050346- 0188 ENHANCED SPUTTER TARGET MANUFACTURI NG METHOD CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 00011 This application clainms the benefit of U S
Provi si onal Application No. 60/701,546, entitled "Enhanced Sputter Target
Manuf acturing Method," filed July 22, 2005, which is incorporated herein by
references for all purposes. FIELD OF THE | NVENTI ON [ 00021 The present

i nventio l.ication generally relates to sputter targets and, nore
particulééﬁﬂ&ighﬁfates to a solidification process which produces sound
billet stocks for manufacturing 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 nagnhetron sputtering is widely used in a
variety of fields to orOVIde t hin f|In1nater|aI deposition of a precisely
control |l ed thi ckERHANGEDA ' GEEMA ‘ ol erances on a
substrate, for exanple to coat i@g;ggﬂigctors and/or to form filns on
surfaces of magnetic recording one comon 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, inproving argon ion production and increasing the
sputteripg . pde with a surface of the
sputter ) 5 Ftrete mei o—emt atons fromthe sputter

t ar get surface The voltage dlfference bet ween the cathodic sputter target
and an ajo00icThis bpglicatien ¢lhiats thebdrefit beu&am«kxwapphéahenm 60/01,846)nB to
formthe deS|r d filmon the surface of the substrate. éo 04] Ty |caIIy

cobal t (emtledc P@WWR‘@@)‘ TangetMapyfagturing, Methody dfrled fgly 24,2085, ‘Uh‘;‘z‘ i sputter
targets ‘ggak singot metallurgy processes. As an
uni nt endﬁxgg?g% ﬁl ?ge@t%gsq%ﬁ%lﬁ%c Ss solute redistribution at the
solidification front and convection in the | i qui d phase may cause a severe
cheni cal EHA{ OFFHEBINVENTEONas- cast product. Furthernore,

[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 sputtér 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 coaf 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 substrate.



gas porosity from as-cast ingots is another consequence, since gas
entrapnent occurs during the casting operation, and no hot worKking
processes are available to seal off gas pores. [0005] Typical as-cast ingot
m crostructures are non-uniform since uniformgrain growth is only
possi bl e by uniformand fast heat extraction froma solidifying ingot.
Lacking this fast and uniform heat extraction, the typical as-cast ingot
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(Cr) content, cold rolling_ is also used to increase target PTF, however
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[ 0008] As detailed above, the sputter target manufacturing nethod tends to
be bot h gy ' ifaldel gt ' f L Oghet ween
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constituents, conventional ingot netallurgy is not able to _provide for
sound i rigert gesawhensghe thyrkness 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 requires 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.



“inmmiscibility' refers to the inmm xing that occurs in the liquid phase. As
shown in the Figure 1 phase diagram for exanple, the Ag-Co alloy system
exhibits a mscibility gap delimted by the two liquidus |lines Lr 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 | at %at 1700 C. For
any nolten Ag-Co alloy within this tenperature range, the silver (Ag)
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rich alloy would include practically pure cobalt (¢Co) and gold (Au) or cobalt (¢Co) 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—heatmg of the ingots for thermo-mechanical and
HIP processing.



-3 [0013] It is therefore desirable to provide for a sputter target
manuf act uri ng net hod which overcone the deficiencies of conventional

manuf acturi ng processes. In particular, it is desirable to provide for an

i nproved sputter target manufacturing nethod which produces sound bill et
stocks for defect-free, chem cally honbgeneous sputter targets w th enhanced
PTF characteristics. SUMVARY OF THE | NVENTI ON [ 0014] The present invention
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no degrg%tqgggyo@;;ﬁﬂgmﬂﬁ ycal honogeneity, product bul k soundness or
PTF cha acturing nmethod and the resulting properties
of the sputtering material apply to a broad range of |ow nonent (chrom um
(Cr) colfitdA} The preseat invepticmapplicationrgonerally (eddiesoiisputter Grpets endymore < 18 at. %

cobal t | o um, (Cr i ro ni ckel (N )-
based aPrGuRty.GY3tes Ria Ao Brogs i Feshlnmshites RS IR, *F v et on i s
a net hoqmaﬁfaat&ﬂﬂg rbﬁdh%c@du@qbaietprésesembaﬁm phdducésVery é’dtﬂlﬂtblliét stodkat ed as
Co-(5-40 at. % Fe-(5-20 at. 9%9B, or Co-(5-25 at. WCr-(5-25 at. /u)Pt-(5-20
at . 9 Bigrangnufactriag defigetdree shermisall vhemogenpausspyties taggets opithenhagced PEBr esent i ng
copper (Cu) silver (Ag) or gold (Au), and X2 representing titanium (Ti),
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plural it anoixdz;n%vr\xl ngtpgsrtl-c%lrgohda{ion 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. %)X;, 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
(If). 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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conposition corresponding to a Co-(5-40 at. % Fe-(5-20 at. %9 B, or a
Co-(5-25 at. WCr-(5- 25 at. /.)Pt-(5-20 at %B-(0.2-7.5 at. %9 Xr and
optionally (0.5-7.5 at. %9 X2 alloy system the plurality of raw materials
conprising pure elenents or master alloys, and heating the -4 plurality of
raw materi al s 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.
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Rapi d solidification generates a non-equilibriummcrostructure that can
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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 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-alloyed 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 107 torr, sealing the can, and subjecting

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



40 at. % Fe-(5-20 at. %Y B alloy system solidus tenperature. [00201 The
consolidating step further includes the steps of encapsul ating the
honbgeneous pre-alloyed powder material in a can, evacuating the can at a
tenperature between 300 C and 600 C to a vacuum | evel between 10.2 ton and
10-3 torn, sealing the can, and subjecting the can at a tenperature between
300 C and 1300 Cto a pressure between 10 kil opounds -5 per square inch and
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t han 116%)Galley systers, 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 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, or ata

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.



tenperature of |less than 1070 C. [00241 The preparing step further includes
the step of blending prescribed weight fractions of a Cu-Pt nmaster all oy
pre-al l oyed powder, a Co-Cr-B and optionally X2 master alloy pre- alloyed
powder, and el enmental platinum (Pt) into the conposition corresponding to
the Co- (5-25 at. YCr-(5-25 at. WYPt-(5-20 at. ¥B-(0.2-7.5 at. %Xl and
optionally (0.5-7.5 at. % X2 alloy system The fully dense honbgeneous
material is hot rolled at a tenperature of |ess than 1186 C, or at a
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sol ution con’grised of Co-Cr Xj-Pt or Co-Cr Xj XrPt containing up to 2 at. %
silver (Ag), upto 7.5 at %gold (Au), or up to 7.5 at. % copper (Cu).

[ 0028] A827} dFonthetCo-G-2eatoVICH(S-20ate W Pt-(5-2(hat. Y)B£@017.5 atves)Xjamd i S a net hod
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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-



(2-20 at. 0/6)C. The nethod includes the steps of preparing a plurality of
raw materials into a conposition corresponding toa Cr-(7-20 at. % B or
Cr-(5-25 at. %9C alloy system the plurality of raw nmaterials conprising
pure elenents or nmaster alloys, and heating the plurality of raw nmaterials
under vacuum or under a partial pressure of argon (Ar) to a fully liquid
state to forma nolten alloy corresponding to the Cr-(7-20 at. % B or

Cr - (5- 2%2-20 at. %9)B ordlrH(2320%y.9%YCnand kaachiningahe fully dehseHomitp@ndlzamatbLl3o Of
solidif¥_in the nolten alloy to forman ingot, reheating the ingot to a
fully | "o #b forma diffuse nolten alloy, and rapidly solidifying
the diffuse nolten alloy into a honogeneous pre-all oyed powder material. The
et hod {0029 Ghe imteHoddaithdr ikt §des Bfe stép SFUdERLihE plrie'eteni dital LAFGEI

pre-all oyed powder material into a fully dense honbgeneous materi al

cor r es p@awdergothe hnmaggneayspesalloyed pewdeymaterial > Thohemogerepuner-(3-2Q at- 20 at .
%C, and,

I . ] LA o] ( a sputter
Chrget 5008 PR Adiel Halehal 183 uicRIRGEER DmPR LS sbreat Bl © °0
el enent ehrouiomCorsoliCsolutigroawiifor a supersatuiacsdndermiams((r) solil sobytiost with/she+
material ., The neous Cr-(2-20 at. , %9 B. pre-all oye owger terjal has
a mecr om&qgggg'g%ﬁr?rsaéﬂ‘ W@ %ﬁ‘gﬂ’l’e’éﬁﬁ“&%?gi‘ﬁ?@‘}m é‘g;lgls?}‘ ol ution
and/ or  ofiBR wWithisub-ali&dn ¢f;e LatBidesr ) solid solution with sub- nicron Cr2B
borides, or a mcrostructure conprised of a supersaturated chrom um (Cr)

solid solution with sub-mcron Cr23C6 carbides. 100301 According to a third
ar r angerfB030] Agcerdingtearthird pryangement, the presept invention igamgthedtof manyfactiAng r on

Fe) - ba -653 4, t o[\B- % B,
bo-1 5. ogrontipxRlsed Bh8E 1l B Mot A%eLS 03 IPCU M GEUB BRIl B,
9% Pd. Tré)NieF&70 ac Va)Ge sFe-(B0e50sdt %6 )Rt onfec(38+55rat %)Ra. UFhel thétiiodincludes
mat eri al into.a conpositiQn corresponding to an Fe- (5-40 %9 Co-(5-20 at.
oh b | Fo.thesEh Lprebgy A Plisalip sl T AT B 4 ramsiion e TIRAE i Fo. (30. 55
at. 99 Pd5aol RY%FOEEET0 att 9B (5390 4ty YN, FRWS T e Mo RicS FeqBBUSD St. BE)PE bk ©
elements _or mmster alloys, and heating the plurality of raw nmaterials under
vacuum dre-38r35; at) Yofideallon sestern, the plysality of jaw matgrialg comprisigg pureclements g f orm a

mol ten af Lo afiyd, 9&&’9&%& axetﬁ?urtaﬁs' JT%ak matdial 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 homogeneous 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 matenal 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 terperature. At least a first boride
phase is formed in the hbomogeneous 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.



