PVD TARGET W TH END OF SERVI CE LI FE DETECTI ON
CAPABI LI TY - RELATED APPLI CATI ONS [ 0001] This
-application clainms the benefit of U S. Provisiona
.Application No. 60/720,390, filed Septenber 26, 2005,
and U.S. Provisional Application No. 60/728, 724,
filed Cctober 20, 2005, the entire disclosures of
-which are incorporated herein by reference. FIELD OF
THE | NVENTI ON [ 0002] The invention relates to p@é;ica
v aB5D HERGEIV BT EAVEF BN R SR JTON G AT
invention relates to PVD targets. BACKGROUND COF THE
I NVENTI ON [ 0003] Physi cal vapor deposition (PVD) is a
~wel | known processrikpatipagpLiogroNhin fil m of
material on a substrate and is commonly used in the
- fabrication of sem conductor . devices.  The PVD process
- j{@otjar Thie ebplivdtioatizintsghe SraetiumU. o Peovedramabéppiicamuadini ng-
a substrate wafer) and a solid source or slab of the
- omvE,ical filkd Sheenteptss LoE aeU Sherovisiots tpalietion Ne. §0/28,724,
- PVD.target. .In the PVD process, the PVD target is
phy Siceakd 20, TIOBMBS dr@ick difdlie oSwhititert Rlcorperaitdperen Bhe
vapor of -‘the target material is transported fromthe
R¥nctarget to the substrate where it is condensed on
the substrate as a thin film [0004] There are many
- met hods for acconplishing PVD including evaporation,
e-beam evaporation, plasma spray deposition, and.
sputtering. Preserighyp PoEEsNINTISIN he nost
" frequently used nethod for acconplishing PVD. During

Hht e 9&l Ped ol S oy t LI
e e G B P e Ay

@éﬁ&u .§§ﬂﬁ&&opvgq§§ﬁ§sputters) atons or nol ecul es
~from.the reaction strface of the PND target into a

BACKGROUND OF THE INVENTION
[0003} ‘Physical vapor deposition (PVD) is a well known process fdr"deposit_mg 2 thin _
- film of material on a substrate and is commonly used in the fabrication of semiconductor

" devices. The PVD process is carried out at high vacuum in a chamber containing a

s.ubstra‘ie.(e. g., wafer) and a solid source or slab of thé maierial to be depostted on the

_spbsﬁ'ats, i..e., a PW target. In the PVD process, the P\_’D target 1s ?hys_iéally converted
.. ﬁ‘ox_n 2 sdlia i1_1t0 é'vapﬁr. The Vaﬁot of the target material is tr_éns_pqrted__ frbm the PVD
tafget to th_e.suijstrate where .i’c is ;;ondsnéf;;d on the substrate as a th.m film.

o [0004] There are many methods for éccdmplis}ﬁng PVD including —eva;po_rati_on, e-beam
évapor_ation, pzlasma sf)ray depositioﬁ, and sputiering. Pl_'esenﬂy,'spuﬁering 1s the most

frequently used mE’thod_ for accomplishing PVD. During sputtsﬁng, a gasg pi_aémé is




vapor of the target naterlal as a result of collision

"~ with high-energy particles (Ions) of the plasma. The

vapor of sputtered atoms or nol ecul es of the target
material is transported to the substrate through a
regi on of reduced pressure and condenses on the
substrate, formng the thin filmof the target
~material. [00051 PVD targets have finite service
lifeti PVD target overuse use beyond the
P\FM‘%E{'E B changsy %fg‘efﬂlcfie# @tﬁl?@@rﬁgg@e dhy plpsreamhypically slispdges
safety concerns. "For exanple, PVD target overuse can
r S8 6T PgSETs} e PORCITIS Henpyeraeiogerrian of ty SVBNarget into
arcing. This, in turn, may result insignificant
pr@PRICY fhisriarpe gissial %eé%l?‘sqféﬁﬂlélpn wifb i gl enrerge pertieles (ions) of
safety problens. [00061 The service lifetinme of a PVD
t drcgtsmias Thsrieae e Fyutigest afoms weaholppuley of gl trgettrivegerial is
. accunulated energy, e. a., the nunber of
k ’fqa%iaaft%iqa @wrsgbs(mwﬂarpggh 2 IEHAD wﬁr@@udg@pmerew@comiymem the
processing tool. The accunul ated energy met hod, -
héﬁ@?@?Imﬁ@%eeﬁﬁmhﬁml@ihm@%$@nmamd the accuracy of -
‘this method depends solely on the hands-on experience
ot00{ple PYIe@ngrisdizaniiniBwervioatidatinreas PEDaatpet bheruser aj i8€beyond
lifetinmes of the PVD targets are still less than they
c e PY Ihierzetsseaysrligatimeg tadey reBebide) 2pé eafep torebms, hEor R,
target (depending upon the PVD target type) is
Wa¥ P daf get Pherssepapizse hinipsrigreipinatieit VD Eds: ark, sywbih Ghriries This,
graph plotting the erosion profile of a conventiona
RvDirtamgetsuionpphificag padeans hagd) BV kakm @fiod Quhe and
material. As can be soon, approxi mately 60 percent of
tdaetopmigemal quantity of the PVD target (target
residue) remai ned after 1769 accunul ated kw hrs of

dp%@t Thasofice HiemPV IVD L6 i3y &tam denhA00¥) tregﬂﬁlcr hw
target utilization: resultlng fromthe PVD targets’

abbrewiel eeeser i dienurhibel 6F iciIBSatt-16% '@%IJ]' @R by the PVD
~target consunption costs. In fact PVD t ar get

| CRNSh BPhro@sing toel. The accurmulated energy method, however, takes time to
master and the aecu_racy of this method depends solely oz the hands-on experience of the
" techmician, Even when mastered, the service lifetimes of the PVD tarcrets are s‘a]l less
than they could be as approxunately 20-40 percent of the PVD target (dependmg upon
the PVD target type) is wasted. This problem is depicted in FIG. 1, wlnch sa uraph
. plottmv the erosion profile of a conventlonai PVD target comprising a consumable slab

| of source materidl. As can be seer, apprommately 60 percent of the original quantity of
the PVD target (target rem_due) r_emamed after 1769 accurmulated kw-hrs of operation of

the PVD process system.




cost is one of the nost significant costs in
sem-conductor fabrication. Thus, if much of the
wasted target material could be utilized, PVD target
consunption costs could be substantially reduced.
This, in turn, would significantly | ower sem conductor
fabrication costs and increase profitability. [0008]
The IOM/target utilization also results in nore
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' t V\h the PVD t I d
uhrf%&? Cﬁeeaﬁea@&g?aﬂ% oh %Onf‘ﬁé‘mﬁ%’% JE et PYBEReR Eomumption
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igﬁa slg of consumabl e materjal .such as a PVD target
69 5Pt PRI CATINPE BBZRDaS FAFgebFRRsIRRRSioR pas gpld be

consumabl e materjal conprises at |east on-, detector
f §osiep XF‘?CW@Edt HEES: remsVeld pigntbesiy st srgtiondide esaion
: reduceg a predetermned quantity of consumable
nEEEAP Fm“?ﬁUT¥¥ﬂFWWone exenpl ary embodi ment, the
detector conprises an enclosure at |east partlally
- ePBe} o e davt et wHikalignegisogesuliningumin Braentueniacimbntaf e VD
“filament or electrode elenents disposed within the
cAtroEdy thoreforr, mapt frsnens ainsinandg o s S¥Dhaystem ot trel. Further,
encl-osure is evacuated to create a vacuum inside the
MU target ren!imse, tixeirpéeded/to reimiydlis WER procedsefor the new
filament or electrode el ements extend fromw thin the
éf¢ePlosure to 3 enabl e connection to a signal

nonitoring device, In still another exenplary

dR#Ed ﬁ:emrdinglmhhere cd resdifoe 2 Surconp ¥Edatt. t he
. consumabl e material . [00121 In another exenplary
enbodi nent, - t he at | east one det ect or conprises an.

