RPUTTERI NG TARGETS AND METHODS FOR FABRI CATI NG SPUTTERI NG TARGETS HAVI NG
AMULTI PLE MATERI ALS Cross-References to Rel ated Applications This
“application is a continuation-in-part of U S. Patent Application Serial
No. 10/739, 401, filed Decenber 19, 2003, which is a continuation-in-part
of U S. Patent Application Serial No. 10/200,590, filed July 23, 2002, al
of which are hereby incorporated by reference in their entirety for aI
purposes. Field of the Invention The present invention generally rel ates
to sputtering targets and nethods for fabricating sputtering targets and,

in particu u r t risin a pluralit of 15
materi al s ?ﬁ@ﬂﬁ%ﬁe@%@&ﬁ W%ﬁlﬁﬁiéfﬁg %&%Kgﬁ% UFRE t he
first material conpri SeaRoETSHAVINGEIL TENPMATER FADS ruthenlun1(Ru)
nickel (Ni), or iron (Fe) and the second material conprised of carbon (C),
a carbon (C)-containing material, a carbide, a nitrogen (N)-containing

mat eri al grogs-Rhfefdndes Fgélétg&q#ﬂahmé silicon (SO-containing material, a
silicide, an oxygen erial, an oxide, boron (B), a bor on
(B) - éontalning 20 material, or a boride, and further relates to nethods
for fabrjcating such s utter. ta ucts .pr ed thereby.
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and a sqpéltérﬁﬁggqﬁrtg Sisthe sputtered material is deposited. The
process involv ardi ng
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Field of the Invention

The present invention generally relates to sputtenng targets and methods for fabncatmg
sputtering targets and, in particular, relates to sputter targets comprising a plurality of

15 materials including at least a first material and a second material, the first material
comprised of cobalt (Co), chrominm (Cr), ruthenium (Ru), nickel (Ni), or iron (F¢) and the
second material comprised of carbon (C), a carbon (C)-containing material, a carbide, a
nitrogen (N)-containing material, a nitride, silicon (Si), a silicon (Si)-éontaining material, a
silicide, an oxygen (O)-containing material, an oxide, boron (B), a boron (B)-containing

20 _materi’al, or a boride, and further relates to methods for fabricating such sputter targets, and
products produced thereby.

Background of the Invention

25
Cathodic sputtering processes are widely used for the deposition of thin films of material
onto desired substrates. A typical sputtering system includes a plasma source for
generating an electron or jon beam, a target that comprises a material to be atomized and a
substrate onto which the sputtered material is deposited. The process involves bombarding

30  the target material with an electron or ion beam at an angle that causes the target material



30 the target material with an electron or ion beamat an angle that
causes the target material 2 to be sputtered or eroded. The sputtered
target material is deposited as a thin filmor layer on the substrate.
Summary of the Invention 5 According to one enbodi ment, the present
invention relates to a novel nethod & fabricating sputtering targets that
i ncl ude non-netal s such as boron, carbon, nitrogen, oxygen, silicon, a
boride, a carbide, a nitride, an oxide, a silicide, a boron (B)-containing
material, a carbon (C)-containing material, a nitrogen (N)-containing
materia cont.ai ni, n terial . or. a siljc

(Si)- co{ndt%l i“ﬁé%gnégga".g%‘f'%en uht%ieﬁéar 513 ahtg%asl lso(?epﬂ%ﬁeﬁeaféll@fﬁﬁw&ms of
non- et ai the smdtagr. al | oys cont ai ni ng boron, carbon or silicon and products
produced by these processes. According to one enbodi nent, a process
conprises preparation of pre-alloyed powder(s) or master alloy powder(s)
or sel eglh@aradribd Iventfdone conpound powder (s) of about 0.01 to 50 m crons,
preferably 0.1 to 10 mcrons, nore 15 preferably 1.0 to 5.0 m crons
average particle size and nost preferably less than 2 microns. It has been
di scove hat. spit ti AM t r. t bov hases _.are i.n form
of wult r%@%ﬂ%&l@ ptgr ?#%:}e{é@gg&e}[lgs@gt%rg%%gdn %girggnljsagte%rg’f grlg ) nll%@%ft an 10
m cr onstabncaing espuéringy targees thdt riacliden eopestids sudy es bbendestbomostrbgm, t he
powder blend is canpned, foll.owed by a hot .i.sostatic press (H P) .
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process, both technically and econom cally. According to one enbodi nent of
t hetfr d&Brioniagpeh matsial, o1 sptikieaar (SDpogtaining munteriab sneluding meikures affnon-

mat er i T, _ i tal.g.l X e fif mat eri al
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chr om umedu@ts produdel bithase poceRes) , Acviooding to ddic)embodiniangra ré&)s cobgissecond

material _is co i sed of., carbo C), .a carbon (O -containing paterial, a
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(Si) - cantrpothd @owaky) il abo@f 081 bl 50Cind@onsT HeerE@BRNGI 1 ABLIGN ko0 RREé: t Ut €S a
phase. The phase of the second material has an average size between

gr éat erPreRERDO! R P Srnigions soeragedtanide sippand mes preferablyiless thrardomicsens. at

least Hbpat %%&%@&@@%a@rsgmmsr 1ot 3R A GREAHRKHHO: g;gg%esemqgif brof the

present invention, a sputter target conprises a plurality of materials.
The pl utiE fing paticlenoé lesaitheni Nohigtms, prefcrads tesathan 1§ tminene in size.andten

the ultra fine powders are blended together, the powder blend is canned, followed by a hot

isostatic press (HIP) consolidation. Powder processing as above is employed to make the
20 target materials because of unique advantages over the prior art's melting process, both
technically and economically.

- According to one embodiment of the present invention, a sputter target comprises a
plurality of materials. The plurality of materials includes at least a first material and a
second material. The first material is comprised of cobalt (Co), chromium (Cr), ruthenium

25 . (Ru), nickel (Ni), or iron (Fe). The second material is comprised of carbon (C), a carbon
(C)-containing material, a carbide, a nitrogen (N)-containing material, a nitride, a silicon
(Si)-containing material, or a silicide. The second material constitutes a phase. The phase
of the second materiai has an average size between greater than 0 micron and 50 microns.
The first material comprises at least 15 atomic percent or greater.

30 According to one embodiment of the present invention, a sputter target comprises a

plurality of materials. The plurality of materials includes at least a first material and a



3 second material. The first material is conprised of cobalt (Co),

rut henium (Ru), nickel (Ni), or iron (Fe). The second naterial is
conprised of an oxygen (0)-containing naterial or an oxide. The second
material constitutes a phase. The phase of the second material has an
average size between greater than 0 ngcron and 50 mcrons. 5 According to
one enbodi nent of the present invention, a sputter target conprises a
plurality of materials. The plurality of materials includes at |east a
first material and a second material. The first material is conprised of

Socond MLHIETA. dBiTaet Srr<eRyeh ol epblidbmanieng ke kdor an
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material has an average size between greater than O nmicron a m crons.
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secthd smbed materiabbasain savepagee betieet gteae thag riaaicesn 4ndaf® Mickdmer onthand | ess
than 10 m crons. According to one enbadi nent of the present, invention, a
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mat er i absyded QOYLESaRIng aGtaRIsl dd SkydBRl(©)cahtaRiE RaBASIOHH s} The
first rratyegrei_ glbq_?s co ng'lri sedao]=cS rut hyegglﬁu(%) CR’ut) , H%i cﬁel (Ni ()J'm%l? S%ﬂ?é)l% 25
(Fe). THEOREEDRgdgatllHeapulie taigph Fonsists @ﬁ%@mm (B} and theopdede only, the
(B) - congapni Maa R CTAIR (- i T econd material constitutes a
phase. %ﬁg@%%se 01?0&1![1 Ehagesgg%g%n%?@l{na%?%ezs an average size between
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present . nventjion, a hod of. fabricating a . sputter target copprjses the
st eps o?lpr%lfyeﬁ%ﬂ?benﬁlspl SPH a}}“%f)P eé}a:lsag@l?‘d%sgﬂnlle?ﬁé;a @ﬁdmﬁfe g2 The 30
pl ur al i fegomf mawtial i EeSirktnatteid Ss edmprara of doHalt!(Eh), BBoalibal (CANEitRenfigg ONd
material. The first material is conprised of cobalt (Co), chroni um (Cr),

r ut heni & ,(Iptﬁljejl e RE[rop |(f§); ‘Hie sscopd material is comprised of boron (B), a boron

(B)-containing material or a boride. The second material constitutes a phase. The phase of

20 the secord material has an average size between greater than 0 micron and less than 10
nrcrons.
According to one embodiment of the present invention, a sputter target comprises a
plurality of materials. The plurality of materials includes at least a first material and a
second material. The first material is comprised of ruthenium (Ru), nickel (Ni), or iron
25  (Fe). The second material is comprised of boron (B), a boron (B)-containing material or a
boride. The second material constitutes a phase. The phase of the second material has an
average size between greater than 0 micron and 50 microns.
According to one aspect of the present invention, a method of fabricating a sputter target
comprises the steps of: blending a plurality of materials; canning; and pressing. The
30  plurality of materials includes at lcast a first material and a second material. The first

material is comprised of cobalt (Co), chromium (Cr), ruthenium (Ru), nickel (Ni), or iron



(Fe). The second material is conprised of carbon (C), a carbon
((9)-containing material, a carbide, a nitrogen (Nl-containing material, a
nitride, a silicon (Se-containing material, or a silicide. The second

mat eri al has an average particle size between greater than O m cron and 50
mcrons. The first material conprisesdat |east 15 atom c percent or
greater. The 5 plurality of materials is conprised of nmultiple powders,
one or nore naster alloy or conpound powders, or a mxture of one or nore
powders with one or nore master alloy or conpound powders. According to
one aspegt t he present.invention met hod o f@Bricati.n a sputter
Cargot ! SEtprte s fa b GYPEERL ROPTe G iyt G JPERUtiEs FAISERE Banni ng:
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one aspeechp@indtgaedpisesent invention, a nethod of fabricating a sputter
target conprjses the steps of: blending a plurality of materials; canning;
and pr e SSEoIYinstaenppERes) ¢k Yre presaftiBysnirs 3 methad of fabricptingsa sppter fagget

mat eri aloapeked RESRPY o BNIBAdIRY -2 JIBRILY bE naAiaRIEIdiRY: 4 j S of

cobal t (%Io?l?s chro%gEmO(Cr), iffg o P JrX(Ru), al pif, i BRI TABe ) e
secdbhd phraity af materpdnipciudedatofeastra Gy gerter{ad pad arseadmd mgtenialt eThafirdr an

ide. Th i al tigle size het t
Chan o MeE7aES SR BB R Pt R GR AR (T a0 P85 BE PP o "ot

mul ti pl eappiatléy Sommrived @F AD6LygAI B cothints MateBOINPO Wi GxRRWITHS secdhd a

m xture of one or nore powders with one or nore master 25 alloy or
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oxi de o . ide is an oxide other than sinply chrom um oxi de. 30
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one or nrg'i)crrgnsvaﬁ-}eeprlurgllitly%)f n?attenca?srg%%ggl%ﬁge%m&enrnﬁﬁple powders, one or more master

alloy or compound powders, or a mixture of one or more powders with one or more master

25  alloy or compound powders. If the plurality of materials consists of chromium (Cr) and
the oxygen (O)-containing material only, the oxygen (O)-containing material is an oxygen
(O)-containing material other than simply chromium oxide. If the plurality of materials
consists of chromium (Cr) and the oxide only, the oxide is an oxide other than simply
chromium oxide.

30 According to one aspect of the present invention, a method of fabricating a sputter target

comprises the steps oft blending a plurality of matenals; canning; and pressing. The



According to one aspect of the present invention, a nethod of fabricating
a sputter target conprises the steps of: blending a plurality of

mat eri al s; canning; and pressing. The 10 plurality of materials includes
at least a first material and a second material. The first material is
conprised of ruthenium (Ru), nickel (Ni), or iron (Fe). The second
material is conprised of boron (B), a boron (B)-containing material or a
bori de. The second material has an average particle size between greater
than O micron and | ess than 50 mcrons. The plurality of materials is
conpri se f | tipl owders, . one ar nore.master alloy or, 15 conpound
powder s?%l%%ﬁi%t%?ais &‘FY%ﬁ%a%]reaﬁ(ﬂ' gfsﬁm@aaﬂﬁs 26 BrteRpk eT%gPsér al | oy
or conpaiiigiapBVdaipsiscdBbl @balPess), chioh@nqt )t AfhdMBMRES nRRIRBIELENES | S now
made to the_acconpanying draw ng wherein; Figure 1 shows the process flow
chart off®ndhe serepd msterigbiscorpagechel karen €Ded beron §Bl-ernssining spaserial of at he
present .k i ) - j _ L at | 1.Cr : ture of
B Consol T o R PHRRr e SRRy L L SSLE R MATCRRELE CUF O
t he pr eswhless thewe b imderons? SHiegumreliy df ichatertal it esmprised pif esdtifflapowders, one
nicrostryctg;e fé@ consolidaéed éCb24C}io i 6)92 - SiO%Qg al |l oy

accor di NgPPs TR ISP “BPYRE PRP RS 4 VERY PoTRS CASIRERBPETS YHBRES a

Per i odi o6r hatl! r@astdr alibpo®itintroun®dpéwddred Description of the Invention
Sputtering tarqet materials for sputtering process range frompure netals

to ever ARPYLING Te GRp piResk Adha presyy nvakpn.cimathpd of fabrispiga spufte/grashy be
tilizeg _ eri ng i . oviAg addit i bon,
oy openrhRGeS Ler) 8 SeAE) 3 Y0 G0 Lo R e ) )

ni trogen, oxygen, licon a ~based al |l oys

t o Hbdi plyraditya o otatariabst inclmdeuathléas adsbsiateid] find msgeaidnmsteda, Eher fisce

ener nd. . netic praoperti.es. Accqrding.to.one di ment,, the presence

of ng%-%% ﬁélfqplg &%ﬁp{i%ér%iso gicaning J, %%ﬁ%@ﬁl), or iron (F¢ r.Tbﬂxe second matenalpl)s
comprised of boron (B}, a boron (B)-containing material or a boride. The second material

has an average particle size between greater than 0 micron and less than 50 microns. The
plurality of materials is comprised of multiple powders, one or more master alloy or
15 compound powders, or a mixture of one or more powders with on¢ or more master alloy or

compound powders.

