CGARBON CONTAI NI NG SPUTTER TARGET ALLOY COWVPOSI TIONS FIELD OF THE | NVENTI ON
(0001] This invention relates generally to sputter targets and, nore
particularly, to a method of producing carbon containing chrom um based
alloy materials that pronote favorable epitaxial rowth of nmagnetic
crystalline M AIRRE ONBAININ RU BT ARG 28 PACKQRAPASTTIONS

| NVENTI ON (0002] The process of sputtering is wdely used in a variety of

fields to provide thin film r#' gﬁg i ?@ a precisely controlled
t hi ckness with an-atom callym 6FT PﬁVE (ﬂﬁarrpl e to coat N
sem conductors and/or to formfilns on surfaces of magnetic recordi ng nedi a.
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t ar get sProgprangcabhcayripmgichoiniyst basgd aloppmiatssiglsghatprogpte fay anble pattavizlal |
resul ti i It -1 hj I ! K. Figure 1 illustrates a
typi cal &gﬁ]}?%ﬁl???%ﬁg'? ?(:SLAH?%rﬁ%%%\}%E??a(%{]%}wn%%%ﬁfgg lrrng‘cordi ng nedia. At the
base of the stack is non- magnetic substrate 101, which is typically

al um num or gl ass. Seed | BA&IKGROUNDeOFI THE IRVIONTION | ayer, typically
forces the shape and orientation of the grain structure of higher |ayers,

and is nly conprised of NP or N Al. Next, non- magneti ¢ underl| ayer
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Over | ayer . 1086, ich is neti.c and.may i nc] ude t r three separate
|a%ys,PrP§ucal@58f?%V&nBﬂnaqa BHC ToRPIITEeria 5ers gh iiie JBb A GAITEANY | ayer
108 is §aftaRd ofees suB¥ekit By uld PR spd®QQaLeLhnamnuant sﬂﬁte%}%tﬁsf@mﬁﬁ@d Bfa
stored per unit area on a magnetic recording nediumis 1nversel

pr opor tdiffaeent metetihk reshiitmgof thendepgsidion obh thih diloy stacky eFiguer laillstraana tyupycal
segregati opn of 1 nor _addition el enents.al so,contrjbutes_.to increased data
=t or agahistRiehpckTor Bpnufbny dPaeRe e TP RITE PEIE M sbE R 0§ B EGRET BN of Che
over | ay@horfe@d sitdtraftl I1eRERY DYy pidyRIGRRH QS ZRed RFE! 102, tRaROSddpBEtddhi n
filmof the stack and tgartlcul arly by the properties of an underl| ayer.

(0004] layre, tesally fuecsitoe shapsrid iongnigben phtiearain stroeturaadthighes 19ysrsaanthignet i ¢
alloy thi I [, A8t Or h r [ I : rom um
oL, T 0 L " R 1956l WD SRSt 74 S S,

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, is 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

S1-



bronnfe 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 filmapplication.
Under | ayer alloys can be generally described as Cr-X-Y alloy systens. The X
el ementPrPEReRpaiaKal grawgléogmmeéwm@bn%nléhesag cpbalt gilpyomagnatisdilmexpand a
chrom . [ GE. r ts_such
2 bor a8 rbi B cabnXFLRARL ohF BT SRl S Rhichire Bl R BT Ty
act s asthanggaetic Gioxplichtidn. dUhdsrlaye] HRYSarSpaigdnerallyadegaritsedmB diz-X NOaloy
consolidated materials of powder blends_contalning_graphite powder in
el enenttemsy hhg Peclpmepiacpisspuy largq Aoy shanents ishas Mesrliagy Wihdwgpanda t ting
during . rj i i i ng
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t hr oughwhith tdmels tasegeizateAA6 Godiflboghdaries oy st ds@i atts tag alpniif geswthdnhibiisoduci ng
carbon containing chromum alloys detract fromtheir use as sputter target
material and tF er any beneficial epitaxial growh properties of such

€

al | oys OR8] Inpiteprgginmadeiomronselisiatad mateials phpeiedsrdlends spatapng srpphite

0006 i S j i-gihl ' . ide.:

cont ai St SERELA BoBaPELRAL Ab O en AR ARV CRPAN R EPURE e
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alloy films of a magnetic recording nedium In particular, jt is _ desirable
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[ 0007] %Ee p{esent i nvention sol ves the foregoing problens by providing a
ponder GRBRLRIIRY ByeneHe TR N8 a¥sEhuf act uri ng sputter target naterial for
sputtering an underlayer of a magnetic recording medium where the sputter
target msoﬂqmrth&%dx%o@sj@e@émr@h@%&@m& 06 Pide KhibBh *bh@ihing SHFBASIH bageawhi ch
effectuates favorable epitaxial growh for optimal match with a cobalt alloy
t hin fidlleys syuster tar @0 08ftersd e todiraoteoonsimeal gpivaxdal grovith gfrpseiered mageeid on

provi des utter tar terial.. The .sputter targe -] as an
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much as -

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 preseint 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



20 atomic percent and is an el enent selected 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 atomc percent and is an elenent selected fromthe group consisting
of Ti, V, Zr, Nb, Mo, Hf, Ta, and W and M2 conprises at |east 0.5 and as
much as 2Q@t0@nlommeptandemn elathentsedavtad feore e mrohp comistingRTiNE, Yy B pib, Mo,

t A di t th
copect - HIpke g b Romphiss aEieadl U ht B BusEis At B s R e Fein I |
recor di BgledtBd oM 166 B $6HsifirleISTil &t 2r, Ny M, Hﬁ@ﬁtarﬁfWUQﬂBMz%)zS%ﬁls%hﬁ

underl ayer has an alloy system corrpr|5| ng Cr-C, G-MC and Cr
wher ei nleasichirprd semueh ay Khgomic percemdndis apadémens szbcfaﬂémtm@@amonsmlng

conpri se | e much as 20 atomic percent and is an el enent
sel ecte8§FP5>‘ﬁ$’t eg‘éﬁ% ’caé‘ﬂafStung of Ti, V. Y, zr, Nb, Mo, H, Ta, and W

ML conprises at |east 0 5 and as much as 20 atomic percent and is an

el ement [(mbﬁz srdidgaBnahbtBer AHOtPtHeAiensibh Pebvitfes himagdheti€kecoMing Mdiv . THA,
C

and W and onprises at least 0.5 and as nuch as 10 atom c percent and
is an emageeiic sedrdnadedivio ponipaisey denpsicaingnd af lngst oh unierlaygr. Fhe wglerlaygs has v,

manut acEUARG R Sh e s e CerP o o P MEa e R E‘%ﬁp@?ses

(a) sel ggd h@uBIONIRY atbRAl EFdrédns; mco@{;ﬁmzitseasoo SQIndQ@fHUCH&E QQrzlthxfuc%kaﬁ
t hereof, for an alloy system conprising Cr- M C or - wher ein

