1. MAGNETI C PULSE- ASSI STED CASTI NG OF METAL ALLOYS &
METAL ALLOYS PRODUCED THEREBY CROSS- REFERENCE TO
PROVI SI ONAL APPLI CATI ON Thi s application clains
priority fromU.S. provisional patent application
Serial No. 60/872,937 filed Decenber 4, 2006, the
entire disclosure of which is incorporated herein by
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manufacture of magnetic and magneto-optical (MO) recording media.

BACKGROUND OF THE DISCLOSURE

Deposition sources, €.g., sputtering targets, are widely utilized in a variety
of manufacturing technologies for forming thin films of metals, metal alloys,
semiconductors, ceramics, dielectrics, ferroelectrics, and cermets. In a sputtering
process, the material source, i.e., the sputtering target, is bombarded with ions
from a plasma, which ions dislodge or eject atoms or molecules from the surface
of the sputtering target, which ejected atoms or molecules are deposited atop a
substrate to form a thin film coating. Sputter deposition technology is extensively
utilized in the manufacture of thin film data/information storage and retrieval
media, e.g., 'magnetic and magneto-optical (MO) media for depositing
underlayers, interlayers, magnetic layers, dielectrics, and protective overcoat

layers. In the manufacture of sputtering targets utilized for such deposition
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| ayers. In the manufacture of sputtering targets
utilized for such deposition 2 processing, it is
desirable to produce sputtering targets that provide
uniformthin filmnms, mniml particle generation
during sputtering, and desired properties. Hi gh
density and | ow porosity sputtering target nmaterials
are considered essential for avoiding or at |east

m ni m zing deleterious particle generation during
sputtering. 5 Many net al alﬁ%ys utilized in the
manuf acture of sputtering targets, e.
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Further, many ferromagnetic alloys utilized in the manufacture of
sputtering targets for the manufacture of thin film magnetic and magneto-optical
(MO) recording media, particularly boron (B)-containing Co, Fe, and Ni based
alloys and those containing a refractory or rare earth metal element, exhibit 'deep
eutectic and peritectic reactions and are inherently brittle in their as-cast
condition. Despite efforts at refinement of as-cast microstructures via'appropri'ate
mold designs and supplemental external mold cooling, the resultant alloys still

suffer from lack of ductility and chemical homogeneity. The nucleation and
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eutectic and peritectic reactions and are inherently
brittle in their as-cast condition. Despite efforts
at refinenment of as-cast microstructures via
appropriate nold designs and suppl enental externa
nol d cooling, the resultant alloys still suffer from
| ack of ductility and chem cal honobgeneity. The
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solidification inposed by heat extraction, primarily
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Additional advantages and other features of the present disclosure will be

set forth in the description which follows and in part will become -apparent to
those having ordinary skill in the art upon examination of the following or may be
learned from the practice of the present disclosure. The advantages of the present
disclosure may be realized and obtained as particularly pointed out in the
appended claims. |
According to an aspect of the present disclosure, the foregoing and other
advantages are obtained in part by an improved method of forming a cast
ferromagnetic metal alloy, comprising applying a pulsed or oscillating magnetic
tield to a molten ferromagnetic metal alloy material during solidification thereof,
the molten ferromagnetic metal alloy material selected from the group consisting
of: (1) Co-based (CoX) alloys, where X is at least one element selected from the
group consisting of: Au, B, Ce, Cr, Cu, Dy, Er, Fe, Gd, Hf, Ho, La, Lu, Ni, Nb,
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advant ages are obtained in part by an inproved nethod
of formng a cast ferromagnetic netal all oy,

conpri sing applying a pulsed or oscillating nmagnetic
25 field to a nolten ferromagnetic netal all oy
material during solidification thereof, the nolten
ferromagnetic netal alloy nmaterial selected fromthe
group consisting of. (1) Co-based (CoX) alloys, where
X is at | east one el enent sekected fromthe group
consisting of Au, B, Ce, C, "Cu, Dy, Er, Fe, Gd, Hf,

u,. Ni 4, Nd, P, Pt, Sc, Sm Ta, Th, Y, .
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of*? _ea’_ﬁlr sent disclosure, the nmethod conprises

conpri cdink RS bodlAdntP’ GVl NGedeie ARUJsRR, NBE aethod
alloy material; 10 (b) utilizing DC or AC el ectrica
pBEPriSes coyapresing #eng 9dul sed or  oscill ating magnetic
field mhthi ' ri .gasting nold via
a magheti 8@?2@22%gﬁggémgﬁiggﬂﬁﬁ?%aﬁthe casti ng

mol d; (b3) attilizemsDGartAGl bigcthicdll povgert toe gamsdte rag pigéd or
Wi t .he nolten al...alloy material; 15 (d) app]ying
LSRRG afRemiett T Pt PheuRBYT AR @i cotigoPRe ¢
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agitate a nolten portion of a soli dlf%i ng body of the

net al @& | oyatriaast preially AHling dhe easting muld gvisp theyinplien: wetal

péio%ﬁﬁ’?t cjoscillating magnetic field to the

so}i | %aln’g body until solidification is conplete. 20

| n t heldabovapplying: 8espulstdepr Ealillamgpmagesic i fiettlico tige edityn
the

' CI%cr:tELIezriﬁosy r\{lwattepl}ilndunng solidification thereof to agitate a molten portion of a

solidifying body of the metal alloy material; and

(e} continuing applying the pulsed or oscillating magnetic field to the
solidifying body until solidification is complete.

