WD 02/ 064287 15 AUG 2005 PCT/ US02/ 04306 Tl TLE REJUVENATI ON OF REFRACTORY
METAL PRODUCTS CROSS REFERENCE TO RELATED APPLI CATI ONS Thi's application

claims priority of Provisional Application Nunber 60/268,742, entitled
"REJUVENATI ON OF SPUTTERI NG TARGETS" filed on February 14, 2001, and which

is incorporated herein by reference. FIELD AND BACKGROUND OF THE | NVENTI ON 2
The purpose of the invention is to decrease the recyclipgAgp

of
refractory meigdoph@ducts, and in particul ar, rejuvena@b@ggégmigering
targets having backing plate structures attached. 3 For exanple, sputtering
targets of high tenperature nmateriaksrsuch as tantal um and ot her
refractory netals (Ta, Nbo, Ti, No, Zr, netals and alloys; hydrides,
nitrides and other conmpounds thereof) used in integrated circuit
manuf act ure and otherRéﬁﬁﬁﬁﬁqxegl?F TR A2 ERERICTSor oduct manuf act ur e
usual ly are eroded in a non-uniformway during the process of sputtering
which leads to a race track like trench on the operating side of the

target. In order .to prregeMEFERYENCD NicaRErmtEpoRPEfrchtneoszibst r at es or
cat ast rophi ¢ break-through of coolant fluids behind the target, the targets
generally are withdrawn fromservice well before the refractory sputter
nmetal is penetratdis 3RRLEPITING ChRIITe @Y POrYathhVafyit* lafter only a minor
portion of therspisetion Metrbér 1$8%2 HREMH2¢ oorsiirded "RFSUYRJASIION OF

SPUTTERING TARGETS" filed on February 14, 2001, and which

is incorporated herein by reference.

FIELD AND BACKGROUND OF THE INVENTION

2 The purpose of the invention is to decrease the
recycling cost of refractory metal products, and in
particular, rejuvenating sputtering targets having backing
plate structures attached.

3 For example,. sputtering targets of high temperature
materials, such as tantalum and other refractory metals
(Ta, Nb, Ti, Mo, Zr, metals and alloys; hydrides, nitrides
and other compounds thereof) used in integrated circuit
manufacture and other electrical, magnetic and optical
product manufacture usually are eroded in a non-uniform way
during the process of sputtering which leads to a race
track like trench on the operating side of the target. 1In
order to prevent any contamination of the substrates or
catastrophic break-through of coolant fluids behind the
target, the targets generally are withdrawn from service
well before the refractory sputter metal is penetrated,
accepting the need for a new target after only a minor
portion of the sputter metal has beeh'consumed. The major
part of the sputter target can be resold only at scrap
price or recycled with difficulty and apart from this, the
backing plate of the target needs to be removed and may be

re-bonded to a new sputter metal plate for recycling.



part of the sputter target can be resold only at scrap price or recycled
with difficulty and apart fromthis, the backing plate of the target needs
to be renoved and may be re-bonded to a new sputter netal plate for
recycling. WD 02/064287 1 5 AUG 2005 PCT/US02/04306 a It is a principal

obj ect of the invention to replace such current recycling practice by
rejuvenation of sputtering targets as described below. 5 le%j IS an obj ect of
the inventi Onwéfz |Hp7rove t he cost and speed of getti ng | ﬁ) Wiering
targets back 1nto “service. is a further object of ﬁ@s?lf‘?v’@%tl on to

establish,a mcrostruct AR S as on the

bal ance o# t he taregejtéj% %ﬁﬂ&%?a%f EI: Cﬁf/%ﬁ]% %%ze%@:?_ﬁ% t%r eg%{r)]at% invention is a
net hod to rej IRFAENGEEr RS UF FNCRENDPIASEEES &Y r BRI IRY2 P pr oduct s by filling
consuned surfseetareas targdtsc ansidsicddbeil bpdwder netal . For exanple, a race
track trench or other erosion zone is produced on the face of a sputtering

target after nunerr@uss =R0BLIHVLl 6f NHROARAABAt S afpas@ORhat &8. The consuned

surface is rew%%ggggq)fbé?{%%ﬁea GENR Eteq,rmge%q?egé%&f putter met al and

si nter bonding aser |ng ng or Fasma di schar ge
coupled with ﬂ@fY6§Ftl on. Use of these nethods will vyi eI d a fully dense
coating. This avoids the need for decoupling the tantalumfromthe copper,
filling tihe erosi gt z®rre fofthdyeobigntallints areeniiith to establish a
microstructure of the fill zone at least as good as on the

balance of the target.

