-1- METHOD FOR MAKI NG DATA STORAGE MEDI A BACKGROUND
[0001] The invention relates to data storage nedi a.
The invention further relates to a nethod for naking
data storage nedia. In the fIF|d of data storage,
areal density is an inportant*” factor driving future
applications and recording systens. The areal density
of current hard disc drive technology is fast
approaching its theoretical limt for storage
capabilities. Technol ogies such as, for exanple,
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potential to support nuch higher areal densities.
[0002] Materials with increased magneti c ani sotropies
are desirable for various applications such as, for

exanpl e, applications i %A&G%}?@t orage industry
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phase and subsequent annealing is needed to transform (i.e. chemically order) the material into

the high anisotropy L1¢ phase.
[0003] Thereis identified a need for improved data storage media that overcomes

limitations, disadvantages, and/or shortcomings of known data storage media.

SUMMARY
[0004] An aspect of the present invention is to provide a method for making a data

storage media that includes providing a substrate, depositing on the substrate a first layer that



the first layer a second |layer that includes the
magnetic material and the non-nmagnetic material, and
heati ng the second |layer and the first layer. In
anot her aspect, the inventi ondi' ncl udes structuring
the first layer and the second”l ayer to forma
magnetic recording |layer. In another aspect, the
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FePt - I\/gOfl | m made in accordance with the nethod of
i nvention, in accordance with an aspect of the
i nvention. DETAI LED DESCRDRAWINGH09] Figure 1 is a
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the1h€?l=91'tlHHeS a housing 12 (with the upper portion renoved
and the lower portion visible in this view) sized and
cl@0D7purkigures2a o B¢ sdhemiatieallydtlusttite themethehdSmalting Belata storage
system 10. The system 10 includes a spindle notor 14
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DETAILED DESCRIPTION
[0009] Figure 1 is a pictorial representation of a system 10 that can include aspects of
this invention. The system 10 includes a housing 12 (with the upper portion removed and the
lower portion visible in this view) sized and configured to contain the various components of the
system 10. The system 10 includes a spindle motor 14 for rotating at least one disc 16 within the
housing 12. At least one actuator arm 18 is contained within the housing 12, with each arm 18
having a first end 20 with a slider 22, and a second end 24 pivotally mounted on a shaft by a

bearing 26. An actuator motor 28 is located at the arm's second end 24 for pivoting the arm 18 to



position the slider 22 over a desired sector 27 of the

disc 16. The actuator notor 28 is regulated by a

controller, which is not shown in this viewand is

well known in the art. [0010] _In one aspect, the

invention relates to a data 3130rage medi a. I n anot her

aspect, the invention relates to a nethod for naking
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additive materials), by co-deposition with the
granular microstructure the grain boundary additive material can be applied by a composite target
" (a sputtering target containing both magnetic and additive materials), by co-deposition with the
magnetic material or by adding an additional layer of an appropriate amount of the additive

material separately. The phase separation at elevated temperature drives the microstructure into



magnetic material or by adding an additional |ayer of
an appropriate anount of the additive materi al
separately. The phase separation at el evated
tenperature drives the mcrostjucture into -4-

granul ar type. In an aspect of the invention, various
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at eghtiR0d of the invention for making data storage

nmedia, in accordance with an aspect of the invention.
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appreciated that the substrate 10 (and any additional underlayers and/or seedlayers deposited on

the substrate 10) may be heated prior to depositing the first layer 12. In one aspect, the heating of
the substrate 10 (and any additional underlayers and/or seedlayers deposited on the substrate 10)
may be done at a temperature in the range, for example, of about 350 °C to about 750 °C. In one
aspect, the heating of the substrate 10 (and any additional underlayers and/or seedlayers

deposited on the substrate 10) may be done for a period of time in the range, for example, of



the substrate 10) nay be heated prior to depositing
the first layer 12. In one aspect, the heating of the
substrate 10 (and any additional underlayers and/ or
seedl ayers deposited on the sypstrate 10) nmay be done
at a tenperature in the range, for exanple, of about
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1061807 51 36 PPt f HagoBiCterdia rds S S R rraf PO« single
magrtgidrédosdifg 1dyee24 hlitable BY 8ita 3dragdS indReSidhRRIwIlIe iR ifivelifidn, following
the deposition and heating of the first layer 12 and the second layer 22, as described herein. The
magnetic recording layer 24 includes the magnetic material 14 with the non-magnetic material 16
interposed therebetween. It will be appreciated that the illustration of the magnetic material 14
and the non-magnetic material 16 in Figures 2a - 2¢ are merely schematic illustrations