In the above process, step (d) comprises inducing eddy currents within the
solidifying body comprising molten and solid portions, and interacting the
induced eddy currents with the applied magnetic field to produce a pulsed or
oscillating Lorentz force field within the solidifying body which mixes the molten
portion of the solidifying body as solidification progresses.

Preferably, steps (a) - (¢) produce a cast metal alloy comprising priméu‘y
spheroids, wherein the primary spheroids have an aspect ratio on the order of 0.9,
and the cast metal alloy comprises discontinuous eutectic domain boundaries

comprising about 10 or less connecting lamellae/um.
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solidifying body conprising nolten and solid portions,
and interacting the induced eddy currents with the
appl i ed magnetic field to produce a pul sed or
oscillating Lorentz force field within the solidifying
body which m xes the nolten portion of the
solidifying body as solidification progresses. 25
Preferably, steps (a) - (e) produce a cast netal alloy

~conprising primary spheroids, wherein the primry

spheroi ds have an aspect rat1o on the order of 0.9,
and the cast netal alloy conprises discontinuous
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practicing the present disclosure. As

Npsedhs Wilebg) dessehed, dhe present rdescicgw@apasbpaéalmf othise and

Aifferent embodiments, and its several details are susceptible of modification in
various obvious respects, all without departing from the spirit of the present
disclosure. Accordingly, the drawing and description are to be regarded as

illustrative in nature, and not as limitative.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of the embodiments of the present

disclosure can best be understood when read in conjunction with the following

" drawings, in which:

FIG. 1 is a schematic representation of an illustrative, but non-limitative,

embodiment of an apparatus suitable for performing in-situ magnetic pulsing of a
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di fferent enbodi nents, and its several details are
suscepti ble of nodification in 20 various obvi ous
respects, all wi thout departing fromthe spirit of the
present disclosure. Accordingly, the draw ng and
description are to be regarded as illustrative in
nature, and not as limtative. BRI EF DESCRI PTI ON OF
THE DRAW NGS The fol |l owi ng detail ed description of the
enbodi nents of the present 25 disclosure can best be
under st ood when read in conjunction with the foll owi ng
drawi ngs, in which: FIG 1 is a schematic
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[
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FIG. 6 shows micrographs illustrating the microstructural features of a
cast CoCrPtBCu ferromagnetic alloy formed by a magnetic pulse-assisted‘ casting
process according to the present disclosure; and

FIG. 7 shows micrographs illustrating the microstructural features of a
cast CoCrPtBCu ferromagnetic alloy formed in a rectangular graphite mold in
conventional manner; and

FIG. 8 is a schematic representation of a spheroid (left half) and an
equiaxed dendrite (right half) for illustrating the dimensional features defining

agpect ratios according to the present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

The present disclosure is based upon the discovery that efficient, cost-
effective formation of improved cast ferromagnetic metal alloys, suitable for use

in the manufacture of high quality metal alloy sputtering targets exhibiting high
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‘cast CoCrPtBCu ferromagnetic alloy fornmed by a

magneti ¢ pul se-assisted casting process according to
the present disclosure; and FIG 7 shows m crographs
illustrating the mcrostructural features of a 20
cast CoCrPtBCu ferromagnetic alloy fornmed in a
rectangul ar graphite nold in conventional manner; and
FIG 8 is a schematic representation of a spheroid
(left halt) and an equiaxed_dendrite (right half) for
illustrating the di mensi onal 7 f eat ur es defining aspect
rati os according to the present disclosure. 25
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sol 1 di TPUBENGAS trdtiied e frbisor et jo grnertie an osciliating or
spiliséll fo@ebtiCifiedd witiahgneMBicBfd Abmb&sisafrbihdaigdh @bting mold
magnetj c pul se-assi sted casting of ferromagnetic netal
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--utiligg ectrd r s
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R LA R Rpr 0, oL L and ol ¢ o (o
appl i eflcdR@Reth Ghé infithdoRgy afforded by the present disclosure, the
mixing of the solidifying body prevents the development of bulk thermal
gradients during solidification, a condition considered necessary for promotion of
homogeneous nucleation resulting in equiaxed growth. In addition, the agitation
of the partially solidified (or semi-liquid} metal alloy material disrupts columnar
growth which yields elongated dendrites having unfavorable crystalline
orientations. Consequently, homogeneously composed nuclei of the primary
phase form isolated crystallites in the agitated molten alloy portion (or pool) and
subsequently 'grow into primary spheroids having an aspect ratio (see below) on
the order of 0.9, and the alloy comprises discontinnous eutectic domain
boundaries comprising 10 or less connecting lamellae/pm.

