Title A Recording Medi um Technical Field The invention concerns a recording
medi um for perpendi cul ar magnetic recording. Background of the Invention
t0 Most doubl e | ayered perpendi cul ar recordi ng systens include a recording
head, a hard recording |ayer and a soft nmagnetic underlayer ("SUL"). The
recordi ng head has a single nmagneticy pole which generates a magnetic field
with a strong perpendicular conponent to the film plane of the hard
recordi ng Iaﬁgr. Magnetic flux fromthe single magnetic pol e passes

t hrough t he ¥ d recording layer and 15 flows through the SUL. This
converges the magnetic fl ux geAdiegpuiindMedilme recordi ng head, and increases
the witing efficiency of the recording head. Increasing the

signal -to-nojse ratio. (SNR) increases nagnetic recording and witing

ef ficiency. Bmﬁﬂ 9l increase SNR is to reduce the separation between the
20 recordi ng head and the SUL to increase the magnetic field gradient. This
will inpro - i Of 1k i providing the
har d record¥ﬁ6q£¥g§@?&ﬁﬁkﬁ%g%%ﬁmgg?%ﬂﬁ%ﬁggﬁg%b%géhg r?ﬁgﬁgggﬁ'opy is
desirable. To date, the prior art has been focussed on reducing the

t hi ckness ofBdckgrourdoi the ivertbmat e | ayers between the hard recording | ayer
and the SUL in order to inprove the SNR Sunmmary of the Invention 30 In a
first preferred aspect, there is provided a recordi ng nedium for

per pendi Bul dfiost deyirdeveredrresrendirg, reeornthaydiemminedidp e re¢onding keagagnet i cal |y
sof t under | aRf rebdrihg laf@VdnB G sbitfhdghbticalndsiagbl TS@.”P'TH@FHC@Mn@%a@-nd a second
magneti c fiInL wherein the s coqg magnetic fi n1{s.igdu$ﬁd 0 epitaxially
grow from t H\g a single magnetic pole which generates a magnetic field with a ng

perpendicular component to the film plane of the hard recording layer. Magnetic

ic stro|
flux from the single magnetic pole passes through the hard recording layer and

15  flows through the SUL. This converges the magnetic flux generated by the
recording head, and increases the writing efficiency of the recording head.

Increasing the signal-to-noise ratio (SNR) increases magnetic recording and writing
efficiency. One way to increase SNR is to reduce the separation between the

20  recording head and the SUL to increase the magnetic field gradient. This will
improve the concentration of the magnetic flux. Also, providing the hard recording
layer with good perpendicular magnetic anisotropy is desirable.

To date, the prior art has been focussed on reducing the thickness of the
25  intermediate layers between the hard recording layer and the SUL in order to
improve the SNR.

Summary of the Invention

30 In a first preferred aspect, there is provided a recording medium for perpendicular
magnetic recording, the medium comprising:
a magnetically soft underlayer (SUL) having a first crystalline orientation;
and
a second magnetic film;
35 wherein the second magnetic film is induced to epitaxially grow from the
SUL in a second crystalline orientation by controlling the first crystalline orientation.



SUL in a second crystalline orientation by controlling the first
crystalline orientation. In a second aspect, there is provided a nethod for
produci ng a recordi ng nmedium for perpendicular magnetic recording, the

met hod conprising: epitaxially growing a second magnetic filmfrom a
magnetically soft wunderlayer (SUL), the SUL having a first crystalline
orientation; and controlling the first crystalline orientation to induce

t he second rragnetl c filmto eF| t axj al Ié %Jrow in a second cC mﬁ%’lStal l'ine
ori ent ati on. "rhESPRE BIRGFInGeIRetPIaNAees MPIPY b Produtis ¢ LEording (MFERM ayer havi ng
athird cr yﬁr@bdpemtﬂ!:utﬂ“ megietit reoording, ticeométhad cantpesihg:r st crystal | i ne

orientation. The %ﬂyg " P ﬁ-ldaHa%freegEoantf?orﬁoal | ngtl;mg, tQ&,f{d

crystalline ori ent atl recor further npris
substrate. THeI Y hgherelel DAvingRyfirst errveﬁl&rae FSRP qnsé"da magnetl c exchange
de-couplifng | ayecohelingenr friienSidiinanderitdton 3€a@0ek MBGREINdCmAdnem The

recordi ng ne urther a _buf § | ayer between the SUL and
15 the under?@}ytgren?%ﬁey%rowm adsecgrpd’ce‘fS?a"m?OT'ema%m;/ be deposited onto the

