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the present invention relates to ch'emicaliy ordered perpendicular recording media
and method for forming the media.

Background of the iﬁvention

The sforage density of commercially available hard disk drives is increasing
at an astonishing rate of 60%-100% per annum. As magnetic data storage
systems based on conventional longitudinal recording technology rapidly
approach their storage limit due to the superparamagnetic instabilities, those
skilled in the art have given increasing attention to the perpendicular recording
fechnology. Perpendicular recording technology provides high magnetic

anisotropy material to realize higher density recording.

CoCr-based alloy recording media are extensively used in conventional
fongitudinal recording technology. Thus, Co-Cr based alloys can be used as the
perpendicular recording media. Perpendicular recording media can be made by
changing the orientation of the magnetic easy axis of the Co-Cr based alloys.
CoCr-based perpendicular recording media are commercially used in hard disk
industries. However, those skilled in the art have not yet determined whether the
anisotropy of the CoCr-based medium can be increased to avoid
superparamagnetic instabilities at ultra-high areal densities. Those skilled in the
have reported that to make CoCr-alloy-based perpendicular recording medium



have reported that to nake CoCr-all oy-based perpendi cul ar recordi ng nmedi um
WO 2008/ 030199 PCT/ S&007/000301 -2 wth a remmant squareness of | is
difficult. Those skilled in the art strive to reduce the remant
squareness to | because a snmall remmant squareness can lead to substantial
anounts of DC noise. Therefore, there is a need in the further

I ncr ease th@’qa’@%ﬁ”ﬂ} ﬁg densities, magnetic recording m@#t{séﬁo?womobher

ani sotropy are-required. L10 ordered al| oys such as FePt, CoPt, FePd, CoPd
are prom sing candidates for future ulra- hi gh densities per pendl cul ar
recording medium Currently, the formation of an ordered all oy needs a
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recor di ng nidreasarthe rémrdingdansitied, iniagnetic rémrding irsedia Wﬂhr’mgha‘ratﬁamtmpg
processes used in hard disk drive (HDD) industry. One problemw th the

hi gh proces@® ¥ g8 at ures is deformation of the Al based alloy used in HDD
I ndustry that acts as t he process chanber nmaterial, shell, and so on.

Anot her proble h| g rocess t i t he de S.I tion of
the di anond | i ke}dﬁ’c ﬁd %Péfg "lf\?/'er""(?oggg? ngiﬂDgebg &boﬁ&rﬁé‘? a'?rl? S qui r ed
for DLC coatifidates aﬁﬁUTut@l%OGItfdlhigﬁUHéﬁélhéé’ p@rﬁéndlélﬂéﬁsréﬁﬁrdmﬂ‘luﬁedluh t he

recording nedia are fornmed at a nperature, i.e. over 450C all the

post anneal CHEep6dBe §@'§“’ﬂ@€cpft%‘ esier%@ﬂlw 882y aaE'@ﬁ?rmt@rl gihay; Nii
processi ng hedmaHahliNg of Qrepaafydaatf ﬁéé@alévbstrgfegrmaﬁﬁénycaﬁ aqaﬁatwéwgﬁl nt, a

recording layer with well-isolated and nmagnetic decoupled grains iS one of
the criti caprocessifarepasaiuse.f or the high density

In most of the research works done so far, process temperatures for
formation of the high anisetropy ordered alloy films are over 450°C. Such a high
process temperature may cause problems on both quality control of a magnetic
recording media and the compatibility of the media with manufacturing processes
used in hard disk drive (HDD) industry. One problem with the high process
temperatures is deformation of the Al based alloy used in HDD industry that acis
as the process chamber material, shell, and so on. Another problem is the high
process temperatures inhibit the deposition of the diamond liked carbon (DLC)
overcoats for HDD. The temperature required for DLC coating is about 200°C in
currently used processes. Thus, if the recording media are formed at a high
temperature, i.e. over 450°C, all the post annealing processes need to be
modified to accommodate the high processing temperature for media formation.

From applications’ viewpoint, a recording layer with well-isolated and
magnetic decoupled grains is one of the critical requirements for the high density
perpendicular recording media. L1 ordered alloy based composite films are
proposed and extensive investigations have been done on these films with variant
additives such as, Ag, B, SiO;, MgO, AlkOs, etc. The high anisotropy composite
films are obtained by either performing post annealing after the formation of the
composite film, or depositing the composite film on in-situ heated substrate. The



per pendi cul ar recording nmedia. L10 ordered alloy based conposite filnms are
proposed and extensive investigations have been done on these filnms with
variant additives such as, Ag, B, Si02, MyO Al1203, etc. The high

ani sotropy conposite filns are obtained by either performng post
annealing after the formation of the conposite film or d ositing t he
conposite f MO si t u heated substrate. The WO 20087 ggy/00030