% Co-(5-20 at 9B, Fe-(5-90 at. YN, Fe-(5-70 at. 9% Co, Fe-(30-50 at /o0)Pt,
or Fe-(30-55 at. %Pd alloy system The nethod al so includes the steps of
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 honbgeneous pre-all oyed powder material .
Furthernore, the nethod includes the steps of consolidating the honbgeneous

prlel- al Imﬁu ?aﬁmrﬁﬂgwwmafrahgmnqmwbdemdﬁwﬁdmaagﬂﬂmﬁf ma:]er}a: , hgt
rolli1ng the, ful ense. . .nonobgeneous materi ,, angd chining the ense
ho rmge%‘aﬁ%“fﬁﬁ\“é?g %1?“‘?"3 @&M@Hﬁﬁ fafget %Qéﬁ“t}@fed(aﬁ é\gi?gﬁe rat-t(’ﬁg)’ ﬁ?—‘{“i’rﬁ yat .
% Co- ( 5h13ﬁdﬂ{g-the°/§t§psadf|p%a§ﬂ§%ﬁlﬂraﬁtg%fﬂﬂ In¥tei8R $5to B Si86H SorrdBbiding! 1S

hot rolled,at’ a tenperature | ess then the solidus tenperature. At |east a
first biord Nie(10pHhate )Rallayrsystem; thetpheralityrof gaw swiesialsrcompirisingirg elontents

materi al , _and ere e first .bor.jd hase.is rised of a.netastable
Foss or otmAter AlBE Gpd ik i paslib ot raR AR i TR oripaph PROER °
[00321 éCarpénl{ A té Hfullyfliquid stata ts fon@eraoken 1169 coiresponding B RINIq0456 a8 et hod
of manufacturi n% a ni ckequm( Ni ) - based sputter ta{{%%t formul ated as N -(10-50

at. 99 PP ado Themethed alsp ingludss b steps obsoligifying thexmglten alfqyitg form  qw
Sl ; er . ; TR e gt ]
oyst e 2 gBL feiRaRTROmEb! O ARV IREANAL fonn 3 AN wiclbn ol and a0

al | oys, saliifyingthe diffusdqymoénialidyi intp aliomegenemts eré-asilayed pdedenmatetiah or parti al
pressur f _arggn 1 fully liquid.state to forma nolten glloy

P ort o Erbemores B mhetigd indhydes fbs stép o BonsP g Re Fus tomefeSaralivettc

i ncl udepowlér miterd ith a Fally dinky hélogdhCouithiterial 2drdadadhtnih® tHE fuBy) déd3g Ot |,
reheating the ingot to a fully liquid state to forma diffuse nolten all oy,

and r aphempgenoys materipl tadormma sputer tasgetnol ten al l oy i nto a honmpgeneous

pre-all oyed powder material. Furthernore, the nethod includes the step of
consol i ¢§§330qht BEmBEIREE RO oG ONde Matkria RN i cFRIrBLIR! 'hga}@e@ofwl ly
dense hgl?r;og]e]neous ﬁgétigr |2ﬁl? a‘r’n’?&_@achi ni ngnt he fuIII(_:y ggnse_ “n nmogenous

mat er i alsupessatusatesd aickel (Ni)solid selytion withdess thanh® e hMad’aphosphides: e- al | oyed powder
material has a mcrostructure conprised of a

[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. Itistobe
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

. corresponding parts throughout:

(0036] Figure 1 is 2 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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supersaturated nickel (Ni) solid solution with I ess than 10 m N 3P

phosphi des. (00341 In the follow ng description of the preferred enbodi nent,
reference is nade to the acconpanying drawi ngs that forma part thereof,
and in which is shown by way of illustration a specific enbodi nent in which
the invention may be practiced. It is to be wunderstood that other

enbodi nents may be utilized and changes may be made wi thout departing from
t he scoe04d] Figite §lissBovcharedepictiag theRrtabin) 5492) Qrecdiding IBAME NGS [ 00351
Referring now to the drawi ngs, in vvh| ch like reference nunbers represent
correspcﬁ*ﬂﬁnﬁ’ﬁaﬁ%"f’s t hr oughout: [00361 Fi gure 1 is a Ag-Co phase di agram
[00371 Figure 2 is a Au-Co phase diagram (00381 Figure 3 is a Co-Cu phase
di agr am (004§ 39gurk 6§/ 4FAF-Pt Phade rt depicting a nethod of manufacturing
a cobalt (Co)-based sputter target > according to one arrangenent of the
present inventi on m)“["00401 Figure 5 is a flowhart depicting the preparing
step (stl@pBdoeyre 7isevAuniGiphase degramexanpl e aspect:; 100411 Figure 6 is an
Ag- Pt phase diagram [0042] Figure 7 is an Au-Cr phase diagram [00431

Fi gure i U 100441 Figure 9 is a flowhart depicting
t he conglgfhmgﬁl% 9&@?‘?9@%&%&% according to one exanple aspect; 10045]
Figure 10 is a scanning el ectron m croscope ("SEM') backscattered di agram of
an as- cl8944]d5gws 9ds a flogvChart depinting Hetonsdidating St (adp B408),[0CH8ibgRogoe e 11 is
an SEM backscattered diagramof a rapidly solidified Co-(8 at. HYCr-(7 at.
o) Pt - (8 BP™PEHBEPHN oy: [00471 Figure 12 depicts the X-ray diffraction
patterns of an as-cast and rapidly solidified

[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;

U'W

[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-



Co-(8 at. NHYCr-(7 at. WPt-(8 at. WB alloy; [0048] Figure 13 is a flowhart
depicting a nethod of manufacturing a chromum (Cr)-based sputter target,
according to a second arrangenent of the present invention; [00491 Figures
14A and 14B are SEM backscattered i nages of gas atomzed Cr-(13.5 at. %UB
al l oy, under |ow magnification and high magnification, respectively; [00501
Figure 15 is an SEM backscattered i mage of gas atom zed Cr-(14 at. % C

al loy; [[645a] Figntd)1y @eplds Ksraf difraordfalteds B & ds0chsParderhbiafy QlidifRayact uring
an iron §Fe -based sputter”target, ‘according to a third arrangenent of the
present GhGanl)en(12.86520Brllgyi e 17 is an SEM secondary el ectron di agram of

an as-cast Fe-(30.6 at %9 Co- (12.8 at. % B alloy; [00531 Figure 18 is an SEM

secondar, G [ f . a0] h.lqb ff’fl S'tqrrig P Co-(12.8
at. /o) éd%ﬁo% -%g[aggé4i Eidg F{éﬁggmgglgﬁgtks -raay g?%gf@g}{b%sg terns of
an as- captttextatgetaarcoidingsto lai fonth ararfgemedt3fd tife presenfin€entich?amd at . % B al | oy,

[ 0055] Figure 20 is a flowhart depicting a nethod of manufacturing a nickel

Ni)-b tier.t , di ng t faurt t,af th t
vent JNS6L TR B8 stat e 56m el fon Bnfhe o g lp PR BARARAL R g00%: "Gon
atomzed Ni-(20 at. %P alloy. DETAILED DESCRI PTION OF THE | NVENTI ON [ 0057]

The pr eSRTAIIBEDESCRIPTION OFSTHE INVEMIIONer target manufacturing net hod
whi ch overcone the deficiencies of conventional manufacturing nethods. In

parti cul the present .inventjon provides for an inprove {ter target
manuf actlif$7 TR} HrFmEAn Breislsa &er 3 Uty targ 3qtan sioed sk
def ect - ffeRome IR AR IchYicl SIRAVERARMA BRI iridgdhORbds, ih plrticRRRaRCHidsdnl F

characteristics. (0058] Figure 4 is a flowhart depicting a nethod of
manuf actioyéntign prayades ffor ahdmprdysd eputtes pangat axanufaciyeing imethngd whickl produ@s- ( 5- 40 at .

o8 b 0. 20y Buugd Bhfd sBlics e dote A shotth S OimBBrfous smibet Bt L

copper enhanced PTF characteristics.

(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. %)X2, 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), rthenium (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 optionally
(0.5-7.5 at. %).X; alloy system, the plurality of raw materials comprising pure elements or

X 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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(Cu), silver (Ag) or gold (Au), and X2 representing titanium (Ti), vanadi um
(V), yttrium (fl, zirconium (Zr), niobium (Nb), nolybdenum (M), ruthenium
(Ru), rhenium (Rh), lanthanum (La), hafnium (H ), tantalum (Ta), tungsten
(W, or iridium(lr) according to one arrangenent of the present invention.
Briefly, the nethod includes the steps of preparing a plurality of raw
materials into a conposition corresponding to a Co-(5-40 at. % Fe-(5-20 at.
% B, or censgbid4ting28e humogdhectus (phe-Aioyad po%iﬁtmz(taizﬂﬁhtataﬁxﬂrﬁ &er(se hﬁmﬁg&lcemls % XI

?rgg e?P:F%?%g{ln?Pué lg héb?’"éia"é’ll%@ﬁ%t% rééfee]? rHé‘f l“%ﬁ%kql’\’t i ngr ? \rllve

pl ur al i machinidgahe elenﬁllﬁ)mugé@éusmaim&fonmd@ﬁna tﬂfgétt | Adcordiigl§ aHeE € Of
argon (Ar) to a fully llglld state to forma nolten alloy corresponding to
aguipgtuging zal?mc

:[)he Co- H( W allqy Brepg,an%meggg (l)rébe m@nq[m ; L
0 L ol i P B B e 1

t o f or mcamvenhigudl castinp pricticey t he ingot to a fully I|qU|d state to forma
di ffuse nolten aIon, and rapidly solidifying the diffuse nolten alloy into

he. ot og o 18 mRre e, Mhesiod h e iR isnbBl SCRHOBeF Rt BRhaer ot er i o)
into a ffodnhylate@ BSEo-(RIDHEPEPES5-208E. %)'Babn ceps-2saakb)crlissandqpelsizoat.| i ng

the fully dense honbgeneous material, and machining_the ful Iﬁ% ense

|
honmogendeXB-fha-diSiaki %) and prtienally (9-5+5 ata¥ayks X repeesertinggopper (), silver

manuf act d

product|o en te or nafnce spu rin t's h prOV|des a
bﬂgg&&g] arl Xz%él‘% g‘ﬁ‘?anﬂlxhﬁé%ﬁmgﬁmw%@j

sol uti or(Zr)oniobmnp@&i)Jm@lbemmW@)c ﬁdhenmm (Ru), ﬂmnman(mr),rlahthmaﬁﬁ(lm practice.

[ 0059] I.n rmr e met hod nuf a cQ I (Co) - based

sput t er HAfp %{%f ﬁ‘h‘?‘%& » yagsten QD &é!}:ée@g%% a%)“% 1% B, or Co-(5-25

at. NWCo- (5 25 at. YPt-(5-20 at. %B—(O 2-7.5 at. %Y X1 and optionally

(0.5-7.5 at. %9 X2, Xl representing copper (Cu), silver (Ag) or gold (Au),

and X2 r[opm]se plurdligy bf rasithatetild age, prépanadintona doipositioh lcbite8poiding T & CONI UM

(20) LA 0 R M L) U SETE (Y EOA L) ot e
(step SA&.l)G)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 S501), and
prescribed weight fractions of a Ag-Pt master alloy pre-alloyed powder, a Co-Cr-B and

-12.