C conpr Erdis anteloreens selectsd A the SraNPHEoasISTE csfﬂarﬁve Yp@r,dﬁb»tMo,l\hlé JiaparidsWs Mt
| east 0.5 C. 2 to df
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at | easprddip2oasictimsofMmicy, asI\RQMd af, Ta il OF Nin devigl cbﬁlpﬁ@es aeﬂ@mams aﬁ@hmhad
fromthe (I:jroup consisting of Ti, V, Zr, Nb, M, Ta,

conpri sa%l@etomigercentgnd prealemgitselested drog %%Olﬁé?%ﬁpnéﬁﬁLi é\d&n“deﬁér%ém
sel ecteg frpm.the group consisting of Li, My, Al, Sc, M, Y, and Te, and
wherein the powder naterials are sel ected to have at Ieast a purity level,
mesh size and particle norphology effective for a sputter target material;
(b) confl0idhd ctodiresbadteberpopais of thetinydntibs, afetbod wE maspfaghuringraspnties targst

t hereof , to. produc uncons Iidat.ed |.ation for stem and
(O dentrtgidis THaednEbnEeRe g b OaHrs: IAl-aeraie o BRE R AT 4t ge
mat er i abemBRWHSE of@EREA R HRr&RNPE i NGy st Bhhpadih® Cr-af, Rl e Bt Sr%DMZIEC' ude
a chromum al |l oy such as chroni um carbide. Powder materials cogltérl Si ng

coibi natherein e compmser &l leass® S @ad ab Auichde2@ avane persew; M eampriscs 8 aﬁitr‘?r-‘n@}ld

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 le;lgt 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 alloy system, and (c) densifying the
unconsolidated formulation 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 al l oy. Exenpl ary carbi des or carbon containing nmaster alloys can
be Ti-C, V-C, Y-C, Zr- C, Nb-C, Mb-C, H-C, Ta-C, WC, Li-C, My-C, A -C,
Sc-C, Mr-C, Y-C, and Te-C. [0011) In the follow ng description of exenplary
enbodi nents, reference is nade to the acconpanying drawi ngs that forma
part t hewester allayn dExempidny e#rbidss Qh@amomyomalyur@fmaswmlwacmbﬁ &i- Cs]zfe(é,l Y4 Zr-

enbodi i V. under st ood
That ot il EASBG AT oy Rbe HECT st ARG Shnats Gy o8 FEHE wi t hout
departing fromthe scope of the present invention. BRI EF DESCRI PTI ON OF THE
DRAW NGB0l 9PLthe Relforviniy Bescripton 6f éxtenplérgWnit@dirhéhtyhefebenkt kemidd @rience
nunbers represent corresponding parts throughout: Figure 1 depicts a
t ypi cal aecRmpapyingepangs thyrfogn avertthesed andanwhich lfr@?@@ﬁ’ch}hya}’rﬁgﬂlastratﬁngiure 2
depicts film tac ordl c |nv ntion;
Id?:e bodb Cr}( W g{c & eldwe r% n%ggp%fcpxgec{ R stE) L%]dgl%

Fi gure §) a scannlng “bgr aph

( SEM taﬁmtgﬂeatswytbeaitmzs@@ﬁd @mmgés xﬂa?b@nﬁiﬁh%ﬂﬂuﬁ@ﬁﬁiﬂﬂi@tﬂr@ﬂ e sc@ @amtas

corresponding to Cr-14C atomc percent (at% . Figure 4 shows a SE

m cr ogr BASBENE IVgBEemat i ng the distribution of a carbide phase in a C- C alloy

obt ai ned by consolidation of C and Cr2C powder blend, and Figure 5 shows a

SEM mi crograph il | ust raé %@gﬂgﬁitgﬁnﬁm}% phase in a Cr-

Mo- C al | oy obt ai ned by owder bl end.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100131 The present invention allows

for i ncjo®aseRefdaing mivotcage dafwiagiagrisith tike ederedcgumings topreseyt correspading i ng

carbon containing chromumalloy sputter target material fromraw materials
Bndlﬁ¥ﬁd5¥méhﬁﬁents carbides or frommaster alloys containing carbon in

order to achleve optimal epitaxial growth in a sputtered underl ayer and

epi taxi al fgﬂré"f 3%}1&5 SRWiL L R ARGRRL! f6r cd?ﬁé@ﬁtﬁcﬁ%?ﬁqa?ﬁ%d& tebéring ledh 0141

Appl yi ng powde€r metal l urgy nethodol ogy to the manufacturing of Sputter

target materials having alloy systens represented by the formula Cr-C,
Cr-M C or CrFigure\bdepigeatian §ilm stack according 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 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 m_elterials
of individual elements, carbides or from master alloys containing carbon in 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 alloy
systens. Manufacture of the sputter target materials of the invention
enpl oys powder formulations of individual elenments, carbides or carbon
contain mast er all oys cont ai ni nq% el ements belonging to groups I1-A

t hr o]thgh[OQ?‘f’ ARG PeMSST meBllirmonghofisiony bt the meanyéiciutiecofisapite. targpe
manuf achiclifg nih Do PlysdrlrebMaNEd 8D ol RULHRT:AE LU S IR RRSCl Bhers

pr oduci ng car ni ng aF oys in i Stri ion

cont ai nvengptipigy 1toi thé prodoetivnae aopiderhzgec fidartougbntaiing ell@céyistom 0 MiRdtak! &
st oi chi grret r i ndi vi dual el ements, carbides or master alloy_ additives as
vel | asthg ARyt aﬁrgqf peatersly @ the énvenbior peRIcS pepdgelommulatipyeel indfyidusbelements,

benef i t id
mast or AT aoncafibh oA Air &l WRERl e HOMEE peRER 0 o3 CFE
gener atthomugh MliAgné pretupe i-Bahraughd¥uBtof e wurogiotablandhs mdnhfangmn;lgﬁﬁétﬁdd of

Accor di Rg to one enbodi nent, the invention, provides a_sputter target
mat er | 4P€ inpRBLORRGYIdss 21 sifigiant meeRt foaProdusingrasboarroataiye aljeysdmvdarbiiesi ng

C-C istbGidH ofga dl\\%‘ %faﬁln%ﬁgﬁ%@[s ggﬁ)gggﬁﬁla g%m%hgﬂ ﬁl%%%legtlgbgf;'egéﬁnﬁgguc h as

20 atom c percent, conpris as“nuch
per centstcanldomtr@nf aidarmunil elseaiemst, earbides r hﬁetegambpadﬁﬁmaasat wedl a3fthelpartidle Y
Zr, Nb, .M F% conprises at.least 0.5 and as nuch as 20
at oni ¢ SrdigH uta%@ﬁtéosmddéwéﬁeﬁm@é{ benedigiaf pigbwin af grBleyesiamente Ry wer Ti |
Vv, Zr, , , ch as
10 at om cenp%{?ccgﬁﬂ{ld% r?as%'&gr%m S?r%glr?'?/%lsagﬁ%g? egﬁlgB ?%?nﬁhltgq%g}}grggu%g%aﬁgﬁg of
r?l\/g,oe.ﬁbratlsn:dumﬂrg spYitteaamch rEsult $herosiputahéspittargget materi al can be
ufactured by densifying a powder blend fornulation of the al I oy system as

descri t he bel ow: si ficat.ion processes ca i ncl exanpl e,
br oceddP I Ikt ine frera apttinres. inedr Ry onor e Gehe e fasEbshie. hi gn
t enper afpuifier tRfgeCRSRAS] inclRlish APNRST syBleBSSondstbisd OF-€f Cr—W@op@h -Messurel ess
nmet hods as well as other procedures well Kknown to fhose skllled in the

powder Vkarein|Cueqgyprases at lea Delagmstmesh asad(ypemirapasedng Mebmphises #hlesst DSrandan

i ncl ude f t r C
and of 5raRbE LR Grolief BES AR IR B BEEE PRSIt RR. & of
t he perzxodnbpMoabﬂfer@amw () E:cbrlﬂpﬁm\aeleaﬁmlﬁ bed ad mnqeas Imatemlaberean aRavearn
car bon onposition ranging fromat least 0.5 and as rruch%fﬁhzo atom c

per cent® e‘?ffﬁ SFleglh FAMBAESUD GoaFisHRS af thatbéh NoriYosilhilna i2Rd M put t er
target &B&p‘?fsleﬂt 1ERPGIsNAd 5 HcRlas 1 §2RImil pgrc%fﬁdarﬁlsis afi Blement 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. Densification 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 VII-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



much as 10 atonic percent. Further enmbodi ments include carbon ranging from
at least 1.5 and as nuch as 8 atom c percent. Exenplary enbodi nents of
sputter target materials having the alloy system C-MC, where carbon
consists of 2-6 atom c percent include C-20M6C, C-20M 2C, Cr-6M4C,

