19 Gctober 2006° LOW OXYGEN CONTENT ALLOY COVPOSI TIONS Field of the
‘I'nvention [0001] The invention concerns |ow oxygen content alloy
conpositions, and nore particularly concerns |ow oxy | oy
conposi tions having magnetic properties useful in gﬁﬁgﬁ§8h§ﬁgpﬁk
applications. Background of the Invention [0002] Magnetoresistive (MR) heads
and Magnetic Random Access Menory (MRAM) are expected to be key

technol ogies for future generations of vertical magnetic recording and cell
phone menory applications. New naterials are being studied in order to.

i nprove designs that wll increase nenory area density and reduce the size
of nmenory chips. Not only . ' ossess particul ar
magneti c properties for u f ,&. i gi‘éﬁta‘:‘gey nmust al so have high

purity levels. [0003] Material p significant role in the
performance of thin filmmterials used |n magneti c data storage and MRAM
applications. For exanple, the presence of inpurities such as oxygen,

ni t r ogenriefdlbf the IaRentddkal i des alters the lattice structure of a thin film
mat eri al “and thereby di splaces atons in the lattice. This effect on the
structur 1B, r

propertigi aLgﬁE ere?%?g)ltsgﬁ&ﬁb ?ﬁ%ﬂ%ﬂﬁ%ﬁSmﬁgﬁﬁﬁﬁé%ﬁh%%%?Eﬂgg%#ﬁmﬂgd%ns

In additnammnmhkwpnﬁggﬁceomkntnnuyummqmmmmnhtagmgomyg&quampmpbodwabliﬁort
di ffusion paths through the thin filmmterial into the nmagnetic |ayers.
Accor di ngIagnedHBERorSapPlgEanst o i dentify and develop thin filmmaterials

having particular nmagnetic properties as well as high levels of purity. 19

@t ober wﬁgrmﬂie?ﬁvéﬁﬁn' nvention [0004] The present invention

conpri ses y-conposi tions having preferred
[0002] Magnetoresistive (MR) heads and Magnetic Random Access Memory (MRAM) are

expected to be key technologies for future generations of vertical magnetic recording and cell
phone memory applications. New matertals are being studied in order to improve designs
that will increase memory area density and reduce the size of memory chips. Not only must
these new materials possess particular magnetic properties for use in these technologies, they
must also have high purity levels.
[0003] Material purity plays a significant role in the performance of thin film materials used
in magnetic data storage and MRAM applications. For example, the presence of impurities
such as oxygen, nitrogen, sulfur and alkalides alters the lattice structure of a thin film
- material and thereby displaces atoms in the lattice. This effect on the structural order of the
material degrades the material’s magnetic properties and therefore its performance in
magnetic memory applications. In addition, the presence of impurities such as oxygen can
produce short diffusion paths through the thin film material into the magnetic layers.
Accordingly, there is a need to identify and develop thin film materials having particular

magnetic properties as well as high levels of purity.



magneti c properties for use in magnetic nenory applications. The all oy
.conpositions form ordered conpounds having L10 or L12 type crystalline
structures within the claimed conpositional ranges. In addition, the alloy
conposi tions of the invention have |ow levels of inpyqg @c‘f&belsﬂﬁi%as oxygen
and sul fur, which provide better performance in magnetic

applications. The alloy conpositions preferably are forrred | nto sputtering
targets wused for thin filmapplications. [0005] The alloy. conpositions of

t he inv%@aﬁaﬂmﬂﬁvéﬂﬁ@i | oys that conbine Mh with one elenent selected

from@G, In, N and Zn. Al'so included in the alloy conpositions are Fe
al |l oys - & g Pd.
oL PR ba el R S 0 R T RN

ppm or |msgesin qbrogmtéa‘sefoaﬁwmhﬁﬂgmpmmndryeapphcAtldmst | Dimadlloy;, cdnh;msﬁmhﬁ form

content of the alloy . c psi ti ons 100 m or | ess and rabl]y 50 ppm

or |ess.orles 71=°n=ml %Q@é} 1\ Ak y e € tqllmﬁeﬁwﬁﬁreﬁagftﬁ ﬁlepplﬁw%d SO

that the, |l ete
under st aisag el .nv%%%@@%h A RS o i I v (YRGB

foll ow ngn;dgttasl ewbhdas Gmyg:tn cmdosfulﬂuhewhrchep:townh b&tdareperfoemancetin anagnkii¢ he

