ENHANCED SPUTTER TARGET MANUFACTURI NG METHOD CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 00011 This application clains the benefit of U S. Provisional
Application No- 60/701,546, entitled "Enhanced Sputter Target Manufacturing
Met hod, " filed July 22, 2005, which is incorporated herein by references
for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present invention
application generally relates to sputter targets and, nore particularly,
relates to a solidification process which produces sound billet stocks for
manuf acturi ng defect-free, chem cally honbgeneous sputter targets with
enhanced pass through flux ("PTF")_ DESCRI PTI ON OF THE RELATED ART [ 0003]
The process of DC magnetron sputtering is widely used in a variety of fields
to provide thin filmmterial deposition of a precisely controlled

t hi ckness and within narrow atomc fraction tolerances on a substrate, for
exanpl e to coat sem conductors and/or to form filns on surfaces of magnetic
recordi ng nedia. In one common configuration, a racetrack- shaped nagnetic
field is applied to the sputter target by placing nmagnets on the backside
surface of the ENHANCEBISPUTTER TARGETMANURACTURING putter target,

i nprovi ng argon ion productio&ﬁgiig ncreasing the sputtering rate. lons
within this plasma collide wt ce of the sputter target causing the
sputter target to emt atonms fromthe sputter target surface. The voltage
di fference between the cathodic sputter target and an anodi ¢ substrate that
.is to be coated causes the emtted atonms to formthe desired filmon the
surface pically, cobalt (Co), chromum (Cr),
iron (K& 4] lat MRELATRBL ASAdALAJAINSer  targets are manufactured by
conventional ingot netallurgy processes. As an unintended side- effect of

t hese q§g§ﬁ2 =Yof ' ] : oW ' and
-'convecﬁ‘ij‘gﬁ?i nt ﬁ%@gﬁ’f@‘ﬂgF?gts%h‘%rﬁa{;"lf%‘@%ﬁ%@%ﬁ&nﬁ%@g@%&ti on in

t he as-eotided Thnbenret Sphvert TaegatMamufacymagdethed,t filedrloin 225 2065 whichgist s i s

anot her. conseguence, sipce ga gﬁutraprrent occurs during
ncorpora erein by references for all purposes.

FIELD OF THE INVENTION

[0002] The present invention application generally relates to sputter targets and, more
particularly, relates to a solidification process which produces sound billet stocks for
manufacturing defect-free, chemically homogeneous sputter targets with enhanced pass
through flux (“PTF”).

DESCRIPTION OF THE RELATED ART

N [0003] The process of DC magnetron sputtering is widely used in a variety of fields to
provide thin film material deposition of a precisely controlled thickness and within narrow
atomic fraction tolerances on a substrate, for example to coai semiconductors and/or to form
films on surfaces of magnetic recording media. In one common configuration, a racetrack-
shaped magnetic field is applied to the sputter target by placing magnets on the backside
surface of the target. Electrons are trapped near the sputter target, improving argon ion
production and increasing the sputtering rate. Ions within this plasma collide with a surface
of the sputter target causing the sputter target to emit atoms from the sputter target surface.
The voltage difference between the cathodic sputter target and an anodic substrate that is to

be coated causes the emitted atoms to form the desired film on the surface of the subsirate.
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the casting operation, and no hot working processes are available to seal
of f gas pores. [0005] Typical as-cast ingot mcrostructures are non-uniform
since uniformgrain growh is only possible by uniformand fast heat
extraction froma solidifying ingot. Lacking this fast and uniform heat
extraction, the typical as-cast ingot mcrostructure has an equi axed grain
structure at the center of the ingot, surrounded by a columar grain
structure at the surface. [0006] Wth regard to the manufacture of cobalt
(Co) alloy based sputter targets, the conventional process includes the
steps of vacuuminduction nelting ("VIM) raw materials of a nmediumpurity

(99. 90/qowa] T sibalBycobiak (@9%&&&&111@11)1 ueagpe)paldtﬂiacdmhi) fbése& sputlep copper
(Cu), graphite or ceramc nmol d | e under vacuum or a partial
pr essufaEgehT are maspfacted Wéntt%él mav‘e&%‘é@gbmcﬁ%eﬁmwswmm&ds&%st be
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predeterm ned n er of passes through the rolling m or sone aIons
whi ch &reid phaseanayocavheaboate chegiead sigragation i thg as-olst ;imﬁuctatf’mnht;mime\,g

h t I f to 72 h dt t def ect s.
0007 BB HER Rt e RGP SO ek S H4 g SpEeaL 8 ne gy ai

si ze, IRQYBASEIY dpRratioh Cand 1 IR Workihg bR cadsdes £t avdilBlcao B 8 da¥ portge hot rol I'ing
operation often requires several reducti on steps, and can l[ast for over ten

hours. For alloys with less than 18 at. % chromum (C) content, cold
rol I i ng040l JVBJ@%@&S&IB%W@F@&%@W&? gftnop-pni owm%mmwv& #en crack

duringg ﬁfyﬁsm‘e BhifoRf WA BV hdld ERELLAOYIE HidliPAHlgofoL, hidagbove, the

sput ter acturlng nmet ten s to sumng and
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'out put For me allo cont ai nin hosphot ous .(P) or
ot F acBpSEa e ey R iseobHrare oY Ao Bt b BeRERACHE B pand
Co-Ta-Zr, the inherent brittleness of the alloy renders any metal wor ki ng

oper at i [p§06] 'Veth RiREIANE tRyYREmEhctiie®T dobAlP LT A0S Based Sphitt @Ryt deal ing with
al l oys containing imscible or insoluble constituents, conventi onal I ngot

met al | (#P@Yenfignal procgs includesthe steprofigru® insyctionpelting £ TYIM) rews apacrials
shown' o8 SeHEbEn pEyR99.2h6) 4 Righ Ly (000 SR, and Killnk d dm e RS P e
exhi bi tcoppergCs); ighiphit¢ yr gapmidaholds tvbde tyder vacuum or under a partial pressure of

inert gas, where the thickness of the as-cast ingots must be pre-set in order to yield the

desired target thickness following a predetermined number of passes through the rolling mill.

For some atloys which are prone to chemical segregation during solidification, long

homogenization anneals of up to 72 hours are required to mitigate defects.

[0007] During the manufacturing process, hot rolling is used to refine grain size, homogenize
the microstructure and eliminate porosity. The hot rolling operation often requireé several
reduction steps, and can last for over ten hours. For alloys with less than 18 at. % chromium
(Cr) content, cold rolling is also used to increase target PTF, however workpieces often crack

during cold rolling, severely affecting yield.

[0008] As detailed above, the sputter target manufacturing method tends to be both time

consuming and inefficient, in terms of the ratio between material input and material output.
For some alloys containing high boron (B), phosphorous (P} or refractory element content-
containing alloys, such as Fe-Co-B, Ni-P and Co-Ta-Zr, the inherent brittleness of the alloy

renders any metal working operation challenging even at high temperatures.



the two liquidus lines Lt and L2 above 1489 C, such that the liquid state
solubility of silver (Ag) in cobalt (Co) is virtually nil at 1489 C and
just about 1 at. %at 1700 C. For any nolten Ag-Co alloy within this
tenperature range, the silver (Ag) content tends to separate and form

| sol ated pools of pure silver (Ag) within the liquid cobalt (Co). Depending
on silver (Ag) content, those pools could result in large solid particles
of up to one centineter in the as-cast structure. [00101 In another phase
separation process, remaining liquid silver (Ag) is squeezed out of the
bul k of the ingot as the solidifying cobalt (Co) skeleton shrinks, evidenced

by si | [0009)(Whgn déabialiwith diloys bentainig imfiiscitie or islubedstRadnkd, er . The Figure 2
Au- Co phase di a,gram and Figure 3 Co-Cu phase diagram_both i ndi cate t hat

golb dl (Smyentivg tﬂé&;wa@ﬁaﬂsmravxﬁérfvsowwg@ac?m,m ubility in i
S Toy s “*‘;F%““‘“? RALS (S 8% HhoniialE oo QNGB sS04 B bclFitie [0
(?:uCO) hlphb;edmgrm féamnqﬂﬂ)ﬂrﬂm-élowbydymhuxmbnsagﬁﬁﬂiﬁwga)lddhmitac)by)& copper
G ow e e B S vt £ avalye YREC, onfipt i ere SRSy Syt cop

al | oy. 8@2\1@ Bobalt{€oh E\Nuﬂﬂ%jﬁgattlﬁ@@@@ ahdfust oubi ki 25 at(1/00 686268 anygol d
(Au) (1064C) and copper . (Cu)(1085C), their immscibility and Iimted

sol ubi molten Ag-Golleytwitldn yhis Festpsratura ranghthe silveri(Ag) capenhiends we@p@w to the

practi g;ﬂp [00121
Due t ogﬂ]gwqgﬁ nt %{Eﬁgﬁenegkg)wgﬁtl u%?‘?%‘gqg% gltﬂilhl gh boron
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conducted in the 1050 Cto 1100 C tenperature range to avoid cracking and

other HBIFsE AY ST Sr es. As such, the phase constitution of the alloys nust
be altered in order to avoid the incipient nelting of silver (Ag), gold

(Au) apghigp npa{otr(epﬂhasura 5@%&@%&%@@1 Ligker {AY) id SprdRdREsHRNI cal and
H P processi i's thérefore deS| rable to provide for a sputter

oot b ot inuabas the bt nectobalb (Capsisieton sbanics PAEmmes By soter ¢oBh ent | ona
MRNUT AGLut 08 RN OESS5 950 hihRREd S e FedrS 2 Au-Co phase diagram and

Figure 3 Co-Cu phase diagram both indicate that gold (Au) and copper (Cu) each have a very
limited solid solubility in cobalt {Co). In both cases, the equilibrium phases of a cobalt (Co)
rich alloy would include practically pure cobalt (¢Co) and gold (Au) or cobalt (eCo) and

copper (Cu) two-phase solid solutions.

[0011] Gold (Au) or copper (Cu) solid solutions typically separate as individual grains or
tend to grow at the grain boundaries of the primary (¢Co) phase in a cobalt (Co) alloy. Given
the low melting temperature of silver (Ag)(962°C), gold (Au){(1064°C) and copper
(Cu)(1085°C), their immiscibility and limited solubility in cobalt (Co) imposes another
limitation with respect to the practical ingot thermo-mechanical and HIP processing

temperatures.

[0012} Due to their inherent brittleness, the hot rolling operation of high boron (B) content
and refractory elemént-containing cobalt (Co) alloys is conducted in the 1050 °C to 1100 °C
temperature range to avoid cracking and other rolling failures. As such, the phase
constitution of the alloys must be altered in order to avoid the incipient melting of silver
(Ag), gold (Au) and copper (Cu) upon re-heating of the ingots for thermo-mechanical and
HIP processing.



desirable to provide for an inproved sputter target manufacturing method
whi ch produces sound billet stocks for defect-free, chem cally honbgeneous
sputter targets with enhanced PTF characteristics. SUMVARY OF THE | NVENTI ON
[ 0014] The present invention application generally relates to sputter
targets and, nore particularly, relates to a solidification process and
resulting sputter materials. The manufacturing approach according to the
present invention produces very sound billet stocks for manufacturing
defect free, chem cally honbgeneous sputter targets with enhanced PTF.

[ 0015] The manufacturing nmethod according to the present invention includes
a powd¢0013Rtigdherefety daditable tb PrdVideXot 8 Bputfe Birget Sftnufichlriag h@RodPWRIRES S NY
alternatives and powder consolidation _and post-consolidation processing

steps PBFcepeths dshcientigyoisonmiiona manyfachiriggprocesies-nln pastienlarditds oper ti es.
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manuf astwndi hildet seckofbr defict:free, clemitdllytpmopepens spatepfargdiewithehharcedig mat eri al
apply ﬁ@a broad .. range of | ow nonment (chromum (Cr) content > 18 at. 9% and
hi gh SPAREERMIS UM (Or) content < 18 at. % cobalt (Co) alloys, as wel |
as chromum (Cr), iron (Fe), or nickel (N )- based alloys. [0016] According
to one SYMBAEYOFTHE M VIENSIERt i nvention is a nmethod of manufacturing a
cobalt (Co)-based sputter target fornulated as Co-(5-40 at. 9% Fe-(5-20 at.
% B, or Co-(5-25 at. NWCO-(5-25 at. HPt-(5-20 at. 9YB-(0.2-7.5 at. WX
and optlmﬁlu(fiwm?@ws aq.amgw@n g%perﬁlﬁmlﬁéwtspﬁgﬂéws@@n@mw silver (Ag)
or gol a‘(tﬁw)a[ ' ' [ ' | V), yttrium (Y),
zir con?’um Zrlf’,%%.‘%%? é%azﬁlg%%%%%‘teﬁgm 2 R/btﬁrgg, prﬁ?ﬁg%%&%) , rhenium
(Rh), |manfeenummg @hproackhafcoiding 6 ldhe) preseaninabntionpraduces verg sowmd Kilt staxksi ri di um
(Ir). The nethod.in¢cludes the st of preparing a plurality of w

et o | APCTATHEG SFNE {0 Lo DRmEBHT BUBGHTERG IR bl svithenipnca i 520 ar
%9B, or a Co-(5-25 at. NOr-(5- 25 at. %YPt-(5-20 at. %YB-(0.2-7.5 at. %X
and optjoers}/Thy mddubrctiring Fhethdd) abdordingQy tesrb @ ink-&RionRhéliddsial povifer I aW

material s conprising pure elenments _or master alloys, and heating the -4
metallurgy alloy formulation, rapid solidification processing alteimatives and powder

consolidation and post-consolidation processing steps for the production of sputtering targets
with improved properties. Processing time is significantly shortened, with no degradation of
target chemical homogeneity, product bulk soundness or PTF characteristics. The
manufacturing method and the resulting properties of the sputtering material apply to a broad
range of low moment (chromium {Cr) content > 18 at. %) and high moment {(chromium (Cr)

content < 18 at. %) cobalt (Co) alloys, as well as chromium (Cr), iron (Fe), or nicke! (Ni)-
based alloys.

