PROCESS FOR THE REFURBI SHI NG OF A SPUTTERI NG TARGET
FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates,
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spent sputtering target by hot pressing. BACKGROUND OF
THE | NVENTI ON [ 0002] Sputtering is a process used to
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BAGKGROUND OB{TTHEINVENTI@®nsuned. The netal is nore
easily dislodged fromthe target in those regions
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refurbi shing a sputtering target that does not
Co-Grtviokide (8)ps 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



spent target is disclosed in United States Patent No.
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met hod for refurbishing a sputtering target wherein
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spent sputtering target may be refurbished by
re-processing the un-sputtered netal, conbining it
with fresh netal powder, and reform ng a new target.

SUMBMA Y GIUTHF ENVESOEEN Ng, a certain percentage of the
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to fobth a”&"ét‘%‘nc'P %fprga%ge&e[\yeen 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.



(e.g. crushing or refining to form powders) also
i ncrease the anmount of material which is |lost. [0006]
w(ah@pe12238 a need for a process for refurbi shi nBCEHUS2008/070109
sputtering target that mnian zes the nunber of
re-processing steps and thus reduces the anount of
material |ost during re- processing [0007] The
ve on conprises, in _one t he
10007 By e PO T sprie B TR AT d Gae e S Cpisgine 2

spent RBuiSdrBRS ta@det  @EQIrMIMO LR SRENtof SREIVIBE I NGpé@r GRktering target,
renmoving the surface inpurities by a conbination of

remcr,vmﬁ}@aﬂfurfaﬁ@ ampewiiost oy pcﬁmdmwwbl sehicpggal dicsipessi dgflavwrsl by
blastif} elafspgsa V\% pentataE%: nrf 5 p%ﬁ? dlgggéﬁe ggofolfrestlrrggtgl owder to

regi ons
accotulftefot &req&bletddnsglbhs oftha td&géﬂg irsertinaydiaridr 1et webstweliethe top
punch of the hot press @yg)and th et al
&

punch ) U RpF5 fierigddhe B hpo g dsd Sk PRIKEE o ﬁ@%ﬁﬁfé@é}a that
the é\;ﬁ&r%re A" Sn@RdahP égﬁlsaass%lh'dd ik a&lﬁugbxfl fHﬂ)ﬁH ARiRARd target,

e target, producing a ref ur bl shed honogenous
prodti@ng e refufdde8 hothloeeriony emgdton also pertains to a uni que
die for perform ng the aforenenti oned refurbishing
[0008] OCElyR.in{dH0I0R hisdpeasiiant ageiqoé dictfer piraseinig theuantmenioned
is the design of the hot press die, the dinensions of
refurishilg PAPESHpt i ni zed in such a way that even at
significantly high uniaxial conpressive pressure the
[000Pkdi ain sdvastpge o thehpregng ineentier irclid degizn of theahotaytesstie, the

r
i GO BN L 08 o B ASE Skl UER N o
compres¥ivad gesstifeaht aadidseckshhabkdiefis rEtald tby gsamextgntand
mlling steps. Such additional steps are undesirable,

[001@ t e YurfiRY ad @Sk offihd V@%&n@ﬁmﬁéﬁﬁ@ﬂ ¥% thRtteE kedhrbisBRI Blrgets do
SCRI PTI ON OF THE DRA 0011] The present

not fead énbi aswlsted dosct Sised bidckipiiasial Bhewving apdgilling steps. Such
addl a? n@ﬁ]nzyr gdéjs r%\fe n&%%he%‘@ﬁ% ﬁésﬂft if 109%‘51600_&1& fhafbrinl. OW

one process e |1 nventi on

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;



Fi gures 2A, 2B and 2C show various sputtering targets
for use with the present invention; Figures 3A and 3B
waelepo12228 die for use with the instant inventiPeCT/US2008/070109