[0060] A plurality of raw materials are prepared into a conposition
corresponding to a Co- (5-40 at. %Y Fe-(5-20 at 9B, or a Co-(5-25 at.
WCr-(5-25 at. WYPt-(5-20 at. WB-(0.2-7.5 at. 016)X | and optionally
(0.5-7.5 at. % X2 alloy system the plurality of raw materials conprising
pure el enents or rraster alloys (step S402). For cobalt (Co)-based alloys,
silver (Ag), Id ( or copper (Cu) are added as a signal-to-noise ratio

boost er ops?%lef ymgy@r@wdmasé elsmentahplatinum (PY) axs)blended ingo
convent ig@@h&m t feC 3 ot (., quid

sol ution upon@%@??%&g&}c{? “%'%Q)%L é&)ol f&pﬁ%—{gi v%y&g??jog%l fdA%) or
copped (ICuat, Ya)kKi midolpt;wmﬂly{&ls#m &ty%m dlqyissstémc('stcp S662A4Y), andtlmpi‘msbs énds t he

i ngot s rfa 0 re 5 is.a.flo h t |ct| re ring step
(step 5 gs%)n%‘; is '«ha ‘¥VC em% 6st f‘ﬂﬁeﬁé‘ irst
arrangerigg erﬂiﬁnémﬂ@ﬂﬁ%ﬂrl% *’CV&‘rrhttb gm%asﬂe&sltuan ldjw@ﬂj(é@ﬁéﬂmt ep (step
$402) furt i ncludes the step of Bl ending prescribed wei ght ffactions of

a nastermﬁs{ﬂ el,thqugbﬂ@lhotryéunmmmy@n@pmnaawgym el ement (or elements) into
a conposition corresponding to the desired alloy system [0062] In nore
detail, and according to one aspect, the process begins (step S501), and

P e BB Bl 8O o okl L MRl ® el sl e pRPET.

pl atinu rxa'évl?m)temiscdnmisdbdf substantiallyepucosilves(Ag) and phnnamp(Bt)dlixem}tcboks t he

(c):gt |( (5)nzzal ‘T’@eﬁf 8‘%’%8%‘?@5’?%%)@ %%‘%’5%@3&%0@% éé (5'§A6° b §¢1 /Q{X Bmg%dlélgs s ends
(step S5¥at. %A6 a0 &€ P4 ITHeDpLirliEy STTRR GhaterialiParé Hedtod dﬁﬂﬁlﬂy mghRGaReeormat eri al

is hot rolled at a tenperature of less than 1186 C, or a tenEerature of

| ess t hamoliozloy heving sustaptislhothe same presgribed iplaisumH{PDicentsat andihe medtest ep rray
be opt i ol liy eh‘%@for&,%tiﬁ%oﬁ%gf&g if%q é& id fthSat@ffod fally & mﬁ%&S@zﬁx}d the Ag-Pt
alloy is prepared using a plarality o aw narerl al's ¢ rise

subst ant tapidlysobidifeed sitb a pre-iligyed dApdPiyredalloyed poMidpr metetiakt ocks, where the

prescribed platinum (Pt) content is approximately 10 at. %to 90 at %
preferably 40 at. %to 42 at. % The plurality of raw naterials are heated

Same pr oSS ) Fifol ¥ B Rl B ARG ARG b o

silver (Ag)-nch 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-alloyed Au-Cr or Cu-Pt

powders to provide a wider processing temperature window up to 1160 °C and much higher

-13 -



alloy is solidified to forman ingot. The Ag-Pt ingot is reheated to a fully
liquid state and rapidly solidified into a pre-alloyed Ag-Pt pre-alloyed
powder material. [00641 Figure 6 is a Ag-Pt phase diagram which reveals
that a peritectic reaction involving a silver (Ag)-rich liquid ("L") and a
plati num (Pt) solid solution occurs at approximately 1186 C. For an all oy
contai ning about 40.6 at. %platinum (Pt), a silver (Ag) solid solution of

t he sanﬁemperptum’stfbmpper (Cupcontaioing@ilbey asshowe in ghagds dihgrems preserited ini ng | ess
than 40.6 at i“&‘ﬁ exhibit an incipient nmelting upon heating for which the
onset pol ‘erm ned by the dashed solidus Iine. [00651 Dependi ng on
the post atom zation processing tenperature requirenent, the starting raw

malt eri aI[9066]rAdmfai\ig’:\mtwe}xlﬁﬂ alééﬁﬁ&wjli}ﬁ& ﬁerﬂmgﬁlﬁgms%&%t XSOl?ll hrdly cgul d be
split up |nto e-al l oyed powders jncluding a Ag alloy and a

CoCr B( PtPressribeshvigh gﬂracnxvs aﬁl 3 Qy-Crymastegalley,prg-alip¥ed mﬁ%m?%%o@d coul d be
added f 0. rature
wi ndow 86 ngﬂ&%n%em%%}%p 9 ver %&B?Qcén%‘{ﬁ'?‘%‘;”a +n8§/r§£lan§ e% %%e

i mpr oveoC@I-Cs msﬂsuallqyrpro-falleydd\mwd(:ﬂg): bldmd@chghmhb composamge;mespomlmg tbar

appr oach, coul e. altenpied f ai al | oys
el g oriE SR AlcROEs W el O bl 1S R il ao onreT s bty ng
t enper at ar B)xy andPwystém (LeplSFOBS; @adhérpt@besbbﬂige(ﬁep $504)crme Jhuéasefor COpper

(Cu) containing alloys as shown in phases di agrans Eresente Figures 7

and 8. Mﬁnmmwwbl&mtwﬂgé@bwmmrwmékéSMé §0°<€wéabwmms§gu ns

(step S fo f fi J? {ypﬁg

pre-all 0%5556@5\/}1\31&'7,6 gs(gosge%ﬁ ah a&f?‘lﬁgﬁ%qﬁéhﬁzm 'tétee?m | oy pre Jpl oyed

powder, emiftedi t her an el enental chromum (Cr) or a Co-Cr naster alloy

pre-all oyed powder are blended into the conposition corresponding to the
SS

Co- (5-25 k]O _Cr-ig5-t02 .Sat..0 Pt - 5{,0 t-r > 157 usat X
opti onal‘ Zl. ofd at". &3P e39 5 'éFr:n ?e oce
ends (st v aeAlls cdmprifed|df yuteinsially pae@oRI @Y andEHiremiudh (@rs nit(llttstdCRU ed at a

terrperature of less than 1160 C_ or at a tenperature  of Iesso t ha 70 C
(see st efyhesgdhe Preseribgd chramive (N cpptent s appraximately 19 at 4%\ 80mt- éperp m;a?

47 at. % to 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 S501), and prescribed
weight fractions of a Cu-Pt master alloy pre-alloyed powder, a2 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-(5-25‘ at. %)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
S504). 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 (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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omtted. [0067) According to this particular aspect, the Au-Cr alloy is
prepared using a plurality of raw materials conprised of substantially pure
gold (Au) and chromium (Cr) nelt stocks, where the prescribed chrom um (Cr)
content is approximately 10 at. %to 80 at. % preferably 47 at. %to 49
at. % The plurality of raw materials are heated to a fully liquid state to
forma nolten alloy having substantially the sanme prescribed chromum (Cr)
cont ent t . i lel, Ohi £ { ¢} 4 ThenAu- Cr

I ngot i?sh re teoaé} ggatpghgg’p?pﬁ%ﬁ?{? gﬁl s#t) %ébgggl ﬁra%p}i%'ﬁrs@siojl?%?li}tgggioﬁt 0 a

pr e- al | #y%)BAgnd Optignally §0.5-G\teat. PdX¥pdloyspsteni The plusdB pf ravcmatgrialgateo a t hird,
alternate e .he .process beqi ns te 0l an rescri.b wei ght
Fract i heugi Tty by RoRa5 T § follen a0t Byle gl llo i3 bianelo, ot

opt i onahd jhegl® Tlﬂsﬁlﬁ%cﬁ lis ”théa83d 0racfuBY liqiid dtafoaid elipidiidligifRaRitb algrenmwywum (Pt)
are blended into the conposition corresponding to the Co-(5-25 at.

9% Cr - (5peRdegimatesiabt - (5-20 at. 0/9)B-(0.2-7.5 at. %X and optionally
(0.5-7.5 at. 99 X2 alloy system (step S502C), and the process ends (step S

20%) - R 7bl W ERILHOPRELSRNE riW hidferils formAiitadting S CBErMBKPARLr Al Ur e Of

l ess th 86 C, or at a tenperature of less than t S tenperature
of the CoCoMBX;astleyr conld ba/splid ap inte twp pB4lioyed priwders inaludinguaghg-Phalloy

hot -rol |i | gnal |y oni.t.ted. ..[ 00 Accor di tq,this
part 1 curad ¥ SBEERPI ot e ot £ Berin Sl ppRGEH Culitbesdottof i ng
pl ural i biylafde. rR¥niiRE S¥prédch collid/ Bl atteRpled Forddolditsu) vk c6pper {Oll) cdnGiinign Cu- Pt

all oy, are -14 chosen to provide the proper atom c bal ance for the Co-(5-25
at. 99 callpys.usingqpre-aigyod AusCpor Cyrft poxe/%r%l oyide awaderprocgssingtempgratusg X2 g | oy

system ich HgWngéh ' : . iquid state
to for m“;}arﬁﬁr%vﬂl%%oatalﬁpog%gn h %*e?d é’%‘ a O@Pg@pgg@@icg F%%M%ngg?ng an

i ngot . $hewn nopiasdssliagedmapresknted in Figutésy7 dndBui d state and rapidly solidified
into a pre-alloyed powder material. [00701 As indicated above, the starting

raw mat egd for nuf act.ur i PtBX/ or.a CoCrRtBXI X2 alloy could
o spi 1 (007 A optTPiH e B B8 s FomePiiofs o8 ohgper et of o0
CoCr B( Ptmaterial$is Comdphied ofkbeteen .2 dt0%\whad 210 ab. Yalpatd eletiedtiltsiiverqagdiwieesll d be
added f %I:le 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
(P1), 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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bal ance. 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

wi der processing tenperature w ndow up to 1160 C and nuch hi gher
tenperatures for copper (Cu) containing alloys as shown in phases di agrans
presented in Figures 7 and 8. [00711 As a non-depicted alternative to the
above fornul ations, one of the plurality of raw naterials is conprised of

bet ween e fully
dense hlg%ge'ﬂ;eeo%{s na éﬁgaaﬁto %@ﬂiﬁoﬁhﬁ’lgﬁ?ﬁ ? é‘ﬁ‘% E{fégﬁeo@?) 31%2?& govtV&eér?rper ature
| ess txhannﬂlf(gteﬁSMN)t &apmtsouenlﬁyauomrmomﬁesthe nehoy fot ptoducihg exmemelyerial s i s
conprlse elenent ol d, (Au ereg the ense honngeneous
mat er i aﬁe peed ﬁg ef”d‘l"’P%‘H“E‘g?l Hin F%*‘F%Igr&wsézeta@ﬂ%ét(g dss than 1065
C. As , &fan I
asewﬁdabyeﬁhaaéstﬁé B&diralR foﬁ?ﬁaﬁ&n%ﬂﬂi sptiériag pfote® %l f ldnm%gens pafticke | S

conprised of ‘pure el emental copper where't he fuI honbgeneous
mat er i aémissiohoAt thelnhiexds¢apiclpvebihe mmmwﬁanommm@mmcmfe isbighlyt han 1085

