁr i gher
sputtering pomerdgpvest rmstmynmay(ﬂl@)f pm:a/ébelasberﬁoirlee acagel i ot her 25

deposi tion congitj-onsnThe, possible %ﬁ%h@voﬁygﬁs 8L cQRROSI & to that of
any bcc materials |ike nCr lWhere a (002)” sur ac%rbg parallzé{ to the '
surface of sllghtly different for the two layers, but it gives

the clue as to what causes the absence of growth of

15 AlRu(002). The substrate temperature was 150°C and
a substrate bias of -150 V was applied. In this
case, a predominant ALRu(001l) growth was observed,
along with a relatively much lower AlRu(110}) texture.
Thus, out of all the sputtering conditions, only the

20 substrate biased samples with low sputtering power
yield the RuAl (0Cl) phase with relatively larger
RuAl underlayer thickness greater than 50 nm.
Substrate bias with nigher sputtering power gives
mostly RuAl (110} phase as in the case of other

25 deposition conditions. The possible mechanism is
just opposite to that of any bcc materials like Cr,
where a (002) surface is parallel teo the surface of
the substrate 11. In the case of the RuAl
underlayer 14, a (110) surface predominantly grows

30 parallel to the surface cof the substrate 11 and
hence formation of this RuAl (110) phase is easy.
But when the biasing field is applied, kinetic
energy of bombarding particles (Ar + ions) are also
increased. Hence, it nelps to predominantly form

35 one type of element, in this case, either Al or Ru.
The scattering probability is higher for Al than Ru.
Since the atomic radius of Ru 1s smaller than that



the substrate 11. In the case of the RuAl underlayer 14, a (110) surface
predom nantly grows 30 parallel to the surface of the sub nd
hence formation of this RuAl (110) phase is easy. But when the biasing
field is applied, kinetic energy of bonbarding particles (Ar + ions) are
al so increased. Hence, it helps to predonlt(hantly form 35 one type of
elenment, in this case, either Al or Ru. The scatterlng probability is

hi gher for Al t'I"tLa?\l'la?‘lu.WJ.VJF_Sli{l nge the atomc radius of Ruis smaller than that

24 May 2006 -18%0 hoBRSdiy, §t §8 BS§§H§!1€-’ t R £ BeEIY YRRY i s
adhered to theisulasithreai@d 1toi nintel aldystdhte 13 ischemmtigal | srhrl%prl@ent ed

in FIGS. 12 d sho

Irgpresent ati gﬂgo%1 % }gyle%t?%é:se:sﬁeg.‘ ei:PWgE%S AISlFéhJ ‘% f§| film growt h.
In FIG 12, refer ence nuli’ré@al 42506 amd:lﬁﬁltzramspmmm ya desheaaari RuU
target and zan Ak, tr@rsgﬁ{%a{gogdglft I org%g:g%ﬁ%g b:iaag11 déaﬁgfgg&g %xpl ai ni ng

the substrate biasing e In FIG
13, the left PaRY iiidithd bsfiRa @PMthnd (f_llﬁ)mgrdv&,hsr@flereheesubstrate

11, and the ri ghteparits i it cahes stolze rApaed: RU ISP RIEI SR Rlje substrate
11 with substr?ge bi.asin be unﬂerstood fromthe descrl ption

gi ven her et of or& “Bi&t a\chlgn oFtaé?/‘Pc B 98t on ayketC of Ldetdl A seed
| ayer 13) priofliegrédepoddti agpaaindyer tﬁethebbltmarqe ainla)eyu(xgndﬂfle@yter 14) .

Bl edont nantly of oty ol LARLL A S LLE JP0aEsS N ARG P B 14 i s
a di agram shom}ﬁﬁtap(a(ﬁ:l)m‘fié%?&reé dfhenl RO L hwhepd ddllﬁ)orﬁaﬂt"ybbsopnel enent

is present inchhessaerpiesel 1l naeihethwor dgh tFb@r t14 Zbi shouws the texture

of ARUcell SLughr &, 14, 50eulds B3 nted, Lhal, .l e asg of the (001)
texture, one
substrate biasing.

15 It may be understood from the description
given heretofore that it is important to add a thin
layer of metal (seed layer 13) prior to depositing a
layer of the binary alloy (underlayer 14). This
enables the growth of (001} texture whose surface is

20 made predominantly of one type of elements as is
clear from FIG. 14.

