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of underl ayer alloys, Chrom um containi ng underl ayers exhibit a_ tendenc
to -1 nclu e>sl one to thrﬁ}é: discrete Tayers, 1s deposited, where t eungglayerls typically a chromium- y

based alloy, such as CrMo, or CrT1. Interlayer 105, which includes one or two separate layers, is
formed above underlayer 104, where interlayer 105 is cobalt-based and slightly magnetic.
Overlayer 106, which is magnetic and may include two or three separate layers, 1s deposited on

top of interlayer 105, and carbon lubricant fayer 108 is formed over overlayer 106.

[0003] The amount of data that can be stored per unit area on a magnetic recording medium 1s
inversely proportional to the size of the grain of the overlayer. Grain boundary segregation of
minor addition elements also contributes to increased data storage potential. Grain size and

uniform grain boundary segregation of the overlayer can be influenced by the properties of an

earlier deposited thin film of the stack and particularly by the properties of an underlayer.

{0004] One technique for promoting desirable microstructures in a magnetic alloy thin film layer

is through the use of underlayer alloys. Chromium containing underlayers exhibit a tendency to

-1 -



pronote epitaxial growmh of magnetic crystalline planes in cobalt alloy
magnetic filns. Chrom um underl ayers additionally pronote fine grain
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sputtering nto thin films with optimal epitaxial match for a cobalt alloy magnetic layer.

SUMMARY OF THE INVENTION

[0007) The present invention soives the foregoing problems by providing a powder metallurgy
method for manufacturing sputter target material for sputtering an underlayer of a magnetic
recording medium, where the sputter target is comprised of a carbon containing chromium alloy
composition which effectuates favorable epitaxial growth for optimal match with a cobalt alloy

thin film layer.

[0008] According to one aspect, the present invention provides a sputter target material. The
sputter target material has an alloy system comprising Cr-C, Cr-M-C or Cr-M,-M,-C, wherein C

comprises at least 0.5 and as much as 20 atomic percent; M comprises at least 0.5 and as much as



20 atom c percent and is an elenment selected fromthe group consisting of
Ti, V, Y, Zr, No, Mo, H, Ta, and W M conprises at least 0.5 and as
much as 20 atomic percent and is an elenment selected fromthe group
consisting of Ti, V, Zr, Nb, My, Hf, Ta, and W and M2 conprises at
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i ncl udg mactcar 10 demRipee@nban € RteRintdnn gel ected from the group consisting of Ti, V, Y,
Zr, Nb, Mo, Hf, Ta, and W; M, comprises at least 0.5 and as much as 20 atomic percent and 1s an
element selected from the group consisting of Ti, V, Zr, Nb, Mo, Hf, Ta, and W, and M,
comprises at 1ea$t 0.5 and as much as 10 atomic percent and is an element selected from the
group consisting of Li, Mg, Al, Sc, Mn, Y, and Te, and wherein the powder materials are
selected to have at least a purity level, mesh size and particle morphology effective for a sputter
target material; (b) combining the selected powder materials of elements, or combinations
thereof, to produce an unconsolidated formulation for the alioy systemn, and (c) densifying the
unconsolidated formutation to produce a sputter target material. Powder materials comprising a

combination of elements can include a chromium alloy such as chromium carbide. Powder

materials comprising a combination of elements also can include a carbide or carbon containing



-3 master alloy. Exenplary carbides or carbon containing nmaster alloys
can be Ti-C, V-C, Y-C, Zr- C, Nb-C, Mo-C, H-C, Ta-C, WC, Li-C M-C,

Al-C, Sc-C, Mhn-C, Y-C, and Te-C. 100111 In the follow ng description of
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Figure 3 shows a back-scattered image mode of a scanning electron micrograph (SEM}

through a particle section of a pre-alloyed combination of elements corresponding to Cr-14C

atomic percent (at%).

Figure 4 shows a SEM micrograph illustrating the distribution of a carbide phase in a Cr-

C alloy obtained by consolidation of Cr and Cr,C powder blend, and

Figure 5 shows a SEM micrograph illustrating the distribution of a carbide phase in a Cr-

Mo-C alloy obtained by consolidation of Cr, Mo and Mo,C powder blend.

DETAILED DESCRIPTION OF THE INVENTION

{0013] The present invention allows for increased data storage of a magnetic recording medium
by manufacturing carbon containing chromium alloy sputter target material from raw materials
of individual elements, carbides or from master alloys containing carbon 1n order to achieve
optimal epitaxial growth in a sputtered underlayer and epitaxial match with a sputtered magnetic

overlayer thin film.



versatility to the production of a wi de range of carbon containing all oy
systens. Manufacture of the sputter target materials of the invention
enpl oys powder formul ations of individual elenents, carbides or carbon
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thr qugt {\J&J;@g;ﬁggg %gguptsm&aﬁuégpr&aﬂ&dlsfgﬁo%e hﬂﬁuﬂaruhgg of shatdk %%Ihe

manuf a nventionprovi des an efficient ns for
pr oduah#teridahbang aldoy Histentsgeplebays by]thwrfmﬂmlﬁ Ke-C, dirstr(C buCi-oh, -Bf, - asitien

cont ai ni articles can he optim zed through the selection of favorable
St oi CHEBHEER o dpe prRgusHiod |aw@ﬁ%e§?°ér§z%ica@§m&g CFERF) SRty 0bs

as wely,e %ﬁjt&hﬁrﬁﬁe}tﬁa otsthf EvEh&dd fﬁﬁfgkggﬁ)\ﬁ?&ertfﬁﬂﬁﬁaﬁ&g' delisy af%duﬁ@%ﬁﬁg

benefi ci attrTibute o npl oying ele powder rmateri car
or masiaﬂndaldr@yx:bonabﬂmammgmnstpuzﬂbygebmbi,ni:gg dfhbite bolonpop o pedpe 8sA

t t d | t .of d tt
o015 iRsed CaFh g Soumel-BeuRhaN e of s hefoghiiian Brodrastes Spaaled o
tar getthgﬁfvgﬁﬁcﬂ énroI faes ar?@ftﬁtcie%f mte%sgf?} &f@tugtr g%hrbloﬂ QBHQ%HQQI@S 11‘P¥/h§c¥1stﬁgm 5

conprising Cr rein onprises at |east O.
and asimublktumsofmm@m:nntalm% Dmltl,es Micoaprtirsesd atromgatkt s@ed1canel fa@ratuch as

20 atom.c .percen nd | n el ement, sel ect ed the grou Si stl ng of
Ti, v ahibpty er)m% duw%mﬁéﬂs Sl c\ﬁowa&t%ﬁ{qy Iixés o del ap s Papifia

much %%e?cﬁst%ﬁ’diﬂncoﬂq%&%ﬁu@@g Afof@Br b&x‘eﬁ%ﬂ&ttr@&ﬁt@&{t&ﬁ%faﬁ%meiéﬂ?engﬂ PHR der
consisting of Ti, V, Zr, No, M, Hf, Ta, and ri ses at

| east r0atBrandagsdene master ﬁﬂom I@t’nec thae poertne@h @mpénta QT éb@necrhltces phiticteed
fromthe grog consi sting o I I\/g é Sc, My, Y, and Te. The sputter
t ar getEHELETT ‘E?a‘??“ﬂgrasrfgarﬁﬁlf 58 TPeg" By Y% vi ng a powder bl end

formul ation of the alloy system as described further bel ow.