SIMMZARY

[.001 0]  One embodiment is 2 stab of consnmable material sqoh as a PVD target for use
~ in physical vapor deposition. The slab of congumable mata_rial cofnpﬂses at le;st_ one
detector for signaling that the slab is approaching or has bean reduced to a predetermined
quantity of consumable material. |
: [i_iﬂl 11 Im one exemplary embodiment, the detecior comprises an enclosure at least
:p:artia]ly c_ambedded vﬁthin the slab .of poﬁsﬂmable' material'an.'d .a ﬁlamcnt or electrode
- eIsments' dispésed within the-enciosure. In another exemplary ém’oodiment, the
enclosure is evacuated to create a vacuﬁniuside the enclosure, In another excmplary

embodiment, the filament or electrode elements extend from within the enclosure to




encl osure at |least partially enbedded within the slab
of consunmabl-e material and one of a gas, a liquid,
and a-solid disposed within the: enclosure. [00131 In
a further exenplary enbodi nent, the at |east one,
detector conprises a layer of material conprising ~
conposition different fromthe slab of consunabl e
material, the - layer of material disposed adjacent
the, slab of consumable materialL the |ayer of materi al -
beéPAYe aEEeRH oG WO%OW%chep%Fﬁ%ﬁ“&%@ﬁé’@ﬁ%ﬁ@@mﬂt
BRI EF DESCRI PTI ON OF THE DRAW NGS [00141 FIG 1, which
i PGNP IO R I Ch Ble capsparidnmaiestt | e of a
canventional PVD target  structure conprising a slab
ofl0¥ g r do 2ipitse FreEIPlary opassiimet.de 3 foaptong delecies CEMERSSY R w
illustrating an exenpl ary enbodi nent of a PVD target
s tReletns 8 leapipatilly Frrlng;ddz%wl@n e clab 95 copslgpabinmantendl ayd one of a
through |ine 2B-213 of FIG 2A. [00171 FIG 3. is
aé?‘bélglq%%écﬁtﬂﬂéﬁ@llld disneovpc Witongih endlesyt r at i ng anot her
—.exenpl'ary enbodi rent of a PVD target structure.
[ tﬂﬁggh 1 durtherjeserpplary sgbodiment b al least ey delettostanatisesg layer
- further exenplary enbodiment of - a PVD target
 sof meend eompiidiecrcortpGsition fiferamt fremethp kiab 9f confrodibiremmiteraf, the
a systemfor detecting the service Ilifetinme endpoint -
ofayer dPuBtarial Geposesttadisctnd the slalf of @ERGHablE @iterl.ithe lapotfimpierial
exenpl ary enbodi nent of a systemfor detecting the
sleaing driectablefvéten nelcshpgpoillytvapdtizad. PVD t ar get st ruct ure.
'[00211 FIGS. 7A and 7B are base plan views of PVD
targets having plural tube-based detectors.

- BRIEF DESCRIPTION OF THE DRAWINGS

o [0614] FIG. 1, Wﬁ_ichri_s graph plotting the erosion profile ofa convenﬁona_l PVD target
' stfucmre_compﬁsmg a sléb of spurce material.
| {0015} - FIG. 2A is a base plan Vie\,_v illustrating an exemplary embodizn:nt of a PVD
target structure. | | |
B [0016] FIG.2Bisa crc;ss;secﬁona} view through line 2B-2B of FIG. 2A.
* [0017] FIG. 3 is a cross-sectional view through il_Iustéting anothér gxemplary
emﬁodh;ent_of aPVD taz;get structure. |
| .[_001 8 . FIG.4isa crosg-sectional view illustrating a further exemplary embodi_r_n‘;:nt of
é_PVD target structure. o
: ': I{)‘UIQ] ' FIG.51is én’exempiary embodiment of a syétem for detecting the service

lifetime endpoint of a PVD target structure.




[00221 FIGS. 8A and 8B are cross-sectional views
show ng two exenpl ary | ocations where the tube may be
“enbedded in the base surface of the target. [00231
FIG 8C is across-sectional viewillustrating an
exenpl ary nethod for enbedding the tube shown in the
| ocation depicted in FIG 8A [0024] FIG 8Dis an
.elevational viewillustrating the thin foil depicted

. ..1.00251 FIGS. 9A-9F are pers ive Views
sl Vi  susas Ersmiley < EhBuateabe el peRes {ngce
of the t detectors. [0026] FIG 10 is
e ?ﬁ@@n8%%§gg%@ﬁnhﬁ”¥W%? renoval of a
menber. from a_t ube during
RSt ﬂﬂ&g Te paspple} vVieyes! VLS Rrsgbchegpbipal fube-basce
persFect|ve Vi ews ShOMAng an exenpl ary method for
8§tur|ng the tubes of the tube-based detectors in
[ 1 FIGS, 12A, 12B, 13A and 13B are

pi‘f‘“&ﬁ%c%%g 5% 2], 58 B g seiiend! ks shTwingiero enelatydenstions
- det ectors. manuf actured using an exenpl ary sheet
f SPFEAY Wt maube quwddet irfhebasesuiface of e fasisbct i ve vi ew
- illustrating yet another exenplary enbodinment of PVD

+ g EIG @%tl%ﬁ @oss1peBYal iuvGllugisting amexomplyeutthadefovi ew

|IIustrat|ng still another exenplary enbodi nent of a
PP adgingde Beesiewn imethe 0B [dektia] inl8Gsthows a tabl e
which lists some exenplary detector |layer nmaterials .
t 19824] oFle. Shiis apllevatfionl vse ilvsirting dmehieXehjrbatey it AIGESC.
materials. 5 [0032]. FIG 17A is a flowchart showi ng
t 823t F&ISoPA-QF ﬁrentstspmmbm wo@mg).dmmmkema@ emibulients of

maki ng net hod.
the tube of th¢ ‘tube-based detectors,

[0026] FIG. 10 .is perspective view showing the reﬁloval of a mandrel-like mald
-_member from 2 tﬁbe during the manufacture of same.
[0027}- FIGS. 11A and .l IB are perspective views showing an exemplary methc;d for
menufacturing the tubes of the tube-based dutectors in bulk.
: {0028] FIGS. 124, 12B, 13A and 13B are perspective view showing the tubes of the
* tube-based detectors manufactured using an exsmplary sheet forming method.
[0029] FIG. 14isa per_spectws v;ew iliustrating yet anoth_er cxemplary embodimér;t of
- a PVD target structure. | |
{0030] ' FIG 15 is a perspective view ﬂlustré.ﬁng still another e}.cempllary embodiment of
" a PVD target structure. | | " |
- [0631]  FIG. 16 shows a table which lists some exemplary detector layer materials that

are suitable for use with some exemplary 'térget materials.




[0033] FIG 17B is a flowchart showi ng the steps of a
-second exenpl ary -enbodi nent of the tube making

nmet hod. f 00341 FIG 18A is a perspective view of an
-exenpl ary enbodi nent of a nol d/extrusion-die,
apparatus, which may be used in the tube nmaking

nmet hod. [0035] FIG 19B is a perspective view of

anot her exenpl ary enbodi nent of ‘a nold apparat us,

Whj be .used in the tube naking nmethod [0036] N
\éﬂ@cﬂi o PG AT beHErE: SBrgRE g s “H%Oig‘tfgﬁ@‘%]@lﬁ?’l&ﬁibP@mGHt ofa
exempl ary enbadi nent of the tube maki ng nethod.
[6'3’57‘]‘3‘#{" Eﬂ%@{is a flowhart showi ng the steps of a -
fourth exenplary_enbodi mrent of the rube. making
ni‘ﬁ-’f%h %6751%—3 el eseRpiorienbe Somar 2 crren e sl pnbgdinent
a physi cal _vapor deposition (PVD) target structure
hagihﬁ&bama&@smﬂé@@ i feti me endpoint detector. FIG 2A
is-a plan view illustrating an exenplary enbodi nent
o003 P\HIG A4y éta Rerpattva Vs WG 2¢ premipiaye PR agimengehot ed by
nuneral 100 and FIG 2B'is a-cross-sectional -view '
 t ebirrHusiomdic pamrausgwhich mpsbe wad inTthe tuby/Dakiag yethod. -
~-structure 100 conprises a consumable slab I 10 of a -
d¥§iT e FiS0 Lkt apatsprciing vigwyirmotiegeteinplndemsbodimdna niamold
detector 120, enbedded in.a base surface 114 of the
PPRATERE.gdtich mayhe Us@DB e ThroniiMy methget 110 conprises a
reaction surface 112, the base surface 114 opposite
tIRE30] e dEEI Bhis & Gprelve shdwing drdtcas of adbivdtlemplary atieodiddit of
~extendi ng between the reaction surface 112 with the
Bhskbsmafiagwetkddl. The target 110 maybe formed in any

6 suitable and appropriate shape including, for .