Dr awi ngs [0008] Fl yre opti cal mcro é ph of an as-cast Nl 40Mh at. %
al | oy. Hens, The sbfﬂmra%srtl%lﬁ Srdgrabherslomped e suiteRng tvectat . %

al | oy. %g&]@}tﬁﬁﬁ%%ﬁ&daﬁ o) SEM mi crogr aph of an as-cast In50Mh at. %
alloy. [0011 ure an optical mcrograph of an as-cast Fe45Pt at. %
order ed #0005§ TheBHbycoeposDessraftid mnemfontlhcdudlmhfhmlloqm tHa 6iabing Mn withexme or s

identifie and deve eries o l.0 sitjons that exhibite
feferred ‘%%F@'ﬁé? F@eﬁiﬁfg’%éei? I and %(Pn Prla%mc@iﬁ ¢ 20y 8‘?/‘81’%”‘%@%%!‘3@
nposi t 'a‘ﬁB?s afa cé Qﬁ‘oysm‘fle\ﬂﬁkﬂ@eEPCB‘a?éQﬁﬁlﬁﬂe&@ﬁﬁ%ﬂﬂ&?t*&?l‘ﬂ”g Llo or L12 type

crystalllne structureés. dition, the oxygen and sul fur content of the
al | oy cor{ﬂ@(ﬁ]t'ﬂmm;(ymcmtgn |0{f ﬂm}tdywon@uuenh ofXhe invention is 500 ppm or less and

preferably 100 ppm or less. Additionally, the sulfur content of the alloy compositions is 100
ppm or less and preferably 50 ppm or less.

[0007] The foregoing summary of the invention has been provided so that the nature of the
invention may be understood quickly. A more complete understanding of the invention can

be obtained by reference to the following detailed description of the invention.

Brief Description of the Drawings

[0008] Figure 1 is an optical micrograph of an as-cast Ni40Mn at. % alloy.
[0009] Figure 2 is an optical micrograph of an as-cast Ni30Mn at. % alloy.
L [0010] Figure 3 is an SEM micrograph of an as-cast In50Mn at. % alloy.

'[0011] Figure 4 is an optical micrograph of an as-cast Fe45Pt at. % ordered allof.

Detailed Description of the Invention

[0012] The inventors identified and developed a series of alloy compositions that exhibited
preferred magnetic characteristics and had low impurity levels. The alloy compositions of
the invention form ordered compounds having L1p or L1, type crystalline structures. In

addition, the oxygen and sulfur content of the alloy compositions was significantly reduced.
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19 October 2006 [00131 Table | sunmarizes the rel evant conpositional and

structural data for the alloy conpositions of the present invention.
Specifically, Table | identifies the ordered phase syj®@)otohaf 20006uUCt ure
designation, the conmposition range in which the phase of Interest exists,
and the conpositional range in which the phase of

I nterest coul d coexi st
with ot her phase types. The phase synbols used in Table 1 were obtained

from ph [ a ' ' 1se- Di agr. diti Thaddeus
5. “Vasodp ol TP Tosdidifihe; e RSP CAARRE IR0 BAE e R o REET o
Conposi tdoatpakitions ¥f ByarpekerDdavaptiahi ofpeaificaliy,YTRsi8 de idehtifiesYtheMrd&ad Phatd o
55-63 50-70 _Nh-In InWh3 Llg or_ L12 75 50-85 Mh-N _tl' L10 47-55.5 44-60

