PVD TARGET WITH END OF SERVICE LIFE DETECTION CAPABILITY
RELATED APPLICATIONS [0001) This application claims the benefit of
U.S. Provisional Application No. 601720,390, filed September 26, 2005,
and U.S.Provisional Application No. 601728,724, filed October 20, 2005,
the entire disclosures of which are incorporated herein by reference.
FIELD OF THE INVENTION [0002] The invention relates to physical vapor
deposition (PVD). More particularly, the invention relates to PVD targets.
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(PVD) is a well known process for depositing a thin film o material on a
substrate and is commonly used in the fabrication of semiconductor

devices. The PVD procesBES-4didd 6B hiyhl{¥8um in a chamber

containing a substrate (e.g.-, wafer) and a solid source or slab of the

miyiel g e deposited or e, sybsirate, Leo 8 PR fargetIn ing PVD
process, the

arget 1s physically converted from a’solid into a vapor.

Thevaper ¢fihe targatmatesialds ransparted fiom the, RV 1argeddothe,

substrate where it is condensed on the substrate as a thin film. [0004]
There,as.aeny: soethods for ascpmplishing.RVRJncludingevaperaton,
e-beam evaporation, plasma spray deposition, and sputtering. Presently,
spatteriag is the most frequently used method for accomplishing PVD.
During sputtering, a gas plasma is 1 created in the chamber and directed
to the PVD target. The plasma physically dislodges or erodes (sputters)
atoms or molecules from the reaction surface of the PVD target into a
FIELD OF THE INVENTION :
10002] The mvention relates to physical vapor deposttion (PVD), More particularly,

the invention relates to PVD targets.

BACKGROUND OF THE INVENTION

[6063] Physical vapor deposition (PVD) is 2 well known process for depositing a thin

- film of material on & subsirate and 15 cormmonly used in the fabricatic;n of semiconductor
devices. The PVD process is carried out at high vacuum in & chamber contéining a
substrate (e.g., wafer) and a solid source or slab of the material to be depostizd on the
gubsirate, Le., a PVD target. In the PVD process, thé PVD target is physically converied
from a solid into & vapor. The vapor of the target material is transported from the PVD
target to the suéasf:ate where it i3 bondensed on the subsirate as a thin flm,
[0004] There are many methods for accomplishing PVD including evaporation, e-beam
evaporation, plasma spray deposition, and sputtenng. Presently, sputtering is the most

frequently used method for accomplishing PVD, During sputtering, & gas plasma is



vapor. of the target material, as a result of collision with high-energy
particles ( ions) of the plasma. The vapor of sputtered atoms or molecules

of the target material is transported to the substrate through a region of

reduced pressure and condenses on the substrate, forming the thin film

of the target material. [00051 PVD targets have finite service lifetimes.

.PVD target overuse, i.e., use beyond the PVD target's service lifetime,

raises reliability and safety concerns. For example. PVD target overuse
carfiRsHitinpererato ansfdrecPYD thedBiarnarssistém mrsimg pitiisalindisiodges

turn, may result in significant production losses, PV D, system or tool
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master and the accuracy of this method depends soIer on aHd&ton
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of the PVD targets are still less than they could be, as approximate
20s40spereaoinahthe-PMDABfgatitd epending-ypon the PVD target type) is
wasted. This problem is depicted in FIG. 1, which is a graph plotting the

erd ST préfifd of geisdnvedititnabPIDitEnget COPVIising: a-eansuMable: beyond
slab of source material. As can be seen, approximately 60 percent of the
origihalNgo &S oRrthes B{rtmargesarhetibosisve)fomainedrafténl Z6@hpie,
ac%umu_lated kw-hrs of operation of the PVT) process system. 2 [0007]

The 1OW AR &t Ttz StforT TS it tremaHe D hrges asnevmedrng. This,
service_lifetimes, creates high PVD target consumption costs. In fact,
P\}Bttlg,?g gjtag 6L.sulb I e L productionlosses, PV 1) systam or tool damage and

Asump

safety probiems.

100061 The sarvice lifetime of a PVD target is presently determined by tracking the’
accumulated energy, e.g., the number of kilowatt-hours (low-hrs), consumed by the PVD
'éystem or processing tool. The accumutated erisrgy method, however, tales fime io
master and the accuracy of this method depends solely on the hands-on expernence of the
tec‘mﬁician.rEven when mastered, the service Hfetimes of the PVD tafgets are still Jess
than they could be, as approximately 20-40 percent of the PVD target {depending upon
the PVD target type) is wasted. This problem is depicted in FIG. 1, which is a graph
plotti_ng the erosion profile of a conventiopal PVi)- target comprising a consumable glab
of source material. As can be seen, approximately 60 percent of the original quantity of
the PVD target (targst rgsidue} remained afier 1765 accumulated low-hrs of operation of

the PVD process system,



cost is one of the most significant costs in semiconductor fabrication.

Thus, if much of the wasted target material could be utilized, PVD target
consumption costs could be substantially reduced. This, in turn, would
significantly lower semiconductor fabrication costs and increase
profitability. [0008] The low target utilization also results in more frequent
replacement of the PVD target and, therefore, more frequent ‘
maintenance of the PVD system or tool. Further, when the PVD target is
repPREd, thheliiecteyisreaniesthiene TDplscBYS ferate Aewevizrgetrvice
[000,91,Accordingl , there is a need for an improved PVD target.
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consumable material c prises af easst Bnne
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of consumable material. [0011] In one exemplary em ent,

detestercemprsesamenciasurs aldeasi-paitially embedded withinthe - .

slab of consumable material and a filament or electrode elements
dispesedditibisathereficiosiye, In another exemplary embodiment, the
enclosure is evacuated to create a vacuum inside the enclosure. In

anbib] examplarir ermbidimentithedfilamentor dlegtradeglemnestss? the PVD
extend from within the enclosure to 3 enable connection to a signal

- mORTEST Y- deviverinstn Brotherexaivpiey Eritbdiimenterthe erdldsute:,

is composed of the consumable material. [0012] In another

ex‘é’HFﬁlg}%FﬁBéﬂ‘ﬁﬁféﬁﬁeﬂ%%%% ERSibRE SR BT Es AP RYESmpPess for the new

target.

f0609]  Accordingty, there is a need for an improved PVD target.

SUMMARY

[0016]  One embodiment is a slab of consumable material snch as a PVD targst for use
o physical vapor deposition. The slab of congumable material comprises at least one
detector for signaling that the slab is approaching or has been reduced to a predetermined
quantity of consumable material.