&Pl FIGAricuflewshas ghravieg the elepasiguibath, exenmsibry embodiment of
triangular, irregular, etc. The target | 10 may be -
filor erdmelsrgugethoty wel | known PVD t ar get :

DETAILED DESCRIPTION

{0038] . Ong embodiment is a physical vapor deposition (PVD) target structore having a
: ssrvice Iifetime endpoint detector. FIG.. 24 iz a plan view illustrating an exemplary
‘embodiment of 2 PVD target structure of the invention, _deﬁoted by nurneral 100 and FiG.
2Bisa cross—saé;fionall view ﬂ:r;ough line ZB-2B of FIG. 2A. The PVD target structure
K 100 comérises a coﬁéumable slab 1.10 of a desired source material (PVD t-arget) and a
| _ filament detector 120, embeﬁded'm a bass surface 114 of the PVD target 110.
[0039] The PVD target 110 comprises a reaction surface 112, the base surface 114 ‘
" opposite fhe_ reaction surface 112', and a sidewc;ﬂl surface 116 extending behve-én the

. reaction surface 112 with,,the,base‘su;face 114, The farget 110 i:nayrrbé formed 10-any-




form ng- nethod. See for exanple U.S:. Patent No.
6,858,102 entitled "Copper Containing Sputtering
Targets, And Met hods OF Formi ng Copper- Contai ni ng
Sputtering Targets." [00401 The target 110, in one
enbodi nent, may have a dianmeter (in the case of a
circular target) of 18 inches and a thickness of 0.250
.inches. In other enbodiments, the target 110 nay be

f. to oth i tabl d a t di '
T%réuqebi? e i B 58 it B oval
t te cl udi f
R RR R a%.“eiq‘ii“ﬁ"%f ﬁumy( fgrrsie?%av Syl RRE VD tarze
| o
3{3%3' SPRt Sl s § B a5 %@‘%@én
%%?_lndlun1t|n OXIdeéPé ,. Zi.nc sulflde silicon
di 8oty N{e s O5§orpang (ongsr-(omipignmeputtcring

nobl e netals [0041] The fllanent detector 120

c&ﬁﬁrsses an encl osure fornmed by a tube: 122 having
p@fSln% open ends 122a, 122b which are .cl osed by '

_ e 19l 1 0.p epe crpprslimas raydiee 2 diggeter (Tpipcase of a
hern1t|cally seal the~ interior 122c of the, tube 122

. aRHCdBENLPL 18 nahpnandrathiskngss aG0RAD inchese I otberamedimeats, the
of the tube 122. In one enbodiment, the air within the

i st | Grmayepfermedd tp lether suiabla 28! appippiivie @uansierseThe targst 110

therefromto create a vacuumtherein. 1Il an
- ainep ppetrineesderflanyisutiable and sperdpritte syuove M@gw! ohluthe, hubample,
122 may be filled with an inert gas. | [00421 The

- f hikleah @, rdkal platoluod@E Phedieysneclgl tiatime i TipalldyensbdiPda),
. 124b which extend through the isolators 126a, 126b: -
THemirsol (Af)oceppd26a), titR6im @iethininea(Thy tingadra®ex itidi@n tin oxide
‘bent marginal end portions 124a, 124b of the fil anent
1Z2O0f, vomstifide-tilike d@2dea@dSShe), VR (Atpeiget (A nd IR noble
‘bent margi nal end portions 124a, 124b of the fil anent
- li2gakermnate 7
' 7 i0041] The ﬁl_amenf detector 120 comprises an enclosure formed by a tube 122 having -
opposing oﬁen ends 122a, 122b which are closed by isolators 126a, 126b. The isolators
126a, 126b he@itically seal the miterior 122¢ of the tube 122 and suspend 2 filament 124.
~ within the interior 122¢ of the tube 122. In one embodiment, the air within the iﬁterior
122¢ of the tube 122 may be evacuated therefrom to create a vacuum therein. In an
- alternative embodiment, the interior 1220_ of the tube 122 may be filled \n'/ith an inert gas,
g [0042] The filament 124 includes bent marginal end portions 124a, 124b wiich extend
through the isolators 126a, 126b. The isolators 126a, 126b electrically isolated the bent
marginal end portions 124a, 124b of the filament 124 from the tube 122 and the PVD

target 110. The bent marginal end portions 124a, 124b of the filament 124 terminate




externally to formfilanent termnals or | eads 125a,

125b. .The filament |eads 125a, 125b all ow connection

of the filament 124 to a nonitoring instrunent, as

will be described further on. [00431 . In one

exenpl ary enbodi nent, the tube 122 may be conposed of

the sane material as the PVD target | 10. The

-~ di aneter of the tube 122 should be sufficiently snal
and its | ocation sufficiently close to the base

suPFeERYY torform §lamegt tempinglg oretds pemetSht B flamdnt leagrelgb, 312513

all the target material | 10 has been used. For

e eHATS Icennerpngd Ercdidenest 424/t aandeingsnsirumehipast willdbe H2@ribed

~may have a dianeter of about 0.5 mm [00441 The

fi #t- 124 is typically conposed of the sane

material as the PVD target | 10. In an alternative

entfi9d]l risrvme exdmenldry pahedimernt Xhe by | BengyOnposeoked bf fe same

material which is different fromthe material of the

t srtpanl as thetP Vi tirgro €10, Abe diambfteraf theHebeP\ID shqddbessiidigtly small

result. The filanment nmay have a di anmeter or about 0.2

il ifsdoestien extgipitiarciose eribontisnmnhcs (1864 H)at Thenot pelcritel @itil

126a, 126b are nade froman electrically isolating

reqady Rl Fheargst aptriah Bt lonbeh uset For leRdrSple, i @B emplary

exenpl ary enbodinent, the isolators 126a, 126b may be

conipdiegit, ofhe tibe &22ambrhavs U dlamasr 6 ABites A 208) . [ 00461

The filanent detector 120 functions as a-sensor for

i 10644 afThe §ladven] 26 hietyPvilly dofipget oAhd shasmhea of 89 veedare:

to a quantity of material representing a service

110 eniametterasiop embadimbnt} hefil-aegab4 230 bs bamisobal & a AI¥-al
usage of the PVD target structure 100 beyond . this

- opedaoit i tiiffefeRMiBorh attegRiterl 6F tHER)zei 10lanh Ul In: fRstht YD
perforation of the target I 10 and system arci ng, ,
whicedsingBedults Me il eht@fdd Havd AGiRMAGUELLRR 0SS in &) \éQxempl
system or tool damage .and safety problens. %he use o?y
elmdodiinkstment detector 120 in the PVD target structure
100 maxim zes the service lifetinme of the target | 10

@ltd::]al THeViSol26:6 UR &, €263k QRRIRG Qleéléac?ﬁdaﬁ%solatmg material or
combination of materials. In one exemplary embodimant, the isolators 126a, 126b may be
' composed of a cerargic, such as alumina (ALOs). |

[0046] The filament dstcptor 120 functions as a seﬁsor for indicating when the PVD
target 1 10 has been redﬁced ‘a; a quantity of maiézial répresentinrr a service lifetime
endpomt of the tarvet 100 structure. Any usacre of the PVD target siructure IOO beyond

| thls guantity (PVD target overuse) will likely result in perforation of the target 110 and
system arcing, which in turn, may result in p_roduction loss, PVD system or tool damage
_and safety problems. Thé use of ?he filament detéctor 120 in the PVD target siructare 100

| lmaximizes the service lifetime of the target 110 and allows aceurate, _auto_maiéd deteciion




8 of when the PVD target structure 100 should be
replaced to prevent the target related problens
nmenti oned above. [00471 The filament detector 120 is
constructed to exhibit a characteristic or attribute
that can be in-situ nonitored by a nonitoring device
330 (FIG 5) connected to the filanent 124 of the
- filament detector 120. fir one enbodi ment, the -

char act ri ic or attribute of the filament 124 to_ be
: ﬁW?L tagpst stgetugs) 100 taklxqu@fjhe repdaged fogppenighe target related
inp%_ ance of the filanment 124 and the nonitoring :
dé‘?ﬂ sIREMIESH B8van ohmmeter.; Using the exanpl e

ere the characteristic or attribute is the

|l@ét7 }i Ehe flamentSeanion 20/is copppieid e el 4 ghatapterisienatiribute
124, at the beginning of the PVD.target structure's

s 8l pandhe ipsipmPRiTedPYA OB asleaiss 3%&6%&) coqriggted to the
el ectrical resistance or inpedance nonitored by the.
nétiriest | 49t e filepems dgeaigr| L20.pla one pubedinegtahe dhatagieristisor
the, PVD target 110 erodes during PVD processing, the
et efdhe Flawpntl A tbearonitpmpé than be thajelebiricsl mesistine ort he
initial value until the tube 122 is breached to
elppedance hEthE ifilzareant 2424 ths nwpierthedieiice 830em4yizen bRZmeten
the PVD process, thus allowing the plasma (in the case
offsigp thtetearmpig Whtre tleohtragtristindr atigibodas thieledtiid¢zh roeigtnce 24 .
When this occurs, the electrical resistance or

i impedranae ef thi: Flamenhi@dge terbogintifeof thé PVRItarya lstreshirt b edreiby
indicating the the PVD target structure 100 is
difpiroamhi FigD phecs rbantifer, iiieselatg RAluksibtindoe or MpetidibosmpiioMdd by
the quantity of the target 110 remaining ma . y be -
shemopitetgtdevies TBEdvifGE @cﬁﬁﬁ iagiel @fuet PE-thedVIY kA 110 erodes -
-quantity of the target.|l 10. For exanpl e, in one

enting PNErocekdigs ﬂié%ﬂ:bt!ntcéd ré¥stahBeortidh 8Bhcel will Qerh SIRY tA Rial
when the filament 124 is first exposed maybe -

apRE QXiINAE RbY 11 B bREMEE Ml exSse (HRET1IRRED | ALy SAANT i bk r&’Je 122
the target | 10. As the target is further used In-the

