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di scl osure relates generally to high density, |ow
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- data storage nedia, e.g., magnetic recording nedia,

exanple of a typical thin
??ﬁﬁibéfégﬁ%bgﬁﬁﬁﬁgﬁgEord|ng system 20 containing a
Ru or Ru-basged Ig‘yer and conprising a vertically
oriented epregent (discpsyienirlatesd genarally §@ dighy dens“% low oxygen
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(iopthe alepdsitionaof dfitt filmglagérs dn uhel efdnafeture af daRagbragdnedia, c.g.,
non -nﬁ%net |dc i nt.erl ayer, and at |east one
68?%15 TeCondne mefid nagnetic recording | ayer. Reference

nunerals 7 and 8, respectively, indicate the single
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Ruthenium (Ru} is present only in limited amounts in nature and thus the

demand for Ru and Ru-based materials, e.g., alloys, such as are commonly utilized in
substantial volume in the manufacture of thin film data storage media, e.g., magnetic
recording media, exceeds their supply.

An example of a typical thin film perpendicular recording system 20
containing a Ru or Ru-based layer and comprising a vertically oriented magnetic
recording medium 21 with a relatively thick soft magnetic underlayer, a relatively thin
hard magnetic recording layer, and a single-pole head, is illustrated in FIG. I, wherein
reference numerals 10, 11A, 4, 5, and 6 respectively indicate a non-magnetic substrate, an
adhesion layer (optional), a soft magnetic underlayer, at least one non-magnetic

interlayer, and at least one perpendicular hard magnetic recording layer. Reference



Briefly stated, the relatively thin interlayer 5 (al so
referred to as an "internediate" |ayer and descri bed
in nore detail below) underlying the at | east one
magnetically hard recording |layer 6 is conprised of
one or nore |ayers of non-magnetic or substantially
non-magnetic materials, typically Ru or a Ru-based

all oy, and serves to (1) prevent magnetic interaction
bet ween the soft underlayer 4 and the at |east one

har d | ayer 6 and 2 pronote desired
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direction endi cul ar magneti c
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Iayer stack constituting medium 21. Magnétically gl
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of each polycrystalline layer may be of differing widths (as measured in a horizontal
direction) represented by a grain size distribution, they are generally in vertical registry
(i.e., vertically "correlated" or aligned).

Completing the layer stack is a protective overcoat layer 14, such as of a
diamond-like carbon (DLC), formed over hard magnetic layer 6, and a lubricant topcoat
layer 15, such as of a perfluoropolyethylene material, formed over the protective overcoat
layer.

Substrate 10 is typically disk-shaped and comprised of a non-magnetic
- metal or alloy, e.g., Al or an Al-based alloy, such as Al-Mg having an Ni-P plating layer



on the deposition surface thereof, or substrate 10 is
conprised of a suitable glass, ceramc

gl ass-ceram c, polyneric nmaterial, or a conposite or

| am nate of these materials. Optional adhesion |ayer
11A, if present, may conprise an up to about 40 A
thick layer of a material such as Ti or a Ti alloy.
Soft nmagnetic underlayer 4 is %ypically conpri sed of
an about 500 to about 4,000 A thick |ayer of a soft
mag net|c mat eri aj selected fromthe group consisting
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recordi ng e
interlayer 5 in the manufacture of high performance data storage applications, e.g.,

granular perpendicular magnetic recording media such as described above, the constantly
increasing demand for Ru and its alloys exceeds the Ru supply capacity and therefore
. necessitates development of other, more abundant and thus less costly non-magnetic
materials useful in the formation of interlayers of magnetic recording media. In

particular, rhenium (Re) and Re-based materials, e.g., Re-based alloys, have attracted




particul ar, rhenium (Re) and Re-based materials, e.qg.,

Re- based al l oys, have attracted 4 attention as

potential replacenents for Ru and its alloys for use

as thin filmdeposition sources, e.g., sputtering

targets. In view of the foregoing, there exists a

cl ear need for cost-effective nethodol ogy for

manuf act uri ng hi gh density, I%\/ oxygen content Re and

Re-based materials (such as based al | oys) suitable

for use as deposition sources, ... Sputtering. .
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ARl Yoo R GHer ?rt&%gtgance magnetic recording nedia
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conpr i SI ng high density, |ow oxygen content

consol i dated powder materials conprising Re and

R OIA RY D ETYH RSOl @SURFANOL her advantage of the
present disclosure is inmproved, high density, |ow

oxygen Contﬁﬁﬁbd%ﬂ%@dfd@lteeﬂ'e&ﬁm%ﬁloﬁ‘ﬁ%e@ jddptoved methodology for
conprising Re and Re-containing materials. Yet

daoring highdlearsitya dew orygaecopicat egnsoliated) nesigee matgrials comprising Re
'dﬁﬁ'&ﬂ:"c%ﬂtaﬂﬁ%&h&hgﬁ sources, e.g., Sputtering

targets rirsing high densi ty, | ow oxygen cont ent
consol i dat @dfupmmkaivamtageemf itht presamtrﬁisd:lekung isRmpanetd methodology for
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in the art AngBsr advapiagaef b pessent H@CMmrpmnﬁgo‘md kigly depsity, low
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advantages o resent discl
megttriated and obtained as particularly p0| nt ed out in
t he append ect .of
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Additional advantages and other features of the present disclosure will be
set forth in the description which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the following or may be learned from
the practice of the present disclosure. The advantages of the present disclosure may be
realized and obtained as particularly pointed out in the appended claims.

According to an aspect of the present disclosure, the foregoing and other
advantages are obtained in part by an improved method comprising steps of:

(a) providing a Re powder starting material or a Re powder starting material

and at least one additional powder material,



(a) providing a Re powder starting material or a Re
powder starting material and at |east one additiona
powder material; 5 (b) subjecting at |east the Re
powder to a first degassing treatnent for reducing

t he oxygen content thereof; (c) increasing the density
of the degassed Re powder or a m xture of the

degassed Re powder and the at ]| east one additiona
powder material to forma gree billet; (d)

subjecting the green billet to a second degassing
treat n®ht tobIEEHRNSt leash dirc Bt PRVEK yigen fEhdegppsing treatment for

t RALERS ihedRPodnShbnfeRNBObEat i ng the green billet to
forma consolidated material with greater than about

95 % dofc) t hevereasingatheodsmsity pf dlved degaased xRy @nwdemoreatmixture of the
b u e an el bout 0]
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ebifietidi ng oxygen from non-netal li ¢ conpounds and/ or

ceramcs. Preferably, step.(e) conprises consolidatin
t he gr@in sblesing e’ #5e t?&o R OOB | drgRStPEn BgAbPpny| © further

WekificcGh@atyiken bhiashtARQsHF: A % of theoretical density
and | ow oxygen content bel ow about 100 ppm for Re and

bel ow &boutcopsdidpiing the grave bifkes & fave eqnaplidatqdgpatenal with greater
f ' b - '
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oRe amibbgiove sbmtt 500 ppindstiR ebasel enat@idbofbrhed frivarthe mixture, excluding

conpri ses a st of: (f) formng at. | east one
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accordance with enbodi nents of the present discl osure,

stoaprlidated neaberil watbgreagar thanebauio?q Yoeaf taeorticrlsdengity anel low oxygen
5425 B, RBON T e, BREE s B0  f Rebrt matei
alotmst dpn{ dhe onirpire,s esclung toayganndront menimdtdlbe @inpannds and/or
el evated tenperature while contacting the billet with

HE PSS According to certain enbodi nents of the

present di sxdcolitiglio htidi@ts of HERSrtseRs distiBRfie,Ohe meBhad further
encapsul ating the billet in a container; and (e2)

SOBJPEESS tien He

) forming at least one deposition source from the consolidated material; e.g.,
forming at least one sputtering target.

In accordance with embodiments of the present disclosure, step (c)
comprises forming a billet comprising the degassed Re powder or the mixture, as by cold
isostatic pressing (CIP) or cold mechanical pressing; and step (d) comprises maintaining
the billet at an elevated temperature while contacting the billet with H, gas.