FIG. 14 is a diagram showing a {(001)
texture of AlRu, where only one type of element is
present in the same plane. In other words, FIG. 14

25 shows the texture of ALRu cell structure. It should
be noted that, in the case of the (001l) texture, one
surface contains always the same element, namely, Ru
or Al. Such growth can bhe imparted by pre-
depositing a pure Al or Ru seed layer 13 prior to

30 the AlRu underlayer l4. This could be applicable to
any binary alloy preferably B2 structured ones where
the seed layer consists of a thin predominantly
containing one of the pure element, pricr to the
deposition of the binary alloy. This method is

35 tried as an example in the formation of AlRu layer.

FIG. 15 is a diagram showing XRD spectrums
of Glass/Al/AlRu/CrMo/CoCrPtB structures, where a



surface contains always the sanme el enent, nanely, Ru or Al. _Such _growth
can be inparted by pre depositing a pure Al or Ru seed IaM&&Q&Qr to 30
the Al Ru underlayer 14. This could be applicable to any binary alloy
preferably B2 structured ones where the seed |ayer consists of a thin
predomi nantly containing one of the purelétenent, prior to the deposition
of the binary alloy. This nethod is 35 tried as an exanple in the formation
of AlRu layer. F|IG 15 is a diagramshow ng XRD spectruns of

G ass/ Al / Al RuFEA%I Tt? PEB (O0ic A su L ahere A Ry avbiys 2606 117 qirtesiomi nant

(001) textureweird¥ RUFEEI SLS. slHbwd hefe WRDApa tlden 16288V Adge XRD
pattern takenr(;from/qcﬂigﬁ g&)&f\’u CrIVb/Co CrPtB structures for various

t hi cknesses o =) o A FeT T RoFESEIRE &5 sEPacvard auss made up
of the gl ass Sutistkratesdd, ofhal Al Beel Gaﬁers/lé&/ﬂlhmﬁ‘tﬂdolﬂ@@@rﬂpayger 14,
the Cr M atti [ r t he .CoCr Pt interl ayer . Curves
401, 402 aéld tf&%%réﬁg%t ?\Q/e 3}3% respoﬁgetglgséassél ef 2t th% d | ayer
13 is 3 10 nmfagnda Nmruﬁéerlﬁg%rﬁnhﬂul snﬁ@rrimya: ch&;e wher € rMche Al

seed | ayer 131ia%tli dun Radchhe AIRY Undes | agga and a case
where the Al sedl er gAI@;\yman fhe Al r?}e ayer 14 is 100 nm

It is clear tfa® Y‘?\friéum Py serddtni HOAI a@@eoﬁ@iayéesmscj;avetlhe

Al Ru(001) textoredspeadity tormmt wibakl ghkyalt @%e‘tﬂ-@& 0%) 1exture is
easily forne u very. thin see a rior to

co- sputtelﬂ:lF ngq %Aidl;u&?g gmg %éldgee%ln 3‘f?5nﬁF %PG “y“F'I &y 'i‘%gfaswgecﬁeagr am
show ng XRD sﬁi@@t rpt}rrsSQ@doi-aGeésé/m%lRuml@r WDﬁCct@thPBIR@tuudEmrlasreMere

Al Ru has a predorihayg 16@01)1ntde>ét Wehse |%92Qe'ﬁhev‘@rldsseé:&qcaig shaus the
XRD pattern tak from %EE %/AI Ru/ Cr Nb/ CoGr Pt B struct ures for various

t hi cknesses of ”ébc‘?f’ AR RIS MRAEBE PB 155 19 ueur e Iits ifade up
of the gl ass Sab@m%nhﬁﬂlbythetroduemng a very thin Al seed layer

15 13, the AlRu(001l) texture is easily formed.
Similarly, the AlRu(001) texture is easily

formed by introducing a very thin Ru seed layer 13
prior to co-sputtering of AlRu, as may be seen from
FIG. 1l6. FIG. 16 is a diagram showing XRD spectrums

20 of Glass/Ru/ALRu/CrMo/CoCrPtB/ structures, where
AlRu has a predominant (Q0l) texture. 1In other
words, FIG. 16 shows the XRD pattern taken from
Glass/Ru/AlRu/CrMo/CoCrPtB structures for various
thicknesses of Ru. Each Glass/Ru/AlRu/CrMo/CoCrPtB

25 structure is made up of the glass substrate 11, the
Ru seed layer 13, the AlRu underlayer 14, the CrMo
lattice matching layer 15, and the CoCrPtB
interlayer 16. Curves 601, 602 and 603 respectively
correspond to a case where the Ru seed layer 13 is 1

300 nm and the AlRu underlayer 14 is 30 nm, a case where
the Ru seed layer 13 is 3 nm and the AlRu underlayer
14 is 30 nm, and a case where the Ru seed layer 13
is 3 nm and the AlRu underlayer 14 is 100 nm.