SUMMBRY OF THE INVENTION

7 The present invention is a method to rejuvenate
surfaces of used refractory metal products by filling
consumed surface areas with consolidated powder metal. For
example, a race track trench or other erosion zone is
produced on the face of a sputtering target after numerous
non-uniform bombardments of argon atoms. The consumed
surface is rejuvenated by the placement or deposition of
sputter metal and sinter bonding by laser or EB heating for
sintering or plasma discharge coupled with deposition. Use
of these methods will yield a fully dense coating. This
avoids the need for decoupling the tantalum from the
copper, filling the erosion zone of the tantalum plate with
tantalum powder and HIP (hot isostatic pressing)} bonding
and reassembly. In the case of laser or EB scan sintering
or plasma discharge coupled with deposition the target can
be rejuvenated without separating the backing plate from
the target. The various forms of rejuvenation produce a
filled erosion zone with microstructure similar to the
balance of the target.

8 The invention can be applied to refractory metal
products generally (whether or not mounted on a non-
refractory metal carrier) that are subject to non-uniform
erosion, etching, chipping or other metal loss. The form

of such refractory metal products can be as plate, rog,



. tantal um powder_and HI P (hot isostatic pressing) bonding and reassenbly. In
the case of laser or EB scan sintering or plasnma discharge coupled with
deposition the target can be rejuvenated w thout separating the backing
plate from the target. The various fornms of rejuvenation produce a filled
erosion zone with mcrostructure simlar to the balance of the target. S
The invention can be applied to refractory netal products generally
(whether or not nounted on a non- refractory netal carrifef);that are subject
t o non-uni f ox {-0n, etching, chipping or other neta e form of
such refractgﬁiﬁﬁg?g? products can be as plate, rod, 2 3&?@%?8?%287

PCT/ US02/ 043Q81¢)héndefi oclP| ACkQE eLhEY a%Qfg&I%ﬂaéﬂqtftEQFQa%@léEE.er targets.
The process can be%é) l'ied to, faqr_exanple, x-rgé di sks or targets

(ol ybdenum ﬁ%t B ¥ CarBor b aEKi7G) £° 9 T he™ PP 0T e Rt PO 6¥SaCT ef r act or y

met al producttagrgels (modmbddnwm platgee) w@irpai ecdkdnghe need to recycle the

whol e product after only a mnor share of the product has been consuned.
Such rej ugenat i onToanrevamateoe cohanteatacthan matet yiedddagt t v gwhol e t ar get .

Separ ation ofithe1bendedet pagkiNgBbahe (el tLOBPAN thi @)Y e MY not be
needed. This r uveng,ctl on can be r%:]tl ce

desired. 10 CGIEFCHL} T s PedtTire “ad a{ﬁégggég%‘%lflagzber‘%%ar;h?e?rgrsn
t he fol | owi ngcastapf e Fudt seeivpetadri opf carp bef Bere ¢cenhodihiertas t aken in
conjuncti on WddyctiiR®y the whole target. Separation of the bonded

backing plate {e.g. copper), if any, may not be needed.

This rejuvenation can be practiced repeatedly, as many

times as desired.

10 Other objects, features and advantages will be
apparent from the following detailed description of
preferred embodiments taken in conjunction with the

accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

11 FIG. 1 shows a cross section of typical target and
backing plate;

12 FIG. 2 shows a face view including a usual erosion
zone;

13 FIG. 3 is a block diagram of the rejuvenation process;
and

14 FIG. 4 shows in outline form a vacuum or inert gas

chamber set-up for practice of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

15 Now turning to FIGS. 1 and 2, a tantalum (Ta) sputter
plate 12 bonded to a copper . {Cu) backing plate 14 is
presented to illustrate the rejuvenation process of the

present invention. In addition to the backing plate, the



acconpanyi ng drawi ngs i n which: BRI EF DESCRI PTION OF THE DRAWNGS 11 FIG 1
shows a cross section of typical target and backing plate; 12 FIG 2 shows
a face view including a usual erosion zone; 13 FIG 3 is a block diagram of
the rejuvenation process; and 14 FIG 4 shows in outline forma vacuum or
inert gas chanber set-up for practice of the invention. DETAILED

DESCRI PTI ON OF PREFERRED EMBODI MENTS 15 Now turning to FIGS. 1 and 2, a
tantal um (Ta) sputter plate 12 bonded to a copper (Cu) Backinmgiplate 14 is
present ed towd@2us®i7ate the rejuvenati on process of thePCPpP#edses i nventi on.
In addition to the backing plate, the 3 WO 02/064287 1 5 AUG 200'5 -