According to certain embodiments of the present disclosure, step (c)
comprises steps of: (e;) encapsulating the billet in a container; and (e;) subjecting the
encapsulated billet to hot isostatic pressing (HIP) to form the consolidated material;
whereas according to other embodiments of the present disclosure, step (e} comprises

. steps of: (e) subjecting the billet to vacuum hot pressing {VHP) or spark plasma sintering
(SPS) to achieve < ~ 97 % of theoretical density; and (ez) subjecting the thus-treated



encapsul ated billet to hot isostatic pressing (HP) to
formthe consolidated material; whereas according to

ot her enbodi nents of the present disclosure, step (e)
conprises steps of. (el) subjecting the billet to

vacuum hot pressing (VHP) or spark plasma sintering

(SPS) to achieve < - 97 %of theoretical density; and

(e2) subjecting the thus-treated 6 billet to hot

i sostatic pressing (HP) to fo? m the consol i dat ed

material with > - 97 %of theoretical density.

Abillgt @i hog Isogtaie pressing ERBO & Frsm the epnsolidatpd Bwieral with > ~ 97 % of
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di scl osure, st e
nitride or an oxide of i, or Mg.

According to still another embodiment of the present disclosure, step (a)
comprises providing a predetermined amount of Re powder starting material, a
predetennined amount of at least one additional powder material comprising at least one
transition metal element X, and a predetermined amount of at least one additional powder
material comprising at least one material Y selected from the group consisting of non-
metallic elements, non-metallic compounds, and ceramic materials; and step (e)

comprises forming a ‘consolidated material of formula Re-X-Y, comprising



conprises providing a predeterm ned anount of Re

powder starting material, a predeterm ned anount of

at | east one additional powder material conprising at

| east one transition netal element X, and a

predet erm ned anmount of at | east one additional powder
material conprising at |east one material Y selected
fromthe group consisting of n- netallic elenents,
non-metal |l i ¢ conmpounds, and ceramc materials; and
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further aspect o e pre osure iI's an
i avppoviag cdppdidated Ge-X5 powder materigly ivbenedk eoridedst dag rahsition metal
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P

dhm< phaste Prsierally. thacons @l Rerpoyderymaterighizps greater than about 99
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. aspRe teofipribig dohesdBled REY! fSilee hfterddl, WhEeOYas at least one non-
dn?t—?tgl?i!: telle?rll’]ent, non-metallic compound, or ceramic material, the consolidated Re-Y
powder material having greater than about 95 % of theoretical density and oxygen
content below about 500 ppm, excluding oxygen from non-metallic compounds and/or
ceramics, preferably greater than about 99 % of theoretical density and oxygen content
. “below about 200 ppm, excluding oxygen from non-metallic compounds and/or ceramics.
Y is preferably at least one carbide or nitride or oxide of Ti, Si, and Mg.

Yet another aspect of the present disclosure is an improved deposition

source comprising consolidated Re-X-Y powder material, where X is at least one




source conprising consolidated Re-Y powder nmaterial,
where Y is at | east one non- netallic el enent,
non-netal |l i c conmpound, or ceramc material, the

consol idated Re-Y powder material having greater than
about 95 % of theoretical density and oxygen content
bel ow about 500 ppm excluding oxygen from
non-netal | i ¢ conpounds and/or _ ceram cs, preferably
greater than about 99 % of thébretical density and

oxygen content bel ow about 200 ppm excl udi ng oxygen
f F@witoBnngel A9t AsfpEuidat My eke dopARAtallc elomgrg,” non-metallic

péo?ﬁp%hﬂ&’ lo¥ candi €S feriAN GeGRh1dS @ Rel- tYf]!ﬁ P naf¥affav@g greater
Ti nd My. Yet anhother aspect of e present

dﬁhémlabslur% i%8 ciirthmrptmi/ei@nfd@pm pkygen gwtant delow about 500 ppm,
)gxnpudlegl cir}]cggent f'}gl%lnlod al %aﬁig(ﬁ go % Zn %gemcﬁ nazgen?rl%% t%lrefer(\%@l%r%?%ater than
adboliess ¥ Gflﬂxemﬁcamieﬂélﬂyl andeix@gaﬂtontm ielvat &Holut EOO ppm excludmg

conpou d, or cer c mater the conso
‘a{% TR &PP- awetﬂﬁ%i%alp@ %qd/ort ﬁ%ﬁn%ohfe % 8?6 AT least one
L @ﬁ@ﬁi@h InfcRd] ARk wls%eﬂct@&m&mhe %%@%nagdlr@%m@ UEo, 5808 W, and

excl udi ng oxygen fromnon-metallic conpounds
/d@¢ Ydeptdpastene grlufeempindegr emoxide phbn S, abdg 99 %
of theoreti d e 0 .
Sbo' boe " AR SRR PR, PRl KO et
apphent tetlase ckille®Prieftbe ahil fromtthe fallowiagsietioé descrlptlon wherein

transition tal el ement S selected from.t

c%ﬁgqsdg? o FiegtseSee Melodoiggs 2frashop, S iFSqreg: sibpty By way of

1ﬁ§§;¥at1@ﬂ Sf GRS RistRo8E calitéhpleRd For ﬁ@c@mgiﬁleqfres&n diSilosudd. As will
Addi ti onal advantages and asgﬁFts

ohe'sc@msﬂagd,ethv\plreﬁerﬁ diselepure scapalje o b@rra@ﬁtdlff%ertt [gebediments, and its
d@vérhle@etzluﬁ :L‘Q gtﬂglé %@%Jbgﬁéaﬁ!oh QWVEQ?I%%Wt&ﬁq‘espects all without
ts o

escription,
niepltidg | fpgy ﬂleesmﬂmm e gprebestc dlsbieshresmmmmgw why dyéwing and

AR A e eeA B EU B RE A s e

descri bed, the present disclosure is capable of other

Bt P GR rER RaaR vireiviﬁi" obvi ouS
the. pr esent 1 PR et A ign) S Mo P Sk it he present

dRSAdsuR daf e tR indeR®ol &@Rh ded lﬂscohjuhtbtﬁinﬁﬁith W following drawing,
nature, and not as limtative. BRI EF DESCRI PTI ON OF

TREV TR NeBoT eS| (i Aeyera i Nedeassaily sieavm tpscalerut rather
chadHER iFoRl 1 hiRu e petendbalOSMeifian Dest be

under st oo ad | conJunctlon wth the foll ow ng

drawi ng, FIG. 1 schematically illustrates, in simplified cross-sectional view, a

_portion of a magnetic recording storage, and retrieval system comprised of a
perpendicular magnetic recording medium and a single pole transducer head;

FIGS. 2 and 3 are micrographs showing the microstructure of a sputtering

target comprising Re — 50 at. % Co consolidated powder material formed according to an

embodiment of the present disclosure;




in which the various features (e.g., layers) are not
necessarily drawn to scale but rather are drawn as to

best illustrate the pertinent features, wherein: FIG

1 schematically illustrates, in sinplified

cross-sectional view, a portion of a magnetic

recordi ng storage, and retrieval system conprised of a

per pendi cul ar magnetic recor digg medi um and a single

pol e transducer head; FIGS. 2 and 3 are m crographs

showi ng the microstructure of a sputtering target .
conpri si ng A& 4 is@ micromanbshewingolhe duiewatisdwg &f a sputtering target
NBirsfle ROL T899 a6 Y HndGlidafediidwRFRAEHIERIMA adcBRiing to another
present disclosure; 9 FIG 47s a mcrograph show ng

t ¢mebadimerof theqiresent difclesusput t eri ng target conpri sing

Re - 15 at .2 consol i dat ed _powder .material f.orned. .
accor ding. {Cangt AP SREBB e BF pHEN Gl g ¥ PRferng target

desagriziigr Re -FR@at. 5% W aomdolidagl pphdahaweng foh@ed according to yet
m crostructure of a sputtering target conprising Re -

| ofloLfer f@fg\?élﬁ’ﬁﬂfs‘lﬂq“ﬁ%f?%&té‘é “material fornmed

accor di ng tmGYetis aanRkdpRIphNBRHBE inilostiteurt '0@ 38 lhittering target
disclosure; FIG 6 is a mcrograph show ng the ' _
néceRmsisingule ur 5 ef %a Ipeanselidaieg mwcbfetmat@r@gﬁﬁmdn@ccwémg to still
2 %% CX. 91?%! . \ terial forned
a%gg}re{j?r%%%l st éﬁ%ﬁ?ﬁ@@%o i ment of the present

di scl osur e;Fland ifhGicibgraphashowiigole aptrosthenra @f khsputtering target

mcrostrycture of g sputt.eri target . ri.sing.Re -
ST, e S Aact RSP G R sl CPBEA atrording (o a futher
aGRIYdEth&d of hedréseiittdiRlosyRMbodi ment of the present

di scl osure. TAI LED DESCRI PTI ON OF THE DI SCLOSURE The
present disclosure has as an ai m provision of inproved

