17 JAN 2006 WO 031025244 PCT/ US02/ 29246 REFURBI SHI NG SPENT SPUTTERI NG
TARCGETS Rel ated Applications [001] This application clains t Jgﬁ'rsz It of
U.S. Provisional Application No. 60/322,429, entitled "REFURBI SPENT
SPUTTERI NGvoABEst&E' filed on Septenber 17, 2001 by M chaelpcoaysbhhdnist he

di scl osure of which is incorporated herein by reference. Field of the

I nvention [002] The invention is directed to refurbishing a spent sputtering
target. The target is refurbished by filling an erosion groove in the spent
sputtering target with new sputter nmaterial that was depleted during the
Ssputtering process. As a result, the spent sputtering target is
reprocessed. Background of the Invention [0031 Cathodic sputtering is wdely
used for the deposition of thin layers of material onto desired substrates.

A typical sputteri ngREFURBISHING STENT BPOTTERING FARGE TS NEr ati ng an
el ectron or ion beam a target that conprises a material to be atom zed, and

a substrate onto which the sputtered material is deposited. The process
i nvol ves bonbardi ng the target gslt gqr(li‘gI ‘Wi tﬁh the electron or ion beamat an
angl e that causes the target natefPd” tRPHEUOMY ttered or eroded off the
target. ;’lhe sputtered target material is deposited as a thin film_ on the

subst r at ig gpnlication Claimssthe heppiiy g6 UV.§. Frevisignal Appllcﬁ@%b‘m@%?%@% sar get

where the sputter mat eri al has been depl et ed.
entitled "REFURBISHING SPENT SPUTTERING TARGETS" filed on September 17,

2001 by Michael Sandlin, the disclosure of which is incorporated herein by reference.

Field of the Invention
[002] The invention is directed to refurbishing a spent sputtering target. The target is
refurbished by filling an erosion groove in the spent sputtering target with new sputter
material that was depleted during the sputtering process. As a result, the spent sputtering

target is reprocessed.

Bﬁckgrjound of the Invention
[003] Cathodic sputtering is widely used for the deposition of thin layers of material onto
desired substrates. A typical sputtering system includes a plasma source for generating an
electron or ion beam, a target that comprises a material to be atomized, and 2 substrate onto
which the sputtered material is deposited. The process involves bombarding the target
material with the electron or ion beam at an angle that causes the target material to be
sputtered or eroded off the target. The sputtered target material is deposited as a thin film
on the substrate. Eventually, an erosion groove is formed in the sputtering target where the

sputter material has been depleted.
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17 JAN zoos WO 03/ 025244 PCT/ US02/ 29246 1004] In many sputtering
applications, only a small fraction (25-40% of the typical 1tfajelils mat eri al
is utiliz |1y after the sputter target is spent, it,d ] ded,
renelted,Qg?ob?%gﬁhed. Ref ur bi shing spent targets offers t&gh§g$%§¥$%I of
significant cost reduction through increasing end-to-end material vyields,
and reducing the carrying cost of precious netal inventory. Hence, there is
conpetitive advantage to be gained by suppliers who can effectively

ref urbi stjogqienh nfaRY ishtterirdl pptiSationkl Onlies fAAI kaktidnRY1400HUfMBe fgg{ﬁp&ﬁ%e@ an be

sinply stated as filling the erosion groove with new sputter erial and

P oC e A A Ko DA DR S BT i T r
devost 1 SRedV0R SRULLEE) 10,1 L0ch, digian, Sompel sk Liotegongbhal are

the target 1 is referred to as the sputter material, and region 3 is

r ef er r ed thioyghy increpsing gddetend tpatenial nacldsy pad rednsingothe srrrying enstiof precions er i al
is to be transferred during the sputtering application from'the target to
t he surf anetaldhvérterys Hencertherg iscdmspeatitive advidntagefto be tghimed by supmlicsuphocan
material is to support the sputter material prior to and during

appl i cat iegfctivdly ¢€futtish SpHAP Rpiittdrtth@etsd! Thé nivthod Bt feRirBiihifig! faRts2p beat i on,

it can be recycled and used to manufacture a refurbished sputtering target.

