PVD TARGET WTH END OF SERVI CE LI FE DETECTI ON

CAPABI LI TY RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisiona
Application No. 60/720,390, filed Septenber 26, 2005,
and U.S._ Provisional Application No. 60/728, 724,
filed Cctober 20, 2005, the entire disclosures of

whi ch are incorporated herein by reference. FIELD OF

THE | NVENT] 0 j [ ; AL ical
PR G EbOG T B B EF ¢ R BT TE RS BRI Evea
invention relates to PVD targets. BACKGROUND OF THE
I NVENTI ON [ 0003] Physi cal vapor deposition (PVD) is a
wal | known pr ocBESAMED ABPoEIATHYNA thin film of
material on a substrate and is commonly used in the
fabrication of sem conductor devices. The PVD process .
[0001]S Tiar appbetioutlaiats the kphefit &€ UdinPrayiserghdpEri®dit ai ni ng
a’ substrate (e.g., wafer) and a solid source or slab
60/720f390 NitediBepeibat 24, 8005eanddpBsirodsionn Appboatigy blet GUA(3S, 724, -
i.e., a PVD target-In the PVD process, the PVD target
filed DeiopA2S] 1085, |the aninvasdares i dntiaars dlopmporatriderngpor .
The vapor of the target material is transported from
referdnbe PVD -target to the substrate where it is condensed
" on the substrate as a.thin film [0004] There are many
nmet hods for acconplishing PVD including evaporation,
e- beam evaporati.on, plasma spray deposition, and

sputtering. Presenblys TERUNWENTIDN S the nost
frequently used nethod for acconplishing PVD. During

(o002 Pyt &L JeNhn rAa:98% BIASIPepbSdeposition (PVD)- More padtuddlyi n
he chanber and directed to the PVD target. The plasma

'ﬂle m%}bﬁ%h calilta ﬁ"v@l tggg@,s - .

o

BACKGROUND OF THE INVENTION

{0503} Physical VapOT, depc;sition (PVD) is a well Imown proéess for depositing a thin
film of material on a subsirate and is co;m_noniy used in the fabrication of semiconductor
devices. The PVD proca‘ss‘ is carried ot at high vacunm in 2 ;hamber coﬁtaining a

: substrate {e.g., wa;"er) and a solid source or slab of the rpﬁteriﬂ to be depesited on bthé
substrate, i.e., a PVD target. In the PVD process, th;-PVD tﬁrget 1s physically converted
from a solid into a vapof. The vapor of the target material is trahspprted ﬁoﬁ the PVD |
target to the substrate whers it 18 condenseé on the substrate as a thin ﬁ];tn.

[6034] There are many methods for écc:_oinplishing PVD including evaporation, e-beam
evaporatieﬁ,,plasma spray-deposition, and sputiering, Pr_asently, sputtering is the most

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




- accumulated energy, e.g.,

or erodes (sputters) atonms or nol ecules fromthe
reaction surface of the PVD target into a vapor of
the target material, As a result of collision with
hi gh-energy particles (ions) of the plasma. The vapor
of sputtered atons or nol ecules of the.target materia
is transported to the substrate through a regi on of
reduced pressure and condenses on the substrate,
formng the thin filmof the target materjal._ [0005]
crepig in fé@ﬁ gerdenanfcieral b et ’.l‘keeﬂl%%g Yssﬂe@’ tiapese
overuse, i.e., use beyond the PVD target's service
or proflest(Frers) aipm e Pequlss Pt Ao alfl@eiforc%%@% get i 2
. exanple, PVD target overuse can result in perforatlon
vapsy of fqumm@rlgle%s ey selhrpmpved Pigh-enpspariles Gepp AL
may result in significant productlon | osses, PVD .
thegyasment srvar oF s gatomngr mglﬁﬂé?fyo Biedued ﬁf@tenﬁbﬁ)%l The
service lifetime of a PVD tar is presently

" trangpergdip Heguisirate iyenghrgegierof adﬂp%%anmﬂwes o

number of kil owatt-hours. (kw hrs); consurmed by the PVD .

substyaie. derong the Géellsl efghe tegrt maprealaccunul at ed ener gy
met hod, however, takes tine, to master and the

[oopFc R {argsts hang Snitpeseivisd h@p@ﬁdBV@ direst gvessei ifve ubrdretiendon
experience of the technician. Even when naster.ed, the

the B¥P\iange!’d sefvirteilifegnep faisehrelifhify tend spdaty campens tHor Exaimpis
than they coul d be, as approxi mately 20-40 percent .of

PV brsgvBrts cogetesyltioperiding oo VI regePyD sysierg ewcingy pE},
is wasted. This problemis depicted in FIG- 1, which

in tirg, maygeauiin siphiftant prydedien bews, IHAD pseidr eobflaneege and
conventional PVD target conprising a consunmabl e sl ab

safetyfpreldemee material As can be seen, approximtely 60
percent of the original quantity of the PVD target

[0006] alhetervieslifaired off £NED regkt afpteently M8 rraicsiiputakieg the
kwhrs of operation of the PVD process system 2

the number of kilowatt-hours (kw-hrs), consumed by the PVD

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

' master and the aécuracjr of this methed depends solely on the hands-on experience of the

" technician. Even when masteréd, the se;rVic:e lifetimes of the PVD targe_ts are sl Iajss-
than:éhey- could be, as ai:}proximate-ly 20-40 percent of the PVD target (deﬁendiﬁg‘ upon
the PVD target type) is wasted. This problem is depicted in FiG. i, which is..a' graph .

: plotting the erosion profile of a conventional PVD target comp;:i&?ing a cotisumable siab .
of source material. As can be seen, aﬁpmxi_'matcly :6{) percent of the ori gi.nal.quantit}; 'df'
the PVD target (target residue) femaincd aﬁer 1769 accumulated kew-hrs of op.eration of

the PVD process system.




[0007] The~ low target utilization resulting fromthe
" PV-D targets' abbreviated service Ilifetinmes, creates
hi gh PVD target consunption costs. In fact, PVD target
consunption cost is one of the nost significant costs
in sem conductor fabrication. Thus, if much of the
wasted target material Could be, utilized. PND target
consunption costs could be substantially reduced.
This, in turn, would significantly |ower sem conductor

f0007Ira’@1'iA 1640 utifRShS r@NEnd A6 eRTETP S ekst Bddrddidtys s RAD9)
he. |l ow target utilization also results in nore

' Efotindet, GRUED hioh BRDASEERR LRtk 8oV h 8 PY®ltx@Bthonsumption
therefor€&, nore frequent mai nt enance of the PVD system

cost is@ne Legl mgﬁlgga,m&&u co¥b BN RE8n RMr EAL G I TSk SPIAGESE -
time is needed to retune the PVD prorcess for the new -

 the waki@l 883t mhRON A uIAGE Qﬁﬂznﬁ %VD tafr&%cﬁlsﬁrgptﬁm RE&LoduRd N
1 mproved PVD target. RY" [001 - - enbodi nent

o f =3 TIH i 1
suvsug LELEOH A ﬂ?@%h"&@ﬁ& " RS e o Ol Borcaton
al roachi ng or has been reduced to a-
mﬁﬁaﬂ?h@é%% ﬁ#ﬁggﬁguantltygof the consumabl e ‘material .. The
[0008] n%h 9(‘9.&' I?a?c%? fh'égt ﬁfm atps% rsshlﬁg SI (ilre g f’ ent rg@ace%f:ﬁ] g'%ﬁe{}lp\g)
and~ separ.a nnterlal nto a
targe %?&E B, B oLl BBt ” Bl o 1 TRt ¢ he
rein ch of the units.c ri ses
when (R0 e S SPIRE T RERP A BE PP BEBOHERBHEY he
nmet hod conprises the, stops of providing a first nold

el ppnber having an outer surface of a predeternined
ng a layer of material about the outer

for
16009] Mﬂa BRBOEHE oo I%WTW@H‘S%P "“#fid separating the
| ayer of 3

SUMMARY

[0816] Omne smbommnnt isa method of mar.turacturmtT a_ enclosure of a d tpctcn" that
siéaals that 2 slab of consumable material is approaching or has been reduced to a |
prcdetef%nined quantity of the consumable material. The r_nethod"comprise‘s the steps oft
providing = buik ﬁaterial; forming a p.lurality of bores in the bulk material; and
separating the bulk materiz'il into a plurality of discrete m;its each comprising c.me of the
bores, whetein each of the uuéts caﬁszises the enclogure of the detector. N
[0011] In another embodiment, t:he method comprises the steps of providing a first
.mﬂlc_i_ member having an outer siurface ofa prcdste_rmined ;hape; fo.rming & layer of

