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ordered iron platinum (Feet) tﬁﬂﬁﬁﬂﬂgﬁﬂlhﬂﬂaﬁﬁontrolIed 10 ani sotropy by
magnetron sputtering technol ogy. BACKGROUND OF THE | NVENTI ON The current
state of the art has experienced trenendous growh in demand for faster
storage devices and for higher data storage density. This demand has

broughtr@igNicAEFeArSh and 15 devel opnent (R&D) to increase the areal
density of magnetic hard di sks. Recently, Fujitsu and Seagate | aboratories
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have an average grain and naqnetlc cluster domain size bel ow 10 nanoneters
(nm arraaame@%ree@r%ma apdiogher @pplications mequiring thir firg Aandmagnpbwith mslleairollsghen
grain size is reduced, the magnetization of recorded bits becones

dest abiprefered dﬁmt&timnaustumnicpr&e]acﬂagneﬂlhmicaifsyﬂmhs (MEMSf Meod partidulaty, et s i n
when grain size becones too small and thermal energy becones sufficient to
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| oss of the recorded signal. It has been di scovered that chem cally ordered

Iron pltgttrzltgrc])%a &rgd f’ﬂfil“ %2 tf’llo o tdI ' il rTl)latmum (FePt) thin films with controlled

10  anisotropy by magnetron sputtering technology.

BACKGROUND OF THE INVENTION

The current state of the art has experienced tremendous growth in demand for faster
storage devices and for higher data storage density. This demand has brought about research and
15  development (R&D) to increase the areal density of magnetic hard disks. Recently, Fujitsu and
Seagate laboratories have demonstrated magnetic recording media with a density as high as
around 100 Gbit/in’.
Recording media possessing such a high areal density must have an average grain and
magnetic cluster domain size below 10 nanometers (nm) and high coercivity to resist bit
20  demagnetization. However, when grain size is reduced, the magnetization of recorded bits
becomes destabilized due to a super-paramagnetic effect. The effect, which sets in when grain
size becomes too small and thermal energy becomes sufficient to allow their magnetization to
reverse spontaneously, leads to the consequent loss of the recorded signal.

It has been discovered that chemically ordered iron platinum (FePt) and cobalt platinum
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(Copt) with a face centered tetragonal structure (FCT or L | 0) possess
very high nagnetic anisotropy energy density, which is about 7x 10" erg/cn8
for Feet and Sx 10' erg/cnB for Copt. This high anisotropy energy density
all ows for nagnetically stable Feet alloy grains to be as snall as about
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Coercivity Longitudinal Recording Media And Method For Its Preparation” 10
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(Jan-U rich Thiel e Dieter Klaus Wl |l er 1: In these prior art nethods,
conposi te fiCemventionallyophencallyeordered Lily Feptar oPtdbipdimsaged fortprgitidingt r at e
and then 15 post-anneal ed at high tenperature above S50C, which

unf or t umadielaye syn¢hesizeed by nabite spudtering deysdsitioml orgust-armehlingnat. eleMaced substrate
crystall ographic orientation is randomor (111) textured with a c axis

angl ed gnpdRtursbome fdlloWikd ATErendi kLSRR ARfenP MR B kRRhiNE RGN C
properties for recording. 1Tn the | EEE Trans. Magn. publication,
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However, the synthesis of the chemically ordered L1 Feet and Copt thin
filns r&gh GegubirgformperisiThinohiltsniPerGhar KugrClpbMing e amUS dtageat dlour e
(hi gher than 450C) which is not available for practical industrial 2
6,007,623, “Method For Making Horizontal Magnetic Recording Media Having Grains Of
Chemically-Ordered FePt or CoPt” (Jan-Ulrich Thiele, Dieter Klaus Weller). In these prior art
methods, composite films with doping are usually sputter deposited on the substrate and then
15  post-annealed at high temperature above 550°C, which unfortunately are undesirable for
industrial applications. The crystallographic orientation is random or (111) textured with a c-
axis angled at 36°C above film plane, which do not provide effective magnetic properties for
recording.
In the IEEE Trans.Magn. publication, “High-Anisotropy Nanocomposite Films For
20  Magnetic Recording”; Vol 37, pg. (1286-1291) (July 2001) and IEEE Trans.Magn publication,
“Magnetic Recording On FePt And FePtB Intermetallic Compound Media”, Vol. 35, pg. (1077-
1081),. methods for providing L1, ordered FePt films are disclosed. However, the synthesis

of the chemically ordered L1, FePt and CoPt thin films requires high deposition temperature or

post-annealing temperature (higher than 450°C) which is not available for practical industrial



applications. Mreover, face centered tetragonal (FCT)-Feet filns produced
by the above nethods are ( 111 ) or (001 ) textured. . Though a
publications in Appl. Phys. Lett, in ' "~Reduction O Odering Tenperature
O An Feet-Ordered Alloy By Addition O Cu ", 80, 2147-2149 (2002) and | EEE
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tenperature of Feet filns can be reduced hy e .addition of Cu
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mainly (11 1) textured or have a randomorientation. In other recent

devel op@EOrderingTemperature Ofde i eRt-Dedered pliort By déditon Qf Og”,t80e2 tA7eidn (2002)
FCT-structured Feet filmwith C axis parallel to the plane of the film

Though BEH '?fﬁhb’l\'ﬁ%nf RER GELES FembSLEAE PRSI {v Vi
obt ai neéjﬂdén SrTi 03 10) and MyO (11%) substra{lt‘(jaé% %jﬁdﬁgg‘%ﬂgﬁl n f

"Contro O‘,, S
Epi [gam Jgﬁl ﬁeefhﬁeﬁhmlﬁ’ g%%’é ?#23 %%g&gg%%tﬁ? %%ggg%ﬁrﬁfrf\tﬁ#g OQ%Fftc%ﬁK‘m &t r opy
And M crostructure In Ml ecul ar Beam Epitaxial Feet (1 110
J. Appl . Phipduced by tb@aétklthrg@faﬂiu o ¢rposiomen a Grivaynderl @@ﬁﬁh@f‘? Ht/%%nﬁ %Q"H}?Sl%gy
and MgO or SrTi 03 single crystal substrates. 15 To provide for an
app! i cathessnmegtiodg ané¢ tmahlygil 11 e textutedi @r deveia yandom oxendaiin: aln etlien rdeenel op a
si npl er nmethod and process to produce LI o chem cal ordered Feet filmwth

its ”ﬁg&@v‘elcgm%ﬁ@}’théf@ HaveBéch d Ry reforisiRsdbiethe browiR of FETEtrusiiAiR¥: film THE

| NVENTI ON 20 The present invention is about a magnetic recordi ng nedia that

uses ir r 0
oo e, T ML b mésfghmaogﬂ%ﬁtﬁed 6 B Rkl .
met hod tin n.iron substrat e whi hre yire
e Giep B DERR: Gim avad npied AR e F Kpean MEGRLTty sttty MEEAiScitred b oy er
foll onwed by 3 deposition of an |nterrred| ate |l ayer over the underl ayer.

The nagieeritw! 04y ae Avt Qf (hamplabOrdeningidnd Magnetic Anisotropy In Epitaxial FePt Films”

J.Appl.Phys.79, 5967 (1996), and “Magnetic Anisotropy And Microstructure In Molecular Beam
Epitaxial FePt (110)/ MgO (110)” J.Appl.Phys. 84, 934 (1998), the methods require complex
MBE technology and MgO or SrTiOs; single crystal substrates.

15 To provide for an application using ultrahigh recording density, it is desirable to develop
a simpler method and process to produce L1y chemical ordered FePt film with its magnetic easy

axis parallel to the plane of the films.

SUMMARY OF THE INVENTION
20 The present invention is about a magnetic recording media that uses iron platinum of
small grain sizes with a preferred orientation to provide optimal performance for recording of
data.
The invention provides a method of fabricating an iron platinum film on a substrate which

require the deposition of a chromium alloy layer on the substrate as an underlayer followed by



then deposited on the internediate layer. This deposition takes place in a
magnetron sputtering system The chromumin the underlayer has a (002)
preferred orientation and the internediate |layer is selected fromalloys or
el enents that nmatches the underlayer or the magnetic |ayer either with
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and the_grains have a, (200) preferr rientation. The base ressure of the
magnet i ©eR Aenosited omythe jteranadiale layers d; #%feyoep%t poRlacs 18 agnagneton SPUERRE | over
and uses a direct current (DC) or a radio frequency (RF) power source. At a
| ower bsystenprEeshranivin inghowndtdsyar bas a (002 prefdreddeisnaiion amd the muieineadiete t o
achieve the preferred crystall ographic 10 orientation desired on the filns.