Comparing both the cases shown in FIGS. 15

35 and 16, it may be seen that the Al seed layer 13
gives a better AlRu(00l) texture in comparison to
the Ru seed layer 13. But in both cases, as



Ru seed layer 13, the Al Ru underlayer 14, the CM latti ge %tcgi Eg | ayer
15, and the CoCrPtB interlayer 16. Curves 601, 602 and 6 vel y
correspond to a case where the Ru seed layer 13 is 1 30 nmand the Al Ru
underl ayer 14 is 30 nm a case where the Ru seed layer 13 is 3 nmand the
Al Ru underlayer 14 is 30 nm and a caseMhere the Ru seed layer 13 is 3
nm and the Al Ru underlayer 14 is 100 nm Conparing both the cases shown in
FIGS. 15 35 and 16, it nay be seen that the Al seed |ayer 13 gives a
better Al Ru(O@?EPeFé@tq.rrea|ﬁtE%Hﬁaﬁl§dh(QQ)l t ReXRY rseadieyes £8r BEE in
both cases, asl24 M&lz)de&Oﬂaﬁye&&Qxa@g@m@dsgﬁoagijtlﬁé(%ﬁ texture appears
for the AIRu under | ayer % OS|tedl§g]$a thereqof . FIG 17 is a diagram
showi ng perpendicul ar co DF2R SPEMIRG) MR IR THAEHEIC PLB 5

structures. |acetlken ivigr d@alrEééi of? aghoysr t he) /RQRIQG’I@:IW@CBCEPQBCI vity

val ues of Al Ru/ tru sing Kerr
Teasur ement s. g?!&uﬁ%é)gég? }fﬁ%éwg{rlggn%’i'g%’rlcr?\di c s 1t hgiﬁ’é‘?spe Fcul ar
coercivity (CE?rpéﬁd#mél%s@%sal]!@tlmd{@hmes DlﬁeAtlhl(cdmess (nm of the A
(or Ru) seed Rh@ymRlxsrcﬁw@@érpea%rﬂqqlc@ufél%gatsﬁ%e rr?;g {(é\ékty for

the Al/A Ru seed | ayer and under| a er __conbi nati on,

i ndi cat es t he™288FEMAYYS f or LR hEIRu/ RUAl "sté%doFéyélat@nd-f\ﬂfﬂdfé%FQ%r 15
conbi nati on. Shal petdpieckhiossksr ok oklte iseedy | ayey , 13ndt ene t@oﬂd:i!@slaOV\Br
per pendi gyl ar gt Vi vl i.ch I8 usef rraII a suitable
substrat e teﬁ%grggtgt}\rée rl':alr}f’@e&giE a‘é%rs%merar% el)ég gh% RC)E Ry vBE=Good
cryst al | ogr aphigerettlur e mtlgﬁod 20 sadtiesi orfndhceatayeltme However,. for

different bigaeycakliay Sﬁ’&i eBEe apd /marrudi 4 &6 ek yhex e ur{@éwié?g‘fnt S,
the substrate te erature appr oprjat el ad usted to obtaih the sane
effects. Nor®@aFP “aél\fﬁ"dfe t‘?eFiY Jas®pidssifiat ¢ antpeof 5

coercivity for the Ru/RuAl seed layer and underlayer

15 combination. Small thicknesses of the seed layer 13
tend to give lower perpendicular coercivity values
which are useful. Normally, a suitable substrate
temperature range of approximately 100°C to 230°C
gives good crystallographic texture and good

20 adhesion of the layers. However, for different
binary alloy systems and for different texture
requirements, the substrate temperature may be
appropriately adjusted to obtain the same effects.
Normally, a wide sputtering gas pressure range of 5

25 mTorr to 50 mTorr may be used with or without the
substrate bias. These are the usual sputtering
conditions employed to produce the magnetic
recording medium. Substrate bias can be applied to
a4 metallic substrate made of Al or the like, however,

- 30 a metallic pre-seed layer made of a material such as
Cr is essential for biasing if using the glass
substrate.

Though the particular growth described
above is applied te the magnetic recording medium,

35 there are other areas of applications such as to
semiconductor devices and laser devices, where a

(001) growth from a binary alloy is desired. For
!