Figure 4 is a schematic illastration of the die of

Fi gure 3B; Figures 5A and 5B show graphs of the effect

of die wall thickness on radial stress; Figure 6 shows
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EMBODI MENT [ 0013] Referring to Figure 1, process 100
manyes. jnjtiated by the execution of step 102, wherein a
spent sputtering target is received. The target may be
received by, for exanple, a target recycling facility.
One such target is illustrated in Figure 2A. [0014]
DETAI§k T PESARIPE TON OFCA RREFERBED EMBOBRIMENDuUt t eri ng
targets at various stages of process 100. Figure 2A
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puttering tafget has depleted regions 202. In

[001 H; ut ?:ngﬂéy R nﬁB degp! Zg?t £ ReEi G s ter ge%%eﬁ g V%YIOU.S stages

ng target fs'cireular a
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200. 2H gﬁpe)’ﬂ?ln?tﬁ’e BRaHS sl A TShdht sﬁﬂ%rﬁ@&&rg@ﬂ%%eﬁfeted regions
nt sputtering target 202 is nerely
202. In the embodiment depicted in Figure 2A, the spent sputterlng 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
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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 target
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
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microns) being in eqt%ﬂ%rlum with the sBrroun%mg gas atomized metal-alloy counter part

(particle size < 45 microns). Typical microstructure of a refurbished composition is
shown in Figure 8. The starting powder is preferably at least 99.9% pure based on the
following elemental impurities: Ag, Al, Co, Cr, Cu, Fe, Mg, Mo, Ni, Si, Sn, Ti, Zn and
Zr.

[0021] In step 114, and with reference to Figure 3B, once filled sputtering target 206
is securely disposed within cavity 302, the resulting assembly may be hot pressed.
During such hot pressing step 114 the filled sputtering target is heated to a specified
temperature while applying axial pressure along the direction of arrow 304. In the
embodiment shown in Figure 3B, press 306 supplies the axial force. In another

embodiment, not shown, the axial pressure is applied along a direction opposite arrow
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| Properties Grade 2191 Grade 2124 Grade 2160
| Bulk Density 174 glcc | 1.80 glec  1.86 gloc
z Average Grain Size 1512 5
Flexural Strength (MPa) 4 5276
Compressive Strength (MPa) 97 112 167
Tensile Strength (MPa) | 3150
Porosity (%) S ) 10 7

Coefﬁ01ent of Thermal Expansion (10- 6/C) 42 50 60




i nventors have di scovered certain conditions that make
it possible to produce honbgeneous, refurbished
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ave oped certaln are ab
302 fmrtrét&i\amgjatspIMmQGangts 'ﬁlntdsmﬂf edusept loé cai‘am 3‘0.9dls configured to

secugin Sk B hbReGr Sé FAS Bt ol Ko apaba gf axial forc is

apph\éﬂi tnh 8 UaBdiAD R dRRRY & Q)fpf s‘&?ﬁ@@%(j: e RAXRIR @mpré8edb&ween
may be constructed hite. In one enbodi nment,

presst}ﬁé apdasptipeee3 (8sasgbotioghwalt 4 algﬁapmfap@ 30&udheaghe @ﬁ@id@rce is
ool e gt 23l Fod BETMRERDS CardisRRP R IBEH, il 200 bas

thlckﬁ@sfs(lﬁ Dtwhiéd stiffie@englfyahiok §d Z&omﬁhﬁaﬁltﬁs Ii’fzﬁi(al ks&es’su lThfe Iﬂﬁmltness
bl ock of suitable graphite using well known | ath

410 wﬁbmdlﬁ@nge batygen B 1kE Spicoigh P of %‘fltyS%Ve%il they PléﬁWPlé 04 of
thedg{ es are given below Properties Gade 2191 G ade
1

'C?ade 2160 Bul k Density 1.74 g/cc 1.80 g/cc 1.86

e S 1 Fl. | . h ,
0028t P PGSR 265 BT Erabls &2 iR iodh G0 foug beine
apph_é_@ RS |a| sputBrin@ngidat @xMﬂaa) top shrfabe Het @878 4§ %uaﬂeZmilﬁmEters The

