1 LOW OXYGEN CONTENT, CRACK-FREE HEUSLER AND
HEUSLER- LI KE ALLOYS & DEPCSI TI ON SOURCES & METHODS OF
MAKI NG SAME CROSS- REFERENCE TO PROVI SI ONAL

APPLI CATION 5 [0001) This application clainms priority
fromU. S. provisional patent application Serial No.
60/ 881, 440 filed January 19, 2007, the entire

di scl osure of which is incorggrated herei n by
reference. FIELD OF THE DI SCLOSURE [ 00021 The present

di sclosure relates generally to inproved, |ow oxygen

10 content, crack-free Hensler and Heusler-like alloys

~and deposition sources and to novel nelting and

cast | k|n sane. The disclosure
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al | oys; whereas Hensl er aIIoYs of
layers of Heusler and/or Heusler-like al oys, e.g., electromc spin-based magnetic
heads/devices, magneto-resistance tunnel (TMR) junction devices, giant magneto-

resistance (GMR) spin heads/sensor devices, etc.

BACKGROUND OF THE DISCLOSURE

[0003] For all purposes of this disclosure, Heusler alloys and Heusler-like
alloys are considered as intermetallic alloys with compositions of general formula
XYZ or X,YZ, where X and Y each are at least one transition group element (i.c.,
a metal element wherein the d-band of electrons contains less than the maximum
of 10 electrons) and Z is at least one element in Groups 13 — 16 of the Periodic
Table of the Elements shown in FIG. 1, and thus may include one or more
semiconductive elements such as Si and Ge. Heusler alloys of X,YZ formula

exhibit cubic 1.2 crystal structure (a unit cell of this type structure is shown in



formula exhibit b crystal structure (a unit cell of
this type structure is shown in FIG 2 (B)) and are
termed "half' Heusler alloys. [00041 Many Heusl er

all oys contain Mh and are ferromagnetic, the 5
ferromagneti sm being critically dependent upon both
the magnetic and chem cal ordering of the Mh atom 1In
addi ti on, ©Mh-containing Hensler alloys exhibit very
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For exanple a 25 nunber of the intended applications
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(TMR) junction evi ces,
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l gnt%e phlasr(]as tr@s%lts n mEQt cp ECTII{gaIEIPO% post-casting cool-down. Attempts to
overcome this problem, as by development of alternative processes involving
powder metallurgical techniques, have been unsuccessful due to incorporation of
excessive, unacceptable amounts of oxygen in the final products. For example, a
number of the intended applications for Heusler alloys, including electronic spin-
based magnetic heads/devices, magneto-resistance tunnel {(TMR) junction
devices, and giant magneto-resistance (GMR) spin heads/sensor devices, require

oxygen levels in the sub-50 ppm range.



3 [0006] Accordingly, there exists a clear need for
the devel opnent of a wde variety of inproved, |ow
oxygen content, crack-free Hensler and Hensler- like

al | oys and net hodol ogy therefore, which nethodol ogy

can be practiced in cost-effective manner for.
producing materials suitable for use as deposition 5
sources in high technol ogy pgoceSS|ng, e.g.,

deposition of thin filnms via sputtering techniques.
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€l er-like alloys containing 15 very |ow
anounts of oxygen, i.e., |less than about 50 ppm

rt van age of the present disclosure
[gﬁﬁﬁ%V@V%§>'@ﬁ%Eﬁ C?@égﬁﬁbnsler aﬁd Heusl er-1i ke
[0011] still_ further advantage of the
r[‘é@éit di sé‘F’of’éfA fragesof | Pfﬁ?%‘&' digqlasuredp imprgved methodology
H@d}i‘sf&ihiﬂg' Kreusidr a»asaemrqik@' A y%xtalr.?eég @ss?%kﬁfn&ums of
gut m

oxygen, i.e., less than ab
ARBYSeay 1. fa,dvsarth@geé)onﬁ&pml present discl osure is

ed, c f usI I and Heusl.er,-1i ke. a
cr&%tyog ni ng %%?{Eleﬁ oa\{/c\ll%angwg fntS dF° oREHER, dliSCIgsure 18 e§‘§lp¥°ved
t hethodblogy fdFoqmpng cr[aaarraaz Hewdlérhmd }RdM&nlﬁ}&g@r@y@f t he

p t disgl osur I npr ove 25 depgsition
i‘f??’gﬂ ‘get ag ‘?rt é YaREaE a1 gwspreéwlﬁfé@%s is improved
c hﬁﬁiﬁdﬁl’bgfi f&eﬂ%ﬁfg a&dc frééeﬁah&ér Anukﬁe@ eh-Q¥S aﬁ@ﬁt @Inbiiifg

very | ow anpbunts of ? i.e., less than about
very low amounts of oxygen, 1 e., less than about 50 ppmnt.

[0010] A further advantage of the present disclosure is improved, crack-
free Heusler and Heusler-like alloys.

[0011] A still further advantage of the present disclosure is improved
Heusler and Heusler-like alloys containing very low amounts of oxygen, i.e., less
than about 50 ppm.

[0012] Anothelj advantage of the present disclosure is improved, crack-
free Heusler and Heusler-like alloys containing very low amounts of oxygen, i.e.,
less than about 50 ppm.

[0013] Further advantages of the preseni disclosure are improved
deposition sources, e.g., sputtering targets, comprising crack-free Heusler and
Heusler-like allloys containing very low amounts of oxygen, i.e., less than about

50 ppm.
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50 ppm 4 [0014] Additional advantages and ot her

features of the present disclosure wll be set forth
in the description which follows and in part wll
becone apparent to those having ordinary skill in the

art upon exam nation of the followng or may be

| earned fromthe practice of the present disclosure.

t he advantages of the 5 prefnt di scl osure may be

reallzed and obtained as particularly pointed out in

ppend cl ai ns 0015] . Accordi ng to one aspect
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ﬂiltuent el ements or nmaster alloy materials of
eﬁg §@MSyr Heusl er-like alloy to the crucible; and

(cn)mspl ti ngAt:Jb@dﬁ%@@bh& WGkt sﬂr E2nOlistBEE rmé'férggomg

material s under 5 vacuum or artial pressure
ﬁ%¢ pthgmadvaptagesrare abtained |in par rbymmmvemmehochbf foyming a
priap Su T M3 0 oF R R o R B b ot

C on‘pr i @@d ofrovitlinglaaasdible nempﬁsealof@xle@@ ofi@bnefal 8kide materjal
lected fro hﬁ conS|st| O . Y203, CaQ
‘@B@mc ﬁniﬁa S?ij $] According to

t t r S
?E; . ﬁ:???@?ﬁ%p ﬁﬁ%ﬁ%?‘é‘ﬁ i i S

dipsteraliey magmisls of tkakleusten ns Hevsbr-likoetlay tosheomnibl:; dndind
Y eac@) Selrﬁi&_{ﬁgé)rQﬁkﬁﬁ%tqggﬁ%gnﬁoagtte%u oyRﬂla%[lals qqfler
Taa,cuwl dRe, partial @meuR of anthertsgapnb Ybing aﬂl&@&f OF HotSleh-like
unt s of st _ong constituent el enment Z,
oé’cf)gtal %?S&ﬁq“tf’h’ PoStsting of. A, Si, Ga,
C‘B_)ﬂlﬁ}S, | N, Pré&fosab§D step €a) chinprif préA@inBh crucible comprised of at
least one metal oxide material selected from the group consisting of> Y,03, CaO,
ThO,, MgO, Zr0,, and Al,Os.
[0017] According to certain embodiments of the present disclosure, step
(b) comprises supplying predetermined amounts of different constituent transition
- metal clements X and Y, each selected from the group consisting of Sc, Ti, V, Cr,
Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu, Hf, Ta, W, Re, Ir, and Pt; and
supplying predetermined amounts of at least one constituent element Z, selected
from the group consisting of: Al, Si, Ga, Ge, As, In, Sn, Sb, Te, Tl, Pb, and Bi;
whereas, according to other embodiments of the present disclosure, stép (b
comprises supplying a predetermined amount of a first master alloy of formula
XY, comprising different transition metal elements X and Y each selected from
the group consisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu,



wher eas, according to other enbodi ments of the present
di scl osure, step (b) conprises supplying a
predet erm ned anount of a first master alloy of
formula XY, conprising different transition netal
el ements X and Y each selected from the group
consisting of Sc, Ti, V, C, M, Fe, Co, N, Y, Zr,
Nb, Md, Ru, Rh, Lu, 5 Hf | Ta W Re, Ir, and Pt; and
a predeternlned anount of a §econd naster al | oy of
|a_XZ conprising a transition netal element X
ctadVHeok A ?@?ﬁpp red@ergiingdi aﬁgmuf ofScsecdid magter @Hoy of
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casting the Hensler or usler- of fred
st@}ﬂME) inanmld to forman as-cast ingot and

t t t t t st I
R0 oo, el Retiud s i G arion frs, e
|ngethodﬁﬁmaﬂdonﬁrreéﬁ§@<yﬁ step (d) conprises

subj ectlng th? as-cast ingot to a 15 nulti-stage
post-c 44 i ngoaliing aad castas i eeHP'éﬁlﬁfd?an@%Lﬂrvélka@HOY fermed in

| I’W c) ‘ilh@ Bl b formt §S dheh g@tl a.l’lgrsglf) l:t?n\laﬁ € s %tqlggot to a

a nol d. pre- heat rst st ur|
t é#ﬁ%srf&hm (bﬁattahast@ésastm@pmssl td forth raa:rmémé ifigat.and

i ned [ edet ned. el evated erature;
ng) Ma(ﬁc asti %éef%ﬁ Yo 8P %Sg]ﬁﬂmg%%eé ﬁﬁbg?tgﬁe&ﬁ 2? qast wgot to a
U podti-spage postecating therniwd |pr&file e s theQdradiepsd Rbod, kileemulti-
aIIo mtothe(gre heated 20 nmold to form the

aé'%&e“i“f?ﬂrg%gh lecompgsipg| (4) ameld prgdieat finvheagst dnriag fvdiich the
d UethtGatu®l ST eRScasfind ﬁf)ldtlg‘ ilcftaSdddg 8nd Hfanf?ﬁﬁffdov% II:pp‘:%etermined

conti nuous stress relief at t enper at ur es
Helpypied tefmperatanes (R a (casting adnd opohrddver isedond atage rimisitted upon

