CHEM CALLY ORDERED PERPENDI CULAR RECORDI NG MEDI A Cross
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The storage 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
technology. Perpendicular recording technology provides high magnetic
anisotropy material to realize higher density recording.

CoCr-based alloy recording media are extens‘ively used in conventional
longitudinal 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
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I he high process tenperatures is
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formation. From applications'” viewpoint, a recording
tempgeaturgst is defprmatian af ke Ahbased alloy used in HDD industry that acts

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, Al;O3, 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
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coercivity of about 3.4 kOe, whereas for the cases of SiO; and Al,O; dopping, the
fabricated medium shows soft magnetic properties. Thus, the L1y 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 publication no. 2003/0215675 A1 proposed to control
the growth of the L1y ordered alloys using a series of underlayers such as, an
underlayer having the bcc crystalline structure (Cr based alloy); an underlayer
having the bct crystalline structure (Ni-Al or Ni-Al with other added element); an
underlayer having the fcc crystalline structure (Pt, Pd, Rh, and noble metals); and
an underlayer having the NaCl crystalline structure (MgO, LiIF and NiO).
Experimental results based on CoPt films with B additive show a perpendicular
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Embodiments of the present invention also provide a method to reduce the
substrate temperature for formation of the L1y 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 L1 ordered alloy films have been obtained at a substrate temperéture
of 280°C. Formation of high anisotropy L1y ordered alloy films at such a lower
substrate temperature presents a significant improvement to the hard-disk
industry for application of ordered alloy films with L1y crystalline structure acting
as the magnetic perpendicular recording media.



Enbodi ments of the present invention also provide a
nmet hod to reduce the substrate tenperature for

wo orosmsilon of the Llo ordered FePt phases, whi PET/EGE07/000301
magnetic grains are well separated by added carbon
el ement. The ordered FePt Llg phases al so have a good
per pendi cul ar magnetic "c-axis". This method nay be
used to form prom sing candi dates for future ‘
per [Embodinents of ties grexenteiiventiolr sleo grloviteNayer stelidtams of L1,
alloy thin films with or without doped additives are

orgisssialioy diims asedr Aublslayered, perpangi@far recording media.
e AP SE G BOSEAL PGy Byl SGMAGHY o R oa atoy

filme ity dtlgrarysiblidgoftticter ahta low témpegiuntcgsthepwitd. the well-
] ordered alloy filns at_such.,a | ower substrate )
sqla &9&%@39&%9@'%-sﬁegﬁ?mﬂea"ﬁ{ m drEpRding mestia formed
acBafdhg!its kemBBHmhEMsT OF 1RPRIr&SHt leRfiorP &) SfeIPlseRe as future
films wth Llo crystalline structure acting as the
magngiistrecorsting orediia in highroapacity dgtanstdiagessystelinsent s of
the present invention also provide | ayer structures of
LI O ordered alloy filns based doubl e-1 ayered

BRIEFDESCRIPTIONCOF THE DRAWIRGS-"bodi nent s of 't he
present invention provide solutions of obtaining

ordered alloy films with Llo crystalline structure at

| SRR P 088 858 S SPH AR B hventon it

desedlosd!imdetat diith defaremde 6 oy dcagmpanyindg deawiggs sinafhithe
present invention may well serve as future magnetic
recording nmedia in high capacity data storage systens.

BRI ﬁgq'\_@ '§a’ §bl%\'n9?c Iﬂl%fsfét%ﬁ%%ié\n%ﬁ%@@q ?I‘?%)E@I 'strycture of a

aspects a vant ages o e present I n
pehenticdai edrding de¢dium adddndingfte omecembaoditient of the present
. acconpanying drawi ngs, in which: Fig. 1(a) is a
'nvﬁg‘ﬁgﬂati c cross sectional view show ng a |ayer
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accor di ng to one enbodi nent 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
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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.
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Some embodiments use epitaxial growth and FePt phase transformation

from fcc to fct, 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 selected
from the group consisting of C, SiOz, Al2Os 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/MgO 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.
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to 10%, and preferably is approximately 6%. The MgO buffer layer 116 will follow
the lattice of the CrRu underlayer 114, then affects 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



configured such that there exists a lattice msfit
bet ween underl ayer 114 and recording |layer 118 to