surface of the SUL by sputtering. 20 The SUL, second magnetic film and the

under | ayer nape b@co@ﬁg’i"rﬂe’d@mt Halp fle'trllé’rTBGomp-lrg\ae aﬁubndéﬁéﬁ(eh%em a third
body- cent ered- cu net m may be a

et car | vengHing by 3o (el v el SR PrdROTT ey SUL OB o ayer
may have 1@ f apexielyrdrew wdoliowitheathioherystflir€byientattonuct ure. 21 The underl ayer may

have a body- ?ﬁé‘#e@&r@?lg FeBLG n(a‘?%eﬁéoﬁlﬁﬁééﬁ&:b@ﬁaté ace centered cubic (FCC)
structure. The first " crystalline orientation may be a 002 cr stalllne

ori entation. 'MerFREOGREJREHILDR (Y Jyrier orBRTise ft WRYNSHS MR de-ePingr ystal 1 ne
ori ent at i on. 1a3€& bElweeb trierSl)Lany gieaktdnd enagnétiefitrat i on may be a 002 crystalline

orientation. The recording medium may further comprise a buffer layer between the SUL and
15 the underlayer.

The second magnetic film may be deposited onto the surface of the SUL by

sputtering.

20  The SUL, second magnetic film and the underlayer may be metallic thin films.
The SUL may have a body-centered-cubic {(BCC) structure.
The second magnetic film may be a magnetically hard recording layer. The
magnetically hard recording layer may have a face-centered tetragonal (FCT)
structure.

25  The underlayer may have a body-centered-cubic {BCC) structure or face centered
cubic (FCC) structure.

The first crystalling orientation may be a 002 crystalline orientation.
The second crystalline orientation may be a 001 crystalline orientation.
30  The third crystalline orientation may be a 002 crystalline orientation.

Preferably, the magnetically hard recording layer is made from FePt. Alternatively,
the magnetically hard recording layer may be made from, CoPt or CoPtX. Element
X may be MgQ, Si02, C, Ag, Cu, AlQ, BN, B203, B or Cr.

35 Preferably, the SUL is made from FeCo. Alternatively, the SUL may be made from
FeSi or FeCoX.
Element X may be one or two of C, O, SiO, AlQ, B or Cu.



Preferably, the magnetically hard recording |ayer is nade from FePt.
Alternatively, the nmagnetically hard recording |ayer may be nmade from
CoPt or CoPtX. Elenent X may be MgO Si2, C, Ag, Cu, AIO BN, B203, B or
Cr. 35 Preferably, the SUL is nmade from FeCo. Alternatively, the SUL may be
made from FeSi or FeCoX. Elenent X mgy be one or two of C, 0, SO AIQ B
or Cu. The underl ayer nay be made from one or t wo of MO, N Al, or CrX
El ement X rra be one or two of Preferabl% t he
o

substrate is'Had¥efREHMaE dp ade fr(?F“ %{Wﬁﬁ%ﬂgmé@a@@ o PR e exchange
de- coupl i ng hayee onayr tre ohBaleC, fw o) dviMD,. PlafeabhPthe dNbdtate is nﬁrdéﬁfr@& Au or Ag

whose | attic r layer may be nade fromPt, Ti, Mo or C The
buf f er Iayerger%k%paragpﬁougldag Advant ageously, the present invention

reduces sepafbg maweb@ﬁw@@wetqeéowng ger maycet hederfmsoVeR g XhBaliAlThe present
i nvent i ons dogATicAAU 5.ex§mﬁoee&ﬂ|cgnﬂ@hl ayer, internediate | ayer or seed |ayer

b h har d SUL d
obtain 001 RSyt ey P EReETRRELof Yea @R ardBiet BFormmy BB 1o i et

Description ofh.the Drawi ngs An exanple of the invention will now be
described with reference to the acconpanying draw ngs, in which: 20 Figure

1 is a structure diagramof an FePt/FeCo/CrRu recordin [um, Figure 2 is
2 Schormt | o OPEBROBEOY HEe PiaeR e ot R PR SRR PR ERCHF LA nF 1 1 me;

Fi gure 310 s theggcapimgdieak-ray 0-20 scans of FeCo with varying CrRu
thickness; Figure 4 is a graph of the (002) peak spreads of FeCo/CrRu thin
films and FVWAM Figure 5 is a graph of the hysteresis | oop of

FeCo/ Ru/ FeColt& mye@} @g@ntlp%ggﬁsd?ohbequwe an underlayer,”intermediate layer or seed

layer between the magnetically hard recording layer and the SUL in order to cbtain
001 crystalline orientation of the hard recording layer.

