PVD TARGET WITH END OF SERVICE LIFE DETECTION CAPABILITY
RELATED APPLICATIONS [0001] This application claims the benefit of
U.S. Provisional Application No. 60/720,340, filed September 26, 2005,
and U.S.. ProvisionalApplication No. 60/728,724, 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

?i’%ﬁ%gzgﬂg&(@%.@%%ﬁﬁ%a&%% the Im@ﬁ#{%é%%?ysn% al vapor

deposition (P-VD) is a well known process for depositing a than Elm of
material on a substrate and is commonly used in the fabrication of .
semiconductor devidgs: Géé@ garried out at nigh vacuum
in a chamber, containing a substrate (e.g., wafer) and a solid source or

slab of the maten 1o b posite bstrate, 6+ RMD target.
{Omﬁén 'tWéSIﬁ% 6?886 L& 3?75“ a]irgpe[fg)fgs %]ﬁ%y‘%%any converted from a solid
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the substrate’ where it is condensed on the substrate as a thin

s1oq M 0004 T:here Aremany mesbeds inn aesamplishing ByExitsluding

evaporation, e-beam evaporation,. plasma spray deposition, and
mfmeﬁggttenng Presently, sputtering 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 dlslodges
}Z?IELD OF ”‘BE I{\TENTIOI\

- [0062]  The invention reiates to physical vapor deposition VD). Mm.'f: particularly,

1 imvention reletes fo PV targets.

BACKGROUND OF THZE H‘T‘:@WF 10N

[0003] Physical vaimr depnsiﬁon (PVD) iz & well known proness for depositing 2 thin
Fim of material on 2 substrate and is commonly us ed in the fabrication of semiconductor
devices. The PVD prccnss 15 cammied out at high vacuum in a chamber comammcr a
subsirate {€.g. wamr) and a soha sotree or slab of the matmnal to be depesited on the
substrate, Le., 2 PVD target. In the PVD process, the PVD target is physically converted
from a sohd into & vapor. . The vapcr of the target material is 'transpo*‘tad ﬁofn the PVD
target 10 the substrate where it is condﬁ:nsed oz the substrate as 2 thin Shm.

{GBM] There are many methods for zicc_ampiisbjng PVD inclnding evaporation, e-beam
evapomtion,,plasma spray-deposition, and spufiering. P;asant}y, sputtering is the most

frequently used method for accomplishing PVD. During sputtering, a gas plasma is
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or erodes (sputters) atoms or molecules from the reaction surface of the

PVD target into a 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. P -VD target overuse, is,, use beyond the PVD target's service

creﬁfaﬁméh?g%@@gb@?&slﬂtgf%ﬁ%tgah&&‘%ﬁ%é? ST&%P‘@% o
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target is présently determlned by tracking the accumu ated energy,’e.g.,

thethRIMberehkdlengptithaur sotwrhis)iceonRs wnas iydha YR isystem or

processing tool. The accumulated energy method, however, takes time to

" tramasted anitlcthbsiesarhoyugt thigimetfiocidedandsiselaly omdbestantion

experience of the technician. Even when mastered, the 'service lifetimes
subgfrekre ovEneiirdtsmidme o fexyrgifanaieyicould be, as approximately

20-40 percent of the PVD target (dependi on the PVD target type) is
Eﬁﬁ%st§§%%ﬁés@ﬁ%§maﬁalmm% 11\9{7& QRS phe-pistTsg R

rofile of onventional PVD. ta nsumable
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acc ate Icw rs of operation of the PVD 0Cess ystem.
in turn, may result in significant production losses, PVD system or tool damage and

safety p‘mb_iems.
[0006] The service lifetime of 2 PVD target is presently determi-ned.by fracking the
accumulated eusrgy, ©- g,.; the number of kilowatt-hours (lew-hrs), consumed by the PV.[)

systern or processing tool. Thé accumulated energy method, however, takes time to

- master and the aécuracy of this method depends éclaiy on the hands-on experience of the
' technician. Bven when mastered, the service lifetimes of the PVID targsts are still less

than t::hey could be, as approximately 20-40 percent of the PVD targst {deﬁendihg upon

the PVD target type) is wasted. This problem is depicted in FIG. 1, which is 2 graph

plotting the erosion profile of a conventional PVD) target comprising 2 conistmable stab -

of source material As can be seen, a;ﬁproximateiy 60 percent of the original quantitf af

the PVD targst (target residue) remained after 1769 accumulated kew-irs of operation of

the PVD process systerm.



[0007] The low target utilization resulting from the PVD targets'

abbreviated service lifetimes.. creates high PVD target consumption

costs. In fact, PVD target consumption 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 ,
10087bstantialy e@ticEueshisi irtiim, WoliasigifcAly tohdprects abbreviated
sersemiGamaustotréaleri Calin OBt scandtineeasepoafitakitity {008 1 PR lawnget
target. utilization also.results in.moHe fr%uent replacement of the. PVD

{: Ost R{}

&0 Séirggl%a?%g’rcé 8r%f tmﬂorrneo1S'rtestiq%|neln Hafntehaneg oF the! bi%b}%‘f%trlﬁ%rThus’

if ool FFultherzavddenive AMEtArgetlis beplabed], tiMd@isangd ded tonretynecosts

cougaeb'é’\é%&%%ﬁ%g% far, tha nayy.taroet (0009 Accoraingly, SIS SR8 Ffuctor
or an'improvedPVD target. SUMMARY [00093] Acco?dlng to a first

f‘abéggémmﬁé?@r_ié.mm@ﬁrafﬁa@éﬂi@d of forming a detector comprising the
[008¥§Ps of. prgviding:a-Bulkimatgralaferming & plkalityof Rares, MR RUMK the

material; and separating the bulk material into a plurality of discrete units

PV Ba 8 0 nipHisifg 860N BRSSOy SO Pt tdits iy sem or tool.
Fugnglosuee foe encloging: thecgelactonnwhenaiadhetdeteatoriis fovbignaling for
that a slab of consumable material is approaching or has been reduced to
the pe¥ At mined quantity of the consumable material when the enclosure

[0089reached anddinel intererioh theee finlesurepisircBNhectig. with the
exterior of the disclosure, and the bulk material and the slab of
consumable material are composed of a same material. 10009b]
According to a second aspect, tHeké¥84dtdvided a method of forming a

[00G9a] According to a first aspect, there is provided a method of forming a
detector comprising the steps of: providing a bulk material; forming a plurality of bores
in the bulk material; and separating the bulk material into a plurality of discrete units
each comprising one of the bores; forming each of the units into a enclosure for enclosing
the detector, wherein the detector is for signaling that a slab of consumable material is
approaching or has been reduced to a predetermined guantity of the consumable material
when the enclosure is breached and the interior of the enciosure is in connection with the
exterior of the disciosure, and the bulk material and the slab of consumable material are
composed of a same material.

[0009b} According to a second aspect, there is provided a methed of forming a
detector comprising the steps of: providing a first mold member having an outer surface
of a predetermined shape; forming a layer of material about the outer surface of the first
mold member; and separating the layer of material from the first mold member; forming
the layer of material into a enclosure for enclosing the detector, wherein the detector is
for signaling that a slab of consumable material is approaching or has been reduced to a

predetermined quantity of the consumable material when the enclosure is breached and

a2



detector comprising the steps of. providing a first mold member having an
outer surface of a predetermined shape; forming a layer of material about
the outer surface of the first mold member; and separating the layer of
material from the first mold member; forming the layer of material into a
enclosure for enclosing the detector, wherein the detector is_for signalin

the tiRsgripsIRibtRT BBHSHFRABIE HarEREToS JPPrCBRIiHETOF KA lRutitet tothe

bulR nitiefelernined gyantity eithe consumabiemateial whesthegnelagure
is breached and 3 the interior, of the enclosure is in car:mectié)n Wit{h TIhe .
'%cii 0!