Coefficient of Thermal Expansion (10-6/C) 4.2 5,
radiab siogso @AY narl@h flistance ﬁbv(@’hﬁfer%r‘%thé é@tﬁlinF‘]eEFe%Pé‘bq o ilsOthe gxternal

press%beo a§9 Qiis A? - O %F g 8 It&gdﬁg’ a;hld V\gﬂ‘l%l(?lgelh%glu@ og Q%Od’@l xhay be

cdcﬁ&ﬁ@uhﬂgﬂﬁ&bﬂéwu@ﬂanﬂMasrece|V|ng a sputtering target.
The size and shape of cavity 302 is configured to

Pyl rri(Py-P)
(r} ——rf) ri(ry —r})
2 2.2
Piri + ri rOPl
(r2—r®)  rirl -r?)
0 i i\"0 i

when P, =0andr =,

0'2(”):Pirzz"

Gz(ri):

[0026] 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 Figure

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



securely mate with the desired size and shape of the
target. Wien an axial force is applied in a direction

weesopemtreul ar to top surface 400, the target PGI/US2008/070109
conpressed between press 306 and surface 308 as bottom
wal | 402 abuts surface 308. When the axial force is
applied, the inner sidewall 406 of cavity 302

100280 HFER R =80T FistisnE Ryt R oR A dean o G TR BT 1 the
die (g@?' 130) sdrldess degiBRdtrBiiekN @S ScoddRd vt ReshpSHRAGRep 112) then
ween the i nner sidewall 406 of caV|t£7302 and t he
P

step dil deveikbcud@y voferginehelifidled Goutigrogesieckiy plepresrd ayygh st the
h p f [ e i b
pow%erg’%v grgétgi F@sg? 1:51{1 Zhe; glgt ?(L_‘ltrt?r%% r?%’traig g%g%ﬁ:?x}% é %glé)r%%ﬂed target.
Refegdtict ane hamaa tofigddlst8 square millinmeters. The radi al
stress at any radial distance (r), (where P is the

[002Bt Erfi@lre P6 €8SHIEE, fiRQ | sputtdithegeXirgéinabe Ph&sRUMS: @Eing0 and
IS the outer radius of the die, and r is the inner

refurbggdiedi sspufteringe t@rgét) GQQy afier bat qupwingd uR¢lyEpished target 600 is

subs{aﬁ 1£1§We gglogg%)n‘g Ssgléh o eﬁg erfa? %ﬁﬁl ‘t%: Gb%\} ﬁoég]seltﬂ;@re optical

mlcrvﬁj‘opﬁ dr Bnebahhmglef®tibh nﬁ¢ro§ddp6$§3e\M§1rHEA§; ubetng@the execution of
rious thicknesses. As the thjckness of the %?|FS of
g

step I B9 etk ABASEE] PFHEITE AHF APPHRY B Batithecef gr gge:  The
f
amo?rg ?gﬁ%%ng g#éeﬁg%gr{t %H%?e%%r@nﬁnd @k 9 fgf(me o &BicMBLEd Gl on the

wever, this e ct di mnishes un
compasitasyofjphotaeget.an be established (in Figure 5A, this
appears to be approximately 11.4 centineters for a
[0020pr getigvet A &nﬂaﬁgu& EB sﬂhbWUthegﬂroﬁid bf n®d eeﬁlrlaishtdaruthenium
t hi ckness of about [lineter % Cén Fi %
targedy pihprgn agyﬁ*sffé@eelsl ng@éﬁeHl Bieuse 7hi chifwesS spows the profile of a

reful‘ggﬂ’é(? EorELely- d‘?&%&% o 'Bhieh ShdvPOilorRefi &FibiiNe FIRL And Oxide

i'gure 1, once the s uttering target has been di sposed
phask in echnehhzhmn fathejpe gdsOitoraindd trivtalldephiast.ed regi ons are
covered with fresh powder (step 112) then step 114 is
[0036Kec Ulﬂ%dargw?@’pﬁjtéﬂ intagire 7Aedas potiiediusiggtsamige incrisgas ddostatic
pressed such that the powdered netal fuses t he .
presiypg Spil ViEAed: HENBTIEhP I dignscT rLpBTEad 1§r§é@'§e graphite

tool R&f he UGS ulEt nR&aN@HsurRed b9 uftefng 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/L.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