[0020] In one aspect, the magnetic material 14 includes at least one of FePt, CoPt, FePd,



illustrated in Figure 2b. [0019] Figure 2e illustrates
a magnetic recording |ayer such as, for exanple, a
single magnetic recording |ayer 24 suitable for data
storage, in accordance with th@_invention, follow ng
the deposition and heating of the first layer 12 and

t he second | ayer 22, as described herejn. The
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of time in the range, for exarrple of about 1.

in F@m)?ﬂ:l@at i ferbwedtin @erandanse whithshe alﬁeraatumoagpe end h@aﬁmg method
deschREH IRTHRETPG: 1 JEPT BRIOGH EFFAOS) FredPmAE s TAippD e FePt and
the g%ﬁwhﬂan@a‘ 28R unding (REEOM EPaihPard M 4dBEy LorSRMONASetic material,
i.e., MgO. In one aspect, the grains of the magnetic material, i.e., the FePt grains, have a size, for
example, in the range of 2.0 nm to about 20.0 nm. In another aspect, the FePt-Mgo film, i.e.,
formed as a magnetic recording layer, has a magnetic anisotropy, for example, in the range of
about 1x107 erg/cc to about 10x107 erg/cc. It will be appreciated that the film shown in Figure 3

formed in accordance with the method of the present invention illustrates that the small grains



[0023] Figure 3 illustrates a mcrograph of a thin
filmformed in accordance with an aspect of the

i nvention. Specifically, Figure 3 illustrates a

m crograph of FePt-MyO film sfructured as a magnetic
recording layer such as, for exanple, magnetic
recording | ayer 24 shomn in Figure 2e that |s forned
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depdEﬁH%%Eaﬁﬁg EfGe Ra§ 96 ﬁ)ehﬁ& Q8 HiaBY tikrlel US Hés"i‘feﬁ%n BHEP tct dWRain the

rarns -7-"wt contrast are th
magnctcbaleemidﬁrgﬂayeg R4ihaving hige dldsnre@ pearalb thiciohass 'Eit ar e t he

non-nagnetic mterial, for exanple O, This
fqﬁggf‘ ur Eheimplerpentationyleseribedrbaye %‘P etjplementations are within the

soperties and granular mcrostructure
SCOPQ%‘&E are ﬁgcgzgggry for high density magnetic
recordi ng nmedia. [0024] In one aspect of the
invention, the nmethod for form ng a data storage nedi a
may include depositing on the first |layer 10 and the
second layer 12 an additional |ayer that includes the
magnetic material 14 and the non-nagnetic naterial 16.
This is followed by then heating the additional |ayer
and the second layer and the first layer. In an aspect
of the invention, this depositing-heating cycle naybe
repeated as many tinmes as desired in order to obtain
the magnetic recording |ayer 24 having the desired
overall thickness T3. [0025] The inplenentation
descri bed above and other inplenentations are within
the scope of the following clains. -8- WHAT IS
CLAIMED IS: 1. A nethod for making a data storage
medi a, conprising: providing a substrate;



depositing on the substrate a first |ayer that

i ncludes a magnetic material and a non-nagnetic

material; heating the first |ayer; depositing on the

first layer a second |ayer that includes the nagnetic

material and the non-magnetic material; and heating

the second | ayer and the first layer. 2. The nethod of
WHéiTaﬁSrf;Ii‘?‘MﬁPI ding the nmagnetic material conprising at

I f Fep . 1. 3.
The et faa of - SFe makdhE et ee Mciis, ot

mat eri al corrrpm’b\sﬁilngaailbstfmst one of Mgo, C, Si @2,
Ti @, Ta20b, A1203, BN, SiNX, B4C_ 4. The nethod of . _
claim 1, incligpesidpspbeisubsigta hiirst layer thpiipelndesn magnetic material

i j.n 1he range of about 0.2 nmto about 5.0
and %&oﬁga‘éﬁ%gcsﬁr%%{e 8% of claim1, including depositing the

second | ayer nhesidpyie figst Ifyet;ckness in the range of

about 0.2 rimto about 5.0 nm 6. The nethod of claim )

1, incl udi ng depesitingon the firstdayer p ageondtleyes thag shidgs thegnagnetic
mati N td(]& r%nqg ofe 'c‘?b%ﬁet' 350,C to about 750 C. 7. The

el A mSmoRT fERCtC M (?Pﬂg heating the first |ayer

for a time i meithfy thé st@8d MyePilihe Birél 15REONdS to about

60.0 seconds. 8. The net h_og of claim 1, including .