Th i [ Lk | i
e Lwo IR & SAIRAS biokRAbovelfth hBG puldt AABEIAI ook Mg the .

conposition mat er i W r's erent” atom
than the sputter terial., and in er cgses the conpositions will vary
only sli é?ﬁ%ﬁ}’s?‘}g a[”ﬁ%n g’ﬁﬁc@r“?:s&lﬁg@ﬁ e U he same atomic

Summary of the Invention
[005] The invention is a plasma vapor deposition (PVD) sputtering target design
comprising two regions that are functionally and compositionally distinct. As shown in
Fig. 1, region 2 in the target 1 is referred to as the sputter material, and region 3 is referred
to as the support structure. The function of the sputter material is to be transferred during
the sputtering application from the target to the surface of the sputtering substrate. The
function of the support material is to support the sputter material prior to and during
application. Since the support material is not sputtered during application, it can be
recycled and used to manufacture a refurbished sputtering target. The two regions are
compositionally distinct. In some cases, the composition of the support material will
comprise different .atomic species than the sputter material, and in other cases the
compositions will vary only slightly in the atomic concentrations of the same atomic

species,
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species. 2 17 JA N 2006 WO 031025244 PCTI US02129246 [006] In the invention,
the interface geonetry between the support material and the 75{%{]9[@53
material is designed to mnimze the anmount of sputter naterial hecessary

for use i Ryo8fetstdur i ng applications. The optinum design fopdhifghmd.gfface
geonetry corresponds to the natural sputter erosion groove or sputter

profile of a spent sputtering target, which is created while being used in
a given sputtering application. Therefore, the key design concept is that
the interface geonetry between the support nmaterial and sputter materi al

appr oxi nj0es Thahapmdntiohl theSiptdrfage geonieirl cbetwhidns thile supgortahlacenal ahé theut t er
material to be alnost conpletely utilized in application. This is

parti cul aphtvert 4 it t 3l i | Q€ Due to
e mat ur T e e By it

Fi e RwliaEBleions, ; Tne SRummEeaRFcler B ARER ArdbetyRaRetn gl g
appropriate nethods and conditions. In principle, the repossessegic ar get
can be tﬁ]b%%\“agfplﬁ@f STOSEON TR0 OF SIS PTAHE Of & SPRBE SPRftgERS targs Which D shed

spent sputtering target, it is neant a previously used sputtering target in
whi ch t he€restedswbile Gemgyvuseisinfgd givey spriteringeapplisationr prealthe key design d be
noted that the design concept still applies in the case where the sputter
profil e conepois that greoateeface gbdmetrss bepeet thmhgpos] matetialchrel sputter amteridl vi a
conventional machining operations, and the support material chemistry is
di stinct abhoMrhdiss fheUpbREabifitleR brofil@ eTIHP AEdigh AlISLO MRS spatef nlabial to be

almost completely utilized in application. This is particularly important when the sputter

material is expensive.

[007] Due to the nature of the desired interface geometry, the preferred route to fabricate

the design is to employ a spent target as the support material, fill the erosion groove with

new material, and reprocess the target using appropriate methods and conditions. In

principle, the repossessed target can be thought of as a refurbished spent sputtering target.

By refurbished spent sputtering target, it is meant a previously used sputtering target in

which the erosion groove is filled with new sputter material. It should be noted that the

design concept still applies in the case where the sputter profile or erosion groove in the

support material article is created via conventional machining operations, and the support

material chemistry is distinct from the sputter material. The specific geometry of the

support material will necessarily vary with application specific sputtering target design

requirements, but the concept is simple and consistent.
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[008] Th
and ot he

material will necessarily vary with application specifi'c sputtering

esign requirenents, but the concept is sinple and consili &6 .
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e various novel features of this invention alone w't %&gor egoi ng

r objects as well as the invention itself, may be nore fully

understood fromthe following description of the illustrated enbodi nents
when read in conjunction with the acconpanying drawi ngs. [009] FIG |

top view of one enbodi ment Biief DRsdriitibhtofthe DRSwinp¢ention which is a disc

shaped t
Cross-se
atop vie
pl ate sh
Cross-se
schenmat i
(HP) in
mat eri al
typi cal

