CARBON -CONTAI NI NG SPUTTER TARCGET ALLOY COWPCOSI TIONS FIELD OF THE | NVENTI ON
[(0001] This invention relates generally to sputter targets and, nore
particularly, to a nmethod of producing carbon containing chrom um based
alloy materials that pronote favorable epitaxial growh of nagnetic
crystalline planes in cobalt alloy magnetic filns. BACKGROUND OF THE

| NVENTI ON [ OQUERBUN QONTAINING SPUTTER TARGEJ] ABLOY COMPOHATIONSet y of
fields to provide thin filmmaterial deposition of a precisely controlled

t hi ckness with an atomically § h anple to coat

seni conductors and/or to for MoREE @gﬁkégﬁgl magnetic recordi ng nedia.
During the production of conventional nagnetic recording nedia, |ayers of
thin T g1 PrRisHERAEE tabby orklhilf /ptitanhizes dubsbrabstitglartyo b plothodudl ter
targets, ere each sputter target is conprised of a different mater] al

r esul t i p@dicing barbde pasthiningchoémain hasedfallophmaseralkthat Fogptefayorabje eitaxieks a
typical thin_filmstack for convention magneti c-.recordi ng media. At the
base of gkopgh 8f magngtc %Qﬂl%aﬁ‘@?ﬁ g cé’hﬁlé?"i"%lf E’%E{ﬁfc Thten i s typically

al um num or gl ass. Seed |ayer 102, the first deposited |ayer, typically
forces the shape and ori eglatkeIROUNDOBRTHIISVENIION of higher |ayers,
and is commonly conprised of NP or N A . Next, a non-magnetic underl ayer
104, which often includes one to three discrete |ayers, is deposited, where
t he undf0002y@he peoctsspifephttaying is Mwidety uasd Daeswariesy plofcldsiegroyde @wﬁ}m Sratestati |

I nterl 105, which includ t ' _
under | aygrostiR of el ratiTy oo o BERE Ealy i Surhs, (o ERCADD

Over | aygga Js%ﬁicoﬁﬁﬁ&&s hfid/BRE Rk 1RGSRV bR fuskRnENO reabrdiny mediae Pairiab ehe
eposited on top of interlayer 105, and carbon lubricant |ayer

| ayers, 1S .
13% i s poxdostibrosiaongewionalmegrietis re¢adngmeriy layesuek thisy Limsiase ssyentally pe

stored per unjt are n.a magheti c recordin i i i . :
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segr egaf e imatéh 1 Fesid el {H @8 depesimiit 6f AlhsofikeMitadkl tFfegure 6 illntrEasdypiddt a
storage potential. Gain size and _uniformagrain boquar egr ation of the
over | ayérin 6idm shskiferf qonserstanabpagnriicgeepainginaediaf Ahe é*?fr%ﬁtg? ta@%&gw:ed thin
filmof the stack _an ardt.i r [ ol nee FkAMEsosited

[ 0004] Eﬁ@nﬁgﬁﬁﬁfﬁﬂgqggfﬂ%?%#%gpﬁgugégégggﬁég E%%o%%?ﬁ%?ﬁ?gs’in a nggnetic
al | oy t hiyer,fripiBallyaseedes thesshape anbrishationse thé gradsnicayeof higheykyergtandis um

contai ni ng underlayers exhibit_ a tendency to i :
coz%monly comgrised of NiP or NiAL ﬁext, a ngn-magnetlc underlayer 104, which often

includes one to three discrete layers, is deposited, where the underlayer is typically a chromium-
based alloy, such as CrMo, or CrTi. 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 layer 108 is formed over overlayer 106.

[0003] The amount of data that can be stored per unit area on a magnetic recording medium is
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
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-1 pronote epitaxial growmh of magnetic crystalline planes in cobalt alloy
magnetic filns. Chrom um underl ayers additionally pronote fine grain
structure, which reduces nedia noise in the nmagnetic filth application.
Under | ayer alloys can be generally described as Cr-X-Y alloy systens. The X
el ement represents |large atom el enments such as Mo, Ta or Wthat expand a
chrom umr@hbepltatihl GewthibEmYgetie FBRtal iRl sR M SolsdiBdll8rmageet ¢iegent s such
as boron, B, which tends to segregate to grain boundaries and serves or
acts as Gargmiinn undesiayersiadéitionalby pronjogoisg g8 atrusture.arkieh sedvaeemedia ppise in
consol i dat ed mat eri.al s,.0f.. powde | ends._cont,ai nin raphit | n

el enent J Mgt b pBge s SRR & MR PR R AU B e B el s g
during themsPThe RrdlABeOseshts 1AL AR eRinedfstRbh he MW e WRhPRefPatiang
sputter target material also yields unfavorable carbon distributions

t hr oughebtonihm allydattice. Abeo ¥ dilenatn representsramadanatomed) pmeRfs §8clf arborgn, Bduci ng
carbon cqont.aj ni.ng chrom um allpoys detract fromtheir use as _sputter target
at o | 2R SERreRRy B RS Aiserif Thpdsehe Sip e nBLM R ch

al l oys that can be achieved in cobalt alloy nagnetic recording |ayers.
[0006] 60053 Spheeches manrst6iacetsdlidaikt ymAasld 80hSyded bRnaY ce@amigh@iphite
contai ning chrom umbased alloys sputter target material in to pronote

opt i mal pepidemnin cémetdfoim afe pped rrasdclprgeprsation ocgryEeahrqugh spittigediring thobal t
alloy fil of a magnetic recordin dium In particylar, if . desi,r abl e
Co of ov AT RS IR oo Gn SR UEPalre By en-GeBbS ke mpterhbyrint

cont ai NiyAthvBBSIEfarb@ digyidulithsheRich&et tRE @Y € Aopdrdifily, dbftnitioHilitedhnifues &rbon
t hroughout a sputter target and sputtering into thin filns with opti nal

ep 6’t axi @rodweingeathmn centebag chranivy aiaphdatract frameheir gepapsRyttestangeEmpiguENT| ON
CA
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sputtericagmaﬂ;dynd%deayeécogijnglayagneti c recording nmedium where the sputter
target is conprised of a carbon containing chromiumalloy conposition which
ef fectuates favorable epitaxial growmh for optinmal match with a coba teglloy

thin fi (%9963 ks therplopponsderiddislyy dgsipvls ogpevde carhen FPRIITIHRS ShoRaHT

provi de "B 6 Ghote HiBimaF PIILEN L GBS pRBtRED RbaghdR an

al | oy ségﬁﬁﬁg%gﬁﬁ%ﬁ%?ﬁgﬁ%??%; r-NféE%rH%r%%n-wég%, wherein C y
crystalline planes in cobalt alloy films of a magnetic recording medium. In particular, it is
desirable to provide stoichiometrically favorable carbide compounds or carbon containing master
alloys in order to achieve optimal distribution of carbon throughout a sputter target and

sputtering into thin films with optimal epitaxial match for a cobalt alloy magnetic layer.

SUMMARY OF THE INVENTION

( [0007] The present invention solves 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 opﬁmal 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



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

| east 0.5 and as much as -2 20 atom c percent and is an el enment sel ected
fromthe group consisting of Ti, V, Y, Zr, No, Mo, H, Ta, and W M
conprises at least 0.5 and as nuch as 20 atom c percent and is an el enent
selected fromthe group consisting of Ti, V, Zr, Nb, Mo, Hf, Ta, and W and
M2 conprises at least 0.5 and as nmuch as 10 atomi c percent and is an

el enent gelaewhiepefdenrandtie ageRtRne oNsited frod th®@frobkp coMistin® of 18CV, ¥Whzr, Xib, 80
Te. [0009]. Accordi ‘?I%eto anot her aé(gect, the invention provides a magnetic
r ecor di n§ ks WiiHe comagsrstat ieaplde.d pad AymieliruZh 2lome Peeentand iban elementand

at | east - LU y n Y. S e rising. Cr-C,
Cr-MC %ﬁ%@%%-&fﬂ“p&ﬁg?‘e&ﬁ?ﬁ ﬁlo%rz.p’?é% Mg }ﬁeggta@/@t’ A S emprse s 20
atom ¢ phuastes andkcouph asBBataiit pastntAnd iadtelagentucltcR Afn HOFbED BRIHANE
and is an_el enent selected fromthe group consisting of Ti, V, Y, Zr, Nb;

Mo, Hf, hLL MG Ay SeMnchmndEes at least 0.5 and as much as 20 atonic
percent and is an elenment selected fromthe group consisting of Ti, V, Zr,

0,0 opa et B NR TR B S s BB B8r e Pt

atom c percent and 1”5 an e selecte

My, Al, Sagndlt recofdingitediem cbfpRls Aagrirglcnad boledst fH inbeay@s PERE uRferlbi& has
invention, a method of manufacturing a sputter target material is provided.