S'obZF{ “QeBeicatlyignRan e poripapdife e ataferah 74 PR SpoRia s B0 2t or
ﬁzspo&uo@f@én&dlaéghﬂmmﬁum%m@ db@positior’t Micidstriubtiredefiadtent hed 7 2)

Returnl ng.to Figure 4, the plurality of raw materials are heat ed under

vacuum &1 imppyigat impagt-on redycing the brittleness of insermetallic contpining alloys. (Gegerally.st at e t o

or Go- ( EFRGe ® fiterodill HEANAD Gy bR ok A5 O oot Spmast sl 0>

optlonally (0.5-7.5 at Y X2 alloy system (step S404). The nolten alloy is
sol i di f {0874} Bapidsolidificatiog gendrateepnéinediilibrivanl mi¢restrucgwe that caredustainatiosto a

B

pre-al | gxRéss rgasrm&rarzh@én a Ve ThigiEbbling R@p ischossibledbif Mbstisnfall powdi des t he
means for pro uci ng}asﬁxtrene reduced scale mcrostructural features, since

r educed Patigles ok up ot pYeaage siresgrpending o8 hedherma) coducidtyand specifi abl e for

enhanci fg.¢tRe. a0 YF i rah process and mnimzing particle emssion. At the
mcrosco%?cgllea g tghe apid solidification induced mcrostructure is highly

[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 comresponding 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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chemcally uniformand the corresponding target material is an excellent
source for the deposition of the nmedia filmwthin its nom nal conposition
M crostructure refinenment has an inportant inpact on reducing the
brittleness of internetallic containing alloys. CGenerally, brittleness is
exacer bated when the size of the precipitates of the internetallic phase is
| arge. (0074] Rapid solidification generates a non-equilibrium

m crost W@fh&bﬁtmﬁammmimmaco letelyeanhdipRdRIsolid Qlldy) én &gy NY
consolidation at high tenperature and therno-nechani cal processing. For gas
at oni zatcPeAIng Measiagle phasesowt prrgliterd 8 thephase diagram angVorgxtendeden | powder
particl Ritpverage size, depending on the thermal

conduct i c{i‘%’aﬂgﬁtg&g%ggﬁl ¢ heat capacity of the alloy. 100751 Rapid
solidification of the diffuse nolten alloy occurs at a rate of up to 104
C/'s, or [0Qi8] RapidoolidifisatidRapthiques,isuct ascatomization; eeltsspisiningandrspraat i on, nel t

i nni f or.ni wh the .diff | t | | i i dl
sol i di  REnETEvE been Halizctior vatigus applicayins i icnsroseacs RYsEY, apd for Bt o age
parti cl epédiziQpplaaBontysiied A6MaBon Prodésdes’ e ciPablel PodduCingFegrefdtniRey nan ¢

standpoi nt, because_of the |imted heat evacuation inposed by _the slow heat
t r ansf erPreralleysd magrials wighmurh refined microstrissiress oThearticde sizey mofithe f ol | ows

the equiliqri il | ' . ' [ . I n many
cases. isuidatisShdly dipkh bl By b SRR GORANG, BRy Reansed iR, " T
sput t er itachnfjuecipsthe pirametersséfahe echtiquecitselfand alloy liduid pripestienf Fotiastawepndar y
phases determ.nes the PTE of fhe &_arg&t, affecti nﬁxt e overall properties
of the SH3atonHzAkon s kpownig produgea fige dgT thap Sentg UAMAUYE are used by
the present invention for the preparation of sputtering target alloys,
where rapid quenching fromthe nolten state enables the solidification of
any sputjoeT9jthehfgtitdousbieldlofedpevden i donSolitateduntowrfally geistor ni ty, fineness
and integrity for further processing. Gven the high cooling rate which

coul d beliompqgersauy maferial (sisp$498)- | A least adirg boride isdpmassin thehqmipgeneous pre-
| i quid-t ' sl ek ' ; = AEIRt ; rapi d
quenchi ngro?ﬁ%m%&a conpl et e%e?n%?gﬁg%%%%ﬁmﬁ?%ﬁé angaﬁlag&x%ﬁft ai ni ng
met ast abCesBodndemB hotidesraz diter boridencantpositions, evhgrethe doridesizeois lessthan@ed or

pum. 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;-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 $408), according to one
example aspect of the present arrangement, although other conselidation processes may be

. used as well. In detail, the consolidating step (step S408) begins (step S901), 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 10?2 torr
and 107 torr (step S904), 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
S906), and the process ends (step $907).
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supersaturated solid solutions. 100781 Rapid solidification techniques, such
as atom zation, nelt spinning and spray form ng, have been utilized for
various applications in the aerospace industry, and for other special
applications, since atom zation processes are capabl e of producing
segregation-free pre-alloyed materials with nuch refined m crostructures.
The particle size distribution of the powder is usually determned by the
at oni zayoosn) ReehihgivFig@ad, fRthaCH(320 aatozo;rbr(srzoaﬂ %)IB%‘ﬂtbsls?st@m @y the
paraneters of the technlque itself and a | i quid properties. For

i nst anc&eth afgr%ﬂrmﬁlw&ﬁ rhswtqpsofmml%thg qrnogeneqnsaterial Rt

centrif T Wl

consol i dat’e g“*‘% C&ggﬁgjeat pﬁ:el—kggr%g%us n%o?s?ﬁ?‘n(sgrﬁ&t%ﬁg%%ﬁnép\t | east
a first (qurs‘twymhéughrthdhmmnhg tupmagebaenumcmeesuaﬂl DThefullyaenser materi al ,
where the first borid S a mxture of Co3B and
Co2B bo?lpaegevsp%wmﬁag?cﬁaéoﬂfé g%ﬂll m&@%@%@ PRYYICEIATEE (SEP| es5
than 2 Sﬁll)F%d&lQﬁxe%d(eﬁdszgte?tSM%Q (5- 25 at. %9Pt-(5-20 at. %B-(0.2-7.5
at. % X, and optionally Stat. %Y X2 alloy system a primary phase is

formed in the honmobgeneous pre-alloyed powder material, where the prinmary
phase is an_extended solid solution conprised of Co-Cr- Xr-Pt or Co-C Xf
X2- Pt cd9f82] Spngasatomigationgheliym (Hv)e\p usedcpecanse ghity lower sIS%RSItV/@gd)hlahf(rAu) or

up 10, 7 sBuiBlvelodnf SRk bhucklinc? BORAE EPRIRUAD. Oy i hORH) U A e 9 1o 2

fl owmchart depictl conso ng ste ng to one
exanpl e ralapmstpeo—frmmlue (‘(REALNIC eﬁctradgﬁﬁmmﬂ\abdnmﬁlgﬂ omrditeumgmmﬂe dation
processes used as well. In det ail, . th onsol | dating step (step
5908) - b TIPS By VFReE EECI D FOSAL. (A MPA LIS 1t o f al

i's encanﬁ%kat@sidlanoﬁw%an& ah®Br é%?ﬁ%henﬁlaﬁ résalls inaa:ge 019&9«3&@%«%& pid tenperature

between 300 C and 600 C to a vacuum | evel between 1 ort and 10"3 torn

(step Sgoldificatina, theaate ghcqoding esinyerselytpspposias) to timhpartigls size. Nileect ed at a
tenper at ‘6 ?hé??&?ﬁ&iﬁx E@% S tﬁlg%)ll]dsaquq:s h& e%nWﬁ&@.U&b‘?e RN AL 129%43 lph gitBQtL,’ nds per

squar e opounds per-square I‘'nch in a pressuriz

| sostati rapxp selidificaiov gesarhtef s hep-eqBABAHYM nsiokbstniveurp thet eassustattemst b€theS907) .

- 17 thermal cycling during consolidation at high temperature and thermo-mechanical processing.
[0083] Under the rapid solidification approach, an extended solid solubility of upto 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 hés 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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[ 00811 Returning to Figure 4, for the Co-(5-40 at. %9 Fe-(5-20 at. o/u)B

all oy system the nethod further includes the step of hot rolling the fully
dense honpbgeneous material at a tenperature |ess than the Co-(5-40 at.

% Fe-(5-20 at. %9 B alloy systemsolidus tenperature (step S409), although
the hot rolling step can be omtted if desired. The fully dense honobgeneous
material is cold rolled (step S4 10), and nachined to forma sputter target

(step 1. an d 2 0082 as atom zation,
hel i um d)lééanoﬁgg ebagp@g%f’s "‘Z‘ &6?/%& ?ﬁé%%%ve[ Eli ﬁ € sonic

vel oci t;mcrpstaxéum:s;\grhamrmcbbﬁaltr(%) poridéphadehsine 1aslgm|ﬁcéAIy)md\B:de maeeasi ng t he
di sc gtatlons 'Sr-mnute 'RPM') or electrode RPMin the centrlfugal or

r ot at i ngisEIEPR ghe batidmphase isalsofest Bilerm ascpmpatrd (o B dainbytinofdice | s

r educedpgdide l;mgquhé)gg_gg{ odARRSe. higher liquid alloy viscosity and/or
surface tension results In larger particles. In rapid solidification, the

rate of cooling is inversely proportional to the particle size. Wile
conpl et ¢0085h Tpe phase F@tlstmftlonhétmsmstednﬂma}pldly soﬂ@dlﬁech§o+(§ abdMiCe(@bl.e for the

final r id,soli ti non- [ ibrium

i er ost POREG 8 fai oy wé3Ret gpfimikd bE R of B R b Rere Ind B e

consol i dailysinaretsuhingfiz4dEmnRe &Tfﬂi&oﬂfpdnérhﬁfhmnﬁﬁ@@ﬁé ¢2l Innheeeedst Althys, 100831
Under the rapl d solidif | cation agproaoh an extended solid solubility of up

to 18 athe egpulijwium boxides Ce:Band EBgverg formed alpng m%h@cwsa?n@%mém Au
al 1 oys, 1afdv@thérh &@i}ﬂ%@ka@@g aﬁiog@é&@&'a%z&%ﬁ%dp,go%&g&m&%t

contalnlng up to I n quenc i qui aIons For
sil ver (eduilibdumtbende has teel shdwr{ ©Oexhibit aofaixrly good itteermaksathlity, amd wastrmitn f ew

oS S e A R i

mscibility gap, silver (Ag) wll likely solidify into distinct particles
upon at qoess}h Getms dheeeéulting PIF pdin g fodhite ahd therivell ditrisitioner the( Ag)
through a nmaster alloy that is fully mscible and/or forns an internedi ate

phase \M‘Pﬁ de phasg.she mg}mrqmaszosm mieh meErdopirahle Bassd puithe allo¥ shown t hat
the typiceal oﬁﬁo&élﬁécdﬂaﬁ Seé)t th'lﬁtﬁ'hrcﬁox?ﬁla?ls r&Re iR 1 foftMatich FRSBArdat ed of

pri mary boron free ndritic phase surrounded by an aggregate of
smal | er nbamllmﬁsasta%amsesﬂﬂé Wmmeedtnéhqmg)qnﬂmgmmmﬁayu@o@tme phase

rapidly solidified alloys which is 0.24. Accordingly, the volume fractions of matrix phases in
the cobalt (Co) alloy 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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and a Co2B boride. A representative mcrostructure of an as-cast Co-(8 at.
WC-(7 at. WYPt- (8 at. 9B alloy is shown in Figure 10. By conparison, as
illustrated in Figure 11, rapid -18 solidification of the cobalt (Co)-based
alloy results in the devel opnent of very fine mcrostructures, where the
cobalt (Co) boride phase size is significantly reduced. The distribution of
the boride phase is also very uniformas conpared to the distribution of the

bori d . ) DS ) Ut ¢
Che. ac- a0y nt Reddiy (3P ploAibhy OF hvaioblil icer vadfinds uj: Ppatfist meie o U1 O] 0
al | oy Hagomh&en taiefudlyrtiquisiostise toformya mioltenralloy icomespomding td the Gre(3+20tat. %6)fB t he
anal ysi s ar Lzed in the.diffragtion tterns sh in. Figure 12. In
t he és-?fa@rfgé%u %;%Sé alforyesy.gta{ﬁ fﬁ“ﬁﬁ?‘i}ﬁ‘?‘gﬂ?‘? ng‘gﬁotgﬁﬂmo%@%éﬁ? ormed al ong
Wi th t h@oked AIRYNE st \h A6, fexsea&i,ng m@u‘gﬁﬂb alfilly liquid dlaye 9okl nldiffde al | Oys

es.