This bal%ger% QIR Gth 80yR ok S1eeRR Hfat hﬁtdh@yﬁﬁhh%ldy&%rttﬁ@mﬁgﬁle'laSlelt élﬁfer
af fect the change |n the structure of the filnms, which may incl ude the
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at a partial ressure ra&% g fromb5x 10-5 tg 2x 10-5 Torr_during the
sput t er {2y Is ek fage-genteadrbdiaganal srctimang theasips haxpa{20Qrprefered EIFI‘?IE‘FHO&m

alloy is selected froma group of alloys consisting of chrom um rutheni um
(CrRu), chr ofhatmsepteghuieoitie (Bghdtic, sputterong systemmagprefarably 4G pvbgspreatfriah®d tim
tungsten (CW, chromumtitanium (CTi) and chrom um vanadi um (CrV) where

the per g@bwatmdusescd difit elifteRl (D) BHaGadiB fighlienc (RIVHoRlet S¥arder NGAIoWEBRESO t 0
100. Preferably, the percentage range of the chromumin the alloy is 90 to

94. 20 at
range. rPSEh ABrid St F e ‘%&lt o GO DA el ShBRIBRRE™ o
Cto 500C|s mai nt ai ne rin uttering of the underlayer and

i nt €} neefieptation dosre qnﬁg%&dﬂg@ 1% B aTsTeNE alse allos ease uuinyestigatng the factorg e
internedi ate | ayer has a thickness that ranges fromO0.5 nmto 10 nm

Pr ef er athhtaffectthe thangk ireths streatye ©f fhediims, wirich may invinde the/preseher ofamipuriiese nt
has the internediate layer with a lattice constant and structure that

mat ches pedskit imdyl it adpistdd s M6@IdigY gisePintd the sPRENE 0 gk YitiogeR bl aftare
i nternedi ate | ayer may be
introduced as impurities and kept at a partial pressure ranging from 5x107 to 2x107® Torr during
the sputtering.

15 In an embodiment of the present invention, the chromium alloy is selected from a group
of alloys consisting of chromium ruthenium (CrRu), chromium molybdenum (CrMo), chromium
magnesium (CrMn), chromium tungsten (CrW), chromium titanium (CrTi) and chromium
vanadium (CrV) where the percentage of chromium by atomic weight in the alloy ranges from
80 to 100. Preferably, the percentage range of the chromium in the alloy is 90 to 94.

20 Preferably, the underlayer of chromium alloy has a thickness that range from 5nm to
100nm. It is preferred that a temperature range from 100 °C to 500°C is maintained during
sputtering of the underlayer and intermediate layer. In another embodiment of the present

invention, the intermediate layer has a thickness that ranges from 0.5 nm to 10 nm. Preferably,

the thickness ranges from 1 nm to 4 nm.



formed by selecting froma group having a B2 structure consisting of N Al
and FeAl or a group having a face-centered-cubic (FCC) structure consisting
of Pt, Cu and Pd. 5 An alternative enbodiment requires the internedi ate

| ayer has a lattice constant that matches that of the underlayer or the

maonet i ¢ | ayaporeieathollrdbhY et Pln b e g htfY pleg' h@“%‘é?’@‘?:'?‘?%g“? gt

group with a face centered cubic structure consisting o Au and Al. In
anot her maiches ¢ither (hat efitbeundasiayer of the magnetipdayent @lqhéyéﬂteﬁ&@IQ afe layer may be
constant that 10 matches that of the magnetic |ayer where the internediate
| ayer cfommbeby esletig iyons 2 peopihagng @A sirugtuoe gpns@atingigf Wiz yand Eaf boredgroui ¢
(BCC) structure consisting of iron (Fe). In yet another enbodi nent, the

magnet i Hadl@@face-%eﬁt%mmxlrw 5\@&&@@ cBRsifiRIg Pt OWaf PA.r on pl atinum al | oy
w th silver where the iron platinuminthe magnetic |ayer has a
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to 500C i s _mamintained during s utterl ng of the iron platinum nmagnetic

| ayer. matches thet of the n@d?ﬁhaﬁrem el‘ﬁ%@ﬁtlﬁb?é’%aﬂ%% steprdure th%tﬂg?tﬁ]@esftg@rﬁfﬁh?n to
100nm Mbre preferably, the magnetic |ayer has a thickness ranging froml
Onm t 0 @iienhaydror yagneticflaydrh&he androddimtrinyernigy teUfbaheddiyeselesting frent aeglofip om a
group consisting of N -P coated al um num nmagnesi um (Al My), gl ass, gl ass

cer am CyitRRdadt RftYedcubROBruefige éshsififig 6PALEAudRd Wit h a seed Iayer to
decrease grain size of the underlayer and nmagnetic layer. Preferably, the

seed | ayer '%I %ﬁ)ltﬁe? ?tgmag%nel?a diftich, ‘iﬂé‘?ﬂtér%ﬁe’&%té)ﬁa bR H’ 1£eTé‘3nstaﬂl ﬁ{%?'

al um num (Ni §car Fhventt on ales provi es a
recordi ng g a.l yered strycture_ on a substrate th f| rst
chr Hhi umatcsgeﬁfbatl @eﬁme@ﬁag e thedntewmadiataader can b é%md\%@lﬁct%ﬁ&? ted
on the first layer and a third | ayer deposited on the second |ayer such
t hat t hegeapdhavinghpdy centtredeubit tBCE) statctuaa donshiting of ayefFe)i t her in lattice
constant or structure or both. The third layer of the magnetic recording
medi a has mMaENRE kfothdr @RMBoHIn®t Whd Magndtid Wer RIBFREd 186 SrcRBA 86 sPittering df
iron platinum alloy with silver (Ag) where the iron platinum in the magnetic layer has a formula
of (FePt)100-xAgx. Preferably, x is an integer ranging from O to 40 in atomic percentage. It is
15  preferred that a temperature range of 300°C to 500°C is maintained during sputtering of the iron
platinum magnetic layer. Preferably, the magnetic layer has a thickness ranging from 5nm to
100nm. More preferably, the magnetic layer has a thickness ranging from 10nm to 20nm.
In yet a further embodiment, the substrate is selected from a group consisting of Ni-P
coated aluminum magnesium (AIMg), glass, glass ceramic, and glassy carbon and is pre-coated
20  with a seed layer to decrease grain size of the underlayer and magnetic layer. Preferably, the seed
layer is selected from a group consisting of tantalum (Ta), nickel aluminum (NiAl), and carbon
©).

The invention also provides a magnetic recording media having a layered structure on a

substrate with first, a chromium alloy layer deposited on the substrate; a second layer deposited



faced-centered tetragonal structure. 5 In an ermbodi ment of the present

i nvention, oXygen, nitrogen and air are introduced as inpurities in the
magneti c recording nmedia. In one enbodi ment of the invention, the chrom um
alloy is selected froma group of alloys consisting of chrom um rut heni um

(CrRu), u bd i .um
tungst 7 eyt T Tl oo el RO A4 e M el el
where the chromiumin the first |ayer has per cent age r e of 80 to_ 100.
Pr ef er aBpighes;the figsharthirehlaysr either i1 lattice Fa%@t Ragrustuyse Priot agée thigddayesef 90 to
94. Preferably, the first layer has a thickness that ranges from5nmto
100nm tha nmyghetionztbrdingembdid hae miagudtictfrepgrtieseith ai(20@rpreferred phientse@oimda | ayer
has a lattice constant and structure that matches either that of 15 the
first |Qy&lcifertd'Rirhbrdalsth@ngt. Such second layer is selected froma group
having a B2 structure consisting of nickel alumnum (N Al') and iron

al umg num (FeAl) or a group having a face centered cubic structure
consisting of platinum (Pt), copper (Cu) and palladium (Pd). Another

errbodl ment has the second |ayer with a lattice constant_ that rratches t hat
of the firstinanepbagiment;of ghg prpsent Hygnlons OxXygan, pibrogem andif aredatrodiiced 8§ t he
first layer or third |layer where the 20 second | ayer is selected froma

gr oup winpurities indke meghetic eetondihg mediar irconeremboditaent of thg infention, wke chidgium gol d
(Au) and alum num (Al). An alternative enbodi nent has the second | ayer with

a | attigRyGesgtaed frbhal dgrﬁﬂ% eh8ifoyk Raksifingt dFRhiditth futheBlun? (CrRw, dRbBRined

froma group having bo ntered cubic structure consisting of iron (Fe).
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formed by nmagnetron co-sputtering of iron platinumalloy with silver (Ag)
wher e t percéntage range of 80 to 100.

Preferably, the chromium in the first layer has a percentage range of 90 to 94. Preferably,
the first layer has a thickness that ranges from Snm to 100nm. In yet another embodiment of the
present invention, the second layer has a lattice constant and structure that matches either that of

15  the first layer or the third layer. Such second layer is selected from a group having a B2 structure
consisting of nickel aluminum (NiAl) and iron aluminum (FeAl) or a group having a face —
centered cubic structure consisting of platinum (Pt), copper (Cu) and palladium (Pd).