[0016] According to one arrangement, the present invention is a method of manufacturing a
cobalt (Co)-based sputter target formulated as Co-(5-40 at. %)Fe-(5-20 at. %)B, or Co-(5-25
at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %).X; and optionally (0.5-7.5 at. %)X>, X;
representing copper (Cu), silver (Ag) or gold (Au), and X representing titanium (Ti),
vanadium (V), yttrium (YY), zirconium {Zr), niobium (Nb), molybdenum (Mo), ruthenium
(Ru), rhenium (Rh), lanthanum (La), hafnium (Hf), tantalum (Ta), tungsten (W), or iridium
(Ir). The method includes the steps of preparing a plurality of raw materials into a
composition corresponding to a Co-(5-40 at. %)Fe-(5-20 at. %)B, or a Co-(5-25 at. %)Cr-(5-
25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %)X; and optionally (0.5-7.5 at. %)X, alloy system, the

plurality of raw materials comprising pure elements or master alloys, and heating the
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plurality of raw materials under vacuum or under a partial pressure of argon
(Ar) to a fully liquid state to forma nolten alloy corresponding to the
Co-(5-40 at. WFe-(5-20 at. 9B, or Co-(5-25 at. WYCr-(5-25 at. WPt-(5-20
at. %9B-(0.2-7.5 at. W X1 and optionally (0.5-7.5 at. 9% X2 alloy system
The nethod al so i ncludes the steps of solidifying tthe nolten alloy to form
an ingot, reheating the ingot to a fully liquid state to forma diffuse
nolten alloy, and rapidly solidifying the diffuse nolten alloy into a
honbgeneous pre-alloyed powder material. Furthernore, the nmethod includes

t he ster of consolidating the honbgeneous pre-alloyed powder material into
a ful | plutditg ef fawrmaterials usdarveanimadr, undpt 2 parsibl predsote cfRtRondlAd) todd fullpg t he

full ial, and i pi he ful |
mt er | SRP g1y GRS SRR BSY SPtpapSting D ¢ atPgb B oller B ORI REY Pes & he
nmeans  10RF(SHSAH 6 Y SL250H CRTPLY S B0t Vo B-(R2 7 K4t a3k, antl @ikl (0SLNS at.r educed

grain size and fi nebﬁ*di spersed secondary phases are desirable for

enhanci’Pgz ey sy rlesiachifies the pens of soljdifuirg thamokan alloyda. At the
mcros ?@Ede%; l(%lg?{lre beheathQné ﬁi%bf’tl?_%oﬁmf Héﬁiﬂ%&dt@& fbﬂ'ﬁig%%lﬁﬁtaﬁ Lage 1S

hi ghly y uni tf'orm “maki ng correspondi ng target naterial an
excel | entidly colidifyitgthe diffusd emdten wlloning a htmogedous predativyed gowder iateriabmi nal

oror o et e SaR SR i e ot bR Sk B b "
consol ipdaidbQfatetial ihte ﬁxﬂﬂ’_ﬁ@ﬁs@hﬁﬁ@g&i&du& Ralefh0 oﬁm@m? h6@dnd BIPGRARIthe. For
Yy |

gas atom zation, a ver gh cooling rate is possible for nost small powder
part i clfully densehomegepsousgnatenaly angan g thefaklicidenge bemegrnousmatenial to

:conducszeﬁg%.gpl%%gtg?%gcific heat capacity of the alloy. [00191 For the

Co- ( 5- -20 at. 9B alloy system the nethod further includes
the step of hot rolling the fully dense honbgeneous nmaterial at a

t enper 40018 RapRbsolildfiratidrepiGoideSthe 4fkans for Yddreing r&iced-scald Biabddmyptsalst em
sol i dus_tenperaturge. [00201 Th onsal i dat,i n tep.further jincludes the
Steps JPRBRbABEEIR BRSO JBRDosPer B ey Bleps AlAesiIG a1 n a
can, evéﬁbiﬁdgt}ﬂe Eﬁiﬁteﬁﬂ%pﬁkeé% ah& MRRInALHE ?aﬂ@i%levt@ﬁgsi&QOAﬁhe ADGroSPiTetdd, @
vacuum | evel between 10.2 ton and 10-3"torn, sealing the can, and subjecting
t he cartharapid sobidifisaen induesdtmicrostragioreds highlyidewmially yndorn seakingthpet ween 10
kil Opoucrcl)grsésponding target material an excellent source for the deposition of the media film within

its nominal composition.

[0018) Rapid solidification generates a non-equilibrium microstructure that can sustain most
of the thermatl cycling during consolidation at high temperature and thermo-mechanical
processing. For gas atomization, a very high cooling rate is possible for most small powder
particles of up to 350 um average size, depending on the thermal conductivity and specific
heat capacity of the alloy.

[0019] For the Co-(5-40 at. %)Fe-(5-20 at. %)B alloy system, the method further includes the
step of hot rolling the fully dense homogeneous material at a temperature less than the Co-(5-
40 at. %)Fe-(5-20 at. %)B alloy system solidus temperature.

[0020] The consolidating step further includes the steps of encapsulating the homogeneous
pre-alioyed powder material in a can, evacuating the can at a temperature between 300 °C
and 600 °C to a vacuum level between 107 torr and 10 torr, sealing the can, and subjecting

the can at a temperature between 300 °C and 1300 °C to a pressure between 10 kilopounds



-5 per square inch and 45 kil opounds per square inch in a pressurized hot

| sostatic pressing vessel [0021] One of the plurality of raw materials is
conprised of between 0.2 at. %and 2.0 at. % pure elenental silver (Ag),
where the fully dense honbgeneous material is hot rolled at a tenperature
| ess than 962 C. Furthernore, one of the plurality of raw materials is
conprised of pure elenental gold (Au), where the fully dense honpbgeneous
material is hot rolled at a tenperature |l ess than 1065 C. Moreover, one of
the plurality of raw materials is conprised of pure el enental copper (Cu),
where the fully dense honbgeneous material is hot rolled at a tenperature
of | es pertsquare Iixdand 45 kilopaAinds lper uergdndhiig agirespurized thbeisostad prdasng he step of
bIendlngﬁarescribed wei ght fractions of a Ag-Pt master alloy pre-alloyed
powder Y Co-Cr-B and optionally X2 master alloy pre- alloyed powder, and
el emental platinum (Pt) into the conposition corresponding to the Co- (5-25
at. % @021poOne ofithe ﬂﬁraity(@rrgﬂ nﬁter%ﬁs cOmprised of Bétweld Y2 A 080I0AT! Y
(0.5-7.5 at. 9WX2 y system_ The fully dense honpgeneous nmaterial is hot
rol | edPa¥e e&ﬁﬂ[ﬁ%éﬂaﬁr&\a aherg s @ﬂ!m%ﬁmqh%ogsnw g @trolled 8 | ess t han

or ascr (B g it ALERTE, Frbbffor i P ine R 0 BB 8 o' powder, a

Co- B- Prompdsedpifipnreadlémgentdl gobd¢sar), whére yhepfully dedsk hymdg@rotematesiakis dot her an
el ement chrom um ster all pre-all oyed powder materi al
ot Holeatp SR Ay Mooy & ofindmily QR bt s, "og pr

(5-20 %bmﬁ%ea dfbufe elererthl: cop@efl(cay GVHRRL e ﬁﬁiyl aenéého?nJgeﬁeak materid & RRY

system The full'y dense honbgeneous material is hot |l ed at a tenperature
of |essolhdaaﬁa1qmmr@uremflwﬂaan k08A56r at ure of |ess than 1070 C. [00241 The

preparing step further I ncl udes the step of blending prescribed meight
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i nt o t heAg-Prpastei albujr m@nﬂ@&ﬁ@n@d@g at(y- ChB aﬁdopﬁdi:aﬂ&)@tnasﬁ@; @lloy pre25 at.

u

9% Pt-(5-.20 at. 0 onal |y % X2 al |l oy
syst emalio¥ed payyder, a& ﬁ?@%!ﬂiﬁg@ﬁ ?t) H%‘“ﬁ%f"‘&?ﬁpf”é‘g‘n%fo'& ¢ C8rper at ur e
of (5-25 at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %).X; and optionally (0.5-7.5 at.

%)X, alloy system. The fully dense homogeneous material is hot rolled at a temperature of
less than 1186 °C, or a temperature of less than 1030 °C.

[0023] The preparing step further includes the step of blending prescribed weight fractions of
a Au-Cr master alloy pre-alloyed powder, a Co-B-Pt and optionally X; master alloy pre-
alloyed powder, and either an elemental chromium (Cr) or a Co-Cr master ailoy pre-alloyed
powder material into the composition corresponding to the Co-(5-25 at. %)Cr-(5-25 at. %)Pt-
(5-20 at. %)B-(1.5-7.5 at. %)X; and optionally (1.5-7.5 at. %)X; alloy system. The fully
dense homogeneous material is hot rolled at a temperature of less than 1160 °C, orat a
temperature of less than 1070 °C.

[0024} The preparing step further includes the step of blending prescribed weight fractions of
a Cu-Pt master alloy pre-alloyed powder, a Co-Cr-B and optionally X, master alloy pre-
alloyed powder, and elemental platinum (Pt) into the composition corresponding to the Co-
(5-25 at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %)X, and optionally (0.5-7.5 at.
%)X, alloy system. The fully dense homogeneous material is hot relled at a temperature of
less than 1186 °C, or at a temperature of less than the solidus temperature of the Co-Cr-B
master alloy.



| ess than 1186 C, or at a tenperature of less than the solidus tenperature
of the Co-Cr-B nmster alloy. -6 [0025] The plurality of raw naterials
conprises pure elenmental cobalt (Co), chromum (Cr), platinum(Pt), boron
(B), XI and/or X2, and/or Co-Cr, Co-B, Co-Cr-B, Ag-Pt, Au-Cr, and/or Cu-Pt
master alloys. (0026] Rapid solidification of the diffuse nolten alloy
occurs at a rate of up to 104 Cs, or up to 107 C's, and occurs via

atom zation, nelt spinning, or spray formng, where the diffuse nolten
alloy is rapidly solidified into a honogeneous pre-alloyed powder nateri al
with an average particle size rangi ng between 25 pmand 350 pm At |east a

first H9RSHEhephuadity of rafvonaterials corhpuises purgienentad cobalt (1d)oohecminmG),

mat er i . t he fi.rst rigde a S ri of 3B.or m xt ure of
Cost. anrBEFEr Y 3t apinaleethE e o) D cha Rt Aibgh P [ 0027
For th€uanidstealleys. 9 Cr-(5-25 at. % Pt-(5-20 at. %9B-(0.2-7.5 at. % X, and
optionally (0.5-7.5 at. % XT7 alloy system a prinmary phase is fornmed in the

honoge pre- alloyed powder nmaterial, where the primry phase is an

ext enaiP26D Ranidsaficiticdiondt b5 difusr Bpltencgllogrocsurs pha fgfe igipdp 197Gt . The

pri mar ed o&tkER 3 ih 199% L $6i5hinef z dﬁlﬁ;s or
Co-Cr er &g](g(?PtO/%gﬁ?ai ni ngg(é%ntﬁ%ngg’a?%% si| ’??%g%, upg’tvgg%@%at /ogzgol d
(Au), ®owligp atioy i3.rapidly solidlifiep frte a hompgerje0 @Bt -aloysdrivilyr imatexiab with aol
arrangenpent, t resent i.nventiQn is t ho f nuf act uri ng. a chrom um
(G5 b avEReeie g B tne TR 23 Ends b0 A Fagt RN BRI A 50 o
% C. Themi¥atin g Hontdgetiass pfecallyed powderMifaal, wikrathe!fisstHoridy grﬂise igw material s
into a conposition corresponding to a Cr-(7-20 at. %9B or Cr-(5-25 at. %C
al | oy $9mpesad af{e:Bor amixiurg ofdfo:Band ko B bpades, anshiwhers thebaside sizeislesmnt s or
nmast er ﬂ%lﬂiy]ﬁ, and heating the plurality of raw materials under vacuum or
under a partlal pressure of argon (Ar) to a fully liquid state to forma

nolten alloy corresponding to the Cr-(7-20 at. %9B or Cr-(5-25 at. %Y C
al | oy 49627 for TedCoreS-Dioat. UNED(5-AT htuOBt-{5H20 2t WIB-(Q2-Ehi. h)yaml t he nol ten

:l L”O]Yf tﬁ)%&f)%lpﬂ(@ﬁ-’é# E’ggfgwéﬂg)@?sgtﬂk%? 9%)?11%&"]{” ?Ltse its or?nefdullll e lllc;chygiegeo%ts %E'eq to form
alloyed powder material, where the primary phase is an extended solid solution comprised of
Co-Cr-X;-Pt or Co-Cr-X;-X,-Pt. The primary phase is an extended solid solution comprised
of Co-Cr-X;-Pt or Co-Cr-X;-X>-Pt containing up to 2 at. % silver (Ag), up to 7.5 at % gold
(Au), or up to 7.5 at. % copper (Cu).