PCT/ SG007/ 000301 -3 post annealing rrﬁt hod has the advantage of all ow ng
control of the mcrostructure and nmagivétic properties of the conposite
films via changing the annealing profile and/or-the ambunt of the dopants.
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per pendi cul ar magnetic easy axis orientation with coercivity of about 3.4
kOe, whereas for the cases of SiO2 and A1203 dopping, the fabricated

medi um shows saig pERMPRio! 66P1IHAB 1T hbRDosddd Fert Bsdd PerPbAGEEEr fRBiding
media deposited on heated substrates with Dbasic structure of
MgO/Cr/FeSi/MgO/FePt, as shown in Fig. 1 (e) and Fig. 1 (f) of the patent. The
recording fayer, according to this patent, is either pure FePt or FePt with additives
of MgO, Si0, and ALQO;. The growth of the films is controlled in such a way that a
crystal plane having a crystal lattice face of a Miller index (100) is parallel to the-
substrate. In the case of a 450°C substrate temperatue, only the FePt film with
MgO dopant shows the perpendicutar magnetic easy axis orientation with
coercivity of about 3.4 kOe, whereas for the cases of SiO; and Al;O3 dopping, the
fabricated medium shows soft magnetic properties. Thus, the L1, ordered FePt
phases is not well formed at a substrate temperature of 450°C. Further
improvements of the magnetic properties of the composite films in prior arts thus
need even higher substrate temperature.

US Patent application pubfication no. 2003/0215675 A1 proposed fo control
the growth of the L1 ordered alloys using a series of underlayers such as, an
underlayer having the bcc crystalline structure (Cr based alioy); an underiayer
having the bet crystalline. structure (Ni-Al or Ni-Al with other added element); an
underlayer having the foc crystalline structure (Pt, Pd, Rh, and noble metals); and
an underlayer having the NaCl crystalline structure (MgQ, LiIF and NiO).
Experimental results based on CobPt films with B additive show a perpendicular



phases is not well formed at a substrate tenperature of 450C. Further

| nprovenents of the magnetic properties of the conposite filns in prior
arts thus need even higher substrate tenperature. US Patent application
publication no. 200310215675 Al proposed to control the growh of the L10
ordered alhoymsdsistg a series of underlayers such as, mor/samdesdseyer havi ng
the bcc crystalline structure (Cr based alloy); an underlayer having the
bct crystalline. structure (NI-A or -Mi-Al with other added el enent); an
under| ayer having the fcc crystalline structure (Pt, Pd, Rh, and noble
metal s); and an underlayer having the NaCd crystalline tstructu e. (MO LiF
and Ni O) . magreliG 'fedsl HAWeNS s tB%s%HP%WtQ:o"Pf" rathee \or hiig aﬂfﬂW{ VB show a
per pendi cibraNReARMBHRAANSa T 1SRRG el oecAssmaEnetic "c-axis".
However, the substrate tenperature for filmgrowh in accordance with this
application is in the range of 400C-550C. A high tenperature is required
for the formatjqg ' | ure.
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devel op a nethod to manufacture L10 ordered all oy based recording nedia
with: (a) lower substrate tenperature for formation of ordered L10 phases;
(b) well-isolated magnetic grains; and (c) good crystalline orientation of
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The above and other problems are solved and an advance in the art is

made by a media and method for making the media in accordance with this
invention. Embodiments of the present invention develop a method to
manufacture L1q ordered alloy based recording media with: (a) lower substrate
temperature for formation of ordered L1, phases; (b) well-isolated magnetic
grains; and (c) good crystalline orientation of the ordered L1e phases

{perpendicular magnetic “c-axis”).

Embodiments of the present invention also provide a method to reduce the
substrate temperature for formation of the L1, ordered FePt phases, while the
magnetic grains are well separated by added carbon element. The ordered FePt
L1, phases also have a good perpendicular magnetic “c-axis”. This method may
be used to form promising candidates for future perpendicular recording media.

Ordered high anisotropy alloy thin films with or.without doped additives are
deposited on a substrate by using DC and/or RF-magnetron sputtering. High
anisotropy L1q ordered alioy films have been obtained at a substrate temperéture
of 280°C. Formation of high anisotropy L1, ordered alloy films at such a lower
substrate temperature presents a significant improvement to the hard-disk
industry for application of ordered afloy films with L1, crystalline structure acting
as the magnetic perpendicular recording media.



substrate tenperature for formation of the L10 ordered FePt phases, while
the nmagnetic grains are well separated by added carbon el enent. The
ordered FePt L10 phases al so have a good perpendi cul ar nagnetic "c-axis".
This method may be used to form prom sing candi dates for future
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with or.w thout doped additives are deposited on a substrate by using DC
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to enbodi nRikgRetd rdcbﬁ:ilm REdRE iniliytecdpaRity dats stedagesgstemsas future nagnetic
recording nedia in high capacity data storage systens. BRI EF DESCRI PTI ON OF
THE DRAW NGS These and ot her aspects and advantages of the present

i nventi on pBRIEF DESCRIITORNSOF THEIDRAWINGS h reference to the acconpanyi ng
drawi ngs, in which: Fig. 1(a) is a schematic cross sectional view show ng a

| ayer structure of a perpendicular recording nedium according to one

embodi ment  of tQ.JS AREBther IHIPEEET MY acfvaguagﬂe(smf thg pReSeHI MRINLEN Wil B8
sectional view show ng a |ayer structure of
described in detail with reference fo the accompanymg drawings, in which:

Fig. 1(a) is a schematic cross sectional view showing a layer structure of a
perpendicular recording medium according fo one embodiment of the present

invention;

Fig. 1(b) is a schematic cross sectional view showing a layer structure of a
perpendicular recording medium according to another embodiment of the present

invention;

Fig. 1(c} is a schematic cross sectional view showing a layer structure of a
perpendicular recording medium according to another embodiment of the present
invention;

Fig. 1(d) is a schematic cross sectional view showing a layer structure of a
perpendicular recording medium according to another embodiment of the present

invention;

Fig. 1(e) is a schematic cross sectional view showing a layer structure of a
conventional perpendicular recording medium;
Fig. 1(f) is a schematic cross sectional view showing another layer



per pendi cul ar recordi ng medi um accordi ng to anot her enbodi nent of the
present invention; Fig. 1(c) is a schematic cross sectional view show ng a
| ayer structure of a perpendicular recordi ng nedium accordi ng to anot her
enbodi ment of the present invention; Fig. 1(d) is a schematic cross
sectional wbewsakawi ng a | ayer structure of a per pendcusGoresor di ng

medi um accordi ng to anot her enbodi nent of the present invention; Fig. 1(e)
is a schematic cross sectional view shoging a | ayer structure of a
conventional perpendicular recording nmedium Fig. 1(f) is a schematic cross
sectional view show ng another |ayer WO 2008/ 030199 PCT/ S&G2007/000301 -6
struct ure 8frugiutpheeenventona eemandiaildraecordingmaedigmpedi um Fig. 2 is a
chart showing an X-ray diffraction pattern of d ass/C Ru/ MgQ FePt, where
the FePt filnms are deposited at different substrate tenperature; Fig. 3 is
a chart showi ngFigh@ isaghattisbowingraacXeay difiragionfpatt@rasfs/ O Ru/ MgQ FePt, where
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magneti c tHraperatee; stics of the magnetic recordl ng nedia in FIG 1(b);
~Fig. 6 is an X-ray diffraction pattern of the magnetic recording mediumin
FIG 1(b), where the FePt films with the different vol % of C are deposited

a’:] substrate tEigper@akthart@ﬁo@ﬂ@%e ﬁn@ne?c bﬁaugc@haﬁs éi’gOWl ng thah mslgne:1 ic
characteri recor media i n Fl 1 , ere the
FePt fil m&\ﬁ,@stszcg%l{ngﬁ(#%ﬂew et@&h% @“& eposited at substrate( te%*nperature

of 280°C and 400°C, respectively;

Fig. 4 and FIG. 5 show the X-ray diffraction pattern and the magnetic
characteristics of the magnetic recording media in FIG. 1(b);

Fig. 6 is an X-ray diffraction pattem of the magnetic recording medium in
FIG. 1(b), where the FePt films with the different vol% of C are deposited at
substrate temperature of 300°C;

Fig. 7 is a chart showing the magnetic characteristics of the magnetic
recording media in FIG. 1(b), where the FePt films with the different vol% of C are
deposited at substrate temperature of 300°C;

Fig. 8 is an X-ray diffraction pattern of the magnetic recording media in FIG.
1(b), where the FePt films (with 20 vol% of C) of different thickness are deposited
at substrate temperature of 280°C;

Fig. 9 is a chart showing the magnetic characteristics of the magnetic
recording media in FIG. 1(b), where the FePt films {with 20 vol% of C) of different
thickness are deposited at substrate temperature of 280°C; and

Fig. 10 is an HRTEM cross-section image of the magnetic recording media
in FIG. 1(b), where the FePt films (with 15 vol% of C) of different thickness are
deposited at substrate temperature of 350°C.



deposited at substrate tenperature of 300C, Fig. 8 is an X-ray diffraction
pattern of the magnetic recording nedia in FIG 1(b), where the FePt filns
(with 20 vol % of C) of different thickness are deposited at substrate
tenperature of 280C, Fig. 9 is a chart showi ng the nmagnetic characteristics
of the magmetiwminecording nedia in FIG 1(b), where ther/sem/oddons (wWth
20 vol % of C) of different thickness are deposited at substrate
tenmperature of 280C, and Fig. 10 is an7HRTEM cross-section i mage of the
magnetic recording media in FIG 1(b), where the FePt filnms (with 15 vol %
of C) of different thickness are deposited at substrate tenperature of
350C. WO 2008/ 030199 PCT/ S&G2007/ 000301 -7 DETAI LED DESCRI PTI ON OF THE
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range of about 3% fo 10% is effective to improve the chemical ordering of the
FePt films. By considering the diffusion of the Cr element fo the recording layer
and the effect of the additives to the epitaxial growth of the L1o ordered alloys, a
CrRu/MgO bilayer structure is used as the underlayer/buffer layer in embodiments

of the present invention.

Some embodiments use epitaxial growth and FePt phase transformation
from fce to fet, with the aid of strain energy arising from the lattice misfits and/or

the doped elements.