The net hetzkonpsicsreompryng er-&6 Crid-Gond sr-Yradbr € avherein @ cemprises at fastd). 5

conbi nat | B, hereof ,+f 0or an all.o stemconprisihng &-C CGr-MC
or Or-M %%S%Fma{vﬁer eslhﬁm& pg%gn%lrt 1 M SOMPIspS, ts}?%bﬁé AR %u%éﬁbggm% PEHCEM ¢
per cent ; ald RARIdSES séltctbeAbin Be TraptondstifLGiTiay, 20 ZatiosliMo Pef, qaNindaWd M, S
an elenment selected fromthe group consisting of Ti, V, Y, Zr Nb, M) Hf

Ta, and SYMNpses GhisastHeisans asiraueh as Osatamis pescantiand isgnziemens stlectod fioantheand i s

a el e £t nsj_Sty,N fo TL, V., Zr Mo, Hf, .Ta,
and WSS EREh ThoV A RIS B TE N Bt Bl ety s ML ity
is an el anHEhitosit pated afid Grant dlemedrselepted Frash teigh@upddonsistind/Bf LAMe, 30; Sc,Wh, Y,
and Te, and wherein the powder materials are selected to have at |east a

purity | €v@ld Téesh size and particle norphol ogy effective for a sputter
target material; (b) conbining the sel ected powder materials of elenents, or

glolmc))iy ng;tsﬁ?g?r]] Agﬁﬁ'ﬁfg’zgto ggﬁrstl?e][r%i g? toﬁglelm\%’iﬂﬁﬁu 18h68 of AlaMtfaRhHRY o Blitdr G get
material is provided. The method comprises: (a) selecting powder materials of elements, or a
combination of elements thereof, for 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 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 Ie;;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 purnity level, mesh size and particle morphology effective for a sputter
target material; (b} combining the selected powder matenials of elements, or combinations
thereof, to produce an unconsolidated formulation for the alloy system, and (c) densifying the
unconsolidated formulation to produce a sputter target material. Powder matenials compnising 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

/



unconsol idated fornulation to produce a sputter target material. Powder
materi dls conprising a conbination of elenents can include a chrom um al |l oy
such as chrom um carbi de. Powder naterials conprising a conbination of

el ements al so can include a carbide or carbon containing -3 master all oy.
Exenpl ary carbi des or carbon containing master alloys can be Ti-C, V-C, Y-C,
Zr- C, Nendster Moo, ExdmGary tartides\¥: CarblohcbntaMis P ﬁ 2 Cy ¢ e
Te-C. 100111 In }tche fol | 6w ng edsesl:cﬂ pt iCon aogn%xmeaén%f %}?o %ﬁ%ggrﬁqﬁecgt\gﬁgcaﬂ

r ef er enc&, ND-Gale-€.Hf-GeTa-& 3616 dmT, Mg, Al G- € Nisin-€ OY +0,anfdlet Ct her eof |

and in which is shown by way of illustration a specific enbodi nent in which
the i nveptd racticed. It is to be understood that other

enbodi nemdéqﬂ&fgﬁ%égﬁ?ﬁev’igi’wﬂé’ 8”8kﬁﬁﬁggla%§7n@%dq¥?ﬁﬂté’ TERSGHS BBFak theg from
the scopecddingahfingRAeiaBE thahiemtd 2 hBRLERPESERI AT Do vy W

10012] Ref e(rﬁiang %Qw to_gt he dr avvilgdgts in V\’hainch IiLe 1r gfl\l)er enge H%}e{\{s{gﬁona

r epr esensPestia enputimenign wideh the iiveotigh oy befirguticed . 11tdetwi et wnderdtotai taad othdi N
filmstack,for conventional .magnetic recqrding nedia; Figure 2 depicts a
thin fil WE?@W“%&E@?%‘? WQIZFS aB&& LS ERY TW% Wit Aerariie femdhe scope glithe 3
shows a prsénseahtished i mage node of a scanning el ectron mcrograph (SEM
through a particle section of a pre-alloyed conbination of elenents
corresponding to Cr-14C atomc percent (at%. Figure 4 shows a SEM

m crograph illustrati ng BREEBIDESCRIPTDONODFAHEDRAWINGSe in a Cr- C all oy
obt ai ned by consolidation of C and Cr2C powder blend, and Figure 5 shows a

SEM mi cr Ll Lustrating the distrjbution of a carpide phase in a Cr-
vo-C ol | B RelERAEAG o BE giings B ek ke osGrentiyaiones slEren egrsmpnding
DETAI LER,DESERuBAsN OF THE | NVENTI ON 10013] The present invention allows
fot increased data storage of a magnetic recording nmedium by manufacturing
carbon containing chromumalloy sputter target material fromraw materials
of i ndi vi dual Fignénkaenicts 8 aym¢al sindrimfstah fonstroenadriab ymgnain mioding madihon i n
order to achieve optinmal epitaxial growmh in a sputtered underlayer and

epi taxial mat Ff%u}@i Hep%@ Rk ?ﬂr%%tﬁ%@%r‘dfng to one aspect of the present invention;

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 cobtained 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 chromiurm alloy sputter target material from raw materials
of individual elements, carbides or from master alloys containing carbon in order to aclfiéve
optimal epitaxial growth in a sputtered underlayer and epitaxial match with a sputtered magnetic

overlayer thin film.



overlayer thin film -4 [00141 Applying powder netallurgy nethodol ogy to the
manuf acturing of sputter target nmaterials having alloy systens represented
by the formula &-C, G-MCor C-M-M-C confers versatility to the
production of a wide range of carbon containing alloy systens. Manufacture
of the sputter target materials of the invention enploys powder

f or mul at j08ns] prme% PR MR RIFBY hriethode R 16 @fe REmARCRGR: Gpﬂ}l@ilefl‘-lf;&?%% mast er

al I oys containing el enents belonging to groups Il1-A throug d groups
| - B t hr otigisrplyIB Vi allex speemsipeeseatsidy thtrmumErtt GriMg omChdt-ME-C ¢dnders
i nventiop,

