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
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includes one to three discrete layers, is deposited, where the underlayer is typically a chromium-

based alloy, such as CtMo, 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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Chrom um under| ayers additionally pronote fine grain structure, which
reduces nedia noise in the magnetic filth application. Underlayer all oys
can be generally described as C-X-Y alloy systens. The X el enent
represents | arge atomel enents such as Mb, Ta or Wthat expand a chrom um
alloy lattice. The Y elenent represents smaller atom el enments such as boron,
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ef fectuates favorable epitaxial gromh for optimal match with a cobalt all oy

thin filmlayer. [0008] Accordi.ng to one aspect, the present invention

pr ovi ded0Q06d dipstilsretors Gueideeaddiiglily destrble loguipyide carhPy SPNIARING $hapmpm bagrd
alloy s LSk ' = IO PNV X ORY Yo &= r.i ses at
| east O%Engr?&)%ggp{ r%%hﬂgge%b&atf rrr?ll(}:{t%e ?:13% ?MI\%X(II\:% rises pg%f@rlrgglt% g%%g and as
much as cratallineaplandsdn pelateaitoyaiichsiof aanegaetoeabrdied methed. f Ingrartidvdargit tup

consisting of Ti, V, Y, Zr, No, Tg,.,and conprises .at | east
0.5 and SaSrami revideshiGirecti et othls i Erepant of Sbon SSiaifng it
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



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

et enent selected fromthe group consisting of Li, Mg, Al, Sc, M, Y, and
Te. [0009] According to another aspect, the invention provides a nagnetic
recordi ng nmedium The magnetic recording nedium conprises a substrate and
at | east an underl ayer. The underlayer has an alloy system conprising Cr-C,

Cr-MC, a0dtdaiicierdbBtfid inhe eRhienCsleundll frs@sh@brobgasisifidg ofandvay, sHslh, 8§, 20
atom c percent; Mconprises at |east 0.5 and as nuch as 20 atom c percent
and is aRfelamBAtY M) semprssadrestie S gndapmuenay 22 ptagiepertent apd isyan elementh,

Mo, Hf, - | - tanO. S a 0 atomc,
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Nb, Mo, Hast O8andadmV¢h anth) MBntoparctend & ad 4aatntQefcRadrors tHougbup &msking
atom c percent and is an elenment selected fromthe group consisting of LT,

My, Al, SELLMAS AlySc. e YeandTm10] According to a further aspect of the
invention, a method of manufacturing a sputter target material is provided.

The neth [ : i - r materials of el enents, .or
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is an elenent selected fromthe group consistin _of Li, My, A, Sc., Rk, Y,
and Te, enfaPRMseebleastOneansisdenchas 2} atamic pareent ard isenelerpent Releeted fropethst a

ity | , ' i cl ffective { t
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conbi nat asolatotrikep&odnt ahd isunadera entanleurd drsiheadgrcdneistiig af LM §, 11, $OMn,
all oy system _and (c) densifying the wunconsolidated fornulation to produce
a sputteY=? Bt material. Powder materials conprising a conbination of

el enents can include a chrom um alloy such as chrom um car bi de. Powder

mat eri al rLESH i i f el t i : i or
Car bon Lo MRk (6 I A0 Br e iR BD | SmBhod of Alnb ACLIIE Sptfitidl

mast er ainbteyisl sgmoidedli THE, mith@Gl cm@yisedr (a) Gledimg@ovMer MatdfalsGf clandhts, \6¢ €,

Li-C, Ngc_ocr:ﬁbiﬁ\!':\t_iocl:l’ otse(férr%ntmél%oﬂ%orc an gﬁgy ;I;/Eé\fe% 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
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100111 In the follow ng description of exenplary enbodi nents, reference is
nmade to the acconpanying drawi ngs that forma part thereof, and in which is
shown by way of illustration a specific enbodinent in which the invention
may be practiced. It is to be understood that other enbodi nents may be
utilized and changes may be made without departing fromthe scope of the
present kiR bilo. BRIy et ST o otfeo i EAML MM AU elery kg Aoy 0
the drawi ngs in which liKe reference nunbers Tepresent” correspondi N~ parts
t hr ougho g.)‘leCgMOeC,lHGQpT&Cs Va- &,y i@ M g1hiAl-E,i ScrC sMack, YT, andMesdt i onal
magnetic recording nmedia; Figure 2 depicts a thin filmstack according to
one aspe t he esent, i nventian; Figure 3.shows back-scattered i nage
node of gdoggg%pﬁgfgg?%@tgrdgﬁc% Foiale] Féﬂﬂplegﬁwb?%ﬁﬁﬂegerﬁﬁtlf Bede &ebei on of a
pr e- al | oyedngRrbingddwingothatleme st Gefoe SRANS WAL stwit LR cent
(at%9 . Fi gurnga4 sngs a_gSEM m crograph il’l ustlr at |93ng1 tsﬁa dlﬂgtwraL gg@%tnrg%n%
car bi de geatfic smbodient i€ vdiidhoye abteatioe thayybeqonsiokd dEts trboinderstasithfroder

powder bl end,. and Figure.5 sho a SEM m_crogyaph illustrating the
st r1 buFTBRBRAS At G 296 Chhest tray bpuveat RSt SERAA: OBy he Scope of the
consol i dafek@fl i®fenthn. M and Mb2C powder bl end. DETAI LED DESCRI PTI ON OF THE
| NVENTI 10013] The present invention allows for increased data storage of
a magnetic recording nedium by nmanufacturing carbon containing chrom um
all oy sputter target natBRIEF DESGRIBFIGN @FIHE DRAWINIESi dual el enent s,
carbides or frommaster alloys containing carbon in order to achieve
opt i nmal I iLal .growth in.a sputtered uynderlayer and epitaxial match with
a sputte giﬁgﬁﬁgﬁm"ég’eﬁw é%“(*ﬁsﬁﬂnnwﬁw ef?é{%@‘iﬂ‘i‘“%&ﬁ ARG beRmessponding
metal | urgartsrmidugHeltogy to the nmanufacturing of sputter target materials
having all oy systens represented by the formula &-C, &G-MCor C-M-M-C
confers versatility to the production of a wi de range of carbon contai ning
al | oy syst emsFignemlifieniets g éymieal thindilgmtackeor cenvgetionwhregheticsreodrdinganédiaent i on
enpl oys powder formul ations of individual elenents, carbides or carbon
cont ai ni ng na i Nni | enent.s bel onai to groups [.I-A
hrougn Vit A e Suds SRR ER TGS oRe <g8r Gart Prptah ention
manuf act uri ng nmet hod of

