WO 2009/ 012278PCT/ US2008/ 070109 PROCESS FOR THE REFURBI SHI NG OF A
SPUTTERI NG TARGET FIELD OF THE | NVENTI ON [ 0001] Thi s invention
rel ates, iWOGA®/B2I®di ment, to a process for refurbi shiHg/E28¢5Em109
sputtering target by hot pressing. BACKGROUND OF THE | NVENTI ON
[ 0002] Sputtering is a process used to deposit a thin | ayer of
material onto a substrate. Such thin layers are useful in certain
el ectroni c eg i r ffliﬂ i ranage nmedi a
(such as conpq;igpeélﬁr‘ss&%‘@gngﬁ—llzﬁl Igﬂyarl eﬁﬁg@mgggmg}u ons.
During the sputtering process the BSARIIEgte and a target are placed
in a deposition chanber. The target, typically a netal or netal
alloy, is constructed of the material to be sputtered. For exanple,
if one wishes to deposit rutheniumas the internediate |ayer or
Co-Cr - Pt - EE.HS?T(}?&I %Em%d@gneti c layer, then a target nade of
corresponding naterral i1s used. The target and substrate are pl aced
i n proxi to . . he .t hi ggpfer e
borrbardegb QMMJ h aﬁ{}?élﬁ%%tté%nfel%sél :aaiglglﬁg@gy (g?lgqgg%gif%q%gﬁlfﬂéﬁg of
t he t ar gapert epdieshgthget aptotheessimgdeposi t ed on t he substrate.
Unfortunately, the target is not uniformy consuned. The netal is
nore easily dislodged fromthe target in those regions where the ion
beamis nost intense. This generates |ocalized depl eted regions,
wher e t hBAGKGROENPORIHK INEBENTION n. The lifetime of the target is
determ ned by the resulting thickness of the target at its thinnest
poi nt. Dyeouzp t Isputteringishbercsisasebiorgepositra thin lhjee ofbtatial ohtven dubsteped.
often reaches the end of jts useful |ife after only,a fractio
(appr oxi Pk deysys B WHEl Hetetipmelectinai cEREEhd TerROTRos 5 5PRF ed
netal (appHOXisTRIR! ¥edif @uchSasNmpd&iediscs) AROIH NRwriBBt dT0sthérodpplications.
refurbishing a sputtering target that does not pulverize the spent
target i PuingctheseatidringUrpesss s sebsapaandng gt e racedod & gepsaiigni n
et al., i l.ed ” Ref ur.bi.shj il , N i t
al teac%ﬂ%ﬂ]‘%& ﬁ'g%B?%érlj, t?%?%bﬁ%?lg%?ﬁgllgéﬁl%lbﬁ ik BShsRA LS Sthe marethi B b8
sputtered. For example, if one wishes to deposit ruthenium as the intermediate layer or

Co-Cr-Pt-B-oxide (s} as the magnetic layer, then a target made of corresponding material
is used. The target and substrate are placed in proximity to one another within the
chamber and the target is bombarded with an ion beam. The high energy ions cause a
portion of the target to dislodge and be re-deposited on the substrate. Unfortunately, the
target is not uniformly consumed. The metal is more easily dislodged from the target in
those regions where the ion beam is most intense. This generates localized depleted
regions, where the target eventually wears thin. The lifetime of the target is determined
by the resulting thickness of the target at its thinnest point. Due to the non-uniform
consumption of the metal, the target often reaches the end of its useful life after only a
fraction (approximately 30%) of the metal has been consumed. The un-sputtered metal

(approximately 70%) is not used.

[0003] One method for refurbishing a sputtering target that does not pulverize the
spent target is disclosed in United States Patent No. 7,175,802 to Sandlin et al., entitled
“Refurbishing Spent Sputtering Targets.” Sadlin et al. teach a method for refurbishing a

sputtering target wherein the target and powdered metal are placed within a hot isostatic



sputtering target wherein the target and powdered netal are placed
within a hot isostatic WD 2009/012278PCT/ 1i S2008/ 070109 2 pressi ng
(H P) cont WOrREY01438 i sostatic pressing (H P), al so refRl/ed0esg744Y
inert gas hot pressing (IGHP), is a téchnique that subjects a target
to high tenperature (typically 480- 1300 C depending on the netal)
and high, isostatic pressure (typically on the order of 100-200 MPa)

under an préging (AFD®RRGTEE (Hoy Rosalid yress IP), lak0 Stfafrtd tPAsCins kes ha
pressure that is uniformy applied fromall dg,rﬁctions. Af t er thg0 H P
]g -

process eI @LR,; 154 PRRAIT P RUIBHS Aistrast (h e AoRRrEd s (misalX

target. Tﬂs@otoé_r&ﬁénda@l SERRALAS ald BiFh! R&tdiSRLsRE QEKicRYy of @ dideradid
mlling operations.” 1n addition, the sawing and ml|ing operations
whi ch ar d0P2§0iMRa) upderias dheat dmoppbieredtypids] |y Beean) dpeséatic peassire is pessws s
of materiagl.. Y, Ok T I =NTJ. ] I get
may be re l} rl%ﬁgwg@@b?gﬁgq %irgrgc%{\sﬂggr% hé&ﬁeﬁﬂd&é@ﬁ%?@gé%{oéﬁe&%%%&% ng
it with folekhfretdbapowner groanidhe ef get.nTingtasgenie vepraatgldtom Berfiseg bk h
re-processing,.a certajn percentage of .the yn-sputtered.nmetal is
ot Forvexatiptendgrilits KEeraforsne 1ar dpis i eaine 4 vuli Saadons

r e- pr oces@gsh fovdeiredRNYIA¢ 6% refustishetvbir€dd rdsslt Bf b@bfhesdial.o t he

envi ronnent. [0005] Great care nust be taken during refurbishing to
produce a honpgeneous target. If the spent target becones

het er ogeneous the resulting |l ayer would |i kewi se be heterogeneous,

whi ch i s gumveskVorTagsiIN@RNeIoSol i d state diffusion between the
netal powder (e.g. powered replacenent netal) and a solid materi al

(e.9. a qp60A% ! ak 98k sfueBeif el AEPMbErdirbihdity b piREdsapandal-wresrel he
two materials with anonal ous grain growhs that introduce i

het er ogeregtalyconphgning fif with Sasfiometal pevden- g JEioERBE angiglateet sDurngsich
pul veri zed S At p& NG 1 el £ 2SR 1881 akoP OVEe,
and a ne\(jrvgfJ g%éasg{ngi E %%S@egég%ﬁ&krgh%ﬁg&h]e Hi ) prnoéucles a ho(r)rogengjes
target, tgniedineofihstuepputidred mprabtrredive mpgwaessed povalen gencratestiiupigwhich

o 1 ost. 1 DO HICRE e AT RRd for a process for refurbishing a

R L L R M
target. If the spent target becomes heterogeneous the resulting layer would likewise be
heterogeneous, which is typically undesirable. Solid state diffusion between the metal
powder (e.g. powered replacement metal) and a solid material (e.g. a spent target) tends
to form a distinct interface between the two materials with anomalous grain growths that
introduce heterogeneity. For this reason, the un-sputtered target is often pulverized by
crushing or refining, mixed with fresh metal powder, and a new target is processed.
Although this produces a homogenous target, the very steps that promote homogeneity
(e.g. crushing or refining to form powders) also increase the amount of material which is

lost.