[0028] According to a second arrangement, the present invention is a method of
manufacturing a chromium (Cr)-based sputter target formulated as Cr-(2-20 at. %)B or Cr-
(2-20 at. %)C. The method includes the steps of preparing a plurality of raw materials into a
composition corresponding to a Cr-(7-20 at. %)B or Cr«(5-25 at. %)C alloy system, the
plurality of raw materials comprising pure elements or master alloys, and heating the
plurality of raw materials under vacuum or under a partial pressure of argon (Ar) to a fully
liquid state to form a molten alloy corresponding to the Cr-(7-20 at. %)B or Cr-(5-25 at. %)C
alloy system. The method also includes the steps of solidifying the molten alloy to form an
ingot, reheating the ingot to a fully liquid state to form a diffuse molten alloy, and rapidly
solidifying the diffuse molten alloy into a homogeneous pre-alloyed powder material. The
method further includes the steps of consolidating the homogeneous pre-alloyed powder

material into a fully dense homogeneous material corresponding to blend composition of Cr-



solidifying the diffuse nolten alloy into a honogeneous pre-alloyed powder
material. The nethod further includes the steps of consolidating the
honogeneous pre-alloyed powder material into a fully dense honbgeneous

mat eri al corresponding to blend conposition of G -7 (2-20 at. /0)B or
Cr-(2-20 at 9 C, and machining the fully dense honbgenous material to form
a sputter target. [0029] The nethod further includes the step of adm xing
pure elenmental chromium (Cr) powder to the honpbgeneous pre-all oyed powder
materi al. The honpbgeneous Cr-(2-20 at. %B pre-alloyed powder material has
a mcrostructure conprised of a supersaturated chromum (Cr) solid solution
and/ or (3:2Q ap&)Bar @rfg[g@@ at e )Srandvimachining dhe filly enseihomogendusgudseriatiter on Cr 2B

bori de 0, tructure conprised of a supersaturated chrom um (Cr)
solid ﬁ?so {J?P?Igﬁh\ig\ﬁtgt%ﬁ sub-m cron Cr23C6 carbides. [0030] According to a third

arrangenment, the present invention is a nethod of manufacturing an iron

( Fe) - b§8029] Jpe ttetodifantipe inclwlestheatephfadmbdng puré @lemtentichon{iibmaCrat . %) B,
Fe-(5-90 agt.. 9N, Fe-(5-70 at. 9 , Fe-(30-50, at. % Pt, or Fe-(30-55 at.
o5 o, PRSP i PemngeBabE preRved B By TGS ARSTEaN E500 o

nat eri 3B Fﬁreianofbd%meﬁﬂnhkﬂa Ha8 b MASRRREHHRE chRpAsed st a superdftumited %9 Co- (5- 20
at. %9 B, Fe-(5-90 at. %N, Fe-(5-70 at. 9% Co, Fe-(30-50 at. 9% Pt, or

Fe- ( 30 <bmmizm (Gy)relid selutjonsans{es s supersatpratedshramiugs (Grhsolidesobition vathawhr i si ng

pure el - st er ' LV, w.hpterials
under \?Qgﬁ) ﬁtr%ﬁbé)g%%r ’I(%{I(?i %%@%%%ﬁaﬁ%wg?@ayf%%%ﬁ &‘Fﬁa"‘é ate to
f or m a soltibe withlshbynicron CegsQpcafbidgs.t o t he Fe-(5-40 at. 9% Co-(5-20 at. /6)B,
Fe-(5-90 at. YN, Fe-(5-70 at. 9% Co, Fe-(30-50 at. %9 Pt, or Fe-(30-55 at.

% Pd al The, . hod al i ncl ud h f | i difyi, h
ol on 100 ACBRegp AR prfeieni e BT IHOUPR G MELIOY of ARPYEREBR A ot at o
Lo 1 or (VSN I 15 FRR5 A0 90020 Ao feElhoise ol Len

alloy into a honbgeneous pre-alloyed powder material. Fuftherrmore, the

met hod %)) Eets 78 HeYeCorfis-G0- P 6)RtderFer @015 et H6)Roly Fhecuesthest mchaiiesoy ed

PuiTy dBESE bfredind sl or RO R I RERAE R oo Resmol e 4! B genous

mat er i g5-40at.lPQyTo-E-Bpat! Y38, Fe-@raedt. %6)Ni, Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or
Fe-(30-55 at. %)Pd alloy system, the plurality of raw materials comprising pure elements or
master alloys, and heating the plurality of raw materials under vacuum or partial pressure of
argon (Ar) to a fully liquid state to form a molten alloy corresponding to the Fe-(5-40 at.
%)Co-(5-20 at. %)B, Fe-(5-90 at. %)Ni, Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or Fe-(30-55
at. %)Pd alloy system. The method also includes the steps of solidifying the molten alioy to
form an ingot, reheating the ingot to a fully liquid state to form a diffuse molten alloy, and
rapidly solidifying the diffuse molten alloy into a homogenecous pre-alloyed powder material.
Furthermore, the method includes the steps of consolidating the homogeneous pre-alloyed
powder material into a fully dense homogeneous material, hot rolling the fully dense
homogeneous material, and machining the fully dense homogenous material to form a sputter

target.

[0031] For the Fe-(5-40 at. %)Co-(5-20 at. %)B alloy system, the fully dense homogeneous
material is hot rolled at a temperature less then the solidus temperature. At least a first boride
phase is formed in the homogeneous pre-alloyed powder material, and where the first boride
phase is comprised of a metastable Fe;B or a mixture of metastable Fe;B and equilibrium
Fe;B borides.



[ 0031] For the Fe-(5-40 at. % Co-(5-20 at. % B alloy system the fully dense
honogeneous material is hot rolled, at a tenperature |ess then the solidus
tenperature. At least a first boride phase is forned in the honbgeneous
pre-al l oyed powder material, and where the first boride phase is conprised
of. a netastable Fe3B or a m xture of metastable Fe3B and equilibrium Fe2B
borides. -8 100321 According to a fourth arrangenent, the present invention
is a method of manufacturing a nickel (N )-based sputter target fornul ated
as Ni-(10-50 at. 9P, the nethod including the steps of preparing a
plurality of raw materials into a conposition corresponding to a N -(10-50
at. 9 [8032) Agcozding dong foukth arangement,thopreseainventem ialasnathedofi si ng pure

| t | d, heat i t he, pl | i f terial d
VacuunaretREs Sikd (et Aleel Rrbbu M Moo b $om, AR HEREEN £ orm e
ol t eningluding thestepsiiPpcharifig b @hirkilety N rdwl thatetialtinto a%Gohpakition ceivsspoidind he

nmet hod al so . includes the steps of solidifying the nolten alloy to form an

i ngot , 1 &NEE0- iyt HeP aligyovsier, themiyrality of sipy matsnalscomprismigRwe eemeise ol t en
al | oy, @1’695&513&% Sluing ity : i aﬁ,hp ' Lipoogeneo
pre- )altl Iooye po %%n%gtyé#lgﬁ%/ﬁlﬂ%ﬂ%ﬁerﬁo%,éﬁatlﬂgk%?%od |én%cqat‘}gaggﬁ.ts'he stgep o?s
consol pfiargom{Ar iea Adlydgeiksate tepformal molpachlloy eontesponding ko the Nir(l6-58 at.ul | vy

d terial d hj,ni t full

ot or | SPPAGSK ety Chsypeed 137 GeliE b s of Bt FEBREn ARBARRIR povcier
nat er i ah jfpaE réhedii m&ﬁﬂgéﬁfdﬂﬁw{%ﬁfdi §i€ woford a BfERH o hndirsdialy (N )

solid solution with | ess than 10 pm N 3P phosphi des. [0034] In the follow ng
descr i peliditying the HifTuse afolien allpycintrorihoraegencousipee-aileyedipowdgimategak he

acconp | ] f | o hown by way
of *CTT Finthdishor B! fod REhabORste R EinsblI SR o Afod et Talifyed "0

pract i pedderd thatesaltisto Adullydaie homogernebad matetisly arrivhachimvg tie foly daseut i | i zed
and changes nay be nmnde without departing fromthe scope of the present
inventﬁ'ﬁ OZEQUE IfP"‘H‘@ﬂ"ﬁ@‘WE&DRAW NGS [0035] Referring now to the
drawi ngs, in which |like reference nunbers represent corresponding parts

t hr oughees3] The homogeneous pre-alloyed powder material has a microstructure comprised of a

supersaturated nickel (N1) solid solution with less than 10 pm Ni3P phosphides.

[0034] In the following description of the preferred embodiment, reference is made to the
accompanying drawings that form a part thereof, and in which is shown by way of
illustration a specific embodiment in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and changes may be made without

departing from the scope of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Referring now to the drawings, in which like reference numbers represent

comresponding parts throughout:

[0036] Figure 1 is a Ag-Co phase diagram;

[0037] Figure 2 is a Au-Co phase diagram;
[0038] Figure 3 is a Co-Cu phase diagram;

{0039] Figure 4 is a flowchart depicting a method of manufacturing a cobalt (Co)-based

sputter target, according to one arrangement of the present invention;
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[0036] Figure 1 is a Ag-Co phase diagram [0037] Figure 2 is a Au-Co phase
diagram [0038] Figure 3 is a Co-Cu phase diagram [0039] Figure 4 is a

fl omchart depicting a nmethod of manufacturing a cobalt (Co)-based sputter
target, according to one arrangenent of the present invention; -9 [0040]
Figure 5 is a flowhart depicting the preparing step (step S402), according
to one exanple aspect; [00411 Figure 6 is an Ag-Pt phase diagram [0042]
Figure 7 is an Au-Cr phase diagram [00431 Figure 8 is a Cu-Pt phase
diagram [00441 Figure 9 is a flowhart depicting the consolidating step
(step S408i, according to one exanple aspect; 100451 Figure 10 is a

scanni 048] Ergureohisai fiovechan depictigEht prdpadkgs step (stepef#0d), ageadingfto ane as- cast
Co-(8% {% ” at WYPt-(8 at. 9B alloy; 100461 Figure 11 is an SEM
backscaafr@ gramof a rapidly solidified Co-(8 at. WC-(7 at. WPt-(8
at. /o)B alloy; [00471 Figure 12 depicts the X-ray diffraction patterns of
an as- ¢t figire 6131 a8l Ap-BOPliade Hiagehm; Co- (8 at. % Cr-(7 at. NPt-(8 at. %B
alloy; [0048] Figure 13 is a flowhart depicting a nmethod of manufacturing a
chrom t according to a second arrangenent of

t he pri@é‘%ﬁgg’l’%azlsia&@ﬁﬁﬁ di‘?ggaﬂ?;es 14A and 14B are SEM backscattered

i mges of gas atomzed C-(13.5 at. %B alloy, under | ow magnification and
hi gh mgon¥3f iFegikd ® 0 2 CEPPtsk Milpyam;[ 00501 Figure 15 is an SEM backscattered

i mge of gas atom zed Cr-(14 at. %9C alloy; [0051] Figure 16 is a flowchart
depi cting a_nmethod of manufacturi ng an iron (Fe)-based sputter target,
accord|[ 4 &igpre Rasaoflopeharslepiching Bie copwligatingssiep (stepS40Bb according torons qure 17

is an lgg,g&gtary el ectron di agram of an as-cast Fe-(30.6 at % Co- (12.8
at . %B ?oy,

[0045] Figure 10 is a scanning electron microscope (“SEM™) backscattered diagram of an as-
cast Co-(8 at. %)Cr-(7 at. %)Pt-(8 at. %)B alloy;

[0046] Figure 11 is an SEM backscattered diagram of a rapidly solidified Co-(8 at. %)Cr-(7
at. %)Pt-(8 at. %)B alloy;

[0047] Figure 12 depicts the X-ray diffraction patterns of an as-cast and rapidly solidified
Co-(8 at. %)Cr-(7 at. %)Pt-(8 at. %)B alloy;

[0048] Figure 13 is a flowchart depicting a method of manufacturing a chromium (Cr)-based

sputter target, according to a second arrangement of the present invention;

[0049] Figures 14A and 14B are SEM backscattered images of gas atomized Cr-(13.5 at.
%)B alloy, under low magnification and high magnification, respectively;

[0050] Figure 15 is an SEM backscattered image of gas atomized Cr-(14 at. %)C alloy;

[0051] Figure 16 is a flowchart depicting a method of manufacturing an iron (Fe)-based

sputter target, according to a third arrangement of the present invention;

[0052] Figure 17 is an SEM secondary electron diagram of an as-cast Fe-(30.6 at. %)Co-
(12.8 at. %)B alloy;

[0053) Figure 18 is an SEM secondary electron diagram of a rapidly solidified Fe-(30.6 at.
%)Co-(12.8 at. %)B alloy;

-10-



[0053] Figure 18 is an SEM secondary el ectron diagramof a rapidly
solidified Fe-(30.6 at. 9%Co-(12.8 at. %9 B alloy; -10 [0054] Figure 19
depicts X-ray diffraction patterns of an as-cast and rapidly solidified Fe-
(30.6 at. 0/,)Co-(12.8 at. % B alloy; [0055] Figure 20 is a flowhart
depicting a nethod of manufacturing a nickel (N )-based sputter target,
according to a fourth arrangenent of the present invention; and [0056]
Figure 20 is an SEM secondary el ectron i mage of gas atomized N -(20 at. NP
alloy. [JETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0057] The present invention
provides for a sputter target manufacturing nethod which overcone the

defi ci Mk Figyre Ehdapigts Xony diffractionpetterns pfanastdasicand rapidlyssolidified Fe-  t he
presen ' I " pr an inproved sputter target manufacturing
met hodt('wi?%&)g?ggumdgée /\%/)gfa;i/lo bund billet stocks for defect-free, chemcally
honbgeneous sputter targets with enhanced PTF characteristics. [0058]

Fi gur e [@0553 Figuré 2shadlawchepidepicting amethbd ofimahufaemrifiga hickelipbasedal t

(Co) - bas sputter target. fornul ated as  Co-(5-40 at., 9% Fe-(5-20 at. /0)B,
b Co- gizs bl 4besin 85 oyt MRnne st o TrtsentmBtiomAne 5 o - o) X1 and
optionally (0.5-7.5 at. % X2, Xf representing copper (Cu), silver (Ag) or
gol d (40056) Fixelre<20 1sArSEM Bédohgary ielcaftbiThdEiof gas; N0 at. YhPRalley (1Y),
zirconium (Zr), niobium (Nb), nolybdenum (I\/bf, rut henium (Ru), rhenium (Rh),
| ant ha MQ_E&&JDJ ) I (Ta), tungsten (W, or iridium(Ir)
accordi ESCRIE. ent invention. Briefly, the nmethod
i ncludes the steps of preparing a plurality of raw materials into a

cormosgoosm The pFREMINENAEN provle&for @Xpditkr lrgett ity Bfthod (MR OF a
Co-(5-25 at. WYCr-(5-25 at. /o)Pt-(5-20 at.” %9YB-(0.2-7.5 at. %Xl and

opt i ondivesgome thexdefickneies of goxyentionalymanpfacaringtrhethedsy da partipulaf, theapvesent er i al s
conpri sj . ster. all oy nd heat, t.he plurality of raw
mat er i a+€gl&§§gfov§d§g 3% m%glrn%or‘{gg?pua ef)%laf #ﬁﬁﬁsﬁﬁ%m09%$‘§bﬁ£€%?? toa fully
| i qui d wipicand bilfeostotla fopddfest-five) dhiymidally G6iopeliends spattthardet-wittb- 40 at .

