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 [ 00031
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
recording media. In one conmon configuration, a racetrack- shaped magnetic
field is appl i ENHANCEDSRUTEERTPARCGETIMANUFAUTURINGt s on the backsi de
surface of the target. Electron&gﬁéﬁgﬁiapped near the sputter target,

i nproving argon ion production reasing the sputtering rate. lons
within this plasma collide with a surface of the sputter target causing the
sputter target to emt atonms fromthe sputter target surface. The voltage
difference between the cathodic sputter target and an anodi c substrate that

isto Se coated causes the emtted atons to formthe desired filmon the
surfac S F, ' REL ma@%ﬂ%@&ﬁly cobalt (Co), chromum (Cr),
iron (Fe), and nickel (N|) “alloy based sputter targets are manufactured by

-conventp6dg  ThidUplicRndibk 9% RhOSETIES: ProvisfRal fgf ect of

these procésses, 'solute redistribution at the sol?d |cat?on front’ and
convectentitied ‘FBMMSMM@MMWG&O%MUM%% vddgrisgati on in

t he as-.cas uct ., Furt hernore as porosity fromas-cast ingots is
anot her %53?%%@ gfb%Fﬁ%Emﬁggnéﬂwwﬁﬁﬁﬁﬁt occurs during

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

[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 coat 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 coilide 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 emitied atoms to form the desired film on the surface of the substrate.



the casting operation, and no hot working processes are available to seal
of f gas pores. [0003) 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
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Co- Ta- Zr, the i nherent brittleness of the alloy renders any netal working
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shown in the Figure 1 phase dia ram for exanple, the Ag-Co alloy system
exhi bi tePpaerCadigmnhite pr gerpmeranp te gyder 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 alloys 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 roiling, 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. 100101 In anot her 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 silver ) Jleaking to the ingot surface nentioned earlier. The Figure 2
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leaking to the ingot surface mentioned earlier. The Figure 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 (eCo) 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 (eCo) 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-conta.ining 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 (An) 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.
10015] The manufacturing nmethod according to the present invention includes
a powd¢§e013hitimthecafory dasitable tbqammﬂea&;’r aSputted irget Sidnutiicturing tméahopwhichssi ng
alternatives n%&ﬁo.\/\der onsol J dat on and. post - consi)ql | dat ion proce55| ng
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apply tpgga. thQrEaQ%ﬂ dsange of [ow noment (chromium (Cr) content > 18 at. % and
hi gh nmonen rom um(Cr) content < 18 at. % cobalt (Co) alloys, as well
as chromum (Cr), iron (Fe), or nickel (N )- based alloys. [0016] According
to one Y A% O invention is a nethod of manufacturing a
cobalt (Co)-based sputter target fornulated as Co-(5-40 at. % Fe-(5-20 at.
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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 nickel (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. %)X3, X;
representing copper (Cu), silver (Ag) or gold (Au), and X; representing titanium (Ti),
vanadium (V), yttrium (), 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. WX and optionally (0.5-7.5 at. 9% X2 alloy system
The met hod al so includes the steps of solidifying the 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 stePs of consolidating t he honogeneous pre-alloyed powder material into
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Co- (5-40 at. %Fe-?g-zo at. %9 B alloy system the nethod further includes
the step of hot rolling the fully dense honbgeneous material at a

t enper al0018 Rapsbsolidificatione piovides the4aeans forgraincirg-reduced-scaly Bierbstoyetwglst em

sol i dusgt.enperature. 020%_ Th 0, | i dat.d n further includes the
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its nominal composition.

[0018) Rapid solidification generates a non-equilibrium microstructure that can sustain most
of the thermal 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 pumn 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-alloyed powder material in a can, evacuating the can at a temperature between 300 °C
and 600 °C to a vacuum level between 10 torr and 107 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 elenmental 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 | esgpertsquarc id5nd 45 klop@Rinds per gperedndniy agressudzedthiotisostaiid prdssing he st ep of
bIendlnggarescrlbed wei ght fractions of a Ag-Pt master alloy pre-alloyed
powder 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
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preparing step further includes the step of blending prescribed meight
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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 atloy pre-
alloyed powder, and either an elemental chromium (Cr) or a Co-Cr master alloy 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 rolled 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), Xr and/or Xa, and/or Co-Cr, Co-B, Co-Cr-B, Ag-Pt, Au-Cr, and/or Cu-Pt
master alloys. [00261 Rapid solidification of the diffuse nolten alloy
occurs at a rate of up to 10" C's, 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 ranging between 25 mand 350 M At |east a
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under a partial 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 4982HHor MeeCorti-Rhok. H)E0(3-RE butDPt-(H20 att UPB-(02-BHkt. ¢h)yrmty the nol ten

allo tofor heating the ingot tq a full iquid state to form
a di ]Yf Pl yt®§ 'é? ng )Xéﬁlgo r%ﬁtle > § pnmary phase s formed in the Lon%geneous pre-
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 matenals 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 erial corresponding to blend conposition of & -7 (2-20 at. % B or
Cr-(2-20 at. %9 C, and machining the fully dense honbgenous material to form
a sputter target. [00291 The nethod further includes the step of adm xing
pure el enmental chrom um (Cr) powder to the honbgeneous pre-alloyed powder
material. The honpbgeneous Cr-(2-20 at. %B pre-alloyed powder material has
a mcrostructure conprised of a supersaturated chromum (Cr) solid solution
and/ or (%28 ab&)Baquﬁré 248 at1te)Shiandmachining dhd filly densei homogepdussudteriatiter on Cr 2B
bori de%d 0, gh%‘[ ﬁtructure conprised of a supersaturated chrom um (Cr)
solid "S0O ufl sub-m cron Cr23C6 carbides. [0030] According to a third
arrangenment, the present invention is a nethod of manufacturing an iron

( Fe) - b§en29] ﬂhumedtodtfmﬂgaehndﬁcmm@bfaﬂmﬁanﬁ puré@lenientlcBoniiomATrat . % B,

F 5-90 t F 5-70 0. at. % Pt, F 30-55 at.
%e pé wasp ‘?“?Rﬂe{ei%ﬂ(é’é Pre4 Yefé e%cgﬁr “&F@éﬁ’j .Tﬁah%nﬁgffﬁea}ﬁ @gf?o?‘)e pt éw :
mat er i %)3 llﬁrglaﬂogedcﬁm&ﬁntaieﬁﬁl ER TSR RRREREG efBtuftited %9 CO- (5-20

at. 9% B, 0 at NI, Fe-(5-70 at. Co Fe- 30&%0 at. %9 Pt, or
Fe- (304‘85311311111 (%'mhémlu’ymsmta‘m Superéatprdmdeﬂhrmmum (G’rhwhﬁbﬂobmoalwﬂwwt)rl si ng

ure el t S | | and t he |4t terials
5nder \fgi Iﬁ ér&)’?"%%&%i étrl ?‘B“o‘%"mpﬁg‘%%ﬂ? F%Iage(fﬁtfr%] &@350 lé ate to
form asomhbﬂmmlshbym&@hmgg@eﬁbms.to the Fe- (5 40 at. 9% Co-(5-20 at. 9B,

Fe-(5-90 at. N, Fe-(5-70 at. % Co, Fe-(30-50 at. % Pt, or Fe-(30-55 at.