[0006] There is a need for a process for refurbishing a sputtering target that
minimizes the number of re-processing steps and thus reduces the amount of material lost

during re-processing.



WD 2009/ 012278PCT/ US2008/ 070109 3 [0007] The invention conprises, in
one formthereof, a process for refurbishing a spent sputterin

tar get con’WPii@i’%%me steps of receiving a spent sputte?th'észﬂ‘éfg)@‘é‘f”
renoving the surface inpurities by a éonbination of chenical
treatnment followed by blasting, disposing the spent target in a hot
press die, pouring of fresh nmetal powder to account for the depleted

regi ons qfpdAre teRIBventionSRMiphiRG, ¥ BAS FdrSY theRYEra procdeoveRNirbiligng ap
punch of the hot press die and t he netal fpowder bed and appl yi ng an

axi al f orsgentsipuHergafargey ecomma@g e riéqPa| ofsfeReixtg 2 fBEt GPHECTHISS BFgeH
state di frf:zﬂéhﬁg et]'EH)E‘Ffa% té’?lf-‘?]ﬂﬁes tb@'reg%mblﬂﬁl?ﬁogf M nficall Sl bhRES ﬁ)?lgwed by.

hom)genous tar e Invention a perta| ns to a uni que |1 e
for perf dfasiing difpesiag dreespentt thignieid arlecftlmctﬁs sife, mgtlrp*rgcn“e“segh nfetd @ojvAer to

advant agg c?oun{ Por Y &3 Feted rleglvgsnn;[fl the et m &111%S|l%rrl 3}61 fn b@%e "ifre t%P' at

die, the i TensT oS are op that” eve
signifi cgmhct}yoﬂﬂu@lmtqmasaﬂieazhd dmnmtﬂqmwia desd apeyihfen a>aal|faﬂce stdheb® on

the die is redyc to .a. reat etent 10 r.t her geo

the presdht PPRORFR Bl SERatnd, BT agh §tﬁ%dd*%f§%1@%{% 2§ R EngEdbe o
be i sol atpgh utﬁlﬁwlgfufmgﬁdh&h@géﬁoﬁgta@{ al by sawing and mlling steps.
Such additional steps are undesirable, as they may result in | oss of

costly mghgys) al TlﬁR 1&&15}5&%})&@”% SRanigiE ROV MNEE Al d T RamcRfigrant
invention is disclosed with reference to the accorrpanyl ng draw ngs,
wher ei n: refurbishing process.

[0009] An advantage of the present invention is the design of the hot press die, the
dimensions of which are optimized in such a way that even at significantly high uniaxial

compressive pressure the radial stress on the die is reduced to a great extent.

[0010] A further advantage of the present invention is that the refurbished targets do
not need to be isolated from a fused block of metal by sawing and milling steps. Such

additional steps are undesirable, as they may result in loss of costly material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention is disclosed with reference to the accompanying

drawings, wherein:
Figure 1 is a flow diagram of one process of the invention;

Figures 2A, 2B and 2C show various sputtering targets for use with the

present invention;
Figures 3A and 3B depict a die for use with the instant invention;
Figure 4 is a schematic illustration of the die of Figure 3B;

Figures 5A and 5B show graphs of the effect of die wall thickness on radial

stress,

Figure 6 shows the refurbishing of a filled sputtering target;



Figure 1 is a flow diagram of one process of the invention;

Figures 2A, 2B and 2C show various sputtering targets for use with

t he presenW0i2H\‘PéH¥%7%n Fi gures 3A and 3B depict a die fRET/UBMSETEIHY
the instant invention; Figure 4 is a dchematic illustration of the
di e of Figure 3B; Figures 5A and 53 show graphs of the effect of die
wal | thickness on radial stress; Figure 6 shows the refurbishing of a

filled sputteringghas a8bid 7@%9@%&3@%@?@%@2@%@% 408nd Fi gur es
7A and 7B depi ct Fhe profiles of two refurbished targets, and Figure

8 depi cts anot herjoRk Qfdehis@hoder 25416 BE § Tt bisAEOGLget.
[0012]Cbrrespond|ng ref erence characters indicate corresponding parts

thr oughoqﬁ% e SEHRSAndHgEMWBerentd Gh&EXAER! 1ﬁ§ic§t§koﬁé&ﬂ:exﬂ§ﬁ£bﬁts‘ ﬂh}dﬁﬁﬁdhﬁt e

sever al odi nents of the invention but should not be construéd
li miting ththesvewbpewst Theesxamplastseioonti hereim yllustian severdEniodmmnts of the

DESCRI PTIirgrgn%n %‘utps%%ﬁm%elzm%%w limiting the scope of the invention in any

manner.

i DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0013] Referring to Figure 1, process 100 is initiated by the execution of step 102,
wherein a spent sputtering target is received. The target may be received by, for

example, a target recycling facility. One such target is illustrated in Figure 2A.

[G014] Figures 2A, 2B and 2C are illustrations of sputtering targets at various stages
of process 100. Figure 2A depicts a spent sputtering target 200 that has previously been
used to perform the sputtering process. Figure 2B 1s a side view of spent sputtering target
200. Figure 2B more clearly illustrates that spent sputtering target has depleted regtons
202. In the embodiment depicted in Figure 2A, the spent sputtering target 20 is circular
and the depleted regions 202 are also circular. The geometry of the depleted regions 202
is a function of the sputtering process - geometries other than those shown in Figure 2A
may also be used. Similarly, the disc shape of spent sputtering target 202 is merely an
example of one possible target. Many other suitable shapes would be apparent to one
skilled in the art after benefiting from reading this specification. Such shapes are
considered within the scope of this invention. For example, a target may have a disc
shape with a diameter of 180 millimeters and a thickness of 7 millimeters. In one
embodiment, not shown, the sputtering target is further comprised of a backing plate (i.e.

support material).