% Fe-(5-20 at. 9B, or Co-(5-25 at. NHYCr-(5-25 at. HYPt-(5-20 at.

o) B- ( 0.ephanosd BT Fchapastenslies. ontj onal Iy (0.5-7.5 at. % X2 alloy system The
met hod al so i ncludes the steps of

{0058} Figure 4 is a flowchart depicting a method of manufacturing a cobalt (Co)-based
sputter target formulated as Co-(5-40 at. %)Fe-{5-20 at. %)B, or Co-(5-25 at. %)Cr~(5-25 at.
%)Pt-(5-20 at. %)B-(0.2-7.5 at. %)X, and optionally (0.5-7.5 at. %)X, X; representing copper
(Cu), silver (Ag) or gold (Au), and X, representing titanium (Ti), vanadium (V), yttrium (Y),
zirconium (Zr), niobium (Nb), molybdenum (Mo), ruthenium (Ru), rhenium (Rh), lanthanum
(L.a), hafnium (Hf), tantalom (Ta), tungsten (W), or iridium (Ir) according to one

arrangement of the present invention. Briefly, the method includes the steps of preparing a

plurality of raw materials into a composition corresponding to a Co-(5-40 at. %)Fe-(5-20 at.
%)B, or a Co-(5-25 at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %)X, and optionally
(0.5-7.5 at. %).X> alloy system, the plurality of raw materials comprising pure elements or
master alloys, and heating the plurality of raw materials under vacuum or under a partial
pressure of argon (Ar) to a fully liquid state to form a molten alloy corresponding to the Co-
(5-40 at. %)Fe-(5-20 at. %)B, or Co-~(5-25 at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at.
%)X and optionally (0.5-7.5 at. %)X, alloy system. The method also includes the steps of
solidifying the molten alloy to form an ingot, reheating the ingot to a fully liquid state to
form a diffuse molten alloy, and rapidly solidifying the diffuse molten alloy into a

homogeneous pre-alloyed powder material. Furthermore, the method includes the steps of

-11-



solidifying the nolten alloy to forman ingot, reheating the ingot to a
fully liquid state to forma diffuse nolten alloy, and rapidly solidifying
the diffuse nolten alloy into a honpbgeneous pre-alloyed powder material.
Furthernore, the nethod includes the steps of -11 consolidating the
honobgeneous pre-all oyed-powder material into a fully dense honogeneous
material, optionally hot and cold rolling the fully dense honbgeneous
material, and mnmachining the fully dense honogenous material to forma
sputter target. Accordingly, the nmanufacturing nethod is alternative alloy
preparation nethod for the production of enhanced performance sputtering

t ar get prdﬂhgph@Mrﬂ@n&:@Qﬂrﬁhﬂ@&%bﬁwﬂhﬂnﬂﬁwgﬁ?&flﬁnﬁ?ﬂ&b thﬂﬁgd(:jﬂto?@e
conven |ona cas i nor e det ai e method o
manuf a&FT %&%"Fa‘%ﬂlgﬂﬁ@g g‘ﬂyt ne?‘HrWFréﬁleﬂil as Oo (5-40 at.

% F
0;3B?(g%&mgmﬁ%yﬁﬁsﬁ%%teﬁﬁgﬁ?ﬁg%@ags?gtﬁéﬂ%%ﬂ}\é X1 re esentl ng

copper Manyfactusing yesthod(izglferoativgalldy prepiratiomoeti@d rfeqnthe 9m¢mcmgl efienbaricadn (Ti ),

anadi on Nb um ( Mo

¥ et heniPEtonanc¥ St (alns Sni bR Eidrion 1 O peEbIOR koo BlefelE R (T

t ungst eonyeffiondd casting Gra¢ticd.| r), begins (step S401). [0060] A plurality of raw
materials are prepared into a corrposition corresponding to a Co- (5-40 at.

o9 B (0180891 4% migre Qe Rhe Ao b AmthSing secpsl (GO Baspdsbulr S92yt em ¢ he

pl ur al ithym@hted YCHRS-R0 LB LA fat. 9 9 SRS s (step
5402). For cgbalt Co) ba@e(ej_nglgati /t)m?pgfe)-gs (ngﬁm{gzs?&u})aﬁﬁ)rg}gg%er (Cu)

are addemB-f524. 5s‘c1'£g%hY:«‘=\Eld£Db®@&Yt(&§17@5 #o¥dXs X r@irescntingenpper Eludrsiimers ar e

1 om ¢ HAe) gh Bl PRE) bnd eorkore e R RRNER DE ARGV i it Bfoat *por e ©
si lver ((Zﬂl)uobﬁﬁ{(Nb)(rﬁ&Dyb&mﬁQM@ﬂrdMumM)Cﬂlehﬁﬁlﬁ(RIﬁolahﬁhﬁdm(M)O di sti nct

clusters, or |eak to t he ingot surface,  [0Q061) Fi &Ltlre |s a flowhart

depi ct |}W§“PW6(H& QT%)EB‘ﬁgit@i@ﬁ) sammpﬁﬁ)rbﬁ@na D.according to one

exanpl e aspect of the first arrangenent of the present |nvention. Ceneral ly,
the preparing step (step 5402) further includes the step of blending

prescr i jpeso]\.ipiitdlity bf AGE m@uaﬁalefareapraﬁs&ﬁhmad ¢opdRitRndboheyRHdRg Wsig Coand an
al | oyi n(% el ement (or elenents) int
40 at. %)Fe-(5-20 at. %)B, or a CO-(5-25 . %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5
at. %)X; and optionally (0.5-7.5 at. %)X alloy system, the plurality of raw materials

comprising pure ¢lements or master alloys (step $402). For cobalt (Co)-based alloys, silver

(Ag), gold (Au) or copper (Cu) are added as a signal-to-noise ratio booster. Since these
elements are immiscible in cobalt (Co), using conventional methods they tend to separate
from the cobalt (Co) liquid solution upon casting and form pools of pure silver {Ag), gold
(Au) or copped (Cu), which later solidify into distinct clusters, or leak to the ingot surface.

[0061] Figure 5 is a flowchart depicting the preparing step (step S402) in more detail,
according to one example aspect of the first arrangement of the present invention. Generally,
the preparing step (step S402) further includes the step of blending prescribed weight
fractions of a master alloy pre alloyed powder and an alloying element (or elements) into a

composition corresponding to the desired alloy system.

{0062] In more detail, and according to one aspect, the process begins (step S501), and
prescribed weight fractions of a Ag-Pt master alloy pre-alloyed powder, a Co-Cr-B and
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conposition corresponding to the desired alloy system [0062] In nore
detail, and according to one aspect, the process begins (step 5501), and
prescri bed weight fractions of a Ag-Pt master alloy pre-alloyed powder, a
Co-Cr-B and -12 optionally X2 nmaster alloy pre-alloyed powder, and

el emental platinum (Pt) are blended into the conposition corresponding to
the Co-(5-25 at. WCr-(5-25 at. %HPt-(5-20 at. 9YB-(0.2- 7.5 at. %X and
optionally (0.5-7.5 at. %9 k'2 alloy system (step S502A), and the process
ends (step 5504). According to this aspect, the fully dense honbgeneous
material is hot rolled at a tenperature of |less than 1186 C, or a

e oo el b o i gy s
parti cﬁ]%‘ea?‘%é@ﬂg’g’f‘ ,°°‘¥‘?f80%85ﬁ° 'S‘F f%%(slgg %T%ggfééz%.& H'S*g‘a(grﬁ %‘l"'}tff'gp-g'f raw
mat er i & SatC WY} Ardeptiohal FHDSLRS bi. 3b)lxYalRsy S662A), ansihRIpdde iRl Pt) el t

T
stocks, where the prescribed platinum ( content i's approximately 10 at.
% to 9dstap S564). Hreesrdingip this apeet; the fllyodense bamoganequsangtkrial as hatyolied at aw

mat er i bal Ly LI gui | t | I oy having
subst aﬁ%ﬂﬁg\%@r{]ﬁg&ggﬁéﬂg?gsgf? baeﬁmggrgﬁ’f‘%hﬁn%%ﬁg]ﬂo‘“ i@\dtuec’ﬁgsfe a dgﬁ?z nol t en
al | oy iisfra)y kitabugh et Hoo-réllingstep miah e loptidizély Aehiftéd. | ngot is reheated to a fully

liquid state and rapidly solidified into a pre-alloyed Ag-Pt pre-alloyed
powder material. 10064] Figure 6 is a Ag-Pt phase diagram which reveals

t hat j\tecti tion involvi i Llver (Ag)-rich liguid (L d
ol at 1 nufFER Aol 36 abftichi3t SptrioBadePl pbF s kepliegd e bl b6, )y oy
cont ai NawdnABeAlE cotfprifed bf suléstahadiiypare {iRe) (AD anll zmmﬁm) niéM dtékksol ution  of

the same conposition is produced. Qther silver (Ag) alloys containing |ess
t han 40%kerathe prgscribed platigwmn(Rt) eomtqnh isiapproximatelytl; rvg a0 Ale % Preferably whi ch

t he ons )l .S ' Has gl 16 pendi ng
on the ‘ﬁ%&g?‘?a@gﬁiﬂ;a@ ?E}?}J%r ocg's@?éﬁ%vqfaé%perga}gg‘ﬁag%r {eoqw r[g%@ﬁid,sﬁqﬁg’%épg‘r;ti ng
raw matmaoital Aloydiaving subistaitiuily thg samEpfesétitsdjplatimum (Pt)CoRteBi(@Pthaimatencoul d be

split ug,into.. ¢t re-al |l oyed,powders. i ncl uding, a Ag-Pt. all and a
b B PHIOYs SeidebRBrsrmian By he ks Pippie HREHe fi Y BeRHRER coul d be
added f@pidpaloNagRd imbahréaliGfedul @b fo-afbyipovalehMaterial OCeSSi Ng tenperat ure
wi ndow up to 1186 C for silver (Ag)-containing alloys and ensures

[0064] Figure 6 is a Ag-Pt phase diagram, which reveals that a peritectic reaction involving a

silver (Ag)-rich liquid (L") and a platinum (Pt) solid solution occurs at approximately

1186 °C. For an alloy containing about 40.6 at. % platinum (Pt), a silver (Ag) solid solution

of the same composition is produced. Other silver (Ag) alloys containing less than 40.6 at. %

will exhibit an incipient melting upon heating for which the onset point is determined by the
dashed solidus line.

[0065] Depending on the post atomization processing temperature requirement, the starting
raw materials for manufacturing a CoCrPtBX; or a CoCrPtBX;-X; alloy could be split up into
two pre-alloyed powders including a Ag-Pt alloy and a CoCrB(Pt) or CoCrB(Pt) X; alloy, to
which a platinum (Pt) powder could be added for balance. Such a formulation offers a hot
processing temperature window up to 1186 °C for silver (Ag)-containing alloys and ensures
an improved distribution of silver (Ag) throughout the target. A similar approach could be
attempted for gold (Au) or copper (Cu) containing alloys using pre-ailoyed Au-Cr or Cu-Pt

powders to provide a wider processing temperature window up to 1160 °C and much higher
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an inproved distribution of silver (Ag) throughout the target. A simlar
approach could be attenpted for gold (Au) or copper (Cu) containing alloys
using pre-alloyed Au-Cr or Cu-Pt powders to provide a w der processing
tenperature wi ndow up to 1160 C and much higher -13 tenperatures for copper
(Cu) containing alloys as shown in phases diagrans presented in Figures 7
and 8. [00661 According to a second, alternate aspect, the process begins
(step S501), and prescribed weight fractions of a Au-Cr master all oy
pre-al l oyed powder, a Co-B-Pt and optionally X2 nmaster alloy pre-alloyed
powder, and either an elemental chromum (C) or a Co-C naster alloy

pr e- al [teypatatyreadencoppes (Ghbenidaining alloysas shompogphasedisgramepesentidig to  t he
Co- (5- 2% 75 -(5-25 at. WYPt-(5-20 at. BYB-(1.5-7.5 at. WX and
optionaltTy (1.5-7.5 at. % X2 alloy system (step S502B), and the process
ends (step S504). The fully dense honpbgeneous nmaterial is hot rolled at a
t enper 0@66¢ Aafcoidaspstotalsarontl 1 flGrfate aspeet] the prereideging(step 850N ea”l t han 1070 C

o, SoPbeabun bl Bl R sl St el 7
prepar %ﬁuﬁmggmnaka by @ejalt)yed BOWAER! Stiefther ﬁ%&ﬁﬂ%@mﬁ@gg}féﬁfﬁi ally pure

gold (Au) and chrom um mel t° st ocks, _where the prescr omum (Cr)
cont entCe-€r magenall yed pawdengre blegdedinto the compésitierhéopresponding.to% t o 49

t. % i o hal S, ° ful l. i quj tate t
For m & BrSPRES IS AL R 2l P R E o3 P Rt gpiohetd B um (o)
cont entat. %Ay} allbg sysedni Gfep SHORBY, and tieoproctisé eeld ($top §504Y) The flBadenseThe Au- Or
ingot is reheated to a fully lLiquid state and rapidly solidified into a
pr e- al | yRAgengpuematirial whowiledﬁbmpf lgps than § pefbH3, onatpicapeRtire a

i gt e 7S eSO RS R AP s Dy AR oeBIE, "

opt i onadthigted2 nmaster alloy pre-all oyed powder, and el enental platinum (Pt)
are blended into the conposition corresponding to the Co-(5-25 at.

At o IS8T Agpotdine e Tpafhuas S il ooy s red e Bl et ) e
ful ly demnsfateailsganpised offaitstantdhlly purbgbldi(dh) &l dirofidne (Y hitltstrkQf | ess than
1186 where the prescribed chromium (Cr) content is approximately 10 at. % to 80 at. %, preferably

47 at. % to0 49 at. %. The plurality of raw materials are heated to a fully liquid state to form a

molten alloy having substantially the same prescribed chromium (Cr) content, and the molten

alloy is solidified to form an ingot. The Au-Cr ingot is reheated to a fully liquid state and

rapidly solidified into a pre-alloyed Au-Cr pre-alloyed powder material. .