Advantageously, the thus-formed spheroid-like primary phase cryétals are

stronger and more ductile than elongated crystals of conventionally cast
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~solidifying body which nixes the nolten portion of

the solidifying body as solidification progresses.
According to the nethodol ogy afforded by the present

di scl osure, the mxing of the solidifying body
prevents the devel opnment of bulk thermal gradients
during solidification, a condition considered

necessary for pronotion of 20 honbgeneous nucl eation
resulting in equiaxed growth® In addition, the
agitation of the partially solidified (or
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materials exhibiting such mcrostructure clearly have
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cLLEDALLOn, Bl 190l ROL AP nFLARL | BT S! Limpe, bt
not by way of limitation, binary, ternary, quaternary, and higher multi-component
ferromagnetic alloy materials typically utilized in the formation of thin film layers
of magnetic and/or magneto-optical (MO) recording media employing sputter
deposition. techniques. Such multi-component ferromagnetic alloy materials
include, for example:
~-Co-based (CoX) alloys, where X is at least one element selected from
the group consisting of: Au, B, Ce, Cr, Cu, Dy, Er, Fe, Gd, Hf, Ho, La, Lu, Ni,

- Nb, Nd, P, Pt, Sc, Sm, Ta, Tb, Y, Zn, and Zr;
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remai ni ng eutectic |iquid advantageously produces a

di sconti nuous and markedly refined lanellar eutectic
structure. Magnetic pul se-assisted casting of
ferromagnetic nmetal alloy materials 15 according to
the present disclosure is particularly well-suited for
those alloy "systens in which eutectic and peritectic
reacti ons occur and/or those alloys exhibiting a w de
solidification tenperature range. The nmagnetic

pul se-assi sted nethodol ogy %ccording to the present

di sclosure is particularly useful for casting a w de
range e¥e-besedFeXnadtoys, wietralK isht leyst oat elemahtsselected from the

| BRD GBI A G ety Contle B ok S5 45 0 Ngh By Pr

NBL,ISm,CONWBeTENLY, ah@ ZF;emagnet | c al oy materi al S
typically utilized in the formation of thin f

| ayer s—-Nesbased gNEX) dloymarhsre g Alesst opt Plélapm(avbyted from the
|
'tf g@ﬁﬁ i@bﬂs@sﬂﬁg%‘ AL, éé/ RICERYL W FGGP%P@%' i1 NdI % )}3, Pt,

ues. “Such 'mil tT-conponé rronmagnéti ¢ a
rrﬁt,élcj‘.él‘éb dgnd@drude, for exanple: 25 - - Co- based (CoX)

al | oys ere j t Iea one. el enent ..sel ected .fro
e gr BESEier TG BP PR Ahereis L SREi Rl 8
FitlustegtiveH but Haen-limhitative, Bihbodﬁllant Nd, aJE’ apParat®C ,suftible for

Ta, . Th, Y, Zn, and_Zr; - - Fe- based (FeX). al | gys,
whEFaming ig-sif magastic P}H&mg OB AGATInG ARGl feniaining h fefgimagnetic

gfn@féP a@l@fsdcé&ﬁﬂl% &f an%boﬁ:méﬁ?’ofqge rgésenpdlscllggme$%hel$m

areder@xce wurgeral. R mﬂmstesj a(hﬁ:aﬁ@d alhllctblfs (fovxmmaplx fidugtively or

L e

ENfiX laloy NﬁhterNIl: isgﬂ’} aPbnumdrated Ebove‘{,reﬁ{ﬁ:ncﬁﬁﬁkﬁ&lal 2 indicates a
t t

Gl iareo Bl it Pt Bl bemorised o spproprately

nﬁl@ft'ﬂuﬁ&ﬁﬁ(ts)  \tBferdpid REhBRDY ific A% ANPAF BidSedtiniaRb®: coil;
for Eer ormng in-situ magnetic pul sing of a casting
c

anwngg! 5 indigatas megiiele enclourepe.al, agpewyn chamber.

\7‘: g ? L‘ d}\&%nﬁzﬂg i aeﬁpgfégﬂeﬂ%%bogfménlp orRhE fh%gént ddlscb%sgi%l," lofie or

more water cooled electromagnetic coils 4 are confined in a stainless steel

enclosure 5 surrounding a cylindrically or rectangularly shaped casting mold 3.
The electromagnetic coil(s) 4 is (are) connected to a 3-phase, 6-pole AC power
source or a pulsed DC power source (not shown in FIG. 1 for illustrative
simplicity} capable of generating an oscillating current of variable intensity at a
predetermined wave frequency. An instantaneous simulated image of the spatial
distribution -of the magnetic flux lines emanating at the vicinity of the coil(s) is
shown in FIG. 2, wherefrom it is apparent that magﬁetic flux lines from the coils
interact with the casting mold 3 such that a plurality of generally parallel
magnetic flux lines pass through the alloy melt contained in casting mold 3 and
induce eddy cuments within the solidifying body {melt) of alloy material

contained therein.
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reference nuneral 1 indicates a heated crucible (for
exanpl e, inductively or resistance heated) containing
a nolten nmetal alloy material, e.g., a CoX, FeX or
Ni X all oy material such as enunerated above; reference
nuneral 2 indicates a tundish; reference nuneral 3

i ndi cates a casting nold conprised of appropriately 15
inert material (s); reference nuneral 4 indicates at

| east- one el ectromagnetic coil; and reference nunera
5 indicates a suitable enclHsure, e.g., a vacuum
chanmber. According to a preferred enbodi ment of the
pr eserd ngire detaid.and as epsa in FlGrd: allgamaterialgsintained in crucible 1

S SERRRRER B S0 ARG O A 0y Rl P
rsecrbembyd lbyrdlactromagedic cad assembiyod. dMAd 3 i2@Gnallb@f an appropriate

el ectromagnetic coil(s) 4 is ) _cannected_to a )
A it REmblS etk bpleg A JiieRe. Por g pepring
Wil RolidOincRNAWY thiterdtdl Gito Jnd1@B, the |AGS bF BEI pofrer supply to the
sinplicity) capable of‘generatln% an oscill ating.