WO p@daoa0184 r ai N energy W t hout causi ng det eri orBCT/86G2007/000301
the epitaxial growth of the FePt magnetic recording
| ayer 118. According to enbodgnents of the present
invention, the lattice msfit“is in a range of about
3% to 10% and preferably is approximtely 6% The MO

c%&cﬁ‘ily'&&@l‘edﬁ@P#ﬂH‘ns hl%otWefl-{?% hé%ttd grﬁaé?fpdtﬂﬁtlé? BUreduce the

ayer 114 en af ects t
ordeafi:mgcterrg)elratylee for ferroatiaropf th@mengcalmmrﬁered Eelt films
is used to control the mcrostructure of the FePt
based conposite filnms. The lattice msfit induces a

St I aitRNRIbIE B E%&@Pﬂﬁé éutfélrété‘el 1759 rlﬁstdtéd BRAGIEIY 28 the set-
er 118 , and the strain energy forns the magnetic

p@@% tﬁmpﬁ@wr@f@r 15 rainufasbefaembpulteng rT(h‘@r ctbased elloy gnderlayer

@ u(ﬁ{r{garﬁg% gﬁ&?%{q%t wﬁﬁ_ﬁ éﬁe bﬁWs ltéara ﬁgf él.ébstrate 112

whehwbeﬂaw 82 has M ferhparaturd 1 aboutR001C &y Qboat 400°QIr e
of CrRu/MyQ' FePt indicates that the d spacing of the

My (002) planes |s 0. 22617 nm conpared to the standard

Yﬁ'e“ffg‘?ﬁ%‘lf%?c% TR MO YRyBLA i hlE)ESS SangIRE Hom 2-8 nm

isl dmposmedcammmttembe@tm omdesubsirate ﬂetﬁper’éi_mue 0fa30~300°C. The

VARl Ot e s o o

uﬁﬂ@riéy@rtﬁ‘lﬁ Wﬁélaf‘ihu?fﬂl Q/lf nfé%f rt E&n grow atop MgO or
em ca y or fr

epi taxial growh of thec ere
Pﬂ'fﬁ%ﬂrﬁ)'t epitixial grewty. dhe feRteortFeftX fim ledabucatbd on top of MgO or

PEPHERL RSeb BETRANG L Sl e FiRphen oGBS = i substrate

(téHi@‘?ewt@lf@réﬂg?ng frohe26@ugord)hel d at the set point
enperature for 15 mnutes before sputtering. The Cr

baseﬁoélﬂlbﬁ‘/h@rf@@r depesitian.g anpuitahlei basr Jyessurenin theggputtering

ci¥3mBePBHEP finP 8Ot h Qbegﬁ t } ev@enw Torr. A
su s? EF qug]eh &?0% era ure of a “Jt g%

FeBbaﬂowﬁﬁgé’ﬁs ljﬁedrlaahe epreserlttdmnhsbdvm@n@.r Amemam:y, \Heﬂ’( films can
fil h f -

be Iob[cgutwetlj gc?lngr; ?’égc';rﬂgs o%?oma %t%ar%rgt. The FePiX 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 (¢) 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 soft magnetic underlayer
133a and a SiO, or other amorphous layer 133b formed between substrate 132
and underlayer 134.



is deposited at roomtenperature or a substrate

tenperature of 30~300C. The MO or Pt (001) is i nduced
wh008080Y9 ori ented Cr based alloy filns as an PCT/SG2007/000301

underlayer 114. The FePt thin filns with (001 )
~orientation can grow atop l\/gQOor Pt (001 ) by

epitaxial growh. The FePt or "FePtX filmis fabricated

on top of MgO or Pt buffer |ayer ut|I|Z|ng DC and/ or
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iments of the present invention are shown in Fig.
1 (c) and Fig. 1(d). In Fig. 1(c), a perpendicul ar
g medi um 130 i ncl udes an underlayer 1.34 which
Ekﬂiﬁ)‘?ﬁ@d on a substrate 132. A buffer layer 136 is
formed on underl ayer 134. Thereafter, a recording
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tesnpeyeiues of 280°Gy @ﬁlﬁel%pa(}e?nQAf@Ol G- fornmed on

under |l ayer 144. Thereafter, a recording | ayer, such as
a FePt layer 148, is formed on buffer | ayer 146.
UndeFlGy2shdwé ame¥RDespectiaref GlagsiCrkavMo@/BePiagers deposited at