ROERAULES DASETREATION ©/F BiS DISCLOSERE nter alia, as
thin filmlayers in the manufacture of stable, high

per f or mancegheiredin@diSabsur@ B 8§ 0 aide PoivisionS¥iRPréved Re and Re-
recording nedia, e.g., granular _perpendicul ar )
nageempterials deof wieniitaretlicaas ik Bm laygrs indhe mangigpture of stable, high
W) h, hig C L&l r i, on ,of
ek, B aldh ol QLY SRaBRAl ki HEliT0 20! granulr
| Eyrendiculat magettic rotdaige diedial e kgy agquirstnentc farrabtaining such high
CBRshod et & e RS DSt 2y B Fhrilar PRt Ry recording

layers with well-isolated, fine grain structure coupled with large perpendicular magnetic

anisotropy K,.

As indicated supra, in such media, the granular perpendicular magnetic
recording layer is usually deposited on a non-magnetic or weakly magnetic, crystalline
hcp-based interlayer, typically a Ru or Ru-based alloy layer, which enhances the Co
<0002> texture of the Co-based magnetically hard recording layer perpendicular to the
film plane, thus leading to high perpendicular magnetic anisotropy K.

The present disclosure is based upon recognition that Re and Re-based
layers, in view of the relative abundance of Re vis-a-vis Ru, the A¢p crystal structure of
Re and Re-based materials at room temperature, and relative inertness leading to

resistance to oxide formation at its interface with oxygen-containing granular



As indicated supra, in such nedia, the granul ar

per pendi cul ar magnetic recording layer is usually
deposited on a non-magnetic or weakly nagneti c,
crystalline hcp-based interlayer, typically a Ru or
Ru- based all oy | ayer, which enhances the Co <0002>
texture of the Co-based nagnetically hard recordi ng
| ayer perpendicular to the bn1p|ane, t hus | eadi ng
to high perpendicul ar nagnetl ani sotropy K. The

present disclosure i s based upon recognition that Re
RFEPRELBIE cpagnelly e PROY i lAVSFseitase thea re@reliey e sconomically viable

ahbuhdars %Iofepﬁ%eﬁﬂélﬁ & K SinBURu-bRRd By Ch¥eliAL as interlayers in the
structure of ° Re and Re-based naterlays at room

t forpaticatal memgnetiviresailing imedia, particyled s giapeldi prgpandicular media.
resistance g qu@xi gl §f ”a‘rhfi’%tan{ 1 trded %a?rtﬂé“i&eé%rﬁ of granular

oxygen- contalnlng gra er pendi cul ar
apdnmndicalper magnaice rtahedmgxe@édh@nfumﬁmnom cahlyy twi &bhamce the

candi ate f or cenment . of Ru and Ru-based all o
m%?lfogr@ %&s‘e?“ﬂflﬁg |°§>ﬂa verlying, granylar magneiip aforﬂaén%wr but can
r EPESHMELERI 18 grad@ sizk GefiRdnh st WiRA Uh@ latiRe PRk RUY Brown on an
media. In this regard, it is inportant to note that

tintsrlpysr aviihapBpodogratr siges) Birthep clgse deftieq maichivg debraea the interlayer
SR PR bR Pk SR BBIATES Mg ot

rfaa;nmbrfecerthm-elnaﬂwa@, fedyeng likelthood of insplae oamtetizdtiohe t o

its grain gjze refine | att IS .

eort ol Brishy it Sl Rling g Poot Baretitithe btsent disglogyrg the Re
&hﬁ@%bd%ﬂﬁ@@ﬁﬂs?bgaﬁ | atti ce matchi ng between the
interlayer and the overlg@gg granular recordi ng | ayer

ensur edighofensiticani.of graater hen abpnta?d Yo abtheercticals sity, preferably
' grgéa%f ftﬁ‘zﬁl%bbl}@dgai%%tf\ﬁ%fam@” eﬂ \gnd | kel ihood of

ane magneti zation stated, according to
key f edbowosggafcontest, pes dondr thhnsahlootsZDOeg»pm e pRec Ramod lower than

PR TP Tole” BschriebRRGHIR (el phERs fononinyinofiic compounds

Rhele E@bllnl(:s) PFFatsly 1dWathabisut B8 ﬁ{gr@ffortﬂm@@Rshh& Rlwer than about
denS|ty --1 ow oxygen content, |. | ower than

%oRquddﬁatmﬂl% eReluging oxpey fram apn-mekiblic cognppunds and/or
Qﬁﬂhﬁ Re- based materials (excluding oxygen from
non-metal | i c conmpounds and/or ceramics), preferably

| ower t h an Rahod Retagedopatefials cquirneplRed by the poevent dikcdosure include:

about P based materials (excluding
oxygenﬂﬂ? hShEﬁg(gﬁflc conpounds and/or ceramcs).

--Re-X, where X is at least one transition metal element, e.g., Mo, Co, Ru, W, Cr;
--Re-Y, where Y is at least one non-metallic element, compound, or ceramic
. material, e.g., oxides of Ti, Si, and Mg, and carbides and nitrides; and

--Re-X-Y, where X and Y are as defined above.

Manufacture of high density, low oxygen content Re and Re-based

materials poses a number of significant challenges, including:

--the high melting point of Re (3180 °C) makes sintering difficult;

--typically available Re powders (made via a chemical reduction process) have

very low packing densities, i.e., on the order of about 14 % of theoretical, leading to high




Re and Re-based materials contenplated by the present

di scl osure include: --pure Re, i.e., 100 % Re;
--Re-X, where X is at least one transition netal
el enent, e.g., M, Co, Ru, W C; --Re-Y, where Yis

at |least one non-netallic elenent, conpound, or

ceramc -material, e.g., oxides of Ti, Si, and My, and

carbi des and nitrides; and ngXY where X and Y are

as defined above. Manufacture 'of high density, |ow

oxygen content Re and Re-based , materjals poses a
nilHiREcoTRIcE; dyring icensolidetina Presrieias resitingdp ceacking; 3pd unpredictable
hiGBmiRichi Ng point of Re (3180 C) makes sintering

difficult; --typically avail able Re powders (nmade via

a chemi-Bapoweédscviioh typicatlp pojsehralvigh Sw&cy afeawtepd ¢k piel§ up oxygen
d vg:f)lr é‘lflgr aq1b1e?e£ %0 {’eas %rc%ﬁlgeﬂ?}gnc%bl IS, 1éfg:éﬂ/rt8 tmamtam low oxygen
dld:mtlmgl R@p@@dldrsimﬂngmonhﬁldﬁﬁ&lmwanicesul ting in cracking

and unpyedi ctable defor t| on; owders, whi.c ...
typi cal ’Ir"&?’ FOEERsLinhh ¥ i a3 cwesif 5 abp¥ ¢ Jogtired F?;S deposition

OBNBRE, egevs%ﬁttaﬁ%qar ﬁbtb%ifoﬁ@%ntl ons; as a

consequence | t ficult to maintain | ow oxygen

|l evel s in F&nqﬂwm@% k@u plepyaceonding torbmigstangnethpdplogy oy /forming
?@gﬁ géehg‘gg,l%%%geé%éé@&n?ﬁe ﬁxPcFﬁé Ehs%ﬂ tn?age?i:‘égsgfo?gsr%gaé t%g;?ﬂsgtgo% sources
perd., apattaninls ltarg8r) ietluge: st at ed key st eps according to

e o e AR M e A 2 i

depegAltth %ms@ ga@%d gfe@n ﬁla;erfapmth albvAdted @)ﬁ%@h $avel;
i ncl ude: 1. uci ng the oxygen content the raw Re

or Re- %asedmpwl\;éétpngst}@r giepry materiabrip ofore o £oirselidated material with
ﬁéﬁfﬁ% %g&ﬁfbs'@t f hitbrefitdl Heflsi fgféﬁqblggfgﬁ& &Y Sbout 99 % of
to m a