Elpctramagnsiticyeils sembln de pefiveipd andaset |9 aduedsterniend Gyareat

; . i e : _
JERHARR ey, AT ARRRRG, T AR TROR, BghS o the
enhdifiinggrolten sl poiotinninoly 3ofreatdseeddyp chrfaits withid Ghes4ibwrpool
in.ElG. 2 wh f At t t tic fl

L P EEEAE a aeitpiReck SR Pt At of AU FuFep s
e Resultaiy Batimfrdintenyity0df 186 AREM Y@ sHhb®h in FREME tWiich
flux Iines pass through the alloy nelt contained in

] pa , !
dh3 erapl Heitgting Hisgnagngte ax dersity puelilenaisl 68 A g h0 Haan the
| bl i g ‘ Bl Al |
ke 0 kb BO0Ms WIE bhyderfls pSvEtn FR'SEt Broe AT Elve)
ahd oyoppesity disdctiomy{iawanedrvien crucible 1 is nelted, for

exanpl,e _by.resistive heat,in and poured.via tundi sh 2
Trtor erartie T3 5t Seal SR NE R R e applion o1 of
poslefibheraldlioMalatbridl inSméld Geusof solififixP Prodttésth€ development of
material, e.g., ceramc, graphite, or water cool ed

RetigHahiEpcturgbleatires Witha e prjdsficsh (ien gashiiliosnE rastplgs
of Loy fRiRddnlic AIdPmiRddndnrdsNRaREd ¥y t%nﬁ%‘)gialfc V%tﬁelgé ¥re

to the electromagnetic coils assenbly is
gdergribed balows and ed@pancdi widhd alloy meiptostriciyres o nedmpositionally

FAEAERGHoR oRHFRa EBER BB EARR ThfiqIRONet T © i el d

_ Example ¥
A CoCrPtB alloy was inductive power melted under a 107 Torr vacuum

and heated in crucible 1 to about 1450 °C, which temperature represents an about
50 °C superheating above the liquidus temperature of the alloy. Prior to pouring
the molten alloy from crucible 1 into casting mold 3 via tundish 2, AC power was
supplied to electromagnetic coils 4 surrounding the casting mold 3 at a current of
about 130 A and oscillation frequency of about 10 Hz. The molten alloy was then
poured into casting mold 3 to a depth of about 10 in. Magnetically induced

mixing of the solidifying alloy within the casting mold was sustained until
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solidifying nolten alloy pool in nold 3 creates eddy
currents within the alloy pool which in turn generate
an oscillating Lorentz force field of adjustable
intensity. 10 The resulting maximumintensity of the
magnetic field is shown in FIG 3, which is a graph
illustrating the magnetic flux density profiles at 160
A at 10 Hz in the case of 2 magnetic cores with
currents flowng in the same direction (upper curve)
and in opposite directions {lower curve). According to
the present disclosure, magnetically induced agitation
otomplete shbdifioationofasnehmi-edalileq pbort4drscal Dinmgribisdin®rad, the

R B st G REBerac ooy i HL CGgpincrgned fo'n Boint
Cafitie th WiRYosidPoliie faterial w@ﬁ&lchftﬁﬁtrt{im&%F GnéHih P¥evented

m crostructures i nduced by the_nagnetiq pul'sing are
dase Rirbegmbdng in 4ha instanpartBel poot RE whichyinertia prevented further

THECBSLEHEL e SRRRT PRSI tngaL el gl B

| 4,Awlislr R Bs ahicwgraphs illustietotg the ponestruniela ddatured exf aa cast
in.crucible 1 to about .

815%3 eftstmg

10" n.vacuum. a heat e

TGl SR S fox i7ed 1l ubLHbER Awbe
SpipeEsk eRtordBgaoate pidient! digslosivs KR rRR@ipatisire p@bodeBEFIG. 5
alloy. Prior to _pouring 25 the nolten alloy from
cHgeisprisragranke Jllesiating herpricgosinugiusals fgayresrofa oatt GRIEEB
"RSromRERici Ry lrdgmga BF boRERAAI Lifi@hdPhdt wilhgundi ng

the caSting no a current of- about 130 A and
osci | | As isoyyidenttiom racopmyfarisdpoefi the phetemicTogaphs| af FAGEl # eyd

'SR RSV SHANSEAT B il R R pren

sdikdlobufy iengbled ldeyelapnidat roft figerC asd idi@omtiluduy\asitectic domain

ustagined_ untjl 11 onpl.ete solidification was o
| glmﬂa%‘a; The éi'.cgrests%ﬁscwu%@. ofplhie; jeqtini domafe doyndaries is