' material about the outer surface of the first moid member; and separating the layer of




material fromthe first nold nenber, wherein the |ayer
of material conprises the -enclosure. [0012] In a
further enbodi ment, the nmethod copnrises the steps of;
~providing a first nold nenber having an outer
surface of a predeterm ned shape; Form ng a sheet of
mat eri al about the enter surface of the first nold

menber; and bondi ng opposi ng edges of the sheet to
one anot her.. BRI EF DESCRIPTICN OF THE DRAW NGS [00131
materfa Gomghe i @ﬁld@@qeaml%eﬁvrbbﬁ PG A M BRIEBRIPIGT i e of
a conventional PVD target structure, conprising a
enclogifrab of source material. [00141 FIG 2A is a base plan
view illustrating an exenpl ary enbodi ment of a PVD

[0012} afgyefurider Q;@hqqrréem[fmvf?o omprisgs thesstgps of gRyidingatfrgnal
view through 'line 2B-213. - of FIG 2A~ .100161 FIG 3
mold ingmherdweigs 25 peiet BrAt AFEewieRroaehsirns fsningeshe ghot her
exenplary enbodinent of a PVD target structure 00171
materig] fhouighé euier splaeesr dredirsiaprdd mpmees ird hasdipg praegngsdzes of
further exenplary enmbodi nent of .a PVD target
ﬁwahstﬁun@@n@md{00181 FIG 5 is an exenplary enbodi nent of
a system for detecting the service lifetime endpoint
of a PVD target structure. [0019] FIG 6 is another
exenpl ary enbodi nent of a systemfor detecting the
servi ce BRIER PRECBIIIISHT OF TORE HSRAWINGBget structure:
[00201 FIGS. 7A a-ad 7B are base plan views of PVD

tar ets haV|n lural tube-based detectors.
[0013] .1, whichis g au pIo”‘mg the erosion pmmp ofa uonvenuon sl PVD target

structure comprising a slab of source material.
[GOH] FIG. ZA ig a base plan view illustrating an exemplary embodiment of 2 PVD
. _'targst é‘aucture.
j6015] FIG.2Bisa Cross-56C tional view through line 2B-2B of FIG. 24.
'_5081 6] ¥riG. 3isa sros-&serhm:ﬂ view t*lrougb illnstrating another exemplary
smbodiment of 2 PVD target structure.
{0617} FIG. 4 is a cross-sectional view illustrating a further exemplary emhodiment of
é_ PVD ta£g6t structure.
iﬂﬂig} FIG. 5 is an exemplary embodiment of a system for detecting the service
' lifetime endpoint of a PVD target structure. o
: [5019} FIG. 6 is another exémplary embodiment of a system for dete;;ting the service
lifetime endpomt of a PVD target siruchire.

[0020] FIGS.7A and 7B are base plan views of PVD targets havmg pluraI tubu—basud

-deteciors.




4 [00211 FIGS. 8A and 8B are, cross-sectional views
showi ng two exenpl ary | ocations where the tub-- may
b-- enbedded in the base surface of die target. [0022]
FIG 8Cis a cross-sectional viewillustrating an
exenpl ary nethod for enbedding the tube. shown in the
Il ocation depicted in FIG 8A. [00231 FIG ED is an
el evational view illustrating the thin foil depicted
in FIG- 8C. [0024] FIGS. 9A-9F are perspective views

0¥yl NBICKAR L BHSSTEXE BRRLA-Y SabAd ol
tﬁdﬁewt ube- based detectors. ﬁ[ OOZSléT%I {éﬁl g%oleééa%l&yPO%a@OBS

84S RR Glte\iehy b 8M SOV NG, 1.0 L EIDYA, a mandrel -like
- ol d. manber} froma tube durlsng t rﬁ?*acture of

ﬁ’@f@ HI8026s cl'cg‘?’spcgrarﬁi aod éﬂ%@ﬂiﬂ{gean%ﬁ %@%ﬁ; od ,;)]:V‘B

showi ng an exenpl ary- net ho man

4 o bul k. 0027
Igﬁg(%g&ﬁigl%mbgg%&%A anggcfg%%%g%dgﬂ%ledﬁ ;% pegt i ve[ ~Vi elv

[ﬁ@@j\" ngicd RS &%oﬂgi ﬁi%&elllu% EL‘)L/}.C' ét}%z@lf‘??‘gﬂ?% ﬁa&%ﬁé{% 85§

manuf act ur ed. usi ng

8% . ers ve view idlustrating yet
{g‘ﬁ%heﬁée?é %f%!? éﬂré” 041" ewﬁﬁh%‘?mg YEyhetegplgy embodiments of

- pstrauctar FIG 15 is a perspective view
&%fpﬁé'ﬁﬁﬁﬁﬁ% i cie “Bfot her exenpl ary embodi nent of a
VD t structure. [00301 FIG 16 shows a table
“F qc P 3D e elHE S B 06 ekl -y i el
t .are U|tabI§ for_use with sone exenplary target
é?fgfé fg%gﬁf‘ﬁ?%FRQWﬁ”P§aﬁﬁflomchart showi ng t he

p rst exenpl ary enbodi ment of a - .tube
wﬁ%@ el

11B are perspeciive views showing an exemplary method for

+ manufacturing the tnbes of the tube-based detectors in bulk.

| [0027] . FIGS. 124, 12B, 13A and 13B are pt.a_rs;iacﬁve vi_sw showing the tubes of the
tube-based detectors manifactured usin'g an texremplary sheetiforming. method.

: fijZS] FIG 1413 aperspecti.va view illustrating yet another exemplary embodiment ;:}f )
a PVD target structurz. | | |
[8.82'9] FIG. 15 is a perspective view iliﬁétfating still another éxsmﬁie-li}f embodiment of

‘& PVD target structure. | o |

- [0030] FIG. 16 shou-rs a taﬁie W].ilich lists some exémplary detector layer materials that
are suitgble for use with some exe:ﬁplaxy target materials.

[0031} FIG. 17A is a flowchart showing the steps of a first exemplary cmﬁédiment ofa

tube making method. | | |

{0032] FIG. 17B is a flowchart showing the steps of a second exempiary embodiment

- of the tube malcmo method.




[0032] FIG 17D is a.-flowhart show ng the steps of a
~second exenpl ary - enbodi nent of the tube making:

met hod. 5 [003031 FIG 18A is a perspective view or an
exenpl ary enbodi nent of a nold/extrusion-die
apparatus, which may be used in the tube mal dna

nmet hod. [00341 FIG 18B is a perspective view of

anot her exenpl ary enbodi nrent of a nold apparatus,

whi ch. may be used in the tube maki ng nmet hod [ 0035]
[068B]G FIL® 1R 4 ise fdrapemiivavicvwshionicngniling eabeimsesbia third
‘exenpl ary enbodi nent of the tube making nethod.
- mofd)¥B6dor-tiGam@tiss which hraywbh asdd is hewitegeaddne nsttegs of a

fourth exenpl ary enbodi mrent of the. tube naking
[otAsit Wi, 1 EERAleERedbRSCRIVT hikhdr 6OS3T]iarpambeithed bfrembld s
-a physical vapor deposition (PVD) target structure . -
appa@isnghieh msebaisedinl ihf mbé nekiepdphodt detector, FIG 2A
. is.a plan view.illustrating an exenplary enbodi nment
[0088] FIBVD barfhethstshowingrties ©dps ohethin eentilan sniteihntiedt by
- ‘nunmeral 10 O-and FIG 2B is a cross-sectional view
the tube midlfihg kiett@d2B- 2B of FIG 2A. The PVD tar get :

structure 100 conprises a consumable slab | 10 of a
[eo3te s IFTE 2 (sied fieectmBtishRewial tHeR¥4ps bad Dei) eanglaey delcdbhar of

120, enbedded in a base surface. 114 of the~ PVD

the 8¢ gekind &@thod f i | anent [ 00381 The PVD target 110 ,
conprises a reaction surface 112, the base surface 114

opposite the reaction surface 112, and a sidewal |
surface 116 extendi ng between the reaction surface

112 with the basexsuyrfmes&ekkhipThent arget 110 may be -
fornmed in any

. [0037] One smbodiment i;a a ph};fsical' vaporAdeposition (PVD) target S;tmcmfe having a

service lifefime éndpoint detector. FIG. ZAlis 2 p_lan Iview iHustrating an exemplary.
embodiment of 2 PVD targst structure of the invention, denoted by numeral 100 and FIG.

2B is & cross-sectional view through Iiﬁa 2B-2B of FIG. 2A. The PVD tEI;ng structure

| 100 comprises 2 consmmable alab 'llO.of a desired sc;u.rsé material (FVD ta;rget) and a
filament detector 120, gmbeddsd in a base surface 114 of the PVD tafget 110.