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.



t he. i nvention provides an efficient neans for producing carbon containing
al'l oys in which the distribution of carbon containing particles can be
optim zed through the selection of favorable stoichionetry of individual
el ements, carbides or master alloy additives as well as the particle size
di stribution of those additives. Another beneficial attribute of enploying

el enent a[()OmQ}I\Apbiyiri%Iﬁcﬁﬁde@hﬁatalﬁ&é@hﬁﬁﬁ)d@[o%T{I?er mand @R @bNGutbPaRpUr €
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the gr oufrRidpsestarbry eontaiping yhaster allgys conbyinikg elemientsTe]longmuk W erMipclbapr i ses
at | east as ,nmuch 0 at.oni cent and.is.an elenent selected
Fr om ¢ neeBa A A8 & ity 133 Bo fe-5 ATE S e aple” e s RiFapdmenod of
conpri sese aiveh88s prd¥ides a0 @ fserAsdind SorfRo AP CarbSf CifhinARG110Ss ﬁﬂv@:ﬁ n:%nt

L Al , Sc, M and Te. The

sel ected fromthe group consisting of Li, My C Y,

sput t er digifetiomaf earberl canainipg partiiesfcas beoptimizeddbrsigh yhiesglatipowl &votabind

fornmul atjon,.of the_.alloy systemas described, further. . .below. nsi fication
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press and sinter, ~and other pressurel ess nmethods as well "as” o
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Sput ter t.erial. of the inyention cgan.include, for exanple, any
conbi natéeg%\ﬁglﬁm gg?%fpcuttﬁé?sc%ﬁets'éfégge@fsm@a??’a&m"!l?% and of el enents of groups
I1-A through VI1-A and groups |-B through I'V-B of the periodic table as set
forth aloors} Spetdiap té afgahbitiinent, Ble iadehtiaiRoddend YRker GEIMR@SIdiDNTHANTI NY
fromat |east 0.5 and as much as_ 20 atom c percent. O her_enbodi nents
i ncl ude SRUCEHIBES! watepakineluges 44 dlimnsystespeampnsingCyés Crad<r puCr-Miney from
at | eastyer e ] rther enbodi.ne
i ncl ude “éar %S?Q%n@ Sr?é% gg%bg&ﬁ%srgh%“zadﬁ%{)&gé;ﬁ%{qg, I{élsc g pﬁ%g#é eapseb‘éeaﬁlfi.
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Cr-MC, e, carhon consists of 2-6 atom c percent jinc|lude Cr-20M6C, .
Cr- 20M gz%ﬁ{’c}f%ﬁ%&% s Y50y semaritesc IRk Qrandiaemachantl Hemis prrsgaRd iy &
atom ¢ RedR&NkeRlted Rom fh@fg%@' \Rdishe BB Wi i tBenstt0%nd H landhem C
percentages W thin the abdve exenplary randes
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



al so can be enployed in a sputter target material of the invention. Those
skilled in the art will understand that selection and production of a
sputter target material having a particular atomc percent of carbon within
t he above ranges can be perforned using the nethods of the invention

descri bed herein. [00171 Sputter target materials of the invention also wll

include aneAERAGIatdnN0 peicefl GTRINS efiboditeAtlfclhde farbdlh %gg'ng\{trélrh%t fAG 198 ORPS

| -B through I V-B. Depéending on the alloy system produc ese elenents
i ncl ude R§ mpKsh @i 8 atomip persente dbxsthplary enthodinetsreftpmittEi tardét méterials haMing thib,

w, e 108 et vy Nt Gborm S £8 pletBaereatne g G 2hes. 200
A, Sc, WMo, CYenaad, Fe200n4C %ﬁmrmggj, W?énurﬁ%@c@%esﬁ?ﬁ@td\ﬁt%i%er&&t Q‘ﬁlgﬁ he

atom c percent can be at |east 10 and as nuch as 50 om c percent.

exenpl ar yeferehesd elemens vothis fhetalioy. tAdl geminpereeritades within tig dboee eadrhiiyrysisgeam
Cr-C, Cr-%c?%[) Cr-J\é&-g/Q-C i ncl ude Cr-4C, %-lSWS.C, Cr- 20M\b- 2Ti - 2C and

Cr - 20Mb- BTASFED® FHBTYIC bt SRS B 80y adgral ofheingrntiong 1dige thalled inrtheert will
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as 20 atomi c percent. O her enbodi nents i ncludg a conposi 0

sputt er percemtofgarben vathin tiegboge fanges @tn Hegasforrhedusing tlesmethodls adthd Ghveati@ii C
percent. Fur.ghcg; enbodi ments include Mranging fromat least 1.5 and as much
as 8 at OFCEPHEPTER: . Exenpl ary enbodi nents of sputter target naterials
where Mis Mb, the atomc percent of M consists of 6-20 atom c percent and

i ncl ude (g012PRb&ker thrbetdANERSs og}reqmt'élgpntago'\%ﬂl\fhéﬁdé‘ggorgg?ﬁ%r?gf el grlﬂtg of Lo

nunbers correspond to atom c percen e reference ement” W
al Loy. Agronps H-A eroughr NbhAped gentpadds tinesghr INb8d dyendingopuhe elloyt sysgat

mat erial s having all, atom.c rcent ages qf w thin these exepplary ranges
al so canPfF?EB_%ﬁj’c B eleipuarb STl o e & %nflﬁﬂgﬁé_%&rt o)
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M ranging fromat |least 0.5 and as nuch as atom c percent.
enmbodi metSW, aad ibe whichcenmpo s¢lietton from te elinpdntnlia Mpuilt 8¢, Mar Gedndrike dni al

ranging fromat l.east 1.0 and as,nuch .as. atom c rcent. Additional
erbod: merae PRbiE G ot a§ Vg™ M BhPAi® Tidgs o h8Thiabl 5Bt e (A0 BTG
per cent . mlible agbd OBy 5418801 C Thdtaxempl6P BIR0s i QR Sifsphertangi MtchkRMadhgigast