S &B%&%Eg bPhE mhftehi r}f’e%gler or Heusler-like alloy material into the pre-heated

mold to form the as-cast ingot; (3) a mold and ingot temperature hold during
stress relief third stage for performing continuous stress relief at temperatures
where Heusler and Heusler-like alloy materials are most susceptible to crack
initiation; and (4) a final controlled cool-down fourth stage during which a slow
cool-down rate is imposed on the ingot in order to prevent build-up of thermal
gradients and subsequeﬁt crack development,
[0021] Another aspect of the present disclosure is an improved method
comprising steps of’:

(a) providing a molten Heusler or Heusler-like alloy of formula X;YZ
or XYZ; and
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initiation; and (4) a final controlled cool -down

fourth stage during which a slow cool-down rate is

i nposed on the ingot in order to prevent buil d-up of
thermal 25 gradi ents and subsequent crack

devel opnent. 10021] Anot her aspect of the present

di scl osure is an inproved nethod conprising steps of.
(a) providing a nolten Heusler or Heusler-like alloy

of fornula X2YZ or XYZ, and®6 (b) casting the nolten
Hensler or Heusler-like alloy in a nold utilizing a

str ess-Pel i sathg, thamglteraHeusiir o Hensderiliky alop oesmoldotilizing
f Of $Rs-RIIRGK s L€ Iy ol 2]. Preferabl

Step 2%@%%?%%%@?3%%2&?%?&3 oo RO G B gt ngor.
Hel@82Hr - | i k Prefetably, ctupt &) néongprises praviding ab eitllted CHARIY or

0 k.and Y are.5 different transition netal
eﬁg{gnlglr%{g&%a Y s"é’Pé’b‘t‘% ??SF AROW, - WU BPTB R Rpndr ¥ are
Sadiffertit, travsitich mdM cldnfents@ch Nilectdl frdh _
Lu],él. r§f ggi‘l 1W mRe _el r, fasndc ;leCtegn%é% ieggglltJ %nasgyn%ﬁgsc’
el Hn¥ntrMpdie €8 N o 4rnib.g¥ieuRu.ddin divs HE ke, &Y, Rellr, al Pt;
Gan Bi . o[ 3
poma s S ol et sobeted fomthe el (BIRRL of ot Ge
t Hs, Fehoth, TeOTk BbtdndBiconpri ses a step of. (c¢)

f Jang a deposi.tiqn soqurce fromthe crack-free, cast

| 00310 7 o Aot 16 ehofimnt ofcthe PhrspilHireosires Mreadod

plfatier cpBpR4} a Beplb€r abl y, step (b) conprises
performmng: (1) a nold pre-heat first stage during
whi ch ?gﬁe t EMEIE depesigpn sorace iem; theycrack-es, sajtringotasgda

t gpiaRdn @égmcmﬂmc%ﬁ 1RL edeterm ned el evat ed

tquera ure; (2) a casti and cool down second stage
[

#ht ed uBwfergdprstapgbpéontprzesmirfopminge (13 lagfiol@ bre-heat first
:Etugéor%pnﬁk l%g]Sighglghlse?Yep}r{)gt ,rrL: ?(l?bf) tihgtq%ﬁqsr&egﬁ&ie_iqh ﬁ%gqea(sjedn?ol gnd
t eapesinddata poaletbntiiied 8vatd @peraleab) t hhr chsBiAuRAT Cbol-
perform ng continuous stress relief at tenperatures

YL SHEAL seEe i Heropeiame ofilee molien Boedaprilbieior e
alloy material into the pre-heated mold to form an as-cast mgot; (3) a mold and
ingot temperature hold during stress relief third stage for performing continuous
stress relief at temperatures where Heusler alloy materials are most susceptible to
crack initiation; and (4) a final controlled cool-down fourth stage during which a
slow cool-down rate is imposed on the ingot in order to prevent build-up of
thermal gradients and subsequent crack development.

[0025] Yet another aspect of the present disclosure is improved, crack-free
Heusler or Heusler-like alloys of X,YZ or XYZ formula containing less than
about 50 ppm oxygen. |

[0026] According to embodiments of the present disclosure, X and Y each
are different transition metal elements selected from the group consisting of Sc,

Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu, Hf, Ta, W, Re, Ir, and Pt;
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20 crack initiation; and (4) a final controlled

cool -down fourth stage during which a sl ow cool -down
rate is inposed on the ingot in order to prevent

buil d-up of thermal gradients and subsequent crack
devel opnent. [0025] Yet another aspect of the present
di scl osure is inproved, crack-free Hensler or

Heusl er-1ike alloys of X2YZ gr XYZ formula contai ni ng
| ess than 25 about 50 ppm oxygen. [0026] According to
enbodlnents of the present disclosure, X and_ Y each

ar@dd; isphleath ong lgmentselssiedEom the ponp sensissiag e tAddSi Parle,

th&s%%ﬂPSE%STFPb%d% Sc, Ti, V, G, M, Fe, Co,
Rh, Lu, Hf, Ta, W Re, Ir, and

Pt[00277] and Emt@dmentseaﬁthebpssmt eim:ﬁnsumeirehﬂedhéseom Kb¥Z

Si St f In, Sri, Sb,
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di[eedspsur e iSeltl wslehdrh agﬁcofofxal\éz préséﬁmls'uosme i€l fproved
is,Co,.Yis Mi, and Z is LOOZS] Stil
arfSPRLONSOHESER COIRPTSNG %’P@l‘sﬁ"ﬁﬁ HE‘F%“éloéﬁﬁuﬁle’T kq #sp 9EH2YZ

AP OSY Q3P U R SRing ABR hel 60k rs@nﬁ b8 e F’g%lm%fn Qland Y

Heusl er-11ke alloys of X2YZ or cont al ni ng
| €8¢h arh diffeapd itangloppiabrlpents slh@edimmXhe grbul¥ cossighng of

ar, r cted from
ERE B S SR FE RN o e o RE TR, B 7, FEoP R,
gllcf)’l F;a'?id 771 at Mast oy eleilﬁdnt daltectel l;ﬁ;oltha gidup élt%m (]lcﬂ Al @lilgi}a
at |east_one elenent selected fromthe
rcﬁuﬁs»clangfr ifg TheEb, ﬂ}f} Bgi G, Ge, As, In, Sri, Sh,
T?Oﬂﬁ] Pb, Eﬁﬂgdﬁlents [? Qigeq%)re% afieat ?nc@lﬁdet Jk@oﬁﬁ&?&ﬂ&ces

di'scl osure include depositi on sources

f 6F Aul&, fonhelrewhergin X 163(530 W iiss Mk anduZdlsZAl §1Abr G&i gndothe
S| lon source

Sgﬁqot@gxgn Sr)ll?l' % g%ﬁ) ﬁm d onn% P{ 4 ?P#éte%n%tsar(ﬁ( m%rilsg%gea bafgmg plate.

[ (E30] Addl Addma]hal advanigsead a@pbcaﬁﬂe&k%réﬁ‘enﬁ 8i8closure will

t di.scl 1 di | t to
L RS aRceBCoPPaiaL b thape SKTGATA s b oIRgoariae| il

dﬂés@ﬁbﬂiﬁﬂ O\Ka‘heré‘i'ﬁeélﬁlbd&uﬁ&ﬁ@%f”ﬁﬁt Srednt LHKIRLRS &R shown and.
di scl osure are shown and
described, simply by way of illustration of the best mode contemplated for
practicing the present disclosure. As will be described, the present disclosure is
capable of other and different embodiments, and its several details susceptible of
modification in various obvious respects, all without departing from the spirit of
the present disclosure. Accordingly, the drawings and description are to be

regarded as illustrative in nature, and not as limitative.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The following detailed description of the embodiments of the
present disclosure can best be understood when read in conjunction with the
Tollowing drawings, in which apparatus features are not necessarily drawn to scale

but rather are drawn as to best illustrate the pertinent features, wherein:



descri bed, sinply by way of illustration of the best
node contenplated for practicing the present
di scl osure. As will be described, the present
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enbodi nents, and its several details susceptible of
nodi fication in various obvious respects, all wthout
departing fromthe spirit of  the present disclosure.
Accordingly, the draw ngs arfd descri ption are to be
regarded as_illustrative in nature, and not as )
|03kt | ve. FisR ERummtrip PNl FbR-a DRAMNES (5 displayed
[ ?%,;,,]m,;;ngp | QM ' .description of the

e%‘godi ment S}E%%‘C?‘ﬁ”éﬁg‘ﬁ‘?gté@% f scl osure can best be
uddliB$t ood Wie2 (Aatiownthedij aurystal struchirt bf & lagit cell of a "full"

foll ow ng,draw. i j apparatus features are
ng—teugr?g%%r seélﬁﬁ%%fg%%g\m?eeg@g%hmﬁgbut rat her are drawn
agou3a] best Fid.us@B) ah@wvd the (e tivstaPfiuchit@bld 85t colh@T Linai
8 thSZ] FIG 1 illustrates the Periodic Table of the
Eriehelpt @ Heygleylikgalloy of XY formula;

ikpf opl e L oFREM RGth&hAP L& X ﬂe%ﬁ?’ Rl
( sgﬂpws tﬁ%ﬁél cr;e/déltlg strugﬁlfggmgfa a u i%joce ISléyoy
aphdsgidiagramidens| er or Heusler-like alloy of X2YZ

f a, 5 41 Fl G...2 ( shows the b crystal
SR 5 o RIS bl et ek tgd ol ot of o
Heyssdne rfer ipledforddih®)a OdstiXy proécebsmdl HeudRPIBE IFSler-Biks hMoss
an | spothermal section of a ternary Co-Wnh-Si all oy
pHsEing asesyreliameieat irpatinent apcording toghe prose disclosure;