15

20

25

t HiGasufible BAhOh@ase G CorctiddutdoAE tdnRillalfnts 9 blifaryMdnbtitt.
the nelt i'ncreased to a point where the viscosity of

t Has ratasearaplisheds quepditativelnt by Hrecasusing thenguinher of gonnecting
PLERRY | Agth dfidd "yt ! ? thel
RGN LHC 5 8, Mk Vg A7 0o
the CoCrPtB alloy made according to the magnetic pulse-assisted casting
methodology of the present disclosure and shown in the photomicrograph of FIG.
4, this amounts to about 7 x 10 connecting lamellae / pm; whereas, in the case of

the CoCrPtB alloy made by conventional casting methodology and shown in the

| photomicrographs of FIG. 5, the number of connecting eutectic lamellae per unit

length of the eutectic domain boundary is estimated to be about 107 connecting
lamellae / pm. In addition to the improvement in number of connecting eutectic
lamellae per unit length of the eutectic domain boundary, .the instant pulse-
assisted casting methodology affords another advantage vis-a-vis conventional
casting methodology in that a significant improvement in refinement of the

eutectic domains is observed, resulting from the continuous mixing of the -
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5 m xi ng coincided with conpletion of growh of
primary dendrites, as seen in FIG 4, which shows

m crographs illustrating the mcrostructural features
of a cast CoCrPtB ferromagnetic alloy formed by the
magneti ¢ pul se-assi sted casting process according to
the present disclosure. For conparison purposes, FIG
5 shows mcrographs illustrating the mcrostructural
features of a cast CoCrPtB 10 ferromagnetic all oy
formed by conventi onal castﬂ%g and hot working. As is
evident froma conparison of the photom crographs of
Freogining disgid portied (ofetbi csopjdifisiag anelt snd ghessiogi ofgthef prithary

gﬁéL ég‘ghap%m@ﬁﬁgﬁ g¥§?kgmgggﬁgﬁ%ﬁgﬂ&_ di scl osure

evel opnment iner a scont i nuous
eutectic domain boundaries. The degree of

di scontinuity of the eutecti omai n boundaries is 15
measur abl e by the nunbeﬁﬁ%gmgggnecting eutectic

| anel | BetHenpreviduP ekdmsly, 8RNsioyt @&mpokiliof W such that a large
acconpl i shed quantitatively by neasuring the nunber o
cHln@e tfrachon @fitthe primary phascasap develnped, Whergeshthsf ameuat of
CHEH! donfiRP A BRI Y i .

al ' oy made accordi ng ?%¥%ﬁéﬁﬁggﬁgﬁiéﬁpus§gla %fgﬁég&% 2
caetiitgCu radloyodted mglizadf whivh firmsért sobstmtialby rogeatardvolume

sho i n the.phot am cr0 FILG 20.4, this
SR ot b CEuBHen SR, T X Ay vaishety® P melied
vigleeas10 Moirheict@s eandf heatdaeinCaGkibleBl ab | B¥utMPAR @Y, which
conventional casting methodol ogy and shown in the

h
pRBPEHTET otPEPINS ot mbant 510 (e Shashaating f abayan et iliayidus
H . . t '. .
ShuBErlfre bAR! IR, PRS: WMdurink HOLRIG] allOPHBH GELLFR 1 into

donmai n boundary T's esti
cwsiempldgd viadmedistad, ACmovien vad dippilied to elettr@magnetic coils 4

i in nunber, of connecti eu ic 2 N
 SRENEEE e b REl 9 e GF BRG] A5h ke oscitation
ttmqri]ldﬁdylyof elbhetf 1f mﬂg.arﬁe mmﬁﬁmlogs)ﬁds&h@pbm inf0casting mold 3
t ogy affor anot_her vantage vis-a-vis._ .
E{gﬁ\f@ﬁ{i’i ‘E%P%“ 1038 'iLFgmH%%%@lP &igyidi nortiqneef the solidifying melt
Sh@iRed b5 thfRERY BAERL ih the BisORERM: Rfed MumE YLE51 of
domai ns i s observed, resulting fromthe Cconti nuous

riieche ligpidaiisctively disrptedi degdtite guowthpodtenabled flevdhepment of
il £ yi | i NG [i e
SRl BT oG RAGE I BOpRlat GBI o ¢ e

| at t erA typical microstructure obtained by magnetic pulse-assisted casting of

this alloy family is shown in the micrographs of FIG. 6 illustrating the
microstructufal features of a CoCrPtBCu ferrdmagnetic alloy formed by a
magnetic pulse-assisted casting process according to the present disclosure. For
comparison purposes, FIG. 7 shows micrographs illustrating the microstructural
features of a CoCrPtBCu ferromagnetic alloy cast in a rectangular graphite mold
in conventional manner. In either figure, the  left half view shows the
microstructural features of the resultant cast CoCrPtBCu alloys at lower
magnification, whereas, the right half view shows the microstructural features of

the resultant cast CoCrPtBCu alloys at higher magnification.
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Exanple Il 5 In the previous exanple, the alloy
conposition was such that a |large volune fraction of
the primary phase was devel oped, whereas the anount of
eutectic domains was limted to a mnor fraction. In
this exanple, however, a CoCrPtBCu alloy was utilized
which forned a substantially greater volune fraction
of eutectic domains. The CoCrPtBCu al l oy was inductive
power nelted 10 under a 10-3 Torr vacuum and heated in
crucible 1 to about 1400 C, Ifhich tenperature
represents an about 40 C superheating above the

| i qui déds istevidset &oar gheolowteh anagnifoptiorPricor of dIGo (T idegdrite

DR 0 b SN 1 R o e T
elfieal & QoRGIRE-tyPe %@bdgﬁ;l @ightside ol ﬁﬁbmgrabfi)leirﬁ@&hidqgiaﬁﬁi-tﬂrpe
3 at a current. of aboyt 150 A and oscillation 1 ;
f Btk &1_65 s %ﬁwﬁﬁog&a@ﬁhﬁy PRGOS RA Oy e HRgffern is
Pab QfteivBd B ﬂi@%ﬁbﬂ&?x_aﬂﬁ’é & BG. 6%0Pa d6Rp&LiRpafP eitlivabhtiaoy
The m xing of the lNquid portion of the solidifying

migrmed by giagactictpylseraesistedprsting aqsardsigg thepreseat pisdenns e
of a large volune fraction of eutectic liquid
effectively disrupted dendrite growth and enabl ed

devel opnsther afpecia diptinguishih@nhe edidyd tforenekie 8y umsgnetic pulse-

referred to as . "prinmary spheroids". 20 A typical __
RSP REHAB AR b moavw&an%f%ﬂ%fqveals@ irsibe Jaspqlegy of ihe