{60011} Iun one exemplary embodiment, the detecior comprises an enclosure at leagt
partially embedded v?ithin the slab of _corisumable‘ material and 2 filament or electrode
etements disposed within the enclosure. In another exersplary embodiment, the
enclosure is avacuated 1o create a vacuiun inside the enclosure. In another exemplary

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



enclosure at least partially embedded within the slab of consumable

material and one of a gas, a liquid, and a solid disposed within the

enclosure. [0013] in a further exemplary embodiment, the at least one
detector comprises a layer of material comprising a composition different
from the slab of consumable material, the layer of material disposed

adjacent the slab of consumable material, the layer of material being
detectable when at least partially vaporized. BRIEF DESCRIPTION OF
THEDRAWNG S:[B01 4k Gndhiwhichiisigeanh slotingithe:erosion profil@ment,
of a conventional PVD target structure comprising a slab of source
matier i 0015 Figpatkdsatbaseplamhitonaitustrating an exemplary
embodiment of a PVD target structure. [0016] FIG. 2B is a cross-sectional
viellthtbudh MBI RN CTRAimor1 Prdres) IBeakredsTSostivgt an
viegvt rough glusitratin ano h§r gdxempla[y embodiment of a PVD target
strie e o0 18 FIE I 6 S erS 8. SUHBAAT SHaR i PO AR e raand one of 2

exePiagy.Shaclmant 8f-a kM RAIaet siueture. [00191 FIG. 51 an
exeémplary embodiment ofa system for detecting the service lifetime

engpaint Owa%%g%ﬁﬁ%p&ﬁﬁocﬁ:&@&?@la@ﬁea@t iSanaler.exemplary ;-

embodiment of a system for detecting the service lifetime endpoirit of a

P\ fiargatisibugitn(0023b HGs: diand #8-a0e base Nlanviews oL RVD .
targets having plural tube-based detectors. ' _
layer of material disposéd adjacent the stab of consumable material, the layer of material

being detectable when at least partially vaporized.

BRIEF DESCRIPTION OE’ THE DRAWINGS

[0014] FIG. 1, which is graph plotting the erosion profile ofa conventional PVD target
Struchurs comprising & siab of source material.
| [6015] | FIG. 2A is a base plan view ilustrating an exemplary embodiment of 2 PVD
target structure, |

10016] FIG.2Bisa crﬁss=~secﬁonai view through fine 2B-2B of FIG. 2A.

[0017] FIG. 3 is & cross-sectional view through illustré.ting anothér exemplary
embodin'nent of a PVD target structure.

[0018] FIG. 4 is & cross-sectional view illustrating a further exemplary embodiment of
a PVD targst structure.

[0018] FIG. 5 is an exemplary ﬁ:ﬁzbodimant ofa syétam for detecting the service

lifetime endpoint of 2 PVD target structure,



[0022] FIGS. 8A and 8B are cross-sectional views showing two exemplary
locations where the tube maybe embedded in the base surface of the

target. [0023] FIG. 8C is a cross-sectional view illustrating an exemplary
method for embedding the tube shown in the location depicted in FIG. 8A.
[0024] FIG. 8D is an elevational view illustrating the thin foil depicted in

FIG, 8C. [0025] FIGS. 9A-9F are perspective views showing various
exemplary embodiments of the tube of the tub based detectors, [0026]
FIGODO]s patspectivetiewshpwing:thedemavel of 8mand ki@ moaldervice
member from a tube during the manufacture of same, [0027) FIGS. I IA
andt1Buredpersps atiélviewst shiowing an exemplary method for
manufacturing the tubes of the tube-based detectors in bulls. [0028] FIGS.
1209238 T3ASadkts 195 B peaspdenvicvien, BNewhitsthatimmriofiiiabs-based

tchfEQfgtged detectors manufactured using an exemplary sheet forming
method. f6'029] FIG. 14 is a perspective view illustrating yet another

exesuplary spmbosiment . PYD et stucture 000 FIG. 15isa_.

perspéctive view Illustrating st er exemplary e

target-ateic iR dROBLERIG: A shows.a tahle which ligts some exemplary

detector layer materials that are suitable for use with some exemplary

tamgabmatetiale {0321 FUGidEAS R fiawchad showing e siegs pta

first exemplary embodiment of a tube making method. [0033] FIG. 17B is

 a flowehéirtshowingsthersteps-obaisecansiexemptaryzgmbodiment

| [Qﬁit%] FI(G. 8D is an elevational vicw:ﬂlustraﬁﬁg the {hin foil depictzd in FIG. SIC.
[0025]  FIGS. 9A-9F are p;:fSpective views showing various -e;{empfary embodiments of -
the tube of the mbs-based‘ detectars.

{Oﬂiﬁ} FIG. 10 lis perspective view showing the removal of a mandrel-like maid
member from 2 ‘cﬁbe during the manufacture of same.

[OQZ’/’] FIGS. L1A and 11B are perspective views showing an exemplary methéd for
manufzcturing the tubes of ths tnhe-based detectors i bulk,

[0028] FIGS. 1 24,128, 13A and 13B are parspeétive view showing the tubes of the
fube-based detectors manufactured using an exemplary sheet forming method.

[GQZQJ FI(. 14 15 a perspective Yiew iltustrating 'yet another exemplary embodiment of
a PVD target structure.

[0030]  FIG. 15 is a perspective view illusirating still another e;ﬁe:mplaly embodiment of
a PVD target stracture. |

[0031] FIG. 16 shows a table which lists some exemplary detector iayer materials that

are suitable for vse with some exemplary izirget materials,



of the tube making method [0034] FIG. 18A is a perspective view of an
exemplary embodiment of a mold/extrusion-die apparatus, which may be
used in the tube making method. [0035] FIG. 18B is a perspective view of
another exemplary embodiment of a mold apparatus, which may be used

in the tube mating method [0036] FIG. 19 is a flowchart showing the steps

of a third exemplary embodiment of the tube making method, [0037] FIG.

20 is a flowchart showing the steps of a fourth exemplary embodiment of

the ke meking methatbREZ AR ES GRIPEIONJ0938b QR mbodiment of 2
embodiment is a physical vapor deposition (PVD) target structure having a
sefvicatifeimedhdpoint detector. FIG. 2A is a plan view illustrating an
exemplary _embodiment of a PVD target structure of the invention,

de by hemefdt 260 ErTE RSO VIR (S octersel ssetiomaddeniahit eoghdiment
line 2B-2B of FIG. 2A, The PVD target structure 100 comprises a
co%%t%%%%%%ﬁ’f@%?% desired source material (PVD target) and a

filagent detgctor 120, embedded in a base surface 114 of the PYD target
1 30, The BV D SR TI0 ot abe S Tt T SUHEE P13, he

basgisrfacs ki apnosite theeastion surfage i1z, 9%%1;%}%29%%@%&&86

surface 116 extending between the reaction surface 112 w

surbass) 1 14T herargekbe-man e, forme i 4Ry £:sHBabla:and: or » mol
appropriate shape including for example, circular, square, rectangular,

ovalpatrangulach inreghdat; et hheastargekihiGuarayibe formed using any

well known PVD target forming method. See for example U.S. Patent No.

Q%@OZZ@@“&@@S‘@WIT showing the steps of & third exemplary embodiment of
the tabe making method,

[0G37]  FIG. 20 is a flowchart showing the steps of 2 fourth exemplary embodiment of

the tube maling method.