T mss i 0t A cail Lol
fefo@@ Wﬁ&n&n%@@ ‘When this occurs, the electrical resistance or impedance will
changs from the initial value, thereby indicating that the PVD target structure 100 is
approaching the end of its useful life. At this point, the quantity of the targ& 110
re:ﬁaining majf be some predetermined percentage of the original quantity of the target-
ll_ 10. For example, in one embodiment, the quantify of the target 110 remaining when the -
| ﬁlaﬁﬁen_t 124 is first éxp'osed may be aﬁpfoximately 0.5 percent of the original quantity of
the target 110. As the target is further used in the PVD process chamber, the:target liO

~ and the filament 124 will continue to be eroded until the filament 124 fractur.es. When

- this occurs, the electrical resistance or impedance will change again because the filament




this occurs, the electrical resistance or inpedance.
wi || change agai n because the filanment 9 124 becones
~an open circuit, thereby indicating that the PVD
‘target structure 100 has reached the end of its
service lifetime. Using the previous -exanple, the
guantity of the target | 10 renmi ni ng when the
filament 124 fractures may be approximately 0.2 to O.
1 :ﬁgrcent of the original quantity of the target 110.
| nL¥tdspranes au ppan qieuis dreomhy ditaretipiihe BYR garedt siglcture 100 has
reS|stance or i npedance, the operation of the PVD
prigebedths gad ehifservice BfetimayUsitmihn ateviers srampis) thyqusptiey of the
techn|C|an or halted autonatically by a signal sent
 f rgigplIH 6 remaining wherdbs Blamew( 2¢ Gravitess RyDhpmoaisatdy §2doD. 1
... or tool (or a controller that operates the tool).
- [ vomslt cRéfearisinalyiuaeity pothetagget 810. tthegsponbstogimoaepnd change in
cross-sectional viewillustrating w another -
.. exémpicalrysisanise di impedaner, the oPYBYieranfglet PR procdsusystem or tool may
~denoted by nuneral 100'. The YVD target structure ‘
1@@hﬂﬁdmwmhébéwwhsﬁehhhhs&mwﬁsmKEHQGMgbmsu@nﬁhﬁnﬁamghé
110 . (conposed of a desired source material) and an
ehmoitowrgaiediet 3% tothePATY proesshedthedoriion] {dre coltadlerthntichaaRs
114 of the target 110. The el ectrode detector 120" is
sihmitbad). to the filament detector 120 of the previous
‘enbodi ment, except that the filament 124 is repl aced
bjotedio Refepag atveio Kifphishagisehent £ @oesediddd viewliRddraiing
The el ectrodes’ 124a', 124b' include bent rmargi nal end
pafottico mmzﬁﬁanbaﬁaﬁém o eI 1t emabatrd) demER Byh@meral 100°, The
i sol ators 126a, 126b. The bent filanment portions
' 1P¥Bagred 24durt @00Tichahesce Rk @il deyorhed EREmdbld aeBnt
| eads 125a’ 125Y. The filanment |eads 125a', 125b'

- akboposal bechERa sodke tberigh %@ﬁ%ﬁo&%@éﬁoﬂ%b mtbgddeﬁ Bthe
~earlier described nonitoring device 330 (FIG 5).
base swrface 114 of the target 110. Thg electrode detector 120” is similar to the filament
detector 120 of the previous embodiment, except that the filament 124 is rep}aced by two
separate, opposing electrodes 124a°, 124b°. The eiectrodes 124a’, 124b° mclude bent
marginal eﬁd portions 124aa, 124bb which extend thrqughr the isolators 126a, 126b. The
" bent filament portions '12433, 124%h terminate c}:temaﬂy to form filament leads 125a°,
125b°. The filament Isac_is 1252°, 125b° allow attachment of the cleétrodes 124a° 124b 1o
_the earlier described monitoring devics 330 (F 1G. 5). |
T0049] In opergtion, the electrodes 124a°, 124b° of -the elecirods detector 120° will

detect a current generated by ions in the plasma entering the tube 122 when the mbe 122

_ of the detector 120" is breached. In this embodiment, the monitoring devioe or

10




[00491 In operation, the electrodes 124a', 124Y of the
el ectrode detector 120' will detect a current )
generated by ions in the plasna entering the tube 122
when the tube 122 of the detector 120" is breached-
In this enbodi nent, the nonitoring device or 10
instrument connected to the el ectrodes 124a', 124b
may be a current measuring device or instrunent.
[00501 FIG 4 is a cross-sectional V|em1|IIustrat|n% .
atistHeeterserdisihe decticfs 1840, 134 get begrqupent gpeasuring device
denot ed by nuneral 200, The PVD target structure 200
cohpFFgesita PVD target 2 10 conposed of "a desired
source material, as in the previous enbodi nents, and
alDe5PheFIC. § ise qese-settional 729/ ilpitieeother anthedipresieof the PVD
.surface 214 of the target 2 10. [0051] The inert gas
dérgs storctupR Oenptnd by ingwsrah2 G0uBlee PR tangey Btngm@ﬁpwgmmgnsqs e®VD
- ends 222a, 222b.  The tube 222 maybe simlar or
i et ? Wedorrposetl o2 desirbiscies cudtdiet 23 in thdpeewtenbmﬂomms, and an
shown in FIGS 2A and 2B. The open énds 222a, 222b of
- timert gabistecP 22 (ambedddddis thd bagedutiae Tt ofthd taygesHal ed by
cl osures 226, such as plugs made fromthe sane
nitel]i alhe aerttgheddashve 220 2oneriserytubd 192 hasitlg sppblife open ends
material. The tube 222 is filled wth an inert gas
228, 06 hTiasulbeed2D umy beleinilant ientidg esthe alhe aétewdd ih e
PVD processing result. [00521 During PVD processing,
tethodinatig@bwa QOFTGS ANl ZBU THe Bpdrahedr Hem2ewdSaé fle 012 are
the, inert gas 224 by a gas detection device 430

(chds&l afd)herA@ichiNaRMDb¥ ab@eds 224, Quey RP8S: mad g 1R\VRne
processing, the inert gas 224 remai ns undi sturbed in

toft@eriall BE@ R8s 238 riahy bIE suftdbie GaddA. T @ﬁ@@ h@ﬁllé?iywﬁvﬂ

‘process forces, e.g., the sputtering plasma. Once t

| QGEI S 224, BRHI B ﬁ&lfung(@ﬁ? 2t dokd ﬁcﬁ ek b rgu?egsn!l result,
emitted and may be det'ected by di &€ gas tect

'- ‘?@5‘2}3 epdzih: pifb 9rogé’s§1ng,ecﬁ§f5}de%0q%§é§&ﬁ bR o IR F&ﬁbsgﬁsﬂn of the

optical om ssion spéctroscopy resi dua

anal 48 bsn dyBGA) desliof LB @H'(ﬁ‘ D lSF A4 8Kk t%ﬁgep?lt Ch 19816 | N

duoring PVD processing, fhe inert gas 224 remains undisturbed in the tube 222, until the
- mbé 222 18 breached by PVD progess forces, e.g., the sputtering plasma. Once this |
.occurs, the inert gas 224 filling the tube 222 is emitted and may i_ﬁc de‘:ect;ad Ey the gas
detection device 420. The gas .dstec‘cion de-vice 430 may be by optical emission a

- spectroscopy {OES), residual gas analysis (RGA), or oﬂlér,suitable detection method. In
‘one cxemplary emﬁodiméﬁt, the inert gas detector 220 allows the fai’oet 210 of the‘ PVD
-‘ target structu.re 200 to be reduced to a quantity less than 0.5 pcrcent of its ongmal

quantlty

11




"~ one exenpl ary enbodi nent the inert gas detector 220

~allows the target 210 of the PVD target structure 200
to be reduced to a quantity |ess than 0.5 percent of

its original quantity. [0053] Thus, the inert gas

~detector 220 operates as a sensor to indicate when the
target 210 or target structure 200 has been reduced

" LO a quantity representing a service lifetine

endpoi nt of the target structure 200. [00541 In

an@fFdr Eweripd aey serstrdiong2itopeehieas avensor geisditatt hergthe target
the tube 222 of the gas detector 220 nay be repl aced
byllﬁm@tak@r steolyst 2Aides bdvateddodso ngtantifyfreptsetting :R¥Dice lifetime
processing result. The substance nay be a'solid or . a

| i apdpadnttof tie targst stypalt 80f Evaporating when exposed to

- the PVD process, to enable detection of the substance-

 t HE9h( tremmpthitrremslotyi aintsdinstin e énertays fillieg prevwtieedd? of the gas

material listed in the coated material "colum of the

t aloicetosPGummyibe réplidGed Bpanskiiec fubktingt habdure nevegRliRy VD

. materials that will not Effect" the PVD processing

- I peubssingfesniesPectibaace xapbt asofidboas Jatid tat e ekabs of bwbedting

i'nthe "target material"™ colum of the PIG 16 table

Théen txpuied (ShbSVaNE6rebR Y@ HB ditatEbE o0BS sibStasbe. thd? Gy fl"he
in liquid formthat may be injected into the tube.