S ticr ese ! eX - of ~
Pt or i 5 Bagiidl SRl B AR 1 AQ-FHRART
Hetasipde of & Kermabll pyBle imposed dinnyHauserrar d¥eusiet-liky aliey dreting
t rding to t.he present disclosure; 00371
FEHECE Hre B el e, BRRE Bhocks fosBRHf o e aeiehn
ndisclbsune;t at i ve, exanple of a thermal profile inposed
0 Heusl or_Heusl er-like alloy casting during a,.
MR el I S e HlLinghems dlograghof | Mgl el anetal oxide
ameRfiflkNg to the present 15 disclosure;

[0039] FIG. 7 is a SEM photomicrograph showing the as-cast
microstructure of a CoMng25Aly2s Heusler alloy formed according to the present
disclosure;

[0040j FIG. 8 is a SEM photomicrograph showing the as-cast

microstructure of a CoMny5Sip2s Heusler alloy formed according to the present
disclosure; and

[0041) FIG. 9 is a SEM photomicrograph showing the as-cast
microstructure of a CoMng,sGeg s Heusler alloy formed according to the present

disclosure.
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[0038] FIG 6 is an Ellingham di agram of highly stable
nmetal oxide materials; [00391 FIG 7 is a SEM

phot oni crograph showi ng the as-cast mcrostructure of
a CoMho. 25A] 0. 25 Hensler alloy forned according to the

present 20 disclosure; [0040] FIG 8 is a SEM

phot om crograph showi ng the as-cast mcrostructure of
a CoMho. . 25Si 0. .25 Hensl er aIon formed according to
t he present dlsclosure and? [0041] FIG 9 is a SEM
phot om crograph showi ng the as-cast 25 microstructure
ofDgT@%%ﬁ%%ﬁg%ﬁﬁpignﬂéﬁgTﬁﬁIH$¢b9SHBEhed according to
the present di scl osure. 9 DETAI LED DESCRI PTI ON OF
OftlscL osUreE qrowatgisciprairgisduead: updingle diseaveryi thatfaseaion
U POy efl] BEOHEEN &E&?ﬁ%ﬂt ecge{cgﬁ;gelteocaset %ug et an&gﬁgusler-h?(e alloys

oxygen content, "Grac r o .
Helas lugitizdd klethalsbayﬁcatI@asand tappéndled! claims, the SR@essionC HdueRr-

I 5 1ike"
o e DS E67e, B s yicih Aok oo ip ety o have the
Megngill rubtte BRY Elchdler allyywitht $o pedite of)fs\/l.n? b€ AShRftion

all oy without the presence of Mi) and deposition
SOWMEES CTMBISIng; pgns aprd, WPufierings mrg@ter iswitpblea fore tusg m the

' fﬁ%‘ﬁ?ﬁﬁﬁé g)gsaggﬁlgwof fifn 1R | n%%%f%é%%ﬁ o{n Varellec ﬂlc spin-

| CesS, r On
badxe rmagneti¢ Chdadﬂdsﬁ@evimmetomagﬂt&ﬁc@ ItﬁBjeBt(a'lMZlE) junction

trr;dggﬂel Pt s O?Sﬁ%%?a"ﬁ G g?@ﬂé’gﬁi%wﬁves% can be

cancda@hsnecpmrwﬁmeﬁ%smfeeﬁ% fh&RE, cost-effective
er. [00431 Brlefly stated, according to one aspect

of 0 4 pr es Brietlyisiiqde deqoading ¢4 phe peneet o thstoresepiedisdlosre,
PrepglaGh] Qg foecqirvéﬁ:lfocfl{cﬁ&il %?%}afcmés:h ﬁggsl%}'eéﬁ%ll Bliddr&e

alloys suitable, inter sequen
f abeyscwithlde, infer @ltd,dbosuhscqmnsfahrnmsn snte lefddsitia sources such

glg: %pﬁlgtlezg ttgrr gtet 18 éc%on%;?fs%"@ II33§ hae dheg’}/ asmst@gatcas?iicig ! grtogt%s
comprising a mu1t1 -stage post-casting thermal profile specifically designed for
relieving stress in the cast ingot. In addition, according to another aspect of the
present disclosure, efficient, cost-effective production of Heusler and Heusler-like
alloys with oxygen content reduced to very low levels, ie., < ~ 50 ppm (as
compared with a minimum 300 ppm oxygen content of Heusler and Heusler-like
alloys prepared by cumently available powder metallurgy processes), is
accomplished by melting- of the alloy components (feedstock) in a metal oxide-
based crucible under vacumm or an inert gas atmosphere, e.g., Ar, the crucible
material selected for thermodynamic stability vis-a-vis transition metals.
Additional reduction of oxygen content is accomplished by addition of small
amounts of suitable de-oxidizer materials to the melt charge in the crucible. The
combination of melting and thermal stress-relief casting processes according to

the present disclosure enables efficient, cost-effective production of high quality,

low oxygen content, crack-free Heusler and Heusler-like cast alloy materials
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conprising a multi-stage post-casting thermal profile
specifically designed for relieving stress in the
cast ingot. In addition, according to another aspect
of the present disclosure, efficient, cost-effective
production of Heusler and Heusler-like alloys with
oxygen content reduced to very low levels, i.e., < -
50 ppm (as 20 conpared with m ni mrum 300 ppm oxygen
content of Hensler and Heusler-like alloys prepared
by currently available powder netallurgy processes),

i ssuitghleolepiise H@orh%ynwchmﬁfg obfthipn lmibpssgl adyemssd eisehpology
(f&gﬁﬁ%pck) in a metal oxide- based crucible under
vacuum or an inert gas atnosphere, e.g., Ar, the
Cr [9@4@ e naWihirefereped ecthedPdriorict ahierofyitaRlements shown in

|t Vi S-a s ,trans |on tals..25 Additi
ol ool 35 HeRubRslovs drflc b Sgivicts of pgherdl Rrmmta
adﬂYF_’,l onXeYZsi®y) be foRmddNb@oRfings W tRDPhRIHEE0I0%Y G 2BE present
na rlals to the nelt charge in the crucible. The
1G54S YRS el ting and thermal stress-relief

cast | NY_PLOEYSSES m%@fya&' ntaﬂsm&f‘%r %@Eﬁ@ﬁt i cﬁ&h&ﬁf £,

enabl es efficient, cost-effective uction o
quaﬂ,l 2 yne’tall dwncntngleeremdhe ahbandcofaclectfonsecoriaisl kess a%rad the

i pnEudrP b s Hle BoRamied stol Rubhiade € S

t%hNbJngRudauLaer ThOWARE, Wahh Peaher ence to the
Peri odi c. Tabl e of the Elenents shown in

Heus| erZalidt 19astone Flemepien iRt 3ar 16 sel@ﬁtﬁréﬁpm %F@go’fl 8i,

gqmgt@Lquﬁqngbj§3¥yg%o&mﬁgYZ may be formed according
to the nethodol ogy of the present disclosure,

V\HQQ@] n: - - anefe W@ab hHarS@raandl éhssleleluie: aHayssate typically
eSO ERERe ol GLBHE nd inerbite s EEscor Rl PR
mabd mesnitaft Ay edoasibingnsf ittenetdied phisem MEW@ a-flld, with
eterece (y FIEE 3. %fouchazﬁanpﬁoﬂwg%alzsrec@oﬁl}bef A ek o YeST aloy
e'pﬁé@r&ﬁag'rﬁn Q'@élﬁrﬁl-ﬂlgalloy,]lﬁsecﬁﬁl &Cﬁh%ge gd'uﬁmrﬁméﬂ& Blformin a
full COMIloszlo 25 Heusler alon of XYZ type, a Co,MnSi phase with an 1.2,
ordered crystal structure which forms an extremely brittle intermetallic phase.
Post-casting residual stresses, combined with the brittle nature of the intermetallic
phase, ultimately cause ingot cracking of this particular alloy composition. The
residual stresses present in the afloy are intemal stresses which do not depend
upon external forces resulting from such factors as cold working, phase changes,
or temperature gradients.
[0046] One effect of thermal cycling is induction of temperature gradients
which in turn induce strains in the alloy material. The response of the material to
thermal cycling directly depends on the mode of damage. For some materials,

such as for example, intermetallics and ceramics, for which the prevailing stress

accommodation mechanism is macro-cracking, one or more cracks suddenly



10

15

20

25

[00451 In nore detail, Heusler and Heusler-like alloys
are typically fornmed by nelting and casting into
ingots in a ceramc, graphite, or netal nold, 15 the
resultant alloy consisting of internetallic phases.

For exanple, and with reference to FIG 3, which is an
i sothermal section of a ternary Co-Mi-Si alloy phase
diagram a Co-MWnh-Si alloy, based on its phase
equilibria, tends to form ild a full CoMo, 25Si 0. 25
Heusl er alloy of XYZ type, a Co2MhSi phase with an L21
orifepagatedn st mhtegalragchemléimate stiength rofsheamaterislrie mlclyed The

br al | i e has 0 Post-c ng r

SO G B R PP LR o

| nhlesrerelyalolv cleavaf@ $@ess,vhichaé @ Yori@es@ni A9Qtiated It Hbw
articul ar all o%ilgcorrpo& tion. The residual

st’?@éh’lfedéﬁﬁ‘if’é‘glé Sensity, anbthg) inalligyta aciivate aanffipious quandity of
WhhdResdtrni Alipd 8 ReLSS th9§IS% tﬁé n%!on Eéﬁescn SoH! B0 %lastlc

from such fact ors as col ng, ase c anges,
t ciefpemation of r@h@dsrsmﬂm agg@g{ttes)bﬁammmaafs fdeeto mgott\mﬁmmc

t tur di e ts whi. ch ,
0368 ﬂlrjz{ré%orill‘(;i lég tdruglg% gol eﬂ,g?.q @ %a 1ndH,?§d strains
r eapngmpomfcoblh% ofth aoh@ilﬁea @ngot hendale @cylﬁbnagalm Ef&ibdiYed.
d cﬂ@ff‘rg t]he nmode of damage. For sone material s,

Sgﬁ Rty ¢ fo pGep pigIth thermal gtraiay withews inqugring
WhieGiihtibrd Q:rﬁkﬁiga'ﬂ)daﬁ?cds HeRRaly 3GREACHALLA g@e ﬁﬂbagfo%ggses

i S macro-cracking, one or nore cracks su
pPBSRpaTate formainfeinrgasia bouidagscanipatibility. fhiseas be e¢1g¢vl&d af an

| MRSl Rlnpk Ak SROGE el Morine e B 156 Sistink ifocki viap

t straaprreliening treatnept.| ow cl eavage stress, which is to

S xtent_associated with a | ow rmbl | e di slocation
d@ﬁg?]te y, and"HE Aisapnted « Yitho selidkificptipr #nds dhetmalleinduced

qstedits e Qfsod coRERRANGS NhsiGhdl Pstra¥seh eﬁsﬁtc§ atd Shy é%rgk%nt

Von-M ser criterion for plastic ~' tlon
p@F?JEW%tSHFﬂSFﬁ@f &ggmgta@(n@nswh@tmgthemtanatmadi tea taitable

braM@L WaBLL eveI dur.i

B N T —
a1i0| I’Sdln:g thq:)n’.mduﬁicﬁtnemgs ahd ahalcﬁlmdlwfdoening g Qliateridll 8¢ nid@mize

lroIIedfa m. i [nzed.
e opment of new residual stresses.