Some embodiments of the present invention include in-situ deposition of
L1, ordered FePt or L1, ordered FePtX films (where X is an compound selecied
from the group consisting of C, SiOz, Al203 and ZrO) by DC/RF magnetron
sputtering at a temperature below 400°C, to form a perpendicular recording
medium. These embodiments make use of epitaxial growth and FePt phase
transformation from fcc to fct tetragonal L1, structure, with the aid of strain energy
arising from the lattice misfits between the CrRu underlayer/MgQ buffer layer and
the FePt recording layer, during the growth of FePt or FePtX films. An exemplary
layer structure and the detailed description of embodiments of the present

invention will be given below.



fromfcc to fct, with the aid of strain energy arising fromthe lattice
msfits and/or the doped el enents. Sone enbodi nents of the present

i nvention include in-situ deposition of Llo ordered FePt or L10 ordered
FePtX filns (where X is an conpound selected fromthe group consisting of
C, Si02, A1203 and ZrO) by DC/ RF magnetron sputterin rature
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present embodiment.

In the shown embodiment, perpendicular recording medium 110 is
configured such that there exists a lattice misfit between underlayer 114 and.
recording layer 118 to induce strain energy without causing deterioration of the
epitaxial growth of the FePt magnetic recording layer 118. According to
embodiments of the present invention, the lattice misfit is in a range of about 3%
to 10%, and preferably is approximately 6%. The MgO buffer layer 116 will follow
the lattice of the CrRu underlayer 114, then affecis the FePt magnetic recording
layer 118 on top. The MgO buffer layer 116 is used to control the microstructure of
the FePt based composite films. The lattice misfit induces a strain energy during
depositing the magnetic recording layer 118 , and the strain energy forms the
magnetic recording layer 118 with chemically ordered structure at a substrate

temperature of below about 400 °C.

A Fast Fourier Transform (FFT) of the HRTEM image of a selected area of
MgO layer 116 in multilayer structure of CrRu/MgO/FePt indicates that the d
spacing of the Mg (002) planes is 0.22617 nm compared to the standard value
0.2107 nm of MgO. The addition thickness means the lattice constant of MgO
layer 116 will follow the lattice constant of CrRu underlayer 114. Thus, a favorable.
lattice misfit can be acheived via tuning the lattice constant of Cr layer 114 and
consequently, the lattice constant of MgO layer 116 for the epitaxial growth of the



recording layer 118 to induce strain energy w thout causing deterioration
of the epitaxial gromh of the FePt magnetic recording | ayer 118.
According to enbodinents of the present invention, the lattice msfit is
in a range of about 3% to 10% and preferably is approxinmately 6% The MO

buffer |ayer 11 follow the lattice of the CrRu u 4, then
affects the%™ @ezﬁ?w%&]&%etlc recording |ayer 118 on top. %ﬁé@@{)ﬂﬂﬁer | ayer
116 is used to control the mcrostructure of the FePt based conposite

films. The lattice nmisfit induces a strafn energy during depositing the
magnetic recording |ayer 118 , and the strain energy forns the magnetic

di | th | | d b
e o o S Stabhl PSR RS, X, QUG R B el u R 8h Frone
HRTEM i mage grtiefing @ngssratdrenfor foraiatiohoiheashemidally ordered | ReFit filnes, structure of

CrRu/ MgQ FePt indicates that the d spacing of the My (002) planes is
0.22617 nm conpared to the standard value 0.2107 nmof MyO The addition

t hi ckness neans tifhend mﬂnbﬁmmméé@&hé)&uﬁ&@te Hay & hddedwnd hdi®at e édie
| atti ce constant of CrRu underlayer 114. Thus, a_favorable. lattice msfit

can be acheiRaidl tomperatwiefgr i%mmt&e% Pe@r%éwﬂemg &he &r ha§9@@liqm4n%ﬁflawer

consequent | vy 14 Rifth Hickiees it #25EAGS of5 d AGs déé@suL ont ﬂ% &iﬂshg
growth of the WO 2008/ 030199 PCIT S&00/7/ 000301 em cal ered FePt

filns. This whemesbsiate J13hene (goweratine ofa§oHE2NNE PrRbOUBAG. ng

tenperature for formation.of the chemcally ordered FePt films. In the
fabrication process, the substrate 112 is heated and held at the set- point
tenperature for j]&iemaﬂﬂr,ea;trthei\&g@osﬁntwerWiigflrfrrhlaiclmcaslseraeginalflrooy%&mm| ayer

114w th 1 highpgssyddial oel ARl of I Sshdlel Srizbastd Sflagluddie, sphst rate

112 when su enpera ure’o ou
Ther eaf t er, Mg®hon RO |§>t|ndac;eﬂ byi (002 | drientdéd dknbased aaligy nijjmisr asnéh 8 nm

's deposi ted ot 1L 09N § LR AR HinHimd WP biehGHBS ah Yrsw Uop RS The

Pt (001) by epitaxial growth. The FePt or FePtX film is fabricated on top of MgO or
Pt buffer layer utilizing DC and/or RF-magnetron sputtering on a heated substrate
(temperature ranging from 260~400°C).