Another embodiment has the second layer with a lattice constant that matches that of the
first layer or third layer and a structure that matches that of the first layer or third layer where the

20  second layer is selected from a group with a face centered cubic structure consisting of silver
(Ag), gold (Au) and aluminum (Al).

An alternative embodiment has the second layer with a lattice constant that matches that

of the third layer and is selected from a group having body centered cubic structure consisting

of iron (Fe). Preferably, the second layer of the magnetic recording media has a thickness in the



5 platinumalloy in the third |l ayer has a fornmula of (Feet) 1 oo-XAgX.
Preferably, X is an integer ranging fromO to 40 in atom c percentage.
Preferably, the third | ayer has a thickness ranging from5 nmto 100 nm
More preferably, the third layer has a thickness ranging from10 nmto 20
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ceram c, and gl assy carbon, pre-coated with a seed |layer to decrease grain
si ze of IRpE erl ayer and nagnetic |ayer. Preferably, the seed layer is
selected froma group consisting of Ta, NNl Al and C. BRI EF DESCRI PTI ON OF
THE DRAW NGHnist T fiethdeembodiment, wherepr s ¢lnitd laperexftheomaguetit révootingmagdiaas ent
with reference to the followi ng description and acconpanyi ng draw ngs

wher ei NforfibdSby Indgheo® @61sh@BeingVdfeivorPplatiiem! A9Teth SilvétiAL) Svittre tHCiron

recordi ng nedia according to an exenpl ary enbodi nent of the invention; FIG

2isa ] / ( 5 8. m
il s 20 T8 b e e B T RE o BBl Bh SOHORpSER Aishesl ™ 0.
Ton and (c) Q Torr; FIG 3(a) is a graph depicting. the out-of plane and

i n- pl an@nEPg fomQite 49 ghpiemis Pessaygass PreforRyy; ﬂ]ﬁtth’(fg?'ﬁi‘ff’l hascptbickgessTangie £ i | s
deposited with air partial pressure of 4x 10-6 Torr; FIG 3(b) is a graph
depi ct i figmtShen sut00ofm.pManeprafedably; i thiné layerstiae i dlsiclenebsomapging fro@r BRiu & 20NN
/Pt (4nm)/ Fe5zPt4g (20nm filnms deposited with air partial pressure of 9x
10- ~ Tofith; FIG 3(c) is a graph depicting the out-of plane and in-plane
hysteresis | oops of Cr92Ru8 (80nm /Pt (4nm)/FesZPt4g (20nm fil ns

deposited w i ri il S{Ur N Mol gl 4 ] : & igting
tho 0. o xrr"ey BlsfertAl bbbty St idped i slri B R, YRS
deposited at .air partial, pressure of 4x 10-6 Torr; FIG 5 is a graph
deplibt | SREtRLBIRRTRagesivm RS relpsapast Rraraicane Slasaeissbask P et it onn)
[Pt (4nm/ Fe61Pt39 (20nm) films deposited at air partial pressure of 4x
10- 6 Toz sged layer to decrease grain size of the underlayer and magnetic layer. Preferably, the seed

layer is selected from a group consisting of Ta, NiAl and C.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The details of the present invention will become apparent with reference to the following
description and accompanying drawings wherein:
FIG. 1 is a sectional view of the layered structure of the recording media according to an
exemplary embodiment of the invention;
FIG. 2 is a series of XRD spectra of Cro;Rug (80nm) /Pt (4nm)/Fes;Ptsg (20nm) films
20  deposited with air partial pressure at (a)4x10® Torr, (b) 9x107 Torr and (c) O Torr;
FIG. 3(a) is a graph depicting the out-of-plane and in-plane hysteresis loops of Cre;Rug
(80nm) /Pt (4nm)/Fes,Ptss (20nm) films deposited with air partial pressure of 4x10 Torr;
FIG. 3(b) is a graph depicting the out-of-plane and in-plane hysteresis loops of Crg;Rug

80nm) /Pt (4nm)/Fes;Ptsg (20nm) films deposited with air partial pressure of 9%107 Torr;
( ( ) p P P



FIG 6 is a series of XRD spectra of Cr~Ru,0 (30nm/Pt (4nm

| (FesoPt so) ~60- XAgx (20nm) filnms, where CrRu is deposited as underl ayer at
air partial pressure of (a) O Torr, x=20; (b) 2x 10-6 Torr, x=20 and (c) 2x
10-6 Torr, x=40; 10 FIG 7(a) is a graph depicting the out-of plane and
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Torr; FI 7(b) i depLcti t.he oyt-.of pl d Jjn-pl
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films, x=20 with CrRu as underl ayer at air partial 15 pressure of 2x 10-6

Torr; FIG T7RIG) 4iisa graph dgpictiong thech-26 KR speotremoff Cod, B 80nml) /Phdpidfiies Ptss
hysteresis | oops of Cr9oRulo (30nm)/Pt (4nnm) /(FesoPtso)i o0o-X~gX (20nm

Films, ospfmi) wirh HHART AMBurabf #kf0 PP, al pressure of 2x 10-6
Torr; quG ?3 is@%%gﬁdgazao%mﬁspeuétra of Cr~Rulo (t)!Pt (4nm

/ (FesoPt so) ~ 30 (20 El.ns, ., 20 re the,thicknes t.,,of t Ru
undgrl ayer i@dsg)ls la:%@)rlﬂ&ﬁpu(tgbg @glogﬁhﬂﬁplegs axgdzglr%al%ﬁys?g?mﬁﬂom Ogﬁ@%ﬁi a) is
a graph depicting the out-of plane and in-plane hysteresis |qops of

Cr 9oRul (801m) /By 4m)iRge PtgoiBom: flo)s-depesited 20 aitrpartial pressugthefrdx10hdorthi ckness of
the CRu underlayer, t=30 nm FIG 9(b) is a graph depicting the out-of

pl ane and i nFI0). 8Rea §iist 6f RRDSspARRST CRfR G, Y90R)Pt (4rirh) AP A3 Agx (20nm)
| (FesoPt so) 70Ag30 (20nm) filns, where the thickness of the CrRu underl ayer,
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where the thickness of the CrRu underlayer, t=8 nm FIG 9(d) is a graph
depi ct i Fyrt¥@08nd (@f23Padera®d @ n- pl ane” hysteresis | oops of Cr~Ru~0 5
(t)/ Pt (4nm [/ (FesoPtso)70Ag3o (20nm filnms, where the thickness of the
Cr R0 under | ayi€s. 7(d) #ngrapH epictirgthe gst-ofi planelzad deptane hpsderesis loophef CriRwwi ng
detail ed description of the nost preferred enbodi nent.
(30nm)/Pt (4nm) /(FesoPtso)100xAgx (20nm) films, x=20 with CrRu as underlayer at air partial
pressure of 0 Torr;
FIG. 7(b) is a graph depicting the out-of-plane and in-plane hysteresis loops of CrooRug
(30nm)/Pt (4nm) /(FesoPtso)100xAgx (20nm) films, x=20 with CrRu as underlayer at air partial
15  pressure of 2x10® Torr;
FIG. 7(c) is a graph depicting the out-of-plane and in-plane hysteresis loops of CrgoRuyo
(30nm)/Pt (4nm) /(FesoPtso)100.xAgx (20nm) films, x=40 with CrRu as underlayer at air partial
pressure of 2x10® Torr;
FIG. 8 is a series of XRD spectra of CrgoRuyg (t)/Pt (4nm) /(FesoPtso)70 Agso (20nm) films,
20  where the thickness, t, of the CrRu underlayer is (a) t=30 nm; (b) t=15nm; (c) t=8nm and (d)
Onm;
FIG. 9(a) is a graph depicting the out-of-plane and in-plane hysteresis loops of CrogRuio
(t)/Pt (4nm) /(FesoPtsp)70Ag30 (20nm) films, where the thickness of the CrRu underlayer, t=30 nm;

FIG. 9(b) is a graph depicting the out-of-plane and in-plane hysteresis loops of CrgoRuyg



10 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT OF THE INVENTION. FIG 1

shows an enbodi nent of the present invention, a magnetic recording nedia 10
in a layered structure. The layers include a disk 12 as a substrate on top
of which is deposited with an underlayerl4 of chromumalloy foll owed by an

i nt er negh st o) I i |, AU et) is
coat ed G T ENELTIErPEpEty) TR Phbe Y RiadloPhe CREMRIE N REST) . 1,
gl ass, ceram | assy car.bqn, or nickel phosphorous coat.ed al upin

Tagnesi um - THG. 080 85t HAPAAFGStnEne R aiRIale S DERS Fsigrs ogbpbC i hieast
about 80 percent chromum (Cr) in atomc weight of the alloy where the

pr ef er r @dPtddnont(BesoRisn),ohg:h ROnoi) didms,whege thie thicknessaf the CRu unsleflg@p,)t=8 mme
chromium all oy may al so i nclude ruthenium (Ru), nolybdenum (M), nagnesium

