END OF SERVI CE LI FE DETECTI ON CAPABI LI TY PVD TARGET

" PVD TARGET WITH END OF SERVICE LIFE DETECTION CAPABILITY

RELATED APPLICATIONS

[6001) This application claims the bensfit of 11.S. Provisional Application No.
60/720,390, filed September 26, 2003, and U.S. Provisional Appl’iﬁ:aﬁon No. 60/728,724,

filed October 20, 2005, the entire disclosures of which are incorporated herein by

r=ference.

FIELD OF THE INVENTION
[0002] The invention relates to physical vapor deposition (PVD). More particﬁlaﬂy,

the invention relates to PVD targels.

BACKGROUND OF THE INVENTION

{00063] Physical vaper deposition (PVD) 1s a well Imown piocess for dépositing a thin _
- film of material bﬁ a substrate and 1s commoniy used in the fabricaﬁc;n of semiconductor
Vdevices. The PVD process is carried out at- high vacuum in a chamber cont:ﬁning a
substrate (e.g., wafer) and 2 solid source or slab of the material to be deposited on the
subsirate, 1.e., .a PVD target. In the PVD process, thé PVD targst is ﬁhysicall;r converted
ﬁom a solid into a vapor. The vapor of the target material is transported from the PYD’
tarzet to the sul‘Jstratr:: where it is ;c;ondsnséd on the substrate as a thin flm.

[0004] There are many methods for accomplishing PVD including evaporation, e-beam
évaporation, plasma spray dsp‘»osiﬁoan and sputtering. Presenily, _sputtering is the most

frequently used method for accomplishing PVD. During sputfering, a gas plasma is



RELATED APPLI CATI ONS [ 0001] This application clains

the benefit of U S. Provisional Application No.

60/ 720, 390, filed Septenber 26, 2005, and U.S.

Provi sional Application No. 60/728,724, filed Cctober
20, 2005, the entire'disclosures of which are

i ncorporated herein by reference. FIELD OF THE

I NVENTI ON [ 0002] The invention relates to physical

vapor deposition (PVD). Mre particularly, the

icmeagattin g chehiat exd fiecRYD iﬂi@P@@t&gﬁA@K@@ﬂh@l@ﬁMlﬂﬁmbdweﬁ
I NVENTI ON [ 9003]. Physi cal vapor deposition (PVD) is a
we Etodkn(emutiep) s st fiokcudaposi this ngeont daifacefdf i POFD tarpet into &
material on a substrate and is commonly used in the
fva;imri of &‘Litﬂ@et afaicselyiac orechicdfanlidew v _.,thmI'crE\éE}ﬁpTeﬁ)ﬁﬁs;$ of
is carried out at high vacuumih a chanber contai ni ng
thestibrgtar ‘Sheerap@. of sputivedietomsan chodecaiph bithsatgec@aldiialgd ab

of the material to be deposited on the substrate,
tretispoacdYDetsaisyate. thlongh rveciBYBf prioee sassutdhedRvhiishek gethe
is physically converted froma solid into a vapor.
Fretrva ormiod tht: fén Gas gethe tdcemiartbali S transported from
the PVT) target to the substrate where it is

oosensed 1o hee Sulisidnataifainea. PVDtafE 50ef@994)] use beyond
There are rrany nmet'hods for acconplishing PVD

inB OhUlia g SRy Bk raifx RERBILEY 2RQkRY BRserid] 38 Bample,
spray deposition, an.d sputtering. Presently,

BPOtthieki RGutcSal h@mmlsgarﬂafaaaw enkt yvpsedeel badyf Qe Tms
accorrpl ishing PVD. During sputtering, a gas plasma is

in tarn, may result in significant production losses, PVD system or tool damage and

safety problems.

{0006} The serviee lifetime of a PYD target is presently determined by tracking the’
accumulated energy, e.g., the number of I_ciiowatt—l";c;uzs {lew-hrs), consumed by the PVD
~js'ystam or processing tool. The aceurmuiated sﬁsrgy'methad,_ however, takes time to
master and the aécura‘cy of this method depends SDI-éIy on the hands-on experience of the
' techriician._Even whean masterad, the service lifetimes of the PVD tafg_ets are still less _
than they could be, as approximéﬁelﬁy 20-40 percent of the PVD target (dep eﬁding upon
the PVD target type) is wasted. This problem is depicted in FIG. 1, ﬁhich is 4 graph
_ plotti_ng the erosion profile of a conventional PVD target comprising a con;umab]e glab
of source material. As can be seen, approximately 60 percent of the original quantity of
the PVD target (target residue) remained after 1769 accumuiated Iow-hrs of operation of

the PVD process system.



created in the chanber and directed to the PVD
target. The plasma physically di sl odges or erodes
(sputters) atonms or nolecules fromthe reaction
surface of the PVT) target into a vapor of the target
material, as a result of collision with high-energy
particles (ions) of the plasnma. The vapor of
sputtered atons or nol ecul es of the target material
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of- the technician. Even when mastered, the service
whanfte e §rest isuRelapipTng sgeedsd 4 110es fhe P VPggeoeshin tetey
.coul d be, as approxi mately 20-40 percent of the PV])
tanzgr get (dependi ng upon the PVT) target type) is
wasted. This problemis depicted in FIG 1, which is
[0@D9%r épwrdipglmxtgﬁngs 3 ied dpragitopropIidiy P &rsst a
- conventional PVD target conprising a consumabl e sl ab
of source material. As can be seen, approximtely 60
percent of the original quantity of the PVD target
(target residue) renmai rEdVMARY 1769 accunul ated
kw-hrs of operation of the PVD process system

[0010] One embodiment is & slab of consumabie material such as & PVD targst for use
in physical vapor deposition. Tﬁe slab of con$uruable mate_riél éofnpﬁSSS at lc-ast one
detector for signaling that the siab is approaching or has been reduced to a predetermined
‘quantify of consumable material.

[06011] Inmone e:;{emplary embodiment, the detector comprises an enclosure af least
partially cmbeddea Wlthm the siab of _corisumabie‘matarial and .a ﬁlaﬁaeﬂt or electrode

" clements dispo.sed within therenciosure. In another exemplary embodiment, the
enclosure is evacuated to create & vacuﬁm mside the enclosure. In another exemplary

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



[0007] The low target utilization resulting fromthe
PVD targets' abbreviated service |lifetines, creates
hi gh PVD target consunption costs. In fact, PVD
target consunption cost is one of the nost
significant costs in sem conductor fabrication. Thus,
if much of the wasted target material could be
utiIized PVD target consunption costs could be

tantial l ed Thi s, n u e
i ‘?‘FB%F%‘P?%’ H?@ﬁ?r@”ﬁdvd ¢t or ‘\51 roﬁ%a tion lﬂ?osltl?odlment
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3F?PF%§F?ﬁﬁmﬁ e&yd PE Fﬁgmﬁﬂﬂl %requent repl acenent

of the PVD target and, re more .frequent .
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gagy yHud SEF{MMW‘F%"E W@’ﬂe ° fi'fent is a slab of -
consunabl e material such_as a_ PVD tar (%,for use, in
WAV clan = i Fx aepviepIPfimeTnde 8 5t B CBRSh Framrges 2 layer,
material conprises at |east one detector for _
ofirppienal pepTFERS & JEPSRENT SECTEH I Bt RE Cbronpagbigegerial, the
reducedto a predeteuni ned. quantity of consunmble '
e of material Japoger] adiagens e sk eﬁfﬂnﬁwabéwear%ﬁr laygripé material
detector conprises an enclosure at least partially
befrizalgthedbigivtin wt lepré patially \wporEsEi sunabl e material and
- a filanent or electrode el enents di sposed within the
encl osure. In another exenplary emnbodi ment, the
enclosure is evacuated to create a vacuum i nside the

encl osure. | BRARBIHSCRIYERPNLAY TEHLBEAMEMGS t he
filament or electrode elenents extend fromw thin the

encl osure to
[0014] FIG. 1, whuch is graph plotiing the erosion proﬁle ofa conventmnal PVD tarpet

‘structure comprising & slab of source matarial.

