LOW OXYGEN CONTENT ALLOY COWMPCSITIONS Field of the Invention [00011 The
I nvention concerns | ow oxygen content alloy conpositions, and nore
particularly concerns | ow oxygen content alloy conpositions having
magneti c properties useful in nagnetic nenory applications. Background
of the Invention 100021 Magnetoresistive (MR) heads and Magnetic Random
Access Menory (MRAM are expected to be key technologies for future
generations of vertical magnetic recording and cell phone nenory
applications. New materials are being studied in order to inprove designs
that will increase nenory area density and reduce the size of nenory

chips. Not only nust thmwﬂ &ré PL s. particular magnetic

properties for use in th t al so have high
purity |levels. 100031 Materi al P o significant role in the
performance of thin filmmterials used in magnetic data storage and
MRAM appl i cations. For exanple, the presence of inpurities such as
oxygen FidldtoTeB€TnventibhUr and al kalides alters the lattice structure of a
thin fiTm nmaterral and thereby displaces atons in the lattice. This

rial rades the material'
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i nvent %%ME&H—% of alloy conpositions 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 materials 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
matenial 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 punty.



magneti c properties for use in magnetic nenory applications. The all oy
conpositions form ordered conpounds having L1lo or L12 type crystalline
structures within the claimed conpositional ranges. In addition, the
all oy conpositions of the invention have |ow |levels of inpurities, such
as oxygen and sulfur, which provide better performance in nmagnetic
menory applications. The all oy conpositions preferably are fornmed into
sput t eSummdrarofehsInveaddnf or thin filmapplications. [00051 The all oy
conpositions of the iInvention include M alloys that conbine M with one
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opti cal 'Pr%ﬁr h of .an. as-cast N 40Mh at. %alloy. (00091 Figure 2 is
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preferably 100 ppm or less. Additionally, the sulfur content of the alloy compositions is 100
ppm or less and preferably 50 ppm or less.

10007] 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 Ni4OMn at. % alloy.
{0209} Figure 2 is an optical micrograph of an as-cast Ni30Mn at. % alloy.
{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 alloy.

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 Llg or L1, type crystalline structures. In

addition, the oxygen and sulfur content of the alloy compositions was significantly reduced.
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addi tion, the oxygen and sulfur content of the alloy conpositions was
significantly reduced. 2 100131 Table | sumari zes the rel evant
conpositional and structural data for the alloy conpositions of the
present invention. Specifically, Table | identifies the ordered phase
synbol, the structure designation, the conposition range in which the
phase of interest exists, and the conpositional range in which the phase
i nt t l1d t Y@Ss p used
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TABLE 1

Alloy System Ordered Phase Structure Composition Compositional

X-Y Symbol Designation at% Y Range at.% Y
Mn-Ga T Lle 55-63 50-70
Mn-In InMn, Llgor L1, 75 50-85
Mn-Ni 7' Ll, 47-55.5 44-60
Ni-Mn ¥ L1, 15-29 10-30
Zn-Mn o L1, 25-31 20-40
Zn-Mn oy’ Llp 25-30 20-40
Fe-Pt FesPt L1, 16-33 16-35
Fe-Pt FePt Ll 35-55 35-59
Fe-Pt FePty L1; 57-79 57-83
Fe-Pd FePd(a) Llg 48.5-60 30-63
Fe-Pd FePd;(b) L1, 63-86 60-88
Co-Pt CoPt(a) L1, 42-74 40-76
Co-Pt CoPts(b) L1, 75-88 75-90
Co-Pd o’ L1g 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 giant
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
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{0016] In the first meit 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 meliing operation.

[0017] The melting operation for all three tests was performed by powering the VIM unit to
SkW for 20 minutes and increasing the power by 5kW 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 tumed 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.



installed in a VIMunit chanber. For all three nmelt tests, the VIMunit
chanber was evacuated to about 0.05 nbar in preparation for the nelting
operation. 100171 The nelting operation for all three tests was perforned
by powering the VIMunit to 5kWfor 20 m nutes and increasing the power
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{0019] As shown in Table 3, each of the three melted alloys 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 CaSi; 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 S5kW to the VIM unit for 20 minutes and increasing the power by SkW
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 In50Mn 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 InMn;

compound shown as dark gray grains. The black spots in the micrograph are pores. The
5
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dark 9 ording t6ckinology, Which ar expected to 1each 'a capatity of 200 GBS of more.  These
alloy compositions are of particular interest for forming magnetic hard layers for which a
high anisotropic constant (K, > 10’ J.m™) 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 wi.%) 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 SkW 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. The twinned grains attribute to lattice distortion during the
transformation of (y¥e,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.