[0068] According to a third, alternate aspect, the process begins (step 8501), and prescribed
weight fractions of a Cu-Pt master alloy pre-alloyed powder, a Co-Cr-B and optionally X
master alloy pre-alloyed powder, and elemental platinum (Pt} are blended into the
composition corresponding to the Co-(5-25 at. %)Cr—(5-251at. %)Pt-(5-20 at. %)B-(0.2-7.5 at.
%)X and optionally (0.5-7.5 at. %).X; alloy system (step S502C), and the process ends (step
$504). The fully dense homogeneous material is hot roiled at a temperature of less than 1186
°C, or at a temperature of less than the solidus temperature of the Co-Cr-B master alloy (see
step S409, infra), although the hot-rolling step may be optionally omitted.

[0069] According to this particular aspect, the Co-Cr-B and optionally X; alloy is prepared
using a plurality of raw materials and/or master alloys which, for a given Cu-Pt alloy, are
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C, or at a tenperature of less than the solidus tenperature of the Co-Cr-B
master alloy (see step 5409, infra), although the hot-rolling step may be
optionally omtted. [00691 According to this particular aspect, the Co-Cr-B
and optionally X2 alloy is prepared wusing a plurality of raw materials
and/ or master alloys which, for a given Cu-Pt alloy, are -14 chosen to
provi de the proper atom c bal ance for the Co-(5-25 at. %Y Cr-(5-25 at.
WPt-(5-20 at. % B and optionally (0.5-7.5 at. %9 X2 all oy system The
plurality of raw materials are heated to a fully liquid state to forma
nolten alloy, and the nolten alloy is solidified to form an ingot. The

i ngot ¢hosereteqavdde the proffen btomit bajancd fet the Eod(feSranBo)Try(5s28 atd¥ehite(d-20nt o a

pre-alloy rjal.. . | caj ed..above the tarting raw
mat eri & Sﬁcﬁ'&) V\ﬁ msl‘fn% /‘g@l%lﬁylﬁ%e (}hc E'.‘;‘(‘T‘g} W%QCQF];SV coul d be
split mtecan ﬂm\jﬂh?hesﬁtd 106 B elkeh Slldy) ahdithe MitbiRnAfloYls RlilFRkd tGfifma

CoCrB(Pt) or CoCrB(Pt) X aIIoI%(PB to which a platinum(Pt) powder could be

added %mgobaﬂyneam lw‘%ﬁm tera i p ligeid statcoand qapidlyznolidifisd defo pawe-gliaved ( Au) or
copper 4l ning alloys using pre-alloyed Au-Cr or Cu-Pt powders to
provi d er processing tenperature w ndow up to 1160 C and nuch higher
terrperatures for copper (Cu) containing alloys as shown in phases diagrans
pr esen{®I0] Asidjeatessabpve,ibie Sarting 0% najksials fmnamﬁp:ttmﬁ@a GoCetBXi onve to the

above i,on f ural it aw .materials ri sed of
bt weels S5 PEay 15 3y, 154 B syt Syt 0 pletBed PovegF s AGRERISY | e’ Ui 1
dense BAIRCLUEBES) sTalcrBaM) X?alfb@ttor\ﬁhbleﬂpfaﬁhﬁﬂ(ﬁﬁ SwdérdohRt) beadddéad fopnper at ur e
| ess than 962 C. AIternatlveI , one of the plurality of raw naterials is

conpr i balaness Asimilar emréwhtcaulddcma&e@m)! foﬂlﬂﬁ’é@ w)ips WW&CM@Wgeneous
t t 1065
e e

c 0 rrp ri mdduw uptor bl 68l °€rmﬂt:mlchdmgl1ce tenfperatyres\oe ceppeh €Ci)uohtaidemalibys asrogeneous
mat er i i s. hqt |nf_}?%da€at a tenperature of |ess than 1085
C. Mor S3OERINER ‘P TR s may include pure el erent al

cobalt (Co), chrom um (Cr) pI atinum (Pt), boron (B), X, and/or X2, and/or
- O, [6WHB.AsGOndnt deBictdd0alRinatifel tdGhe abdV@/formulationk, ond®d ey pladalif)ef raw

materials is comprised of between 0.2 at. % and 2.0 at. % pure elemental silver (Ag), where

the fully dense homogeneous material is hot rolled (step S409, infra) at a temperature less
than 962 °C. Alternatively, one of the plurality of raw materials is comprised of pure
elemental gold {Au), where the fully dense homogeneous material is hot rolled (step S409,
infra) at a temperature less than 1065 °C. As a further alternative, one of the plurality of raw
materials is comprised of pure elemental copper (Cu), where the fully dense homogeneous
material is hot rolled (step S409, infra) at a temperature of less than 1085 °C. Moreover, the
plurality of raw materials may include pure elemental cobalt (Co), chromium (Cr), platinum
(Pt), boron (B), X; and/or X, and/or Co-Cr, Co-B, Co-Cr-B, Ag-Pt, Au-Cr, and/or Cu-Pt

master alloys.

[0072] Returning to Figure 4, the plurality of raw materials are heated under vacuum or
under a partial pressure of argon (Ar) to a fully liquid state to form a molten alloy
corresponding to the Co-(5-40 at. %)Fe-(5-20 at. %)B, or Co-(5-25 at. %)Cr-(5-25 at. %)Pt-
(5-20 at. %)B-(0.2-7.5 at. %)X; and optionally (0.5-7.5 at. %).X; alloy system (step S404).
The molten alloy is solidified to form an ingot (step S405), and the ingot is reheated to a fully
liquid state to form a diffuse molten alloy (step 5406).
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[0072] Returning to Figure 4, the plurality of raw materials are heated
under vacuum or under a partial pressure of argon (Ar) to a fully liquid
state to forma nolten alloy corresponding to the Co-(5-40 at. 9% Fe-(5-20
at. %9 B, or Co-(5-25 at. HYCr-(5-25 at. WYPt- (5-20 at. %YB-(0.2-7.5 at.

% X1 and optionally (0.5-7.5 at. 9% X2 alloy system (step S404). The nolten
alloy is solidified to forman ingot (step S405), and the ingot is reheated
toa fully liquid state to forma diffuse nolten alloy (step S406). -15
100731 The diffuse nolten alloy is rapidly solidified into a honbgeneous
pre-all oyed powder nmaterial (step S407). Rapid solidification provides the
means for producing extrenely reduced scale mcrostructural features, since
reducepogsjarie Gffas: moNen d113§ iy rafidfP@liReTd i %%ﬂﬁfg&n&bé‘?&salﬁfy_%d gewadrabl e for
enhanci ng the sputtering process and minimzing particle emssion. At the

ni cr os®aral (siep SHO7x Kapidselidifisationiprpyides the meppuiior prrduriag extremelyure i s highly

chem c | - ' teert.ak: i n excel | ent
sour ceﬁpg%édté EélelIe ﬁgg%g@%ﬁgﬁ‘e%ﬁ{e%’ﬁ%%ﬁ%g? %‘I%[r{%\?\%et [ rﬁekﬁél%&eﬁal conposi tion.
M cr ossecomdany phased ara desirablefasenhancingrtherspattdring provess and miaiizingepaitivie

brittleness of internetalljc containi .alloys., Generally, brittleness is
exacerﬁa’tsélﬂn\/\/ﬁéﬂmtw(ﬁ’.éc @é‘t%@_fﬁﬂ’@&fﬂﬁl %P@é“’é‘f‘c"t‘ﬂ@mi" OFER ishighly phase is
| ar ge. chehEa uniidRh dnd Ml Hirkifoalding farB@ WA 5 4 xe8ljeRfstiuré ok tHY

t
m crostructure that can sustain nost  of the thermal cycling during
consol fienesition o thermesha flempithtitsmontinal composibomevivaestmature refioementibag. For gas

atom zat | 2 | GO0} | a IS ssipl e for. nogt smal |l powder
e t | o Palryeafy b ol SO Bl B o B RRRAR, SorisfhipE BROY:S Gperals
conducbiittichess &ekasgrbated ivben the 3ize @8R Grédipitikestof ehedhichitetaliid Phask iRRpEed
solidification of the diffuse nolten alloy occurs at a rate of up to 104
C's, or to 10,7 _C/s. Rapid solidifj.cation occurs via atom zation, nelt
spi nni Hg’,ﬂﬁ}‘ag'&rsa g7 ggneraii g pen-ewulibeym TUEONBIChER that pgysystam mpsty) y

sol i di bf #fd thédndt &cNAFRATNEIMSoIRhRoRA HYERPEMHRE andbfhé-Rleckidridal an aver age
particle size ranging between 25 mand 350 m [00761 From a thernodynam c

st andporasessitige danges @omizaton, ianvietychigh eenlingrate ipdssiblei fopmostsminil poder s| ow heat

transfer_ at the -ingot _interface,. ingot. solidificali. ner.ally follows
the  edtriflesir im0 Aoty S 1€k De Rl BB BRRGR | ) [ony
cases, hefi@apsit9asthealllopy

[0075] Rapid solidification of the diffuse molten alloy occurs at a rate of up to 10* °C/s, or
up to 107 °Css. Rapid solidification occurs via atomization, meit spinning, or spray forming,
where the diffuse molten alloy is rapidly solidified into a homogeneous pre-alloyed powder

material with an average particle size ranging between 25 pm and 350 pm.

[0076] From a thermodynamic standpoint, because of the limited heat evacuation imposed by
the slow heat transfer at the mold-ingot interface, ingot solidification generally follows the
equilibrium illustrated in the corresponding phase diagrams. In many cases, the as-cast alloy
phase constitution limits the performance of the sputtering process, for instance where the
stoichiometry of the secondary phases determines the PTF of the target, affecting the overall
properties of the sputtered film.

[0077] Rapid solidification techniques are used by the present invention for the preparation
of sputtering target alloys, where rapid quenching from the molten state enables the
solidification of any sputtering material while achieving microstructural uniformity, fineness
and integrity for further processing. Given the high cooling rate which could be achieved in

rapid solidification, a non-equilibrium liquid-to-solid transformation is favored. The
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phase constitution limts the performance of the sputtering process, for

I nstance where the stoichionetry of the secondary phases determ nes the PTF
of the target, affecting the overall properties of the sputtered film
(00771 Rapid solidification techniques are used by the present invention for
the preparation of sputtering target alloys, where rapid quenching fromthe
nolten state enables the solidification of any sputtering material while
achieving mcrostructural uniformty, fineness and integrity for further
processing. Gven the high cooling rate which could be achieved in rapid
solidification, a non-equilibriumliquid-to-solid transformation is favored.
The -16 products of such rapid quenching include a conpletely anorphous

sol i d gtddayts ofisuchirhpiy quarhingiinilodp aeimyslétalyl enqaplass Soldilldy; eslaltdyed i n the
phase di agram and/ qr extended ot uper sat urated solid solutions. ]0078]

Rapi d &8 nﬁi%ﬁﬁ"’gﬂef’ Fi Bedicted jnythe,phase diagtam agor extendedon i ng and
spray shskinisied bSiEsoARRAs Ut i | 1 zed for various applications in the aerospace
i ndustry, and for other special applications, since atom zation processes
are capabl e of producing segregation-free pre-alloyed materials with nuch

r ef i ned9078¢ Repidrsglidification tqehmiques.sueh @ atomizations meltspiining asd sty powder i s
A . © StNAe . ' o
Fechni AoRbELE 6 bRt PL AT Bt b RN AT ospB Kb M Tt PP O 211 O

pr oper tspersal applicatioss, sinceatomyatomprooessed dro bapablekof prathicingpegpdgationairdel ner
powder th centrifugal, atom zation. (0079] The ho enequs_pr.e-al | oyed
powder Hr%-gl@%'ﬁgaﬁt Uit ueh Pycraétﬁ@e"rl%ﬁwg@ﬁﬁ%gl pPreibep s408) .
At | eaglowded is wang%teﬁﬁmba bl e HRnizAtid @RI SRPRN 2 gief atdthizaticad powder

material, where the first boride phase is conprised 6f Co3B or a mixture of
Co3B artechoispB, hydh¢ farsmetersonflibe tebhmiquititscapd siley auid prdpertiss.t Fer ipsancde si ze i s

| ess than .m.. For, the Co-(b5-25_.at. 0 ~(5-25.at. A Pt-(5-20 at.
o5 B ( 0. 135 90mifRtion & koW Pl £ b polhst ot leab shilanfin, © U o
primary phase is forned in the honogeneous pre-alloyed powler material,

where the primary phase is an extended solid solution conprised of Co-Cr-
X1- Pt d00T9]-The hiinogeneBts prerdllayead pevdep it @ndolalnted%iteial fully démdg) or up to 7.5 at

% gol d lgoerlxj g’ene%rus m%?erfap (st76p534%§). zg{g I%gs?g%st%%zlé is%m?e’é% 5 homo egesciuts. ip?er-]'
alloyed powder material, where the first boride phase is comprised of Co;B or a mixture of
Co3B and Co;B borides or other boride compositions, where the boride size is less than 2
pm. For the Co-(5-25at. %)Cr-(5-25 at. %)Pt-(5-20 at. %)B-(0.2-7.5 at. %)X, and optionélly
(0.5-7.5 at. %)X, alloy system, a primary phase is formed in the homogeneous pre-alloyed
powder material, where the primary phase is an extended solid solution comprised of Co-Cr-
X;-Pt or Co-Cr-X;-X3-Pt containing up to 2 at. % silver (Ag) or up to 7.5 at % gold (Au), or

up to 7.5 at. % copper (Cu), or another composition.

[0080] Figure 9 is a flowchart depicting the consolidating step (step S408), according to one
example aspect of the present arrangement, although other consolidation processes may be
used as well. In detail, the consolidating step (step S408) begins (step 5901), and the
homogeneous pre-alloyed powder material is encapsulated in a can (step S902). The can is
evacuated at a temperature between 300 °C and 600 °C to a vacuum level between 1072 torr
and 107 torr (step $904), and the can is sealed (step S905). The can is subjected at a

' temperature between 300 °C and 1300 °C to a pressure between 10 kilopounds per square
inch and 45 kilopounds per square inch in a pressurized hot isostatic pressing vessel (step
$906), and the process ends (step S907).
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]0080] Figure 9 is a flowhart depicting the consolidating step (step S408),
according to one exanple aspect of the present arrangenent, although ot her
consol idation processes may be used as well. In detail, the consolidating
step (step S408) begins (step S901), and the honpbgeneous pre-alloyed powder
material is encapsulated in a can (step S902). The can is evacuated at a

t enperature between 300 C and 600 C to a vacuum | evel between 10-2 tort and
10-3 torr (step S904), and the can is sealed (step S905). The can is
subjected at a tenperature between 300 C and 1300 C to a pressure between
10 kil opounds per square inch and 45 kil opounds per square inch in a

pr essu[ﬂﬂBéhRmrniﬁgtosﬁxghbd fur elssCog5-4e a8 8H)Fe¢5-20 at. SPBlloyansterahe pr ocess ends

(step 89 - 17 Ret ur oFl e4 for the Co-(5-40 at.