15
Brief Description of the Drawings

An example of the invention will now be described with reference to the
accompanying drawings, in which:
20 Figure 1 is a structure diagram of an FePt/FeCo/CrRu recording medium;
Figure 2 is a schematic graph of the lattice structures of FePt/FeCo/CrRu thin films;
Figure 3 is a graph of x-ray 8-28 scans of FeCo with varying CrRu thickness;
Figure 4 is a graph of the (002) peak spreads of FeCo/CrRu thin films and FWHM;
Figure 5 is a graph of the hysteresis loop of FeCo/Ru/FeCo/CrRu/glass recording
25 medium;
Figure 6 is a pictorial representation of recording medium in disc form; and
Figure 7 is a graph of the XRD pattern and peak rocking curve of the recording

medium.
30  Detailed Description of the Drawings

Referring to Figures 1 and 2, a double-fayered recording medium 10 for high
density perpendicular magnetic recordihg is provided. Turning to Figure 6, the
recording medium 10 is provided in a disk form, as a coating on a disk 60. Other

35 forms are possible. Perpendicular recording is implemented by a single pole
recording head (not shown) acting on the recording medium 10.



3 nmedium Figure 6 is a pictorial representation of recording mediumin
disc form and Figure 7 is a graph of the XRD pattern and peak rocking
curve of the recording nmedium 30 Detail ed Description of the Draw ngs
Referring to Figures 1 and 2, a double-layered recording nedium 10 for high
density perpendi cul ar magnetic recording is provided. Turning to Figure 6,
the recording medium 10 is provided in a disk form as a coating on a disk
60. O her 35_forns are possible. Perpendicul ar recordin s i npl ement ed by

a single pol é" re&eEINg; %é%lc?’ﬂﬁtse%ﬂcﬂ}ﬁ?? sURTAR PN 1R 9r""é‘l’?Br'%lF’ng medi um
10. The r ecotdingdanzgensd Hing afo2) s:@stalaneg:brasmtusumm@ramemwiaw 4p0p of which

s a ORu ug%eé]h%%%té%d}aceng&cg § rQé?%r)e 6t é’sdé S ah%r %'uﬁ&‘ér%%% The G Ru

under| ayer 4 ture materi al s

for the undel"FH§eMIQoNIA, r?tﬂ(u%iém%@ inpggs R‘OCX II éWHtAX‘aﬂ?ﬁf'F%ﬂ!es Ru, C, W
Ti or M.s5A smoneelgel tau@ 36@5 tepmaﬁd@rd;ray:errorﬁsuLber&Dundsn@pn t@xinal |y grown

fromthe G %’;Hggglesr l aobéqrro o an bEé E'B&urgsiﬁi?lar m%erglls or thE%gldhas a BCC

structure. mat eri a X. Elenment X

i ncl udes one3®incluggFgsi OCFGC@X EﬁementAQmC'UfBaSmﬂe oClwo of Iﬁ—‘eOS’élQ A%, Brarr oduces

g[J tL I ; 6 Cli: agh i The FULIMBeRRLES eﬁlﬁu’d@i érﬂgerfrdﬁ%rgﬁ&% cbﬁbhﬁ@ﬂiéfeﬁ;tc“@@qd@m ig o]f me
SO pr.nni mai n 0 es noL se (0] e

0L 30, For traer ot S50 AR iy O St RS PE AT BB e Biske 1 o1 2o A

magnet i c&d | yofttae UL 80okFaiangSULla§ema@dirers Fed dsgiied Kyedycennhe fdowamnt he SUL 30.

The SUL 30 i g dmadRadne@@y %@r&ﬂﬂlnaﬁ’aﬁreﬁz ﬁatxfa‘ﬂ?bﬂécvﬁfroﬂ;hﬁe SYLsg0 is in L10
phase and this reduces grain size ereé%ﬁho I NCr eas e Sj naI t o noi se

ratio ( SNR) Thesript PQisgpasigdiom Bt a"f’d‘af’ﬁ ﬁtBrLQP-"%frh@%Hf-ﬁQ %8y 18“ d. To

over cone t heptkbe suqbeﬁqoeadamggmh iszntiedrégcto icaemse dhdyigeal Sorabike gatiod, a hi gh

. Gt di um 10.
ani sot 1 opy Mg ! Sy o Bloflhidt) IBHS uRBer ik Ober 8, FESRUCIABERd U

This is one magneti c
f1 ux (BS}5 Eﬂp@@;\tragpg@ﬁnmqﬁegc@mey byha small grid, a high anisotropy matenal

{high Ku) must be used for the recording medium 10. This is cne reason for using
FeCo, as this material has a high magnetic flux (Bs). Epitaxial growth occurs in
such a way that the crystallographic structure of the SUL 30 is reproduced in the
growing material, that is, FePt 20. The recording layer 20 has a 001 crystalline

