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BACKGROUND OF THE DISCLOSURE

* Ruthenium (Ru) is present only in limited amouhts 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. 1, 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



magnetic transducer head 16. Briefly stated, the
relatively thin interlayer 5 (also referred to as an
"intermedi ate" |ayer and described in nore detai

bel ow) 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 nmagnetig¢ interaction between
the soft underlayer 4 and the at |east one hard
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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 sfack 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



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

gl ass-ceram c, polymeric material, 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 typically conprised of
an about 500 to about 4,000 A tshick layer of a soft
magnetic material selected fromthe group consisting
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‘Notwithstanding the critical role played by the Ru and/or Ru-based alloy
interlayer S 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 capécity 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



materials useful in the formation of interlayers of

magnetic recording nedia. In particular, rhenium (Re)

and Re-based materials, e.g., Re-based alloys, 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 clear need for

cost-effective nethodology fog manufacturing high

density, |ow oxygen content Re and Re-based materials
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A further advantage of the present disclosure is
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e.g., sputtering targets, conprising high density, |ow

oxygen _content consolidated powder materials

cﬂi@M@Rﬁé)lﬁEH&WSﬁé«M%i ning materials. Another

advant age of the present disclosure is inproved, high

density, |dW aéwgaéﬁ theepresend riisslosyrs ésd itppRRMed methodology for
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Thseadyant ages of the present disclosure may be
realizeéd and obtai ned as particularly pointed out in
t he appendéattt ahathams advaotage dif ithe present disphesnte of inigreved deposition
present disclo§ure, thq f or egai.n an ot her :
sources, e.g., sputtering’ targets, com nsmg high density, low oxygen content
consolidated powder materials comprising Re and Re-containing materials.
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;



advant ages are obtained in part by an inproved nethod
conprising steps of: (a) providing a Re powder

starting material or a Re powder starting materi al

and at | east one additional powder material; 5 (b)
subjecting at |east the Re powder to a first degassing.
treatnment for reducing the oxygen content thereof;

(c) increasing the density of the degassed Re powder

or a mxture of the degassed Re powder and the at

| east one additional powder material to forma green
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( @dmprises a step of:
| ()  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 i)resent disclosure, step (€)
'.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 rrlaterial;
whereas according to other embodiments of the present disclosure, step (e) comprises
steps of: (€}) subjecting the billet to vacuum hot pressing (VHP) or spark plasma sintering

(SPS) to achieve < ~ 97 % of theoretical density; and (e;) subjecting the thus-treated



conprises steps of. (el) encapsulating the billet in a
container; and (e2) subjecting the encapsul ated

billet to hot isostatic pressing (HP) to formthe

consol idated material; whereas according to other

enbodi nents of the present disclosure, step (e)

conprises steps of: (el) subjecting the billet to

vacuum hot pressing (VHP) or spark plasna sintering

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

(e2) subjecting the thus-treated 6 billet to hot _
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According to still another embodiment. of the.present disclosure, step (a)
~comprises providing a predetermined amount. of Re powder starting material, a
predetermined 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 c.onsisting of non-
metallic elements, non-metallic compounds, and ceramic materials; and step (e)

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



According to still another enbodinent. of the. present
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predet ermi ned anount of Re powder starting material, a
predet erm ned anmount of at |east one additional powder
material conprising at |east one transition netal
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metallic element, 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
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' source conprising consolidated Re-Y powder material,

where Y.is at | east one non- netallic el enent,

non-netal |l i c conmpound, or ceramc material, the

consol i dated 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, preferabl y

greater than about 99 % of theoretical denS|ty and

oxygen content bel ow about 200 ppm excluding oxygen
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| east one carbide or nitride or an oxide of Ti, Si,

Nustradien of Bwaiestamodmeaniemplaind ferspraeticangothe prgsent disclosure. As will
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descri bed, the present disclosure i s capabl e of other

-and different enbodinents, and its several details
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respects, all without departing fromthe spirit of

~t he presenthdifeliowinigr detailkd cdescliiptpinyof theeerib@imags afdthe present
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enbodi ments of the present di scl osure can best be
‘@reidrewn @ B haseiblupteielthie peatimaptfpaturearwvidrein t he fol | owi ng

draw 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 nagnetic

recordi ng storage, and retrieval system conprised of a

per pendi cul ar magnetic recordi ng nedium and a single

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

showi ng the mcrostructure of a sputtering target

conpri si ngpRg. 2 i99 rAitrogriphSheREOhE MAERUrRAVERT a sputtering target
mat erial formed according to an~ enbodi nent of the

sompasing Rescl batufeMoconseldated posvdgr miaterialfonped atvowlingyto another
th ' uttering target conprising
Isén%PH]Tgerng?fﬁlg/ﬁ%&gﬁ%}ﬂ% ated powder material forned

accordi ng FIGafias hamicrographdihowitlg thé niib@stpuctwerif a sputtering target

di scl.osure; F|G 5 is a mcrograph show n he )
PRPHERE e ..m%’ 8t 4 \?pmqsgﬁqﬁ%f oy dRtt mat&s%péor@?% Goeuding to yet
ZHothEr eboMi RO P kbRt BiMBRKe Mat eri al formed

according to yet another enbodinent of the present
di scl osur e FI@] Gis g misrographcsheyingphe sHempietwrof a sputtering target
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aocthexkmigpdimerstof khe preseot disclosmy@add nent of the present

di sclosure;..and .FIG. 7 is,a,m crograph show ng_.t he .
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according to a further enbodi nent of the present