DETAILED DESCRIPTION

[6038] One embodiment s a physical vapor c‘xsposition {PVD) taz'get structure having a
service lifetime endpoint detector. FIG. 24 is 2 plan view illustrating an exemplary
‘embodiment of a PVD target structure of the mvention, denoted by numeral 100 and FIG,
2Bisa cross~saé£iona;1 view through line 2B-2B of FIG. 2A. The PVD target gtructure

- 100 comﬁrisas a consumable slab 1l10 of 2 desired source material (PVD tﬁrg&t} and a
fiiament detecior 120, embedded'in a base surface 114 of the PVD target 1310,
[0039] The PVD tarpet 110 ‘comprises a reaction: surface 112, the base surface 114 |

' opposite fhe reaction surface 1 12,, and a sidewéﬁ surface 116 extending between the

reaction surface 112 wit‘n.the.b.asa surface 114. The target 110 may.be formed in any



- may be filled with an inert gas. [0042] The

Containing Sputtering Targets, And Methods Of Forming

Copper-Containing Sputtering Targets." [0040] The target 110, in one
embodiment, may have a diameter (in the case of a circular target) of 18
inches and a thickness of 0.250 inches. In. other embodiments, the target
110 may be formed to other suitable and appropriate dimensions. The

target 110 may be composed of any suitable and appropriate source

material including, for example, nickel (Ni), nickel platinum (Ni Pt) alloys,
nicketdifaniunapiofipe kyes cobiadi€ 6 calunpinuidiAd), eppperd@um)ular, oval,
titanium (Ti), tantalum (Ta), tungsten (W), indium tin oxide (ITO), zinc .
sulfitiessileoT thbbid el(Z/hS: Sies)] Lok {nks) feilved (An) andvothenmobRs/D targe:
metals, [0041] The filament detector 120 comprises an enclosure formed

by JTa5E Elfﬁl%vﬁ?g“ PSRl Sher &R 54 51958 ik afemssed

by i olators 126 The iso 26b h rmltlcally seal the '
mteéflor é—nﬁﬁ’b gﬁ%@@%@ﬁs ARES LIRS aS Sputtering

interigr.122¢ of the tube 122 In one embodiment, the air within the interior
122c of the tube 122 may be evacuated therefrom to create a vacuum

theteif INAR @HRmatve embodinentihg i f@tﬁaﬂmald%%ﬁe?i he ihe 122,

lament 124 includes bent

. maiginal engepetions.diddand 24 avhichextend i trauah the.dsalatarsents, the
126a, 126b. The isolators 126a, 126b electrically isolated the bent

margiral Endaportions i@ dagth24iniohihedi apreni-l24dimemsibestue &22: 110
and the PVD target 110. The bent marginal end portions 124a, 124b of
therfilabaearb24-ferhtimase REx @ty tofemofiliameattermicialigr feadsmpie,
125a, 125b, The filament leads 125a, 125b allow connection of the -
f.|a}h}eﬂt%ﬁﬁb@m&%ﬁwm@*ﬁn%@ra%émnza@w@@&@r’rbedlovs cobalt (Co},

aluminum (AI) copper (Cu), titaninm (T3, tantalum (Ta), tungsten (W), " indium tin oxide
(ITO), zine sulfide-silicon dioxide (ZnS-5i0y), gold (Au) gilver (AG) and other noble
metals,

180417 Tﬁs ﬁ}ament detector 120 comprises an enclosure formed by 2 tubs 122 7 having
-OpposImg opan ends 122a, 122b which are closed by isolators 1262, 126b. The isolators
126z, 126b heﬁﬁitioaﬂy seal the mterior 122¢ of the tube 122 and suspend a filament 124
Within the interior 122¢ of the tubs 122, 111 one embodiment, ths air withun the interior
122¢ of the tube 122 may be evacuated therefrom to create 2 vacuum thersin, In an
alternative amboc{limf:nt: the interior 1220- of the tube 122 may be filled With an inert gas,

' [0042] The ﬁlarziem 124 meludes bent marginal end portions 124a, 124b which extend

through the isolators 1262, 126b. The isolators 126z, 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



further on. [0043] in one exemplary embodiment, the tube 122 may be
composed of the same material as the PVD target 110. The diameter of
the tube 122 should be sufficiently small and its location suffiiently close
to the base surface 114 so that it is not penetrated until nearly all the
target material 110 has been used. For example, in one exemplary
embodiment, the tube 122 may have a diameter of about 0.5 mm. [0044]
The filament 124 is typically composed of the same material as the P VD

targgt 14 rtﬁ“fﬁ&laﬂ%ﬁm%‘{gré%ﬂﬁ?gi%%ﬁs"z%%.fqt ;g%?nael f‘aﬁ‘%ge{jasrbzesta, 125b

composed of a material which is different from eria

119:and-daesnot afiecthe £VD processingiresHli-Fhs flanept may. . .

- have a diameter of about 0.2 mm- in one exemplary embodiment. [0045
Théusetatars 126a, 126b are made from an electrically isolating material

or combination of materials. in one exemplary embodiment, the isolators
128143 6b: vreebempbmpusediofatctraniic,/S0chaasakominasfi203)same
[0046] The filament detector 120 functions as a sensor for indicating when
the"BVEs! fa et 0 HEES bidén Teridierateo of Budntieyld? shatdtibe sufficiently small
representing.a seryice lifetime endpoint of the target 100 structure. Any
usAYe B e PRI R GRS fOstIPe T B & aRE: %Hr?,ﬁdaﬁﬂfysmwe@g@ad until
overuse) will_likely result i rforation of the target 110 and system
argﬁ%?,yv%/}?iéc” in %?ﬁn ar_%ég)%?rzeqs%u afr?’ prodi i58ﬁ8§%§“§§’1§%¥%|

dampe.and salabopiobigmi,Lhg Wse.ol e flament getector 120 i the
e ice li

PVD target structure 100 maximizes the service [ifetime of the target 110

ang@ligwsacsurate: auomatedidetection 8, pfwhenhe BYD target . oo

structure 100 should be replaced to prevent the target related "

- 110, In an alternative embodiment, the filament 124 may be composed of a material
which is different from the material of the targ&f; 110 and does not affect th;e P\"b
processing result. The filament may have d diameter of about 0.2 mm in one exemplary
ermbodiment.

- [0045]  The isolaiore 1262, 126b are made from an eiectrically isolating material or
commbination of materials. In one exemplary embbdiment, the isolators 126z, 126b may be
composed of & ceramic, such as alumina (AlO4).

[0046] The filament dstegtor 120 functions as a seﬁsor for indicating when the PVD
target 110 has been redﬁsed. t§ a quantity of maierial representing & servics lifetime

_@ﬁdpomt of the target 100 structure. Any usage of the PVD targst strucmr; lb{} beyond

this quantity' (PVD ta?get overuse) will Iikely result in perforation of the target 110 and -

system arcing, which in tirn, may result in production ioss, PVD system or tool damage

land safety problems. The use of ﬁhe filament detécior 120 in the PVD targst stucture 100

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



problems mentioned above. [0047] The filament detector 120 is
constructed to exhibit a characteristic or attribute that can be in-situ
monitored by a monitoring device 330 (FIG. 5) connected to the filament
124 of the filament detector 120. In one embodiment, the characteristic or
attribute of the filament 124 to be monitored may be the electrical
resistance or impedance of the flament 124 and the monitoring device
330 maybe an ohmmeter. Using the example where the characteristic or

- attgibyip-dsitbeelectricalesistanse Shdnpedance o the flanment 1248t .