Brief Description of the Drawings

20 Reference is now made to the accompanying drawing wherein:
Figure 1 shows the process flow chart of the invention described herein according to one
aspect of the present invention.
Figure 2 illustrates a representative microstructure of a consolidated (Co74CrigPtig)sy —
(S10,)s alloy according to one aspect of the present invention.

25  Figure 3 illustrates a representative microstructure of a consolidated (Co74CrioPtis)sy —
(510,)g alloy according to one aspect of the present invention.

Appendix 1 shows a Periodic Table of elements.



10 nitraogen, oxygen and silicon to target materials is either in the form
of pure elenents, e.g. boron and carbon, or in the formof conpounds |ike
boride, carbide, nitride and oxide. The pure el ement phases such as boron
and carbon and the conpound phases |ike boride, carbide, nitride, oxide,
and silicide, however cause spitting ¢groblens during sputtering. The
present invention provides a solution to this problem 15 The powders of
the present invention include elenental powders, pre-alloyed powders,
powders of master alloys and/or internmetallic conmpound powders conposed of
2 to 6 elenents, including but not limted to C-, Co-, Ru-, N -, and/or
Fe- based all oys. According to one aspect of the present invention,

exanpl epe@ficdBedcibtiah bOys rralisle pre-all oyed powders, and pre-alloyed
powder s may be atom zed nmaster alloys. 20 The powders of the present
invention contain pure Cr, Co, Ru, Ni, Fe, Pt and/or Ta and/or

(optional l.v). pre-all ) [ . sai r I nts,
nd 1 nortietin? "ot its Yo TRRCGR: Bl U PR G Hhrd BLEIPH Gy ST
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an oxide, or an oxygeno?%)- containing material of one or nore el enments
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[TA |1 . o Yl = ~ I . . e endi x
1) heh€opil ¥ one trfhodlight i didinec B nint Bl Wit LiERSTLARIE™D "5
4. B) Gmtr_ifge_mB px’%en]zﬂfd silll'b_{m 1@targdd® Malsfhs cBBerfin almploas of fpuse Hanants, €.g.

(O cortaphiHEe Pt 1op fem o R0 e ERanBrAL B T erggette

(N) - configi: RildMgentBh8dck Auch s iHoedGR1 darBbh ldndahe ¥APRLREISpIREesAlild bbed)
(SO-containing materjal include a silicide; and exanples of an oxygen

( 0) - coneashife. nyiridet exidsl adheiligideshayevskcause PHiRE erablqusgdEgolHEits, the
non- et ' L d-Soil 2 . such as an i norgani ¢ conpound or
a nastéﬁkg?ﬁﬁég%?&g%%ék&ﬁgggﬁ&h #ﬁgggﬁggﬁgﬁgﬁtal addi ti ons may be 5 used

i f Idesi Tledpowies ef red pebepit nigvention metlads elementab ppeders sprefallmdopnwdees; bon and

nitrogen. Jn still, other enbodi nents. .conmpounds of oxygen or,siljca are

[ ncl uddeP s Bh I ol B Ry PR Lo B 3T 208760
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nitrides, as well as oxides and silicides or silicon (SO containing nmaster
al | oys. AgopHBg i pye pinsriert By PESHPJOVIEORr Eamplss airpastst eAeYSPHINS Rictri de) |

and 134f,y88 pd¥lidrs, 38d ?}ezgﬁ:ye Phédders gag%e afdglz 4l hstbr@folder eof The anount
of dopant nag range fromabout 1 to 15 atom c percent (at.%, and
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sel ection of comrercially available ultra ne conpound powders such as
Al 2§3, containing material (e.g., silicon based master alloy), an oxide, or an oxygen (O)-

containing material of one or more elements from the Periodic Table of elements shown n
Roman numeral column number IIA, IITA, IVA, VA, VIA, VIIA, VIIIA, IB, IIB, IIIB or
IVB (see Appendix 1). These Roman numeral column numbers correspond to column
numbers 2, 3,4, 5,6,7,8,9,10, 11, 12, 13 and 14.

30  Examples of a boron (B)-containing material include a boride; examples of a carbon (C)-

containing material include a carbide; examples of a nitrogen (N)-containing material



20 MN, MoB and Cr203 of 10 microns or |ess. Atom zed powders have very
fine mcrostructure because of extrenely quick cooling and rapid
solidification; therefore it is the first choice as raw materials. In sone
cases powders of fme mcrostructures can al so be nade by nelting and
mechani cal ly crushing ingots nmuch nore econom cally than by atom zati on,
especially for small quantities of powder. Sonme ultra fine conpound
powders 25 |ike Al 203, M\, MoB, Cr203, B4C and so on are al so conmercially
avai l abl e, and therefore save both tinme and noney for new product

devel opment. Speci al bl ending net hods of various powders together are

requi r edncBe s BiENdss gragaies i oulbicens (YhrewaipmedpateRddpiaeivde [aysiligide: avdwder s

of diff i g . i t-\i -Ac i.ned. Those speci al
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t ubul ar I3 Prdftrenid embodismuts athter nvrometmilid adthtiendy or comsbinbd doahn sgch Thenef or e,
it is preferred that.the allo owders a m,xt.ure b bstantial ly
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especially when powders of differing particle size and gravity are combined. Those
special blending and homogenizing methods include ball milling, v-blending, tubular
30 blending, and attritor milling and/or wet blending. Therefore, it is preferred that the alloy

powders and/or mixture be substantially homogeneous for best results.



Tabl e 1 shows exanples of sputter target materials and their exenplary
chem stry in accordance with one aspect of the present invention. Table 1:
al I oys manuf actured using the nethod descri bed herein. Mterials Exenplary
Chem stry Co-Cr-Pt-B Co6 1 at% Crl 5at % Pt1 2at % Bl2at % Co- Cr- Pt - 0- Si
Co56at % Cr | 8at % Pt | 6at % Si 02 (0. 5- 10)g nol % Co-Pt-B-C

Co6Cat % Pt 20at % Bl6at % Cdat % Co- Ta- N Co5Cat % Ta50at % doped with nitrogen
of 1-4 at.% Co-Ta-Zr-O Si Co85at % TabSat % Zr5 at % Si 02 (0.5-10) nol %

Co-Ti - Pt - B Co62at % Ti 6at % Pt 12at % B20at %

Proper canning techniques are needed to avoid segregation during carming. Hot pressing
in a graphite die could be used as well to consolidate the powder. The powders are canned
in preparation for consolidation. In canning for example, a container is filled with the
powder, evacuated under heat to ensure the removal of any moisture or trapped gasses
5  present, and then sealed. In vacuum hot pressing, the chamber is continuously evacuated
prior to and during load application. Although the geometry of the container is not limited
in any manner, the container can possess a near-net shape geometry with respect to the
final material configuration.
The encapsulate material from the canning step is then consolidated preferably via Hot-
10  Isostatic-Pressing (HIP), a procedure known in the art. A HIP unit is typically a cylindrical
‘pressure vessel large enough to house one or more containers. The inner walls of the
vessel can be lined with resistance heating elements, and the pressure can be controlled by
the introduction of inert gas within the container. HIP parameters including temperature,
pressure and hold time will be minimized to prevent the growth of compound phases and
15  grain size, as well as to save energy and to protect the environment. Pressures of about 5
to about 60 ksi (preferably 10-20 ksi) at temperatures between about 500°C to about
1500°C, are typically employed to achieve appropriate densities. Depending upon the
complexity of the cycle, total hold times during isostatic pressing typically vary from about
0.5 to about 12 hours. Pressure during vacuum hot pressing is varied from 0.5 to 5 ksi
20  (preferably 1.5 to 2.5 ksi) at temperatures ranging from about 500°C to 1500° C.
(preferably 800-1000°C). It is noteworthy that other powder conselidation techniques such
as hot pressing and cold pressing can also be employed independently or in conjunction
with HIP processing.
After consolidation, the solid material form (billet) is removed from the encapsulation can,
25  and a slice of the billet can then be sent to be tested as to various properties of the billet. If
desired, the billet can be subjected to optional thermo-mechanical processing to further
manipulate the microstructural and macro-magnetic properties of the target. Also, the final
shape énd size of the sputter targets can be formed, for example, by processes such as wire
EDM, saw, waterjet, lathe, grinder, mill, etc. In these steps, the target can be cleaned and
30  subjected to a final inspection. A



Cr-B CGr97at % B3at % Cr-Mb-B Cr8Cat% Mo 1 5at % B Sat % Cr- Mb-0

Cr 8Cat % Mb2Cat % doped with oxygen of 1-4 at.% Cr-0 C doped wth oxygen of
1-4 at. % O -Ti-B Cr8Cat % Ti | 6at % Bd4at % Cr- V-0 Cr 8Cat % V20at % doped with
oxygen of 1-4 at.% Cr-V-Zr-0O Cr 79at % V20at % Zr | at % doped wi t h oxygen of
1-4 at. % O -WO0 G 9Cat % W Cat % doped gwi t h oxygen of 1-4 at.%

Table 1 shows examples of sputter target materials and their exemplary chemistry in
accordance with one aspect of the present invention.

Table 1: alloys manufactured using the method described herein.

Materials Exemplary Chemistry
T Co-Cr-PtB | Coblat%-Crlsat% Ptl2at%-B12at%

Co-Cr-Pt-0-Si | Co56at%-Cr18at%-Pt16at%-Si0O; (0.5-10) mol%
Co-Pt-B-C Cob60at%-Pt20at%-B16at%-C4at%

| Co-Ta-N Co50at% Ta50at% doped with nitrogen of 1-4 at.%
Co-Ta-Zr-O-Si | Co85at% Tas5at%-Zr5at%-Si0; (0.5-10) mol%
Co-Ti-Pt-B Co62at%-Ti6at%-Pt12at%-B20at%
CrB Cr97at%-B3at%
Cr-Mo-B Cr80at%-Mo15at%-B5at%
Cr-Mo-O " Cr80at% Mo20at% doped with oxygen of 1-4 at.%
Cr—é Cr doped with oxygen of 1-4 at.%

“CrTi-B Cr80at%-Til6at%-Bdat%
Cr-V-0O Cr80at%-V20at% doped with oxygen of 1-4 at.%
Cr-V-Zr-0 Cr79at%-V20at%-Zr1at% doped with oxygen of 14 at.%
Cr-W-O Cr90at%-W10at% doped with oxygen of 1-4 at.%
Cr-Zr-O Cr99at%-Zrlat% doped with oxygen of 1-4 at.%
Fe-Co-B Fe56at%-Co31at%-B11at%

| Fe-Si-Al | Fe73at%-Si17at%-All0at%
Fe-Ta-C Fe80at%-Ta8at%-C12at%
Ni-Al-B Ni50at%-Al50at% doped with boron of 1-4 at.%




Cr-Zr-0 Cr99at % Zr | at % doped wi t h oxygen of 1-4 at. % Fe-Co-B Fe56at % Co3
at% Bl | at % Fe-Si - Al Fe73at% Sil 7at% Al 1 QCat % Fe-Ta-C

Fe8Cat % Ta8at % Cl2at % Ni - Al - B Ni 5Cat % Al50at % doped with boron of 1-4 at.%
10 Ni - Al -N Ni 48at % Al48at % doped with nitrogen of 4 at% N -Al-0

Ni 5Cat % Al50at % doped wi t h oxygen of 4 at. %

Ni-Al-N Ni48at%-Al48at% doped with nitrogen of 4 at%
Ni-Al-O Ni50at%-Al50at% doped with oxygen of 1-4 at.%
Ru-Al-O Ru50at%-Al50at% doped with oxygen of 1-4 at.%
Ru-Al-N Ru50at%-Al50at% doped with nitrogen of 1-4 at.%

Table 2 shows examples of sputter target materials and their exemplary phases in

accordance with one aspect of the present invention. The sputter target materials set forth

in each row may inchude some or all of the exemplary phases described in the row, and
5  they may include other additional phases.

Table 2: alloys manufactured using the method described herein.

Materials Exemplary Phases

Co-Cr-Pt-B Co-Cr master alloy; Co-Cr-B master alloy; Pt; Co; Cr; Co-B
master alloy; Co-B compound; Cr-B master alloy; Cr-B
compound; Co-Pt master alloy

Co-Cr-Pt-0-8i | Co; Co-Cr master alloy; P.t;”S'i02; Co-Cr-Pt master alloy

Co-Ta-Zr-0-Si | Co-Zr master alloy; Co-Ta master alloy; ZrO»; SiOz; Co;
| CoSiy; Co-Ta-Zr master alloy

Co-Ti-Pt-B Co-B master alloy; Co-Ti master alloy; Co-Pt master alloy; Ti-
B compound
Cr-Ti-B " [ Cr; Ti; Cr-B master alloy; CrB compound; TiB; compound
Fe-Ta-C | Fe; C; Ta-C coﬁlpound
Fe-Ta-C Fe; Fe-C master alloy; Ta-C compound
'Ni-Al-B Ni; Ni-Al compound (e.g., NiAl, NiAly); Ni-Al master alloy;
Ni-B master alloy; Ni-B compound (e.g., NizB); AlB,
compound
Ru-Al-O Ru; Al; aluminum oxide; rathenium oxide; Ru-Al compound

(e.g., AlsRIl, A113RU4, AlzRIl, AlRll)




Ru- A1- 0 Ru5Cat % Al50at % doped wi th oxygen of 1-4 at.% Ru-Al-N

Ru5QCat % Al50at % doped with nitrogen of 1-4 at.% Table 2 shows exanpl es of
sputter target materials and their exenplary phases in accordance with one
aspect of the present invention. The sputter target materials set forth in
each row may include sone or all of Pe exenpl ary phases described in the

row, and 5 they may include other additional phases. Table 2: alloys

manuf act ured using the nmethod described herein. Materials Exenplary Phases
Co-Cr-Pt-B Co-Cr master alloy; Co-Cr-B master alloy; Pt; Co; C; Co-B '
master alloy; Co-B conpound; Cr-B master alloy; Cr-B conpound; Co-N nmaster
al | oy Coatle 3 ShOwSkxagilesGsF-spuiterasiger maetioly anPtheirSixe@plaBop&vdddt thatisiagr al | oy

be used to fabricate the sputter targets. The spuiter target materials set forth in each row
may be fabricated using some of all of the powders set forth in the row and optionally
using other additional powders.