Densi f0083} ALoRIiRE RSSRScrERNith BR Bdenven@bn gmrmdsea spRit@aegel @stest hitas hot
i sostatic pressing (H P); ot her hi gh pressur h t enperature

pr ocesHEEeT RIGFUMpSHAlERCIgAesss Aoy TP RIEOMPrigHE f?artﬁear-M -s¥ireMedd:-fret hods
as vel Lhe@g’m% ?&E;ﬁt@%%éflg%rt &S ’Y}%l zls rﬁﬁ@x"ﬂ 2t0 (Erm% T%lﬁ lhl/l%gm'pﬁsésm:t‘ leagp(\f\g%rld

rretallurgy ar utter target materlal I nventi on
i ncl ude,miohras @¥anphie peateyt mmimbunatemmm eflectat ﬁnmch@eromgmbagamgcﬁf Toa‘v’b‘ﬁn,

C, and_of_ele ntsof roups Il -A through V Aad s.1-B through
| V- B of" tReMoe i oth- and |1\41 a%mg’é%esfab e@ﬁ%a%%as g 0 %tg‘?‘gfefi’erﬁeé‘t‘ & %ila“
can haél@an@nt%@i'&:@c@&' fro‘ﬁ‘Pt'fEEQr%&Jp' c%s@m:?bm f\/rg;n}ag M@aﬁfﬁ TQ MhRd aﬁ&M’{UCh as

20 atom c percent. O her” enbodi i ncl ude 'a carbon conposition within
a sputdoarprisey gdtashbbeni ab mushgh g afonampatcehteadtis dn Gleagt sedecged from the

group consisting of Li, Mg, Al, Sc, Mn. Y, and Te. The sputter target material can be
manufactured by densifying a powder blend formulation of the alloy system as described turther
below. Densification processes can include, for example, procedures such as hot 1sostatic
pressing (HIP); other high pressure, high temperature processes; cold powder press and sinter,
and other pressureless methods as well as other procedures well known to those skilled in the

powder metallurgy art.

[0016] Sputter target material of the invention ca n include, for example, any combination of
atomic percentages of carbon, C, and of elements of groups II-A through VII-A and groups [-B
through IV-B of the periodic table as set forth above. Sputter target material can have a carbon
composition ranging from at least 0.5 and as much as 20 atomic percent. Other embodiments

include a carbon composition within a sputter target matenal ranging from at least 1.0 and as



much as 10 atom c percent. Further enbodi nents include carbon ranging
fromat least 1.5 and as nuch as 8 atom c percent. Exenplary enbodi nents
of sputter target materials having the alloy systemCr-MC, where carbon
consists of 2-6 atom c percent include C-20M6C, C-20M 2C, Cr-6M4C,
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[0018] For the alloy system Cr-M-C, a sputter target matenal can have a composition of M
ranging from at least 0.5 and as much as 20 atomic percent. Other embodiments include a
composition of M within a sputter target material ranging from at least 1.0 and as much as 10
atomic percent.-‘ Further embodiments include M ranging from at least 1.5 and as much as §
atomic percent. Exemplary embodiments of sputter target materials where M 1s Mo, the atomic
percent of Mo consists of 6-20 atomic percent and inciude Cr-20M-6C, Cr-20M-2C, Cr-6M-4C,
Cr-20M-4C and Cr-6M-2C, where numbers correspond to atomic percent of the referenced
glement within the alloy. As with the carbon percentages described above, sputter target
materials having ali atomic percentages of M within these exemplary ranges also can produced

using the methods of the invention.



[0019] Sputter target materials for the alloy system Cr-M-M-C can have
a conposition of ML ranging fromat least 0.5 and as nuch as 20 atom c
percent. O her enbodinments include a conposition of ML within a sputter
target material ranging fromat least 1.0 and as nmuch as 10 atomc
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usi ng the nmethods of the invention 00201 Sputter target mat érials
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conposi tion e bal ance of h 100 ato

per bent ety RE M L NS oB0uBER o et B Bk AR SRR A with
cor r espRRdrion ptRRnALAMScrRRHGEBY ¢, |spotter t418et BAtEALIE haﬁhganta&gﬁmg) brcEntages of
contained in the alloy system Thus, Cr can range from80 to 99.5 atomc

per cenMiian My aspyalt asralipesgible ovathéndtighs @r@ﬂrmmmmaﬁ@na ofthey mrp@x)&aw sty the
SPut L of e AAEhIRLELL Ay RRULOAAR. Bh] BY SUELE Che MuGdd | have a

chr om um cofnpo corres arom c percent 'l ess the atom c
percent ages of the sumof Mand C contained in the alloy system In this

al | oy fyR20pBputlr tan niaagds Eqopndi 1102198 Stem 6f theinention wilhhsyut t er
target material. For exanple, an alloy system C-NC consisting o

Cr - 6NLS O CORRYRID wwﬂﬁlwbe@aﬁﬁ T @zrea%m%mﬁ@ﬂcc%%feem Fora
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w Il have a ¢hfom um conposition corresponding to 100 atom c percent | ess
t he aa@mlcpgemt@ﬂcafg?esormultdw the phleyf syMem. MPhign ' Chmnmgaifmefdéi(i w e all oy
system_ For from.50 t 8,,5 at n a
oot Capor pEraR: Ehmiler kBN it RO AT &' G B3y B SRR el

i nvent ifkerial Hax@f% i waas@stbﬂ%zanpesmumv@a@hmllb@mfm@saiontc@nbme@geot he
anounts of C ML or M2 to higher atom c percentages than the ranges

set folbhaigBoyeercem lesple 4t¢f§tcd?%f€§m°?h%f the Beyf Mnae% fapsinghe ¢ligy
resul t@yrgt%rﬁpg'f ks {rhe aﬁ e"&*r{)Aq 6‘6%@%6 P'deﬂg a %%&EP&@%P‘ to

make u ance o emto m C perc
material. For example, an alloy system Cr-M-C consisting of Cr— Mo-2C will have a chromium

composition of 92 atomic percent. Similarly, sputter target material having an alloy system Cr-
M,-M;-C will have a chromium composition corresponding to 100 atomic percent less the
atomic percentages of the sum of M, M; and C contained in the alloy system. For example, Cr
can range from 50 to 98.5 atomic percent in a sputter target material having a Cr-M,-M-C alloy
system of the invention. In particular instances, it can be beneficial to increase the amounts of C,
M, M, or M, to higher atomic percentages than the ranges set forth above. In such instances, the
chromium composition of the resultant sputter target material will be correspondingly decreased

to make up the balance of the alloy system to 100 atomic percent.