0.5 and as nuch as 10 atom c_percent. O her enbodi nents include a
conposi t Y IPteNpCr-Sn§r G erdps-bti-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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least 1.0 and as much as 4.0 atom c percent. Further enbodinents include M
ranging fromat least 1.5 and as much as 3.5 atomc percent. Exenplary
enbodi ments of sputter target materials where either M or M2 is M, the
atom ¢ percent of M includes 6-20 atonmic percent. As with the carbon
percent ages descri bed above, sputter target materials having all atomc
percent 366i) Sopudf ikt MercRSIsHE1 th bt BINY|-81,COThh A d HBSmBASh

per mut a |op; %‘P %phé%e perpcerﬁt agega\ﬁ\no?h}l,sné?lﬁ:z MLE%VE%E%% ﬁ?@nranéoensog\g]n be
pr odupe@langsmgﬁoﬂwlammﬁ)dsd af mutleas 2 atomiiopercdif0 LhherSpahadaments ipduderpat eri al s
conprising an.alloy systemof the invention wll have a hr.qmi um
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or a g QY. SAGHi§5Hal ERBo &AM iHE hdih®Bro Atllegen 0
atom c peor Cent 1 ess ct&%e aatomoc Serclent ggfemgﬁﬁé&h%%r??daihégd ?ﬁeﬁiﬁg@;ﬁ?%;&@
tsyst e{n aEB’ml}iE_,pefErentCalTheraiHBgeysfttmmBBﬁa‘ta)a &8npositainooti M, pergtegnfrommmt teasifld ard as
arget material conprising a Cr-C alloy system Sputter target . eri al

Paw 280@?1103@569 ai}maic PRICERL @@WW‘POQWQS@CﬁWﬁW?}ﬁP%%@M&?% ¥8Fondi ng
o 100,atpphe, el Sudeh G ink{38c MYRaf; C
cont ai né%s! n taﬁg aﬁ"l%glil/aé ‘g'?/stem{E pl%%\&tthg aefggoggig[?eg?ngmgﬁagan ﬁg%lagﬁ??gﬁ 60
to 99 ateni t5pedashiuch s A Supurhicgrerdeat. gietemplatyemitaidimpats o€ sputisk targed madgriads
system Cr - M C consisting of Cr-6M-2C will_have a cgg i um. cor‘rgosi tion of
?:rZ ?:t om"dll\;'g%?lﬂ@!ﬁﬁl oziMi? fsdYlpythe gfarpic @FroeBy opgladss g @lﬁf\??’ﬂﬁparﬁ o I‘%?yw@/st em
per cent (T B Do B et B B B
the all qa%zlt 615'191':2 agweffas aik yosm |16c016binan'am; andngenfitatonsef thesegBr&ntagesivethppethe ent
in a sputter target material having a.Cr-M-Ne-C al | o stem of the

i fvent | Ghove exepuary Ew2EH CAHRY %rﬁé\é‘ée% qslngctgﬁ“k?g{?@éﬁa}?ec%ﬁféig&'i ncrease the
anounts of C M M or M to higher atom c percentages than the ranges set

forth abgys éx%{g S1ANRESmidifie HMHIOYsYNEAUMRSinvkaiorokill Reeresul t ant
sputterq?arde%ﬂa}}ate eaﬁ‘ v?n?lll bglptggr rgesglgg]isgglf? decr eased tfo mallfeal u tﬁg

bal aRce cthforhihllm anhmyitopsoeprisngOba e of tpealterp reach J0§epamichisst-sk9ng ed

inthe art will understand that a sputter.target t erd > d

having 4FTCAYeEBEh Rt PR TBRSTRRN R SOY FarTned B P Brmif et B =

and C f %orﬁf%e?&nta%@%f &l doQWireSh @NBal By-sGstefal WG, OF cdd rablie MBmGOIO\BOIS t he

t eachi ngs and gui dance provided herein. The choice of an all Oé? stem the
d

atomi ¢ pemEicaget mfa pater efgshenteriaheompriens 2 SrdnaitssysEmy sepyt ML or MR

can be sel ected,.for exanple t ¥ . s t
ater  aimedRif Tgringge AP oy ) STORC Sal BT DSt En Sonb RS BR bk Nponking &6
epi t axi oot bediddlt 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.



mat chi ng for magnetic recording nedia. Mreover, the alloy system el enental
conposition and/or atom c percentages of a selected alloy systemof the
invention can be varied to optimze epitaxial matching for use with

di fferent magnetic recording nedia, for exanple. Making and testing
differing conpositions of an alloy systemthe invention for optimzation is

wel | kn t hqs killed in the art 002 r.dl t

embodi mi2!) hese St & so sibo ol mgt 330 Ftes R Pl ARt 1
sput t er yh&hgall posdible pefrhiRBtidiRnd dOsbRRINRRE oPélementWreM, M s Myfandi@feeahigof or a
conbi nati on of el ements thereof, for an alloy systemconprising C&r-C, C-MC

or Cr - MiheMgtlo®y systamies Gi-6, Cr-dbfpern G Y {Cegiven teteaghimen andhgvidanc povidedbni ¢

percent; M coppri.ses | east_ Q.5 and. as t.oIm and is
PR e e R A e R A v
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an elenent selected fromthe group consisting of Ti, V, Zr, Nb, M, Hf, Ta,

and W aargetvBatenalnpkll sfthe atloy sxstamodscrbeil haseimpeomets eflicigntepitaxipb@ew andnd
is an elenent selected from.the r consjsting of Li . IMh Y,
and Te, "M R & EPTEISUT EFCB%Weﬂgt Z‘#?rgf)‘éera ahggf%sct: né’qe l%‘%{gﬁgﬁéedmaﬁ%gll’nggst a
purity lLeyel ,atoFfﬁé Berg b€ aAnd aRelctied lafloJRyaa o0 i iffdntiohicue bt etried Suiptiltfe
target material:., C 10%231 The sputter target fornulations of the invention
consi st epitayishdetching dordse ofitlr &ffermt srgntti reofrdisigeneths. Jougeinmier Making and

production of . a sputter targe erial of the j.nvention.. : TR ials
of el ené‘i’fﬁ‘é‘gélﬁﬁe %’&P@amagg ﬂt%’bnﬁoé’eﬂsi?gf %\ﬁ/“évr?&h %E%if’ﬁ’gla" 1.Izan{3>§ 1%%‘{3"11 fitd
unconsoltﬁ(?js@tsﬁgled% gRdprior to consolidation by densification. Therefore,
the formulations conprise unconsolidated powder blend materials of elenents

aifd atom c percentages corresponding to any of the alloy systens described
previ oug0§2] ckccardipgita anothea egpdodingandrthe inventierhalse prepaiies 3 FPUHIIartlor nul at i ons

al so can. i ncl ude unconsol i dat ed r. i e of
Such PERHEE G BEOHAE BT CoE Par TS roRpeE R el oyl BPRC, O
of the iBueM4tRA of eRnlcAR3Adres, orl drdlloy shyvemaonipoism gl eCr-vhUeori Gri ) -M,-C,
correspondi ng to conbinations of elenents also can be included in putter
target fvoreneinad t@nprises ehisast fviedtd asrinueodss AP ISRSTERL éﬁmﬁ’f‘éesc%ﬁeasa%gﬁﬁ e

fsglr eg?ggxglnﬁel.}cgsr%}s i ?a?ﬁ%[e?éewgyis f&ﬁ\épern?é?llt 1899 £OALRS ng*)(uptc\éyﬁsiE’t'ing“fﬁdr B, ¢l ene nt's
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, 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,