[0028] Figure 6 depicts filled sputtering target 206
before hot pressing and refurbished sputtering target
woeodaires hot pressing. Refurbished target 60BCT/8S2008/070109

substanti al |l y honogenous sueh that no interface can be
observed by either optical mcroscopy or by scanning
el ectron nicroscopy (see Figure 7A). During the
execution of step bot h he t a d axi al sure

levelgg BY agpaesuine ghues b %ag oyt piRed BRig the top

puncﬁfana%"é podi® aAdRLAL taRbet REE %r&tlr@tﬂgl i ﬁssleﬁBE,I 1@ 112 placed in
time varies dependi ng on the conposition of

an ineerggetot froGRQ) uni, gilmah Was ralm@bdﬁmglu argoiy Bassf\m)\?xp meutes to remove

any ﬁlgv(\)h{tlh‘%cg P?\Eﬁtgvp\%gsre%e}{ g} &G%QE tbefglggl ;Hg p'x_gl get 3 (gﬂg rhsg)lent target
a%selg\lg@ WEPFheh @00 bredsddedturdpd shee)-139--Cr - 53 ¢ -O?Mplze of pfe@ﬁire soak
I n

h shows uniformdistribution of the e oxid
time awee (TA/-HRAurs: bE YAt Wb § agnidicaiian, 89 SR InBsklg | c
phase. [0030] The target depicted in Figure 7A was
[0039} odu@eddmgpmvg fsqamplleelsl sfmn gafidusn8t afi Codirdydi-Reidst target

(19. (&O ol ng&}eég ézveég}g% ?%5(% Was 3132{&‘ 1g1.laﬁsﬁrr?11tlar|[ #as.l%ng!i %eaﬁg té {eohng

(outG ASHEBObANg 3Pt dreWitda@D/ Eptagicad 2Mash. fihewbnsumed amount
rut heni um powder (avail able from Johnson Nhtthey% The

(~66ﬂ):md@fr tharigreehavas plid with Jesh aposden| yl hiretor St;ﬁféPF BF dsspepred
ponfl F e Jevef MR B B EERMR o RPE L 7, O e e

place7d°bet‘h'6t§h the Véxsj)rlekfaﬂdnﬂhe phade alﬁ thdn gpehotanght/povdenmsembilihe The

~oriqginal he, new . sited | . [.0031
entirg FPQ%@?&?&W ws Lﬂé G@randBgi tpwswé‘ﬁﬁ% ‘V%C%Wal gurged

Withv‘ﬁ% %59 duic g6l n‘nﬂuég Gerdapee ai’x\ﬂl tLBV\IaH@dt tﬁb@e%eﬁf int bk Sinert

lon. Referring to Figure 7B, the spent target
ambieh&:. 3T ItcrpaWdarreﬂmbﬁl)e swtgzhgd:tglssﬁ?igﬂw g/awﬁen fhbame@ﬁed ﬁt E000 (+50/-

29 QEEA Lty ) BRSSP S 28knih SLST BE TR mivr

dlsc&ﬁi%uf& G)Pittﬁﬁ thd@rdiarig Q)tbsérlvé(ﬁ at R20MenghiRueoRf alble tHeOﬂiterface
and the sputtering zone is exposed to the to

whlqbulﬁ @l&rlbtmé te mﬁé@wamfunultl(plwes iy Shegpicfesgrug gy ef‘)IOW%er no
porogi%]; (I)rl an oma‘fgus gral ?O%L %ag %Béell‘ogcp gv&j lound 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 properties 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 skilled in the art that various changes may

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



(purchased from Johnson Matthey). The top surface of

t he poured powder was thenlevel ed by a neasuring gauge
wanpwaiR2rat scale. A barrier |layer was placed Per/vsmns/ 070109

the top punch and the powder and used target bed. 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 re ve any upwant ed oxygen_present
situafigng Wéthpﬁteﬁli‘@cpa’éﬁ’& e Wep(a‘veg% ANVERECR: hﬁggfﬁ&ﬁ% if &% fgnded
that ﬁl%sn?vrgﬁltlﬁn Yl@tsbet ﬁlﬁﬁecﬂ%ﬁh@bﬁﬁ%ﬁ% &Bb&d‘ﬁggntg 31@91/056%1535 the Gest mode
10) MPa of pressure soak tinme being 7 (+ 2)
Lonthopllnarfzd fovenarraingx 88 thag mivientarnt, i o, thatothie nmeclftmewnk include all

