METHCOD AND APPARATUS FOR DI AGNCSI NG STATUS OF PARTS IN
REAL TI ME | N PLASMA PROCESSI NG EQUI PMENT BACKGROUND
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as seni conduct or processing steps. A conventi onal

pl asma processi ng equi pnment generates plasma havi ng

harsh thermal and/or chem cal properties, which causes

wear to nunerous parts that are exposed thereto during

the processing steps. Due to the aggressive nature of
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equi pnent and causi ng the process result to change
over tinme. [0002] As such, it is inportant to
cBACKAROWMNDt or the states of these parts and change
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However, it is always possible that the part may
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desirabl’'e to provi et ect events
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f %'alféJ [lr%lt%a§/ rr]éESLﬁfal In destroying an electrostatic chuck which is a far more
costly part. The ideal case is to use the part to the maximum safe limit and
no further.
[0003] The useful lifetime of each part may be estimated through statistical
analysis of degradation and failure when placed in specific environments.
However, it is always possible that the part may fail or need to be replaced
earlier than expected. Also, in practice, the lifetime of the part may depend
on exactly how the equipment is run, which may not be known or closely
monitored. Furthermore, it may be necessary to open the equipment to
perform an inspection, which is disruptive to production and leads to a
certain down-time. Thus, it would be desirable to provide an ability to detect
events indicative of the end of useful lifetime, faults, or failure of the part
during the operation of the equipment and independent of application in any

specific plasma process. It would be further desirable to provide an ability to
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during the operation of the equipnment and i ndependent
of application in any specific plasm process. It

wowwbasdees f urt her desirable to provide an abi | P€HUS2008/010070

10

15

20

25

30

tononitor the state of each part in real tine and

calling of an alarmwhen the end of effective

operational lifetine of the part is reached. SUWARY

[ 0004] According to one enbodi nent, a nethod of

di agnosi ng status of a consumable part of a plasma
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the ground is applied to the conductive el enent;
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eIQéﬁﬁ'ﬁf‘sOféP% C@Bék”aﬁblﬁap% dyed@ the plasraaDasedan e measured
fgxtupon exposure of the conductive element to the
pI asma and the probe circuit is operative to neasure

t {6005} r &ucordifg @6 anatrerrashinoditnen,ed cansdrinable part of a plasma
enbodj. nent consumab e part o '
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exposed to plasma, 1ncludes: one or nore conductive
elraarencendurdiive diements: erabedded imthieec@rgumable part; a probe circuit
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C jrbé Ciregit aharBlLAd taBEpR BRI pstERRfAIMo the conductive elements
relative to the ground, wherein the conductive elements are operative to
draw a current from the plasma upon exposure of the conductive element to
the plasma and the probe circuit is operative to measure the current.
[0006] According to yet another embodiment, a consumable part of a
plasma reaction chamber wherein the consumable part is formed of
conductive material and including a surface to be exposed to plasma,
includes: one or more conductive elements embedded in the consumable
part and electrically insulated from the consumable part by a dielectric layer;
a probe circuit coupled to the conductive elements; and a power supply
coupled to the probe circuit and ground thereby to apply a bias potential to
the conductive elements relative to the ground, wherein the conductive
elements are operative to draw a current from the plasma upon exposure of
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coupled to the probe circuit and ground thereby to
apply a bias potential to the conductive el enents
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el enents are operative to draw a current fromthe

pl asma upon exposure ofthe conductive elenent to the
pl asma and the probe circuit is operative to neasure
the current. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007]
FIG 1 shows a schematic cross sectional diagramof a
pl therawnpuoties slementitartbe pldsava agddhedipagbe sircait iscopenative to
in accordtgnce W th one enbodi nent. [0008] FIG 2 shows
ar{ngﬁﬁlﬁ[ﬁl ?)Fuﬁ - of signal fromthe diagnostic sensor
in FIG 1 as a function of tinme. [0009] FIGS. 3A-3B
show schematic side and top cross sectional views of
an edge ring in accordance with another enbodi nent.

[ F | R %mioss sect i onal

Vi i : edge ring. [0011]
FI[6007] sF@s 1&hemeasEhématie tPosesédtional dRighamadh Ppladia
exenpl ary enbodi nent of an upper el ectrode of the e

t dorpeessieg chambies havingna dianestis isegsenhianraordanca withone
[Q : 6 shows a schematic cross sectional
diegélrgé%ﬁ{o%%tt he upper electrode in FIG 5, taken al ong

t {008 e FYG: 2IshoWd0dBbxéinplary plotst sidvea frsrh en@diagnostic
cross sectijonal diagranms of various exenplary
erfiSHEPHHENE K5 ot ag @ fuppkien ef tider ode of the type to be

00U S AP RERESH AL BB B DS shetonal vews o
t heer edges ring dmvaceorsiaheawitrcanothes eaeidimeat. di agr am of
cAB0PTeFIGS, APA8 Ropuie hesmataerobn apsupralOgows chjarioss
EXPABORMEMSYE SR dddalrifggner ates plasma and includes a

di agnostic sensor daccording to one enbodi nent.
H{0e1 hhf FdG, Stshiowsr@schematit erdss $extiongl diagcarmsifan esemplary

 eTameRs OF A et e ERothEdy5S TBE Uee? ih é Blasma

processing chamber in FIG. 1.