20  orientation. The recording layer 20 is made from FePt having a face-centered
tetragonal (FCT) structure. Other suitable materials for the recording layer 20
include, CoPt or CoPtX. Element X includes MgO, SiO2, C, Ag, Cu, AIQ, BN,
B203, B or Cr. A thin protective overcoat 19 such as a diamond-like carbon may
be appiied over the recording layer 20. The film layers 20, 30, 40 are deposited to

25  form the recording medium 10 by sputtering, in particular, magnetron sputiering.
Examples of the recording medium 10 include fct-FePt (001)[100)/bcc-
FeCo{002)[110]//bce-CrRu{002)[110].

A magnetic exchange de-coupling layer 21 is provided between the recording layer

30 20 and SUL 30. The magnetic exchange de-coupling layer 21 is made from any
one of MgO, Cr, Pt, NiAl, or SITi03. The magnetic exchange de-coupling layer can
also be made from Au or Ag whose lattice maiches. The magnetic exchange de-
coupling layer 21 may be a BCC or FCC structure so long as there is a lattice
match with the SUL 30 and recording layer 20. A buffer layer 31 is also provided

35  between the SUL 30 and the CrRu layer 40. The buffer layer 31 is made from any
one of Pt, Ti, Mo or C. The buffer layer 31 is very thin, preferably between 0 to 4
nm in order to reduce the initial layer. '



such a way that the crystall ographic structure of the SUL 30 is reproduced
inthe growng material, that is, FePt 20. The recording | ayer 20 has a
001 crystalline 20 orientation. The recording |layer 20 is nade from Feet
having a face centered tetragonal (FCT) structure. O her suitable
materials for the recording layer 20 .include, CoPt or CoPtX Elenment X

i ncludes MgO, Si?2, C, Ag, Cu, AIO éN B2G3, B or C. Athin protective
overcoat 19 such as a dianond-1ike carbon may be applied over the
recording layer 20. The filmlayers 20. 30, 40 are deposited to 25 formthe

rEgg% ?ngoﬁﬁmﬁligoﬁfswkmm R@h mgmddjsmllh?r aniseagpnet mecapg} } gri ng.
cc-

FeCo(002) [ PFRde ’E:?‘fﬁ%c"(’t?ﬂ%’g %%o (881/&%@”&% ’aﬁ%%’ﬁf’g%ééé%gg%ou i ng

| ayer 21 is Sripthuddesimoblevieesn Iaaiéetoe@dvrc@iFe@ (0@96\39“33'9“% ffef : 30. The

ma%net :) cr: %?%gﬂ%_lgﬁ%h@@tﬂﬂl Té&eﬂlcabéﬁérdlaé- Ih SrdSR L cdniroiNdranduce i rcza‘m:vgo bCr gt

: neti c exchan c al so

from Au or A@Ouﬁ@%a’f'%f"? nigion e fRilex g"lgﬁ Hﬁgﬁg'i‘i[ee%é’!f@%&%@é’rﬁ” 'S coupl |engH ©
llayer 21 maymaredfmtuBGGcourdifg0 th¢ stuctuty ghowo in Doge dsThenleyess frgndppitat tice match
with the SU oﬁQrg%Eﬂ%h%ﬁﬂﬁm%%ge Arﬁa)ﬁ&éd 20 |ay4erQHfé‘F$Eoo|1ﬁa\b1§5 :a%r éf%@é so_provi ded

35 between t |¥ 1 is nmade
fromany onf@0%30p layerof Cyjgy @Pz)do aT‘Hé RIS Pitigife0- 3he F% hi n,
pr ef er ablgy bhekaesiiceOndtah with titnagnes Idgar 20.0Nhe LG8 hbde lattice mawh wlthyer . FePt

films have :‘ﬁé Erﬁ%ﬁ%}écm %.tﬂ@rqggﬁ‘ﬂteﬁégﬁ?b?l | i ne ani sotropy. Fabricating

per pendi cul onprisin 001) magnetic |layer 20 and a FeCo
SUL 30 is thus desirable. FeCo is able to induce FePt (001) magnetic films
20 for high fefélamsiotiguRer, BRIFTSE waahetitBIYBOL Utde®e BOlisrtgitaxdally gloder to contr ol