di%f%i%n%rgubstrate temperatures ranging from 280°C to 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 at 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 fiims

show the perpendicular magnetic “c-axis” orientation, negative nucleation field,



Buf fer |layer 146 may be an MO | ayer, also having a
(002) texture. The perpendi cul ar recordi ng nmedi um 140

wo 20081080199 ncl udes an anor phous soft magneti c uUPAEBGZPEN00301
143 fornmed between substrate 142 and underl| ayer 144,
EXAMPLE 1 A first exenpl ary g odi ment of the
per pendi cul ar recording nedi u 110 with structure
shown in FIG 1(a) is produced by C RF magnetron

alﬁﬁi réﬁgggu%r?r{%? 'TB% 8’&?\%&%@3@&?@%&%@6% o Qrdered FePt with

godd perpesaliaflanip@ghefid progestyes héﬂﬁeen a&hravednd t he

t hi ckness of FePt recording |ayer 118 is 15 nm FePt
recording |layer 118 is deposited at respective
EXAMPLRI2 tenperatures of 2800C, 3000C, 350C, and
4000C. FIG 2 shows an XRD spectra of

d ass/ CrRu/ MgQ' FePt | ayers deposited at different
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1(a), where the FePt filmis deposited at substrate
tenperatures of 2800C and 4000C, respectively. The
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temperature of 280°C. From the XRD spectra, the L1y 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 L1, ordered FePt films have
perpendicular magnetic “c-axis” oriéntation. Hc of the L1y 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 L1p
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.



good perpendi cul ar magnetic properties has been

achi eved. EXAMPLE 2 A second exenpl ary enbodi nent
whawsogpidhe structure of perpendi cul ar recor di PQI/RELIOTN0301

120 shown in FIG 1(b) is deposited on a substrate 122

by DC/ RF magnetron sputteri ng In this second

exenpl ary enbodi nent, the thi 8kness of the CrRu

underl ayer 124 is 30 nm the thickness of MyO buffer

6 is 2 nm and the thickness of C doped FePt
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0C. Furthernore, e coercivity of recording |ayer 128
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Fﬁlft}?ermore, 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 L1g

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

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

Different | 001- 001 001- 002- 002 002- (loo1/1002)*
carbon position | FWHM | area position | FWHM | area
at 300°C

0% 23.89 0.99 843 48.534 | 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




doped additives. EXAMPLE 3 In a third exenpl ary

enbodi nent, a perpendicular recording nedia 120 with
wa@aeooaosupe shown in FIG 1(b) is deposited by BXO/RF2007/000301

magnetron sputtering, where the thickness of the CRu

underl ayer 124 30 nm the th| %kness of MO buffer

| ayer 126 is 2nmand the thickness of C doped FePt

recording layer 128 is 15 nm The C doped FePt

' | ayer 120 is deposited at substrate

E@mggﬁre of 300 OC. In this third exenplary

enbodi nent, the vol une percentage of Cis varied with
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%‘56 listed in Table 1. Table 1 shows that the chem cal

2 cf%rlng of the FePt filnms is inproved by the doped

carbon elenents. This could be another reason why / 1

O ordered FePt filns are obtained at such a | ow
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ordep@tioh eticbyf the L1o ordered FePt films varied in the range of 10 kOe to
about 13 kOe as the thickness of the recording layer is changed. The results 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.



DC/ RF magnetron sputtering. The thickness of the CrRu

underl ayer 124 is 30 nmand the thickness of MO
whodoBesobayer 126 is 2 nm The thickness of theCTZSGZOZ2000301

FePt recording layer 128 is varied and is 5 nm 7.5

nm 10 nmand 15 nm respectiyely. The vol ume

percentage of the doped Cis fixed at 20 % by vol une.

The C doped FePt recording |ayer 128 is deposited at a
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the thickness of the recording |ayer is changed. The
results give an opportunity to select the thickness of
the recording | ayer over a relatively w de range when
considering the thermal stability of the recording
bits and the wite field efficiency at the sane tine.
Fig. 10 shows the HRTEM cross-section i nage of the
magnetic recording nmedia 120 in FIG 1(b), where the
FePt films having 15% by volunme of C and different

t hi cknesses are deposited at substrate tenperature of
3500C. In accordance with the observed curve, the FePt
grains are colum growh and are well-isolated by the
added C additives. The average grain size in

hori zontal direction is about 7 nm and the C boundary
is about 1nm Thus, the recording nmedia could have a
hi gh pack density and a better thermal stability.