. conso ating t e green mate
chhmreﬂmabl demsity,ramtl evithalowvextyben g, 6re., ldnvaer thivoaltoudZ0®prai for pure

oS P ot b bR 0,81 5 ke Ll GRURE O*veeh fiom non-

. Clﬁ&bﬂlﬁtcomlpoﬁhds ah@oe Eexﬁﬂiiﬁ@) PostbitabZA0wBPIEA GbouRu0e pFﬁiefor pure Re
and | ower than about 500 m for Re-based nateria

adclowar Hynosbpyer09 perm fﬂy c-hised ateriats relvding am@es from non-
tgfﬁg%ﬁﬁipoﬁfdgfdﬁ&/&béé{aﬂlﬁgfﬁn& han about 100 ppm for

3. forming at least one deposition source (e.g., sputtering target) from the

pure

consolidated material.
[0001] According to certain embodiments of the present disclosure, step 2 for
-consolidating the green material comprises performing a plurality of steps, including in
sequence:

2A. increasing the density of the degassed green material, e.g., by cold
1sostatic pressing (CIP) or cold mechanical pressing;

2B. further degassing the increased density green material by treatment with
hydrogen (Hz) gas to reduce/remove any surface oxygen and further reduce oxygen
content of the powder particles of the green material; and

2C.  consolidating the further degassed green material.



and | ower than about 200 ppm for Re-based materials

(excl udi ng oxygen fromnon- netallic conpounds and/or

ceramcs); and 3. form ng at | east one deposition

source (e.g., sputtering target) fromthe

consolidated material. [0001] According to certain

enbodi nents of the present disclosure, step 2 for

consolidating the green materi.al conprises perforn ng

a plurality of steps, includiﬁg in sequence: 2A

increasing the density_of the degassed green material,

e.g., by carordinpis afirs! pieaaivaprpedpye By ogpqjidating the further

%Qﬁ@dl GiithterR %%ﬁeﬁgic,%tBbiilEUBf B@%’aséé@ %@eﬁ' RGiefileis encapsulated in a

I ncreased density green material by treatnent wth ]

heparasps rand Hbgn gubkeatest boeHeiciepstativoptessing (BUDT whercan yagerding to a
. c f . .

UL USSR FOINE U b s o, g bt o

t degadsed zhen wagasisie dubjeeted toakerinalhot pRssidg (UH®) g spak plasma

a.first alternative dure for consolidati he .
Finieriat () B ERevia 207 5 O héurpin BRRG apd e i iSveated biter
0ig G5 86l N IRR TsolBEE pleMing EHIPH ERfSHItAE 8Shsbidafed material with > ~ 97

cont ai ner. and then subjected to hot isostatic pressing
(Haobsheoghieplalgssityaccording to a second alternative
procedure f [ ] : f

ot or il 4 e R R LBk o R RHARIRER, however,step 2
sfobpasbidhtipo of dleudegatved gpace asdteripl (d/piformed dpanialtpimasvamethod,

sinterin S).L0o achjeve < - 97 % of theoretica

o B, St 7R L Brearep bl Wb 2l b IOty B vagpnam ot
t9ediRi (VEIPS, sphikGliRSHitahg((IPF), ntierokvavénihiefing, atmospheric pressure
consolidated naterial with > - 97 % of theoretica

ddnnteng, AE EUEMIg SWeher enbodi ments of the present
di scl osure, hﬁﬁ\ﬁvg&aﬂ,s%c%f:?rd& ft(? rthﬁgﬁgﬁt' galib t:,O{hE:t icle size
I's per

degassed green materi’a or y an altérnative
ndsttindion (B8D of thatraw pepderprovid@Onastap T esphpicaly 200 mesh, although

Sl eSS CHR o Y S BB P e i

STHt @p | dafsityini0 bR ElchSityPHE B RR pdudies ioba@icdN@a cBEmical reduction
vacuum H2 sintering. In nore detail, according to the
gresseTiRe d5-&¢ | fhny rasimemiwn pperihergte, NHzRCOq | ag¢ 3 Hugmdpn and 1.63

: § ng‘%gﬁ%?%&g\fgg@r@%g ﬁ%’éd(g{y?ﬁ% %&?% fyBicaliFR ~11009 ppm, which must be
reduced to < ~ 1000 ppm, e.g., as low as about 100 ppm (depending upon the
specification of the resultant deposition source, e.g., a sputtering target). This may be
accomplished by degassing treatment in a H> furnace or a vacuum furnace containing Hp.
Control of the powder degas temperature and interval is required for obtaining the
requisite reduced oxygen content, without causing premature sintering of the powder and
forming closed pores within the powder particles.

The powders of any metal of non-metal additive constituents (X and/or Y)
to be added to the raw Re powder should have a PSD similar to that of the raw Re
powder. However, the PSD of the powder(s) of the X and/or Y additive constituents may

be larger or smaller than that of the raw Re powder, depending upon the desired

-composition of the ultimate Re-based material, as well as upon other properties such as




smal l er and | arger nmesh powders such as -100 nesh and
-325 nesh may also be utilized. The tap density and
bul k density of raw Re powder obtained via chenica
reduction processing (e.g., from anmoni um perrhenate,
NHAReO4) are 2.86 gncnB and 1.63 gm cnB,
respectively, and the oxygen content is typically > -
1000 ppm which nust be redu% dto < - 1000 ppm
e.g., as low as about 100 ppm ?depending upon the

specj fication of the resultant depos on sQurc
edegsity, padisly shape. s (The pepers il %ﬁyd@é adBitrAchsfpugpts should

bédscﬂﬁeﬁésasﬂo%goﬁy{g&%é}{ﬁélﬁ ﬂy%oﬁilyHZ SfOG rpﬁiﬁf? BuOlvhidh ¢&¢ B&! Bwer or higher
furnace containing ntr ol he powder degas

t dappeding Lipen athd rqqtuértc/ axygen rceqﬁgnfr @ﬁ thorregianl fireg, tthe powder
cau5| ng

p&gﬁar%sﬁ gm{sll%%gfﬁqﬁg%g%getﬁ%? é}‘esﬁiﬁ%&?#%r m ng cl osed

pores Wi t hiThet v Rewdewdgasidd thee powddres) pfwther X afd/@ny additive

net al. of non-ne additive con tltuent (X, an .

(B SRIaE YORhALOR diy trel 5 e bl egppddes having

SdddirkbPEorkBtublt SREad@es! mwg therHRWE Y @kmbliddeblender, for a
SDrof t he po%%ﬁ‘té) g t he Xerz:md/ o?ﬁngaddltlve i

cobieient jetpval forgbtaising good anixing, shelypisplly Withintlgat 6%min., although
t i red

Bt P ARG P B o AP Rkl e ol s el

as upon ot Hamsifcater dfithsdepasded parele pabedes ot b],enq[ﬂer ©{ and/or Y)
h tc...Th X and/.or Y. addi t

SOREEr R i S e dom e BeRBtedenies SEialigroen powder
- tiefial nay< fH0QxaRRE, BYt acobmplisheadnbpeoldWestabE ;hrbﬁhﬁgl’ (CIP) or

dependi ng upon the requisjte op% gen content of th
&

e
rlégqmamaﬂtprﬁsarn@e@ £ 2R @yam the gleapraed pesider gp landed powder into 2

f?’ﬁ%gtolr Qi raelgaﬁl %gﬁnp@g%r %&fpér%%‘ﬂ ngt;)*l? e‘&ﬁ&n\l(ca]' BRessing at a

a!tcbstme\kmtwm nboutt20end sbant 60 ety laddewia green densny >~ 50 %.

predet er m ned. a achj roduct s. havi

st red cort o HBhEE prapee FEHLY St RieB oG infatired to have an
t08&1dWw bxy@s dofitedt, tﬂwﬁllbmmhb@ BA@TP or @bldamedhahichlC ;Ibzemng in step
i nterval for:obtaining good mxing, i.e., typical

A pqpies furber dpgnssing bRt 2asHBra &2 Smacsnge waciim oven, to
%&L{};@} Elgo&é %ﬁﬁoﬁgﬁ}] RASH gyloﬁldgssﬁﬁe@ssR@@%éél WU% during previous powder

Densif 1 cat i e degassed pure ror
Blapdise amé t forthadrednceythe Ofapgmhecrcmtmc guthth thg powdert ppticlgs. Control

t BP an .inc ease den3|t n_powder ..