:[0038] The PVD target 110 comprises & reaction surface 112, the bass surface 114 .
oppoesite the re;exction surfade 112, and a sidewall surface 116 extending l;etween the

| reactiog surface 112 with the base sufface 114. The farget 110 may be formed in any

’ s‘uitablé and appropria-tte éhape including, for example, circular, squiare, rectangular, oval,
triangular, .irregular, gte, Thé target.110 may be formed using any well known PVD target

forming method. See for example U.S. Patent No. 6,858,102 entitled “Copper-




suitabl e and appropriate shape including, for exanple,
circul ar, square, rectangular, oval, triangular, :
irregular, ate. The target.110 may be fornmed using any
wel - known PVD target form ng nethod. See for exanple
U S. Patent No. 6,858,102 entltled " Copper 6
Containing Sputtering Targets, -And thhods O Forni ng
Cbpper Containing Sputtering Targets." 4 [00391 The

- targ 110 jn on odj may have a dianeter
Continpf t°=' Bifehe %gnf% A@F‘Sgb rgﬁgf’ﬁ‘é‘fl% &OE?E’I" nfa RS
t hi ckness of 0.250 inches. In other enbodinents, the

Targdi'get 110 may be forned to ot her SU|tabIe and -

%Pproprlate di mensi ons.. The target,_ | may

F003% T Beech L OamPis grpainent ey %ﬁﬁéﬁﬂ%@{éﬂéﬁﬁa&%@f a
material _including for exa ni ckel (N ), nickel

circipiipieaiy Af (BNpehps ynda thiglaess r@é@lm‘thﬁ% alfiother prRpodpmynts, the
al | oys, cobalt (CO, . alum num (Al'), copper (Cu),

* targeq 1L @ Fagi e {omngd tooshet siltalble eThapPTOiAG gitx@wsxow The g0
‘Lin-oxide (ITQ, zinc sulfide-silicon dioxide '

maY(bzwgnE?SGBlz?f agp slwapm;l@ appronyiele spuvgy maisdalgndleding diH axample,
-metals. [0040) The filanent detector 120 conprises .an

nickel{di)osicirebplkomme@i BY) slloysuttieke] 2@ninen/iNaJ1) abippo sotadt (Gpen

_ ends 122a, 122b which-are cl.osed by isolators 126a, .

aluni 28I (AT heppes@ha ttiemsrm 26 santahR6E 2h ennpsten €@, indivseat otihe
intenior 122c of the tube 122 and suspend a fil anent

(ITOL2inA sulfide-ilieont died danZes-S6D,) EA2 A0S tihver (Ag)laed 3dR2: ndble One
enbodi nent, the air within the interior 122c of the
metalsube 122 may be evacuated therefromto create a vacuum
therein. To an alternative embodinent the interior
[0040j2 2Xhe f@fmdattdottb @20lcbdnpTods A@nflbdukLRmitd By, ARtbt MBS R8RS
bpﬁosing open ends 1225, 122b which are ciosed by isolators 126a, 126b. The isolators
1268, 126b hermitically seal the interior 122¢ of the tube 122 and susp_en(i a Alament 124

within the interior 122¢ of the fube 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 122¢ of the tube 122 may be filled with ap inerf gas.
[0041] The flament 124 includes bent marginal end portions 124a, 124b which extend
through the isolators 126a, 126b. The isolators 126a, 126b slecu'ically-isolated the bent
margingl 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

extsmally to form ﬁlament terminals or leads 125a, 125b The ﬁlament 1eads'. 1254, 125h

: allow connection of the nla.ment 124 to a monitoring instrument, as wﬂl be descnbed

_ further on.




[0041] The filament 124 includes bent marginal end
portions 124a, 124b which extend through the
isolators 126a, 126b. Tb-, isolators 126a, 126b
-electrically isolated the bent marginal end portions
124a, 124b of the filanment 124 fromthe tube 122 and
the PVD target | 10. The bent margi nal end portions
124a, 124b of the filanent 124 terminate externally
H94%]orimone prermiry erabadiment shorbs BRdsay R Bampdabhy thilfage
filament | eads Ma, 125b all ow connection of the
PeE#an the PVIntarast bl OnBhd dionsterpfitegtieUing shouldis sM¥fclenddesmall
- described further on. 7 [004Z] In one exenplary
BAHIS deostion suffidiently gloee 10 21% hrse/subcccid Apogetit Biaot feectBRdIBm]
material as the PVD tar-get 110. The di aneter of the .
negineall the tasers plateriplel 16 s heeh avetl] Rorspamgle, immd ekdmgplary -
| ocation sufficiently close to the-base surface 114 so
. ombaginent j the fbe | Penetheut ediawntet 6f sbmeardymal | the tar get
-material 110 has been used. For. example, in one
[@¢8hp by flamentiadisrtpwitallytchepdstber thd 22:chyfertBMEhEPVD target
di ameter of about 0.5 min. [0043] The filament 124 is
11§ g embliqnativepobeiinot, thhiianene 24 ebd @mpasedlon e raMRa
target 1 10. In an alternative-enbodi nent, the
-whichand ferelitonm iy raeeriebitiesedeid 0 and@Iee hbtakeo Wi | S
different fromthe material of the target 110 and does
piotssiag feoelt. TheailEvR: may boesSlidgtdres ok 0.7 fichaom lary
- may have a dianeter of about 0.2 mmin one exenplary ™
erafidooiénent . [ 0044) The isolators 126a, 126b are nmde
froman electrically isolating material or, '
[0BbiThiThatsobinrot 26aRt2EE bRlnseds FBmMQRRILXSAR) i %me whadi,rent ,
the isolators 126a,- 126b may be conposed of a :
combiraibieof mateihla s @lWmmar) AhB ¢ T3, i f
detector. 120 functions as. a s§§%%?°%ggégﬁﬁﬁgg%ﬁ%g9ﬁﬁgﬁ
cotnpesePD: ceramic, such as alumina (Al O).

[6645] The filament detector 1l20. funcﬁons as a sensor for indicating when the PVD
targét 110 has been reduced to 2 quantity of mateziai representing a service lifefime
‘endpoint of the target 100 structure. Any usage of the PVD target structure 100 beyoﬁd
this quéntity (PVD targst ov@mse) 'Wi}l‘ likely result m psrforaﬁon of the target 110 and
system arciug,_ which in tursi, may result in production loss, PVb systeﬁ ar toc;i damage
and safety problems. Tl’;e use of thg ﬁlame’nt- detector 120 in the PVD ’t.afget strneture 100
max_imizes the ssrvice Iifetime of the target 110 and éllows acct;rate, antomated detection

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

. problems mentioned above.




target 110 has been reduced to a quantity of materi al
representing a service lifetime endpoint of the. .
target 100 structure. Any usage of the. PVD target

~ structure 100 beyond - this quantity (PVD target
overuse) will likely result in perforation of the

target 110 and systemarcing, which in turn, may
~result in production |oss, PVD systemor too! damage
[00441d Swfdayenpiasistaigl isEhetused of exhid@ a chirh@smnt ofekBator

120 in the P-VD target structure 100 maxim zes the :
thatgar D¢ wesitinfoattprmb byl mbhiesring deges 330 (FQ5. ANCLALLONS the

accurate, autonated detection of when the PVD target

filagent 424 of b iRGesiNebdr 109, TeplasaddRnD eV ML he; Lar get .
rel ated problens nentioned above. 8 [0046] The - .

attribytt afin filadetelot of bd@ABnilofedGRASS HE I8 idPret¥h i & @
" characteristic or attribute that can be in-situ

impsripndet diitiedilinyena 1TV thétGoH8Y 8580330 n{ag bGan ggmnietcr. '
connected to the filament 124 of the filament .

Usindehcetda@ple 12rs thdchaReSaR o hiBRts is Mé%léﬁ&ﬁ%jaf%sg&'ﬁ%% geor L

attribute of the filanent 124 to be nonitore

impekifte:e OF 86 HlAnGAt | S SIRDEGE0 'irpg%%@ Erft e s
. filament 124 and’the n%%??ﬁ??%g eV|é%”§%§q§§%Kw%e_an
 LifetiOB R CD prockB IR Gn LA P Lr 8L & L ?rgpheglgnacre gr?otn%r:u!ég Saly ¢

or attribute i's the electrical resis

the mloPREERNESO 30 AR v KbLAIRNL $34: ﬁ%tp%%@ﬁ%ﬁ%tﬂ?@@ q%f the

PVD target structure's service

| durinP POEES Sk ook lectrical resistance or .
o o A R oot BT TR OPIG de v (e e

I np nce. nonitore
et 110

valuc‘MiJcﬂI fhpfﬁbé WPt Bﬂ%{y{l}%@ %oregcgégg &s@s@% ?%ﬁpgng%ngr m: the tube 122

erodcs during | P : » o
o S B s BB BS54 STt s port v
sote U BE0 I SR RERERS bt Rl o ehencame vt
comgP YR i SOPEL N Shede L e 1 arent 124~
| approz}icﬂﬁg %%ne% 0 1;;s| tlléeﬁﬂ life. At this point, the quantity of the target lld
| Temaining may be some predetennjnéd percentage of the original quantitjf of the targst
110. For examplé, in one em’b‘odimcnt, the qﬁantity of thé target 110 remaining when the
filament 124 is first exposed may be approximately 0.5 percent of the original quantity of
the target 110..As the target is further j.lsed in the PVD process chamber, the target 110
- and the filament 124 will continue to be eroded until the fiament iz4 fractures. When
this octurs, the elecirical resistance or impedance will chmée again because the filament