Ni - Mh N fympokdhosgruchirgdesignatiph, the composzommnge inwhichthephags of infrrest exgigts0- 40

57-79 57 0gnE RSBl dact® inoPah b AR IR bR Bfiratald S0 g
Co- Pt Cofgpéna) The @hdst- Hdnttls ¥sed HoTHle JoWe bhialntd {dm PRaskbdi9GramSofolitd & LI 0
48-52 30-58 Co-Pd.a' L12 60-90 58-94 [00141 The first group of alloys

listed i BinpapPlase Diggpmns.cad Bopion (Theddays B Massalslgi ed).| o or

TABLE 1
Alloy System Ordered Phase Structure Composition Compositional
X-Y Symbol Designation at.%yY Range at% Y
( Mn-Ga v Ll 55-63 50-70
Mn-In InMn; Llgor L1, 75 50-85
Mn-Ni 7' Ll 47-55.5 44-60
Ni-Mn Y L1, 15-29 10-30
Zn-Mn o L1, 25-31 20-40
Zn-Mn (4] ’ 11 0 25-30 20-40
Fe-Pt Fe;Pt L1, 16-33 16-35
Fe-Pt FePt . L1, 35-55 35-59
Fe-Pt FePt3 11 2 57-79 57-83
Fe-Pd FePd(a) Ll 48.5-60 30-63
Fe-Pd FePd;(b) L1, 63-86 60-88
Co-Pt CoPt(a) Ll 42-74 40-76
Co-Pt CoPta(b) L1, 75-88 75-90
Co-Pd o’ Ll 48-52 30-58
Co-Pd o L1, 60-90 58-94

[0014] The first group of alloys listed in Table 1 comprises Mn alloys which exhibit L1, or
L1, crystalline structures. These Mn alloys possess antiferromagnetic properties desirable
for thin film materials used in magnetic data storage and MRAM applications. Specifically,
these Mn alloys are of interest for use in anisotropic magnetoresistive (AMR) and gilant
magnetoresistive (GMR) spin-valve sensors used in high-density recording. These Mn alloys
are also of interest since the alloy constituents used with Mn are lower cost materials than
those typically used, such as Pt, Pd, Ir or Rh. Examples 1 and 2 below describe Mn-Ni alloys

and an Mn-In alloy, respectively, according to the present invention.
3



L12 crystalline structures. These M all oys possess antiferromagnetic
‘properties desirable for thin filmmterials used in magnetic data storage
and MRAM applications. Specifically, these M alloys &y @chberoo6st for
use in anisotropic magnetoresistive (AMR) and giant nmagnetoresistive (GWR)
spi n-val ve sensors used in high-density recording. These M alloys are also
of interest since the alloy constituents used with M are | ower cost

materials than those typically used, such as Pt, Pd, Ir or Rh. Exanples I
and 2 bd0®P]desmpiot: Mhsriesapd %w Nirhn meltmests wese cogduciess pBhe mekf| gaarge
accordi n n t r. le 1: A
ceries o xr@ﬁs&ll}ﬁﬁ\l%f%%ﬁ ”{ﬁ {egt% W%rrees%omc o*%? in ﬁ%e # i[ﬁx% Exl"f‘”&%large
conposi tdoaip@sitiohs waeinale dsbg GoeX% pafeaslsdmmllhe)ls)cs% plreTdAlRkes. The mel t
charge conpositions were made using 99.95% pure Ni shots and 99. 9% pure M
flakes. TABLE 2 Melt Charge First N -M Melt Second Ni-Mh Melt Third Ni-M

Melt Constitution Test Test Test ‘f\h?‘%u% (g) 630.0 6477.5 4886.0 M | nput
(g) 870.0 3583.1 2094.0 CaSiz |nput 1 60.0 200 Ce Input (g) 7.9