. {0015} | FIG. 2A is 2 base plan vieW ﬂlustraﬁng an exemplary embodiment of 2 PVD

target ettuchlre. | ’ |

[0616] FIG.2Bisa cressesectional view through line ZB-.ZB of FIG. ZA.

| [0017] FiG.3 152 cross—sectienal view through illustr.ating another exemplary

embodh;ent of & PVD) target structure.

" [0018]  FIG. 4 is a cross-sectional view illusizating a further .:exemplary embodiment of =
a PVD target structure.

Vl [0701 9] .‘ FIG. 5 1s an exermplary embodiment of a _system for detecting the service

lifetime endpoint of 2 PVD tarpet structure.
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enabl e connection to a simal nonitoring device. In
still anothei exenplary enbodi nent, the enclosure is
conposed of the consumable nmaterial. [0012] In

anot her exenpl ary enbodi nent, the at |east one

detector conpris.z an enclosure at least partially
enbedded within the slab of consumable material and
one of a gas, a liquid, and a solid disposed within
the enclosure. [0013] In a further exenplary

M8l Adht S is errdhe exraRiay comedieniat e sYsiEpivp A¢teding ghe service .
| ayer of material conprising a conposition di fferent
fifgime mepanial 2 BV cisrestismblue. mat eri al , the |ayer of

mat eri al di sposed adj acent the slab of consunabl e
f2a} i FIGS. (et FPere brise plan siekvaof BED frgedehaeneabltd tivermsed
at least partially vaporized. BRI EF DESCRI PTI ON OF
THECIDRAW NGS [ 0014] FIG 1, which is graph plotting
the erosion profile of a conventional PVD.target

HY02Rlct HHES. 6dnipd BBiarmerassskalondfvisowhorngitoenkablary locations
[0015] FIG.2A is a base plan viewillustrating an :
wrantiednye mmbwdionendedoh the: bR RUtfacegéthesdrpaict ur e.

[0016] FIG 2B is a cross-sectional view through |ine
PB2PB BIG. BLG 2 @Ass-e0ihd] vieh Busating sAconpssy setbi aral

“view through illustrating another exenplary

mmdingﬁm tulef shawPWDhe tfigel depicted Gt FIGEA.

1 Q024]' FIG. 8D is an elevational view:illus’iraﬁﬁg the thin foil depicted in FIG. 8C
[0625] FIGS. 9A-9F are pgfspective views showing various 'e;‘:empizary' embodiments of
the tube of the hlbe«bascd?. detectors.

{ﬂ(}ié} FIG. 10.15 perspective view showing the rerhovai of a mandrel-like mold
member from. 2 tLI:b_G doring the manifacture of same.

[0027}- FIGS. 114 and 1 1B are perspective views showing an exemplary methi;d for

manufactoring the tubes of the tube-based detectors in bulk.

: {0028] FIGS. IZA 12B, 13A and 13B are perspective view showing the tubes of the

tube-based detectors manufactured using an e}:empléry shest forming method.
[‘0@29]_ FIG. l4isa puISpE:GtIVG view iliustrating yet another cxemplary emboc'nm it of .
a PVD target structure. |
fDBS 0] FIG 15 is a perspective view illustrating still another e}-{emplary embodiment of

a PVD target structure.

10031 HIG. 16 S_hows a table which lisfé some exemplary detector layer materials that

are suitable for use with some exemmplary térget materials.



[0018] FIG 4 is a cross-sectional view illustrating

a further exenplary enbodi nent of a PVD target

structure. [0019] FIG 5 is an exenplary enbodi nent

of a systemfor detecting the service lifetine

endpoint of a P1/1) target structure. [0020] FIG 6

i s anot her exenpl ary enbodi nent of a system for
detecting the service lifetime endpoint of a PVD

target structure. [0021] FIGS. 7A and 7B are base

pi0az] viFEWS74fs P tlar gedven tre sregs o adst] extroplestzadediment of 2
detectors. [0022] FIGS. 8A and 8B are cross-sectional

wbewsicspowiled. t wo exenpl ary | ocati ons where the tube -
maybe enbedded in the. base surface of the target. '
[0083) 3] FIF. 7B BC flevda slossnstbe ttbmrele ssioateidniplsy pabddirgent
an exenplary nethod for enbeddi ng the tube shown in
éthies tube abkiapmdépidcted in FI G 8A

16034} FIG. 18A is a perspective view of an exemplary embo.diment ofa
mold/extrasion-die apparatus, which may ﬁe ﬁsed in the tube making- m—sthqd. '

[0635] FIG. 18B is g-perspecﬁve view of 31'10‘{]151? exemplary embodiment of amold
apparatus, which rﬁay b;:*, uged in thq fube makjng mef:hqd

[0036] FIG. 19 is 2 flowchart showing the steps of a third exemplary embodiment of
the tube malking method. | |

{GéS?}_ -FIG-V 20 iz 2 flowchart showing the steps ;af a fourth exemplary emﬁodiment of

the tube making method.

DETAILED DESCRIPTION

A [633 8] One embodiment 15 a physical vapor deposition (PVD) target structure having a
service lifetime endpoint dstector: FIG. 24 is a plan view illustrating an exemplary

‘entbodiment of a PVD target structure of the invention, _de‘ﬁoted by num;ral IOQ and FIG.
2Bisa CIOSS-SBé;anéI view through line 2B-2B of FIG. 2A., The PVD) target structure

- 100 com?rlses a conéumabl_e slab 1.10' of a desired source matertal (PVD target) and a

filament detector 120, embedded in a base surface 114 of the PVD target 110.

[0639] The PVD target 110 -comprises a reaction surface 112, thé base surface 114 |

" opposite t'ha reaction surface 1 12', and a sidew‘all surface 116 extendiﬁg betwéeu the

reaction surface 112 with the base surface 114. The target 110 inaybe fomaedkin-emy



[0024] FIG 8D is an elevational viewillustating the
thin foil depicted in FIG 8C. [0025] FIGS. 9A-9F are

per spective views showi ng various exenpl ary

enbodi nents of the tube of the tube-based detectors.
[0026] FIG 10 is perspective view show ng the

renoval of a mandrel-like nold nenber froma tube
during the manufarture of same. [00271 FIGS. 11A and

" 11B are perspective views show ng an exenplary nethod
fewitabireamd faprrbpdtn ghaph@cludipgsioof<amhls, siwbler bawey rectangular, oval,
detectors in bulk. [0028] PIGS. 12A, 12B, 13A and 13B -
anegpler, spexciar\ee. Thetwrsh bl mey etfermadiveing aify wHblnown PVD target
t ube- based detectors manufactured using an exenplary
shrestg hetibd. | Svg foretaodle U.HE20 . G,858401 entiled “Copper-
perspective view illustrating yet another exenplary -
a@hmdmrgﬂpuuém@ Ryitt, dmd eetistds OF Fomsog T 9980 oEiBrg Eputicring
is a perspective viewillustrating still another
eweppl’ary enbodi nent of a PVD target structure.