. 124 becomes an open circuit, thereby indicaﬁng that the PVD target structure 100 hag

reached the end of its service lifetime. Using the previous example, the quantity of f.hB




change fromthe 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 nmay be sone predeterm ned
I

percentage of the original quantity of the target
10. For -exanple, in one enbodi nent the quantity of
the target | 10 remai ning when the filanment 124 is
first expose d nay be approximtely 0.5 percent  of
tatehiel 10@éthghinalvheue tidneniof24 fiadbmds ara§ et agprdfimateihg.2tthe.
target is further used in the PVD process chanber, the
pet@figfthe oribbhal @uadiityRethkiid-gae nd.  Th2dpwist to tHofkbiuatge ibe
eroded until the filament 124 fractures. Wen this
ele@e izl 18sistilte olingetirce,ahe dpeBikiS ANBEP VD potER Canee oA6HE may
- change again because the filanment 124 becones an open
be GhltddUhdmmally B £oyhoidka setaittDaidiadticiiNeyRVRnkaeaeton the
structure 100 has reached the énd of its service
mdriitheAd dice 650 BGhd PED PFRY: QUSer@ ¥ BB (65 2 dohRolliy Bt dpkyteo
the 9 target |' 10 remai ning when the filanment 124 -
theftb@pt ures may be approximately 0.2 to. 0. 1 p-Proemo
f the original quantity of the target | 10. in _
- [0048P PREYERInE Ao REFIC 8L i<GhARE S cloBs-se85 RE1 vidve Alustrating
resi stance or. inpedance, the operation of the YVD

andPhe E£S 1Y ShBSRIRE 00 bV IR geRGubid! HotEPRMAh a1 B0 AThe

technician, or halted automatically by a 'signal sent
P8R8 heorud Qb (R AR\ Ger 330H1R c&:EQmEEYPcaFgepﬂ%ﬁz _

systemor tool (or a controller that operates t

(cofnﬁé’éeél of & Qégfrzcﬂ-soﬁfclfe%a&érﬁg _allﬁ}{t)ﬂ éi&tﬂéh&ete%tor tiftﬁ,r fﬁnﬂeﬁdeﬁ ROM0

a cross-sectional view ustrating another exenplary-

. S f _ @
bas@gmﬂgé Pﬁ%f (t)l% ta ﬁtgl\{@.PtI‘ Q&Itroﬁé Elé’é&rtd:”lg@ 19&1%8%@9 él%%]ﬁ%aﬁegte <

nuner a . . D target structure
detécP:‘? 15364 &?%rg%@é&éﬂﬁ%ﬂﬁ‘neﬁ? Bdd lmt‘%léé ﬂﬁrﬁ&{r 1349 rca:ﬁa%é’d RAsGd
_ or a deSI r source natéri a and an el ectrode
oL &f 8!‘3%%% e%"f?ﬁzgd b te%% DR &4 ”r% © el
ﬁﬁtﬁéi?%rgl [36.. he’ e eCﬁ%b ec%etgg%%fl O%mﬁgééEQ
marSih dnf bokiBnd P¥8ad, 1 b AREMich extend through the isolators 1262, 1265, The
_bent filament portions 124aa, 124bb t_erminate extemally to form filament leads 1252,
125%°. The filament leads 125a°, 1250 allow attachment of the electrodes 1242’ 124b” to
the earlier described rﬁonitozing device 330 (FIG. 5).
[0048] In operation, the electrodes 1243’? 124b° bf the slectrode detector 120 wiH
. detect a current generated by ions in the plasme entering the tube 122 when the tube 122

of the detector 120’ is breached. In this embodiment, the monitoring device or

instrument connected to the electrodes 124a’, 124b’ may be a current measuring device

© or instrument,
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detector 120 of the previous enbodi nent, except that
the filament 124 -is replaced by two separate, ' '
opposi ng el ectrodes 124a', 124b'. The el ectrodes
124a', 124b' include beat nmarginal end portions
- 124aa, 124bb which extend through the isolators 126a,
. 126b. The bent filanent portions 124aa, 124bb
term nate externally to forn1fi|anent Ioads 125a"

The filanent | oads.125a' al
@%?]acfﬂﬁe Al aﬁ“*ﬁ@“@?@&’tﬁ“’dd‘é@ﬁ‘i@f&ﬂ “f%%bOdtrB°nt %tEB PVD
. earlier d scrl e n vi ce 330
OB T SO BT FERE 1O, ren e st 20 sppRHsesya PYD

‘ the electrode d tector 120" detect a cgurrent
gD £OEHO%Y Of HASTFHS KRS ?ﬁitegé léﬁ}i‘ee?IFYf@“St ofiats g an
.. when the tube 122 of the detector 120' is breached.
inprh gasifietectgfriryntRsfded 1t e DRRS SIERSF i‘*ilfdg ofe et 0
i nstrument connected to the el ectrodes 124a’', 124b'
[OR2Y) dée ot ery Sl vl e oiehece? having ABROSTREEREL endp
:&0049] FIG 4 is-a cross-sectional viewillustrating
pche r ThersesdiZaary befimilqpopimtical & Getubstdesseibeftla the
denot ed by nuneral 200. The PVD target structure 200

engofiprensigwa ifrRISS 2arngdB. Tho opwApsEtlaptiZh olidis itbed22 are
source material, as in the previous enbodi nents, and
claged arid-‘rlenm&'(tiuéws@lei Bctionra 206, enthed dbis mmdt fremblaseme
surface 214 of the target 210. [00501 The inert gas
majetebotivy BRI 20 any dhesuzabidmide 22 Thhiabt ALY io fipebwitlgan
_Open ends 222a, 222b. The tube 222 may be simlar or
mdridenti4 alchtohdline: Hshevhidtees idbedbct thetta preadaadi; raeiit.
shown in FIGS 2A and 2B. The open ends 222a, 222b of

[0U5hE : DirtityP 22 Brodsseing chosget ANGs neftietdntall Yorseaked obihe
cl osures 226, such as plugs nade fromthe sane

inefheIA4ay s25s et BE/ict220 QFIGARY AR HREFVTS wirkeA bl ®erodes
material. The tube: 222 is filled with an .inert gas

durdRAVIS Hebesdifis el ihbiidotie) romihis GhaiS0RsA ROt afbfe 06i, thiifme
PVD proceSS|ng result.

_tube 222 is breached by PVD procsss forces, e.g., the sPuttenncr plasma. Once this

occurs, the inert gas 224 ﬁllmc the tabe 222 is emitted znd may be detected 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. In

one exemplary embodiment; the inert gas detector 220 allows the targst 210 of the PVD

target s@c@e 200 to be reduced to a quantify less than 0.5 percent of its original

guantity. -

[0.052] Thus, the inert gas derector 220 operates as a sensor to indicate when the target

210 of target structure 200 has been reduced fo a quantity rep’resenting a service lifetimé |

endpoint of the target structure 200.
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[ 0051] During PVD processrng, the target 200 is
in-situ.nmonitored for em.ssion of the nmert gas 224
by a gas detection device 430 (FIG 6). As the PVD
target 210 erodes during PVD processing the inert -as
224 remai ns undi sturbed in the tube 222, until the
_ tube, 222 is breached by PVD process forces, e.g.,

" "the sputtering plasna. Once this -occurs, the inert

: 4 filling the t 222 is emt nd nm

- BRRuCT s R i e AN A

: vrc e by cal em ssion

- LREE P CRant ol byea%f?% st O ars et e Voor
other su ectio In.__ one exenplary :
RS ERnSER %ﬁaﬁr et T e oA v deoghi @ iporsing

tar et structure 200 to be

With SRies T g ﬂif PRRrTS tp Eebih deization o ST haRpe Greties The

tlt 005 Thyus, the inert
_- S-%‘éfi %btfsrce aeréf-'detg Agistifoise “aiet Meteual olwprest e
E@gr 3%?%% 8 et structure 200 has been reduced
! yO éFﬁ‘tlerﬁe%lP%‘@r prtealy it pe effect the PVD -

%$0|nt of .the target structure 200. £00531 In

- PRREEREFesEl e%ﬁwtrveeﬁ%ﬁwgﬁ maiggiajs disied inghs“tirgtt magegial”

© the tube_222 ? detector 220 may be repl aced
Py AR EFC: slék%‘tl%ﬂée iquithsubsfarecs maytbe at fnetgat (., BYDm) in

: $roce55|ng result. The substance nay be a solid or a
liquid,form thah ey ibs isefsapite thefiubsy Afkandilichyith akiguid esbgamedht 0
the PVD process, to enable detection of the substance

tubqympelave @rdiamgia a5 weall i 043mst ance may be power ed
material listed in the "coated material" columm of the

(0954 dhe RYRHaieat Fmetreg BIOWAIE Q0 dstaibebabeveccemyibargnele
materials that will not effect the PVD processing

tuhedapged depfetor d3pdediaze. dxelhmpl cxpyplaar qpeodimatiey thalased siratted
in the "target material”" colum of the FIG- 16 table.