{0048} For some forgiving, albeit predominantly intermetallic alloy
systems potentially susceptible to crack development while internal stresses are
released during cool-down, stress relief heat treatment according to the present
disclosure may be accomplished separately after the cast ingot is removed from
the mold in an annealing furnace maintained at the designated stress-relieving
temperature. For most Heusler and Heusler-like alloys contemplated herein, the
extreme sensitivity of the materials to thermal gradients is such that a strictly
controlled cool-down cycle must be applied immediately after casting and

maintained unti} the ingot temperature falls below about 150 °C.
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Stated differently, in order to acconmpdate the
thermal strains without incurring 10 premature
cracking, localized thermally activated dislocation
clinb processes nust operate to maintain grain
boundary conpatibility. This can be achieved at an
internmedi ate tenperature during the cooling stage of
the casting process via a stress-relieving treatnent.
100471 Stresses associated wWth solidification and
thermal | y-induced_ 15 strains are al so considered as

r J8PMlal ~ st PEssasliovipglnati rerimenss perording toethe present disclosure
di u : S j t - _1C ' [

¢ R, 351 Mo pHHIEHSph Sk, §f B BROhaC SR GR R "R | ke
mehainiaingd my coftectnwitle theatastitg okt A adparatt uegedeatatiam of an
ingerv | sufficient _to redu&g the resi dyal stresses,

A AHS RV <P PO BV CRRPRaPEr SYSIEB [ nPeCRRE Siress
devieivapiRdat trodtmREMAdeERIEUR! the bFa&s QBsclodfe i WWSIn FOFIG. 4,
some forgiving, albeit predom nantly internetallic
alhsiein system dcopmrisas popstipespeldehforised of ¢ eeraik material or

a0 RO TRl e e APack MU TRER Y Pkt 1 .

a@aesistamy heatet,rm)’w@isbman egticsml esumeee(nobyhdym in the figure for

acconpl.i shed..separatel y.after cast | t is
BB BRISR 80 b R il s R eqmestature seasor
mge. 81 thieigstoaple) Heosias ueinaleg, §bfog§a$mﬁeﬂilé ¥t dmputer).

t erature, For nost Hensler and Heusler-like alloys

c é&@hpl at el Pestisentheipeld apg extemal kestiag elewepty ags pesiftoned

@l _ . g adi ' : S rii.C

om0 AR oh pOUE M ol ot ik
apliernativgs arrangemant  utibding s geghiim tehstinghmoldh@otthe electrically

- EPREGA AR g BT BN BB By ooanevey et a5

di sedond Whernatifyark gae 60 Milizab atcbniteating @holdn, the ceramic
ext ernal supplenmental heat source nmaintained In

- cHATPRR (el 1 cithe kesistehy hasiedi or mdyicHisknipgied via a susceptor

20

25

I BRfBEESYsRon O b @lvedthe Hcllc‘fliéid'zﬁ&tih&ﬁ:ﬁo Wi,

non-linmtative, exanple of a systemfor perform ng
sti08tk 5 r eRe¢fewinggond&k 5t wewhivelin skaoo theraiy it an ilhstrative,

e U R T RN e
nkkeenll@y} cating during a stress-relieving, heat assisted casting process cycle
according to the present disclosure, the thermal profile comprising four different
stages, as follows:
~first stage: the first stage, termed a "mold pre-heat" stage, is intended to
raise the temperature of the casting mold to a predetermined elevated temperature,
¢.g., from about 400 to about 600 °C, illustratively 450 °C, and maintain that
temperature for a short interval, e.g., 15 min., to allow for temperature settling; |
--second stage: the second stage, termed a "casting and cool-down stage",
is initiated upon pouring of the molten Heusler alloy material into the pre-heated

mold. During this stage, the mold temperature rapidly increases several hundred



graphite surrounded (preferably on each side face)

wWth a heating elenent 1, e.g., a resistance heater,
powered by an external source (not shown in the figure
for illustrative sinplicity) and controll ed/regul ated

by means of a tenperature sensor 10 (e.g.,

t hernmocouple) + control unit 3 (e.g., a programuabl e

el ectroni c conputer). [005% I'n practice, the nold

and external heating elenment's are positioned wthin
th%t cHan‘oer of the nelting furnace and positioned for
caStanfdhen rapiglyrqepreases Jlgating of theaneld ahihifesiagstprenceds vip hept
2 e aRPrb S (5ARiLhE9e Qfgl%, SIRE 2Abe i drsE

conductive gr a%]tlw_i téﬂl%gl iné e?taﬁefqtf‘@gl teillty\)félﬂile Xéearllttg%thc
orterhpraafote inetegsehie atirect]y progoitiondlSoghe ewen dmatinterfthe invdten

ar. tooutd i zi a _ce i C .castin ld 2,..th

o B IS bned' e iy Wy Pl BF i into B SRy LBy Sofer 2

[ rld_lkg_t]iim{jey gﬂ&jﬁb&sdng;Ltﬁe ﬁlofdalt‘eﬁ:‘:@ﬁdia@.&e,_ ﬁlgiaﬁty !4@0 °C, i_nlcreased to
oned between the nold and an j nduction coil.

F%%étidf %F%‘Ia“refyr?éief eestngs folipwedibyisapididegreassown t her ei n
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| idreng$tresy rebiabstagey idiotende! ta pstfpms sontiubestress reliefdt critical

assi C | roce C accprdi.ng.to, th .
okl AR AR PP TG EP BN i taci Rt iy eteriats
f atrmaebt biseepible tostay @stiathm; f ol | ows: --first stage: the
first stage, terned a "nold pre-heat" stage, is _

i nten d"e“éﬂag—ﬂ?@’ ;[Ee prath afage r tstmsde 2otfingh sortgalled rppolrdown
t Gtage"s SRIRUOK Eﬁqft%ﬁged SHRLE8-doSREIAIURE cast %1%3@ z)g)&i)caléy ata

from about 400 to about 600 C, illustrative

~ affle phaouh2n Gk or tesp ewntil apdninomm tengleoture iofitebow dIS) °C is

e, G 5 m.Aa.. I faor erature settling;

°sdieysd oo bR o R Bl 50 Moo e

adevebpolendown stage", is initiated upon pouring of
into the pre-heated

t [ten sler alloy nmaterial .
n&%aEﬁDDur i ngF ihip Siogg yiecaisaliy squachingel & Brodusepiacly is
| RGd L ESChiIrhey ﬁlro_@éssﬁg,ng.?.? Quﬂtﬁlﬁ dndagtshditehed aBhdlton sources
decreases. Heating of the nold at this stage proceeds
viush 16 &t spufterings feegetst Covant the biiftisheharacteneé Heusier andb Heesler-
Atk UlloJe0 R Oy Telproldf LR Gini
i ner ea%g(’)i S g*ér gsiztp e);fer%@gpgﬁo?@tﬁ%%% o Ekt%ﬁg d?#é@%%n%%‘%fmng
of ERMpambfiva rsizing to target dimensions (e.g., thickness) is accomplished by
gentle grinding. Whereas manufacture of a monolithic Heusler or Heusler-like
alloy target is possible, most targets are manufactured as an assembly comprising
a target bonded to a metallic backing plate in order to maintain integrity and
lifetime of the sputtering targets.
[0053] Reheating utilized for bonding of the target to the backing plate is
critical in order to prevent crack development. Consequently, slow heating up to
bonding temperature is performed prior to bonding. Generally, low melting point

bonding materials, such as elastomeric adhesives, are utilized in order to enable
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all oy poured into the nold. By way of illustration

only, as shown in FIG 5, for a 5 13 kg Hensler alloy
casting, the nold tenperature, initially 450 C,
increased to 750 Cimediately after casting,

foll owed by a rapid decrease; --third stage: the third
stage, terned a "nold and i ngot tenperature hold

during stress relief stage" is intended to perform
conti nuous stress reI ief at ¥ritical internediate
tenperatures, i.e 400 - 600 C, at which the Hensler

al Pentinghelgw 4005°C. Tndimndondisg C&ubﬂ:apwshﬂuﬁy ublizedamber careful

|n1 the four terned a

ket e e OB P S g B bl 57E5 ot

i n[ﬂ@§4]ng a shmohet aspect ofinhd @t@emrdlich‘@uféaﬁt the Qﬂ%lopment of
C mn, or less, until

t | at f .about
et g and PP i Botedalogy erbling Gumratal Hevsler
oraiﬁrH&lQleB-ﬂlﬁé’ QNbysPWith deHP10Y o )@%ﬁ '(ﬂ wafi adi Kt E’%le‘rfmeﬂts e.g.,

subsequent crack 15 devel opnment. | 0052]
st @nigak Hathi Sat B9 peou m@bfgengéts pr@ncmstydmde:dtedhﬂxemslesof

r e}ﬁ‘)@\)ﬁef Betafil, gsrgj%edoﬁl 8&0% & haz e el “nntg&‘ go carﬁcpgqllqg,]ﬁ]e

grinding I nt urce
t dnq@qta@ns @Enwsed bjn ﬁlebamtfembsz Initae asthes ofafuckieeysCHowBekr, the

ke all tt f er abl f or med
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Slszgnl‘fg:ah@y t Qéﬂeﬁ Hhrredaid %&mfe% Gor ﬁsg' KRS S hbdve-described
accon‘%ﬁl shed gentl e grinding. Wereas manufacture

ofPERUHRSTERE taﬁli’ltcaFlél"r‘Fs Tbe high afBuity eff Heusker and [Heoslet-Bkegalioys