devel oped a netastabl e Co3B bori I's non- equilibriumboride has been
shown t@oksenalloy: and mpidly splidifpias thediffase melign alloy ynto ahemogsneays prerr ansf or ned

o061 10 paRat s e b B ol i s W O P g G700, el 1

di st ri bbhdrhogenedustpeealldyed ipdedaimaterialtite afully déise hemogerebuimatérins nmuch nore

desirabl e. Based t | | L L th | t t om f ti
hat | SCHESBORREEE BlerH ramppTiion PECE G20 HooDBer G5 C ANk U Ao FBHEngost
al | oys {n% fidlyl&ensé ROMSERGuS RaleRR t6 P S i ggeat om fraction for the rapidly

solidified alloys which is 0.24. Accordingly, the volune fractions of matrix
phases in the cobalt (Co) alloy which constitutes the ferromagnetic phases

i s subs{0988] ln myredstaile thg mesiod efiyranufgsiuring ashromiup Eo)-hased yputighéetonpared to
h - ' j f h QoY h
| ncr aas St B0 & AHFL CAER20 pPCRERY (et IUD) WS BNGRE 1 Ne

cont ri bravomatetialsfafd-prgpdared mtwla comhpasitiont oprresponting tore Ce-(7120at. %)B eaGe@- vol une
fraction.of e.. boride phase.in the rapi.dly solidified material is highly
s r abrs St SPCHRY Statsit, BF Bt ol ik SRBrils EoBIv iR BUF GIFRB OtiAse. no. cast
al | oy, m?sqggpsm@q.ui l'i bri um Co2B boride was fornmed along with the
corresponding matri x, however the rapidly solidified alloy devel oped the

first eqéjil'briu Co3B _bori de.. .
[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 Cr3Cs 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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[00871 Figure 13 is a flowhart depicting a nethod of manufacturing a
chrom um (Cr)-based sputter target fornulated as Cr-(2-20 at.'/)B or
Cr-(2-20 at. 99 C, according to a second arrangenent of the present

i nvention. Briefly, the nethod includes the steps of preparing a plurality
of raw materials into a conposition corresponding to a Cr-(7-20 at. %9 B or
Cr-(5-25 at. 9C alloy system the plurality of raw materials conpri sing
pure el #nB)C $step S1309).eThe ddhsalidativig step ifstein 8 B30 gedulebypencapduldtingahe r aw

materi a] s under vacuym Qr der a.partial pressure of rgon (Ar) to a fully
T aut o bR aE s R eraova BrPeY 1 oraes Bt s anoond Sfiid B ket g b

or Cr{ 5a tnpRiatur¥dbetwilch 390 ¢ 2h@ 800 I & APaduash 1e¢emcmehqdé$o&&m Fo e, Of
solidifying the nolten alloy to forman ingot, reheati n% he |n ot to a

ful |y | anflihe can issealed Thm@nas sibjectedeat 2 tesnpesaturel tepyeenz309 *Caandd300 s@th di fying

the dif oahorm terial.
The met RSTORREM fRbabilehl suRDRERRRE2s Ridhonfes Y B cncoue
pre-all pgeeﬁnmmarisdmhe ptessing Rés3ela Thiel copsotidating SepEaprs1009) doaldsdcar
correspondin ﬁg nd corrp05|t|on of Cr-(2-20 at. %9YB or Cr-(2-20 at. % C,

and nacHfRg Ager 135 %¢elbense hormogenous material to forma sputter target.
[00881 In nore detail, the nethod of manufacturing a chrom um (Cr)-based

sput t eri DPhe ﬁmrda&a{o%g%ﬁo@m&&aa@s RaBehn@(ﬁo%mp& spudted thrgdt (sté C begins

(step 5 , and"a plurality of raw materials areaﬁ)repared into a
COMpoSi M) )c@drtb%p@mssngis(atea S@BH()?A@ecaatCr-el@é aby %o c\tlsbltszscwse % C al | oy

2 Toys. cusdictaltuipbinghglfta 3 i GO piM eI CRalte ERRRISRICHTES O,

¥acuum bomtiusd@e krifovwabtolchade savag pmeIQe??gﬁw%n%%uﬁm fd thy fbmﬁu?g og g ag te to
orma en 0 orrespondl n 0

%C all g§DF @mﬂ(‘éﬂise $"‘;_$E e SigF P%\g QPF@)S? 13 Eedé‘ﬁé ﬁ:lg‘i"éﬂl‘f‘%aﬁ‘q)r m an

i ngot ( qaﬁraeﬁémamc@e@u&&}e ggg atbalieaf@qﬁﬁé L %) frvhieh ol (IR SxiSidalie to

3
forma diffuse nolten 0?steps 1306) I ffuse nolten alloy is

r api dl y selid $Qintiqxedlthm€0rmedabm@pm@m5 qzh@ltedil I oyed powder material (step S
1307). [00901 Pure elenental chromum (Cr) powder is adm xed to the

honoge N§6093] irsC ALY Qﬁ)ys 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. Y%o)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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powder material (step S1308). The honbgeneous Cr-(2-20 at. % B pre-all oyed
powder material has a mcrostructure conprised of a solution or solid
solution, such as a supersaturated chromum (Cr) solid solution and/or a
supersaturated chromum (Cr) solid solution with sub-m cron Cr2B borides or
ot her boride, or a mcrostructure conprised of a supersaturated chrom um
(Cr) solid solution with sub-mcron CrnC6 carbides or other <carbide. In an

al t er natingoaspe filly liquid stabeito forg Sdiffasd mbl¢n am@&)ndi rapidly $dlidifyinjg@ROdiffusehe
honmogene (ﬂs pre-all oyed powder |s consol i at ed Jnt fully dense

hormogend® ¥ g p hogogensptpreraitoyed By gfe; temeshosly o1 oy
or O { 2-iR0udtncdy Jofk&goﬁaamgaﬂéﬁ%og&@wmwea%w&r Safial ﬁt@pmﬁ;?m)

occurs encapsul ating the honogeneous pre-alloyed powder nateri al
encaps uI ampgeneens materibl,chot calling:thetfully demse bamogeneeusroatarialy andpet ween 300 C

Ceal oa. st RS ool FomSFnSaE Palehal 8 BrE Sl B0’ ¢ nd 1300°C o a

pressure between 10 kllopounds per square inch and 45 kil opounds per square
inch in |009$]rlasmredztarl the et d if atanafaotueing an droi By dlasedispatteommpet | dati ng st ep

Gonep PonpRUaGEEs karSrD 3t HTonadh Hesp B erGrii 4 e Far gﬁ%%fq@if%‘é' Y
B e .

exhibits a coarse e ture |nc ‘uding Cr and C 2B
| anel | aels p@pareddntotarcomipositioCeyrrespondivgto awfe-@ridhat. Y%oiCo63r26 ab 0B, Eefarticl e

v dod, S AN ReaBIDFE SR REREY 5P AL PES: ERlieEes ar PRl apfR I~ 1ap
depi ct tﬂ&lﬁram}cémtvrrﬂﬂéﬁ&lﬁc&ﬁpﬁsuigaﬁnabléﬁieﬁ@@r fasted dldys ddtep $3492).0i n which a
fully extended solid solution wth no fornmed boride phase is exhibited.

(0093] -cast .alloys tend . to for arse carbi des which ause a poor
machi ni ﬁ@ﬁﬁﬁ’f@?ﬁ%&/ A t@iagawtheeqeg é&‘i"é‘“ﬂ%ﬁ%ﬁ‘gﬁé’ﬁﬁ?‘fféf’ Ao Fi gur e
15, for exyiph &llﬂﬁﬁi&&ﬁe E&%nh@xﬁél@él alloSF‘cSﬁ@s%Bﬁdiﬁé t e Be- CESER ozed O -(14

at 9 C, In which'rapid solidification résulted inthe reduction of t he
chr oni un?Q @& Ye)BaF&( %atp%)Nn d:{ee(Ss'/TOzté YoiCcafFet{B0-50 gtaf¥e)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 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 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 Fe;B 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
10 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

S1609) could occur using other methods as well.
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[0094] Figure 16 is a flowhart depicting a nethod of manufacturing an iron
(Fe)-based sputter target formulated as Fe-(5-40 at. 9% Co-(5-20 at. 9% B,
Fe-(5-90 at. YN, Fe-(5-70 at. 9% Co, Fe-(30-50 at. %W Pt, or Fe-(30-55 at.
% Pd, according to a third arrangenent of the present invention. Briefly,
the nethod includes the step of preparing a plurality of raw materials into
a conposition corresponding to an Fe-(5-40 at % Co-(5-20 at. %9 B, Fe-(5-90
at. 9% Ni[0099} mﬁmy@nseh@rﬁngenEms(rBﬂeﬁﬂ iahot-re@lﬁ(ﬁtcptSlEkO)( For e féx-(S%GDd al | oy
system raw nma r| Si n ure mast er
al | oys, S@%@%"?ﬂj {ﬁ%gﬁ?ﬁ SLYISQH’ER? g&ﬁyﬁ ?’8?7"3 gjlége ‘g?tapart i al
pressureexgﬁaﬂneqess(tﬁéﬂm&@omfsu&h atufel i The ol &séﬁorﬁ dﬁbﬁsﬂﬂehﬁnsa”oy
correspon Ing to the Fe-(5-40 atikr/()Co (5- ZOﬁ%t % B Gé 5-90 at. YN,

Fe- ( 5- 7@naghinedgeformasputier- tangetistepH1 61 2), etrdqhen(egwd%da(stepo I8d4xhl | oy system
The nethod al so |ncI udes the steps of solidifying the nolten alloy to form

ﬁgl iggogﬂd‘?%ﬁh rapi gIF;l/é& %yl ng&n{?e dlﬁsuse I‘%@P?Steaﬁ %’W@ n odiaf fuse
he St epe ol consol T*é“*’p“”“?“’““"‘m?‘“o‘ﬁ?”m;fdf” vod pogler aterial i nto
; full yp‘ﬁﬂé’ﬁi‘&’é i F\%dﬂgdﬁ&f%ﬁﬁ’%‘l‘)ﬂoﬁ&e‘ Oﬁlp(ﬁ:g)ﬁ (ﬁé?(‘}yl.ﬂ%F@gdﬁ%e hom)geneous
mat er i al developm et&&ﬁhﬁ?ﬁ‘rﬁ mmshuémsdwﬁ@@meia@pﬁaswzeg hrdlsi gdnPfidafflyn

sputter target. 100951 In nore detai |, the nethod of manuf acturi ng an |ron

( Fe) - bagednosdy Thedistributien of theseride phases isalso wrymiform amcompps:diothe: . 99 B,
Fe- ( 5- 90 gflbl(\t@nléhofgf%gé%gigtﬁéas—c@ﬁ%mr??ﬁuc&?‘o 50 at. %Y Pt, or Fe-(30-55 at.