the beginning of the PVD target structure's service lifetime in a PVD
preegsisahambrhdheselectrical resistance or impedance monitored by

the monitoring device 330 will be some initial value. As the PVD target
110@+ode$hd dimgeR i Bgpracksingyihioiatettricahiesistaneetaistic or attribute
impedance will remain at the initial value until the tube 122 is breached to
expeseahecfitafie mapwsddysraed imaraiaine 1200EHe PuDgrdtess,
thus allowing the plasma (in the case of sputtering) to contact and erode

theé FIRTTRAT T2, RFRETTATS BECRS e BIEBHTAPPELTSRINGS Siaiibathnce
will_change.from. the initial value, therehy indjcating.that the PVD target
0 e B e B T W RESh S o
q it r ining may be some predetermine »
pgrﬁggﬁ%(éa%%%?t e%o??tféﬁ\ngllé%rg%%ao ﬁ%ﬁ%?&e%vﬂuo.Eiorﬁg(ggmaﬁlg{l%mdﬁ%‘
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124 is Tirst exposed may be approximately 0.5 percent of the origina

quaity.afe hreiargehidO. As.the tgetis furtherrusedo.the RMR s service
process chamber, the target 110 and the filament 124 will continue to be
erodecnantilthe Tilarment i24qfractiresctibencihisoecutstherelestrigal-od by
resistance or impedance will change again because the filament 9 ‘
the monitoring device 330 will be some initial value. As the PVD targst 110 erodes -
during PVD processing, the electrical resistance or impedance will remain at the initial
vaiue until the tube 122 is breached to expose the filarment 124 suspended in the tube 122
to the PVD process, thus allowing the plasma (1n the case of sputtering) to contact and
erode the filament 124, When this occurs, the electrical resistance or impedance will
change from the initial value, thereby mndicating that the PVD target soacture 100 is
approaching the end of its useful lifs. At this gjc;'mt, the quantity of the target 110
remaining may be some predetermined percentage of the onginal quantity of the targat
110. For example, in one embodiment, the quantity of the target 110 remaining when the
filament 124 is first exposed may be approximately (.5 percent of the original quantity of
the target 110. As the target is further used in the PVD process chamber, the'targct 110

and the filament 124 will confinue to be eroded until the ﬁlamcnt‘ 124 ﬁractul;es. When

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



124 becomes an open circuit, thereby indicating that the PVD target
structure 100 has reached the end of its service lifetime. Using the
previous example, the quantity of the target 110 remaining when the
filament 124 fractures may be approximately 0.2 to 0.1, percent of the
original quantity of the target 110. In response to the second change in
electrical resistance or impedance, the operation of the PVD process
system or tool may be halted manually by a technician, or halted

aUt?ﬂaJiz%%H%Pé(n%SéQ%ﬁ@ﬁ%&&%ﬁ} &..mopiforing d 'C&éé%f%%%m

-process system or.too (or a controller that'operates the t6o

Refening:naveie F& 3riheredsshowna grosssssctionalyiew diystrating.
another exemplary embodiment of a PVT target structure, denoted by "

- numegal 100 Aeink WR=tangeiiatnsaturs: Z00hcermprisessthecarieny 0.2 o 0.1
described consumable target 110 (composed of a desired source
materia)aitanglvcirpdeidptetior 226!, dhbeddedincthebhaseaslitiacge: i
114 of the target 110. The electrode detector 120 is similar to the filament
detBEfRER IPBF TRe e RIRDBaIPRECE B THAP tiediarietn 24 tiw! may
replaced by two separate, opposing electrodes 124a’, 124b'. The
cleBiFaHEE PRI SU HARAEDER Tt GiHaFaht borticrasea! Fomphbe
which extend through.the.is rs 126a, 126b. The bent filament portions
e e et el e U BT
Thglglmﬁnt leads 125a’, 125b' allow attachment of the electrodes 124a’
124b' to the earlier described monitoring device 330 (FIG. 5). [0049] In

opegatien, the-elactredes t4a) dedbofihe elestodedetecior 120wl .

detect a current generated by ions in the plasma entering the tube 122
whemthe tiberl2? safiditrdetesteri20tis-brepehed, tbiscambeodimanio’ The
the monitoring device or 10 '
PVD target structurs 100 comprises the earlisr described consumable target 110
composed of a desired source material) and an electrode detector 120°, embedded in the
base surface 114 of the target 110. Tbel electrode detector 120’ 18 similar to the filamen:
detsctor 120 of the previous embodiment, sxcept that the filament 124 is replaced by two
separate, opposing slectrodes 124a°, 124b°, The ellectrodas 1242, 124b” mnclude bent
marginal end portions 124aa, 124bb which extend throngh the isclators 1262, 126b. The
~ bent filament portions _1243&, 124bb terminate externally to form filament lzads 1252,
125%°. The fllament iaads 12527, 125b” allow attachment of the electrodes 1242° 124b’ to
the earlier described monitoring device 330 (FIG. 5).
| T0048] I opergtiom the electrodes 124a’, 124b° of the electrode detector 120° will
detect & current ggncrated by‘ ions in the plasma entering the tube 122 when the tube 122

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

10



instrument connected to the electrodes 124a’, 124b' maybe a current
measuring device or instrument. [0050] FIG. 4 is a cross-sectional view
illustrating another embodiment of the PVD target structure, denoted by
numeral 200. The PVD target structure 200 comprises a PVD target 210
composed of a desired source material, as in the previous embodiments,
and an inert gas detector 220 embedded in the base surface 214 of the
target 210. [0051] The inert gas detector 220 comprises a tube 222 having

OPRRSINGLAPER.ENAS 242812220 d eslube 222 maybe similar or identi %@Lm

to the tube described in the embodiment shown in FIGS 2A and 213, The

openends.2d2a, 222b of the tube 222 are closed and hermetically sealed

by closures 226, such as plugs made from the same material as the tube

22peFanyFhthe i suitaklermatesialsthidhtshe: 22 2nisilteshvdthnam: ivergasD

224, such as helium (He), which does not affect the PVD processing

resuiget [00BRIH degeP YDprovessifig! thé’ 18itet 206ris: s Ri0monitoseds PVD

- for emission of the inert gas 224 by a gas detection device 430 (FIG. 6).
ASHREPVDePRHES £0 ﬂe?gé’rﬂ’é'é QRGP p RIGE SaTrRIS s BT agim ey and an

remains ugd.isturbed in the tube 222, until the tube 222 is breached by

PVASDEEEsE Tbtces, BiSte Shitditigplatinal Ohck thisottirs, the
D A G B e A e S s

ction device hé gas detection device

optigal epussiaN. SRECHOSCORY. (QES) ’G§Q§Lﬂﬁ%lz%§§h%r?%§gﬂ|§s£§§e'é‘)lh Ae

other suitable detection method. In one exemplary em ment, the iner t

gasHitaster 220:allewsihe target 21010f the-RYE target stryetire 20049,

be reduced to a quantity less than 0.5 percent of its original quantity. 11
closed and hermetically sealed by closures 226, such as plugs made from the same

matenial as the tube 222 or any other suitable material, The tube 222 is filled with an
mert gas 224, such as helium (He), which does not affect the PVD processing result.,
[005?] During PVD processing, the target 200 is in-situ monitored for emission of the
mnert gas 224 by 2 gas detection device 430 (FIG. 6). As the PVD target 210 erodes
during PVD processing, tlhe inert gas 224 remains undistirbed in the tube 222, until the
mbé 222 1s breached by PVD process forces, e.g., the sputtering plasma. Once this |
occurs, the mert gas 224 filling the tube 222 is emitted and may be de:‘sectéd by the gas
detection device 420. The gas detection device 430 may be by optical emission |
spectroscopy (OES), residual gas analysis {(RGA), or other suitable detection method. n
one exemplary Bm’t;odirnépt, the inert gas detector 220 allows the tai*get 210 of the‘ VD
target sﬁ-ucmre 200 to be reduced to a quantity less than 0.5 percent of its originaﬁ

guantity,

11



[0053] Thus, the inert gas detector 220 operates as a sensor to indicate

when the target 210 of target structure 200 has been reduced to a

guantity representing a service lifetime endpoint of the target structure

200. [0054] In another exemplary embodiment, the inert gas filling the

tube 222 of the gas detector 220 may be replaced by another substance

that does not affect the PVD processing result. The substance may be a

solid or a liquid that is capable of evaporating when exposed to the P VD

Progess; torghanie detectionafine-sybstance thetealler, The. Solid - o 0o

substance may be powered material listed in the "coate(? matenial” Column. &

of the dehleshowrin HG:16whichlisis:sarasexgmplanymaterialsthat .. ..