Cr - 20MmEshaasd! OGtorsv PR eniuhBurthen embedisnanst inelido narbpp ranging &omeezt deast 1.62nd he

referenced nt wthin the al,lo enta S h|n he above
exenpl ar yml#cglngreg‘saatm&csp §TER ’ée‘%%ﬁ)y %%Dilwegsgtfﬁ‘ﬁgef %ré?tdjg?et ‘ﬂ%ylf é?‘f”ﬁ }gf t he

i nvent i Oy s%terﬁez:rs&qtctlxeldsre Barbbe cafidistyvof 2-6 R Pekcund idchate Ge2@atg® Tranis-
production of a sputter tan%et material having a particular atomc percent

of car b¥n %QMHC ﬂi@O%éﬁea drifd-ZGanwlisse pembens serespond do etemigrpeisonipidlie t he

i nventig Sputter tar erJ als

| nvent i G ed ElmeRt viERhEaudse G biortt kegr B ETpIh S Pk RpetaR ranees

t hr oughaidd dan/be&aﬂq)wfe@liﬂﬁ sbutarﬁﬁgeuﬁaeﬁlal%ftﬁ@meﬂhm Thbsk BRil1eH FPtheysh @M
produced, these elenents 1 nclude M which can be selected fromthe el enents

Ti, V, mdeztandmﬁt selggsionHind preducand of\a sputtaytarg mn@thneldmvm apdraetlacatémiom t he
el errent s Ti

Fromt L b B vt Mg e sty et O peforibd WM AR ERB MR BFerohel

as wherydtedMerdis Ti, the atom c percent can be at |east 10 and as nuch as
50 atom c percent. Q her exerrpl ary enbodi nents of sputter target naterials
havmg the alloy systemC-C, C-MC or C-M-M-C include Cr-4C,

-1 5WI861 7lc§pu2t@wr@'rrnazaeam thgmvegian @%wﬂbncit@@mthm@falmt%%t em

Cr A i e R Ve g A S AR

co snﬁrbmeejth&écvm&mnns chiddM ewhitRegebe sat@éd fbmrtaagiengnisrnvay, Izea% 1.0
and as much as 10 atom.c percent. Further enbodi nents. include Mranging

from atMpeH§(Ta aml Waar M, yrilich <a8 bg selggtedifionpe ciamentEkiep Zar o.M oldf, t s of
tt t. e t f t
o - SO DB SR, MORIGM o e gl fiEpR VG APSIE SR SElapdLecahe! ot

Cr - 20M sbmeaaimbddim s, 2Gch ahehen Muordd & Tiot}re%qﬁﬂinq)et@natmﬂba:atpeascHmancb:ﬁs t he
r ef erencechjl element within_the allo car bon percenta

descri bBHC %so’ipeatoemeeemtgﬂgeéffxewﬁeﬁwé%wawf? SRftier STg Aty ﬁ‘fla@&e of
M wi t h'am&@@eemwpct@fvycr@@% M S ifaRaderduced 1 swakogct-hemeeihotsagf the

invention. -
Cr- 20M0 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 include 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.



[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 M within a sputter
target material ranging fromat least 1.0 and as nmuch as 10 atom c percent.

Addi tional enbodi nents include ML ranging fromat |east 1.5 and as nmuch as 8
at omi c (PRI Sputtertagetmptsyials for thpplansystare Ca M oModsicen bavest campasiingi ¢fdMf r om

at | ea ] erc ) e i i_ncl ude a
conposr tienE SRR Rz O e Fith B ATERERGERL, S U RO

per centcompusitibe bf Biyhatine Bfster BEdt deatdrfal Fapgh N Fofl ARt 1.0la@d96 much agand . as
much as 3.5 atonm c ({)ercent. Exenpl ary enbodi nents of sputter target

mat er i &HGNICRREER!. hqdpignalgmpedipenisdngude My gangingfremyt deashl -Sand pp Musk 2 des
6-20 a ] rcent. i e i

aput t o P SBefE e Py Yich s Btk RS P BB R g R S,
as al | npessishbetsoioBerait Gthetsttbdiénentt atchakRsa @mpdiaim favis fmgigefonMat hi n
the above exenpl ary ranges can be produced using the nethods of the

i nvent ileast 1.0eogeamsphies P atospigeercant diurhesembegimesisigelufe Marageing §oematof t he
i nventi k1| shay ron. it C risi e of . the
) oy 15 L ahe B8 a3 AL Bty SR R B0 B

conpos ivHetdeitder M0 MERMBOAhE 8toh10 padcet of Me iidides l6eEBatbinc pat@nl & s with
percentage of C contained in the alloy system Thus, C can range from80 to
99.5 &horarkonaresatnges desariagshahoxe, spaigdargshmatorials hayisr3lkitagiepasentagss pby
syste Sputt | &l i S - i e a
chr o ot By Sy b sAALpo S RIEkirbind s i Bi e B A pet e bl Y
pencenthbgesexetnpldie raigs aih Bd ppoduced asing ahamethods bhthedahveyionsystem I n this

al oy system Cr can range from60 to 99 atom c percent in a sputter target
mat eri al E%& exanple, an alloy system.Cr-MC cg sLstin% of. S¥-6Nb-2C\MII
have a [04%0bSPUHET RSRIBAFTRIS AOBPIIEDS 3P aHP Y SYsse ahthe iaYeRtPR Y] ha¥pat t er t ar get

mat eri ahr BHAUINNGri3sifibh @b{r%ﬁb{ﬁhg PePFatant oMaieGIWY |t rddBN €08 afMiiO PEHERC GRQSi ti on

corresponding to 100 atonmc percent less the “atom c percentages of the sum
of M, QviC alialy Fsteontie aheanium tdrepesitiaywilsirmsporibio léatphis, pe@rent tantheange

from50 tao 98.5 atom ercent jn sputter target material i a
o s pisnee apigy RSP efned i aleR Bt Thi et Rt s ¢ can
be bengfdrgic plrceht ihRAGHERAT arkBEmABAMNofpising a CMC Moy@lstM. tSpubibofagtet at omi ¢
percent ages than the ranges set forth above. In such instances, the

chr oni emteepesns poaller sysita FedliG wilt hayggtahermivan gRPPPRIERT sAFesppIding
corres %8%{0%%'% YeEG1ER58atohle PBRES AR s bPRRALAOEE Al ¢ BouAhbd¥h BYSHEM to 100

atom c percen
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-
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 [00211 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 elements &, M M, M2 and C for any of the allow systems C&r-C, O-MC
or Cr-M-M-C given the teachings and gui dance provided herein. The choice
of an alloy system the atom c percentage of each el enent and which