ma’ﬂq:@mpnaﬂm@lttglgﬁ@xem dptegtod disgibuiadertssath& PD (@gag preferably
in f?lg lx:riolflenZIOSNG pesmons of the target (e.g., FIG. 7A). Disttibuting multiple tube-
| based defectors across the target increases detection uniformity and allows detection of
- Jocalized target evosion. FIGS. 7A and 7B, illustrate two exemplary embodiments of 2
PVD target structure 500, 500° comprising two or rrtore, mbe—based dstecters 520, 520
(each having, for example, a length of 4 cm or less) distributec‘t acress the base surface
. 514, 514’ of the PVD target 510, 510° and embedded therein. As shown in FIG. 74, the
tube-based detectors 520 may be distributed radially aeross the target'slab 510 and -

separate fTom one another. As shown in FIG. 7B, the tube-based detectors 520° may be

- distributed radially across the target 5107 and such that they converge with one another at

the center of the target 510°.
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liquid formthat may be injected into the tube. Wen
filled wth a liquid substance, the tube may have a
di aneter as small as 0.03nm [00541 The PVD target

. Structures 100, 100', 200 descri bed above conprise a
single tube-based detector 120, 120" 220, In other

exenpl ary enbodi nents, the target structure may
- conpri-se nmultiple tube-based detectors distributed
- across the PVD target, preferabl in the nore erosive -

- Ig8silt %Wﬁv¥lﬁ@wt5§%b@@{nV¥‘é the tubepgsd gagetorppLh TPW&ER ing

mul tiple tube- based detectors across the tar o
dnFReAdcd i Barecrrace Al Lriith ol P tgreahdO & hanibe wey %@t’*? Grstoyits

| ocal i zed target erosion. FIGS. 7A and 7B, illustrate
or Wiehdx arppised ore sdasarrerfeas Q3 oAthe tRADOE Gufagwell e thebrgnt dase
500, 500' comprising two or nore, tube-based detectors
piROG505wbich mep ae rafrantiaggppef (fﬁu)@ﬂayrpmc@.a,s Cy-dremgrhotbér 4
cmor |less) di-stributed across the base surface 514,
sBitable miteridheasPUbv ariget 84 s 154 0be memnmdishedo ek oedgnent,
As shown in FIG 7A the tube-based detectors 520 _

 ameyhe FEL 8Dyt dning thc ZVMDy tazeet @ik theurteungietal sloatboSAl.
and separate fromone another. As shown in FIG 7B,

‘nﬁﬁ&oﬂhbﬁ%bﬁﬁﬂ%&ﬂﬁhﬁﬁﬂQég Eﬁﬁmnﬁmmdb@uﬂﬁ&ﬁé@ﬂhﬂkéﬂﬂ7nmda
radially across the target 510 and such that they -

oCaivRFige mitédal @nE tdntid) eThadbuttinh eurée s dthaabulcheatsae ot
-5 10. 12 [00551 In sone exenplary enbodi nents, the

. it Rasghersls el £A1600.S 2 Bc PRy idee witt ohessa i nusehecewmg
has-- surface 614 of the PVD target 610 so that the

o8 6622 aheS6 1111 2UsHcWrd HzedQhnd ShpsdHol el @GaDaRA of FRMINR:.
base surface 614 of the, targéet 610 (as well as the.

ﬂ%ﬁ@@ﬂh%med upﬂhéhﬁe 820w ing W 418y e sMBdenhe fhurce

copper such-as Cu-Zn or any other suitable

miRLe rah@in}aaa Iax%@t%\ﬁn‘de@ d1h @ anPBi0.7, I?l':esmﬁ?gﬂ%d the t%getgéss

acconpl i sh one enbodi nent, as shown i n

L ﬁ%@m&%& heRYRHA Lo - 8% AT bR P ES LGk
pressurs and temperature sufﬁmwnt to canse the source materia! and interface members
610.1 apd 610.5_, the tube 622 and the target base plate 650 to ~pb}'sicaﬂy_boﬁd to one
another, Specificalty, the prcséure and temperature depends npon the material of the base
plate, the source material of the target, and the bonding time. Tn the ekample used above
(e.g., copper base plate and tantalum source maiéﬁal), the temp'eramre and pressure used
: -'may be about 400 °C (slightly over 1/3 of the melting temperatt’lr_e of copper winich is

3 1083 *C) and about 13,000 psi, Iespectlveiy In somie ﬂmbodlments a thin foil 610 3

" made of thé source material may be disposed in the tube receiving groove 611.2 of the

' interface member 61 02 The foil 610.3, shown by itself in FIG. 8D, may beusedasa

. barrier layer to prevent atoms of the interface member 610.2 fiom migrating into the area




made of the desired source material (e.1-., tantalum

and an interface nenber 610.2 made of ‘an interface
material (e.g., titanium. The abutting surfaces of

the source naterial and interface nenbers 610.1 and

610. 11 may be provided wth correspondi ng tube.
-receiving groove g a 6 11.1 and 611.2 which are sized
~and shaped to:receive'a portion of the tube 622. The

~ t ubtic @dve 6110t atReiubasidend thikdarce eeekvi 10,10 EOAN® Smbodiments,
611.1 and 611.2 and the source material and interface

t dregetic-tmeshiztRtobeld201mante §16hsZharidne ehvR b 2hanek {b@ee 614°
‘target base plate 650 are bonded to one another using
aohit tapfeeSE0’ BO UM MY iRIPBARS BbPETF @ B AHbo R thdBRS SiHAE=614°
and tenperature sufficient to cause the source-

ol the tafdet 60T ad $MbRT fraKTEs. BRITISS Sireebldle 412390764 BridomboiSnent -
tube 622 and the. target base §1ate 650 to physically -

basgintRdODfce B8 fe FocaiSRRGhd Aozl of thelrif @b %@%ﬁﬁmﬁﬁl Bom the
tenper ature depends upon the material of the base

[Ha8é Qurfacd f181° SOME GBI ®! dodthat @fe HillButAlG8 " of Ao BG10 may
bonding tinme. In the exanpl e used above (e.g., “copper

- hasispbatte trafGadeadiabstm source material), the
tenperature and pressure used may be about 400 T

(redd6gh f- e L ed 1 foui e an
O O B RO B R i
LBSBSTH by ThE Ribs ANl G RAd LEEALS ’sg%cgﬂhﬁ 51%94 i rﬁﬂ:&l-o?*
made of the source material nmay be disposed In the
e 122, , .
R R e R T oy Pt PRI B B
& ' ek 10 Lodd av Astel B i
PR A5 dne L YR Auph ol A0y U
1 . f . 2 h .
%fau&,e] 195,%M§Wﬁﬂ' rguizg c-rotsglgeﬁ%%fgfsh%%%s ?’ﬂ'g tQE esﬁ? Fou {u ggoe()a

material 610.1. I'n other e e Tibke

H&E&C&u%imﬁ%ﬁgs i??obgfzdb%&%diﬂrgét icgo'f%é’ecg%lbafﬁ%e%i ﬁLé‘.

the base surface _ the targe ]
%(_8 Fﬁ%og{:s Rt 44069 ﬁav%?gzan dufer $he5:90 17{ b oavs?luérg cemss?sggtleonal shape

and an inner surface 720c with a circular cross-sectional shape. FIG. 9D shows a fube
706& having an outer surface 710d with 2 circular cross-ssctional shap.e and an inner
surfacé 720d with a tri;'mguiar cross-sectional shape, "FIG. 9F show a tube 700e hav‘ing
an outer surface 710e with a circular cross-sectional shape and an inner surface 720e with
@ square cross-sectional shape. FIG. 9F shov;is a tube 700f having outer and inner
surfaces 710f, 720f with square crosé—sectional shapes, The outer and inner surfaces of
the tube(s) may have other cross-sectional shapes including re:c:.f;angulz’tir and oval, to na‘;.ne

a few.