5  Table 3: alloys manufactured using the method described herein.

| Materials Exemplary Powders
Co-Cr-Pt-O-Si | Cr powder, Co-Cr master alloy powder, Pt powder; SiO»
' compound powder
Cr-Mo-B 'Cr powder; Mo powder; B powder
| Cr-Ti-B | Cr powder; Ti powder; B powder
| Fe-Si-Al Fe-Si master alloy powder; Fe-Al master alloy powder; Fe-Si
silicide

EXAMPLES
The following examples demonstrate the present mvention further, but should not be
construed as a limitation of the present invention. The processes for all materials are
10 similar with each other as shown in Figure 1, and the main differences are various
combinations of raw materials (powders).
Example 1: Production Of Cr-Mo Based Sputtering Target With Boron Content -
Cr80at%-Mo15at%-B5at% _
The above alloy is made with the following powder blends: (1) Cr powder, Mo powder and
15  ultra fine MoB compound powder, or (2) Cr powder, Mo powder and pre-alloyed Cr-
3.1wt%B powder (i.e., Cr-3.1wt%B master alloy powder) that is made with a vacuum
induction melter at 1730 °C and mechanically crushing cast ingots into powder at room
temperature. The pre-alloyed Cr-3.1wt.%B powder can also be made by gas atomization.
Special attention must be paid to mixing all powders together when ultra fine compound
20  powder like MoB is used, otherwise segregation may occur. Herewith an attritor mill or a
ball mill must be used for blending from 2 to 24 hours. The HIP parameters for this kind of
alloy include the temperature ranging from about 1000 — 1400 °C, at a pressure from about
5 — 40 ksi and a hold time from about 1 — 12 hours. The cooling rate must be controlled



Co-Ta-Zr-OSi Co-Zr master alloy; Co-Ta master alloy; Zr02; Si02; Co;
Co-Ta-Zr master alloy Co-Ti-Pt-B Co-B master alloy; Co-Ti naster
Co-N nmaster alloy; Ti-B conmpound Cr-Ti-B Cr; Ti; C-B master all oy;

CoSi 2;
al | oy;

Cr213 conpound; Ti B2 conpound Fe-Ta-C Fe;

C, Ta-C conpound Fe-Ta-C Fe;

Fe-C master alloy; Ta-C conpound Ni-f,-B N; N -A conmpound (e g, NA,

Ni A13);

Ni -Al nmaster alloy; N -B master alloy; N -B conmpound (e.g.,

Al B2 compound Ru-Al1-0 Ru; Al; alum num oxide; ruthenium oxide; Ru-Al
conmpound (e.g., Al 6Ru, AlBRua, A 2Ru, AlRu) 11
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too, otherwise the HIPed billet may crack during cooling down. A cooling rate of 3

°C/min and a hold plateau at 800 °C for 6 hours is introduced to cooling phase.

Example 2: Production Of Co-Cr-Pt Based Sputtering Target With SiO, Content -
Co56at%-Cr18at%-Pt16at%-03.33at%-Sil.67at%

Two different combinations of starting powders are employed herein. A first alternative 1s
the combination of Co powder, Cr powder, Pt powder and ultra fine Si0; compound
powder. A second alternative is the combination of Co powder, Cr powder, Pt powder,
atomized Co-Si pre-alloy powder (i.e., Co-Si master alloy powder) and ultra fine CraO;
compound powder. The silicides are ultra fine and well dispersed in Co matrix of original
gas-atomized Co-Si particles. Special mixing methods using an attritor mill or a ball mill
for 2 to 24 hours must be employed here to mix all powders together homogeneously when
ultra fine compound powders like Si0; and Cr,O; are used, otherwise segregation may
occur. The HIP parameters for this kind of alloy include the temperature ranging from
about 600 — 1400 °C, at a pressure from about 5 — 40 ksi and a hold time from about 1 — 12
hours.

Example 3: Production Of Cr-Mo-X (wherein X is boride, carbide, nitride or oxide, or
mixtures thereof) Sputtering Target. To produce Cr-Mo-X, Cr powder, Mo powder, and
one or both of Cr oxide powder and Mo oxide powder are utilized according to one aspect
of the present invention.

One example of Cr-Mo-X: Cr80at%-Mo20at% doped with oxygen of 1-4 atomic % (at.%).

Regular Cr powder, Mo powder and partly oxidized Cr compound powder of oxygen level
15000 ppm are used to make the targets. The Cr powder of high oxygen is produced by
oxidizing Cr flakes at high temperature and then subjected to mechanical crushing. In this
case, only a part of the surface area of Cr powder is covered with oxides. Special attention
must be paid to Cr powder of high oxygen level and mixing all powders together in this
case, otherwise segregation may occur. Herewith an attritor mill or a ball mill may be used
for blending from 2 to 24 hours. The HIP parameters for this kind of alloy include the
temperature ranging from about 800 — 1400 °C, at a pressure from about 5 — 40 kst and a

hold time from about 1 — 12 hours. The cooling rate must be controlled too, otherwise the

Ni 3B);



Tabl e 3 shows exanples of sputter target materials and their exenplary
powders that nmay be used to fabricate the sputter targets. The sputter
target materials set forth in each row may be fabricated using sone of all
of the powders set forth in the row and optionally using other additional
powders. 5 Table 3: alloys manufact U{3Ed usi ng the nethod described herein.
Material s Exenplary Powders Co-Cr-Pt-O-Si C powder, Co-Cr nmaster alloy
powder, Pt powder; Si02 conmpound powder Cr-M-B Cr powder; M powder; B
powder Cr-Ti-B Cr powder; Ti powder; B powder Fe-Si-Al Fe-Si naster ahoy
powder; Fe-Al nmaster alloy powder; Fe-Si suicide EXAMPLES The foll ow ng
exanpl edirddrmhatmay eratheupngseoling dwemt iowroblitpt faer of BUAC/moatdlarold be
construed as a limtatjon of the present invention. The processes for all

mat er i anateagr @ 800 °C for 6 hours 1s introduced to cooling phase.
Example 4: production of NiAl sputtering target doped with boron, oxygen or nitrogen -
Ni50at%-Al50at% doped with boron of 1-4 at.%.

5  Gas-atomized NiAl intermetallic compound powder and ulira fine AlLO; compound
powder and AIN compound powder of less than 5 microns in average particle diameter
size were taken for making NiAl sputtering targets doped with oxygen or nitrogen.
Besides gas-atomized NiAl powder, boron-doped gas-atomized NiAl powder was also
taken for making NiAl sputtering targets doped with boron and borides are ultra fine and

10 well dispersed in the matrix. Conventional gas atomization methods are used to
manufacture the powders. Special attention must be paid to mixing all powders togéether
when ultra fine compound powders like Al;O3 and AIN are used, otherwise segregation
may occur. Herewith an attritor mill or a ball mill may be used for blending from 2 to 24
hours. The HIP parameters for this kind of alloy include the temperature ranging from

15  about 900 — 1400 °C, at a pressure from about 5 — 40 ksi, and a hold time from about 1 —
12 hours. The cooling rate must be controlled too, otherwise the HIPed billet may crack
during cooling down. A power-off furnace cooling and a hold platean at 700 °C for 4
hours is introduced to cooling phase.

Figure 2 illustrates a représentative microstructure of a Co-Cr-Pt-O-Si sputter target

20  according to one aspect. The sputter target is manufactured using 100-mesh cobalt (Co)
powder at 29.53 wt. %, 100-mesh Co-24.22Cr powder at 27.73 wt. %, >0pm and <5um
SiO, powder at 6.13 wt. %, and platinum (Pt) powder at 36.61 wt. %. The manufactured
sputter target includes, for example, a first material, a second material and a third material.
The first material is comprised of Co (e.g., Co-Cr master alloy or Co). The second

25  material is comprised of an oxide, or more specifically SiO; compound in this example.
The third material is comprised of Pt. The first material may constitute a first phase, the
second material may constitute a second phase, and the third material may constitute a
third phase. The second phase of the second material has an average size between greater

than 0 and 50 microns.



10 simlar with each other as shown in Figure 1, and the main differences
are various conbinations of raw materials (powders). Exanple 1: Production
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powder, and 36.62 wt. % platinum (Pt) powder. The manufactured sputter target includes,
for example, a first material, a second material and a third material. The first material is
comprised of Co {e.g., Co-Cr master alloy or Co). The second material is comprised of a
silicide, or more specifically CoSi; compound. The third material is comprised of Pt. The
first material may constitute a first phase, the second material may constitute a second
phase, and the third material may constitute a third phase. The second phase of the second
material has an average size between greater than 0 and 50 microns.

The sputter target includes dark Co phases, dark Co-Cr master alloy phases, light Pt
phases, and dark CoSi; compound phases. In this example, the CoSi compound phases
have an average size between greater than 0 and 5 microns. The Co phases have an
average size between greater than 0 and 150 microns.

According to one embodiment of the present invention, a sputter target comprises a
plurality of materials. The plurality of materials includes at least a first material and a
second material. The first material is comprised of cobalt (Co), chromium (Cr), rutheniumn
(Ru), nickel (Ni), or iron (Fe). For example, the first material is comprised of one or more
of the following according to one aspect: a cobalt (Co) element, a chromium (Cr) element,
a ruthenium (Ru) element, a nickel (Ni) clement, an iron (Fe) element, a cobalt (Co) based
master alloy, a chromium (Cr) based master alloy, a ruthenium (Ru) based master alloy, a
nickel (Ni) based master alloy, an iron (Fe) based master alloy, a cobalt (Co) based
compound, a chromium (Cr) based compound, a ruthenium (Ru) based compound, a nickel
(Ni) based compound, and an iron (Fe) based compound. According to one aspect, the
first material comprises at least 15 atomic percent or greater. According to one aspect, the
first material constitutes a first phase, and the first phase has an average size between

greater than 0 micron and 50 microns (i.e., 0 < phase size < 50 microns). The present



5 Two different conbinations of starting powders are enpl oyed herein. A
first alternative is the conbination of Co powder, C powder, Pt powder
and ultra fine Si Q2 conmpound powder. A second alternative is the

conbi nati on of Co powder, C powder, Pt powder, atom zed Co-Si pre-alloy
powder (i.e., Co-Si master alloy pow?lir) and ultra fme Cr203 conpound
powder. The silicides are ultra fineand well dispersed in Co matri x of
original 10 gas-atom zed Co-Si particles. Special mxing methods using an
attritor mll or a ball mlIl for 2 to 24 hours nust be enployed here to
m x all powders together honbgeneously when ultra fine conpound powders
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15  According to one aspect, the second material constitutes a second phase, and the second
phase of the second material has an average size between greater than 0 micron and 50
microns (€.g., between greater than ¢ micron and 20 microns, between greater than 0
micron and 10 microns, between 0.1 microns and 10 microns, between greater than 0
micron and 5 microns, between 1 micron and 5 microns, between greater than 0 micron
20  and 2 microns, or less than 2 microns, etc.).
According to one aspect, the plurality of materials further includes a third material.
According to one aspect, the third material is comprised of one or more of the following: a
transition element, a refractory element, a cobalt-transition element based master alloy, a
cobalt-refractory element based master alloy, a transition element based compound, and a
25  refractory clement based compound. In another aspect, the third material is comprised of
platinum (Pt) or tantalum (Ta). According to one aspect, the third material constitutes a
third phase, and the third phase has an average size between greater than 0 micron and 50
microns (i.e., 0 < phase size < 50 microns). The present invention is not limited to these
ranges, and in another embodiment, the third phase has an average size greater than 50

30  microns.



H Ped billet may crack during cooling down. A cooling rate of 3 Cmn and
a hold plateau at 800 C for 6 hours is introduced to cooling phase.