[0015] Referring again to Figure 1, once the spent sputtering target has been received
in step 102 then step 104, which is optional but preferred, is executed. In step 104, the
actual weight of the spent target is identified. In step 106, which is also optional, the

weight of fresh powder that is desired is determined. For example, the desired weight of



[0013] Referring to Figure 1, process 100 is initiated by the
execution of step 102, wherein a spent sputtering target is received.
The t ar get WP3P0HE23¥8cei ved by, for exanple, a target reR§EU$Aep/070109
facility. One such target is illustrated in Figure 2A. [0014]Fi gures
2A, 2B and 2C are illustrations of sputtering targets at various
stages of process 100. Figure 2A depicts a spent sputtering target

200 that gas.dEIRY hAps N PHRER Ha8d(d O PEELAHMLNEGe §&H&ltx€égﬂi%f I@l’ieoﬁn%l%s

Figure 2B 1s a side view of spent sputterl ng target 200. Figure 2
more cl eatangyt iis Y-Wsgraras @sg. Olgmamepdhis indientesaniadditions! Jegranaée. Eié]:ﬁf@tl)e‘éf

regi ons gt?laslhoul?%gagmqgréﬁ%?shgfﬁk(f’ gq in Figure 2A, the spent

sputterlng I'sS Circu Hie depl eted regi ons 202 are

|
Rt rg@bfbg“ n utt;gxg: n%égre% %&elr%)tntam B2 tﬁ?m{nﬁ te(s).r@l 1802 Eo%ﬁdﬁﬁ%rl on

of the s ries 0sé’'s
Fi gure 2An¢mlicdh Sﬁtubte criiedour& ot iraphrities tche bdj &€ esafrapie ofshisldekit of the

sputtering tar 2 1S a exa | e of SSIb ar get .
vy ot heputdibreban e Tastile S a phrE e ol GBIkl el
art af t ersibe e drisinRg refrﬁcﬁzm SERA4RE shilfics isp@aidsineal hevurfRYehiizhapasyar e
considered wthin the scope of this inventign. For exanple, a_target

may have cgnigndiena h‘é[ﬁfeaw tdFV sleaniagenrapcdpres. sbheielfestivencss ofafhg deaning
thi Cknesﬁ)gQJedZwmschoh cﬁﬁa&&?g;@@@%l%@é surlffeb R ﬁV\gl hlgthh%solutlon

sputteri tar get urt er conprised of a backing plrate (i.e
support rireednglBlectpd B} Redrer cqlmg)eégaﬂn enaypyFidipersive , Sp@ml@écomh doss gent

sputterin ?talﬁu 1%urgas chaeﬁatg‘je%g gclon I% alt%g%né_gj@sﬁ ep 104, which

CC
is option PRt K&CU t he act ual

wei ght of d_etlfled

opti onal ,! Hﬁ; we'ng#ﬁp @P ,g‘g? &%t s iR Vi“gmggéggr egﬁwe]]m@]]{glg b!rsnﬁ?\e

Fﬁl’ exanfigured He afl@SBr GE{;HMEthi a ﬁnfp vidADo2 0@ 300.1 PRSI 1sUSRQOBLO HOTRY 5
o e U e TR e e e LB B

i ndi cat espghs QQQ&S@H Qrdln dvEy 30B. Qﬁ“teﬁ a shudr@targét el 2kussdimidtdsHage is
added to refurbished the target. [0016] Sputtered targets often

contai n gescivedea dispuay be erecially drbricaied i SemEphnmategyith Such a target.  In this

manner many target shapes and configurations may be accommodated. Any undesirable
oxidizing gases, such as atmospheric oxygen, may be purged by passing an inert gas
(such as argon) over the assembly. In some embodiments, a molybdenum foil (not
shown) is inserted between press 306 and target 206. Such a foil helps to prevent
diffusion of material (such as carbon atoms from the graphite) from the press 306 when
the axial force is applied. The die may be sealed by pressing it against a surface, such as

surface 308.

[0018] In step 112 is executed, the depleted regions (see depleted regions 202 of
Figure 2B) are then filled with a powder that corresponds to the composition of the spent
target. Reference may be had to Figure 2B. For example, if the spent sputtering larget
200 is comprised of ruthenium, then the depleted regions 202 are filled with ruthenium
powder 204, thus producing filled sputtering target 206. Many suitable metals, metal-
alloys, and combination of metal-alloys and oxide ceramics may be used. Examples of

material suitable for use with the present invention may include, but not limited to



metallic in nature. The source of inpurities can be, for exanple, a
shield kit of the sgutterl ng chanmber or the bondi ng adhesive if the
target is WORERPIGa backing plate. Step 108 ensures riniyaPKEErI109
possi bl e surface inpurities fromthe 8urface of the target by
conventional wet and dry cleaning procedures. The effectiveness of
the cleaning procedure is confirnmed by characterizing the cleaned
surface 4B E&acg?tsreﬁﬁ,gé Ul @finDGAR NsNAH R CELIATbiIA GLiaSC ApRrE Ideped
with energy I'spersive spéctroscope for the metallic inpurities and a
Ranman Sp@ombwtmpma)" orxclude ahire npinfpuitdd: to early frOBILIPR retals ansl/or 1ON-mdiads.

spent target sed W|th| Iy

Fqur es. JAcmiatrr RRgipaton e tbeisd wa s FefBaR s gt tel Pighor s
si de vi ewSﬂfustrhtedﬁﬁigmdllﬁaf&G)@Lele@ 300 is configured to mate with
sputtering target 206 such that target 206 is disposed within cavity
302. \Whenoe19§ putnehk Bgbbdngat, thel hdtaldnaslsdiopizieet (ﬁﬁ:@ﬂﬁo‘h&sr’aﬁd earbelds. a
die may be speci aII fabrLcaFL]ed to sec rel¥ mat e %gfn a thareqet.
'n thi s nirdiEERyd ¥ dPgepe ShapaYsaRerP helRgFy Brad e Rpefts 0

accomodatgsble HMcIHRALShE FRLiE). Okl SHeZdspat, 386 Barticle HadtpRsloBt RURPORS i16
oxygen, may be purged by passing an inert gas (such as_argon) over
the assembélyan Pmb@gwteﬁ@@d‘@rr@ rregnd morphpipBRe AgrAvosiel. (iStsUEMYRYeins

i nserted feLuaen aﬂéﬁ ﬁé}sﬁ)o Qf ﬁ‘?gl atb%{l 5 (24 §§(§?a1ﬁ's é?'cll.lbllepclaxﬁﬁnét& and

pr event Tt usion suc as car E)on atons fromt

gr aphi t e)thef pmlemlmvpm@s?amewm%ﬁlom rbowhd lato gbonic®4 |S@uaampibie€8dﬂer EHe.di e
may be s res urf 8.
[0018] 1 n e apv i & ERER pebO Rt el ditios®h By SIER, BuditsRahiche
regi ons %Eh’isrﬂefllel:ﬂgﬂrleo 2B}roas,eit 1dastno004 bf thel paﬁichs arqosmuller ﬂmhnaﬁ microns,

corresponds to the coppositjon of t tar Ref er e be
had to Fidgthaklepg 10 %P%ﬁé’ﬁﬁ}c S 8§ S‘P?qg 3}%‘5%@ eﬂ'l1 fg° ?lgsﬁcﬁ?le'gg%‘ei s
conpr i seqh,Qfcld dGREbMontiH @Bt Elhﬁodﬂlﬁp’i‘l@i ?{ﬂvcfe?gsl 126BraBR2at adast 99.99% gured t h
rut heni um powder 204, thus producing

d sputtering targ %}ago :
Many sui tbagsdeonrthe allgwmgeql%\neréalll@wmean@g donbprfet FontoMeMant g‘y
and oxi de; CAl A £S TIBY%oRGinds @&ceﬁi‘ﬁ?ﬁg o?%e%@or%&ﬁfoh@d eléﬁéﬂt@ﬁ'p@ef@r@ﬁlyuse
with the p’resent i nvention nay i nc but not limted
2009/ 012248 RGER/5082008/ 070109 r ut heni um and its alloys, r hod| um and
its alloys, Co-Cr-Pt-B-oxi des wher e oxi de conbinati on nay include
but are rj6a20]i milnedse of eaoﬂnﬁalmuanef mnetahalﬂm'zs ahd oxifgs.ohe auide ABtANS beThe

fillin occu e

t ar get g( %‘Eb"‘f?fé m%’%genﬁgu”i g'tlff f‘ledn qﬁ I'—rtglﬁrn %e%r ,Sthﬁp'ﬁer S?@l@ éi%ogg