- Wehid stibstanexnind dpodyelddGeiteliab it 86 €coat da8nardritP CcoliBYh of the
have a dianmeter as small as 0.03mm [00551 The PVD

't mbehovat ik BUE UI6eshi dH0@kts sbAMR exerdy Hlogakik Elf‘agwﬁpffb\! @ffect the PVD
.cconprise a single tube-based detector 120, 12

| froedsiigd re@teTRdspYivEFDAMMPRRLS: mithend BiQeh ﬂﬁt“fak"‘fett gxratvg
u

may conprise nultiple tube- based detectors di stT

aihasSotETTRVES thak s, hqla{d%ﬁlﬁ‘é%ﬁbé ﬂiaa el ]ﬂ%t ETSHQ "(@% eﬂé%ﬁ%'ng%

positions. of the target str

Mituid Bhe dbihe, %ﬁﬁ&s@ﬁﬁcﬁﬁg %S Wﬁxxgﬁl%dmﬁl a %%t eCPstance Jhe

i ncreases detection uniformty an

|1egahinad § kst &'851900 05LES. 7A and 7B, illustrate
two exenplary enbodiments of a PVD target structure

5@@531 ggge PE0 WREd M&%oofooq%@desmgﬁ a%%%gmgete%%ﬁn%

' mbe—based dstector 1’70 1207 220. In other exemplary embodiments, the target structure

may comprise multlple tube-based detectors distributed across the PVD target,_preferabiy

* in the more erosiye positioﬁs of the target (e.g., FIG. 7A). Distributing multiple tube-
based detectors across the target increases detection uniformity and allows detection of |
localized target erosion. FIGS. 74 and 7B, illustrate two exempla.ry embodimsnts'_c-lf a

PVD target structure 500, 500° comprising two or 1’1;101'6,‘ tube-based deteciors 520, ;520’
(each having, for example, a length of 4 cm or-less) distributed across the base surface’

. 514, 514° of the PVD target 510, 510° and embedded therein. As shown in FIG, 7A, the

tube-based detectors 520 may be distributed radially across the target slab 510 and




(each having, for exanple, a length of 4 cmor |ess)

di stributed across the base.surface 514, 514" of the
PVD target 510, 510' and enbedded therein. As shown in
FIG 7A, the tube-based detectors 520 maybe
distributed radially across the target slab 510 and 12
separate fromone another. As shown in FIG 7B, the

" . tubc-based detectors 520' maybe distributed radially

across the target 510" and-such that. t hey converge
WISERfraie 8018 98¢ feihen tAs shove i dhE B, dfc tivebapel dytectog G0’ may be
[0056) I n sone exenplary enbodi nents, the tube-based :
détstdtugndsaBRly aamys e targshbidd derbsucin thatibeybesecrguw fitawe abdiior at
of the PVD target 610 so that the tube 622 is flush
witherpentgr ofdhd tgtgel 310t ecessed from the base surface 614 -

of the target 610 {(as well as the target base plate

6 S5 6ivhinchmerayenipdaryradeodofiernds, depperbaéBudeteatotsdiz) mayudh as
Cu-Zn or any other suitable material), as shown in _
Fe@bedgiad infhe Baserayfabet lded GV adt 610 so et SieinodishRhitfiush with
:as shown in FIG 9C, by formng the PVD target 610 as
aosgighiterecavmiidionathe eabefac6 404 dF thamgde a1 (dsheslide Siertaget base
source material (--g, tantalum and an interface

nplateais0,646c2m apistanads fof Aboppat (€Xf ARe, B &f CaFn bi &ngRibd) .
The abutting surfaces of the source material and

| aifieblt aerias b el O1d. saN UL 1y B BRYmMBE:HRY AVdnd %ﬂbﬁﬂlﬁl&ﬁ
correspondi ng tube receiving grooves 611.1 and 611.

Wi B BwRinerIS] 9@ thyaiehiShBPRUD Qo8 @CE by LonrcR %&eﬂ@r}naﬁb& Bﬁn 1
tube 622. The tube 622 is placed in the tube

TRERI ofiRGicdF QY 88e Bidrial (AN Gafdkm? aRNE 1iB8acE UHBE:r 6102 nade
material and interface target menbers 610.1 and 610. 2,

' tuﬁ%nﬁﬂi&@acﬁgﬁteﬁﬁ‘ic& hgtatidh§ &the Qﬁ’u?t@n R-ALE UE) 5901.1?(!6%[1&1261‘1&1 and
bonded to one another using a hot  press

_2%???%%&%?“‘%5?1?‘Zﬁg@‘%@ﬁ%m%éﬁeﬁpéé"iﬁ%d?@%%Fl’g%%&ﬂ (e
@5@% § i, 16&8 géba%c@l% Pred E{;'fshbyge%j ?e%gwga po 1011 f.tntﬁ‘é ]%gt 622.

has- . to physi cal

' SIFB% ?ﬁgelﬁﬁf ce& gﬁech@%ﬁf?‘%géiﬁnég;%o&e% %PF[ CP (g ﬁ. B%ds%urce

upon the- eH

material and interface target members 610.1 and 610.2, the tube 622 and tﬁe target base
plate 65 O.are; bonded to one another using a hot press bondjﬁg process performed at a
.pressure and temperature sufficient to cause the source material and interface members
‘ _610.1 agd 610.2, the tube 622 and the target bass élate 650 fo physically bond to one
- anotﬁe;r. Specifically, the préssure and temperature depends upon .the'material of the base
pl_ate, tﬁe soﬁrce material of the target, and the bénding time. In thé example used above
(e.g., c;oppsr base plaie and tantalum source material), the temperature and pres;ure used -
may be about 400 °C (slightly over 1/3 of the melting temperature of copper which is

'1Q83 °C) and about 13,000 péi,' respectively. In some embodiments, a thin foil 610.3
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plate, the source material of the target and the"
bonding tine. In the exanpl e used above (e.g., copper
base plate and tantal um source material), the
tenperature and pressure used my be about 400 'C
(slightly over 1/3 of the nmelting tenperature of

copper which is 1093 T) and about 13,000 psi,
respectively. In some enbodinents, a thin foil 610.3

. 13 made of the source material may be disposed in the

t uheder @ eRl sYinrbgmee g \verydk Hicgol irf thetbs AbavhaeRoveMEr of the
610.2. The foil 610.3, shown by itself iirn FIG SD, may

beintégeet radntar 6 1. rTiRrfoll 8)ET, shdvityaentn oS, By teh8ed as a -
|nterface menber 610.2 frommgrating into the area o0

' theis [e@@M@ gﬁﬂaanta toafs of s fhisHRceGRan AR 6l 0L Bors HEEEn into the ared

'naterlal I'n other enbodi nents, the t Ube-based

d eﬁ@fetg%osze 6204 oY 186 681 ard @RSt hlat=ah 108 W@?&Q&%bedmems
the base surface 614' of the target 610' so that the.

t QR 0be-bdsBeadidéRBs 8302 mal Be H LAY IAIRBRAYEIAEDS: th@@a%@surfacu 614’
surface 614' of the target 610, as shown in FIG 813,

T%%&Ie%g&fol@% %JaP{h@ttc% &3 wbDeINiS bPBAL bas ce 614"
i nclude a recess 660 for receiving tThe portion o fhe

t ubg, @gzetkh@tas Qfo%ﬁz&‘ﬁﬁ? SEr Q'HE:E t beQ te%gﬁ’g%%ﬁs gﬂbﬁdﬁggnt

the target 610", so that the base su ace

6509%66%8%%#31} ?Oljgée&(: g({?e écﬁé t ubeec%as e%?hdé?%emfmsgom fhe
rT@m gmfa%g@@.t gal% egdud B1 8Ny, BYidAhl gsuﬁgcde 61§’pcp‘rt?=otrarc'§tl §i0 may

shape may havé outer and 1 nner sur

hﬁy mm%g%%égggig&ilgggg rent cross-sectional shapes.

rspec ive views show ng sone

f t.ub
emgﬂ ok RS S o8k hOCHBET be foaiircléd i B Rapge on
circ Iapﬁmtuss ctlona

%m?aﬁb PRavi-ng ours ave% i §£$Q HF?%%&%“%§6§Q§¥%5%'-
d El G,
B A A bl o i
'Cerkgﬁ%f’%ﬁf%ﬁ% aP3bis 2L B sh o Yo e b i oo e

trs%lbfaces 710a, 720a with circular cross-sectional shapes. FIG. 9B shows a tube 700b