[00838érior of tHEULERIR, AR B Bulk At BIAAFhE & orming 2
deteansusmabieimateriatpy e Coropaied ofiassamkl matesial h40004@] outer surface

of Secording to St}tl]ziir%;aﬁ)g)neic& there is provided a,method of forming.a e .. gy
dglt % S % ra ?8 mem eraha.V|ng an

ector comprising’'the s of. providing a first mo
mobltersbrface dbangdregatprmingdesbeape! firmihgea sheet ofnethterial form an

enciRQH the, ottt siriage-ah the trstmeld membes;apdoending oPPOSINGable

edges of the sheet to one another to form an enclosure of a detector;
maigHatein BRegathEter & fhrsihrrlingireada Slap JFedmietinmsiedvaRteYiapisthe

corRRREAACRING R Ras bernrediderd D _RRIRdeIRIMIn e AMARHM O BB sure is in
consumable material when the enclosure is breached and the interior of

COPREURRIBELNNS RATHINRLHYh WM e PO aistatsuradalhg Hed of
corulkamiateraland-the siabaf cansumablenaaterial are composed of a

. e matetial. [0010] One. embodiment is a method of manufacturj n_
03 osure b s SRR SIS Al B ST Rtk QL IS b e
thaapjpredchingostias baenusaduicad toal pregtateatined guamstiyeof tiiced to a

pregQASHITARIE, MRt Al (D methad ComarRes e SIans A BOANORps or
bulk material; forming a plurality of bores in the bulk material; and

providing a bulk material; forming a plurality of bores in the bulk material; and
separating the bulk material into a plurality of discrete units each comprising one of the
bores, wherein each of the units comprises the enclosure of the detector.

[0011} in another embodiment, the method comprises the steps of providing a
first mold member having an outer surface of a predetermined shape; forming a layer of

material about the outer surface of the first mold member; and separating the laver of



.

separating the bulk material into a plurality of discrete units each
comprising one of the bores, wherein each of the units comprises the
enclosure of the detector. 100111 In another embodiment, the method
comprises the steps of providing a first mold member having an outer
surface of a predetermined shape; forming a layer of material about the
outer surface of the first mold member; and separating the layer of 3a
materid BGLIAL Q0 e St moldmembeat. whersi e laverpf matgrial
comprises the enclosure. [0012) In a farther embodiment, the method
enclosig@Mprises the steps of. providing a first mold'-member having an outer
surface of a predetermined shape; forming a sheet of material about the
{0012} outes futfacembdfimfirst inoltkimeinbam@nasd the aeingdpposig edgeas of
the sheet to one another. ELF DESCRIPTION OF THE DRAWINGS
moid rjons]IRI@zlan vfehoir Graph protiaty e et o profilet shevnfentional
PVD target structure comprising a slab of source material. [0014) FIG. 2A

materiglaRons e BT SRERAM G IR FPEETRRT B TRISF R Ve firget
. SbJsg,tructure.{ 015] FIG. 2B is a cross-sectional view through line 2B-2B of
© snofh 8 OBATG3161 FIG. 3 is a cross-sectional view through illustrating
another exemplary embodiment of a PVD target structure. [0017] FIG. 4
is a cross-sectional view illustrating a further exemplary embodiment of a

PVD targe ity @ SCRIPTION OF THE DRAWINGS '
[6013] FIG. 1, Which is graph plotting the erosion profils of & conventional PV targst
structure comprising 2 siab of source material.

[0614] FIG. ZA is a base plan view ilusiating an exemplary embodiment of 2 PVD

. target straciure,

16015]  FIG. ZB 1z a cross-sectional view through line 2B-2B of FIG, 2A.

JOB16l  FIG. 3 is 2 cross-ssctional view through illustrating another uxeznpiarjf

embodiment of 2 PV target siructure.

0617} FIG. 4 is 2 cross-sectional view illustrating a further exemplary embodiment of

& PVD tarést stacture,

10018] FIG. 5 is an exemplary smbodiment of a system for detecting the service
lifetime endpoint of 2 PVD target structure,

[6019] FIG. 6 is another axémplary embodiment of 2 system for daie&ting the service
Hfstime endpoint éf 2 PVD targst stnetire.

[6020] FIGS. 7A and 7B are bass plan views of PVD targets having piural tube-based

detectors.



[0018] FIG. 5 is an exemplay embodiment of a system for detecting the
service lifetime endpoint of a PVD target structure. [0019) FIG. 6 is
another exemplary embodiment of a system for detecting the service
lifetime endpoint of a PVD target structure. [0020] FIGS. 7A and 7B are
base plan views ofPVD targets having piurat tube-based detectors. 4
[0021] FIGS. 8A and 8B are cross-sectional views showing two exemplary
locations” where the tube may be embedded in the base surface of the
fapger. [D022)H GoBIR isracrass-afeioradwiahoHustraing anexemRlan::;
method for embedding the tuba shown in the location depicted in FIG. 8A.

oo sgmisanmievationdhy fene ifustcatingithexthin foil depicted in

FIG,.} 8C._[0024] FIGS. 9A-9F are perspective views showing various
B0athpI AR b airmenrsBionrvian dlas e e bummiatetettos 10025]

' Flg;. O(irs ehrlsgpective view showing the removal of a mandrel-like mold
m

MemBaE o At BCHRG G IRRATRLEAS 6t Safde. [0026] FIGS. 11A
113 ar r ive views showing.an exemplary method for -
@Rskillsarep %Q%ge'iranoﬁ VR zﬁ!.bsir ¢ IRt O BRI oD I ERES.

manufacturing the tubes of the tube-base

71128543428 3 are perspects jew showing the tubes of the

tube-based detectors manufactured using an exemplary

tmethod; POR8LEGclisaperspective view illustrating yet another .
exemplary embodiment of a PVD target structure.

[0625]  FIG. 10 is perspective view showing the removal of a mandrsl-lke moid
member from atubg during the manufacture of same.

[0026] FIGS. 11A and 11B are perspective views showing an exemplary method for

- manufacturing the tubes of the wbe-based deteciors in hulk.

[6027] | FIGS. 124, 128, 134 and 138 are perspeciive view showing the fubes of the
tubs-based detestors manufactured using an exlemp'iaz.'y sheet fommg.mcthod.

{0028] FIG. 14is2 pEI‘SpBGﬁ-VS view ilnsrating vet another exemplary embodiment Qf ‘
a PVD target strociurs, ‘ |

[0.02'9} FIG. 15 is e perspeciive view iﬂﬁéﬁaﬁng stili another éxsmpléz}f embodiment of

& PVD target structure,

- [0030] FIG. 16 shows a table which lists some exemplary detector laver materials that

are suitable for use with some exemplary targst materials.

[6031] FIG. 17A is 2 flowchart showing the steps of a first exemplary embodiment of 2

‘tube making method.

[0032]  FiG. 178 is 2 flowchart showing the steps of & second exemplary embodiment

of the tube making method.



[0029] FIG. 15 is a perspective view illustrating still another exemplary
embodiment of a PVD target structure. [0030] FIG. 16 shows a table
which lists some exemplary detector layer materials that are suitable for
use with some exemplary target materials. [0031] FIG. 17A is a flowchart
showing the steps of a first exemplary embodiment of a tube making
method. [0032] FIG. 17B is a flowchart showing the steps of a second
exemplary embodiment of the tube making method. 5 [0033] FIG. 18A is
[0633per5Pectie wieweobariiexeivplafyernbodlime atdbdinmadfexrusion-die
apparatus; which may be used ha the tube making method. [0034] FIG. i
mo@@@ﬁlﬁ@r%ﬁ@@www}aﬁ%ﬁ&m BF esesripiasy emBadraent'ath mold
par hich ma be used mgh tube mating method, [0035] FIG. 19 is
[‘m& flowcHaf fg\gfd\%% B ERpEBrath eé%rﬁ%’l Sﬁ?ﬁ?mrﬁ%éfﬂﬂ?e |
J metho 0 G.20.is a fl wehart showing the steps of a
a}r’p?c*)éfjrt exer%gﬁary%e%%&() %%r@z)f t etﬁgle alting method. DETAILED

00 SERIFTIEN {80371 Ons-embadimsntis. aphysicalvapardenasition

PVD) target structure having a service lifetime endpoint detector. FIG.
the %g&@ﬁgmﬂaﬁmulustratmg an exemplary. embodiment of a PVD target
structure of the invention, denoted by numeral 100 and FIG, 2B is a
1008FpsFKeclional Siewithtobghilipeh? BB afFiEri2 kx dhpiRVBntadietnt of

structure
the tube making method.