9% Pd al | stem The thod al so i ncludes the steps of. solidifying the
Py A o4 of pany et

nol t en qcerdmaatpmtaﬁ Wm%ﬂwr?w HpntioR dht method of manPlaclugiggy st at e
to for Mk & ufBed rp%qsdﬂmat &;ejccsits‘ Yo vaﬁeww@&@ ol ten
alloy into a honog eous pre oyedas wder materi al her

met hod %)Ml Beres-7@ hé%QCepEe @-%Ms%bﬁtdatﬁm@mﬁati%m!b e’ﬁmnsthpd mchidbs)yed

powder teri ense neous Ier rol|li.ng the
PulTy. dBRYER bPerediath b of A PR R P he R R aig S an FBgenous
mat er i al5-400atf9RyCe-65-3Patt %9B, Fé-€5-9Rit. %)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 ingot to a fully liquid state to form a diffuse molten alloy, and
rapidly solidifying the diffuse molten alloy into a homogencous 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 metastable Fe3B or a mixture of netastable Fe3B and equilibrium Fe2B
borides. -8 [00321 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 correspondin to a N-(lI 0-50
at. 9 [B032] Agcozding tan fourth aphogenhdnt\the prepentvinygntion iglagnaherbefl si ng pure

I I h ' I | i o | al d
vacuunap R RER Rickd AR et puPEAld ey Mnfrcubsor Fof oG £ o
nol L e Simllddmg_ the me;pﬁcpfqmcﬁaﬁgg h@lﬁIﬂ?yNIfﬂ_(vgi _ﬁ?a&ﬁahtintﬁ a%oBTpﬁ)bi‘tiﬁy lciﬁlyéﬁpﬁmi?g he
met hod also. inclu the steps of _sof.ldi I ng t molten alloy to form an
i ngot , t%ﬁbﬂor%att W _oiystegn therriprlity qfq%‘ra@%qrﬁfsecwrﬁmg_rﬁ%e FRFYSe nol ten
al 1 oy, oPRdsteAlod!, Yand Eéﬂting't]faé/ﬁlﬂﬂdibh@fﬂwfxﬁé{&%lm&?Qac'ﬂu}r?é‘r gl g?esmgogeneous

pre-all oyed powder nmaterial.” Furthernore, the nethod includes the step of
consol pHagom{An tea fdlydiguiksiats toformed molpencalloy eartesponding itd the Nir(il 6-58 at.ul | y

dense § eneous terial ., and hi,ni the fid | ens nDgenous
mt or i AP RHST SRtk Bisibr b 0 ol hRlsids b1 EBRBen ARG powder
mat er i ah il réhealisg M ingot ok Rallgdigaid sfe ofor a BHFRR Hélten Mo tandi rﬁﬂﬁiﬂlfy (Ni)

o}

solid solution with less than 10 m Ni 3P phosphi des. [0034] In the | I owi ng
descr i pelidifying the difTuse molien allpyaintarihoraegencousmee-alloyedipowdgriaatesak he

RCCOMP Yl M ABod BBt OISR I6HER e Aol el Rl aiyesOWn by vy

of il ratidn a specific e ment 1n W t nventl on
pr act i pedded matedaltintoadullydehse homogericbet matetial; amhinachimng tie fioly derseut i | 1 zed

and changes nay be de. without departing fromthe scope of the present
i nvent ﬁaﬁ%%ﬁ“éﬁwﬁéa%fmw'aﬂﬂ%ﬁmw NGS [0035] Referring now to the
drawi ngs, in which |like reference nunbers represent corresponding parts
t hr oughosa3} The homogeneous pre-alloyed powder material has a microstructure comprised of a

supersaturated nickel (Ni) solid solution with less than 10 pm Ni;P 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 | 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; [0041] Figure 6 is an Ag-Pt phase diagram [00421
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 $408), according to one exanple aspect; [00451 Figure 10 is a

scanni P48} Eigurchismi fioverhed plepictiGEtik prdpadkgs step (stepeiit),ageardingfio ane as- cast
Co- (8 at. O{%Cri(:t; at. WYPt-(8 at. B alloy; [0046] Figure 11 is an SEM
backsc &t e8I agr am of a rapidly solidified Co-(8 at. %9 Cr-(7 at. %Pt-(8
at. /o)B alloy; [0047] Figure 12 depicts the X-ray diffraction patterns of
an as- ¢eeil] Fighrd 6 3 Al Ag-Pophage Hiagehm;Co- (8 at. o/0)Cr-(7 at. NYPt-(8 at. /0)B
al l oy; 100481 Figure 13 is a flowhart depicting a nmethod of manufacturing a
chrom - based tter target, according to a second arrangenent of

t he primmifﬁ@r@ﬁ#ﬁ@ﬁ%%és 14A and 14B are SEM backscattered

i mges of gas atomzed C-(13.5 at. %B alloy, under | ow magnification and
hi gh o3 iFsgié 95 a CEPPPRAsk iRlgyam;[ 00501 Figure 15 is an SEM backscattered
imagengf ggs atom zed Cr-(14 atg.yana/oc alloy; [00511 Figure 16 is a flowhart
depicting a _nethod of manufacturing an iron (Fe)-based sputter target,
accor dilf¥4 &igure Ris aiflewehardepicting e copwolidatingestep (stepcSH08b pecording 19 om gure 17

is an QEM E%&Fb@?ry el ectron di agram of an as-cast Fe-(30.6 at. 9% Co- (12.8
at. % B ar oy:’

[0045] Figure 10 is a scanning electron microscope (“SE‘.M”) backscattered diagram of an as-
cast Co-(8 at. %)Cr-(7 at. %)P1-(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-



100531 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 [00541 Figure 19
depicts X-ray diffraction patterns of an as-cast and rapidly solidified Fe-
(30.6 at. %9 Co-12.8 at. %9 B alloy; 100551 Figure 20 is a flowhart depicting
a nmethod of manufacturing a nickel (N)-based sputter target, according to
a fourth arrangenent of the present invention; and [00561 Figure 20 is an
SEM secondary el ectron image of gas atom zed Ni-(20 at. %9 P all oy.
i ETAI LED DESCRI PTI ON OF THE | NVENTI ON 100571 The present invention provides
for utter target manufacturing nethod which overcone the deficiencies
of con\[ i Sigure Hhdepicts Konay diffragtidngpatierns of geastdastdmelrrapitilyesobidified ®e- | nvent i on
provi d Ws tter target manufacturing nethod which produces
very s %8{)/6}?0{(?%)? k@fﬂéﬁ; Yefect-free, cheni cal Iy honpgeneous sputter
targets W|th enhanced PTF characteristics. 100581 Figure 4 is a flowhart
depi ct i[MRF5} Hmhwxsmfﬂomlﬂﬁdepluﬁmgﬁgnﬁmbﬁhianﬁf@ﬁimﬁgaﬁibkem) baedt ar get
f or mul at ed as #340 at.. % Fe-(5-20 at. %9 B, or (5-25 at. YCr-(5-25
at. 9 WMO%OWWWWJ@&&%CB%VW 9040 5-7.5 at. 9% XZ,
X1 representl ng copper (Cu), silver (Ag) or gold (Au), andX2 representing
titani 61 B oAy b i (Nb) ,
ol ydee[g?JimT(l\% ,g?%ésrﬁhgﬁt&(om) cgdﬁg?téganﬁggﬁ.ﬁ?ﬁé:&ant Ea%ﬁr‘?e /?b EH"ni um
.. or iridium(lr) accordi ng to one

: 8 R INKENTEONef | y, the method includes the steps
of preparl ng a pI ural | ty of raw materials into a conposition correspondi ng

to a 9 1P 5-25 at.

9% Pt - 062%”2‘?‘“% B- (‘gﬁfﬁgn égé'?&es%’ﬁ Byt t.o%‘ém‘??%’ﬁ“%mgﬁ’@g“ 9% XZ al | oy
syste rn ovetvems|the deficiepcies of convemiopal mhrmfaxmn'prgl methgdsp Un particele, rthspmSent mast er

al | oys,. heat L t he .pl ural |t of raw eri.als under vac m or under a
parti al™ ?5‘?‘8 vgjlegff TQVEf P t@’?ﬁ%mag&qtaﬁ&ﬂt‘ﬁl lf‘ShP S nol ten

al | oy cRky &ﬁlﬁ@'ﬁﬂleﬂﬂo&l& fbh&féamé%léguc%n ht%{énE u@ letter with Co- (5-25 at.