14




of the target 610, as shown in FIG 8B. The t ar get
base plate 650" in Us enbodi nent may include: a
recess 660 for receiving the portion of the tube 622
that protrudes fromthe base surface 614' of the
target 610", so that the base surface 614' of the
target 610 may lie flush on the target base plate
650" . [0056] The tube(s) of ‘the tube-based detectors -
[018Y] DReiGaRsheweiae: 14 iRnYis il L2l &
shape Theétube may have I(Siute e%p?%%er %gﬁlﬁlﬁﬁ%te% Y‘ﬁat
- atb R et AR SRl dRhen: OF £ HOHENL:
-~ FIGS, 9A-9F ar e. E|E)ner spectﬁl%%% \%/frg&v\% Cﬁ%t“é}g‘r nm“raal%%a The.
PEXGATRL: ALY, n‘&ﬂ'@&ﬁéo‘%ﬂi%& e y
tubﬁeFEmOef havi tgfgﬁ%b?e%éﬁgl% ﬁcons S%IS%V?B%IUE
&&bfacdi- 4 na > ool 8o Shov
% ) l‘“ﬁJ e %891 i ﬁi‘“‘ﬁeﬁgr %Err%zgc%l&mﬁd %ﬁ?ﬁcvﬁfﬂéﬁo

avi ng outer - an

ba&\ééb %%Q‘%ﬁ%e?{r SRalA aoolds hap = ﬁq#gc@afa%gzo -

avli Nng an outer
a er._surface 720c with
m@%ﬁ@cﬁ%m Tr( Btss%élg ch)ﬂ gﬁﬁﬁgt i{pr 9D shows a.
_ [065% nggdlo avi n an._out er. surface _710d with a
. }8??-135 REISh EP SR plna R 4RO theneepmplany f ace
ross-sartional shape, 'FIG 9B

: t |
smgﬁ‘%wev\dof ab f%flég*nﬁ%ﬁvﬁ% engid By peperdl f0padhe Y@efawrﬂt h a

shape and an inner surface

Ci. rc%gar Cr. oss sectl onal
% Ay tg dhedr EP e §1IL§8€§ pobnslicddn BHe. 14rrept BBt it

a tube 700f havi ng outer_and inner ‘surfaces 71
adﬂ%“ma DRIDFPE N TS geardereEt gﬁ@ 838 dispesad bves HeplsctoT hgedizer
and inner surfaces of the tubb(s) may .have other
In tgy gadawy pidgh 13 Madascimatrinlang 438 coupbguhaPVangdgaval
to name. a few 14 [00571 Referring now to FIG 14,

- strueigs 800] 19 tathegplate560.spect i ve view il lustrating ~et
anot her, exenplary -enbodi-nent of a PVD taiget ,

: "{()t}gi{] r g%ﬁ@p@boc@@pm'é elFIby. Wean@rld) th868ectobNsyer 820 is composed ofa
material, whmh 1s diffe rem ﬁom the PVD farget matenal and does not afr=ct the PVD
| processing resuit. FIG. 16 shows a table which lists soms exemplary detecior Iayer
matsxigls that are suitable for use with .respecti\.?e exemplary t'arget_‘mateﬁals.
- [0060] ,Whel} plgsma strikes the de‘fsctor layer 820 of the PVD 7iau‘gﬁ"t structure 800 orr
§00° during PVD procs§smv the detector layer emits a vapér which may be in-sity
| mo_nitored_and detected by OES, RGA or other hke detection II-lethOdS.
~ [0061] The endpoint detection resohution of the PVD target structures 800 and 800°
| _ maj be increased, by using two .01‘ more detector layers which are compoéed of different
materials. Thus, when plasma étrikesme first one of the detector layers, detection of that

layer will indicate a first regidual quantity of target materia! remaining and when piaéma |
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PVD target structure 800 conprises the above descri bed
consunabl e PVD target 810 (conposed of a desired .
source material) and a detector layer 820, disposed
adj acent the Dbase surface 814 of the target 8 10. In
the enbodi ment of FIG 14, the detector |ayer 820 may
couple the PVD target structure, 800 to a base plate
850. [00581 FIG 15 shows a perspective view

i | Lwstrating.still, another exenplary enbodiment of a
VBT s RS S Beintr R St oree byl

structure enbodi
aqglid:i Ly conmpri ..a target terial |ayer 830
eoanat SRR, 38%Pad B E5ar TRt it adael, i dssied
e [ .of FlG. 15 .the.target materjal | ayer 830 '
cggg{!)lgg@ tr%én %Emf % eaf{d&l%?all {?E‘t‘igfﬁé[“%’(ﬁy'oﬁn@f‘ﬂ% base

I =850, 91 .1n the enmhodi nents of FIGS. 14 and.
?é‘?d"’?he 3% %‘2‘?2%% SRR b coprigedand afapted tavay wed with or

| et. material and

J: i.s. diff f .t he PVD t;
SR aleltalt FUR e ues ot ey e e

S a table.which lists sone exenpl ary detector

| Sy it rchardy e meghieations by Cipseesabuter, the PYD

res tive exenplary target.materials. [00601 When :

SRRl 1By e B Ber 6t mPayEr PRE0YEtm g fivpmseretoon

target structure 800 or " 800" during PVD processing,

HE R BRIV ey e bpiaien EFApEEmsnindinduasyebecorpled plrana
i.tored and detected by OES, RGA or other |ike

3@&’ ETIERS R PHeTs o™ d06 i’}/’whréefeﬁ dsdnymtieremescatiodye used in all

resol ution of the, PVD target structures 800 and 800'

(REFS Bg* IV HAOEREBADYI5Ystems ingjuding vohondinetatiet, dotw cutrany sovesr

~ which are conposed of different nmaterials. Thus, when

YT 2LTRAE U HE PRV ErSYsteme 2w rafiadTedetnech@ver byetss

fet ection of that layer will indicate a first

P HuAPo TP lincstis e ategotl Mrapaitigahe tubeteiofitrgutaritsed target

when plasma_ 15 : - '

structurgs. FIG. 17A presents a flowchart that shows the steps of a first exemplary

e

embodiment of t'ha tube making method. In step 901, a mold/extrusion-die apparatus 950 -
(F ;G'. 18A) is provided which comprises concentrically disposed cuter and inner dis
members 951, 952, The outer and inner die members 951, 952 are sach made of a rigid
'rﬁaterial suitable fc; extruding and/or casting metal, metal alloys, and/or metallic

" materials, Suitable dic member materials ﬁay inchde, without limitation, ceramic
rn_ateﬁal‘s, polymeric materials, metallic materials, and ;cmbinations thereof. Tﬁe iomer
surface 951a of the outer member 951 of the appératus 950 is configured to .fo'nn the

.ou‘tcr_ surface of the tnbe andrthé outer surface 952a of the iﬁner mernber 952 of the '

apparatus 950 is configured to form the inner surface of the tube. In the emboﬁimery;t of
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subsequently strikes a subsequent one, of the detector
layers, detection of that layer will indicate a .
subsequent residual quantity of target material
remai ning, which is |less than he previous residua
quantity. Additional |layers of other material's may be
added, if desired, to provide an indication of an
addi tional residual quantity of material. [00621 The
PVD target structures nay be configured and adapted to
6 e dhsutds membengt o thte apparatng®B0 ibassiguRVRihnotesal deks-
systens and tools may use the PVD target structures.
SFtoRd Fhansizgh ikt incanmember Adap EtheraiafAncatsh nenAReéOwith 4
changes. Further, the PVD target structures may be
cysea qrepsdedtipenl dnpe.nhighetridd BYRsey sl empaiatte hadbBgsed to make
magnetron systens, capacitively coupl ed plasm (CCP)
theyiuheetigwn &Gl bluktd catepnpbosdpheckvet 88e oftbGRY fnner
systens, to nane a few. The PVD target of the -
e 61 oml I5AYS the SEpARRusLIE thaybe @bhfipukaiNE f120f 2 PYMRarpet tube
power supply systens including, without limtation,
afny elegired whape hcludpielor cEWHlL B niab HeRRah Fits, oulgent
power systens, and radio frequency power systems. . - .
[0p6O6 FerAring hat (o AR of3Ga ' :
t ube(s) of ?ﬁe t ube- based ta?gggegg 98%?%?%§£&@§&é£§ R
expudiagatissiad fboWaRARTmRAL s HoNs 95?&1&%& | 3w tﬁeo%ltérfatﬁd

-exenplary enbodi nent of -the tube making net

it ek 958 JBPbkhe LR, & (FIG . -
18A) is provided mﬁ%gﬁéﬁgﬁg??gggg%%ﬁ%gﬁ%3?%%$%§Hmybe
952. Th

i " . ol o571
r e N
o fos i .ahl.e for extrudi ng a r.
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wi thout lTimtation, cefamc _ _
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i B nkhfy BRERNES e Pirsnteafel rlien arerersh preemg sz
-‘me&];erg B?l, i99i‘ &t the%ggg{us 8? 02. Ifo t{m Tt:ulgs material is formed by césﬁng in steﬁ
902, then step 903 i; performed wher;sin the tube is remove& from the ;dpparatus 950 afier ‘
the molten tub_s material has cooled and solidifisd, | |
_ 0065} FIG. 17B -p'rcsents a ﬂowc_hart fhat shows the steps of a second exemplal-y
' e;pbddiment of the tube maldng method of the invention. In step 911 a moldrapparams |
960 (FIG. 18B) is provided which comprises a mandrel-like mold member 961. The mold
member 961 is maﬁe of é rigid méterial suitable for fél%ning therson a layer of ﬁstal, 3

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

mold member materials may include, without limitation, ceramic materials, polymeric
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apparatus 950 is configured to formthe inner surface
.of the tube. I'n the enbodi nent of 16 FI G- 18A, the
~outer nenber 951 of the apparatus 950 is configured
with a circular cross- sectional shape and the, inner
menber 952 of the apparatus 950 is configured with a
circular cross-sectional shape. Such a

nol d/ extrusi on-di e apparatus nmay be used to make the

ot . i LG, 9A, lt..iS conte ate however
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: / be.configured to_nmake-a PVD target
?%E%raﬁg?%alﬁag ggtl)élf seur acS: %&%%ﬁcﬁ & c‘@aﬁi g?ée, tTJ gqrmeg(ta ) agl,ng outer
t v in FLGS. 9B- 9F. 0641 Referring again
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i extrudi a sired_tube terial through
R e L e
the nol d /extyusion-di e appar.atus

951 52 aof
; gg%ggrﬁ%{la}pﬁs §%c anlg@dﬁgpﬁaﬁ@ﬁadfrme g F”ﬁﬁe %F@eé oge FIG. 9A.