BER NN RO

di aneter), weighing 1025 g was placed in a simlarly
desi gned graphite tooling (outer dianeter being 45.7
cmwith an OD/'I.Dratio of 2.368). The consuned
anmount (-661 g) 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 |ayer was placed between the top press and the
powder and the 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 minutes to renove any unwanted oxygen present
in the inert anbience. The powder and the spent target
assenbly was then hot pressed at 1000 (+50/- 25) ° C,
50 (£10) MPa of pressure, soak tinme being 3 (x2) h. In
this case, a mnor discontinuity within the grain is
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 growth was observed in or around the interface.

[ 0033] The processing tenperature range can vary
anywhere within 1400 OC to about 1550 OC for ruthenium
and that for the Co-Cr-Pt-B oxide can vary within
975-1050° C . Excessively |low tenperatures are
characterized by insufficient diffusion to produce a
honogenous target. Excessively high tenperatures are
characteri zed by anonal ous grain growth and

undesi rabl e magnetic properties which al so produces an
i nhonogeneous



target. In one enbodinent, the heating rate is
approxi mately 20°C per mnute. The target is
woreioppi2med at the final tenperature for an expentszos/070109

period of time such as, fonzexanple, 7 hours. The

pressure i s maintai ned between about 40 MPa and 60

MPa. [0034] While the invention has been descri bed

with reference to preferred enbodinents, it will be
Whaij§¢t4i9ed5d by those skilled in the art that various

ch . : [ ' -ed
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Wi t hoeteiviepar sparg Spugamingh dargetopempfisadnef ianv entspatered metal,

Ther ef or is intended that,the,i nventi on not be
b e’

1t
i mit edwg%fe‘tnﬁéeﬁi%ﬁnfﬁ%ﬁe%wg SOAMERTRCTH K€ %¥sed as t he
best jipdsang artamal s?h@&iﬁgqarg@ﬁwnhﬁhww fesd dies
invention, but that the invention wll include all
enbodilliemnths dealatdchigeinnt with atnivavdse op theanetak githert beggretiafter
appendegd cl ai ms. Wat |15 claj .S . 0 of:
refur bitgl islﬁeé) ?%Iﬁg%stmgsglﬁtgp g{rtﬁg%% {ag% é’?ﬂl@}) r%{per ti}(gtispﬁagst & thus
st eps oprodi@eeh Yilled sputepegtarg@iddder i ng t ar get
conprised of an un-sputtered netal rein the spent
sput PEPIVAY 1uiligient heat and axial Sreqita digi lofed TvlpRRg FgegtHe hot
filled rel L Jhi [ e
1111 ng e San e Bt EE: el AL he B RRE e rfoal fuses with
nmet al , tetuheputt@tdmetabrpraditcarg 4 regurbiskl ofgetli sposi ng
the sputtering target within the hot press die, thus

praducing a filled ut [ target, .and appl yi ng

DL TR Grgts Shetse i R kit BR soRplShn R RE

Sput t@mkifeng aUeGEedtweititlof ieasfurbibiRdfthigbgd sputtering
target such that the powdered nmetal fuses with the

un- splgtersinge thet wkighppbiecipegt spuktering Biratiednd whepsin the total
The proces S ' [ ' . : C rd,Si .
(ho ot epgept b EEMIF YT Ehirbug L HRE PR Thksired
ref ur bi gbigtt sfahgedfurbikbeeétargani ng t he wei ght of the

spent sputtering target, and wherein the total weight

of the powder and, the spent  sputter|i target |s ual
3 o Thherasesi #5eigeined §h‘f1a6‘$ T hockay H&eb‘fﬂgﬁﬁeﬁi’u{tgrr‘%{a?geﬂas a top

surface, the depleted region is on the top surface, and the axial force is applied to

\9)

the filled sputtering target in a direction perpendicular to the top surface.