&Psbefi@mﬁl% ef thopreapntEisclysueRl PTI ON OF THE DI SCLOSURE The

present disclosure has as an ai m provision of inproved

e _and Re- sed naterjials for use, inter alia, as
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erf or manc hi gh areal recordi ng density magnetic
Pecording. rbgipsesent gisclosyre Be at at gy BEViRQphjmproved Re and Re-

TPagaehhterials 8 wheNGidrdliad as thik E¥m B MERE Manhifkture of stable, high
obt ai ning such high perfornmance nedia is formation of

ipatfaerance highheredl carding depitypevgnetigl weordigomgiag e.g, granular
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‘Kperformance media is formation of magnetically hard granular perpendicular 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 léyer 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 hcp 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
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"As’indicated Supra, in such nedia, the granuiar
per pendi cul ar magnetic. recordi.ng layer is usually.. . .
deposited on a non-magnetic or meakly magneti c,
crystalline hcp-based. interlayer, typically a Ru or
Ru- based al l oy |ayer, which enhances the Co <0002>
“texture of the Co-based magnetically hard recording
| ayer perpendicular to the filmplane, thus |eading
to hi gh perpendicul ar magneti ¢ggani sotropy K. The
present disclosure is based upon recognition that Re
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epi t axi al | Brigh9\Wht&) agddrdih® ke kéy2peafured dffthé Plekdi disdlodhd, the Re
sizes. Further, close lattice matchi ng between the
,amigpfmmatgﬂ%lsp%es(gve” ying granul ar recording | ayer
ensur e?ug oﬁ‘ﬁgftfe . @f %éaté E‘%&%Bﬁta%é Y gﬁt&%ﬁf’hgélr@eﬁsny, preferably

interface t etvve cing |1 kellhoo
igreagsir shan abagrﬁ@t%zﬁthegrﬁtw&deeﬂyyam ated, according to
key fe f re e R n
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200y mziQQRB%Jd%atME (Reluang olx?g@nr fré1i 30n-ngeAllé cafifounds and/or
ppm Re-based naterials (excluding oxygen from

aI l'ic conmpounds and/or ceramcs), preferably
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oXYygenr-puredie, nenid@t@Ré;i ¢ conpounds and/ or cer am CS).

--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
E r_n_ateriaL 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
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Re "and 'Re-'based materials contenplated by the present

..disclosure include: --pure Re, i.e., 100 % Re;

--Re-X, where X is at |least one transition netal
el enent, e.g., M, Co, Ruy, W C; --Re-Y, where Yis

.at l.east one non-netallic el ement, conpound, or

cont

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

carbides and nitrides; and --Re-X-Y, where X and Y are

as defined above. Manufacturejef high density, |ow

oxygen content Re and Re-based materials poses a

%HHHI@J e Fhtes dGRhd b&ﬁﬁﬂdﬁﬁﬁldﬁé&gﬁﬁ résOfiingdh RPackingl 4l unpredictable
h neltlng poi nt of Re C% nmakes sintering
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urln cons tion lng sulting in cracking

j ‘Yf{"é’df“émgé‘@g%‘?ﬁ‘&[“i Re powders, which
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oxygen even under anbient conditions; as a

SOWseYy G&n sputteringdargetsftp perferm webkmi nt ai n | ow oxygen -

| evel s in I .
oxygen contiiry s KELLAERTE 1o RS REmeAbloray i fomine
fhi)gh dimpits ilow orygea@oneasRe andjR¢-based materiatygyfot asegstdepodition sources

er orm wel | r| efl% stated, key steps according to

g

ﬁg Ry eé'ﬁ?taﬁ%?ﬂd%}l y for forming high density, |ow

oxygern. contreﬁkmgethamyg@ donsenl offieeramaRe of We-biE€d pSwder starting
deposi ti on sources uttering targets)

imrieriAd &0 form adegassed greeh eamgwﬁh adowerd ovrzephevehaw Re
or Rejbase ‘%ﬁ’s%‘ﬂgﬁfn {h@r $1e89 m eﬂafa? rth ai*og{'l 0, LOhMB ted Imatenal with

degassed green mat r| al"wth ower ed oxygen
Zreatesribay Fibllatti9r5g%t dlethgerstienl rdgnsity, @Irefcltablfyogrmtar than about 99 % of

[ oyt
t %3‘31&"’ F@%ﬁ%gﬁé ?Jl{ha‘ow\%x&ge ?C%Ejr Sat er ertt %n%a gg 5@“ for pure
%Reodnd lbiveothahiabaulit i[)ﬂr’p;mt for Ranbased niatdrialy @xylgding oxygen from non-
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| .(aﬂli abwei fHan Q6B EEPOd: ?pm R Re-FRER | rhitsridld E@%Hﬁl‘ﬁ% oRJh Mom non-

ceramcs), preferably | ower than about
pmt@hRgompounds and/or ceramics); and

ppm f or

3. forming at least one depOSlthh source (e.g., sputtering target) from the
consolidated matenal.
[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 degasscd green material, e.lg., by cold
isostatic pressing (CIP) or cold mechanical pressing;