will not effect the PVD processing result of respective exemplary target -

‘matetelsiisted inrthesttarget material” column of the FIG. 16 table, The:

liquid substance may be an inert gas (e.g., helium) in liquid form that may

belf{jattedrinretiie tbep Mvhenififbchwithha tiquidasistarice nte2 206 the gas

may have a diameter as small as 0.03mm. [0055] The PVD target :

strﬁ%ﬁ??@%‘%@@?%’ BOreRiatrdBE cRESa dp e B risecsinghst tib8Fased

detector :L%O, 1%0‘ 20. @ othgr. exemplary embgodiments, the target L
PR TFE RS Rom B SR HITH R4 B 25850 G- FeiaRtd [ S FiprbstPA GRS ating

Structuré may

th Dt eferably in the more erosive positions of the target
%vge\lé: ré%%%t%&“" L@IB I‘E{mc“sitiﬁ Shnle dytecton of ?;t%‘}’&%%‘r% trpdter. The

(e.g., istributing mi ube- base

targetingreases.detectionpniformity and allows %L%gg%gé%%%?l%%’ gl fhe

target erosion. FIGS. 7A and 7B, illustrate two exemplary em ment

a EVBsRarget-stiacture/500 1R QoeenepLsg-fWe.ok Mmare;: hehased. . pvp

detectors 520, 520' (each having, for example, a length of 4 cm or less)
distibetétkacsossthelase:surtaperbids S ktiaf thai RMDtarget B0 IO 1

and embedded therein. As shown in FIG. 7A, the tube-based detectors

520y ﬁémigi%@@@hﬁdw¢%@G@8m¢awﬁ stady SO amd(e.g., helium) in
Liguid form that may be injected mto the tubs. When filled with a liquid substance, the
tube may have a &iameter as smeall as 0.03mm.
[0035]  The PVD target structures IOO, 100°, 200 dsscribad abov.e COmpIise a single
tube-based detecior 120, 120° 220. In other exemplary embodiments, the tareet struchure
may comprise multiple tube-based detectors distributed across the PVD target, prsfsfabiy
in the more t:rosiye positioﬁs of the target {e.g., FIG. 7A). Distributing multiple tube-
based detectors BCTOSS the target increases dstection uniformity and allows detection of
localized targst erosion. FIGS. 7A and 7B, illustrate two excmpia}y embodiments'éf 3
PVD target structure 500, 500’ COImprising two or more,- tube-based detectors 520, 520°
{each baving, 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 targst slab 510 and
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12 separate from one another. As shown in FIG. 7B, the tube-based B
detectors 520' maybe distributed radially across the target 510" and such
that they converge with one another at the center of the target 510'.

[0056] In some exemplary embodiments, the tube-based detectors 620

may be embedded in the base surface 614 of the PVD target 610 so that
the tube 622 is flush with or slightly recessed from the base surface 614

of the target 610 (as well as the target base plate 650, which may be

m llQy, such as.Cu- any other, suitable . :
e R D AN R R 0 may e
embadiment. 88 Shewes IR FiG 86 By {anninghe BV 1arget810.as a . .
source material member 610.1 made of the desired 'source material (e.g.,
tantaluejeantiantinterface member 610,2 made of an interface material
(e.g., titanium). The abutting surfaces of the source material and interface
mdfibérs tlebandEil? maydegrovide diwithecoriespanding twbebe
receiving grooves 611.1 and 611.2 which are sized and shaped to receive =
a parteiet hénise-aedacT ht tibiee 2 hstplaved indhietdivewec&Ningflush with
grooves 611.1 and 611.2 and the source material and interface target
méEmBed B TS d BT, e b6 2 ed i g sk cBlanghe 5ozt base
are%lgtc()an D%S(zj other_using a hot press bonding process performed

ata pres

t .Qne a
N PP e SR B A SR R bire S A End

int members 610.1 a 10,2 ,.the tube 622 and. the target base _.
T A e s o dment

ang temperatire depepdsipon the material ofthe hase plate. the saurce, . |

material of the target, and the bonding time In the example used above

(egladeoppers Raseipinte anddantalum squice material,the lemperature, .

and pressure used may be about 400 C (slightly over 1/3 of the melting

tenfperatisrésof mapper \WhickdSium). The abutting surfaces of the source matérial and
mterface members 610.1 and 610.2 may be provided with corresponding tubs receiving
grooves 611.1.and 611.2 which are si.zed and shaped to receivé a portion of the tube 622, |
The tube 622 is placed in the tubs receiving grooves 611.1 and 611.2 and the source
material and interface target members 610.1 and 610.2, the tube 622 and the target base
plats 650 are bonded to one another using a hot press boncﬁﬁg procass performed at a
pressure and temperature sufficient to canse the source material and mterface members
6101 agd 610.2, the tube 622 and the target base éiate 650 to physically bond to one
anothe;r. Specifically, the préssure and temperature depends upon the material of the base
plate, the soﬁrce material of the targst, and the bdnding,ﬁme.' In fhe example used above
(e.g., ciopper base plaie and tantatum source material), the temimramre and prcs;ure ﬁsad

may be about 400 °C (slightly over 1/3 of the melting temperature of copper which is

10_83 *C) and about 13,000 psi, respectively. In some embodiments, a thin foil §10.3
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1083 C) and about 13,000 psi, respectively. In some embodiments, a thin

foil 610.3 13 made of the source material may bé disposed in the tube

receiving groove 611.2 of the interface member 610 2. The foil 610.3,

shown by itself in FIG. SD, may be used as a barrier layer to prevent

atoms of the interface member 610.2 from migrating into the area of the

groove 611.2 of the tube 622 and the source material 610.1. In other

embodiments, the tube-based detectors 620' may be at least partially

‘ embedde@ the base surd face 61% g et 610' so.that the to
thetibe 622 1 &M ab o%/l%%ﬁe L 3176t tie Brget é&f{fé the

shown in.FIG. 88 chhe 2rgethaseplale 630, 'rrx‘é F‘;E“}%%%B“{ﬁ ¥B" Phec as z

include a recess 660 for receiving the portlon of th

_profruclesfrom theycasesudacg814aftheltarget fl0% 59 %&%ﬁ%ethu ares
surface 614" of the target 610 may lie flush on the target base plate 650’ :