[0012] FIG. 6 shows a schematic cross sectional diagram of the upper
electrode in FIG. 5, taken along the line VI-VI.

[0013] FIGS. 7A-7C show schematic cross sectional diagrams of various
exemplary embodiments of an upper electrode of the type to be used in the
plasma processing chamber in FIG. 1.

DETAILED DESCRIPTION

[0014] Referring now to FIG. 1, there is shown a schematic cross sectional

diagram of a plasma processing chamber 100 in accordance with one
embodiment. It is noted that the chamber 100 is an exemplary device that
generates plasma and includes a diagnostic sensor according to one
embodiment. Hereinafter, for brevity, the following discussion is limited to
sensors for diagnosing components in the chamber 100. However, it should
be apparent to those of ordinary skill that the similar sensor embodiments
can be applied to other suitable plasma generating devices.
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be apparent to those of ordinary skill that the
simlar sensor enbodi nents can be applied to other
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depi cted, the chanber includes a wall 117 for form ng

a space within which various conponents for generating

capacitively coupled plasnma are di sposed. The chanber

al so includes an electrostatic chuck 106 for holding a

substrate 112 in place during operation and an upper

el [861 5 déAsl Oepictids thgp pbambee taludbs 4 0allahty fdrdoknib@ea space
pled to an

form.a pair of. electrodes, coupl RF .power
s otitin {Hish vaFigH COMAANGNts: o7 Geaerating caraciively soupled plasma
t NG el @S SIEd. aTRe @hatibRr SBSIhERIdR s ble8bRBs vk P06 for

the RF source. The chanber 100 also Includes a ceramc
r ingdding® substcatpl i 12ginrplace dudngioppation drd aoappeielectrode

i 150 Tt PReR AfechRBettY dod Suef 7o Bt 3t o Bt fges
| sScpidd fedn IRF power BeORIR! (nbt BBGWA ¢4 FIGS H’ﬁéﬁ@ deetdte plasma
gap between the upFer el ectrode 102 and chuck 106

Saamer dne topsydace aF thecsubstiate IA8 wherns pawgses by ke Rfhsource.

ot EFaBEt AP ks B TG e R g 10
ThiisesigR] beta@ehlthepirAMidEng evdrthé chudktligenand an edge ring 114
i ncl udi nE positioning the substrate_112 relative to

{ USRIRSERATEOB0IHE SR URS EKR | TAa TP RIASTedRSonERed by
: _ _
asiorRah ot FRosH (4 BBURN] [ Jdr EotuprPRe e cloctrode 102

plasiehuok 1@6.MSoymeiof ihesgadparsiclestin dhe pldsina asbdhitough the
ring 114, the subsirat 12 el ectrijcall

t he ed ,
L amacEgtes Betisersieuineds 10t 208 10R1e .14 fEhausted from the

oI aTaty = | | d curve upward sharply in the
viql'ézﬁl ni teye/rrgfétV te:hgu %% te edge. As such, without the

ed0016] ngThHd ¢dgehingsUibs pedorams dgeenab flinttioxpeinchudirg positioning

oibe SubRkaf TTaTeiale ISHE ues R 07 Bt the undertying
S mhpGHehts N8 BrdtbBRd By HROSuL¥HRH A5EIP from sbmgr@a%agg& by the

egﬂe. More detail ed description of the chanber can
f qiasman Thenedge ying\irlddalsh snhaacesplasea andamninegcross the

LSO ElpRR 1 o A8 S5l B oblSi 2 Macth iy

I idegindé4haveatsr YRy of theecHUcRHR the equipotential lines would curve
upward sharply in the vicinity of the substrate edge. As such, without the
edge ring 114, the substrate edge would experience a different plasma
environment from the plasma environment that exists at the center of the
substrate, resulting in poor production yield near the edge. More detailed
description of the chamber can be found in commonly owned U.S. Patent No.
6,986,765.
[0017] Due to the aggressive nature of the plasma, the edge ring 114 can
wear away over time. As the edge ring 114 wears away, the plasma
properties in the vicinity of the damaged regions of the edge ring may
change. The changes to the plasma properties in turn may cause the
process result to change over time and the chamber may reach a point
where the edge ring 114 needs to be replaced.
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change over tinme and the chanber may reach a point