% Pd begins (ste and a " plu raw materials is prepared
into a conposition corresponding to an Fe-(5-40 at. 9% Co-(5-20 at. %B,
Fe- (5- J0161] Figimil9 depic(sGheesults &ﬂ)ﬁ)}(—r&}&d'(fﬁﬂ:{iﬁﬁ aaalysi%JPﬂ\c phaseléen(tﬂﬁxicﬁﬁ at .

0/()Pd al | y ste t he | ur,al i.ty ray |aI§, ure el enents
mast e} tﬁ? %‘ls'ﬁf’é‘%“éit dgp ngegjﬁed%fﬂgéé PEPRES At {"fﬁ) °yr e‘iaftal s is

heat ed UARS! the aguilibi@nh F[é?B bbride \Déﬁf%&ﬂéd?al@ﬁg ﬁ'itﬂﬂfé cohegﬁon dhgandtdk| y |1 quid

statetoforma nol ten | oy correspondlngtothe Fe- g %CO(S 20

at. 99 B, Comersslyythegapidhysefidified alley deyelgped %“P’F €or
Fe- (30- 55
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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-(10-50 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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the ingot is reheated to a fully liquid state to forma diffuse nolten all oy
(step S1606). 100971 The diffuse nolten alloy is rapidly solidified into a
honobgeneous pre-all oyed powder material (step S1607). At least a first

bori de phase is fornmed in the honbgeneous pre-alloyed powder nmaterial,
where the first boride phase is conprised of a netastable Fe3B or a m xture
of netastable Fe3B and equilibrium Fe2B borides, or other boride

CONMPOSi donfPasition @0RE&poddifg ROANYEITES0IS. TR aldY S)teh, B Flafalitysofr@Rspitedas ed into
a fully dense honqgeneous mat erjal (step, S1609). The_consolidating step
(step SOMRYYIGRUEYFIEmeRts opmasteralioxs.iangd beatineth pEray; matsrials yader powder

mat er i alacl$mep sm%@;sﬁ& dfargbn{ @A) toa‘{}gl\})é ﬁ&@q%&@@ ol a teﬂtallg# enperature

bet ween 300 C gnd 0 Cto a vacuum etween 10-2 torr d 10-3 ton,
and t hecarrespinslingda thedNi- ({105 Ocatr o) Ralkoylsy stemne Thatmeshadeatpemgludesthb stepeefn 300 C

d 1300,. 10 Ki . are . d 45
K| opoutRiify ey IR Rt dh ippuctehr e AT S o dly el gy vessel
The confugi ﬂﬁiﬁx&@tn&l’te@&%?, 4 rapid9A8lidifAkY theWiffie tiSltenhlBY b amet hods as

t
well. -22 [0099] The fully dense honbgeneous nmaterial is hot-rolled (step S

1610) . hepogeneoysgry-alioygd pawdenmateriqls Faghermoreil methed inpludes the stapeoff i | | vy

dense h [ LS..N . t he
ol | dus Y RIERERY T TRheeons P ok binilesBhoudhiol WATRTUN e hERSeetl | 2

f orm a siatetiab and maghdhing shecfallp dérdse homagehoub enateriah ofoen dspatsdramrgs. 1614) .
(0100] As illustrated in Figure 17, the mcrostructure of as-cast Fe-(30.6

t. © S 8 at., 9 I ncl ' der.ed, st. t tri d the Fe2B
bor i e, ROV p8eidet) B srethad o 3peiuteri Aghe DV apeRerdBRY 11 cat | on of
the i 1 OforkiRRed B 10150 2 (it SI0D1) SR E PR of v Vihatiad 6

m crostructures, where the Fe boride phase sizes are significantly reduced.
The di sPrepagdigp agpmpogitien ¢nsresprndpigte adNird 05046 %o sllayrsystempthg pluralitar ed t o

the di ' ' - i ' ' tructure. [0101]

Fiigure. ToFREMEA ofinpfilf PR eifinls bl AR TLFRIO0N, 10 1 o the phase
constitution of the as-cast and rapidly solidified Fe-(30.6 at % Co-(12.8
at % B #0108} The plurality efrawasaterials hrgyheateth andeyyiatuum pupartia Isessanciofergnns f or med

al ong W(.I\B t& Q%ﬂf)pﬂc{uef\cf Rg{é% ?(g'mnaar%ghéﬁ 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 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 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
107 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 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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Conversely, the rapidly solidified alloy devel oped the netastable Fe3B

bori de, where the non-equilibriumboride exhibit a fairly good thermal
stability which was not transforned even after exposure to high tenperature
at 1100 C during hot consolidation [0102] In ternms of the resulting PTF gain
and uniformty and the overall distribution of the boride phase, it is
clear that the stoichionmetry of Fe3B is highly desirable. Based on the alloy
cConposi qom¥ Thé fully'defise( Hotho g8hGU rhatesdl Eﬁﬁﬁcmﬁbﬂttoﬁxﬁlégﬁ@eﬂwi&gﬁeﬂ he
formati ogn _of the boride hases in the as-cast alloys is 0.256, while the
corresp§ﬁ@ﬂq}g°ﬂét‘b<’rﬁnﬁh8€@&f§‘ﬂp§?°1;2}e rapidly solidified alloys is 0.384.
Thus, the volune fractions of matrix phase in the iron (Fe) alloy which
constit 1 | RRShis o ' 4 -t he

rapi di ylﬁgo ’icﬂ? iigg&g glgllég@%ﬁgg b([;iorrpar edééttbgﬁt %@{%ggmgﬁoﬁg.l%ﬁgemé%duct i on
of the rfhe sizg of/the phesphidestéomd phast is h determiningfaetonfor tieccontroliofithé r act i on of

the boride phase are inportant. contrjbutars g PTE qai and.uni formty.
Furt her 8 ,°§Shz\sl'%traél§§%‘ép%ﬁ"3%§‘qf? Mﬁﬁﬁﬁ%?taﬁ%gwgml@eve%gg o (?t he
rapi dl y ha#ea high téndendyBb efacRing iabardy 198diNg S@sdg RAdHEnihE! Ftibd ZVickealstheni f or m
di stributi onmg{‘1 ‘borodr?&(B . [8?0%%}" Fi ugre 20gr depi ctg a%_hod_qf )

nmanuf actiRfemahmicrestugture gfigay atorized Nifdp gk %o)Pa atingshaf rppid selidifcaion 10- 50

B of |y PREREabtofcf itk FOUT BARRERE il LB LESE R UR 1k,

materials into a -23 conposition corresponding to a Ni-(10-50 at. %P all oy
syst em [0H] Raprdsolidification provides the nwhss foc produciag egtremely redueed stale or nast er

al l oys, and heati the plyrality of ra terial s, unde vacuum or parti al
o eonur aagrosticiml als, Redlddaain fiee hneay Bispeised SRpRary SREET g | o
corres P QRskicdbike fo eﬁﬁbﬂciNg ﬂ(ekﬁ’m_ﬁ&i@t pro8@s?ax§i rhﬁﬁmﬁﬁgi ﬁﬂcl@'&ﬂ\iﬁﬁinmd_ al so

I ncl udes_the steps of solidifyi ng@the nmol ten al OK to forman ingot,

reheat i riyrthpengre,gbthetrpicepseqni¢ level, teirapid selidifigaions dmigrostrusBiredsi t en al | oy,
and rapi e IR VA | f -1 S

pre-all o}g%%y %%Jﬁ%‘gél y)r/r%r‘?%ﬁla fi%uioﬁg}oﬁr“girngﬁgﬁde[{%?ﬂ%% ?ﬁef&%@?&?ﬁ%?&ét ep of
consol i dh¢ depgsitios ofithemgpeliceBins within-itsl Homisad cpmpostiomeaMicrostiucturt cefimefeantl y dense

honbgeneous . nat erj al nd chipi he fully d e haonmbgenous material to
form a ?’6‘6?? gf“"f'%?b‘é’fé“?%ﬁg?c‘i‘%Hﬁg’%éée&gfsa#ll?%ﬂezﬂﬁ@fﬁ%ﬂmgﬁg af?}x%{lf acturing a
ni ckel (Génerddysbrittsiuds istxadedba&1 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



formul ated as N -(10-50 at. %P begins (step S2001), and a plurality of raw
materials are prepared into a conposition corresponding to a N -(10-50 at.
%P alloy system the plurality of raw materials conprising pure el enents
or master alloys (step 52002). [01051 The plurality of raw materials are
heat ed under vacuum or partial pressure of argon (Ar) to a fully liquid
state to forma nolten alloy corresponding to the Ni-(10-50 at. %9 P alloy
system (\';Hrﬁﬁs &ﬁﬁ@dk)and Btﬂiﬁmhbm"may beynade bg thasel bf ordihatyskild inmthaartiwigoit (st ep
S2005), 5@ eheat to a.fully liquid state to forma diffuse
nol ten & qﬁﬁ?“% ﬂU@%T“ Tﬁ@ﬁBf evegtieR-use nmolten alloy is rapidly
solidifled into a honogeneous pre-alloyed powder material (step 52007). The
honobgeneous pre-all oyed powder naterial has a mcrostructure conprised of a
supersaturated nickel (Ni) solid solution with | ess than 10 pin N 3P

phosphi des, al though ot her phosphides nmay be fornmed as well. [01071 The
honogeneous pre-all oyed powder is consolidated into a fully dense
honogeneous material (step 52009). The consolidating step (step 52009)
occurs by encapsulating the honogeneous pre-alloyed powder material is
encapsul ated in a can, and evacuated the can at a tenperature between 300 C
and 600 C to a vacuum |l evel between 10-2 torr and 10-3 torr, and the can is
seal ed. The can is subjected at a tenperature between 300 C and 1300 Cto a
pressure between 10 kil opounds per square inch and 45 kil opounds per square
inch in a pressurized hot isostatic pressing vessel. The consolidating step
(step S2009) could occur using other nethods as well. -24 [01081 The fully
dense honobgenous material is machined to forma sputter target (step