77.4 Nohe [ WfMiChatge T hel TSI NIRId MeRST| S8 NR¥MH DERT V‘%uﬂ'hfﬂ&ﬁb)(ei
solidif O crypci bl e. Tés? t he >econd ?&g th| rd nmel f&,&s
al | oys ere—frerte e ast +-ahte—rot Fhe a”‘h.*"‘ s m,'e BN
spr aged nd. [1532.121}’5 ed-1o0 :nnéwg :\Pcn har at pgi??r ace nl i zr T;Lg’i

i nst al | €d i MmalngeiEdini t | chambé70.0Eor al § t hr ed58%lt tests. théOS\A-WI unlt
chanber Wa:{jaselvlﬁ@ta(g}ed o aboui3.0. 05 nbdqr in pgeparation for theoneltin

operati Mﬁ&t éf’le 't ng e,pyr atl on Tor al |77§1nree € S[ S \I\ﬂﬁ(n&el’T ormgd by
wer i ng tHre—vHvrormmt—to—5Skw-or—26—Tr ot es—and—tnereast ot tre PO 5kW
very 5 mnutes for an additional 20

[0016] In the first melt test, an alloy ingot was directly solidified in an MgO crucible. In the

second and third melt tests, the alloys were melted and cast into graphite molds. The
graphite molds were BN sprayed and pre-heated to 500 F in a separate furnace prior to being
installed in a VIM unit chamber. For all three melt tests, the VIM unit chamber was
evacuated to about 0.05 mbar in preparation for the melﬁng operation.

[0017] The melting operation for all three tests was performed by powering the VIM unit to
5kW for 20 minutes and increasing the power by SkW every 5 minutes for an additional 20
minutes. Once the Mn flakes began melting, the VIM unit chamber was back filled with
argon to a pressure of about 40 mbar for the first test. For the second and third tests, the VIM
unit chamber was subsequently back filled with argon to 500 mbar at 25 minutes and then to

( 700 mbar at 37 minutes.

[0018] Samples of the alloys were prepared from the bulk of the ingots for analyzing
chemical composition. Inspection of the MgO crucible and the graphite molds after the
ingots were turned out revealed no noticeable signs of erosion. Figures 1 and 2 are optical
micrographs depicting the microstructures of the as-cast Ni40Mn at. % alloy and the as-cast

Ni30Mn at. % alloy, respectively. The results of the chemical analysis of the alloy samples

from the three melt tests are shown below in Table 3.
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[0019] As shown in Table 3, each of the three melted ailoys were sufficiently deoxidized,
with none of the oxygen levels exceeding 100 ppm. Comparing the oxygen levels of the first
and second melt tests with that of the third melt tests reveals that Ce also contributes to the
deoxidization of the alloy compositions. Furthermore, with a measured sulfur content of the
Mn flakes being around 300 ppm, the data shown in Table 3 indicate that CaSi, also plays a
role in the desulfurization of the alloy melts. In table 3, “/” indicates that no measurement
was taken for the particular element and “0” indicates that the particular element was not
detected.

[0020] Example 2: A melt test was conducted using 2427 grams of 99.9% pure Mn flakes
and 5073 grams of 99.9% pure In rods. In addition to the Mn and In constituents, 25 grams
of CaS1; and 10 grams of Ce were added as deoxidizers. The melt charge was preheated to
500 F under a 0.07 mbar partial vacuum in an MgO crucible within a VIM unit chamber.
The VIM unit chamber was then back filled with argon to 500 mbar and the melt charge
melted by applying 5kW to the VIM unit for 20 minutes and increasing the power by 5kW
every 5 minutes for an additional 20 minutes. The melt charge was then cast into a graphite

mold.

[0021] Figure 3 is an SEM micrograph depicting the microstructure of the as-cast n50Mn at.