4. The process as recited in claim 1, wherein the step of applying sufficient heat and

axial force maintains the die temperature less than the melting point of the metal.

5. The process as recited in claim 1, wherein the powder includes a metal selected

from the group consisting of ruthenium, platinum and rhodium.

6. The process as recited in claim 1, wherein the axial force is applied with a top
punch and a barrier layer is inserted between the top punch and the powder prior

to the step of applying sufficient heat and axial force.



3. The process as recited in claim1, wherein the

filled sputtering target has a top surface, the
waelebeied® region is on the top surface, and theCEKEEND8/070109

force is applied to the filtbed sputtering target in a

direction perpendicular to the top surface. 4. The

process as recited in claiml, wherein the step of

ap&l ying sufficient heat and axial force naintains the

di &h¢ prpsess8 deater dg glatm dnwhersinier sien gl ponline optitcat heat and

nme . : rec :

s P Raa05 A PR P ey T he MRS S form

coasolat stag doffusiant eediwith thplspdnit sutteang targgddi um 6. The

process as recited in claim1l, wherein the axial force

S lied with a .top.pupch and barrier |ayer i
3§ ndBF PrreBetweaird ne B St AR wOmS Y sy op lloy
t her stieRt &fo ap@lsyi ng sufficient heat and axi al

force.7. The process as recited in claim1, wherein

the step of applying sufficient heat and axial force
9 s The prasestets eitedain Glpg peVhgaindtis Preferd neldprpdss a metal
the .aowder and forma solid state di ffusion bond with

t he 'spent sputtering target. 8. The process as recited
in claiml, wherein the powdered netal includes an
14l Thy pofcestasireast! it wainet, athsrei®the osvderedoessl iagludes a Co-Cr-
regi Eed .ciin claim1l, wherein the powdered netal

i ntFGaBd%S metal oxide. 10. The process as recited in
claim1, wherein the powdered netal includes a Co-Cr-

1Rt ABrrB&dsél&or rdihirbishiRg 9 6K@S spudiering fadgdocobAgna et of:
sputtering target conprising the steps of: receiving a
spentreespying ér snent SRINGERE doigst sensityne sewntially pl apfunggputtered

un- sput al in.t S '
t ar get h;gga‘igwl‘é%%ﬁé eeésﬁ'égt; Pﬁ%ﬁ@gﬁﬁﬁsﬁ C% Eeg&fcf ggllgp’ed
wei ghtlernifyiag helksirddi wéight dfarrgeibislddttapgei ni ng t he wei ght

of the spent sputteri target, neasuring a netal
powndeletesmiing isrveigh 0{1‘] g}eaqpea@pﬁﬁqur{gftaqgﬁ% powder and

the measuring a metal powder such that the total weight of the powder and the

spent sputtering target is equal to the desired weight of the refurbished
target, wherein the metal powder consists essentially of a single metal,

disposing the filled sputtering target within a hot press die,

filling the depleted region with the metal powder, either before or after the
step of disposing the sputtering target within the hot press die, thus
producing a filled sputtering target, and

applying sufficient heat and axial force to the filled sputtering target to hot
press the filled sputtering target such that the powdered metal fuses with

the un-sputtered metal, producing a refurbished target.

12. The process as recited in claim 11, wherein the metal powder is selected from the

group consisting of ruthenium, platinum, and rhodium.

13. A process for refurbishing a spent sputtering target comprising the steps of:



spent sputtering target is equal to the desired weight

of the refurbished target, wherein the netal powder
weongis23s essentially of a single netal, di spoRCTYS100&070109

filled sputtering target wisthin a hot press die,

filling the depleted region with the netal powder,

either before or after the step of disposing the

sputtering target within the hot press die, thus

pr odm@qengn& af men@ap%upg éarugﬁ@thaaﬂg@tlsts argnég 9f Hg-sputtered

sufficigl I Il

sputterl ng el?&%{ %#os?)e gg&%[i%%@gﬁ;s deg%ttetderF ion,
t ar gedensifdhg hh%reﬁh@elgio\mﬂelrﬁdrbmmtargeis es with the
un sputtered petal ﬁgum n%pa refurbi shed target.