S2010), and the nethod ends (step S2012). [01091 Ni-P alloys are extrenely
brittle due the formation of various nickel (N ) phosphides. The size of

t he phosphi dé second phase is a determ ning factor for the control of the
brittl eness. ‘As-cast alloys containing nore than 10 at. %P are generally
very brittle and have a high tendency to cracking at any |oading during
machi ning. Figure 21 reveals the internal mcrostructure of gas atom zed
Ni-(20 at. 9P, illustrating that rapid solidification

-26 -



0

allows for the reduction of the nickel (N) phosphide internetallic phase
size to about 10 pm [01101 Rapid solidification provides the means for
produci ng extrenely reduced scale mcrostructural features. Reduced grain
size and finely dispersed secondary phases are desirable for enhancing the
sputtering process and mnimzing particle emssion. Furthernore, at the
m croscopic level, the rapid solidification induced mcrostructure is

hi ghly Wm and the corresponding target material is an

excel |l € Ne deposition of the nedia filmw thin its nom nal
conposi tion. Mcrostructure refinement has an inportant inpact on reducing
the briktt!| enssethsd dfmasufastugingiacobalh(Ga)rtiaseyd sputtenytarget foomulatediag Cob(5r40 | eness

o Tar ot Ao Ry Ot o PaGHI T B bAPRG A o BT R P o s0l o
t r ansf odnideiptionally\(015ap5 dt. Ye)xb,1 X representiag cé}fﬁeﬁ((ﬁx)tdiﬁepg‘.@r& old (qu) faam ng
stoichignetrically favorable secondary phases in terns ofgt he 1 npact on the

di st ri bl eBFeseAting fiiandump (i .aanadim(¥a, aIum (9; girgonisse (4n).cdolipmi(®), t ar get

such as oz 1My gﬁwﬂffﬂé T tthFlﬂH tird cl udi ng
t he casrtnlgl;%drou o ‘%‘gfsl:aéﬁy h‘%ﬂﬂ'&f%h) g erl aF ec |oﬁ?§1’ccor%g to the
pr esent (Tiajwengsten(W)y oviridasn dr)ptheanéthad c(nmphsmgthdxstepmfri cation procedure for
the production of sputteri ng targets with i rrproved propert i es. Processing

time is S|gn|f|cantl ned t no. acrlflc i 9 i es such
as target cHERIEH? ﬁimﬁ@ drYym %Pé%’&i‘%a%‘m‘??s Br‘f&ﬁE t“lbgg)@ 131 The
i nvent i gnvHPs(226¢ at. YHBCH éﬂed-(S\QB fat. I%)Url(s-l?b%f %ﬂPk (500 at. I%I)B—@@WSI alents. It is
to be wunderstood that the invention is not limted to the above-descri bed

enbodi rréﬁlfsarzslmptlpn%liy (03575 at.i”%eMe allewsrsies, theoplwslityiaf caw imaterialegommsisigde by

t hose o? tYor the art without departing fromthe spirit and
scope o the |nvent|on T IS CLAIMED IS: 1. A nethod of manufacturing a
cobalt (Co)-based sputter target fornulated as Co-(5-40 at. % Fe-(5-20 at.
% B, or Co- (Bearisg the plogpliry (f3aw nagerial9grder yBuRm ogundexapagiial prepse af . %) K,

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;

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

g homogeneous material;
cold rolling the fully dense homogeneous material; and
machining the fully dense homogenous material to form a sputter target.

2. The method according to Claim 1, wherein for the Co-(5-40 at. %)Fe-(5-20 at. %)B
alloy system, the method further comprises the step of hot rolling the fully dense
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and optionally (0.5-7.5 at. %9 X2, X, representing copper (Cu), silver (Ag)
or gold (Au), and Xz representing titanium (Ti), vanadium (V), yttrium (YY),
zirconium (Zr), niobium (Nb), nolybdenum (M), ruthenium (Ru), rhenium
(Rh), lanthanum (La), hafinium (Hf), tantalum (Ta), tungsten (W, or
iridium(It), the nethod conprising the steps of: preparing a plurality of
raw materials into a conposition corresponding to a Co-(5-40 at. 9% Fe-(5-20
at. % Bomeperto®mhaferiabataltem td RasZtRard Blao(ar: ~?@IB° HAod- O at.

9 X, andn%%tignally (0.%}%1.11 at . tﬂé/()X2 a?llc()é;/@syst%rgg th5|23 ufé{)lﬁta?o%f raw
mat er i aygemsplidysdemperatgre-e el enents or master alloys; heating the plurality
of raw materials under vacuum or under a partial pressure of argon (Ar) to

a fullw liqu ﬁéﬂg ?ﬁgﬁ&r . tgg Vi g 'ng t he. Co- (5-40
at . %ﬁFe-(?thg at ﬁ?@% , otrg] %“5’ '%%b%%@m(@%%% o%ﬁ‘jﬁﬂ%% at .
%WB-(0OtRestepsaft . %) X, and optionally (0.5-7.5 at. 019) X2 all oy system
solidifying the nolten alloy to forman ingot; reheating the ingot to a

fully liquid state.to.forma diffuse lten alloy;. rapidly solidifying the
di ffuse nol BRPENIAEIE the 8“‘8%‘%?#?8@8??6’6@2“{?‘%‘{ H”&i}é’&fwo%?é‘y material ;
consolidating the honogeneous pre-alloyed powder material into a fully dense
honobgeneous evahatihgthe cahita fefiipetafigte bbtvebnl B/ °ClaRb600 RO RGUS lewd eri al ; and
machi ni.ng the full %ﬂéie@e honbgenous nmaterial to forma sputter target 2.
The nettﬁ’g’&”&c,l ot ABd {Q  O%i m 1, wherein for the Co-(5-40 at. % Fe-(5-20 at
%B alloy system the nmethod further conprises the step of hot rolling the
fully dense egliingtRiPgeRRPUS Material at a tenperature |ess than the Co-(5-40
at. WFe-(5-20 at. % B alloy systemsolidus tenperature. 3. The nethod

according to Caim1l, wherein the consolidating step further conprises the
steps of: subjecting the can 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.

4, The method according to Claim 1, wherein one of the plurality of raw materials is

comprised of pure elemental silver (Ag).

Y

5. The method according to Claim 4, wherein one of the plurality of raw materials is
comprised of between 0.2 at. % and 2.0 at. % pure elemental silver (Ag).

6. The method according to Claim 2, wherein the fully dense homogeneous material is

hot rolled at a temperature less than 962 °C.

7. The method according to Claim 1, wherein one of the plurality of raw materials is

. comprised of pure elemental gold (Au).

8. The method according to Claim 2, wherein the fully dense homogeneous material is

hot rolled at a temperature less than 1065 °C.

9. The method according to Claim 1, wherein one of the plurality of raw matenials is

comprised of pure elemental copper (Cu).
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encapsul ati ng t he honogeneous pre-alloyed powder material in a can;
evacuating the can at a tenperature between 300 C and 600 C to a vacuum

| evel between 10.2 torr and 1073 torn, sealing the can; and subjecting the
can at a tenperature between 300 C and 1300 Cto a pressure between 10

ki | opounds per square inch and 45 kil opounds per square inch in a
pressurized hot isostatic pressing vessel. 4. The nmethod according to Claim

1, wherggn Omﬁeﬁf:ﬁlbhecdbl-dlﬁ%d(tmt Wh¥eiiBthe Fil ! ®ndcShortéPPRE B GilateHal RUT €
el emental sjlver he met hod according to O ai m 4, wherein one of

t he pl uP‘&tIrPWdﬁfat?lameé?rﬂlﬁ%h@sw&énﬁr| sed of between 0.2 at. % and 2.0 at.
% pure elenental silver (Ag). 6. The method according to Caim2, wherein

the ful hy de —ar ] [ e less

t han 962YC ?ﬁ@The rrgtﬁ gFHéccor rllgl”to tﬁQh}n&%ﬂﬁ%ﬁf\%ﬁgﬁe @é sg#eﬁ[h'pl urality
of raw stepef blghding gresaribep weightl ﬁaénqm 1o aeﬂgal’mammr afjoy gre-dlinyed @ow&érea met hod
accor di Caim2, rein e ful ens eneo teri I s hot
ol ed SP-GEBaRB P AF maueh ey proaldyed Rohass, B3 AEREALRBBRGR D IR O a1 m
1, wher gidtoaiposifibn E&@sﬁ&d&h‘}ﬁ tolthe Cb-(5-29/ atr%)trrt(slzs at %) Q5120 & e Bfo. RUT €

el enental copper (Cu). -28 10. The nethod according to Claim 2 wherein the

fully ddrs. wetenallygd. &7 Sat. YXo alloy sySemed at a tenperature of |ess
than 1085 C. 11. The nethod according to Claiml1, wherein the preparing step

further jgonpHd : n 9%‘:1::6 g of a

Ag- Pt rraster%??%ﬁog%gc-oz{hﬁgt& laﬁg\%ﬂgrhggmoﬂ%omgr& K%ho tloﬁrfgrﬁy S nmaster
al | oy pihet wiledgtettemperdtire ofdess thﬁrehk&tit%] platinum (Pt) into the conposition
corresponding to the Co-(5-25 at. HCr-(5-25 at WYPt-(5-20 at. ¥YB-(0.2- 7.5

at % X2 @”d C’l‘%telmoe la\écérgin to CFaix%tZ, woﬁc)el?gn ﬁllle lf\%Yy @ﬁ% Eggnogcneous matenal is

hot rolled at a temperature of less than 1030 °C.

14.  The method according to Claim 1, wherein the preparing step further comprises 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 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.

15.  The method according to Claim 2, wherein the fully dense homogeneous material is

hot rolled at a temperature of less than 1160 °C.

16.  The method according to Claim 2, wherein the fully dense homogeneous material is
- hot rolled at a temperature of less than 1070 °C.