5 chem cal conposition of the as-cast material was anal yzed, the results
of which are shown belowin Table 4. TABLE4 Si Cu Al NN Fe 0 C N PS n
t.. mpmpmpml!| PpmppmPPMPPMPPMEP 1, r 1 2 10 6 23 40 62 1 19 1 33
50.7-1 100221 Al'so included in the alloys described in Table | are Fe
and Co alloys. In these alloys, Fe or Co is conbined with either Pt or
I'd to formthe alloy conposition. These alloy conpositions are of
interest for future generations of recording nedia using verti cal

recordi ng technol ogy, which are expected to reach a capacity of 200 GB or
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The melthe inysntinn, pdicheshopld bsanksrnretgd fiom the paims settfortskelofor 20 i nutes and
then [0026] While the foregoing has described what are considered to be the best mode and/or

other examples, it is understood that various modifications may be made therein and that the
subject matter disclosed herein may be implemented in various forms and examples, and that

they may be applied in numerous applications, only some of which have been described

herein.



i ncreasing the power by 5kWevery 5 mnutes for an additional 20 m nutes.
The nold systemwas a graphite shell 8.00" w de, 15.00" |ong and 0. 60"
thick. [00241 Figure 4 is an optical m crograph depicting the

m crostructure of the as-east Fe45Pt at. % alloy. The microstructure
consists of heavily tw nned grains of the single-phase FePt described in
Tabl e | _above., The tw nned grains attribute to lattice distortion during
the t¥hatisClaimeddsnf ((err)Fe, Pt) fcc solid solution into tetragonal
FePt at 1300 C. The chemical conposition of the as-cast nmaterial was
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The foregoing exanples are intended to illustrate exanples of alloy

conpositions according to the present invention. These exanples are not
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contains 100 ppm or less O and 50 ppm or less S.

4, An alloy composition comprising 50-15 at. % Mn and 50-85 at. % In, wherein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

5. The alloy composition according to Claim 4, wherein the alloy composition
comprises 25 at. % Mn and 75 at. % In.

6. The alloy composition according to Claim 4, wherein the alloy composition
contains 100 ppm or less O and 50 ppm or less S.

7. An alloy composition comprising 56-40 at. % Mn and 44-60 at. % Ni, wherein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

8. The alloy composition according to Claim 7, wherein the alloy composition
comprises 53-44.5 at. % Mn and 47-55.5 at. % Ni.

9. The alloy composition according to Claim 7, wherein the alloy composition
contains 100 ppm or less O and 50 ppm or less S.



What is Clained Is: 1. An alloy conposition conprising 50-30 at. % Mh and
50-70 at. % Ga, wherein the alloy conposition contains 500 ppmor less O
and 100 ppmor less S. 2. The alloy conposition according to Caiml,
wherein the alloy conmposition conprises 45-37 at. % M and 55-63 at. %
Ga. 3. The alloy conposition according to Claim1, wherein the alloy
conposi ti onigcontag : I ¢) | waé. al | oy
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al | oy #amalsyicompesitiontcentains 500 ppmrordessiCeasd 0gppin dOBspHm or less S. 5.
The all oy conposition according to Caim4, wherein the alloy conposition
conprises 25 at. % M1 and 75 at. % In. 6. The alloy conposition according

to Caimd4, er ey " : [ : or |less. 0 and
50 ppri or 1'eas QeAY BriBKERAATINE CIETLE e e BB oo,
44- 60 apmpitséd §5-Whetr B4 Ni aidE5-29 b0, MyTpOSi tion contains 500 ppmor less 0
and 100 ppmor less S. 8. The alloy conposition according to Claim?7,

wherein the alloy conposition conprises 53-44.5 at. % Mh and 47-55.5 at.

composi 11 on  ont ARG istsh e g a e Mt e Shey Somainon,
al | oy coonmiss X00qipne 6neEd ©laRg 58 Pprflordbss 0 NI and 10-30 at. % M, wherein
the all oy conposition contains EOO ppmor |less 0 and 100 ppmor |ess S
11. The all oy conposition according to Claim 10, wherein the all oy

g . ] or N ) 0
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wherein the alloy composition contains 500 ppm or less O and 100 ppm or less S.

