METHOD FOR MAKI NG DATA STORAGE MEDI A BACKGROUND [ 0001] The invention
relates to data storage nedia. The invention further relates to a nethod
for maki ng data storage nedia. In the field of data storage, areal density
is an inportant factor driving future applications and recordi ng systens.
The areal density of current hard disc diive technology is fast approaching
its theoretical limt for storage capabilities. Technol ogi es such as, for
exanpl e, perpendicul ar recordi ng designs and heat (thermally) assisted
magneti c recordi ng (HAVR) designs have the potential to support nuch higher
areal densities. [0002] Materials with increased nmagneti c ani sotropies
are desirable for vayjPPRGD .IQMAREIQGSHRH‘A%TJIQ&GEWI% appl i cations
in the data storage I ndustry ere there 1s a continuous need to increase
storage densities. Data storage nedia that can hold densities of 1 Thit/in2
or higher will require materials with nagnetic anisotropies greater than
conventional nedia nmaterials. Heat treatnents are typically used to contro
t he phase formation and nicrostruq&gg%éﬁbg@ﬁjnize the materials

properties. In order to incorporat rials into a data storage

medi a the qO00EC! Thelftehtibh Relate GS@atittofagh encdi, Al Hesiely sitiofi firtider relates to a
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chemically order) the materjal into _the high anisotropy LIo phase. |
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provide a naodmd fOrreiRlsiviish Aciaba ﬁag{eﬁggnﬁs@é)@ey&}etdteéﬁ%wﬁ%%aﬁé&vi ding a

substrate, depositing on the substrate a first 1ayer at -2- includes a

magnet i apphatemis ahichaasg fox emamplepgppdichiionsan dhid data sthmge indypstrhwhererthereliager |
depositing on the first layer a_ second_| ayer that .jn¢lude he magnetjc
mat er i aﬂongﬂﬁo‘lsﬁ’@e%Eﬂm‘-“ﬁ%?@f?e%{?r@gﬁﬂ?@itieéi Daigsiomgamery ﬂé%@@%ﬂﬁl&%@?l‘ L\nd
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| ayer and the second | ayer, an additional |ayer, that includes the nagnetic
mat er i dPICERRUERE Wd?P—“HHé?}@Fi”&atﬁ%ﬁ%PT%Fméﬁd Fdfr tRdBgqrpyatar es&d’&‘?t?g%gg!m a
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i nvention 1 ncludes structuri Irst layer and the second |ayer and't he
addi t i araabcrystakine} exchanrge decompdetbon martidtycxdhageldayaipled gramsoTherfilaspect , t he
i nvention incluydes a.data storage nedia ci)nstructgglni n agcordance vvilglh t he

met hod Banufpctuning technigues fhat can panogrystalline grains ot produce the correct phase

on their own, For example, the FePt family is typically deposited as the face centered cubic (fcc)
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



[ 0005] These and various other features and advantages wi || be apparent
froma reading of the followi ng detail ed description. DRAW NGS [ 0006]
Figure 1 is a pictorial representation of a system in accordance with an
aspect of the invention. [ 0007] Figuges 2a - 2e schematically
illustrate the nethod of making a data storage media, in accordance with an
aspect of the invention. é0008] Figure 3 is a scanning el ectron
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constructed in accordance with the method of the invention described herein.

[0005] These and various other features and advantages will be apparent from a reading

of the following detailed description.

DRAWINGS
[0006] Figure 1 is a pictorial representation of a system, in accordance with an aspect of
the invention.
[0007] Figures 2a - 2e schematically illustrate the method of making a data storage
media, in accordance with an aspect of the invention.
[0008] Figure 3 is a scanning electron microscope micrograph illustrating a plan view of
an FePt-MgO film made in accordance with the method of invention, in accordance with an

aspect of the invention.

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



[0010] In one aspect, the invention relates to a data storage nedia. In
anot her aspect, the invention relates to a nethod for making a data storage
medi a. In anot her aspect, the data storage nmedia may be structured and
arranged for magnetic recording. In another aspect of the invention, the
data storage nedia nmay be constructed amtf arranged for use in association
with, for exanple, perpendicular nmagnetic recording or heat assisted

magnet i posigion it shiglef 2AMR)r.a desined/sector 27 ofittie ditrel e pPrecastumtardnothn? 8 sopgwlated of

t he i nvention be. ut.ilized far making at.her es .of, data storage nedi a
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det er i obarppigcirtedithatiaspesst ofitbe mventionparbeptilizgddar mpking iother pipss of data

heat i ng/_ anneal I‘G% mstﬁods, the resulting mcrostructure of the Llo filns
are foufit?'t& HeV2*YFains too large to be used for high density recording.
[0012] In apsangangerabhicdtinga maRRaE d8h s e'rﬁé’cﬁﬁltél@'&ttht&ﬁ{)&him@ Redevaen
obtai ning orderéed LI o phase and the mcrostructure suitable for high

densi t y to faboicatc mpteriats into thelhigliarisottopy &)k phase ifer mhagretic atdording mediadwcause o
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material separately. The_ phase separation at elevated tenperature drives
the m c&lsaémg%waﬁ@gim% ods, the f@?@mﬂ micresppisture gt this Lo s aigtiopndLiortiave RFAY,
var i ous adidelty 58 uSRfol R (dsiRPIRSRirfpan be applied at each cycle.