Vi des an eff.l cient .means_ fer produci.ng carbon contgj ni al | oys
in whi ch trﬁaglq‘\(}é?os F?B"u‘ﬁ’f%gr’m“ oFA bideiRRes Bhiaben %Od’%’p}a alpRsvseRey aBb{;?%‘fez%ﬁj
t hrough theepwedregitianatefialt Y tedbl éhtiohlePiibysPBRtdeY f¥nulfidnY b Halivigh8 TR ehits
carbides or master alloy additives as well as the particle size ’

di st ri budrifeosr qargecoathining wmaster AHoyshesmtdiwing felemients kel ongimgitoegrofipselil oyi ng
el enent terial car bi master allo rat her than pure
e el ot B AR i o LR Rane B Bl The Py sgiaombiied af
resul t othe &hvesiion paRities Bh ekidiéht hBd Br A6 Mbélpc&fﬂﬁnﬁgfa%ym%icﬁ fiy

i nvention provides a sputter target material.” The sputtel target nateri al
i ncl udesdiglfibationyf eayanegantanipg ipsitivdes@an Ge oftimized through thdlselRtiGh of fidverablen C

conprises..at: | east 0.5 .an S ch as,20 atom c,.percent; Mc rises at

| east O. Olg}ﬁf e ?_Ort;ﬂﬂt V@ggfgﬂﬁfﬁ?ﬁcér %‘?scoéﬁ?asgii]ﬁ&llg a tl&?S&%é?@@éF%E%@&@ rom
the gr owpzecdinsibatiomef Mbseldddities.Y Anofifer bBIbficM? atthibute bR emP iy el%eﬁg{@lfw&?s
at least 0.5 and as nuch as 20 atom c percent and is an élenment sel'ected

f rom t hengeoup ahdesserimeptafallpys rather Zhan (e mivital, giphieor batidrodicesroirtde

coppri se Jeast. 0.5 and as ch as. 10 gtom.c percent and is an el enent
sel ect edgsef] ?‘%%Ofﬁ%m%?pouﬁt réso?lgqsgﬁpﬁﬁmélfonﬁna SR8l Sc, Mh, Y, and Te. The
sputter target material can be nmanufactured by densifying a powder bl end

f or mul at[0016}akcdohdingkd onye EMbAdMeAS tdenoEitRADrEHathEEutBelt: nidessl f Tg@t i on
processes can include, for exanple, procedures such as hot isostatic

pr essi ngPPifrpRreebmpisriahingldpy @salimyesystemytrrapitgies 6f-G Erdidcescedh-¥oild powder
press angyskintek p I d wel | _as. ot her
procedures V\I/elt(?e ?(nrjl%l\?\gm%gtaofe? ﬁ&%{i@?ﬁ%ggﬁ%ﬁzﬁé%%péﬁg V@e ‘4 Hnljsrgsgg}qga}sf 9‘513(5'8161
Sput t er dsamgdtasP@taeshilpeafent frel isaveiinhan sclacted Rohltie grduprcopxianid ef Tianyy,
conbi nati' ORIbOI(/[ : . .
1, Nb, Mo, Hf, Ta, and W; M; comprises at least 0.5 and as much as 20 atomic percent and is an
clement selected from the group consisting of Ti, V, Zr, Nb, Mo, Hf, Ta, and W, and M,
compnses 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. The sputter target material can be
manufactured by densifying a powder blend formulation of the alloy system as described further
below. Denstfieation processes can include, for example, procedures such as hot isostatic
(, 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 V1I-A and groups I-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 material ranging from at least 1.0 and as



atom c percentages of carbon, C, and of elenents of groups Il-A through
VIl - A and groups |I-B through IV-B of the periodic table as set forth above.
Sputter target material can have a carbon conposition ranging fromat | east
0.5 and as nmuch as 20 atomi c percent. Oher enbodinments include a carbon
conposition within a sputter target material ranging fromat |least 1.0 and
as -5 nuelthas 18Qthie FefeeRC 'TGRIN i | 6] 466m i ng
fromat least 1.5 and.%fe\lcs much ggcrggg(%lg%lhgqgg?g%ﬁiﬁ%gdg%ﬁ ary (eéﬂ)egsg:]n%n s of
sputt er B&myeh agdatomialpsrchalyibignipiay exitodiments o Espu@er kg2t matheriads leavdiyothe

i sts_pf 2- t.include Cr-20M6C, Cr-20M .2 - 6M 4C,
oS om aefiey &t UM, Rilebe Bba St 7B el PeG R BRge 52 0bhEC oFr LA
ref er enced, et-eveat, vr-bbinat hgd a2 Wheat ﬂmzﬁerP%x?@sgBﬁ@ﬁﬁatwn‘i ' ﬁf&ggfﬁggve

exenpl ary ranges also can be enployed in a sputter target nater

i nvent i oreferenesskeclekent|vathin thetdlloyartll atotlic pernetgages arithin ket aboet exdmsiaryangies
product i of g ngult@t e%.tar %gt mat eri al . agi ng a particular, _atomc percent
of car boR “}i ThPhTREYED BV HENGREEL il FffedPH%IOBSiTﬁ@_SQ Halledbiribaart fllt he
| nvent OlnddiGRSd IAEIRRLE R plddldtldn SPHIhRE: FAL BlardiEl ‘B?hﬂg% Qi atomic
invention also will include conposition o]f eTenents o r@ups -

t hr ough Wercend cdearbgn sathsn theBbove Gnges ddv-iB. pebopand isige die mbthodd djie Hwshedn

pr oduced thgs el enments include M which can be selected fromthe el enents
Ti, v, Yiesspbeqpereing -ty Ta, and W or M, which can be sel ected fromthe
elements Ti, V, Zr, No, My, Hf, Ta, and W and M2, which can be sel ected
from t heg19[Bpkier kthrgetViatels oBfhe ifenti¥n aW3dwill ; uch
as when [\/IorIrSI\P‘;lisr _Iglge t?]g at§ 8m’ g 1pernclelr%ta cfai‘]‘r[l1 glewlgtae Fggﬁoﬁg&gﬁggglggﬁﬁﬂgh as
50 Gat om gropps Hedthro@eh¥il- Axaedpraups ISivdugtet-B. dbepepdingen thaaket sysrier i al s
having the , all system Cr - C -MC or Cr-ML-NP-C include C-4C,

& - 15\ setodeeds e éﬂ“?‘zt&‘%‘édf{ g Qa?ﬁ&-séggte%m theredymerte Tal Yo ZyNbem
Cr-MC, RMosPM! TRnd 3V IHIMIBHEEH &in KA1 048Gn $TRBRLAL AR, O 7M. 8RgiHgTL r om
at least 0.5 and as much as 20 atom c percent. C her enbodimént$ includ€ a
conposi t ishWond/Myi, whioh can dpaeleeed franydie chaats ki, Mangi 8g NMnowh atd Teedst 1.0

and as nuch as, 1 at om ercent . r.t her. enbodi nents include M. rangi ng

rom at Mok fRudEmeRls ek PRRCERY or Miih A7 in PR PR, s Pal Renttl0aRenc s of

sputter maches SMaloafi¢ pirset ©tRerMxedipMPy einB8didlAPd & sputter target materials having the
alloy system Cr-C, Cr-M-C or Cr-M;-M,-C include Cr-4C, Cr-15W-5C, Cr-20Mo-2Ti-2C and
Cr-20Mo-2Ta-2C.

[0018] For the alloy system Cr-M-C, a sputter target material 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 mclude M ranging from at least 1.5 and as much as 8

| atomic percent. Exemplary embodiments of sputter target materials where M is Mo, the atomic

percent of Mo consists of 6-20 atomic percent and include 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
element within the alloy. As with the carbon percentages described above, sputter target
materials having all atomic percentages of M within these exemplary ranges also can produced

using the methods of the invention.
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percent of M consists of 6-20 atom c percent and include C-20M 6C,
Cr-20M2C, G -6M4C, C-20M4C and Cr-6M 2C, where nunbers correspond to
atom c percent of the referenced elenment within the alloy. As with the
carbon percentages descri bed above, sputter target materials having all
atom c percentages of Mwi thin these exenplary ranges al so can produced
using t L i 5 IRREL borfiBd<§tid or
T R e S i S e o i L B

| east Oringanglfram arleakt GBS adDasmoch gs Peatomnt perGitte Otherodbodements inydddsde a

conposition of M _wthin a sputter target t.eri.al ' f £, t 1.0
and as. FREROHYOR Of Mapiia SRIHES HFEcUBRIFHH S FODLALERT & VMR dRReS fngi ng
[ rom at 338 oot HhidnaltifBodidiis iBIAHL £1,RERGEE Froml et h HanBuS kaithas s

have a conpo I'on ranging fromat least” 0’5 and as nmuch as 10 atomic
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For a C-C alloy system the chromumc ositionwll correspond to 100
at{omi ¢ pEPYEMeIIAY TIgsS C%Wr@dﬁwmgégggﬁth‘és@gmeamﬁ % the all oy
system Thus, Cr can range from80 to 99.5 atomc percent in a sputter

target gﬁég{]@uug%}ge{ SafAgiaR c@?ﬁpﬁsﬁ%‘ AValBY Sy Q8N 03k frEntia @R haveat er i al

havi ng y system MC w ave a chrom um conposition correspondi ng
to 100 chtamiuen genmeitionlcesprising tht batncepdthealageseah 10Ratamin Rsfeemt- AT aC
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92 atom c percent. Simlarly, sputter target materjal havi nsq an all gy system
Cr atomic percent in a sputter target material comprising a Cr-C alloy system. Sputter target

material having an alloy system Cr-M-C will have a chromium composition corresponding to
100 atomic percent less the atomic percentages of the sum of M and C contained in the alloy
system. In this alloy system, Cr can range from 60 to 99 atomic percent in a sputter target
material. For example, an alloy system Cr-M-C consisting of Cr-6Mo-2C will have a chromium
composition of.92 atomic percent. Similarly, sputter target material having an alloy system Cr-
(7 M;-M,-C will have a chromium composition corresponding to 100 atomic percent less the
atornic 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.