[0057hd hedube(spafrtine tikeshased Heteatorsmay e constiusted dRmNments,
suitable and appropriate shape. The tube may have outer and inner
suttscebahaiideeitenticl] ordifferétscresiziectivnalshapes tkd&Grface 6147
9A-9F are perspective views showing some exemplary embodiments of :
therfubrr FG 9 ashshks tape70odhadihy suitesvdinnetishrfacesacs 614’
710a 720a with circular cross-sectional shapes. FIG. 9B shows a tube

708D RV WLk SRRFRAEE 1SufEced s HOB POt sharmdRig cmbodiment

cross-sectignal sha EIG. 9C shows a tube 700c haying an outer
suftad emﬂlgc it apsfgc?ae{?e‘gf:ols‘; P& LR BAA Shape° A g‘r‘r%‘?‘r%?%ﬁi’fﬁtgeﬁom the

72Qc with:a. Cirewlar Gross:s §5'9n@$ %5&99& G 90 shows %ﬁb&r@? a&% may

having an outer surface 710d with a circu far cross-sectional apean
inner sewface.s 20dwith-a friarguar cross-sectional shape. FIG. 9E show

a tube 700e having an outer surface 710e with a circular cross-sectional

shapsandran dnRe) sofrcabli20e-withizctors may be constructed in any suitable and
appropriate shape. The tube may have outer and inner surfaces that have {danticai or |
different cross—sectional shapes, RIGS .V 9A-GF are perspactive views showing some
sxemplary embodiments of the tubes. FIG. 94 show 2 tube 700a having outer and inner
surfaces 710z, 7202 with circula: cross-sectional shapes. FIG. 9B shows a tube 700b
having outer and inner surfaéas 7100, 7206 with diamond cross-sectional shapes. FIG.
aC shdws a tubs 700c having an outer surfacs 710¢ with a square cross-sectional shape
and an iomer surface 720c with a circular cross-sectional shape. FIG. 9D shows & tube
700d having an outer surface 710d with a circular cross-sectional shape and an lnner
surface 720d with a triangular cross-sectional shape. FIG. 9F show 2 tube 700¢ having
an 6utcr surface 710e wzth a circular cross-sectional shape and an inner surface 720e with
a sguare cross-sectional shape. FIG. 9F shows 2 tube 700f having outer and inner

surfaces 710£, 720 with square cross-sectional shapes. The outer and inner surfaces of
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a square cross-sectional shape. FIG. 9F shows a tube 700f having outer
and inner surfaces 710f, 720f with square cross-sectional shapes. The
outer and inner surfaces of 14 the tube(s) may have other cross-sectional
shapes including rectangular and oval, to name a few. [0058] Referring
now to FIG. 14, there is shown a perspective view illustrating yet another
exemplary embodiment of a PVD target structure, denoted by numeral
800. The PVD target structure 800 comprises the above described

consums JHEV targ £ 810 ( eg ofad eg sou rce material) and
adetect%kre IZlyer 50, dﬁé%gé%sa an%%]gﬁn? e“sbllé%e snllﬁflgé'e % ﬁﬁr Jd to name
target,810. In the embodlment of FIG. 14, the detector layer 820 may

couple the PVD target structure 800 to a base plate 850. [0059] FIG. 15

showsE prespesiive-vienrllustrating: sti UraRethgeaxermplancyembadiment;
of a PVD target structure, denoted by numeral 800'. The PVD target

stracttire 8GHnis sinitertdithe: BVOPiaiget structutere mboaie dim G190, The
except that it additionally comprises a target material layer 830 disposed
ovEMh daeisteETEtay 8P BoUTrsth e mbubitvenibef FIGTEBIthE Argetet 810
material layer 830 couples the PVD target structure 800' to the base plate
85@%@%? i e EFib e MEBRP TS 2 L4 tasier im7ame batispespdayiéacent the

ed of a material, which is different from the PVD target

AT SR RSt STEEcus VDS FrOReCEl i g ahoulear 520
hich li mplar lay Is th .
tsi?tﬂ:aﬁvl\:a Fi} t%tsﬁﬁq%r% %}lggéectorata ggﬂtn%t rlast at are

ruse re§’pec ve exemp ary ta erials. [0061] When

Plagiastikes thedeleriptinie B LG EUD Laroal llchure, 50D or

durlng PVD processing, the detector layer emits a vapoar}‘ which™T may
bedﬂb‘éﬂ.ﬁn@m of a PVD target structure, dencted by numeral 800°, The PVD targst

structure 800 1s similar to the PVD target siructure embodied in FIG. 14 except that it |

additionaﬂy comprises a targst material layer 830 disposed over the detector laysr 820.

In the embodiment of FIG. 15, the Laroet material iayﬂf 830 Loupluq the PVD tar get

struchurs 800" o the basa plate 850

[60607 Inthe embodiments of FIGS. 14 and 13, the detector laver 820 is composed of &
* material, which is different xroﬁ the PVD target material and does not affect the PVD

processing result. FIG. 16 shows a table which lists some cxemplary detector la}ff:r

materials that are sultable for use WI“C; raspective cxemplary target materials.

[6061] When plasma strikes the detector layer 820 of the PVD target structure 800 or |

300 duzing PVD processing, the det;actér layer ernits a vapor which may be in-sitn

manitored and detected by OSS RGA or other like detection methods.

[0062] The endpomL detactmn resolution of the PVD target structures 800 and 800°

.may be increased, by using two or more detector layers which are compesad of different
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monitored and detected by OES, RGA or other like detection methods.

[0062] The endpoint detection resolution of the PVD target structures 800

and 800" may be increased, by using two or more detector layers which

are composed of different 15 materials. Thus, when plasma strikes the

first one of the detector layers, detection of that layer will indicate a first
residual quantity of target material remaining and when plasma

subsequently strikes a subsequent one of the detector layers, detection of
that layer will _indicate a subsequent residual quantity of target material
renMIIE- whith K 1SR WiAR THEHrbGiTHs TRshtar ﬁﬁﬁ&ﬂ@fﬁﬁﬁﬂiﬁﬁﬁmw of that
layers of other. matetials may be added, if desired, tq provide an o
ER il St
tarQ@&ﬁH&é‘ﬁW‘éﬁiﬂ%@% Qﬁb&‘aﬂgﬁ%@ﬁ% ﬁgé%qa%geﬁﬁ%’ﬁ{% £t laver will

without a target base plate. PVD processing systems and tools may use

theRidRdarget-sesecireswihautsignificanthardware Modifications iees than the

and/or changes. Further, the PVD target strictures maybe used in

- differenhmagidetic]PAAD gy @ittt lagding-Mmagnetas i Sy steiiss added, if desired,

capacitively coupled plasma (CCP) systems, and inductively coupled

plasmz viic B) wyistenes, tornafdéiafewesithe! RvDttargeefdie. invention

may also be used in all types of PVD Hower supply systems including,

witﬁ/’@ﬁ@]imi@ﬁ“o?w\,f%i%@?&%ﬂ?iﬁdﬁ@fb%ygﬂé'ﬁﬁeél%ﬁrﬁﬁﬁglémmsmwéh or

systems, and radio frequency power systems. [0064] Another embodiment

is & THSHhEA8r REKIAG the tubB B e TR bRSCATHFaY SienEs, tareet

FIG, 17A presents a flawchart that shows the steps of a first exemplary
s R A e ot 1A Stop BOL S RORre oD