14.  The alloy composition according to Claim 13, wherein the alloy composition
comprises 75-69 at. % Zn and 25-31 at. % Mn.

15.  The alloy composition according to Claim 13, wherein the alloy composition
comprises 75-70 at. % Zn and 25-30 at. % Mn.

16.  The alloy composition according to Claim 13, wherein the alloy composition
contains 100 ppm or less O and 50 ppm or less S.

17. An alloy composition comprising 84-65 at. % Fe and 16-35 at. % Pt, wherein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

18.  The alloy composition according to Claim 17, wherein the alloy composition
comprises 84-67 at. % Fe and 16-33 at. % Pt.

19.  The alloy composition according to Claim 17, wherein the alloy composition

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



12. The all oy conposition according to Cl aim 10, wherein the all oy
conposition contains 100 ppmor less 0 and 50 ppmor less S. 13. An
al I oy conposition conprising 80-60 at. % Zn and 20-40 at. % Vh, wherein
the alloy conposition contains 500 ppmor less 0 and 100 ppmor |less S.
14. The all oy conposition according to Caim 13, wherein the alloy
conposi t i on20.confniaey cahp6dtiat corpring65i4 P at. 34 Fetand B6NY. at 1%, PtTw@eid oy
conpos@t i ﬁn according to.Caim13, wherein the all ooy conposition
conpr i Beallgycempogitiongoptaing, )0ppmor lgss Ognd/A00 ppm offess St | oy conposi ti on
according to Caim13, wherein the alloy conposition contains 100 ppm or
less O and 50 ppmor less S. 17. An alloy conposition conprising 84-65
at. % Fe an2il.16- Bhe alloy 8orRpositidicdcebaling fveChirh @, ¢BeRASTHe a8y ¢oMbasiisn 500
ppmor less 0 _and 100 ppmor |less S. 18. The alloy conposition according
to O afemanses fhdoat-votigand 350 awfisi tion conprises 84-67 at. % Fe and
16-33 at. % P.t. 19. The alloy conposition according to Caim1l7, wherein
the alloy conposition contains 100 ppmor less 0 and 50 ppmor less S. 9
20. An al | og2conmsialloP Bompadifibs ketdrdiRg lCREm A, RheRMRAIRY BnpodhiBh
wherein the alloy conmposition contains 500 ppmor |ess 0 and 1(5)0 ppm or
| ess Scomtains 1H@pain|asyess EhprskiQ pm ontesoPdi ng to C ai m 20, wherein the
al l oy conposition conprises 65-45 at. % Fe and 35-55 at. % Pt. 22. The
al l oy conposition according to Cl aim 20, wherein the all oy conposition
contai ns 10Q3ppmaa{ all thcR el 18813t @Y pEafRQSIt T on
conprising 43-17 at. % Fe angg?;{ag%ag%ng 4‘?/0 I%ﬁl ?%Ié%g?dnﬁ‘ 83lat %P, ein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

24.  The alloy composition according to Claim 23, wherein the alloy composition

comprises 43-21 at. % Fe and 57-79 at. % Pt.

25.  The alloy composition according to Claim 23, wherein the alloy composition

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

26.  Analloy composition comprising 70-37 at. % Fe and 30-63 at. % Pd, wherein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

27.  The alloy composition according to Claim 26, wherein the alloy composition
comprises 51.5-40 at. % Fe and 48.5-60 at. % Pd.

28.  The alloy composition according to Claim 26, wherein the alloy composition
contains 100 ppm or less O and 50 ppm or less S.

29.  An alloy composition comprising 40-12 at. % Fe and 60-88 at. % Pd, wherein
the alloy composition contains 500 ppm or less O and 100 ppm or less S.
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the alloy conposition contains 500 ppmor less 0 and 100 ppmor |less S.
24. The alloy conposition according to Caim23, wherein the all oy
conposition conprises 43-21 at. % Fe and 57-79 at. % Pt. 25. The alloy
conposition according to Claim23, wherein the all oy conposition

contains 100 ppmor less 0 and 50 ppmor less S. 26. An alloy conposition

conprising ¥®- 37Tgt and g&q Oz % 5 I "
conposition cont alﬁt%lzs1 %ﬁog@nﬁ m })ér1 Tcggl-sﬁlﬁ)g g)ngl%%ggggf%%%e;ﬁ] ].l-fg's"agl Ogclo%.osuilﬁrel
al | oy caompross 8744 a6 dedind$3136 40 %iPd. 26, wherein the all oy conposition

conprises 51.5-40 at. % Fe and 48.5-60 at. % Pd. 28. The all oy
conposition according to Cl aim26, wherein the alloy conposition

conposi 1 on ompr g i5? SeederGedBRihg o CRIRA yreRn At BlgySemnpsitione
al | oy conmpis 100 pPmaRNés8i0NEndSppiR Bt Ris Kess 0 and 100 ppmor less S 10