25 mlorr to 50 mlforr may be used with or without the substrate Eiﬁs. These
are the usual sputtering conditions enployed to produce t

recordi ng medi um Substrate bias can be applied to a netallic substrate
made of Al or the like, however, 30 a netallic pre-seed | ayer nmade of a
material such as O is essential for biasidg if using the glass

substrate. Though the particular growh described above is applied to the
magneti c recording nmedium_ 35 there are other areas of applications such
as to seni condB¥EBP LGevicis AhA0) ase tdENs cbs, vanEr dugh (WA gnowthle from a

binary alloy iprdesntediayafa@érMay 2006 ocdPaexanp! §a FAAS(L00) texture is

very much used_in _the .prestent da% material for obtaining particular
orientation (oftE8REGT°T nl YentEERYGE ort HedtRESONANGLPH |§ev hceisngl e
crystal substrioemad lprefersengla Grysath Casesstbawevers phd fe spakt ehi ng,
such a textur n asi | by . osit] Ga first and then
deposi ti ng)st heg'égis Ctgggegt'herly?‘géﬁa é %H‘gterp(%ﬂgggﬁﬂlﬁre.su@hr‘% fromthis
speci fic (001)tgrbweR, car0 hthep@staw geotthary t gppost. tiiext WL fbigh can be

 part ed i ngafdCLRESAupd IVEMGOBn el IAAL Seol0cnBYPLAY @ pL eipni nant Iy
single atomc F[ﬁ fl es prior to depositing a binary alloy or a e?tlary
alloy conpris @ brEGSHYFEt |y two species. Some of the 15 textures which

can be inparted may be anphkl?) firextunasofsddAFoE Fedh)og . sigihar

magnet fo Fdyert TS Sabar 6o (A T5 &/BSerdori RUtEr HAGREL FET dcdrding. In

this case, a 20"EBY0ed2)stiaxa ke oprelentagieténtiayer thati nparted from

the conbinati csmefog Eh'&éﬂdﬁﬂﬁhﬁ%@%i%fﬂﬁ%gfgio$f¥e5ﬁ@EQé%[Bff%Y (or

tertiary) all O‘élolgggg'sitlrnegovaerﬁir?:!x}:yog qoyheorenat.)ogéggigiy alloy
comprising predominantly two species. Some of the

15  textures which can be imparted may be a (112)
texture of NiAl or FeAl or similar materials. A
perpendicular anisotropy can also be imparted for a
Co alloy magnetic layer for application to a
perpendicular magnetic recording. In this case, a

20 Co(0002) texture of the magnetic layer is imparted
from the combination of a thin single atomic species
layer and a binary (or tertiary) alloy layer.

Moreover, although the embodiments
described above use a rigid glass substrate, the

25 present invention may similarly be applied to other
kinds of substrates, such as metal, polymer, plastic
and ceramic substrates which may be fléxible or
rigid, and still not depart from the spirit of the
present invention.

30 In the case of a magnetic disk, mechanical
circumferential texturing (texturing parallel to
tracks) employed on top of NiP coated substrates are
found to have much superior performance than that
without such texturing, in terms of the signal-to-

33 noise (S/N)} ratio and in terms of thermal decay.

Also, since the c-axis (<0001>) of Co grains with

(llin texture are oriented mostly along the



descri bed above use a rigid glass substrate, the 25 preserzg | Eveg%bgn may
simlarly be applied to other 30 kinds of substrates, such ;

pol ymer, plastic and ceram c substrates which nay be flexible or rigid,
and still not depart fromthe spirit of the present invention. In the case
of a magnetic disk, nechanical circunferefttal texturing (texturing
parallel to tracks) enployed on top of NiP coated substrates are found to
have nuch superior performance than that w thout such texturing, in terns
of the signal - CdrIniRyeRtiSENAirRGoi@hdinnther #@ssf ahethal decay. Al so,
since the C-axmag(rﬁoaqqzlﬁi@fc,C@hqrsalmasxﬂ\ﬂlwngligo)a_dtd% W &y 3he a0 &Y,ed
nostly al ong t\\h?l 24 I\éﬁ{ 2006 -20 circunferenfial direction_ in the case of
the magnetic drck P&HIEE1exFEFPRGITT adbRB2R8RaktBgd Fad Tiehd dAagnetic
recording, because tdyphead Alehd ithe at Spcappkired talaangiiPection

circunferential, di.rectio during eration. It was found in the past
t hat , rrechrktani cc:iz]ilgltngxtotfjr%]%%té%%l'i ed%g?] 92 ?\fﬁngoéf"e&hesl}b%?FaFgéﬁri nparts
crystal | ogr aphimeglhlan igtd gnrenturiog apylidd oagnéei dilmyesatbdt al so on
the O alloy ungerlaners. Hagderhkayer i3t 1202 xture both
wi th and w t hout rrécchani cal tgxturi_ng&ﬁéﬁgég%pmﬁ'ﬁcgtlhlgpf%lr%%Irl}"%gté:e, t he
Cr<110> direct P8y 9nd Yal e pPREBRABIY lATYRedPREWALES tITe ther€anferenti al
di rec'éli on in the_m@se}nﬁehfh&yeB&gne?ljrﬁiéiit;_sésyeiFBeléQfeoliﬁ,o#rhhewﬂEHnQ]pioQ)bl
recor di ng ium_of .t present i nvent.ion woul d al'so show preferable
under | ayerljogng%%ﬁcéﬁlé:ﬁ cbcf%/e}'lirgi 3ﬁ’td2t"flbthh°lﬂﬁemF8g3intLﬁé‘rl t he* reERAAi-cal
texturing of tHeweysstriee bheddermen heasechihicllr <diCund erentiak
texturing of thg sqad |;§W@fe§98ﬂya%l!\fl'gfn&ﬁ w@?%gedt%% | ayer according to
e