where the edge ring 114 needs to be replaced.[0018] To
nmoni tor the operational condition and structural

status of edge ring 114 in real tine and to provide an

i ndi cation of an event, such as the end of useful

| i[08dB}re Taf monéoethgeopenational mbrwj;ﬁmsahd strentoal stafuscafiredge

SRy 'efgft aﬁf%ﬁ&% p{,qw%? Lhdngitifon® ?E‘r’m&rv(%@ such as the
cnérwutuééfﬁl nﬁem%ccsfqﬁete@ gefth raoas ééna/s@n%rcﬂ@eﬁ BE

wire 119 proe116|se ede In the edge ring
11cpupleshta th@tedgfenpg did. ithesensartbSjinsludesangiekupwnit or

h d ' I d walh
orig6e H3g ariaiinve kg dt 518 Lol PeRleb IR PrEBE g Vig ke
predRiuticr wife fl 99 'Tﬁl%eoérobbuﬁml@,terhb@@i&&ﬂlri e @HRG 1179 such

material, such as netal, he edge ring 114 is
f dhakdneqdrobps catpleteh waourtsieobbxeme edae ringi Hidu| atongy

IR €t s o1 g bRgBa R it ppdfhent o

pgirntThel probe el@nistfbengd obeut Hot #itedrtoussndudiig material, such
circuit 118 also includes a resistor 120 and a

s Tef3gwWhiks thaedaa ringutht isforped eéi eyt natdimitaskiou elesgrically
tﬁﬁsmgiﬁgﬁgd%@é&ﬁé rﬁé}gﬁéﬁm stor or the el ectrical
oW ng

curren roug he resistor. The conduct or

vvu[oe19]19 Tihe m’obwrcntcmtelxltsendluﬁeera powepsohsly 122 fohapplying an
chanber wall 117 tq the ci agglt 118. In

e At R BRIRRERD the REos ¢ dhanddiguAgly e circuit 118 also
d'|ﬁdé]9§§§ a' re§is¢@r1 affa éés@myh BB\%CE%%U%&JEQ a@%lt‘ﬁ%ter, for

be coupl e toa Irsplay’unit that 1s loca
ounea@lﬁlngnmewuifageramasd; thiel e sistdr optheaelerzmaabcdnrepl figwing

[ SBesticMiRe ARk’ Sthe tardinatuid 1 B bouind SRERS i the
atprébé‘ﬁﬁbhhﬁ&]dfﬁtﬁ@%nﬁ‘@eﬁ@am Q’VQSWéEIrGw?V €8l . %Hcé]ternatlve

as the end of “useful lifetine of the edge ring 11
Tieenpediment. tbeicircitald@dmay be diepased insite thet etmmaer and the

DR Mielnlod et ey B Eralil b B AR o Rtec

C@utsidedhé BRambelvallltl 7 andopeeathle®@isplay the signal measured
by the device 124 to the operator.
[0020] The probe 116 is embedded in the edge ring 114 at a depth
corresponding to a diagnostic event, such as the end of useful lifetime of the
edge ring 114. The probe 116 is biased to a negative dc potential,
preferably of 10-15 volts, relative to the ground. During operation, the
portion of the edge ring 114 covering the probe 116 from the plasma
prevents the energetic positive ions of the plasma from reaching the probe
116. However, upon repeated exposures to the plasma, the covering portion
of the edge ring 114 may be eroded and expose the probe 116 to the
plasma, causing the probe to draw an ion current from the plasma. The
drawn ion current flows through the resistor 120 of the probe circuit 118 and

can be measured by measuring the voltage across the resistor. The plasma
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edge ring 114 nmay be eroded and expose the probe 116

to the plasma, causing the probe to draw an ion

current fromthe plasma. The drawn ion current flows
through the resistor 120 of the probe circuit 118 and

can be neasured by neasuring the voltage across the

r ecanstb@ coufilled tplthe groamd bia thewpdleti1 7 ,oupper electoode 4032, or other

comieRimeamarneh A Eeanelels Brpaltirof ng Bt g by the

dr[ﬁ’%e biye t ife BFa@Pr% |s' a Sourck tRé as{TBulrénas@ o rRes prart of the
the ion current and orrrsagart of the electrical

patlectrigal paib foothecionrautgntywbetsiim thengraunst@lgofogvs a part of the
faor of the electrical path. [0021] In an
2 3Gl Btherpod |

enbodi nent, the probe 116 can be biased to

a [0021} i Ve afiCalRehatie éhqbbﬁﬁheﬁﬂ?mprdbéq 15 can be blased to a
preferably of 10-15 volts, relative to the t%roun

t Hositaendeipaiential (ned shewintinVRG: dp rprefgrably efito- aé\mts relative

S8 o 50, BB AT BESH G ol 37 s

12122 in FIG1nesiagthe corertgd itk rebiston 30 Whilel theb*imde
probe 116 may draw a negative el ectron current fro