el ementl§02H Thase skglleq/in the agrwillundarstand thas|aspuiet, tafget maseairht ad, begoduved

aescr: poten Do iR Ehes SRR Trrepei G Mhd-Fie 8 GYSBY 0

nmagnet ithe bREWKYtegs Ted), Er-MAT 60CEM - MY givkRYhe¥adheiBs a8l @iRRALed prooidp@si ti on
and/ or atom c percentages of a selected alloy systemof the invention can be
vari ed heseippiharhace efan oy system Hisi atemicareressiaggiof Rach dleraertrind rduetet i ¢
recordi ' for Le. ki n d. testing djffering c sitigns of
ol | PR e VR SERE oD SRR R b REo i Sk SRR puge

ski || edatget fnberial. tAll bPRAlloNepREds ﬂ&cﬁ@e@ﬂ&%ﬁﬁ?’roﬁﬂ@ﬁ&%ﬂﬁepiﬁahﬁl' MehADN
al so provides a sputter target formulation. The sputter target fornul ation

i ncl udesatpbing éer pgnslic nepoedingmedi Mpregwen the alloy aysteontlemantiabeprafosdioament s

t her eof or.an all oy system caonprising.,Cr- Cr-MC or -M.- M2-C,. .wherein
0 conpringis? i BoicPig B BT RRERY 38seSy i My Clan e e f il o

| east QypaRAPmaRRingUsHuRSyidldidetst tnRaEEEREcRANE thediafolt k. sekestaed from
the group consisting of Ti, V, Y, Zr, No, M, Hf, Ta, and W M conprises
at | eadestingsligpmngermpasiioas opan alonsystepe theamtensind oropaimizatioans viclldabeotted
fromt r consisting of Ti, V, Zr, No, Mo, Hf, Ta, and W and M
conprig'%gﬁgﬂﬁgéggfﬁyg and as nmuch as 10 atom c percent and is an el ement
sehected fromthe group consisting of Li, My, Al, Sc, M, Y, and Te, and

wher ei M0ezd]dApvdias ta@icttiar ahhodingent stk @bletdort Alshproides alspasér targpurity | evel,
mesh size and particle nor hologéﬁefiective for utter target materi al
u

[0023] fprBulapen.-t Epe %palﬁtsre&ara%bfm 106H§C1B‘flestﬁ?évqeﬁ€]§;$ msterednel demets, seader

bl ends - ' f t per
Car get R e e A e P e oG LM A £
sel ect edhasindesanpiiced ablehoW. Sandl asanteinesd2( aidmicarercancdvisohipdateat ledst @5dngr i or

to consolidati by densificat.ion. Therefore, the fornulations c i se
Uncons G IREE J)GITRIE PBTGSALEH &P LAmer eI i ERPdhe APV BRT U tRes int ages
cor r espantipN®1d erfaty, an@wiMe céhpA¥esSy MaSi®s 9664 tbafad? EMoRShdtcdRandis an
sputter target material of the iInvention. The
element selected 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, 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 - -

[0023] The sputter target fomiulations of the invention consist of powder blends of raw materials
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 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 materials where one or more of such

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



formnul ations al so can include unconsolidated powder blend materials where
one or nore of such materials corresponds to a conbination of elenents of
an alloy systens of the invention. -8 [0024] Simlarly, two or nore powder
material s correspondi ng to conbi nations of elenents also can be included in
a sputter target formulation of the invention. Conbinations of elenents can
i ncl uddOOZﬁrsléxladw o artmyére Ipovider miatsalalsycofymomai ggto agmbanpaioas o Hélemwuts also nor e

I t l. tit t f th

S por v iihGR i a skt ees b el o B B bR o L bahations 8 B gt hhrent s
i ncl Udeinclﬁ@é, fEXxAR s@iohl&net%ﬂmefa@oMbllesag??égQ%sQﬁt\ifé 8fbire el¥ments sélectedD,

Mo, Hf, Ta, and M. where ML i's selected from Ti V, Zr, Nb, M, Hf, Ta,

and W frerd OvoMabves Move G.s  sel ected fromLi, My, Al, Sc, M, Y. and Te. The
constituents of a formulation can be in the formof raw rraterlals

or esent OV e re PR tscrnbl Aerish EBh 1t SpB0eo ke PV BB R ton of
el enenteerfiéfls BRIudaNfor BXahasl¥, ©f, )M RGler<MOE ele@BR BWYARLTIANI Y, 7% | NE& 0, fIDTa,
exanple, an alloy, a master al'l oy or a carbide. SpeC|f| C exarrpl es of powder

mat eri #nd %ﬂ\’favd@n%Mm&‘tSthﬁﬁ@mé[heﬁt £r,iMy |Mmé{%Tamridm aird M vdheroM, & car bon

T el At SE ATy T ehe bl SR Rripadi G eyoiie,y ©
Te-C, fonfl ohav ﬂﬁte@agtc@h@mdhaﬁtgw a\ﬁﬁhcﬁwi@ﬁa}/\aememt hﬂte@ﬁattwe[ﬁ@&&ht&mﬂctaﬁlbe
target fornulations can be blended to contain a w de vari %y)@éof consti tuent

powder nmem linath% fosin of| copbrnatiops ot detsbare elémgnttShé\r@mbmaimn FrpeTds candveder
t | t
b B R T BN S e R

to one o@fblnmrgae@fﬁotdxan@ldswpswaéxenﬂiatede&wﬂabﬁdubmawn@ﬂsleynentsAhtladmti vely, a
sputter target fornulation can be blended from one or nore individual
el ementdromiNm QY Arrrarton GepFanipg Mstea phoy oE raaparydiajdeso nglude fsitn ditiCory -of

el ementes \P‘icz:rtl N aRR' @ e /N Ta R 'Wycoléurtﬁgsé 41-@l d Qv mihe ?"é%YTQrC mast er

all oy cdn ad ly contai n carbon sputter target
f or mul anddaviaksctadnometrp hvetidedwhrionhd 0. or nore materials corresponding to
a conbination of elenents that speci fy an alloy system of t he inventi on.

REEET NN TR RN ARG NI TR

cont ai pweiRPalaterdBNYf cRInRMBNG 1SRN ALt er BT FBNE2BRS e ftHde$ BEEdrTAYs 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 master 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.



an alloy systemof the invention. The processes of selection and conbi ning
into a fornulation can be performed as described bel ow or according to

met hods well known in the naterial sciences. The resultant sputter target
formul ati on can be densified to produce a sputter target. -9 (00271 In a
further enbodi nent, the invention provides a magnetic recordi ng nmedium The
magnet 1@027¢dw e dinther sedodimenbribe investien pobsies atmgantc wcotdings medinmuribler | ayer .