the present invention. Next, a déscription wl ' given of an
clrcumferential direction in the case of the

magnetic disk. Therefore, the magnetic recording

15 medium of the present invention would alsc show
preferable underlayer and magnetic layer orientation
due to either the mechanical texturing of the
substrate or due to the mechanical circumferential
texturing of the seed layer such as NiP or the seed

20 layer according to the present invention.

Next, a description will be given of an

embodiment of a magnetic storage apparatus according
to the present invention, by referring to FIGS. 18
and 189. FIG. 18 is a cross sectional view showing

25 an important part of this embodiment of the magnetic
storage apparatus, and FIG. 19 is a plan view
showing the important part of this embodiment of the
magnetic storage apparatus.

As shown in FIGS. 18 and 19, the magnetic

30 storage apparatus generally includes a motor 114, a
hub 116, a plurality of magnetic recording media 116,
a plurality of recording and reproducing heads 117,
a plurality of suspensions 118, a plurality of arms
119, and an actuator unit 120 which are provided

35 within a housing 113. The magnetic recording media
116 are mounted on the hub 115 which is rotated by
the motor 114. The recording and reproducing head




enbodi mrent of a nmagnetic storage apparatus according to the Er esent
invention, by referring to FIGS. 18 and 19. FIG 18 is a i onal

view showi ng 25 an inportant part of this enbodi nent of the magnetic
storage apparatus, and FIG 19 is a plan view showi ng the inportant part
of this enmbodi ment of the magnetic storagé-apparatus. As shown in FIGS. 18
and 19, the magnetic 30 storage apparatus generally includes a notor 114,
a hub 116, a plurality of nagnetic recording nedia 116, a plurality of
recordi ng and lr]e%;rb%u’egﬂﬁ Hé’a??sf 14 75 ePROFNGIAY tRe3f 3HSPeRs chdMRIBL a
plurality of agMm hddQ, and an mseteatOhgUhistadl2ahi £8 ane iRl geek 35
within a housi neqacélla Thg nmagnet i c_recor.di n%Fme are m)7un,t ed on the
5

ia 116
hub 115 whi ch 1% ot at 24 by S HS 1Y of P 114 SRR Urce]c‘bgé?ﬁﬁdarjr& r épt oduci ng
head 24 May 2006:n122d4d 147 itdemdde upndf od reproducipwndbegdasuch s a MR or
GW\R head, and A di C S ap.i.n j V. head. Each, r.ecordi ng
and reprod%ci r?ala{]:g}gé 1§QQP§%%%DOEﬁtQ]d§bn '? & %%g&gen %faﬁecronlpr“rgsdpomfdi ng arm
119 5 via the pRPEHBACT18Nithel & s T8 &es imveth yruthéoactafat or unit

120. The basi aipansiiysbton @foddys IBERRLIGSSA Adfo@RDARRS | S knowun,
and a detailed description thereo be omitted in this  specification.

10 This enboditirt* bFt A8S fragmetli " s"f'*a?aaef ddr RUSLTLLERSr dek eiifed by
the magneti c rsgooridf ngatiedi.a 116. Each magnetic recordi ng nmedium 116 has

the strucigre of any of ergpfﬁ]cggﬁg descri he d ribed in
conj uncti%ﬁ wi th FIGS 4%?Er§oug 1 %ﬁtTﬁg rtl:&%ogt}a é)%/rgﬁngt%g’fargeecvor di ng
media 116 is AR2T3REE edSt 6NATE REHZBH| Pyt WoleomIgne tof wece rdiaghet i c

recording nedingedild 1Ry . beppovindshe T0E Rasioe aanRsidagl bAN19fk the magnetic
storage apparatus is no}: Ilmtfed to tpag sho in_ 20 Flé?s. 18 and 19. In
%c ure of any o h esc

addition. the %ﬁﬁﬁf e embodiments ribed
above described in conjunction with FIGS. 4 through

15 17. The number of magnetic recording media 116 is
not limited to three and only two or four or more
magnetic recording media 116 may be provided.