-7 100211 Those skilled in the art wll understand that a sputter target
mat eri al can be produced having all possible pernmutations and

conbi nati ons of elenents &, M M, M2 and C for any of the allow
systens O -C, &-MC or O-M-M-C given the teachings and gui dance
provided herein. The choice of an alloy system the atom c percentage of

each ef(ﬁﬁ?ﬁ’fh@s@@kl}ﬂ:ﬁh ﬁhthe%h%ﬂﬁrﬁle%s nl(ﬁﬁatfa Wty tMgepﬁla{@iaP@éﬂ &%r?&lcﬁ? ][ eg f

for exanple, on the intended use of the sputter “target nateria
t he al hoynsslspenibldpstuidieds et @imbipatonstod ekefifehti @iV, éyi, thNxiral C gorony lof and

mat chi n or nagnetjc,r rdin di a. ..Moregver, .the all oy, system
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use with different magnetic recordi ng nedia, r exanpl e. Making and
t est i ngemihts &r irgorMhpdsirtMons: lof scdetal, foyexaypteeon thvaniendahtdeon teaputter

optim zation.is I no to. thase skilled in the art. [00221 Accordjn
o ol S R Sl syt FeR RrL b PP aet okt SRRt ah B e hsd "
for mul ghicAme [IhSasRUELElordiaE afldid oveAtl e diRcludes, pewestl &igifition
materials of elenénts, or a  conbination of elenents thereof, for an

al | oy sykereveroomsriesiages dra €lectrd aWog syste@rof Ml Rertion aandeeianeCocapprizs es

at least. 0.5 and.as. much as atonmi c percent: M conprises at ast Q.5
ond o e Rl B R bt e REr S et BE FEETRE MR e
group gemsd &teNfe 8dmgdsitions o an alby sPeom M intntiod For @MW is GRMMMMLS Ao at
| east 0.5 and as nuch as 20 atom c percent and is an elenent selected

from t Wesgikollgl iodhsisting of Ti, V, Zr, Nb, Mo, H, Ta, and W and M
conprises at least 0.5 and as nuch as 10 atom c percent and is an cl enent

| ect i St AN Se and Te, and
aher oi (1025 P08 OLEHRa SN LN i chug o Plovidie llueckuu®0 B 81

| evel , fomeshitishz #hapshiipard i« femostphohogyeefdvatt biead honerdalspiktaents toahget

material. [00231 The sputter target formulations o he [ nvention consj st
of powcRITDIBRIHLR! e 0B P oAl o3t S B éf-%oﬁr-ﬁ%-& riddtietvh- of

a sput LeLreliAf 96t pABLEH 1kt 28 af s MOVeRL 2 @RomINGerE AW MTRLGSHB & 106t 0.5 and

el ements are selected as described bel ow and conbined into an _
unconsal indelt &0 Bbmmdpgurdndrnd b AWttt daleiton oy e gsipi watisore ofTheVekor e,

the fo n%apg i O onpr.i.se, . unconsol i iateﬁ-po er blend.-materials of ..
el orentt Hna T & Ber Lokt 088 EG HaBhER ARy o A g L RpRE Gy s an
syst e@leﬂ@ﬁﬁﬁﬁle@%@ IR wcokshy cdistiag P W, e rzZrt i geb, mater wad wofank he,
i nvention. The
comprises at least 0.5 and as much as 10 atomic percent and is an element selected from the
group consisting of Li, Mg, Al, Sc, Mn, Y, and Te, and wherein said powder materials are

selected to have at least a purity level, mesh size and particle morphology effective for a sputter

target maternial.. -

{0023] The sputter target formulations of the invention consist of powder blends of raw materials
of elements used for the production of a sputter target material of the invention. The raw
materials of elements are selected as described below and combined into an unconsolidated
blend prior to conselidation by densification. Therefore, the formulations comprise
unconsolidated powder blend materials of elements and atomic percentages corresponding to any
of the alloy systems described previously for a sputter target material of the invention. The
formulations also can include unconsolidated powder blend maternals where one or more of such

matertals corresponds to a combination of elements of an allov systems of the invention.



formul ati ons al so can include unconsol i dated powder blend materials where
one or nore of such materials corresponds to a conbination of elenents
of an alloy systens of "the invention. -8_ 100241 Simlarly, two or nore
powder materials corresponding to conbinations of elenents also can be
included in a sputter target fornulation of the invention. Conbinations

of el epmnipSEAihrly, 6 Y@ ord Qfw e MM Sals &@sﬁm&ﬂ@wdo@y@dlhex{;m\é&a@%ﬁts also

aggregates of two or nore elenments selected fromCr C.
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powder d rial.s far is
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sel ectﬁdmf(r;@M,M,,}\){/zorZ@_ Nb, Mo, Hf, Ta, and W and M2 where M2 is
sel ected fromlLi, My, A, Sc, M, Y and Te. The constituents of a

formul ation can be in the formof raw materials corresponding to an
i ndi vi tY3P] Epesidwants of the sidter pgt foranatiensireresondmgie PopyResd materitls ¢le
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materials of a conbination of elenents include a chromumallo
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C Y- C Ofl% Cﬁawl}ll? é&ﬁalé\@or%s lo_ﬁdnq:w t Tﬁl lg’d V\MLBI e{‘cfn &:ln A@er&atl gon?ﬁuig:%sogég b%

Y-C or avi ng 8 st or chi omet r own int éar
Sput t epresar getheffommul e‘ﬁmbmstlmmf Iblee zlﬂic@l (é&ﬁhdnts. cHnprabmagomb lidemantts efirybof

constituent powder materials of elenents or conbinatjons thereof. For
exanpl &Y baw&r hHE PTOST COmPRUNIAEH Ing KRSy Fod TANTBI HHIOYah 814811 ARELEF Tand

conbi neghiqat ‘?, @&ﬁ&'@{é el blgl?cl r R IR 2L zPEbrﬁlSln&tRﬁ%ffe'lé‘r‘l‘i’ent@ﬁlngd‘éa

per cent ages t hat cor spond to one or nore of the alloy systens described
pr evi odsbyniumAllbepnatirbeh yontaingpuhtser daygétemolanutabidonircanicis- Gl BAdSd

cor esponar g v oE COMBLnAtTr B 8-St s Matn KC: 3 Cantt fes -Gt 15T oy
or a masd Bivil 4 @Wichidretdl WaykRswimBsterrtal | oy can additionally contain
carbon. Further, a sputter target fornulation also can be bl ended from

two or nore materials correspondi ng%to a conbination of elenents that
speci f {PO2A] apvity tageh fermyntionieap hedhtndss to mudrBRAYIES VRERY phGRtstituent

o 1) Bl SLATEDL o, bOntiR . CADPLAL U S B s v

const i trdentu:életnemt sreasakécmti cami copbiicdntiage sintdrablidpet foryrulation in specihed
atomic percentages that correspond to one or more of the alloy systems described previously.
Alternatively, a sputter target formulation can be biended from one or more individual elements
and from one or more materials corresponding to a combination of elements such as a carbide, an
alloyora mastéf: alloy. The alloy or master alloy can additionally contain carbon. Further, a
sputter target formulation also can be blended from two or more materials corresponding to a
combination of elements that specify an alloy system of the invention. Therefore, the powder
materials of elements corresponding to constituents of a sputter target formulation can vary so
long as the final formulation contains constituent elements and atomic percentages that specify
an alloy system of the invention. The processes of selection and combining into a formulation

can be performed as descnibed below or according to methods well known in the material

sciences. The resultant sputter target formulation can be densified to produce a sputter target.