(M), tungstes. OW).s 4 glagh 'uemﬁn;? the o@Lofsliactnd Th-pMhe hidteresis Rfo?ﬁ ef CagRu, hat

these 20 el enments do not exceed the percentage in welght of 10% The

I nt er megy 6] 8,.a i t +aki S ture,
face el Er @nnEXEE:aP e e URD M Gheth el NG00 O CORR ndufigmr R 1
Wth a B2 structure, such as that of NNAl or FeAl, the lattice constant and
the structure of the internediate layer 16 is conpatible with the lattice
constant and structure of the underlayer 14 chromumalloy. If the 9

i nt er medi at eThagewing wil be described iwithsthe followimgoletaileg desatptigotafrtbe suash as
Au, Ag or Al, the lattice constant would match that of the underl ayer 14
and t heprefditédietibddidhent.ne nmagnetic layer of iron platinum (FePt). If the
internedi ate | ayer 16 has a FCC structure of platinum (Pt), copper (Cu) or
pal | adium (Pd), the lattice constant and structure will match that of the
iron platinummagnetic |ayer 18. In the case where a BCC structure such as

e D CERDIRCERHOR Q¥ Errcdin EMGINERT, G et Iy BRridly, 1Y

internediate | ayer 16 preferably has a thickness fromabout 0.5 nmto about
10 nm and noBIG. drshows aibembedimantay dhg presephinventipbormagnetigyeaerding aréied§ in The

t hi ckness of the underlayer 14 can be controlled to be fromabout 5 nmto
about 19Giyered structure. The layers include a disk 12 as a substrate on top of which is deposited with

an underlayer14 of chromium alloy followed by an intermediate layer 16 before a magnetic layer
18 of iron platinum (FePt) is coated with a coating layer 20. The disk 12 substrate may be
15  formed from glass, ceramic, glassy carbon, or nickel phosphorous coated aluminum magnesium.
The chromium alloy in the underlayer 14 is preferably at least about 80 percent chromium
(Cr) in atomic weight of the alloy where the preferred orientation of the chromium grain in the
alloy is (002). The chromium alloy may also include ruthenium (Ru), molybdenum (Mo),
magnesium (Mn), tungsten (W), titanium (Ti), or vanadium (V). It is preferred that these
20 elements do not exceed the percentage in weight of 10%.
The intermediate layer 16 is a matrix structure taking form of a B2 structure, face
centered cubic (FCC) structure or body centered cubic (BCC) structure. With a B2 structure,
such as that of NiAl or FeAl, the lattice constant and the structure of the intermediate layer 16

is compatible with the lattice constant and structure of the underlayer 14 chromium alloy. If the



10 The iron platinum (Feet) magnetic layer 18 has a face centered
tetragonal (FCT or L | 0) structure and the grains of the alloy have (200)
preferred orientation providing a |longitudinally ordered recordi ng nedia.
The met hod of the present invention involves the use of a magnetron
sputteri . I e e u wher e
the. basamatizkifet Po (IRAR AL ArRRiD of SHEL Mlblolh SATRELE A Tyciistllr
During the deposition of chrom al |l oy underlayer 14 internedi ate, | ayer
16 and ?qnéﬁnbwea‘elﬂﬁmw %@b?‘?t ﬁ&@ﬁ%hyer 1%%&9‘?82” wg o ﬁ%?@ﬁ%neé‘gﬁ@@ﬁ?%?‘i rogen
or air, is fed into the system The partial pressure of the feeding gas is
i n t he plamgen (Feht). dbthetinteroxedifie ByFola hasa FHO struckurg of plagndior(Pt), odppér (Eu)
ordered (Feet) magnetic layer 18 with grain (200) preferred orientation is

thus f osrpatladiv® (P tHeSkd conbtant dndBtritdtird wall efafdhitRet of Eebfinddlatiim Magleas el y
related to surface free energy, interface energy and strain energy, where

strajn gogr & th B dégeexgrP&% IHCC i@ su@PAL S AledSds ifefin idte ica?@, i lﬁt?igés ain

ener gl es? -|1 gr owt raln energy ari ses from vari ous S SsucC

wor ki ng gas atops, . rity ato or dislocatio t whi | e .epitaxjal
strai n eeemowt Basyikibl matthed RAb R e RBstaRH oL dhs (FROTMBBHEE RF o 0e
t hermal expansion coefficient. It is difficult to obtain the 10 grow h of
FCT- FeeintemmetiiateZlager 16rpaéfgrabbohasra thivkaessdrrnyab@it 0 H0o@) toabdet 1bymranduaost o t he
| arge epitaxial strain energy between the C underlayer and the Feet |ayer.

However prefdigly frog dbatf 1 At to 66GE Yiren 8f thidkBesse Tl fickaidss dfihé iindeflaydrangan f rom
about 5 x 10'5 Torr to about 2 x 10-6 Torr, it is believed that the

i mpuri tﬁ@g%nﬁlfo?nga{da%]ﬁﬁ%gg%téw%ggﬁnges in the grain growh strain

in 5 Feet S at the intertface energy between CrRu underl ayer and
Fee

filmpr tes e gr of FECT-Fe 20 referred orli ti At
theld i e Tof - HEphGR pleBRuEEHhmGenstie laxsEr® b mitke Fonbesriisiratel FREPT B Che
substrate tenperature is kept in a tenperature in the range from about 100C
t o aboustnsooCanhthegains ithe allahaye (2¢hhpsdfenied oimetios paedding adoGitugipelly
substrate tenperature is then altered to a
ordered recording media.
The method of the present invention involves the use of a magnetron sputtering system
in depositing each layer on the disk substrate 12 where the base pressure of the system is
15  preferably lower than 1x10® Torr. During the deposition of chromium alloy underlayer 14,
intermediate layer 16 and iron platinum (FePt) magnetic layer 18, gas, namely oxygen, nitrogen
or air, is fed into the system. The partial pressure of the feeding gas is in the range from about
5x107° Torr to about 2 x10°° Torr. A L1, ordered (FePt) magnetic layer 18 with grain (200)
preferred orientation is thus formed.
20 The growth of films with preferred orientation is closely related to surface free energy,
interface energy and strain energy, where strain energy includes growth strain, epitaxial strain and
thermal strain energies. The growth strain energy arises from various defects such as working

gas atoms, impurity atoms or dislocation etc., while epitaxial strain arises from lattice mismatch

and thermal strain from different thermal expansion coefficient. It is difficult to obtain the

10



10 different range from 300C to 500C for the deposition of the magnetic
| ayer 18. The following FIGS. 2, 3, 4, and 5 illustrate the properties of a
magneti c recordi ng nmedia under different conditions as a result of the

above nethod. FIG 2 illustrates the result of a A-28 X-ray diffraction
XRD . | . (4 i
Fecor o REVHEATECTepE i AT eferRT Bledicr AL VR e R o BIREL S

partial pressure where the substrate tenperature is t at 400C. For,

sanpl e PH@palBRILEnCERybefsenthy 5@?@@%& tngFehGlagerr ,evw.@%%@s@@ rais
depicted in curve (a). Simlarly, the XRD spectra in curve (b) depicts the
XRD spegmrtssaredf the Seudirigega riejrathe dargge feom apauttixdD” Hoastewbeuto? x98° Tom] it Tor r
and curve (c) depicts the XRD spectra of a sanple prepared at air partial

pr eSSUfﬁ%@X%&{hﬁt thgQmé@ﬁ?ﬁ%ﬁrl?g%é’lﬁ%#%ggafﬁﬁhé@% eshfdKe gldid SroWel ¥rtf @K and

br oad, I ndi cat ferred oriented FCT-structured Feet

grains Jj e fi re f r and | | er ~than e (20 n 002)-preferred
ori ent e%eq)lg%?m%#r%ﬁg?%g? ce WWS&&‘@‘E%Q?IQ%@%W% %QEF}?I @E{ P'iog%)t%rt Ssure
(bel ow 9x 10- ~Tor{k) the intensity of FCT-Feet (001 ) peak increases

gr adual Er9wsoLBRTHePL@EP) preforted ofgntRéon0’ and 20". Therefore, the i deal
pressure is represented by curve (a) with a 11 pressure of 4x 10-6 Torr.
One of the pAbtheainse vf ddposicby bfitheamidedlayep b4 tink interimediutd Japer 1o, thei substrddy Fi g.
2 is that wwth regard to peaks 22, 22', and 22" between 46 and 50, it is

di ffi CUlehnpb@ue iSkEpR it} D ¥mprRufBhehd Blhngt Frof(dbont 10FEUL @8ole0°BRAS taofed Not