C M-M-Cwll have a chrom um conposition corresponding to 100 atom c
percent |less the atom c percentages of the sumof M, M2 and C contained in
the alloy system For exanple, G can range from50 to 98.5 atom c percent
in a sputter target material having a &-M-M-C alloy systemof the
invention. In particular instances, it can be beneficial to increase the
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anot her tﬁé@%ﬁilﬁﬁ’?ﬁthetalﬁe invention also provides a sputter target

for mul at'1 on e sputter target formulation includes powder blend materials

el ements, or a conbination of elenents thereof, for an alloy system
corrprl Si[A@RrACording ot @@otirer embptlinygnt the inpeatied Hsapiouidss pepetteItangelast 0. 5 and

as much as %?g‘%%ﬁ!lq ?Bg%ctg{]gtg%o qﬁ; cﬁgdef%tpgm ?ﬁf)legd ot @fselém&ﬂs drPa

atoni ¢ pere group consisting o |,

V, Y, Zomb¥tioMRf efdmentkaherasd fMJanWlo@QWEm&ﬁmp@tsnﬂg@SC Or-51-&net GrsMidERCas
20 atom c percent and is an elenent selected fromt h 0 con i Sti f
Ti, V, Zvherib C sampiides atrigast frendyasgaecves 20:He1 I%eé"se“ét 8&’?‘5@ 4 hé ggn‘ﬁuch

of Li, RS ice] A€o Eghe ?E‘%%%@?al?‘ﬁg%“ﬁ@r°°%§?‘e% FESE
Zr, Nb, Mo Hf, Ta, and W; M, comprises at least (.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 is an element selected from the
group consisting of Li, Mg, Al, Sc, Mn, Y, and Te, and wherein said powder matenals are

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

target material.- -

[0023] The sputter target formulations of the invention consist of powder blends of raw matenals
of elements used for the production of a spﬁtter target material of the invention. The raw
materials of elements are selected as described below and combined into an unconsolidated
blend prior to consolidation by densification. Therefore, the formulations comprise
unconsolidated powder blend materials of elements and atornic 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 materials where one or more of such

materials corresponds to a combination of elements of an alloy systems of the invention,



selected to have at least a purity level, nmesh size and particle norphol ogy
effective for a sputter target material:., C 100231 The sputter target
formulations of the invention consist of powder blends of raw materials of
el ements used for the production of a sputter target material of the
invention. The raw materials of elenents are selected as described bel ow
and conbi ned into an unconsolidated blend prior to consolidation by

densi fi pRE2pRimilASY, @\i«@bﬁmofr@ﬁoxir@érrﬂdétaﬁm@ﬂ@rrespﬁmimgeo camnbinatats afaﬂmbnmmiaer
bl end naterlals of el ements and atom c percentages cor|espo %%F ?to any

the al | can mpmdsd mmt@e@rgﬂtéqmgﬂlcgn mhe HVERLeR: o Omgingaen mets %ﬂﬂ t he
i nvention for d
mat er i a?‘?l%"fefoé 58P r ﬁ%’%ﬁng&qgﬁﬁ{}% ggﬁgg@ggf@p%ﬂﬂgﬁ?e éﬁg&ggﬁ%ﬁﬁ‘l on
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on ¢ alning naster Exenpl ary car bi des
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[0026] Sputter target formulations can be blended to contain a wide variety of constituent
powder materials of elements or combinations thereof. For example, powder matenals for each
individual element are selected and combined into an unconsolidated formulation in specified
atomic percentages that correspond to one or more of the alloy systems described previously.
Alternatively, a sputter target formulation can be blended from one or more individual elements
and from one or more materials corresponding to a combination of elements such as a carbide, an

( alloy or a mastt;lj 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 described below or according to methods well known in the material

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



powder materials of elenents or conbinations thereof. For exanple, powder
matericals for each individual elenent are selected and conbined into an
unconsol idated fornulation in specified atom c percentages that correspond
to one or nore of the alloy systens described previously. Alternatively, a
sputter target formulation can be bl ended from one or nore individual

el enent f Lom one, of. i al ! E : i nagj.on of
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The undgmupyensiging afied, MggAbtSce Mscoraild§- nedi um i ncl udes an al l oy system
conprising &r-C, O-MC, and &-M- M-C, wherein C conprises at least 0.5

and as s 2 tom ¢ _per t i nitd : as
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mat er i atnpERalieessbriprzet bhen posyeystanedathk tngntine tépreentst] bytthe formatr Cof, Cean

be used to sputter onto a substrate to nanufacture a thin film]layer
conpri s¥Cotr G AYI-Gyprompts fanerble spHaxiahgew, ggﬁﬁ‘?g’éer“ctcéﬁé%l"?e I%“%@%aﬁﬁ‘i’%ﬁy

thin fi lal'i%}l &Ye?fay%{:[g}enr f}ﬁ% bﬂl@?éfg@ﬁg;gﬂteyﬂrgas A6 pRULE R frdrmkgate t@ketthReral

invention-1sS an ayer o netic recordi'ng nmedium Underl ayers
conpri sefithefinemtiah oy usadsto aputedr aaeietynofondedayer 8pn ddma ferdhe pradeetidrog il a
@-c Crc.EIi-f”ferent magnetic recording media useful in a wide range of applications.
[0029] Figure 2 depicts a thin 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 least one underlayer formed over the substrate, where the underiayer includes an
( alloy system cohiprising 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 atornic percent and is
an element selected 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 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 is 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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MCor C-M-M-C pronote favorable epitaxial growmh of magnetic crystalline
pl anes in cobalt alloy overlayer thin filnms. Therefore, sputter targets can
be produced fromsputter target material of the invention and used to
sputter a variety of underlayer thin filnms for the production of different
magnetic recording nedia useful in a wide range of applications. [0029]
Figure 2 depicts a thin filmstack of a magnetic recordi ng nmedi um accordi ng
to one rﬁ&?@ﬁb PRBEIRE n{ehﬁmpéﬁﬁzﬁﬂtuddm?mdl@db 6 dx@fnple, at leestioRE L Gef &ledi Ng
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recordi ng medi um can additionally include, for exanple, at | east one
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al um nuny,eéntighanderlayedod @&ﬁdoné@?opﬁém%eft@ﬂﬁwOmsfe lawbSUhaﬁhyéazlm isher e
s¢ed | ayer 402 nolds the shape and orientation of the grain structure_of
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group consisting of Li, Mg, Al, Sc, Mn, Y, and Te. An underlayer of a magnetic recording

medium of the invention also can contain additional elements or chemical compounds. For
example, an underlayer comprising an alloy system of the invention can included oxide or other

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

( [0032] Interlaygr 405 can be formed over underlayer 404. Interlayer 405 1s 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

211 -



as nmuch 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 |east
0.5 and as much as 20 atonmic percent and is an elenment selected fromthe
group consisting of Ti, V, Zr, Nb, M, Hf, Ta, and W and M2 conprises at

| east 0.5 and as nmuch as 10 atom c percent and is an elenent selected from
t he grou consisting o
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facilitating favorable grain structure of subsequently deposited thin film
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Overl ayer 406 can be formed over interlayer 405. In Figure 2, overlayer 406

is showmn as one layer. In a further additi aﬁggc% of he present
i nvent i dRO3Yviery %E?E?r b diment A IPERtigR Preidihadne Wnﬁﬁtaé‘p‘inﬁer s.