Th | f.. the.. ti i i i ncl | | t
compr | ST TSy MR rsRed § S bR | e rors db pdeson s
and as tigygleribic 2&oadiffnfedReh GRNides bh GREPEYsERS cathphigias Cr-@-&-Mnd, £3 \. as

20 atom c percent and is an el ement sel'ected fromthe group consisting of
Ti, VMxXC, wheremtf, compprisgs at Irast Guhandigs mjicle el atomsc percensat cangBisanat least much

as 20 atonmi.c _percen nd. i s an, el enent, sel ecte om t he group .consi st.i ng
of i, Oy anyas RIS po e pie R i SRS Eed OB ErogesigTE ok o
nmuch ay, ¥Q Za1195) Mo PET, JaNindWd M Scitprides HERAst 98 S BmhidHP4R 2N Rom B Rent
consi sting of Li, My, Al Sc, M, Y, and Te. (0028] A sputter target

mat er i and preocleresnt selested frempbagerupresnasisting of Tindt, Kod¥b.d¥iot HE TanewhW,end can
be useq,to sputter,_o a.substrate.to manufacture a thin film]layer

conpr s Mgk lrRbhS By 3 e s Tp iR ateRieiote 3 gl i e 0 bt ary
thin f ptoplcangstidhGHLICRIZ, BE R Miloedndgieng the sputter targets of the
invention is an underli ayer of a magnetic recording nmedium Underl ayers

conprised of an alloy systemof the invention represented by the fornul a

Cr-C, (§028Acpyftertargut mwterial produendelrem iag pdvder epsteldrgs maif thsfinnengiest i ¢

' j bal I I thin filns. Theref
gt Sk Bl B R nf8 A et | OB it Bl a0 ool oo ana

used t gyssqmfdrahe shosan Ritir elrgatnder bx@ypilart ihif il iaFerfthdt cah®e praidued bisam of
different magnetic recording nmedia useful in a wide range of applications.
(0029] theisguite toregls oif dhesingentiongs pp padestayekolor magneiigAesaréinggessiinng medi um
accor di lﬁ‘{yﬁ } ] i rd the netic
recor dpﬂgeﬁégﬁ“} nc %’gié%?gﬁo@{}ﬁfse?f %ﬂtaté,g%hhg@}lﬁ%g%sse?@gr? thgr? é%rﬁ ngé;fcpggrred
over t MeCoarl{atMad\;-Cytiemetetfreorabldepltayielr growt eftlesgraetic caystadynespylatearin cobalt

O S Shr B o e 0 G ST SE S B,
| pegpragh bt A LSRR, qEhEClas, ORI MRS 10 O
as 20 diftenénd npgncenitecandihg media us¢fohmrn wislsirengeesf appbeations.
[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 underlayef includes an
) alloy system co;r;prising 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 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 least 0.5 and as much
as 10 atomic percent and is an element selected from the group consisting of L1, 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 from
the group consisting of Li, My, Al, Sc, M1, Y, and Te. The magnetic
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- base e . tdin dlum i ti I ncl ude,
for exa%ﬁ%l elt18¥?00?- F‘Jegﬁlg? g%/heér dgtildcn(r%ﬁ? mdu% vEr ? Sq 0 ayéer y%ﬁ Hed

over | ayever gerfhieflayey. Tho ocaBjes bindfarlg cahcbRsQdf a|dc9base[i@Q8Q] In this regard,
an exenpl ary thin‘filn1stack of a magnetic recordi ng nedi um 400 i ncl udes
substrate 401, which_ is generally alum numor glass. Seed | ayer 402 can be

formed G089 Inéhlsé%aaé& @n£59mplaRsthan e gtackpep Hmze%lreegrdwemg et hgcludes
ori ent akj o, Of #hﬁllg{ S OgéPérkﬁyﬁljfgrgﬁurBfor E?S§€éﬁq$§4kly48§%gﬁ%:z;§rﬁne}dnmvg% film

| ayers. neral 'y, seed laye can €onsi s

al t er nadubstaate a0igevterd seefl 14 lee 402 ﬁﬁ)edstthe shvvpetah@ driest@don bathe rgraif 2tro@trelad
omtted. [0031’ Underlaéer 404 is forned over seed |ayer 402, or over
subst r a¥bsaytiy depesited thipeilmyayerss Gepgially swed Ryen s Ansrasist 5P agdiAls

depi ct egl aﬁsa}fgﬁﬁtel ARl emérp o?ln# eg?r@?eﬁl‘?m%%f?t?&{ t§?1r 1a§$}e4d%rc‘%ﬁ%@tom1{t9&’ ent i on

under | ayer can c nsi st rom one ee’or nore layers. Underl ayer
404 is conprised of an alloy systemof the invention haV|ng the formul a
Cr-C,  qoo3t)QJmierlayerMDANR fdtmed whver @e@la}&armm seovatsubstast 401 i saedlaysr 402ck as

20 atom c, r Nlco rls at lLe .5 and much as atom c
per centomiad] g\ﬁgﬂu Hevesdbd s lcrt?%?ﬁ Qwawrow%@m?é? aIPER © gfh&nresavt Y,
Zr, No, 1nb@1tlohﬁundcl;§‘a e@M é% %sﬁpém'i'érﬁ S8e & thr&AG mOreTa e BaGHGEr &5 R0

at@m c percent and’is an elenent selected fromthe group consi'sting of Ti,
V,”Zr, ddmprived ofHin allby,systach dNthanﬂ'emEon ey ths dsrmatla Ce«3 tCrovisC an€r-a4; - M:lfﬂfl as

10 atonl cent a el.enent | sel ed from au nsj

WP Eorbie® o et 44 SRR ish s P e g e PP BB 5PN By e urm
of t he dsMEIAtds Q0 afdrfie peARnCAN i8iah cReent LQ8AEd BbANBBLEPIconbisii L TICTMEounds.
For exanple, an underl%yer conpr|5|ngpan al l oy system of the invention can

i ngl udedr, O%i e, B, B hed Widdnpomprsesfhlenst & aendhes muchrnl) aogiapercent andisane of
f b
For e U SRR EL S Bt Ll 8 o A OO oL B L BVEL RN

1’s | as ‘one

however coniiprizes &delist 0.0nall aarudhge e atomit PeRehCadris 40 5leamnt sad¢tsédsfromfthd r om one
to three or nore layers. Interlayer 405 can be conprised of a cobalt-based
al | oy aEQURFASISEAS Of Lk M@ rAlL PhdYiadé %HHT?|%%&Pd%Wéﬁﬁﬂf%nB€n%5Hﬁ8H @& such as

an oxi dﬁe&YﬂfnCJf t}fl@l%'VéIh}O%ta?ﬁ) S 3 OhBH &1l 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] Interlay'c; 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 1s 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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strucgture. Interlayer 406 can be slightly magnetic. [0033] Overlayer 406 can
be formed over interlayer 405- In Figure 2, overlayer 406 is shown as one

|l ayer. In a further additional aspect of the present invention, overlayer
405 can consist of fromone to three or nore | ayers. Overlayer 406
simlarly can be conprised of a cobalt-based -11 alloy and al so can include

addi ti Qnay afd ABAISinOhdE MTENRAS1eRIER AR ofPofXdsdRic AL 6h of(ﬂ‘éi“mié}fafaﬁlitate

favorabl e grain structure. [0034] Carbon [dbricant |ayer 408 can be forned
over ovVawrzbtegranO8ructher e t he | ubricant |ayer includes C or a carbon-based
all oy. Carbon |ubricant |ayer 408 protects overlayer 406 from danage caused

b hysi t .bet d-wite head t ict d | ¢
ave” | TG CprdRbrg L e B B obre e pratint “Phunet Ok CBsBLRe
lubri cafludedYesr AQSHahsBEa Y. t¢HHon 1UbPLAR]1ayeR 488 bHStEAE by &TRRALIRREm t he

} t
i nvention provides a method of manufacturing a sputter target nmaterial
havi ng dainhgycayst nphysep! esgart behweyn & meadt- writniead (noetCeptedylad overGyeMIGIVR- C.