% Fe- (BY f@?‘fﬁl%&he Ps‘ifjsi’t" ?ﬂl 51@“’ d5g3¢ hameasaroys &3 he step of

hot T Okdg gat&re%mahmde s4aig GESERBLMRR | €55 than
t he Co- (?40 at . ° N Fe- ( - qu@oﬁaﬁg% sollﬁ&dsl(jis1 tenp é%ature (step

S409), (%nnmé;wlthwghnb@ hcrtcp!lmgqte@tcepbeanntw ibddsireddThe ftxllesipmd The fully
d t. | | ed to f
e o PAPPPIBAEHRSR LR baleh GRhSld) R SR AR5 O

gas at 8M Paindahe mieetod enie (ep S42)sed because of its |ower viscosity and

hi gher sonic velocity, producing a rmuch finer powder than argon (Ar). By
i ncreasing the di sc rotations-per-mnute ("RPM') or electrode RPMin the

par 1 c MO0 FOF e il hefonn 036 i Bt AP Lo R isebipnand PG o ol 1 oy

Vi scosisénic FEIIERY, pmt:ﬁga th@IASHARR pbRast thin drfod @rfieBy BRtddsinp e dik) rapid
solidification, the rate of cooling is i nversel% proportional to the

parti clrefabonseper-yyinute (‘RRRY astelecirote BRMy imthoeengifugal or sethting elédtoge i s not
easi |y a?o‘hjﬁhft}’o%ﬁJr&egs%F th?lgwﬁefrrni%%mﬁﬁé gl {s%ﬂﬂ?ﬁfl n rg%rﬁrpdtg hiddilkbcation

generat es a nor-equl crostructure al n m)SSf of the
t her malhighee liquwig alloy vieghsite asd/bi siaface tensibn hésglts indagger ﬁrukfles dadapid

t her no- anj cal processin 100831 Unde he ra sol i cation
approaégF&gﬁatM‘t%‘ﬁd%Eo el 'egg%msﬁw VWOHS’F"‘%}‘PG]“?L j¢le sigg. g@?iﬁ (Au) is
achi evedmphse &ﬁmﬁlzhﬁbme wimlogqph&(éa&g oHieFAHIO¥T thefishl ﬁ?%& Shded solid

sol ution of copper (Cu) in cobalt (Co) containing up to % copper (Cu)
i n quenspiddol@htication generates a non-equlllbnum microstructure that can sustam most of the

thermal cycling during consolidation at high temperature and thermo-mechanical processing.

[0083] Under the rapid solidification approach, an extended solid solubility of up to 18 at. %
gold (Au) is achieved, as found in some splat cooled Co-Au alloys, and an extended solid
solution of copper (Cu) in cobalt (Co) containing up to 15 at. % copper (Cu) in quenched Co-
Cu liquid alloys. For silver (Ag) containing cobalt (Co) alloys, it is possible to retain few
silver (Ag) atoms in a cobalt {Co) solid solution, however, for high silver (Ag) content (2 at.
% and up) alloys, due to the presence of a liquid miscibility gap, silver (Ag) will likely
solidify into distinct particles upon atomization. Therefore, it is preferable to introduce silver
(Ag) through a master alloy that is fully miscible and/or forms an intermediate phase with
silver (Ag).

[0084] SEM and microprobe analysis has shown that the typical as-cast microstructure of a
CoCrPtB alloy is constituted of primary boron (B) free dendritic CoPtCr phase surrounded
by an aggregate of smaller lamellae of a eutectic phase including the primary CoPtCr phase
and a Co,B boride. A representative microstructure of an as-cast Co-(8 at. %)Cr-(7 at. %)Pt-
(8 at. %)B alloy is shown in Figure 10. By comparison, as illustrated in Figure 11, rapid
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Cu liquid alloys. For silver (Ag) containing cobalt (Co) alloys, it is
possible to retain few silver (Ag) atons in a cobalt (Co) solid solution,
however, for high silver (Ag) content (2 at. % and up) alloys, due to the
presence of a liquid mscibility gap, silver (Ag) wll likely solidify into
di stinct particles upon atom zation. Therefore, it is preferable to

I ntroduce silver (Ag) through a naster alloy that is fully m scible and/or
forms an internmedi ate phase with silver (Ag). 100841 SEM and m croprobe
anal ysis has shown that the typical as-cast mcrostructure of a CoCrPtB
alloy is constituted of primary boron (B) free dendritic CoPtCr phase
surrounded by an aggregate of snmaller lanellae of a eutectic phase

i ncl udsolglifidatiop of thacyblo@oPhagddardliey resnlls in thodRelophiedeof viry pe esent ati ve

Chown. PHBrsTEc Ao it (8)boridiohetd it seBliommbEFgued: 10 (apid 15

sol i di ﬁisﬁﬁiuh@ﬂ oPihe bBRICHRARE is A1 earPasiesintds B FEJ%&% e dxﬂnﬁlﬂﬁm%ﬂ opnent  of

very fine mcrostructures, where the cobalt (Co) boride phase size is
si gni f berds phase indhe axicasmécrositusture.but i on of the boride phase is al so very
uni formas conpared to the distribution of the boride phase in the as-cast

; : ; Lo i
ol 1 i 100831 AR picd BOiRginNILE o AR AGNBM it BBt Gl B B3 PAETEE (el er ) ned
bK X;jr ?’?)Pd(f{ dtr 4B ia?atsy hastteer détbﬁmlnerli;blj' K&apilizi’ﬁhﬁion?ﬁhhyshesmfl& olﬁf Iulmmrl Zteﬂ in
the diffraction patter i i gure e_as-cast allo e
equi | i Wﬁ%%ﬁ?ﬁ@?ﬂéﬁgﬁﬁﬁ&% %’“?W“%P%ﬁ@lai ](“ntg? H%c%?-'y‘é@pondi ng
matri xeg equ mhetsorrdle@cbgmm% yezs%rel driRd afhk With tﬁ@}!&Jré%Béﬁhﬁbﬂiﬁﬁﬁ'é% abl e Co3B

bori des. s non- equilibriumboride has been shown to exhibit a tairly
good t heweedr the rapidiy w}ldlfmdcallﬂﬂsdmtomdﬂmﬁy{s@bl@m&mmdeﬁf ﬂhtsr@xlposure to high

t enper of 12 uri at i erns_ of the
resul u%ﬁ‘ﬁg‘i‘ gal agg%abeuﬂ VB% {aﬁg' g:ﬁéqqnli%quﬁy #W’B’F t he

bori de u&hﬁsanedmnaﬁmﬁdpbﬁﬁfetdm B tenfpRddture Hf M2BU PO B gdas combligatiogased on the
all oy conposition, the cobalt (Co) atomfraction that is retained for the

formati f the bgride i.n t s cast_ alloys i conmpared to
the cor 8@%@65&% W‘Q@%ﬁﬁgﬁ'ﬁ?ﬂ H‘E? ormity apd ﬁ‘%"éfﬂa&.fﬁ%{a‘w%% which is
0.24. ARGQE ghdde! the stbﬂﬁm\‘&gu‘#rﬁ dd,BG nABPmBfe (¥RirdHl BARE SR thdulloy

composition, the cobalt (Co) atom fraction that is retained for the formation of the boride

phases in the as cast alloys is 0.16, compared to the corresponding atom fraction for the
rapidly solidified alloys which is 0.24. Accordingly, the volume fractions of matrix phases in
the cobalt (Co) allby which constitutes the ferromagnetic phases is substantially reduced for
the rapidly solidified alloy, when compared to the as-cast alloy. The reduction of the matrix
volume fraction and the increase of the volume fraction of the boride phase are important
contributors to PTF gain and uniformity. Furthermore, the increased volume fraction of the
boride phase in the rapidly solidified material is highly desirable for achieving a uniform
distribution of boron (B). In the as-cast alloy, the second equilibrium Co;B boride was
formed along with the corresponding matrix, however the rapidly solidified alloy developed
the first equilibrium Co3B boride.

[0087] Figure 13 is a flowchart depicting a method of manufacturing a chromium (Cr)-based
sputter target formulated as Cr-(2-20 at. %)B or Cr-(2-20 at. %)C, according to a second
arrangement of the present invention. Briefly, the method includes the steps of preparing a
plurality of raw materials into a composition corresponding to a Cr-(7-20 at. %)B or Cr-(5-25

at. %)C alloy system, the plurality of raw materials comprising pure elements or master
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the cobalt (Co) alloy which constitutes the ferromagnetic phases is
substantially reduced for the rapidly solidified alloy, when conpared to
the as-cast alloy. The reduction of the matrix volune fraction and the

i ncrease of the volune fraction of the boride phase are inportant
contributors to PTF gain and uniformty. Furthernore, the increased vol une
fraction of the boride phase in the rapidly solidified material is highly
desirable for achieving a uniform distribution of boron (B). In the as-cast
all oy, the second equilibrium Co2B boride was forned along with the
correspondi ng matri x, however the rapidly solidified alloy devel oped the

first NI boride. [0Q87) Fi 13 i fl hart depi.cti

et hod o PR PR Sspirpelerdl podlt viertyoriper » PHPAGISHRRS ot od as
Cr - ( 2-d2gorn(Ar) ¥9 Bfudly liguid 2ate @ fokm héltenation coirepohding t¢ R T 7- W at apgEent  of
the pres %i$VWSé%gq Br i e“ﬁlﬁ'{g the nethod includes the steps of preparing a
pl ura|?ft‘<e} 25 8w/ % AP s methstasineludes e sies pirlidifyingshe, o - (7- 20
at. % Bokén ﬁoy(tég&ﬁl arfihgotRefens We %gﬁg{s}ﬁéf%\ﬁqgg 3{{4 {o'thrfth difflte materials

conprising puife elenmentS or master eating the plurality of
raw nemekéraalioyuandiapdbycsplidifping theddiffuse paltdn alloy pute schonegeheouapgon (Ar) to a

fully lLijouikd state to.,forma l.ten al lo orrespandi ng,to the Cr-(7-20 at.
% B Q?lio_%g‘-h ?%Wé%' mgterialy @%ﬂe@a eéﬁ‘?d’ﬂ‘%_@%}?e?q%&?ﬁ?%ﬁ% s the steps of
sol i di hothéi@ntd\s préveiidye patvdeymiteridlahion adily A&k homdpabudehateial | Ngot to a

fully liquid state to forma diffuse nolten alloy, and rapidly solidifying

the di $qrirsRending lerblend comprsitien af GotlodHe B opLe(2201ab eI, godereehipimger i al .
The ”thla?ﬁ!ll Wﬁ@ﬁ&mﬁ%@hh’?& w}iglem%tﬁ?%ﬁqjyeg&ﬁéegl i dating the honbgeneous

pre-al [ oyed powder ertal 1nto a ense honogeneous materi al
‘corresponding to blend conposition of Cr-(2-20 at. 9B or Cr-(2-20 at. % C,
and na{988] Ingmonerietailithe ynadlaotsef anubaptrmgs dhaemiuna(Cr)-badedspuitersqppttt er t ar get .

00881 | tail, . th h f facturi hr qmi Cr).- based
put ¢ forulRies 3 doras A BECREF 3 Gau, BE o805 st b { Bhd5 eRiiek. oo ns
(step mbdRdleriaRek Frepdred kd 4 Yorfpositio¥orentink So am-élrprz@mr%m bmlegsa

conposi ti o‘g corresponding to a C-(7-20 at. % B _or -$5- 25 at. %9 C all oy
syst en? ah o)) alloy sysemdhe phyplity pEravanateGalf MBS pues ameteonmasty nast er

al 1 0y 155 9B S ):

[0089] The plurality of raw materials are heated under vacuum or under a partial pressure of
argon (Ar) to a fully liquid state to form a molten alloy corresponding to the Cr-(7-20 at. %)B
or Cr-(5-25 at. %)C alloy system (step S1304). The molten alloy is solidified to form an
ingot (step S1305), and the ingot is reheated to a fuily liquid state to form a diffuse molten
alloy (step S1306). The diffuse molten alloy is rapidly solidified into a homogeneous pre-
alloyed powder material (step $1307).

[0090] Pure elemental chromium (Cr) powder is admixed to the homogeneous pre-alloyed
powder material (step S1308). The homogeneous Cr-(2-20 at. %)B pre-alloyed powder
material has a microstructure comprised of a solution or solid solution, such as a
supersaturated chromium (Cr) solid solution and/or a supersaturated chromium (Cr) solid
solution with sub-micron Cr;B borides or other boride, or a microstructure comprised of a
supersaturated chromium (Cr) solid solution with sub-micron Cr3Cs carbides or other

carbide. In an alternate aspect, the admixing step (step 1308) is omitted.