e
appagatus 260 (FIG +18A)is REewided which compi

€S conc?%t[igallg/ .
disposed outer and inner die members 951, 952. Tffe Sffté?ca‘ﬁd’ﬁﬁr‘%"eﬁ“dfem

m%ﬁ%&%ﬁﬁ 8@;&&5&@5@@@&&[@5}@@(@@@@&@, and inductively coupled plasma
(ICP) systems, to name 2 few. The PVD targst of the mvention may also be used in all
types of P\@ DPOWEL supply‘systf:ms mcinding, without linntation, direct current poWer
systems, alternating current power systems, aad radio fréquency power systems,
[0064]  Another embodiment is 2 method for malking the tube(s) of the tubs-based targe:
structures. FIG. 17A presents a flowchert that shows the steps of 2 first exemplary
emBodiment of the tube making mgthod. In step 901,48 moldfextmsion—cﬁe apizaratus 850
(FIG. 1BA) is provided which comprisés concentrically disposed outer and inner die
members 951, 952, The outer znd inner die members 95 i, 952 are sach made of a.rigid
material suitable for extruding and/or casting metal, meta! alloys, and/or metaliic
materials. Suitable die member materials may include, without Hmitation, céramic
materials, polyﬁleric materials, metallic materials, and combinations thereof, The inner

surface 951a of the outer member 951 of the apparatus 950 is configured to form the
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material suitable for extruding and/or casting metal, metal alloys, and/or
metallic materials. Suitable die member materials may include, without
limitation, ceramic materials, polymeric materials, metallic materials, and
combinations thereof The inner surface 951a of the outer member 951 of
the apparatus 950 is configured to form the 16 outer surface of the tube
and the outer surface 952a of the inner member 952 of the apparatus 950
is configured to form the inner surface of the tube. in the embodiment of
FIG. 18%&10% outer member 951 of th%gg&aigg%s 950 is confi%uggg_l with a

cir%ﬁﬁ%rscross- Sec%igﬂﬁgﬁgﬁggeﬂg}?as[ € inner mer‘rt%ﬁ”:elpjé%rér1 8?’%?1 ol the

apparatus 930 is configured with %‘e%ﬁw@ﬁrﬁ&ﬁgﬁﬁg ié)b%alégt 0 RUEN A, o

mold/extrusion-die apparatus may be used to make the tube shown in

FIGIQAsK isscontemplairdohowanendhalthe outet AndInet e mRels: cross-
951 and 952 of the apparatus 950 may be configured to make a PVD

targeti tubeshabanyddesired: shape:inciuding: ionexample, ithedobesshowa .

in FIGS. 913-9F. [0065] Referring again -to the flowchart of FIG. 17A, step
902rof thenrrethd cehspeise Siektrudind/ & tesire ditulye matenial the asghto make
the space 953 defined between the outer and inner members 951, 952 of
thémidkr ARTsTOALES ApPafaer OngaRsthesichemayias perfomddehasing
cold or hot extrusion methods. In an alternate embodiment, step 902 of

th& FRRAS A cofffrises CASRRBARRREIBE 15 ¢ thaRsFAl hitrtise Spacerset tube
953.defined :_Be ween the.outer gnd'in]ner_ members 951, 952 of the_
mOldiitERUSIOR GiE ApPaFattis g5 ‘L atiHy il BE Bertormed By
mﬁ%@g}thﬁ%&iﬁ%da&%%o’%%g%”%'cﬁn payringor iniecing the molten wbe
material into the Space 953 defined between the’ outer and inher :

Menbars.95d.-992 0f he.ARpaallsPRQ Jf.the lbe material is formed by -

casting in step 902, then step 903 is performed wherein the tube is

remayad:frprthe1appasatts 90 Aftesion-dis apparatus 950, Extrusion may be
performed using cold or hof: extrusion methods. In an alternate embodiment, step 902 of
the method comprises casting the desired tube material into the space 953 defined
bstweé; the outer and inner members 951, 952 of the molding/exmrusion die apparamé
950, Casting may be performed by melting the desired tube material and ponring or
injecting the molten tube material into the spacs 953 defined between fhe outer and mmer
members 951, 952 of the apparatus 950. If the tube material is formed b)lf castiﬁg In step
902, then step 903 is performed wherein the fube is removed from the apparatus 950 after
the molten tube material has cooled and solidified.
f0066] FIG. 17? presents a flowchart thét shows the steps of z second exemplary
smbodiment of the tube making method of the invention. In step 911 2 mold apparatus
960 (F1G. 18B) is provided which comprisesa man&rel—iik'e moid member 961. T.he‘ mold

. member 361 is made of a rigid material suitable for forming thereon a layer of metal,
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the molten tube material has cooled and solidified. [00661 FIG. 17B
presents a flowchart that shows the steps of a second exemplary
embodiment of the tube malting method of the invention. In step 911 a
mold apparatus 960 (FIG. 18B) is provided which comprises a
mandrel-like mold member 961. The mold member 961 is made of a rigid
material suitable for forming thereon a layer of metal, 17 metal alloy,
and/or metallic material, using PVD or electrical chemical plating. Suitable
.mold ember ten&l‘i{n@é nclude, wi tli |tatlo§ ceramic materials,

pli kS A Erle’ﬂl? ahd SbRisTHS TR RS itble

panmerlC r“rliéfflerlals metalll

mq{fmgar@agﬁr%@;wagmg@@ﬁ%a@ua&@&hg%%lgnua%;asnwfac‘% J6tawhich .

is configured to form a tu aving outer Inner surfaces ofi

substantiallythaisameshapsdl &Eﬁeﬁﬁmﬂatﬁ%@dﬂmeﬁ&af&éﬁba}%%x the

the outer surface 961a of the mold member 961 is configured with a

Cirepfaraciosso sechional-sbape:Sochwipbld appaEaSIRMnensethioi s outer

make the tube shown in FIG. 9A. It is contemplated, however, that the ,
- meterimsariseries) disthetmokd a s aretesi860- Ml towonfifrio da: BTAKES.
a PVD target vibe of other desired shapes including, for example, the
tudES sREWHH IS 9Bz Ao OB REfRp ki arfidree tighflovirchrtoross-
of FIG. 173, step 912 of the method involves depositing a desired tube
SRS e Be Ao FFATE D63 B e oAl

deflred flmttyckn%ss (wall hlcknes fthetu Lﬁj chlev d. The
I

depositing Step may be per Simsdt mgp%? r?(?&laﬁeﬁ%%pay

Plaling (BCR): andlor E’Wﬂ“@ﬁk@o% 'Qf%‘@rﬁ 14k dhg, ma”%rﬁugﬁl% r?oglgz‘,amelw

member 961 and the tube are separated rom one another. In an
exgmplary amhodiment, dhe.separation step may be performed by

physically withdrawing the mandrel-like mold member from the tube, as
[0067] Referring again to the flowchart of FIG. 178, step 912 of the method involves
depositing a desyred tube material onto the outer side surface 9562 of the mold member
961, mnii! a destred film thickness (wall Lhzoluness of the tube) is achieved. The
depositing step may be perfonmed using, for example, electrical Ghemicai plating (ECP)
and/or PVD methods. In step 913, the mandre}—like_mcld memher 961 and the tube are
separated from one another. In an exemplary embodiment, the separation step majr be
‘performed by phiysically withdrawing the mandrel-like mold member from the tube, as
shown mm FIGz. 10, in an altemative exemplary embodiment, the seéaration step may be
performed ehemicaily by the mold member using an etchart.