For all the film deposition, a suitable base pressure in the sputtering
chamber prior to the film deposition has been demonstrated to be 2 x 102 Tom. A
FePt alloy target is used in the present embodiment. Alternatively, FePt films can
be obtained by placing Fe-chips onto a Pt target. The FePtX films are prepared by
co-sputtering of FePt target and the additives target. High purity Argon is used in
the sputter deposition, the working gas pressure is in the range of 2 ~10 mTorr.

Further embodiments of the present invention are shown in Fig. 1 (c) and
Fig. 1(d). In Fig. 1(c), a perpendicular recording medium 130 includes an
underlayer 134 which is formed on a substrate 132. A buffer layer 136 is formed
on underlayer 134. Thereafter, a recording layer, such as a FePt layer 138, is
formed on buffer layer 136. Underlayer 134 may be a CrRu layer having a (002)
texture. Buffer layer 136 may be an MgO layer, also having a (002) texture. The
perpendicular recording medium 130 further includes a soff magnetic underiayer
433a and a Si0O, or other amorphous layer 133b formed between substrate 132
and underlayer 134. |



MyO or Pt (001) is induced by (002) oriented C based alloy filns as an
under |l ayer 114. The FePt thin filnms wth (001) orientation can grow atop
MyO or Pt (001) by epitaxial growh. The FePt or FePtX filmis fabricated
on top of MgO or Pt buffer layer utilizing DC and/or RF-magnetron
sput t eri ngvonoos/ofvest ed substrate (tenperature rangi ngtGlYSIPEOA400C) . For
all the filmdeposition, a suitable base pressure in the sputtering
chanber prior to the filmdeposition hag.been denonstrated to be 2 x 10%
Torr. A FePt alloy target is used in the present enbodi nent.
Alternatively, FePt filnms can be obtained by placing Fe-chips onto a Pt
target. The FeHh)F@H(d); aqrapm&mﬁarer&cbtyjing:meémm 140 inalydes apapdetayeget and

the wor ki niigutitiiissameshd ibqnhie 12004 GitS Reh Mg IGmigtbh bf deposttion
i?g?di ImﬁntF Iﬁn@érllé sm%es*g?*egﬁ?yarrémﬂnrnggayahm és;a E'BBt layer 48, aaﬁd’rmgﬂg
under | ayerog b@'ﬁe(/\l)ﬁ‘ﬁf‘é'h" ‘f)% 'ﬁ%‘i}%ﬂ ﬁ‘ba Q?%ﬂr%ﬁr m#@éj?f@%ﬁgﬁg ‘136 is

forned Onaﬁﬁéﬁlhyévﬂe ﬁaﬁf}beﬂhqmg@ﬂéﬁn aldo haoiag @i (002) eyere. Sheh as a FePt
| ayer 138, is fornmed on buffer

| ayer havi pgrrendeolay reqoggtmgp’@duguflfi@,iurt@@réﬁlcl@(g%s %émBEOJ@HSﬁB%W%%P& IC al so

having a ( A% otREEP Skt 342 BAG @hdemeyemadiium 130 furt her
i ncl udes aggé%ﬂé@égﬁ%ﬁr{:n unc?er l ayer 133a and a Slmég{ or ot her anorphous

| ayer 133b fornmed between substrate 132 and underlayer 134. WD 2008/ 030199
PCT/ SG007 Bl 110 In Fig. 1(d), a perpendicul ar recordi ng medi um 140

i ncl udes an"underTayer 144 which is fornmed on a substrate 142. A buffer

| ayer 146 is forned on underlayer 144. Thereafter, a recording |ayer, such

as a FePt |ayer Olflr{gf ex%gwb?meh%gﬂ{e %éﬁﬁ%ﬁdi&ﬂiﬁr réé%ﬂ:ﬁﬁd; Fieiur 4 gy be

a CRu | ayer be an MO | ayer,
al so havi ngith sétﬁ&a)retsﬂfwwria FlEhd(a) is produced by CIRF magnetron sputtering. In

this exernplary embodiment, the thickness of the CrRu underlayer 114 is 30 nm,
the thickness of MgO buffer layer 116 is 2 nm and the thickness of FePt recording
layer 118 is 15 nm. FePt recording fayer 118 is deposited at respective substrate
temperatures of 280°C, 300°C, 350°C, and 400°C.

FIG. 2 shows an XRD spectra of Glass/CrRuw/MgO/FePt layers deposited at
different substrate temperatures ranging from 280°C fo 400°C. The diffraction
peaks of FePt (001) and (002) are observed once the substrate is heated over
280°C. The intensity of diffraction peaks increases as the substrate temperature
increases. Thus, the FePt films undergoes a transition from the disordered (fcc)
phase to a chemically ordered (fct) phase when substrate temperature is over
280°C. Prior to manufacture of recording media 110 in the above manner, those
skilled in the art have never reported that the fct phase FePt films could be

obtained at such a low substrate temperature.