%WCr-(5-25 at. 9% Pt-(5-20 at. 9% B- (0. and optlonally(0575
at. 9 enhanced PTE chatapteristics. net hod al so |ncI udes the steps of

[0058} Figure 4 is a flowchart depicting a method of manufacturing a cobalt (Co)-based
sputter target forrnulated as Co-(5-40 at. %)Fe-(5-20 at. %)B, or Co-(5-25 at. %)Cr«5-25 at.
%0)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 (T1), vanadium (V), yttrium (Y),
zirconium (Zr), niobium (Nb), molybdenum (Mo), mithenium (Ru), rhenium (Rh), lanthanum
(La), hafnium (Hf), tantalum (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 opfionally
(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
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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
honmbgeneous pre-all oyed powder material into a fully dense honbgeneous
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 perfornmance sputtering

t ar get eommgmmmm&ww@mgewa&enmmeﬁ& BbRdgémRotde
conventional casti nglppract ice [005 In nmore detail, the net hod of
manuf a@aigTabgraonally requsrpgistialeidas Co- (5-40 at .

% Fe{5- hitfing enset

‘Q;B-EO[%Q? 5 atg{éﬁxol anéﬁi&%éongﬁmﬁ% éﬁm%% ateﬂ'ﬁgﬁ% A%f@%%&esentl ng
copper mmfacummgmhod(mglicmmw@ﬂldy pﬁp;rpuanmem@d rfephepmducmgl dfiembaricadn (Ti ),
anadi um ttrium r Z Nb um (M
B T e CHAYE
tungste‘\,an{éﬁ}mn@lbaguhggmﬁhél r, begl ns (step 5401). [00601 A plurality of raw
materials are prepared into a conposition corresponding to a Co- (5-40 at.

%Fe(S 20 at r 5-25 at. [0)Cr-(5-25 at. %Pt-(5-20 at.
99 B- ( 0.19059] 3n mere d%kﬁheamatheépf waspspuring, acopall (5p)-baged soutter tRely st em t he

Dany. pimiated SCHRSA0 bR YDFE NS0 HBoPLbRs 25 LV GRS G20 (PEP
are adde)B-d¥2-4. 5t PrapX;-and optomsadty (54705 oYX e X, rdfsu-metmgmmper @y oilmers ar e
:c ?ans;:lr{ggi%gql&p‘%éo?nq(foh@)ﬁumngﬂ%onvegb onal rk}ida i he tpend tlg?sggﬁt(raate

silver @fyg }uobﬁﬂi )y bAeneP QA rithemlum (R O)gfhehﬁﬁ:?(mﬁ ah@hin (40 di stinct

clusters, g\rbto the ing ot surf ace. 611 Figure 5is a flowhart

depi ct m@unmdﬂé} @p@mﬂ&@gﬁm@ﬁ) snuzi}mmﬁlr}:bp@nsl ¢ $401).according to one

exanpl e aspect of the first arrangenent of the present invention. Cenerally,
t he preparing step (step S402) further includes the step of bl ending

o fg;lr 'nfgaﬁg?m R bl i, bff AW iR bre e B FihtcPd L tpRfifonTohreBilaig ¥517 Cornd an
(540 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 (step $S402). 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 $501), 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 100621 In nore
detail, and according to one aspect, the process begins (step SS01), 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. %N X, and
optionally (0.5-7.5 at. % X2 all oy system (step S502A), and the process ends
(step 5504). According to this aspect, the fully dense honobgeneous natgri al
is hot rolled at a tenperature of less than 1186 C, or a tenperature of

| ess than 1030 C (see step S409, infra), although the hot-rolling step may
be opt ioptematly %m&teedlloxmﬁgwmﬁr mgdtebmcntaépl@anumc(m)arc blopled intot he Ag- Pt

Sljlbg%/ar'll?l% %{%‘E’?‘éﬂ% Ver gk")ﬁgldﬁa(%p i 8&,'((%%556 t'|r12°b}t§t'(§ ocﬁz‘léfgﬁ%re t he

prescr itieat. YA andwptioiilly (05H1.8 6i. 24)X, sy ysteriabie B50DARand Hetploddss dids %
pref er ny % ality of raw materials are heated

4 % 42 Th |
Pei Sﬁ@ﬂgum@a{sﬁwﬂas?%%@em@@ urmmwnmmgeaﬂb%wmm 33 1 ho

sanme prgs §%ﬁa§%’:’(ﬁ’q solidified
to fornt1 aﬁ&?ﬁ?ﬁ)ﬂk@%ﬁ&%’]‘s&% I ng ot eate to a fu %tl qui d’state and
r api dl yngae), ahﬂncfugbdhﬂhnt-oolhng)stepaiab!dnyeﬂtwkgﬂl?tonmtel al | oyed powder materi al .

(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)

30. 6 ar 00831 REpRARo R poRtRP KRR, Bt Motris pRbp Bl pihg pHupAN B "0 0!

corrposumwaﬁateﬁalpmﬂptmedi ofﬁbbﬁhuﬂlylp(ﬁ si{veg{A @) and platiai @t)ihelpstbkss t han 40. 6
\/\f1 exhi bi |nC| &aent melting upon heati ng f?gr \évhi ch the onset
p0| nt i hege fhernpsqe heantant sapprranately d 0 at dade 0 ple g mEieEbYN t he

post at z@t B0 C t AW
meter i af ot %rtbﬁgﬁﬁfﬁcfﬁf IR BitS ] SO UCAEIR fly Mgl il Ll
split u:poltm adloythawing B@smnhelbemepmﬁmcnmdlptl@mng: (ﬁ't)t\g»nt%nt, ahd the moltkna

e { Blov% palRidied tmtap Pgot e Absptigkdtds EnBeed to Bk Tabid i€ fag SovL ! e

W ndow pidipsoliidfedGntbarpré-allyyd LB preallbpddiiov@lenhdatyial. 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 inctuding a Ag-Pt alloy and a2 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-alloyed 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
(CQu) containing alloys as shown in phases diagrans presented in Figures 7
and 8. 100661 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 elenental chromum (Cr) or a Co-Cr nmaster alloy

pr e- al |temperatpresder copper (Bup cohdainingtalioysws showp osplasesdiagrame presentédiin t o  t he
Co- (5-2P5 at .., 9 -(5-25 at. WYPt{5-20 at. ¥B-(1.5-7.5 at. %Xl and
optlonal y 1 .5 at. %Y X2 alloy system (step S502B), and the process
ends (step S504). The fully dense honpbgeneous nmaterial is hot rolled at a
t enper {0066} Adcotdisgtotasetonti] Aerfate aspedt, the p&@ﬂnﬂsegimr(aep gb01)eafd t han 1070 C
(see step $409, ipfra), although the hot-roll ste(i) maé be_optionally

omi t t ecPresegbed weighthcipg ok pAp rgnﬁ%ﬁrﬂlwrﬁrallax%mw efyAcColi-Ryand| | oy i s

Gor 6 (ATFOEMRA Bt afbl b lloyed BYWAR, Sid g SRS A Em BRI T 0 Py
cont e/ ntCT]-§r a;aptemlzlilqujre-ki;loym pamvde?/axb(blﬁﬁc(hm:]o &f{: ggmpbsga?tﬁesﬂcﬁlidatgi t0% E g t g9t .