DETAILED DESCRIPTION

[037] One embodiment ié 2 phjrsical vaporrdf:pesition (PVD) target étmctﬁrs having a
service lifetime éndpoint detector. FI(z. 2Aisa pllan view iﬂustrating an exemplary.
embodiment of 2 PVD target structure of the invention, denoted by numaral 100 and FIG,
2B is 2 cross-sectional view through im; IB-28 of FIG. 24, The PVD tarﬂre‘s structure
100 comprises 2 consumable glab 110 Uf a desired source material (PVD targat} and a
filament detector 120, smbeddad in a base surface 114 of the PVD targst 110,

f0038] The PVD targst 110 comprises a reaciion surface 112, the base surface 114
opposite the reaction surIacu 112, and a sidewal surface 116 extending batween the

reaction surface 112 with the base surface 114. The target 110 may be formed in amy

“suitable and appropriate shape inchuiding, for exampile, circular, square, rectanguiar, oval,

trianguiar, irregular, etc. The farget 110 may be formed using any well knowm PVD target

forming method. See for example U.S. Patent No. §,858,102 entitied “Copper-



100 comprises a consumable slab 110 of a desired source material (PVD
target) and a filament detector 120, embedded in a base surface 114 of
the PVD target 110. [0038] The PVD target 110 comprises a reaction
surface 112, the base surface 114 opposite the reaction surface 112, and
a sidewall surface 116 extending between the reaction surface 112 with
the base surface 114. The target 110 may be formed in any suitable and
_appropriate shape including, for example, circular, square, rectangular,
CongjainatragRg, i%F%aﬁlé%dg%?ﬂm@ (A JEPTYEF MmEYPHe FOREEgsPRg Heaye
Targg,elL,knOwn PVD target forming method. See for example U.S. Patent No.
%.858,102 entitled "Copper 6 Containing Sputtering Targets, And Methods

[-ou% F’fﬁ@‘é&%?%?%{ $xPuiAnNg spylterng, Tarasts, 190391 The target

10,in on€ embodiment, may have a diameter (in the'case of a circular

circlRIGROS 481 NEhes, and Adhickne$s 0bOeahACNES, R Bk diments, the

embodiments, the target 110 maybe formed to other suitable and
 targ@ONIDPEALR dimensionslhe-daegeldldR-spaybe cempasetinfanysuitable
" and appropriate source material including, for example, nickel (Ni), nickel
mayplatinupe(ddi 2 gealboytsbivicke hhitamiiate( Mt} alloyszicebalifEok: sxample,
- aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), tungsten (W),

mickii dipnrtiskoxien T GY] Zinelkuffideckil cormiivxitle T2r8e8i02bgokCAu),
~_silver (kg) and other noble metals. [00401 The filament detector 120 >
ﬂuﬂé@%i&&%@d@%ﬁ&@@%@%ﬁ@ﬂ@%@ (Sppdaiigropenxids
@Tcﬁnds 122a, 122b which are closed by isaolators 126a, 126b. The isolators

BRI AR CA et e e P A2 bEREihE 1% Siher 898fend a

mctzﬁlslfament 124

[0040] The filament d&fector 120 cambriseé_ 511 r::n?lcsnre foméd by a tube 122 having
Gpﬁosing open ends 122&, iZZb which are closed by isolators 126e, 126b. The isolators
126a, 126b hermiticaliy seal the interior 122¢ of the tubs 122 and sus;}ené:a ﬁlﬁmen‘t 124
within the Interior 122¢ of the tube 122, In one embodiment, the air within the interior
122¢ of the tube 122 may be evacuated therefrom to create o vacoum therein. In an
alternative embodiment, the interior 122¢ of the tube 122 may be filled with an inert gas,
{0041} The filament 124 includes bent marginal end portions 124s, 124b which extend
through the isolators 126, 126b. The isolators 1262, 126b slectrically isolated the bent
marginal end portions 124a, 124b of the filament 124 from the tube 122 and the PVD
target 110, The bent marg:iﬁal aﬁd portions 124z, 1245 of the ﬁlamént 124 terminate
externally to form fHlament terminals or leads 1252, 125b. The filament leads. 125g, 125b
aIlon commection of fhe ﬁlmnent 124 to & momitoring instmmeﬁt, as will be described

further on.
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" so that it is not penetrated until nearly all

within the interior 122c¢ 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 therein. in an alternative embodiment, the interior 122c of the

tube 122 maybe filled with an inert gas, [00411 The filament 124 includes
bent marginal end portions 124a, 124b which extend through the isolators
126a, 126b. The isolators 126a, 126b electrically isolated the bent
Hé¢ginalnemd portipy kadedid4h, didheHlarnenty T4 fapastae tubesd2e

and the PVD target 110. The bent marginal end portions 124a, 124b of the
WgRTEthed e erimee Lekdhmdiznstomd fitament 22 siminkd soniata P58,
125b. The filament leads 125a, 125b allow connection of the filament 124

| B SRR TR SinsedS Hiiec JueanbAlt Fariieitohak fooamtsthtil

plary embod the tube 122 maybe composed of the same -
S T

material as t target

sifiany small-ansbitsdosayion aflcienhuglose dg he base surface 114

7 e target material 110 has been
fuses). Forexampieln Qigexampiancemhadingnt. the tubg &?e%v@‘?xmt
have a diameter of about 0.5 mm. [0043] The filament 124 is typically  ~
1d6niposedtofitie-samalinateriakaiheP\ fagst cbiRalaar allernative
embodiment, the filament 124 maybe composed of a material which is
Veirar erifroartematariaicofiiod tergegd 100nd doaswnotaifeti-theP VD
processing result. The flament may have a diameter of about 0.2 min in

PHtSERE TPy TembearRcRe Doy dreissiafers s febmirbrarenmagiery

" from.an electrically isolating material or
ﬁmggélment. y 9

f0044] The isolators 124z, 1265 are made from an elecirically isolating matsrial or
combination of mﬁte,rials. In one exemplary embodiment, the isolators 1262, 126b may be
composed of _a. ceramic, such 25 alumina (Ai;_Ogj.‘

[0045] The filament detector 1_20 functions as & sensor for indicating when the PVD
target 110 has besn reduced to a quantity of matsriai Tepresenting a service lifetime
endpoint of the targst 100 structure, Any usage of the PVD target siructure 100 beyond
this. quéntity (PVD target ov;aruse}'wiﬁ: likely result m perforation of the target 110 and
system arcing,‘ which in furn, mey result in production loss, P'\':’ﬁ s-ysteﬁ or toc;.l damage
and safety problems. Tﬁs use of the ﬁi&msnt. detector 120 in the PVD 1t.a;fgezt structure 100

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

of when the PVD target structure 100 should be replaced to prevent the targst reiatad

problems mentioned above,



combination of materials. in one exemplary embodiment, the isolators
126a, 126b may be composed of a ceramic, such as alumina (A1203).
[00451 The filament detector 120 functions as a sensor for indicating
when the PVD target 1 10 has been reduced to a quantity of material
representing a service lifetime endpoint of the target 100 structure. Any
usage of the PVD target structure 100 beyond this quantity (FYI target
[otegprISe) it biselysesylt 10 Rerferationabthe.targetllQand; system. .
arcing, which in turn, may result in production loss, PVD system or tooli
thaitambge-aichsafetyproblenssiThe: useief the filementdatector,120.in the
PVD target structure 100 maximizes the service lifetime of the target 110 -
flageet A6 WS e Binate!. deitoinatétl detectiombofivken theeRVR arget o
~ structure 100 should be replaced to prevent the target related problems
STNER o REdEB06 | & 1D ha sl oPlieTAlansitdaectorralrisicenstracted to
im ggg}lbito% ,(:t]aracterislticor aftribute,_that can be in-situ monitored by a
P RTform g TE 3140 RISy CErE&aarishY Mmarhsmmchmsidse
In one embodiment, the characteristic or attribute,

tector 120, ee ‘
USI%%%&%%%%%%& 'c‘)‘3 B%&'r%%anﬁ ored FAl B iheerietHEH rasdmnearor

mpdked > filay .24 and the monifaring device 330, may be an.
e 8P gldie m%@ttr%g?e“wﬁe@%ﬁ%}%mé%e?%ﬁmﬁﬁbﬁ@% the

ohmmeter. Using the exa

. iifetalegiricat tesisiancenor impadanse;ofithe flament 124..at the b miming of

. the PVD target structure's service lifetime in a PVD process chamber,the

the méedtrita) desistance-Or impeeaneeTRanitored Ay & he,rmonitering device
330 will be some initial value. As the PVD target 110 erodes during P -VD

during §38s gimgssiie clectiicatiresistancecor-impedancawilksemain althednitial

value until the tube 122 is breached to sxpose the ﬁlamsz_lt 124 snspended in the tube 122
to the PVD process, thus' aliowing the plasme (in the case of sputtering) to can’fa.cf and
erode the filament 124. When this occurs, the slsctrical resistance or impedance will
change from the iniﬁal'vajue_. thereby indicating that the PVD target structure 100 is.