2B.  further degassing the increased density green material by treatment with
hydrogen (H,) 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.
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and | ower than about 200 ppm for Re-based mateéerials ~—
(excl udi ng oxygen fromnon- netallic conpounds and/or. ......
ceramcs); and 3. formng at l'east one dep03|t|on

source (e.g.,. sputtering target) fromthe

consolidated material. [0001] According to certain

enbodi nents of the present disclosure, step 2 for
consolidating the green material conprises perforn ng

a plurality of steps, including in sequence: 2A

increasing the density of the degassed green material,

e.g., by Cglcgordh%oﬁ)t atd& ?Ee‘?ﬁﬁfv@ &Qdﬁ)c fr &)‘ﬁgaldatmg the further
nechanlcal pressing; 2B. egaSS|ng

|dngassais emtemhm stgp @G enbiltett ef degasdod grmammnal isi engapsulated in a

‘ik&)ﬁl %ﬁ)éec‘iegg(gygg%{cﬁér {(r:o eﬁr%ssall FFEHJ) \Agrggsxya%g&ding to a

: Ksacfdnldcdll%ﬁladffe pReegiredor conbalidatihg tenflrthe: dagamdlmaiaialng billet of

the further de assed reen material. 12 Acc
gegaped emep RHEA v sa%&ets@ ({9 apuym élahgmswa&t(%gﬁ (Rpark plasma
TSkl Y (SPEYRSKARVERL-D7 8 of estbOdul dbnsitd aRl kleBlthOfhus-treated billet
degassed green material is encapsulated in a

do putaeated toshet isopfatic prebjiea(HIE) totamatthe sensplidated priesali wigh > ~ 97
(ol P o%g%l%gﬁsla,accor ding to a second alternative
n

procedure solidating the further degassed
rrat erial, a\dooﬂdlirgto@thcr dm@a&mdtsgxf dmrpremtledii;cad)su'rcs however, step 2

T eR s A e,
Qe tHay st@f%jZAheﬁC taRereplided Wit at ﬁﬂ’gl@ islep Plerfoinseds ¥y, @5t ®@uum hot

to hot isostatic pressing (HIP; formthe
auessivizi (Y RP.sratriasma sintering (SPS), gricroygaye sinleaige citingspheric pressure

gif +tg,){,l1ﬁ):g\pg WG, e er enbodi ments of the present

owever, step 2 for consolidation of the
degassed grlsenomd@talil,ahccnsillpge ité Sheredesoyt discloburer thet pasticle size

Sr?%ﬁlgio& @Sﬁg p}gtrrﬁ)ég)% er gprovngl(? In ég uﬁneﬁtg/?ﬁglg)( V!Ob me%h although
(switdfr arilarger ﬁieﬂﬁ]ﬁ&v@dmh&hlaﬁ g1 0SR&sh, andi- Mfomslﬁmay also be utilized.
sintering, atnpspheric pressure H2 sintering, oqr . )
v’a@u@mdep@%mﬂ BREKrPnsity ohg?vs Reepayfer 03’&6?33?&%9&98"% geduction

%%Ed@cﬁﬂraﬁmm&hﬁmpﬁéﬁﬂeﬁh@ NHGReOS) &terzb@tgnqemf* and 1.63
( PSD) e raw powder provided in step |

' tgup(pmaJ respect?¢xly; rapd lthe extyighm gpent is typically > ~ 1000 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 H».

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 constituenfs (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
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smal'l'er “and Targer nesh powders such as -100 mesh and

..-325 nesh may al.so.be util.ized.. The tap density and
bul k density of raw Re powder obt ai ned via chenica

" reduction- processing (e.g., from amonium perrhenate,

NH4ReO4) are. 2.86 gnlcnB and 1.63 gmcn8,

respectively, and the oxygen content is typically >

1000 ppm which nust be reduced to < - 1000 ppm

e.g., as low as about 100 ppmi3(dependi ng upon the

specification of the .resultant deposition source,

edeﬂsxty, PadtRld dhapd, Ret. tTRE P6lvliiers DRkife REMARR Y adi@Vtdnsti@ents should
dégassing treatnment in a H2 furnace or a vacuum

f%me adQWtcaﬁygmhgout@t, tymisHly 51508 PPk Buphieb caribg dever or higher
. t(F Sn al!ﬂg } Hﬁ@fté’ a(ny ech rcglqtléhtr %ﬁ 9 rreamaﬂ{ g, ttﬂ@ powder
UI s ed o