[ 0013] F(?glurégs 2au- 28 sg%‘ema%li cal r}?ll | ustrate a nmethod of the invention
for maki ng [HXI2] stBraegerdamed with hnagpectafdesideemidn) therdiRfpechet@ter dttaining
invention, It wll be agpre_ci ated that Figures 2a-. 2e are nerely Provi ded
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that includes a nmagnetic material 14 and a non- magz_net_i c material 16, such
as for ertimincd ferdesitalle sran size.aln onpraspephghe methodent dhe myentionfageacheycle
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non- NnagBtitized®s edtidle thé Beshable@4in3HeE Furthértia atédrainck ayay thd ZnvEBNom) o obtain
deposi ted bérco-deposi ting froma first target containing the magnetic
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target containing the non-magnetic material which will result then in the
first | material sepheaiglyng Thephaseiseparatipnot sleyatad emparaturerdsivea dreaniccostimctrs mto 14
and non-magneti c boundary regi ons containing the non-magnetic material 16
that is interposed between the magnetic material. Accordingly, it will be
appreci ated that various steps of deposition nmay be utilized in accordance
with the invention in order to obtain the first layer 12 that includes the
magnetic material 14 and the non-magnetic material 16. [0015] In
accordance with an aspect of the invention, it will be appreciated that
addi ti onal underl ayers and/ or seedl ayers (not shown) may be provided on the
substrate 10 prior to depositing the first layer 12. In accordance with
anot her aspect of the invention, it will be appreciated that the substrate

o o o o o e



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 underl ayers
and/ or seedl ayers deposited on the substrate 10) nay be done at a
tenperature in the range, for exanple, af.about 350C to about 750 C. In one
aspect, the heating of the substrate 10 (and any additional underl ayers
and/ or seedHa ers de osit%d n.the substrate %g% Q%é b%.done for a%ﬁeriog
of time FAMIAYPEN o drgieentign, varigus addjfiyesang heating v &3 4hutPPEEY o
Seconds. z¢ each HREL6] Figure 2b illustrates heating of the first layer 12
(heating generally represented by arrow 20). The heating of the first |ayer
12 may be arf00h3}i tRigiresd N2e honeiscallgrllwstracnmaibod of fifedaeasion eamakigg data
the first layer 12 provides the tenperature needed to transfaormthe_.
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exanpl e, & single nagnetic recdrding 4 suita storage, in
accor dariéehatiis mterpesddrbeemednche miaghdtmmatgrialh A cdeplisgly,iibwilbhbelagpretiatad tiaf  t he

first layer 12 an he .second, | ayer 22, as ,descr,ibed. herein, The magneti.c
Fecor di HOPUYRRAF deRGTUILDRY BE SH DR Ao ARER M (0 IEERROR HeoGHORRGIR e
nater | a|ﬁr§f€1a§éi‘t19rtﬁﬁqﬁ&u&éé%@gﬁgq@ﬁ%?tbﬁalvﬂl dnd e RRPMEShAeHatERal 6t he

illustration of the magnetic erial 14 and the non-fragnetic material 16
in Figures PRO15S]2ehascoraned withahasmict 6f thk invehtiad, itonisl §0ppedcidted thiae aspect ,
the magnetic material 14 jncludes at |east one of FePt, CoPt, FePd i
additional underlayers and/or seedlayers (not shown) may be provided on the substrate 10 prior
to depositing the first layer 12. In accordance with another aspect of the invention, it will be
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