. % aw
For m & BGoRaS A B HaAR) BUe AN AP L né%ra@gepp%@hyiﬂﬁ um (1)
cont entat. %D]X{;aﬂlh?si@érﬁ@dfc &B?Idnﬂtﬁé)brbgésg eRE (ktep é %elfmgpaenthe Au- Cr

ingot is reheated to a uid state an solidified into a
pre-al |Wem1@mq§¢r@l sﬁlh%yébdpbmpemrepf mssthan[lm osgtdletipeIpiee a

voi gt (eSS 07876 s 0B, S Sy e St pd bR oooBIEE, 5

opt i onabdmitte®d?2 master alloy pre-all oyed powder, and el enental platinum(Pt)
are blended into the corrposition corresponding to the Co-(5-25 at.

/0)Cr- (5 t. 9 - 5-20.a. 5at 9% Xl, and opt naI
(0.5-7. é)ﬂﬁ‘?l g%"féﬁ‘gﬁq é‘? é,hesé ?Jloyaﬁ(?"fﬁ%e H’tge?s@ Brol st ep S
I504) t Eﬁ‘i\r ﬁﬁ%hms e&ﬁﬁﬁsehwmmuny Pire@bidAu) Bnd\EHroffirh €Cr) MeltdcREPer at ure of
ess an
where the prescribed chromium (Cr) content is approximately 10 at. % to 80 at. %, preferably
47 at. % to 49 at. %. The plurality of raw materials are heated to a fuily liquid state to form a

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

alloy 1s solidified to form an ingot. The Au-Cringot 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 S501), 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-(S-ZSJat. %)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 rolied 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 alloy 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 clwsertveprtede the propen latoynit bajandt fot the €ox({5eR 5 A Yo)Ciy(5528 atd¥hPte@-Ant 0 a
pre-allo owder rjal. 070] As indjcated.abgve, the starting raw
mat eri & éyésgd’rnﬁ ﬁﬁh%ﬁ%ﬁ@:%%ﬁ%%%&‘%éﬁ% q-g‘ep %‘X?aWF%ﬁoul d be
split HeatéddoQ ﬁaérpg?gta-saé VBN RAWMIRh l1by) Ghd! theSolfen Ao 34 iied 18 RHmA

CoCrB(Pt) or Cod ’t) X, alloy, to which a platinum{Pt) powder could be
added fomgopalkeiagot inrehraed tora éﬁyﬂum@mdcmél i facpre-gtexed( Au) or
copper S\Qdéngﬂ@ttizﬁi ning alloys using pre-alloyed Au-Cr or Cu-Pt powders to
provi dB RN aer processing tenperature w ndow up to 1160 C and nuch hi gher
tenperatures for copper (Cu) containing alloys as shown in phases diagrans
pr esen{@y0] Askidjcatebabovethe Sarting @3 maksgials foomankefpctatingla &oCePtBXG owva to t he

above for i.ons, on f the pluralit f ra materials iis_conpri sed of
bt el O LR gl g Be sptt oplitetio areiyed povuadts wpudiuga AGAZALSY { he 1 il 1y
dense aﬂ@amg@ SEESTBEPY) X5 alt, 1d Whiked P‘@“E‘P (ﬁﬁfﬁ%wd%@d beddded fghper ature

| ess than 962 Al ternatively,” one of urality of raw materials is

conpr i delanest. A gwilar apprascitconidyes attefopted, forgmd Ak copparyCukenntaidisgrogeneous

mat er i 1S . hot T Lnfra) at . erature. |l es han 1065
' e ook RO AFCES: S ppwilts tngfie A OB GRS iR Farhd ™
conpri sefdded upty Bl 68l OaidiahchddPRe tenfferdtureyfir cOpped €Ci) donshisiag skoyd@sDgeneous
material is._hot rolled (step 8409, infra) at a tenperature of |ess than 1085
C. IVbréBQ@P,‘“PtF?éCS%?%FPW‘E‘F“\“&F\AS‘H&?E?’?%&S may i nclude pure el enent al
cobalt (Co), chromum (Cr), platinum (Pt), boron (B), X, and/or X2, and/or

Co- O, (60713 ASPndA-ddBict@DaiRimatid tdthe aBO fBfmiPhides, orERsTiRd platalify St raw
materials is comprised of between 0.2 at. % and 2.0 at. % pure elemental silver (Ag), where
the fully dense homogeneous matenial 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 fuily 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 X3, 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 S406).
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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.

%9 XX and optionally (0.5-7.5 at. 9% X2 alloy system (step 5404). 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

nmeans ' l. ' es, since
reducemg?med%&gg@%l%zlﬁn Il%mgfdglg%bﬁggﬁﬁq@g%on atgygﬁéﬁhgg’lé%&gdryee& es?rabl e for
enhancinagriahstep 3407 rRapifl splidifessompro videsitheinmiangfop praducing extremelyi on. At t he
m croscqpi c, | evel.,, the rapid solidification.induc | croostructure is highl
chem cﬁﬂ%ﬁ?l dlﬁ‘igl\éé?lﬁoéwt'f‘%e%p%wgé‘ﬂ% I “r?@‘llg%'bl %?eu"f“’étd%ﬂyaﬁls?‘g“;n gxce: I en!tg Y
sour Ceséc@ﬁd&?ﬁhas@@ﬂ@%ﬁ}aﬁféh@f mﬁﬂ&ﬁ?ﬁeﬁp&ﬂéﬁrﬁ?%&&%ﬂtﬁﬂﬁw%i tion.

M crostructure refinenent has an inpo act on reducing the

britt| emissionoftithemicmsceni¢ levele thetrapid selifii¢atioy inducedhmicpgtucturgrsihighlyness i s

exacer n.the si.ze of the precini of t ' tallic phase is
ar go. gl Rk gnd e taRmonfieB BRI TS & cbilfent BT i

m cr os Gepsitivhof theahediafilm withit i iohsihal cofnpbéitod. elidredtreiee refiethent Hag
consolidation at high t enper at ure and ther no- nechani.cal _processing. For gas

at omi z &% f1BPEragt inapact o waudpR the hgtleness of dnteumetallie eontaipingallpyss (faeneraliwder

par ti ChigeREss iPelalerbatg WELRHR B il ipiEREs 'tﬁEJiP Efict R4
conductiviet yssan?aspecictli C egt cagia |ﬁ}ﬁof ?ﬁe a %?)I)I/l. 11((): 751 Ra%%%i
solidification of the diffuse nolten alloy occurs at a rate of up to 104

C's, of0074p Rapidrsolidificationrgepérdtes a Inputefuitibrivio miciostmoature ithat sew sristain most, nel t
spi nnin spr ay.forn.n e the diffuse molten alloy,is rapidly

oot i ot theri! ViR S sansdtslin b Befllekipdifnf Bhd ffapb-aiétmiedi S Cu2: age
parti Clpgocebstif. IFort@adGomeiatiesh &by Righ BeolipQatélis pdiSiblelfoffriost andlhgywdetly nami ¢

st andpoi nt, because of the limted heat evacuation ippqgsed b t. he sl ow heat
t r ansf dartigtesoh 8P iP ) R guerags ties: flepeading pgdhe %waaic'fwbl&%wl@hmgﬁwswgm y fol |l ows

the eqidda Mlg,rgfitﬁégll%g{/at ed in the correspondi ng phase diagrans. |In nmany

cases, the as-cast al

{0075} Rapid solidification of the diffuse molten alloy occurs at a rate of up to 10° °C/s, or
up to 107 °C/s. Rapid solidification occurs via atomization, melt 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 overail
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 - 1@:@@&!&&&11% i daénchahy ﬁclﬁﬂ@i‘%}hﬂ%ly%ﬁ&ﬁﬁo@ SoRAEIY, 8h ¥lIGyTOT phous