Praduc out causin
mrepmtm:sc mdsm;ireporngn Oa‘g Idte%hmvﬁie resahaht tfrgatm ng cl osed

pares within the omder art of . .an ..
metal of néﬂ‘en{é’f"’al aB%I‘i" sP?‘f’geéﬁs? of\(l\g@ %di’%dr/or\())& additive
t@nhguase’d kaghdoktaw p'f@jewﬂl\fﬂﬁﬂ M&His@f&ﬁé@n@xr@sﬁoduas having
simlar to that of the raw Re g&@mder However

pissirest canpigtupns\parporiignshand then Kleaded/tegethergagdn ajtymbling blender, for a
Csﬁl@ﬁ&ét{t HRELSI @thaﬂ‘?né gHold Thixfig, £&N ﬁﬁl @ﬁﬂmt fat 6@tmn although
e raw Re powder, depending upon’ esired

cshwoperirtlprger blfendlhgtlmes an¢mp561lﬂeaba®e$amat er| al, as well

as upon ot s .such dens

shape, etc rﬁef'ﬁfg{‘:ﬁtg ertg %?gaF Sﬁ’g p X% d?ow{s‘ gnﬁéﬁ ﬁe 8( and/or Y)
- Cppvadetd BepBEding |l’(§)l8{e§ 2A ab sforrh arneindrdasad d’eﬁﬁ@? rdegaséd pteen powder

typlcally < 500 gut mhicE n be wer or hi gher

dependli AgYuiem SKHEPIEc dii 50D Wéehy ifstaye preesing (CIP) or

redtlahid At rEé%[l&eE £ tag %yﬁeﬁﬂﬁﬁ‘é thlee@Qs%E& P@@der"ﬂ?’%léﬁd@d ?owder into a

proportlon (e. he resul tant target

ralk tRe Opdmzéndemnm emmmhm e@g PGFOrmiNe G(IPamdm@hamcal pressing at a
gﬂgéé e"b%mééﬂ Bﬁttz%ea@h %18§Ut%o 1 gRede 0t of leth density > ~ 50 %.
e S u g

ern1ne or ach I eving p cts havin
desi red const fot smeptZBpwhcmmb |rmukantalnﬂomtimsobfoensjm(1uired to have an

BN ok yh <sBih i Bish Bt B gy 4 ol meShaoicaf p{fing in scp

Vo A hefuil® fur®Cr Wepassing! ke, a§hiﬁr§6H2 Firnh&NGL'vacuum oven, to
bl ending tinmes are possi bl e as necessary

| U@ﬁgqefrp@law BRY OXYECROdG OVl gufaeepelchmg (dugipg previous powder
RAAHRE 58 1§ Fordllflrlfyceline é@gé&téﬁ Gk e r#ogvod\%é Biifs. Control

an |ncreas densi egassed gree
neft ¢hd alegaming fempeenteapl and bderaals o(vpicts hedl byric glccording to  the
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- PRUERIrenBY®thR oxygen without causing 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 geheral, pfe-sintering déhsity of the biilet 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.
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"CI 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-Iow

oxygen content, the billet formed by CIP or cold

nmechani cal pressing in step 2A requires further

degassing treatnment, as in a kg furnace or vacuum

oven, reduce/reane any oxygen on the powder

surfaces pi r

and to fur tsﬁéé’ %ga ce l{iﬁ)eﬁ Wég(r}ﬂg 8% Jonte?ﬁgfj er}QSultant Re or
ReAskeed nqrdsnmheiaurcé]c(ﬁgr Gbuttemfngtthmged ag aelstongow or when the oxygen

EOMBRLST oS BB DrerhRo p RPN 0" opt | mum

val ues i's BRGEEES bMplitesbatBhg tR billaGHELA E@MKEmEAR or metal alloy
oxygen w t hout cauagﬂg g remature sintering and closing

SRR, f-» Pive sarben ste & cqaged with ékveéss?%@;) % iaght can (with or
WifltReh @%é{fn%§ )hth[ingotlﬂE %hx?'er\]/gcdaﬂﬁ tel (%hqgtaclgé\yeg?{)acuum and sealing

renoval as at too low t enper at res In gener al
phe cai. iletr ispgatitepressing GAIR) He thén peformied ub donsmdidatexibedyllet. The

e AEAEE o AL PSP HLLIRR | rrt on

[RempositiSd Of ﬂicflﬁlletfﬁe [Bressard dvill GakkeCrdra abputr 16 tBeaboite4IMesi, and the
and . Re-W 14 Step 2B may, be ski pped when the

a&lygeﬁweba?@mﬂya% iy the, rqngs af seypial hrrye-fRet pAL B

- deposi ti on s3QU8 CBMpAs@- sectidtiitd &l &ﬂls&lﬁfagﬁt PIIF BilRPby ta89 suitable
| ow, or when 'the oxygen content of the raw or

d@f@h@s@g g rleetmcplodigeharges macififiing @HW intowslicgs @b deeired thickness,
cfgf{'ayédstf)f ma&%}lg t ﬁllﬂa? de)os;q% so&xtcg u‘tgﬁﬁf ﬁf@)adlmgﬁsmns

coated wt ﬁ"hal utﬂluyaa(ndklm)lhw CEf 'ilhe mex@t\mdidulosure will now be

- detpopaud G en i ol Ry SHRENEE g xampies

isostatic pressing (HIP) is then perforned to

consolidate the billet. The&Exatmpiperature utilized for

H P is generally above about 1000 C but w |l depend

"~ upon the COReOSIS0I &N %ICot fruttbring edrpett hgs fubeissted acadrdihg to the -
e. from about 15 to about 45 ksi, and the H P

f%ﬁ%‘wgﬂ’r@sawm ly is in the range of several hours,’

€. 9., 4 - 10.3Bnesh RidBePRE PHRAdrSfith RuhpI B &h@ontent of about
consolidated HIP billet by any suitable nethog g.