% alloy. The microstructure depicted in this micrograph consists of three phases: a light
Indium matrix, an (In,Mn) solid solution shown as a light gray phase, and an IMn;

compound shown as dark gray grains. The black spots in the micrograph are pores. The
5
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and second nelt tests W|th that of t he th|rd nelt tests reveals that Cc al so

ccontributes to the deoxidization of the alloy conpositions. Furthernore,
with a neasured sul fur content of the M flakes bein

pm the
data shown in Table 3 indicate that CaSi 2 al so pl ays 3%@?@9@9@%@
desul furization of the alloy nelts. In table 3, "/" indicates that no
measurenment was taken for the particular elenent and "0" indicates that the
particul ar el enent was not detected. [00201 Exanple 2: A nelt test was
conduct elerhishiheprg2ticar aihthe ab-c89 . iRt palreasvimal yzall ehie regudts o0 %Ghich aresshotvn99. 9%
pure In_rods. In addition to the Mh and In constituents, 25 grans of CaSi2
and 10 &P‘é’%‘n&a b4 were added as deoxidi zers. The melt charge was preheated
to 500 F under a 0.07 nbar partial vacuumin an MO crucible within a VIM
unit chanber. The VIMunit chanber was then back filled with argon to 500
nbar and the nelt charge nelted by BsBLYidg SkWto the VIMunit for 20
m nut es—anRd—i-pcreasihg-the, It
20 mindtesi The Gl tj ckhdr gk Wiis ! b algr gphil¥e |nofd. {10211
Figure {3 Bmnah BEM i gmpoyr appprdet' ' ciPth rjugium e | oPpinhg s apt
| N50Mn lat .15 %4 al koy.] The m crgstrfucpur el deq ctledez n |t hif® mycrayr dphsoeonkpi st s
of three pnases: a rignt ndrom matri x, . an n, M) SO0l 1 d sofatton siown as
a light gray phase, and an InWvh3 conpound shown as dark gray grains. The
bl ack spa2j Aldohieclndat mghaplivyadesgpibedsn Tahle 1 doe EQaid Coloys2 J8Ghese Aoy al
conposition of the as-cast, material was anal yzed, the results of V\/mch are
shown  bEE &W G isrspmbingd witlpepther 1 orchd |tPofI°F1'E¥|t}1e @lley iqompppitiomp i hese allgpm ppm

(pm m Pp %lﬂf)os%/ﬁor%5a1?e 3P ifiterel? 188 mfdrd generations of recording media using vertical

recording technology, which are expected to reach a capacity of 200 GB or more. These

nal

alloy compositions are of particular interest for forming magnetic hard layers for which a
high anisotropic constant (K, > 10" Jm™) can be achieved. Example 3 below describes one
example of an Fe-Pt alloy composition.

[0023] Example 3: A melt test was conducted using 13.500 kg of 99.9% pure Pt shots and
4.724 kg of 99.97% pure electrolytic Fe flake. 91 g (~0.50 wt.%) of CaSi, was added to the
melt charge for deoxidation. The charge was arranged in a magnesia crucible with alternate
layers of Pt and Fe with the CaSi; equally distributed between the layers. The VIM unit
chamber was sealed and a vacuum drawn to an initial level of 0.07 mbar. The chamber was
then back filled with argon and maintained at 500 mbar pressure during melting and casting,.
The melt was performed by powering the VIM unit to 5kW for 20 minutes and then
increasing the power by S5kW every 5 minutes for an additional 20 minutes. The mold
system was a graphite shell 8.00” wide, 15.00” long and 0.60” thick. |

[0024] Figure 4 is an optical micrograph depicting the microstructure of the as-cast Fe45Pt
at. % alloy. The microstructure consists of heavily twinned grains of the single-phase FePt
described in Table 1 above. Thetwinned grains atiribute to lattice distortion during the
transformation of (yFe,Pt) fcc solid solution into tetragonal FePt at 1300 C. The chemical

- composition of the as-cast material was analyzed, the results of which are shown below in
Table 5.