[ e act u
(SRR sy A PRS0 TS p o motas
ba‘&mh@e Jcatretoistrongly ettraticoxiygérn) E@eﬁlallf\ Mi&i int powatefiform.
(?1 nme of thes%lggrln t ets [ Q0531

eal i ng u‘tqfxfor‘}lgg i ‘ﬁfj‘ I ﬁ’é r‘@B@rf‘trBle@ e metal
baxidbmgsqdl @ticbles unddrid Vb & & (B8l o4 ﬁmﬁmeﬁﬁ&@t % @gk Ar)
devel 0 'éh Consequent | sl ow heating up é

HsPhgre - Ehe mels shaige rfé%ﬂy sioek g# cvmpbmdmfngzre @Eﬁiés,ad: Ly CO

I @1% c
el ast{m;nedr?% ﬂgegdﬁggo%&gaﬁgggoggi}l i nS? %r gser megt byprpdust
1BiccqsoRmdl cﬁ@ertselubfonmdn@omb mmtamsb ﬂmhenglo@a Budhess Co-Ge and

SHES Wﬂe%ré%ng& for lbZ e(ii chqtgo of cﬁemlcgl composition. The master alloy

compositions are chosen in order to depress the liquidus temperature via eutectic

and other low temperature solid-to-liquid transitions. In the instant case, on the
one hand, given the high rate of Ge and Mn evaporation during melting, Co-Ge
and Co-Mn master alloys with predetermined compositions are used in order to
enable melting at lower superheat temperatures, thereby minimizing evaporative
losses and resuiting in better composition control. On the other hand, e.g., when

Co and Mn are melted together and consolidated into a master alloy, this practice

~ provides a significantly "cleaner" master alloy feedstock for the subsequent

Heusler alloy melting stage. In this regard, Mn flake was observed to generate a

substantial amount of slag upon melting. Consequently, a first melting stage in
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i ncrease of the target-backing plate tenperature to
about 165 C. [0054] Another aspect of the present

di scl osure is the devel opnent of inproved nelting and

i ngot casting nethodol ogy enabling formation of

Hensler 5 and Heusler-like alloys with very |ow

oxygen (as well as other elenents, e.g., sulfur)
content, e.g., < - 50 ppm oxygen. As previously

i ndi cated, the use of pomdéﬁ nmet al | ur gy- based

met hodol ogi es has been attenpted for overcom ng the

[ Yﬂll@htﬂiﬁbg%kei igpedied g rrodbicesxa cempeligatit Mt dreMnameste dloy
S I | : n_contepts,of the

;o S UG ot Wbse RO ROmER PEYE Ripa' 5 Houster
siiggetf.i cantly greater than that required for use in

t ove-descrjb ufacturing applications. The
mh@n?fﬁf fini i@ 3y O*Sg‘t@@{éyawateme(}@%% 4 1@ glemgytsas defined

0Xgh@ed), Mh 1S Beahbih 3bln¥e EEx1eln tHRARELRENE Foshitark Iﬂﬁoy. This is
constituent transition netals which are known to

staewsitsd withthe rawxylgenstale isdsocdd hyd wshennifestgoad dn oxide
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urtdeforna vasiousutenadiowsty bemdktl exidar whish dré @frtuallfSinfpessible to

At at mgsphere... The It charge feedstock is .
CJ%KBVF g&ﬁe&mﬁm@nﬁgpﬁggm@  Or ggybon-gely atmesplherey when in
f Isak®stateebyd@tist al 1 i ne or single crystal Si or Ge,
irﬁﬁg bypr oduct i eces, and other solid forms. In
sdfB7 nst anbeen meltingee! wirginyaw spttrialss sitoe tee aride inChisivins

5 B0 LA D 0 STy s

-cland esspamteoinder a tfoatiegr dsg  Anethkt dhnpdiantt Bxer R Uiwiding

i tecti d other |ow t ture .
s SPHmnging 8 otien sty yher melimerdch Heg o dngialns the

t eteranef theowcib@ iwelr. t he high rate of Ge and M
evaporation during nelting, Co-Ge and Co-M naster
al¥s¥E wi t nCiyen dst kighrersdvibopfpelten wrmsition enat@edmil an order
OfBfeviR fuBAADLEIR! id ! eI da5:

[ A BLvbR (RO AR 00 Bl RESATHE B e 1 e gt
addclogige | it iin gssentidb ghatethe combds imdtainl cantinadtablnisthes the

0 d. e. e Co ,and .vnh are nelted together
Ohifite WaAort it 18 Mo il by I pliRetaR, hgSised
pbaed d@en ahs ifgsi dnefandt YormatieaRerthe MRsddxidd hiderial of the
feedgﬂpck for the subsequent Heusler alloy neltin

strygyBle. 14 @mrgcqqélg ok soupalier o lEdlinghamo Biagrapisy are usable for
IFREIARE IR equilibrium temperature between a metal, its oxide, and oxygen.
Referring now to FIG. 6, shown therein is an Ellingham diagram, i.e., a graphical
plot of the change in standard free energy of formation (AGj) with temperature
(°K) for highly stable oxides, including Y,0s, Ca0O, ThO,, MgO, ZrO,, and Al,Os.
It is evident from FIG. 6 that Y,0; is the most stable of the illustrated metal
oxides. While Y-,0; is in practice.an excellent refractory material, the use of Y20,
as a crucible material is economically viable only when small amounts of the

latter are admixed with other refractory oxide materials as a reactivity inhibitor or




E

substanti al anount of slag upon nelting. Consequently,
a first nelting stage in 15 which the flake is nolten
and produces a consolidated Mh or Mh master all oy

ingot is considered critical for subsequent formation

of inclusion-free Heusler ingots. [0056] In a Co-Wn-Z

all oy system (where Z is an elenent as defined 5
above), M is the nmain source of oxygen contained in
the resultant alloy. This i 0 associated with the raw
Mh nmetal feedstock and is manifested as M oxi de

i nepikzesRas- Zn02aResed ondie semgreale. 0wk M, are gpqdcandidate
f Ofeftadls %ﬂ'bog%ﬁeﬁ@§ B %ﬁq&s%ﬁ&ibl&@utﬁ%ﬂ@fﬁl&él%ﬁ&m}iﬁon

t enaci ous oxi des which are virtua
i npetelsiftal aehicoing levd ucwennd@entconvent i onal hydrogen-rich

bR on, " B0RBELORC marei gttty RRe oo oF oxygen

- 5. MedcRtdnBlirs HeidliCand Heushxilge ainefdt 14SAchtVed B dHiER oF Dhuinor
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magni tude |ighter than the nolten netal alloy, the

f HRBIL (Sehaibiopt P2dta abayt ). & afateaeicdqomidizen (ifa. . cityB ey gatherer)
slag : ¢ o _
conferfihatis ¥ TBERAPNE AR Hok cRirgf Rl St M in gragulr o
vighgt domavaredigr vsable f& ploducidd Mat and Mn afiastdrealloys with

ible itself. [0058] G t he. hi tiyity of
o PR, e e Farietin dn HOBPRC DEGE st Sxveen
f UfatHe@drs, 0BY @88 NAE CdeHivitl ToRmbbiligg aédpdriufes BACOERIITE dndble

the present disclosure, it is essential that the
C reFEPSH Wn-Teagted plams of the lattertchenents preseat giter axpacn sedngtion to

t naNsd, i I rmg%z"-t"ti
qu%l li%}aglg)?\%élmé}&géﬁgg%gnggﬁ{gase Eﬂlgglﬁn he réé’e&gn%ﬁsg?/s a
ofextdlentdemtfudfert foe Mot by poomhelengndt@mipabitiof afhimclusions of
Crnlila(l:ni Qzlle%é,sAlﬁ a pr actical tool, so-called "ElIlingham
di"agrans % usable for predicting the equilibrium

t gowen] at ur e The LR R thelfRéseht disdcusiliehovwaiddemongiested with
Referring nowto FI.G 6, shown therein is an Ellingham
diteigreass ©jthetollowing ilpyativg, buipasrlinitativg sxanpletye i n
standard free energy of formation (O&) with
tenperature 25 (K) for highly, stable oxides, including
Y203, CaO, Th®2, MO, zr & L A1203.

[0061] A consolidated Mn ingot was produced by vacuum induction
melting (VIM) of 99.9 % pure Mn flake in a magnesium spinel crucible (90 wt. %
MgO, 8 wt. % Al,0s, 0.9 wt. % CaO, and traces of other oxides) according to the
presently disclosed methodology. The Mn flake was melted under 450 mbar
partial Ar pressure, and 0.5 wt. % Ca shot was added to the melt, resulting in a

consolidaied Mn ingot having a low oxygen content of 45 ppm and a residual Ca

content of 102 ppm.
Example 2
[0062] A "full" CoMng;sAlpys Heusler alloy was prepared by VIM

according to the present methodology, i.e., utilizing a metal oxide crucible for
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It is evident fromFIG 6 that Y203 is the nost stable
of the illustrated netal oxides. Wile Y203 is in
practice an excellent refractory material, the use of
Y203 as a crucible material is economcally viable
only when small anmounts of the |l|atter are adm xed

wWith other refractory oxide materials as a reactivity
inhibitor or 16 stabilizer, e.g., ZrQ2. Based on the
sanme scal e, CaO and MO are ]é’ood candi date refractory
metal oxide materials for use as crucibles utilized

f OPTCREREGMeS the appigrial émbe metted undeor okl evdsnge bban inert gas

OXpOENA 5O Qr.di to the present .
o SEOAN B e crdthe BEEBIRAR ol PR it
Hemslderccamig it thed presehi discladute yilizig ac hppRy@ $¥h as shown in
ad@iGt ifr&}ﬁf a %] nor &ermu%it, e.g., .about 0.2 to about

0.5 W B8 St PAETLT e, Bt ress delied geige sashoy graphically
neitlestiatddsn Fs@oh as Y, Ca, and My, to the nelt charge.