heat i ng2t he Jeasrathodglentaionty indleding thetmagnejie mateyial comprising at

t enp [ el f t 350 C to about 750
leaStdneé’%%gI’Cer?@%’ﬁ?ggo?"@gﬁﬁﬁff AR o ng heating the
second Bayer TaBehdth&d éf digitn 1,|i1%1§din% €He rfonthfEhetib mdféial comprising at
range of about 1.0 seconds to about 60.0 seconds. 10.
leastkine ofdM2(9,0C.0310e) FilOm TaOsiAdb Qe BNy SifpdCt i ng the first

contai nfing. ¢ RESRNG ot T Lt il SRR e e RSk o have o

thickiRbEinitRé rangd &f abldue 0 PRim @fatfut Slodin 1, i ncl udi ng
depositing the first |ayer and the second | ayer by

co- depo§i t i nghe mmthed dfidlam I, andgeding depasitingribe sdvend layer to have a
netj c_materi.al ﬁ da,s cogg target containing the
out 5.0 nm.

thickE e o etouy P g

6. The method of claim 1, including heating the first layer to a temperature in
the range of about 350 °C to about 750 °C.

7. The method of claim 1, including heating the first layer for a time in the

range of about 1.0 seconds to about 60.0 seconds.

8. The method of claim 1, including heating the second layer and the first
layer to a temperature in the range of about 350 °C to about 750 °C.

9. The method of claim 1, including heating the second layer and the first
layer for a time in the range of about 1.0 seconds to about 60.0 seconds.

10.  The method of claim 1, including depositing the first layer and the second
layer from a composite target containing the magnetic material and the non-magnetic material.

11.  The method of claim 1, including depositing the first layer and the second
layer by co-depositing from a first target containing the magnetic material and a second target

containing the non-magnetic material.



12. The method of claim 1, including depositing the
first layer and the second | ayer by depositing a
magnetic |ayer froma first target containing the
magnetic material and deposiig.ng on the magnetic

| ayer a non-magnetic |ayer froma second target

cont ai ni gt non- netic.material. 13. t.h
of "chai e, | hemapetPET b PTG Aebos g hF Gyl v fad the second
layet t%?d%%i%g a rh ﬁc la‘?etf R4 aaﬁrgﬁﬁfg%t EénthiBRQIHE e éﬁ(:%atenal and
erretho of claim 13, including grains o

depqs&glgeml the nmgaeticalaydra nonemagetjn dtyier fromcosedpmbtal gey eqontammg the non-
VI n%ﬁ\' 1S| ze in the range of about 2.0 nmto about
1845, The method of claim 13, including the

_magnet i g3r ec%g' dc?d/fecrlat I’,iiﬁ‘él @ing Wgﬁ:&gth?mritg%ﬁe? A¥d the second

in the range of out |x1 erg cc'to a
layeletogbnnarﬂafgneffhmcnﬂmtg)ldym‘f claim1, further incl udi ng:

depositing on the first | ayer andthe secaognd | ayer, an . .
addi ti on4f J}ﬂsmqﬂwa{ { dlaie L delydins gaiia \the magusticgaterial in the

maghfft tt%ﬁ”@”ﬁf@%?%% STRR 1 Hotane ANCBERL 0 B EBout 20.0 nm.
| ayer. 147. The muthdiost odxﬁrml3anrm1ﬂtﬁng theahagtietigrecording layer having a
structurin the first, ] a sec nd l,ayer and

magReic ARERLropY nihe rapgsof tata lt/t ﬁer&% ﬁ%at%ﬂ e Bt
layer. 1§. Thﬁe%ttﬁtﬁl‘ljof(bflal ?'f@tﬂez'mdlﬁ‘d}lh%d' ng grains of

the nmagnetic materi magneti1 c Tecording | ayer
havi-ng a si zdepasitidpeon the @mt(befyeﬁbﬁdtthe%eébnﬂﬂm)teo anhdditional layer that

nm 19. The. nmethod of claim 17 di ng the
mclqﬁlsg&@tmw%matﬁ atlda%m%ﬁmet@ﬁ%matﬁagﬂ 3 c ani sotropy

e S0l AT LU Ny IO e
accor dahze Wrhb nidisodoftchaint 1, irdhading stiucturing the first layer and the
second layer and the additional layer to form a magnetic recording layer.
18.  The method of claim 17, including grains of the magnetic material in the
magnetic recording layer having a size in the range of about 2.0 nm to about 20.0 nm.
19. The method of claim 17, including the magnetic recording layer having a
magnetic anisotropy in the range of about 1x107 erg/cc to about 10x10 erg/cc.

20. A data storage media constructed in accordance with the method of claim