[ 00251 Constituents of the sputter target fornulations corresponding to
powdered materials of elenments include, for example, C, C, Mwhere Mis
selected fromTi, V, Y, Zr, No, Mo, Hf, Ta, and W M where M is selected
fromTi, V, Zr, Nb, M, Hf, Ta, and W and M2 where M2 is selected fromlLi,
My, Al, Sc, M1, Y, and Te. The constituents of a fornulation can be in the
formof raw materials corresponding to an individual elenent. Alternatively,

const i t yRPUP SEAMPE twH bEARM pdRdériBatbALINCOresponting & bcﬁnbinaﬁortsh:d‘ ehdnoanes also
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M-C, Al - Sc-C, WM C, Y-C or Te-C, and having a stoichi orretry weII known

in the art [0026] Sputter target formul ations can be ble%fed nllsaln a
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mast er "0y can 1t ona ntain carbon.

Further réent%ﬁ‘fﬁéf%hnto@rc%bnfaﬁbﬂybﬁﬂhb%ow glemems. laa:ohibenrmlmi dfrebmentiocanibenor e
mat er i aPs corresponding to a conbination of el enents that Sp eC|f an all oy

syst em afy bivery m&egluerrmnder?hm@ﬂm‘ and ingRidgs\iRFXanpat @RRHPY aolfﬂ A5 2

ony a0 St Spe R bl §o&ﬁean§teﬁsfs%rfatceﬁl@ﬁranmemweh@nnaa& yary so

contalrns constituent elenments and atomc

per cent agRwnihiedll %Rﬁ(al cfaiybona:lanaahrhﬁg Rt emmf Exdmwlmwamxd@nncltﬂ@ Cpiodessds of
sel ection and co

t f I b d d
el ow 00, B0EoZaRRET 6, Het oS Cd KN w1 VR i Gr Yot VL kel e
| t ant tt {: be d fied t d tt
resul tan Q%Fuﬁ%e?]rsmlla{l F&thgﬁ&%wnqgfﬁ% e densified to produce a sputter

target. enbodi ment, the invention provides a nmagnetic
recordi ng nmedium The magnetic recording nedium conprises a substrate and
at | eastjoens] Lﬂjﬁi&Eﬂw forfriudationd ean by blendéd totdentaimy edd rese ol WItAGUARdi um

R R g A e R g L i i O G
l'east  ;dividual element are selected and combined into an unconsohdated 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.



0.5 and as much as 20 atomic percent and is an elenent selected fromthe
group consisting of Ti, V, Y, Zr, No, Mo, H, Ta, and W ML conpri ses at

| east 0.5 and as much as 20 atomi c percent and is an el enent selected from
the group consisting of Ti, V, Zr, No, 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 sel ected
fromth up.CceNsi st i | - : : : 3]
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[0029] #1,38hpridesi@REARE 6 SAnd b Fuich 2816 bastiic @broanta@ietn elenenosdeng! fredithn
according to one enbodi nent of the present invention. Briefly, the magnetic

r ecor di gyupednsistinigrafluddg, 41, Seubbt.fateed Tend at | east one underl ayer formed
over the substrate, where the underlayer includes an alloy system

conpri sj -C...Cr-M n - ML- MR- C i i 5
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20, at onkg RAIEERS si@r bto Aibsk@TENasefaentedthin Gim iher gooppsedorfshesdllayy of
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as 20 aswhine fgrdhe elrnser pentics taéiaeteIW@@V%P&HWI%%W%&“éFé"ﬂ(ﬁi“&‘B 8% i ng
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[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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substrate 401, where seed |ayer 402 nolds the shape and orientation of the
grain structure of subsequently deposited thin filmlayers. Generally, seed
| ayer 402 can consist of NP or NAI. In an alternate arrangenent of the
present invention, seed |ayer 402 can be omtted. [00311 Underl ayer 404 is
formed over seed | ayer 402, or over substrate 401 if seed layer 402 is
omtted. Although underlayer 404 is depicted as one |layer, in alternate
aspect s 1pfiordehie rdbRRRN MY AYddRTbrAN § d]8Ke FordR4mphd) aCleAgioht o0érldyepforme to
three or nore |ayers. Underl ayer 404 is conprised of an alloy systemof the
i nvent i owvehtheiintgriayes. Toe nuerdayer sigilady-onp contistof aNfo-pesed alloysher e C conpri ses
at least 0.5 and as nuch as 20 atom c percent; Mconprises at |least 0.5 and

as nuch t.om c_percent and..i. n.gl n . ]
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group consisting of Ti, V, Zr] : : , Ta, and W an conprises a

| ﬁast 0. Ebstrate 41, miche sisd 1yeattOdinoldsethe ehapeand orisntator PEMSEaIB straetlEPf r om
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el ement 5,08 KBEHCMHanEATBRWISe prEQint i eANBY, QecdRyS RN dad)iRlongi@BRr | Si ng an
all oy systemof the invention can included oxide or other conpounds

facilitating favorable grain structure of subsequentlé deposited thin film
| ayers. [008(]3derlayenr4Cdye forned avansdsa laysr ABY arwaer snbaleate 4Pbif seod layentd sayer

405 is il d | .. N i ddi ti

nter ! ayEPios Ao HER e SEOR A AR oobraE: B bR melle MR, o,
405 can {fGefiRARniSM)ePloAcaOhAkist bRE6H dakhoirane mbidagan Undédakr 400! ude
aq3|t|onal el enment s "or conpounds such as an oxide which facilitates

f avor abl @mprisedof &t allaytaysiem ofithe fivapéen hodng te fhenalp (e, G- Mag e Grdvli-Me33)

Overl ayer, 406, can be far ver interlayer 405 Ki - 406
s Shone e CRhrizge A B s W s iRz S ot bortelu N Yot £YELLA¥ SR