solid alloy, an aIon contal ni ng net ast abl e ases not predlcted in the

phase ¢Pnigieng mefastehle phasehaa prestictedsinibe nhasgrlm ausi/orexsesded pons. 100781
Rapi d g % ?Atniﬂaféﬁtsbl?d‘ ‘ﬁﬁ)fﬂgl ques, such as atom zation, nelt spinning and

spr ay Rave been utilized for various applications in the aerospace
i ndustry, and for ot her special applications, since atom zation processes

are cadaorsy Rxfpiqmoﬁdiﬁchﬁtgnsdgﬁwmuomaimmmﬁommumjmﬂngrmdmpm s with nuch
refined. m.cr ctur EI' aI‘tICESIZWT}HIStI’IbUtJ nofma{ugJé owder is
usual | oﬂlé‘fl%’r g ‘tz?ﬂa oL ‘?éPP FUPeRS: HEOSPARGINEESTY, QNE oni zat i on
t echni gypeial ﬁmoﬂa kTAB®htBfnSzaBbn pRRedsBE B 'cﬁbh%ld 61%5%&&&{@%@&&;%&-&6&1' d

properti es. or i nst ance, as atom zation is _known to produce a finer
powder RreraHoxedmaterialywith s mcromwms THee prstiele size distribytien gf they ed
powder [ step $408).
At leaséo%&?ﬁﬁ%{xﬂ%?@refegrgh{}é%y girl ﬁ&%ﬁqﬁﬂ&gﬁ“ﬁ‘%@‘gg’gs e ar lgﬂfloen((j powder

mat er i aechnidque( ey thh aifaimesdrs dithe tbehmhﬁsmdmmnw hqﬁd podpe&e’sBFof instafigext ur e of
Co3B and Co2B horides or other |de c sitio wher e the bori de size is
| ess t hEAS apmiggtiopdt kagym ‘&WE@CQS T POy nﬁ(aS"EBt" gal ypmizatignog gt .

WB-(0.2-7.5 at. WXL and optionally (0.5-7.5 at. 9% X2 all oy system a
primary phase is forned in the honogeneous pre-alloyed powler material,

wher et {8079 THEBtoYn ﬂ&ﬁsb&-ﬂm yeX b&WaRds &ﬂdsblﬁhaﬁéalxuidd)mn?@eﬁél sed of Co-Cr-
XX-Pt or Co-Cr-Xj- containing up to 2 at., %silver (Ag) or up to 7.5 at

% gol d homggenegus namertab (stepeS408). 44 keap gdirstroriyle 1sformerbinthe hermpgsasousipser.
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 optionﬁlly
(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;-X,-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 $901), 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 107 torr
and 107 torr (step S904), and the can is sealed (step $905). 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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100801 Figure 9 is a flowhart depicting the consolidating step (step $408),
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 for and

-3 for (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 essui{@08dfl Renimihg asFighied, forabe Cod 5:0u8.Sk)Fe 520 at. 39 Halloyasysteia thepr ocess ends

0y For (B furtirnakuds g Retég”é{%?oi%ﬁie?mﬁmm °1{mé$§?wepé§@§%§te Step of

hot 1 okddhmGathtQeds Whdnth Fn@]mléflgel ess than
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a sput CSPOESEGEY ™ tgfqu‘ c‘ggfo 3d(csgcﬁ§4tlweaﬁ‘g?’%§ﬁ“%r{sj 'Pi? (5[“??0821 For
gas at@mzpbn@me;ﬁwhddwmﬁ $cs1 sed because of its | ower VI scosity and

hi gher sonic vel ocity, produci ng a rmuch finer powder than argon (Ar). By
i ncreasing the disc rotations- per-rri nute ("RPM') or electrode RPMin the

centrif rotatj ng electrq tom zati o ocesses, erage
parti C|[§€@]}:§r £ atomization, helumd e)‘é ‘fSSHPE‘gL"&e" V‘Sﬁ?sg‘ﬁé‘fﬂghgéﬁ‘i dgal | oy
Vi scosispiicARICRY, ﬁw&%%&ﬁéﬁﬁ%pb%wmﬁnh@oﬁweB RAdrkdsigRe dis® T api d

solidification, the rate of cooling is i nverselgjgproportlonal to the
parti clreta§mzsepcr\mnu@(‘%Ei\rﬁ))@ltdecmdcmhéaﬂhonem Alcorsotating ele¢tndei s not

el 4 %&ngt\{abl ecgg%r %‘hg era ros rucf%rgg‘gcteﬁt g

On prg
generates a np

t Eer mal highes Ihqﬂg afluy mgosﬁxgmﬁm/lor d?'g%cgmerﬁigngb@hs ihrﬂﬁigef nguaef alg.ci? :d

t her no- ani ca rocessi ng., nae e_rapl SOl 14l I cation

appr oaci®! 5’25(‘23%‘3& Q]?dé'& 026‘139 Tineds fRysrseit RFOIEﬁmQTES toaghe pagicle saze. G¥bile (Au) i s .
achi evegyy Coppxgﬂlﬂaﬂor)?%c §ah@5mfyq9 h@fﬂeag@y ﬂh&%;emm@ﬂﬁﬂ F&Wﬂ?d solid

sol ution I n cobalt coritaining up to % copper (Cu)
in que map@d;ot‘j}d;ﬁcahon generates a non—equlhbnum microstructure that can sustam most of the

()

""7#1' dification
¥ 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
distinct 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). [0084] 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
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by X-ray diffraction, where the results 0 e analysis are summarized in
t he di fapalyeis angrsumearizedia the difragtionPagems shoavn in Figure 1 2sIncthe es-gast aljays, t he

equi |1 hytj of | . d, Fe2B e faorned a wth the correspondi ng
ot 11 e Gl €58t ESBTE R iR o i s s pateife fREREEDI e Coos
bor i deowtWrshevapidlesphidifiddrdllens dekicdped hawet3eblk ChBWorides. Thidont a fairly
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boride p glfsggﬂ_edtgﬂ}eeﬂﬁ%ﬁ%%%%%g%%%ﬁﬁgm@dngre c}gdéfb’%ﬁg?t ased on the
alloy conposition, the cobalt (Co) atomfraction that is retained for the
format i [BOBIH;HH tevens lob thedesulipnglES 24in aphenifmitsiand diel aypalli distgbuten ofdpar ed t o

S AP ADREA % A gt B b ) 075 e 1
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) alioy 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 Co;B 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 aAkyys,|andheatingthSplutebity dfrawldf8ridls khdpd vecuhth orsurdlef  pavtiabpressdfufct i ng a

t hod of f ' hr omi o) - d tter t t_f | at ed
& ( 5-aeomPRD b 2l 1gify Jats 6 Bin Sppelienlales T OROE S BT ANt of
the pr&sEOis-29UendE Aoy FsteRt | The rh&tRodRESRLIMBLMEYRDs bRSIRIGRE tRd Preparing a

plurality of raw materials into a conposition corresponding to a Cr-(7-20
at. 9% moben gloy(ts form aningonyehieatingdhe ingot tora fulln iqwid stasg totfprofa diffuserat eri al s

conpri si re_ e ts.ar fer..19 allo .and ;heatjng the plurality of
raw nat 8??%1 SVl e@g@?cﬁoaﬁ%%ﬁalﬁed%{ﬁ%e% irt?r} %itfoyp’)r sas%oﬁgo%fl “'3|p§e6n (Ar) to a
fully digyed gostiatRattall Theniiod fueRerdhdlodes Ao t@spIBohsidatngithe Cr- (7-20 at.
WB or C-(5-25 at, WC alloy system The nethed al so includes the steps of
sol i di hgmegeneens prenglioxsd PamdesnplsTinlgpte afylly derse homogengommmatesial | ngot to a
fully Liou @ i ) b 1 ' i di fying
the o TESRoREREILR coMisBifiol ot LEER20 3B Bt 0 A Snhatnile 1 L'
The netheddlly dertsh bompgeriousimsterinktodomps spittec tmgad! | dat i ng t he honbgeneous
pre-alloyed powder material into a fully dense honbgeneous materi al