 HEMTBingb RENEReWehSURRIYd 22iingonnacied tadhe Jeeknd.o The positively
SRS dbﬂ)*be"Le graz}ﬁnrg%& T Hbé‘%’?ctrfw&rpérﬂsf%nctﬁ@ pisma

coupled to t
elvdmerr titdaeed@éZ rmgr1 1eit |b&vommutableapowmmpmbe ang to the plasma.
ete a f or e el ectron current

wn by the
pr plasma aq €& GoURSHhia thegropnd via the walk 1 Zflegpg%rnelectrode
CUufge %? oﬂ’ﬂaqL dRabRe é‘or?@mheﬁtfs ér{beﬁ@rlngﬁatté' :}%tPH’BF ‘fhef 8lectron
the électron current erein t roun or N5 a
paurrentt draven dlydberdrobeé, ||r,eat the plesza]is @ urzestithe etm:tron

SR ol ot BE e BR it Bl St
t Kehdren thengrelintRfs@ faths & partldf4h s @¥&dttiedl gdig. pr obe
116 fromthe plasma is worn out, the ion current

f 1[80R2L thoa@homeam exerpiary Dot of signal fain Ahe measuring

Dkl 2B o7 B kot B Bl GO Bhrbe S reor

S Wi dies edgée IritgS£14 Bogeriritathd progesi ﬁa/franmythbq:uumd iBWER out, the

i ndi cator of the point when the probe 116 exposed

t dOR ﬁgrrgn’h@%mgnﬁrough the resistor 122, or, equwalently, he voltage
across the resistor measured by the device 124 may suddenly increase, as
depicted in FIG. 2. This sudden increase in signal intensity may be used as
an indicator of the point when the probe 116 is exposed to the plasma. In
one embodiment, a warning or notification requiring operator attention or
intervention may be triggered when the voltage increases to a preset
threshold voltage Vr that corresponds to a diagnostic event, such as the end
of effective operational lifetime of the edge ring 114. Ih another embodiment,
warning or notification may be triggered when the voltage shows a sudden
change in value. Thus, by monitoring the signal from the measuring device
124, an in situ diagnosis of condition, such as degree of erosion, and

performance of the edge ring 114 can be performed in real time.
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vol tage Vt that corresponds to a diagnostic event,

such as the end of effective operational l|ifetine of

the edge ring 114. | n another enbodi nent, warning or
notification nmay be triggered when the voltage shows a
sudden change in value. Thus, by nonitoring the signa

f r[OﬂQBhe Asedisomsagi alewe; ¢hd pAobeah16 mnasy be bit seghtosa poeﬁive dc
con degree of .erosion er f ormanc

oqu tlaﬁagg?lypﬁg?ﬁqgr #d deaw @pg@&vg ﬁ QN curren §% In such
t 'éTEaié’ QR Meficl b&%ﬁ@g éﬂ’&% *F_l%l]ﬁr*ér ef@?‘?&@%’?ﬁﬁe b®solute

biased to a positiv otenti
gralueiobiie hitagenagass tee edsistor d80currents. In such a

h fth : .
- 3pPaeknfin B SR AN Suoai Sl Inkstier 5 GevtBlppanutiore
r §57bBé PinsleMbeliagd 4 tHéWeQ?@ nﬁﬁeml A Orde RO B dVRIE redthﬁiancy or

sensor 115 may include nu robe pins enbedded in

t He neenjtorithe @verall infeasity of thebemwnle 16d 3Adshys arschematic

s Stass et BRRyipy i iEeag ubo AR BRARuY LRIyl proves

eq? srenemBEAded t Fi@. 8Bistldwsdh bthé®aRE @é}?&réﬂ&s@tl@nal view of

enbedded. FI G 3B shows a schematic top cros

sdbeiegaglring 340 with ¢ightprgbesideg., mﬂ/\ﬁbﬁgéhgﬂiﬂed%béHB For
3%%%?‘{??8 p?t%t?%%n&&}ﬂ?té&fﬂgg ‘ﬁ1e Bgdﬁs Vi o% XfotrX/wré 554 is not

circui QoR uctor
SQmommlndﬂGBhHMn in FIG 3A [0025] As deplcted in
|ns 302 are

3A- 3B | t
artﬁ%@edf\ﬂ%%@'ﬂ&ﬁﬁg %?\eiﬁ %trnﬁ %ﬁﬁgew gfobe pins 302 are
| DA SR SR 2 b8! ndlictoAPBEsheifhva avs
3@ thenpdge rmgtﬁﬂﬂjeﬂ i$ notedethatigay nthmg Kidabld numhxaﬁrlméprobes