FCC structured Feet phase.  This I's because the lattice 5 paraneter, a, of

di d d d I =0..384. f F

ot ruct Bt R fomes 2665 Hrinl $00°co TP Seriuie e ! Aferdt o o
possibility that the material has a FCC-structure instead of the desired
FCT1Gst r diffeipnkragge foma3Q0sE 4o S hdorthe depesitipneofithemagndicdayerifer ence in the

magneti c properties between FCC structured iron platinum (Feet) and
FCT- st r uct ur €kk foHewing Flan.c, B4, abd Stikusjratsftherprgpetiesoftagnagnetic tegording media

under different conditions as a result of the above method.
FIG. 2 illustrates the result of a 8-20 X-ray diffraction (XRD) scan spectra, of Cr;Rug
(80nm)/Pt (4nm)/Fes;Ptqg (20nm) magnetic recording media films deposited in the magnetron
15  system with various air partial pressure where the substrate temperature is set at 400°C. For a
sample prepared at air partial pressure of 4x107 Torr, the XRD spectra is depicted in curve (a).
Similarly, the XRD spectra in curve (b) depicts the XRD spectra of a sample prepared at air
partial pressure of 9x107 Torr, and curve (c) depicts the XRD spectra of a sample prepared at air
partial pressure O Torr.
20 The FCT-structured FePt(001) peak 20 is very weak and broad, which indicates that
(001)-preferred oriented FCT-structured FePt grains in the film are fewer and smaller than the
(200) and (002)-preferred oriented FCT-FePT grains 22. With the decrease of the air partial
pressure (below 9x10”Torr), the intensity of FCT-FePt (001) peak increases gradually as can be

seen in the peaks 20” and 20”. Therefore, the ideal pressure is represented by curve (a) with a

11



10 results of which are illustrated by Figs. 3(a) - 3(c) axe helpful in
identifying the structure. FCC structured iron platinum (Feet) is
magnetically soft and FCT-structured (Feet) is magnetically hard. This
difference is illustrated in the in-plane and out-of plane coercivity
graphs of FlI ahy - 3(c). FromFig. 2, it was observed that as air

parti alprﬁ?sgléegﬁr‘lé&lbn)crlpgases, the intensity of the C 15 (002) decreases, as
can be seen fromthe decrease in peaks 24", 24' and 24, A %_eak 21 for Feet/(

112) pr ef er r@ee oftheprohlems withgrelyngsolshea the infermationproyided by dige 2dnthat with t he

air partial pressure, however, this is insignificant. As the base pressure
i ncr easiegardttdipeaks 22N22j 1 auk 22 Hetvaden 460 endy§0°aitds ditficulintbdrefsareethetrthe matdriat ween
Feet filmand CrRu underlayer may decrease while epitaxial strain energy

dori nat @CTUARku S PEPEHGANENE AATCC BRudRMFRPOPNAET ThSIY BURSSEIRIicH {

(001) 20 becones dimni'shed. The decrease of the intensity of (002) peak

may .al so be due t he, chan int rain gromh strain rqy. Iy,
oot 1 TARRelE g of direarral gt otdbused Bttt Vot e \Hherd PPy R g omibidver i 1
the Feet is deposited in the presence of a Cr alloy layer like CrRu, the
gr owt h Bructurgd ﬁ@tﬁpéef&éé@mp or FCootrugtured EeBi: (Tdws.dhe possikility that the materisl ed.
FIGs. 3(a) - 3(c) show the out-of plane and in-plane hysteresis | oops of
Cr 92 RughasamCY-sttacture/iRitedddotithd dastZdPFCT -t20tung stfll exists.deposi t ed under vari ous
air partial pressures. The in-plane coercivity 28 of the sanple prepared at

air partial Rewevdt Becabsetheld i a T@ifferehfe il the RladheticS pRpettRE MRtvden2FEO- Ce,
suggesting that the peak 22, 22' and 22" between 46 and 50 is dom nated by

pet woor RN ey GEPDaRf o kB Raend PrBeRsheS ot fhmeg e e

decreases. The shift of the peak between 46 and .50 is due to the shift of
FCTiGst rrgayltsod gvhichare fibwsisated By Figs- oy 1dcl e delp@d dn [denblyingihe stristyre KeCar e

dom nated by FCT-structured Feet (001) preferred orientation. This
phenonestoxtwehiroepleiipimi(heRtt) isynagnetichilyisnfinnd §CT-sfuchireth@eBt)ds viagndtigalliThe
hysteresis | oops 26 and 28 of a sanple prepared at air partial pressure of
4x 10" i hal@r Thik Qiffetdace R(iMdstrated in the in-plane and out-of plane coercivity graphs of FIGs. 3(a)
- 3(c).
From Fig. 2, it was observed that as air partial pressure increases, the intensity of the Cr
15  (002) decreases, as can be seen from the decrease in peaks 24, 24° and 24. A peak 21 for
FePt(112) preferred orientation is also observed that with the decrease in the air partial pressure,
howeyver, this is insignificant. As the base pressure increases, the grain growth strain energy and
the interface energy between FePt film and CrRu underlayer may decrease while epitaxial strain
energy dominates. Under such a condition, the growth of FCT-structured FePt with (001)
20  becomes diminished. The decrease of the intensity of Cr (002) peak may also be due to the
change in the grain growth strain energy. Usually, FePt films deposited on a glass substrate are
magnetically soft, however if the FePt is deposited in the presence of a Cr alloy layer like CrRu,

the growth of the FCT-FePt (200) or (001) preferred orientation is improved.

FIGs. 3(a) - 3(c) show the out-of-plane and in-plane hysteresis loops of Crg;Rug (80nm)

12



10 shows that it has |ongitudinal anisotropy, where the | oop 28 shows high
in-plane orientation of the magnetic grains of Feet and a relatively | ow
out-of plane orientation. Wth the decrease of the air partial pressure,
the magnetic grains in the filmbecome nore perpendicularly orientated

shown i e obseryed Jp, Fl G 3 - . The pendi ar—ani_ sgtr opy
ot ovelBt [ EsS T Gl R, e e pt Shoioilife BELRERRLAIS STROBSAMETY | |
FIG 3(b) over the sanples at air partial 15 pressure of QO Torr in FIG

3(c). Taeerchity-2Srof phesampicierared atpirpastinl gecssuse bb< W tort M IGr Habisias Bigghge in
the air partial pressures. This nmay be ascribed to the |less pinning sites
resul t ;@760 Q) sugpesting itasthepdalgR R 20 ahelf 22 thetwdeh @6° ahdi I0° isstondhasd bhECB- 28
XRD spectrumand FIG 5 illustrates the out-of plane 31 and in-plane 33

hyst er exipg gﬂd@?&?d Rt F@ceﬁé'}‘li?z(gﬁggm thétopeﬁléwﬁ hire Q&ﬂ?%eﬁ»ﬁ%ﬂz@’ a{lé S(g%hiﬁ

deposited at alr 20 partia ssure of 4x 10-6 Torr. sharp

peak 30 of .FCT-Feet (200 referred orientatiqQn.oecgurs t he I t ween
26 Sna SO EEE O SrarRe iR s Fhodin B B arrhenyeh i Fpf o
occurs at the angle between 62 and 67. The results illustrated in FIG 4
and FI ds dge sHbashiffaf FHestructured EeRif(2¢Qto FCTusrugtused Fefd (0073 @né herfHms @pp0)
preferred orientation with | ongitudinal anisotropy. As conpared to that in
FI G 3( ajomihited bp FRiTasmaictuoad E¢Pe (001 ) ippefereab@dbntBion. f rom 2760 Ce to 2930 Ce
and the saturation nmagnetization increased from417 enu/cc to 520 enu/cc,

respecti vel yrpid héndrffsiidhicah Sl E4f1SiRed BHithé RBnfirme Sat-6RpARY BAIRAYS ik t he
Fe consuned by the reaction with inpurities such as oxygen and nitrogen and

thus the saturati ef.i zation increases. .5 In ano r.spf ef erred

erbodi AR 1oqns 20,88 2R L FERMIE ProhAtenal i sl pLre A ARl P EI e o
with LIo ordered Feet (200) preferred orientation can be deposited on the
i ntér neshiows ¢hat ityhag langitpdingranetrapy vdierothe deepsifushows high infplane@aieplation afim
(Feet) target and silver (Ag) target to produce the iron platinumalloy of
t he f oriheheghétSbihb of Fefe-aXd\g Xelatiwelnlow autast pline drienation. A@lith thdidecsetbs vf at e
tenperature for Feet nmagnetic |ayer deposition is set to fall wthin the
range o partial pressure, the magnetic grains in the film become more perpendicularly orientated

shown in trend observed in FIG 3(a) - 3(c). The perpendicular anisotropy improves in the

samples prepared at air partial pressure of 9x10” Torr in FIG 3(b) over the samples at air partial

15  pressure of O Torr in FIG. 3(c). The out-of-plane coercivity also decreases with the gradual

change in the air partial pressures. This may be ascribed to the less pinning sites resulting from
impurities and grain defects.