: i | ifi f Or-(2-20. % B -(2-20 at. %C
o e lRA] Remof it e eBRR hafhsondiect GatmiBh Cr bt mile SRt r 1 ar pot
[ 00881 fdrhuliédasiEt @10 at! B BECh XL 20ht. PRTWeahk WiépS1 3013 ind i phivalifprof- based

sputter target fornulated as C-(2-20 at. % B or Cr-(2-20° at. 9 C begi ns
(step Swemaicrialspge prepargd Hit a gompositionsorresRandgedo 8@ Gridntr %o prte (%
conposhkipm, i = 7= af. .~ B -1 55 99 C al | oy
systen?sfﬁéﬁ%?%¥§§?§§ﬂ6®gngﬂﬁﬁgz?&%F%Qggﬁﬁ?ﬁ%ﬁﬁgéBg&gﬁe gﬁ%ﬁ?%a%?anaster

al | oys alleyseptep 53802).
[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 fully 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 S1307).

[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 Cr,3C¢ carbides or other

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

[0091] 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 51304). 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 nmaterial (step S1307). [0090] Pure

el emental chromium (Cr) powder is adm xed to the honbgeneous pre-alloyed
powder material (step S1308). The honbgeneous Cr-(2-20 at. % B pre-all oyed
powderat. WY @tepH 1309 'chfﬂoﬁidliﬂhlﬁ.rbg?ﬁ? @tmmm)s&ﬂusfbyaene?sutaﬁﬁgmer solid
solution, such as a supersaturated chrom um (Cr) solid solution and/or a
super SRMAESRcOYS prerdlovedPowdor matenial is encappuiatid ijarcRucard-syacyatsd the o938 for i des or
ot her ' ' &g% r AP 7 8d..chrom um
(Cr) sat(;&')lirn s%?f@ﬁ&wﬂﬁu - nqﬂ c?o% ng§¢%§¥%ﬁg§y§$ %ﬁ%{dqtocg?lg’l de. In an
al t er rrmtldheasapds ssaladh dhedan isi mbjested pt 4 tmgerat 80 $twesn 309 fCadd 13EDW b aThe

honbgeneous e-al,l d wder is consol,jdated into a fully dense

oo ESHE e KRy Pl et asofry SO0 T S BbmblsPer st e Bo< 20 ar. 08
or Cr -fréssdfized 1R isdbtatid Pressusd @d@,s@.l?!ﬁ@):ons-ﬁh%tﬁ@@ﬁ:?| (51¢pSi15ep)be oedirep S1309)
occurs by encapsul ating the honpgeneous pre-alloyed powder material is
encapsfng dheripethodsas wellnd evacuated the can at  a tenperature between 300 C
and 600 C to a vacuum | evel between 10.2 ton and 10-3 torn, and the can is

o escult TN B R ER iy mer AT, RERF R RIS, por squarc

pressu et ween nds per square I nc S per square
i nch i3130),pnd dwuprocessiedst(step 843 i Aspastdi(hd S\wubde)B exhites amassel | dati ng step

Gonn FSTRGAsHSt S rchoing T At Cr B RRREE fineTig, Eouse tirpRitn (GFep " 7
51310) poriied atel kG106 Sfise SEVEPe paitiGlR g@detdtion dulthy GPstterfa; Anl3h® fotnatidd 6F exhi bits

a coarse eutectic mcrostructure including & and Cr2B alternating

| anel | Bese tmsisies shauit eemavigrdedoanless g sigreaf the Borides igreducedadiagureselddy endoar ti cl e
' ing. ' ' f. ' houl d b
CSoroch OO EREL B g 0474 Lo Bl in LGRS Sl Lfigegnou ¢ be

avoi ded, es I's redu i gures
solid solution 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 pm.

. [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 comresponding to an Fe-(5-40 at. %)Co-(3-20 at. %)B, Fe-(5-90
at. %)Ni, Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or Fe-(30-35 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.
100931 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. WC, in which rapid solidification resulted in the reduction of the
chromium (Cr) carbides particle size to about 5 pm 10094] Figure 16 is a

fl omchart depicting a nmethod of manufacturing an iron (Fe)-based sputter
target fornulated as Fe-(5-40 at. 9% Co-(5-20 at. /0)B, Fe-(5- 90 at. /o)N,

Fe- (5-70 at Fe 50 0-55 a cordlngto
a thi rH‘ga?tP&@ia‘?‘rl‘ défa“’t é?é.o “’b?é’g‘%ﬁf’ @‘W\‘i@ﬁﬁ?’b éﬁﬂ Is?h‘i'ﬁﬁé i ncl udes
the st gp1ed alkdyERRY 4 RndeRbdtisPrd-hlloyRE poder MRESAl Fusthiide,ahCREMBal tion
corresponding to an_Fe-(5-40 at. 9% Co-(5-20 at. % B, Fe-(5-90 at. %N,

Fe- (5 m@hdt:s 31%5@5 ofonsglirlaiog the. hm@quncqyp prealioged powder matexinl antb @yfully st em

t he N ster all oys,
and bea é‘hb{nﬁg&ko{;ﬁﬁg{zﬂ yf"!())t;‘a}t’ﬁl %/%{'m? §%§n§)§fgﬁe\%/’§§.Jm"%¥’ aggrtlal pressure
of argﬁﬁcmﬂtngth@ﬁﬂlyfdehiewdmmn@s matedia td ﬁmfnefsiﬁuaerrmighen al l oy correspondi ng
to the Fe-(5-40 at. % Co-(5-20 at. 9B, Fe-(5-90 at. 99N, Fe-(5-70 at.

o 1 MGG moralearib e hrRed o byt ink i N (e h ool YIS BFm an | ngot .

reheat ifghul A& as2nﬂe {S0AIP4t. éf?g@@-ub bt/ %Jsgpeiés-aé at. %)N? r;@{ o PatdévhEy s nol ten

al | oy, and ra dIy solidifying the fuse nolten i nto a honobgeneous

pr e- al Kfreatpdaplie or Fer(H-phat. %pPd beginnisiep Slﬁﬁﬁ,mmmm@fmatmds st eps of

dence. RORSERRLIE: RAFRARNT s Biofale RYEFRECHIEL /A B R ¥

mat er i 80 at. 361, PFREHRTOANY)CHF EBI0 denym, (brcﬂw(germuﬁ cedlloglsyétemf e m a
sputter target. 100951 In nore detail, the nethod of manufacturing an iron

( Fe) - bR4uality of fave matesialycomprisingpiies demens plangsteraoys (stepyd§02s- 20 at. % B,
Fe-(5-90 at. 9N, Fe-(5-70 at. %9 Co, Fe- (30-50 at. %Y Pt, or Fe-(30-55 at.
% Pd bq@aget Ths iphRality b8 Bkl makbidisas Hédtt«!cﬁlddwvdéﬁmh%w %lgﬂu& of 3gdif epar ed

into a conposition Corresponding to an Fe-(5- /% 5-20 at. 9% B,
e

Fe- (5- (80 tata fully Npyid pate ©-fgan amoliey aloy mmdsm tatth @-E&-40 ot YPEo((80- 55 at .
% Pd aloQY o335 eTs.do'lE. %), Fe-(5-70 at. %)Co, Fe-(30-50 at. %)Pt, or Fe-(30-55 at. %)Pd
alloy system (step S1604). The molten alloy is solidified to form an ingot (step S1605), and

the ingot is reheated to a fully liguid 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 S1607). 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
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