I nvent i o, m&heis 28 mAGRréeanaiDRSh $lertdnt séleaBd @oe the grdupamneistinpbETi, 3y &f,s.
Overl ayer 406 simlarly can be conprised of a cobalt-based -I11 alloy and

al so canZi, i, Wide HidB4,1and Y41 Me cemprsss 2bleasird G0 as MGl BS A 2lornig RGNt Ad dfan
facilitate favorabl.e in.st rbon i 408 can
be for neﬂe%%rselgstée? Iﬁ%}g{h%fﬁ%?p éﬁ%lg}rsgﬁg ﬁg{r?’%iﬂlrtggt p@éﬁg‘m iaﬁgﬁ’ddggm or a

car bon- baggstisad hta¥ast GArdndras nulvhiac d0tatdraivqrercbiBamt istancleanon erlketye fron0bef r om

damage caused by physical contact between a reag-\ivri te_head (not d%Pi ct ed)
and Overgrgy@pomsgmng of L1, 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
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itself. In an alternate aspect of the present invention, carbon | ubricant
l.ayer 408 can be omtted. [0035] In a further enbodi nent, the invention
provi des a nmethod of manufacturing a sputter target nmaterial having alloy
systens represented by the formula &-C, G-MCor C-M-M-C.  As described
previ ously, powder materials of constituent elenents, or conbinations of f

constituent elenments, corresponding to these all oy yst ens gan bE combi ned
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densification to produce a sputter target ter| a i ch can be
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el(ement ﬁ&g%ﬂ%?%g??rﬁﬁﬁﬁﬁ% gﬁﬁa ef oﬁ%}ﬁs&l);lrt (Péésts(y §taﬁHr§s Rluch RE 20 AR bERENL;

represen ormu Cr-M-M2-C. [00371 Briefly,
powder rtﬁtcampaisss arleasseBemﬁ @slmfuoh aaZﬂ ammeq)cmlemayldsysm e}‘zmeﬁmd@tqhﬁwre theCr
and C are selectedf ] yte owder nat er |

'and MEPS IRGErEar Rt Zor Moy WAL Syt vk erarecy el R By

one of T, 20g1t(]ng1c %Eeen{\ls})d 1Mﬂn elé&nen?@eleé&!jfr% the Jn?ou%n- dFnbigfingef T V, €, N4, Maid M2

are selecte | oy system where corresponds t'o any one
of Ti X \HIf, Zia, ado\V, MndMjfcommsmatw@h@wmd@@mbp@rhagtmcaa?ﬁsﬁeah@ddﬁ an plemppt

: enl.a idu
Sei ot ecreBHIdlh ik FOHR O -Cae Sk e cah Spe el e bEESe ¢ RETPRLSerifilehls of, |
or more &érﬁ@iﬁ@to‘} cOhblMgofekic8t ad b1y BRI at [ aguaitPledel, tiveh ciae bidles
Mb-C and Cr-C can be selected in stoichionmetrically favorable
particle morphology effective for 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.
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conmbi nati ons as powder materials for manufacturing the alloy systemC-MC
where Mis Mb. Selection of powder materials of elenments having desirable
or predeterm ned physical and/or chem cal properties is well known to those
skilled in the art of material science. [0038] Selection of powder nmaterials
of elenments having desired physical and/or chem cal properties also

i ncl udes selection of a powder material having a purity level effective for
a sput tSmilkdydet OyBf endal, ardseletttd Gdr a/@r LML ¢1myeslysﬁﬂm where Mh@s@ﬁpm@s ed

onthelntendedapllcatlon of .the tar rtalnt il
appl i cattp ens oreefils &, Kr.gwb.de: i TIaéK‘i %ﬁzb@“? Roé’élfl‘?/%nya%neo f‘ﬁnsr%l n a

magnet i ﬁg e‘gf a.rgil'g }ﬂq‘%‘gdellj Matddad nEf PVidYal bR }ﬁf‘e&% daﬁ%‘é@%cﬂ%@‘éﬂ@él‘ﬁbﬁlfanér%%f

mat eri a or conbl nations o [ ements such as the carbides or
carbon cgahaitdibdithbedeleied thalesoesgond t@nwonmstq/elemems ngtha q@amd glllweeyétlemof at

| east about 99.94 % An exanpl e of ttered,.thin havi ng
benef i t dibrigyamplei G CB@NGLS)MfP -Svad q:rsé Esﬁépﬁ‘ét?‘éelqsﬁ‘éwwme{@cal %Yosrthg t he
powder rials of e A5t R9-COR/hde B 33

Ot her trﬁoﬂﬁ)ﬂ ng%%?@egﬁh g%%aq%gorﬁ%g pfjrgl?% yQStevegg of powder ©

mat eri al Seiddich taﬂiBa@derfrﬁmeleaqaawememsmavmg|demedb$e orfredaterimened plasoat a18Boro0%
and as nmuch as 99.93% Still other sputtered thin fllmtjnderla yer

appl i catdhemichprapastes iowell kpewn tg/thpes, gydedip ﬂb‘“o@ﬁl@?‘“ﬁﬁpé AP whil e still

being effective and include, for exanple, purity levels of at |east about
99. 85 or %.and .a REG! debite ENARRAESPEr dhbfical
under | ay@bgﬂe%fl?c&?fll (gﬁéw&é%qrglatrgﬁ?\lg%{%%ﬁmg hgr t’wg 1reanges of purity levels

i ncl ude élrﬁM)am&rfenﬂeﬁdaﬁmo@@,pomsmatembmgvmgmmrayﬂml pifestive fhewel s of
the powder” materials of elements correspon

9g. 5 % MpR(er terssDiptesel. ebn HACHE pam@wemlﬂ?q §1°§e“o‘?a5 ﬁ{%ﬁiﬁ E?ef‘a?d Vg?t 1By

stem of . the | nti,o RGN PfbeffEeaVE &iaze
ef fecti v%ft#%lspué{%g?ﬁ%ett aeﬁg@gﬂé %Hé@ﬁ%{ﬁg{a @#I;égg%lﬁﬁﬁ S?,mash size will be
chosen bagEHIPM a fr@gn@xa&airemgtrﬂimlm &fhgh prrmtpdtvmmclmdc newflers efiFayy mgterials

m xture, which corresponds to the ato erc e of, the tem
el enent Qﬁqlﬁnﬁﬂ@mco et et ¢ fghemeys & el?fgg OTGaLhon o sgm%:lg% %g chosen

based oNye hindd\itdhllg. h9tRel piliy s &%fatléasmyu@pg oheqi alexpnpRasfta pattaruth

as the a onlc Ze 0 or elenments of the end product. alloy
system {HQ040h uMbshysi lzeiml roefimd bye loposentydawdds @h‘*@t"ﬁ@?e thereits ey b
i ncl ude, for exanple,

e TR 30 IS0 SO ECPFSLBREE ! DR

atom ¢ pgﬁp‘iﬁ%@:ﬂ%ﬁn Afe BwREPHET, 1BRIEHT Piwdee ttdrl ginemtitng, fareeample, 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