R pt | g K ESRY PRAdenBRR oS BBk BBl Aftad BF yRIEABIAL 07 0W D oF

FePt /[ FeCo/ RV E ranut ured acco structure shown
in Figur®¥ 1. mamethaasymﬁynﬂw@wt&@pmthd"gfbf@@ttf@ﬁﬂ@Tagt\ﬁ@atr?édﬁm%‘% T8¢e arranged

as a | ayer qfed%‘?ﬁﬁgné&@ﬂy)soﬁ@lm 80 isay&r usell tdmbte D (RA) magretiyedy of CrRu
(002) 40 ancLarcY| Fl or hlngglgrEsrl’ff?l tpSrpendmuLD?na‘dr?e lgrr!eca ce ing. 4fge misfit of the
lattice constant between FePt (001) [100] and Cr (002) [110] is 5.8%. Strain from
the misfit helps expand the a-axis and shrink the c-axis. Thus, L10 ordered FePt
20 (001) texture is obtained at a relatively low temperature. The FePt ordering
temperature and the FePt (001) orientation are able 1o be controlled or induced.
Doping of FeCoX reduces the domain size and thereby reduces noise from the
SUL 30.

25  Figure 3 shows the 8-20 scans as a function of CrRu 40 thickness. The crystallinity
of FeCo (002) 30 and CrRu (002) 40, as indicated by absolute intensity, increases
with increasing CrRu 40 thickness.

Figure 4 shows the (002) peak spreads of the FeCo SUL 30 and CrRu underlayer

30 40, and the full width half maximum (FWHM) of the rocking curve obtained. The
orientation of FeCo (002) 30 follows CrRu (002) 40, which narrows with increasing
CrRu 40 thickness.

Figure 5 shows the hysteresis loop of the FeCo/Ru/FeCo/CrRu/glass medium 10.
35  Antiferro-coupled FeCo/Ru/FeCo thin films provides high saturation magnetization
(Bs~2.4T) and low neise. This is ideal for perpendicular recording.



10 has a lattice match with the magnetic |layer 20. The SUL 30 has a lattice
match with the underlayer 40 and the magnetic | ayer 20. Referring to
Figure 7, the FeCo magnetically soft underlayer 30 is epitaxially grown on
a G Ru (002) underlayer 40 to fabricate epitaxial growh of the FeCo/CrRu
15 magnetically soft underlayer 30 w fh high saturation magnetization
(B5-2.4T). The FeCo magnetically soft film30 is then used to induce the
FePt (001) nagnetlcally hard film 20 for high-density perpendi cul ar
magnetic rec %’eﬁ‘ﬁd'“g‘ﬁ'éd'wi“swlCloe%f“’ttfﬁ%"feIaa‘?"d‘i”é'e'at%%%?“é{?ﬁ” tB%t%\‘n’éé"H Felt (001)
[ 100] and Crar(d)ﬁe)ecbrﬁﬂ:@]layeszcﬁTB%:rFSI uraliemaybr 4nbenbhil thd S 80 betrpis expand t he
a-axis and shyr 1 e exture is
obtained at a Jrnnlié %I ve foﬁo {FQ%?}aS{Ou&eeoéqlhé&% E?tﬁttheﬁg Pﬁ%%plgfnrénperat ure
and the FePt'a(QD@Q)”dBWSé ‘H@F@H%‘Pféhea!‘ﬁﬂéd'm)'a% Eedﬁﬁﬁ‘iﬂ'qnéﬁc%werﬂﬁﬂuced

Dopi ng ofs Fe@@%dgﬁstwcm thuiefd@rr&ierbrﬁdtame;eadmdnthmr@bye Fectueps Jaokse fromthe

SUL 30. 25 Fi ans a unct o

Chi cknese. TG 3E BARER M mBi Pad R Rersy oS s iR oF RUE BRI Mo, as

i ndi cat ed byreadrdiog bead. Ting shegert spacing beteeanahe regprding ilayer 2haidtbge SURu 40

t hi ckness. FyQHLEmidesSthOMSdtala (002) peak spreads of the FeCo SUL 30 and
CrRu underl ayer 30 40, and the full width half maxi nrum (FWHAM of the

rocki ng curve obtained. The orientation of FeCo (002) 30 follows CrRu (002)
40, whi ch) nalt wilke apprebiated by earsonsgskil € Ruhelfrt thiat nlomeess . vafatigos endiorshows t he
hysteresis lrﬁ@cﬁr gﬁonts%);%@%dé Whg%%tfo%ggﬁ(ﬂ}n%&e%gdlf}érgni‘ogdlmeﬁ’té