$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). 100961 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% Co45- 20 at. % B, Fe-(5-90 at.
WN, 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). 100971 The diffuse nolten alloy is rapidly
solidified intg a honogeneous pre-alloyed powder material (step 51607). At

| east 40099} Jhe Hdky egepsousangieripl ishatielladdstep SA6HDs For thedlerSy¥d  powder
mat er i efs€ A ' ' ' <5 - e Fe3B or
ot QSRR ALy Y oo MIRY dsp ORI i TR ABUER RS 0O G
conpos itmperaturc1833Rdn tha solhdustgepeatus. (The fally deyechqovgtabus mardakiel i dat ed into
(step EYE06FE 5 BERS B ierdmeR s tP SIPH): HERBG EIG PO oyed povder
material is encapsulated in a can, and evacuated the can at a tenperature

bet weenof#P As iﬁﬁaraﬁmngi%@e 27 MBE widTostRi¢Rire HRIsWRAS Fe-(30:6%t! RiCo-rds 40- 3 tort,
and the can is seal ed. e can is subjected at a tenperature between 300 C

and 13G@Bdnclydes 3 & ordered patcfie mattix ad be Sealkerider Bygomparipen Bs and 45

ki | opoqﬁ&iﬁ&a | [ ; I h ' Woge Ssi ng vessel.
The conso |§§$I|rl I‘Il: S ?a%'%ﬂg{ig%mgﬁ%é‘gb?%%ﬁ*@ﬁ?%%e%éfoﬁgr@%@ﬁé}r? hfreet hods as
wel | . deRélofii&@®T vdityefideuhicyostiactares holnrg edetoridepledse sizes sreRinificahtled (step
51610). For .the Ee-(5-40 t. 9WCo-(5-20 at. %9 B .alloy system the fully
dense HB SQnE‘B‘h@‘ jpR gf'%Pie eﬂ’éi’%eé&a}to‘%f"/yg‘t“é &rcomparedde thenen t he
sol | duyyiBPR/IIMRLETHR bofilss ihthd X-deNsRrdleRganous material is machined to
forma sputter target (step S 1612), and the nethod ends (step S 1614).

101001 As illustrated in Figure 17, the mcrostructure of as-cast Fe-(30.6
at. 9 d81QHFigurgil9 depirs thewesulticd amX4ay difantion asalysis olthe phesercorstdwipn he Fe2B

the i 1o AR B B SE oIt b gl I Caseid o on
M cr ostalleg] the equilikiiem & efih borkde Yooy fortredrdlanewith desomespontyigirhatdant |y reduced.
:Eg di 5 (;r{vlg}Jsteiy?Hle?*fapiEl{;fos% 1di %(ri Iaﬁgy RCQ% o%?:d Ithse- _rgflstass?ab\{ee lgé/;BLiJrgnfdg,r W earg thceorrpar ed to
non-equilibrium boride exhibit a fairly good thermal stability which was not transformed
even after exposure to high temperature at 1100 °C during hot consolidation.

10102} 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-(10-50 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-east mcrostructure. 101011 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. % 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.
[01021 In terms of the resulting PTF gain and uniformty and the overall

di st r i ¢pmposiiopicormespondiog taie NphsE() ati %)P slley systen, tixt plitaditysofxaoimatenils y  of

Fe3B i ' i rabl e. Based. on t | onposjition, the iron (Fe)

at om f?oe'alg&r?‘%ﬂ r%p "?%glfmsgtg F ﬁ%ﬁﬁyf’ﬁgﬁﬁ%ﬁﬁaﬁﬁfﬁy 8#“?“?1'8“58 dBderyhases in
the asvaasih oaiphtiibpressuft Falgon/fir} ® 4 MRy tQaidasRoRfoRd aghdlienfiiagt i ons for the
rapidly solidified alloys 1s 0.384. Thus, the volune fractions of matrix
phase §HrespRrdingg theMy-(L0-3Gs1 “aNtallay sysam: iThemesshednlse imcldeeiasteps obhases i s
subst i L& 1 dif I : ared to the
- ootk ERURRLALT o U Al ¥nefidghe B o A il SATREL S

i ncr eafoemaf diffhse moltamadlofyy andtrawidiyablidifiding thei diffugehasieenalley iimtpar t ant
contriputors to PTF gai.n nd uni.formity. Furtherpore, the increased vol une
fracti GG EHE %‘Hlﬁg@dﬁﬁé@g Wﬂe%%‘m%’ 'é‘bﬁ“f"&gﬁ i"&&“‘ﬂéf‘?&rﬁ‘%&i s highly
desi r afdRofiduting B lﬁiﬁhcgﬁnébu'd ?&J—ﬂ[dib&' bSWéldr i) b 2Tl derdsBhomogéhbBisl Fi gure
20 depicts a nethod of manufacturing a nickel a&\(l; - based sputter target

f or nul mategiah gndymachiping shexfuily demse haowgentius gatesi tatspukterdangetrent of the
present invention. Briefly, the nethod includes the steps of preparing a

pl ural i ﬁ{l? ' 3 € | b QAL to a

Ni - ( 10%‘?4@;‘1.&% a gﬂf%ée}g@%ﬂnﬁ%%ﬁl urgarq}ﬂ%é]gfqﬂrbé\gvﬁrétﬁeri aggp conpri si ng
pur e eformmbdial as/NindE 156rat.2o)Polyeginsdstelp R2001) e dtalpumalityr aflraw ynadrialsave mat er i al s
under vacuymor partial pressure of argon (Ar) to fully liquid.state to
form apmﬁegﬁntalaICBVpeﬁﬁ?‘ég?fEﬁﬁa‘?W&tB ata}‘ﬁ'é(fiﬂﬁé(aiﬂ@g)oalgy. Sy%’é’ theRlyralityst em  The
met hOdoﬁWmhﬁﬁHH@S&pﬁﬁﬁg?ﬁ&%n%ts oﬁ%ds_t&angﬁqs& &20@3)t en alloy to forman

i ngot, reheating the'ingot to a fully liquid state to” forma diffuse nolten
alloy, and rapidly solidifying the diffuse nolten alloy into a honpgeneous
pr e- al OAPSH The phveplity af ew mpterigls pretenied vadertvasuusp onpartiphessaeofgrgonst ep of

Ar) to a fully liquid state to form a molten alloy corresponding to the Ni-(10-50 at. %)P
(Ar) y lig y sponding ( )

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 alloy 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 pm 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 $52009) 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
10 torr and 10° 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 43 kilopounds
per square inch in a pressurized hot isostatic pressing vessel. The consolidating step (step

S2009) 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. [0104) In nore detail, the nmethod of nmanufacturing a
ni ckel (N )-based sputter target fornulated as Ni-(l 0-50 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).
101051 The plurality of raw materials are heated under vacuum or parti al
pressure of argon (Ar) to a fully liquid state to forma nolten all oy

cor r es O8] dbe fullytdeasNionjoigen®é reateridljPmactiheshto Sy a spitter 692 3186¢) . The

nol t en y. 1S, sol j.di,fied o an ingot (step S2005), and the ingot is
r eheat ggbt@,gmdﬁmwﬁoﬁ&ﬂ&s&séepg{zgfﬁb forma diffuse nolten alloy (step
S2006). [01061 The diffuse nolten alloy is rapidly solidified into a
hOfTDgﬂng bﬁmlv\dblyk mﬁumr@ﬁﬁnlerﬁhghé formétisrepf Vazioly hickdl®li i de30uUS

pre-all gyed powder teria S a mcrostruciure_ conprised of a
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phosphiygd@fened tAYOUS L] | ke pf : 71 The
hom)geneouse%F e-all oy@gpg(;)n eré?‘}é&gg%’sl(r)IIBi)él(t:I'a/t%(Ia,daQ‘:E E?%rgﬁ?w bn%ig(r%isllg
honogehavria highttendendy tostasking20a9) loadihg duimsmhchisingn figrep! (cvedptt€2009)