Exanpl e 4: production of Ni Al sputtering target doped with boron, oxygen
or nitrogen - N 5Cat % Al50at % doped with boron of 1-4 at.% 5 Gas-atom zed
Ni Al intermetallic conmpound powder aggl ultra fine A 203 conpound powder
and MN conpound powder of |ess than mcrons in average particle dianeter
size were taken for making Ni Al sputtering targets doped with oxygen or
nitrogen. Besides gas-atom zed Ni Al powder, boron-doped gas-atom zed N Al
powder was al so taken for meking Ni Al sputtering targets doped with boron
and bor Adesdiap e ohd dspedtiaf ehaprdschOinvedtiond h Spates eatgetns fdbvecated by klending

Conventi opal.. gas atomj zati on t hods ar.g used,.fo uf.act u th wder s.
Speci al aHﬁf@ﬁ?PgH‘E‘Fﬁ?QS’ BT PRI ng™ ﬁwaﬂé'mﬁeqﬂj%e?%ﬁgicﬁw S\?&ﬁg%?ul tra
fine copaaGnROMIahS tHd $Bof RAARriaNtsddbearaBouts EThe SRBIWSBateRIE BEAL i ON
may occur. Herewith an attritor mll or a ball mll my be used for

bl endi ngsq inshide the thind metariel dyseaibeq pboysr afs Blugality of mitarialy may Serther| oy

i nclude; e iy - = essure
fr oréJ ablgg{ﬁaggﬁl%%gﬁt‘gjsarl‘gﬁ ggﬂjg%éﬁ%&% om a %%?J ﬁ)eln d-ei legalhgfut%lg&m&}?\lg&cool i ng
rat e nusft mbieriglsr(erql dackl of abg fiodthscond end erdnfagdials) lid et peregercioaskiodur i ng
cool i ng _down. ower-of f furnace cooling and a hol | ateau at. 700 C for
2 hour senagiti e RBlOEE RO P B PR Goptaue Hhe BF PaPRind JRr R oY Ghinthd

r epr esestt @leioy endit pERES Wethling oPnode f@stéd alBly-oPcSinpspidigodidetsa et oPBe
according to one aspect. The sputter target is manufactured u%l ng.100- mesh

cobal t ficbmatssahspcond matena apd thiyd matptaledgsodondxboyo &5 I RANSE 1F 87 73 wt .
% 3 gmg <5 gyder.at Wiz % 1R 6ks L LcRewder at
36.61 \C&l; Og.TﬁéEo%%%chcturg%ﬁs%gp %ﬁ?%gre g@& Ing’nﬁ%ﬁt&f;ﬁ% Btél%ael[r%pl e, a
first nteeeioal maersdcondparttle sizalof dhredthirdtrhaterdal e theisatne aFfilee $ize eff theat eri al

i ' f,Co. (e..q. , Co- t ] 20), . c
o oo TR SR rdhe wSBoC R b kel PP S o
this exppicBvelyhe third material is conprised of Pt. The first material

may constitute a first phase, the seﬁgnd teria m% constjt t? a second
' d™ fable

phase, 97B° CR&EVPIEF (o rdByiien cpment dpdeds glements; Kom dierhable @ ond
phage ofj.t,l IR he aSifh AYRRSGTRAS VR, DAL veenvaReHigA idan O
andl%go %@%?1%%2. 14 grﬂgltéﬁ{s%%?gelr target inqlﬁ{}aes&dark Co p%?ées, dark Co-Cr
mast er BBl @yodhimsesond agett P thehpress! imveatidar ISogi0gxasalgsovind rpfiReé®s. | n
this ex | e,. t.h i 02 ¢ ouynd 569 ) .

ar eat or S0Re 1804 Segen AFRR Y nOARETIEE RIHAKREOAR i3 ol TGRS

m cr onsgolurhn Mugibee IBA| TVAStV AL €5A aVileyréelBbnt 1@, i thdt drags tar melting epooft a

Co-Cr-Pt-OSi sputter target accgording to on spect.. The sputter  target
i s manuStERETihar of g equl 5 g eiopE e o1 %%@’eﬁa‘%&@?g t9 ops peet of w5 &) 5
povﬁﬁr,ﬁ,r@ém@%v@ﬁﬁon% Co() powder, 26.4 w. % Co-24.22Cr powder, and 36. 62
wt

. % platinum (Pt) powder. The manufactured sputter target includes, for
exanpl eSome fxanplenef @ eohalt-trapsiion slrinenh basedanasig allay inalyds HrheLrimaster The
first rial i . [ R oS- och MBS Shod! 8V €5-160) -
secondnarrg)? é%li%a @s&%éﬁpwgb%%gf@amé%%iﬁ%& ag,gyoc rrllg):ir53 e spe%ih?' ﬁ’ciéﬁglaye%:ol\fs;?Z
conpounglastdhdlol hicadinm te vhabspest af dippriessad irvkntRin.  Stimee dxiamplesmiherbai- nay
constitute a first phasg, the second.material nmay .constit tte second
phase, & actf’ﬁ’eel?‘ﬁ?"i‘tgj TR al%ﬁ%/mgl&}ﬂ%?i % %méiStF%?]ﬁa'ﬁ Os'g.m ] @SXond
phase ofndtdCo-g8 aRdr Mediedckaldilas oﬁ@a@é_@trcﬁ’gﬂedﬁrbidﬁtﬁﬁbﬂﬁﬁlﬂ greater than O
and 50 mcrons. 15 The sputter target includes dark Co phases, dark Co-Cr

mast er Smogxasenef » FpgHiopelcprpisased spEpPaEdindyd; §°§j@f@’.€§3ﬂa(§4 efha88s. In
Lhis EXRR Gocdrdifie B Inp £OERUME BRRSE SnlkYiBn Ao RS bE & rbEINGSN
an 0 and m cr e Cop

greater ns. hases have an average size béetween
gr eat erelethent HasahchnimOndiimdedssTa(AdEel dlaRy, TeB oMe:@ndo8inMentB efid MeeCpr esent
inventionb a sputter ttarfﬁﬁt co(érl?risets a 20 plurality of materials. The

pl ur al i FGOEREBF PR VARE DR VPUALt a first material and a

30  According to one aspect of the present invention, a master alloy is a combination of two or

The

more elements consisting of a single or a multi-phase material, either as a simple solid



second material. The first material is conprised of cobalt (Co), chrom um
(Cr), ruthenium (Ru), nickel (Ni), or iron (Fe). For exanple, the first
material is conprised of one or nore of the follow ng according to one
aspect: a cobalt (Co) elenent, a chromum (Cr) elenent, a ruthenium (Ru)
el ement, a nickel (N) elenent, an iyfpn (Fe) elenent, a cobalt (Co) based
25 master alloy, a chromum (Cr) based master alloy, a ruthenium (Ru)
based master alloy, a nickel (N) based naster alloy, an iron (Fe) based
master alloy, a cobalt (Co) based conpound, a chrom um (Cr) based
conpound, a ruthenium (Ru) based conpound, a nickel (N ) based conpound,
and an sohaivn( Gijeldplese obmpoing. cloeot di rgntagixoné the peagor eldmenf jorsa

o oG kR AR G S P PR, L0 one
phase hiagst 3o A¥RLAGEtsSinI®igBE WBEYIng ERBlcRls. CHAPo:dRIoE on of tdediffgrent Ons
(i.e., 0 < phase size < 5§ m.crons). The present 15 inventi ocp I S not
i mi t ecelementh @kesubsiRes , CORMENIDS 24f50FE PUBREOR Fsh O HECHIFY 81 BH4%% has an
g 8 S oy O e, S O Rt st sy a0 of
(N) - conteabtitiergs hat asrelahentary sibstandes, a silicon (Si)-containing material, a
According to one aspect of the present invention, a sputter target includes chromium and
an oxide that is not a simple chromium oxide or Cr;O3;. For example, such sputter target
inclides: chromium; chromium oxide or Cr;0s; and other element(s), alloy(s) and/or
10 compound(s). In another example, such sputter target includes: chromiunmy; and a
compound(s) based on a chromium oxide (as opposed to a particular chromium oxide such
as CryOs).
According to one aspect of the present invention, a sputter target includes chromium and
an oxide that is not a simple silicon dioxide (8i0,). For example, such sputter target
15  includes: chromiumy; silicon dioxide; and other element(s), alloy(s) and/or compound(s).
In another example, such sputter target includes: chromium; and a compound(s) based on a
silicon oxide (as opposed to a particuiar silicon oxide such as Si0;3).
While this invention has been described with reference to several preferred embodiments,
it is contemplated that various alterations and modifications thereof will become apparent
20  to those skilled in the art upon a reading of the detailed description contained herein. It is

therefore intended that the following claims are interpreted as including all such alterations

and modifications as fall within the true spirit and scope of this invention.



5 suicide, an oxygen (0)-containing material, an oxide, boron (B), a boron
(B)-containing material, or a boride. For exanple, the second material is
conprised of one or nore of the followi ng according to one aspect: MB
conmpound, Co-Cr-B nmaster alloy, Co-B master alloy, Co-B conpound, Cr-B
master alloy, C-B conpound (e.g., GjgB), Ti-B conpound (e.g., TiB2), Ti-0
conpound, N -B master alloy, N -B corrpound Al -B compound (e.g., 10 Al B2),
Co-Si master alloy, Fe-Si master alloy, Cr-Si compound, sili con oxi de
conmpound (e.g., Si02), Co-Si compound (e.g., CoSi2, Co2Si), titanium oxide
(e.g., Ti02), chromumoxide (e.g., C203), nolybdenum oxide, alum num

oxi de (®hgtIs Apipgd)ls: r ut heni um oxi de, C (e.g., graphite), Ta-C conpound,
Fe-C master alloy, Fe-C conpound, alum numnitride, cobalt nitride,
chromumnitride, and iron nitride. 15 According to one aspect, the second
materi al constit uAeputter segaRdmplisiag a panality bémaeciaisdthp hhsaitpbf t he second
mat eri al has an average size between greater than O mcron and 50 m crons

(e.9., BatwarRMGEER ﬁneéshaﬂrs@nfﬁt@rapﬂa@m&c&m hteHANGe fReeaal gr eater than
O mcron and 10 m crons, between 0.1 microns and 10 ni crons, between

grea er e@ oﬁcﬁﬁﬁ%@% hroriuf @35 m@&’hﬁﬁ?ﬁu}l an(Elr(PJFD 8NEom(FE), EONS

between great er t cron 20 and 2 m crons, | ess than m crons,

t Al t I

o SR P L1 &tttnm%é%t%@g%%ﬁaﬂﬂ YR s
conpris nore o he.f. n nsto Ierre

r etmr) a::tB‘g‘f? fltamang:]@i‘ﬁtﬁf’?l[ f‘rngﬂgﬁ’ £ \érco I(g e g, ettt B Sélf“]“% a

cobal t-refractor el ement base al | o a tranS| on el enent based
conmpountfe sggpad a“a%@at %‘?%ﬁ‘tﬂ&gﬁ‘l’g?%’n%ﬁtph ec%’?ﬂ%“édﬂ enﬁtlha‘aﬂ%?%er aspect,
the third material is conprised of platinum (Pt) or tantalum (Ta).

Accor di a§rass srdeigge greater HantOnniceonyadediraicrang,iae fifstmaterigl @mwnwwase and
the third phase has an average size between greater than 0 m cron and 50
m chbnslegst.16 atonfic pepbde gedakke. < 50 microns). The present invention is not
limted to these ranges, and in another enbodinent, the third phase has an
average size greater than 50 30 mcrons. 16 According to one aspect of

t he present 2.nverfheopptier taput dfellainat gaterdis tifeabrbidsas edabidelif endbng a
plurality of materials, canning and pressing. The plurality of materials

i ncl udemopd elép@sd fromehd PériidicTRatee bfdleraads shvevnsie Rondnmairerdl ablug@scr i bed
above. The plurality of materials nay also include the third nmateri al

descri bggngbave mAhey Rl VARKVIAYVOR, VRl gl TEIIEB, 1B of WBhek 5 include ot her
materials. \Wen the pl urailty of material's are bl ended, each of the

plurality of wﬂ@-&jﬁrth&hﬁufeels g mmeeaho&fortttﬁe Elefehs RALAR Boantlc e o

materials) is In powder orm ftor exanple, elenental powders, one or nore
MaSELr ALl O ARG RAEA Sl lﬂnt@rmtﬁé fyRNeAO T ARFEAPORERr S W th
one ‘or nore mas oy or corrpoun owder S the first material,
second ﬁh Iﬁé third materials descrl bed above is in powder form for
10 bl en ’? ng to one aspect, the particle size of the first
material, the particle size of the second materi al, and particle si ze of

the third materi are the same as th efl has t he size
of the seco phg'tt?Spﬁ“ﬂt?rﬁﬁt(geafeoﬂ?ofﬂ%”?ﬁlofé WR%(S‘@ g%’e Jabove,
respectively. Sone exanples of _a transition e i ncI ude el enents from
the Per§astRigng gsfesiabes aﬂﬁ%geérfgntcgﬂ@wwﬁmﬁdﬁgﬁ%ﬂ%ﬁr% merg Ieff’l‘ﬁ?“ﬁu nber

| BA, IVA, VA, VIA VITA VIIIA 113, JIB according to one aspect of the
pr esent frpmknPrindic Bibheofstemepiteshopm ig Roafandwmsea) ¢ mbehd Py HE el enent s
fromthe Periodic Table of elenents shown in Roman nuneral col umm nunber
L1128 1A, WA, VIAATIN VITANB, DR, IIIBor BABt hat have a nelting point greater
than or about equal to the nelting point of iron (Fe) according to one
aspect of theha€inphieserin ()\wentaimtig mSenel e xaabbe §Cpfonkimopalateriat ansi ti on
el enent based master alloy include a Co-Cr nmaster alloy, a Co-WVnh naster

al l oy, RclamERnEBsI8le AbhMs frdmQe CeridiEwaH1ebf ékhents sityweh ia Rondd  nmast er
al l oy according to one aspect of the present invention. Sone exanples of a

cobal t - ﬁtﬁﬁéra%%ﬁ %ﬁt@%@hﬁﬁ%@@vﬁ?@h@t@t ey, vighuge 183 GasTarvmster al | oy,

a Co-Pt nmster



25 and a Co-Zr master alloy according to one aspect of the present

i nvention. Sone exanples of a transition el enent based conpound i ncl ude
CoSi 2, CrSi2, Fe3C, and N 3Al1 according to one aspect of the present

i nvention. Some exanples of a refractory el ement based compound i ncl ude
TaC, Ta2C, TaB2, TaB, M2C, MSi 2, MpgB and M2C according to one aspect
of the present invention. 30 According to one aspect of the present
invention, a master alloy is a conbination of two or nore el enents
consisting of a single or a multi-phase material, either as a sinple solid
17 solution (single-phase) of a mnor element in a matrix of the major

el ement or awbewii thasiliom ©f)-@ntiting mstsiat isenileod (Yreowpinmgmeateread ondar y
phases (rulti-phase) having at |east two constituents anong the all oying
el ement cludixppaieod saond clemvents frotrhihe Berdodid Eatda vt dbwongn stovarie Roniast ances
containing a defined nunber of each atom species and having 5 specific
physi cahuagd] &hafh GahbRTDREIIA, €8A, VA, VI8, Wiel, ¥1114d] fH, e miBfor VB &idse whi ch
their constituents had as el ementary substances. According to one aspect

of the pr ese@rheﬂeﬂlvtﬁ@.tsﬂl&ﬂe isPh SRHEE 8 e ARFre L1BMLHE BOCIAE PRIiGHR Bile 8N OXi de
that is not a 5| npl e chrom um oxi de or Cr203. For exanpl e, such sputter

target 531@&' g ﬁﬁ?&&éﬁ%ﬁ&?%@t R QAR 100 11%21% WAL Reia eV AIRN (S) |

al I oy(s conmpoun éxanpl e,” such sputter t ar get

i ncl ude and a conpound(s) based on a chrom um oxi de (as
opposedﬁ% &fé«; Iﬁglr(trqygr ar chrom um oxi de such as Cr203). According to one

aspect of the present i nvention, a sputter target includes chrom um and an

oxi de that is not le s con di pxid a such
sputter targ Tﬁ H%é@rgegc‘htlrﬂ(‘}%oﬂﬁ?lp%reﬁ%@la ]%SX ggrel 'ﬁﬁd‘ gé%t)ﬁ%r

el ement (s | oy(s) ,and/ or conpo ﬁ%a I n anot her exanple, such sputter
t ar get g""ﬁh‘é@‘“&ﬂ?’e@rﬂf&ﬁc%& tﬁ %ﬁnd(s) based on a silicon oxide (as
opposed to a particular silicon oxide such as Si02). Wile this i nventl on

has been deswhesimdhewarbide éf apashide of epesavrarg clepients dioppthe Egtiedic hable of i's

contenpl ated that various alterations and nodifications thereof wl I
bectire elpmanteshown in Roman numeral column number IA, TIIA, IVA, VA, VIA, VIIA, VIIA,

1B, IIB, IIIB or IVB, and.
wherein the nitride is a pitride of one or more elements from the Periodic Table of
elements shown in Roman numeral column number ITA, THA, IVA, VA, VIA, VIIA, VIIIA,

IB, IIB, IIIB or IVB,

15 5. The sputter target of any one of preceding Claims, wherein the second
material is comprised of the silicide,
wherein the silicide is a silicide of one or more elements from the Periodic Table of
.elements shown in Roman numeral column number ITA, HIA, IVA, VA, VIA, VIIA, VIIIA,

1B, 1IB, HIIB or IVB.