-13 -



in mxing wth other powler materials of a fornulation to produce a
honogeneous or substantially honogeneous fornul ation. Finer nesh sizes for
M ML, M2 and/or C can be selected for these constituents of an all oy
system of the invention to achieve a higher uniformty and/or nore optinma
di stribution throughout a sputter target material. Mesh size can be adjusted
to match a particular m xing procedure by selecting a different el enent

i t hi i ke gr f Cel _the all t fotheripvention i
or dor 1 SrieReTHETGrSERS S BT M AL TIG AR R SRt as CVERpER '

include§u¢pﬁsﬁﬁiivation of phase changes beneficial to the alloy system
For exanple,” small er nesh sizes, such as those produced by carbon, can

result in desirable activation of phase changes and therefore sel ected ‘as
an ef f efi40k Mmbizsiakse chobe ghogsarbasadinaether faeiprssandiinehigg, forgxappleent i on.

| h. si f wd i al f el
G M C g e SRS e A e ey Risdrrraroep SR S and
325 mesh, ffiatfoAtb ?&eexahﬁ@é ihnaftel 86hiOper&ntRWIes poRiE hakfalatqdtegrentscdror

an all oy systemof the iInvention can further include selection of a
parti cl & miphelithgyheipbedei metefials of adpuodlation wrpyeducsethomageneomds@rparti cl e

o1 1 oot | GBSl SRTPEGIoS R GOEEAn B BOL SA bisooh i Phaasy rafbe '

densi fi gat i ONFRARGE Sendtity s $1S8hlIloY sHEORUFIRDinde Rt @EhiSvd AhgaE: udiimity
exanpl e, particle size of powder matéerials can be on the coarse nmesh size

wher € aandiot mosositandl clisritegwinrthroph®)t arputterdangetl matysak Mdedywee ¢agrbe adjusted

densification. Coarser nesh sizes .include, f e le, 10 .
Nt or nat Paich 2 R P e o e ehar g BireRiARBeS wtiR affe donp ot
S %eCt i QEHI%BtsfﬂoPg% a{agy%' Ghifs 8 BB InAhBoR 8NSEEioalchfe0s heRBRLRIE oF ikt Rivideg and

achi evenent of 0% density for a all OK system of the invention.
Lover pfessiatmnanthaimrfertert inckdentbe hodiation of pheseichargss anefireal teithe Aloy

exanpl e, col d_powder press and.si.nter. .Ex | ar i | | i cabl e
For ¢ hessistey FBRSPIaHEanFT DRt Ures Mepmaer groaufalby Sy 2 SRR,
[0042] Fh&r-BROMEvROWHSH pHABE GfdnabSarl theteRFEBlScted ACAElfdtgve arebh siat farns

t hereof such as carbides or carbon_contai ni nmle:so s, can be produced by

any of particolas atttrestisteat ofihd imteptipeaFxereplroges RTpST i prealapk clgpents
Combi nat? i STRCTEET SOk ad i Bl BT R B ABTHES o O pESHRI fr g
be manufagtus atkskYor Gayidef various processes well known in the art of
material sciences. A particularly useful manufacturing process includes
atom Zat[(l)()oﬁ] ré%&erc]:?igr? o%tl)\gger?r?art]er?glso giu &gmgl%wgrannﬁltogrsg{gtgﬁl 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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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-alloyed powder of chrom um and carbon. This raw material can be

f | | d || h
Fol | ow 109420 THEBoTess e oo ST I8PEER ABEORBe By BRI FETates
al ong Wit By B8y g?n{%ﬂfr%pf'fo&§ chh 8K @rodlded 9?§hj; 651\!2&% Qﬁérhic@ﬂaﬁd)ffhytsféﬁl BEBods

al | oyed materi he”conbi nati on of” elenments Cr-C where C was present at
14 at onivell pemnenthe ot ofmattdd scimee.nBhe ebp\@I pooviewa@tetrwéwfgeé@nmts; mdedingi th a

'nto SpRaRpUaopaReichl sk o Rerokdsl e sRPRn EpRelAT e B L HelB i hFeq
powder i,5y SPOWY s BrddeBuit Gred, kn%hqﬂ tﬁémopﬁﬁ&nﬁp@ﬁé&wdAlpaﬁﬁam@dﬁem a

scanni ng LFectron m cr ogr aph . Thi's mcrograph reveals the
m cr ost mmhfarcmrtrﬂgrpmo@ss mchydas &!IOIﬁIBitE)B(m@tbOﬂSOffhmh eappueduce PEO&A Apateminds

t t f 14C conb t f el t m
i ot 11 bkt enr R e & M uRbs S CHTe e cengey e Bharb i T Y
chrom um, qRil é}fég%?a}?m g&ﬁ%@hﬁﬁ&atﬁﬁ%'ﬁ N{g}gﬁregﬁfre t}g%l;lﬁm P reipfodeksek @ek i N

the fol Fowng t Fe Mh NI SI mmmmmat. 64
186 7 7efhblayed32 9 87 13.82 [0045] Povvder materials of elenents, or
conbi nations thereof, that are constituents of an alloy systemof the

of  powdarb i &l e i LT LARL B GO A el o
! 21 el's, JABb §f FCorfiith BRI LdrSde THIDFRN ]84 cddee Q@lﬂﬁ@ﬁ SfoREgarks18tY aeltinp

| ected anmounts to achieve atom c percentages o an all oy system
conpr i siang aomifing @rGrME @raster @lowiLinvthe Gllawiag @xmpbn?ﬁ‘ PE e’sCaﬂlelté&@k V(FSSH%YF?& as

aton o e eEHm SHETEn S S biash eaRBCheRt Rt Ul CLRd B o

V, Y, ZrygioN mMerialias the coBfhaMén M‘eleﬁl@ﬁﬂér@ﬁ@&}ﬁfe d:@&&tpr&seﬁt and aﬂﬁ’mﬂuch as
20 atom c percent and is an elenent selected fromthe %& consi sting of
Q{CS

Ti, V, Zercehbor Ob,146f Theanoltendllny veps dhampeasaigsnized yitha Bre AEgR Iy ch

EIS 10 atfO mdﬁgﬁets Ivﬁlrl]éh gl%geciu%nﬁw s BRE e %h%ﬁ&ﬁ%ai‘tﬁc%@ AR (Y5 MR ARG LSt Of
the as-solidified 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 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