The basic construction of the magnetic
storage apparatus is not limited to that shown in

20 FIGS. 18 and 19. 1In addition, the magnetic
recording medium used in the present invention is
‘not limited to a magnetic disk, and the magnetic
recording medium may take the form of a magnetic
tape, a magnetic card or the like.

25 Therefore, according to the present
invention, it is possible to reduce grain sizes of
the underlayer and the magnetic recording layer, and
promote desired orientation of the magnetic
recording layer, by the provision of the seed layer.

30 As a result, it 1s possible to realize a magnetic
recording medium having an improved performance,
even when the underlayer is formed using the multi-
cathode system. Of course, when the single-cathode
system is used to form the underlayer, the grain

35 sizes of the underlayer and the magnetic recording
layer can similarly be reduced to promote the

desired orientation of the magnetic recording layer



recording nmediumused in the present invention is notlizgiﬁg tgpﬁi
magneti c di sk, and the magnetic recordi ng nmedium may tak of a
magnetic tape, a magnetic card or the like. 25 Therefore, according to the
present invention, it is possible to reduce grain sizes of the underlayer
and the magnetic recording layer, and pré#pte desired orientation of the
magnetic recording |ayer, by the provision of the seed layer. 30 As a
result, it is possible to realize a magnetic_ recording nmedi um having an
i nproved per f B¥nddiGe, PLRVERLRFeR & Hd @indieRfayéy St formed using the mul ti -
cathode system O courseurehenr theesipgbeeaat hodensyst emsi goused to form
t he underl ayer,. t.he grain_35 _sizes of.the underlayer and the nmagnetic
recor di ng Ia}épikﬁgg?%iFg?Fﬁ ﬁﬁh%éﬁﬁ%ﬁtﬁo.gﬂﬁnﬁ%¥¥%%s Yagitpddons
orientati on okntchearhight&tirecomdiyng ¢ ayede24 iy ud00bep 22t biigt e om
provi si on $Hf gﬁg:gggb%qygrthguygggenﬁhfngégiggt invention is not limted
i ment’s,

to these enbo ut various variatTons  -and ‘modifications may be made
wi t hout departing from 5 the scope of the present invention. 10 15 20 25
30 35 24 May 2006 -23 CLAIMS 1. A magnetic recording nedium conprising: 5
a substrate; a magnetic recording |ayer made of a Co alloy or a CoCr

al | oy;
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a seed | ayer disposed between the substrate and the magn 4 re gi ng
| ayer; and 10 an underl ayer made of a binary all oy naterigi—iﬁgQﬁﬁg—a B2

structure and di sposed between the seed |ayer and the magnetic recording

| ayer, wherein said |layer is made of one el-@gent of the the binary alloy
material of the underlayer. 15 2. The magnetic recording nediumas clained
inclaiml, wherein the said magnetic recording |ayer is nade up of a
single magnetic 20 | ayer or a synthetic f@kxiMagnetic structure, said
synthetic ferrimgnetic structure being made up of at |east two
antiferromagnetically coupled CoCr .alloy magnetic |ayers, wherein c-axes
of CoCr alloy nmgnetic |aykrs &rBagngriifd ceageydpagamieglium a film 25

pl ane t hereof sugbmphatsingatio h 5 0.15, where h = He 1/Hc, He 1 denotes
per pendi cul ar. coercivity, .and He denotes coercivity along the film pl ane.
3. The magnetdc recor & mPIebFaRfas 30 clained in ciaim1 or 2, wherein
sai d underlayer is madmafnatB2 stevedungd i par ymakkoy rat @1d al11 &gl ect ed

froma group congi.sti ..Ni A, CoAl, FeA, FeTi, CoHf, CoZr, N Ti,
CuBe, CuZn, AlNh?kAFRg%dg&ﬁE¥%XMFh, IrAl and GsAl which have approxi mately
35 40% to 60% conposi & geahnyeyedf doaposfed e ekearntie Sabstng ttdeabinary

alloy material. 2hcMakg2Qic 2edordDigMaRali ¢ ££§0r di ng medi um as

claimed in §§y of clains wherein said seed |ayer is nade

l1to 3, .
essential ly-of Al or RE YOAEFIPYShdBAFgyeE ias Blmarvf aALRY, Mét® Sl seed
| ayer is 5 nade kssenti al B2 oft Recourdi ahll sdishbdageler bayreens thende: of