20 6. The sputter target of any one of preceding Claims, wherein the second

material is comprised of the nitride, wherein the nitride is a nitride of aluminum (Al).



20 to those skilled in the art upon a reading of the detail ed description
contained herein. It is therefore intended that the followng clains are
interpreted as including all such alterations and nodifications as fall
within the true spirit and scope of this invention. 18 What Is C ai ned
ls: 1. A sputter target corrp&si ng a plurality of materials, the
plurality of materials including at ast a first material and a second
material, the first material 5 conprised of cobalt (Co), chromum(Cr),
rut henium (Ru), nickel (Ni), or iron (Fe), the second material conprised
of carbon (C), a carbon (C)-containing material, a carbide, a nitrogen
(N) - cont ai ni hg neflerspatier targai dfrangd ene af gedadigrCliSis) whaninahaplnge ofther i al , or
a silicide, the second nmaterial constituting a phase, the phase of the

second @b halerifidts A aPdta @V RFAROvSn 26! ARrReNd g0 @dtehs.t han 0 micron and
50 mcrons, the first material conprising at 10 |east 15 atom c percent or

greater. 2. The sputter target of Claiml, wherein the carbide is a
carbi de of ogie orTHDpEHEATBIN IS F&bﬁ@bﬁﬂi@ce&ﬁfg'@ﬁi&rﬁ whELR (B piekesEmEs shown
i n Roman nuner al coI um nunber MA, WA, VA VIA VITA VIIIA TB, |1B,

I 118 or s A%rial has an aver. %‘H@t\;/&ﬁ Irlhfcfdndﬁd'Ssmﬁrdﬁ'st” de of one or nore
el errents romthe Periodic Table of 15 el enments shown i n Roman numer al

col um nunber [TA TIIA V\A VA VIA, VIIA VIIIA DB, JIB, III1B or |VB.

3. The sputteg 1 i ogen

(N) fhcont ai n| ng mat(;%ﬁ) | a i ?Bo%gﬁ% g%\?lgfsh%‘ggﬁat?ee 51{%11% udi ng
one or nore, el.e s fromthe Peri Tabl e of elenents shown in Roman

P toer o) B Ra i Had e ?Ye/&ageﬁﬁfe/lessé%ﬁ IR VIA, VITA VIIIA TB, 1113,
[11B or 1VB, wherein the carbon (C)-containing material is a carbon
(C©) -cont ai ni i,nc one. or re.ele Peri odi c
bt 2001 "ol oRB o S s ool R R Bk el i o Va

VIA VITA, VLIIA 1B or |VB, 9 eln ilicon
(Si ) - cORCHPRTFY SratcobILCD elpeat e ém#nv%%@o%%% gt B et ng
one or nore elenments fromthe Periodic Table of elenment s shown in Roman
nuner al 2 &igkel ANDelamsat, ap imn (Be)glenygnt, agebaly/(Gp) besadanastar oy, pghromipm | 1B or
TVB, and
10 (Cr) based master alloy, a ruthenium (Ru) based master alloy, a nickel (Ni) based master
alloy, an iron (Fe) based master alloy, a cobalt (Co) based compound, a chromium (Cr)
based compound, a ruthenivm (Ru) based compound, a nickel (N1} based compound, or an

iron (Fe) based compound.

11.  The sputter target of any one of preceding Claims, wherein the first material
15  constitutes a first phase, and the first phase of the first material has an average size

between greater than 0 micron and 50 microns.

12.  The sputter target of any one of preceding Claims, wherein the plurality of
materials includes a third material, the third material comprised of platinum (Pt) or

tantalum (Ta).



wherein the silicide is a suicide of one or nore elenents fromthe
Periodic Table of 5 elenents shown in Roman numeral col um nunber 11 A,

[TTA WA VA VIA VIIA VIIIA 1B, 1IB, 111B or 1VB. 4. The sputter target
of any one of preceding C ains, wherein the second material is conprised
of the carbide or the nitride, wherein the carbide is a carbide
of one or nore elenents fromthe Per%%dic Tabl e of 10 el enents shown in
Roman numeral colum nunber 1A TI1TA WA VA VIA VIIA VIIIA 1B, |I1B,
I11B or 1VB, and wherein the nitride is a nitride of one or nore

el ements fromthe Periodic Table of elenents shown in Roman numeral colum
nunber | LA, 13l 1A Thedputtstiargét éf anvldndof Mebdding CRimd, iwbereld thBpotralitg 3f 155. The
sputter target of any one of preceding Cains, wherein the second materi al

i's conhhtsgsls AfrthiePRcRidbd £ib8@ material coMPAERIOT atthABsifiod él6hel@, 4 fefidc®iyt | ci de of
one or nore elenments fromthe Periodic Table of elenents shown in Roman

nuner al g G ol %%Hﬁ%ﬁsiﬁ&ﬁleﬂl% ddMBast1oy) d%oka—}e(‘%‘ac%%g@lemQ%bakédB’ 1B

or 1VB. 206.The sputter target of any one of preceding ai s, wherein the
second rial . rjse f.th e i i iL.kride is a
nitri delg%%gaa? l%an%arln&?gﬁ fi.eﬁlegbﬁ)aseé c&nﬂ %d’r%ga rg%ﬁ%@reﬁ%@ggge%f any one of
precedin CI%%WB, wherein the phase of the second material has an average
si z béF&g@Hn .1 microns and 10 microns. 8. The sputter target of
any one of preceding Cains, wherein the phase of the second material has

an average size between 1 mcraop .and 5.mcrons.. 59.The sputter target of
any one of ﬂﬂecegﬁ’ﬁﬁpﬁeﬁit%‘?t FIEY =F‘11}8reﬁht§§ B“%]fm%tﬂé constitutes a

phase, and the phase of the third material has an average size between greater than 0

micron and 50 microns.

15.  The sputter target of any one of preceding Claims, wherein the sputter target

10  comprises an alloy, the alloy including a plurality of phases, the plurality of phases
including at least a first phase and a second phase, the first material constituting the first
phase, the second phase being the phase of the second material, the first material
comprised of a cobalt (Co) element, a chromium (Cr) element, a ruthenium (Ru) element, a
nickel (Ni) element, an iron (Fe) element, a cobalt (Co) based master alloy, a chromium

15  (Cr) based master alloy, a ruathenium (Ru) based master alloy, a nickel (N1) based master
alloy, an iron (Fe) based master alloy, a cobalt (Co) based compound, a chromium (Cr)
based compound, a ruthenium (Ru) based compound, a nickel (Ni) based compound, or an

iron (Fe) based compound.

16. A sputter target comprising a plurality of materials, the plurality of
20  materials including at least a first material and a second material, the first material
comprised of cobalt {Co), ruthenium (Ru), nickel (Ni), or iron (Fe), the second material

comprised of an oxygen (O)-containing material or an oxide, the second material



second material has an average size |less than 2 m crons. 10. The
sputter target of any one of preceding Cains, wherein the first materi al
is conprised of a cobalt (Co) elenent, a chromum (Cr) elenent, a

rut henium (Ru) elenent, a nickel (Ni) elenent, an iron (Fe) elenent, a
cobalt (Co) based master alloy, a chromum 10 (Cr) based nmaster alloy, a
rut heni um (Ru) based naster all oy, 2%i ckel (Ni) based master alloy, an
iron (Fe) based naster alloy, a cobalt (Co) based conpound, a chrom um
(Cr) based compound, a ruthenium (Ru) based conpound, a nickel (Ni) based
conpound, or an iron (Fe) based conpound. 11. The sputter target of

any one.ofétitit a8 t1fd (HaBBof WD SBhd rdabt@ial hdvids APdverbakizd badRst i tutes a
first phase, and the first phase of the first material has an average size

bet ween, i &ah £ 0 Mitash thdBEhRPoRNd 50 m crons. 12. The sputter

target of any one of preceding Cainms, wherein the plurality of materials
includes a third material, the third nmaterial conprised of platinum (Pt)

or tantal umgTa) 'Thﬁ%}é.xtter target oi}'é}ajﬂ;h%, %H&%tnetbn% bR RLanQxid DY BEGr Ribre

precedi ng d ai ns, rein e plurality o terirals further includes a

third teri C ised adtransiti e enent, a
cobal t - %eﬁgﬁ?%ﬂl%eéwgﬁt]o%gasoe% Eenn%tes“ttSeérh%gll-n Ill&% %E%}‘ gg%ﬁ'l[aﬁgr@%}rlglc (t))lgli/ el enent
based st er | oy, r ition ba conmpound, or a refractory
ele nﬁ%éﬁ@dﬁ‘%%’ﬁp%&%d%ﬁi VIﬁA %ﬁfgﬁ soﬁjﬁger target of O aim 13,
wherein the third material constitutes a phase, and the phase of the third
mat eri al has_an ayer age si ze Petmeen eat t@gn_o nnﬁron ang ?0 m crons.
15. The sputlBer tI&F §BHHRIHY @ﬁ@”ﬁﬁﬁgﬁQEE' Aol ‘ohenen thG ARYEPAOhe sput t er
t ar get

J containing material 1s an oxygen (O)-containing material including one or more elements

from the Periodic Table of elements shown in Roman numeral column number I1A, TI1A,

IVA, VA, VIA, VIIA, VIIA, 1B, lIB, IIIB or IVB.

10 19.  The spuiter target of any one of Claims 16 to 18, wherein the oxide is an

oxide of one or more of transition or refractory elements.

20.  The sputter target of any one of Claims 16 to 19, wherein the oxygen (O)-
containing material is an oxygen (O)-containing material including one or more of

transition or refractory clements.

15 21.  The sputter target of any one of Claims 16 to 20, wherein the second
material is comprised of the oxide, wherein the oxide is an oxide of silicon (S1), aluminum

(A]) or titantum (T3).

22. . The sputter target of any one of Claims 16 to 21, wherein the second

material is comprised of the oxide, wherein the oxide is silicon dioxide (8i0;).



10conprises an alloy, the alloy including a plurality of phases, the
plurality of phases including at least a first phase and a second phase,
the first material constituting the first phase, the second phase being

t he phase of the second material, the first material conprised of a cobalt
(Co) elenent, a chromum (Cr) elenment, a ruthenium (Ru) el ement, a nickel
(Ni) elenment, an iron (Fe) el enent, %3cobalt (Co) based master alloy, a
chromium 15 (Cr) based naster alloy, a ruthenium (Ru) based naster all oy,
a nickel (N) based master alloy, an iron (Fe) based nmaster alloy, a
cobalt (Co) based compound, a chromium (Cr) based conpound, a ruthenium

(Ru) based coypouffe sittlf @kRt of My)onB 38 Ethime T QM wiefeirihe kédRd ( Fe) based
conpound. 16. A sputter target conprising a plurality of materials,

the plugalj:t pémglg%ﬁ%?me%xmei DaLAE Y ofbe kﬁg&ﬁm@ o&'delsqﬁ terial and a

second materia irst material conprised of coba ), ruthenium
(Ru), nickel (Ni), or iron (Fe), the second material conprised of an

oxygen (0)- ciy‘lt aiﬂe%gu{gﬁg&%%tgdggﬁ%gﬁ‘{%%lm 16“3935\%%&% tﬁé;élﬁlgé Q%thezz

constituting a phase; e second nater I ng an aver age

i bet t h 0 m 50 m _ 17. Th
:Ipﬁ'? t e?seﬁ(g‘gggﬁa%%ﬁ??ﬁ?qnﬁe %r%?e%gvir’]??g{bglembcﬁr’nlgga%?gagﬁcrgﬁ'de of one o(ra nor e

elenents fromthe Periodic Table of elenents shown in Roman numeral col um

5 HA, I V\A, VA, VIA VIIA /] 1 T8, 11B,. 1]l B.
T e spaidbr (et pirgeTamlont orgaim ysb3s, ShBeipihe Bkl ot e

(0)- containing material is an_oxygen (D)-cogtaining mat eri al incl udi ng
one or ¢6ews EtETHhEs 23 pEgeHE PSP G8il P WIS Wrent s shown in Roman
nuneral colum nunber 1A TITA WA VA VIA VITA VIIIA 1B, JIB I1IB

or |VB. 1019. The sputter target of any one of Claipms 16 tqg 18, wherein the
oxi de is an ¥xi dethsispuies ectndapy gre of Gauny 168 25r Wherindhs phaye ef Bfent s.