Antiferro-cou 1FeCo rovid saturation
nagnetlzatldﬁ @B@ﬁémW1?°@ﬁ@3F%WFﬁ%FE@‘“TW?§W@@°”6%§Wawﬁﬁeﬁﬁpﬁ%ndlcular
recordi ng. Tire peeatdemtdpdimetisu el Qhalefers, notber esnsidedandal iregpatts| ayer s

bet ween the . recording layer 20. The CrRu underlayer 40
beneat h the'@Hhmggaegﬁ ré ﬁn %r induces the orientation of the SUL 30. The
SUL 30 bPneath the FePt nagnetlc | ayer 20 induces the orientation of the
recording layer 20, in addition to converging



the magnetic flux. Therefore, the crystalline orientation of the FePt |ayer
20 is controlled or induced while mnim zing the separation between the
SUL 30 and the recording head. The shorter spacing between the recording

| ayer 20 and the SUL 30 maxi m ses the head field. 10 It will be

appreci ated by persons skilled in the,art that nunmerous variations and/or
nodi fi cations may be nade to the invention as shown in the specific

enbodi ments w thout departing fromthe scope or spirit of the invention as
broadly descWFdd!M: The present enbodiments are, therefore, to be
considered in all respects illustrative and not restri cti ve. 15 WE CLAI M
1. A recordipg negdi um dj rd medi um
conpri si ng: Q nag%e?ci%ar]gl mg&rﬁq&uéleg&n 'gwggriﬂ?%ﬁbc %?8.%91 ?Jruﬁs]ﬁ crystalline
ori ent ati on;cogpdsing:second magnetic film wherein the second magnetic film
is induced to epid axbihitay @6®VhdehayE (16 h%laﬁws@cﬁr@lﬁﬂlﬁﬁjorﬁ‘erntéﬁ&rw l'i ne
orientation EH% controlling the first crystalline orientation. 10 2. The
medi um accordrng to claim1, further conprising an underl|ayer having a
third crystall i ne scorgithagnetirfilho control the first crystalline orientation.

3. The medium accvﬂ{e%wp&etsgc&lld%é’ﬂnghc fMAGE ﬁ'!'dﬂcetdhg eﬁ%laﬁp%@)ﬂoﬁﬂ' th¥ grows to 7

follow the third crystalline orientation. The medi umaccordi to claim1,
further conptylsD ﬁée%?”gﬁ%"t""l“%ft%"em?ﬁ‘é‘ %FW“&&’@JWFW@‘E‘WF fenea‘la , further

conprisimg a magnetic exchange 20 de-coupling |ayer between the SUL and the

igcopf's I”f]‘gr‘:i 'bﬁ ‘ ]fw‘ene'}%edﬁjm F36:afTG H HAAC HRHE! BhphinLArAindb tayed HALRGET
P g a third crystalhne orientation to control the first crystalline orientation.

3. The medium according to claim 2, wherein the SUL epitaxially grows to
15 follow the third crystalline orientation.

4, The medium according to claim 1, further comprising a substrate.

5. The medium according to claim 1, further comprising a magnetic exchange
20  de-coupling layer between the SUL and the second magnetic film.

6. The medium according to claim 2, further comprising a buffer layer
between the SUL and the underlayer.

25 7. The medium according to c¢laim 2, wherein the SUL, second magnetic film

and the underlayer are metallic thin films.

8. The medium according to claim 1, wherein the second magnetic film is a

magnetically hard recording layer.

30
9. The medium according to claim 8, wherein the SUL has a body-centered-
cubic {BCC) structure and has a lattice match with the magnetically hard recording
layer and the underlayer.

35 10 The medium according to claim 2, wherein the underlayer has a body-

centered-cubic (BCC) structure and has a lattice match with the magnetically hard

recording layer,



between the SUL and the underlayer. 25 7. The nedium according to claim 2,
wherein the SUL, second magnetic film and the underlayer are netallic thin
films. The medium according to claim1l, wherein the second nagnetic filmis
a magnetically hard recording layer. 30 9. The nedium according to claim 8,
wherein the SUL has a body-centered- gubi c (BCC) structure and has a

| attice match with the magnetically hard recording |ayer and the

under | ayer. 10. The nedium according to claim2, wherein the underlayer has
a body- centered-cubic (BCC) structure and has a lattice match with the

magnet i cal | yifhar drnd essrueh @t%drcﬁb@i‘rto ddm ThensRMi e 86608 dérigalire cl aim 1,
wherein the seco orlentatlon is a 001 crystalline

e
orientation. Orf?ta?%'éa@ij%ﬂ?lp P to claim 1, wherein the first

crystalline orientation is a 002 crystal line orientation. 13. The nedi um
accordi ngs t o4£l ai ‘meanedfﬂ?\’?é&bﬂlngl?@clélmf nekinshefrbic taﬂ:"nb%xnér@énbﬁ’ﬁ is a 002

crystalline orientat]on he medi um according to claim8, wherein
t he magnet i C%LP@%FW%‘H‘GPE%'B‘?t f'ng layer is made from FePt, FePtX, CoPt or
CoPt X. 15. The medi um according to claim 14, wherein el errent X is MO,

Si02, C %ﬂﬁ H:F%é CRling to claim
1, wher ei n tl’ue SU-E@I rﬁ%d@gccﬁ 0 t&?&@? 2%5@'%1!%@0&& el%%}(ﬁ' FeCo,

FeCoX/ Ru/ Fe&X 002 eysiplinecsgiediatiqnr vn/ FeCoX. 20 17. The nedi um according to
claim 1630 wherein Irvh is an antiferromagnetic material.