an alloy systemof the invention. The processes of selection and
conbining into a fornulation can be perfornmed as descri bed bel ow or
according to nethods well known in the material sciences. The resultant
sputter target formul ation can be densified to produce a sputter target.
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sputter onto a substrate to manufacture a thin filmlayer conprised of

t he alg¥@p cogyistingeilor Mthdlchoddh Bpudtler target. An exenplary thin film
| ayer that can be produced using the sputter targets of the invention is
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pl anes in cobalt alloy overlayer thin filnms, Therefore, sputier targets
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different magnetic recording nedia uséful in & w de range of
appl i datdedagers dQOR&:EARIf gurBo 2s e of icantdmiinn féfrasesteddly tbf farmbgbiet| Cr-

i di di ng..t _enbpdi nent .of t t j ti
B of e MhgHer o melomirl i Tal P herhne S egholE TR ER Lo B R 5Bk
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i ncludes an alloy system conprising C-C C, and Cr-MA-M2-C, wherein
C conp¥ iksegventionaad tis@l B sprder aagnghcdl wsleday e tlopifdmp dercba prodNetedmgdr i ses

at .| : h_as., 1 G perce j an el ement

sel ecm&??{or%cﬁ%gc g"fcé’ﬁﬂgﬁvcg‘%gi“ﬁgf%%%ﬁf Tra@?@@fﬂj%ﬁ,c&t n,s' M, Hf, Ta, and
W M conprises at least 0.5 and as nmuch as 20 atom c percent and is an
el enerfb02%regire@ depmm 4 fhén film stack of a magnetic recording medium according to one

embodiment of the present invention. Briefly, the magnetic recording medium includes a
substrate, and at !east one underlayer formed over the substrate, where the underlayer includes an
alloy system coﬁlprising Cr-C, Cr-M-C, and Cr-M,-M,-C, wherein C comprises at least 0.5 and
as much as 20 atomic percent; M comprises at least 0.5 and as much as 20 atomic percent and is
an element selected from the group consisting of T1, V, Y, Zr, Nb, Mo, Hf, Ta, and W; M;
comprises at least 0.5 and as much as 20 atomic percent and is an element selected from the
group consisting of Ti, V, Zr, Nb, Mo, Hf, Ta, and W, and M, comprises at least 0.5 and as much
as 10 atomic percent and 1s an element selected from the group consisting of Li, Mg, Al, Sc, Mn,
Y, and Te. The magnetic recording medium also can include, for example, at least one interlayer

formed over the underlayer. An exemplary interlayer can consist of a Co-based alloy. The
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group consisting of Ti, V, Zr, Nb, M, Hf, Ta, and W and M2 conprises at
|l east 0.5 and as nuch as 10 atom c percent and is an el enent selected
fromthe group consisting of Li, My, Al, Sc, M1, Y, and Te. The nagnetic
recordi ng nmedium al so can include, for exanple, at |east one interlayer
formed over the underlayer. An exenplary interlayer can consist of a

Co- basedg@adticaycording medhifin comghitiortaliyésaudt, hgr axadiplinac kastatdiol erdna@t Fatmed

i nclude, for exanple, at | east, ope overlayer formed over the interlayer.
The oveYtr&Ynicslanyn dibeyvedeyes siaiagty n canes-adert®aelayioy [ 00301 In this
regard, an exenplary thin filmstack of a nmagnetic recordi ng nmedi um 400
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shape ardtraedéhtvaticiors ghetaHe agmannmsirrglast ubecdfayerstiBsrg berbimeddeposi t ed
thin filmlayers. CGenerally, seed.layer 402 can caonsist of NP or N Al
o Sk EAEL e e i 467 T BY Skattang roent Onof tdaayar s can
be om §hRehuch@P3ddosknitl ANET.AR4 Gé]era%r@éa%fe& 4528h EAXRE o QD ook QVer
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depi ct buaredteante draangemenipidhe presatt envaspectssedfayehd pragdermmittedivent i on
under | ayer 404 can consist of fromone to three or nore |ayers.
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as 20 atom c percent and is an el enent selected fromthe group consisting

of Ti, inyentyon urierlaygp 404/ban ¢qmsistaf framdrpto Nreeompeiosieserat Underdayend®t and as
much as 20.atomic _percent a LS. a | enent . sel f rQu

consi orr ey B O <5 S5t B veion ERER: SRR COTLEN iR

| east @hbreahebragristbiahieas 01aral BrhechpgrOenémanttréet,avi cehprieed at 3elsect edd
fromthe roqg)consistigg of Li, My,"Al, Sc, M, Y, and Te. An_ .

under | 8YBHCIs & Hagitarareent ebisaMrFi e dF lgreé frorhcigiemtanentiag sblcan ¥
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under | ayer ‘conprising an’ all oy system of the invention can clud oxl de
or ot helemesiowpoteddsn dei drbtatomsgtifiavdiabl,e/rgNaj Mos HUEt, ané Véfand M,
subsequent ly deposited thin film|layers. [0032]. |Interl ayer, 405_.can, be

£ or med GUE St AR By e g PR Bttt 9 STt s e ayer
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one to three or nore layers. Interlayer 405 can be conprised of a

cobal t msdBetobihf oy eanen albs earcemtdiy pddispnal ol ageodgmE¢ad paRPe e Kes or

corrpougglasmag,cap] u%%er?gyelgé(imqgri%é gr@ alfh%? &isyﬁs[e%]a%? %efiﬁye%ﬁgl? lCS"l ercleﬁidgd oxide or other

compounds facilitating favorable grain structure of subsequently deposited thin film layers.

{0032] Interlayéf 405 can be formed over underlayer 404. Interlayer 405 is illustrated as one
layer, however in an additional arrangement, interlayer 405 can consist of from one to three or
more layers. Interlayer 405 can be comprised of a cobalt-based alloy and also can further
include additional elements or compounds such as an oxide which facilitates favorable grain

structure. Interlayer 406 can be slightly magnetic.

0033] Overlayer 406 can be formed over interlayer 405, In Figure 2, overlayer 406 is shown as
one layer. In a further additional aspect of the present invention, overlayer 405 can consist of

from one to three or more layers. Overlayer 406 similarly can be comprised of a cobalt-based
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structure. Interlayer 406 can be slightly magnetic. [0033] Overl ayer 406
can be fornmed over interlayer 405. In Figure 2, overlayer 406 is shown as
one layer. In a further additional aspect of the present invention,

overl ayer 405 can consist of fromone to three or nore | ayers. Overl ayer
406 S|n1IarI can be conprlsed of a cobalt-based - |1 aIon and al so can
i ncl udalaa#nd alenen atadpettddion! demspisrasorpetndssughasoX Yedaihich facilitate
facili r rain structure. [0034] Carbon |ubricant |ayer 408
can behgﬁgﬁ%%gﬁggﬁag@gglayer 406, where the lubricant layer includes C
or a carbon-based alloy. Carbon |ubricant |ayer 408 protects overl ayer
406 frﬁMB4Héhﬁgeldausmdaby4@ByahbaﬁnUEﬁUa©1ohﬂmmaeﬁXH“meadeMHtmmhéaar
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consi sting of Li Y, and Te. The powder materials of
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subseq |y dinto a t.ar get The net hod of
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t hereof, having deSired physical ~and/or chenical properties
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consohidated by, for example, densification to produce a sputter target material, which can be

subsequently processed nto a sputter target.

[0036] The method of manufacturing a sputler target material of the invention includes selection
of powder materials of elements, or combinations of elements thereof, having desired physical
and/or chemical properties. One advantage of the method of the invention is that
stoichiometrically favorable aggregates of constituent elements can be selected and employed to
manufacture all combinations of elements and atomic percentages of the alloy systems of the

mnvention represented by the formula Cr-C, Cr-M-C or Cr-M;-M;-C.