FIG. 4 illustrates the 8-26 XRD spectrum and FIG. 5 illustrates the out-of-plane 31 and

in-plane 33 hysteresis loops of Crg;Rug (80nm) /Pt (4nm)/Feg Pt3g (20nm) films deposited at air

20  partial pressure of 4x10° Torr. In FIG. 4, a sharp peak 30 of FCT-FePt (200) preferred

orientation occurs at the angle between 46° and 50° and another sharp peak 32 of Cr (002)

preferred orientation occurs at the angle between 62° and 67°. The results illustrated in FIG. 4

and FIG. 5 show that the film is of FCT-structured FePt having the (200) preferred orientation

with longitudinal anisotropy. As compared to that in FIG 3(a), the in-plane coercivity increased

13



10 300C to 500C. The silver (Ag) doping in the magnetic |layer inproves the
bond energy between the iron platinumgrains in the nagnetic filmand al so
prevents grain growh. This is illustrated in the follow ng di scussion.
FIG 6 illustrates the A-2A XRD spectra of Cr9oRulo (30nm /Pt (4nm

/ (Fe5oRt 5 2 i [

vari ouspé aﬁ 32'7%995(?‘9?9 @sérnlu(r1 Eaﬂe ere é’hr}n%%ehga%g%& S:aeﬁl(f@%} fg%@é toa%
deposited as the underl ayer In the spectra denmarcated as (a) vvhere t he
under | &a¥Fcc; 2espResivelyp oldiis @aulatndmes Bt theawceﬁﬁ Ee may gompansate Ty ¢opgumed
percentage of silver (Ag) in the iron platinumalloy is at a 20% (x=20),

t he LI dyithereagticatwithuimpiuFtes such 60dXygpeaid iB#ogendndthu GeXptupatmk nB@netizetiéround
to be very strong. This suggests that many LI o Feet grains with (001 )
pref errigghedekentati on exist in the film 20 The peak 38 between 45C and 50C
can be ascribed to the overlap of peaks for Llo iron platinum (Feet) with

preferred or ent i on i lat i num (Feet,) W t referre

b éntation 1 58%?%%%0 shel o B leniSs *‘iedb% Plaffpfip e

i ntroductign of a r ﬁg an air partial pressure of 2x 10-6 Torr) during
deposi tlaw 18withhlelocrdesed hieRtA29® preferged erasptation gan be denosifedsen the intermediaie, e
intensity of chromum (Cr) (002) peaks 36' and 36" and Llo Feet (001) peaks
14  3dayeby [EA0r RE aragaeteonsiogapufterimgaflisongdatimen(FieRt) target dRD s yee CAgetaxgket (b)
and (c). The peaks 38' and 38" between 45C and 50C shift to a | ow angle,
whi ch 1 patRick the ibéh SBfidum aflo)-bOthEestinul A2 PRERYS AL, With thREs of 208D (Ap%a_k- I'n

this exanple of (FesoPtso)soAg2o~ the iron platinum magnetic |ayer

dom nat g‘ﬂ %sﬁﬂ? téﬂlsfergﬁl%tfopﬁ étlc(l eml e;gorsﬁlolﬁrlsr, %%h fall%ﬁl%l(l'l 3.ng? filofy Lhe

(c) spectrum serve an I omx 20
to x=40_ lead to a decrease in the et coni peak 34" 38".
f urltOner3Q9b‘§é9 wdct fhhe silyiex ¢\ & doping m@g Bagpetis ayeanmgjowélzﬁ) gnerggbawﬁ@ar sin

the XRD spectrumand the intensity of Llo Feet (200) decreases due to the
decr eastbe ubn platinumgnainsin, thevmegecticHdmt dnid aksogzevents graie gravgheThis if illustrited
mai nt ai ned constant at 20 nm
in the following discussion.
FIG. 6 illustrates the 6-26 XRD spectra of CrgoRu;¢ (30nm)/Pt (4nm) /(FesoPtso)100-xALx
(20nm) films with various silver (Ag) content and various air partial pressure where chromium
15  ruthenium (CrRu) is deposited as the underlayer 14. In the spectra demarcated as (a) where the
underlayer 14 was deposited at air partial pressure 0 Torr and the percentage of silver (Ag) in the
iron platinum alloy is at a 20% (x=20), the L1, iron platinum (FePt) (001) peak 34 and Cr (002)
peak 36 are found to be very strong.
This suggests that many L1, FePt grains with (001) preferred orientation exist in the film.
20  The peak 38 between 45°C and 50°C can be ascribed to the overlap of peaks for L1, iron
platinum (FePt) with preferred orientation (002), L1y iron platinum (FePt) with preferred
orientation (200) and Ag with preferred orientation (002). With the introduction of air (at an air

partial pressure of 2x10° Torr) during deposition of the chromium alloy underlayer 14, it is

observed that the intensity of chromium (Cr) (002) peaks 36’ and 36” and L1, FePt (001) peaks

14



10 FIGS .7(a) - 7(c) illustrate the respective in-plane and out-of plane
hysteresis | oops 40 and 42, 40' and 42', and 40" and 42" of C~Rulo

(30nm /Pt (4nm) [/ (FesoPtsoOoo- XAgX (20nm) filnms with various percentage of
silver Ag where x=20 to x=40 in the iron platinumalloy of the magnetic

| ayer ] t [ posited at various
air pa:‘f4 aﬁ@p%egécg%ggglggwgglm){%e&gﬁng% ayerxlie&gg?ﬁgeb)la%%g "40 and 42, 40
and 42', and_40" 42", d| cat t,.all magnetic |layers prepared in
the presencelRfP ? ranfiléé EW?F’BJ?‘?J‘ZF G&%%‘atf’ agﬁ?"s%‘ﬁkoﬂ 1chpg R‘i“’sto t her
observed that when air is introduced dur| ng the deposition of the CrRu

under | ashift ofllal o KeRe(082) peak 40 E1zaPt (200) peaks suthes dxempleaafi(BesbBtso)snsgedbeion t he
perpendi cul ar coercivity decreases and the |ongitudinal anisotropy

| MPr oV §latinkith fnafetRUBRK 166 domiAdtbd bl enelut, FRPt Ig}a%ﬁﬁ)%ﬂﬁb_/) efefréd Sridtitsionr esi s

| oops fromO Torr in FIG 7(a) to 2x 10~ Torr in FI An increase in

Lhe 20 BERET0PY 1 b RnReRlindLl s TRANEL) G xéz%zto&L Fleiag, 20 1o
HPsad 95 W $ B0 xof0 [

X =740, decrease | i zath on ane

| oops and out - of Iane | oops 40 (42' nd 40"/42" This re- enf or.ces the
observat Wais‘h“ﬁhﬁfe%‘ coma{) %éﬂeaewn Iisfurdgogbssrved thah paid MARATEHEH ns i s

due to increase in silver content in the magnetic layer. FIG 8 illustrates
t he 0- 28gXRBgs(062) peakodd @praRRuindh¢ XRIPtspéctrum and HesioRinsity o6 Ada bePL@0p) 15
films with various thickness of CrRu as underlayer 14 deposited with air

parti al dRfas&UMR @ithe déeresse dMFdP e;o?ﬁlaa, SRed thenth{ckheséhdTtle nlt@n&lidAIm is
underl ayer 14 is of a thickness, t 30 nm a strong LlIo Feet (001) peak 44

i s obs t ween 450 and 50C is due to overlap of Llo Feet
(002) Z‘E\%lﬁ%%gl)%n&gﬁ&tiﬁghgddl tion, a peak 43 of Ag (002) is also observed

5 The peak Cr al so Iearl vident. Wth, the decrea of t
und | ayer Fieic ST PR gstatere feapes &eerfgﬂletaadpuwfevlﬂmhymese Sorg ey (( (001
peak di aappears fromthe XRD spectra (b) and (c). The peak 46' between

450 an#580 atd 42’ sandat0F ahdd2 aelCroRatio (3Onk)/R6 (4nnv(HekoPiss)idud gt @O0tume fikhs f t  of
LI o Feet (002) peak to LI o Feet (200) peak. Therefore, the peak 46" is
dom nat wiih byribiepdrtentdgRadf IZGONgGAEROREDD to XR40 ehEHeirstipREAKMABloy BTdhe8" |'S

al so | ess
magnetic layer 18, where the chromium ruthenium alloy (CrRu) is deposited at various air partial
pressure to form the underlayer 14. The loops 40 and 42, 40’ and 42°, and 40” and 42”, indicate
15 that all magnetic layers prepared in the presence of silver (Ag) exhibit longitudinal anisotropy.
It is further observed that when air is introduced during the deposition of the CrRu
underlayer 14, where the air partial pressure is gradually increased, the perpendicular coercivity
decreases and the longitudinal anisotropy improves. This is observed in all the out-of-plane and
in-plane hysteresis loops from 0 Torr in FIG. 7(a) to 2x10° Torr in FIG. 7(b). An increase in the
20  percentage of Ag in the FePt alloy magnetic layer 18, from x = 20 to x = 40, leads to a decrease
in the magnetization in each pair of in-plane loops and out-of-plane loops 40°/42° and 40”/42”.
This re-enforces the observation in FIG. 6, that decrease in the (200) orientated FePt grains is

due to increase in silver content in the magnetic layer.