- having outer and immer surfac;es 710b, 720b with diamond cross-sectional shapes. FIG.
9C shows a tube 700c having an outer surface 710c with a square cross-sectional shape
and an inner surface 720c¢ with a circnlar cross-sectional shape.I FIG. 9D shows a tubs
700d having an outer surface 710d with a circu_laf cross-sectional shape and an inner |
éurface 720d with a triangular cross-sectional shﬁpe. FIG. 9E show é tube 700e haviné
an 6uter surface 710e Wlﬂ‘l a circular cross-sectional shape and an innér surface 720e withl

a square cross-sectional shape. FIG. 9F shows a tube 700f having outer and inner |

surfaces 710£, 720f with square .cross-sectional shapes. The outer and inner surfaces of . _
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700d having an outer surface 710d with a circul ar
cross-sectional shape-and an inner surface 720d with

a triangul ar-cross-sectional shape. FIG 9E show a

tube 700C having an outer surface 710a with a

circular cross-sectional shape and an inner surface

720e with a square cross-sectional shape. FIG 9F

shows a tube 700f having outer and inner, surfaces

710z 72 O with square cross-soctional shapes. The
outemb&dndyrines otbarcfracestiafl ddpésiaciidietsingnizy altieosal, to name
ot her cross-sectional shapes including rectangul ar and
owdtw. to nane a few. [00581 Referring nowto FIG 14,
there is shown a perspective viewillustrating yet
anetsser Refeiip haw Yo BI04 itieais shdwita fivipedtie Gty iliustrating yet
structure, denoted by nuneral 800. The PVD tar.get

S tahibtfidr Bk @npBRY cB:O6MMMER 852 PUTD aReveud@s dehfiedh EANSHARDS &he
PVD target 8 10 (conposed of a desired. source

MRVEY thidk)straftdreB00 €4:B6 10 the RE d82=ddbsRRsEE Pad) @geni1o
the base surface 814 of the target. 8 10. In the

€ mg?bﬁﬁ BF 2 QésirBd §urch that<riBB aflel 84588 1,RYEND 84Qsed BYacent the

couple the PVD target stricture 800 to a base plate

8880 sl RO014 Fika tat%ét S DORSLAREISRER b M, Yj{-,'% detector %aysar 820

illustrating still another exenplary enbodi nment o

PYR, L 88he STHUSEHERcHSRR! 6 bhy Jiiedal 800°. The PVD -

target structure 800 is simlar 'to the PVD target

'Sfl)@S!ﬁ_t W€ erpedh §Eeir§ ctﬁle%ewjlﬁu%ﬁﬁtpgtﬂltﬁ?ﬁxﬁj cg:emplgzéfo

addi ti onal ['y conp es a target nateria ayer .

B R T i e R e R A
(FoRbE PRt R LR TR e P e da R R e Rt o
R TRt £ BBUTT R el T e e b
i TS CoRe PR e Fulienris S 89D e

structure 800° to the base plate 850, :

[0060] In tht_a embodiments of FIGS. 14 and 15, the detector layer 820 is composed of a
 material, 1.;\.rhir;h is different frozﬁ the PVD taxget material and does not affect the PVD
: proc-sssing result. FIG. 16 shows a table which lists some exemplary d.etector layer |
materials that are suitable for use Wltb respective exemplaljf target materials.
_{0061] When plasma strikes the deiecior lﬁyer 820 of the PVD target structure 800 or |
800° dun'n'g,r PVD processing, the dct‘e:c;ttz;r layer emits a vapor which may be in-situ
" monitored and detected by OES, RGA or othcr'lik_é detection methods. -
[0062] The endpoint detection resolution of the PVD target structures 800 and 800°

.m_ay_be mcreased, by using two or more detector léyers which are composed of different

15




-materials that are suitable for usa with respective
_exenplary target materials. [00611 When pl asma strikes -
the detector |ayer 820 of the PVD target structure 800

or 800" during PVD processing the detector |ayer

emts a vapor Wiich may be in-situ nonitored and
~detected by OES, RGA or other |ike detection nethods.
1,0062) The endpoint detection resolution of the PVD -
target structures 800 and 800" rmaybe increased, by
UShReHAIMOT 10, WkhQ ARk 86y thé A¥EHS oMk 6R @b la fRdBRSEME of that
.of different 15 materials. Thus, when- plasnma strikes

t Neyef ikkibhdienes afs: tiRus QLasko6r thad elaforia0efn8finQRd Rhen plasma
that layer will indicate a first residual quantity 'of :

t ahRRhnB SFikedls SHQERIH 1B ARE AWBRH: 1R}AS BBection of that layer will
subsequently strikes a subsequent one .0f the detector

| 3YBE:5 o G686t RBIaRH ghlily ba%SL mkdrib rednBElire 2 BicRs less than the
subsequent residual quantity of target materia

r %%icﬂb %du%’ghzﬁﬁt}’ Sa dd@foat 19;%?3 dd@uer Iﬁﬁtﬂzh@l’ﬁﬁy F@ﬁdg&f ?tlbdcsired,
d h S may be _

quantity. Additional |ayers -or other materia

R R A A A s T e
E gﬁﬁﬁ]ar gﬁl‘s P@Ht%%gévﬁﬁcg@)ﬁap Be go%ﬁ%ﬁr%&]&n%dag%ra{?de %%%@%%dud%hoor

used wth or ut a targe ase

i A ~ the. PVD.t ,
PLAGSR 2 ltz@%:t ?\n%tg hﬁi@; 124740, ﬁ(lgc%glrﬁr 5 %néstj ﬁ tootls rﬁ%yxﬁlsl@ it%eafr\gf %ﬁg@t

structure out ~ si I can war € ato
S, - t t he. PV t t t
e R G R N T T S
i [ . t itivel | ed
b TRITEL L0 1 ISR ey ARAT) KBt O Rlcron
(L e t The PV get of .t
R Y e R AN
D st PR ot Pup Hishelof o Biion v Hovigiesed m
t d radi.o f t .. [ 00641 :
AR RGP VR RBH SR YL e e AORFGE, fhe! s Reper
.of the tube-based target structures. FIG 17A
G ST ALTEEIPE BREAPTYE RS BVt BB BTt

%)0((?6{2? | %gther embodiment is a method for i;ﬂaking the tube(s) of the tube-based target
| structures. FIG. ITA presents a flowchart that shows the steps of a first exemplary
- emﬁodiment of the tube maling m*_afhod. In step 901, a mold)"extrusiomdia apiaaratus 950
| (FIG. 18Aj is provided which compdsés concentrically disposed outer and inner die
- members 951, 952. The outer and inner die members 951, 952 are each made of alrigid
matérial suitable for extruding and/or casting metal, metal alloys, and/or metallic |
“materials. Suitable die member materials may include, without limitation, ce;:amic
. materialg, polyﬁ:xeric mafezials, metallic materials, and combinations thereof. The inner

surface 951a of the outer mfambér 951 of the apparatus 950 is configured to form the

.1_6




enbodi ment of the tube malting nethod. In step 901, a

nol d/ ext rusi on-di e apparatus 950 (FIG 18A) is

provi ded which conprises concentrically di sposed out er
and inner die nenbers 951, 952. The outer and inner
~die nenbers 951, 952 are each nade of a rigid

material suitable for extruding and/or casting netal,
“metal alloys, and/or. netallic materials. Suitable die
menber materials may include, without limtation,

c enansuciacavettier tubd md tipohyamerice Aitrer iralisyer medibdr 952 of the
materials, and conbi nations thereof The. inner surface.
95fmranfs Sk és @uiigredie fiver thd bbecirfidee ! dppareaiuge O5bdisent of
configured to formthe 16 .outer surface of the tube
aftz.tiag, thubeter memba 62l OERaapphratul 50 Rerfigredvelh a2h2nlafcross-
the apparatus 950 is configured to formthe. inner

s sactiqbstabe tittethd inbe.mdntbet 52 ofteogparind 03tis cdnkiGured &k a -
the outer nmenber 951 of the apparatus 950 is

Ceifthlag tioedsestidrial dhagd, rSatll Aok RS 6siorS &6 ifanals Sy ap @saansimake
the inner nmenber 952 of the apparatus 950 is

cie hibg Wiiceh WFLD. 9. 1€is E:ﬁzhtbrﬂﬁlat@ﬁ 05 SR Ghit @RAutes AR Brer

Such a nol d/ extrusi on-di e apparatus may be used to

N@Rkfber $¥8 dnk062 sMQVELpkANESY mBPbe ddnfibSef RNELER bt aghoot tub°

however, that the, outer and inner nenbers 95 1 and

952 plieskrBesAPPREREMS 959 BY, i ribeCRBiA Mx@e@ éﬂagﬁmke a
PVD target tube of any desired shape including, for

g&@@?l Rofdde dWHeS 1S ﬁaw&mwﬁé%ﬁ&@b F&é oftll{?%%@%h comprises

eferring again -to the flowhart of

9egg'u(9£ 5 Ht%irgc?ﬁ.lg@glaﬁﬂﬂ%bﬁ‘ Srg 5%?5%; %59 Idggne@etg%lﬂzﬂ’ 1%? ﬁﬁtulbaqld

naterla through the space ween

Qfﬁe? BJGELBQ‘S 95' 1ag4 of%mgfdsle%%%mn—%g%})ﬁ Sathcp & Orr%l.\%usmn may be

[extrusion-dr e appar at us | oNn ma
e e A R 0o
- SEUBERERGARLIOR LR JRRLiRY dabe MRLeL gl daLonthe
gﬁ%"aﬁ’?ﬂa ug‘% %Eg@ﬁtﬂﬁegs %9 ﬁgf’ﬁ@ MKW%&% appgyatus

‘;99 E gasts hs %gy é’l ge?fogmaéd ryl n?ellhn ntge Q %ILIJ'gA tuge material and pouring or

injecting the‘molten tube matertal into the space 953 defined between fhe outer and inner

members 951, 952 of the apparatus 950. If the tube material is formed bf castirllg m step

902, then step 903 is performed whersin thé tube is removed from the apparatus 950 aﬁ‘ar‘

the molten tube material has cooled and solidified.