FeTi. 5. The magpeli r.qi I a laj.ned in any of clains 1 to 3,
wherein said seedsg%gléggftﬁ%pﬁ%ﬂggégg%nﬁfgIﬁ#%ﬂga.%%?ﬁr nitride or
wherein said layer is made of one element of the

the binary alloy material of the underlayer.
15

2. The magnetic recording medium as
claimed in claim 1, wherein the said magnetic
recording layer is made up of a single magnetic

20 layer or a synthetic ferrimagnetic structure, said
synthetic ferrimagnetic structure being made up of
at least two antiferromagnetically coupled CoCr

-.alloy magnetic layers, wherein c-axes of CoCr alloy
magnetic layers are significantly parallel to a film

25 plane thereof such that a ratio h £ 0.15, where h =
Hcl/Hc, Hcl denotes perpendicular coercivity, and’
Hc denotes coercivity along the film plane.

3. The magnetic recording medium as
30 claimed in claim 1 or 2, wherein said underlayer is
made of a B2 structured binary alloy material
selected from a group consisting of RuAl, NiAl, CoAl,
FeAl, FeTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe,
AgMg, MnRh, IrAl and OsAl which have approximately
35 40% to 60% composition ranges of one of the elements

forming the binary alloy material.



oxi de of one of the elenments which makes the binary all oy m aid
under |l ayer. 6. The nagnetic recordi ng nediumas 15 clainéﬁiﬁﬁﬂ%gggéf
claime 1 to 5, wherein said underlayer has a thickness of approximately 5
nmto 60 nm 7. The nmagnetic recording nmediumas 20 clainmed in any of
claims 1 to 6, wherein said seed |ayer hd$-a thickness of approximtely
0.5 nmto 50 nm 8. The nmagnetic recording nediumas 25 clained in any of
claims 1 to 7, wherein a total thickness of said seed |ayer and said
underlayer is in a rangé of BpprBREAEILS BD-endiog6denhum.adhe magnetic

recordi ng nedidm aged3@nclaiyresdei B1amhs0fl R FB Jnkedy v%ej_rcgi D.sgi d
substrate is nfchanicalhégfextured._10. The magnetic recording medrum
according to ctAnE 15t ,ef?ﬁ?ﬁEFlé&&QHQ§rﬁi’%5 Bucifmsaditd i ce mat chi ng
| ayer having aundérthgess iof reppe oxEmately, hiun §9i40sa@df orird- directly
on sai d under]l i t ween 24 My, 2006 -25 5 sai'd underl ayer
and said nggné%¥%£r§§g?&ﬁ¥§f§€e$? $§h8fe%ﬁi%ﬁaSﬂhgePP§F§£§X&ﬁehsfron1a
group consist#3geotfMBeTH. V, and Wof atomic proportion greater than or
equal to 10% 11. The magnetic recording nediumas clained in claiml10,

further conprising: an interlayer made of a slightly magnetic or
nonmagneti c hcp struct uréed e MY hadi Agw nding okdésa efs

approxi mat el y dlaiméd Snnmnanc fli spesesd 1betoneen wipd e O - Maliat td L85 Mat chi ng
| ayer and, gai neti ¢ _recording. |ayer. 12. The gneti ¢ recordi ng nmedi um
as 15 claiﬁedqfﬁ anyE%f&gﬁ%wﬁf%??%l§¥?yuP%h€r“Eﬂﬁgfig?ﬁﬁFde or

oxide of one of the elements which makes the binary

alloy forming said underlayer.

6. The magnetic recording medium as
15 claimed in any of claims 1 to 5, wherein said
underlayer has a thickness of approximately 5 nm to
60 nm.

7. The magnetic recording medium as
20 claimed in any of claims 1 to 6, wherein said seed
layer has a thickness of approximately 0.5 nm to 50
nm. '

8. The magnetic recording medium as
25 claimed in any of claims 1 to 7, wherein a total
thickness of said seed layer and said underlayer is
in a range of approximately 30 nm to 60 nm.

9. The magnetic recording medium as
30 claimed in any of claims 1 to 8, wherein said

substrate is mechanically textured.

10. The magnetic recording medium
according to claims i1 to 9, further comprising:
35 a Cr-M lattice matching layer having a
thickness of approximately 1 nm to 10 nm formed

directly on said underlayer and disposed between



an interlayer nmade of a slightly magnetic or nonnmagnetic th structured

CoCr alloy having a thickness of approximately 1 nmto 5 osed
bet ween sai d underl ayer and said nmagnetic recording 20 layer. 13. The
magnetic recording mediumas. clained in amny®of clains 1 to 9, further
conprising: a lattice matching | ayer nade essentially of Ru 25 having a
t hi ckness of approximately 1 nmto 3 nmin direct contact with said
magneti c recordi ngaiayerndantagespased ridvaragaaicd cundesd @yaig angy sai,d