[0037] Bnefly, powder matentals are selected for a desired alloy system. For example, Crand C
are selected for a Cr-C alloy system. Powder material of elements Cr, C and M are selected for a

Cr-M-C alloy system where M corresponds to any onc of Ti, V, Y, Zr, Nb, Mo, Hf, Ta, and W.



manuf acture all conbi nations of elenents and atom c percentages of the
all oy systens of the invention represented by the formula &-C, &-MC
or Cr-ML-M2-C. [0037] Briefly, powder materials are selected for a
desired alloy system For exanple, O and C are selected for a Cr-C

all oy system Powder material of elenments C, C and Mare selected for a
Cr - M CSanilayy, $rs€ el whe Ve at sdeatebivonds-NMo-Muf] afing spfteriiwhexs MY coZespoinido,
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Y, and Te. Powder material of individual elenents can be sel ected or

conbi natdnpmss wh begklerfehtint cemespend sl st @dnerk glenuwis @shodesined atlapswtennor e

I f t i red I th b d C d
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powder cHﬁﬂbﬁfah@ﬁssasfﬁ%zd@i‘iﬁldfeﬁﬁts%i mgntheuahs Qe S%§ s RACME WhRFEMNE | M?o MD.
Sel ecti on of powder naterials of elenents having desirable or

pr edet echcheriohimysler alatandy drelenctndntaang fesopeieor excdeenwaicd phrved andot hose
killed th | 0 t f powd
e o b B R e g B S S per . es

al so includes sel ection of a powder nmaterial having a purity |evel

ef f ect i[9E38] Welcation pUidvaler Rt@Rls OBIahéad havily @dsied bhydcddund/by cheavied] wil |
be chosen based on the intended application of the sputter target.

Cert ai @rQWIPSfaISOﬁvﬁmﬂSISé@W%%f 3 RUA s enabergh hpapg & pupnisy el o @’C%‘@ ©ffect i ve
as a  thig.. Wéz!tr gI‘II] el TAING LBy §&%5;?é§?§é§§% gl%se#b%%d%ﬂrth% Xltén%\ég%ﬁphcatlon

i ncl ude” po raw materi a or conbi nati on

el enentos tistphttasatsbe Catai thesfibn applidadoncieqtiss Mighguelyl loyds deisceffdaeide as a
previously, having a purity level of _at |east about 99.94 % An exanpl e
of a s;smptf’éméa a IgRtG Ielcﬁﬁdﬂ‘r&)‘@?qhé?]ermﬁ&\wﬁ@/ Iutiemciusa PeydsTsighY matsrias

level i egneflig Wﬂ%lﬁﬁ}%ﬂ@ Hf é!%%eht@‘é@éﬁsaso[fle c&rgﬁlepgy\gﬁﬁorf@&ﬁélh%loscd@? »

el enent's correspond to . . Yo Cr3C2. Other thin ti
appl i calesaibed praviaisk, h:mmg a pulmetlde @\?eﬂ lsastbﬁibqw\&&@ﬁ %at@ewxahwla Picd apaitagd

f el f at | t t 9 h

09. 935/3@#% Bt bEs Brnadledlint RRRmERGEY11dy S Sbogie ars DR LA B a0
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i ncl ude or exanple, purity levels of at |east about 99.85 or |ower %

and as anDkteliass 09 1BoJeWer SYEET krels eiaw«pﬁ@snwnqlh@cuﬁm feyeapmaiip PRERtE s

requiri t lonb n I I € Wﬁ,}% C and
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application can have lower purity levels of powder materials while still being effective and
include, for example, purity levels of at least about 99.85 or lower % and as much as 99.89%.
Specific examples of the underiayer applications requiring the latter two ranges of purity levels

include Cr-15Mo-4C and Cr-20Mo-6C, respectively, where the purity levels of the powder
materials of elements correspond to 99.98 % Cr, 99.90 % Mo and 99.5 % Mo:C.

[0039] Selection of powder materials of elements for an alloy system of the invention can
additionally include selection of a mesh size effective for a sputter target matenal. An effective
mesh size will be chosen based on, for example, the amount of powder in the formulation
mixture, which corresponds to the atomic percentage of the alloy system element within the

formulation. An effective mesh size also can be chosen based on, or including, other physical



materials of elenments correspond to 99.98 % Cr, 99.90 % M and 99.5 %
Mb2C. 100391 Sel ection of powder naterials of elenents for an alloy
system of the invention can additionally include selection of a nesh
size effective for a sputter target nmaterial. An effective nesh size

wi |l be chosen based on, for exanple, the amount of powder in the

f or mul & Gishemical propertighpudh asdhe aepuneice ebihe Blemenbei depents efthegad pfodube
al | oy eﬁycﬁ/tgg@&zll enment within the fornulation. An effective nmesh size al so
can be C en based on, or including, other physical - i3 and/or chem cal
properties such as the atomc size of the elenent or elenents of the end
pr oducl0048]l Meyh siyshletrcar] ©0d{dkerMessad oh pehealfimore aind beliko®esxdmsied on ot her
factors and include, for exanple con3| deration_ of atom c percentages
with re¥pEertep of ht@rr@“eﬁ%rp%rtt?%ﬁ% wgth Wé?ﬁ?@ Enbe §8nsseeR ! homanggngons pewder For
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care In mxing wth ofher miteriars o fornmulatio produce a
honogemennmgomth stmbsp@mcﬂdra:hdwrmonﬁ:gmﬁmumoﬁm preldatd mhomEge‘thbusfm'Sh si zes

for M2_and/or C can be .selected for these constltuents of an
al | oy %gbéka@wahq%eﬂwé PInyHa - a%ﬁ?rév%shaswécﬁé\d thi Mooy C candeor more

opti ”aéeléi'tegitfH AuLd %EQE&EQ?QHE 1('5’y SR §F (mk ‘?r(v%ﬁ e@l: aeH}@%P uﬁi’f&%&ﬁ”

be adj uste a part |cu m X1 ng proce ure Ing a
di f f er enforehermeptimal dikiribuion t}keugroou:p spftter e grentt e onsh sizakhoye sijsdiais

of the invention in order to achieve honog ity of the powder
f or mul QEPYAD 2 RABCHIGF OB BIOCFREE By SElcF s %ﬁl?ﬁe%% cisHest Wﬁﬁ%bm&ﬁr%ﬁb%gf

benef i gb@knd @orttﬁ@al?d)l %Xtenﬁ%?ﬁﬁé“nvgﬁfon%%%r% aﬁwelﬁhéﬁﬁﬁat)sdfztﬁé owligh as

t hose produced by carbon, can result in desira activati'on of phase
change@mnutlbheﬂebmﬁefaswlr ectels dw a:nvetﬁdm@ftphaa shespesdicnefifialtoahe alloy
parti cul i nvent.i on sizes for powder