FIG. 8 illustrates the 8-20 XRD spectra of CroRug (t)/Pt (4nm) /(FesoPtso)70Ag30 (20nm)
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10 evident in the XRD spectra (b) and (c). Wien no CrRu underlayer 14 is
deposited, the XRD spectrum (d) shows only a small broad Feet (111) peak
45, which'indicates that the magnetic | ayer is dom nated by FCC- structured
Feet ( 111 ) orientated grains which is confirned by its |ow coercivity as

observeg, i - fof L n=pl y .eSi S. in FIGS 9(a) -
o(ay. 1 s el bt (iR E CPRY o el WEDEHER ik P Blplal plete Bty
very large 15 perpendicul ar coercivity is observed in the | oop 52 because
many FeB‘?“-grIBiﬂi‘FsXEPeSPG%llm)(a)o‘Wh@ﬁtﬂ%Cf wlerlpyer ddds eha tighmepsn & =G0mm, a
under | ayer 14 thickness fromt = 30 nmtot = 15 nmand then tot = 8 nm
t he perstongildgFaPt (19d) peaki 44 idelsenad e Thermbak 46 Hetwepnt 46Crmid HICSstdnemy

i nproves as shown in the change in relationship of the respective pairs of

in-pla - 02 51 1 , ' 9(a),
() e Gyt R ot R 2B i Ty or ) e pbied B &

9(d), the fi ' ¢ L nce tic ' l.nat ed
by the oo sTIRARKRIBELL IO oREy ¢ Rpa1 W UERREE ot BETIRIINIETHRE

i ndi cates. CrRu underl ayer i s necessary for_the ?rowth_of FCT- Feet (200) or
(001 ) kPSRl do/mEhtnd hehto T ESEY tiskioFSPH(00 Lo sBpeareiom the
results in FIG 8. It is to be noted that the above description is only

i 11 ust repectras(b) andt (ol Thegealnd6’ibetmeseh 46T @andd503Gshifts troslewsdniglel ab peak6t yehich t

wi |l recognize that the nagnetic properties of the Feet filns can be

adj ust eid day tatHesshifef LIEFdPNi(00) esk & LIJI%P(@ZOO??@aH.aTRéréforé, ife FQRIIBSIiE i ON

of Feet and the conditions for the deposition of the different |ayers.

Vo s ROV TE LR oo SRR 10RO 8nlaRge, ol RO
| nvleont | eovrljdesn? ?nutlh(g )88]5 sgeectrlai | Emecg (cs.o \Xsl?e%tnoaérﬁjuegr? eirlggeq‘ lat}g\c/igﬁoswed, tl\lle\é X(f{lDai m
spectrum (d) shows only a small broad FePt (111) peak 45, which indicates that the magnetic
layer is dominated by FCC-structured FePt (111) orientated grains which is confirmed by its low
coercivity as observed in the out-of-plane and in-plane hysteresis loops in FIGs. 9(a) - 9(d).
In FIG 9(a), where the thickness of the CrRu underlayer is 30 nm, a very large
15  perpendicular coercivity is observed in the loop 52 because many FePt grains are (001) oriented.
With the decrease of the CrRu underlayer 14 thickness from t = 30 nm to t = 15 nm and then to
t = 8 nm, the perpendicular coercivity decreases and the longitudinal anisotropy improves as
shown in the change in relationship of the respective pairs of in-plane and out-of-plane loops
50/52; 50°/52°, and 50/52” in FIGs. 9(a), 9(b), and 9(c). For the sample without CrRu
20  underlayer, as shown in FIG. 9(d), the film is magnetically soft since the magnetic layer is
dominated by the FCC-structured FePt grains of (111) preferred orientation, which indicates
CrRu underlayer is necessary for the growth of FCT-FePt (200) or (001) preferred orientation.

These results are consistent with the XRD results in FIG. 8.

It is to be noted that the above description is only illustrative to the present invention and
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1. A nethod of fabricating an iron platinumfilmon a substrate,

conprising: depositing a chrom um alloy underlayer on the substrate wherein
the chromumin the underlayer has a (002) orientation; 5 depositing an
internedi ate | ayer on the underlayer; and depositing an iron platinum

magnetigc |a n the internmedi.at er by .using a e uttering
syst emt%ﬁf?e‘%kz]iﬁeﬁp?lhtbeiaﬁtt %ﬁﬁﬁeﬁf)%%e Mg%’ %g%ﬂggrwgglﬁn&gtﬂa%ﬁgﬁﬁg%g% §ng of
t he underl ayer and the magnetic |ayer; and wherein the iron platinumin the
magnet i ajusigleby jalfering gheetheckness: eldtheeyarioys dayerss tthe sompesitipn tof FePpeod the
orientation. 10 2. The method according to claim1, wherein the nagnetic
sput t ergonditioas for stheclepesitiorcofithediffetelX ny¢ro.We tiricis witee emBodifiests WE thedtventioor di ng
to claim1, wherein the magnetic sputtering uses a radio frequency 15 (RF)

Pover SgHlide adﬂtnt%@?cd?ﬁﬂd@tﬂgm%‘%ﬁ kiedis® glréa‘a?' Qlle&hﬂ%d-%rﬁi’%ngﬂg spty 9.1?(? $cO lrats)f‘ ogen,

and air are introduced during-the sputtering o e respective lay 0

5. The t hod .accor.di cl.aim4 rein th en, nitrogen and air is
kept attlggpf)eé?rfti‘%‘fenﬂ?’égg‘lﬂﬁcgn?tah‘?dm]éédft\fl)\gﬁqt%g?ﬁmgﬁ:ﬁ% & to about 2x 10-5
Torr. 6. The nethod according to claim1, wherein the magnetron sputtering
system has a base pressure of less than 1 x 10-g Torr. 18 7. The net hod
according to claiml1l, wherein the chromumalloy is selected froma group
of alloys consisting of CRu, M, CW, CW CTi and CrV. 5 8. The

met hod according to claim7, wherein the percentage of the chromumin the
alloy is 80%to 100% 9. The nethod according to claim8, wherein the
percentage of the chromumin the alloy is 90%
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to 94% 10 10. The nethod according to claim1, wherein the underlayer has
a thickness that ranges from5 nmto 100 nm 11. The nethod according to
claim1l1, wherein a tenperature range from about 100 C to about 15 500C is
mai nt ai ned during depositing of the underlayer and internediate |ayer. 12.
The methpod according to claim1, wherein the internediate |ayer has a

t hi ckne®€ §/™Mhe range fromabout 0.5 nmto about 10 nm 20 13. The nethod
according to claim 12, wherein the internediate |layer has a thiclrness in

t he ranhe 4 method e fabricating aroirefbplatinum fifm ona supseatensompeisiigcor ding to cl ai m
1, wherein the internediate | ayer has a lattice constant and structure that
mat ches t he depbtitiag achrstiant alkiydindérayet on ehecfubstrgte oheirgihe whranainsi iattherg of
the 19 under | ayer and the magnetic |layer. 15. The nethod according to
clai m 1y, dehey&inds 4 (R2) Bliskigsl;ate | ayer has a lattice constant that matches
that of one of a group consisting of the underlayer and the magnetic | ayer.
5 16 The nethod .accordi ng t f' ai mt}lﬂe v@&&gi n t(ﬂe internediate |ayer has a
structure t hSPORHPE AR LtprIndialg laypronne yo > #%hsi sting of the underl ayer
and magnetic |ayer. 17, The nethod according to claim15 or 16, wherein the
i nt er nedi at edepasidingian iren edatsvnt magneticl daygr onpthe sutengediatealagerc by usingda cubi c
structure consisting of Ag, Au, and Al. 18. The nethod according to claim
14, whemagnetiohgputteriap Bysiéra) whéreiyielie intermediartigydr iatolesony eflygrbody toigistng?2
structure consisting of Ni Al and FeAl. 15 19. The nethod according to claim
14, whepghduhdtelaldiafl ﬂﬁ:%?én%ti& e, ahFwAGERGhE foh g%ﬁhﬁ"mgﬁ HeRndPRUERyér is
face-centered-cubic structure consisting of Pt, and Pd.

a face-centered-tetragonal structure with a (200) orientation.