-6- CoPd, NNPt, or Al M. In anhother aspect, an additive used with the

i nvention, such as, for exanple, the non-magnetic material 16 may i ncl ude,
for exanple, at |east one of MJO, C, Si 02, Ti 02, Ta205, Al 203, BN, SiNx, B4C
or any suitable oxide material. In one agpect, the first layer 12 may be
deposited to have a thickness Ti (see Figure 2a), for exanple, in the range

of about, 0. mto,apout 5 nm | n another aspect, the second |ayer 22 may
have a tahp%tiln(gggcoq%s @5@ ulﬁ(g%Feepo%s., for exanple, in the range of about 0.2
nmto about r up; ' TIAEIRYY [ t ' S
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an overall thickness T3 f(see Figure 2e) that is suitable for the desired
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in the range, for exanple, of about 1.0 seconds to about 60.0 seconds. In
anot her ngegsdde ultimatelybgiairagprdimgmmedigdcond | ayer 22 and the first layer 12
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Specifically, Figure 3 illustrates a mcrograph of Fe film structured
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In one aspect of the invention, the method for form ng a data storage nedi a
may i ncHhgB2ed poEigredP-on the first layer 10 and the second | ayer 12 an

addi ti onal that  1NGc t he magnetic..nmaterial .14 and th .

on magnet i (048] o 1Bhre A lktfatesl 5o ARAR Ko B ¥kt Rch 36, RE Soanile, gingig
| ayer apfighdtR reesiaing 1hypey 08 saitsblé it datd sidraf@ N hecokdhndd wikhRBE invertidn) following
invention, this depositing-heating cycle may be repeated as nmany tinmes as

desi r edtherdeppsiten e btstiap of thedirstelgyrstliZand deosegprdylayery 2, agdessebedereine The

desir edm%\él%tlacl rleccgrgin%lig}?e% 34 Illacludes 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,



[ 0025] The inplenentation descri bed above and ot her inplenentations are
within the scope of the following clains. -8 WHAT IS CLAIMED IS: |.A

nmet hod for nmaking a data storage nedia, conprising: providing a substrate;
depositing on the substrate a first |ayer_that includes a nmagnetic materi al
and a non-magnetic material; heating the first |ayer;

deposi ti ng on _the first Iayer a second | ayer that includes the magnetic

mat er i al CaReh N§é HHMpndReppiRenispest; 4l addath‘@ ysed pithghe Hyealem sich %\“yg?f and
the fir Sélen‘?ﬁig,rthe non-magnetic material 16 may include, for example, at least one of MgO, C, SiO,,

TiO,, Tay0s5,A1,03, BN, SiNy, B4C or any suitable oxide material. In one aspect, the first layer
12 may be deposited to have a thickness T1 (see Figure 2a), for example, in the range of about
0.2 nm to about 5.0 nm. In another aspect, the second layer 22 may have a thickness T2 (see
Figure 2c), for example, in the range of about 0.2 nm to about 5.0 nm. Accordingly, it will be
appreciated that the thickness T1 of the first layer 12 and the thickness T2 of the second layer 22
may be selected as desired in order to obtain a magnetic recording layer 24 having an overall
thickness T3 (see Figure 2¢) that is suitable for the desired density of data storage. It will be
further appreciated that additional layers including the magnetic material and the non-magnetic
material may be applied to the second layer 22 as desired and as will be explained herein.

[0021] In one aspect, the heating of the first layer 12 (as shown in Figure 2b) may be
done at a temperature in the range, for example, of about 350 °C to about 750 °C. In another
aspect, the heating of the second layer 22 and the first layer 12 as illustrated in Figure 2d may be
done at a temperature in the range, for example, of about 350 °C to about 750 °C.

[0022] In one aspect, the heating of the first layer 12 may be done for a period of time in
the range, for example, of about 1.0 seconds to about 60.0 seconds. In another aspect, the
heating of the second layer 22 and the first layer 12 may be done for a period of time in the range,
for example, of about 1.0 seconds to about 60.0 seconds.

[0023] Figure 3 illustrates a micrograph of a thin film formed in accordance with an
aspect of the invention. Specifically, Figure 3 illustrates a micrograph of FePt-MgO film
structured as a magnetic recording layer such as, for example, magnetic recording layer 24 shown
in Figure 2e that is formed in accordance with the alternating deposition and heating method
described in detail herein. The light colored grains 26 are the magnetic material, i.e., FePt and
the gray boundaries 28 surrounding the FePt grains are the additive or non-magnetic 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



2. The nethod of claim1, including the nmagnetic material conprising at

| east one of FePt, CoPt, FePd, CoPd, N Pt, or Al Wnh. 3. The

met hod of claim1, including the non-nagnetic rrateri al conprising at |east
one of MgO, C, Si 02, Ti 02, Ta205, Al 203, BN, Si N', B4C 4. The
met hod of claim11, including depositi ng he first layer to have a thickness
in the range of about 0.2 nmto about 5. The met hod of
claim 1, wvﬁes@dwﬁgaﬂ@&oep mllg?rflfﬁed E%%to%‘iﬂnf é}}ﬂeﬁhet%awbow@dmsmecwﬁ@eg-mwem

range Of h'lhfoq e%alﬂ E gtu as the gombmatl ng’f sxﬁrzhle tslf%dhﬁjd claim
| ng | rs