| ar t he Qbe e
o DB e SBeHERib e Sa08 BRS AR nAeBeT examBkaY
C‘Eﬂﬁl%dlh@ht%é%régés 30@%5* Betéléctﬁeﬁﬂkﬁéérﬁr%btéﬁ k& e%@ﬁ other via
may be formed of electrically conducting material and
erdeeptional gonhectiiyeireidd, sd¢@reinthetionnestion wien306 may be

st B SRERHT LRGSR Jk PaBLBRTR A Bl

of3gohannhigkemBbEiment, all of the probes 302 may be coupled to the probe
circuit.
[0026] The shape, dimension, and material compositions of the probe are
selected according to the type of application thereof. In one exemplary
embodiment, the diagnostic sensor may include a plurality of thin plates
coupled to a probe circuit, each plate having a generally polygonal or circular
plate/disk shape. For instance, FIG. 4A shows a schematic cross sectional
view of an exemplary embodiment of an edge ring 400. As depicted, the
multiple probes 402 are circumferentially arranged and embedded in the
edge ring 400. Each probe 402 has a flat circular disk shape and coupled to
a probe circuit (not shown in FIG. 4A) via a conductor wire 404. It is noted
that the probe 402 may have other suitable shapes, such as rectangular.
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circuit, each plate having a generally pol ygonal or

circul ar plate/disk shape. For instance, FIG 4A shows

a schematic cross sectional view of an exenpl ary

enbodi ment of an edge ring 400. As depicted, the

mul ti ple probes 402 are circunferentially arranged and
enif@aagd @ptiaﬂaélyetl'gaemuitim;e paihesEHthepbeldeedda thagdge ring 400

| g AR B e S e
4%nn|e*ctlbﬁ vﬂﬁi £06 ) bé W&nﬁé@@ﬁel@@ﬁlcﬁﬂ% cBﬁM@ct‘ﬂﬁd‘ Riaterial and

sui t abl e shapes, such as rectangul ar
qmmba@qiequn theeedgﬂ tingl én ﬂll&l@éﬂ)czdmeetrtailomfdbemobes may be

e I nnect each other by a
ch c{]g%t ke %C%rc Qﬁ‘?"?ng%&me’ectl on Wi )r/e 406
quobs] f wsedsoéh&h@stsrch@ﬁidm @@wgééﬂd?ﬁl VRV of ahom@#
nbedded in the edge rin hi s enbodi nent, all

t rﬂmb@@mtm@n@dgﬁ)um ég Ot oAS w@ppﬁ@mea probg#H 2\haanrw an

Bl o 088, | e AR, TR i giove
4drcutzoupRid-teethe srobeabi2 vida tendutgorewirg o4 |@rn(ﬂ|§h@$vn in FIG.
i s enbedded in the edge ring 410. For brevity, the

préébe circuit coupled to the probe 412 via a conduct or

ail08RdE T ARkt eisbus b TIGR: 1B Gah BEsThnliedtp other

otsiwablmtdmbbnemenpomasszonfauerlmms ring@,fthaewmberémged by
t hat, can _be eroded bﬁ actions of the rs)l asma and. nmad

oPCUPER Of fleaPlapmna0fl sredryobsleatrigal ih 3 atiag oF iglectric material.
\,S\/:Sﬁgﬁé@ ffdrR Thadbid (ﬂb ngstRo r§a £6c8ted ﬁﬁQﬁéé’é 88m mponents

t hese conponent can be SInu taneous noni tore
t cagi t@amﬂtaﬂe@ustwmomtomi tofdlagreosmthmwmmomm of e

t 2 t d f ducti
s SRR TERS B Sothos ML IBbAEs oasuctnoge

1%n(|&|)rﬁluclbr matté}‘i’alpét‘i’&?a§%'ib BBpsrElcetBded O*QY(FIG 1), the probe

dielectric material 1 n order tO prevent a di rect
c ®andi sweowrded bM@Il@eoﬂole raaigrinbit ordemte peavenitia dineaticontact

| BEAPBERENS B S8R A5 RH TR R 8 phBS bt SRoecies, as

i Idlstﬁise@aweonmcueﬁwnheﬂ:@s rRes. i Berssantdrbrst the Ritpose of

exenpl ary host conponent
illustration, an upper electrode is described as an exemplary host component
formed of conducting material.
[0030] FIG. 5 shows a schematic cross sectional diagram of an exemplary
embodiment of an upper electrode 500 that might be used in the plasma
processing chamber in FIG. 1. FIG. 6 shows a schematic cross sectional
diagram of the upper electrode 500. For brevity, the detailed configuration of'
the electrode, such as gas injection mechanism, is not shown in FIGS. 5-6.
As depicted, the upper electrode 500 is associated with a diagnostic sensor
501 that includes one or more probe units 503 embedded in the upper
electrode. Each probe unit 503 has a probe 502 including a pin or wire
segment formed of conducting material, such as metal, and an insulating