TRETRIGRE Weight QE SBCH AP ESENEIAEEL wher ei n t he

meta'éa bsinie|of Pofdedeli QUMER I\Aggiaf
rut hg}n Se{rri?%;)? at |}?1ur% %gﬁvge |re Eog&alhﬁ mﬁm%g:%u(éH Q%ﬁggeztsozglf‘ge?gm of the

r ef ur bi phidegechrugipmntm spditheepbrgptide get tagemsrigsilig thendesired
steps of : puttering target that

consi st ¥¢ @E%%tjrﬁq' %F%lsggg%ﬁgiput tered ruthenium

wher Qihdibofﬂh@ﬂﬁﬂ?ﬁﬁer&% g@f‘ivﬁﬁlntaﬂ{(ﬁgfes@&fé a depl et ed

regi on dent i esired wei ght of a refurbished

tar gé‘tlhngj@ﬁ eipnhemdrrgglph émhethg mwvé@re@ rehenyens gt befers gigiter

t ar get, u e

that tHETREa! BEP ST TR Pt Bl S MR TS RE, thus
t he ﬁpe@$dﬁﬁmghé?k@gmnahggnugsz&@ual to the desired

wei ght of the_refurbished target, disposing the
sputserbig viiger ot i, xahitepioodie BTG SR resido hot
depl et efgr 'e(mle‘ﬁ' ttE ﬁ?g@%ﬁﬁfjthﬁyiﬁ%v&ﬂaedeﬂutﬂéﬁfum fuses
bef ore ter th of  di sposing the sputtering
target with Itherurt—hmtthmd rptmelsism;i pedutihgs rgfuddsheil tayget.

filled sputtering target, and applying sufficient heat

lg:‘ggg )}gfq%gssltagrrféglaédgi&b{lgig{. h%,gwﬁeg? t%lte: %[el Eo%t z%gg y%?% BNt heat
poyieres ot Remjel d A8 @Smaintain a temperature of from about 1400 °C to

about 1550 °C for a time period of from about 5 hours to about 10 hours.

15. The process as recited in claim 13, wherein the step of applying sufficient heat

and axial force causes a pressure of from about 40MPa to about 60MPa to be

applied.

16. A hot press die comprising a cavity circumscribed by a side wall, wherein the side

wall has a thickness corresponding to an asymptote of the following function:

where P; is an internal pressure, 1o is an outer radius of the hot press die, and 1; is

an inner radius of the die, wherein the thickness is the difference between r; and ro,



with the un-sputtered ruthenium producing a

refurbished target. 14. The process as recited in
web@on23 wherein the step of applying sufficP@nusives070109

and axial force causes theisie to maintain a

tenperature of from about 1400 OC to about 1550 OC for

a tinme period of fromabout 5 hours to about 10 hours.

The process as recited.in claim13, .wherein the
9y Zh Bt BES G RRSuf el onafer e S gl
causes a pressure of from about 40MPa to about 60MPa
1180The happlekedic dkbrecheddt clpineds, diherefiofRrdisiingodptadi dfyhigh
circunscribed by a side wall, wherein the side wall
hagragde efipBkhess corresponding to an asynptote of the
followi ng function: where P is an internal pressure,

IGO0 Al ; : -k

R B R e MR Pl TR R E PP B e SRStk 4 lock of

t heraghitd ®rfers dobptwebnaadaicriloedlid clafihd 6hot press die as

recited in claim 16, wherein the cavity is circular.

%bS. qu hot gress di.e as reﬁj ed in clain1%%, MQFPSiQM-m
he 8P%ePios® dimpPTeHY B Y S‘Fa&%eﬁ%p%i Pt JgeATs areet
pr aaesh {fiRrcavilty MalhGnanht diRhess afld eheCRAPFreStddid A& an outer

step of lathing a block of graphite to formhot press

di dlamstegeandtheyeagoioh the aiendianetago the inaer digraeler igjabout 2.36.

conprising a cavity for receiving a spent sputtering

target, wherein the cavity has an inner dianeter and

the hot pressed die has an outer dianeter, and the

ratio of the outer dianeter to the inner dianeter is
about 2. 36.