approaching the end of its useful lifs. At this point, the quantity of the farget 110

TemAININg may be some predeiermined percentags of the original quantity of the target

110: For examplé, in ane embhdimsm, the Quantit}/ of t‘né target 110 Ieméiining whean the
flarpent 124 15 first sxpeséd may be approximaiely 0.5 percent of the original quantity of
the target 110. As the target is further used in the PVD process chamber, the targst 110
and the filament 124 will continue to be eroded until the ﬁlam‘ent. i.?i: fractiures, When

this occurs, the electrical resistance or mmpedance will change again because fhe flament

| 124 becomes an open circuit, thereby indicating that the PVD target staciure 100 has

reached the end of ifs service lifetime. Using the previous exampls, the quantity of fhe



value until the tube 122 is breached to expose the filament 124
suspended in the tube 122 to the PVD process, thus allowing the plasma
(in 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 indicating that the PVD target structure 100 is
approaching the end of its useful life. At this point, the quantity of the
target 110 remaining may be some predetermined percentage of the
ra@dginak-auaniity ehthatamgeh-alfoiexampls, i peceinbedimens, the
quantity of the target 110 remaining when the filament 124 is first
peexposttimeizibel approxinittelir@s pEicénrobtivecoridinabepraiiangfithe
target 110. As the target is further used in the FYI) process chamber, the
clopirisel TErT ARt A ERRIRSA MR aDRRtes A e Y B eerstey tRmITHec! may
filament 124 fractures. When this occurs, the ?ﬁ)eectrlcal resistance or

be Al areBa P é’k%ﬁ%@%r?%?ﬁsaél%am% AR A S B BBE open

circuit, thereby. ting that the PVD targef structure 100 has. reached
m‘%ﬁ% 8%5 of e sgrrﬁ\%cégl |fet|m§r€6§|?1§y the prev%}ou exa(r)rrl%ge eaéﬁ ‘h#t]f of -

ﬁ}etl‘t@ag_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.

jogaespensedtohe segond changaiinweledricalkrsistanseoniismpadance,
the operation of the PVD process system or tool may be halted manually

andiiied éeehpiaiasmbn falted dutbhTaticaty daypensigiabsedbiranmide 100°. The
monitoring device 330 to the PVD process system or tool (or a controller

PViRatngperatesrthid to oo hRefd ety oo PSubih éreess SHown a
cross-sectional view illustrating another exemplary embodiment of a PVD

(C%P@é%%ﬂ%ﬂﬁﬁgeéé%@mﬁ&@ Fpe detector 120°, embedded in the

base surface 114 of the target 110. The electrode detector 120° is stmilar to the Blament
detector 120 of the previous embodiment, sxcept that the filament 124 15 replaced by two
separate, oppaéing electrodes 124a’, 1240’ ’}.‘h‘& electrodes 1242’, 124b’ include bent
marginal end portions 124a4, 124bb which extend through the 1solators 126a, 126b. The
inemf filament portions 124ae, 124bb temminate extamally to form fiiament ieads 12327,
125b°. The filament lséds 1252°, 1250" aliow attachrﬁent of the electrodes 1242’ 124b° o
thé earlier described monitoring device 330 (FIG. 5).

[0048] In operatign, the electrodss 124a’, 124b° éf the electrods 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 ernbodiment, the mbniforing device or

instrament cormested to the electrodes 1242, 124b° may be a current measuning device

- or instrument.
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PVD target structure 100’ comprises the earlier 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. The
electrode detector 120’ is similar to the filament detector 120 of the
previous embodiment, except that the filament 124 is replaced by two
separate, opposing electrodes 124a’, 124b'. The electrodes 124a’, 124b'
include beilt marginal end portions 124aa, 124bb which extend throq\gh
[PATs OIS 11 2GESTREWIOTHeY B A HERIBR ERB IR Podimen oiis PVD
terminate externalcé?to form filament leads 125a’, 125b'. The filament

TIPS, PRSI HenE ot (e %ra%%"f%n% E%B“FS" the 2
za?a}.["%r describe m gltor qnec\:gggagg‘ (qun@u%(%%g In L%@g the ! an

eTec’frodpeénfﬁfa E)w eelectro detector ectacdrrent

- generated by iopsin the plasma entering the, twheyl22 whegythe tube 122

of the detector 120" is breached. In this embodiment, the monitoring -
[odeyjcera instrumentsonmectegiadhe elpstrodes hadan-hadb' snay-hesa
~ current measuring device or instrument. 1D [0049] FIG. 4 is a
293 Eecanaibae? iistrating anothésreimbosdimenb ofitheiAdbh thsget
structure, denoted by numeral 200. The PVD target structure 200 '
sabmiprise sz PVD HAIg a1 200 2Bmpuserkofadidsited’8durddlintlerial) as
in the previous embodiments, and an inert gas detector 220 embedded in
clgyediras asredeelly sarbithediarger 220. 0058 MiHesimeAeqrsrdaretor 220
comprises a tube 222 having opposing open ends 222a 222b The tube
masnaahe WihiaF OF TBAIRAFIRE TR deschbétPinitres &
-shown_ in FIGS 2A and &%_r 'I\;Qlecggen ends.22 %5%2\28 of the ,tube 222

mcérli gas 224, such as hehim 0es not ATrect processing result.
[0051] Duwring PVD processing, the target 200 is in-situ monitored for smission of the
mert gas 224 by a gas detection devies 430 (FIG. 6). As the PVD targat 210 erodes

during PVD processing, the inert gas 224 remains indisturbed in the tube 222, until the

mbu 227 is breached by PVD process forees, € a ., ihe Sputte‘mU plasma. Onee this

occurs, the inert gas 224 filling the tube 222 is emitied and may be dstected by the gas
detection device 420, The gas detection device 430 may be by optical emissiom
SpECIroscopy (OES), resxaual gas analysis (RGA}, or otheﬁ suztable detection method. In
one exermplary emboa’imeni, the inert gas detector 220 aliows the target 210 of the PVD
target sz‘mctﬁre 200 to be reduced to 2 quanfity less than (.5 percent of its original
quantiy.

[0052] Thus, the inert gas detector 220 operates as a sensor to indicate when the target
210 of tarve’t szrucmﬁ 200 has beer reduced to 2 guentity represe ntmg & service lifetime

endpoirt of the targst stucture 200.

11
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close d and hermetically sealed by closures 226, such as plugs made
from the same C_ material as the tube 222 or any other suitable material.
The tube 222 is filled with an inert gas 224, such as helium (He), which
does not affect the PYD processing result. [0051] During PVD
processing, the target 200 is in-situ monitored for emission of the inert
gas 224 by a gas detection device 430 (FIG. 6). As the PVD target 210
erodes during PVD processing, the inert gas 224 remains undisturbed in

. A Ribdmapiumtimrian stz i Sshed beePilinp the ass RITefthe gis

the sputtering plasma. Once this occurs, the inert gas 224 filling the tube
ST ertittedt AdRIAT bR g by Hecda¥ Wetevlichuelie&W20. The
as detection deyice 430 maybe by optical emission spectroscopy (OHS),
R 20 i (TSRS 59 6P St Abfe RGO, B Y Brigi
cxalplancemhoniven- i N ass deledal aRaliaus g larel 210, of

the P target structure 200 to be reduced to a quanti y ess than

- percen:ehis arginalauantin L0052 Fhus: theneitoas H8ecion 220+,

operates as a sensor to indicate when the target 210 of target structure
1210 dinssheeRiedidcetidh g uantty:sepiRse ailngiaseryivallielsne: me PVD
endpoint of the target structure 200. 11 [00531 In another exemplary
pepRtrstigTemtlthErprtias ity avdgoer222ralsthegas taetecier 228-a"
maybe replaced.by another substance that does not affect the PVD

cpigeasditig Fasuto tridestibatigmib shaymeerasiibe on atitjwies that, issbagpable