FIG. 3 shows the magnetic characteristics of the perpendicular recording
media 110 shown in FIG. 1(a), where the FePt film is deposited af substrate
temperatures of 280°C and 400°C, respectively. The corresponding coercivity
(Hc) of the FePt films is 3.8 kOe for 280°C and 9 kOe for 400°C. Both FePt films
show the perpendicular magnetic “c-axis” orientation, negative nucleation field,



per pendi cul ar recordi ng nmedi um 140 further includes an anorphous soft
magneti c underl ayer 143 forned between substrate 142 and underl ayer 144.
EXAMPLE 1 A first exenplary enbodi nent of the perpendicul ar recording

medi um 110 with structure showmn in FIG 1(a) is produced by C RF nagnetron
sput t eri ngwaol200s/aies exenpl ary enbodi nent, the thicknesst/s0bhe@di Ru
underlayer 114 is 30 nm the thickness of MyO buffer layer 116 is 2 nm and
the thickness of FePt recording |ayer '1111_8 is 15 nm FePt recording |ayer
118 is deposited at respective substrate tenperatures of 280C, 300C, 350C,
and 400C. FIG 2 shows an XRD spectra of d ass/CrRu/ MO FePt | ayers

deposited aind Iidef RURM NS PhER ShadrQeTORstRE Widisatt ARG 014 SraeredBREPttwitd 00 C.
The diffraction peaks of FePt (001) and (002) are opserved once the -

substrate ig9oHagmRRNdiREar magnRtc prorerfies basbegn 8ehigYst r acti on peaks

i ncreases as the substrate tenperature increases. Thus, the FePt filns
undergoes a transition fromthe disordered (fcc) phase to a chemcally
ordered (fE&XABMRLES2 when substrate tenperature is over 280C. Prior to
manuf acture of recording nedia 110 in the above manner, those skilled in
the art have never reported that the fct phase FePt filnms could be

obt ai ned at suclh setaw subsiplay embndieesit bawng Rhe stictivewsi pereengigwari c

characteristics.of t rLpendi cu ecAkd] edi i G
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The volume percentage of C is varied in the range of from approximately 0% to

about 30%.

FIG. 4 and FIG. 5 show the X-ray diffraction pattern and the magnetic
characteristics of the magnetic recording medium 120 in FIG. 1(b), where the
FePtX films with different volume percentages of C are deposited at a substrate
temperature of 280°C. From the XRD spectra, the L1, ordered FePt films with
different volume percentage (up to 30 vol%) of C doping are obtained. The
magnetic properties of the films demonstrate that the L1o ordered FePt films have
perpendicular magnetic “c-axis” oriéntation. He of the L1 ordered FePt films
varied in the range of 3.8 kOe to about 12 kOe as the carbon volume percentage
of C is changed. The results suggest that the magnetic properties of the
perpendicular recording medium 120 could be controlled by adjusting the volume
percentage of the C additive / dopant. The results demonstrate that the L1
ordered FePt films with magnetic “c-axis” perpendicular to the film plane has been
achieved at a low substrate temperature of 280°C. Furthermore, the coercivity of
recording layer 128 can be adjusted by varying the volume percentage of the

doped additives.



EXAMPLE 2 A second exenpl ary enbodi nent having the structure of

per pendi cul ar recordi ng nedi um 120 shown in FIG 1(b) is deposited on a
substrate 122 by DC RF magnetron sputtering. In this second exenpl ary
enbodi nent, the thickness of the CrRu underlayer 124 is 30 nm the

t hi ckness wb 20d3@hef fer layer 126 is 2 nm and the thPCKse887/00681 C doped
FePt recording layer 128 is 15 nm The C doped FePt recording |ayer 128 is
deposited at substrate tenperature of 280C. The volume percentage of Cis
varied in the range of from approximtely 0%to about 30% FIG 4 and FIG
5 show the X-ray diffraction pattern and the nmagnetic characteristics of

t he magnet Ex AMRKRE @ ng nedi um 120 in FIG 1(b), where the FePtX filns with
di fferent vol une percentages of C are deposited at a substrate tenperature
of 280C. Fromthe XRD spectra, the LIO ordered FePt filns with different

vol ume percent aﬂﬁa(tﬂﬁd tekethiang! éﬁwb@dm@ndowwp@{cﬁcmén aicorting Thelia megnet i c
properties of the filnms denonstrate that th LlOQ?Rgered FePt filnms have
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WO 2008/ 030199 PCT/ S&2007/ 000301 -12- EXAMPLE 3
FIG. 6 and FIG. 7 show the X-ray diffraction patiern and the magnetic
characteristics of the magnetic recording media 124 in this third exemplary
emdobiment. The Hc of the L1g ordered FePt film without carbon doping is 4.4
kOe. The Hc incréases to 8.4 kOe when the volume percentage of C is 10% and
to 11.2 kOe the volume percentage of C increases to 15%. The XRD spectra
indicate that the L1, ordered FePt films were obtained for all the cases.
Furthermore, calculate the ordering parameters for each case can be calculated
from analysis of the diffraction peaks. The calculated ordering parameters are
listed in Table 1. Table 1 shows that the chemical ordering of the FePt films is
improved by the doped carbon elements. This could be another reason why L1o

ordered FePt films are obtained at such a low substrate temperature.