[0031] FIG 16 shows a table -which [ists sone ‘
goa0p| Bictaget 16 0] @ronk aybsdimaitatiyelase & hate@ar @n Sictebl e

for use with some exenplary target materials

circular target) of 18 inches and a thickness of .250 inches. In other embodiments, the

target 110 may be formed to other suitable and appropriate dimensions. The targst 110
may be composed of any suitable and appf(‘_}p_n'ia-’te.j source material including, for example,
_ nicksl (Ni}, nickel platmum (Ni'Pt)'aHoys, nickel titaniom (NI Ti} alloys, ccb;a.it (Coy,
aluminum (Al), copper (Cu), titanivm (T1), tantalum (Ta), tungsten (W), indinm tin éxide
T, zinc gu};ﬁde-sﬂicon dioxide {(ZnS-Si0,), gél_d (Au), sitver (Ag} and other noble
metals. |
H}Ml] The _ﬁlamenf dstector 120 compﬁsas an enclosure formed by a tﬁbe 122 having -
-opposing oﬁen ends 1222, 122b which are closed by isolators 126a, 126b. The isolators
126a, 126b heﬁﬁitically seal the interior 122¢ of the tube 122 and suspend a filament 124 -7 '
within the interior 122¢ of the tube 122. Tt one embodiment, the air within the i_ﬁterior
122¢ of the tube 122 may be evacuated therefrom to create a vacuum therein. In an
aliernative embcﬁc‘l'imcnt, the interior 122; of the tube 122 may be filled vﬁth an inert gas.
) -i0042} The filament 124 includes bent marginal end portions 124a, 124h which 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



[0032] FIG 17A is a flowhart show ng the steps of a
first exenplary enbodi nent of a tube maki ng net hod
[0033] FIG 17B is a flowhart showing the steps of a
second exenpl ary enbodi nent of the tube making

method. [0034] 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 making

met hod. [0035] FIG 1813 is a persspective view of
aRrieiraly toehseiflaareyt entiod seaids 055221700 Thafipasaldags 125, 1250
whi ch may be used in the tube maki ng met hod [ 0036]

- Eli6v cdifbetitonaf tHeaiehat 1 2 showhdagotifieinstieps: of wil dhdekdibad
~exenpl ary enbodi ment of the tube maki ng met hod.
FOf37dn. FIG 20 is a fio cha_rt show ng the steps of a
fourth exenpl ary enbodi ment of the tube naking
OBk B0 din one exernplary embodiment, the tube 122 miay be composed of the same
matezial as the PVD farget 110. The diameter of the tube 122 sﬁouid be suﬁ'jcienﬂy small
a.ﬁd its focation sﬁfﬁcicnﬂy close to the base surface 114 so that it is not penetrated uniil
nearly all ths target material 110 has been used. For example, in one exeinpiary
embodinisnti the tube i2-2 may have z diameter of about 0.5 mm -‘
[0044] The filament 124 is typically composed of the same material as the PVD target
- 110. In am alternative embodiment, the filament 124 may be compesed of a matf:nal
which is different from the material of the target 110 and does not affect the PVD
processing result. The filament may have .a- diameter of about 0.2 mm in one exemplary
embodiment.
[0045] The isolaiors 126z, 126b are made from an esctrically isolating material or
c’;omﬁmaiion of matertals. In one exemplary snibbdiinent, the 1solators 126a, 126b may be
' composed of a caramic, such as alumina (AlaOs}. |
[0046] The filament detsctor 120 functions as a sensor for indicating when the PVD
tarpet 1 16 has been reduced toa quantlty of matenal representmc & Service hfetlme
endpomt of the target 100 sfructure. Any usacre of the PVD target structure 100 bcyond
thls quantity (PVD target overuse) will likely result in perforation of the target 110 and:
system arcing, which in turm, may result in productioﬁ loss, PVD system or tool damage
ra.'nd safety problems. The use of the filament detéctor 120 m the PVD target structure 100

maximizes the service lifetime of the target 110 and allows accurate, automated detection



DETAI LED DESCRI PTI ON [ 0038] On, e enbodinent is a

physi cal vapor deposition (P VD) target structure
having a service lifetinme endpoint detector. FIG 2A
is a plan viewillustrating an exenpl ary enbodi nent

of a PVD target structure of the invention, denoted

by nunmeral 100 and HG 23 is a cross-sectional view
through Iine 2B-2B of FIG 2A. The PVD target

structure 100 conpri ses a consunmabl e slab 110 of a
cesharete BODraestmahane aD0 {{BVD Heaegete) tamelcat th taggrbrtated
detector 120, enbedded in abase surface 114 of the
PVBethangationki@bove] 0039] The PVD target 110 conpri ses -
a reaction surface 112, the base surface 114 opposite
fobe7yr enetfiianes ustbaee 20 12onsindied ts exchiiied dharsoiefidic er dttfute
ext endi ng between the reaction surface 112 with the
fhasen $u il daendidbraling atungietingldRicago (EGS Bicnteded v taay
sui tabl e and appropriate shape including, for

ExaBR 124 of it Gliradnt JSEHRNTR). ekt amgodiment, by eldracteristic or
triangular, irregular, etc. The target 110 may be
Fronhed ras Menany 228 e nkoiawad RYP bt efegibmitalrbsinge or

met hod. See for exanple U S. Patent No 6,858,102
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have a dianmeter (in the case of a circular
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ot her enbodi nents, the target 110 may be forned to
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onpose any sui tabl e and appropriate
I
i r%l%? 9&3d%bu get,rg@mft{a%ax&x A epvhlie 4 F?{F

| d%m%cam G df:ss)%?s? e(:‘%;o gl’rfs.a}étéﬁ)% Q{Jﬂﬂﬁ% nze wx?&%%gm ag gélldmal

Vfﬂlfg §8€§[| tB%Sugl gﬁ zﬁ bfefl&c led %o ﬂ)\lp\C}SEr ? iasnﬂ%ﬁag SI%SH‘“II%Gd mbtPe tnbe 1272
0041
TRt ba%s bt *nfﬁ@ St SR Ger Do R 8 %c jond
1
o3 e g Lof o B ot hgRsh i tanl 15135%@ S

nterior.122¢c_of t ube 122 nd S end-a fil anent
cqge FOPHPR TS VARG 5}#% at %Eﬁﬁ g9 suchh 1ghs
enbodi nent, the air within the interior 122c of the
apripRet A eng of s Bl i & thitreainks he Bt Bwdweg 110
vacuum therein. In an alternative. enbodi nent, t he
rqRRTERE B1eY Do SuncrredsEmingp aerese gewy tserienpl quantiiy pifheireet
i nert gas [0042] The filament 124 includes bent
1 gt erempdn i qesreribodigientp s quangignofihg iereceldapmpinihg whehthe
the isolators 126a, 126b. The isolators 126a, 126b
fikingot t34cabtsy elposidataderhprotiantelns gEmet othe olréginal iqowgity of
124; 124b of the filanment 124 fromthe tube 122 and
the e g@\MDO A the targed . furfiee nied mt thad Vil prateseqidmpor the m&t 110
124; 124b of the filanment 124 term nate -
and the filament 124 will continue to be eroded until the filament 124 fracturss When

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



externally to formfilanment tnrmnals or |eads 125a,
125b. The filanent |eads 125a, 125b all ow connection

of the filament 124 LO a nonitoring instrunent, as

will be described further on [0043] In one exenplary
enbodi nent, the tube 122 nmay be conposed of the sane
material as the PVD target 110. The di aneter of the
tube 122 shoul d be sufficiently small and its

| ocation sufficiently close to the base surface 114
904 bbaknek o bsenrdrtuip cnedby dd dckting thal thnPEDItytgalstrudtive 100 has
target material 110 has been used. For exanple, in
eaeheXapldrits eebiod lifeeni:, Utiletht: pheiol2anpis, fhaveamity of the
di aneter of about 03 mm [0044] The filament 124 is
tyrpdtaad teyntonpeBedhofiatiest i9afBcmRt ey 8t aasoxihasPVR to 0.1
target” 110. In an alternative enbodi nent, the
bidcaenthe badinamyiaiey epipesed: 0. 1a rapime facthe sabretchiasos in
different fromthe material of the target 110 and
drResicHl tzisdnteat inpb&nEY e eSS tRgP VIR $ttlckss s)ldh8n or tool may
filament may have a dianeter of about 0.2 ramin one ‘
BXBARH &aduARDed BBRAlcian] @0ARdd abfendisalyakrssndem, frok2 6l
are made froman electrically isolating material or
£RARIMAH0Be 950 HRIEFVRbS oD s EXB8ANbEAT WnesRe tHaBltates
the isolators 126a, 126b may be conposed of a

figh&y. ¢, such as alumna (A1703). [0046] The

- filanent detector 120 functions as a sensor for

{m}@s;c at dren MR i e BV arcl8n 14Q:0a8ieeRw SRNERH.