C BiftnbF)pREroidalplfasé| Hp ¥x srafit | ah dqRiaXBPWehdrite typRally exhibits a
m crographs of FIG 6 illustrating the ) ‘

nPeEmast Fwcouriirh seandare g arg agediept BGinchdnstuieay mataspect
al. k- HE a6 . st.ed casting
p%%lgé%zr §§§P%¥fﬁg_b?t§§?‘g%‘g‘8$ eserﬁltiﬁcylgtig n?%lgérgé. For

conpar RefeningutopBlse sy, dhben thersimoiasa ptlnmodic appiesentation of a

illust i,Nn he m crostructural 25 features .of a.
i len S Doy i gghdie (e BRBORY Jfyufpe e
gédiaidhbibeal edtakes id@ﬁﬁiﬁ?\éﬁf&:i ediRak BEIMIB -to [the BidséiftMdisclosure.
figure, the left half view shows the mcrostructural

f Bt thy Behersid.theaspeatupioindefned axcheraombibasmulpst dimension

T e

cédadimithaOtivt Bthercili | andsitaimaorglergth n@)nivhicoms,i Gon. the 3quiaxed
dendrite the aspect ratio is defined as the ratio of the primary dendrite width (d)
and its Jength (I)). This leads to an aspect ratio of about 0.9 for the spherdid and
an aspect ratio of about 0.1 for the equiaxed dendrite.

According to the present disclosure, mixing and re-circulation of the liquid
portion of the solidifying body of alloy material prevents the development of bulk
thermal gradients during solidification, which bulk thermal gradient condition is
considered necessary for promotion of homogeneous nucleation resulting in
gquiaxed growth. In addition, the mixing of the partially solidified (or semi-
liquid) metal alloy material disrupts inhomogeneous growth which yields
columpar and/or coarse equiaxed dendrites having unfavorable crystalline

orientations and aspect ratios. (as defined above) on the order of about 0.1.
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As is evident fromthe | ower magnification view of

FIG 7, dendrite growh of the conventionally cast
alloy is not uniformand undergoes a transition from
a columar-type growth (right side of micrograph) into
an equi axed-type growth (left side of mcrograph). By
contrast, this non-uniformgrowmh pattern is 5 not
observed in the mcrographs of FIG 6 for a
conpositionally equivalent alloy fornmed by nmagnetic
pul se-assi sted casting accddding to the present

di scl osure. Anot her aspect distinguishing the alloys

ﬂhmm&ﬂmhMgﬂﬁgmgﬁhamﬂyl&ﬁm@saismeélaﬁSﬂkngmam@-mee form

t|o stln |s reve led in the ol of
Eat 21? ey a%gompar(orew:??}dﬁg Feuently

§ﬁh€l%1&sylﬁ'vﬁ@ajs ec?i%lﬂio? (dsSdeBine®@ bJRY ¥n HeBri
mhlch secon ary arnms are attached. In such instances,

ahabesbB8t ratio may be defined for both spheroids and

?2“?@?&@%&9@1& clfic S phldich forkl by oI Bt O leR

hadtxhg agowkdang teqhe sz&elntdmml«isurce affer stgingehald jnofeoductile than
| t t 15. di | feat def i

lonEitd PryeRR ot ooy ot At saain et itk foiols g

s OP B@és@'di’stn&ﬁfénaa‘ﬁﬂ%?ﬂmfe@ﬂ’ab& Fartktef feﬁ%ﬂlagﬁeumﬁetala&uo?

of the snallest dimension (d) as determ néd based

gpsbmialshachdniing such micmsmebé@@behﬁmmse@w@w area at the
; t
s RER Sy RE DL Psk USROG ok bl T £ ecr 1012
i¢rfagial snelgfi meck signifibantiyaini the @hset bap nncnhdfryntdmtedﬁacet dn
20 ts. lepgth (D). This |eads taq.
Bl FREGo O ol GG et )R BBy, crack
afffioh dndlprepHhtiad Qhall), Terfddiaghbie: R ANEEE pteREUtS: the

According_to the present disclosure, mxing and

 imstapt pethipdelpey atsfless parous gud frciliae fabwisatim gfifputiering targets

r
AR Bl BaSoodh i T R HEN) Sk Went targes
anm@ﬁﬁm&@mmmmnmwdnmﬂmgmﬂ k thernal gradlent condi tion
is 25 consi der necessar
nomoglih SO e JFBRET Blise ervfed Tourd malhadolgey afhe
pesemtl ddistlﬁmret Bffords X b NguMbert p@htﬁoahd YadSalthggts f vBCG-vis
éor sem - UIq% netal _al | oy naterlal di srupts

EHgeh éaﬂ 8q FSIRIASHn frh i @jagafacku SHrrllosgn apigicularly
FARIBEnRRUAIRIL hatlBART bif1Bed NA Vthe Tabt-AY0 'R Bitering targets,

stalline
1ncf/ ding increased ductility, reduced porosity, improved microstructure,

increased PTF, and cost-effective processing.