P b Lo bR SRy il sl SUUL e P DR bR ER e S g o b

to M @ds@aBieQciimsibnhophist chBzRs ﬁﬁ@hief’&lﬁre"é@lec@ﬂ‘k 3R ormEsR thah sGarbt ge.
[00411 Sel ection of powder materials of elements for an alloy system of

t he i nvsheslomiloanystamthdhe nyverdiopd Exsaipéaey msah sfzeaiopapyiel réatﬁﬁalp kbFlegpgnts
eff eCt{o\(‘ﬁle o2 a%t&% EALHSE MRl &Ld-8has b B%H]‘ l0Ghé&n f?{] R‘Wr%%d
rBides ng mas r ec’tl ve

el enents, rbon contai nrn o s e or a
sput t esind 128rgedh fbﬁﬁaxlb&lechosen based on the desired den5| fication process
to be used in produci ng a sputter target. For exanple, particle size of
powder [O%EE]E}éélg(l:tlsonc pow%elp Q}agegglsc?a{e?n%nge op ans Ell %%/ SVyV'I’S]T%% ofathe invention can further
include sclection of a particle morphology effective for a sputter target material. The particle
shape of powdered elements, carbides or carbon containing master alloys effective for a sputter
target can be chosen based on the desired densification process to be used in producing a sputter
target. For exarﬁple, particle size of powder materials can be on the coarse mesh size where a
hot isostatic pressing (HIP) method will be employed for densification. Coarser mesh sizes
include, for example, 100 mesh. Alternatively, where pressureless densification methods are to
be used, selection of finer particle sizes are beneficial for complete sintering and achievement of
up to 100% density for a alloy system of the invention. Lower pressure and tempcrature

methods of denstfication include, for example, cold powder press and sinter. Exemplary particle

sizes applicable for these methods of densification include, for example, 325 mesh.
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hot isostatic pressing (HP) nethod will be enployed for densification.
Coarser nesh sizes include, for exanple, 100 nesh. Alternatively, where
pressurel ess densification nethods are to be used, selection of finer
particle sizes are beneficial for conplete sintering and achi evenent of

up to %density for a alloy systemof the invention. Lower pressure
and t eélgg?laﬂeﬁ OVEBP Waes B fe ALFRmeRlS w}qdmﬁ SRERD N4 nS Q%?Pd{ sgch popagpides
powder onnass RRGithd LiEdys, _@ﬁ%r@ﬁ%e@%&tér&'& Val%d)l.gsg%leﬁl%h hﬁ@‘?llﬁi%gﬁlze 111%%?}3

met hods of densification include, for exanple, mesh. -
above polwirewmat the rlod noferall esrentes  Therbbudpowgda omdiemalt »Delsmeteriedfidimgch

as carbides .. or .carhon contai.ning alloys, can b roduced, by any of
Tt ouranEics el S el B Rt S FLo0 R b B heiBied )
Sci encgyy JMariaRoye:LReWASs | BRIT inths aQTf &l 8IFBNt S endeB C Wit larhPaRENat | ons

t hereof "such as ‘carbides or carbon containing alloys, also cdn be
manuf actusieduhyg pangssofclydasiabusizprocestheds wbich danewniuice potwderanitendls
mat eri al, .Sci ences. . articul arly useful nuf act uri ng. process i ncl udes
2t o ZGTH BBt TrIaE! R e GaR. BP0 PBnRT Tl B SBo BRH T

benef i girakle chaa6t BirstddCRnSitieRiASwHA figh Mr&haa }9?111 tHPRACRGIbYes@Rire
spheroi dal particle shape for inproved dénsification when high pressure,
hi gh tenpleyature processes are enployed. [0043] Another alternative for
maki ng carbon containing chromumalloys is to use a pre-alloyed powder
of chrgm and carbon. This raw material. can.be prepared,. for examle,
by ot C0a ARG CERRD » S R RO bR PR BS s ¥ RE Ry
99. 98 fovder BeLrofliaf knasboR! TBE raknit@cdlear bogrphieanfoakongpel B)hmgﬁi-ng %

graphite flake. The desired conpgsition for the gre-nalloyed mat eri al was
the cofih Hemizgie vl eaetalory InthgHelevmemgamplee 38 RP “at-r 1l esH was melted

percen e b - | - WM Lgh
pressu%%vgﬁﬁgﬁnﬁé%gpE?%gquﬁgﬁg?L%ﬁépﬁgaﬁ%%ﬁﬂ%u s%%%gﬂ%?gggﬁ1%%F??%% into
spher i gddyeparadril ess thEhentbypitioalof ricatenst CuC twiteee Ofwastrescasatdd qdtathici ed
powder is sho%? i n, Figure 3, %gich ls a back:-scattered i mage node .of a
scanni AgeBIet 1okt (mi LFogr ApOSERSS. NFheds #9876 R figh gk Sorp eeon 1t intd

M Cr 0SEhAIGTYIE \Lgegﬁm@emg@gmh@a ﬁﬁ_&Ts;'.)lﬁ%'?ic@lfpatt‘@@csooml&pic[iﬂg%c?stx{bﬁlre of

m crostructure of the Cr-14C conbi nati on of elenents consists o

uni f or feys-soiigfied pawéa 19sRvprin lognbiddehparis k bhds sqagteredumipeinelf al a
isgple{ 2?‘(%15&?1‘% %&ﬁtgc% gﬂ.r%%aﬁ E%%@Pe:l:ﬂles mi%poegrr]?lp%arlevé:a?sn%g?rI;iE:rlogtr}ugtgrre tﬁr%luéh QOWder

particle section of the powder.

[0044] The microstructure of the Cr-14C combination of elements consists of uniformly
distributed 1-2 pm carbide particles (arrows) within a supersaturated chromium matnix. The

chemical composition for this powder is listed in the following table:

Ca | Fe | Mn | Ni Si v 5] N S |

ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | at. %
64 | 186 7 7 81 46 32 9 87 | 13.82

[0045] Powder materials of elements, or combinations thereof, that are constituents of an alloy
system of the invention are combined into a sputter target formulation following selection of
powder clements, or combinations thereof, having effective punty levels, mesh size and particle
morphology. The powders are combined in selected amounts to achieve atomic percentages of

an alloy system comprising Cr-C, Cr-M-C or Cr-M;-M,-C, where C comprises at least (.5 and as
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Ca Fe Mi Nl Si VO NS C mmmmmmat . % 641867781463298713. 82 100451
Powder materials of elenents, or conbinations thereof, that are
constituents of an alloy systemof the invention are conbined into a
sputter target formulation follow ng selection of powder elenents, or
conmbi nati ons thereof, having effective purity levels, nmesh size and
parti cinach po{pdomogperceihiéM gomppesss @ lasicbibndhaedmunh seP@gtoadc asmenitagd toan

achi eveg_at om rcentages of .an all.oy em.c ri.si-ng -C. .Cr-MC or
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per centompviseORPIEAsE8S ot ab @ASh 2020 aRlc BScBMGIAIAS ar? AleRlefNielecREINERAtheaNd i S
an elenent selected fromthe group consisting of Ti, V, Y, Zr, Nb, M,

Hf , Tagroupdongistive of donprirskib, Mo, Hedst 2ol W, and ampgreast 2ot AtSomidas much

er cent is an el enent lected fr t ro cansi St.i. of \ T,.JV,
e Rt fome At SRS b SERES Stec i e o P Ru SRSt it OA Sep il
10 at owi gndoBE. CEMhbiaNG Jowd@NmAlePARNS il @ed 8fcdhPhiNe BERHR ieanR: §litmg of

Li, M3, Al, Sc, M, Y, and Te. Conbining powder naterials of elenents,
or con®iHerdighdicrchestigeshnt ppwddruaiderials ki vigate ahoplogp@iong of Hgbstaonsally t uent

Pover TS EL foutr LRI, NSO 2R Rlio PR WAL e RS of

powder "t or n. on o powder

const i igilySsyeem, 8R afibl QyrusyaioREklsh Ben B¢ baerfted tlh@abnwasvalose cliamicleind
generated using any of various chem cal and physical nethods well known
i n t heplasicabmehaderplhknekn snibe arted g sciewe lastydpe efor fapuplachemdertuisg

at om Z@e iritIB@[iéE‘ﬁtoH g&%}oﬁg (PEHE G AYAL ABYE NRDIGR BAIrYhABL BRERRNRGY of the

char ac I CS
alloy formulation. Other methods well known to those skilled in the art of material science also

can be employed to combine powder materials and/or to achieve homogeneous mixtures.