20. The sputter target of any one of Clains 16 to 19, wherein the oxygen
(0) - second material has an average size less than 2 microns.

27.  The sputter target of any one of Claims 16 to 26, wherein the first material
10 is comprised of a cobalt (Co) element, a ruthenium (Ru) element, a nickel (Ni) element, an
iron (Fe) element, a cobalt (Co) based master alloy, a ruthenium (Ru) based master alloy, a
nickel (Ni) based master alloy, an iron (Fe) based master alloy, a cobalt (Co) based
compound, a ruthenium (Ru) based compound, a nickel (Ni) based compound, or an iron

{Fe) based compound.

15 28.  The sputter target of any one of Claims 16 to 27, wherein the first material
constitutes a first phase, and the first phase of the first material has an average size

between greater than (0 micron and 50 microns.

29. The sputter target of any one of Claims 16 to 28, wherein the plurality of
materials includes a third material, the third material comprised of platinum (Pt) or

20  tantalum (Ta).



containing material is an oxygen (0)-containing material including one or
nore of transition or refractory elenents. 1521. The sputter target of any
one of Clainms 16 to 20, wherein the second material is conprised of the
oxi de, wherein the oxide is an oxide of silicon (Si), alumnum (A) or
titanium (Ti). 22.The sputter target of any one of Clains 16 to 21,
wherein the second material is conpr? ed of the oxide, wherein the oxide
is silicon dioxide (Si02). 23 23. The sputter target of any one of
Clainms 16 to 22, wherein the second material is conprised of the oxide,
wherein the oxide is titaniumoxide (Ti02). 24. The sputter target

of any one ofy O airBsphtet Qretdof MYRIoR CihRs PHESE), Wheldiethe paRaey oBt er i al
has an average size between 0.1 mcrons and 10 m crons. 25. The

SPUL L T 1ub @RS buier YRR aRld dehiBidlRodBrildd A irafRELFLRmERC, RIASBAPT L he

second nateri as an average Sl ze tween 1 mcron and 5 m crons.

26. The sputter .target..of an ne_of b 6410 i phase of
the sectilonet el Rbuoh R Rbar s e YR Akl SR B o b PO
wher ei

Th r r i i
mate ef ipgq%lgseter a&l%y,gae t&ran%%cﬁo%% en?erxll?bgs]:ad %l%]l)(g{lshd;l gr z;[ r%ﬁ%g{bry element ﬂastege first

5  compound.

31.  The sputter target of Claim 30, wherein the third matenal constitutes a
phase, and the phase of the third material has an average size between greater than 0

micron and 50 microns.

32. ﬁ‘he sputter target of any one of Claims 16 to 31, wherein the spuiter target
10 comprises an alloy, the alloy including a plurality of phases, the plurality of phases
including at least a first phase and a second phase, the first material constituting the first
phase, the second phase being the phase of the second material, the first material
comprised of a cobalt (Co) clement, a ruthenium (Ru) element, a nickel (Ni) element, an
iron (Fe) element, a cobalt (Co) based master alloy, a ruthenium (Ru) based master alloy, a
15  mickel (Ni) based master alloy, an iron (Fe) based master alloy, a cobalt (Co) based
compound, a ruthenium (Ru) based compound, a nickel (Ni) based compound, or an iron

(Fe) based compound.

33. The sputter target of any one of Claims 16 to 32, wherein the sputter target

is comprised of Co, Cr, Pt and SiO,.

20 34.  The sputter target of any one of Claims 16 to 33, wherein the first material

comprises at least 15 atomic percent or greatet.



10 is conprised of a cobalt (Co) elenent, a ruthenium (Ru) elenent, a
nickel (Ni) elenent, an iron (Fe) elenent, a cobalt (Co) based naster
all oy, a ruthenium (Ru) based master alloy, a nickel (N) based naster
alloy, an iron (Fe) based master alloy, a cobalt (Co) based compound, a
rut heni um (Ru) based conpound, a nicﬁgl (Ni') based compound, or an iron
(Fe) based conpound. 1528. The sputter-target of any one of Clains 16 to
27, wherein the first material constitutes a first phase, and the first
phase of the first material has an average size between greater than 0O
m cron and 50 mcrons. 29.The sputter target of any one of Clains 16 to
28, wherein ghe pAupatdriatg&icomprisingaiplirklity 8f martivdethe plurdlity df material, the
third material conprised of platinum (Pt) or 20 tantalum (Ta). 24

30. The yaRialsQhcth@ihg St leddt a EBRY nPRRiaPindd RO hitcfisl, @9 firher@ian t he
plurality of materials further includes a third material conprised of a

{1 ansi t bofipil AP BlbadChE LhGHAhYCA! RMAtum BuHORAL 14h S 08, fl.ement

based mast oy, a -refractory el ement ba master alloy, a

compounttrond iR RtRE ERIPRYNS, (Dol hi ARlBuipy SRR w380y,
ver hgomela wstiluERs SpBarabe pRR bR R BN g LB PSR ST 55° T

sputter target of any one of Clains 16 to 31, wherein the sputter target
10 conpPbsteEen gratsy thad O migrenand 6 MigfePiadi ng a plurality of phases, the
plurality of phases including at |east a first phase and a second phase,
the first mawbetenif denputter targeigonnys of crhmmwna@fmdﬁée ausAdOphase bei ng

t he phase of the second material, the first material conprised of a cobalt
(Co) el evrgaibinganatertaheniy e ORyDendOgvemthinitg matoia is oNiyzed EMerantaimng i r on
(Fe) elenent, a cobalt (Co) based naster alloy, a ruthenium (Ru) based
mast er alatediyl othertbarndi@lBl chidshumb@déd andst er al l oy, an iron (Fe) based
master alloy, a cobalt (Co) based conpound, a ruthenium (Ru) based

conppund, a RhekRl if (Rishutha $8 et CONRAYBL:hrShivg (U} &l thE6Yideasgdtheonpound.
33. The sputter target of any one of Clains 16 to 32, wherein the sputter

target hgalmRIdxaRbur afd sidply cBlonflfh oRidl2-

36.  The sputter target of Claim 35, wherein the oxygen (O)-containing material
is an oxygen (O)-containing matenal inclﬁding one or more elements from the Periodic
Table of elements shown in Roman numeral column number I1A, IIIA, IVA, VA, VIA,

15  VIA, VIIIA, 1B, IIB, IIIB or IVB, and

wherein the oxide is an oxide of one or more elements from the Pc_ariodi’c Table of

elements shown in Roman numeral column number HA, TITA, IVA, VA, VIA, VIIA, VIIIA,

IB, IIB, HIB or IVB.

37. The sputter target of any one of Claim 35 or 36, wherein the oxide is an
20  oxide of one or more of transition or refractory elements, and wherein the oxygen (O)-
containing material is an oxygen (O)-containing material including one or more of

transition or refractory elements.



2034. The sputter target of any one of Clains 16 to 33, wherein the first
material conprises at |least 15 atom c percent or greater. 25 35. A
sputter target conprising a plurality of materials, the plurality of
materials including at least a first material and a second material, the
first material conprised of cobalt (o), chromum (Cr), ruthenium (Ru),
nickel (Ni), or iron (Fe), the second material conprised of an oxygen
(0)-containing material or an oxide, the second 5 material constituting a
phase, the phase of the second material having an average size between
greater than O mcron and 50 m crons, wherein if the sputter target
consi sts of 3hr onThmsp{@er)tamnich ftang oox pHEhint0}s toddnwhéminrtbe sesort i al onl vy,

t he oxygen (0)-containing material is an oxygen (0)-containing nmaterial

ot her t harrial iERbpsd@Titheoxidd, ddereanitic dRidh év =i axidefoftshiieos (Ri), abmitemget
consists of chromum (Cr) and the oxide only, the oxide is an oxide other
t han siggkyrﬁﬁmﬁﬁﬂgm1oxide. 36. The sputter target of C aim 35,
wherein the oxygen (0)-containing material is an oxygen (0)-containing
material including one or nore elenents fromthe Periodic Table of

el enents shoyg i ”I‘Mﬁﬁﬂeﬂ’ch&%@tr&*a{;%%é‘ BNCRMADST tol3gAwhérkinAne ¥ondVA, VI A, 15
VITA VIIITA 1IB, JIB, IlIBor VB, and wherein the oxide is an oxide

of ane o B € &h i toag{er c%?ﬁe%lxﬁs\%ﬁf ﬂ\h/%f!k%le JeRli&@nAHoxtdRRIHS shown in Roman

nurer al col um nu A VITA VITTA™IB, JIB, II11B or
| VB. 37. The sputter target of any one of Caim35 or 36, wherein
the oxide is,an 2 id . t § LR efhgct ory

el enent s, an4 mhe&lel?#ﬁﬁlé&to%(%ggﬁﬁggg:%@%ﬁ%??l%@ﬁat eﬁugpwiss an oxygen

((aP)e;rg(r)ltr] thg Clqlélgl ch‘;l})géeld%lf tﬂeno%-li ec,jlw?lgre?nn e%)r{idg?srtﬁangilmto&%ﬂés(ﬁdz?.n or refractory

41.  The sputter target of any one of Claims 35 to 40, wherein the phase of the

second material has an average size between 0.1 microns and 10 microns.

10 42.  The sputter target of any one of Claims 35 to 41, wherein the phase of the

second material has an average size between 1 micron and 5 microns.

43.  The sputter target of any one of Claims 35 to 42, wherein the phase of the

second material has an average size less than 2 microns.

44.  The sputter target of any one of Claims 35 to 43, wherein the first material
15  is comprised of a cobalt (Co) element, a chromium (Cr) element, a ruthenium (Ru) element,
a nickel (Ni) element, an iron (Fe) element, zi_cobalt (Co) based master alloy, a chromium
(Cr) based master alloy, a ruthenium (Ru) based master alloy, a nickel (Ni) based master
alloy, an iron (Fe) based master alloy, a cobalt {Co) based compound, a chromium (Cr)
based compound, a ruthenium (Ru) based compound, a nickel (Ni) based compound, or an

20 iron (Fe) based compound,



38. The sputter target of any one of Clains 35 to 37, wherein the second
material is conprised of the oxide, wherein the oxide is an oxi de of
silicon (Si), alumnum (Al) or titanium (Ti). 39. The sputter
target of any one of Clainms 35 to 38, wherein the second 5 naterial is
conprised of the oxide, wherein the g zjde is silicon dioxide (5i02).

40. The sputter target of any one of ains 35 to 39, wherein the second
material is conprised of the oxide, wherein the oxide is titani um oxide
(Ti 02). 41. The sputter target of any one of Cains 35 to 40,
wherein the phase of the second nmaterial has an average size between 0.1
m crons and dherainchofist ma@4al donetitsfes bifest phasegatd thé fimhphasaef e fi@tai ns 35 to
41, wherein the phase of the second material has an average size between 1
m cron maeribl ik Gh @hGage size betwden gfberdhat ¢ siicrbmgk30 @icrany one of Cainms 35
to 42, wherein the phase of the second material has an average size |ess
than 2 mcrons. 44. The sputter target of any one of Caims 35 to
43, wherein 4d91e firhsbpuilet BFdedbf &y dr% of UNiinis SE G 0, vehetb Bletplufrity o€l ement, a
chrom um (Cr) elenent a ruthenium (Ru) elenment, a nickel (Ni) elenent, an
iron ( Fﬁzteﬁmg RN des a ﬂﬁmﬁhﬁmQCeﬂe tﬁ?@%teﬁaﬁéc@ﬁprﬁéd Sbplatin@N(PeEum (Cr) based
naster a ruthenium (Ruj based master oy, a nickel” (Ni) based
nmaste %h ﬂ%@ iron (Fe) based naster aIon, a cobalt (Co) based

conpoun R m um (Cr) based conmpound, a ruthenium (Ru) based conpound,
a nickel (N) based conpound, or an 20 iron (Fe) based conpound 27

wher ei n the érSt T‘H@Fp%ﬁfe%ﬁ?% S Faih rfi?tto%]%%rm {hﬁ ?St phase

of the first materia average size ween rea m cron

and 50 mc The .sputter et one alns 35 to
2. oheleetal Rutisr inlader o B b R Rped S S%OP Kl hﬁf%“ 4 (e
thlrd mat eri al conprised of platlnun1(Pt) or 5t Iunlg

clement, a cobalt-transition element based master alloy, a cobsz t-re -actory tlenient based

master alloy, a transition element based compound, or a refractory element based

10 compound.

47.  The sputter target of Claim 46, wherein the third material constitutes a
phase, and the phase of the third material has an average size between greater than 0

micron and 50 microns.

48.  The sputter target of any one of Claims 35 to 47, wherein the sputter target
15  comprises an alloy, the alloy including a plurality of phases, the plurality of phases
including at least a first phase and a second phase, the first material constituting the first
phase, the second phase being the phase of the second material, the first material .
comprised of a cobalt (Co) element, a ruthenivm (Ru) element, a nickel (N1) element, an
iron (Fe) element, a cobalt (Co) based master alloy, a ruthenium (Ru) based master alloy, a

20 mnickel (Ni) based master alloy, an iron (F-e) based master alloy, a cobalt {(Co) based



46. The sputter target of any one of Clains 35 to 45, wherein the
plurality of materials further includes a third material conprised of a
transition element, a refractory elenment, a cobalt-transition el enent
based nmaster alloy, a cobalt-refractory el enent based master alloy, a
transition el ement based conpound, og%a refractory el enent based 10

conpound. 47. The sputter target of Caim46, wherein the third
material constitutes a phase, and the phase of the third naterial has an
average size between greater than O mcron and 50 m crons. 48.