Xt rusion. hods. .Jla an.al ternate enbodj nent ste
S5 bRARET haPres o iy rauluehedfg Trolcerran ey
. terdal .intq t ace 953 defined between the outer
SR L S TR AL A S
- -di e .appar at.us; 0. ,Casting may be perfornmed by
ﬁgﬁﬁFESKWWéHEK§$3§dm?3%e mat éri al and - pouring or
iniecting the, nolten tube nmateri.al into the space 953
9591 o Qe hatkcsAm R e J a1 i Br tenr Ao s rond rpshes
%O%{}%a{aﬁpar atus 950. If the tube material is forned

girqdrfiiat Baeria gpio thenater side prbenP62ef Hernad medber
ere&n.the tube is remved fromthe. apparatus 950
e Bl e draeding rickpem évihiskioss offlstues) i sstlisamid The -,
(éoILdified. fO651 FIG 17B presents a flowhart that
ARG EtsirR rgy bp weidormsd sErg fur caxwpip eieiyical shiyoidilmiating (HCP)

the tube making method of the invention. In stop 911 a
YL B liededn siop8lY, fraundgitiie held membnisd audihe bibe are

conprises a mandrel -1ike nold nenber 961. The nold
separated from one another. In an exemplary embodiment, the separation step may be
performed by physically withdrawing the mandrel-iike mold member from the tube, as
showﬁ in FIG. 10. Tn an alternative exemplary eﬁbodﬁent, the separation step may be
- performed chemically by the mold me:hbér using an etchant,

[0067] FIG. 19 presents a ﬂowcha;t that shows the steps of a third exempiary _

' embodiment of the tiibe rhaldng method. In the third e}.:e:mplary embodiment of the tube
making method, the tube is made in 2 bulk ﬁaﬁufactuﬁng process, In step 921, multiple '
bores 941 are formed in a bulk quantity of a desired tube material 940 as shown in FIG.
11A. The multiple bores 941 define the inmer surfaées of a plurality of tubes. Tn sfép ‘

922, the bulk quantity of ‘material is cut or sliced into a plurality of discrete tubes 942 as
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menber 961 is nmade of a rigid material suitable for
form ng thereon a | ayer of netal, nmetal alloy, and/or
netallic material, using PVD. or electrical chem-cal
plating. Suitable nold nmenber materials may include,
W thout Iimtation, ceramc materials, polyneric 17
"materials, netallic materials, and conbi nations
‘thereof The nold nmenber 961 of the  apparatus 960 has

an outer surface 96la ich i.s_configur.ed f
 shepie PHav Bgro e R BT S PRl PR oL DBy
- the.sane shape, In the shown enmbodinent of g G an:r|f18dl3$’

041 ey eioEReSHTEAER SORNEL 25T REPTHOHE TTRHOEF GETs T ¢

configured with a circular cross-_sectjopal, shape...
stelSng melofip| Thedplrapaeirs SR e WETFIPY HRKE® Elﬁ%ﬁﬁ’&g Giscrete
. shown in FIG 9A It is contenplat eg, however , 1 hat
tubtsesingrsonvantpib las g SoBTCRSHE WRHT(AO4 RSRERTR (6 'ﬁﬁ@?‘? “be

configured to nake a PVD target tube of ot heg%%e ired .
. [0068agus. 2hisladloabart thechessipitens of ¢ e th FregrleR Gy ofypent of
: FIGS. 9B and 9F. [0066] Referring again to the,

theftiboweangtmaifiodF| IGsten $8., agnabigable shee)t? Sgﬁoh@fi%‘é&s}rﬁiﬁp% es
' depositing a desired tube material onto, the outer
magtigdés prouintd end B6Rp 682, threshews 980 isderyead inig g fubef§li 48150 2
desired filmthickness (wall thickness of the tubo) is
destedibapeds shbtve in BiGS081 4 mnlyl 36t Bpe steegt 358, PASY frey e frusd Wi

for exanple, electrical chemcal plating (ECP) and/.or .
 the ReVBY Bt He@s in digp SSL &P f@dg it drenmieaarekponiiiegly sdpdd |

menber 961 and the tube are separated from one
a9 tRETar td Hat@Rovexe HG AR, aMb adidigt oprivhieg sixpabdd, DB of

step may be perforned by physically w thdraw ng the

ihe BB IE Elog! i KOiBObEhdpERREE aidtentt e 336he coasiete sraube 980,
FIG 10. In an alternative exenplary enmbodi nent; the

9815 %0%6% LORIGRL 8B ARYI 3Be BoREhE REPBEacbapligal hyndsnytshiable
. mol d menber using an etchant. [00671 FIG 19 presents
and@plb@NEa Lt hakhanQus »d hassEops of a third exenplary
: [0069] Another embpdiment"of the i-nvsntioﬁ i & system for datsotin,-g fhe service
Iifetia:_na.endpcaiﬁt ofa _PVD ;carget structure. FIG. 5 1s an embodiment of sﬁch a systerm,
denoted by numeral 300. The system 300 caﬁpﬁses a PVD process chamber 3 15, aPVD
targé;t structure .320 such as shown in FIGS. 24, 2B of 3, disposeﬁ in the process chamber
310 and a monitoring device 330 ccnl;ected to the PVD target s‘-crucfura 320 for m-situ
ﬁionitoring the characteristic or attribute of the filament or electrode detector assembly
| 340 of the PVD target structure 320.
: [6070] FIG. 6 is another embodiment of a system for detecting the service lifetime

endpoint of 2 PVD target, denoted by numeral 400. The system 400 comprises a PVD.

. process chamber 410, a PVD target structure 420, such as shown in FIGS. 4,14, or 1_5,
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enbodi neirt of the tube making nmethod. In the third
exenpl ary enbodi nent of the tube naking nmethod, the
tube-is nmade in a bul k manufacturing process. In step
921, nultiple bores 941 are fornmed in a bulk quantity
of a desired tube material 940 as shown in FIG | [A

" The nultiple bores 941 define the inner surfaces of a

plurality of tubes. In step 922, the bulk quantity of
f discrete

' i li,ced into.a pluralit
B g Broobly ol P a3 Bt it o iy L

‘ : [ . .of th ores 941, The bores 941
B R S S R
E@%%&E4ﬂft=etching,.and dry etching nethods. The ..
ull-, ma

‘erial 940 nmay be rut or sliced into the
conyenti onal | aser,

' di scret.e ., tubes usjin
P8P bR o A5 e BRI e ot g oo deets,
: . Fl 20.is a.fl ow .that sho the ste of - -
R LG e AR B e e

] ILn.step,931, ..a nal | eabl e sheet, 980, 980" of
TR e VAR BTt e AP Pk RRa) bemtdp those
.the sheet 980 is forpedinto.a tube 981, 981" of
S%ﬁ%ﬂé‘é@‘ie?‘i&f’@ﬂ%&@% sgqpe prdaBngelot AquFeTis3Ik theThe
isQF t 980, 980" may be forned-into -the desired tube
gﬁﬁggLin step.932 by formng it around a
correspondi ngly shaped mandrel. simlar to that shown
in FIG 18B. The matchi ng, opposing edges 992, 982" of
the tube 981,- 981' are then bonded to one another in
step 933 to conplete the tube 981, 981" as shown in -
FI GS. 12B and 13B. .Bondi ng may be acconplished using
any suitable and appropriate bondi ng net hod, such as
wel di ng. [00691 Anot her enbodi nent of the, invention
is a systemfor detecting the service lifetine
endpoint of a PVD target structure. FIG 5 is an
enbodi ment of such a system - denoted by nuneral 3 00.
The system 3 00 conprises a PVD process chanber or
310, a PVD - ‘
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target structure '"320 such as shown in FIGS. 2A, 2B or"
3, disposed in the process chanber 3 10 and a -
nonitoring device 330 connected to the PVD target
structure 320 for in-situ nonitoring the
characteristic or attribute of the filament or -
el ectrode detector assenbly 340 of the PVID target
structure 320. [00701 FIG 6 is another enbodinment ofa
system for detecting the seipisse |ifetime endpoi nt of
a PVD-target, denoted by numeral 400. The system 400
conprises a PNTD. = process chanber 410, a PVD target.
L 0, such as shown in FIGS. 4, 14, or 15,
%gagggg%ggﬁgin the process chanber 410 and a gas :
petecg&ﬁgmgﬁ&ﬁﬁﬁﬁéggmﬂﬁ$sbpasitu nmoni toring and :

detecting the inert gas detector or detector |ayer 44

of the, ructure 420. [0071] Al though the -
SRSt -

i'nvent on escribed in terns of. exenplary
" enbodigrents, .it.. is.not.lJimted theret.o. Rather, the
‘appendst & SF R RETT BT AR B "

hou e constr %?oadly, to

§ mven PRI G E iy el A0y L ASE® Cuil e eprpisns

'rhe‘@rﬁ wi t hout departing fromthe scope and range of
oBG0i UaPERYs of the  invention. 20 CLAIMS Wat is

claimed is: 1. met hod conprising.the steéeps of

o ovi A B AT T RT S PEIRTAGE SOgras feesy o
bores in the bulk naterial;, and o ' :
signaling that a slab of constmable material is approaching or has been reduced io a

predeiermined quantity of the consumable material.