- _.of evaporating when exposed to the PVD process, to enable detection of
hﬂ]%ds%gﬁéglﬁ)(&%gﬂgg%%o the tube, When filled with a liquid substance, the

tube may have a diameter as small as 0.03mm.

f0054] The PVD target structures 100, 100°, 200 described above comprise a single

tube-based detector 120, 120" 220, In other exemplary embodiments, the target structure

may comprise mukiiple tube-tased detectors distributed across the PVD target, prefarably

-in the more erosive positions of the target {e.g., FIG. 7A). Distributing multiple tube-
based detectors across the target increases detection aniformity and allows dstection of

* localized target erosion. FIGS. 7A and 7B, illustrate two exsmplary embodiments of 2

PVD target structure 504, 500° comprising two or n:{ore, tube-based detectars 520, 520°

{each having, for example, 2 length o7 4 om or less) distributed across the base surface

- 514,514 of the PVD target 510, 510° and embedded therein. As shown in FIC. 74, the

tube-based detectors 520 may be distributed radially across the target siab 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 5107

12



solid substance may be powered material listed in the "coated material”
column of the table shown in FIG. 16 which lists some exemplary

materials that will not effect the PVD processing result of respective
exemplary target materials listed in the "target material” column of the

FIG. 16 table. The liquid substance may be an inert gas (e.g., helium) in
liquid form that may be injected into the tube. When tilled with a liquid
substance, the tube may have a diameter as small as 0.03mm. [00541
ihbes P \iDutarg et stivlaty eesd 86,:200th2 00 ceseribede-ahovézoampiise a.
single tube-based detector 120, 120' 220. in other exemplary
enhboitimetits bive tariget tiustirel Mayacompriseornatiplettobé~Basdgsh with
detectors distributed across the PVD target, preferably in the more

BB pesTsAdoM e tigets. S ol A YR wib Ut gYRtLAG B TuBet bass
based detectors across the target increases detection uniformity and

PGS BRI G BP ISR A EARGET ErbATonYETESS 2 Aintl Y870t ate

two. exemplary embodime f.a.c PVD target structure,500, 500: ..
R e e e TR e

LFMRe, Arlengihof 4.em or leserdisiiibyter. across he hasa SIHACes: 0.1
514, 514" of the PVD target 510, 510" and embedded therein. As shown in

6 offnthetubgshased-deteciors:a20 mavhe distibuled radiallsacr08s de

the target slab 510 and separate from one another. As shown in FIG. 7B,

dhe tuhechasedrtector sa20my an berdistbutedsacially satrassiheial and
target 510" and such that they converge with one another at the center of

. itheftarget:5is $20[00563 1h Somebe yemplar yéinbodimendmaines receiving
tube-based detectors 620 may be embedded in the base surface 614 of
givevPAAD tdrget B0 soinaEthe e 6 3papsd| isPeewitte 2 portion of the tube 622.

Ths tube 622 is placed in the fbe rcceiying grooves 611.1 and 611.2 and the source
material and inferface target membere 610.1 and 610.2, the tube 622 and the far_éet base
plate 650 ars bonded fo .ons another using & ﬁot press bonding process pai‘formed ata
pressure and temperature éufﬁciant fo cause the source material and interface members
610.1 apd 610..’.2, the tubs 622 and the target bass plate 650 to physically _bcﬁd to one
another, Specifically, the pressure end temperaturs depends upon the matsrial of the base
plats, the source matenial of the targst, and the bonding time. In the 'a}'{ampla used above
(e.g., copper base plate and tentalum source material), the tsm*ésmture and pressure used

- may be about 400 °C (slightly over 1/3 of the melting temperatire of copper wﬁich 15
1083 °C) and sbout 13,000 psi, respectively. In somie embodiﬁants, 2 thin foil 610.3

" made of the séurce material may ’t.:xe disposed in the tube receiving groove 611.2 c;f the

interface member 61_0.2. The foil 610.3, shown by itself 1n FIG. 8D, majr bé used asa

barrier layer to prevent atoms of the interface member 610.2 from migrating inio the area

13



or slightly recessed from the base surface 614 of the target 610 (as well
as the target has- plate 650, net may be made of a copper (Cu) alloy,
such as Cu-Zn or any other suitable material), as shown in FIG. SA. This
may be accomplished in one embodiment, as shown in FIG. 8C, by
forming the PSVD target 610 as a sour= material member 610.1 ‘made of
the desired source material (e.g., tantalum) and an interface member
610. Eng_g% ( Her. il ( itanium) - he-abuttin - '
SlJJO gﬁces of teﬁg?gé%%ggﬂ ?ﬁlg?togére?aﬁla Z%]%E %tg?%%i%%%eﬁr}édq 16?1°aﬁ6%é‘1%°é‘ tments,
M@y ke Praidedivditrcortespondingitube Jecel g, HaVE$0 11l Albce 514
611.2 which are sized and shaped to receive a portion of the tube 622.
Théttiber§2818 pladed tethe tikRerepeigiiy graoves Mok iarehfll2a06; 2
the source material, and interface target members 610.1 and 610 2, the
et 22 g & TRearatigsrhiasd piie B50 tareebomd etkto Ghitiatiothverbogingnt
a hot press bonding process performed at a pressure and temperature
STHREHREHES earag%?%r%%ﬁa FeecHie haInarEr i el et @hn 6R0B TSP TOdesavel the
610.2, the tube 622 and the target base plate 650 to physically bond to

R SMOTRE B B A b Bb e RFE APAFELBIS e g oh ey

o £ o
one another, Spatifigafiy

Lﬁcﬁlg}%tt%@h%ftg}gapggs% g%ﬁet%sga'e source material of the target, and the

g time. In the example Used above (e.g., copper base plate and

tapialm-suEaR. maleiaR.ibe Jempatale A }der '
aqboufq 400 C (slig@@ over 1/3 of the melting tempeﬁg%g?é%%?%%%xw ‘?gh‘md

iSphASEiA) ang-alrastd2, 020 Rek: LGt el 0SB RMPRMIMSRIS: a;
thin foil 6103 made of the source material may be disposed in the tube
rég@ivingegroese ik 2iopthe Fitterface embeissdd2 viEhe feikDs3me
shown by itself in FIG. 8D, maybe used as a barrier layer to prevent
AETAPBTITE Iereed Ridheliere 102 ftérahmigrating 7ivfto ttiengresct 3ud inner
surfaces 710z, 7204 with circular éross~sectioﬁai shapes. FIG. 9B shows a fube 7000
having outsr and inner surfaces 710%, 720b with-diamond cross-sectional shapes. FIG.
9C shows a tube 700c having an outer surface 710c with & sguare cross-ssctional shaps
and an immer surface 720c with a circular cross-sectional shape. FIG. 9D ghows a mbe
700d having an outer surface 710d with 2 circuler cross-ssctional shape and an immer
surface 720d with a triangular cross-sectional shape. 'FIG. 9E show a tube 700e having
an outer surface 7106 with 2 circular cross-sectional shape and an inner surfat.:e- 720e with
a square cross-sectional shape, FIG. 9F shows a tube 700f having outer and inner
surfaces 710f, 720f Wwith square cross-sectional shapes. The outer and inner surfaces of
the tube(s) may have other cross-sectional shapes including -rectangulaa} and oval, to name

a few.
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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 embedded in the base surface 614' of the target 610" so that the
top of the tube 622' is slightly above the base surface 614' of the target
610, as shown in FIG. &B. The target base plate 650' in this embodiment
may include a recess 660 for receiving the portion of the tube 622 that
qyot U(%?e?w &ﬂg. g rface 614" of the target 610', so.that thes_base
Isﬁrﬂ!\ce 614" of t e'tta?ggt% ’O%r%rgﬁslél%%ﬁ Bﬁr?ﬁ%qufg\élf BasBPEB"
104563, The duhe(s) alibe Lbe-based deleclors mayhe.canstructed in any,
suitable and appropriate shape. Thetube may have outer and inner '