B R S ERah ERPREhtr e RS al wPScafrine o te
I@)ﬁﬁabﬁthbﬁ) oF s se(cﬂbﬁ)et Ito Gjﬁﬁﬁlﬂﬂl ealespi€sebagary in order to

as by | oading the degassed powder or bl ended

g@&ﬂ:@ﬁemw{eothg oxygen w1th0ut causmg premature sintering and closing off of pores
of the powder (as at excessively high temperatures) or obtaining insufficient oxygen
removal (as at too low temperatures). In general, pre-sintering density of the billet should
not exceed about 92 %. Examples of suitable temperatures for performing H, degassing
treatment are: 850 °C for Re-Co; 950 °C for Re-Ru, and 1050 °C for pure Re, Re-Mo, and

Re-W,



Cl P bag or die under an inert atnosphere and

performng CIP or nechanical pressing at a pressure

bet ween about 20 and about 60 ksi to achieve a green
density > - 50 % As for step 2B, when the resultant
deposition source is required to have an ultra-I|ow

oxygen content, the billet formed by CIP or cold

nmechani cal pressing in step A requires further

degassing treatnent, as in a furnace or vacuum

oven, to reduce/reane any oxygen on the Pomde

surfaces pidRRABUPLG siHBPSS whisnote opseseiontephAtithcfgsultant Re or

aRA phQaf depbdiein SRHLCR of, gk?u o thﬁreg%g Nt 88 oWiIbRI Br th&n the oxygen

powder particles. Contr _ egassi ng
t embnt at the ez andeghssed pregh povdiriiesuifigibdtlyiawy accor di n g

to the co gsb&l OMnAkedt 1645 r Se elﬂetdluce? Jltaﬁaﬁa m?tﬁj O Detal alloy

val ues is ne essé?an&%lo
oxangeg., wlbheutbot awsl @D rcem%auédewﬁh amﬁﬁn:ngﬂdgng o2 la Ol icag (with or
of f, of pores.  of the powder (as at excessive

|
t BHPUHE 20pdngy- spting |°FH1 fYAFHERE FieaB e aﬁ;@)}é@yﬂvacugm and sealing

f@l@%‘éﬁ' HoAfohtid gfesé.l@gvmﬁtm@ rtHédJP&%)rmeh o @8ARNiAkte the billet. The
pre-sintering density of the billet shoul not exceed

all%m?raglze wll@iafﬂapHB’swcgengx@llr abtve abenpkl0ft” @rters wilhdepend upon the

PRI R, AGED o TTE s PS32 585,

aHIP infegval\beribfallySt apth? Binga pf km'emkhqupsgd: gtvhsenm he. oxygen

content of he resul.tant Re.or base S

source (e. QP 3 SOMPHFISHSCERE e ‘fogsﬁ teg}gl%l %‘i&et E’f any suitable

whethod, heg ¢ oX)geRal 806185 nmAthihiA@ (E@Mp findedres 8f desiR@Nthickness,
omder IS sufficiently low Step 2C conprises | oading

Eillowed bemahivig to SuAl SemSEiomSORFe G n@pﬁmrm tpugpt) dirgensions.
|
Caobap o TGS, ShEAG D FARCIRREH Hillof UMM how be

- hdeatansigatédeitle eaferemaeato that fogwinl él lvstmtite) baiatvndirgitaive examples.
vacuum and sealing the can. Hot isostatic pressing

(HP) is then perforned toléonspuldate the billet. The

tenperature utilized for H neral |y above about

1000 C but w n on the Qsi t

oi 1 et; ¢ hé- BresSra o KB Rabiie PO St BRertid, Wit to the
45lléwing pededdiirbe HIP |nterval generally isin the

range of several hours, - .10 hrs. Step

conpri ses <eceP Gh &dpﬁréi %%H%qlqr ditheas-sipniieg |°P‘V%f’cn qgptent of about
a0 it A @eﬁ,\/ﬁ@%ﬁ Q?g epe?zitﬁ%t 711986 °@1 38024 96 atmosphere in a

machi ni ng |nt s i C esired thickness,
ft@pmt@n\éun@y toreedhéarthe gxygsniconiant tdepos2ipen sour ce

(e.g., SPUtf.g ﬁéé]ag)sédq{ggg&deg \WiE B WSided with an appropriate amount of
-100 mesh Co powder for about 45 min. in a tumbler-type blender, and the blended

powder subjected to CIP at about 55 ksi. The resulting CIP billet was degassed in a H;
atmosphere at a peak temperature of about 850 °C, followed by encapsulation in a can
and evacuation and sealing of the can. The encapsulated CIP billet was then subjected to
HIP at a peak temperature of 1236 °C and 29 ksi pressure, and final targets of desired

dimensions were machined from the consolidated HIP billet.




The utility and versatility of the present disclosure

will now be denonstrated with reference to the

following illustrative, but non-limtative exanples.

Exanple 1 A Re - 50 at. % Co sputtering target was
fabricated according to the follow ng procedure: A

-325 nesh reduced Re powder with as-supplied oxygen

content of about 2200 PpPmM wag degassed at a peak
tenperature of 1050 C under a PR at nosphere in a

vacuum furnace to reduce t he oxygen content to <- o
ppm The delf¥sdeitret pdsderilizals SRusHngS (tagefe matitieh Wzi‘ﬁ %00 % of

aﬁ@é@@éa!l q;x?gai%%m Qs saé MN%ﬁﬂw&fanﬁﬂtmﬁ*@%tHGS 2-3)

in"a tunbl er-type bl ender d the bl ended
pwebéftd Gapresenced| tlyec(H dittingbpwsesss thesiesuling Redxaltoyngamely: a

e a peak
tcérrper gk’ %Sﬁeég\@?m%g%%?§8gﬁd %m?o};l%fn tﬁq\%{;{] ee%g %gsf’m ation
in a can and evacuation and sealing of the can. The
encapsul ated CIP billet wasxanpte Zubjected to H P at
a peak tenperature of 1236 C and 29 ksi pressure, and
final target Reof Idesti Pedlo dputerisg dargetvwease fabricated @ccording to the
f @n1the coasolldated H P billet. 15 The density of
t eV ESN ST sput tering target material was 100 % of

t heor eti calA -325\eeh r&ﬁﬂﬁécﬁné pM\ﬁ&er@ﬁtmfmpﬁM oxygen content of about
n1crograph|c exani nation (see reveal ed

t 4780 7pes ¥at degspsed it @d?e(als)terapeg%wf lpﬂégs €sur+dﬁr gk atmosphere in a2
r\%%HLluﬁ "ﬁ%ad%% %u@é R Yo my%@xrﬁ%hﬁént @ < P Epe. Phase, a

pure Co phase, or anount of a Re-Co phase.
Exanpl e 2 A hReiegass_ﬁl Rt powdmvﬁﬁhﬁmtdmd@g WIﬁJrzgveappvmate amount of

335 ik i BETRBERRIoR A iy P SN LR RS guf e blended

qmvstdéﬂbul@éct@lhﬁLEIP ﬁ%ﬁ@utmsi\ﬂﬂledegﬂﬁﬁgedllabﬂl@t Wﬁﬁﬂegassed in a Hy
tenperature of 1050 C under a H2 gtnpsphere i

VARBOsRReTe At RReak tgnpeEitie e ftaheutobing eﬁ tobietvech @Yteacwsula&%ln a can
%ﬁ‘evﬂ?ﬁtl&?ﬁﬁﬁs%ﬁﬂnﬁf tﬁ@\“ﬁ? FTh\é@ﬁcaIpE‘LﬁQte@ cePearkt Wal Eheﬁ @ub_] ected to

appropri ate anount” of - powder for about
481Pratra péaly temperatureof lg/lp'»e Cbareha?s k$1 raesguitch end Finaldergets of desired

B eSS, T r el i

The den51ty of the resultant sputtering target material was 99.3 % of
theoretical, oxygen content was 108 ppm, and micrographic examination (see FIG. 4)
revealed the presence of distinct Re and Mo phases, the Re phases corresponding to the

lighter areas in FIG. 4.