[ 0019] I n ngiBRnSHRAGI 1Heq|11hb1hhﬁz with ttisd s{umetlﬁlm@gds@ymusedfmeml -afoy loomlherqmtdes
and carbi des.. The virgin po e of varlfous hé)

provi ded (PEHBCIEéFZFlf:étlsd%"’é@]ﬁhvglyanglu’iflfcéw&mﬂ?r? %Ir@q’g’?sglg SR p?)sut P s

In one aspeet in H@ﬁrep@r The Ltﬁnﬁgrp%h@éxo%léf&aslytat QIS 99.9% PUIbassd on the
enbodi ment, acicular or round norp %es are avoi ded. One_s |ta Ie

virgin pdukteringalsmantebimmeiiss: tAg. ei’fl ‘fj?a &8olit Me.3vip.Nia Sb 5, 31,

per cubi %centl nmeter and the particles have a surface area of from
about 0.T"to about 0.4 square neters per. gram The powder has a

defi ned cl r of

particl egﬁlﬁazﬁl sﬁlﬂls e”gh%td \&?g;eﬁeq%}cgg(gplgh B%Bégﬁsj%é 0%58?9 taﬁgggogl es
are snal lieseduidy disposadcwihia, cavityd e, hleamsulmﬂg/oam%nfohemarhel botegressed

snmal | er than 20 crons. In o It

di stri but 15wgis,gclm}9t Breq%gltfep q%ihepgaﬁge pl{usrl ‘pe? }1 % g?}%etmﬁed

?:? ggu% p‘ééfﬁpé?ﬁﬁﬁdwﬁﬂb bﬂﬂ}’ﬁ@a{w sk @it mk: dlﬁmtm bf eﬁc>wAg)4 Aln, th€o,
e

Si., i
concent r &Hbﬁaﬁ?‘@m tsh@”faf% WAt 3%n%‘i§s%l3%‘§éHPI§. e sth‘b raéF’g ng.lBFy fregnothgian
500 ppm e[wﬁ;gé 19 n%g§1§)\ﬂi( {ide Qﬂﬂ%r%{n’qu aﬁ‘;ﬁheﬁ%ﬂﬁig AT QYisSn dPbsA¥ aHEw;

t he oxi de e di stributed honogeneously throughout in the



[0021] In step 114, and with reference to Figure 3B, once filled
Sputtering targ%} 206 is securely disposed within cavity 302, the
resul ting ¥SS¥MIY27Hay be hot pressed. During such hot THUSRY 78108 p
114 the filled sputtering target is héated to a specified tenperature
whi | e appl ying axial pressure along the direction of arrow 304. In

t he enbodi nent shown in Figure 3B, press 306 supplies the axial

force. |meanqhhem emadha®)the DOl 606 WMappliB®intX idctipl f&pelfdeculS to the

applied along a direction o% posite arrow WO
2009101223yBpefcegs fedlvd snayring foget. SHchphel RisBHAIGHERIALS isdidingyishad

force i's @RRIHRdsdshiid [?Esrsﬁl%t b)p nhfP%fr@&fBﬁ' SRk, T Qsdshific t]ﬂ&siﬁ%r hacs af
the filled sputtering target a hot pressing technique is

di st i nguiwhadirdctionltsobicsts 61§tt@rg¢tdo pldwgﬁiﬁﬂg differerti gregyurided sryiropheft dhape .

| sostati G % %?egy ? e'rgsulté 3f 9htY eg, fet n!:a?lﬂgtl Be %411}3 SGES «J DR JiidrI8knet O
a drastica Tterent pressuri ze nV| onnen a axi al” pressure.
The resuliheenafrs oeet dictuvegde ceraimotonbiioax tthatp alaie el pasiblee t@t preduceThe

i nventors have di scover.ed .cert |n conditions t ible to
b oduce. HEHOREHETnS o U Gr R B oA ot Sonarnginsrr ot JESTeRES
pressi ng 1ivé pek@idsf the@pkiby ahoMmairbighias Sedhasutdamdetit@geoddly, the instant
ref urbi shi ng techni ques. Advant agegusly, the instant process makes
subs eque RFOSEVIARIS SYOSATUCPT T3y Oftnh‘gmtgé’ff thepriaithed B g tnsaretdssary.

[ 0022] When aﬁ)pl ying uni- axial pressure along arrow 304, the die 300
i s subj ed%?c?— to Vhehemdns Unionil e alom, arTo it sy i FOR8 SHIG YR ed

t ai I th
certain rgmjb%ia [BsiBR! §ht Py Mlﬁo%?]ﬁeg;e%ag%g cﬁg&ﬁ%&smcma@%f&o e

desired re she targets. [0023]T be constructed of
any sui t abithetandtiesd %}tccsalpbﬂabéuoaﬁhﬂ/ﬁqm@ilaﬁmbiﬁ@dttﬂéetappl i ed forces. For
exanple, the die 300 may be constructed of graphite. In one

enbodi mer{ﬂ()zstj he ﬂraapm $380 i man Uei gtmsguetdé or aphlsvléabl% wateriab cagpbieleof

2124" ey gkl g, 0T SR Rl Car DO CoIRANY, ) G AT, ULARRLES &S

gener aI I y 't ar act’erl z OW por oSl grai'n size.
may be Clgtralﬂlhémlnaorblembbdlﬁ‘fens lthet@dqihﬁe g alpph gmduguaplgte\/\mch akhouwde 1128He

g1 von Dol 5B gs EaHa & o R A 9o T B e leied
2009/ 0122485 %M@@}QM k8 size. The die may be cut from a block of suitable graphite

using well known lathe machinery. Some of the properties of several graphite grades are

given below:

!___ ' i’rOpemes ‘ "dié&e QTQWIA Maiade 2124' Gré&é :2_1_80

i  Buk Densitgf o 174 g/cc 1 80 g/cc ' 1 86 g/cc
Average Gramué—lgewm :15 5 o

* Flexural Stlength (MPa) ; 44 52 ; 76
Compressive Suength MPay | 97 i 12 | 167

h Tensﬂe Strcngth (MPa) , -------- 31 500

T Por031ty (‘V;) F 12 S0 7

3Coefﬁ01ent of Thermal Expansmn (10- 6/C) ) 4.2 5.0 6.0




8 [0024] Figure 4 shows a nore detailed depiction of die 300. As shown
in Figure 4, die 300 has a top wall 400, a bottomwall 402, and

si dewal | s WOZVHLEZT800 al so has cavity 302 for receivi MfTAVSPBFYEPY ng
target. The size and shape of cavity 502 is configured to securely
mate with the desired size and shape of the target. Wen an axi al
force is applied in a direction perpendicular to top surface 400, the

target ig9eQ7Pr e564 408k QQMEE %ét%llép&]pﬁ:ﬂgn spEk 298, %Qghg‘\%n hotiar aal |

402 abuts surface 308. en the axial force i1s applie he 1 finer
si dewal | dik0B)0dfas e &upi wall H2a batyen el ¢63 andidewallstifés Dic 3helsgites GO0y has

a thickn f ently e

radi al st% ?Zsfs g"‘Iﬁi'uen E 'Etﬁeélgé 1%{%} |nltéhet‘°’f'|ztebjl ?E&%gg%ﬁg&v‘@gn ?%%dguﬁer(%et?
si dewal | sé@ﬁelpfmamwnﬂlytha(ﬂﬁsmddsl:tel”lmdss}dpe/vaf khe4@ﬂgeof Wihea ahi exi@Olrce is

[ 0025] F| es .5A and,. 5B sho a th stress i ndyced

| oad_bei ABPUT AR SAP-GRaL e Rgor SrGE it Breebl SUPeSed PG of
73148 squads® 308 hld siefa&y 308 aEottéatialll 403 tab@S Surflce 30§, Wandh &le ad1a$ foaqicie
(r), (where 131 is the internal pressure, Po is_the extern

pr essur e 2Pplisd, the innsr sifevall 40 oficauh R02srperisacesiradialfigssy The §1°H9@ 11a?|ﬁer

radi us Ofﬂu&a@ssdzn%)wfﬁa%sla@ffeféhﬁyh@ékqg aa:%aﬂ?lgodta!e%ﬁ; 94&129%5&9 Ry mkaas
r2ri 2r02 ) r). pri (roO )r2 (r0 r/) P2r 21,02

| os a2 = 4119 @rtih@ d)stange{ het@een t thg 1r21e1) SIWV@!‘H i of c@v:ltymjﬁrand_he fidewall 404 'of
the die 300.

[0025] Figures SA and 5B show graphs of the radial stress induced by a load being
applied to a sputtering target with a top surface area of 73148 square millimeters. The
radial stress at any radial distance (r), (where P; is the internal pressure, Py is the external
pressure, and ry is the outer radius of the die, and 1 is the inner radius of the die) may be

calculated using the following formulas:

2 2
Ay nxn (K-1)
2 1,9 2
(73 _”:2) F(ry 1)
2 2.2
o, (r)= s + b
VST 2 2 L2 2 2
(’0 -7y riy -n)

when F) =0and r =7,

o (r) = P} —

10026] The thickness 410 (see Figure 4) of the die wall was varied and the resulting
stress was measured at various thicknesses. As the thickness of the walls of the die
increases, the radial stress begins to drop dramatically at a constant force of 118 metric
tons (see Figure 5A). However, this effect diminishes until an asymptote can be
established (in Figure 5A, this appears to be approximately 11.4 centimeters for a target
with a radius of about 90 millimeters and a thickness of about 7 millimeters). In Figurc

5B, a similar asymptote is seen at a thickness of approximately 11 centimeters.



0'3(0=P, ro+ 1 (ri)2(rol1l21 =P (L2 + 1 L2-1 [ 0026] The
t hi ckness 410 ésee Figure 4) of the die wall was varied and the

resul ting YORYONEHE neasured at various thicknesses. ARCTYRR008/070109

thi ckness of the walls of the die incfeases, the radial stress begins
to drop dramatically at a constant force of 118 netric tons (see
Figure 5A). However, this effect dimnishes until an asynptote can be
establ i sheo27ji n RefHIG agdn td RigGreaPP@RItBe {pRtttnoaRRpEl BBhalidpodel.id the
centinmeters for a target with_ a radius of about 90 ml|ineters and a
t hi cknes<ligfsterhbiip %Cﬁﬁhp [drpigied regions| e povpiRdewitBiredh Ravder btepakhApiest e
I's seen ke 1sCkREFSd, AhnRRR X HITE Sluittedds GBI IEMRbChRssed such that the

powdered metal fuses with the un-sputtered metal, producing a refurbished target.

Reference may be had to Figure 6.

[0028] Figure 6 depicts filled sputtering target 206 before hot pressing and
refurbished sputtering target 000 after hot pressing. Refurbished target 600 is
substantially homogenous such that no interface can be observed by either optical
microscopy or by scanning electron microscopy (see Figure 7A). During the execution of
step 114, both heat and axial pressure are applied for a certain period of time. The
amount of heat, the amount of pressure, and the length of time varies depending on the

composition of the target.

[0029] Figure 7A and Figure 7B show the profile of two refurbished ruthenium
targets wherein no interface is visible in Figure 7B. Figure 8 shows the profile of a
refurbished Co-Cr-Pt-B-Oxide target, which shows uniform distribution of the fine oxide

phase in equilibrium with the gas atomized metallic phase.

[0030] The target depicted in Figure 7A was produced using simple inert gas isostatic
pressing at 20 MPa. A spent target of 5 cm diameter was placed in a 2191 grade graphite
tool set. The amount of metal consumed by sputtering was replaced with fresh ruthenium
powder (available from Johnson Matthey). The powder and the spent target assembly
were then pressed at 1400° C, 20 MPa of pressure, soak time being 7 hours. The
resulting target profile, shown in Figure 7A, has a visible interface at the boundry

between the original layer and the newly deposited layer.

[0031] In comparison, the target depicted in Figure 7B and 8 were produced in
accordance with the teachings of this invention. Referring to Figure 7B, the spent target
(18.3 cm diameter) weighing 1790 g was placed in a specially designed graphite tool set
(outer diameter being 43 cm with an O.D/1.D ratio of 2.36) such that the step of the target
fits to the groove of the tool set and the sputtering zone is exposed to the top punch. The
consumed amount (~775 g) of the target was refilled with baked ruthenium powder

(purchased from Johnson Matthey). The top surface of the poured powder was then



WO 2009/ 012278PCT/ US2008/ 070109 9 [0027] Referring again to Figure 1,
once the sputterin % target has been disposed in the dle(éste 110

and the dePPA'®@1#Edi ons are covered with fresh powder {SHepO%{§100
then step 114 is executed, wherein th¥ filled sputtering target is
hot pressed such that the powdered netal fuses with the un-sputtered
metal, producing a refurbished target. Reference may be had to Figure