As descri be reviously, p er materials of constituent e} enments, or
Conbi nierbnl Bratergiiishtos B heat eREhye it FabBO RSG5 TTAS S oA PE By it e
can be conbined to produce unconsolidated fornulations where C conprises at

| east Qopd35pmela RSHEHERLESNRAL, MOV EntREI Fr6Wtes a MeBRAVIrSSRfAtuiRASIHulle® and as
much as 20 atom c percent and is an el'enent selected fromthe™ group

consi stdrge mdteridl havipg Yllowsystexs repesertifd biTthe farmiuld/CrA\, CoNpCi s dég-Mi-Me@st 0.5
and as ,nuch .ag 20.atpom c percent. and is _an el enent sel ect.ed. fromthe group
consi Sﬁsrg%smbe%p}rekus%, PORBST I}%t,e“alW?cﬁflgﬁﬂbelweﬁﬁdorW@Bﬂ%W§8? at | east
0S andc&%tiﬁﬂ%bel@ﬁlell}@,Lc%h%g%&ldﬁlf‘grtﬁgﬂése%lfqlgy's té%ﬁ'sa SreyEdYmbingd RGireduder om t he

I, , , Sc , an

group consisting o . , | ) Te. The powder materials of
el -emenusgonselidaterbionaulaters wiere €ofomparses stdkast O Scandashanah ast2( aerstc mgrqsoki ty

mat or | MEpEscd Bt o TR s R A B nefirrb nd ¥ttt 6] e
exanpl groupeRasibif TNVt ¢, 2F, 06h) 680, IS PHtnarwt B, @8npiRESAt 18dst 0\Whing s &RkdL be

subsequently processed Into a sputter target. [00361 The nethod of
manuf a@s &9 plegniaperpentead is arJemenigelseied (front thetgoymeansistion of A6 \bd@sNeaVect i on

of po t ekd,al f ele I £Qnbi O of, e r Vi ng
dest T edthyara sl AR e Eneny Cr S b e R e b BB el Of
t he i n¥eBited froinsthé Badup Soadisthigootetiy Mgalal \Scf Mtorglahé Tegdhe paivesr mbtegia i t uent

el enents can be selected and enpl oyed_ to ) )
elements, or combinations thereof, are selected to have at least a purity level, mesh size and
particle morphology effective for a sputter target material. The sputter target formulation can be
consolidated by, for example, densification to produce a sputter target materal, which can be

subsequently processed into a sputter target.

) [0036] The method 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 1advantage 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, Cr and 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 Ti, V, Y, Zr, Nb, Mo, Hf, Ta, and W.
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manuf acture all conbi nations of elenents and atom c percentages of the alloy
systens of the invention represented by the formula &-C, C-MC or

Cr-ML- M-C. [0037] Briefly, powder materials are selected for a desired

all oy system For exanple, C& and C are selected for a C-C alloy system
Powder material of elements Cr, C and Mare selected for a C-MC alloy

S y stem WTI%IW@OC r 191? R4 gﬁ 4O séarébfecpf@ﬁ' a®r-N1i dMyt Ve afloy ggrsgerhhvhé}@ "ct%rreT nd?n d

-12 Simlarly, , are selected for
syst em \Mnem)eorlkﬂ ofc"brVeglebdMo tH:f amyr Whand#, Torresponds to antyomf LHfMgTAl Sc W

ot altnr RS Foteihalint & iy uaents S e esie Al mgatsm BB cirent s

can be %?‘én%?se&ntb@%éleét@& £188 PO pbRd fNv Xt rﬂ&%%le%e%'@&ttﬁe @Esﬁéaealé?%yﬁ&g al | oy
system For exanple, the carbides M-C and Cr-C can be selected in

st oi chi diweexdngde,|the éeabxdbsaMoeC a0d MriGhatri onslatedpowtbechiomtizica By Savbmable

manuf act ur the all oy system Cr-MC where Mis M. l ection of p er
Tt or | acambRpas ol e PR ctapn%ﬂ@c?@eéﬁwweif oLl BRE
chemi cal e%f?&%ﬁécﬁ%e& Sat&lals é‘f'@é’fﬂeﬁt@héﬂ?@&e ?x‘sé of gréd@tehlﬁ?ne% ajlihl BEal heri al

science. [0038] Selection of powder nmateria | ements h 5| red
physi calchendalpropdraed is atell kmoomeptthass skilled in thelanddsnaetiadsticoce. of a powder
material having a purity | evel effective for a sputter target material. An

ef fecti be. cho nbasdonthel t ended Ilcatlon of

he onulfu Seleiod Sihanier ot ShaneRL R aod fHEd PRV SRR PASERAl o

level s #}%ﬂ%ﬁle‘%fais%%élﬂ@es%éle@tlorf@d‘pcfdldé?‘rﬁéi‘er?&l mﬂgtalpqnfﬁéoadéftwuu@fé}r ym Hi gh

purlty evel s i ncl ude pomders of raw material s el enents or conbi nati ons

of ‘el emsputter sargét naa;emdieAmaafbpdespmtyda«febml b@nlucazmbm@dainltbymtexdi@é@pplhadon
h f t

D Ui ARy Bt w e K ainc e SRRl By R e P e B R O

Cr-4C \Amgﬁm&]hﬁamggnwc Feevel @Edluﬁxhqalgﬁcgdﬁgleva@mcmd% f;fafwd%lrsecrfermvsnatenals

correspond to 99.98 %r and 99.50 % Cr her thin | m applications can
use | owef elsmentsyor coudlivations pbeld@entygudy asdhe carhisies di ergbort enntanmegplleys puri ty

level s élgsctn%%c}] p%%}sc}us féa Ifggg Bg é)é%\gelq o?g 19y abou% 9%%49’)3 %Ans&am le {)tha Tpu\}elieg of

sputter |ca Ion can nave ]OMBY

powder b €ilinalndeNdiiet Bavshig bénelﬁeddl’tg’ £hiigh puhiveleagids Cr—lZICj Wﬂdﬁ*e t}idqﬁurﬁy Mﬁls%f
purity |levels of at_ |east about 99.85 or |lower % a 89%

Spec {1 IR B BRI 016 et S FaPOTpRIT R 15hEnd B PP hEen D Peitb i
\C\ﬁgggst % plgéuélillb{% ¢ glég o%ver;pﬂﬁwjlqgel ié é&b@er‘}lﬁtws Qchl%%f@r%xaﬁﬁ?e? ‘f)ﬁxtlfy\’igxleXs
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
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 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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materials of elenents correspond to 99.98 % Cr, 99.90 % M> and 99.5 % Mb2C.
[ 0039] 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 material. An effective nesh size will be chosen based on,
for exanple, the anount of powder in the formulation mxture, which

corr eszQ'faﬂﬁ' c‘hg\mkgf r%k?ﬂ?egs&%r GRRE 29fni gizé 9leth"é1|eie9r¥ PYPLIE egésgmten\é" tr(pdu%t the
formul atlon. An ef Fettive mesh 8 76 Al 80 can be chosSen Dass on, Jor

i ncl udi aipy sgtear physi cal -13 and/or chem cal properties such as the atomc
size of the elenment or elenents of the end product alloy system [0040]
Mesh si | so can be chosen based gn ot her factors and jnclude, for '
exanpl 6@84®01}4§§}5gg%@1§%ﬁarb@e CQ}O@?H EasﬁgPEQeré&ﬁéor\?\P?%"}C et SX¥Plke generati on
of hOW%&%QﬁﬁoRBM%ic é&fzéﬂfé@s'vﬂﬁﬁesﬂ:&f 1SN 2 P LaticH B Ho og@hﬁﬂs%o gecent ages
of a powder material require greater care I f m xing wth-other powder

mat er i afosmolhtiens dorgkahplensrhalep ataric erehtagasgengoualeo matesisb sdqairt igadatey care
honogeneous. fornul ati on. Fi ner nesh sizes for ML, M2 and/or C can be