Example 3

A pure (i.e., 100 %) Re sputtering target was fabricated according to the
following procedure:

A -200 mesh reduced Re powder was degassed at a peak temperature of
1050 °C under a H; atmosphere in a vacuum furnace to reduce the oxygen content to < ~
120 ppm.

The degassed Re powder was then homogenized for about 10 min. in a

tumbler-type blender, and the homogenized powder subjected to CIP at about 55 ksi. The



at nosphere at a peak tenperature of about 1050 C

foll owed by encapsulation in a can and evacuati on and

sealing of the can. The encapsulated CIP billet was

then subjected to H P at a peak tenperature of 1515 C

and 29 ksi pressure, and final targets of desired

di mensi ons were machined fromthe consolidated H P

billet. The density of the rejgltant sputtering target

material was 99.3 % of theoretical, oxygen content
and ogr aphi ¢ exam nation (see F

108
r%gléa%@ﬁpﬁ@%%%@ﬁese%fn iz ?Wé?h%ata?rﬂfakféf%%@@ of afout 1050

tt@ Bﬁo@aﬁs?seneggsﬁﬁﬁm ReliaNgant Snd e@acutttcglhalﬁt s@if8%f the can. The
ure (i.e., 0 %9 Re sputtering

afmpl e
tencgmulamlsCI‘PalmHttc‘a ernebiactidrig HIB at hgpealf mmwtwg of 1515 °C and
p e degas
259 RS0 Ho, AP B g YSHEE  BoRAANRE gom e
I tconsolidated HiPfhillanace to reduce the oxygen content to <

- 120 ppm he degassed Re powder_was then hono .
o “abont TOR KSR o S reSTlB B B R isrsel BIEReT 5as 100 %
r‘éﬂﬁ&ﬁ&lc&?@n@&%ﬁfr%&l%hﬁﬁi@% 47ppah P at about 55 Kksi.

The 16 resulting | et was degassed in a H2

at nosphere at a peak tenperature of about 1050 C,

foll owed by encapsulation in a can and evacuati on and
sealing of the can. The erzZap®lidhted CIP billet was

t hen subjected to HHP at a peak tenperature of 1515 C

and 29 ksiA fresi% &; “ant Suiening targps tveasofabreaied: agpording to the

S e machined fromthe consolidated H P
blpﬁgtg%@ﬁe Eensity of the resultant pure Re
siPa®2]er i ng A at(femesimrcdrded | Ranpmsvded Ova¥odegdssedhator peakdamperature of
t.he qgx n_cont.ent. was m ample 4 A Re - 20
B0 i RGP i vasadm BB RS L Py ccnt o <~
t19@ pphol | owi ng procedure: [0002] A -200 nesh reduced

Re powder mas degassed at a peak tenperature of 1050
C under a Hhcgeawsyhe powder avag dhanlrterded h*a@eant@pmaa@@moum of

LR85 NKHR Mﬁe? Tbr bBbuT 45 min. in a tumbler-type blender, and the blended
powder subjected to CIP at about 55 ksi. The resulting CIP billet was degassed in a H;

atmosphere at a peak temperature of about 1050 °C, followed by encapsulation in a can

‘and evacuation and sealing of the can. The encapsulated CIP billet was then subjected to
‘HIP at a peak temperature of 1515 °C and 29 ksi pressure, and final targets of desired

dimensions were machined from the consolidated HIP billet.

The density of the resultant sputtering target material was 99.5 % of

theoretical, oxygen content was 65 ppm, and micrographic examination (see FIG. 5)

revealed the presence of distinct Re and W phases, the Re phases corresponding to the

lighter areas in FIG. 5.

Example 5

A Re — 25 at. % Cr sputtering target was fabricated according to the

following procedure:




120 ppm The degassed Re powder was then blended with

an appropriate anount of -325 nesh W powder for about

45 min. in a tunbler-type blender, and the bl ended

powder subjected to CIP at about 55 ksi. The resulting

CIP billet was degassed in a H2 atnosphere at a peak
tenperature of about 1050 C, foll owed by encapsul ation

in a can and evacuation and ﬁgaling of the can. The
encapsul ated CIP billet was t n subjected to H P at

a peak tenperature of 1515 C and 29 ksi pressure, and

final targefs?¥ mgdsredaerd Re Rewds oKgs 4%@? (ch pFrkemperature of
F1m ndeP 10 hindAbRde Hl PvRiduhSfumalb® I@e&,%l ttlymgfgeﬁ RSntent to < ~
resul tant sputtering target material was

t h¥bpnen.i cal | oxygen content was 65 ppm and

m cr ogr aphl E r
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, . 0 [
a.SHlaeﬁt?ﬂ el #4 PBR%ES it Cpb bl S50 gegrusy in a

r R sdrdRat %\/\Q%aﬂé@steﬂ@%ﬁﬁ@dfcﬂiovéd PB@kentSABRAG Uh€a can and
of 1050 C under a at hosphere in a vacuum furnace to

r sgeession jgad sselige af &@rﬁ:ﬂ@rﬁhetqsca@sulamdilﬁ mitlet Tiae thea gakisetad to HIP

Rn? P %%%g rie#é\?eﬁat%@ OPA 5?%&" %dq k?npig&meo %H aﬁnecll %}E&Qtof desired
t dimehsons were nbxlchandtefromalmdcctnhdldmkmirﬁi@dnilepom er
subj ected t t 5 . Ih t o
biul JI et was ﬁ@%@@gﬂ O?ﬁﬁéjl e ‘alﬁf%‘étﬁ%%e rggg Iﬁhglg?le‘@%sc 8%2 % of
t pegreticl Udb@fgerf @bﬂt@%ﬁasbyéze?lﬁﬁpﬁid Alidrograptic dx&dMa@ddi(see FIG. 6)
evacuati on and seal Ingﬁfh% e can. The encapsul at ed

J

arereabd the presgreetoh dhyee mnelophagesi-g, a gireRqphare, a pure Cr phase,

tﬁﬂpaeﬁéb%ﬁa of 1450 C and 29 ksi pressure, and final
targets o 5e5| red dinensions were machined fromthe

consolidated HI P billet. The density of the resultant
sputtering target material Ewampdo62 % of theoretical,
oxygen content was 162 ppm and m crographic

exani nat i omA (Bsee 30 & "6 Ru smiterng thrgdievpyr Bbdeated efcording to the

L%!‘ﬁwﬂé?f,}%du St 1 nct phases, i.e., a pure Re phase, a
A -200 mesh reduced Re powder was degassed at a peak temperature of

1050 °C under a H, atmosphere in a vacuum furnace to reduce the oxygen content to < ~
120 ppm.

The degassed Re powder was then blended with an appropriate amount of

-325 mesh Ru powder (degassed to oxygen content < ~ 200 ppm) for about 45 min. in a

. tumbler-type blender, and the blended powder subjected to CIP at about 55 ksi. The

resulting CIP billet was degassed in a H, atmosphere at a peak temperature of about 950

°C, followed by encapsulation in a can and evacuation and sealing of the can. The

encapsulated CIP billet was then subjected to HIP at a peak temperature of 1515 °C and