Al t hough the lattice msfit nust be controlled to

| ower the ordering tenperature of L10 ordered



FePt films, the colum growth itself is not dependent
on such msfit control. Al though enbodi nents of the

w@e@smsil9e nventi on have been illustrated i n coP¢T/RGLH0DN00301

wi th the acconpanyi ng draw ngs and described in the
foregoi ng detail ed descriptLgﬁh it shoul d be

appreci ated that the inventi is not limted to the
enbodi ments di scl osed, and is capabl e of nunerous

c[_ggm§angemant s, nodifications, alternatives and

2.

3.

Stitutions wthout departing fromthe spirit of the
i nvention as set forth and recited by the foll ow ng

oAU G oRBing, o CB IR BT IREn BT TEPRing medium,

d@g i an under |l ayer on a substrate, wherei n t he

unde I ayer has a (002) orientation; depositing

buf fc&pdsﬁm aonumcﬂwlayledean ay@ubstmter efvhﬁrehetfmjfbmerlayer has a
| ayer Qrientation; and depositing a

rragnetl( ' ayer on the buffer |ayer while the

SUbSdé;ﬁisﬂlrl@aé buffe RIrasriife Uhdéridyer! aderdifane Hffer layer has a
degrees Celsius, wherein the underl ayer and the

magnet (QOerigntiation; ledgler have a lattice msfit to

du ' .
reco gL mEaReRY Botdt 18987 orl e, BEHEFTAGY, Swhile the
strai nsabstrate has'sedeinperatagdiatcis fessr thang409yeegrees Celsius,
formw th chem cal |y ordered, structure.

net hod .
bf " o1 aiReISIRE-E1eHier BRAdns yasnatis fecrdipddeer heve a latiice

|1
a1 oy MsTAEindREe eualn Erdiel dhrinHdsird he thagiakiecording
Cr- basmyemldwyhesbuﬁw layer camtl whereint Hee gtraim energy causes the
t CrZ
The’ rotHRRhedi rEpaiding ek s tan WA Chari iy tberdd rdtture.
MyO. 6. The method of claim1l, wherein the buffer

| ayer is SrTiq 3.
The method of claim 1, wherein the underlayer is a Cr-based alloy.

The method of claim 2, wherein the Cr-based alloy is CrRu.

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

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

The method of claim 1, wherein the underlayer and the magnetic recording

layer have a lattice misfit of between about 3% to about 10%.

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

layer have a lattice misfit of about 6%.



7. The method of claim1, wherein the underlayer and

the magnetic recording |ayer have a lattice msfit of
whedosmsrnIabout 3% to about 10% 8. The met hod PET/BG20M00301

7, wherein the under |ayer and the magnetic recording

| ayer have a lattice msfit 8 about 6% 9. The nethod

of claim1 further conprisihg.'depositing a soft

magneti ¢ underl ayer and an annrphous | ayer on the

sub ' underl ayer on the
9. subgmeg&gﬂﬁdosfﬁlh ef?ﬁﬁé} b(?\'ggf %1 further
depositingsa soft hagneti¢ lungeﬂayenmmqbrwuamqﬁhoum@lyet oo the substrate
under | ayer, on the substrate pri or o0 depositing the
prighde degpsiting the Hadetiayerof the sUbStrafR net hod of claim
1, further conprising: introducing an additive into
the magnetic recording | ayer wherein the magnetic
10.ecorB ngatthmj/efclbﬂ'nﬂdurthdr Otbmpa'gingti c grains isolated

b boundar ase f the a d|t|ve 2.4 .
depasig 8- Embraihas e Aane e UaURarcOf o putifRge prior to
déﬂd%ﬁlrfg*‘lﬁe%fé!éﬂa?@ﬁéh 4 Bogtfats, Siq 2, ADCE, 21O or a

conbi nati on ther eof A method for formng a

chem cal |y ordered perpend| cul ar recordi ng nmedi um

0 I S|.NG: bLi,n r on a substrate,
1%2%“’%hﬁ%%°(ﬁ§ﬁ§%hﬁélygfrﬂ%{;&gﬁéﬁﬁ orientation;
infegacihg i a1 addhivef igto ey enagmett&mwndiagl Iayér whdnelhelihle magnetic
the buffer Iayer has a (002) orientation;

regefstiag laves isformercel rragaels arais salaied by a heum:w&hase formed
e Eyml, e introducing a additive into the nagnetic
b)}r@%éoéridl ﬁgé'l ayer and wherein the magnetic recording
| ayer is formed of magnetic grains isolated

12.  The method of claim 11, wherein the additive is selected from the group
consisting of C, SiOz, Al,O3, ZrO, or a combination thereof.