PCT/ US02/ 04308 U6t t eargesr frot irajudenéfidide caadi (9 ®asti Wofpfedst y such as
bonded- on watgindedebh Ngtedi ts1ifg aoievers e pasd befpard arge laegel ing |iquid
reservoir andé&hﬂ@Vﬁ@@@D&@@%&t@@%&@P%avgeg&@legaélﬁlggs elgetri cal

attaching structures. I ndicates a té/ 1 cal racetrack_form erosion zone or
consunmed ar eBTHL AR 30y Bt oL FHL U585 % REFEPUEERr pPate 12 arising
from sputteri bgpirsage.a 16pAcdl gacehack dfrm keosigy enentoat forsugkdt he

preferred enbadi @aNEhOftbher RAESEM 2oNYENHOBphtS el plider 8t ed in FIG 3. A

vacuum 22 or inert gas zone 24 .is established for a
arisingvIrom sputtering usage.

16 A flow chart of the implementation of the preferred

embodiment of the present invention is illustrated in FIG.
3. A vacuum 22 or inert gas zone 24 is established for a
used Ta-Cu target 26 assembly. The erosion zone 18 or

. consumed area of the sputter plate 12, as shown in FIG. 2,
is filled with powders of the sputter metal. The powders
are bonded or sintered 30 to the sputter plate 12 by laser
or electron beam raster scanning to melt powder surfaces,
but not complete particles or the entire particle that act
as nuclei for grain growth. The melting can be done during
powder deposition or after deposition on a layer-on-layer
basis. A powder derived foil can also be pre-made and laid
into the trench. In all cases the fill is sintered for
self bonding and adhesion to the target and leveled 31 off
by machining, sanding or other abrasion etching and/or a

burn-in sputtering process.

17 The following is one of several examples of how the
invention can be implemented.

18 As shown in FIG. 4, a sputtering target 10 can be
placed in a vacuum chamber 32 evacuated atmospheric '
pressure purified inert gas (argon) atmosphere utilizing
conventional pump 34 and gas back-fill apparatus 36 with
valve 38. A powder feeder 40 comprising multiple nozzles
42 can insert multiple high velocity streams of Ta powder
of -100 to 325 mesh to the erosion zone 18 or consumed
area. The powder feeder 40 can scan along the erosion zone
18 or the target can be moved relative to a fixed powder
feeder. A 15-20 KW {(preferably 20-25) laser beam 44 formed
by a laser 45 and conventional scan optics 46, 48 which can

be wholly in the chamber 32 or partly outside the chamber



“used Ta-Cu target 26 assenbly. The erosion zone 18 or consuned area of the
sputter plate 12, as showmn in FIG 2, is filled with powders of the sputter
netal.” The powders are bonded or sintered 30 to the sputter plate 12 by

| aser or electron beamraster scanning to nelt powder surfaces, but not
conplete particles or the entire particle that act as nuclei for grain
growth. The nelting can be done during powder depositiohddtiaflher

deposi ti on owoazb@yer - on-l ayer basis. A powder derivedpdpidoygad al so be
pre-made and laid into the trench. In all cases the fill is sintered for

sel f bondi ng 3andsadhaskomicwo féN ekl @lsagitbanenel @@ c3d of asbyr machi ni ng,
sanding or other %ﬁé%o&e‘}t €ﬂ+ "G gén%f“’ﬁﬁ%‘ﬁ{%% EI W LEL PO, process. 17

The following Is one of several exa nvention can be

i npl ement ed. “PETMALE SRYART iMFTEFE S AUrRcSH AL PAGIT APGELC PO Ran be placed in
a vacuum chameeki82 deadirat edddtomdspheo the bageesSrhe prasibned i nert gas
(argon% at gg%_hﬂl @orlttiihhbéélgg aﬁ@%ﬁméﬁwagr&ﬂﬁpmtﬁél ARd g@%ﬂ@@}gr.—fi I |
appar at us AW, . e : powder__f eeder C rising.nmultiple nozzles
42 can insertltrrﬁftﬁl\&%éa\éhi }ﬁwgsfén(?isfycas]ﬁlg%%ongf aﬂ‘gfg&oﬁﬁ%lrcglof -100 to 325
mesh to the e¥O3FeFF £GRePd 856 v AsStPEH Neas @ L1eTher Faddercuyteefier 40 can scan
along the erosi enlziore 18 or the target can be noved relative to a fixed
powder feeder. A 15-20 KW (preferably 20-25) |aser beam 44 formed by a

llaser 45 and conventiQial o6 ARlICEsAe 48 WlcBhoERsshgy Whol Iy in the
chanber 32 Ortl'peaE}alsélor?nuED%j:lrgc? dtipeectcpngggfrdeéoggi %/ Qéézén?of AeroMet
Corp., as described, e.g., in Abbott et al., "Laser Forming
. Titanium Components" in the May 1998 issue of Advanced
Metals & Processes and Arcella et al., "Producing Titanium
Aerospace Components From Powder Using Laser Forming, "
Journal of Metals (May 2000), pp. 28-30.