Table 1.1 The calculated ordering parameters ((loo1/loo2)?) of FePt with different
percentage carbon doping based on XRD spectra shown in FIG. 6.

Different | 001- 001 | 001- 002- 002 002- | (loge/tao2)®
carbon position | FWHM | area position | FWHM | area

at 300°C

0% 23.89 0.99 843 48,634 | 1.591 1053 | 0.64
10% 23.99 0.876 939 48.946 |1.33 824 1.29
15% 23.95 0.95 700 48.88 1.45 589 1.41




In a third exenplary enbodi nent, a perpendicul ar recording nedia 120 wth
structure shown in FIG 1(b) is deposited by DC/ RF magnetron sputtering,
where the thickness of the CrRu underlayer 124 30 nm the thickness of MO
buffer layer 126 is 2nm and the thickness of C doped FePt recording |ayer
128 is 15womosmbaeC doped FePt recording |ayer 120 i sPUEHSIVWRIAL
substrate tenperature of 300C. In this third exenplary enbodi nent, the

vol ume percentage of Cis varied wthqghe vol unme percentages being 0, 10%
and15% respectively. FIG 6 and FIG 7 show the X-ray diffraction pattern
and the magnetic characteristics of the magnetic recording nedia 124 in
this thirdpaviPLErdy endobinent. The He of the L10 ordered FePt film

wi t hout carbon doping is 4.4 kGCe. The He increases to 8.4 kCe when the

vol ume percentage of Cis 10%and to 11.2 kOe the vol une percentage of C
increases to 154 aTerﬂﬁR&@ﬁp@w a@mbodiherdt) ¢hé Hhaickndes ofl Geanrdieg ddydte®t il ns
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. FIG. 8 and FIG. 9 present the X-ray diffraction pattern and the magnstic
characteristics of the magnetic recording medium 124 mentioned above with
differing thicknesses of recording volume. The XRD results indicate that the Lo
ordered FePt has been achieved. The magnetic properties of the films
demonstrate that the L1 ordered FePt films have perpendicular magnetic “c-axis”
orientation. Hc of the L1y ordered FePt films varied in the range of 10 kOe to
about 13 kOe as the thickness of the recording layer is changed. The resulis give
an opportunity to select the thickness of the recording layer over a relatively wide
range when considering the thermal stability of the recording bits and the write

field efficiency at the same time.

Fig. 10 shows the HRTEM cross-section image of the magnetic recording
media 120 in FIG. 1(b), where the FePt films having 15% by volume of C and
different thicknesses are deposited at substrate temperature of 350°C. In
accordance with the observed curve, the FePt grains are column growth and are
well-isolated by the added C additives. The average grain size in horizontal
direction is about 7 nm, and the C boundary is about 1nm. Thus, the recording
media could have a high pack density and a better thermal stability. Although the
lattice misfit must be controlled to lower the ordering temperature of L10 ordered
FePt films, the column growth itself is not dependent on such misfit control.



-13- EXAMPLE 4 In a fourth exenpl ary enbodi nent, the thickness of recording
|l ayer is wvaried. In this enbodi nent, the perpendi cul ar recordi ng nedi a has
the structure of perpendicular recording nmedia 120 shown in FIG 1(b) and
is deposited by DC RF magnetron sputtering. The thickness of the CrRu
under | ayerwd Zash1980 nm and the thickness of MO buf frEr/dGagoenod@e is 2 nm
The thickness of the C doped FePt recording layer 128 is varied and is 5
nm 7.5 nm 10 nmand 15 nm respectiygly. The volune percentage of the
doped Cis fixed at 20 % by volune. The C doped FePt recording |ayer 128
is deposited at a substrate tenperature of 280C. FIG 8 and FIG 9 present
the X-ray diffragidugh eabbdinfentndf tie pregene tihventioh drevet isransillustsated inhe

magneti c recardin negj%p1124 nent | oned abovedgtrl ﬁ;%ferhpg t hi cknesses
of recor di AYIVRHIORe Witk HBexRPSAARAIVING AFRYIRGT ¥ 4Psribed| Totheo fHEPEHY Fept
has been agiag¥®desdiploABISRIUIE bR PPRIGIHIES thRft thdivéntonss ndeliminst todthe t hat
the Llo ordered FePt filnms have petpendic%lar magnetic "c-axis"

ori ent at i oAMbpdingnts haisciased; dandd ige BEPARIE Ofy UMRRIOHS RRITANGSHEET: 10 koe
to about &3dfRiass, ErahlEdaes Suttdititps WAGBL LU bRy Bémithe 6hiANGRHe The
results give an opportunity to select the thickness of the recording |ayer
over a rel lventioryaspetdorth anddseqiiedbydba elioingglat® t hernmal stability of the
recording bits and the wite field efficiency at the sanme tinme. Fig. 10
shows the HRTEM cross-section image of the magnetic recording nedia 120 in
FIG 1(b), where the FePt filnms having 15% by volunme of C and different

t hi cknesses are deposited at substrate tenperature of 350C. In accordance
with the observed curve, the FePt grains are colum growh and are

wel | -isolated by the added C additives. The average grain size in
horizontal direction is about 7 nm and the C boundary is about 1nm Thus,
the recording , -



medi a coul d have a high pack density and a better thernmal stability.