In the previous description, numerous specific details are set forth, such as
specific materials, structures, processes, etc., in order to provide a better
understanding of the presént invention. However, the present invention, can be

practiced without resorting to the details specifically set forth herein. In other

_ instances, well-known processing techniques and structures have not been

described in order not to unnecessarily obscure the present invention.




orientations and aspect ratios (as defined above) on
the order of about 0.1. 14 Consequently,
honogeneously conposed nuclei of the prinmary phase
form isolated crystallites in the stirred nolten
all oy portion (or pool) and subsequently growinto
pri mary spheroi ds having aspect ratios (as defined
above) on the order of about 0.9. 5 Advantageously,
the primary spheroids formed by nmagnetic

pul se-assisted casting accbfding to the present

di scl osure are stronger and nore ductile than

el ongab@¢ tBé yedferted aﬁbamﬁm@bmm feYen€ %iivtentlon and but a few
ferromagnetic netal 1oy materials_ in

semples Of 46 veiselit ﬁreaﬁthOtVﬁ@lfl die?ﬂ“éW Hcds Prqﬂalrttdflﬁ@}osure Itis
T8/ 5L FRARESdCihaP r@éénﬁynve £id & b1%><6}1 1B.Je ih \Gride Bther

m crostructure c ave | ess | erfaC| al area at
tdeenbimations enttdacwmommehte pnd nas ySlph‘atlblec rofstchhnges  and/or

REEASR GU HPEaer RETE0Eal sAL ASLR

i ncoherent interface. In turn, the reduction of the
interfacial energy advantageously i nhibits crack
initiation and propagation. Finally, ferromagnetic
nmetal alloys produced by the instant nethodol ogy are
| ess porous and facilitate fabrication of sputtering
targets 15 having greater pass-through flux (PTF) than
conpositionally equivalent targets produced via
conventional casting. In sumary, the magnetic

pul se-assi sted casting net hodol ogy of the present

di scl osure affords a nunber of significant advantages
vis-a-vis conventional casting techniques for the
manuf acture of alloys, particularly 20 ferronagnetic
alloy materials utilized in the fabrication of
sputtering targets, including increased ductility,
reduced porosity, inmproved mcrostructure, increased
PTF, and cost-effective processing. In the previous
.description, numerous specific details are set forth,
such as specific materials, structures, processes,
etc., in order to provide a better 25 understanding
of the present invention. However, the present

i nvention, can be
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practiced without resorting to the details
specifically set forth herein. In other instances,

wel | - known processing techni ques and structures have
not been described in order not to unnecessarily
obscure the present invention. 15 Only the preferred
enbodi nents of the present invention and but a few
exanples of its versatility are shown and described in
the present disclosure. It is to be understood that
the present invention is capmble of use in various

ot her conbi-nations and environnments and is
suscepti bl e of changes and/or 5 nodifications within
tWRatseOpémef Ist he i nventive concept as expressed
herein. 16 Wat is Cainmed Is: 1. A nethod of formng
a cast ferromagnetic netal alloy, conprising applying

a pul ged oA @sbl lof Fdriing B eae Frforfdgabiit f8taBalldy, tefprising
ferromagnetic netal . alloy material durin

sopiving ¢ palsebor pvdiatpg magastc feldtters melted ?ﬁﬁ@w@c metal:
erﬁ)?ﬁa@df&uqﬂ%ﬁ&f@bﬁﬁﬂhﬁ&%@mﬁrﬁo fglr}ﬁ’r Qé,‘h%tlc metal alloy

consisting o ased ere X Is at
Ireaterial oclected Eomthe grelpcemstbtiigofn t he  group consi sting

A&o-b%%ﬁﬂlo%@vh%@ﬁ%’gt Eg% 0%%’elegwhmt -géﬂ%rft«%fﬁ'onlil{he
@o@mﬁsﬁr@aﬁ A, lBoxD“c, OWhe, y<HrsFELGd, 635 Hop e, Clgl , Qe N,

selected fromthe roup_consi sting of An, B
&d, Pt aﬁméFas TogY. 4 and g5 No, Nd, P, Pr, Pt, 10 SC

Sm T hhd ( FE{(eXuoﬁn@héfe X astk (Dt Bﬁé t@l@g&a{f}!r Qélec?éd' Y5 th

where X is at ast” one el enent sel ec omt he
@'@woomstmgstﬂ Ay, Bi Ce, v, (B, C\ed)y, Bo, Gl a, Cu, NbyNd,&, Pr, Pt

S b, d
?ﬁuTﬁﬁ%ﬁgéq%é@@?%fﬁg to clalnra cgnprlsrng zpepir

of :  ( aji-bpsedV(NIX) gliysSAhekeTOlid &ledsebno BlegInt iebectse fdm the
S congugiad e Blesida sl 8 B B rdGE LA Nl b 2 vy

Pr,Sc, Y, Yb, and Zr.