M
sel ect &8 EMEKids ethebpRY dor meaterialo et afprapulagion 4 BIoght ©F heRESsIseBNeT on to
achi eve i | 1 Ofg: 0 J I $4.T4 J t ghout a
sputt ersutg g%t%ﬁ%@geg{&%%ﬁgﬁné Fclg% %sggg%e%rel\g’ ﬁ’fﬂ ’owrzra%%lgﬁpg J&fé?‘? i cul ar
m xi ng getcatddur tetyyconetiteits Dfamaliof §yateandf Bk dnentionid duhieva alhiger ghidompniof
el ements for the alloy systens of the invention in order to. achieve

honoge sG] mire PRGMA utigiy o ehionbhspustsblangst matgtabr Mesh siza63n boedjusted

acti vat, hCi gl .t : | e,
ol 1 ortoaiut o PR AL RBNAEBrodPARE b Blectil 3 (ireln Bty SAER o B oiBUFOP ©
des‘p}r abdlemant forahé slivyafystehnof tichiangeandndrdenes afhivve welopehedy efhapowlidrect i ve
nmes:

size for a ,particular al]oy systemof_ the invention. Exenplary nesh
si zes f Fmb]éﬂﬂérAﬂﬁtP%rr%%a‘I‘?E"‘t??‘lJ@F wyatiqnpf RbRge dhiapgss hepetieal ety where M

corr espgnds, th)rM?arflﬁl‘é égﬁleg?%ghg%s,gﬁeh %Ztﬁo{%ﬁl??ﬁc% bR artdRdcadresdiBph for

Car bi de.” [0041] Selection owder materials of elements for an all oy
syst em dsfirgtile actimabinh bOphasachdnges hed therafciesdiectse lag et effectofe meshaizeifot

nor phol o ffective for..a .sputter target material,. The.,particle .shape of
powdlor dir AT EHAIOY SRR BT B DSTeR, BoRTBUR B HGenes PRI MalsEEef BEFIRDE 1 or
a sput tRBF thelaliog 8Yst&A T -Chosa e M aseskpondst b i el 10ednslantst €t Gk inddh B6:00@S S
to be used in producing a sputter target. For exanple, particle size of

powder angt3@pinadsh ferpatbaleon t he coarse nesh size where a

[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 ch_o‘_sen 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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hot isostatic pressing (H P) method 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 100% density for a alloy systemof the invention. Lower pressure and

t enper nI

pross. oo 8, THERORRa R fehat: 67EiBlinls) el Wine o RRITIR derediuth BB o

densi f i @ataibon continitiealldys) caavtammbéyceddy iy vandlﬂ; dhefdcl aﬂ’cﬂlphy’rtb;ﬁi/ﬁxeﬂ@‘d@er
mat eri al s ﬁ%?ele nts i ncl udi ng conbi nations thereof such as carbides or
car bon ¥&h & pIt 9f Matengh syencsy JdieaBav oo vadRy rertenals phelsmenanelifingnd

physi cal et he §th }‘\@f Isumvﬂrﬂlﬁ'est & nOt8 it ﬁh%ﬁ{]@%h§1§ NE6e H&faﬁtgpedeby

powder nmateria enents, Inc er 60 suc

car bi desmyaf vaamtsqmmmsam] lagval ilnaye art @Eﬁﬁteﬁﬂm sdienceanAfmetictlaty efulany of
various processes well known in the art of material sciences. A particularly

usef ul mﬁ‘ﬂﬁ%ﬁt%@&l?rpﬁ%fs prededes §tqué¥ttRi@§e@pgwg§bl c8R PFRUS® RS WA e chaln pr oduce
on H
e e e e B Y RO PR SRl R ARLR NG0B S Gt

densi f i gaatidleo shapb €or 1h1pgdswddrdeﬁ§ﬂtalonhvméh lighpedsadre/ I g pnRIfare mbeess@np oyed.
[ 0043] Another alternative for nmaking carbon containing chromumalloys is
to use @P¥edal | oyed powder of chronium and carbon. This raw material can
be prepared, for exanple, by nelting and atonlzlng a O-Cmaster alloy. In

e f o B n S B vy 9 (R cdfb oSGl NS By 1oYREUYR LGN 1 O

al ong ite e deS|re conp03|t|
al Igyeobcmdee Df @Hronmaﬁn hincbca:rb@rbl Tilais irom nodteréd] eare ¢ prefared, fohexanfleyimsmpitimgent at

t t | t | 1 h t 1zed with
i gh SP‘%MW” o anssorebors e d it BeSxat oS obdehuom SPLarpansien.
i nto sphes @ﬁnﬂﬁfchbﬁlaﬁﬁ% ﬁh@é %E@Ehgé RERS IO dfed eémpésh@or%r '&JT;Q-;“ ed

powder |s shown 1 n Fi ack-scattered image node
scanni rglogbdniatenial was:trhe gpmphla(lszf ¢leffients On-C vdgraphvaseresghsattideatomic

m crostructure rticle section of.the.powder. [0044
o os (R o8 Cor A el AlgSi A rLp GBIz S [UBh BreSPae BfeoBFriBien y
di stri bgteedodie® Wﬂl@lﬁﬁhisétﬁleﬁﬁff bbIedifed {rdd §HeSitaMiattiles. arteUppicaithitri@eture of
chromum matri x. The chem cal conposition for this powder is listed in the
f ol | owi thg ag-sddidefied powder is shown in Figure 3, which is a back- scattered image mode of a

scanning 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 chromium matrix. The

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

x

Ca Fe Mn Ni Si A% O 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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CaFe i NN Si VONSC Mmmmmmmmmat.% PPl Pp ~1 Pp~p 64 186
7 7 81 46 32 9 87 13.82 [0045] Powder mmterials of elenents, or conbinations
thereof, that are constituents of an alloy systemof the invention are
conbined into a sputter target fornulation follow ng selection of powder

el ements, or conbinations thereof, having effective purity |levels, nesh size
and pargh@l ] . s SR ] > s. to
achi ev erltl %Cgloaﬁizg ngl;‘tgcgedr%?llca: g’h{&ggtéy (@)?mﬁgér’]@ EF 8%/} 0?yst em ‘ggﬁ‘pﬁ%ﬁ%’&g I?%,C&ggﬁsénor