sputteri

arget having a circular sputter profile. [010] FIG 2 is a

is a

n : : i's
108" Yok Bl biel el PR IERE SBRORIPIE ckikbhls ffopdr °
aped tar havi.ng a. rect ul gr sputter profjle..[01 FIG. 4 is a
3BieE 51l o BeVptionotefiniay Heantie livuBifsiont 54818 tolloding | 3 3
c of a steel cylindrical can, used during the hot .isostatic pressing
desariptipy  ehether ddystiatedr sobodimentsy) ewhere ntead a ity egonipnction e withy (the er
. Detailed Description of the Invention [014] Figs. 1 and 3 show
gewmgtanying dodwinge sputtering targets. Fig. i shows a disc shaped

ng target having a circular sputter profile. In particular, the

sputter f009r FaG. 13s alop OlHedf Gt embodinRht ofSthe Usdger 6f the ifvertioh Ushitlnised i n

Fig. 2,

the target 1 is circular and
disc shaped target having a circular sputter profile.

[010] FIG. 2 is a cross-section view of the disc shaped target embodiment.

[011} FIG. 3 is a top view of another embodiment of the target of the invention which is a
plate shaped target having a rectangular sputter profile.

[012]) FIG. 4 1s a cross-section view of the plate shaped target embodiment.

[013] FIG. 5 is a schematic of a steel cylindrical can used during the hot isostatic pressing

(HIP) in filling the erosion groove of the spent target with new sputter material.

Detailed Description of the Invention
[014] Figs. 1 and 3 show typical geometry's of the sputtering targets. Fig. 1 shows a disc
shaped sputtering target having a circular sputter profile. In particular, the sputter material
2 is formed on a support structure 3. As illustrated in Fig. 2, the target 1 is circular and
donut shaped. The support structure 3 and sputter material 2 are concentric and are formed
around hole 4 in the center of the target. The center hole 3 in the target can be attached to
a means for rotating the target. Also, the sputtering target can be rectangular in shape as

shown in Figs. 3 and 4 where the sputtering target 5 has profile that is rectangular.



donut shaped. The support structure 3 and sputter material 2 gre }m)mgntrl C
and are forned around hole 4 in the center of the target. ecé hole 3
in the tangeds8agbe attached to a neans for rotating theptengeinofdy so, the
sputtering target can be rectangular in shape as shown in Figs. 3 and 4
where the sputtering target 5 has profile that is rectangular. 4 17 SAN 2006
WO 03/ 025244 PCTI US02129246 [015] The support structure 3 can be a materi al
selected fromthe group consisting of Cu, CoCr alloy, stainless steel, N Al

al l oy, Wo01sp, The Sigpol sttucfiyes 3 @an Bel Almatrizd selastdd Rolhthe rdgy conkizdng piCugr
material 2 can be a nmagnetic or non-magnetic material such as an aIon

cont ai ni %Cf%lloﬁ’ s:tfgﬁéss Neel, MiAL MR’QUW MY CdCeptEglo e)Rrbé RMA 104110 %n

Exanpl es of suc oys i ncl ude and Ptvn. Th w sputt rrat erial is
diffusio d tLr sjng _a H P unjt he rt

mat eri al Ql@Pn’g@ %Pé’ﬁf gteﬁ!ﬁfggg%f)%g etéc 6r I?%"mg%%? 0’0 ?’t&&l Su‘z'lbgf G}E:rgl@&p
1l.5at%t, 6 ati%B 16] The uni_t |nth consol i dati on
step of F‘gpq:‘bg,cé'g n& AIIM ?ésﬁ?réﬂbt@bmi f gspfEieh powder
metal s industry. The process of the invention is as foI I ows. [017] The
erosi on gHlensviaclte (RuAls pach PthMar gEhe mgy spweninmateriatas rdiffusion (hopdesk taldieect s.

Therefore, the target may need to be cl eaned by shotbl asting. However, as a

condi t i osupport sthieturéusing iaHIP dit. | Thexippor aratendl \cah bespaner mbierisls anth psr gets.
[018] A bl ended netal powder 9 of the new sputter material is poured into an