280 ppicwrs degestedraye m&mm@mgtw(egﬁl\@%o, °6t ender pdésamsphere in a
gfgéﬁd}r? ﬁu‘%ﬂcﬁg P&%ée g o%ée%%ﬂ %W 1o BEH h% P%l—g to final

eposI n source ; spu ering
di mensi ons.The degassed Re powder was then blended w1th 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 utilTity and versatility of the present di'sclosure”

wi Il now be  denonstrated with reference to. the . .
following illustrative, but non-limtative exarrpl es.

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

"~ -325 mesh reduced Re powder with as-suppli-ed oxygen °
content of about 2200 ppm was degassed at a peak
tenperature of 1050 C under ajk2 atnosphere in a

vacuum furnace to reduce the oxygen content to < - 120

ppm The d S | o
ot opr | at e Anaint of e FEIdR shitEHng (A° il 3R 100 % of
4Be<m:tmal myg\ent apmizEinewas §@ppio) arddemroyapiluct d:renbhaemdefsbe FIGS. 2 -3)

CPpae PP aaes L) Pl phstesp S pinufeat KX HloHamety: o

t;ﬁf@Ré phaseea piire @oqilibsed it irdor hinewricb iR <06 Rl at i on

in acan and evacuation and sealing of the can. The
encapsul ated CIP billet vvasi theg gubj ected to HIP at

a peak terrperature of 1236 9 ksi pressure, and

final targets of desi di nensi ons were chi ne

from the. Sahats T dt BV BHERE et Fie HRraF gocprding to the
tBRowRE PrdcRBlresput t eri ng target nateri al was 100 % of
theoretical, oxygen content was 66 ppm and

m cr ogr aphif-32rangshaedused Re pewsisragth g- S"PBI)ed Prygempeatent of about

hB0 RS RAS Be setirqt %&&ﬁ%erﬂ?éﬁtﬁfé‘%f Rﬁ@ Eh% atmosphere in a
resul’tant Re al 'oy, nane a pure _
placeunCfurpirzde redancjtha oy genrcoatenuiot< ofl 2(ap1_ﬁte Oo phas e.

Fabr | cat ed easHTRLRs BovAE i G ot B dtpeiigte amount of

--32% nieeh M6 wwaed fo?eabbﬁw\dﬁﬁmm Inha asmblePBpk Qﬂ’exﬂ&ﬁ( gﬁﬂ the blended
content of r‘£5 was degassed at a
e

tPé’N‘&S{' %Hbdﬁ‘cée (&1(5’5% kst. Theoresyliing e bidlet Wa%ldegassed in a Hy

-%ﬁ@éﬁﬁklfel%ft RGfe8k tté?nﬁe‘?ﬁﬂl‘é%ftalﬁgutol)%ge@ ?&B%thyte‘ﬂcaﬁ)sulaﬁglg in a can
pm The degassed Re t% wder was then bl ended with an
cC

a?pé rewulamrearmmg off the cap Thewneapwated WdB billey wag Hrgntsubjected to
géagtgmﬁ&ggi‘ee chﬁ%%e"é) Luﬁcpg§ rk%l E\E%mteh (110 If?igldt ets of desired
| €c at abou ) e resu
Glnﬁerkmddsemrmcldegh&madhe consoltdated HIP billet.
The density 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



“atnosphere at a peak tenperature 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 HP. at a peak tenperature of 1515

C and 29 ksi pressure, and final targets of desired

. di mensi ons were machined fromthe consolidated HP

billet. The density of the resultant sputtering target
material was 99.3 %of . theqgetical, oxygen content

was 108 ppm and micrographi c examination (see FIG 4)
rr@éﬁﬁﬁ-lg@lPtﬂ?ﬁet W&%%Eé‘s@e@ih ﬁi?ﬁdrﬁ@%he?@atmammg of about 1050
t he Re phases corréesponding to the Iighter areas in
FCGfollpwedx byrsheapgulatigr ire a( ¢ancand ¢vapustjonRand pealingrofiihe can. The
t - l.cat a [ follow.n o
SRS TR M SERERUI0 LR o et B RhB of 4315 °C and
@9 ksippreksute ngar finalr eargedts of Od3iréd whitkenisiors t8re machined from the
at nos, herglhg, %ﬁvacuumfur nace to reduce the oxygen '
©ontolideted HIL billebs nom  The degassed Re powder was t hen
honmogeni zedht AendBitthd Resiltdht pure Re spud@Rh® fargdt Rfaterial was 100 %
bl ender, and the honobgeni zed powder subjected to CIP

&f thaemticalgandthe oxygea coptentwasA4ppy CI P bill et was

degassed in a H2 atnosphere at a peak tenperature of

about 1050 C, followed by encapsulation in a can and

.evacuation and sealing of t 5};‘?@4 The encapsul at ed

CIP billet was then subject ' | P at a peak

t enper at ur f. 1555,:Co j . £ .
targets of 9‘?Jléksei r ?g ac}i rr/gﬁl %ﬁge@ éﬁgﬁiﬁﬁg‘gn?ggdma%ﬁgamg fo the
dolswing petcedurtll P bil | et. The density of the resultant