encaps dnerebEtedle otns SEa AR ah o e HiRn e bal Rt el E e en 300 ¢
and 60Qilows forahe/ fauetivn! VIR nifle] (191 PhospRidé ihtefinealic pBast siMb ab@ndotlae can is
seal ed. The can is subjected at a tenperature between 300 C and 1300 Cto a

pressure bet ween 10 kil opounds per square inch and 45 kil opounds per square
i nch idgy%r@m&ﬁ'@aﬂmm@gﬁﬁ@mam%ms’gcmwmmﬂmd%ﬂw’q dating step

ste g}gg,)] (o ' . ‘él%p@&eﬂ‘@éclu - 1 The full
fjensg h@%pgen%tg%wr?g?‘g% g{ed@éd%%lﬁ%ﬁganﬁh?gr a sputt gﬁﬁfépésgt; step Y
S2010) ,desimabl¢ foe entminbing tespmit¢rinigproSa0 42) miniGlH8g padicle erlissoays are extremel y
L e el R e e
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very brittle and
y 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 1s 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. It is to be

understood that the invention is not fimited 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 (N) phosphide internetallic phase size to about 10 pm [01101 Rapid
solidification provides the neans for producing extrenmely reduced scal e

m crostructural features. Reduced grain size and finely di spersed secondary
phases are desirable for enhancing the sputtering process and m nim zi ng
particle em ssion. Furthernore, at the nicroscopic | evel, the rapid
solidification induced microstructure is hig chenlcally uni form and the
cor r espsinys Akpnges andimogdifieations may b&ﬁ“@ﬁ@&lm@ﬁpfgmﬁﬂﬂﬂrmﬂle et Wi t | on of

t he me I %mﬁ [ gﬁﬁg ition. Mcrostructure refinenent

has an&#%g%?ggk ntgfhgﬁ&) 5%@#“% eﬁbrlttleness of internetallic
containing alloys. GCenerally, brittleness is exacerbated when the size of
the precipitates of the internetallic phase is large. 101111 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.
[01121 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 sputterlng
targets with inproved properties. Processing tinme is significantly
shortened at no sacrifice of inportant properties such as target chem cal
honogeneity, product bul k soundness and PTF. [01131 The invention has been
described with particular illustrative enbodinents. It is to be understood
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
invention. -26 WHAT. IS CLAIMED | S:
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1. A nethod of manufacturing a chromum (Cr)-based sputter target fornmulated
as G- (2-20 at. /o)B or Cr-(2-20 at. /u)C, the nethod conprising the steps
of . preparing a plurality of raw materials into a conposition correspondi ng

to a Cr- (Mm_b.f«_lﬁtbd&ﬂ)h_a (5 25 at. W C alloy system the plurality of
raw materi ¢ i.n n master alloys; heating the
plurality AV‘%P%P&U c\?}‘E’E‘H (3‘5‘ baswdeputter iartdoramlandes Sy o of
argon (Ar)(ZIZ‘Daﬁ%)B|ol:Er-[Z-mut.C%}U Setnditdd LomhpHshgR tepofdl | Oy corresponding to
the Cr-(7-20 at 9B or C-(5-25 at. WC alloy system solldlfylngthe

nolten alloy to form.an i reheat i the i.ngot to I id state
to forma di fflﬁ’egann%atphﬁaﬂ?f’émw r?aéeﬂ\atilugggfﬁrﬂﬁ? @'???ﬁﬂ?&d‘aﬁ H%E‘eb%| ten alloy
into a hormgﬂ)Bam@r—(MEata%)Oylm systevl ahe plialitg of Alvma@RBRbingAihg\euré he
hormgeneoug allo ga(illlo owder material into a fully dense honogeneous

mat eri al "ﬁ‘gsp"ﬂﬁf% >bl end conposition of Cr-(2-20 at. % B or Cr-(2-20
at. %9 C and nmachining the fully dense honbgenous material to forma sputter
target. 2. The hmtnbdnt;ﬂudﬁydfnaymmrﬁlsahdervmmﬁumdde:rapmiqbpiesdumg)ft he step of

admi xi ng pur e m(Cr er to trk eh e-al | oyed
powder mat ethqAr %”‘%ﬁ]ha“%‘{]ﬁ'f?%“’g ot %‘H’gﬁﬂd m@ﬁmﬁeﬁq% é%
honogeneousr Cx(5{22ak )EhlloysyRBemy e- al | oyed powder material has a

m crostructure conprised of a supersat urated chromum (Cr) solid solution

and/or a supers&ﬁ%gﬂ ﬁgﬁ& %n Hd solution with sub-mcron Cr2B

borides. 4. The ne accor m’'l , wherein the honbgeneous
Cr-(2-20 at. 949 C pre- aIoned ovvder material has a m crostructure

conpri sed of a @hﬁp@%‘h@@G@Ftt%&ﬁdlﬁﬂldwﬂﬁme(tdo}madﬁﬁlﬁmgltﬂl@ﬂ?!}n Wi th sub-micron
Cr23C6 carbides. -.24.5. A nethod of manufacturing a nickel (N)-based

sputter target r%ﬂﬁﬁldblﬁﬁﬁﬂxg@e diffose Hditerrflof into ZhdtaogkMBud e m&ee PbWdek si ng the

steps of:
material;

consolidating the homogeneous pre-alloyed powder material into a fully dense
homogeneous material corresponding to blend composition of Cr-(2-20 at. %)B or Cr-(2-20
at. %)C; and

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

2 . The method according to Claim | , further comprising the step of admixing pure

elemental chromium (Cr) powder to the homogeneous pre-alloyed powder material.

3, The method according to Claim | , wherein the homogeneous Cr-(2-20 at. %)B pre-
alloyed powder material has a microstructure comprised of a supersaturated chromium (Cr)
solid solution and/or a supersaturated chromium (Cr) solid solution with sub-micron Cr,B

borides,

4. The method according to Claim | , wherein the homogeneous Cr-(2-20 at, %)C pre-
alloyed powder material has a microstructure comprised of a supersaturated chtomium (Cr)

solid solution with sub-micron CryCg carbides.,
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preparing a plurality of raw materials into a conposition corresponding to a
Ni-(l O0- 50 at. %9 P alloy system the plurality of raw materials conpri sing
pure elenments or nmaster alloys; beating the plurality of raw naterials
under vacuum or partial pressure of argon (At) to a fully liquid state to
forma nolten all oy correspondi ng to the Ni-(lO 50 at. %P alloy system

solidifying th gﬁi Q¥eirk 0 at | th got to a
fully liqurd s}tggqt [5) P}rah a cgelgkﬁ%ﬁ"g% Q? rg‘bl[]%d @dllﬂ"dl fying the
di ffuse mnae%)hmmymodtmmshgﬂngmus pre-al I oyed powder nmaterial;

consol idating the honogeneous pre-alloyed powder material into a ful I y dense

homogeneous ey ggalid s pidiy BB neRSls 1S CotbbtadiepnepiopmagaRtiporat eri al to

forma sputter target he nmethod according t , Wherein the
homogeneodd a4t alloy sysisen. s whierlity afgavematerials ragpasing RFcdemapBon pastiefonpr i sed of a
super sat urgbd ni ckel (N) solid solution with Iess than 10 m N 3P

phosphi des. - 2$

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 Ni-(10-50 at. %)P alloy

system,
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 fuily dense

homogeneous material; and

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

&.  The method according to Claim 5 , wherein the homogeneous pre-alloyed powder
material has a microstructure comprised of a supersaturated nicke! (Ni) solid solution with
less than 10 pm Ni,P phosphides.
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