29 ksi pressure, and final targets of desired dimensions were machined from the

consolidated HIP billet,




and a Re-Cr phase. Exanple 6 A Re - 50 at. % Ru

sputtering target was fabricated according to the

foll owi ng procedure: A -200 nesh reduced Re powder was
degassed at a peak tenperature of 1050 C under a H2

at nosphere in a vacuum furnace to reduce the oxygen

content to < - 120 ppm The degassed Re powder was

then bl ended with an appropri q%e anmount of -325 nesh

Ru powder (degassed to oxygen content < - 200 ppn) for

about 45 mp. in a tupbler-type bl ender, and the

bl ended powd¥r Iy @éttgg rﬁ%ﬂteﬁ{tpswela%&%rgﬂgsmﬂ@r@ ¥iAe 100 % of
r @i8sHehidan 0oxSLEh @J)ﬂtélﬁtwé@{aﬁlzd%ﬁﬁl,sﬁﬁﬁmﬁ&o aptdc @LIMRRST Bee FIG. 7
~at a_peak ){g'gnperature of about 950 (,g,}l?%cllomed by & )
etisEeabat iha presence of threxd) distinehnbetrst i o pire Readinsen g pyfe Ru phase,
t 1 encapsul ated CIP billet was then

su%jaggetpléa ?%SCHI P at a peak tenperature of 1515 C and

29 ksi predsunommnagy)dhé praenttdisdyetis: plovides imgdved methodology for

di mensi.ons were chined fr he cgonsolidated H P -
ioPREE. g R, [FRY, S P ofonfal Recagh Repeed sl qgd deposition
tuget combpdihdbani@ . gl Odublerdls fahRey, elHidRe aBX ReHAsed alloy targets
content was and m crographi c. exam nation (see
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Re- Ru phase; pr esent osure

peoviidg slayerp ragfoedednby hibd oprogppt fdisclosfuer facilfathi mhnufacture of high
densi t | pw: oxygen caontent .Re and Re-based materials :
arohsises Pl P G bl Y gy HrmRRGCY I ilndhc recording
spedid ethrigiptded 8ighal-tohticide o eSNIR RendoidsRased! de@iendicular magnetic
targets are particularly useful in the formation of
ANFEEAY-i ne interlayers in |ayer stacks of thin film

Co- based gnamdlALiRR M HicH! ﬁﬁne%ggﬁééiﬁcf GESRY HE B forth, such as
medi a. The enhanced magnétic recording |ayers
abéwficl awtdinlst $tpicpiress procestes cloosnoeddr de ficilitatt @ better understanding

facture.of hj h{i erformance ? r areal recording. .
e Bt naptid Bl RS s Cy, 4 Rplctbal wishou
TedirtingiMd lthd deaity esbcHicgNlset GorfioheRin. dhi ethérSi¥aneddd well-known

‘i ncreased perpendi cul ar magnetic ani sotropy. o
* processing techniques, instrumentalities, and structures have not’been described in order
not to unnecessarily obscure the present disclosure.
Only the preferred embodiments of the present disclosure and but a few
examples of its versatility are shown and described herein. It is to be understood that the
present disclosure is capable of use in other combinations and environments and is

susceptible of changes and/or modifications within the scope of the disclosed concept as

expressed herein,




In the previous description, nunerous specific details

are set forth, such as specific materials,

structures, processes, etc., in order to facilitate a
better understanding of the present disclosure.

However, the present disclosure can be practiced

W thout resorting to the details specifically set

forth herein. In other instances, well-known

processi ng techni ques, instrunmgntalities, and

structures have not been described in order not to
udtstisddaimedds: ohscure the present disclosure. Only the
preferred enbodi nents of the present disclosure and

but a Few 2REHIdLOMpFisingstepeplatility are shown and

descri {ﬂ?d Neb&lg d ke bswi@ s@a@tiﬁ?gﬁfeﬁtap&da RE <zyt)wtflgiestau‘ting material
present” di scl osure 1s capable of use 1 n other

canvoit irast apg additidnad powvdermateriad; and is  suscepti bl e of

changes, and/ or modi fications, Wi thi.n {he scope of. the
discld@%d CORCEHtE gghﬁaxs?%§¥%aowg?éﬁh? @@paﬁﬁg?nggnmhnmﬂ for
Gedhcriﬁgllthhmyéen cAntert thedoonpri si ng st elos of: (a) -

providi ng a Re powger startjng teri or a Re powder i
starti dﬁg nd?%?%&}gm@%r@&n%ty P desresedckis prwAE Orfy fikpepre of said
NBdoBdsediRe ddWded dhdl 8&H! A dedt oA ERRIIGRI PoWEerRANEEA thFofin a green
first degassing treatnment for reducing the oxygen

ciHetent thereof: (c) increasing the density of said

degas R r anils f _sai,d, degas R

powd ef(ﬁgnd%gﬁg%m% Sq%e gg?eg]ogég&a dlgtsle on. gl deﬁgs\ﬁg%r éggmegt to further
nethereithd oxyged comem tigredandbi | | et ; (d) subjecting said

green llet to . a.second degassi treatment to . .
furthd®  r camoldping S gem trk i eomspkdatedatedal with greater

clams shdutl et bNSF Hadreict 88k ahd &w beydeR chhteniARN hbHR D66 ppm for
material with greater than about % of theoretical

e gind ybelew) abowk GRY genn don tRenbaserk meaterigho Fermzdo fropms#idr mixture,
- i al
e lhe 5yl B L HHRP B B R AR SIS O

non-netal i ¢ conpounds and/or ceramcs. 2. The nethod
accor di.ng tlheoiethad atcordingrteclim 45 eher¢ia) conpri ses

ggﬂ:g:s:te%g{egggmf)glse% nsG ?da?l{l!g Isgitd grggn fbﬁfe{n aaqg fgrming a consolidated
material with greater than about 99 % of theoretical density and low oxygen content

below about 100 ppm for Re and below about 200 ppm for Re-based materials formed

from said mixture, excluding oxygen from non-metallic compounds and/or ceramics.

3. The method according to any of the preceding claims, further comprising a
step of:-

® forming at least one deposition source from said consolidated material.

4. The method according to any of the preceding claims, wherein:

step (f) comprises forming at least one sputtering target.

5. The method according to any of the preceding claims, wherein:
step (¢} comprises forming said green billet by cold isostatic pressing (CIP) or

mechanical pressing; and



material with greater than about 99 % of theoretica

density and | ow oxygen content bel ow about 100 ppm

for Re and bel ow about 200 ppm for Re-based materials
formed fromsaid m xture, excluding oxygen from
non-netal | i ¢ conmpounds and/or ceram cs. 3. The nethod
according to any of the preceding clains, further
conprising a step of: (f) formng at | east one

deposition source fromsaid cg solidated material. 4.

The met hod accordi ng to any of the preceding clains, )
wher ei 1P 2% FOTPYSeE JRiPtREREs fsi‘)‘ldn)?lﬁﬁt gt ap egeyategy lemperature while
SEuhkdcBhd §8d bAkO@1th HS gasthe et hod according to any of

the preceding clainms, wherein: step (c) conprises

formng said green billet by cold isostatic pressing.

(CIP) &r neehapthed acerdiagithgny ohdheopreceding clamys, wherein step (e)
C HsSE§edipnt ai ning said billet at an el evated
tenperature while contacting said billet with H2 gas.

6. Thdenet kodanscletngisandjbillet efniggasfed drecrpmateraliing container; and

cl ai wheregin.ste e 1.ses .steps of . (el

encapdiPa o Qink ) ko= SRTRRYECER SRR prbd giP) to form
i faickconsvlidaicd eiidtertild (e2) subj ecting said encapsul at ed

billet to hot isostatic pressing (HP) to form said

consol,j dat material. 7. The nmethod, accordi ng_to. an

one. of -t ai e end Goqufive ot 815 PBS TR Aty Scuherein siep ()
Sdoafppis&@f steps@F:) subjecting said billet of degassed

green material to vacuum hot pressing (VHP) or spark ]
pl asmdeii ntsubipeipgBEkhilleloiaddgresed geeen rgterigl dp vacuum hot pressing

t e 5 Lty . j et b . o
VAR P R polerip B b (6 Bt 261 VS bRGerie sy and
form dal)d comsaingdht dobisredatedi Gilletviot ot dsostadlid grewing (HIP) to form
t heoretical .density., 8. £ hod. accordi ng to any of
5 Sopsolidarer é‘la&‘?”ﬁii ﬁ%th >v%§] & %ﬁﬁeoﬁt@f) ¥ onpri ses
providing a Re powder starting material; and step (e)
conprigses fihe Metdghdacesrimglté ahay ihdiprebRIGS ¢laimsNRMéra:
100 % of theoretical density and oxygen content bel ow
about s@eéa)rpﬁmpnses providing a Re powder starting material; and

step () comprises forming a consolidated Re material having 100 % of theoretical

density and oxygen content below about 100 ppm.