Re spuyttering,target terial was 100,% of
0B oci car N &Y RSB nreodEgaa il peak temperature of
B080P¢ @nderA IReatmodphedd in Lo AbhepULEREE Oreli@dedBE oX¥R&n content to < ~

fggri cated according to the follow ng procedure:
[l68®PT- A - 200 nesh reduced Re powder was degassed at a

peak tenpermgt ld%%‘as@sfd R PVdér wiRdRén BehdedalitPRPEREpriadle Anount of
vacuum furnace to reduce the oxygen content to < -
-325 mesh W 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 Hj

| atmosphere at a peak-temperaﬁné of about 1050 °C; followed by encapsulation in a can

-and evacuation and séaling 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:
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120 ppm ‘The degassed Re powder was then bl'ended W th

an appropriate anount of -325 nesh Wpowder far 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, followed by encapsul ation
in a can and evacuation and sealing of the can. The
encapsul ated CIP billet was then subjected to H P at

a peak tenperature of 1515 C and 29 ksi pressure, and
final targed 9opf me@siciedd Kl ed@gﬁs%e({@tczh &ﬁ(dtemperature of

fromthe consolidated H P bi Iet ensity of the

1I}%oretlcal oxygen content was 65 ppm and
graphlc exam nation (see FIG 5) revealed the '
p r es ence ofrhdldsgassat Ré&powdet Wﬂsplmsmendeﬂhaﬂfﬁ fipacpeiate amount of

corres on 0 lighter areas j.n FIG, 5., Exa e
S35 RerRR GLpSde? goresbaus A b 5 ¢ AFRIE- DS DI Saf Jh blended
%@%ﬂg cié@l bhepr ftabbave Nk pTli%Cl%ngﬁﬁg CIF bilRt wa9QefBSA in a H,

reduced Re powder was degassed at a peak tenperature

‘tmagphereCau el elevated tamperahirer Oliowed Ywucmorpsplalipmde & ocan and

Fgglg%{%ﬁ A Qﬁd %Mgﬁgtl:] fﬁg Qgéxﬁ gthg eﬂc%pﬁ,ul:‘li%g diprﬂllle-{%s ﬂ%ﬂ%ﬁ@%&ed to HIP

Waer was t an appropriate ano
att a p&iksStempetat@e gfolbOr °G and MPokiti pibssoven.and rfiral targets of desired

it e e B omati e SRR 1 ng a1 p

bi'l | et was TheURmSi®F of thé réfltamt SPAKPINES €arpét xaateﬂblewag ©d2 % of
tenperature, followed bé%encapsulatlon in a can

dherseticel AXYEFICABENt Was aghmicrpgraplie &gssrmnatl@a (see FIG. 6)

. q:%aﬁ:'dl th@k) etol?gg'eecé Eégjndg{s‘fﬂl ﬂ tel est 1.8, a tlreq{@ﬁlg}ﬁ? a pyre Cr phase,

nper at u press
taarigéi%cophaaew red dinensions were nmachi ned from t he
consolidated HIP billet. The denS|ty of the resultant
sputtering target nmateri al % of theoretical,

oxygen content was 162 ppnr_aﬁﬁLﬁTcrograph|c

exar nat | o G8ee il & obku gﬁvt@ﬁﬁg%gaew&r EAARGEY Hoording 1o the

three (3) sti nct phases I.e ure hase,

pbﬂewﬁgpphaémp

- 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 ina Hy atmosphere ata 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.

' rl®50°€ andersplds atgroisphere alrageacunmtfemaeﬁt twvasu099h60>%g9n content to <~ -
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~ di mensi ons IEHBMIEG Hhe, BEpsent

and a Re-Cr phase.” Exanple 6 ARe - 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 appropriate anount of -325 nesh Ru

powder (degassed to oxygen compgent < - 200 ppm for

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

bl ended po r t P °
resul ting gﬁg(g?ﬁgéﬁ?éggr gggss fﬁﬂ%w éﬁ?ﬁ%?ahgggloo % of
dheaetjpah loxygenpeandent rveas of02amut ar@ic@icragraphae Ieammamyn (see FIG. 7)

FREARIh 8ot R et AR BAR | £ B RS0 e Ru phase

snbjadd-RaphseH P at a peak tenperature of 1515 C and
29 ksi pressure and final t ets of desired
Shiclanure Biswis imatoed Foghodology for

bﬂohh%% higtB denthi§, Qﬁﬁ%k%%noéontelﬂ? Reetd RaMasciPibieRhlshd deposition

targe naterla was 1 % of theoretical, oxygen

| CONICeN COMPISLIY) Sanky, 1) 2. atputtening weéqohvluclekamnd He-based abley targets