6. [ 0028]15!'&6&"@ DL Ried d@aufré hhEAfSReE, €A RGict RY&8Yas R PBIRES thotop
pressing and refurbished sputtering target 600 after hot

pr essi ng.AREElAIK ‘B%E@V‘ie&ﬂ@‘éﬁseéﬁﬂrg?tsbeé uBBt entire el st AwaBblibiben slierl inhat
no interfaGg.,t 119? rgd W %&aé?ﬁ{%e@%th GRon BAEHLPSE ﬁ'ﬁ%t&r‘co Bdfnove

scanni ng el ect cro copy (see DAring t xecut i on of
step 114 allbomwam(ém:egw rassenl 111ptbe$@maanla¢1@eari¢1b| redvdfandathe spgrditarget

period of_ ti nPKN nd_t he
Pengin oSt A fed Tabpisadtal 1300 (12 dmbur Podf ot Hi Sl
[ 0029] Fi glsiccbelify ’aﬁd/-&) i€ H\Bnahﬂ_w thipdifeatibi, ne haérficats vidblar bi shed
rut heniumtargets wherein no interface is visible in Figure 7B.

%QULE ﬁ [8dBI)\S ]Exhle a@c?jlﬁﬁmdl Q‘g@tﬁlpﬁ & Q]ElbWIlDllﬁ Feelrds8- CA- Cb-CBPORIOEdE aarget ,
ich sha ni formdjstribut of the fine.oxide phase in. .
oqut 1 br 1P AP PR S o g RS PR to AW {DBa0] et dojie
depi ct ed (hite digMERr Ee‘fngm 7REOMME d @@VIrIgreﬁiorﬂfb%GSE‘emle g8t Suins® 8hadniiC
pressing at 20 MPa. A sSpent target of 5 cmdianeter was placed in a

2191 gr adeS@r gppf the tﬂ’iﬂ@t wagtlilleq freitha fredinpoverternelihgl top shdeaverf thy poured
sputteri (aviaj.J: f
Tohnson tet They ] MR IEGIAL foa b8k BT W™ PAFREL: LA B N e
pressed aactdbOwen thé) td‘pﬂa‘eﬁfanp tlesmwder arslighk sgenh’@ dotpogle? aﬁ;gmb]g Thhe
resultin rface

hown i.n Figure has a visib
2t the baUligedseRimainsiaRirhends it SbE el Gl SRS s LB
layer. [ QAhlidgon gasmpar 3t atnutthe taicgetandapwaned dxpgdn g.mseat 7B tienohei
were produced in
ambience. The powder and the spent target assembly was then hot pressed at 1000 (+50/-
25) © C, 50 (x:10) MPa of pressure, soak time being 3 (£2) h. In this case, a minor
discontinuity within the grain is observed at x200 magnification, along the interface
which is attributed to the presence of muiti phase in the microstructure. However, no

porosity or anomalous grain growth was observed in or around the interface.

[0033] The processing temperature range can vary anywhere within 1400 °C to about
1550 °C for ruthenium and that for the Co-Cr-Pt-B oxide can vary within 975-1050° C

Excessively low temperatures are characterized by insufficient diffusion to produce a
homogenous target. Excessively high temperatures are characterized by anomalous grain
growth and undesirable magnetic propertics which also produces an inhomogeneous
target. In one embodiment, the heating rate is approximately 20°C per minute. The
target is maintained at the final temperature for an extended period of time such as, for

example, 7 hours. The pressure is maintained between about 40 MPa and 60 MPa.

[0034] While the invention has been described with reference to preferred
embodiments, it will be understood by those skilied in the art that various changes may

be made and equivalents may be substituted for elements thereof to adapt to particular



accordance with the teachings of this invention. Referring to Figure
7B, the spent target (18.3 cmdianmeter) weighing 1790 g was placed in
a speci al | YOFEYYREE graphite tool set (outer di ameter Hel/BRpOUH7H4
with an 0.D/I.Dratio of 2.36) such tHat the step of the target fits
to the groove of the tool set and the sputtering zone is exposed to
the top punch. The consuned anount (-775 g) of the target was

refilled wubforRakiebut YhARMURRINERLpE BEfRNARSHA. " IR RIMISOR intended
Matt hey). The top surface of the poured powder was then WO

2009/ 012 2hgpleTinysgpo grbrolipdedto therasfeiir spbediments disrlaspdga thyeesiraods

flat scal irer r . b h C he
o o TR o U oA SRR I LR, U BB o

pl aced i renzhodiments faljiag vhihin the eswpe agd spmiittof thehappéndedisiajms ged wi t h ar gon
gas for 30 mnutes to renove any unwant ed oxygen present in the inert
anbi ence. The powder and the spent target assenbly was then hot
pressed at 1400 (+501-25) C, 50 (10) MPa of pressure, soak tine
being 7 (+31-2) hours. Even at x35 magnification, no interface is

vi sible. [0032] An additional exanple is shown in Figure 8. A
Co-Cr-Pt-B-Oxide target (19.05 cmdianmeter), weighing 1025 g was
placed in a simlarly designed graphite tooling (outer dianeter being
45.7 cmwith an 0.D/1.D ratio of 2.368). The consuned anount (-661 Q)
of the target was filled with fresh powder. The top surface of the
poured powder was then | evel ed by a neasuring gauge and a flat scale.
A barrier layer was placed between the top press and the powder and

t he spent target/powder assenbly. The entire tool set assenbly is
then placed in an inert gas hot pressing unit, which was purged with
argon gas for 30 mnutes to renove any unwanted oxygen present in the
i nert anbi ence. The powder and the spent target assenbly was then hot
pressed at 1000 (+50/- 25) C, 50 (+10) MPa of pressure, soak tine
being 3 (+2) h. In this case, a mnor discontinuity within the grain
i s observed at x200 magnification, along the interface which is
attributed to the presence of nulti phase in the mcrostructure.
However, no porosity or anomal ous grain growh was observed in or
around the interface. [0033] The processing tenperature range can vary
anywhere within 1400 C to about 1550 C for rutheniumand that for the
Co-Cr-Pt-B oxide can vary within 975-1050 C . Excessively | ow
tenperatures are characterized by insufficient diffusion to produce a
honbgenous target. Excessively high tenperatures are characterized by
anomal ous grain growth and undesirabl e magnetic properties which al so
produces an i nhonbgeneous target. In one enbodi nent, the heating rate
is approximtely 20C per mnute. The target is maintained at the
final tenperature for an extended period of time such as, for

exanple, 7 hours. The pressure is nmaintai ned between about 40 MPa and
60 MPa. [0034] Wil e the invention has been described with reference
to preferred enbodi nents, it will be understood by those skilled in
the art that various changes may be nmade and equi val ents may be
substituted for elenents thereof to adapt to particul ar