Pybriages ihaiheveidentisakomdifisrent-srasssastional SAPesFIG S o

9A-9F are. perspective views showing some exemplary embodiments of

 (ctiepsise s7 FB:IBA sinow mAubie] 700k aving Okier 2 MpRESUHASES: e

710a, 720a with circular cross-sectional shapes. FIG. 9B shows a tube
bappeR Vil Bikte fare Hfelsifardsdime, o7 Z0B. withidiamend: lzyer 820

cross-sectional shapes. FIG. 9C shows a tube 700c having an outer
gy AR 0 Wit E S giaransr888 secisnaladie. and an inner surface
0%2@0 g@ i,ci cular cross-sectional shape. FIG. 9D shows a tube 700d
10K ) i LT KPR PG5 i LU e S SR0GeE foRaPYiape and

| mner. sur 720d with a triangular cross-sectional shape. 'FIG. 9E
R e i S AEr EheS 7108 W e rer

ow a

5 -estianahishang. 5 iace. (292 Wi SYcont that §
wstass seetionalshans.and pnpcksurface.TZe i A sauate o

cross-sectional shape. FIG. 9F shows a tu aving outer

adSHITARRS chhed 205 AR SauAre. CLOSS LGN &Q@B%Saé%% ferand

inner surfaces of the tube(s) may have other cross-sectlonafl shapes
In heludingiresianigu@r @ oOvak-t0Rame B8Wss couples the PVD target

- strugture 800 to the base plats 850,

0059}  In the embodiments of FIGE. 14 znd 15, the detector layer 820 is composed of 2

material, 'whiéﬁ 18 'diffar?nt fro:ﬁ the PVD target material and does not affect ‘tha PVD
processing result. FIG. 16 shows  table which fists soms sxemplary detestor -Iaysr
mataﬂg}s that are suitable for use with respective exemplary t‘arget;materials.

[¢068] Wﬂsg pi;sma strikes the detector layer 820 of the PVD farget structure 800 or
800° during PVD proce;sing, the detector iaver emits a vap.or which may be in-sitn
mqniz‘orad and dstected bsf OES, RGA or other uke detection rﬁethods.

[0061} The endpoint detection resolution of the PVD targst stuctures 800 and 800°
majf be Increased, by using two or mors detector layers which are composed of different
materials. Thus, when plesma étrﬂms the first one of the detsctor layers, detection of that

layer will indicate a first residual quantity of target material remaining and when plasma
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14 [0057] Referring now to FIG. 14, there is shown a perspective view
illustrating yet another exemplary embodiment of a Fyl) target structure,
denoted by numeral 800. The PVD target structure 800 comprises the

above described consumable MD target 810 (composed of a desired

source material) and a detector layer 820, disposed adjacent the base

surface 814 of the target 810. In the embodiment of FIG. 14, the detector

layer 820 nay cou le the PVD target structure 800 to a base plate 850.

OB i e S BEREBL N o PSR S S ror: ot lyer i
exemn iment of a PVD target structure, denated by numeral

O e et B e o B L B ol bt e
embagind 0BG Xge j lifi ' a targe terjal,
P P A e o s e e S
FI6 ribvithertargetnoatefial bieni30-equplesdhei ¥B{argel structure |

800’ to the base plate 850. [0059] In the embodiments of FIGS. 14 and 15,
thE8etbctoFlayditBace sompusesnita walerial widiahkisditterentimomin or
the PVD target material and does not affect the PVD processing result. '
FIts B hisist  t N FhieRcrssins shteas endpleri detostotHafarD iargst
materials that are suitable for use with respective exemplary target

matenars, (080T R BrASHE Eti@e tHEdertias hisrezs. StuePipPyD
t ciure 800.or 800: during PVD processing, the detector layer '
S R R e R e o e o g s

emifs-a vapor may be'in-situ” mo

e O o

of the PVT target structures 800 and 800" may be increased,

.O(Imblg)@ﬁiﬁﬁ,t@r dayersiwdichnareaomResed:ef Qi.{rfé?ﬁ%}.tmay also be used in all

types of PVD power supply systems including, without Bmitation, direct current power
systems, alternating current power systems, and radio frequency powér systems.

[0063] Another embodiment is a method for maling the tube(s) of the tube-based targst
structures. FIC. 17A presents a flowchart that shows the s%eps of a first exemplary
embodiment of the tube making method. In step 901, 2 mold/exirusion-dis apparatus 950
(F;G«. 1&A) is provided which comprises concentrically disposed outer and inner die
members 951, 952, The outer and inner dic members 951, 952 are each made of 4 ngid

material suitable fo; extruding and/or casting metal, metal alioys, and/or metallic

- materials, Suitable die member materials mzy inciude, without lHmitation, ceramic

materiale, polymeric materials, metallic materials, and éombinations thersof. Thé inner
surface 951a of the outer member 951 of the app'aratus 950 is configured to form the
ou_ter,surf&ce— of the tube and the outer surface 9524 of the inner member 952 of the

apparatus 950 is configured to form the imer surface of the tube. In the emboﬁimeﬁt af
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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 15 subsequently strikes a
subsequent one of the detector layers, detection of that layer will indicate
a subsequent residual quantity of target material remaining, which is less
than the previous residual quantity. Additional layers of other materials
may be added, if desired, to provide an indication of an additional residual

TGanéity tlermiatenainiR062] DhenPMpatarged SiriicibSs:Mayne Eenfiguredoss-

and adapted to be used with or without a target base. PVD processing
sgGistapn shapriambiservayrusenthe PAZD fdrg epretaict iEsinithdigtsignifibant
hardware modifications and/or changes. Further, the PVD target:
G&?ﬁ&ﬁ@ésm%@l&%éheins&ﬁ%?émlﬁ%@aﬁ@mmmw sipchgdipmg to make

netron s capacitively coupled plasma (CCP) systems, and .
R B e ot B e LT BTEHEHE PO

et of the ipyention may also he used.in all types.of PV D power supply
A R B Al B hap s e et

rRati - and radio frequen W, tems.
R A o e Tor g e et A the
[00he-basecktasgokiStuGIIBS,RLE oFRADresenisA dowshartthat sho

the steps of a first exemplary embodiment of the tube making methc%é%f%ses

csteiifnl desineldiexisusion-tieappacabe 9563 BHa:d8AMis-Rravided: 1

which comprises concentrically disposed outer and inner die members
ir981eBRerF 96 loAférednik imoét diermemiiersidats8625arenckionade of a

rigid material suitable for extruding and/or casting metal, metal alloys,
P‘%Y%W@)‘fdxﬁ@f@I?@Mﬁéﬁéﬁé@@iﬂm@d@niembétmtedmbsdﬁmyﬂgskﬂﬁéaz of

without limitation, ceramic _ :
the-method comprises casting the desired tube material into the space 953 defined

- between the outer and inmer members 851, 952 of the molding/extrusion die apparatus

850. Casting may be performed by melting the desired tube material and pouring or -

mjecting the molten tube material into the space 953 defined between the outer and irmer

members 951, 952 of the apparatus 950, If the tube material is formed by césting 1n step

902, then step 903 1s performed wherein the tube is removed from the apparafus 950 afier
the molten 'mbg material has cooled and solidifisd, | |
1865t FIG, 17B imasents a8 ﬂo'wcﬁar‘: fnat shows the steps of a second exempiafy
mbc;diment of the tube making method of the invention, Instep 8l a mald.a@para‘fus
560 (FI1G. 18B) is provided which comprissg a mandrei-like moid member 961, The mojd

member 961 is made of a rigid material suitable for forming thereon a layer of metal,

" metal alloy, and/or metallic material, using PVD or electrical chemical plating. Suitable

moid member materials may mclude, without Iimitation, ceramic materials, polymeric
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materials, polymeric materials, metallic materials, and combinations
thereof, The inner surface 951apf the outer member 951 of the apparatus
950 is configured to form the 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 16 FIG. 18A,
the outer member 951 of the apparatus 950 is configured with a circular
cross sectlo nal. shape and the inner member 952 of the apparatus 950 is

S BHETIRA GROSORRIAEAR LHapH. TiscRold member 961 of the
di fus b dt ke .the tube sh
%L i e FonE ey A e %g?%@ﬁ@#%%%ﬂ%“ﬁﬁ“ﬁé‘w