enpty st gl 2549 dritd, bEALLGAN sRwAR, 6804, in Fig. 5. The can includes a
cyllndrlcaf body 12, a seal ed
[016] The HIP unit is used in the powder consolidation step of powder processing. This
processing step is well known in the powder metals industry. The process of the invention
is as follows.
[017] The erosion groove of the spent target may contain some minor surface defects.
Therefore, the target may need to be cleaned by shotblasting. However, as a condition of
the invention, it is not necessary to clean the spent targets.
[018] A blended metal powder 9 of the new sputter material is poured into an empty steel
cylindrical can 6 as shown in Fig. 5. The can includes a cylindrical body 12, a sealed
bottom cover 7 and a top cover 8. The can is filled with the blended metal powder 9 to
about 1” of height in the cylinder. The blended powder can be a mixture of alloy powders.
A spent target 10 is placed on the bed of powder in the HIP can. Then more powder is
poured into the can such that the spent target is covered. The coverage of the powder is
extended above the top to the solid metal piece by about 17 in height. The spent target is

essentially buried. Another spent target can be placed on the bed of the powder and the

process is repeated until the HIP can is full of powder and other spent targets are buried.



bottom cover 7 and a top cover S. The can is filled with the Blﬁﬂgﬁﬁ tal
powder 9 to about 1" of height in the cylinder. The bl ended gan be a
m xture o owders. A spent target 10 is placed on powder
in the ngnggﬁg¥¥%en nore powder is poured into the can such t gfu%he spent
target is covered. The coverage of the powder is extended above the top to
the solid netal piece by about 1" in height. The spent target is

essentially buried. Another spent target can be placed on the bed of the

powder afHe sfft tapgeds A8 Spaced VeRRAl R AbYIX dnl iné@harl, Fig 8 for exiriple shbwpeseter and
ot her spent targets are buried. 5 17 JAN 2645 WO 03/ 025244 PCT11JS02./ 29246

The speng aﬂﬁssln%@cﬁﬁﬂﬁﬁﬂééﬁ”'cal |y, about an inch apart. Fig. 5 for

exanpl e s hree spent targets in the cylindrical can. [0191 The top

cover 5 Jiep B2 Sorh e ch S B of T, EAeaC o o ThE e o B, B lgaﬂp%

cylindri Is placed into a H P vesse] (not sho |nt edravw

whi ch i sse&h@d-‘@gél‘"%@u&géﬁf‘”f‘@g a VAcHYe tg\’ﬂ“éh TE? FB’&E&’&'@ | nto
the HI P vessel via a high pressure gas 10201 The cyllndrlcal can is
heat ed i fa3 id@lased inte atillP yeseal {untshown mme[gm@g) ohich najso sdaledtexdent dorf s
wWithin the HHP unit. The can is heated to between about 1850 and about 1950
F, at 15al§8 inldtoArgdInghs iginhoduced intoithe HIR Pedsel vigh dighastessaregasipuiipl ng. As the
tenperature and pressure rise within the HP unit, the steel container

begi ns t my@ef %énci‘ﬂﬁdndapm ¢S BedtBE iR RN thePATHE fesk\ﬂ%'\}esé{e'l tdsiﬁ%tx%!n!taﬁ‘éé of

the powder is conpl ete y densified 1nto the sp nt targets | ended
metal Popdels b RARR! I HBLA0T 18l 'hiSE AlBP N Bweln about 1850° and about

1950° F, at 15 KSI, for about 4 hours. This step is referred to as HIP'ing. As the

Ao O3
D

temperature and pressure rise within the HIP unit, the stee! container begins to deform and
compress the blended powder until ultimately all of the powder is completely densified
into the spent targets. The blended metal powder is consolidated and diffusion bonded to
the support structure of the spent sputter target.

{021] The HIP can, which is now diffusion bonded to the consolidated material, is
removed by machining. In general, after the HIP’ing step, the powder is in the form of a
solid metal cylinder or block. The disk shaped refurbished sputtering targets are then
fabricated from the solid block by sawing and milling operations. The entire cylindrical
can and the consolidated material is sliced into disks using a band saw. The remnants of
steel cylindrical can (which looks like a ring around the diameter of the consolidated
material after slicing) is taken off using a lathe or water jet. The consolidated material is
then machined into a sputtering target using a lathe.