Cg and/ or l\/%in granular or shot formare (is) usable -
f dP¥%Hoduci dgevmelinehangs rensistad af | @P44nigtns. of 99.5 % pure

DR BRI Pl el o BBl

| end uéBI’.iﬁl rgyas: efpes ;% tphumAl bmd»t.tMelltiﬁg Wa? peificialet 113 @K‘fﬁzt?@%sia
un-reacted atons of. the er elements present after
ox%}{ﬁ%ﬁ"‘?‘_&lgl?ct“? i lditioa ‘?fgél%i“fty 7eigmanicsd The swpiariesidual
mémburttissian@ gBEddntoAth of kY feb@fant $BIRE!S ASs@BY b%@f&ﬂeﬁﬂém
de%ﬁlﬂf urizer for M by pronoting deconposition o

i AePpgPehaddseco gayrareae eivenfhicldosin Tdbld QOEG}efTineit is noted
Utakt kifeYcoRfertBBoy | Csluﬁﬁ}‘ el QW DE | -
deronst r at ed \f/;\no%h&%?géeél ?éé)ﬁc e o&g ﬁgﬂrﬂl‘%ﬁly g‘Wr‘?ﬁ 15 the residual
i awsnieat: i ve, but non-limitative exanples. Exanple 1

[ 0061] A consolidated M i g t. was produced by vacuum
i nduction nelting (VIM -9 % pure Mn flake in a
magnesi um spinel crucible (90 wt. % 20 MO, 8 wt. %

accorai nég to ihe pr ’sen ly dj scl osed net hodol ogy. The
M flake was nel tedﬁlﬂﬁ]f’&%?g/%?oé%ﬁ%ﬁ)pmparti al Ar :
pressure, and 0.5 wt. % Ca shot was added to the nelt,
resuttrngTna

C N O S Al Ca Mg Fe Ni Si

49 30 3 ND. 13 40 N.D. ND. 87 43

N.D. = Not Detected

[0064] FIG. 7 is a photomicrograph showing the as-cast microstructure of
a "full" CoMng3sAlg2s Heusler alloy prepared as described above, obtained by
scanning electron microscopy (SEM) in backscattering mode, examination of

which reveals a structure generally comprising single phase Co,MnAl grains with
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. réeginme, such a

consol i dated M ingot having a | ow oxygen content of
45 ppm and a residual Ca content of 102 ppm 25
Exanple 2 [0062] A "full" Colno.25A1025 Hensl er all oy
was prepared by VIM according to the present
met hodol ogy, i.e., utilizing a netal oxide crucible
for 17 preparation of the material to be nelted under
a partial pressure of an inert gas (e.g., Ar), and
then casting the thus-prepaddd material in a
rectangul ar graphite nold according to the present
didgesnsogs up tehout 0thgmatheappns btiys iregularip semshaedhby meedle-
F f-castin er mal..stress relief
e S S o) SN AT
{0063] The nelt charge consisted of 6934.4 gns. of
99.5 % pure electrolyti(tgg% 1%232.2 gns. of

consol i dated M1 i ngot prepargéLas in Exanple 1, and

1 gnms. of 99..8 .% e Al. shot . | ting was
pZ‘fOf%gf med in a rr‘ggﬁlélsi(%ﬁl?ﬁ? Nep %%P%%ﬁl\@% W a%p{el;?argﬂ by VIM
adcbiotding totheOprasent metholiblogy,airil @Hizinkhs riehdl MxideeGhdbie! for

R e RN RO N

L%ﬁn@%'ﬁﬂﬁfr@g}@é@mﬁi‘eﬁﬁﬂn Q%&&‘ﬁ%u%fhr%hﬁe ol PALBRILOD the

i't is noted that the concentrations of oxygen an
shiepent digeloswes widiing an epparatys secht #seshowsi UG, 4Cmd a post-

SR eI i B Lo SRR Y 2,
2[0066ID. = Nite reit et gecbohfifed bf 649G.goik. bBIRS % pure electrolytic
PB 3 G S AP R O M e e astt avis EoSmnaG! S 1947 6
gms. of 99.9 % Si single crystal byproduct pieces. Melting was performed in a
magnesia spinel crucible, with an addition of 0.2 wt. % Mg granules. The major
residual impurities and gas contents of the resultant product, as measured by wet
chemical techniques and Leco analyzers are given below in Table 2, wherefrom it
is noted that the concentrations of oxygen and sulfur are extremely low, as is the

residual Ca content.

Table 2

Impurities and Gases, ppm

C N 0 S Al Ca Mg Fe Ni Si

51 17 13 N.D. 11 35 ND. 47 127 22

N.D. = Not Detected
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a "full"™ CoMio. 25A]0.25 Hensler alloy prepared as

descri bed above, obtained by 25 scanning el ectron

m croscopy (SEM in backscattering node, exani nation

of which reveals a structure generally conprising

si ngl e phase Co2MnAl grains with 18 dinensions up to
about 500 pm the grains being irregularly separated

by needl e- |ike CoWnh-rich precipitates (the bright
phase in FIG 7). Exanple 3190065] A "full"
Conp. 25Si 0. 25 Hensl er alloy was prepared by VIM 5
acl®86di ng t FlEiheisw geembicrogtaphdbdwoigy thd asecast Mickdstraét: of

' i.d i ble f t.i th .
el ot Ot e Fledt e BB o1 droopbk dbeves obtainpd by
argarolvg eleCidd i@odddBy (BERH AheRRk Rt HmbaL, éx'ﬂm?nattion of

rect.angul ar graphite nold according to the presen

di veiFiy Eypals a straqtyrs igarsrally comppaisie singbuphesa SodWinNirgriins with

Flf : = LN h tress_rel.ef

r e(g%flmrrgs,l (ﬁlg Sucpﬁ t(gg ﬁ%urta%@? [’:@I Iglglhtei ﬁ%?%rr a g%é i é:te%_to 19w
[ Gobdficatiop asreir¢sult bfcagting misa pickehtaf m&id95 gms. of 99.5

% pure electrolytic Co, 3027.4 gnms. of consolidated

Mh ingot prepared as in Exanple 1, and 1547.6 gns. of
99.9 % Si single crystal Hxamptedtict pieces. Melting was
performed in a magnesia spinel crucible, with an
adeles] on of AQpdr vaf. mastéry alyanulegsa GG gajnmster rallsy chadl a

i iti an s contents .of the.resul.tant oduct ,
i A MloR R uSER SRR b Renins Rrableeieciouster
anBdy zeers megargl Weddrding QW the pfedeh@y ZiscWISd ehdtRioldey, 8.,
noted.that the concentrations of oxygen and sulfur are
e KUPRIPE qﬂgmﬂ, Ba¥aqugny prductiens raeliing Y IVBntae meagndRid | spirel

SO P 0 A9 Mo Sl e
Dewlen &i#Coess master alloy was performed by addition of 0.25 wt. % Mg
granules, whereas deoxidizing of the molten MnCopsy master alloy was -
performed by addition of 0.40 wt. % Ca shot. The gas contents and Ca and Mg
goncentrations of the resultant GeCog 45 master alloy and a MnCog 40 master alloy

are summarized in Table 3 below.

Table 3

Residual Deoxidizer Concentrations and Resultant Gas Contents, ppm

C N 0] S Ca Mg
GeCog 45 master alloy 37 9 1 15 / 19

- MnCogp 49 master alloy 43 14 10 2 13 /
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[0067] FIG 8 is a photom crograph show ng the as-cast
mcrostructure of a "full" CoMWn0. 25Si 025 Hensl er

al l oy prepared as descri bed above, obtained by
scanni ng el ectron mcroscopy (SEM in backscattering
nmode, exam nation of which reveals a structure
generally conprising single phase Co2WnSi grains with

5 dinmensions up to about 800 gm The large grain size

is attributed to slow solidPfication as a result of

casting into a preheated nold. Exanple 4 [0068] A pair
of master alloys, i.e., &xampld 45 master alloy and a
MhCoo. 40 master alloy for use as a nelt feedstock for

f 8906%hg a COMIBH" HeadhesGeotd Helubley allmr\eaSpp@pmeéoby VIM
a%&%ﬁ'&lhg% e ‘SI%?EI] efh%ﬁg éym Scllltﬂsz?nrgd m?l}etEa? 9(1(%9 rhmble for

12PN vacuum on nel trng
\z{famu;atlan nﬁgree:ﬁataaai P be imelted Uﬁdldﬁlaeparm qbramkré ioff g\r,unﬂethen

b sl e o S S S S

Oﬁre@erﬁ idosuil Mihztﬂ% @Hléb atué(\@&rheﬁ,sslﬁ)%xihdﬁ‘la A9l 2 HHE-

nol t en MhCoo. er alloy was performed by
agHfing &wna@l stresselie regimeauehe granhmllgalbls@-@nqd &nFii. and

Erzﬂ f fﬁ@%dﬁqf ﬁ)ﬁ%n 02813&3& 5t 1?931‘]# and cﬁe%g 4/05])111'6

al | oy an
s dievtentytieGoj 634babims. bflthé Omsof[&‘nédEGSCé’dls Iﬁ%leﬂ dldy made in

oXi zer entratlons an esul t Gas tent
EE ée ‘wns eé&%cwégh'fgﬁdg‘}@mwgvr oy mgds in

| .' ]é%; golcs)l\tﬂ%i%ﬁ%%ﬁ edbinfM 3 ﬁfﬁgﬂ&lazs | lcrucdble 4Rder a 500

1 A"full" COVWhO 25Ge0, 25 Hensl er al |l oy
arpAépaﬁ@ldplﬁgsmt Mithgecddition 9f 062 Whe% Mg geanles. The major

pgegiaag%,%qug an- gas Ubdtbtd bP e FedlRbft! prodtlct Gs HHSIH 6y wet

chemical techniques and Leco analyzers are given below in Table 4, wherefrom it
is noted that the concentrations of oxygen and sulfur are extremely low, as are the
residual Ca and Mg contents.