[0068] FIG. 19 presents é.ﬂowchaﬁ that shows the steps of a fhird exemplary

hBErE SEFuET S 9A.

embodiment of the tube making method. In the third exemplary embedimenf of the tube

making method, the tubes 1s made in a bulk mamifacturing process. In step 921, multiple

bores 941 are formed in 2 bulk quantity of a desired tube material 940 as shown in FIG.
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shown in FIG. 10. In an alternative exemplary embodiment, the separation
step may be performed chemically by the mold member using an etchant.
[0068] FIG. 19 presents a flowchart that shows the steps of a third
exemplary embodiment of the tube mating method. In the third exemplary
embodiment 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 quantity of a desired tube material 940 as shown in FIG. 18 1 IA. The

muliple- Bares, L. define thadanersuraces of aplural Liéa?ftg 9@%@%@5@

922, the bulk quantity of material is cut or sliced into a pluralit

tubes 942 iasi shevibrFterl:l B.eachpithe. Wbes 942 comprising . 0ne 7 4;

of the bores 941. The bores 941 may be formed using conventional laser,
higihpress IS WaRY sxebetehingssont doyneiehingrmetiieds e bullse bores
material 940 may be cut or sliced into the plurality of discrete tubes using
coAvembnzl fagerd hige prassurennater; dnghrmeckanivatccuttingchgtheds. dry
[0069] FIG. 20 is a flowchart that shows the steps of a fourth exemplary
enfiotRnBItSE thé toBelnTeaig Mated: i swproBechivhee: DSTIOBOL discrete

the desired tube material is provided, and in step 932, the sheet 980 is

forfA WStBSL b g 81al ST O S aesiiug KHSpEnd SRS WA RIS e ds.

eet a bef rmed into the desired tube shape
ﬂ) 3%?&%%?& agraélgﬁ agftl:%"? Fe8p S ygflfégeaéeﬁ‘i‘a it gmbodiment of
s'rm%cz L LA S N s e S S A

~ of the tube 98T, 981" are't bonde 0 one’another in step

copipletecthedube:§8d 9L as-shamn ﬂﬂhﬁi@ Rt 2Rt 138, ’BO?%CHD&"UCI

may be accomplished using any suitable and appropriate bonding
method, suahas welding: 100:40]1Anothe:prabegtiment of the ivantion s:a

system for detecting the service
desired tube shape in step 932 by forming it around a correspondingly shaped mandre!
stmilar to that shown in FIG. 188, The matching, opposing edges 982, 982° of the fubs
981, 981° are then boa&ed to one another in step 933 to complete the tubs 981, 981 as
SNOWT: 101 FIGS. 12B and 13B. Bonding may be accomplished using any suitable and
appropriate bonding method, such as welding, |
[0070]  Another embodiment of the invention is a sysiem for detecting the service
ffetime endpoint of 2 PVD targeé structure. FIG. 5 15 an embodiment of such a system,
denoted by nufne:ral 306. The systém 300 comprises a PVD procéss chamber 310, 2 PVD
target structluzje 320 such as shown in FIGS. 24, 2B or 3, disposed in the process chamber
310 and a monitoring device 330 connscted to the Pﬁ) target structure 320 for in-stiu
mozﬂton’ng the characteristic-or aﬁ;ibute of the filament ar electrode detector assembly

340 of the PVD target structure 320.
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lifetime endpoint of a PVD target structure. FIG. 5 is an embodiment of
such a system, denoted by numeral 300. The system 300 comprises a
PVD process chamber 310, a 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 PVD target structure 320 for
in-situ monitoring the characteristic. or attribute of the filament or
electrode detector assembly 340 of the PVD target structure 320. 19

[00¢F1G-8 ig gfg@ﬁ; é{;%mﬁgﬁlﬂ;ﬁps&f asystem far.detecting the service

lifetime” endpoint D target, denotéd by numeral 4?)0. The system

400, comprises P MR -Drocess chamber 410 MR iarael stheture: 420,
such as shown in FIGS. 4, 14, or 15, disposed in the process chamber o
416-ahek atgams detectiopide viee- 430 darinsBitusumonitbrng ardaetectingr 13,
the inert gas detector or detector layer 440 of the PVD target structure
42@sp02h Althoughstheainvertidninhs peelsidasorifmetinttérnsinfinu
exemplary embodiments, it is not | mired thereto. Rather, the appended
clahpslisHBa b o pro Sanidec il detstiveravaridtiteahe VD target
embodiments of the invention, which may be made by those skilled in the
ansm4agparting from the scope and range of equivalents of the

invention, 20 CLAIMS 1. A slab of cansumable material comprising at. .
ot Bl e R YT G e O O o o R S flmens,

apR H%’oa‘i{'n%’&%&h%% b%\%ﬂléﬁ qﬁlr:g %%8@%:?5&%9&%{8@@ d. construed broadly, to
incinde other variants and embodimsnts of the tnvention, which may be made by those

skillad in the art without departing from the scope and range of eguivalents of the

mventiorn.
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quantity of the consumable material, wherein the at least one detector

comprises: a layer of a second material comprising a composition

different from the consumable material, the layer of the second material

disposed adjacent the slab of consumable material, the layer of the

second material being detectable when vaporized. 2. The slab of

consumable material according to ctaimriss wherein detection of the

vaporized layer of the second material indicates that the quantity of the

slab of consumable material is approaching or at the predetermined

quantity. 3. The slab of consumable material according to claim 1, _ ~

whereir tHe By eP 6f feSethd matérial is BispoSad ‘Hetwdentthe STal of 7

consumable material and an additional . layer.of the co ble material. - ¢
“X=THE Slab of C’o*r%rﬁ‘?crliéf)?l% rrtl'qf;ta(ieFiarSfgl glgaljf%bi ?vﬁe?gﬁg%ﬁ%%gnaﬁ?r%g e

indicates.an end.of life-otthe slabof -consumable materiaki The:slah of

consumable material of claim | wherein the slab of consumable material

comprises:a tafgetifor usesnrea iphysical vapor depdsitiohiprocess 2and.cas <

the composition of ‘

one aeTtecltTor Ccomprlses:

& laver of a second material comprising a composition

k]

gifferant from the consumable material, tThe layer of the
second material disposed adjacent the sliab of consumable
material, the laver of the second material being detectable

when vaporizesd.

The slab of consumable material according To cialm

™D

wherein detection of the vaporized layser of the second
materizl indicates that the guantity of the siab of

is approaching or at the predetermined

3. The slab of consumable material accerding to claim 1,
wherein the laver of the second material 1s dispcsed
hetween the slab of consumable material and an additionai

iayer of the consumable material.



the layer of the second material does not affect the vapor deposition

process.

4, The slab of consumable material of claim 1, wherein
the signaling indicates an end of life of the slab of
consumable material.

5. The slab of consumable matsrial of claim 1 wherein th
slab of consumable material comprises a target for use in
physical vapor deposition process, and the composition ol
the laver of the second material does not afrfect the vapor