[022] While this invention has been described with reference to several preferred

embodiments, it is contemplated that various alterations and modifications thereof will
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the support structure of the spent sputter target. 1021] The]ﬁlg q@m, whi ch
is now di ffusion bonded to the consolidated material, is renDJ % y

machi ni ngwd és/@ssgral , after the H P ing step, the powder pgrigRoddd8sd or m of
a solid nmetal cylinder or block. The disk shaped refurbished sputtering
targets are then fabricated fromthe solid block by sawing and m|ling
operations. The entire cylindrical can and the consolidated naterial is
sliced into disks using a band saw. The remnants of steel cylindrical can
(whi ch | beddind bjrarent rtonBose skilled tiehel iagtnapody a akadibg of othe qireckdingd detaibdder i al
after slicing) 1s taken off using a lathe or water jet. The consol i dated

Rt €1 | al dlbgorpti e TR ChlBfRfh Inicied R RioHing AANeIBlaitfs Be hitirpfeted £22]

VWhile this 1 hvention has been w th Teference to several preferred

enbodi neg qt ont ennl at ' | t.erati iflcagions

t her eof vq\&n{ ﬁilfdﬂég :‘L};%‘%\\#‘%ﬁ%@@%éﬁ@ﬁ?ﬁﬁ%’%ﬁ%&%gﬁe%%ﬂ rreaggg%‘f" fent to
those skilled in the art upon a reading of the preceding detailed
descriptﬂHﬁ?“??mm% therefore intended that the follow ng appended clai ns be
interpreted as including all such alterations and nodifications as fal
within the true spirit and scope of this invention. 7 17 JAN 20ti 0 W
claim 1. A refurbished sputter target conprising a support structure having
an erosion groove,



said erosion groove filled with new, conpositionally distinct sputter
material that is diffusion bonded to said support structure, ﬁ?er Qmpsaid
support structure is a nmaterial selected fromthe group consi 'Ag

CoCrPtB alloy, a NAl alloy, a CoCr alloy, and Al. 2. A refurbished sputter
target conprising a support structure having an erosion groove, said
erosion groove filled with new, conpositionally distinct sputter materi al
that is diffusion bonded to said support structure, wherein said new
sputter eri.al contains platinumand a magnetic material. 3. A method of
r ef ur bi shi dﬂﬂ“%putter target conprising the steps of: (a) blending a powder
of netal alloys to forma blend of netal alloy powders to produce a new,

conposi ti @NAlrkpridinet ispeder TR RmpiRing al pporf Eﬁ'ucﬁﬂgmng%@rd@% adrodVel OY
powders to a metal can to forma powdered |ayer, (c) placing a speni sputter
t arget havdifgresirnegwevoiillgd ovihe new, sqnnpsmdér dtstln@tymuttel( thategigl et ny sai d

spent spu ffﬁl@loﬁad’ e?édw aﬂj&ﬁ-}gg ﬁe&%;aauh%lrpgv‘g%{\ Otﬁo rr%% %%??@Fnet al

powder ed ayer sea can i'ng sa
can to pr sedsastedeframdhd gmiup tcensislimgaifiadﬁmcerm dllgl, fast‘ﬂ asl;lay,Oh Co€t alloyakhdy

powders into and fill said erosion groove and form said new sputter materi al
in said ef'usion groove. 8 17 JAN 2006

2. A refurbished sputter target comprising a support structure having an erosion groove,

said erosion groove filled with new, compositionally distinct sputter material that is

diffusion bonded to said support structure, wherein said new sputter material contains

platinum and a magnetic material.
3. A method of refurbishing a sputter target comprising the steps of:

(a) blending a powder of metal alloys to form a blend of metal alloy powders to

produce a new, compositionally distinct sputter material,
(b) adding said metal alloy powders to a metal can to form a powdered layer,

(c) placing a spent sputter target having an erosion groove on said powdered

layer,

(d) covering said spent sputter target with said metal alloy powders to form a

second powdered layer,
(e) sealing said metal can, and

(f) subjecting said metal can to pressure and heat to consolidate and diffuse said
metal alloy powders into and fill said erosion groove and form said new sputter matenial

in said erosion groove.