The sputter target of any one of Clains 35 to 47, wherein the sputter
target dsmpARnpld steniih @ll)Wsediddgpslnd) ¥ nidkel NI} Bgedcqhpiuall] dnandfonphases,
the plurality of phases including at least a first phase and a second

- phase, $bisell $bm rial constituting the first phase, the second phase
bei ng the phase of the second material, the first material conprised of a
cobalt (Co) elenent, a ruthenium (Ru) elenent, a nickel (N) elenent, an

iron (Fe) el @mntTh@sgﬁea%fge{M bas SECHRAS B twals! Rorcth the kiRt tRget Ru)

based master all oy, 20 nickel {N') based master alloy, an iron (Fe)

based ng%ﬁéﬁ%%dlogbrﬂ’?%gﬁl&?kﬁé@) based 28 conpound, a ruthenium (Ru)

based coO based conpound, or an iron (Fe) based
conmpound. 49. The sputter target of any one of Clainms 35 to 48, wherein the

Sputier targ I S-CO i.sed of, e OF i0 Wher target
of ajtny one of 'C Eh&s%g@erft %gﬁb?favgﬁé)%?fncﬁ%éﬁogg’ arr%l?%réﬂlaagﬁg%ﬁrr%rl ses at

| east 15 atomc gerfént or greater. 51. The sputter target of any
one of CTHES H5cashl HYOMYHRAET Of gL sputter target consists of chrom um

(Cr) and the oxygen (0)-containing material only, the oxygen
g?%f;ng ﬁ:. glrﬁn]g mrmll“ﬁer: é;p%!ttell‘ Earg%:? 0? ﬁ%zgoenré og@la_iglg gg ?(I) %,%e@n& %rd'lg sl‘;pu?tE:rher than
target consists of chromium (Cr) and the oxygen (O)-containing material only, the oxygen
(O)-containing material is an oxygen (O)-containing material other than simply chromium
10 oxide or simply silicon dioxide (Si0;), and

wherein 1f the sputter target consists of chromium (Cr) and the oxide only, the

oxide is an oxide other than simply chromium oxide or simply silicon dioxide (S10»).

52. A sputter target comprising a plurality of materials, the plurality of
materials including at least a first material and a second material, the first material
15 comprised of cobalt (Co), chromium (Cr), ruthenium (Ru), nickel (Ni), or iron (Fe), the
second material comprised of boron (B), a boron (B)-containing material or a boride, the
second material constituting a phase, the phase of the second material having an average

size between greater than 0 micron and less than 10 microns.

53.  The sputter target of Claim 52, wherein the boron (B)-containing material is
20  aboron (B)-containing material including one or more elements from the Periodic Table of

elements shown in Roman numeral cohunn number A, IIIA, TVA, VA, VIA, VIIA, VIIIA,



10 oxide or sinply silicon dioxide (Si02), and wherein if the sputter
target consists of chromum (Cr) and the oxide only, the oxide is an oxide
ot her than sinply chrom um oxide or sinply silicon dioxide (Si02).

52. A sputter target conprising a plurality of materials, the plurality of
materials including at |least a first &aterial and a second material, the
first material 15 conprised of cobal (Co), chromum (Cr), ruthenium (Ru),
nickel (Ni), or iron (Fe), the second material conprised of boron (B), a
boron (B)-containing material or a boride, the second materi al
constituting a phase, the phase of the second material having an average
Si ze belBVEEN) IGR @are’, &ndan 0 mi cron and | ess than 10 m crons. 53.
The sputter target of Caim52, wherein the boron (B)-containing nmateri al

i's 20 a bor ophdr&h ikl N HBoriRLFlohabr B dichhdiis BAR QY PHRER BibRaENts from
the Periodic Table of elements shown in Roman nuneral colum nunber I|1A,

LTTA, lne iéﬁtén\{ hoi\%fgn R¥hdaftnuntle d?’é Lolummhubiber BABITIA |IVR, &/A W, vand vina,

wher ei or is a bori of one or nore elenents fromthe Periodic
Tabl e q% %E@ﬁ$$t§p@%own in Roman numeral colum nunber 1A TI11A |VA VA
VI A VITA R, , JIB, I'l1IB or 1VB. 554. The sputter target of any one
of Claimb52 or 53, wherein the second material is conprised of boron (B)

o2, sThe P! IRl SRRl QT 5 15 kel e phace o

t he "second teri ess m cron 56.

The sputter target.of any o of Cainms 52 to 55, wherein the plurality of
10 natéFWﬁ?@I?ﬂ§WH§FdPﬁ@¥BH@§)a third material conprised of a transition

element, a refractory elenent, a cobalt-transition element based master
o1 ement " based- corIS RIS GrEd o BFY S 9 SEF et o4 s e "
second material has an average size less than 2 microns.
56.  The sputter target of any one of Claims 52 to 55, wherein the plurality of
10  materials further includes a third material comprised of a transition element, a refractory
element, a cobalt-transition element based master alloy, a cobalt-refractory element based
master alloy, a transition element based compound, or a refractory element based

compound.

57. A sputter target comprising a plurality of materials, the plurality of
15  materials including at least a first material and a second material, the first material
comprised of ruthenium (Ru), nickel (Ni), or iron (Fe), the second material comprised of
boron (B), a boron (B)-containing material or a boride, the second material constituting a
phase, the phase of the second material having an average size between greater than

micron and 50 microns.

20 58.  The sputter target of Claim 57, wherein the boron (B)-containing material is

a boron (B)-containing material including one or more elements from the Periodic Table of



57. A sputter target conprising a plurality of materials, the plurality of
15materials including at least a first nmaterial and a second material, the
first material conprised of ruthenium (Ru), nickel (Ni), or iron (Fe), the
second material conprised of boron (B), a boron (B)-containing material or
a boride, the second materi al consti%Hting a phase, the phase of the
second material having an average siZe between greater than 0 m cron and
50 microns. 2058. The sputter target of Caim57, wherein the boron
(B)-containing material is 30 elenents shown in Roman nuneral col um

nunmber 1A [ITA WA VA VIA VITA VIIIA 113, JIB, 11113 or |1VB, and
wher ei n etehentschowe id Romaboumhete! clummeunberibk, dildl, EidNnY4, VisdnyiAeVBEAj odi ¢
Tabl e of el enents shown in Roman nuneral colum nunber 1A I1IIA [|VA VA
VI A, VI TA, IV iBRor I¥BB8and | B, 111B or |VB. 59. The sputter target of

any one of Claimb57 or 58, wherein the plurality of materials further

includes a t RQineAid ML 854id is 6 ORAE SBcheQr nfort ERMSHE i Bk @BRATic Tableefractory
el enent, a cobalt-transition el enent based naster alloy, a

cobal t - t : : | , it i b d
RiAG sﬁsaé? ?Jalg‘?ﬁéﬂy mgﬁegadco BP0, TV ANG AL YR, ﬁégﬁgm ase

conpoung, or ar ment based 10 conpound. nmet hod

of f§brh§%héﬁﬁgﬁ,ﬁﬁﬁ¥ter target, the nmethod conprising the steps of:
bl endi nga Ulurd?ity‘of materials including at least a first material and

a second material, the first material conprised of cobalt (Co), chrom um

(Cr), rutheniym ( 5 ni cke Ni ), .1 ron e t.he seco terial
conpri sed of l5%I'ar b?ﬁg %ptl o tﬁrggg? OP%:)Ofggﬂ%’fl I r?lr(r%g %’%etr%nrli%}ﬁ? urgﬂgraorqﬁi de, a
ni t rogen -cont ai.nin terial, anitride, a sjilicon (Si)-.containing
mat er | amageg?ﬂlsaﬁlgtﬁqrew&%s e misHal ST %%%Sﬁ@ng}%ﬂaﬂg)& PAFEE M ti cl e
Si ze between greater than O mcron and 50 mcrons, the first nmaterial
conpr i sElsEeat acabaitrapsitiap slgmenpbased mrastsr allvea tehalt-refectoyy pleamsnt Hasgd
materials conprised of nmultiple powders, one or

master alloy, a transition element based compound, or a refractory element based

10  compound.

60. A method of fabricating a sputter target; the method comprising the steps
of:

blending a plurality of materials including at least a first material and a second
material, the first material comprised of cobalt (Co), chromium (Cr), ruthenium (Ruy),

15  nickel (Ni), or iron (Fe), the second material comprised of carbon (C), a carbon (C)-
containing material, a carbide, a nitrogen (N)-containing material, a nitride, a silicon (Si)-
containing material, or a silicide, the second material having an average particle size
between greater than 0 micron and 50 microns, the first material comprising at least 15
atomic percent or greater, the plurality of materials comprised of multiple powders, one or

20  more master alloy or compound powders, or a mixture of one or more powders with one or

more master alloy or compound powders;



20 nore master alloy or conpound powders, or a m xture of one or nore
powders with one or nore nmaster alloy or conpound powders; 31 cal m ng;
and pressing. 61. The nethod of C aim 60, wherein the carbon (C)-containing

material is a carbon (C)-containing material including one or nore
elements fromthe Periodic Table of §1 el ements shown in Roman nuner al
colum nunber 1A IIIA WA VA VIA VIIA VIIIA |IB, JIB 11113 or |VB,
wherein the carbide is a carbide of one or nore elenents fromthe Periodic
Tabl e of el enents shown in Roman nuneral colum nunber 1A TIIA WA VA
VIA, VITA,L VIIIA 1B, IB3, 111B or VB, 10wherein the nitrogen

(N)-containieagnimgt®wdi al is a nitrogen (N)-containing nmaterial including
one or nore elenments fromthe Periodic Table of elenments shown in Ronman
numer al col usmessiigorber 1A, [ITA VA VA VIA VIIA VIIIA [IB JIB 11113
or TVB, wherein the nitride is a nitride of one or nore el enents
fromthe Periodic Table of elenents shown in Ronman nuneral col um nunber
LTA TITA V8. VAhehAhodvbfl BainyVbi,lvwherdid tHetsartBB,(C)-bdiaipihg IdBsrial isa  wherein
the silicon (Si)-containing material is a silicon (Si)-containing materi al

i ncl udi wb&ﬂ@)%m@yﬁfg ﬁﬁ%ﬂﬁcﬂu&ﬁ%ﬂﬁé Sanfielpthts foable refiod@k aaprils shown
in Roman nuneral col umm nunber | 1A, WA, VA, VIA VIIA VIIIA IB,

BB, I B “ﬁﬂg R/g;l%%i }ﬁ%&% i I re
el ensgnts ?%%g%oh eri o ﬁ{(‘:lﬁlf ?81%%{ 2 e Iel?r&e%%jg Iigﬁgm\%gl\ﬁ@ﬁgﬂrr%q{l%%r al

COI um ﬂ%’rﬂ%}eﬁllﬁloﬂ\fﬁl A WA VA VIA VIIA VIIIA [IB BB IIIBor |VB

wherein the carbide is a carbide of one or more elements from the Periodic Table of
elements shown in Roman numeral column number 1A, IIA, IVA, VA, VIA, VIIA, VIIIA,
1B, 1IB, HIB or IVB,

10 wherein the nitrogen (N)-containing material is a nitrogen (N)~containing material
including one or more elements from the Periodic Table of clements shown in Roman,
nunieral column number 1A, IIIA, IVA, VA, VIA, VIIA, VIIIA, IB, IIB, I1IB or [VB,

wherein the nitride is a nitride of one or mofe elements from the Periodic Table of
elements shown in Roman numeral column number LA, IIIA, IVA, VA, VIA, VIIA, VIIIA,

15 IB, 1B, IIIB or IVB,

wherein the silicon (Si)-containing material is a silicon (Si)-containing material
including one or more elements from the Periodie Table of elements shown in Roman
numeral column number ITA, IIIA, IVA, VA, VIA, VIIA, VIIIA, IB, lIB, TIIB or I[VB, and

wherein the-silicide is a silicide of one or more elements from the Periodic Table of

20  elements shown in Roman numeral column number IIA, IIIA, IVA, VA, VIA, VIIA VIHA,

1B, IIB, 11IB or IVB.



62. The nmethod of any one of Claim®60 or 61, wherein the second materi al
is conprised of the carbide, the nitride, or the suicide, wher ei n
the carbide is a carbide of one or nore elenents fromthe Periodic Table
of elenments shown in Ronman nunmeral columm nunber 1A TI1A WA VA VIA
VITA, VIIIA 5TB, 1IB, I1IB or |VB, wherein the nitride is a
nitride of one or nore elenents fromthe Periodic Table of el enments shown
in Roman nuneral colum nunber 1A ITI1IA VA VA VIA VITA VIIIA B3,
JIB, 111Bor IVB, and wherein the silicide is a suicide of one or
nore el ements fromthe Periodic Table of 10 el enents shown in Ronman

nuner al col ufh nubhemethbdof bt gge OAL1aii0 arl6A, WhkrEia, tha/bdcdid] matBrialBB, (11 B or
| VB. 63. The nmethod of any one of Clains 60 to 62 wherein the
second p@hpridedlof R atida e mg@e panhd dli€idsi ze between 1 micron and 5

m crons. 64. The nethod of any one of Clains 60 to 63, wherein
the pluralityhekinkhe PRbREIRA Sarbide bPSRSorandrb elcthe BRI e Pcfibdc THIE df

mat erial conprised of platinum (Pt) or tantalum (Ta). 65. The

met od g B0 AR EhAH MEnGh dofrimnth 1L IIANRY Rl WASVIAW 0K, vRLr T al s
further inc es athird mterial conprised of a transition elenent
po“d§r’ﬂflﬁ?ﬁﬁ%Ct%Vﬁ el enent powder, a cobalt-transition el enent based
mast'er al’l a 20 cobalt-refractory el enment based master all oy

powder, a tra iti nent . b3as conmpoun r [ tory

el enent baseﬁ' Wﬁgﬁﬁgmﬁﬂﬁ&éwnﬁeg mm””nﬂned%ﬁlwpﬁﬁ?h%ﬁpg?mfﬁgqﬁgﬁ ing a
sputter target t he et hod conpr|5|ng t he

pl ur al i EymeRts shqvap indfemanyyrperak g umn purglgr I@ﬁﬁ?‘s&%‘{@ YV b\éﬁ%dgﬂg%c ond
material, the first material conprised of cobalt (Co), ruthenium (Ru),

ni ckel @Nﬂ¥3IHB(HﬂBB ide), the second material conprised of an oxygen
(0)-containing material or an oxide, the second material having an average
particl e sizehtretnbesiligide &t ®silitilaof ¢remir oraye elaments Grom tbe Bersodic Bablpblural ity
of materials conprised of nmultiple powders, one or nore nmaster alloy or
conpdunédepend elidyn @R @ dinrsl coluromneumber 10X, SITAONIE SAVW 1A ik, GHIATDT €
master all oy or conpound powders; 10canni ng; and pressing.