0 a quantity: of material representing a service

drobiRl LT eRARRL Him & of NEvhALGe LG, %ﬁ&g&wmﬁﬁmw The
usage of the PVD target structure 100 beyond-th

BB LA Yk RND fxb@rcgﬁ T ATLY ﬁ\és!:rllbeli h&gllaaam@&%'i 11d1

perfo?at|on of the target 110 and system arci ng,

{\%ﬁlg&ea Br £ 4ea u%ﬁr?‘éﬁlaf ?Ipéz&%sfz ﬁ?@% %@hﬁ%@dna ip the

system or tool damage an ety pro e use

IR AT S ), SEAAIED S
R 3 P AGEHEAL e?nboﬁﬁﬁﬁa%@;%c%gt ASURAERMt 124 is replaced by two
separate, opposing electrodes 124a°, 124b°. The eieciz'odes 1244’, 124b” mclude bent
marginal sﬁd portions 12'4aa; 124bb which extend through the isolators 1264, 126b. The
* bent filament portions ‘12'4aa, 124bb terminate e};temally to form filament leads 125a°,
125b’. The filament leads 12547, 125%” allow attachment of the electrodes 124a’ 124b” to
the earlier described montioring device 330 (FIG. 5).

0049 In opera_tion, the electrodes 124a°, 124b° of .the electrode detector 120° will

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

of the detector 120” is breached. In this embodiment, the monitoring device or
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of when the PVD target structure 100 shoul d be

replaced to prevent the target rel ated probl ens

nmenti oned above. [0047] The filanent 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
filanment detector 120. In one enbodi nent, the
characteristic or attLibute of the filaiitent 124 to
bermmaai tarededm)thddediesalect 134 ahay esd atanoeeaonring device
i npedance of ‘the filanment 124 and the nonitoring
_glevimens380 may be an ohmmeter. Using the exanple

where the characteristic or attribute is the

Rlosgt ritGal isreshs8 sadliehal Ofew iMpeCaRc/o0k: éltedinhdnanthé PVD
124, at the beginning of the PVD target structure's
BRViteRmkd, iglotddtyinmaraPMD. ProrPeBSarghaingire 200 @mprises a PVD
el ectrical resistance or inpedance nonitored by the.

#ARR il@rdoﬂlgos@@‘éf £ 85330 soMdelmdp@ia8 QIR théwhibiiahs v@odBnen®Sand an
t he PVD ‘target 110 erodes durlng PVD processing, t he

ﬁéﬁgésrdnfc@dor $ RS ANGEL e bhdRAdRNee 4 Wk k@RI at the
i ni value until the tube 122 is breached to .

BUP9S ant Rerifdh! alditood 9&1&%@@%@@&2‘ Hlvfn@ %pﬁdéﬁt@ &&HHQ

t he PVD process, thus allow ng the plasm (in't

-2% %e)z% tsneﬂ'?f}&) ﬁe%ﬁ%saﬁgmm% ale8e d=hemtd iuam@ent
2. en

IS OCCUI'S the electrical resistance or

HTRSSRACS &o tﬁ‘{ JRMHRGe DIt ble, Y84 U IRH0D Y.

targe structure

g EF%"S{%Q et ST gy
ma erl as( thp élsd ?% érrgnn ep s%{cgb% %%aiofThL Px%e Qﬁi g Iﬁﬂ@é with an

guan

Bt o agﬁ%w e r;“: é£x§9r%ess1ng 108
R Pl hfaﬁegé?é 1 B
R Se e e e et 140, a0 e ament

fractures Wien this occurs, the electrica
dpreg K13 ﬁE‘Eeﬁﬁlﬂga %@&&@é@% TPRAiRh B @‘%ﬁ Hlets’éttea?&’se“ﬂ@h@e
. filanment beconmes an open circuit, ther
tbsdre &thr??ghﬁtdﬂﬂé(tPW ErPYDIEE et G PS5 0- ﬂa%e this
‘reached the end of its service lifetine. Using the
opsy s uderiesea it Blling e tehyeAe s yniged andanay e gétﬁctqu the gas
- remai ning wien the filament 124 fractures may be
detppiionpyiet 40 T esdetedion dpdpeEiftmafbetiyoptral givsaipn
quantity-of the target 110. In response to the second
spehiaergersi (OB ectidid gis melyiis (Rnép covthénspiabiaistectiothmethod. In
operation of the PVD process systemor tool may :
ofyesxamplredermtadinadnt, yhdopera gts@etectoc? mllows thhéirgst @10 of the PVD
automatically by a signal sent fromthe nonitoring
tackev stoetud3T00tto bt hdué&dio p noaEsses st wrcehiondlits pdpimst
controller that operates the tool). [0048] Referring
quettyt 0 FIG 3, there is shown across-sectional view
illustrating another exenplary enbodi nent of a PVD
target structure, denoted by nurne..al 100'. The PVD
.target structure 100" conprises the earlier described
consumabl e target 110 (conposed of a desired source
material) and an el ectrode detector 120", enbedded in
the base surface 114 of the target 110. The el ectrode
detector 120" is simlar tyg the filanent detector 120
of the previous enbodi nent, except that the filanment
124 is replaced by two separate, opposing el ectrodes
124a, 124b'. The el ectrodes 124a', 124b' include bent
- margi nal end portions 124aa, 124bb which extend
through the isolators 126a, 126b. The bent fil anment
portions 124aa, 124bb terminate externally to fount



instrument connected to the el ectrodes 124a', 124b
may be a current neasuring device or instrunent.
[00501 FIG 4 is a cross-sectional viewillustrating
anot her enbodi nent of the PVD target structure,
denoted by nuneral 200. The PVD target stncture 200
conprises a PVD target 210 conposed of a desired
source material, as in the previous enbodi nents, and
an inert gas detector 220 enbedded in the base

39‘553?0 iR acGfiert £8 dbRFELE2020tes §00RAIor ThiaditNe biheORS tarpet
etector 220 conprises a tube 222 havi ng opposi ng

ORE B: BRES it dré @00 hd2HRn I@c&ﬁ@@qﬁﬁt}ﬁ%ﬁeﬁﬁtn&l d8ehdde 1FEime
identical ‘'to the tube described in the enbodi ment '

Shath bRhE (33 SAcBRg2@B. The open ends 222a, 222b of
the tube 227 are closed and hernetically sealed by .

| GBI BSBRE cx SHSRHAS UGS, FRYG SO Mitih &heSABE222 of the gas
material as the tube 222 or any other suitable .