layer 504 surrounding the probe to electrically insulate the probe from the
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formed of conducting material. [0030] FIG 5 shows a
schemati ¢ cross sectional diagramof an exenplary

wepivomsaoent of an upper el ectrode 500 that m gh€T/b82008/010070

used in the plasm processing chanber in FIG 1. FIG

6 shows a schematic cross sectional diagramof the

upper el ectrode 500. For brevity, the detailed
configuration of the el ectrode, such as gas injection
mechanism is not shown in FIGS. 5-6. As depicted, the
upyrperslecirodai806.00 hednsidating teyed St may bei fagmedthys for
sensor 501 that inclydes. one ar re prqgbe [ 503

o ribenes. Asoafiao ol isedicdrristal ORiin Bk abEn thespnsor 501
hagis@intledes B@ensactikeliingo&aRl bridf orvnbre é@@a@c&br viresmbs,

of conducting material, such as netal, and

i reanheef thg qoagéct%mr@ﬁ%bﬁmgr@um@d io tmeserasor circuit 506 and

o1 Lo ERbngtad SR e brGhdt, 807 . ThB YbhtkR) ies pfan be

byeleétﬂbawmmedﬁo@@ﬂié 0fp&f eldt@b@sB00C Mt erial on

- the Srobe 502. The sensor 501 al so i ncludes a sensor
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cil08dll doenghxesriant embodinaentd eachPrope 89258, beingdividually

f t

oi e BOBirabe YiichR ot i s ol o0 JB A REEY
Thexepapldncémbodimenst, Brﬂa% nfmast&)zb@@b@ glattrigaliynsonméctdd to
fromthe ugper el ectrode 500. [0031] In one exenp larédls

erBR5d HHBRE DY SAQP Lﬂf@béo?s'@@c@éhwtﬁé 3 whea@aﬂh? viiE B

t

MO 4 B0 08 ol BB
eldecttrodmby yandosuleting tayen, amihastii&ecthy: crmtingt sumalinding the

i 80hp g S RaRbomenS el e hrohPS 504 A GUPIRA © the probe
UQﬁl%Ult?iO%CtTr?@?rcmé SRcdinso8 gﬁdr}g \h?bf&rn oRBRR éﬁ’d oPﬁlraStlonal

di el ectric coatl ng, surroundi e 506.
errbechaniams suinilalofo thiose [of diee sir6iL 148 én Edipll ed t o the

. _The b t 506
CIRBERE S Vaheroer aeealhiary mochidiint <ol BLabY ¢ inslude a
ofthinflafd thatid fokddi of ,idubnot limited3e) céﬁbu&hg&ﬁgiéi%ﬂ and has a
exenpl ary enbodi nent, ‘each probe can includé

plagneralhatouns aravategonAl shapet Restinstante eilG. c7A shows a

C SOHFHARRES Shbin V) e AERRIESmhBlfefYor an upper

S AeEtRIdeC 760 Oakeh %%ngaaailre\en@mvwfam IERRTMEM-VI (FIG. 5). A
embodi nent of an upper
depicted, each of the multiple probe units 703 embedded in the upper
electrode 700 includes a probe 704 having a flat circular disk shape and an
insulating layer 702 surrounding the probe to electrically insulate the probe
from the upper electrode 700. It is noted that the probe 704 may have other
suitable shapes, such as rectangular. It is also noted that any suitable
number of probes may be used in the upper electrode.
[0033] Optionally, the multiple probes 704 may be connected to each other
by a connection wire 706 that is similar to the connection wire 506 (FIG. 5).
In this embodiment, all of the probes are coupled to the probe circuit via a
conductor wire.
[0034] In still another exemplary embodiment, the probe embedded in the

upper electrode may have a generally annular shape, as shown in FIG. 7B.
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el ectrode 700, taken along a direction parallel to the
line MI-M (FIG 5). As depicted, each of the nultiple

wpe@besums ts 703 enbedded in the upper el ectr oPET/US08/010070
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i ncludes a probe 704 having a flat circular di sk shape

and an insulating |ayer 702 surrounding the probe to
electrically insulate the probe fromthe upper

el ectrode 700. It is noted that the probe 704 may have

ot her suitabl e shapes, such as rectangular. It is also
ndtié&d 7iBhshhowa g sahemdticecnoasisectiafal vievo ©f anayppes aleetcbde 710.