[0066] FIG. 17j3 presents a flowchart tha;t shows the steps of 2 second exemplary

© embodiment of the tube maldﬁg method of the invention. In-_step 911 a mold apparatus
960 (FIG. 18B) is provided which comprises 2 mandrel-like mold member 961. The‘ mold

. member 961 is made of a rigid material suitable for forminé thereon 2 layer of metal,




injecting the nolten tube, material into the space 953
defined between the outer and inner nmenbers 951, 952
~ of the apparatus 950. If the tube naterial is forned
by casting in step 902, then step 903 is perforned
wherein the tube is renoved fromthe apparatus 950
“after the nolten tube material has cool ed and
solidified. 100661 FIG 17B presents -a flowchart that
shows the steps of a second exenplary enbodi nent of

't hg=tdl uhey, Bk biNGetaEE hReraf usider VI ¥entcRal chbRical 8Rind 1duidhie
- nol d apparatus 960 (FIG. 1813) 1s provided which

- CoiE hSeScmdtRR Bhy hike, WRheh: MRS, §6dnic Hﬁ%nﬂi@lp@lymenc

menber 961 is nade of a r|g|d material suitable for

- f QuaErAG, bANE @icRialsAyR bobinind hered Ihéﬁbl@'m&!aﬂep%l of the
~and/ or metal lic naterlal usi ng PVD or electrical

C hgi-aa odplal Mter%é&‘fécé‘%l% whigH 6l cSREREA (B hibk BavBouter |

include, without limtation, ceram ¢ nmaterials,
. PRhYRmRE sﬁrfad%ﬁﬁbﬁﬁaﬂlj’%é %ﬂe‘ PRIk &l oRn @tﬁ%dunent of FIG.

.conmbi nati-ons t her eof mol d nenber 961 of

= appared c’ﬂ.ﬁer%@t@ac@ 881 A0 tRULAS mekb B 159&11&01@6%%5]0&&1& cross-

configured to forma tube having outer.> and in
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" enbodi men
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Cross- uch appara

R E?éﬁm&ﬁ%mwv et se@wﬁ%%eﬂ%a s2 el piggete
e conflgured to nake a PVD

gg%gggﬂgﬁgﬂhﬂg er esired'shapes i ncl udi ng, for
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?ﬁ%c%{npalstasﬁr&?%%ggrr%%g us?ﬂg?%rfegz{ﬁne ele tlmgal cgérr%gélrplia%gtlr (BCP).

- and/or PVD methods. In step 913, the mandrel-like mold member 961 and the tube are |

. _ésparatad from one another. In an exemplary émbodiment, the separation step ma)-f be '
E performed by phjfsically withdrawiﬁg the mandrel-iike mold member from the tube, as

_ .shown in FIG. 10. In an alternative exemplary embodiment, the sel;aration step may be

* performed 6han'1ica‘lly by the mold member using an etchant,
[0068] FIG. 19 presents a fowckiart that shows the stéps ofa ;third exemplary
eml-aodiment of 'the,tube making me_:thod: In the third exemplary embodimén‘é of the tube .

. making method, the tube is made in a bulk manufacturing process. In step 921, multiple

bores 941 are formed in a bulk guantity of a desired tﬁbe material 940 as shown in FIG. : . :

"1‘8 .




and/ or PVD nethods. In step 913, the. mandrel-Iike

-nmol d nenber 961 and the tube are separated from one

anot her. In an exenplary enbodi nent, the separation

step may be perforned by physically w thdraw ng the
mandrel -1i ke. nol d nenber fromthe tube, as shown in
"FIG 10. In an alternative exenplary enbodi nent, the

- separation step maybe perfornmed chemically by the _
mol d nmenber using an etchant. [00681 FIG 19 presents

a M poWbhanitiptaigres Shoswding He isice puiaots of 2 phirality eeepl Brsjep
enbodi nent of the tube making nmethod. In the third

- eXehphank eurbhoidicheattridfis quber diogseintorpalipigy pedisrods tubked42 as
tube is made in a bul k manufacturing process. In step
9giownm F1G.pl18, edolppithe Blhds H eofipravesioriernt te berek94ju alfie ibbxes

of a -desired tube material.940 as shown in FIG 18

| 841 mebaripkthédulseg borvesti@dlllagte fhighepredvere imateg weseictiag @sd dry
of a plurality of tubes. In step 922, the bulk

qetalitg mygthodls. ritie énlik alatdrs] SAdtmorbeshi @eticad idiotha ppiralitabf diyerete
of discrete tubes 942 as shown in FIG 1113, each of

t tud=t ushhg SoRvERAL @aNiptet, Si ghepresaare ofatdr,had brciasicA4hiting hesthods.
bores 941 may be forned using conventional |aser,

Qo] PIRESS2U € a WatvEart tive khRisGhY diéhs 0B Ehuflh Yren@tLNEfBodiment of
nmet hods. The bul k material 940 may be cut or sliced

| ¢ bt BRidak Wedlolit Yn @bp 01156 EiREEDR0! SHVR §f HSERBed tube material is
conventional |aser, .high-pressure water, and

ReVadH, &l inGéh 1 ehe¥REIN O8ISis forkBO 62 2 FEb&3812681F Sf Adesired

flowchart that shows the steps of a fourth exenplary
enbRdhd BB 8 Ficshe 4 MRe ek NG aethads i) b%ltf&ﬁle%%ma the?

sheet 980, 980' of the desired tube material iIs

RI=QYea 386 shgRdn LBy §§2Cb% fglg%ng fib&updg Q(Erregpﬁgdihélyfs : ﬂgﬁ %V%drel

into a tube 981," 98 a desired ape, "a

e e e o L e R g Mo -3, 00 RGP
340, B0 cmam ekt REE RNl BT 95 Ay
S, B 08 e O B O I E
%S’propriate bonding method,-suc':h as Weldi_ng '
[6070] Another .embo&iment of the invention is 2 system for detecting the service
lifetime endpoint of a PVD targe{: structure. FIG. 5 is an embodiment of such a system,
. denoted by nulﬁsral 300. The systém 300 comprises a PVD process chamber 310, 2 PVD
target structure 320 such as shown in FIGS. 24, 2B or 3, disposed in the process chamber
310and 2 monitoring davice: 330 connected to the P\-J’D ta:get.stmcture' 320 for in-situ

monitoring the characteristic or attribute of the filament or electrode detector assembly

340 of the PVD target structure 320,
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shown in FIGS. 12B and 13B. Bonding may be
acconpl i shed using any suitabl-e and appropriate’
bondi ng net hod, such as meldlng [ 00701 Anot her

enbodi ment of the invention is a systemfor detecting.
~the service lifetine endpoint of a PVD.target
"structure. FIG 5 is an enbodi nent of such a system
denoted by nuneral 3 00. The system 3 00 conprises a

. PVD process chanber 3 10, a PVD target structure 320

SyotT1as FEheWenbtherkindiddt o2Bss0iem3pr dicsiase sdrmict liktime
process chanmber 3 10 and a nonitoring device. 330

C eAfRGL @6 PUD tdes: RMEL tbA b @ RlimShIr400.t The @ys3204 G000 mphis &iat iV D

nonitoring the characteristic, or attribute of the

f ipkcvemtharGher ﬂoee?wderuemwﬁeauzo assenishywn 349GRS 4, her 15,

PVD target structure 320. 19 [00711 FIG 6 is another

eahpsi=Aeithe fbceds Selhend ohd 8 eheRtdtigh detiee SHY fof Resitu
lifetime endpoint or a PVD target, denoted by nunera

4Qdnitd i 28 864 B 1SRNRE B&ESordr BMEXorRE SRS AREPWIP target
410, a PVD target structure 420, such as shown in.
Fh§§h344ﬂﬂ4l or 15, disposed in the process chanber
410 -and a gas detection device 430 for in-si.tu