H&E%x' Bb ma}laerépwagd Bl dnolitr Edbk R ok ldks A ARSI the BRB

such as lium(He), which does not affect the

ﬁ\é@%@?@ﬁ%lﬂﬁ BSHIh ma @9@3&@95&1 a BV & REBRSTSIPBrating

ta?get 200 is in-situ nonitore for em’ssion o

%?& %@Q&E é(g@\/g%%gprpé’ﬂs@ Ligéhsdb]d abeGih gf‘thg %a&ﬁcezltﬁgnzgfg:l‘ Ci"he

rget 210 erodes during P
A R TR A reag‘%‘?%*‘%@%%sf‘m
| ?ﬁ?éﬁ%ﬁﬂc%?é@ e S PR o300
Rib 0%?%8%% s T
Sn&rﬁi‘ﬁfheeﬁﬁefé S 55 B S0
i et R R A

be r.educed to nt ty |l ess than 0 5 percent
é% “THs SFFSFH%FYaU%%¥ﬁ¥§%PﬁF%O%3] Thus, the |n2rt gas

fﬁﬁaﬁ CIPRErO e orot es@,Z‘?O 367 00 e B BB e
RN At AT MR Elu

may comprise multiple tube-based detectors distzibuted across the PVD target, prefembly

in the mare erasi‘_/e posiﬁoﬁs of the target (s.g., FIG. TA). Distributing multiple tube-
based detectors acress the target increases detection uniformmity and allows detection of |
localized target erosion. FIGS, 7A and 7B, illustrate two exempla;ry embodiments‘éf a
 PVD target structure 560, 500° comprising two or niore,l tube-based detectors 520, 520°
{gach having, for example, a length of 4 cm or-less) distributed across the base surface’

: 5714, 514° oftﬁe PVD target 510, 510° an_d .embedded therein. As shown in FIG. 74, the

tnbe-based detectors 520 may be disttibuted radially across the target slab 510 and

12



[0054] In another exenplary enbodi nent, the inert gas
filling the tube 222 of the gas detector 220 may be
repl aced by anot her substance that does not affect
the PVD processing result The substance nay be a
solid or aliquid that is capable of evaporating when
exposed to the PVD process, to enable detection of
the substance thereafter. The solid substance may be
powered material listed in the "coated material”

g@a&%‘ﬁ&ﬁ obd@i0tHeA Rls@n SROMFTENTIE e tufleBrask @dectdrs3®’ may be
sone exenplary materials that will not effect the PVD

B8R589 A0k FesMk] 0fard-eSNeetd MRh O%ENB &Yerk@W#8bne another ar
materials |isted in the "target material" col um of

' Hﬁ%aﬂﬂ%fﬁkﬁm%égh@i Me-1iquid substance may be an

Inert gas (e.g., helium in liquid foan that may be

Fa¥s6C t B doh D ERniiy LMDSHMMRE Bnd hibd BdedMekdiroRs ézioqﬁyd)gs

Substance, the tube may have a dianeter as sma

%88%% 111[1:}9680'_%3& sﬁﬂ@e EVRrkaraas taiésﬁ HET 48R 1k Qe EOR flush with
es e d

cri above conpHs- a single tube-base

gzeng%\gr )p{scéggeg’ﬁd Be b%%gmlec@ 694 Bek. BXLIP (A5 well as the target base

I'ments, the target structure ray conprise

B g g 7L APt D oL gy

arget, pre e erosive po
B 45 e SR e
TR e e .
rgﬁpo?t%e@éﬁéwg?% '%?58-5{;8%&%@%%' e o Syp 6102 made
qFam ér_)té 2 09 laPled RSt st B 52 ool MutShial and

interface members 610.1 and 610.2 may be provided with corresponding tube receiving

grooves 611.1 and 611.2 which are sfzsd and shiaped fo ra‘ceivc;:a a-po.rti'cn of the tube 622.
- The tube 622 is placed 1 the tube receiving grooves 611.1 and 611.2 and the source
material and interface target members 610.1 and 610.2, the fube 622 and tﬁe farget base .
plate 650_are- bonded to one another #sing a hot press bondjﬁg process performed at a
pressure and temperature sufficient to cause the source material and interface members
610.1 and 610.2, the tube 622 and the target base .plate 650 to physically bond to one
anotﬁe,r. Specifically, the préssuze and temperature depends npon the material of the base
plate, fhe _soﬁ,rce material of the targst, and the bﬁnding time. In the exaraple used sbove
(e.g. c;opper base plate and tantaium source material}, the temperature and presgme used
may be about 400 °C (slightly over 1/3 of the melting temperafure of copper which is

1083 °C) and about 13,000 péi, respectively. In some embodiments, a thin foil 610.3
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514, 514' of the PVD target 510, 510' and enbedded
therein. As shown in FIG 7A, the tube-based
detectors 520 nay be distributed radially across the
target slab 510 and separate from one another. As
shown in FIG 7B, the tube-based detectors 520" may
be distributed radially across the target 510' and
such that they converge with one another at the
center of the target 510'. f0056] In sonme exenplary

g@g g}rﬂ@ BiSee ,%ﬁe}u -gz%%@@gg&e@'%@mé 2060 T PE11.2 of the

ded Iint ase surface 614 of the PVD target

%Qrfa%@ n{ﬂH@Er é'llae) tﬁzg?oiﬁg]%.i ?hcfvﬁ ts& .L %JFI@I Bﬁ,l zhgyhﬁé whed as 2 °

-recessed from the base surface 614 of the target 610
. - | 2 ¥ TR | Ac Area
R
%Hlllg rwro%% Eﬂ@ ch [H%ELIQE Bﬁ erd HSsonteO W% (ﬁb% Ir?@ther-@?i![b%dﬁneﬁts,
may Be acconplished r'n one enbodi nent, as shown in

| by £ O gat - e
O R T
gﬁ%_@ %}!rgia?ngfe()e st k2 Qc%pacltfutm o B0EAR, éu]ﬂéﬁt&;f‘ng%?thgi‘é?%%}ﬁrﬁﬁe 614"

_ én i'nterface materia )
TAga PR S, SHL 35 3, TRV Re IRSH o0t
%ﬁ%ﬁ&%ﬁ%ﬁ%?%?%b et s SR S PP 2t o e
PiebBrnb oPbBe beon 11 1Mo e B Rt e bt ! 10 may

material and interface target nenbeib 610.1 and
@%@@ Pn#ﬁémgﬁﬁﬁgﬁﬁﬁﬁgﬁa'the target base plate 650 are
bonded to one ot her using a hot press bonding . _
I9Fddesse f}@?@bﬁf‘ HeaogPasd &?t%%fa F g EPTE B EPGY gHtable and
~sufficient to cause the source materjial and interface '
EIPHEFS SEPD TRe iRy 60T OFHETE JREr BDocE At BHE Idafiedor
base plate 650 to physically bond to one anather.
deericreapicyord ferpr d4Str %%-éﬁ GrEPETIET ST VP ES shoyandsme
upon the material of the _base plate, the source ]
 FEPBEYAbEAERE of Hregetes. B4 Fovhpar AYafRiag owter qnf doner
exanpl e used above (e.g., copper base plate and
sfpreal n B0ameid sratlar jregsisectopd shavap JilGt P ehagrsck tube 700b
" pressure used may ‘be about 400 C (slightly over 1/3
hgping peerAs (nggSUr 180,260 with dspoet cratsrsebfianel shags BG-
and -about 13,000 psi, respectively. In sone
Srdbodls arehe S00chaying ar Pt sugae: 1 0c withd equafe erirs-sssigngehape
material may be di sposed in the tube receiving groove
ad an Rngfsuifive 720n with acecuavewtyey-s@liMabshafi 100D sbivd. 3ybe
shown by itself in FIG 8D, may be used as a bather
Thad/mvingen prneveniacal Kdsvitfa difvelar abwrstawesinkarsend 6dBng
frommgrating into the area of the groove 611.2 of
stutfre: 2hlevifi22trianghidrhvenss-etntion] seper Flal 9B Hhvla nbs 70Gchaving
enbodi nents, the tube-based detectors 620' may be at
ah east suffaretil od With erheddethss-gectibm] Bape ssiunfiaee st ide 720: with
the target 610" so that the top of the tube 622" is
a Sqiaghirboy-sedniow:e shire. [HASeIStHoivae eib Y40f Hating betet @ddeter |
610, as shown in FIG 8B. The target base plate 650
strfactst10f, @pdFadihngtire BRYs-tentdriabehapes  Beesitr 8GDinh@rsurfaces of

f @CeIV ‘ng- t he.-por't ion of-the-tube 622 that: pr otrudes - - R

fromthe base surface 614" of the target 610", so
that the base surfaue 614" of the target 610 may