Over | angrg%p,l@, hm palfogrgyg?rggrgép}égeﬁeﬁcbg,&hef&ﬂm er_eaeesM c bllcaMlcmz @d

al so can’i ﬁon ts or npounds such as an oxi de which
facili ta&@desf:ﬁbeﬁ ;&bheugy,qmw@r friacdrialeof JoROB4Ent Gerans, lowbombamtiohsgfer 408 can

be formed over overlayer 406, wher the | ubricant layer..includes C or a
car bon- M@@&UQ‘IWC%F%?FPP%PE& %SY&@@SFFFB&’&?P@I’WB P Q%ﬁ’c‘i% from
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and overl ayer I'n an rnate aspect of the present invention,
car bon |Mhponpaises dtdymat 0.508d eamuok aeﬁﬂ ftoguic pefc@OBE 15 An alefent srdectahiiedithent

e Sea Ty 3y B ol RS Sh A Fo BB S 98 L &
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conbi nat 1 ons constituent elenents, corresgondl ng to these alloy syst ens
can be défiffiansdt Wo apd bﬁwompnseamdms@maddtaemm eml atanys Peigsst @das edpishicses

at | eaStse?ected%IPom ?he gr{lélgph CDaI'lSSlS 1ng 3 Eml\ﬁg,pf(‘f ge rMh Y, and Te. The powder matenals of
elements, or combinations thereof, are selected to have at least a purity level, mesh size and
particle morphology effective fof a sputter target material. The sputter target formulation can be
consolidated by, for example, densification to produce a sputter target material, which can be

subsequently processed into a sputter target.

( [0036] The methiod of manufacturing a sputter 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 1s 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

invention represented by the formula Cr-C, Cr-M-C or Cr-M,-M,-C.

[0037] Briefly, powder materials 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 one of T1, V, Y, Zr, Nb, Mo, Hf, Ta, and W.

-12-

P



M conprises at least 0.5 and as nuch as 20 atomic percent and is an el enent
selected fromthe group consisting of Ti, V, Y, Zr, No, M, Hf, Ta, and W
M conprises at least 0.5 and as nuch as 20 atomic percent and is an

el enent selected fromthe group consisting of Ti, V, Zr, Nb, M, H, Ta,
and W and M2 conprises at least 0.5 and as nuch as 10 atom c percent and is
an elenent selected fromthe group consisting of Li, My, A, Sc, M, Y, and
Te. The SipNEARY, ORTSM aing Mf areatiecred for, a Gr-MevbiChalidysysterhehere M eomeespasidect ed
to have at least a purity level, nesh si and article norphol

ef fecti Ve aﬂmn@ogﬁugfb &, WaMeHidesr ivgla?‘é O%Eé)ot“gf 1q gpgRte %lh@%ﬁéﬁ ' can
be ~consgligdal oyt nEAIRbLindflas blebRnl Qi b seleaddoe comBRMiib@oft ar get
mat er i alﬁ\,gin 1?@%%#%%&%;% seqhglr}ljt y proc?essed into a sputter target. [0036]
The met hagnéts bR @ldctodithg cansipuinties tvavgmbraweeeitabf tie debised dlayrybiom.

i ncl udes selection of powder materials_of elepents,,or conbinations of
el ement Forlssrmple, thegad séé@qcrw%f;ﬁﬂﬁsﬁseiaﬁ%ﬂ@ﬁw{? Crgglly ) Qt?r]%s. One
advant age of the metho R YERLER Sl (ho 2o P RIGNCRRRIT iEdlk N is Mo

f avor abl é’nﬁ)é’é‘}né’ﬁﬁﬁsego% er%{l)artlés{h?% Eogn gF%%erin 8 canoyﬁeﬁsel ected and enpl oyed to
manuf actgu&tidhlof pOwRErNa4tER41S oDEleplesttiny myaisiralood wepermentdgesicof atdier al | oy

systens of the invention represented bﬁ t he formgl a a-C. O-MC or
Cr - M - Mhemigad paspertizs il knpuomirethormikalsdindhe at oEBRleDaL{fImse a4 desired
all oy system For exanple, C and C are selected for a C-C alloy system

cyet om wibrd g L ERRAL i TR kR AE g TRl Fen e i T

W - 12 Sopiriad Ao indludeSselddtionnd a@waremsetiebhaing opurty e/ fhetive far 4 oy
system where ML corresponds to any one of Ti, 'V, Zr, No, Md  Hf, .Ta.or.W
affd M2 wmrtexstpmamate@agn@n gffectsre purity jayel will besﬁ!zosefﬁ?ﬁse%ﬁ HedhieadedRpigption
mat eri al indi vidual ] ecded 1 ﬁgﬁpilwg N Ifectivd gENt S
can be s%tﬂg?:f%ug{eft%%é%bgr%lr‘.lgiggglhéntoilp%t%)a%ﬁsnﬁe elée%lmants of the desired all oy
system thEPfiin® kpdRlaBnetichecotding intkelurvb Hizlaputit@le€lciaplufe pewilers vé erw materials

stoichionetrically tavorable onbi nat | ons, as wder terial
nmanuf actQﬁqlﬁgeﬂth@fépﬂn@W%}?@t‘&ﬁ?@@m @%Flée ‘T\ﬁﬂﬁ ew.ca;%& 5 |“?mggpo 5

on-o owder

et eri al g0k & SEBALS, NAYING SBR{ 1681 6r AlicRl Aftat 0001 DedARRXaIG ofanghnered

chem cal “propertires i to those skilled in the art of nmateri al
sci ence. thj0088)nGalaget havingifenphiteddry atugle pualydew ieleAenthsrhlgimgtylysls ed
physi cal th%r]})%év%gr r%ra]t%rlljjalg%lf elements correspond to 99.98 %Cr and 99.50 % Cr3C,. Other thin film
applications can use lower purity levels of powder materials including, for example, purity levels
of at least about 99.90% and as much as 99.93%. Still other sputtered thin film underlayer
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 underlayer 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

matedals 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 material. 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
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properties al so includes selection of a powder material having a purity

| evel effective for a sputter target material. An effective purity |evel

wi |l be chosen based on the intended application of the sputter target.
Certain thin filmapplications require high purity levels to be effective as
a thinfilmin a magnetic recording nmedium Hi gh purity |levels include
powders of raw materials of elenents, or conbinations of elenents such as

t he carbi des or .carbon containin | 1.0ys scr,i be revious i n

purity P‘é‘g@l chgmical PrpREicS gt @g.a%ﬂ%suﬁr??@?a%}‘%‘ﬂo‘f egems%‘u %P%g‘%’ PRI 1 m
under | ayj yg@gﬂgg benefited by a high purity level is C-4C where the purity
| evel s o t'he powder nmaterials of elenments correspond to 99.98 %r and

99.50 % Cr3C2. Gther thin film applications can use |ower purity |evels of
powder {46} Mxsh sizecalsodiangs chosendrsadmineothenfactors andvin¢lade, dor gampdist  about

99. 90% and, as .muc s 99.93% Still other utter t hi j yer
appl | carmieEP kA RErc e aer: it serd to PR EsREfOn f bnGba b BB
being e 155 a i 1&35@%& Y6f & yowesahsenh! rabuitepsiteniput
99. 85 O?J o&flleu\rb%(% gﬁrdeﬂaagﬁlrlfﬁgﬁwggp‘gg% % CIal peci f?s?: exarrplees o] ulteﬁgs )

under | ayemixapp Withathapswdegmaterinly afadotnalatéen topsodunsgPmAZeperistoy | evel s

i nclude Cr-15Mp-4C and Cr-20M-6C, r.espect, vel re.the purity | evel s of

the powsstangg é}‘?]élpgerﬁf’u%_oélﬁﬂﬁf’gncEFPEE}?%&ZT#%%S@’U%gj t?rfcp%rQ(l.: §%‘ éo Mo and