[0046] Following selecting and combining powder materials of elements, or a combination of
elements thereof, so as to have at least a punity level, mesh size and particle morphology
effective for a sputter target matenal comprising an alloy system Cr-C, Cr-M-C or Cr-M;-M,-C
as described above, a powder formulation is produced contamning the elements and atomic
percentages of the selected alloy system. This powder formulation can be stored for later use
following procedures well known in the art of material science or it can be immediately used for

the production of a sputter target matenal comprised of the selected alloy system.

[0047] Sputter target material can be manufactured by densification methods in which a mass of
powder is formed into a shape or “can,” then consolidated to form inter-particle metatlurgical
bonds, For the specific example of densification using HIP, elemental materials are mixed to
produce a homogencous blend, the powders are encapsulated in a metal container, and the
container is out-gassed to avoid contamination of the materials by any residual gas. A hot
1sostatic pressing occurs on the container, in which heat and isostatic pressure are applied on the
vessel to consolidate the powder, turning loose powder into a densified matter known as a
“HiP’ed can.” The HIP’ed can then can be sliced to create multiple sputter target blanks, and the

target blanks can be machined into an appropriate shape, which may be round, rectangular, or
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alloy formulation. O her nethods well known to those skilled in the art
of material science also can be enployed to conbi ne powder material s
and/or to achi eve honbgeneous m xtures. [0046] Follow ng selecting and
conmbi ni ng powder materials of elenments, or a conbination of elenents
thereof, so as to have at least a purity level, nmesh size and particle
mor pholpelygonadf Qsee shapiifgos cameisin, ttey spudtegietrsetretaa dicdiid dohpid polishedwithlal oy
system %ag’or%ﬁ_ 2{# or Cr-ML- M-C as described above, a powder

formul &10R 1S B‘ 6duced cont ai ni ng the el enments and atom c percentages
of the selected alloy system This powder fornulation can be stored for

| at er ye®EI8) ffoddrew Nuspaecedpias miabbiniknawnf b Bpittee tapdt mdten@tvart @l alkgi ence
or it can be inmediately used for _the production of a sputter target

mat er i &¥steshsring dlep @rmv%&rs% ErgusqsS dlusgites o senacal npomatrctigs af gsputicizjaet
mat er i ] i £ i S A I ss of
pouder GRS BGH R BARE FERTLSALACE JRECPER N PRty e R

i nt er - pad tieodeMAE by B¥gingaIC whomtsdudedrinfohespapeaifdecfogxangpibe usikig Cr or Mo
densification using H P, elenental materials are mxed to produce a
honpgeseBiesHIcarsalvehe lipRaRderan Starehdhpiateas sepmH s isrtoa mssgrahdeEMand
the  cantaidahe itinio PARRE dads oAl COOL BT BALLARERb LAy EREEEARLS opY
any resi duaF gas. ot i1sostatic pressing octurs on the container, in
whi ch ligand dhdC pswddratdteiqdy. eBiguress Aivetrappt SEM diowliietheviessidtidnm{ the

consol idate the powder, turning | Qose powder into a densified matter
known S&i1e PRI T CallpRen BTN Gorine pHYA. BARBE e e o) et e pECr
mul ti phg, SRVSE ohaigshadkagks, and the target blanks can be machined
into an appropfi &te shape, which may be round, rectangular, or -16

pol ygonal . Once shaping is conplete, the sputter targets can be laid flat
and poll#@49ddh lionph the igydntide hapbeealieadddd W00 et go teglizclodel gpbrdinestsa

typical, microstructure of a.sputter target material with an all ., system
navi ng B PR e det et bitiay Rl PactE il Al B huedle o
a sput taebvd 8t 98ly illiREEKE 8F thelihifen8bn ald sayuig s tuaieb@vil fgt theodsansdifisatiohs M C
where Mis M. gor both the &-C and the G-MC alloy systens, C was

i nt r odeede prede watheplutepating dfoge thefsaitthll 8td BReniSNng ceprdgiglishe vuppides,
respecti.velwy. | rdhcul ary -Figure 4 illustrates a scanning el ectron

m cr ogrlgn)éﬁéd(cj&w &gr{%(}m&ﬁégtchaéﬁgi stribution of the carbide phase in a O-C
all oy manufactured by consolidation of C and Cr2C powder naterials.
Figure 5 illustrates a SEM showi ng the distribution of the carbide phase
inaC-MC alloy, where Mconsists of My, manufactured by consolidation
of Cr,
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Mo and Mb2C powder materials. 100491 Al though the invention has been
described with reference to the disclosed enbodi nents, those skilled in
the art will readily appreciate that the specific exanples and studies
detailed above are only illustrative of the invention. It should be
understood that various nodifications can be nade w thout departing from
the spirit wfhat heldimegnd:i on. Accordingly, the inventionis limted only
by the following clainms. -17 What is clainmed is: 1. A sputter target
material having an alloy systemconprising &r-C, &-MC or C- M-M-C,
wherei n C conpri SsPuligr tr%sglfﬂa@.naf bdnsan Hﬂwya@wna{r&fﬁgc(?rpﬁr@ém-p Cr-
conpri gesuyat- J - ' - ngd: i

ol omen 24 G LR G ARERG: A3eREE S A2 ot Bh A RRGE B0t it
Ta, anktao. Mindconmudse tattomeasicdit andizcdnaseniit kelage@ Goat theemup Refig &t
and is an elenent selected fromthe group consisting of Ti, V, Zr, Nb,

Vb, HrOof Fia V. Xndr Ny, MadMI2, aishiys Mdeompriseeaideash 0% adas auichas RO avmig
atonic - i I ed.  f.r Fsti ng of
0 g AR bR R LG B RS EATH RE I MPHE T |
wher ei W,Gnlt Mt herpreconprieses. Saindlae@astchhs 00 aamtic psropucdndas ad Blembmtgetected
percent. 3, The sputter target ﬁterial of claim1, wherein C further

conpri 589 e STRRSPIISHE o dd. Me: et Y8 & atddEc percent. 4. The sputter
target material of claim1l, wherein Mconprises Mb. 5. The sputter target
material of yclai 'Thés;m‘ﬁ%ﬂaﬁ%é? ﬁﬁém%kl:@m@h@md 8 Sl L eL8PkifdsAMeatingy
group consisting of 'Cr-20NM-6C, Cr-20M-2C, C-6M-4C, C-20w-4C and
Cr - 6Moar’lGes Buclildsel Osporhtcgrerdeat.get nmaterial of claim 1, wherein said alloy
systemis selected from the group consisting of Cr-4C, Cr-15W5C,

Cr-20Mo- 2Ti 52C and Cr-20Mo-2Ta-2C. 7., A etic.r.ecordi ng.nmedi ym

corpri 91 ng 3 subdPr SBER Nk o s THEParer TRk P B K

havi ngaghasahli@yassyabene geeari sing & -C, G-MC, and C-M-M-C, wherein C

conprises at least 0.5 and as nuch as 20 atom c percent; M conprises at

| east 0.5 and as_much as 20 atom c percent and is an el enent sel ected

fromthe grdup coRSPRtiehref materiayof glainyd, wigreiny conpgrisesylo. gng W M

conprises at least 0.5 and as nuch as 20 atom c percent and is an el enent
5. The sputter target material of claim 4, wherein said alloy system 1s selected from

the group consisting of Cr-20Mo-6C, Cr-20Mo-2C, Cr-6Mo-4C, Cr-20Mo-4C and Cr-6Mo-2C.