14



lie flush on the target base plate 650'. [00571 The
tube(s) of the tube-based detectors may be :
constructed in any suitable and appropriate shape.
The tube may have outer and inner surfaces that have
identical or different cross-sectional shapes. FIGS.
9A- 9F are pethpective views show ng sone exenpl ar),
enbodi ments of the tubes. FIG 9A show a tube 700a
having outer and inner surfaces 710a, 720a with

Gid GBS 1R9S 5188 CEdsQ Bk oSN 3RS S: RtinORANAWS 28d b¥HS0 name
700b having outer and inner surfaces 710b,” 720b with
di;gpond cross-sectional shapes FIG 9C shows a tube
700c having an outer surface 710c-with a square

Z&@%ﬁ ﬁ@r@ﬁrngra% 1S PRPG4 %ng %’Ehb@ﬂ@ﬁeﬁﬁ&ﬁﬁeﬂ aﬁeuagﬁ]g Bet

circul ar éross-sectional shape. D shows

wﬁerzg Qg%ﬁ@gdrﬁl@nt%lfta@mgfe%c% @an\erehhs Qumaral 800. The

crrcu ar "cross sectional shape and an | nner surface

e R A

SohBHLAn 0085 601200 W13R0-A0M @k 3012 BUA LG e

uare cross-'sectiona

gel_s%su;r%? yf?ﬁ,]the t%];crep ﬂﬁl h9m2 %}n gﬁ’t qf %ﬂﬁ 14 t%u %L%cea (%orsi'flyer 820

quar € cross- sec I Ona

ergg%l%%gf@??ﬂﬁ acfets Rt EEE‘?E %’befﬁﬁtsg?%ngﬁrvir oéﬁﬁr
P rré’#ﬁ [doeR srrrervsvra%ﬁ%ﬁg"éb r%%ﬁ%%fé@%% e
LR ot R S T Ra R BoB ey Eﬁe?%rglﬁéw

structure 800 conprises the above descri bed :
S FePUE D AFGBT BT CECHIUSBI Bt B fod pigp

source material) and a detector |ayer 820, dispGCsed .
wgjtiqpatcorrEses ééegglrrar%eblﬂwﬁ%fmmed PHF aetdseafer larﬁ 820:
the enbodi ment _of FIG 14, the detector |ayer 820 may
ladpgrdofienbvF ICat Y éte teeriuettaieb ga$3p S E L éaref:t
850. [0059] "‘FIG 15 shows a perspctive view
foeiyetBO8t o iiep bees plrtedadt her exenpl ary embodi ment of a
PVD target structun, th.noted by nuneral 800'. The
[PR4D] t &r Yo tmboedimierts PEFIGB014 andgiSnite detester leyrve SWE)c@raprg;ei ofa
~ structure enbodied in FIG 14 except that it

rgatetial, ivand ik Jiftcompirom ds YD targpe tmatvdblemil abeslnaye?fuc%@PVD
di sposed over the detector |ayer 820. In the
meovbedigmesntt. §1G.AlI6Ghowbs tablaeviichrigstsomma tremipddry Hagres: 1880
coupl es the PVD target structure 800" to the base
npdtatals (B Qe shRN6ODr hex wiltercgrbibai avanpisryefred nGRriakd and
15, the detector layer 820 is conposed of a material,
[0d1 T hWilsn glabhe steibds the dumctoniayEMDOtALGEVINRERL itabuarsho or
does not affect the PVD processing result. FIG 16
88traEin g P VBt 6eettiie theldbstisr B aRemen e MRl kMticH 819 &b &l sim

| ayer materials that are suitable for use with

HRRHEE ki VF1RIa NI GHSY RGAT Gethel Bk £dckedlish methods.
[0062] The endpoint detection resolution of the PVD target structures 800 and 800°

.may be increased, by using two or more detector izryers which are composed of different
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[0061] When plasma strikes the detector |ayer 820 of
the PVD target structure 800 or 800' during PVD
processing, the detector layer emts a vapor |Athich
may be in-situ nonitored and detected by CES, RGA or
other like detection nethods. [0062] The endpoi nt
detection resolution of the PVC) target structures
800 and 800" .nmy be increased, by using two or nore
- detector layers which are conposed of different
material.s. Thus, . when pl strikes the first one.of .
RSl B peb e MR SR Reh bl R b P g Pt or e
indicate.a first. residual . quantity of. target materi _
AR e R S S
subsequent .one of the detector |ayers, .detecti.on of ..~
EYRE ARG R PP RCELTE L T IS SUa T FEET R gf it Byer wil
ntity of target materi remai ni which is.les
o Bt e AL R gt e i 155 e te
| ayers of other. materials-may be added,. if desired,. . .
PGV SHATORG G o0 BERgH e oA ey BE psey ¢ dosied
quantity of nmterial, 100631 The PVD target - :
mramlmnégdlﬁséwéﬂ%mﬁ%fead“ﬁﬂaﬂaaa%{ﬁt B8 be used
with or without a target base plate. PVC processiggh
K8 le el hia A 1t TGP TeRy o8 S O EOTPARY °f ARcyadapted {9 Rrcisert wih or
wi thout significant hardware nodifications and/or
wHBeM e &rzathese wlatc: DYReTpveyng weiget auktpele may as thed VB darget
used in different magnetic PVD systens including
FrgiveEs FohoepERERant healyaes wpdiBedfopongioeshappes e cEp)P VD
systenms, and inductively coupled plasm (ICP)
tgipst Bgiures eHAnEsed I diNeronhepgly PY B eyeamohcldiag magnstron
invention may al so be used in al]l types of PVC) power
Beipph.respstteply cpded sy, (Ot bisisrms] dnfincacti i, cogpleéplpsma
current power systens, alternating current power
(@yRtserrers, rhmreadicn. heJlbriesecipWernmepseremey also be used in all
types of PVD powar supply systems inciuding, without limitation, direct current power
systems, alternating current power systems, and radio fréquency power systems,
[0064] Another embodiment is 2 method for making the tube(s) of the tube-based target
| stroctures, FIG. 17A presents a flowchart that shows the steps of a first exemplary
emﬁodimeﬂt of the tube making method. In step 901, a mold/extrusion—die _apﬁar’atus 950
(FIG. 18A) is provided Wiiich comprises concentrically dispesed outer and inner die
members 951, 952. The outer and inner die members 951, 952 are each made of a rigid
maiériai suitable for extruding and/or casting metal, metal alloys, and/or metallic
materials. Suitable die member materials may inchide, without limitation, ceramic

materials, polyﬁa_"cric materials, metallic matenials, and combinations thereof, The jnner

smface 9514 of the outer memb_ér 951 of the apparatus 950 is configured to form the
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[ 0064] Anot her enbodi nent is a nethod for naking the
tube(s) of the tube-based target structures. FIG 17A
presents a flowhart that shows the steps of a first
exenpl ary enbodi nent of the tube meking nethod. In

step 901, a nold/extrusion-die apparatus 950 (FI G

18A) is provided which conprises concentrically

di sposed outer and inner die nenbers 951, 952. The
outer and inner die nenbers 951, 952 are each nade of
St sQHELTBRLRIR 208 tictoal Quf-0E 9826tof Bdiingr ABADLEINS2 of the
casting netal, netal alloys, and/or netallic

e{ﬁﬁﬁfu's aks 15%'@11115@@4:&0 Ghirer (RERRE! suffBdet ki tSheMiby thk Bebsti@ent of
W thout linitation, ceranmic materials, polyneric

et egA ahsoutBBh@hier 05 NGRS dpphStus @E@is@ﬁxﬂigufbﬁtvﬁmrhscircular Cross-

thereof The inner surface 951a of the outer nenber

R8onf sHberRRRANAL WenPelr 25 r@eNbhaMae 05 0tio cdilik el Bah a-

outer surface of the tube and the outer surface 952a

&Ecu]%ﬁ&o’ss%@ﬁonﬂ@ﬂ%r s882a Rbidl G uARPAE ahMsar@Payi B used to make

configured to formthe inner surface of the tube. In

%ﬁbgm iRt of 1k Gontbrfatel NS we W Shat TR RE: . 201ngf -

e apparatus 950 1s-configured wth a circul ar

SLQRSe s%%%g ggﬁ&f tﬁh%%?raﬁ@ dsé Pﬂ% bORSHSEARELaR2901 taicta&emb,

apparatus IS C i gured th a Elrcular

c?es?g éﬂaﬁ’é‘ﬁ%luﬁﬂé"@% &E{% ﬁe%%gé s%)é%é 1@1@ % 8F.