17.  The method according to Claim 1, wherein the preparing step further comprises 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.
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12. The method according to Caim2, wherein the fully dense honogeneous
material is hot rolled at a tenperature of less than 1186 C. 13. The net hod
according to Claim2, wherein the fully dense honbgeneous nmaterial is hot
rolled at a tenperature of |less than 1030 C. 14. The nethod according to
Claim1, wherein the preparing step further conprises the step of blending
prescribed weight fractions of a Au-Cr nmaster alloy pre-alloyed powder, a
Co- B- Pt1@and th&Red I Dpes e ii:her an

el enent al c'ﬁ{r%odrlri um %@ﬁ?l%%&%@yglygﬁrhg—a F%efg%&%%e\%felrg mat eri al
i nto thioteelind@s p tamperaturgof tespthaulilh86 ?@ t he Co- (5-25 at. % Cr-(5-25 at
WPt-(5-20 at WYB-(1.5-7.5 at. %9YXI and optionally (1.5-7.5 at 9 X2al | oy

syst em 19l5. i I Nt fully dense
ommgensaus Tl At Cilth 3 it Bl dEE WimiglEpolls miBRIR o

16. Thehotwolkeicht a tenapertitarg of tes$ithan theZsolidistetiperatiie of thelGo-0EBIRashkg ANGENEOUS
material is hot rolled at a tenperature of Iess than 1070 C. 17. The net hod

accordi t a.C ai erei n,.the preparing st further ¢ rises the step

of bl en@gngoﬁegﬁﬁ%%%&lm&wlﬁ?ﬂﬁe @“@Egﬁfurﬁﬂs’{‘ﬁ“% 5¢%- al | oyed

powder , mge efereftal &band ArSfkrh ZnlaBSine I e fanger, and

el enent al él ati nfu:rp_(g P{Ei??%l%rg thgcf:jbrr)rlposi tmﬂg%(?gblgﬁﬁdﬁgﬁb the Co-(5-25
-k

at. 9% cko(@, GorBy g-Bt, 201-Gr, and/br Cg-P2-maptes alleys. o) X, and optional |y
(0.5-7.5 at. 99 X2 alloy system -29 18. The nmethod according to Claim 2,

wher ei ny{ he ﬂ%?a i al 14 Iﬂ;\ enperature
of | ess%'hanﬁ{él!gém%ﬂéfgf e%géwg%%g{rdgﬁoéfd%ca %Pﬁ@% g?%oﬁtﬁat he fully
dense halloygeresata rai efhipatb 105°C/hot roll ed at a tenperature of |ess than the
solidus tenperature of the Co-Cr-B nmaster alloy. 20. The nethod according to

Caimils,wherein th | ural jty of .raw materi al S.c ri.Ses,. re.el enental
cob:aI t %%o) , elhlfl %‘PEF#PU %'{°p laym ﬁu\#‘\'{?ﬁ’ﬁp}é !ffg'rdsbﬁcaﬁg&ie dﬁ%ﬁ&ol%, and/ or
Co- Cr, &loyboccs-ati rdte oquth'tl()’ #aysCr, and/or Cu-Pt naster alloys.

23.  The method according to Claim 1, wherein rapid solidification occurs via

atomization.

24.  The method according to Claim 23, wherein 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.

25.  The method according to Claim 1, wherein rapid solidification occurs via melt

spinning.

26.  The method according to Claim 1, wherein rapid solidification occurs via spray

" forming.

27.  The method according to Claim 1, 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 Co3B or a mixture of Co;B and Co;B borides.

28.  The method according to Claim 1, wherein the boride size is less than 2 um.
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21. The nmethod according to Caim1l, where rapid solidification of the
diffuse nolten alloy occurs at a rate of up to 104 C/'s. 22. The nethod
according to daim1, where rapid solidification of the diffuse nolten
alloy occurs at a rate of up to 107 Cs. 23. The nethod according to Claim
1, wherein rapid solidification occurs via atom zation. 24. The net hod
according to Claim23, wherein the diffuse nolten alloy is rapidly

solidifiygd i e o) .- al b ' i3 er age
parti cl ezg'si zgﬁlgrngengl ng Eei %éndié@ %W%%g@%ﬁﬁ% @Ef'ﬁ%’égggc@%l ng to
C ai m 1,(5:0et.8b)B-(bD7S 8.Me)X}i dnid optiomatly (0575 aty VX yatloy systéh wpri@ary26. The
met hod agcor.di.n 0 im1, wherein rapid solidifjcatiqon occurs vja spray
For i ng PP is Fitheft s HomoBEA<aps BreriorLPoHdes e hosso s wbagy phss:

bori de phasexteiiel 85HESbItbn doRiprizedBIEHEUS-Moecald oy ed mowder material , and
wherein the first boride phase is conprised of Co3B or a nmixture of Co3B

and Co2B borides. 28. The nethod according to Claim1, wherein the boride
size is cordingrg Claime2%ayherin the poimennphase is@ngixtended siidr ei n f or

30ss The
t he Co- (Qnm ‘{QOFQ -2 yab, O 3k & - 90 B- ( =~ Ty 2185 - Y and
optionalsl%ﬁ‘?g.%éw. ﬁf&‘%?{g%?ﬁ%%é?@%q a pri ;}gzptaégﬂ?ésr(f‘g%w(red in
t he honmoupetoddiuat % geldqAup\oe dp po Adaat. %s@dper &Cu). Wherein the primary phase is
an extended solid solution conprised of Co-CrXr-Pt or Co-Cr Xr XrPt 30. The

met hod cordj ng. .t aim.29,. wherein th I mar hase s ap extended solid
sol utio comﬁ F%gﬁ’%dg "BB%‘@PBWBM@ﬁ%@?MEmeH&t%?S-Z at %
silver (AD0 R%)BBr CRRL2PaY%)0% thentkthddom singnhéﬁ?é-o‘?: at. % copper (Cu).
31. A nethod of manufacturing a chromium (Cr)-based sputter target
formulated as Cr-, (2-20 at. %9B or O-(2-20 at 99 C, the nethod conpri sing
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;

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; |

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 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.

32.  The method according to Claim 31, further comprising the step of admixing pure

elemental chromium (Cr) powder to the homogeneous pre-alloyed powder material.
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preparing a plurality of raw materials into a conposition corresponding to a
Cr-(7-20 at. 9B or Cr-(5-25 at. WYC alloy system the plurality of raw

materials conprising pure elenments or nmaster alloys; heating the 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 Cr-(7-20 at
WB or O-(5-25 at. YC alloy system solidifying the nolten alloy to form

an i ngotys 1 eﬁ%%&l@?& zll%o %dl&n?%%%g&fu# ind¥bflo %ﬂ%ﬁs ﬁ)gi-% Qi[ ga)gi prtuse

nol t en aIon, rapr dliy so y1 ng use no

honogen etblazectwav@ ayericil hasvuiarcrosn'acmra @impriseheftd mmmgmmmmg&:e ous

Cor  ospoli ARFE: B TBASHErI ey (L5 salbRop M GRb e G ot
/.)C, argpraeshining the fully dense honbgenous material to forma sputter

target. 32. The nmethod according to Caim31, further conprising the step of
adm xi ng}i{)ure el enent al chrom um éCr) powder to the hom)zgeneous re-all oyed

powder er i Bye methad apgor 1, themrin the homegeneapnCa{2-20ak FOCPrehe

i o 051100 %ﬁ%ﬁ‘?ﬁ‘%ﬁ%@‘?‘%ﬁ%@%@%%@ﬁf%%% MBI uti on

and/ or asofidpelutiat withtseblmitron @ryQy ¢&bidesol i d sol uti on with sub-m cron Cr2B
bori des. 34. The nmethod according to C ai m 31, wherein the honbgeneous

o et Aeiifor o R BN R B el pulEafe b bRl P S P0G °°°

car bi desat. -oeuhogiBofF BOEﬁ%N'I 5270 dt/%¥Cd, FeX30:30 afl %) Petdr Fe-(36w get
f or mul ataedazgo_lgg Zg a?w/o Co- () }Z}Béqat /()B;C Fe4)£'§ 90 at. YN, ée (5-70

at. 9 Codd ﬁe%@%@ﬂmnabod%rmnsmmpétepseﬁ 55 at. % Pd, the method conprising
the steps 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;

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;
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
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preparing a plurality of raw materials into a conposition corresponding to
an Fe-(5- 40 at. % Co-(5-20 at. /0)B, Fe-(5-90 at. /o)N, Fe-(5-70 at. % Co,
Fe-(30-50 at. /u)Pt, or Fe- (30-55 at. %9 Pd alloy system the plurality of
raw materials conprising pure elenments or master alloys; heating the
plurality of raw materials under vacuumor partial pressure of argon (Ar)
toafully liquid state to forma nolten alloy corresponding to the Fe-(5-40
at. 9 Co-(5-20 at. /u)B Fe-(5-90 at. YN, Fe-(5-70 at. 9 Co, Fe-(30-50

at. %P, or qgg d allo SO|Id the molten all oy
to forman |ng g dené% omo%eélgﬁ{s‘tng%g J{%L‘ggate to forma

di ffuse nolten aIon rapldly sol i di fying the dlffuse nolten alloy into a
honmogen®us Tremethbd pendrdingubeClainnds, ovlieadin, foothe Fei(8-a0i ange)Ce(SH20my¥)BoOUS
pre-all gyed powd rial into a full ns onogeneous erial; hot
rolli nga¥9¥ §‘ Jgﬁ%g %&?@6%‘3%?@.“2’? “%JPFH 3% ni%if e fully
dense hmgmq&nggﬁ@fd.al to forma sputter target. 36. The nethod accordi ng

to Claim35, wherein, for the Fe-(5-40 at. % Co-(5-20 at. %9 B alloy system
t he fuII dense hormgeneous material is hot rolled at a tenperature |ess

t hen sollhe¢msthod W@ﬂ&@&lm 35, wherein ahlgast adeyboridg phase@ formed®m  wherein
t | |1 d
SFE sy At A

nmet ast abémprized Bf @ mwasmbletl“wale oﬂi nﬂﬂuwfaﬁﬂtastzfﬁdﬁ&ﬁrmideqwlibnhm KeaB Fe2B

bori des %‘?ﬁ A nmet hod of manufacturing a nickel (N )-based sputter target

f or mul aP s Ni {10- 50 at. %P, the method conprising the steps of:
preparing a plurality of raw materials into a conmposition corresponding to a

Ni - (10-38. A method of manufacturing a nickel (Ni)-based sputter target formulated as Ni-(10-
50 at. %)P, the method comprising the steps of:

preparing a plurality of raw materials into a composition corresponding to a Ni-(10-
50 at. %)P alloy system, the plurality of raw materials comprising pure elements or master
alloys;

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 fully dense

homogeneous material; and

machining the fully dense homogenous material to form a sputter target.
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50 at. /o)P alloy system the plurality of raw materials conprising pure

el ements or master alloys; beating the plurality of raw materials under
vacuum or partial pressure of argon (Ar) to a fully liquid state to forma
nolten alloy corresponding to the Ni-(10-50 at. %9 P alloy system
solidifying the nolten alloy to forman ingot; reheating the ingot to a
fully liquid state to forma diffuse nolten alloy; rapidly solidifying the

diffuse nolten alloy into a honbgeneoqus pre-alloyed powder npmaterial;
consol i i¥at i et %’é&e@v@ﬁ@dﬂ§lyﬂb38awbﬁmthsmempweallommﬁmu| |y dense

I
homogengaua Al £iidbsmafife BRHARIRUNE o dirlitichita ARRSANIPIASORKS, BT 8l to
forma sputter target. 3 .Hﬁﬁghﬁggﬁg accordingﬁ?bﬂ%ﬁgln138, m%g?%in t he
honogenlessubarplfepm Nidyplospladeser rmaterial has a mcrostructure conprised of a
supersaturated nickel (Ni) solid solution with Iless than 10 pm N 3P

phosphi des.
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