A. If Is contémplated, however, that the 0

Ofk an5200fther é‘[ﬁ%ﬁﬁiyﬁr%%os&?é’sﬂ&goﬁ'%‘ér%%&% Gihntn ey

target tube of any desired shape including, for example, the tu essh

in B CBe O3 947006 ReferingRaainodhe oyehark %ﬁl&zﬁc&% cross-

step 902 of the method comprises extruding a desired tube material

. theoighl mepspsmr%améfmpmm@haheaameﬁmdhmﬂﬁ RSMBLESG oA

951, 952 of the mold /extrusion-die apparatus 950. Extrusion maybe,

ﬂéwmﬁ%@gﬁqé BoRCErhbee nibmmetrod6] lof e altédnateratus 960 may

embodiment, step 902 of the method. comprises casting the desired tube

| rh%?é'ﬁgﬂﬁfé AP Eed YR IaRTHEY Boteeirtie shmrdnduding for oxample,

ers 951 9 t g/extrusion die apparatus 950. Casting
%@érﬁ ﬁ‘%

may gsp%r orme e desired tube material and pouring or

689 REMAlPLINAG BEIENG 9’@? ?yﬁe appa?a%5 g f'”ﬁajﬁ?geggg@?n}(ﬁ%s

outer and inner mémbers 951

Rupieialds fanmedy-casting inster 202  dhan.sten 993 s tfiir fr% é‘;‘{%%nt

wherein the tube is removed from the apparatus 950 after
ftaterisi hagtealahanttBelidifRd. thickness of the mbe) is achisved. The .

depositing étep_ may be performed using, for exampie, electrical chemical piating (BCP)
gxnd/or PV methods. In step 913, the mandrel-lie mold msmber 961 and the tube are
separated from one another. In an 5}:@1}1}3}&# embodiment, the separation step may be
performed by physically withdrawing the mandrei-Iike :ﬁald mernber from the tube, as
shown in FIG. 10. In an alternative exetplary eﬁbodiment, the separation step may be
performed chemically by the mold mambf:r using an etchant,

[0067] FIG. 19 presents 2 flowchart that shows the steps of a third exemplary
embodiment of the tibe making method. In the third e;cemplazy embodiment of the tubé
maicmg metﬁod, the tube is made in z bulk ﬁaﬁuf&cﬁﬂng process. In step 921, multiple
bores 941 are formed in a bulk quantity of a desired tube material 940 as shown i FIG
11A. The multiple bores 941 define the inner surfaées of a plurality of tubes. I stép _

922, the bulk guantity of material is cut or sHeed into a plurality of discrete tubes 942 ag
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{8063]- FIG. 173 presents a flowchart that shows the steps of a second
exemplary embodiment of the tube making 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 laver of metal, metal alloy, and/or
metallic material, using PVD or electrical chemical plating. Suitable mold
member materials may include, without limitation, ceramic materials,
shpalyriEite 17Ematrilsmenl iéhrareriiissarrr OB PRI RS thERES T Phe
mold member 961 of the apparatus 960 has an outer surfac ,961ac\{v lich
94]M@i@%@¥%@ﬁé&ﬁ%@fdﬂ@rpﬁ%%Wéf%u\‘f%t@é@iﬁ’fg’ and ary
substantially the same shape. In-the shown embadiment of FIG. 1 h
b ENERe 56 T BE M FERBEF BT FCami e Y Sr
-_cross- sectional shape. Such a mold ] the
S SR GRS, B e Eo et e R e

;mglgm%%lﬂ s, Mald:appaatus 980Me. brorfiguressiemakednt of

D target tube of other desired shapes including, for example, the tubes

neSHOWRIREIGSH9B andi9Fe{0066)kReferring=again aeothe flewekiasd afdeIG.

17B, step 912 of the method involves depositing a desired tube material
mAANA thersuteside s 96R0htheasinld fnembercostbubfil Haesmed
film thickness (wall thickness of the tube) is achieved. The depositing
destepsRpy, ke perfarmBibisiig, dod éxanifile setechifaPBhenticab statg 1nto
(EC--P) and/or PVD methods, In step 913, the mandrel-like mold member -
thegBtimn duthrestubeinmersRiydra feTrToni GRS BT TRCAR RS ATERAY
~ embodiment, the separation step may be -performed by ph gicg%u)ygg,?, .
AR ROT AR L BEhAATTER AR ARG ORI T HOM BRI 48" o 7o
fhe tube 981, 9817 are then bonded to one another in step 923 to complete the tube 981,
9%1° as shown in FIGS. 12B and 13B. Bonding mey be accomplished using any suitable
and appropriate bonding method, such as welding.
[0069] Another embodiment of the invention is & system for detecting the service
fifetime endpoint of 2 PVD target structure, FIG. 515 an ermbodiment of such 2 systern,

denoted by numeral 300. The system 300 comprises a PVD process chamber 310, 2PVD

target strusture 320 such as shown in FIGS. 24, 2B or 3, disposed in the process chamber

310 aud a monitoring device 330 conniected to the PVD target structure 320 for in-situ

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

340 of the PVD target structare 320.

[8070] FIG. 6 is another smbodiment of & system for detecting the service lifetime
endpoint of a PVD target, denoted by numeral 40C. The system 400 comprises & PVD.

process chamber 410, a PVD target structure 424, such as shown Im FIGS. 4, 14, or 15,
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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.
[0067] FIG. 19 presents a flowchart that shows the steps of a third
exemplary embodiment of the tube making 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. I IA. The
ﬁ%%%@%ﬁ%@%ﬁ%@%&e&@w@mw@mmm step
922 he bulk material is cut or sliced into a plurality of dlscrete
e A R s ST R IBee S BhG e
ggﬁc%g@gores 941. The bores 941 maybe formed using conventlonal_
laser; high-pressure water, we etching, and dry etching methods The

bodh matesilA40:-Mav e O eslicRe- 1o the Rlurali, %In 5 al c ents it

using conventional laser, high-pressure water, and mec _
inethidtisite 0068 FIGHRE) iscfpmebaridhal shawsthe sieps %ﬁégﬂ{&h
exemplary embodiment of the tube malting method. In step 931, a
ineiidalofb: vesrgsand8obofithentiasitae itbetimateriel inayresidan, ANEIR

step 932, the sheet 980 is formed into a tube 981, 981' of a desired -

£ ol R WA AR A RO TR i et 986 @80nayf ke

formed into the desired tube shape in step 932 by forming it around a
eBaY 0|523nd|ngly shaped mandrel similar to that shown in FIG. 18B. The
matching, opposing edges 982, 982' of the tube 981, 981" are then -
bonded to one another in step 933 to complete the tube 981, 981" as
shown in FIGS. 12B and 13B. Bonding may be accomplished using any
suitable and appropriate bonding method, such as welding.
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[0069] Another embodiment of the invention is a system for detecting the
service 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 coririe&tdffto 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. [0070]
Whai®. dasredother embodiment of a system for detecting the service
lifetije ¢ Y4 rget, d nat .400. The system
L 400%%%?@@%P gprf?g%egscs%B (r:ﬁg e uzﬁ%y‘e SLI%@E) arget structure 420,
suchrasidingnbmlFtGSril14, or 15, 19 disposed in the process chamber

410 | ity_;manjtoring and detecting
the }ﬁgﬁ lﬁ%gggetect r%f: §§%§§oﬂﬂ%%§£i§8%o??ﬁe% D target structure
420 STQ@‘MIPAI@@D@K thetémzd mior: b Yise midesordadhits tevhsohprising
onEXEMPla. embodiments, it is not limited thereto. Rather, the appended
claims should be construed broadly, to include other variants and
embotirienesaf o éhinvantionowikiztaonay fie meatsipg thodeteskitted/arthe
me%étw&%tf&eﬁ@gm%ﬂ% Pe500n6, A0EANd %%{e?&llj 'féaagpr agfung or has

invention. C 20
been reduced to & predetermined quantity of the consumable material when the

enciosure is breached and the interior of the enclosure is in connection with the
exterior of the disclosure, and the bulk material and the slab of consumabie material

are composed of a same material.

2. The method of claim 1 wherein the slab of consumable material comprises a

physical vapor deposition target.

~

3. The method according to claim 1, further comprising the step of providing a

signaling element in the enclosure to form the detector.