20 The laser can provide post-fill heating to complete
the sintering. Separate target heaters can be used to
preheat the target or provide additional heat during the
rejuvenation.

21 The various forms of rejuvenation produce a filled
erosion zone or consumed area with microstructure similar
to the balance of the target. For example, filled erosion
zone specimens from a sputtering target were analyzed for
the electron beam raster scanning method. The hardness was
typical for rolled and amnmealed tantalum plate with normal
variation. The filled erosion zones were substantial free
of porosity and inclusions. The yield strength and
ultimate yield strength met ASTM regquirements.

22 In another embodiment of the invention, the well
unknown process of plasma deposition can be utilized to

combine the powder placement and fusing steps.

23 It will now be apparent to those skilled in the art
that other embodiments, improvements, details, and uses can
be made consistent with the letter and spirit of the

foregoing disclosure and within the scope of this patent,



1 5 AUG 2005 PCT/ US02/ 04306 32 using a w ndow for _beam passage can be traced
in raster scan fashion over the erosion zone 18, as the powder falls, to
melt powder particle surfaces and enable particle to particle bonding and
bonding to the base of the erosion zone continuously and repeatedly around -
the zone 18 until it is filled. Powder mass cal cul ati ons and/ or optical
nonitors can be used to determ ne conpletion and a cut-off of filling. 19
One form of equi pment usable for such processing is the Lagf®nm brand
direct netal ition systemof AeroMet Corp., as de 'S%Zd e.g., in
Abbott et al ?Vfa%ﬁ“:‘ﬁs"ér Form ng Titani um Conponents” in ?‘?1126 %713%998 i ssue of
Advanced Metal.s, & Pr.ocesses _and Arcel et.al.,_YProducin i fani um

Aer ospace Corr‘%lolﬁgn 3 lﬁ%ﬁ%‘%@\?\g r yugfﬁ\%géoﬁé%lrn lé:%ﬁluplsg, 'Conﬁt_—'orglre%ajrn of Metals
(May 2000), piFcopdemtr w2Bh THe Paket tah pretdedpbat Sorkrinfeafing to

conpl ete theesgiintéesntsg. Separate target heaters can be used to preheat the
target or provide additional heat during the rejuvenation. 21 The various
forms of rgj uvenatvhen ipr edacedaiéil 1l ed erosion zone or consuned area with
m crostructure simlar to the balance of the target. For example, filled
erosion zone specinens froma sputtering target were anal yzed for the

el ectron beamraster scanning nethod. The hardness was typical for rolled
and anneal ed tantalumplate with nornmal variation. The filled erosion zones
were substantial free of porosity and inclusions. The yield strength and



ultimate yield strength met ASTM requirenents. 22 |In another enbodi nent of
the invention, the well unknown process of plasma deposition can be
utilized to conbine the powder placenment and fusing steps. 23 It will now
be apparent to those skilled in the art that other enbodi nents,

| mprovenents, details, and uses can be nade consistent with the letter and
spirit of the foregoing disclosure and within the scope of this patent, 5
15 4L 2005 WD 02) 064287 PCT/ US02/ 04306 which is limted onl¥ﬁaﬁmgﬂg

foll owi ng clains, construed in accordance with the-patent [aw® "¢l uding
the doctrine of equivalents. 24 What is clainmed is: 6 1 5 AUG 2005 Wat is
Clained Is: 1. A process for rejuvenating a refractory netal product having

one or no Qn Iu_rface area portions conprising the steps of: 5 a)
filling sat rtions with refractory netal powder particles, said
powder being the sanme conposition as said refractory netal product, b)

si mul taneously applying focused radiant energy to said powder In order to
mal t the pdwder A piosessioraaiwengtingatretractory metal pradudtdiayingone 0y and

TR 21 chb SR e o SpPOPR L Baply mc s hert o
have begn conpl gfel Y filing said consumed portions with refractory metal powder
particles, said poWder being the same composition as said
refractory metal product, |
b) simultaneously applying focused radiant energy to said
powder in order to melt the powder, thereby causing particle
10 to particle bonding and bonding of the particles to said
consumed portions,
¢) discontinuing the filling step a) and the radiant energy

applying step b) once said portions have been completely
filled, and

15 d) profiling the filled portions to the desired final shape.