ake e tu ow1|nF|G

I Nt Ao i e

eglﬁgr%régg%u ii%' re%ﬁ%%‘é‘%%% ﬂgrz(/g%% egpaf:% el{%bc{s "géd bs eeg %16 omear and
HEAR 4T 8 i s R

extru esjred tube ter aI hrou t e space
PaRp lﬁeaoigaﬁ%éﬁ iisiR TR iw%t“ BpY P02 of
952 of the nold /extr sion-die aratus 95

PSR HIRES BEE s F‘ﬁ”ﬁ‘&“%?ﬂ&‘%g Bitoythg Fpafp 3 defined
extrusion nethods.. In an_alternate epbodi nent, step -
bgwﬁrb*#lu OHET HETREATEBRTF P bS5 a5k ﬁj@@f%%%?rr dg aﬁw
material into the space 953 deflned bet ween t he outer
93th dCasHRE maybpprEfosmashy, meEps B detied fbe afiaFf-'@F]e%@ Pa%r?f

di e apparatus _950. Casting may be per-M ned-

imesting Ay maisn s inpggiak @@éh?rﬁla@ﬁr R dew bsieen ﬂpg ogler and inner
injecting the nolten tube material into the space 953
mgeibens 8811968 weibn aptweatis A58 I dhedutiermaseriahisrfyancd b 5astingBstep
of the apparatus 950. If the tube material is foini-d
Sy tiastep A3 spedvmpd 90@1eint the fubs tsopmo0d fogn e rfrorame@50 after
wherein the tube is renoved fromthe apparatus 950 '
thafotadien tibe mmidrabims tobed adtsendifitd. has cool ed and
solidified. [00661 FIG 1713 presents a flowchart

[0Db&t SIHOWER pleeenstaciisvohirt thatshown the @depn] aae4oné sodhilae nt

of the tube mal dng nmet hod of the invention. In step
erfdctir@enol the &bp afaking Sne®e@ of FleGuvehBdn3)n ki8p PIioAindi@dApparatus
whi ch conprises a mandrel -1i ke nmold nmenber 961. The
96UIFU. MBBY Bpr&bdedivehididaptifesa nidngiet HR@#HEM indtmbstid] abhmold |
for formng thereon a |layer of netal, netal alloy,
manBéras] halelor & rigRtrefdraal suitibie g fAMBhOtheRbieflafdrGalnetal,

.. chemical plating Suitable nold menber materials may

include, without limtation, ceramc materials,

pol yneric materials, netallic materials, and

conbi nations thereof. The nold nmenber 961 of the
apparatus 960 has an outen7surface 961la which is
configured to forma tube having outer and inner
surfaces of substantially the same shape In the shown
enbodi nrent of FIG 18B, the outer surface 96la of the
nol d nmenber 961 is configured with a circular
cross-sectional shape. Such a nold apparatus may be
used to make the tube shown in FIG 9A It is



[0067] Referring again to the flowhart of FIG 17B
step 912 of the nethod invol ves depositing a desired
tube material onto the outer side surface 962 of the
nol d menber 961, until a desired filmthickness (wal
thiclmess of the tube) is achieved. The depositing
step may be p-rform..d using, for exanple,

el ectrical chem cal plating (BC-') .and/ or PVD

nethods In step 913, the mandrel -1ike nold nenber
9@1 are, separat from one anot
i, e?%tsatﬂﬁgﬂ? i gt A B R ?e%agtﬂvoguﬂabh

%gtt%”ﬁw% N e R b mw
: ernati-v. exenp ratj o
* Bl R o B R PR Beiak 7 B RERES AT R
an etc (006 1 FI.G sents. a flowhart that
@W&W@S@%@% a&i’é‘ %F“féa"t rPaPgERS %%}f L fEI5T At trins outer
e tube na neth In the t d exenp Iar :
AR ﬂlﬁﬁ%@t%‘ﬁ‘ o G SO AL ARG g O FIG.
made in a b fact process. 921,
HiH- %ﬂé@fﬁ*&? o i t?&tl%m i A eijour ogpse-
desired tube naterlal 940 as_shown in F| G 11A. The
%?ﬁtlftltﬂlpthé%oﬁue% 2 gnpld FRERTERE TRH &° R &} maks thebg fhoym in fIG SA.
uralltY of tubes. Tn step 922, the bulk quantltg
copierplated. haytevey thel tﬂ%elaldt e8P OP) Wit ekl agparatus 960 may
di screte tubes 942 as shown in FIG 11B, each of the
fapmaBE Yo i A i IThigrasHEb oIt Aie desgpddians fnelydipe. poreagple,
941 may be formed using conventional |aser,
the Ghepees irdGRabBAnd ikt et ching, and dry etching
met hods. The bul k materi.al 940 may be cut or sliced
PoR7d Rstepiangalnite (hedlowdhairidiie. t@se@ gl A ghe method involves
conventional |aser, high-pressure water, and
depastiingiackebired gt m@tmﬁé phio i, v gig9 rfape96220 tiiameld member
flowmchart that shows the steps of a fourth exenplary
Sebyoil] megsiredfiint Hheckresb évatkikichepshetthodbe) Iifnadét'eefpd g8k, a
sheet 980, 980" of the desired tube nmaterial is
Cbpnvu@eumnam@epnﬁ@neéuﬁﬁﬂﬂxﬁhemghe%tH@@@hmwxﬁhﬂﬂed(ECP)
into a tube 981, 981' of a desired shape, as shown in.
ﬂﬂk&?VEﬂﬂﬂ@ﬁﬂldswp9mhéw&heéwbﬁgﬁmmg8GM$mHyﬂhedﬁunmndne
into the. desired tube shape in step 932 by forming it
sgraoumidi@n cwranetpo nidian giynrddra petiodrand rted sephmatibrastert 0ay be -
that shown in FIG 18B. The matchi ng, opposing edges
peB2med 82 phnafcali heithdibeind 8, mA8isl-dikemt ki ereniten e thombes -
another in step 933 to conplete the tube 981, 981" as
sisdvavin FLG. 6l Gan didthasinelexkbiBla-Banbtdivgentale deparation step may be
acconpl i shed using any suitable and appropriate
pOERHeN ghaiBiAlQdy IFiehld afmbel whigm efc@701 Anot her
enmbodi ment of the invention is a systemfor detecting