14. The medium according to claim 8, wherein the magnetically hard recording
layer is made from FePt, FePtX, CoPt or CoPtX.

15. The medium according to claim 14, wherein element X is MgQ, SiO2, C,
15  Ag, Cu, AIO, BN, B203, B or Cr.

16. The medium according to claim 1, wherein the SUL is made from FeCo,
FeSi, FeCoX, FeCo/Ru/FeCo, FeCox/Ru/FeCoX, IrMn/FeCo or IrMn/FeCoX.

20  17. The medium according to claim 16, wherein IrMn is an antiferromagnetic
material.
18. The medium according to claim 16, wherein element X is one or two of C,

Q, Si0, AlO, B or Cu.

25
19. The medium according to claim 10, wherein the underlayer is made from
one or two of MgO, NiAl, or CrX.
20, The medium according to claim 19, wherein element X is Ru, C, W, Ti or
30 Mo.
21. The medium according to claim 4, wherein the substrate is made from
glass.
33 22, The medium according to claim 5, wherein the magnetic exchange de-

coupling layer is made from MgQ, Cr, Pt, NiAl, or SrTi03.



18. The medi um according to claim 16, wherein elenent X is one or two of C
0, SiO AIQ B or Cu. 25 19. The nediumaccording to claim 10, wherein the
under | ayer is nmade from one or two of MJO, NN A, or CrX. 20. The nedium
according to claim19, wherein elenent XIs Ru, C W Ti or 3() M. 21.
The medi um according to claim4, whergi n the substrate is nmade from gl ass.
35 22. The nedium according to claim®b%, wherein the nagnetic exchange de-
coupling layer is made fromwO Cr, Pt, NN A, or SrTi03. 23. The medi um
accordi ng t 23| ai Thegnedivve aesordingre claim fewharely e huderfayse ismada frem . Ti ., Mo or
C. 24. The nmmdfiu aaeording to claim6, wherein the buffer layer is between
Oto 4 nmin thickness. 25. A nmethod for producing a recording nmedium for
per pendi cul ar magnetic recording, the nmethod conprising: epitaxially

growi ng a seond Tregmetiurcadcoing fo daimes, wheraie thicdafferjayeofstbetwe®@n @rieler | ayer
(SUL), the S bhamkpgsd first crystalline orientation; and controlling the
first crystalline orientation to induce the second magnetic filmto
epitaxially growin a second crystalline orientation. 26. The net hod
accordi ng t @scl aiAnmzthod fiasr gréueicing amecérding gnedinmuind perbengenlahanagmegjc 15 a third

crystalline ' [ wArol the first crystalline orientation. 27.
The et hod argézdgrﬁ ﬂ%e t%otgﬁgrﬁﬁ\%[ wherein the SUL epitaxially 8rows to

fol | ow t he third PP IPWiRd G et TRENEID fim domTReMARERSHY &98or ding to

claim 270 f Whtibelerq0D! ihs ISUY havisg Dt djstalling Brientdtien;n®t hod according to claim
27, further Corrprcloﬁtlrorﬁ%g IdR gr%tglline otientation to induce the second magnetic

film to epitaxially grow in a second crystalline orientation.

26. The method according 1o claim 25, further comprising an underlayer having

15  athird crystalline orientation to control the first crystalline orientation.

27. The method according to claim 26, wherein the SUL epitaxially grows to

follow the third crystalline orientation.
20 28 The method according to claim 27, further comprising a substrate.

29. The method according to claim 27, further comprising a magnetic
exchange de-coupling layer between the SUL and the second magnetic film.

25 30 The method according to claim 27, further comprising a buffer layer
between the first film and the Underlayer.

31. The method according to claim 28, wherein the SUL, second magnetic film
and the underlayer are metallic thin films.

30
32. The method according to claim 28, wherein the second magnetic film is a

magnetically hard recording layer.