”fﬁ@)'?ﬁ]oﬂtﬂbg 1R N LR G I8 Bech REscHBEIh t%oi‘%%&ﬁ%ltaﬂr enQ:rochments it
det ect or Iayer 440 of the PVD target structure 42

[ %%?hﬂa&ﬁ@é{& hpih€: mb Qﬁ/(};feﬁ&éd%‘a&?&oﬁﬁ%@ c&e&%d hesh @o

exenpl ary enmbodi ments, it is limte

t Qﬁﬁﬁé &her%alﬁ%rand %ﬁgocﬂﬂﬁﬁt@ g?ﬂe ﬁl!vgﬁtﬁﬁ, ﬁlﬁ&ﬁlngj Q@made by those

_ construed broa Yy, I ncl ude ot her vari ants and
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S€£0 ”ngnd range of equival ents qf the invention. 20
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Wi at is claimed is: 1. A slab of consunmabl e materi al
conprising at'|east on-, detector for signaling that -
.the slab of consunmabl e material is approaching or has
been reduced to a predetern ned quantity of the
construable material. 2. The slab of consumable
material of claiml| wherein the slab of consumabl e
~material conprises a physical vapor deposition target.
3. The sl ab of consunabl e &E&g&%@l according to claim
1, wherein the at | east one " "detector conprises: an
encl osure at |east partially enbedded within the sl ab
ofwicenRsimble material; and one of a filanent el enent
and -el ectrode el enents, disposed within the

encl OSUR &,y o?"conllﬂﬁalﬁé IﬂQtﬁRIl c&ﬁﬂ‘?‘s&e{%’gzx}mﬁsi TR &Eéc%lr for siﬂn%ligé

according to claimwherein the osure'i's evacua
! aChe BhPoRMAGHYID AR sbliicnBOE! RRUES eqoed G 1 3P
of consumabl e material acc rang to claim4, erein

t oNne - . i ement . and the el ectrode
!ﬁ%dé?él—% S Q‘E“? _

e enentgﬁégﬁgﬁanﬁﬁgn1mn 2%% rrEﬁ%l-a'le‘nc-losure to enabl e
connection to a signal nonitoring device. 21 6. The

- slab of consumabl e material according to -claim3,

erei n..t he, encl osur.e i s, .coppased of .t he.consunabl
fﬁgterialwsgbo et fnggmﬁgﬁgﬁ %gﬁﬂPgFﬁggo %E%Wﬁ%ﬁ@
_Hgaghﬁin13 mhﬁépjg t he gne.of the - filament el enent
SR SOTRITRY + BHEICE ERE PRosiign feeRhosed of the -
consumabl e material. 8. The slab of -consunabl e

material according to claim 3, wherein the one of the

' filame el enent and the el ectrode el enents is
o éonpo sede &b ﬁopﬁsgf lerpdiaat rordigo elgigs!, wherein the at lsast one

| detector comprises:
an enclosure at least partially embedded within the slab of consumable material;
and

one of a filament element and electrode elements, disposed within the enclosure.

4, ‘The slab of consumable material according to claim 3, wherein the eﬁclosure is

evacuated to create a vacunm inside the enclosure.
| 5 .- Theslab of consumable material according to elaim 4, wherein the one of the

filament element and the electrode elements exiend from within the enclosure to enable

connection io a signal monitoring device.




not affect the. vapor deposi-ti on process. The slab. of
"consumabl e material accordlng to claimi, wherein the
at | east one detector conprises: an enclosure at
| east partially enbedded within 'the slab of
consumabl e material; and one of a gas, a liquid, and
a solid disposed within the enclosure. 10. The slab of
consunabl e material according to claim9, wherein the
one of the gas, the liquid, and the SO|Id is capable

kei ng  deleehed.benriel 2ase gcc]; 2049 n H]il ?yé‘ld?%elﬁaﬁja e?ﬁl%re is

The sl ab of consumabl e. naterla accor

WoRH6I=D of Bl 861l A 0faLhg one of the gas, the |iquid,
and the solid indicates that a remai ni ng quantity of

consumable material of the slab is approachi-ng or.at
the predeterm ned quantity. 22 12. The slab of -

gonsunmghl Qagra‘tc%ﬁéuﬂlab@ 9‘&%’1—& a%uordlgcr %o 8 Wh#grég]%%@g%e e

at least one detect or conprise

ABLRH AnSe sition d rent fromtile.
‘consunabl e %ﬁa&{ﬂel? élﬂgtﬁma? %QIRFH 38 OGP DSF%E&E COoFrabia Bl
di sposed adj acent the slab of consumabl e mat eri-al ,

the layer of the second mat eri al bei ng detectable mhen
sumabl e _mat eri al

yapori Th 0 )
accor dﬁ% SSiatbé) ; g?nsumaeb ai\?fﬁag F\eﬁ‘?ﬁﬂ%&’eioé@fm Srivisweip Fis one of the
e second materjial indicates that
%89% Si&’ﬁ‘%}lt@% ? ‘“ef" §15PBP > OIS ES R ing Inskerial thitgloes
p the predeterm ned quantity. 14. The
‘Vng %%Q@%Qk%gg ﬁﬁ%%QIWB?%?laI according to claim 12,
mhereln the |l ayer of the second material is disposed

bet ween the sl ab of consumable material and an

gaddi tipnal, layer of the consumable material.
7 Thes db, of consumable material according to claim 1, wherem the at least one

detector comprises:
an enclosure at least partially embedded within the slab of consumable material:
_and |

one of a gas, a liquid, and 2 solid disposed within the enc.iosure."

10: The sl=b of consumabie maLenal according fo claim 9, Wherem the: one ef the

gas, the hqmd and the solid is capable being detecied when released from the enclosure
RV The slab of consumable material according to claum 10, wherem deteehen of the

one of the gas, the hqmd and the solid mdmates that-a remalmng quantlty of consumable

material of thie slap is approachmcr or at the predetermined quan’ﬂty
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15. The slab of consunable material OF claim1l wherein
‘the signaling indicates an end of life of the slab of
consumabl e material. 16. The slab of consumabl e
material of claim9 wherein the slab of consumable
material conprises a target for use in a physical
vapor deposition process, the one of the, -as, the
“liquid, and the solid being of a conposition that do
es not affect the vapor deposition process. 23 17.

The sl . e material or claiml | wherejn
TR 21 oGl SOR R iR ik Pl O g st Stz e geost one
-t i r physi cal vapor deposition process, and
fﬁéCHﬁgﬂ%%gﬁfion of the layer of the second naterial
does nqt ct the vapor deposition . process. is. A
S ah o e S R o R R esiPn S Pt
s for. signaling that the slab of consumabl e
AR Srel Rl B BB o ot B s R b oF
et er m ne uantity of consumable material, 19. A '
B RS A b e AT AL b ks e s winatized
of consumable material; and at |east one detector for
signaling that the slab of consumable material is

proaghi ng qr has beer reduced to a predetermined -
gﬁant i ?Eﬁ sr(z'j% %S%HWQ@F Bafval epading moelaimta, wheyei detbetion of the -
vapor(ﬂgposﬂ i on tarqey of claim 19, wherein the at
TERREtedomer aidreterend miteial disatep that bt quanfifylodthestah of

opposi.ng el ectrodes, a detection layer, a gas, a :
‘foggi:ﬂ‘%{le Iferiah s agpopdingpaet ipe pgdeemitddgugitignal i ng.  24-

14. The slab of eonsumable ‘material accarding to claim 12, whersin the layer of the |
second maiteria_l is disposed between the slab of éonsﬁmablé mateﬁéi and an additional

~ layer of the consumable material.

15. _ The slab of consumable material of claim 1 wherein the si enaling indicates an-

end of life of the slab of consumable material.

16. ., The slab of cdnsun_lablé material of claim 9 wherein the slab of coﬁsmnable
material comprises a target for use in a physical vapor deposition process, the one of the
gas, the fiquid, and the solid being of a composition that does not affsct the vapor

deposition process.
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17.- The slab of consumable material of claim 11 wherein the slab of consumable
mazisrial comprises a target for use in a physical Va'p'or deposition process, and the

compaosition of the layer of the second material does not a.f[“‘()f the vapor deposmon

process.

18, Aslabof consumable material comprising a pluraixiy of detectors for s1g11a1mcr
that the slab of consumable material ig approachmc or has be=n reducad toa

predeterrnined quantity of consumable material,

19, A physical vapor deposition target comprising:
a slab of consumable material; and
at least one detector for signaling that the slab of consumable materia] is

appréaching or has been reduced io a predetermined quantity of consumable materal.. -

20 The physical vapor deposition taroet of claing 19, Wherem the at least one detector-

includes one ofa ﬁlament Dpposmc electrodes a detection layer, a gag, a hqmd and a

_solid that produces the mgnalmg
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