99.5 % &@&%d FRAQBAL SRltREht Q0T 2 4l ROWIREMMBR! in2bfiddif toabigierni Sigher urdfbraktyoy
0 e

system Invention can additionally include selection of a nmesh size
ef f ect i wed/bomoze qpin 4] disttitartpetthromgboital sputer tefebomaieviel. Meghsigg ¢aa bgiadjusted

chosen based_ on, for exanple, the amouynt. of wder .in_the.f.or Lon

it ur 10 B Ragtoudas Sonee rebeadiee Y siruega ERER et Rre Rl s Bt
eié ment W leRistol e anb9siRitmt bPihe idVEnBbh BLEId¥EITRERVE héMopbiRity G fhdpvafpsen
based on, or including, other physical -13 and/or chem cal_ properties such
as the #romlaticsi Zenodhiertfhorsnelwdes the activation of shesk charses hangficed e the alloy oy

t 00401 Mesh size gl b b f .and
R R i e R g R R i e S

t he gengratab@ @l DYIASOLRNBOYERT there QT TbdladtbdRSan Effsctiex aresh size forad | er
atom c percentages of a powder material require greater care in nmxing with

ot her pewdienlanalley system of thy iventon.aExenpley Peduuess far POKYESMGIAS gfclements

subst antl al L ¥ 00MRASPEOYE.| ST B dRep Il S5 MBS0 180 7kh R CV2 MesMor g of

and 325 mesh for Carbide.

[0041] Selection of powder materials of elements for an alloy system of the invention can further
include selection 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 exa;nple, 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 temperature
methods of densification 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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selected for these constituents of an alloy systemof the invention to
achieve a higher uniformty and/or nore optimal distribution throughout a
sputter target material. Mesh size can be adjusted to match a particul ar

m xi ng procedure by selecting a different element within a |ike group of C
el ement s for t he aI | oy systens of the inventi on in order to achieve
hom)gen of t powder forrrul |on er factor. ud

not 1 var T2 A nsinse Ros s Blale{ LrRPite R HE T o B e EoR Syl cappides
smal | er FEﬁ'Bm?Egrﬁﬁmr%Ueﬁf&y@%aﬁ IBQ%?odﬁ'&éﬁjHﬁﬁﬁiy By v &R @RemfcaNarl sical Methods

desi rabI e activation of phase changes and therefore selected as an effective
mesh si xellfloowa in e art oﬂdna'tenal jcoopcey The abwife povaler mﬂéﬂﬂﬁl&ﬁf elm@ﬁ‘fall%ﬁh}dlﬁés h

sizes for powder s of , el ement for, the QY18 ere M
cor r o5 pEHBDTAHORIZEBI 158 Hreaideq o eron semaate Pl Spe ST e85

Car bi de &Qﬁéédoégk&%éeg’ %ﬂfknlaamﬁ&hé“@% 8f fn@{eﬁapéclaicemmtpﬁrtfc@m@msafull oy
system(u)a%l e tnvention can further include selection of a particle

mor phol egyuéicfeiigiprecdoichidspatitrezatioamyehodravich ain prldEC?)mW‘il%F@ate%%pe of
powder ed eI enent s,

%r i des or. carpon cqntai.nin ster a} ffeglvefor
a sput t exhibitmedenclicil dharackssiss Wak ayuy 0%@6&@8?1&‘2’6“0&@? %?’%‘Sastpﬁ ocess
to be u?ﬂﬁlci&tﬂﬁégﬁdﬁfn EhvRd s E@Jtlogv@}%‘hgﬁ%h px%%ur@)iﬁﬁfpieﬁlpe%ﬁk'p%@s&lséﬁ: of

powder erials can e on the coarse nmesh size where a hot isostatic
pressi ngmpldyed. met hod wi || be enpl oyed for densification. Coarser nmesh sizes
i nclude, for exanple, 100 nesh. Al ter natively, where pressurel ess

densifica n rrethos ar.e e selectlo of. fi S are
benefl cil %édlﬁ(ﬁmo&ﬂ’iﬁ tgnativg %’féﬂa&ﬁ@ na‘i%taé{}lgﬁﬁ ongm {]E)yts P%d’lﬁgm éeny?)g?df or
|1 oy 3%t @ rhgﬁn W@ﬂgarpmlgw%amﬁgwse Fidflare@ e ERIIE, byatlags of
nsifi Cation i nc? for exanple, cold powder press and sinter. Exenplary

partl cl end atonasmgppﬂlrréalmswfaﬂoythletbe fotbrtiogd xahplee? P8 Vet Mok stask|asancliedr

| 325 h, -14 0042
B e i 2 I L R 1Ll P
al l oys, @8fedBaRRf0NEEHe BYmBRKLIOH oF demeHs HIE WHea) Cand ppdrysi stak ajtmtuhods

well known”in the art of material science. The above powder nateri al s  of
el enent sperqcnt; IouétrﬂéC Jowtmaelteniabley wasdhencgasatrpizad Wetarativalégfeéwre ar298 et into

cont ai ni OFTRAL LS RI RGBSR RSO

wel | can% d? l?%é”} hé?a}} Sug)fs Pﬁ)fl Qfg@%@@%g i HRM;? %Su l:atr éjfblusef ul °

manuf aCttHé A& 1A MG SoIv den & dhdes 1A TORire af Whithies bm:sma/neleh image modelate powder
t I

mterta s?:annmg electron micrograph (SEM). This micrograph reveals the microstructure through a

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 chromjum matnx. The

(_ chemical compésition for this powder is listed in the following table:

*

Ca | Fe | Mo | Ni Si Vv 0 N S C
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 elements, or combinations thereof, having effective purity 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 0.5 and as
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exhi biting beneficial characteristics such as uniform chem cal honbgeneity
and spheroidal particle shape for inproved densification when high
pressure, high tenperature processes are enployed. [0043] Another
alternative for nmaking carbon containing chromumalloys is to use a

pre-all oyed powder of chrom um and carbon. This raw material can be
prepared, for exanple, by nelting and atomzing a O-C master alloy. In the
fol | ow nglceﬁa@ﬁlae)mlg 9eg8nyMrompises st teit Oibandhasi mieh a330 YQBUURTTFHY aed is

alongvvl % graphite flake.. The red t f pre-

al | oyed® ?F%‘F"Wé& ‘F‘m% © BORBICRIY T & SYeﬁe%f %}\![Aﬁ% g %354 'present at

14 at oMcEmpRASdsCR Mast 05 aﬁaaslﬁlz@ch IE0 ﬁtﬁhﬁ@lbbraédtaﬁdm ¢laeentgeiecatidrinzéd with a

hi gh pressure argon into fine droplets which subsequently solidified
ki he3

into splgecmpcxaptnsmamg@ Tie¥, ZTAd, thplféfaﬂ"anQI@rWsﬁﬂJMZ&P@P@rses HHersh@o a8 pEmrchd
powder is

scanni n§® éﬁ 8@[”?18 R e?ﬁe%tqﬂ%dﬁ%{%hel%\%ﬁﬁ}rseiefhe%ﬁ %1&(@ é)ﬁ&r%gs\}i ilvﬁg? APScAvin,