10
2. The method according to claim 1, wherein the magnetic sputtering uses a direct current (DC)
power source.
3. The method according to claim 1, wherein the magnetic sputtering uses a radio frequency
15 (RF) power source.

4. The method according to claim 1, wherein oxygen, nitrogen, and air are introduced during

the sputtering of the respective layers.

20 5. The method according to claim 4, wherein the oxygen, nitrogen and air is kept at a partial

pressure ranging from about 5x107 to about 2x107 Torr.

6. The method according to claim 1, wherein the magnetron sputtering system has a base

pressure of less than 1x10® Torr.

18



20. The nethod according to claim15, wherein the internediate |ayer has a
body centered cubic structure conprising iron. 20 21. The nethod accordi ng
to claim1, wherein the magnetic layer is fornmed by nagnetron co sputtering
of iron platinumalloy with Ag. 22. The method according to claim 21,
wherein the iron platinumin the nmagnetic |ayer is 20 (Feet) i o00- XAgX.
23. The nethod according to claim?22, wherein x is an integer ranging from
0 to 40, 5 24. The nethod according to claiml, wherein a tenperature_range
f r om abbutthgowsthadacgerding tgelpem;ls wharein BrecaEpngiym allpyde paested fgmay growpof 1 on

pl ati num magnetic | ayer. 25. The nmethod according to claim1, wherein the
magnet i ¢ bHywsrcohsistig ¢ CRanEsdoy @M GrWy Orfii ahd CrV5 nm t o about 100 nm 10
26. The nmethod according to claim25, wherein the magnetic |ayer has a

t hi ckness rangi ng fromabout 10 nmto about 20 nm 27. The nethod according
to claim1, wherein the substrate is selected froma group consisting 15 of
Ni - R caogt I cer am | r " o hod
acc o5 rd ioér?g %ﬁ%ﬁig P%Id %]&J?%?iﬁg o kﬁ%r%’ Y %ﬁ%?ﬂl tgl? R%Q%rt %—egga icﬁ%n?blﬁ@ g %satu?%fse%t%)
decrease a ?r%in size of the underlayer and magnetic layer. 20 29. The

net hod ac&® @%ﬁg to claim28, wherein the seed |ayer is selected froma
group consisting of Ta, NiAl and C. 30. A magnetic recording nedia having a
| ayered structure on a substrate with a first |ayer of chrom um all oy
deposited on the substrate; 21

9. The method according to claim 8, wherein the percentage of the chromium in the alloy is 90%

to 94%.
10
10. The method according to claim 1, wherein the underlayer has a thickness that ranges from
5 nm to 100 nm.
11. The method according to claim 1, wherein a temperature range from about 100 °C to about
15 500°C is maintained during depositing of the underlayer and intermediate layer.

12. The method according to claim 1, wherein the intermediate layer has a thickness in the range

from about 0.5 nm to about 10 nm.

20  13. The method according to claim 12, wherein the intermediate layer has a thickness in the range

from about 1 nm to about 4 nm.

14. The method according to claim 1, wherein the intermediate layer has a lattice constant and

structure that matches the lattice constant and structure of one of a group consisting of the
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a second | ayer deposited on the first layer; a third | ayer deposited on the
second | ayer; wherein the second | ayer matches the first and third layer in
| attice constant and structure and wherein the third | ayer has a (200)
orientation in a faced centered tetragonal structure. 5 31. The nagnetic
recordi ng ' ' : rein the chromumalloy is selected froma
group of QFF‘E% e‘ﬁ%“ﬁ?.*‘i‘%‘?%’é%m%%, oM, M, W CGTi and OV. 32. The
magneti c recording nmedia of claim 31, wherein the percentage of chromumin
the first 10 layer is fromabout 80%to about 100% 33. The magnetic
recordi ng nmedia of claim32, wherein the percentage of chromumin the
first | bHydheimethodaecerding togtmmt lo wiisrsin the4stermaligd layphkasradgttice constant thatli ng
medi a of claim 30, wherein oxygen, nitrogen and air are introduced. 35. The
magnet i ¢ megeHed kg ol 6f Dfroth adri¥isBidg offenatiardyeeanidtie iagieilc 16ag. a

t hi ckness that ranges fromS nmto 100 nm 20 36. The magnetic recording
medig of claim 30, wherein the internediate layer has a lattice constant
and structure that matches that of one of a group consisting of the

under | ayer_and the magnetic | ayer. 37. The magnetic recordin di a  of

e m 305 TR Bieiod BFROE e Fatsi] oY ereiA e euBIAty iy a8 23O TR TAHOE o
mat ches that of one of a group consisting of the underlayer and the
magnet i ¢ [thatef ongef a group rerpisting of theowderlaygr ardiinagusticdaygi-m 30, wherein the
internedi ate | ayer has a structure that matches that of one of a group
consi sting of the underlayer and nmagnetic |ayer.

17. The method according to claim 15 or 16, wherein the intermediate layer is selected from a

10 group having a face centered cubic structure consisting of Ag, Au, and Al.

18. The method according to claim 14, wherein the intermediate layer is selected from a group

having a B2 structure consisting of NiAl and FeAl.

15 19. The method according to claim 14, wherein the intermediate layer is selected from a group

having a face-centered-cubic structure consisting of Pt, Cu and Pd.

20. The method according to claim 15, wherein the intermediate layer has a body centered cubic
structure comprising iron.
20
21. The method according to claim 1, wherein the magnetic layer is formed by magnetron co-

sputtering of iron platinum alloy with Ag.

22. The method according to claim 21, wherein the iron platinum in the magnetic layer is

20



39." The magnetic recording nedia of claim37 or 38, wherein the
internediate layer is selected froma group with a face centered cubic
structure consisting of Ag, Au and Al. 10 40. The magnetic recordi ng nedi a
of claim 36, wherein the internediate |layer is selected froma group having
a B2 stru§$ ﬁq 8n5|sting of Ni Al and FeAl. 41. The magnetic recording
medi a of wherein the internediate |layer is selected froma group
having a face centered cubic structure consisting of Pt, Cu and Pd. 15 42.
The magnetic recording nmedia of claim38, wherein the internediate layer is
a body centered cubic structure conprising iron. 43. The magnetic recordi ng
medi a d23. dheimet!3@ acedrding to claa 22nvhereeds stap ihtegenrangisg o kdless in 20 t he
range fromabout 0.5 nmto about 10 nm 44. The nmagnetic recordi ng nedia of
claim 43, wherein the internediate |ayer has a thickness in the range from
about 1 nmto about 4 nm 23 45. The nmagnetic recording nedia of claim

30, mhe net. c Ia is,.forne ron n o iron
RPRE S g 3 R S S S S S A e B
wherein the iron platinumin the magnetic layer 5 is (FePt)loo-XAgX. 47.

The magne®Pe°G isansiniaingd duting deffositingjofthrsironplatinim magheticdayarnt eger rangi ng
fromO to 40. 48. The magnetic recordi ng nedia of claim 30, wherein the

magneti c | ayer has a thickness 10 ranging fromabout 5 nmto about 100 nm
49. The nmagnetic recording nmedia of claim48, wherein the magnetic |ayer

magnot | & AEegrEabdhy CRIRAL Wharth AR ndR0tlertll Iihisc gl Bom

glrggs)e/l g;lg @H%onr}gltosggongl% NI.-P coated Al My, glass, glass ceramc, and

10
26. The method according to claim 25, wherein the magnetic layer has a thickness ranging from
about 10 nm to about 20 nm.
27. The method according to claim 1, wherein the substrate is selected from a group consisting
15 of Ni-P coated AlMg, glass, glass ceramic, and glassy carbon.

28. The method according to claim 27, further comprising pre-coating the substrate to decrease

a grain size of the underlayer and magnetic layer.

20  29. The method according to claim 28, wherein the seed layer is selected from a group consisting

of Ta, NiAl and C.

30. A magnetic recording media having a layered structure on a substrate with

a first layer of chromium alloy deposited on the substrate;
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" 51." The nmagnetic recording nedia of claim30, wherein the substrate is

pre-coated with a seed | ayer to decrease grain size of the underlayer and
magnetic tayer. 20 52. The magnetic recordi ng nedia of claimb51, wherein
the seed layer is selected froma group consisting of Ta, NNAI, and C. 24
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49. The magnetic recording media of claim 48, wherein the magnetic layer has a thickness

ar

ranging from about 10 nm to about 20 nm.

15  50. The magnetic recording media of claim 30, wherein the substrate is selected from a group

consisting of Ni-P coated AIMg, glass, glass ceramic, and glassy carbon.

51. The magnetic recording media of claim 30, wherein the substrate is pre-coated with a seed
layer to decrease grain size of the underlayer and magnetic layer.
20
52. The magnetic recording media of claim 51, wherein the seed layer is selected from a group

consisting of Ta, NiAl, and C.
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