2. The process of Claim 1, whereln said refractory metal product is a
sputtering target. -

20 3. The process of Claim 1, wherein steps a) and b) are conducted
continuously. -

4 The process of Claim 1, wherein said refractory metal is selected

from the group consisting of tantalum, nioblum, moiybdenum and alloys
25 thereof,

5. The process of Claim 4, wherein said refractory metal is tantalum,

6. The process of Claim 1, wherein said focused radiant energy is
30 provided via a laser, an electron beam or plasma discharge.

7



filled, and 15 d) profiling the filled portions to the desired final shape.
2. The process of Caiml, wherein said refractory nmetal product |Is a
sputteering target. 20 3. The process of Caim1l, wherein steps a) and b)
are conducted continuously. 4. The process of daim1l, wherein said
refractory netal |Is selected fromthe group consisting of tantal um

ni obi um nol ybdenum and all oys 25 thereof. 5. The proceS§UbflliE ai m 4,
wherein said refractory netal is tantalum 6. The process of Claiml1,
wherein said focused radiant energy is 30 provided via a |aser, an el ectron
beam or plasma discharge. 7 1 5 AU6 2005 7. The process of Claim6, wherein

sai d radi agt en y..LS vided Vi The rocess .Claim7,
wherei n said S@g qrgc%soslgft%\agnm%éip S%@J?d'gntreé?ﬂg aPEY! q'é:{Y'ﬁctory nmet al
pr oduct cogqggérl_ng. a) arefractory netal product plate having one or nore

consuned surface area portions, b) a nmass of bonded netal powder particles
filling said 10 consuned portions, said nmass bei ng produced by the steps of:

parti ol cs, Bsai d WBRIBFeBLPr gAY Ao fieriof 18 4RV 9 act o y et
product g
9.  Arejuvenated refractory metal product comprising:
a) a refractory metal product plate having one or more
consumed surtace area portions,
b) a mass of bonded metal powder particles filling said
10 consumed portions, said mass being produced by the steps of;
i) filling said consumed portions with refractory metal,
powder particles, said powder being the same
composition as said refractory metal product,
i) simultaneously applying focused radiant energy to
15 said powder in order to meit the powder, thereby
causing particle to particle bonding and bonding of the
particles to said consumed portions,
iii)  discontinuing the filling step a) and the radiant energy
- applying step b) once said portions have been
20 completely filled, and

iv)  profiling the filled portions to the desired final shape.

10.  The product of Claim 8, wherein said refractory metal product is a
sputtering target.
25

11.  The product of Claim 10, wherein steps i) and ii) are conducted
continuously.



i1) simultaneously applying focused radi ant energy to said powder in order
to nelt the powder, thereby - causing particle to particle bonding and
bondi-ng of the particles to said consunmed portions, iii) discontinuing the
filling step a) and the radiant energy applying step b) once said portions
have been conpletely filled, and iv) profiling the fill ed5pgdEtlilbns to the
desired final shape. 10. The product of Caim9, wherein said refractory
nmetal product is a sputtering target. 11. The product of C aim 10, wherein
steps i) and ii) are conducted continuously. 8 1 5 AUG 2005 12. The product
of Caim 10, wherein said refractory netal is selected fromthe group

consisting f tantaluy ol um, sl ybdenum and al | oys, .t hereaf .. 5 13. The
product of "%r ai ﬁﬁ}ﬁ?m@ﬁ{]@fﬁh i1(9'?" F%’Etséi[@'eﬁ'aﬁ?’bi’ﬁe%fﬁ%?'ﬁ?ﬁedl_z;. The
product of fdniittia gRoup EsHshtihngSetitenfaflsiH Seidbiuali rABlybEBANAYaRd alldysoVi ded via a
| aser, an el ectron beam or plasma di scharge. '10 15. The product of C aim 14,

wher ei n saitbere@fli ant energy is provided via a laser. . 16. The process of
Claim15, wherein said laser is a1l to 3 KWlaser. 9

5 13. The product of Claim 12, wherein said refractory metal is tantaium.

14.  The product of Claim 10, wherein said focused radiant energy is
provided via a laser, an electron beam or plasma discharge.

10 15. The product of Claim 14, wherein said radiant energy is provided
via a laser. 3

16.  The process of Claim 15, wherein said laser is a 1 to 3 KW laser.