M crost RUGHEMR. (dantigiRg BowRal hhtehifls %?éltehﬁﬂtsoér &dﬁﬂnﬁﬂvﬁﬁﬁher{emﬁﬂ]ud}'hmlxing
m crostructure of the %} 14C conbi nation of el enents consists of uniformy

di st ri bor bttnding the ccaxsbtudet Hmrdelr olateriafstorcovesg 2 WPPRBPRCRUS OpBibsEnttlt ed

h t | t
Che fol PoleRgismPaterirpaihtans SHR)RE bl %ﬁf%ﬁbﬁm@%”%ﬁ%“hfﬁnh%% of o
186 7 7§ %1]69 M, 8 alldy ﬁ)%nhﬂi@éﬁs] alEovEEse pankaitddbsin®inedrmiots chemical and

conbi nati ons” t her eof, tHat are constituents of an alloy systemof the
i nvent i physical reahilsred! koo 8 thpat pemateaaletienics rllhﬁ_hlfaﬂ&oﬁ‘?r FWE}W Rt i on

of po er elenents, er eof

oo S EREE Srops R EIete hor i PangEnrit] B R G0 bbby of the

I ect eq}l@?‘?&%tﬁaﬂdﬁ TN EhaELPREIL kRO E amlamﬂ@efd inahe ait loﬁmasafml guience also
corrprlsmg C-C, G-MCor C-M-M-C, where C conprises at least 0.5 and as
-15 nuch:aa@ezmpmy@mt@ccpveb@enewdmréeﬁmlﬁge@oato 4CBIEYE hoMOBERRPUS FIRYER: as 20
atom c percent and is an eIenent selected fromthe group consisting of Ti,

\2/0 ;(t O%{[gﬁ%ﬁ ;,Fcogﬁlé{m%s&legﬁng %a%rr%l%ng Q%H(%t; g%?e?}ag:; n’?ﬂ[ t@gﬁéntg .0? a?BEhLAGtIGHGR as
elements thereof, so as to have at least a purity level, mesh size and particle morphology
effective for a sputter target material comprising an alloy system Cr-C, Cr-M-C or Cr-M,-M;-C
as described above, a powder formulation is produced containing 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 material comprised of the selected alloy system.

[0047] Sputter target material can be manufactured by densification methods in which a mass of

(- powder 1s formed into a shape or “can,” then consolidated to form inter-particie metallurgical
bonds. For the specific example of densification using HIP, elemental materials are mixed to
produce a homogeneous blend, the powders are encapsulated in a metal container, and the
container is out-gassed to avoid contamination of the maternals by any residual gas. A hot
isostatic 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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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 from
the group consisting of Li, My, Al, Sc, M1, Y, and Te. Conbi ni ng powder
materials of elenents, or conbinations thereof, includes mxing or blending
the constituent powder materials to create a honogeneous or substantially

honogenous powder formulation. As with the production of th 0 r.materi al
const i t ueolygonat. Onee Hieping isGAPRIIC, theSPHILETIHT LA Paﬁ)apg%ét %ﬂ‘ﬁHﬁEﬁ%F%H%
generated.usin an‘%{ dof various chem cal and physical nethods well known in
the art %rfm%ﬁf’g?l?rﬁ_esd ence including, for exanple, manufactured by

atom zation nethods to achi eve favorabl e honogeneity and nor phol ogy

char act epgpagj B 4tilesthitald ypickbmimmbsaihicame ofk bmritentir e dsatevid] [wiknowiloyo
those skilled in the art of material_ science al so, can be enp

] _ |.oyed, to
conbi ne prsterehavieg teifarmaula falor Fighreat HiustFalons hpitsh BBLTSSHSG 0L & SPulfes arat
Fol | owi n el ectin nd_c L0 i el
combi nat B8 BAgALR SR LR HR e T e R U M o e el
mesh si zg,gmed Ravid ell@y sRteplzoCogss inebdwet iime afsputta taget foemutaioyg esingélr er Mul
conprising an alloy systemC-C, O-MCor O-M-M-C as descri beq_ll gg%e, a
powder f earbidesitrespactivelypr lodusistlaoRigared Hipstraies & sempineLleqignrisregeph (
per cent ages .of ..t he .sel ect N } ;
e I e e R A e T T
sci ence Qf ahd CE@pdict Mmaiail aliyureSeitlutedtes 4 SEMmhodirgg the distfibwicsmiitheer
target material conprised of the selected alloy system %338’47"!“ %\%J#.ter C
target nearbidephasedn aa-Mel aflavvieas M gonsisis ok Ve anpparster Ay omsektaiem ot Chas s
of .~ p er,i.s forngd i shape or "can," then consolidated to form
in(er-pa%f%}del\dﬁé B?ﬁerrgnl]%&arl?alébonds. For the specific exanple, of
densification using HP, elenental materials are mxed to produce a
hormogenepgaop lhemdugt the ipendet Basheeneesajied vdthedfarenca tortheadisdenet gmbedimenird
the container is out-gassed to avoid c nt@gi natlon of ,the rggtdaési@clﬁl\ﬁgy any
resi dual thgse skifiedhisk the p yall zeadily gpRESS |ty haLBE sRECH FHERIE IS SHates (SR ch
heat and 150%%%&@&1118 TREBSHYE 6f AE SnvaRRbh e sAPullie uni&seel the veansohodiatfidnbe
powder , £Urni ng ose powder into a densified matter known as a "Hl P ed
can." Thearthénede withouthiepartiag fiven ieispisdl of thecineentionnicepisingl ¥ ghe Fveniariget
bl anks, and the targgt bI.ankfilli can be machined into an appropriate shape,
whi ch may™BEd gl thF dIREEF 4 ™S or - 16 pol ygonal . Once shaping is conpl ete,
the sputter targets can be laid flat and polished with a
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grinder or abraded. 100481 Figures 4 illustrates a typical mcrostructure of
a sputter target material with an alloy system having the fornula Cr-C.
Figure 5 illustrates a typical mcrostructure of a sputter target rmaterial

with an alloy system having the fornula C-MC where Mis M. For both the
Cr-C and the &-MC alloy systens, C was introduced into a sputter target
formulation using C or Mo carbides, respectively. In particular, Figure 4
illustrates a scanning el ectron mcrograph (SEM show ng the distribution
of the carbide phase in a C-C all oy manufactured by consolidation of Cr
and Cr 2thgpowhenednat erials. Figure 5 illustrates a SEM showi ng the
distribution of the carbide phase in a &-MC alloy, where M consists of
Mo, nanuf acture cOoNns0 rewder omet-prhalcs.

[ 00491 ‘Al t hudh' fhtérglet matengﬁg hgqn bel(é)g:E tgsm%ng}ggneﬁ%ﬁ ref erence N

di scl os@greand adnmmtas least DJ&@Béasskwh lee2D dtemic Rercant:tM GRMAriseseh ifpyt §- é)?sé’&‘fcgt e

E)Paz héhz]e ﬂ_\ﬁ/%ﬁm fé_le?ceﬁtxa%gps a &E}aqt Sid gfeéd %mqg &;ﬁ&ns@#a@\be'raweyom Wh, MopHE T ati ve

shou e under st ood at vari ous no |ca ns _can be
made Wi Td)endt Wokipasrprises 4t teasn0tShend pinpsh as@P ajoruc peRRFBYANA &2 WBF o eﬁtﬁﬁi?f ™t he

inventipn is G| AUV Gn & M b SFBprisds/at WaARD.S dab aeted | s:

1. A sp ?ETSFP%°“S‘m“%%?}E‘f§’IF?5%h§@;Zg an al | on ggste%lscgagpﬁljg n\%ég GO -MC
or Cr- N[I(}Mmé:percentwdeﬂane@n‘@drﬁplﬁt gonythe E‘é‘&%’%"“@s@g& Hi f % om ¢
percent; Mconprises at least 0.5 and as nuch as 20 atom c percent and is
an el e nt :ﬁJ gg#gggtaégléton%t%rﬁfot%ﬁa?ﬁg \9&?&1‘1 étfl.'lrﬂlgr &hp;rbes aMeast1.0 éfid asWiich Moo Hf |

Ta, and east and as nuch as 20 atom c percent and i's
an el enﬁﬁi’ﬁlc$&kmt ed from the group consisting of Ti, V, Zr, Nbo, M, Hf, Ta,
and W and M2 conprises at least 0.5 and as nmuch as 10 atom'c per cent and