.15 -




Y, and Te. Conbi ning powder materials of elenments, or conbinations thereof,
irncludes mxing or blending the constituent powder naterials to create a
honbgeneous or substantially honogenous powder fornulation. As with the
production of the powder material constituents of an alloy system the
all oy formul ations al so can be generated using any of various chem cal and
physi cal nethods well known in the art of material science including, for
exanpl emwchraaﬁzacatque@ercbyt M ovmprses ghleasithberd asomaethasebatPENOPHRE and is an

honogene char act.er.i I f ion. O her
net hods © lﬁér?/eln?ﬁ%%‘if\ff{ F?Jmttﬁ%ér SUB P NISIHI%O%LI;]TC\% ‘g’r%lt tﬁﬁ) %fg?ipg gsl{:dlmé&lhgg al so can
be enpl QyYRdrt@ £ MAB 018 aREUERLCHE B dtBinte pereémand & acdlbmest seopgdrents
m xtures. “[0046] Foll ow ng sel ecti n& and conbi ni ng powder materials of

3

el ement grouprcoasisompeTiBit VoAr,d¥b, No.dhe AasandnWwy ard Mzﬁnws?%atﬂ%ﬁﬁéo Atan @ggpuch
purity le

Par oot Ao BPIoEe BB Srimgemoarl oy ey B o Ep Rk 1T B, RPSE P

descri bed ;ahqye Comtpee gbwher MuteAkls on eleﬁleﬁfsoﬁkbkﬁﬁﬁhﬁﬂiﬁraltmrmf iretudes ﬁmmng s
and atomc percentages of the selected alloy system This_ powder

f or mul ator blending thecaistiuedt fayrder atatsrialste créats # bownagenseseeutibee i@l  known in

the art .of material enc it ¢

product |h8H1°§Fn°é‘S§)Bl}'td Ito &88? A ﬁ'intgf pﬁogr?ﬁmﬁ?ﬁq{sedtﬁl?%Oﬁg]d?é@églt% §tlt|uiants of
system a{lQﬂ%kys‘éﬁh‘tfh@5116@fo@ﬂhla’ﬂi@h§§lb@hmp@§géﬁ@rdﬁﬁﬂﬁﬂg§ﬁw @fdvabmusiemmtamau on
met hods 1 n a nmass ~- powder is formed intg a shape qr "can," then

consol i gaysdalioethatsmdlhiempiarthe ait of mateaial emgics apcludBader e’FB’PPlF’HENEJS%V&WPii c
B by BT B PR s STEPA Rl BBk o Sl o

produce
c(r)\t ai Ngfiloy Ftehlififon. CRALALAREAY WelDkbogRESBHsd mlaammh@mbﬁmamtai suieret atsbe
mat eri al s %y any residual gas. A hot isostatic_ pressing occurs on the

cont ai nean be smpkrveH theambian govdergnaterials grd/es trashicve DaPIORFRRPUS FUXHESS: vessel
to consolidate the powder turning | oose powder into a densified matter

known a20§46d"}|_cg|llpw?rgv & t18g an {c&hﬁnﬁ%;ﬁﬁﬂie} BERrf8 O Oerfbts & al@nbiRibe of

mul tipl tter tdrge target blanks can be machined into
an appr @ﬂlémaitﬁt}ﬁmlﬁ,ap adind bdvermmyeabien puoitpdgvet, em&shrsgnﬁrlaad pamCh’— werppeiagyonal .

Once shaping is conplete, the sputter. tar ets. ca t i shed
Wth o PRl epH SBe MBS P gECD Iy STgt Gl e i TP &
m crost g gﬁ%%’rﬁ) BlabdveS 9'}:55&@& foRth RN fbdRled SbhtAinkiy ﬁ1|e|e%fnexﬁsy§id&m)rhﬁw ng the
formul a E gure’5 il lTustrates a typical mcrostructure of a utter

target pesdeatigat oﬂ\ﬂlt elestedhllaysysiest. Rk poiv ey fpﬁ@ulraaemrﬁmab@towﬁé%h% FESAM i s

\b. - For fgﬂg)vr\.]untghp?oc%dﬁgs 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 form:ed 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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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 Cr2C powder materials. Figure 5 illustrates a SEM show ng the
distribution of the carbide phase in a &-MCallo ere. M.c |§£s of
Mo, nanupalrganabdOhse depks|is eRInplsis. BTe sphiter tppelsifan B i@@% ﬂﬁg%‘f

[ 00491 Alth(%{) h_th d nvention has been described with reference to the

di scl osed™E gﬂ?%%t those skilled in the art will readily appreciate
that the specific exarrpl es and studies detailed above are only illustrative
of the iﬁmas} FiRfiresdtillahinidsch dypicanstéorsdtnodire bAs spatet Guget moderial oath zomiloycan be

made wi t hout departing fromthe sp|r|t of the mcriigntlon Accor.di n‘gt,%é

i nvent i osystesn having thedowmly Oyt Figureo! 1IBRIralgs & Haicas migrostippetyre;of aspait ?Hg?t

1. Asputt r. e ter a Y, g}g}iésl:&goﬁﬂgcr@ M C

or - “&f“’“aﬁ lteclzljtl)prpgkﬁ%{ es aﬁ-nﬁ#eaés}tMS@‘EUI and as nmuch as 20 atom c

per Cent : aIM e @m{@&ll@t syls%ﬁﬁ;i; COv & 1anddweed intoh spaser2fr gat fomnolapen @&mg CandMos

an el ement selected fromthe group consisting of Ti, V, Y, Zr R@Eyﬁf
dis

Ta, and wblrdts seppetivebs latparticadar, bigyredlusathge ﬁcaégmﬂcf”]%’i%”&‘cﬁ)&@é‘
an el ene sel r om i Ta,
and W a ﬁ’&%ﬁg“s on ?ﬁFeasPﬁg&)gg%ﬁa az(?"fr}r%(lzlﬁ;' mBthaymét&{)% ?E}ggiﬁ%enr?%iﬁ 0fgnd

is an el eppid cg@ W@drﬁa&@fﬂsﬁ IR g@eoLiflusienes sSEMshofving memmwuonsa‘thd\m Y,

and Te. 2. The sputter target material of claim1, wher @dtgﬁ

corrprl s eearbide|phassiin 2. (-Mrd 2 @Y,rﬂk@ﬁe%c‘l@“t%ﬁ?wpcmﬁ@rfé%tﬂlfe Co?ﬁ BR PECT
tar. get erl ?%0 w@ gtegé@@er ein C further conprises at least 1.5 and as

h as t B% ant ‘The sputter target material of claima1l,

wher ei n Mcorrprlses Mo. 5. The sputter target material of claim4, wherein

said all ﬂm49y$ﬁmﬂng}5th8enhmtladhisrhnmntdhecrgxedupth retmerics to thy dclezed 2oMmodisEnts,