4, The method according to claim 3, wherein the signaling element comprises

one of a filament element and electrode elements.
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What is claimed is: 1. A method of forming a detector comprising the steps
of: providing a bulk material; forming a plurality of bores in the bulk
material; and separating the bulk material into a plurality of discrete units
each comprising one of the bores; forming each of the units into a
enclosure for enclosing the detector, wherein the detector is for signaling
5. that BhsIaIs'6PE Riasontialleorpiaterial ehapprahehiimyaimgadenerncrenipited to

ondoRiPARIBMIREL Quaniidealdh coneumalic mateak e e, apglosure

is breached and the interior of the enclosure Is In connection w
consyrarie sratvaidiftosuieciaite: tatbslformetérial and the slab of
consumable material are composed of a same material. 2. The method of
claim 1 wherein the slab of consumable material comprises a physical
6. vapdhdapdhrbrceaging o Thémrmbthsthecenndiriging Haiseh fftredding
the CRABIISINOBRISIER- AL RIAVIEING Rasighaling element in the enclosure to

form the detector. 4. The method according to claim. 3, wherein the
signaling element comprises one of a filament element and electrode

7. eIerq@fatﬁle%é-al;&ﬁa}fgﬂe@9@9&@[%&&%%%@%@&%%@@9'ing

_element comprises oné€ of a gas material, a liquid m aesoaﬁd
driliipgangib@iferent from the consumable material from which the slab is
formed.

8. The method according to claim 7, wherein the driliing method is performed by

a laser, high pressure water, wet etching, dry etching or a combination thereof.

9. The method according to claim 1, wherein the separating step comprises a

cutting step.

10. The method according to claim 9, wherein the cutting step is performed by a

laser, high pressure water, mechanical cutting, or a combination thereof,
11, A method of forming a detector comprising the steps of:

providing a first mold member having an outer surface of a predetermined

shape;
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6. The method according to claim 3, further comprising the step of
embedding the detector in the slab of consumable material. 7. The
method according to claim 1, wherein the forming step comprises a
drilling method. 8. The method according to claim 7, wherein the drilling
method is performed by a laser, high pressure water, wet etching, dry
etchifgréngadasp piamier et rheigha Ratensthifis act drelifitstonoldimember;
andvherein the separating step comprises a cutting step. 10. The method
according to claim 9, wherein the cutting step is performed by a laser,

highsprassing aksrerhe el curithy, Brsamord pealisa thereof. 11. A
methocof Serming: A detartAk CoRRIisiRgh te-SieRs 00k _kﬂ@@e??&rat, mold

member having an outer surface of a predetermined shape; 22 forming a
wheggly Sterasterien Hoeusignebugdhairialeb of coasisehiomateswiber; and
apRERAIANG 8 kuenahraleal fioa i st MaMePbRr lauig e

layer of material into a enclosure for enclosing the detector,” wherein the

majgtelctaien thsr Gighesiiig thaeackedied demisumisiel thaterriPrrappibaching
corfeBaSDRRRA 1RAUGEEH02 iEegielesminedauaRiy o hihe consmablesy, o

material when the enclosure is breached and the interior of the enclosure
congyriaplMEtHth WHROMESkAb? STHfe#IsEIg5ure, and the bulk material
and the slab of

12, The method of claim 11, wherein the slab of consumable material comprises a

‘physical vapor deposition target.

13, The method according to claim 11, further comprising the step of providing a

signaling element in the enclosure to form the detector.

14, The method according to claim 13, wherein the signaling element comprises
one of a filament element, electrode elements, a gas material, a liquid material, and a

solid material.

13. The method according to claim 13, further comprising the step of embedding

the detector in the slab of consumable material.
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consumable material are composed of a same material. 12. The method
of claim 11, wherein the slab of consumable material comprises a
physical vapor deposition target. 13. The method according to claim 11,
further comprising the step of providing a signaling element in the
enclosure to form the detector. 14. The method according to claim 13,

16.\whetBmmmsthespremidiatameaimadrnprbesinhoe dpETiRmstam Sipertmmed by
phyglestragie-clepisnisn Resmataliah @ liguidinaiertab,apth aiaelidmaterial.

15. The method according to claim 13, further comprising the step of
embedding the detector in the slab of consumable material. 23 16. The

17.methad AcsRiding daiglaim dkinvherainds farming stenisneernarRyy
physical vapor deposition, electrical chemical plating, or a combination

Castigr SISO OB aReB IR claim 11, wherein the forming step is
performed by casting, extrusion, or a combination thereof. 18. The
method according to claim 11, further comprising step of providing a

18.secd i mehp iRt Hn@%@%ﬁ*fé@@%ﬁé‘%&é&@t@ﬁﬁrﬁ&g@?ﬁa@e

sechitiiGhdIrmem@e: tkehsurfaae: Phihadaven ofamteralddring he formiBen,

step, and wherein the layer of material is separated from the second mold
an A BEH i S B LY, A FAORE 61 Ton IR B Bhprever
of SAMBRAISNEHALRERSHI 1R evidinoBiisheriraambernbavng.An Suss

surface of a predetermined shape;

19, A method of forming a detector comprising the steps of;

providing a first mold member having an outer surface of a predetermined
shape;

forming a sheet of material about the outer surface of the first mold member;
and

bonding opposing edges of the sheet to one another to form an enclosure of a
detector;

wherein the detector is for signaling that a slab of consumable material is
approaching or has been reduced to a predetermined quantity of the consumable
material when the enclosure is breached and the interior of the enclosure is in
comnection with the exterior of the disclosure, and the bulk material and the siab of

consumable material are composed of a same material,

20, The method of claim 19, wherein the slab of consumable material comprises a

physical vapor deposition target.
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forming a sheet of material about the outer surface of the first mold
member; and bonding opposing edges of the sheet to one another to
form an enclosure of a detector; wherein the detector is for signaling that
a slab of consumable material is approaching or has been reduced to a
predetermined quantity of the consumable material when the enclosure is

21 preddifea ahectaechitifs i origie dfelBsther isompeisimmbroriewiof pheviding 2

sl HUDABE ISl aREren A0 e Wi maleyg! and the slab of
consumable material are composed of a same material. 20. The method
of claim 19, wherein the slab of consumable material comprises a

22 physigakvangs Q@&ﬁaiﬂ%n&ex%ﬁ- 24 2heLhe methed according 12 Glaim e

19, further comprising the step of providing a signaling element in the

on \aracly fiemciie detBetisrelementie st owistiebraiigid vlaipniziiand a

sohhesrginghe signaling element comprises one of a filament element,
electrode elements, a gas material, a liquid material, and a solid material.
23. The method according to claim 21, further comprising the step of

23 embegldinghie.dedestor ib dhersieb aheensunakle Malkrial, 24 K dding

method according to claim 19, wherein the bonding step is performed by
the\g}gq%q%_lgghe slab of consumable material.

24. The method according to claim 19, wherein the bonding step is performed by

welding.
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PVD TARGET WITH END OF SERVICE LIFE DETECTION CAPABILITY
ABSTRACT OF THE DISCLOSURE A PVD target structure for use in
physical vapor deposition. The PVD target structure includes a
consumable slab of source material and one or more detectors for

PV TRRGEE WIS BRDGP SERVIE R DR PRETIORGAP REAITY
reduced to a given quantity representing a service lifetime endpoint of the
target structure. Each detector includes an enclosure which maybe made
by forming a pluralgpeffrosesi OF e pDaerebandreeparating the bulk
material into a plurality of discrete enclosure units each including one
ofthe bores. Alternatively, the enclosure of the detector may be made
using a mold having one or more mold members and an extrusion,

casting, electrical chemical plating, and/or sheet forming method. (FIG.
20) A PVD target struoture for use in phygcal vapor (_ieposition“ The PVD target

structure inchudes a consumable slab of source material and one or more dstectors for
indicating when the slab of sourcs material is approaching or has been reduced to 8 given
quantity representing a service Iifefime endpoint of the targst sérucﬁre. Each'detector
inciudes av enclosure Wiﬁéh may be made by forming 2 plurality of bores in & bulk
material and separating tk_frs bulk material into & plﬁaﬁgf of '&iscreté enclosure units eéch
~ including one of'the borés.. ﬁﬁemativsly, the enclosure of the detector may b;-g made
using a mold having one or more mold members and an exﬁ:usibn, casting, electrical

chemrical plating, and/or shest forming method.

(FIG. 24)
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