in,t | ect 0Q33 ti Il h ,

it PP LR o BistRsithays pentiskisdhb 456 Dbt eletfore 718, includes
a HPAReGEH Brobd 764 4A8 érhﬁ‘a%ula‘@in?'lé‘&'/ér?ﬁz §urtr8§ndin? the probe 714
connection wre 506 (FIG 5). TI'n this enbodi nent, all
ofandheleptrisiadly insulating.thiecprobe 1 idefrpmabe upper@lectiode 210. The

ire. I il h I
o EHE . Mal e torRd on dedidueting HaErap SLEN b el and
Magh tcfa Peoles alrbwit sinfildras tisapduit 38 $MPYB. 1N FI G
7B. FI G 7B shows a schematic cross sectional view of

a003pkr FdGe G Shrwy aschamalisgpp ceess se@iones view of anatper

. ‘ ] .
ey SerblOBHERESs 4 GFbE0Endde 720, HEGeftted, muttple

S robe neits F 23 vaap hebeontehtréicilly enaiséddexhin #n uppet eldctrede 720
the probe 714 fromthe upper electrode 7_10 . The, )

p aauprabe wait 147 icudes an @onylaciarabe fedeanchan iRgdating

| ¢ \ ey
© Ry 722 o it AHG P phohd aRi R oI hby Bl 1RE drbbe 724
sdroemihe appepelectredesii) i lorthk casewldreahetupper electrode 720
N N
CapReNG bétalden oBadffid ddh iRBILMBRATs GUtRAL | irp@hérﬂtgsulating

each probe unit 723 includes an annul ar probe 724 an
anayersidzana groke €24 Taay barespadlivaty fonmepgraftmatenials similar to

lLectrigal lyoi | ati be 724 f th
citfitod BEBYSE 1 2RI HOBE L Wher o the upper ol ect ¢ ode
730036c! wdgnoted tHatltke prsbedescribedNA\RGS. Qver &ffbe biased

configuration, the radial spacing between probe units
c 4@ ai prditiveedg Rotential cqarefarablyenfr 0- theoltasiglativerty theyground.

TR WSS T T SN SLBGTT 76, 3 gqmocie
[ @0 Btd redistos whilkaHe neghatil eerptiniest tHesowdreslipply fsl 68nnected

3A-7C can be biased. . ) i
to the ground. For brevity, the probes positively biased with respect to the

ground are not described in detail. However, it should be apparent that the
operational and structural features of the sensor embodiments having
negatively biased probes are similar to those of the sensor embodiments
having positively biased probes.

[0037] While the invention has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art
that various changes and modifications can be made, and equivalents

employed, without departing from the scope of the appended claims.
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to a positive dc potential, preferably of 10-15 volts,
relative to the ground. For instance, the positive

wao eoopioseabs of the power supply in FIG 5 is conPenUszos/@0070
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the resistor while the negative termnal of the power
supply is connected to the ground. For brevity, the
probes positively biased with respect to the ground

are not described in detail. However, it should be
apparent that the operational and structural features
ofWhhatisselagwoed &nbodi ment s havi ng negativel y bi ased
probes are simlar to those of the sensor enbodi nents
havi ng positively biased probes. [0037] Wile the

i nvent i pn ANABHRRES cﬂﬁ?ﬁééih@%tétﬂs R bAdnsiintdblé Yaff S8 Blasma
to specific enbodi ments thereof, it wll be apparent

t geantigie chambesdherconsemable padtindudinguat leastneyes camductive

ificati be .mad i val ent | oyed,
et BhERER AR CiarB88aE Yot The apponded
cl ai ms. Mipling2hé lcdhaBetiveseleert tat fsweodusHIR8BARENS bias

status of a consumabl e part of a plasma reaction
crateeiial relative do hergmundigrapnliedito dhe gonductieselesiant;

conduct | n raj C i.Sing. .
coupl i n%%%gigﬁd%%ﬁ%&g?%@eﬁ% ‘ﬁ %Ergapeg&gir ”s‘b@gi”_\}e ggnductlve
t helémenb deswve atadintant frone thed praenizoupdre egposiiré ofthe conductive
applied to the conductive el enent; exposing the

coiemenbietheples®@; pl asna erosion until the conductive
el errentmgé%\jﬁnqaﬂ{e% [0 %ﬁgm t he pl asma upon exposure
uct

of the con ve el eneh o the plasma; neasuring the

cur r entevanatirevaldegteangf erodiegr ekthefcarrsasnable phrt dwe to the
consumag)l e part due to the plasma based on the

meARIPE PAseAUhihe Peasued 4R of claim 1, wherein

the step of neasuring the current includes:

i nterposing a resistor between the conductive el enent

and povigr Theppéthodrof ciaiimes, whemsuthenstep ofoheasurirag thessurrent
t he rssi_stor; and determ ning the current based on the

rré%%lH &% vol t age.

interposing a resistor between the conductive element and power
supply in series;

measuring a voltage across the resistor; and

determining the current based on the measured voltage.