13. A method for forming a chemically ordered perpendicular recording
medium, comprising:

depositing an underlayer on a substrate, wherein the under layer has a
(002) orientation;

depositing a buffer layer on the underlayer, wherein the buffer layer has
a (002) orientation; and

depositing a magnetic recording layer on the buffer layer while
introducing a additive into the magnetic recording layer and wherein
the magnetic recording layer is formed of magnetic grains isolated
by a boundary phase formed by the additive.

14. A chemically ordered perpendicular magnetic recording medium
comprising: :

a substrate;



by a boundary phase fornmed by the additive. 14. A

chem cal | y ordered perpendi cul ar magneti c recordi ng
wore@sosaleonpri sing: : a substrate; an under| ayePCDRGLU02000301

substrate, wherein the under |ayer has a (002)

orientation; a buffer |ayer ?2 t he underl ayer, wherein

the buffer layer has a (002) 'orientation; and a

magneti c recording |layer on the buffer |ayer, wherein

the ma ' i i s f
P o BRSIGrEREr o 8 bt RO AnE] uMeleebe; pas @ (002)
medi um oforignéationi4, wherein the underl ayer is a

the. O oty i 109 Srgrayeh gl fe e B thas & cc02)
15, wher gjfantdiprCangased alloy is one selected from

the group consisting of &M, G, W CTi, CZr ]
and Cr ¥. magnetitheecrrdingniayer onathe buafferdayesi wherein the magnetic

oher ol n (Egowtie HSr i Tormialf of BugtBuAyct fiiihd dn f1¢ prystatiine

clai m 14, gtimfee5ei N the underl ayer and the magnetic
recording |ayer have a lattice msfit of between about
189 tthemsgium oclain. 14T véaretn the wideseyenis aCrrsediatoy.
t he under | ayer. and the magnetic recording |ayer have
a lattice msfit of about 6% 22. The nmediumof claim

1614 fTHd hrydiwrnmP clainns, wheroin thee@ribased altwleis| GrRar.
deposi ted between the substrate and the underl ayer;
and an anor phous | ayer between the substrate and the

1HNdefh @¥&Edium of claim 15, wherein the Cr-based alloy is one selected from
the group consisting of CrMo, CrMn, CrW, CrTi, CrZr and CrV.

18.  The medium of claim 14, wherein the buffer layer is MgO.
19.  The medium of claim 14, wherein the buffer layer is SrTiOs.

20. The medium of claim 14, wherein the underlayer and the magnetic

recording layer have a lattice misfit of between about 3% to about 10%.

21. The medium of claim 14, wherein the under layer.and the magnetic

recording layer have a lattice misfit of about 6%.

22.  The medium of claim 14 further comprising:

a soft magnetic underlayer deposited between the substrate and the
underlayer; and

an amorphous layer between the substrate and the underlayer.

23. The medium of claim 14 further comprising:
an amorphous soft magnetic underlayer between the substrate and the

underlayer.



23. The nedium of claim 14 further conprising: an
anor phous soft magneti c underl ayer between the
wanss@Ebe and t he underl ayer. 24. The medi unof PCt/aGmo7/000301
14, further conprising: an additive in the magnetic
recordi ng | ayer wherein the qunetic recordi ng | ayer
is formed of magnetic grains 'Psol ated by a boundary
phase forned by the additive in the magnetic recording
ay : i [ : erein the
2%eiddi qu?/ééldé'}'ﬁg ggﬁégwf ﬁ];rtrﬁgtr%gm rﬂsbnge\@onsi sting of C,
arbadaitivélid e nZagdetier regording ilanatri winereiretreomagnetic recording layer

is formed of magnetic grains isolated by a boundary phase formed by the additive
in the magnetic recording layer. '

25. The medium of claim 24, wherein the additive is selected from the group
consisting of C, SiO,, Al,O3, ZrO, or a combination thereof.