[0071] FIG. 9 is a photomicrograph showing the as-cast microstructure of
a "full" CoMny25Gepzs Heusler alloy prepared as described above, obtained by
scanning electron microscopy (SEM) in backscattering mode, examination of
which reveals a structure generally comprising single phase Co,MnGe grains with
dimensions up to about 800 pm. The large grain size is attributed to slow

solidification as a result of casting into a preheated mold.




preparation of the material to be nelted under a
partial pressure of Ar, and then 5 casting the

t hus-prepared material in a rectangul ar graphite nold
according to the present disclosure, utilizing an
apparatus such as shown in FIG 4 and a post- casting
thermal stress relief regine, such as graphically
illustrated in FIG 5. [0070] The nelt charge

consi sted of 1594.3 gns. of 8b.5 %pure electrolytic
Co, 6345.3 gns. of the consolidated GeCoo.45 nmaster
alloy made in 10 Exanple 4 and 4948.4 gns. of the
consol i dated MiCoo. 40 nast ggnalyl oy made in  Exanpl e 4.
Melting was perfornmed in a nmagnesia spinel crucible

“under a 500 nbar Ar partial pressure, with an

addition of 0.2 W. % My granul €s. The mgjor —Tresrdual
inpurities and gas cgpusfésSaAiGdsBeppgsul tant product,
as neasured by wet chem cal technpgues and Leco

anal yzers are given below in Table 4, wherefromit 15
is noted that the concéntrations of oxygem and sut-fut

Sare extrenely dow sas agp the, regpdualgCa and Mg;
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contents. [0071] FIG 9 is a photonicrograph shomnng
the sas-capt Myg o puctyre qp a {45f ul | oMp EI £20. 25
Heusl er all oy prepared as described above, obtained by
scanni ng el ectron mcroscopy (SEM in backscattering
node, exam nation of 20 Which revéals a structure

geMEr. alNot Detsarudi si ng si ngl e phase Co2MhGe grains with
di mensi ons up to about 800 m The large grain size is
attributed to slow solidification as a result of
casting into a preheated nold. 21 Table 4 Inpurities
arfd0ses, MhemfeiHoddlofy of e prellifcfosie iStapabik of Rddcing
N.D. .27 10 13 N.D. 111 24 ﬁ = Not Deteé) 18

[ GBFly e P‘HB%JB’I #pd dreats @fhpﬂle@e eaddi @ufmﬂw @rocssing,
Caha bé‘ﬁtlfgg arﬂf gléo %;e%%lft}on eS n&%ﬂ%gl Cs? uktgrm oyargets

|ngts whi ch are re ‘processi
tven the brittle character of Heusler and I—Ieusler—hke alloys, cuttmg is preferably

| performed by electro-discharge machining (EDM) and final sizing to target
dimensions (e.g., thickness) is accomplished by gentle grinding. Whereas -
manufacture of a monolithic Heusler or Heusler-like alloy target is possible, most
targets are manufactured as an assembly comprising a target bonded to a metallic
backing plate in order to maintain integrity and lifetime of the sputtering targets.
[0073] In summary, the methodologies afforded by the present disclosure
advantageously facilitate efficient, cost-effective manufacture of a wide variety of
crack-free, low oxygen (and sulfur) content Heusler and Heusler-like alloy
materials well-suited for fabrication into deposition sources, notably sputtering
targets, useful in the manufacture of a number of advanced technology, thin film-
based products and devices requiring vci'y low oxygen content Heusler or

Heusler-like alloy layers, including, for example, electronic spin-based magnetic




e.g., cutting and grinding into deposition sources,
such as a sputtering targets. Gven the brittle
character of Hensler and Heusler-like alloys, cutting
is preferably perfornmed by el ectro-di scharge
machining (EDM and final sizing to target 15

‘di mensions (e.g., thickness) is acconplished by gentle

gri ndi ng. Whereas manufacture of a nonolithic Hensler
or Heusler-like alloy targef2is possible, nost

targets are manufactured as an assenbly conprising a

t dicadydeisatl enagnstaaresistuaded unnelb SBUR ) gupdtiah eddvivear det giamt

TR j d.lifetine of th tteri
PO L MR B b TR d et nadol ogi oo |

af[0@tfled by I fhe ppoviag desciibG6d, damERus Spedicaitt-ag aRuRt Worth,
facilitate _efficjent, cost-effective manufacture of a

wisHE! $asprefiy mpterials, SEYChiTPS BIOCPISS. Gy B wTdes el pEideda Yetter
Conbaftndiyaf B At BUIbEHe HdsRval iYorellBl B5LIBLSe can be

wel | -suited for fabrication into deposition sources,
ndrasbrsd wiheu apsonting toathg etetajls spefifidally rset Frethnbereihabt uther

: hnol hin.fil
o SEnER VB  BHRRSTE SHRAIIES SR gl dte

- Heasbem desciBedHbersinein bidse nal ko ymhy@bSly bhehié0ingGresent

fgr exanpl e, el ectronic spin-based nagnetic 22
h8549™i&vi ces, magnet o-resi stance tunnel (TMVR)

10 j wwsjhon dewhigeso prafested EﬁB&di%ng@:gBﬁ%gpgfait%ﬁs%fbgﬁe%%t a

15

sg%g eads/ sensor devices. | ] € previous

dE3¢ exaplen of rismesreatidits pesc sava dist slcscsibad diesit. T ais tth, be
S ifLcC r 4. struct ures rocesses,
oG b (B e Bl Dl FaRBIeES 1, B G St o
t trenlpna@ent and sedvisiments Han@V & , subdtptiblee s8N tchanges  and/or
disglo%yre Q%$1£e $rac ced wi.thout resorting to the
P aificaions within the pyape oEthe fiyeptiva fopesnh as prprespedderein.

i nstances, wel | -known processing techni ques,

- structures, and net hodol ogi es have not been descri bed

herein in order not to unnecessarily obscure the
present disclosure. 10 [0075] Only the preferred
enbodi ments of the present disclosure and but a few
exanples of its versatility are shown and descri bed
herein. It is to be understood that the present

di scl osure is capable of use in various other




10

15

20

25

conbi nations and environnments and is suscepti bl e of
changes and/or nodifications within the scope of the
i nventive concept as expressed herein. 15 23 Wat is
Clained Is: 1. A nethod of form ng a Hensler or
Heusler-like alloy of formula X2YZ or XYZ, conprising
steps of. 5 (a) providing a crucible conprised of at

| east one nmetal oxide material thernodynam cally
stable to nolten transition%etals; (b) supplying

~predeterm ned anobunts of constituent elenments or

master alloy materials of said Hensler or Heusler-like
al Whet is ElaimediIser uci bl e; and  (c) nelting said
constituent elenents or master alloy materials under

10 vacdum oA mefimdidfdbroping sshieuslenfor deusinelite gas ¢foformula

er_ or. Fb sle -like alloy containing Iess
t%faz;?za ?2 ‘t?mﬁ"‘n%)?ﬁ%ﬂ 2. The nethod according to

cl ai m Ya) wher®iiding 8 tRBIb{e3donGRIET biS4 Jeabll &%‘nﬁ’étﬂ%xﬁie material
of at |east one netal oxid

cruci bl.e ca IS <I‘i
%F‘iogl’n@’é?n@ré’tsg’g @ft%‘?ﬁl‘teﬁga@ﬁ“éﬂmn@é]ﬁsl sting of Y203,
CaG, TW % n&%r&ie%m glﬁ%ﬂ%ﬁ@ 0f3 'conslﬁﬁﬁms teﬂ%%jents or

according to any of the preceding clains
s treaster Bijoycmaterials ebsaididplsidr ogHpusbatdike mﬂbylmchaﬁlrmuuilbls il
yent tra netal el ements, X and

di ff
YI egzzﬁﬁsel e%{1 B o o‘fﬂnPthtSe’B Ltl ot ScYrLpsr; ligy ratagials ynder

Vyva@um bha pagial Giesside of ¥n it gdNoto Man RHeus®Y or Heustdf-like
and Pt; and suppl yi ng predeterm ned

a?}%%‘fqéﬂad‘?m%%esﬁ thiaw aboyh 40 PR 9s¥ERUEent el enent Z,
selected fromthe group consisting of. A, Si, Ga, GCeg,

As, |D, SrTheSbthod Sscoldin t%b:lalﬁrldw@lsrenfl The met hod
accordi ng to any one of %al ns or 2, wherein: step

(b) coffR (Berpmpmise piokiging @P@@@ﬂfepmmmdmuﬂﬂastotfmeametal
f bXidt iBSafkelected from the group consisting of: Y>0s3, CaO, ThO,, MgO,
ZI‘Og, and Aleg.

3. The method according to any of the preceding claims, wherein:

step (b) comprises supplying predetermined amounts of different
constituent transition metal elements X and Y, each selected from the group
consisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu, Hf, Ta,
W. Re, Ir, and Pt; and supplying predetermined amounts of at least one
constituent element Z, selected from the group consisting of: Al, Si, Ga, Ge, As,
In, Sn, Sb, Te, T1, Pb, and Bi.