33. The method according to claim 32, wherein the SUL has a body-centered-
35  cubic (BCC) structure.



exchange de-coupling | ayer between the SUL and the second magnetic film 25
30. The nethod according to claim27, further conprising a buffer |ayer
between the first filmand the underlayer. 31. The nethod according to
claim 28, wherein the SUL, second nmagnetic film and the underlayer are
metallic thin films. 30 32. The rrethoca according to claim28, wherein the
second magnetic filmis a magneti call y hard recording | ayer. 33. The

met hod according to claim 32, wherein the SUL has a body-centered- 35 cubic
(BCC) structéte. THe) mehod agrardingt th Gtpira@8owiRreig thourderayer 28 akRG ei n t he
under | ayer hagieredr8)(BCOHEREE- cubi c (BCC) structure. 35. The net hod
according to claim27, wherein the second crystalline orientation is a 001
crystalline orientation. 36. The method according to claim 27, wherein the
first crystaBd.i neTher imethodt fagerding stoacl@igp 2¢r yaein ithee segonéndrestdlion. 10 37. The
met hod acgor gich@tidfs &lodd gp},@@,—ne\/gﬂ@ﬁtﬁioﬂ_ the third crystalline orientation is
a 002 crystalline orientation. 38. The nethod according to claim 32,
wherein the magnetically hard recording layer is nade fromFePt, , FePtX
CoPt or CoPt36. 15TH89metfdteacoatihgtb daimd7dwhereinchefirai crysidliinewkrientation el ement X
IS O Si02 ; : BN, B203, B or Cr. 40. The nethod accordin
to (I\:/Pai m 25,'5\7\[/r§82r%r?%aut' eng‘ﬁ%@né made from FeCo, 20 FeSi, FeCoX, )
FeCo/ Ru/ FeCo, FeCoXl1Ru/ FeCoX, IrMi/ FeCo or |rWn/ FeCoX. 41. The nethod

accor di ng t o3| ai TRedfksthatht@difg tor dAimi2s, wiferéin tHef tRifd @yergime torientation

is a 002 crystalline orientation.

38. The method according to claim 32, wherein the magnetically hard
recording layer is made from FePt, , FePtX, CoPt or CoPtX.

15
38, The methoed according to claim 38, wherein element X is MgO, Si0O2, C,
Ag, Cu, AlO, BN, B203, B or Cr.

40. The method according to claim 25, wherein the SUL is made from FeCo,
20 FeSi, FeCoX, FeCo/Ru/FeCo, FeCoX/Ru/FeCoX, IrMn/FeCo or IrMn/FeCoX.

41, The method according to claim 40, wherein IrMn is an antiferromagnetic
material.
25 42, The medium according to ciaim 40, wherein element X is one or two of C,

0, Si0, AID, B or Cu.

43, The method according to claim 34, wherein the underlayer is made from
one or two of MgO, NiAl, or CrX.

30
44, The method according to claim 43, wherein element X is Ru, C, W, Ti or
Mo.
45, The method according to claim 28, wherein the substrate is made from

35  glass.



material. 25 42. The medi um according to claim40, wherein elenent X is one
or two of C 0, SIO AOQ B or Cu 43. The nethod according to cl ai m 34,
wherein the underlayer is nade from one or two of MgO, NN A, or CrX 30
44. The nethod according to claim43, wherein elenent Xis Ru, C W Ti or
Mb. 45. The nethod according to claim 28, wherein the substrate is nade
from 33 glass. 11 46. The net hod accdr di ng to claim?29, wherein the
magneti ¢ exchange de- coupling |layer is nade fromMO, C, Pt, NAI, or
SrTi03. 47.48he e metodeewrdiionly daim EPawhere0 thenmegnsitio exdhengsudd-er | ayer is
made from  Phoypifig laydPis MadEirot Mgol BE PIRiAIOH spGePr di ng to cl ai m 30, wherein
the buffer layer is between O to 4 nmin thickness. 10 49. A disk having a
conput er -r eadabl e medi um for carrying conmputer- executable instructions,
t he medi um cenpr i Shengethodragoeing datihiyn 3o hengindbe budige layer(iSulayle kai ng a fir st
crystalliype prepbatéon; and a second magnetic film wherein the second
magnetic filmis induced to epitaxially grow fromthe SUL in a second
crystalline orientation by controlling the first crystalline orientation.
48, The method according to claim 30, wherein the buffer layer is between 0 to

4 nm in thickness.

10 49 A disk having a computer-readable medium for carrying computer-
executable instructions, the medium comprising a magnetically soft underlayer
{SUL) having a first crystaliine orientation; and a second magnetic film; wherein the
second magnetic film is induced to epitaxially grow from the SUL in a second

crystalline orientation by controlling the first crystalline orientation.