{6091] The homogeneous pre-alloyed powder is consolidated into a fully dense
homogeneous material corresponding to blend composition of Cr-(2-20 at. %)B or Cr-(2-20
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100891 The plurality of raw materials are heated under vacuum or under a
partial pressure of argon (Ar) to a fully liquid state to forma nolten
all oy corresponding to the Cr-(7-20 at. 9B or C-(5-25 at. %9 C all oy
system (step S1304). The nolten alloy is solidified to forman ingot (step
S 1305), and the ingot is reheated to a fully liquid state to forma diffuse
nolten alloy (step S 1306). The diffuse nolten alloy is rapidly solidified
i nto a honbgeneous pre- alloyed powder material (step S1307). [00901 Pure

el emental chromium (Cr) powder is adm xed to the honbgeneous pre-alloyed
powder material (step 51308). The honbgeneous Cr-(2-20 at. % B pre-all oyed

powdeg. m@t@feh@légms mc%ﬁsroﬂaétmg%w(ﬁm @mé)%eslyeg%fa? gl(sji% gr solid

sol uti on,” suc a su ersaturat_ed_ chr onm um (Cr ution and/or a
super samggencews piarallayedpordey matsirialiis enodpselated ima tim, sud evicuated ter@Babor | des or

ot her ' r | GhQSE I Le .Conprise f supear.sat urated chrom um
(Cr) Sgﬁ%&?‘o‘fe&ﬁ o%eWh&tsaﬁéch 3ﬂa%§&%3§rb§ﬁﬁ%e§% r tS'ErﬁB?%cgﬂai de. In an
al t er aAd theaap exdealed N Thackt i sitfedte it a@nPeratudOBdween 300 ¢ asll 1700021é aThe
honbgeneous_ pr e- al ed powder is consolidated into a fully dense

| o C t |
hono g PFESE brktcsn il%ﬁwé%wﬁms inch apd 4p dilepnnpds per sgHargfindyin@2- 20 at. % B
or O wdsded sfﬁa' ; SiRb, ' ' tep S1309)
occur %?/ encg;gjgiu att}dr%ésﬁ?g%ﬁsg}fogen%gagﬂ%ﬁgggﬁgﬁ%ﬁgﬁjﬂggﬁlﬁa erial is
encapseingtoger mettwds anwelhnd evacuated the can at a tenperature between 300 C
and 600 C to a vacuum | evel between 1 U-2 tort and 10-3 torr, and the can

2" or LB TR 7S B BOhT e nls BB Ll ol S iR s por

_squar 138 andthe pravessehds (TS 1301).1 £984s8Ck£1 105 &5 $)BExKtHS @lcoarid e

consolidating step (step S 1309) could occur, using other nethods as well.
[ 0092 FUtFRHC MGTPSIUCRKR @cwrnﬁﬁaﬁmmna lamglags ehrgminm Crlput t er

tar g%bé)ﬁg&ﬁi}g KkRdwit ) eauéé‘&v&feéf‘yaﬁfc?&g&%rﬂaﬂ%un(iﬁ%%n%ﬁ%ia}xg éllénsfaﬁ@ﬁ}ogn '3 (13.5

at . Its a coarse tectiC mcrostructure | Cr 2B
al t er rthtsefbgrilesshbiildée aCoided, aindeiss thei stz of @re) borides isaednced.eFignmari4Aandause

bor | oLt iy e aor e Gr g ot PAE it AR atiba.

Fi gur e®lid 46tudlBsl with no formed boride phase is exhibited.

{0093] Cr-C as-cast alloys tend to form coarse carbides which cause a poor machining finish
and generate particle defects during sputtering. Figure 15, for example, depicts the internal
microstructure of gas atomized Cr-(14 at. %)C, in which rapid solidification resulted in the
reduction of the chromium (Cr) carbides particle size to about 5 um.

- [0094] Figure 16 is a flowchart depicting a method of manufacturing an iron (Fe)-based
sputter target formulated as Fe-(5-40 at. %)Co-(5-20 at. %)B, Fe-(5-90 at. %)Ni, Fe-(5-70 at.
%)Co, Fe-(30-50 at. %)Pt, or Fe-(30-55 at. %)Pd, according to a third arrangement of the
present invention. Briefly, the method includes the step of preparing a plurality of raw
materials into a composition corresponding to an Fe-(5-40 at. %)Co-(5-20 at. %)B, Fe-(5-90
at. %)Ni, Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or Fe-(30-55 at. %)Pd alloy system, the
plurality of raw materials comprising pure elements or master alloys, and heating the
plurality of raw materials under vacuum or partial pressure of argon (Ar) to a fully liquid
state to form a molten alloy corresponding to the Fe-(5-40 at. %)Co-(5-20 at. %)B, Fe-(5-90
at. %)Ni, Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or Fe(30-55 at. %)Pd alloy system. The

method also includes the steps of solidifying the molten alloy to form an ingot, reheating the
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14B depict the mcrostructure of a gas atomzed Cr-(13.5 at. 9B, in which a
fully extended solid solution with no fornmed boride phase is exhibited.
[0093] Cr-C as-cast alloys tend to form coarse carbi des which cause a poor
machi ning finish and generate particle defects during sputtering. Figure
15, for exanple, depicts the internal mcrostructure of gas atom zed Cr-(14
at. %9 C, in which rapid solidification resulted in the reduction of the
chromium (Cr) carbides particle size to about 5 .un. [0094] Figure 16 is a
fl omchart depicting a nmethod of manufacturing an iron (Fe)-baed sputter
target fornulated as Fe-(5-40 at. % Co-(5-20 at. %9 B, Fe-(5-90 at. YN,

Fe- ( 5-iigptae a fully iguidbstatedo (Bt Hdiffase fripleen allary, ﬁd—@ﬁﬂlﬁﬁ)lﬁﬁﬁd@tﬁhdﬂﬁs&:ordl ng to

third t of th ti fl d | ud
he suBpRr Y G AnoBlogteys Bier5Ttd PN alitial: BrBlertibs. e abibali i on Lo
cor r esipeladésithe §t0psof chfisolidatihty the hoftib G@ﬁg-aﬂ&yed)@o%deFﬁla(e'imPﬁto #fully9 Ni ,

Fe-(5-70 at. 9% Co, Fe-(30-50 at. 9 Fe- (30-55 at % Pd all oy system
t he ﬁteﬂﬁ%lllql?%eéque\%t%&lé}qt &?lgﬂ&gﬁtflﬂtlbéihﬂ'@ bemegsacewsantsrialy andast er al | oys,

and h Eﬁlﬂﬁ uum or partial pressure
of ar S‘glr’\d %Ar%a?oﬁlg}y&ﬁ th%ﬁl gé“" ?i‘ﬁa fat e tfgﬁ?or a no tén al I oy corresponding
to the Fe-(5-40 at. _/()Co (5-20 at. %WB, Fe-(5-90 at. YN, Fe-(5-70 at.

% Co, [009%)30-rBoredetailgthPmethnd dfenapfacBBingtan ikh Kbe)dbased/spytst target The et hod

Feneat PRERD S 35-GHBaR BiccBrif i WORTt G B, 57, PR SoRIBEE ol Fon
al | oy, (30:5% t.ephm] o I&0ﬂ30$5fa¥l%}Pdﬁi:gnﬂl(?,téplSBGOlf)‘ﬂhhﬂ@fplﬂ’ah@'}bflrﬁw ¢haterfAlyTOgENEOUS
pre-al ] oyed powder material. Furthernore he met hod i ncludes the steps of

consol S@EPAFRY 1R GoBIROgIEIAR SOespPRAIAE oAnie- ﬁéo‘tmr Yoee€P281at. 7B Fer($ul | y
d tery |
at or i A7 S GIETATS TR R, FOAS0-50 el o o B U S o SHRE AT RARRERE

sput t eplutaityyef raw :04185dls tomprivieg plat alementshve mstehaibysi(steapBUSERSL uri ng an iron
(Fe) - based sputter target formul ated as Fe-(5-40 at. 9% Co-(5-20 at. %B,

Fe- (5- 5 70 a 30-50 a or. Fe-(30-55 at.
% Pd b@g?ﬁtﬂ(‘%/%lé‘f?ﬂ ,%%tbr Y"m%tﬁ'aalﬁlsé?eﬁ'iggluf@? g‘f““r“b%' %?%ﬁ‘%ﬂ‘e of &88Pepared i nt o
a Cormg&l)td @hl@Q[q’IﬁBﬂQletb ﬂﬁmtﬂnamefﬂ}o(y&o&@spahdmgﬁ&me(r&.@mm %j@ds(s Fe- (5- 90

at. NN (5-7 % C0 (30- % Pt Fe- ( 30- 55 % Pd al | oy
syst A ghé,)s Be (5198 5. NG Fe-(5070 ot 54)Co, Fe-(30.50 at, S0PL, o Fe-(30-33 a. %P

alloy system (step S1604). The molten alloy is solidified to form an ingot (step S1605), and

the ingot is reheated to a fully liquid state to form a diffuse molten alloy (step S1606).

[0097] The diffuse molten alloy is rapidly solidified into a homogeneous pre-alloyed powder
material (step $1607). At least a first boride phase is formed in the homogeneous pre-alloyed
powder material, where the first boride phase is comprised of a metastable Fe3B or a mixture

of metastable FesB and equilibrium Fe;B borides, or other boride compositions.

[0098] The homogeneous pre-alloyed powder is consolidated into a fully dense
homogeneous material (step S1609). The consolidating step (step S1609) occurs by
encapsulating the homogeneous pre-alloyed powder material is encapsulated in a can, and
evacunated the can at a temperature between 300 °C and 600 °C to a vacuum level between
102 torr and 107 torr, and the can is sealed. The can is subjected at a temperature between
300 °C and 1300 °C to a pressure between 10 kilopounds per square inch and 45 kilopounds
per square inch in a pressurized hot isostatic pressing vessel. The consolidating step (step

$1609) could occur using other methods as well.
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plurality of raw materials conprising pure elenments or nmaster alloys (step S
1602). [00961 The plurality of raw materials is heated under vacuum or
partial pressure of argon (Ar) to a fully liquid state to forma nolten
all oy corresponding to the Fe-(5-40 at. 9% Co-(5- 20 at. /0)B, Fe-(5-90 at.
%N, Fe-(5-70 at. /0)Co, Fe-(30-50 at. %9 Pt, or Fe-(30-55 at. %9 Pd alloy
system (step S1604). The nolten alloy is solidified to forman ingot (step
S1605), and the ingot is reheated to a fully liquid state to forma diffuse
nolten alloy (step S 1606). [0097] The diffuse nolten alloy is rapidly
solidified into a honogeneous pre-alloyed powder material (step 51607). At

| east [8|099]r'§he ftly Edmephﬁmggﬁ@ufj iateeid] ismot-hﬂemmg@gao?@wmc abi(sngled powder
mat eri a t irst bori se is conprised of a netastable Fe3B or
a ni xtﬂr"é’)&g'ig"ﬁrgﬁbg/f)bﬂéyI%%‘Bn’atﬁﬁP‘E@Lfqu%ﬂﬁ°mwaél§s}}°t6?lkét%ér bori de
conposk&%,@ga' ' e 139 tH il APRRAKS. lee %?g&; [ | i dated into
a fully dense ho&rr%]éeneougegn%teri al (gw:%mg 16031)0. he ug(ﬁaétg[??giti ng step

(st ep Wadldush todemna spulter tasgrs e Hali2hgnd the hethedjendséstsp i€l | oyed powder
material is encapsulated in a can, and evacuated the can at a tenperature

bet wee : Q b 10-3 tort,
and T nR188EAFIRRGaRT Rkt 1, WRTHABASEUE ofRLIREPe (40 m DA E S e 300 C
and 13%)BGhdludes apue exitred sratteematiil dad tieitesB doriger Bg qomparisoncds and 45

ki | opoynds er_square inch i a.pressuriz hot isostatjc. pressing vessel.
The ¢ oﬁg‘éﬁr‘l‘t&‘gﬂ Frrgﬂrsﬁépfaﬂdt 59}5“’%"1’6‘89??@6}}'9’&! 8%&'@6?“‘@3‘% EsyithEy heet hods as

wel | . plh{)g ; ; | i ; d (step
S1610) develo thgg%ﬁ(?g? Ly 1&1'2%‘(?‘5?:([}? é\csok}‘?' i haty S %%/es&?glﬁrl]ﬁet el y

.dense tednersle nBsulistribution ofithdse bhnde plaisésdd alse very wnifope asicempartdtosthe hen t he

sol i dug. ratyre, The.-fully dense ho enous material is machined to
form a&gﬁﬁ{@@S ?%F‘?;E?“%E%‘ég“éx‘f%@?}‘,g'°§ﬁ‘?‘gﬁ-e nmet hod ends (step S 1614).
[01001 As illustrated in Figure 17, the mcrostructure of as-cast Fe-(30.6
at. 9% @04 Figrald depigiBthicredulisd of aaX-aiy diffchetietarmlysisaif diiecpliné constimtidnt he Fe2B
bori de. By conparison, as..pLl]ustrated in Fjgure , Jfapld solidification of
the i rsﬁaepéﬂfggag‘éaapadlr aebqﬂégftfﬁ-@?%é]a& C%ﬁ?@%‘ﬁéﬁrﬂl% I e gsrathe

M Cr OS LS i &RilibMHRT Feﬁ"%rﬁ@_u%@%rﬁﬁd&fb’%@%ﬁi t%@@oﬁésﬁoxﬂiﬂ?h;ahﬁ@nt Iy reduced.

The distri’bution of those boride phases I's also very unitormas conpared to
t he Conversely, the rapidly solidified alloy developed the metastable Fe;B boride, where the

non-equilibrivm boride exhibit a fairly good thermal stability which was not transformed

even after exposure to high temperature at 1100 °C during hot consolidation.

[0102] In terms of the resulting PTF gain and uniformity and the overall distribution of the
boride phase, it is clear that the stoichiometry of Fe;B is highly desirable. Based on the alloy
composition, the iron (Fe) atom fractions that are retained for the formation of the boride
phases in the as-cast alloys is 0.256, while the corresponding atom fractions for the rapidly
solidified alloys is 0.384. Thus, the volume fractions of matrix phase in the iron (Fe) alloy
which constitutes the ferromagnetic phases is substantially reduced for the rapidly solidified
alloys as compared to the as-cast alloys. The reduction of the matrix volume fraction and the
increase of the volume fraction of the boride phase are important contributors to PTF gain
and uniformity. Furthermore, the increased volume fraction of the boride phase in the rapidly

solidified material is highly desirable for achieving a uniform distribution of boron (B).

[0103] Figure 20 depicts a method of manufacturing a nickel {Ni)-based sputter target
formulated as Ni-(10-30 at. %)P, according to a fourth arrangement of the present invention.