Cr - ML- Pen@nt vilected ffomahpgiosp sondistingasdtTi 0V 5Y anx) Nis Md, Hfivifaharglsw281,at oni ¢
percent; M.conprises_at |east 0.5 and.as nuch as 20 atonm c_percent and is an
el ementPTRRSE A T OarRdes BReRE THHeMiG Peieenh pnd s anglespent seleciq frappthery = Ta,
and W -] : . OdT] i S an
ol ement o SRR SETEV 030 M TIETS, &7 W 5 B, SRR G BP 53R pPRich

and W aai@ aiinic papentsed iain ¢lemsht @lebteditbrashengiolp casistidgat diviM g paY, SeMinand
is an e %%I ct.ed fra%]the.qroup consisting.of Li, M, A c, Mn, Y,
and Te.¥-@3fien G RNE B WiisirRHPE#!S ObflompRiret cOmtiRatvpA el BAdeaitng |

i ncl ud 3413 i i ggg{ [ . create a
honngeﬁzggﬁag?ggﬂﬁg?gﬁggﬁ#ﬂgk}E%ﬁ%§§§365%§§§ﬁgﬁ ofﬂﬁ?gﬁﬁgﬁ%aﬁg with the

pr oducthoorgedous pewpavidanulaaser Asvithahs pioduetidrsofafie pawded thatygri slycohstiterithef

al l oy formul ati ons alfo an be generated using any of variaous chem cal and
physi c&P aﬁgY AYURDALRS fl %néﬁﬂuﬁaHo%%soa?atn srecheield UinesEYeH canPLEgaI¢Rd and or
exanpl ey B AGddd Wil kridndh P8 £85f AleTBL 43%?6 Erﬁ;hﬁﬁ ,%Iee%aﬁ%fp@é, %pzln‘afactur%.g
honogenei ty and nor phol ogy characteristics of the afloy formulation. her
nmet hod$ywidrhizktmmwnethods thaskiesk favbeathld iondpeneity amf mogtheiogy chamiceniskicsalfshe can

be)enpl qyed to.conbi ne powde erials and/or_ tq achi eve honbgeneous
FOAR A TS o A F R e T A A SRR

el ementegn bOEmPIoyedR) AU A der ShBIRIK Snd/SAb @ChievS RorRSgdiRolidMkidles | €aSt 2
purity | evel, nmésh size and particle norphology effective for a sputter
target material conprising an alloy systemC-C, C-MCor C-M-M-C as
descr i heRf6dhellewing sgleakires arfdgombiang pawider paistalsed cteoreanss, ar agomhmagdreatnt s

and at om rcent ages ,of t el ecte || oy, syste -hj s powder
Forma HufenARLESENEHED B bR S RAANCE L bR SR bk Bl BMEEEY 1 rown i 1

t he ar teffeétiveRtbes blttes i @0 eatdtal cdbmpasin®en WS stdne Cy-QJrMEObr 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 is formed into a shape or “can,” then consolidated to form inter-particle 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 matén'als 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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the production of a sputter target material conprised of the selected alloy
system 100471 Sputter target material can be manufactured by densification
nmet hods in which a mass of powder is formed into a shape or "can," then
consolidated to forminter-particle netallurgical bonds. For the specific
exanpl e of densification using H P, elenental materials are mxed to
produce a honobgeneous bl end, the powders are encapsul ated in a netal
cont ai d [ t t he
matori Aol QR SR i QELAARERE uiiOnl AATRERLEGEN ]
cont ai rgeihderd or abtudeth. heat and isostatic pressure are applied on the vessel
to consolidate the powder, turning | oose powder into a densified nmatter.
can." The HI P'ed can then can be sliced to create -

k H P
mrJFt“”ﬂ pﬁﬂ@mﬁlws f ﬂ}uatéetew Bl micrestrpgturey @@evﬂ%ﬁ%mﬁtsmetaﬁalb%ﬂm alloYed into
an apprgaéﬂn%@l AP HmI %995th65 aqgﬁlémﬁa'cﬂ;s m&nrefcgfﬁdt Hat d&%%él “hed

Once shaping i s conpl ete, utter targets can be ard
wi t h a maenaideath aralblysaded. haﬁ/ﬁig4Be} fdringler EsMACi whars M atMs. &ot ycplhalad Cr-

m crostrycture of sputter target material wth an alloy system having the
f or mul &neher M @ey SY§teeidt WAt BEroguessinto Sovfter (§egef &BT%‘#aéloé‘f“Sng e

Mo, “For’ %‘?deﬁr*e#e°@élg B p i, B P0G oSOl a%t%gl}%é;m@eWYn;i a
sput t erslho\amgehe ﬁlsmhszhar:i Fme um;bgiérp @asi)glndr\]@; O@bgmﬁamﬁs?gyfgmﬂmandnmf

i ) i
X ﬁg\tm' ﬁlj&r?aﬁe Cdzfg 5153%@%?#% ' Figureai ﬁm@emggﬁ shpwgngtheisip ngf(rfh? act ur ed
by CO”%\%U}}&P}%IEQ@@O; Cr.%ut | Ox%ggem\egﬂlst FRIS. EJaﬁufaEﬂugéﬂf% _é)&s!éhdﬁlbﬁ afes a

SEM sh stri the car de phase In a "oy, Wwhere
M onst)anchd}ﬁ,powdmﬁatenaﬂsed by consolidation of Cr, ) M and Mb2C powder
materials. [0049] Although the invention has been descri bed with reference

to the disclosed enbadi nents, . those skilled i.n th rt.wll dil

appr ecilgé‘gﬁ t‘ﬁg’tou% g’t%éﬁ‘é%’i“ﬂli‘a%?%ﬁ?pq%é%” @1 {?&rg%ceg%?bﬁ figgjosed B&é’dﬁg@t%nl y
i 11 ust rgddeRinel id fe al’trWﬂr}Eéd?B' ap&)}ecm@maﬁth@%pemgeemés ihedtudiad ddmifed

nmodi fications can be made wthout departing fromthe spirit of the

i nvent iabave e oohydilngtayive phtheiinvantionol sheuldberindextogdithat yprierrempdificatiinig
cl ai mrs. ‘can ll)e mWEi W1t'h§>utcc{e%|arrtri%g flom the spirit of the invention. Accordingly, the invention is

limited only by the following claims.
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1. A magnetic recording medium conprising a substrate and at |east an

under |l ayer, said underlayer having an alloy systemconprising C&-C, C-MC,
and Cr-ML- M2-C, wherein C conprises at least 0.5 and as nuch as 20 atonmc
percent; Mconprises at least 0.5 and as nuch as 20 atom c percent and is
an el ement 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 atom c percent and is
an element selected fromthe group consisting of Ti, V, Zr, Nb, M, Hf, Ta,
and W a /4 gon‘%rl ses at least 0.5 and as nuch as 10 atomc per cent and
is an ele 8f€cted fromthe group consisting of Li, My, Al, Sc, M, Y,
and Te. 2. The magnetic recording nmediumof claim7, wherein C further

conpri seg. at laeasdneds Reaitly nR8iuMUshpAsingl @ sts@4tt Gndd&f 168N hn uktierldBE siBgNEt i ¢
recordi ng{lgrredlu of claim7, wherein C further conmprises at least 1.5 and

as nuch X8desaYsr GAYIES BB ALK FYStem corpReIsing fride i - Miee aindli GiMn¥erCuthereingt ai m 7,
wher ei N Nb@priey dt $as 0Mand 2s mudheas rmgtaﬁtcl ;@rcérQ(M lcBlin prgbed 1R (HabtD. Ddnd @4 ALdA a3 0,

wher ei n idaloy s tem s sel %9 rom the gr.ou Sl S f

PR s AR i O Y L A ey L A
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.

2. The magnetic recording medium of claim 7, wherein C further comprises at least 1.0 and

as much as 10 atomic percent.

3. The magnetic recording medium of claim 7, wherein C further comprises at least 1.5 and

as much as § atomic percent.
4, The magnetic recording medium of claim 7, wherein M comprises Mo.

5. The magnetic recording medium of claim 10, 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.
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