F
S BhunhQISBLE BISGBRE Bl el I gt o i
R’an@oﬂiasa@raﬂutarspcrp‘mdiyulat megnEtie secvrdidg sedmsTheenhanced magnetic

provi.des rqve t hodol o f formd ng high .
Terning aveh, it Bt e Sirion Bl dRapfacmes of high
PesfofRRRE] highAMared %é&&ﬁlgc&ﬂﬁiw Shdhala® %enﬁtcﬁlar magnetlc recording
sputtering targets whi ch Re and Re-based

traedie path impeovisa signalatoaaise rae(SNR) and n@réfwrp@whwﬂar magnetic

-%%j% ine interlayers in layer stacks of thin film
as

d granul ar perpendi cul ar magnetic recording
rredi a. The lefisgmedousdegeration, nmou&ﬁpngﬁp dyteilsare set forth, such as
ecx? datemfils %} R ﬁss %chedsleg’ Celtcosxlﬁroer er (é flaéifit%fe a better émderstandmg
ure o pertormarnce, areal” recor
dENbE tpresgha ﬂisblaﬁura eHﬁe/lder,c u{eapresmg I’ﬂiidl@sufcﬁ ca Bk I’Ig'actlced without

-rredl a Wt h‘pfleggtéﬁ%gg?ﬂ? - al -1 g?,l%g S eéﬁﬂ’i‘ S gﬁiﬂ\sl@nces well-known

© processing techniques, msmu_nentahtles, 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.
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“Tn 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

Wi thout resorting to the details specifically set
forth herein. In other instances, well-known
processing techniques, instrungntalities, .and
structures have not been described in order not to

qwﬂggg%ﬁgﬁkhé;obscure the present disclosure. Only the

di ments of the present disclosure and

but a few gxany : atility are shown and
descri%ed ngeian%F&$§ﬁ1gk%ggﬁnderstood that the ,

pr esent) di gebddinge Re powgerstating maseial or @aRegqrowder starting material
conbi nati ons .and envi ronments and is susceptible of
cﬂgﬁﬁg?méWﬁﬁgﬁuﬂB PPW@QPP@ﬁgamﬁthin the scope of the

di scl qepd cRbfelg at lessik piid SBE podecitd).a fifkt ddh&singStreatment for
Clained Is: 1. A nethod conprising steps of: (a)
preausing thg oxyess sonirabtheephr ting material or a Re powder

start !(@? NBh&Ehdhg tRMEnSty bl depRsAHRE oA oP2WMiRfure of said
material; (b) subjecting at | east said Ré powder to a

f dagassed Rgapwvdeg and saidnasricast one additiond! mywdremeseyigetp form a green
cofLent thereof; (c) increasing the density of said

degassed Re powder or a mxture of said degassed Re
powder(dand saBjedting sdi¢ ggtenobitletitsliat scooml depmsieg treatment to further
material to forn1a§grg§nlagillet; (d) subjecting said

gfeduss the pxygen contentdirgRfeaifbgassi ng treat nent to

furtheg) redusfidahies &XY §RBn bR BNorth ARbAAidad thate®ial with greater
consolidating said green billet to forma consol i dated

nthew pbaatt 99i% Rf Heerpties] densigyrandtowoxggemgontent helewabpetad00 ppm for

ROSIYY 065 CRPt R0La8! SMeARQU .
B0 bR L O0Sn R BEbaoel AR ol R St mirture,
f exchelihgf oxygers ook nonxhetaldc compaundd andfonceyagneias.f r om
non-netal l.ic conpounds and/or ceram cs. 2. The nethod
according tg cl aj 1erei . st ), conpri ses:

c,onsoldil‘dat iﬁbe AS}%IH();H écrcgﬁf%t?’l ﬁTaé?Slaﬁ”glegﬁng'm ng a

consol stgfa(®dcomprises. consolidating said green billet and forming .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 (c) comprises forming said green billet by cold isostatic pressing (CIP) or

mechanical pressing; and



material “wi'th.greater than about 99. % of theoretical

densi ty .and | ow. oxygen content .below.about 100 ppm

for Re and bel ow about 200 ppm for Re-based materials

formed fromsaid mixture, ~excl udi ng oxygen from

non-netal 1.i ¢ conmpounds .and/or ceram cs. 3. The method

according to any of the preceding clains, further

conprising a step of: (f) form ng at | east one

deposition source from said cogsolidated material. 4.

The nethod according to any of the preceding clains,

wher ei e n .

oput £ S i orprlscd QARG AR R, SUTBAGL 3L gh BSla Rimpspature while

tdoetaptieg il bijjecvish Hs gassher ei n: step (c) conpri ses

form ng said green billet by cold isostatic pressing

( CI4_P) 6o r Iﬁ%hrﬁghgglac& cﬁﬁg t@ %.ny %?Qhe pret:ed]h‘lg cl’anﬁsz dsshere}n step (e)
r(sds)ste;ﬁm&rl ses mi nt ai ni ng sal d bilTet at an

el evat e

o i K80 g bt st PG ol BB ot Rl {algh achptainer; and

pr ?Cecte%)g %hﬂ]b&ﬁ) SR ERIapsubit@PbiIe) to KR NFVsiabie pre3éifPSHIP) to form

encapsulatlng said billet of degassed green
rﬁatdeqqnmhdawdanaémﬁlau ner; and (e2) subjecting said
encapsul ated billet to hot i sostatic pressing (HP) to

form -gai d gRNsehbHA aatc@&d{:ﬁ?t & hd) one7 of EREmEEt PP, wherem step (e)

according to any one of 5, wherein step
(eomprisessepsofs st eps of : (el ) subJ ect| ng said billet

of degtglﬁse %ﬁgt I8 & 8{lle? l f ?9 ags%?;g%% hl?lgteggletgs\larc]&én _hJot pressing