3. The method of claim 1, further comprising:
triggering a notification when the current increases to a preset
threshold level.

4. The method of claim 1, wherein the consumable part is formed of
conducting material and the conducting element is surrounded by electrically
insulating material such that the conducting element is electrically insulated

from the consumable part.

5. The method of claim 1, wherein the consumable part is formed of

dielectric material.
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3. The method of claim1, further conprising:
triggering a notification when the current increases

wo e00a/0proeset threshold | evel. 4. The met hod of PcT/as2o08/010070
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wherein the consumable part is formed of conducting
material and the conducting element is surrounded by
electrically insulating material such that the
conducting elenent is electrically insulated fromthe
consunabl e part. 5. The nmethod of claim 1, wherein the
consunmabl e part is formed of dielectric material.6 .

The nethod, of cJaiml1, wherein the conducting el enent .
e N TR menon of Gt ToWRBE B RandNGInC RGN has a pin
t%égg}nducti ng el ement has a generally pol ygonal

shape. 8 . The nethod of claim1, wherein the

conducting el enent has a generally annul ar shape. 9.

el uact MIBEIBIRIHRI ngheiaR i SoRqRIng gBMient has a
el fGidramapblygeRangsdpd to each other in series by a

conducting wre. 10. The nethod of claim1, wherein
the current is selected fromthe group consisting of

12" e R B A, PP RHSE e BRI R et nas 2
r efdrgbMgabng@at SASpERbl € part with a new consunabl e
part. 12. A consumable part of a plasnma reaction

chanber, the consunmable part including a surface to be

exposed, t I [ $1.04. '

ol ononts IHBUARER Rl ToRBeredi s ol b E Molfes
cimaltibte condulatithgtgleireats thad aed elettidaiyesundiectatitc@each other in
power supply coupled . to the probe circuit and ground
toseé}?ﬁltiygc’@ﬂggcw WH€i al to the conductive el ements
relative to the ground, wherein the conductive

el enents are operative to draw a current fromthe

pl asma Upohhexpethodefalaitht, wbhemhin thes eureérins reetedted fitoen the

pl asma and. t he e .
group consisting of positive ion current and negative electron current.

11. The method of claim 1, further comprising replacing the

consumable part with a new consumable part.

12. A consumable part of a plasma reaction chamber, the
consumable part including a surface to be exposed to plasma, comprising:

one or more conductive elements embedded in the consumable part;

a probe circuit coupled to the conductive elements; and

a power supply coupled to the probe circuit and ground to apply a
bias potential to the conductive elements relative to the ground,

wherein the conductive elements are operative to draw a current from
the plasma upon exposure of the conductive elements to the plasma and the

probe circuit is operative to measure the current.

12



probe circuit is operative to nmeasure the current. 13.
The consumabl e part of claim 12, wherein the

w@ovsss e part is of dielectric material andP@BUS2008/010070
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sel ected fromthe group consisting of edge ring and
confinement ring. 14. The consumable part of claim 12,
wherein the power supply is a DC power source. 15. The
consunabl e part of claim 12, wherein the probe circuit
includes a resistor and a voltneter to nmeasure an

el ectritdl Tpetcensumabm:paS@ftzlaémr‘e%,ivsm«mejn fte: cAisumable part is

b t.of claiml h
C R AREOE Bl o6 Bl HOR BBl besintiBeor ege ring
IrePcEiHEséntthgef pin, polygonal, circular, and

annul ar. 17 . The consumabl e part of claim12, wherein
the conductive elenents are electrically connected to

bart of b1 Bt cBoSafiaie bR obllein, i wir B B bRE8 Supply is a

f mogbwadr sovmekicti ve material and the one or nore
conductive elenents are enbedded in the consumabl e
part and electrically insulated fromthe consunable

il m T ShEBhkbyRpeYaR or b T2, PRI BBRs bili
f anclggesbaksitort dred ahattnbte2@ mAaseicad effcticlgrientid across

a sem conductor substrate in a plasma reaction chanber
i fBe G@PIRPrt he consumabl e part of claim 12.

16. The consumable part of claim 12, wherein each of the conductive
elements has a shape selected from the group consisting of pin, polygonal,

circular, and annular.

17. The consumable part of claim 12, wherein the conductive

elements are electrically connected to each other by a conductive wire.

18. The consumable part of claim 12, wherein the consumable part is
formed of conductive material and the one or more conductive elements are
embedded in the consumable part and electrically insulated from the
consumable part by a dielectric layer.

19. The consumable part of claim 18, wherein the consumable part is

an electrode for generating the plasma.

20. A method of processing a semiconductor substrate in a plasma
reaction chamber including the consumable part of claim 12.
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