I's an el ema '&Wzggétke?ﬁ{a{egg[, %%tgrrlgl tof' Sai! OWRer 19@3&&{1&1" @Qmﬂ‘fseé—at leadDi.5 ANd.as PGch M3, Y,

and Te.3 matérial of claim31, wherein C further
conpri S&Smatpeﬂca‘ast 1.0 and as nmuch as 10 atomic percent. 3. The sputter
target material of claim1l, wherein C further conprises at |least 1.5 and as

%gll:]elarsl E/I Cgt Om G t%llr;&%?r?lat!.terlal ochalm lsg%tl’éﬂ?ﬂfl ctoﬁ]rpggg Mgat erl al Of Cl al m 1

5. The sputter target material of claim 4, wherein said alloy system is 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 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.
8. A method of manufacturing a sputter target material, comprising:

(@) selecting powder materials of elements, or a combination of elements thereof, for 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 atomic percent and is an element selected 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 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
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5. The sputter target material of claim4, wherein said alloy systemis
selected fromthe group consisting of C-20M-6C, C-20M-2C, C -6M-4C,
Cr-20Mo-4C and Cr-6M-2C. 6. The sputter target material of claiml, wherein
said alloy systemis selected fromthe group consisting of Cr-4C,

Cr-15W5C, Cr-20M-2Ti -2C and Cr-20Mo-2Ta-2C. 7 The sputter target materi al
of claim1, wherein said alloy systemis selected fromthe group consisting
of Cr-4C, C-15W5C, Cr-20M-2Ti-2C and Cr-20M-2Ta-2C. 8. A nethod of

manuf acturing a sputter target material, conprising: .(a l ectin wder

mat er i ab Bugfasdp etn@ivtmfce@ra"%w@@ﬁ‘Bﬁ“ﬁ’éP‘?"&?PFdéergF%%B‘r‘& “?l%é%‘e)??l’ Ié%b}r‘d’ g‘ﬁ al'l oy
systemy o ki ng Cr-C, G -MCor C-M-M-C, wherein C conprises at |east
0.5 and’as mich as 20 atomic percent; Mconprises at least 0.5 and as nuch
as 20 atom c percent and is an el ement sel ected fronchg rou cansi.sting of
Ti, V, Y, Zwhely saidpowdeafmaterigls azerigleipd tqhavefippt SdLm G eYe é’g’f ﬁ.e'sanar‘fé‘]I as nuch
as 20 atom i t 8h@ABNnd sel ected fromthe group consisting
of Ti,rvfﬁ5%¥9ﬁ%%ﬁﬁ%?ﬁfﬁThﬁé?Q%nd W and M2 conprises at least 0.5 and -18
as nuch as 10 atom c percent and is an el ement se%&ﬁted fromthe group
consi stibng @bmbining Mjd sAbctedTwdnhmaterials ofrfipmeats. o fMRHANAS Helgh 4° BB
materials are.s : a purity level, nmesh size and
particI%wmﬁgg%ﬁgFﬁgygg?kggg?égmﬁﬁﬁgﬁqéﬁutter target material, and (b)

conbi ning said sel ected powder materials of elenents, or c¢onbinations

t her eof () t 0 defisfiting €aidmncousatidaraldbrimylati ento PEAAE 2R HISRIAFEST MUYt al | oy system
and (c) densifying said unconsolidated fornul ation to produce a sputter
target materjal. 9. The. hod of i er. qj of Blucle PF hio@R: at

| east 190 anthediethadcdf Ci@“q% wg'ferg'rrﬁ %%rg{e"'?]é‘g“ trml%.qéd%thgo rar‘gdti E%d of claim S8,
wher ei npdeechidr t her conprises at least 1.5 and as nuch as 8 atom c percent.
11. The nmethod of claim@8, wherein Mconprises M. 12. The nethod of claim

11, wherein said all System. T t N6 A AUk NSitshic perednt. Cr -
20Nb- 60}00-E@W-‘%,"?éﬁ‘?@ﬁg%&?%ﬁ%%‘&g'gséﬁ%&a'- 8\b-2C. 13, The method of
claim8, wherein said alloy systemis selected fromthe group consisting of
Cr-4C . The method of claim 8, wherein M comprises Mo.

12. The method of claim 11, wherein said alloy system is selected from the group consisting of Cr-

20Mo-6C, Cr-20Mo-2C, Cr-6Mo-4C, Cr-20Mo-4C and Cr-6Mo-2C.

13. The method of claim 8, 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.

14, The method of claim 8, wherein said combination of elements comprises a chromium alloy.
15. The method of claim 14, wherein said chromium alloy comprises chromium carbide.
16. The method of claim 8, wherein said combination of elements comprises a carbide or carbon

containing master alloy.

17 The method of claim 8, wherein said carbide or carbon containing master alloy is selected from

the group consisting of Ti-C, V-C, Y-C, Zr-C, Nb-C, Mo-C, Hf-C, Ta-C, and W-C, Li-C, Mg-C, Al-C,

8¢-C, Mn-C, Y-C, and Te-C.
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Cr-15W5C, Cr-20M-2Ti-2C and Cr-20M-2Ta-2C. 14. The nethod of claim 8,
wherein said conbination of elenents conprises a chromumalloy. 15. The
nmet hod of claim 14, wherein said chromumalloy conprises chrom um car bi de.
16. The method of claim@8, wherein said conbination of elenents conprises a
carbide or carbon containing master alloy. 17. The nethod of claimS8,
wherein said carbide or cahh@bNepNIANINGEIUEIERITARGES sel ected from the
group consisting of Ti-C, V-C Ysifjo¥cOGMPISIEIONS-C, H -C, Ta-C, and WC,
Li-C, Mg-C, AI-C, Sc-C, Mh-C, _Y-C, and Te-C._ -19 CARBON CONTAI NI NG SPUTTER
TARGET ALLOY COVPCSI TI ONS ABSHRERACHOFLHEPISGIQGYRE The | nvention provi des

it 1 1 I ial.., Th t t 1 Lal i :
P e com T8 ycmiongroviens o R ket THR S o @TRALRERofbrisfH di0Y
0.5 and 13035 se,gggﬁ,%ﬂﬁ,rggﬁgé@@j @r-&ﬁ@&@frWM?@Whéﬁn @tcongaies & 18asafd aad asuch

as 20 at per cent is an elenment selected fromthe group consjsting
of Ti, MMuchfas 2 atofd pdvbentHfA, coiprisanat luyst b andrasmurdisrs 20 Jterpietpercesnt aidfs 8

much as 20 atom c percent and is.an e | ect t up

consi stélpgepiselgctedronythe gtpup §apss gokiwmsﬁﬁ%nmfgg&ﬁp@?s%%t | east

0.5 and_as ¢ LAy eSS mRrdett Y Blaarsiihera stiected thofir then t he
R e

group condk's and Te. A magnetic recordi n%l
medi UM &P tbidiNhgadf TWDe  ZraNd, Mud Hii T,ead tW sandid epnayiess at dGs-» Rt M

sputter target material of the inventi al so is _provi oA hod Of
manuf acasukq #igmic peseant apd tsa’%“gf‘é?m?fﬁtsﬁllf’?tﬁg rf]from f“r‘?e%ff O‘ﬂf%?ﬂshgglgg Oeré rﬁn%t’ﬁ’oﬁa%%’
enpl oy powd | RIS sl %é’orﬁﬁr‘i@?ﬁ Abitiratdf arRl £ Nest s wAkrlapel ude a
chrom u ﬁlfcfg‘f/, KE{B%F@% gﬁe{:(c\sor1 carit%llon cont ai é]ni ng master alloy. FIGURE 2
comprising the sputter target material of the invention also is provided. A méthod of
( manufacturing a sputter target material further provided. The method can employ powder

materials comprising a combination of elements can include a chromium alloy, a carbide or

carbon containing master alloy.

FIGURE 2