Cr - 20Mb- 2C, - 2C..6. Th tte

mat eri al these él‘FlHPC}ﬁnltheWﬁé?‘fllsl|f‘?f‘dé]¥|aﬂp]§|°136‘°yth§§/‘?f’éﬁ‘?°ﬂ%c g?s %‘% & c{r‘lﬁ’ St(ﬁéaqge‘rioup

consi st v%far%nléllglusgahlzéw RCinventid? Mr-sBJhid 36 vadéhstobd 2R addes R6difidatine

sputter get mat er 1 al claim1, wherein said alloy systemls sel ected

f r om t hecgr bupadewitavgtdepgrtiof fiom the, spiEit-of BwiBgention- 2gRerdzE!y, 1be Hiygntion is

2 2T
- 20M- hrn?teg only by the following claims.
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8. A nmethod of manufacturing a sputter target material, conprising: (a)

sel ecting powder materials of elenents, or a conbination of elenents
thereof, for an alloy system conprising C&-C, Cr-MC or C-M-M-C, wherein
C conprises at least 0.5 and as nmuch as 20 atom c percent; M conprises at

| east 0.5 and as nuch as 20 atom c percent and is an el enent selected from
the group consisting of Ti, V, Y, Zr, No, M, H, Ta, and W M conprises
at least 0.5 and as much as 20 atomic percent and is an elenent selected
fromthe group consisting of Ti, V, Zr, Nb, Mo, H, Ta, and W and M

conpr i SEst &tclainssls: 0.5 and -18 as nmuch as 10 atom c percent and is an

el ement selected fromthe group consisting of Li, My, Al, Sc, M, Y, and
Te, and wherein said po ter | L ,awe-cabr Ce a,purity
| evel , mesh %Fpi’éteragﬁ@eﬁ% eﬁ%ffé@l"ﬁgb%h@% %é%niﬁngﬁl%liﬁ%gr %or a sputte?ﬁ-?ﬂér et

mat er i abherednd cniprisesanizhan D igned as nauck o4 Araternic perots™ pRRRSISFSA gea%P-Sélp%?fgmcg, or
conbi natigns thereof. .to p | datigre el &t zamt 810, HaI d
al | oy sfﬁgﬁ P N AN SRS dle%‘s‘%%“ﬁgelegg? g’d ﬂﬁ%%g%ﬂl ?’gat ed formyl ati on to.produce
a Sput tBi; atdaWgkt corarisesi aleast®,5 apfas muetasd0 @fomig RErosnigend iy ?‘?F“b*epeﬁﬁe{‘)ﬁg?‘

NP | 86 iy e bt P} 31536, THcHle 35, sh@ ALAIME corfffsGaNLeast L3 anllhe it sod of

urthér ‘conprises at least 1,5 and as ch, as, 8 om ¢
per cent 10 atdhdic peFtest amd isrodicofenteklagted foom t giour ?an%ﬁgh’ L@SA%J&‘} % all}'cll:ltehet hod
of claim 11, wherein said alloy systemis selected fromthe group consisting
of Cr- 20M-8C, - 20Nb- - SereiE T fMe 1836t 164st EMande.mutBas iDhe
net hod of cl eﬁ?'%rt grné%erq];ialsgcgf@lg/ﬁi oy System | s(:)ﬁlsggl ected fromthe group
consi st ategic@ércddt.- 4C, Cr-15W5C, Cr-20M-2Ti -2C and Cr-20Mo-2Ta-2C. 14. The
met hod of claim8, wherein said conbination of elenments conprises a chrom um
alloy. _15. The nethod of cl ajm.l4, LRl 51 O GEOM14AE0 1 dr@)as §REDLsIsSES
chr oni ufn carerch‘f“ei%‘.rgeLr'ﬂ%terrlfaéPF%ghglf w@@gﬁ%% @ Wr%ergri n sai d conbi nation of
el ement somRiPpicé®es a carbide or carbon containing master alloy. 17. The
met hod of claim 8, wherein said carbide or carbon containing master alloy is

selected from the group consist.i f - Tir Yz Y-C, Zr-C, Nb-C, Mbd-C
Hf -C, TA-C, LPfcPYAeETree] T %i‘?“%‘{%‘mgdg‘-"%mm g’c"-g@’r ﬁ%“& Y-C, and Te-C.
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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-19 CARBON CONTAI NI NG SPUTTER TARGET ALLOY COVPCSI TI ONS ABSTRACT OF THE

DI SCLOSURE The invention provides a sputter target material. The sputter
target material conprises an alloy systemconprising Cr-C, C-MC or
Cr-M-M-C, wherein C conprises at least 0.5 and as nuch as 20 atomic
percent; Mconprises at least 0.5 and as nuch as 20 atomi c percent and is an
el enrent selected fromthe group consisting of Ti, V, Y, Zr, Nb, My, Hf, Ta

and W ML conprises at |least 0.5 and as nmuch as 20 i i
: atom c per
el ement selected fromthe group consisti e vy prd hs

_ ng of Ti

and W aamechve 18 elepic nsessntand is @ glement seletfd f%?g' tﬁ%%fg‘l’p’ ca?\gléis.férg 8t %{%Mg"\%é?gfgnnt’ Tghd
is an qhgapﬂgaép!ected fromthe group consisting of Li, My, Al, Sc, M Y
and Te. magnetic recording medi um conprising a substrate and at | east an
underl ayer conprising the sputter target material of the inuention.also is
provi ded. Awnethoaidgbwderanmirial mrsplﬁgedamé\am‘iﬁﬂsttaéﬁuagtl""ﬁgt“éef*i‘ 3 3 P?rﬁg‘F
prOV|dq%ﬁ?gngégﬁ%ngfﬁpgﬁm@g@hgynﬁ@ﬂﬁgﬁd material s conprising a conbination

) I

(b) combining said selected powder materials of elements, or combinations thereof, to produce an

unconsolidated formulation for said alloy system, and

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

0. The method of claim 8, wherein C further comprises at least 1.0 and as much as 10 atomic
percent.

10. The method of claim 8, wherein C further comprises at least 1.5 and as much as 8 atomic percent.
11. 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,
Sc-C, Mn-C, Y-C, and Te-C.
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