WO 2009/ 012278PCT/ US2008/ 070109 11 situations w thout departing from
the scope of the invention. Therefore, it is intended that the
I nvention not be limted to the particul ar enbodi nents di scl osed as
the best node contenplated for carryinpg out this invention, but that
the invention will include all enbodinents falling within the scope
and spirit of the appended clainms. 12 Clains: 1. A process for
refurbishing aispent sputtering target to restore it to its original
form conprising the steps of: receiving a spent sputtering target
conprised of an undpdt pwcess et xgfudfiskingas speni| sputieonsdarget éa,
wherein the spentesseratit es its@rigingleformacomprisinguhe Stepmnadepl et ed regi on
on its top surface adifgPAskefUshatsiPRestt Bohfgisegrifeiednt egi on,
dent1fylng a desiT ot -G Al ALHERRP UMk Qirtdie Wik Gliime OF 1 he
spent sputtering tardget .in_an orl gl rclrét orm e_fer. ‘nin LQe wei ght
of the spent sputterfAGH t SHYETNGlay gﬁ f"hBO%EH}[&E’pL&P $t4g tar get
within a hot press diegiamhaR Iiiep slugacs ad dhnrrk suidace eppositgdheack
surface of the targelepdétledsegiom, bott om wal |,
identifying a desired weight that corresponds to the weight
of the spent sputtering target in an original form,
determining the weight of the spent sputtering target,
disposing the spent sputtering target within a hot press die
that has a bottom wall such that the back surface of the
target abuts the bottom wall,
filling only the non-uniform depleted region with a powder
ofthe metal, the powder having a particular composition
that corresponds to the particular composition of the
un-sputtered metal, the filling step being performed
cither before or after the step of disposing the sputtering
farget within the hot press die, thus producing a filled
sputtering target with a layer of powder and an interface
between the powder and depleted region, wherein the
total weight of the powder and the spent spultenng target
is substantially equal to the desired weight, and
applying sufficient heat and uniaxial force in a direction
perpendicular to the top surflace of the depleted region
while maintaining the temperature below that of the
melting point'of the metal to ensure solid state diffusion
is the only mechanism taking place during the step of
applying sufficient heat and uniaxial force to hot press
the filled sputtering target such that the powdered metal
sinters and bonds with the un-sputtered metal during a
solid state diffusion process, thus restoring the spent
target to the original form by homogenizing the interface
and producing a homogenous refurbished target with the
same porosity and anomalous grain growth throughout
the refurbished target, thereby homogenizing the inter-
face that existed before the step of applying sufficient
heat and uniaxial force.



filling only the non-uniformdepleted region with a powder of the
nmetal, the powder having a particular conposition that corresponds to
the particular conposition of the un-sputtered netal, the filling
step being performed either before or after the step of disposing the
sputtering target within the hot press die, thus producing a filled
sputtering target with a |ayer of powder and an interface between the
powder and depl eted region, wherein the total weight f the powder
and t he spent sput tA-erTﬂWgPI’Qé?@e@S resitedgstdaun 4 LI"'}l‘?é@F@a CIRPWHE desired
wei ght, and appl yhtladss b hnetnbsdledtedtfrandhe graup ednsissingeod mitlke-
direction perpengjgi ]aﬂlﬁuﬁlagdtlﬁgdﬁuﬁface of the depleted region

whi I e rmi nt ai ni ng %hme éi@w%cggmﬂvcma} lﬁgmlm E]JJ%&J&BO' nt of

the netal to enSLf.re (o] at. usi
i‘R

t aki ng pl ace dur iRFeREP “’6 BIPS‘/]PHBQQGF*TI)PW%I' ¥ 331183 ni axi al
force to hot predstween fhe fem pypel LaHithg RAYEREtPIERUCH H?a% ep
powdered net al smppkgnscanﬁidmmtd[seammﬂummmh wpattered netal during a

solid state di fo5'40’l“hE!r @é% ad Ratstee t(ﬂhhﬂg t\hlﬁtr@ﬁﬁﬂie ttapadt to the
ﬁ“ ginal form bygygﬁgg% Jttlﬂfat hp{% A58 Ruk ﬂ%fﬁ% fBr a -

onobgenous refur me o&o Ious
grain growt h thr &&gh 88’90 ‘éHeH ?1?&?}‘?%5

an
ni zi ng
the interface thatatedifidesanbendrwithpbe spaip Sﬁﬂﬁﬁfﬂﬁgﬁﬂgjﬁ}?g@&ﬁﬁ@l ent
heat and uni axi alsafergeositd3nd-honthleupraveies grossthracheddterfacel ai m 1,

wherein the powd%m@éﬁ Hetefina mtea:!d SRk ROt er §ifftdrb@ pasalep as
consi sting of ‘f@?ﬁ‘@ﬁf&“@ {‘H{&%ﬁ%bﬁ tHfHet 3. The process as

recited in clalm ereln e uni axi a orc%lsa plied, wwth a top
punch and a barri eb. Tlgprodess anessitedan siaieh Wieigin Pﬁb’fﬁﬂ%e nd the
powder prior to niwealinelmde$ amppbybhgt leadttwoideeraneatctalgdatdensixi al

force. 4. Theypg QﬁE%J% 15 eflléaed i hoel ﬁlllimi]mmﬁ'lgrﬁimmnﬁ hendtep of
appl yi ng SUffICI ﬂ%r eat and uni axi aI force is perforned for a tine

period sufficien %g%ﬁgéa%ﬁé ﬂ]i‘ﬁ ﬂﬂlalr d’éliaﬁihttﬁll e 0 eé%gg

di ffusion bond wt
porosity and- anowgf@duschidgs @ iy 8 the interface between the

un-sputtered netal7afit ploeess i ecidd pookén lasvliaemdhelosdesed in the
refurbished targgfe) 111c1’~§1de§_|?1€{‘c9f—c(9fii?tﬁ58fcﬁﬁdé ed«in claim1, wherein
t he powdered neta cl udes t i t
netals, at |least o efgl r rg %ﬁ)ﬁgﬁ{l@% §ﬂe§?§b ﬁ%ﬁng tyq%lfoﬁé;tl num
and rhodi um ’Gfbwlfﬁé b)r’é%@élgn}fg PRV OEPTHNE Iﬂé‘? hﬁeﬁs Ohherein the

powder ed netal i ncleseizinga wpem|sposiedag largevconmsing eserBaldgof eci t ed
in claiml1, wherein ghe- ddu@é&ietaln@aq&ie’mﬂaﬂm:ﬁpoﬁiﬁmﬁ- oxi de.