2. The method according to claim 1, comprising steps of:

. (a)  providing a said molten ferromagnetic metal alloy material;

(b)  utilizing DC or AC electrical power to generate a pulsed or
oscillating magnetic field within the interior space of a casting mold via a
magnetic core assembly surrounding said casting mold;

(c) at least partially filling said casting mold with said molten metal
alloy material;
| (d} applying said pulsed or oscillating magnetic field to said molten
metal alloy material during solidification thereof to mix a molten portion of a
solidifying body of said metal alloy material; and

(e) continuing applying said pulsed or oscillating magnetic field to

said solidifying body until solidification is complete.




oscillating magnetic field within the interior space

of a casting nold via a 5 magnetic core assenbly
surroundi ng said casting nold; (c) at least partially
filling said casting nold with said nolten nmeta

alloy material; (d) applying said pul sed or
oscillating magnetic field to said nolten netal alloy
material during solidification thereof to mx a nolten
portion of a 10 solidifying body of said netal alloy
mat eri al ; and (e) continui ng7applying said pul sed or
oscillating magnetic field to said solidifying body
until solidification is conplete. 17 3. The nethod
accor ddng t the|nastimd? acomhﬁng it daiep2, dhewbnptep s(d$ comprises

in cin dd sai, d SO|IdIf n

Fng b e, VR el donalbuBE pPaf Somiia RRLPDEN soyd
Spbﬂlohﬂ dind Eifitefdblie GaiariAMiced Wt chh‘@nt@ﬂﬁﬂi 8@ JPPBAEiagnetic
field to produce a pul sed or OSCI||atIn3 Lorentz force

f figiddto wradyes a@&lsad %Pﬁcé atipg kgrantaiope Hld swithin said sqlidefying
”91)&)9 QhRAM hfxRE e nfoien ?thog' éfyih@ g;oH ‘ﬂ%ﬁﬂ%%ody as Ildlﬁcatlon
solidification progresSses : accord ing to
cpheigmsEs. wherei n steps (a) - (e) produce a cast neta
all oy conprising primary spheroids. 5. The method

- accordjng t?h{ﬁ@%@h%amWﬁﬁ%ﬁJ%@%gQQgg%%Hg&¥%§B?ﬁ@%ﬁgﬁmea
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have an aspec 0 on

nedshowtahalboyr abinpgistiggirimady spileerids. n sai d cast net al

all oy - conprises discontinuous eutectic domain

boundagi es....,7. The,met had rding,to.clajm

wherert sai THemeBEn R tgne © SRPL 4 MetdisrahP ot e
ChieranS€pcabaub ohChedorfér df®@I® connecting lanellae/m 8.
A cast ferronagnetlc met al aIon conprising prinary

spher i.Si.Nn magnet j c netal mat eri al
sel ectéd fr'gli‘ﬁnF‘WEhO&r g‘i‘?ﬁr § ap, ‘hgwgfmm (&'sk %%Wef%o%f)y

- NBrirised SiscobiftiGus¥ulestiddorhAA Bbuiafics! ement sel ect ed

from
7. The method according to claim 6, wherein said discontinuous

eutectic domain boundaries comprise about 107 or less connecting lamellae/pm.

8. A cast ferromagnetic metal alloy comprising primary spheroids,
comprising a ferromagnetic metal material selected from the group consisting of:
Co-based (CoX) materials, where X is at least one element selected from
the group consisting of: Au, B, Ce, Cr, Cu, Dy, Er, Fe, Gd, Hf, Ho, La, Lu, Nij, |
Nb, Nd, P, Pt, Sc, Sm, Ta, Tb, Y, Zn, and Zr;
| Fe-based (FeX) materials, where X is at least one element selected from |
the group consisting of: Au, B, Ce, Co, Cr, Cu, Dy, Er, Gd, La, Lu, Nb, Nd, P, Pr,

. Pt, Sc, Sm, Ta, Tb, Th, Y, and Zr; and

Ni-based (NiX) materials, where X is at least one element selected from
the group consisting of: Au, B, Ce, Co, Cr, Cu, Dy, Er, VFe, Gd, Bf, La, Nd, Nj, P,
Pt, Pr, Sc, Y, Yb, and Zr.



the group consisting of. An, B, Ce, Cr, Cu, Dy, FEr,
Fe, &d, Hf, Ho, La, Lu, Ni, 5 Nb, Nd, P, Pt, Sc, Sur,
Ta, Tb, Y, Zn, and Zr; Fe-based (FeX) materials, where
X is at |east one el enent selected from the group
consisting of. An, B, Ce, Co, C, Cu, Dy, Er, &, La,
Lu, No, Nd, P, Pr, Pt, Se, Sm Ta, Th, Th, Y, and Zr;
and N -based (NI X) materials, where X is at |east one
el ement selected from 10 the group consisting of: An,
B, Ce, Co, Cr, Cu, Dy, Er, Fe, Gd, H, La, Nd, Ni, P,
Pt, Pr, Sc, Y, Yb, and Zr. 18 9. The alloy as in
claim8, wherein said prinmary spheroids have an
aspect9.r at ilheatloyve inrcthén HfwiGrdn said. prifivey aphogidsbavenan
claim § C%ngidSi &Ii sconti nuous eutectic domain
baég?%&arioeoél. o 0 i (I oy as in claim9, wherein said
di sconti nuous eutectic domain boundaries conprise
about 110- 3 Tae alleg as tociaiec §,i cognplriaimg | diseedtinuous eutectic domain

boundaries.

11. The alloy as in claim 9, wherein said discontinuous eutectic

‘domain bou_ndaries comprise about 10 or less connecting lamellae/pm.