Briefly, the method includes the steps of preparing a plurality of raw materials into a
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di stributions of the borides in the as-cast mcrostructure. [01011 Figure 19
depicts the results of an X-ray diffraction analysis of the phase
constitution of the as-cast and rapidly solidified Fe-(30.6 at. /0)Co-(12.8
at. 9B alloy. In the as-cast alloy, the equilibrium Fe2B boride was forned
along with the corresponding matri x. Conversely, the rapidly solidified

al |l oy devel oped the netastable Fe3B boride, where the non-equilibrium
boride exhibit a fairly good thermal stability which was not transforned
even after exposure to high tenperature at 1100 C during hot consolidation.
101021 In terns of the resulting PTF gain and uniformty and the overall

di str idmmposilionfconrtaponding takeNpllisH) ati %)P alley atent, dad pltdatityséfrasithasiils y of

Fc3B is _hig i rabl e. Base onth aJIo conposj tion, elron(Fe)
at om 5P B’i%p éf’m‘é‘? '8 OF RAFTARGYY G ?ﬂﬂ%%#m?’ﬁ@“ﬁ% Syederphases in
t he asvaetsh o phi@iMBpressufe ﬁﬁﬁgonv@&j@atm%ﬁ%amﬁg aq,;(g{ghfajlgftlons for the

rapi dly SO|IdIerd allo the volune fractions of matrix

phase Gomespradingdn tl(qﬂﬁx)-(lé?i-ﬁo(ﬁ Yohitallol sysemt Tﬂiamhmsq includesthm steprofphases i s

subst d f4 e ared to the
as- cacudtyink ERLARTLIGR, ol STRLSL MnERnk o BRto AL BB SERER e

i ncr eafoemaldiffae rudtdnrmo?,radtrmaly(sbhmhﬁn@ﬂreld‘dﬁ\xa@hﬁd&:n&llley iftpar t ant
contributors to PTF, gain 1ggnd uni form ty. Furtherpore, the _increased vol une

fract | RATIQHCDEINS PRoAUQYEd pRYdEr mafesiale Frrhitmope, thegnetdipd inclpdentherstemofi s hi ghl y

desi r anoiikina ol 1) { | ilggi] %&@9&1 Figure
20 depicts a ngt hod m‘%%%rﬁ?%c@%?k@ a&éﬁ?%térm I% ?@f sputter target

f or nul masdak endina¢hinipg e futly degse homogenous lrg,tdrml a) fbnulatsbumnarggenent of the
present invention. Bri efly, t he net hod i ncludes the steps of preparing a

pIuraI | Nt a-2 1S &S ing to a
(10“@94&“ l£lsf)glfr’i;’&#lr oy 'S @24&?#“ M‘f’ﬁfﬁw éwdrFR{“z"rfq%ﬁgs‘g conpri si ng

pur e efopimalbial SNiNA8506at. 3bPhegins dsteh SEGILD), rsﬁdtafpeurah@roalraw Ynatdrialsate mat eri al s

under vacuuym or partial pressure of arg a fully lLiquid state to

f or m aPyBitEd ita R B?’PO%B?IF eaTsSPRRANE tp @ Nlﬂéo‘rﬁ% af. I%ﬁ’ @b’yasb' stemy the pluralitysyst em
The, meblad, AkERRShHAS Sy bl MRAS FinasBPRSLKpaabds, Tl Len al oy o form

an ingot, eat ng got to a state’'to forma diffuse
nolten allo and rapidly solidifying the diffuse nolten alloy into a
honoge 488k ¥b¢ plugglitygEdwooaignzls agtheated ind4e yaeunse pppastialipesswetahgtgonncl udes

the st ?Rr)% a fully liquid state to form a molten alloy corresponding to the Ni-(10-50 at. %)P
alloy system (step S2004). The molten alloy is solidified to form an ingot (step S2005), and
the ingot is reheated to a fully liquid state to form a diffuse molten alloy (step S2006).

[0106] The diffuse molten atloy is rapidly solidified into a homogeneous pre-alloyed powder
material (step S2007). The homogeneous pre-alloyed powder material has a microstructure
comprised of a supersaturated nickel (Ni) solid solution with less than 10 um Ni,P
phosphides, although other phosphides may be formed as well.

[0107] The homogeneous pre-alloyed powder is consolidated into a fully dense
homogeneous material (step S2009). The consolidating step (step S2009) occurs by
encapsulating the homogeneous pre-alloyed powder material is encapsulated in a can, and
evacuated the can at a temperature between 300 °C and 600 °C to a vacuum level between
1072 torr and 107 torr, and the can is sealed. The can is subjected at a temperature between
300 °C and 1300 °C to a pressure between 10 kilopounds per square inch and 45 kilopounds
per square inch in a pressurized hot isostatic pressing vessel. The consolidating step (step

$2009) could occur using other methods as well.
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consolidating the honogeneous pre-alloyed powder material into a fully dense
honogeneous material, and nmachining the fully dense honbgenous material to
forma sputter target. [01041 In nore detail, the nethod of manufacturing a
ni ckel (N )-based sputter target fornulated as Ni-(10-50 at. % P begins
(step S200 1), and a plurality of raw materials are prepared into a
conposition corresponding to a NN -(10-50 at. %9 P alloy system the plurality
of raw materials conprising pure elenents or naster alloys (step S2002).

[ 01051 The plurality of raw materials are heated under vacuum or partia
pressure of argon (At) to a fully liquid state to forma nolten all oy

cor r esjpbos]i Tig fully déee hombidhobdmaterid) P mashined tefoshersphfiéraprgef@fep) . The nol ten

al |l oy | olidified to forman ingot (step S2005), and the i1ngot is

reheat@lﬁbaﬁgmﬁlmﬁh‘f‘f@éﬁ &F‘@t&oézfo forma diffuse nolten alloy (step
S2006) . [01061 The diffuse nolten alloy is rapidly solidified into a
honog e‘mmsmop 8HYs!a®y SreRRYYIGYttle BB Bk feimativh &P v%ﬁckeima Bg@gﬁeéo us

pre-al |l oyed powder material” has a mcrostructure conprise
super s B fiza efdhephasphidg sgopnd phasel isqodetarmining factor| fosthe chatrol vd the Ni 3P

h | | : ' l,] . 01071 Th
Poroperiitness AP Wb RO 6 1P B AalREF yil g T
honogehmgeuﬂﬁglmmdnlaj( :[cc(ahﬂmt hg%&%ﬁ?}oadﬁg&iucm Qsﬂch'tiilatg'. rlggﬁrb\%g réﬁ?e‘al%?héSZOPQ_)
occurs, encapsul atin e hoppgeneous pr.e-al | oyed powder material is
encaps’tﬁ‘?%‘?é&aﬁ‘?g%uc@gﬁ of W‘OIB\?%U%@PH %ﬁdﬁwmé%%m splidifeaier ween 300 C
and 60Rwst18r the YaRHESR bEAUE hicRAINBhosthiad Ridmelichiin Li08 b g fig can is

d te S BRULP Aty

seal ed. The can is subjected at a erat ure between 0 Cto a
.pressure between 10 kil opounds per square inch and 45 kil opounds per square
i nch i 9140pRepid gelidifentinn provades thet means fergqrpdusingedwmelyrteduesdrsdti dat i ng st ep

t 52009 | i ng. oth t || ...-24 [0108] The full
Conch mRRGRkmR Bl ifoutl R H S T REBSetR b b G0F L, o 'Y
S2010) destrable fheenbmidivokhe 8plate(iSf pibc&R Ghd minintiZid@ lpatdcidtmistioNs are extrenely

brittl ue the formation of varjous, nickel (N) phosphides. The size of
t he phg?grﬁf@eres@égﬁangﬁ%ewilgvea t'a%rtaeﬁrﬁo}}fiﬁ{ja*ﬁ%fbkﬂémd@mf%&m%mmo| of the

\?relr ;t Lrﬁi{éﬁit%rfcgexgn&‘gﬁ?%if%ﬂ ANSthE OB &PMdIEE PRe? nlahddl £AndicelnPsith& fAeneral ly
the deposition of the media film within its nominal composition. Microstructure refinement
has an important impact on reducing the brittleness of intermetallic containing alloys.
Generally, brittleness is exacerbated when the size of the precipitates of the intermetallic

phase is large.

[0111] Finally, the non-equilibrium nature of the liquid-to-solid transformation in rapid
solidification offers the potential of forming stoichiometrically favorable secondary phases in
terms of the impact on the distribution of those phases and the intrinsic properties of the

target such as PTF gain and uniformity.

{0112] The manufacturing method, including the casting route, mold design and mold
material selection according to the present invention provides a practical and quick
fabrication procedure for the production of sputtering targets with improved properties.
Processing time is significantly shortened at no sacrifice of important properties such as
target chemical homogeneity, product bulk soundness and PTF.

{0113] The invention has been described with particular illustrative embodiments. Itis to be

understood that the invention is not limited to the above-described embodiments and that
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have a hi gh tendency to cracking at any |oading during machining. Figure 21
reveals the internal mcrostructure of gas atomzed N -(20 at. WYP
illustrating that rapid solidification allows for the reduction of the

ni ckel (Ni) phosphide internetallic phase size to about 10 pm [0110] Rapid
solidification provides the neans for producing extrenmely reduced scal e

m crostructural features. Reduced grain size and finely dispersed secondary
phases are desirable for enhancing the sputtering process and m nim zi ng
particle em ssion. Furthernore, at the m croscopic level, the rapid
solidification induced mcrostructure is highly chemcally uniformand the
cor r espfAng chinged bk inodHicationd maybanadxigethbedf cddinkgakilDin thé e wikhp@si t i on of
the nedia filmwthin its nom nal, K conmposition. Mcrostructure refinenent

has arfieP#pies framihs spinlmdsRopeRfithe HYeRUR- pritt| eness of internetallic
containing alloys. GCenerally, brittleness is exacerbated when the size of
the precipitates of the internetallic phase is large. [0111] Finally, the
non-equilibriumnature of the liquid-to-solid transformation in rapid
solidification offers the potential of formng stoichionetrically favorable
secondary phases in terns of the inpact on the distribution of those phases
and the intrinsic properties of the target such as PTF gain and uniformty.
[0112] The manufacturing nmethod, including the casting route, nold design
and nmold material selection according to the present invention provides a
practical and quick fabrication procedure for the production of sputtering
targets with inproved properties. Processing tinme is significantly
shortened at no sacrifice of inportant properties such as target chem cal
honogenei ty, product bul k soundness and PTF. [0113] The invention has been
~described with particular illustrative enbodinents. It is to be wunderstood
that the inventionis not limted to the above-descri bed enbodi nents and
that -25 various changes and nodifications my be rmade by those of ordinary
skill in the art without departing fromthe spirit and scope of the

i nvention. -26 WHAT IS CLAIMED | S:
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(. A nethod of manufacturing an iron (Fe)-based sputter target fornul ated as
Fe-(5-40 at. %9 Co-(5-20 at. %9 B, Fe-(5-90 at. o/o)Ni, Fe-(5-70 at. 9% Co,
Fe-(30-50 at. /o)Pt, or Fe-(30- 55 at. % Pd, the nmethod conprising the steps
of : preparing a pl uralit&(of raw materials into a conposition correspondi ng
to an Fe- MSHALARS SLAIMFENIS5-20 at. /0)B, Fe-(5-90 at. %N, Fe-(5-70 at.

%9 Co, Fe{30;50 at. %WPt, or Fe- (30- t. 9% Pd all sje he plurality
of raw mat el al‘%mﬁ%?ﬁ)?ri"iaph@w&&ﬁ%%ghﬁaédﬁﬁm gg%‘&l%ﬁ{@rpcﬂ%ﬁfl ng the

pl ur a:ci H/ axf %6§GoN(5+Patae P4)B) &-(?m@f. %miclaummralmisaca,ifal(sqasmsqgm di)i"e-&(}ﬂon (AE )
to a fully_ L1 qu t at o farm ten alloy corresponding to the Fe-(5-40
at . %CO-(ég‘ﬂo%@gz&%‘g?‘}??@?{'g{’%§°§€?s°/@ Ni, Fe-(5-70 at. % Co, Fe-(30-50 at.
%Pt, or Fe-(30-55 at. WYPd alloy system solidifying the nolten alloy to
form an i ngot; prepatega pluralityiof iawagesteriply into 4 eoimpysitidngomedpandingdo aFe(Gr m a di f f use
mol ten al | Qy;. e @l o\ Ok f 21 b8 Bl 0 t Akd QYo ARt OF2
hormgeneouguf)ti é‘f%l 3%955 Aglg%:;?ﬁ 9@%%;/21? i gHS @Es’gﬁ%ggg?(ﬁ? %héwrg’oo(rprggeneous

pr e- al | oy et &p)Pdaaysysi¢m,jthet phural ity of| rawy meflerialscomprsipg e dementetter i al ;  hot
rol1'ing the,tildnyysdense honogeneous material; and machining the fully dense
honbgenous material to forma sputter target. al - The nethod according to
Caiml , wherein, for the Fe-(5-40 at. % Co{5-20 at. o/ a) al |l qy system
the fully densehRiredhroriwaliz ohmangtesipls uader pacuym,pr paitfal pressure g fitlre iess
theln the &f&Myﬁ%megrgemﬁmgmp&nfamewgegngamﬁthmitoﬁjdoao'smn(ml.l whe(r]I ein
at least a first bori phase_js for in t 0 neou re-alloye
powder mat e/ﬂBaf?'(sa%d“'vﬁ@ﬁ&"‘rﬁs'ﬁ@ f"}(‘r"s”?e’gg'rsf) Efe‘ﬂﬁﬂd’é gg%g"ses&&%r@?fl gllé’él of a

met ast abl e @3 or a mxture of netastable Fe3B and equilibrium Fe2B

bori des. ‘

solidifying the molten alloy to form an ingot;
reheating the ingot to a fully liquid state to form a diffuse molten alloy;

rapidly solidifying the diffuse molten alloy into a homogeneous pre-alloyed powder

material;,

consolidating the homogeneous pre-alloyed powder material into a fully dense

homogeneous material;

hot rolling the fully dense homogeneous material; and

machining the fully dense homogenous material to form a sputier target.

2. The methed according to Claim | , wherein, for the Fe-(5-40 at. %)Co~(5-20 at. %)B
alloy system, the fully dense homogeneous material is hot rolled at a temperature less then
the solidus temperature.

3. The method according to Claim | , wherein at least a first boride phase is formed in
the homogeneous pre-alloyed powder material, and wherein the first boride phase is
comprised of a metastable FesB or a mixture of metastable Fe;B and equilibrium Fe;B

borides.