4. The nmethod of Claim3, wherein said support structure is a materi al
selected fromthe group consisting of a CoCrPtB alloy, Cu, staiples teel,
a NA alloy, a CoCr alloy, Al, Wand M. 5. The nethod of d aft i BN er ei n
said new sputter material contains platinumand a mnagnetic material. 6. The
met hod of Claim3, wherein said new sputter target material contains a netal
selected froma group consisting of Pt, Ru, Pd, Re, Rh, Au and Ag. 7. The
met hod of Claim 3 wherein said nethod repeats steps (c¢) and (d) to add one

or nore i tiona nt etal .targets to be refurbished. 8. The t hod of
3 aima. Anbienaned fERBh & iRt P Sirhet Sidutein | Spugel sfledi g B

machi ni nggicp cpriisdstiug tof QfCSURIB blidy, R, bainlBsastedl] ANIABARS, 8 BHCrlloy,aq1get . 9. A
refurbi shed sputter target prepared by a process conprising the steps of:

bl endi ng &fﬁEUMér of netal alloys to forma blend of netal alloy powders to
produce a new, conpositionally distinct sputter material; adding said netal

al 1 oy powgeqg, ﬁ?{hﬁd rEtEt(ﬁme §nwi19re{n0§a€ﬂ flew %i%jrﬁe;‘ %Qatér?aY %51#&1?-% }?&t%gmaéndl gast a

first spent sputter target having an efrosion groove O wdered | ayer;
coveri ng tragnetic medtermpent sputter target with the netal alloy powders to form
an additional powdered |layer; sealing the netal can; subjecting the netal
can to pressure and heat .tqo consolidate and diffuse the netal alloy powders

into and Pi Lhe msthod Jst1gim g dwEein sHd neyr sRubiers Brgey matenial icoptaing|a me@l - and
selected from a group consisting of Pt, Ru, Pd, Re, Rh, Au and Ag.

7. The method of Claim 3 wherein said method repeats steps (¢) and (d) to add one or
more additional spent metal targets to be refurbished.

8. The method of Claim 3, wherein said method further includes the steps of sawing and
machining the product of step (f) to form a refurbished sputter target.

9. A refurbished sputter target prepared by a process comprising the steps of:

blending a powder of metal alloys to form a blend of metal alloy powders to

produce a new, compositionally distinct sputter material;
adding said metal alloy powders to a metal can to form a powdered layer;

placing at least a first spent sputter target having an erosion groove on the

powdered layer;

covering the first spent sputter target with the metal alloy powders to form an

additional powdered layer;
sealing the metal can;

subjecting the metal can to pressure and heat to consolidate and diffuse the metal

alloy powders into and fill the erosion groove, and form a solid metallic cylinder; and

machining the solid metallic cylinder to form a refurbished sputter target,



machining the solid netallic cylinder to forma refurbished sputter target,
9 17 JAN 2U06 wherein the first spent sputter target is corrprqspgi%g@m]@
material selected fromthe group consisting of a CoCrPtB

stainless steel, a NA alloy, a CoCr alloy, Al and W 10. A refurblshed
sputter target prepared by a process conprising the steps of: blending a
powder of netal alloys to forma blend of netal alloy powders to produce a
new, conpositionall y distinct sputter material; adding said netal alloy

powders to a netal, can_to forma ovvderedlae |l acin st aflrst
spent sputter ¥ ‘?’E)‘Et hEGE ARENL P Sg‘f"(‘j‘ﬂ:\‘/'é“gﬂf{) gﬁé‘éﬁ‘%‘d&?

covering ki@p borkskting BERICARME &loy! @:ﬁlgaamvusé aeélh@ NiRt ﬁlhoﬁ'a'(%Crm’MﬂeAls to form
an additTonal powdéred |ayer; sealing the netal can; subj ecting’ the netal

can to praskWre and heat to consolidate and diffuse the netal all oy powders
into and fill the erosion groove and forma solid netallic cylinder; and

machi ni ng ,th | i.nd orma r.efurbi shed.sputter target,
wherein tﬁg ‘ﬁé%rbl%ﬁgpr“% ta: éﬁep%rgﬁp%? Hgocfﬂsg?wﬁﬂ%n%% g PA8Ynetic material .
10
blending a powder of metal alloys to form a blend of metal alloy powders to
produce a new, compositionally distinct sputter material,

adding said metal alloy powders to a metal can to form a powdered layer;

placing at least a first spent sputter target having an erosion groove on the

powdered layer;

covering the first spent sputter target with the metal alloy powders to form an

additional powdered layer;
sealing the metal can;

subjecting the metal can to pressure and heat to consolidate and diffuse the metal

alloy powders into and fill the erosion groove, and form a solid metallic cylinder; and
machining the solid metallic cylinder to form a refurbished sputter target,

wherein the new sputter material contains platinum and a magnetic material.
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