100221 Al'so included in the alloys described in Table | are Fe and Co
‘alloys. In these alloys, Fe or Cois conbined with either Pt or Pd to form
the alloy conposition. These alloy conpositions are ofg (iteheptopgr future
generations of recording nedia using vertical recording technol ogy, mhich
are expected to reach a capacity of 200 GB or nore. These alloy
conpositions are of particular interest for form ng magnetic hard |ayers for
which a high anisotropic constant (K > 107 J.m 1) can be achi eved. Exanple
3 bel ow descri bes one exanple of an Fe-Pt alloy conposition. [00231 Exanple
3: Anelt test was conducted using 1%ﬁ382%§g of 99.9% pure Pt shots and
4.724 kg of 99.97% pure electrolytic 91 g (-0.50 wt./0) of CaSi?2

was addpdFo [t meql Enag o9 Hor eg&l aR?o ane ggg n a
magnesi h cruclblg alt%r aﬁe nd B ally
di Stribﬁi%% P /%3 N P o By .
vacuum t Sanl it 4aPY dved3 o 2(())0(') sl rhe S.BAdk

filled with argon and maintained at 500 nbar pressure during melting and
casting. . T |t was perforned h he VIMuynit_ to 5kWfor 20
nut oo A BR forci St e HBRehy Shrareryapieh pf ol Fompaions
addi tion ,
o0 SR e S, AT 0580 TR et ot

depi cti ngh¢ hwentia, m&iahmhbulﬂé)eometplnetediﬁmnﬂ&b cleAS Rt fodl belddval | oy. The

nlcrostru nsi st.s of h rains of, t i ngl e- ase FePt

descri bed ‘5#’( %q‘é the %Ng\%geﬂ’?‘@'i'%ﬁ fon ‘fﬁfit}ﬁ% @Brgﬂ% and/or
Fstorti opngunhgidsigis ddd &%%dart \!ra‘?ﬁu fnda¥AGEhe mh %ﬁ%%&&h%ﬁ%ﬂtﬁg 0

tlet ragonal FePt at 1300 C. em ca conposition of the as-cast nmateri al
was anal ysubgkct aterdisnldsed hefeinmiag e amplesivotad ihehdons formTand ex45piG, a@d Bat ober

2006 TAB Ey E;néaﬁlz be ap{)\ﬁedsin r-ll_l.?meAr%usl.q %pﬁm%tiyns? o'il?y some of which have been described

herein.



ppm PPM PPM pm pm PPM PPM ppmp mmpmw. % <5 <5 <5 90 23 200 515 34 27 4
10 25.77 [0025] The foregoi ng exanples are intended to illustrate exanpl es

of alloy conpositions according to the present i nve_nti@ c ﬁﬁéngggnpl es
are not intended to limt the scope and the invention, \M?lc shoul d be

interpreted fromthe clains set forth below [0026] Wile the foregoing has
descri bed what are considered to be the best node and/or other exanples, it

is underziiﬁotd ﬂat égr_i ous nodifications may be nmade therein and that the
subj ect L ed herein may be inplenented in various fornms and
exanples, and that they nmay be applied in nunerous applications, only sone
of whi ch have lbeenAde8l¢y semposibpricemprising &8-48ber 2008 andhab-70satc’aiGed | s:

aner i n ool eSS TRA balts P Pl B tost Hh PR 450 b or 1 ess

S. 2. The alloy conposition according to Claim1, wherein the alloy
conposition conprises 45-37 at. % M1 and 55-63 at. % Ga. 3. The all oy
conposi ti on ackor difg allbyGeaipesitionisesrding tohelaan| byvhesspded ellohcoruperitsems

100 ppm or | ess d 5 m éi S 4. A sputtering target conprising an
al | oy conffO¥tFb 'i@&%/glvﬁgaﬁdco}’%a io%g}%‘f Clains 1 to 3. 8

3. The alloy composition according to Claim 1, wherein the alloy composition

contains 100 ppm or less O and 50 ppm or less S.

4, A sputtering target comprising an alloy composition according to any one of

Claims 1 to 3.