6. The sputter target material of claim 1, wherein said alloy system is selected from

the group consisting of Cr-4C, Cr-15W-5C, Cr-20Mo-2Ti-2C and Cr-20Mo-2Ta-2C.

7. A magnetic recording medium comprising a substrate and at least an underlayer,
sard underlayer.having an atloy systemn comprising Cr-C, Cr-M-C, and Cr-M;-M,-C, wherein C
comprises at least 0.5 and as much as 20 atomic percent, M comprises at least 0.5 and as much as
20 atomic percent and 1s an element selected from the group consisting of T1, V, Y, Zr, Nb, Mo,
Hf, Ta, and W; M, comprises at [east 0.5 and as much as 20 atomic percent and is an element
sclected from the group consisting of T1, V, Zr, Nb, Mo, Hf, Ta, and W, and M, comprises at
least 0.5 and as much as 10 atomic percent and 1s an element selected from the group consisting

of Li, Mg, Al, Sc, Mn, Y, and Te.

8. The magnetic recording medium of claimn 7, wherein C further comprises at least

1.0 and as much as 10 atomic percent.
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selected fromthe group consisting of Ti, V, Zr, No, M, Hf, Ta, and W
and M2 conprises at least 0.5 and as nuch as 10 atom c percent and is an
el enent selected fromthe group consisting of Li, Mg, Al, Sc, M, Y, and
Te. 8. The mmgnetic recording mediumof claim?7, wherein C further
conprises at least 1.0 and as nuch as 10 atom c percent. -18 9. The
magnet i ¢ r etor di Hige meghamnredoreinginmediym\aifi ekaen 1, €héngit Gdurtioorpmpses aateast

| east . 5,and ch as 8 atom c percent. 10. The magnetic recording
nedi uﬂ'%ﬁn%ﬁiwag?%gﬂfﬁeﬁ%@onpri ses Mb. 11. The mmgnetic recording

medi um of claim 10, wherein said alloy systemis selected fromthe group

consi sting pf. O TROMacREc rédordiinelfum GF c YR 74 G helelr R A eeaRd.
Cr-6Md-2C. 12. The sputter target material of claim?7, wherein said alloy

systemis selected from the group consisting of Cr-4C, Cr-15W SC

Cr - 20Mo- 2Ti L2C ahle opgpoNperTang@edign oAcmﬁadwmrewﬁmf Hoypybleg 18
sputter, tarqget terial, CONPri-$i.ng; e ti er hal s -~0f
P e RO B G018k FORC DB B, PR AR TR 2b Scoho
conpr i 8t-aRoQEC, O -MC or C-M-M-C, wherein C conprises at |least 0.5
and as much as 20 atom c percent; Mconprises at least 0.5 and as nuch
as 20 atom c_ percent and is an el enent selected fromthe gr

d f) gr oup
consi sting bF Ti Thaspuyer target ggterygh of glpim Fawhegpiap spyd alloy syremi 18 sdeded framst

o oup R B G S Ao o 2 B T ot s

at least 0.5 and as nuch as 10 atom c percent and is an elenent selected
fromthe grbup cAnsétbod ofymedufhitprivga spltier BogetMmter¥yl, amapbribéng:and wher ei n

sai d powder terials are sel ected to have at |east a ity level, sh
size and paf i cl FSHPBRBNEE, MEETREOTSETOR: o LENR BRI GeEeRlt BiTesf oand
(b) cogbiipyngseal dngelsat@dcponser saterd aiscof el ements, or conbinations

thereof, t0 "produce an unconsolidated fornulation for said alloy system
and (c) densifyi whershi d composssolt ledat ©d ahdpymbelt 103 dtompt pics: M copunrisey

;tar ?22‘%5@%9 giS ge‘llrr%' aésla" gnurc% §e2gglgorr]no19 pgrfcegtl aarllidr% E]an élervr\iggtrs%ierc]:te% f];ounli E}beeéro{}}:? mpri ses
consisting of T1, V, Y, Zr, Nb, Mo, Hf, Ta, and W; M, comprises at least 0.5 and as much as 20
atomic percent and is an element selected from the group consisting of Ti1, V, Zr, Nb, Mo, Hf,

Ta, and W, and M» comprnises at least 0.5 and as much as 10 atomic percent and is an element
selected from the group consisting of Li, Mg, Al, S¢, Mn, Y, and Te, and
wherein said powder materials are selected to have at least a purity level, mesh
size and particle morphology effective for a sputter target material, and
(b) combining said selected powder materials of elements, or combinations thereof, to

produce an unconsolidated formulation for said alloy system, and

(<) densifying said unconsolidated formulation to produce a sputter target material.

14. The method of claim 13, wherein C further comprises at least 1.0 and as much as

10 atomic percent.

15, The method of claim 13, wherein C further comprises at least 1.5 and as much as

§ atomic percent.

16. The methed of claim 13, wherein M comprises Mo.
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10 atom c percent. 15. The nethod of claim 13, wherein C further
conprises at least 1.5 and as nuch as 8 atomi c percent. 16. The net hod
of claim 13, wherein Mconprises Md. -19 17. The nethod of claim 16,
wherein said alloy systemis selected fromthe group consisting of
Cr-20Mo-6C, Cr-20Md-2C, Cr-6Md-4C, Cr-20Mo-4C and Cr-6M-2C. 18. The

met hod of ctl7ai M8 mativel «fichaisial 6d waletedry s8Y atleysyssers & sddcedd figrothd dreugr oup
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chromum al l oy. 20. The nethod of claim19, wherein said chromum all oy
conpri ses gRr oM YE, SRV 1A%ain2ib, W-Eté?enﬁ"?&lﬁ‘gﬁoyogys@érﬁhsr@eie%ted%%

conbi nati on of elenments conprises a carbide or carbon contai ning %ster
al | oy comsistigef fietdho €rdB5 Wel58), Ar-L8MonkiBir 20 lan@é]rd{)b/ar BidéCor carbon
containing master alloy is selected fromthe group consisting of Ti-C,

v Cc v G C%B s CThg Dieffiod O g, Whertth Siia 20biation o biefentofipridts -

chromium alloy.

20. The method of claim 19, wherein said chromium alloy comprises chromium

carbide.

21. The method of ¢laim 13, wherein said combination of elements comprises a

carbide or carbon containing master alloy.

22. The method of claim 13, wherein said carbide or carben containing master alloy is
selected from the group consisting of T1-C, V-C, Y-C, Zr-C, Nb-C, Mo-C, H{f-C, Ta-C, and W-C,
Li-C, Mg-C, Al-C, Sc-C, Mn-C, Y-C, and Te-C.