30. The all oy conposition according to Caim?29, wherein the alloy
conposition conprises 37-14 at. % Fe and 63-86 at. % Pd. 31. The all oy
conposi tion.gccordi to Claim?29, wherein, fhe | o osi tion )

cont ai ns 10(§§ppmp8} &ﬂ’eys‘?na’oéwané:@h}?ﬁ‘ﬁﬁ“&éor%‘&t' gbgi‘ﬁdgﬁ' 13top Kotperein i on
conpr i $hd sl Qodtbodition GoQind 380 HBm/G 1850 2 iﬁ@ﬁr \ds st he al l oy
conposition contai nl;mSOO ppm O?BTness o%ﬁ%ﬂ%oo proﬁ\ég?S] ess S. 33. The

al l oy conposition according to C aim 32, wherein the all oy conposition
conpri ses 5?),-326 ath 0/? Co and 42-74 at, % Pt.. 34. The all oy conposition
accordi ng t o°d ai Hedioy gommesition gecerding,to Laimn 32+« whereindhe @Hpy ompesitionm or
less 0 @ffhriabs PTG A1, o4 E89nF42-74 at. % Pt.

34.  The alloy composition according to Claim 32, wherein the alloy composition

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

35.  An alloy composition comprising 25-10 at. % Co and 75-90 at. % Pt, wherein

the alloy composition contains 500 ppm or less O and 100 ppm or less S.

36.  The alloy composition according to Claim 35, wherein the alloy composition

comprses 25-12 at. % Co and 75-88 at. % Pt.

37.  The alloy composition according to Claim 35, wherein the alloy composition

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

38.  Analloy composition comprising 70-42 at. % Co and 30-58 at. % Pd, wherein
the alloy composition contains 500 ppm or less O and 100 ppm or less S.

39.  The alloy composition according to Claim 38, wherein the alloy composition
comprises 52-48 at. % Co and 48-52 at. % Pd.
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35. An alloy conposition conprising 25-10 at. % Co and 75-90 at. % Pt,
wherein the alloy conposition contains 500 pprn or less 0 and 100 ppm or
|l ess S. 36. The alloy conposition according to Cl aim 35, wherein the

al l oy conposition conprises 25-12 at. % Co and 75-88 at. % Pt. 37. The
all oy conposition according to Caim 35, wherein the all oy conposition
cont ai ns_1080.ppr Thealibessmpositich Xtofig & Cl@aS38Swhifein Ak AldyBbsmposition
conposition conprising 70-42 at. % Co and 30-58 at. % Pd, wherein the

al | oy EQHPBS100 PR ©siasa Oandsrnsmer lsss $ess 0 and 100 ppmor less S. 39.
The all oy conposition according to C aim 38, wherein the alloy
conposition conprises 52-48 at. % Co and 48-52 at. % Pd. | | 40. The

al | oy conpogiti omnagl rdj,ungg,' 38, et ot . 6 i 110N
contains 100 ppm or Iwe?ss Sﬁﬁn%ﬁié’g‘fn% 42}“‘22{5 %ﬁoﬂﬂ %nbg?‘ﬁ' o/gpg’?rrtﬁ%é@ti on
conpr i $heajloyzogipasitionc@taing G306 pp@bratss Qardd] 00ppm et fess She al | oy
conposition contains 500 ppmor less 0 and 100 ppmor less S. 42. The

al I oy conposition according to Cl aim4l, wherein the all oy conposition
conprises 4Q910 80 i 9 4 I 0osi tian
accor di ng tgu'CI aia{tr]ﬁezf%’%hog&gflﬁg? %gcog{hpgy{% ?g%nog}’tggﬁ—eﬁéh%%g‘?ﬁg&&%“boﬁm or
| ess 0 camprSes 40010 air % €6 and6090 .at. A, Pdut t eri ng target conprising an all oy
conposition according to any one of Caiml to 43. 12

43.  The alloy composition according to Claim 41, wherein the alloy composition

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

44. A sputtering target comprising an alloy composition according to any one of
Claim 1 to 43.
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