4. The method according to any one of claims 1 or 2, wherein:

step {b) comprises supplying a predetermined amount of a first master
alloy of formula XY, comprising different transition metal elements X and Y each
selected from the group consisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb,
Mo, Ru, Rh, Lu, Hf, Ta, W, Re, I, and Pt; and a predetermined amount of a
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25 alloy of formula XY, conprising different

transition netal elenents X and Y each selected from
the group consisting of Sc, Ti, V, C, WM, Fe, Co, N,
Y, Zr, Nb, M, Ru, Rh, Lu, H, Ta, W Re, Ir, and Pt;
and a predeterm ned anmount of a 24 second naster

alloy of fornmula XZ, conprising a transition netal

el enent X selected fromthe group consisting of Sc,
Ti, V, O, M, Fe, Co, Ni, ¥¥zr, Nb, M, Ru, Rh, Lu,
H, Ta, W Re, Ir, and Pt and an el enent Z sel ected

f rsrAndhmaster dlay ofofesmyle X3, esmptisingsa, traBaitioGanetaiseleeayt X

Srdelectol frohfih j 5y M rrehqéiqD cgrgi
tos-a%y or?e ofe%?uggnssﬁ%%?c’\%byéﬁﬁid&%% ?ﬁ 9’ Qr’q@“’
c dvipr R gth, Jup pify TagWaRe| astd Pnend@ouleshicaie?, seBéted rdin the
aid .crucib : he t hod _according to claimb5,
e(?u |Cﬁ:nSl§tfn§p°f(%§ Skg:f‘?pg"le’s‘%g‘?%[%pﬁ@i%n’g bsadBicr uci bl e
at | east one deoxidizer 10 material selected fromthe

group 6onsi $hé¢ Mgtholl accbrdif@to @YbndBI cldimsT& 2ehBRsh:
accor di nﬂgé)o any of the preceding clains, further

conpr i SERJPh cemBrsest supplyingept feagh eired decaddipangmetgtial to said
Henglgs or Heusler-like alloy forned in step (c) in a
nold to forman as-cast ingot and subjecting the
as-cast ingot to a 15 stress-relieving, heat-assisted
castinf pr obksswethad pesprding torcaiin-¥, mbercimgot . 8. The

met hod i ng - Ln. 7, wWherein: st d .
conpr i %@ﬁ%ﬂ?@@% g|e§1)gS b ﬁlgm £ 100 34 %r‘hcénb&f’ g glg%gg Bhe deoxidizer
nfateriabschgted fost the gsivuprgnsittingrotay, O4ahd My t o form sai d
crack-free ingot. 9. The nethod according to claimS8,

wherei n st (d).,.c rises .20 performng.. (1) a mld
pre- hegt f?ir;}%et nggpgégﬁa?@f%%ﬁ?%ﬁftt @ P éa‘%?}?‘évng%“hef
t tvemprisagtd sigp ol d is increased to and maintained at a

pr edet&g m ned el evated tenperature;
meltmg and casting said Heusler or Heusler-like alloy formed in

step (c) in a mold to form an as-cast ingot and subjecting the as-cast ingot to _é

stress-relieving, heat-assisted casting process to form a crack-free ingot.

8. The method according to claim 7, wherein:

step (d) comprises subjecting the as-cast ingot to a multi-stage post-casting

thermal profile to form said crack-free ingot.

9. The method according to claim 8, wherein step (d) comprises
performing:

(1) a mold pre-heat first stage during which the temperature of the
casting mold is increased to and maintained at a predetermined elevated
temperature;

2) a casting and cool-down second stage initiated upon pouring of the
molten Heusler or Heusler-like alloy material into the pre-heated mold to form

said as-cast ingot;
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(2) a casting and cool -down second stage initiated

upon pouring of the 25 nolten Hensler or Heusler-like
alloy material into the pre-heated nold to form said
as-cast ingot; 25 (3) a nold and ingot tenperature
hol d during stress relief third stage for performng
continuous stress relief at tenperatures where Hensler
and Heusler-like alloy natgf'als are nost susceptible
to crack initiation; and (4)“a final controlled

cool -down fourth stage during which a slow 5 . .

cool - ddwh r dBokdeand #pgnt dempsratprschaldh gering siress adief third stage
Pr @Y it foRHink dedtRin@ust HeLEBklictd gla %%ﬁﬂ@ Gy 240 Sﬁ%%?t and
crack devel opnment. 10. A net%o comnprising steps of:

( ableystenikel pley matenils ers nishsiseeptible thietsk entidtiokearsl | oy

ol 1 on W oo HALfE, &b oy SFRe R i 2 stow

utddol-downg rate 3¢ GR8ed 6h ilaVingd: inhﬁdért@%ﬁé\&hﬁﬂuﬂ‘cﬁﬁérbﬂ thermal
process to forma crack-free, cast ingot. 11. The

e AYERtS peqgent srack devplopmentyher ei n step (a)

conprises providing a nolten Hensler or Heusler-like

al .l oy gont aiAinB@lod €68k et 50 15 ppm oxygen
12. The et hod accord?ng o ‘any one of clains 10 or

11, whdiei nproyidipe ¢ molien Mskslecy Hauslei-iknallay ofdbrrerla X,YZ
Fﬁ? - 04 Heusl er-like alloy wherein X and Y are
differént transition nmetal el ements each sel ected from
the grlgup castisg sdaichgnaifen HeusTér, oV HeGsler-Iike afley i€0a mold
N ....Y. Zr, Nb,..M>b, Ru, Rh, lLu, Hf, 20 Ta, W Re, Lr,
aiflighg asirgssrelieving, ﬁFﬁﬁ%lsts‘ﬁ%asa%ﬁrgﬁ?ss o fum %faflf-é‘ﬁ% cast
t igsogr oup consisting of. A, Si, G, Ge, As, In, Sn,
Sb, Te, TI, Pb, and Bi. 13. The nethod according to

any on? of cLainB 10 to 12, farther conprising a step
of - 1. The method according to claim 10, wherein step (a) comprises

providing a2 molten Heusler or Heusler-like alloy containing less than about 50

ppm oxygen.

12.  The method according to any one of claims 10 or 11, wherein:

step (a) comprises providing a molten Heusler or Heusler-like alloy
wherein X and Y are different transition metal elements each selected from the
group comnsisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu, Hf,
Ta, W, Re, Ir, and Pt; and Z is at least one element selected from the group
consisting of: Al, Si, Ga, Ge, As, In, Sn, Sb, Te, T1, Pb, and Bi.

13. The method according to any one of claims 10 to 12, further
comprising a step of:

(c) forming a deposition source from said crack-free, cast ingot.

14.  The method according to claim 13, wherein:

step (¢) comprises forming a sputtering target including a backing plate.
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(c) formng a deposition source fromsaid crack-free,
cast ingot. 25 14. The nethod according to claim 13,
wherein: step (c) conprises formng a sputtering

target including a backing plate. 26 15. The net hod
according to any one of clains 10 to 14, wherein step
(b) conprises performng: (1) a nold pre-heat first
stage during which the tenperature of the casting

nold is increased to and maifitai ned at a pr edet er m ned
el evated 5 tenperature (2) a casting and cool - down
second St agdh Fﬁiqthoétaééprd’@éﬁo pasuerienef cbdims K8 to i whenein step

HeBpddtp rggsﬁn%fbgllnmg-llke alloy material into the

pre- heat ed forman as-cast ingot; (3) a nold
and m@b)t t enpeld airerheat hirsdstalge dningstvhieh Shé edrfattn@i 6the

t f t t [ief at
* caae, IS JREFe Sl rf TRERBIS ot or baRgeEBshyatcd

suengpitufet € to crack initiation; and (4) a final
control ed cool -down fourth st age during which a slow
cool - r AFSting angrered-dawa seaohe stageytisted lq:roci@pulting ofthe

B?’?é%ﬂg“‘:g*é?“o%n%ﬁfﬁ YRR thcrc Bl 0 B o Rl RER 1655
Hesrstseingbi ke al | oy of X2YzZ or XYZ formula cont al n| ng

| ess t han abou 7 The alloy as i
claim i‘i g mberatice, %ﬂfiéiuamsfstzrﬁ%rrﬁhef third stage

t f(a'nperfdrmmmtblﬁinuBIhse B@é&b Sreﬁﬁi %Eeﬁ%eﬁa’tﬁ@% t\hﬁre gfeﬁéi@r alloy
Consb@f' ng of Sc, Ti, ,
NBrategg!s aFﬁJmOEf’-QHUSCEIPPbI‘F-H’O CraCZGmﬂIatlonJ\PHdQe I'r, and Pt " and

ZO In: I 2{4 l e aag tﬁngln gorgoﬁ@ %I)Ol— “%C E‘Oqlgtlhf £tg%|n Ehﬁ%ﬁg {V%g:?l Islow

pepol-gawn Bﬁte 1& 3npdshé oaltheingat ir ordant meeend buitd-ap B tHfmal

ra&%%s g;,%gg?bggqr l%ecra Clkadevelopmen%l n Xis Co, Yis M, and

16. A crack-free Heusler or Heusler-like alloy of X,YZ or XYZ

formula containing less than about 50 ppm oxygen.

17.  The alloy as in claim 16, wherein:

X and Y each are different transition metal elements selected from the
group consisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Ru, Rh, Lu, Hf,
Ta, W, Re, Ir, and Pt; and Z is at least one element selected from the group
consisting of: Al, Si, Ga, Ge, As, In, Sn, Sb, Te, T1, Pb, and Bi.

18.  The alloy as in any one of claims 16 or 17, of X,YZ formula,
wherein X is Co, Y is Mn, and Z is Al, Si, or Ge.

19. A deposition source comprising a crack-free Heusler or Heusler-

like alloy of X»YZ or XYZ formula containing less than about 50 ppm oxygen.
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19. A deposition source conprising a crack-free

Hensl er or Hensler- 25 like alloy of X2YZ or XYZ

formul a containing | ess than about 50 ppm oxygen. 27

20. The deposition source as in claim19, wherein: X

and Y each are different transition netal elenents

sel ected fromthe group consisting of Sc, Ti, V, C,

Mh, Fe, Co, N, Y, Zr, Nb, Mp, Ru, Rh, Lu, H, Ta, W

Re, Ir, and Pt; and Z is at 47east one el enent sel ect ed

fromthe group 5 consisting of. A, Si, G, Ce, As,

In, Sn, Sb, Te, TI, Pb, and Bi. 21. The deposition

source 4k | Thsdppasiionspures as imelaim 18 whaeinof x2YZ

f or mul i n 0

Go. 22 T i e, B kol I Mol BerePhiophe

19eroep Qmsisting oftfis, TuﬂmCmMnaFamm; Nery, iy, NoyigetRu, ®h, 28, Hf,

bgﬁﬁzﬁﬁgh:)f | gngd tPfara%(?itz 18 a{ Peagt gr{enélen%ent sefggted Sﬂ'on(ﬁJ the group
consisting of: Al, Si, Ga, Ge, As, In, Sn, Sb, Te, T, Pb, and Bi.

21.  The deposition source as in any one of claims 19 or 20, of X,YZ

formula, wherein X is Co, Y is Mn, and Z is Al, Si, or Ge.

22.  The deposition source as in any one of claims 19 to 21, in the form

of a spuitering target.

23.  The sputtering target as in claim 22, comprising a backing plate.