magnetic recording,layer 4 et c, stprage apparatus —conpri sing:
at | east one rragnethlegm_er e%_of%i%gmﬁeggg%qcosn%r?ggﬁg grgg'bﬁ TP a magnetic
recording | ayer RE8&1tnCooll Moy 6d.a WCoGndl Woyf atsedd ImyasoBbion

di sposed between phea siistdpse @Pde&hﬁlm%y“in recording layer, and an
under | ayer "Rg§ of a binary alloy material 'having a B2 structure and
di sposed 24 2006 -26 between the seed | ayer and the nagnetic recording

l'ayer, said seed |ayer being npderné fagn@lta®entecOidiilg Rk & d oy
mat eri al of the uggggh% er;, and 5 a Qeag which wites 1 nfornmation on and/or
reproduces informationorr ot the WRghBei & WrEdimi SRPPFLaing: 15. The

magneti c storage apparanuimﬂaﬂth¢aimadeinﬁﬂ&ﬂsnﬂghtwpemgbadﬂyt or

under | ayer of saifonfRYAGHIG T r gli ILm f B2 structured
bi nary all oy @ater?gl ge?&éﬁééﬁﬁ$dﬁ$ggaggg§ﬁ §§ﬁ§?§¥f%§yoﬁaﬁdﬁﬁ,ﬁNiA|,
CoAl, FeAl, F8Ti  tebfkpesscek angmeximabelycdzmm AdhS minRandAgts DA,

ITAl 15 and GsAl bétwbehaga iap(oi B €LY c40%atix P LOPREShhiOR Aanges of
one of the el enerHlE?glligjémcngector}%ibr{é]a{gygl:l oy material.

12. The magnetic recording medium as
15 claimed in any of claims 1 to 9, further comprising:
an interlayer made of a slightly magnetic or
nonmagnetic hep structured CoCr alloy having a
thickness of approximately 1 nm to S nm and disposed
between said underlayer and said magnetic recording
20 layer.

13. The magnetic recording medium as
claimed in any of claims 1 to 9, further comprising:
a lattice matching layer made essentially of Ru
25 having a thickness of approximately 1 nm to 3 nm in
direct contact with said magnetic recording layer
and disposed between said underlayer and said
magnetic recording layer.

30 14. A magnetic storage apparatus

comprising:
at least one magnetic recording medium

comprising a substrate, a magnetic recording layer
made of a Co alloy or a -CoCr alloy, a seed layer

35 disposed between the substrate and the magnetic
recording layer, and an underlayer made of a binary
alloy material having a B2 structure and disposed



16. The magnetic storage apparatus as 20 clained in clain1é4 gr %ai wherein
the seed | ayer of said magnetic recording nediumis nade y of

Al or Ru if said underlayer is made of Al Ru, and said seed |ayer is nade
essentially of Fe or Ti if said underlayer2bs nmade of FeTi. 25 17. The

magneti c storage apparatus as clained in any of clains 14 to 16, wherein
| ayer of said magnetic recording nediumis made essentially of a

t he seed
metal nitride orb‘?)?("r’@@noﬂ:h@n§€tﬁd 3Dayhe ehdnmuhies wdycdc pakes colel ikighary
al l oy formng SPAFeHDd%'iéy%reedwl%\gQF H@QH? ! %%O@g%n@p%rl%tm%% as

sai & gnetic recor&lng

claimed in any of clainms 14 to 17, erern
medi umis a nmagret irtbedibShary alloy material of the underlayer; and

5 a head which writes information on and/or
reproduces information from the magnetic recording

medium.

15. The magnetic storage apparatus as
10 claimed in claim 14, wherein the underlayer of said
magnetic recofding medium is made of a B2 structured
binary alloy material selected from a group
consisting of RuAl, NiAl, CoAl, FeAl, FeTi, CoHF,
CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg, MnRh, Iral
15 and 0sAl which have approximately 40% to 60%
composition ranges of one of the elements forming

the binary alloy material.

16. The magnetic storage apparatus as
20 claimed in claim 14 or 15, wherein the seed layer of
said magnetic recording medium is made essentially
of Al or Ru if said underlayer is made of AlRu, and
said seed layer is made essentially of Fe or Ti if
said underlayer is made of FeTi.

25
17. The magnetic storage apparatus as

claimed in any of claims 14 to 16, wherein the seed

layer of said magnetic recording medium is made

essentially of a metal nitride or oxide of one of
30 the elements which makes the binary alloy forming

said underlayer.

18. The magnetic storage apparatus as
claimed in any of claims 14 to 17, wherein said

35 magnetic recording medium is a magnetic disk.