9. The method according to any one of claims 1 to 7, wherein:

step (a) comprises providing a Re powder starting material and a predetermined
amount of at least one additional powder material comprising at least one transition metal
element X; and

step () comprises forming a consolidated material of formula Re-X, comprising

predetermined proportions of Re and said at least one transition metal.

10.  The method according to claim 9, wherein;
step (a) comprises providing a predetermined amount at least one additional
powder material comprising at least one transition metal selected from the group

consisting of Mo, Co, Ru, W, and Cr; and .



9. The nethod according to any one of clains 1 to 7,
wherein: step (a) conprises providing a Re powder

starting material and a predeternm ned anount of at

| east one additional powder material conprising at

| east one transition netal elenment X; and step (e)
conprises formng a consolidated material of formula

Re- X, conprising predeternin proportions of Re and

said at |east one transition tal. 10. The net hod
according to claim9, wherein: step Rg\aé%con'prl ses

provi o'y (3 GFRRTISPS forHRg aacapariidaied Resdsmafsrigl having greater than
aglshut 99034, of MENEREal TBIRY) g&PEHMén% bAGwaboht©¥B ppRI§ Re phase, an
transition netal selected ?/r om the group consi stl ng

oK nbpse, @l a RerX phyasand Cr; and 21 step (e) conprises
formng a consolidated Re-X material having greater

t han appout Hﬁ% t Egg

cont ent belg%lg t?o{%‘tpécf% s ahg%? %ﬂggntgx 9 gx,x ase,

and a Rep (¢) phapeses Providing ank pmddacstannmg mgtehal amlya predetermined

o] | ai t 0 er e rl se .

p%%:‘:/lfn ionrfmélt ieaﬁeoné tllong gP\{vﬁ glgﬂtélil% least one material Y

pse&;é&ﬁeﬁcsm nkel grcﬁl[imd)ﬁhstﬁfg &t ndlﬁﬁéﬂallﬁnﬁelﬂéids ticanAdtallic compounds,
er material conpprising at |east one nmaterial Y

s@ FA8YC fRlsRRsh#dyr oup consi sting of non-netal lic
el enent§ (e Q&nﬁ%te@lf&ﬁrﬁnggwﬂgacted %T@ﬂﬁilaf:Sf Rfhfila Re-Y, comprising

materlals and step (e) conprises formng a
cmn@mrrmmdeuoml@m AR erfnd fsaidrat | castRere ion-qusighié siemgnt, non-metallic

PLS E{? grgmfcrm t%t[utzl' ons of Re and said at | east one
non-"e non-netallic conpound, or

ceram c material. 12. The nmethod according to claim
11, whiér ei rhe Yhatlsodedccbdrdagtto olagm ¢ &rbhedeinor nitri de or
an oxi according to
any onv‘g &?Ee@Ftaﬂnﬁﬁar}"“{%d’r;{ﬂ“%%?%’in%qg@S ga?r M&npri ses
provi ding a predeterm ned anount of Re powder starting

mat erilgl , ahenetieideicodrRg t@ﬁ@jﬂ(ﬁﬂe dFfcladdns | @3, wiRién:
addi ti onal powder mat erl al r| si.n at | east one

t r ansiStePol®) ROMPIises BipEHling(a I%l' anEYTH| pfeBe st starting
Ciflat@ﬁall §ﬁ1%ﬁet@ﬂﬁne@9ﬂ})ﬁﬂt%%} 1350t dﬂﬁﬂaﬁﬂ e}ﬁvlwd‘épmﬂfe'nﬁi SMinprising

east one material Y selected fromt
at least one transition metal element X, and a predetermmed amount of at least one

additional powder material comprising at least one material Y selected from the group
consisting of non-metallic elements, non-metallic compounds, and ceramic materials; and

step (e) comprises forming a consolidated material of formula Re-X-Y,
comprising predetermined proportions of Re, said at least one transition metal element X,

and said at least one non-metallic element, non-metallic compound, or ceramic material
Y.

14.  The method according to claim I3, wherein:
X is at Ieast one transition metal selected from the group consisting of Mo, Co,

Ru, W, and Cr; and Y is at least one carbide or nitride or an oxide of Ti, Si, or Mg.

15. The method according to any of the preceding claims, wherein:



consisting of non-netallic elenents, non-netallic

conpounds, and ceramc materials; and step (e)

conprises formng a consolidated material of formula

Re- X-Y, conprising predeterm ned proportions of Re,

said at | east one transition netal elenent X, and

said at | east one non-netallic elenment, non-netallic
conmpound, or ceramc material ,)Y. 14. The net hod

according to claim13, wherei 2 X is at |east one
transition rret sel ected fromthe group consisting of

Mo, CoStPSHE) — (ﬁ?%&?@ ed byifpingls geRProcesist one car bi de

or nitride or an oxide of Ti, Si, or My. 15. The

met hodigccOoTkl Methb® adBydiRg to! Jlﬁnpr:e Rty st@;hsaqc)m (e) are replaced by
wherein: - - - ------ ----- 22 steps (c)

r & PIRREET 8%1961%1 diopyfhe P copyRingsof: pgcuumh émtr@rersaag (VHP) spark
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cmumtﬁﬁgltaﬁng vacuum hot pressing (VHP), spark

pl asma sintering (SPS), m crowave sintering,

at nospheri c S n R

sinter Pﬁg Alngeﬁ%?t enpsg?gct Iégﬁﬁ)glofal g:’é)n%%ﬂateg ¥H r%)@cf_? material having
cgrestot tham bigait Re Ypoftheretivat éunisiay ali’tBMiy@gl ccg‘it@ﬁbélbwtdbaﬁt 200 ppm.
about 95 % of theoretical density and oxygen cont ent

bel ow out..,20 18. The de

accor difhg 1% "é’ugﬁwrn 19% SO%%P%"FSEQQ ‘tc" Sl‘tel%’dsaﬂ% consolidated
PRyWpRIvdeB hkdral hbagrfeeah®l abdimoabpf t&%re%b@lf density and oxygen
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1?37(91t";5‘bh?10‘¥9‘b0‘3|tﬂ9 #BPWosi ti on source according to any
one of clainms 17 and 18, wherein said consolidated Re

powdergyat effjealephdgonl Yrdd REoiHEab %* oAk ofjﬁﬂﬁdst 1y7 an@0I8, wherein

A deposition source conprising consolidated Re-X
‘pidiesnsetidated Re powdghmeterix tag la@ % efdbeoretival denaitigi t i on
nmetal el enent, said consolidated Re-X powder materi al
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21.  The deposition source according to claim 20, wherein said consolidated
Re-X powder material has greater than about 99 % of theoretical density and oxygen

content below about 200 ppm.

22.  The deposition source according to any one of claims 20 and 21, wherein
said at least one transition metal element X is selected from the group consisting of Mo,
Co, Ru, W, and Cr.

23, A deposition source comprising consolidated Re-Y powder material,
where Y is at least one non-metallic element, non-metallic compound, or ceramic

material, said consolidated Re-Y powder material having greater than about 95 % of



content bel ow about 200 ppm 22. The deposition source
according to any one of clains 20 and 21, wherein

said at | east one transition netal element X is
selected fromthe group consisting of Mo, Co, Ru, W
and Cr. 23. A deposition source conprising
consolidated Re-Y powder nmaterial, where Y is at

| east one non-netallic el ement, non-netallic compound,
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PG or nitride or oxide of Ti, Si, and My. 26. A
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powder23rat eTtealepositidiesoRireé deSording| teasy opgef ¢lkiasilt dndre4, wherein
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deposition source according to any one of clains 26

and 2727. whertei deposifibit s@frcd &astdighe tlaimn 6] wWhereliedadd consolidated
elepent X is selected fromthe grgg ﬁgEIStI
%8

of M,
dbe-XR Powdermgterial hag gieaterjthansgbop cpififl dengiy and oxygen
Nidhnfenf 8elBl ABuPXOFAFpR! exbluding oxyen Mbm non-metallic compounds and/or

ceramics.

28.  The deposition source according to any one of claims 26 and 27, wherein
said at least one transition metal element X is selected from the group consisting of Mo,

Co, Ru, W, and Cr; and Y is at least one carbide or nitride or an oxide of Ti, Si, or Mg.