1B, 1IB, 11IB or IVB.

63.  The method of any one of Claims 60 to 62, wherein the second material has

an average particle size between 1 micron and 5 microns.

64.  The method of any one of Claims 60 to 63, wherein the plurality of
15  materials includes a third material, the third material comprised of platinum (Pt) or

tantalum (Ta).

65. The method of any one of Claims 60 to 64, wherein the plurality of
materials further includes a third material compnised of.a transition element powder, a
refractory element powder, a cobalt-transition element based master alloy powder, a
20 cobalt-refractory element based master alloy powder, a transi'tion‘el-ement based compound

powder; or a refractory element based compound powder.



67. The nethod of C aim 66, wherein the oxygen (0)-containing material is
an oxygen (0)-containing material including one or nore elenents fromthe

Peri odic Table of elements shown in Roman nuneral col umm nunber LA, [I1A,
WA, VA VIA VITA VIIIA 15 1B, IIB, HB or |IVB, and wher ei n
the oxide is an oxide of one or nore.,elenents fromthe Periodic Tabl e of
el enents shown in Ronan nuneral colu nunmber 1A [ITA WA VA VIA,
VITA VIIIA |IB, JIB, 111B or |IVB. 68. The nethod of any one
of Claim®66 or 67, wherein the second material has 20 an average particle
Size between 1 micron and 5 mcrons. 69. The nethod of any one of

Clains 66 tosh8, Amhetieidofithieidating akpitier tkgarahemethod chmptidieg thentpsides a
third material conprised of a transition elenent, a refractory 34

el ementgr-a cobalt-transition el ement based master all oy, a
cobalt-refract ory el ement based master alloy, a transition el enent based

conpound, Oryg,fiff ?ﬁg iy o SIER A i SQBROENAFt material and a secdifd  The

met hod of any one o alnms 66 to 69, erein the second material is 5
conpris X] r 2)
71 Thel%(fgl}t\éi"ﬁﬁl(’.)g'me}qEr mgg%arllgo of E%aaﬂ;f%gbﬁg &i A?@ ﬁé\'/é#e@?r{g ‘%k%iéb\gzggﬁl Qmat eri al
of the oxide, eentheo stlta mOX|de(|02)
75, S hehdte %ﬁf%fﬂrﬁ?ﬁeealtwwgﬂae averElyserlibd R @8&%}. St he
steps of: 10blending a plurality of ma&) rials i ncI udi n t a first
mat er i aﬁfecarﬁblnatcg%lé@ﬁ@gﬁ&@@?ﬁaawafwg sy et erh gericn h 8&%& cobal t
(Co), chromum (Cr), ruthenium (Ru), nickel (N), or iron (Fe) t he second
mat er i amlc@@mﬂneyéaalw oéma@xga&mnwe&t@frmahhalemw%e@wr RS BESE%| de, t he
second material having an average particle size between greater than 0
m cr on @y dComperwi®wdetseopd mixthietof oo onmpmriosdsrscoitiperiosadnayé masier i pl e
powders, 15 one or nore master alloy or conpound powders, or a m xture of
one or #hyerRompeus puividerspne or nore naster all oy or conpound powders,

wherein if the plurality of materials consists of chromium (Cr) and the
oxygen (0) - coph@Migag material only, the oxygen (0)-containing material is
an oxygen (0)-containing naterial other than sinply chrom um oxide, and
20wherein if,thg.plurality of materials consists of chromum (Cr) and the
67.  The method of Claim 66, wherein the oxygen (O)-containing material is an
oxygen (O)-containing material including one or more elements from the Periodic Table of
elements shown in Roman nuineral column number [TA, ITIA, IVA, VA, VIA, VIIA, VIIIA,
15 IB, 1B, IIIB or IVB, and
wherein the oxide is an oxide of ene¢ or more elements from the Periodic

Table of elements shown in Roman numeral column nomber HA, IIIA, IVA, VA, VIA,

VIIA, VIIIA, 1B, TIB, I1IB or IVB.

68.  The method of any one of Claumn 66 or 67, wherein the second material has

20  an average particle size between 1 micron and 5 microns.

69.  The method of any one of Claims 66 to 68, wherein the plurality of

materials further includes a third material comprised of a transition element, a refractory



oxide only, the oxide is an oxide other than sinply chrom um oxi de; 35
canni ng; and pressing. 73. The nmethod of Caim72, wherein the
second material is conprised of the oxide, wherein the oxide is an oxide
of silicon (Si), alumnum (Al) or titanium (Ti). 74. The net hod of
any one of Claim 72 or 73, wherein the second material has an average
particle size less than 2 m crons. 75. The nethod of any one of
Clainms 72 to 74, wherein the first material is conprised of a cobalt (Co)
el ement, a chromum (Cr) element, a ruthenium (Ru) elenment, a nickel (N)
element, an iron (Fe) elenment, a cobalt (Co) based master alloy, a

chr om weteriéni( Crobabasesitiomsticmentdiabalmageraliofeniobali-fHdctoya slethentdssed  al | oy,
a nickel (Ni) based master alloy, an iron (Fe) based nmaster alloy, a
cobal t & dlagecirasitipahthentbasbd oompooniCor)a leAsadryebampotihakeda r ut heni um
(Ru) based compound, a nickel (N) based conpound, or an iron (Fe) based

CONMPOUNghmpound. 76. The nethod of any one of Clainms 72 to 75, wherein
the plurality of 15 materials includes a third nmaterial, the third
material conprised of platinum (Pt) or tantalum (Ta). 77. The

met hod of amy onenRfindhd fBung2nt 8f CHim¥HE LS whbRibIRY bEBRd kk@Rl isl S
conprised of Co, C, Pt and Si 02. 78. The nethod of any one of

2
Cl aigrs Z%Hﬂg rel ; hakideSsiéfh conprised of the oxide,
mheééiﬁ;t e gi%gg@pgdgpﬁF%%ﬁﬂ%ﬁ%@#ﬁg@?@?%gﬁknkg6@9) 79. The net hod of
any one of Clains 72 to 78, wherein the second material is conprised of

the, oxi de.  wierei il B B85 Gl ARRTRST S (el soond motcllis A Mot hod

of fabricating a sputter tar met hod conpri si ng

comprised of the oxide, wherein the oxide is titantum oxide (T10;).
72. A method of fabricating a sputter target, the method comprising the steps
of:

10 blending a plurality of materials including at least a first material and a second
material, the first material comprised of cobalt (Co), chromium (Cr), ruthenium (Ru),
nickel (Ni), or iron (Fe), the second material comprised of an oxygen (O)-containing
material or an oxide, the second material having an average particle size between greater
than O micron and 50 microns, the plurality of materials comprised of multiple powders,

15  ene or more master alloy or compound powders, or a mixture of one or more powders with
one or more master alloy or compound powders,

wherein if the plurality of materials consists of chromium (Cr) and the
oxygen (O)-containing material only, the oxygen (O)-containing material is an oxygen
(O)-containing material other than simply chromium oxide, and
20 wherein if the plurality of materials consists of chromium (Cr) and the

oxide only, the oxide is an oxide other than simply chromium oxide;



of : 5blending a plurality of materials including at least a first materi al
and a second material, the first material conprised of cobalt (Co),
chromium (Cr), ruthenium (Ru), nickel (N), or iron (Fe), the second

mat erial conprised of boron (B), a boron (B)-containing material or a

bori de, the second material having a§%average particle size between
greater than O mcron and | ess than mcrons, the plurality of materials
10 conprised of multiple powders, one or nore naster alloy or conpound
powders, or a m xture of one or nore powders with one or nore naster all oy
or conpound powders; canning; and pressing. 81. The nethod of Caim
80, the bor omngBg:adnt ai ning material is a boron (B)- 15 cont ai ni ng.

mat erial including one or nore elenents fromthe Periodic Table of

el enents shomessing. Roman nuneral col um nunber HA, TI1A WA VA VIA VITA
VIIITA 1B 1B 111Bor IVB, and wherein the boride is a boride
of one or nore elements fromthe Periodic Table of elenents shown in Roman

nuner al col ur nurahethddof Clalnd72, | WireiVie Sdbovd vitdrsl idddidpise@6f th, |11 B,
[11B or 1VB. 82. The nethod of any one of Claim80 or 81, wherein

the sec@nge, WHbR Rk okRlcGOIPEA 8L PhicoRPSH Nakiinum @A) or titaniu@3TH)A et hod of
fabricating a sputter target, the nethod conprising the steps of: bl ending

a plurality of materials including at least a first material and a second
5 74.  The method of any one of Claim 72 or 73, wherein the second material has

an average particle size less than 2 microns.

75.  The method of any one of Claims 72 to 74, wherein the first material is
comprised of a cobalt (Co) element, a chromium (Cr) element, a ruthenium (Ru) element, a
nickel (Ni) element, an iron (Fe) element, a cobalt (Co) based master alloy, a chromium
10 (Cr) based master alloy, a ruthenium (Ru) based master alloy, a nickel (Ni) based master
alloy, an iron (Fe) based master alloy, a cobalt (Co) based compound, a chromium (Cr})
based compound, a ruthenium (Ru) based compound, a nickel (Ni) based compound, or an

iron (Fe) based compound.

76.  The method of any one of Claims 72 to 75, wherein the plurality of
15  materials includes a third material, the third material comprised of platinum (Pt) or

tantalum (Ta).

77.  The method of any one of Claims 72 to 76, wherein the sputter target is

comprised of Co, C_r, Pt and SiO;.

78.  'The method of any one of Claims 72 to 77, wherein the second material is

20  comprised of the oxide, wherein the oxide is silicon dioxide (S10,).



material, the first material conprised of ruthenium (Ru), nickel (N), or
iron (Fe), the 5 second material conprised of boron (B), a boron
(B)-containing material or a boride, the second material having an average
particle size between greater than O micron and | ess than 50 m crons, the

plurality of materials conprised of | ti pl e powders, one or nore naster
all oy or conpound powders, or a mxture of one or nore powders with one or
nore master alloy or conmpound powders; 10canning; and pressing. 84.

The nethod of C aim 83, wherein the boron (B)-containing material is a
boron (B)-containing material including one or nore elenments fromthe

Peri odi c Tabite of Tk apbol sf ahoome df ClEReREN to GSeriakcic deusrpndundetal id A, |11 A,
| VA, VA, VIA, VITA VIIIA 15113, 1IB, 111B or 1VB, and wherein the

bori de dompisb®bf e oRile,AMRrEIh tHEXEdEk GBS ofidomithe Peri odi ¢ Tabl e of
el ements shown in Roman nuneral columm number 1A TI11A [IVA VA VIA

VLIA, VIITA TB, JIB, 1l1IB or rvs. 85. The nethod of any one of
Claim83 or &4, VWalefiod off fsbrichiiied iputetbirgB iR hathsd efinfribiddnieé steprc| udes a

third material conprised of a transition elenent powder, a refractory
el ement gpowder, a cobalt-transition elenent based master alloy powder, a
cobalt-refractory 38 elenent based master alloy powder, a transition

el enent  baseg. CAPOHALIBPYCR ter 88 irfidafly’# Fat Vel ARRAL RAISEL5MPOUNd

powder .

material, the first material comprised of cobalt (Co), chromium (Cr), rathenium (Ruy),
nickel (Ni), or iron (Fe), the second material comprised of boron (B), a boron (B)-
containing material or a boride, the second material having an average particle size
between greater than 0 micron and less than 10 microns, the plurality of materials
10 comprised of multiple powders, one or more master alloy or compound powders, or a
mixture of one or more powders with one or imore master alloy or compound powders;
canning; and

pressing.

81.  The method of Claim 80, the boron (B)-containing material is a boron (B)-
15 containing material including one or more elements from the Periodic Table of elements
shown in Roman numeral column number ITA, TITA, IVA, VA, VIA, VIIA, VIIIA, IB, IIB,
1IIB or IVB, and
wherein the boride is a boride of one or more elements from the Periodic Table of
elements shown in Roman numeral column number IIA, IIIA, IVA, VA, VIA, VIIA, VIIA,

20 1B, IIB, IlIB or IVB.

82.  The method of any one of Claim 80 or 81, wherein the second matenal 1s

comprised of boron (B).
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83. A method of fabricating a sputter target, the method comprising the steps
of

blending a plurality of materials including at least a first material and a second
material, the first material comprised of ruthenium (Ru), nickel (Ni}, or iron (Fe), the
second material comprised of boron (B), a boron (B)-containing material or a boride, the
second material having an average particle size between greater than 0 micron and less
than 50 microns, the plurality of materials comprised of multiple powders, one or more
master alloy or compound powders, or a mixture of one or more powders with one of more
master alloy or compound powders;

canning; and

pressing.

84.  The method of Claim 83, wherein the boron (B)-containing material is a
boron (B)-containing material including one or more elemenfs from the Periodic Table of
elements shown in Roman numeral column number IIA, IIIA, IVA, VA, VIA, VIIA, VHIA,
1B, IIB, TIIB or IVB, and

wherein the boride is a boride of one or more elements from the Periodic Table of
elements shown in Roman numeral column number 1IA, HIA, IVA, VA, VIA, VIIA, VIIIA,

IB, IiB, I1IB or IVB.

85. The method of any one of Claim 83 or 84, wherein the plurality of materials
further includes a third material comprised of a transition element powder, a refractory

element powder, a cobalt-transition element based master alloy powder, a cobalt-refractory



38

element based master alloy powder, a transition element based compound powder, or a

refractory element based compound powder.