[0068] SEIGY I & fredehfsel flTRbENBROIBS o sRpf)D thisl §Rkplary
Structure. FIG 5 is an enbodi nrent of such a system

elBaRhed obihe RIBIRERIns30%hod T e 118 YiStER 0y CMB IS8 S01ahe tube
PVD process chanber 310, a IND target structure 320

| mAMED RGOS IEbE B HEGS: o Rk mABiMurhe picsal oeles@egl 971 LhBtiple

process chanber 310 and a nonitoring device

~ b&eMe GG ih BeuRVRARY g6l destrfdiabdthReri? 0ad ershb@n ﬁ:! tfre
-oni toring the -characteristic-or -attribute-of -- i

filament or el ectrode detector assenbly 340 of the
PVD target structure 320.
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[0071] FIG 6 is another enbodi nent of a system for
detecting-the service |lifetine endpoint of a PVD
target, denoted by nunmeral 400. The system 400
conprises a PVD process chanber 410, a PVD target
structure 420, such as shown in FIGS. 4; 14, or 15,

di sposed in the process chanber 410 and a gas

det ection device 430 for in-situ nonitoring and
‘détecting the inert gas detector or detector |ayer
448, The ihgipE\HDrets @4 § etfirstthidiotdar sefd200f a[pROARY oPubéro Uighiep
the invention has been described in terns of exenpl ay
et erdi BB Bmtitly b ingterigitis kit tliedd tohver gtalityRatiherte i 942 as
appended cl ai ns shoul d be construed broadly, to

EHdeInud eI@tNel cRbT BB tbcand @hashgrent & defbotd®41. The bores
i nvention, which may be nade by those skilled in the

a1t Eeh@ﬂﬁeddﬁﬁ@rcbtmméﬂa@mérmum@emreavmbrxm @e&hbfy, and dry
equi val ents of the invention CLAIMS Wiat is clained

iShindlmAhsEa e bhukonssER b EmApLdut al shem'i@lbltﬁd #1Gradlly of discrete
| east one detector for signaling
tubes using conventional laser, high-pressure water, and mechanical cotting methods.
[0069] FIG. 20'is a flowchart that shows the steps ofla fourth exeﬁzpiary etﬁbodimsnt of
tﬁe tube malcing method. In step 931, 2 sheet 980, 980° of thé desired tube material 1s
provided, and in step 932, the éhest 980 is formed into 2 tube 981, 9817 of a desired
shape, as shown in FIGS. 12A and 13A. The sheet 980, 980" may be formed into the
desired tube shape in step 932 by forming it around a correspondingty shaped mandsel
stmilar to that shown i FIG. 18B. The ma-tchiﬁg, oppesing edges 982, 982> of the tube |
Qé 1, 9817 are then bondéd to one another in step 933 to complste the tube 981-, 981" as
shown in FIGS. 12B and 13B. Bonding may be accomplished using any suitable and
appropridie bonding method, rsuc':h as Weiding. | |
{0070] Another -emboaimcnt of the invention is 2 system for detecting the service
lifetime endpoint of a PVD targe% structure. FIG. 5 1s an embodiment of such a system,
- denoted by nux‘ncral 300. The systém 300 comprises a PVD procéss chamber 310, 2 PVD
target structure 320 such as shown in FIGS. 2A, 2B or 3, disposed in the process chamber
-310 and a monitoring device 330 connected to the P@ target structure 320 for in-situ

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

340 of the PVD target stricture 320.
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that the slab of consumable material is approaching
or has been reduced to a predeterm ned quantity of
t he consumabl e material, wherein the at | east one

det ector conpri ses: an encl osure at | east
partially enbedded within the slab of consumabl e
material; and one of a filanent el enent and

el ectrode el ements, disposed within the enclosure.
2. The sl ab of consunable naterial of claim1l wherein

-- : @{!?}%(l)fl %‘1% gt GonsuBhlLG. JRL LS ERlenCONRd-885Mha sPDYS liklne
ap e |

position target. 3-The slab of consumabl e

St e SR O e e
process chamber 410, a PVD target structure 420, such as shown in FIGS. 4, 14, ot 15,
disposed in the process chamber 410 and 2 gas detection device 430 for in-situ
monitoring and detecting the inert gas de.f&cts;)r or detecior layer 440 of the PVD farget
‘structure 420.

[6672] Mthough the invention has been described in terms of exemplary embodiments, i
is not Jimited thereto.- Rather, the appended c:laimé shouid be construed broadly, to
inciude other variants and embodimerits o-f the nvention, which may be made by those

skilled in the art without departing from: the scope and range of equivalents of the

#Ivention.
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4. The slab of consumable material according to claim

1, wherein the one of the filanent element and the

el ectrode el enents extend fromw thin the encl osure

to enabl e connection to a signal nonitoring device.

5. The slab of consunable material according to claim

1, wherein the encloSure i s conposed of the

consumabl e materi al . Aﬂﬁjslab of consumabl e

mat eri al according to 6?% § wherein the one of the
Whaf islcBi®BBg i€l ement and the el ectrode el enents is

conposed of the consumable material. 7. The slab of
1. coAslatadl eonvameble ahatauaimomwmg)atdbﬁt o detgpier &rsigding

that’ glfl?eg ﬁ‘@%t Ql I%glfxsl | ? % 1ﬁt aﬁngge%cﬁll{jpgt I%%% bt%%lgtre uced to a
predét@imiaéd gedntiher %%hsudﬁﬂﬂé iptAt€rial pwBEemShe at least 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.

2. The slab of consumable material of claim | wherein the slab of consumable

material comprises a physical vapor deposition target.

3. Theslab of consumable material according to claim 1, wherein the enclosure

is evacuated to create a vacuum inside the enclosure.
4, The slab of consumé,ble material according to claim 1, wherein the one of the

filament element and the electrode clements extend from within the enclosure to

enable connection to a signal monitoring. device.
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8. The sl ab of consumable material of claim1, wherein
the signaling indicates an end of life of the slab of
consunable material. 23 9. A physical vapor
deposition target conprising: a slab of consunmmbl e
material; and at | east one detector for
_ S|gnaliﬂg that the slab of consumable material is

a | r AmPr G6RL
5. QR R nds R GRLBLURRR Gl MRS BB losure
is con‘iﬁt%e&j 6f e ktolisuaoiy nsesal.

6. The slab of consumable material according to claim 1, wherein the one of the

filament element and the electrode elements is composed of the consumable material.
7. The slab of consumable material according to claim 1, wherein the one of the

filarnent element and the clectrode elements is composed of an inert material that does

not affect the vapor deposition process.
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3.

an encl osure forned by a tube at |east partially-
enbedded within the slab of consumable material; and
one of a fil.anment el enment and el ectrode el enents,

di sposed wi thin the enclosure. 10. The sl ab of
consunabl e material according to claim1, wherein the
encl osure conprises a tube. 24 PVD TARGET WTH END
OF SERVI CE LI FE DETECTI ON CAPABI LI TY

The slab of consumable material of claim “1, wherein the signaling indicates an

end of Hfé of the slab of consumable material.



ABSTRACT OF THE DI SCLOSURE ~ A PVD tar get
structure for use in physical vapor deposition. The
PVD target structure includes a consunable slab of
source material and one or nore 'detectors for

i ndi cati ng when the slab of source material is
approachi ng or has been reduced to a given quantity
ragresentlng a service lifetine endnoint of the

@bym@ql W@]@quﬂegosf(np:q @rgej A?mpnsmg

a slab of consumable matenal, and
at least one detector for signaling that the slab of consumable material is
approaching or has been reduced to a predetermined quantity of consumable méterial,
wherem the at least one detector comprises:

. an enclosure formed by a tube at least partially embedded within the slab of
consumable material; and 7
one of a filament element and electrode elements, disposéd within the

enclosure.

10.  The slab of consumable material according to claim 1, wheremn the enclosure

comprises a tube.
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PVD TARGET WITH END OF SERVICE LIFE DETECTION CAPABILITY

ABSTRACT OF THE DISCLOSURE

A PVD target structiwe for use in physical vapor deposition. The PVD target
strocture mcludes a consumable slab of source material and one or more iiétec_tors for
indicating when the slab of source material is approaching or has been re_dug:éd‘ to a given

guantity representing a service lifetime endpoint of the target structure,

(FIG. 2A)
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