1, inclu eat| ng ay er era ure |n e rahge of about

350C t o rabgetic pidpefties and granular mlcrﬁstrlﬂﬂtﬁe Imﬁéloﬁe abcesbay forhigh deisitg niagnetic
heating the first layer for a tinme in the range of about 1.0 seconds to

about 60eEPIdmEsnRka. 8. The nethod of claim1, including heating

t he second | and the f |.ayer.to,a t aurelnthe ran f abo
LEoC t o oA B ohd Sepbet ot tnd BYSHtonomd saiRE o Fofiingf g4t tokdiRedl o

heat i ng ihHRAs 86RBRINsBNShe ALY 1dyBE10 arfd%e LénsRa 1dyer 12ak hdrafiublm 1dyer &en&elueés
about 1.0 seconds to0 about 60”0 seconds thod of claim

1, incl ute ngtgdﬁmaaatbnaigmdm the nen—ndagxymc matdriglHe. %wmdolﬂca?yﬂibyf themheating the
conposite tar con I nin terial and t non etic
et er a|add1t1°n9ﬁayer 2 ThescOdnd AR o ot P a0 AL 06 g TEBBRR dhiRg ¢ he
first adegamaﬂglhe&iﬁlg%sae By} BR48hedi RAnAIRRRIL ds it O cRadrité Bbralrrthg et
containing the magnetic material and a s target containing t
non- magmesgnetioedcerding layer 24 having the desired overall thickness T3.

[0025] The implementation described above and other implementations are within the

scope of the following claims.



- 9- 12. The method of claim1, including depositing the first

| ayer and the second | ayer by depositing a magnetic |layer froma first
target containing the magnetic material and depositing on the magnetic

| ayer a non-nmagnetic |ayer froma secondgtarget containing the nonmagnetic
mat eri al . 13. The nmethod of claim 1, including structuring the
first layer and the second |layer to forma magnetic recording | ayer.

14. The b GLAMMERAS3, i ncl udi ng grains of the magnetic material in

about 30,0 nm - 0 ARG SAE bR IS IR R g he

magneti c recordi ng | ayegrohi@viigwsubstigneti c ani sotropy in the range of about
| x107 erg/cc to about 10x107 erg/cc. 16. The met hod of claim 1,
further including: depositing on the sugsigaie p dirsidaysh thag ncludes  magpetic malgrighe

second | r. an ny layer that includes the magnetic material and
t he non-a%l?aﬁg“nneot%ﬁgg%%%rn?ag ;al’and heating the additional |ayer and the second

| ayer and the first |ayating the first layer; 17. The method of claim 16,
i ncluding structuring the first |ayer and the second | ayer and the
addi tional |ayer to for¢apgsifingnethefisstlogerdi segondalager that includes the magnetic

material and the non-magnetic material; and
heating the second layer and the first layer.
2, The method of claim 1, including the magnetic material comprising at

least one of FePt, CoPt, FePd, CoPd, NiPt, or AlMn.

3. The method of claim 1, including the non-magnetic material comprising at
least one of MgQO, C, SiO,, TiO,, Ta;0s5,A1,03, BN, SiN,, B4C.
4, The method of claim 1, including depositing the first layer to have a

thickness in the range of about 0.2 nm to about 5.0 nm.

5. The method of claim 1, including depositing the second layer to have a
thickness in the range of about 0.2 nm to about 5.0 nm. ‘

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.



18. The method of claim 17, including grains of the magnetic material in
the magnetic recording |ayer having a size in the range of about 2.0 nmto

about 20.0 nm 19. The method of claim 17, including the
magnetic recording |ayer having a nmagnetgc anisotropy in the range of about
1x107 erg/cc to about 10x107 erg/cc. 20. A data storage nedia

constructed in ac v/ danﬁ?e r\xllmetthgd to? Slalh rl,h %%lu%gngccle%lomi%g the first layer and the second

layer by depositing a magnetic layer from a first target containing the magnetic material and
depositing on the magnetic layer a non-magnetic layer from a second target containing the non-
magnetic material.

13.  The method of claim 1, including structurixig the first layer and the second
layer to form a magnetic recording layer.

14.  The method of claim 13, 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.

15.  The method of claim 13, including the magnetic recording layer having a
magnetic anisotropy in the range of about 1x107 erg/cc to about 10x10 erg/cc.

16.  The method of claim 1, further including:

. depositing on the first layer and the second layer an additional layer that
includes the magnetic material and the non-magnetic material; and
heating the additional layer and the second layer and the first layer.

17. The method of claim 16, including structuring 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