2. - The method of claim 1 wherein the siab of p-onsumable material comprises a

physical 'Vapor deposition targst.

3 The method according to claim 1, wherein the bulk material and the slé.b' of

consumable material are composed of a same material.

4. The method according io claim 1, firther comprising the step of providing a

signaling elemeant in the enclosure to form the detector.

5. . The method according to claim 4, wherein the signaling element comprises.one

of a filament element and electrods elements.
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separating the bulk material into a plurality of
di.screte units each conpri.sing .one of the~bores;
wherein each of the units forms an encl osure of a
detector, the detector for signaling that a slab of
consumabl e material- i s approachi ng-or has been: reduced
to a predeterm ned quantity of the consunabl e
material. .2. The nmethod of claim| wherein the slab
®f corhsmedihad avatding @l clo@MPwhESS 18 sigANS) GahonY ARNrises ono
deposition target. 3. 'I"he nethod according to arm
Cfa Sxhapletial, 4 lpridom hikrigtpdne Riselid BEGrdl B&re?in@i%lﬁfthe consu able,
consunabl e material are conposed of a sane mater il
mpteriphGompthinbdhestaas tirmgd,t o ¢l ai m 1, further conpr|5|ng
.the step of providing a signaling elenment in the
encl osure. to formthe detector. 5. The nethod
7accor%ggg to claim4, wherein the signaling el enent
conpf stbokacoatiing td blhiad 8 Firie} SHRIMsn3
el ements. 21 6. Thg met hod according fo Cﬁg%ﬁ&@&d%ncme-‘
of a gas

‘dw@;memabosmmmabmnﬁéwnt conprises one
‘material, aliquid material, and a solid materi al

different fromthe consunable mat eri al from which the
.slab is fornmed, 7. The nethod according to claim4,
&.f ur t e netopabetdgs ©heis t epnel; %Q&%g gt he detect
in the slab of consumabl e material he %ﬁﬂmggpﬁg&dnhnc
maigdor ding to claim 1, wherein the formng step

~conprises a drilling nethod. 9. The nethod according
to claimS8, mhereln the drilling nethod 1s perfornmed .
by a :

9. The method according to claim 8, wherein the drilling method i pefformed bjf a

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

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

cutting step,

,I 1. The method according to claim 10, wherein the cutting step is performed by a

| laser, high pressure water, mechamcai cutiing, or a combination thereof
12. A method comprising the steps of: -

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

shape;




_ Iaser hlgh pressure water, wet etching, dry etching
“or a conblnatlon t her eof . 10.'The nmet hod according to
claim1, wherein the separating step conprises a
cutting step. 11. The method according to clai m 10,
wherein the cutting step is perfornmed by a |aser
hi gh pressure water, mechanical cutting, or a
conblnatlon thereof. 12. A nmethod conprising the steps -
gayelgof%a&ﬁa;sabomhdammmwﬁgmw IS THERPT
sur%ﬁce a predetermned shape; 22 ---------------
formng a |layer of material about the outer surface of
the first nold nenber; and |ayer of material fromthe
first %E}FQ? %EmatcﬁﬁﬁﬁihﬁﬂnblﬁgsthhﬂdMBb@J n the |ayer
of TREer| orms an enclosure of 'a detector, the

det SEL:0% dfcQhyer 8 ARG Rdhek hibnoosateatf s dbtegiom e rdalspter for
=i |s approachlng or has bean reduced.to a

mgmaﬁmg el e ped, ARkl i Lo eansrbblieommiee &

aim 122, wherein 115 sl ab of
: consu &ﬂﬂﬁﬁ%ﬁﬂa physi cal vapor
Pfed?f%%’é‘fgg?qu@’ﬁl ngftrtg%%o%mﬁ The method according to G .
' aim 12, wherein the layer, of material and the slab of
consumabl e naterlal are conposed of a sanme material .

cor di ng 59 tJ thr;l-ﬂi Ib!g%fab %@B&Hsbﬁéﬁﬂ@mﬁtﬁﬁai%bﬁpﬂ@ﬁ a

- and

13. pro ‘?ﬁnﬁ o 0

- physical vapor deposition target.

14. ~ Themethod according to claim 12, wherein the layer of material and the slab of

sonsumable material are composed of 2 same material.

- 15 The method according to claim 12, further comprising the step of providing a
signaling element in the enclosure to form the detector.

| 16. The method accordhg to claim 15, wherein the signaling element comprises

one of a filament elemént, electrode elements, 2 gas material, 2 Yiquid material, and a

solid material.

: 717. The method according to clam 15, .furtﬁar comprising the step of embedding

' the detector in the slab of consumable material.




15. The, nethod ac signaling elenment in the enclosure
to formthe detector. '16.: The method according to . = .-
claim 15, wherein the signaling el enment conprises one
of a filament elenent, electrode el enents, a gas '
material, a liquid material, and a solid material. IT
The met hod according to claim15, further conprising
‘the step of enbedding. the detector in the slab of '
- ggnsungbl e material. 23 is. The nmethod according to
g?-ai m ?“\‘i}‘ﬁg? #eRn ?Plam%qu@fegp&? LTRIBE Fi5P Hergtipgmed by
hysi cal vapor, . deposition, .el ectrical chem._ca
- %P%Hﬁﬁ‘@%?f’fo%%ﬂ RS B PR PR 907 comhimstiet stot
according to claim 12, wherein the formng step is
performed by casting, extrusion, or a conbination -
i ereoi. 20, The gﬁthoduaccording to claim12, further
orpr i SHHECRHERCEITABE by ciimohs whergndRe Toadendcmis Derformad by
havi ng _an. i nner surface of a predeterm ned shape which
o5 e ’H:H’S?Dﬂmﬂré‘rco?ginﬁféf@éhﬁoﬁ he | ayer of material
~during the form ng step, and wherein the |layer of
material is separated fromthe second nold nmenber
~during the separating step. 21. A method conprising .
Ahe st'dsediod apropdingiosiping 124 fgber somptising thesternafirravipizge
outer surface of a predeterm ned:  shape; formng a.
SetREe okt maRbeE RS Abienr sufse gt Bredgumingd shapp whir firins st
nol d nmenber, and bondi ng opposing edges of the sheet
opisT Becapidbniayerod muisrsh danng e fermimastayf ang wherein the layer of

material is separated from the second mold member during the separating step.

21 Amethod comprising the steps of:

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

shapa;
. forming a sheet of material about ’f‘he ouier surface of the first moid memﬁer;
and
bonding opposing edges of the sheet to one anéther 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 predeterminéd quantity of the conswmable material,

22. The method of claim‘ZI, wherein the slab of consumable méterial commprises a

* physical vapor deposition target,
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~detector, wherein the detector is for signaling that a
sl ab of consunable material i's approaching or has
-been reduced to a predeterm ned quantity of the
consunabl e material. 22. The nethod of claim 21,
wherein the slab of consumabl e material conprises a
physi cal vapor deposition target. 24 23. The met hod
~according to claim?21, wherein the sheet of materia
and the slab of consumable material are conposed of a
- sanme material 24. The nethod according.to claim?21,
gﬁrther coﬁ&rising_the stop of providing a signaling .
enent! 'f Retpacepaingsuplain oL, femnttheshdeited otatrial 28, theldieb of
met hod according to claim24, wherein the signaling
&PsHERlle Bgirptliaesmpesed obt samd hitemabnt el enent ,
el ectrode elenents, a gas material, a liquid materi al,
and a solid material. 2E The nmethod according to
- cl-aim 24, Rather conprising the step of enbedding °the
aétectE@Hﬁﬁhmh@mgﬁabRnﬂﬁtﬁﬁsﬂnhbbmmnﬁmgﬂﬁhmpprmﬁhﬁga
met hod according to-claim 21, wherein the bonding stop
figuafog ¢lomens dn thy encivsule it fprm 2% detectar. _

25. The method according to claim 24, wherein the signaling element COMprises
one of 2 filament element, electrode clements, & gas material, 2 lquid matarial; and a

solid material.

26. ‘ The method accordin_g to claim 24, further comprising the step of embedding

the detector in the slab of consumable material.

27. The method according to claim 21, whsrain the boﬁding step 1s performed by

welding.
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