8. A pr ggleslsn; or 1 el Biedlfig s éi@wﬁa%ém@st@haﬁrmﬁﬂmﬁ: ore it
sputteri nggt ar get C(r)a? ?WF? éﬂti SI& %englgﬁeds%é@? sﬁﬁ%@% ngl e
netal of a parti cul%RPosy % EPYSIEd TR n the spent sputtering
target has a non- uticﬁbﬁnnglap’icerredh\loegu‘fdhamrretsson toghie flasecdind a
back surface opposi tieighoflgRl gleatsmeagirany target in an original form,
determining the weight of the spent sputtering target,
measuring a metal powder such that the total weight of the
powder and the spent sputtering target is substan‘ually
equal to the desired weight of the smcle refurbished
{arget, wherein the metal powder consisls essentially of
the same single metal,
disposing the spent sputtering target within a hot press die
that has a bottom wall such that the back surface of the
target abuts the bottom wall,



identifying a desired weight that corresponds to the desired wei ght
of the spent sputtering target in an original form determning the
wei ght of the spent sputtering target, neasuring a metal powder such
that the total weight of the powder andlthe spent sputtering target
is substantially equal to the desired weight of the single
refurbished target, wherein the metal powder consists essentially of
the sane single netal. di sing the spent. sputterin ithin a
hot press die that rﬂiﬁé‘ 1@& < ’V\klpﬁo’élﬁég I%gijr%@lﬁfgﬁuﬁgg?‘?% e of
the target abuts t he novtdasnthagowder havihigld pargowlar gompesiemal f or m
depl eted region wthcohespenrdd tealegrartitiier powsersitiayiofgthe wpar ticul ar
conposi tion that CO” ﬁ@l’é@lsnﬂe%ltﬁh‘é fﬁli’zh@z‘s“? BE1e0hdIgSh ihéPBithér t he

unsputtered metal, t gﬂeldra;f éﬁﬁeeﬁ{eﬁg;‘bggggfm(}ﬁ?? uftllifg a el or e or
t

after the step of disposi

press die, thus proddt PEP Séﬂﬁ; é‘?cg@th s1’1? gefayer of
powder and an interf a2 TB&IG\R/e‘éH It pelay rP%leeId@ﬁiﬂeﬂlédlﬂF@é?

wherein the total webghweaf thehpowderend ateglathe regiogl @vhfprem[tthe
sputtering target isi@ubsicadlitctthy W@kahath@enﬁ@@sp@ﬁ ight of the

original target, and; ?J’Pa'rb’éﬂﬁ o gﬁf?mpegfmg A4 eg@éwe@& @ ce in a

direction perpendicu tp et e regi on
whi |l e mai ntaining th e[%%lé}a ﬁgowthat of  the rrel i ng, point of
the metal to ensur 8PBbIIRG sytligienigheatiansh wiaxial tﬁ@%ﬂl?éﬁ% 2R sm

t aki ng pl ace during phgpesdepilarf toathel ippraprietididhentcphead regienuni axi al
force to hot press thaifd hsgtadiubtidel Reajaiges Riek thatoftihe

powdered metal sintepg gg%@ﬂﬁ%?tﬂ\éﬁﬁtél%eHE‘m%%hH%"tzﬁ@di‘ﬁ{lﬁ'ondur' ng a

solid state diffusi ﬁ@g@ % h{:{% au]lwlet?i%ﬁgl%ébgfg% ét@é%?[{ to the

original formby ho
homogenous ref ur bi sheitf gy e EW‘%% hegba Feg t %1 Qﬁ‘o‘ﬁal ous

grai n growt h thr oughthgtfilietbspuataritg tergad sveh feat thappwsgrasbmsiini zi ng
the interface that esinsdredntedfoords wik th¢ ap-spluttapmd yietg duiidg ai ent
heat and uni axial fo§qe staté- dlﬁ‘b?lo &RESs, abuk et oethol ﬂlecb}@élm 8,

wh [ h I f
erein the neta poﬁéﬁj éJT&E {Méﬂlﬁ‘a Qﬂj‘%ﬁ&b@%@ﬁffe B9 O

rut henium platinum I |sh| ng a

spent sputtering taryétPIOSUFES @npge@%usixgit g?sl ’&F‘ﬁ%ﬁcef B’r’ Srrprl si ng
the steps of: recei vikige ROEQah abanqmplony Srampeovy halruH i s
essentially of un-sphetrefizdishedhangatrtheaicbiy lmmagctnlzuiga‘rhecmm:IGS| tion.

wherein the spent Spifat:éQhatn@ut@ﬁgl@éfohﬂﬁle’ist@prbﬂdpp‘l?ﬁ:m sefifciined region

on its top surface opposite the depl eted region,
identifying a desi g ‘t%nmﬁﬁa)ﬁ‘zﬂv &E?u hed tai]get t hat c@ﬁresponds

to the desired vvelg‘h L gpr ﬁ%sssgﬁ)geFﬁ01‘§ﬁlu¥Jt HgS. WhEEIN; e dREB | gi nal

form powder is selected from the group consisting of ruthenium,
p]annum_ and rhodium.
10. A process for refurbishing a spent sputtering target to
restore it to its original form comprising the steps of:
receiving a spent sputtering target that consists essentially
of un-sputtered mithenium with a particular composi-
tion. wherein the spent sputtering target has a non-un-
form depleted region on its top surface and a back sur-
face apposite the depleted region,
identifying a desired weight of a refurbished target that
corresponds (o the desired weight of the spent sputtering
target in an original form,
~ determining the weight of the spent sputtering target,



, determning the weight of the spent sputtering target, 15
measuring a sanple that consists essentially of powdered ruthenium
such that the total weight of the pow:lgﬁred rut heni um and t he spent
sputtering target is substantially equal to the desired weight of the
refurbi shed target, disposing the spent sputtering target within a
hot press die that has a bottomwall such that the back surface of
the target abuts the bottomwall, filling only the non-uniform
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sufficient heat and’u

CI ted in
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mai ntain a tenper at Wlesired weighi abdgt 011%11@6 ergglodahout 1550C. for a
time period of frappipoghest obiiom ahouabd0d° Cotormbans1550° @randrhe
process as recited migtial fﬁr&.eoﬂﬂ@h@&lﬁbﬂthmMHaltedibeﬂUS@MPmmtarget
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1, wherein the fill %ﬂdiﬂ%’&ﬁ@ﬁg@%oﬁn%@a@bu’s%fﬁﬂ%ﬂﬁé@@xbétvaltltiﬂw ty in
the hot press die, rs%h% ’ogﬂytﬁﬁg nillo Q&Faﬁ Eﬁimutv §ufiot press
di e havi ng an outer % 'f F aneter to
the inner dianeter 1515}3@ ﬁa there 101110Ue11121n0t e infef-

c1c,e 1at existed before the slep of applying sufficient

heat and uniaxial force.

11. The process as recited in claim 10, wherein the step of
applying heat causes the die to maintain a temperature of from
about 1400° C. to about 1550° C. for a time period of from
about 5 hours to about 10 hours.

12. The process as recited in claim 1, wherein the filled
spultering target is disposed in a cavity in the hot press die, the
cavity circumscribed by a side wall, and the side wall having
a thickness corresponding to an asymptote of the following
function:
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where P, is an internal pressure, r,, is an outer radius of the hot
press die, and r; is an inner radius of the die, wherein the
thickness is the difference betweenr; and ry,. '

13. The process as recited in claim 1, wherein the filled
sputtering target is disposed in a cavity in the hot press die. the
cavity having an inner diameter, the hot press die having an
outer diameter, and the ratio of the outer diameter to the inner
diameter being about 2.36.