Al though the lattice msfit nust be controlled to | ower the ordering
tenperature of L10 ordered FePt filns, the colum growh itself is not
dependent on such msfit control. WD 2008/ 030199 PCT/ SG007/000301 -14

Al t hough enbodi nents of the present invention have been illustrated in
conjunction with the acconpanyi ng drawi ngs and described in the foregoing
detail ed description, it should be appreciated that the invention is not
limted to the enbodinents disclosedj1 nd i s capabl e of numerous
rearrangenents, nodifications, alternatives and substitutions w thout
departing Eiﬂﬂh%he spirit of the invention as set forth and recited by the
followi ng clarns. -15- CLAIMS 1. A nethod for formng a chemcally ordered
per pendi cul ar recordi ng medi um conprising: depositing an underlayer on a

substrate, ;wherein the under| ' tsRbrdirdeReaiukd. Ng a
buf fer Iayér Wﬁﬂﬂ%é ﬁﬁfé?ﬁﬁ%ﬁ%ﬂ@?@( %rqé;gg%{%ﬁ%%er (ﬂ'glsdag (002)
orientation; conthridhosi ting a magnetic recording |ayer on the buffer |ayer
while the substrate has a tenperature LS e
Cel sius, wher effPASFIRT, AR HNIRRYCTAY § ﬁégﬁéﬁg’ewg%ﬁ%ggg&nﬁgﬁ?%gﬁﬁhgve a
lattice msfit t@noZ)@eieptadionirain energy during depositing the nmagnetic
recording |ayer on _the buffer |aye an erei,n th trad causes
the magnetic rdeRAsHiNgA BH&%’? 'raV%r ‘g%ﬁﬁ i ﬂ%ﬁ%ﬁ?@e&?ﬁ"&hgrbd@?gl ?’gﬁlg%faur e. 2.
The method of cl aigpd.oreheft®ihiandie underlayer is a Cr-based alloy. 3. The
nmet hod of claim 2, V\hereinthe_Cr-basdallloryis Cr Ru. .
depositing a magnetic recording layer on the buffer layer while the

substrate has a temperature that is less than 400 degrees Celsius,

wherein the underlayer and the magnetic recording layer have a fattice

misfit to induce a strain energy during depositing the magnetic recording

layer on the buffer layer, and wherein the strain energy causes the

magnetic recording layer to form with chemically ordered structure.
2. The method of claim 1, wherein the underlayer is a Cr-based alloy.
3. The method of claim 2, wherein the Cr-based alloy is CrRu.

4, The method of claim 2, wherein the Cr-based alloy is one selected from the
group consisting of CriMo, CrMn, Cr\W, CrTi, CrZr and CrV.

5. The method of claim 1, wherein the buffer layer is MgO.
6. The method of claim 1, wherein the buffer layer is SrTiOs,.

7. The method of claim 1, wherein the underlayer and the magnetic recording
layer have a lattice misfit of between about 3% to about 10%.

8. The method of claim 7, wherein the under layer and the magnetic recording

layer have a lattice misfit of about 6%.



4. The nmethod of claim2, wherein the Cr-based alloy is one selected from
the group consisting of &My, &MV, CW CTi, OZr and CV. 5. The nethod
of claim1, wherein the buffer layer is MgO. 6. The method of claiml1,
wherein the buffer layer is SrTiG3. 7. The nethod of claim1l1l, wherein the
under | ayer and the magnetic recording |ayer have a lattice msfit of

bet ween about 3% to about 10% 8. The nethod of claim 7, wherein the under
| ayer and the magnetic recording |layer have a lattice msfit of about 6%
-16- 9. The nethod of claim]l ‘further_qgrfpri sing: depositing a soft

magneti ¢ underl ayer and an anor phous | ayer on the substrate prior to
depositing the underl ayer on the substrate. 10. The nethod of claim1l

further cogpri stRgmelRROSidAIRD AMHRIesIMpAsiIagSOft magnetic underlayer on the
substrate prior to depositing the underqu'%er on,the substr

te, 11.. The
met hod of ©epESHING arsofttAAGNQtisHwIdesiaxgr an o%lUEﬁPHSU%ﬁaVa?&&“t‘i%\?esqbﬁﬁStet he
magneti c r?ﬁ&rt@i oFﬁ¥§g1M&jagep3@tﬁ@gjnﬂ@@, recording |ayer is formed of
ola

magnetic grairns 1 by a boundary phase forned by the additive. 12.
The nethod of claim 11, wherein the additive is selected fromthe group

consi stingff CrpghfEhod Yrdam filtnetcotprigiig! nati on thereof.

depositing an amorphous soft magnetic underlayer on the substrate prior to

depositing the underlayer on the substrate.

11. The method of ciaim 1, further comprising:

introducing an additive into the magnetic recording layer wherein the magnetic
recording tayer is formed of magnetic grains isolated by a boundary phase formed
by the additive.

12.  The method of claim 11, wherein the additive is selected from the group
consisting of C, SiOz, Al,Os, ZrO, or a combination thereof.