- (VHP) 1Ea¥na siht e hi'eve
AV HR) @i s;bdirle plaginh siaterid@(SPS)yto actiiehve € 2y % ub]he@*etumy dérsity; and

t hus-tr ated bille hot i tatic pressin

form &Dd éawgstmgd'ilﬁéguw?aéﬂs Billet fq ﬁowsostw lgioe g ClPS to form
tARNIoRboIRRAted RS WithS ~ I e, sBhbseiataalis#y.ng to any. of

the preceding clainms, wherein: step (a) conprises

providi ng a_Re pomder starting and

terial st )
conpri%es fidematiedacesiding tp@ay atihrererediag Fams, &«?ﬂmﬁv
100 %s?ép h)&¥siiskSRloviding 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 (e) 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
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density and oxygen content bel ow about 100 ppm 9. The

nmet hod according to any one of clains 1 to 7, wherein:

step (a) conprises providing a Re powder starting

material and a predeterm ned anount of at |east one
addi ti onal powder material conprising at |east one
transition netal elenent X; and step (e) conprises

form ng a consolidated material of formula Re-X,

conprising. .predeterm ned ppeoportions of Re and said

at least one transition netal. 10. The nethod

accor gﬂeﬁ Iej Qo&gﬁééén Remipeh QofisoldheR KX MARAI Afdng greater than
provi di a determ ned anount at | east one

aumtﬁp&%lof throvatisal deasity, ioayzanmeptentbalgw about@88 ppmne Re phase, an

ga}wgl ta% l{%ekpb\?ssel ected fromthe group consisting
' “and Cr; and 21 step (e) conprises

form ng a consol i dated Re-X material havi ng greater
t han dbout THO ntisdaiccdrimgre any ahe afeains \t to @xyhereain:

; ggt :n‘}58 k@l ow abgéﬂE T%chﬂggiﬁﬁ B%‘?S‘?eé é@%}‘tﬁ W@t%{’?)lxai\%ya Brﬁ:getermmed

@fnoﬁhtabtnﬁt leadt Q)nz,ad\'ﬂ"twhﬁll ﬁow@ér&ﬂaté@él &)ﬂl’fﬁ)iéi Qﬁ least one material Y
providing a Re powder starting nmaterial

-ﬁ?lé?ifé‘i éﬁom Heogerouprsoptisting oft nanagstall Gn‘éefaﬂtﬁ tr}oaﬂa?talhc compounds,

11\@ gtgﬁgilg.langorrprl sing at | east one material Y
ecte romthe group consisting of non-netallic

eI enentep (e hommpistafdrintnga nptwhd@ted matetiat ef fomnyla Re-Y, comprising
and step.6e) S r.m
SRl s el PR R RClopS B S8 pohitflie g, non-metallic

Ro@PEIRY, b edmiprmeqexidli ons of Re and said at |east one
non-nmetallic el enent, non-netallic conpound, or

cera rial. 12, nef hod . ac ordlngto claim
V\Hér ei hﬁe?eﬂ?dﬁc?r %ttOSt?Engér‘B F¥%r nitride or

an OXiydig apfeastione Shrbideror Mitridd 8r anldxede 'St Ti08i, acwfer di ng to

any one of clainms 1 to 7, wherein: step (a) conprises

rovi di.n term d anount of .Re po r.startin
P o 1a® dnR e R 1At e Grcldms | gads whgn: | 0
addi t 'sQBada) Q@%ﬁﬁesnﬁfo@[dl%acﬁr@étbﬁlﬂﬁi ambuht€8S ReOpvder starting

transition netal elenent and a predeterm ned anpunt
amaterial,| apredetgipeined amount of at least one additional powder material compnsmg

"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 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 13, wherein:

X is at least 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:
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addi ti onal powder material conprising at |east one
material Y selected fromthe group consisting of . e
non-nmetallic elenents, non-netallic conpounds, and

ceramic materials; and step (e) conprises formng a

consol idated 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-nmetallic el enent, non-nmetgplic conmpound, or

ceramic material Y. 14. The nethod according to claim

13, lkd ON et al
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ariusHe HPEBPE- vacuum hot pressing (VHP), spark

plasna sintering (SPS), mcrowave sintering,
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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
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" content bei ow about 200 ppm 22. The deposition source
-according to any one of clainms 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
consol i dated Re-Y powder nmaterial, where Y is at

| east one non-netallic elenment, non-netallic conpound,
or ceramic material, said copsolidated Re-Y powder
mat eri al having greater than about 95 % of 23
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to claim 23, wherein said consolidated Re-Y powder
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pomder where X is at | east one tran Lt .
ot al 281 omihe dsinsitphouse apeudoe 4h oM HeiHe 2 o 24, wherein
& R hst one BarbRicdr hitidEHMIQIE TiOS:, 4RI Mg ¢ materi al
sai d consol i dated Re-X-Y powder nateri al haV|ng
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nitride or an oxide of Ti, Si, or

-content below about 200 ppm, excluding oxygen from 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.



