METHODS AND APPARATUS FOR SENSI NG UNCONEI NEMENT I N A
PLASMA PROCESSI NG CHAMBER BACKGROUND OF THE | NVENTI ON
[ 000f | The present invention relates in general to
substrate manufacturing technol ogies and in particul ar
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{0005] Powered electrode 102 may further include a bias compensation circuit {not
shown), incloding a set of positive poles and a set of pegative poles configured o provide an

electrostatic clamping force in order to clamp substrate 104 to chuck 102. For example, a set
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[Equation 1]

where N is typically between 1 and 4.

{0008} In addition, @ confinement ning set 117 may be positioned between the CCP
source and the plasma chamber wall, and may further be raised and lowered as required to
1solate plasma over the substrate surface. Typically, the confinement ring set 117 15
configured as a series of quartz rings positioned around a horizontal perimster of a substrate,
and further positioned in varying distances above the substrate along the vertical axis. In
general, the thickness of each confinement ring, as well as the size of the gap between any
two rings, is configured in order to optimize the particular plasma process and control the |
pressure within the plasma. In some configurations, the confinement rings are of differing

diameter and thickness. For example, a confinement ring postioned closer 1o a substrate
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[ Equation 11 where Nis typically between 1 and 4.
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{0011} In existing art, however, it may be difficult to determine the correct threshold
voltage since prior knowledge of the steady-state or safe Vi, value is required. In many cases,
gspecially when new recipes are developed, an up-front estimate of this threshold may be
very difficult, oftep leading to sensing of either “false positives” if’ a bias voltage threshold
was set too fow, or non-detection and hence plasma chamber damage if the bias voltage
threshold was set too high.

joo1zy In view of the foregoing, there are desired methods and apparatuses for

sensing un-copfinement in a plasima processing chamber,

SUMMARY OF THE INVENTION
{0013} The invention relates, in an embodiment, to a method for detecting a plasma

unconfinement condition in a plasma processing chamber. The plasma unconfinement
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j00) 8} Fig. 2 shows, in accordance with an embodiment of the present invention, a

simplified drawing of a capacitively coupled plasma processing chamber, including an

implementation of a sensor for a universal plasma snconfinement detection system.
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{0023} The present invention will now be described in detail with reference to a few

preferred embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are sef forth in order to provide a thorough
understanding of the present invention.  will be apparent, however, to one skilled in the arg,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described.

{0024} In embodiments of the invention, there exists a universal plasma
uncontinement detection systery (UPUDS) that is configured to detect the plasma
unconfinement condition in the plasma processing chamber. Generally speaking, in
substantially all plasma processing chambers, there exists a designed plasma confinement
volume (DPCV) within which the plasma is supposed to be generated and/or sustained for
substrate processing, For example, some plasma processing systems are designed such that
the generated plasma is contined within the volume defined generally by the top electrode,
the surrounding focus rings, and the bottom electrode (which may or may not lnclude an edge
ring). When plasma is confined within the designed plasma confinement volume (DPCV),
the plasma is said to be in a confined state or in a confined conditton. In this confined state,
the plasma density within the plasma processing chamber but outside of this designed plasma

confinement volume is very low or is substantially zero.



[00191Fi g. 3 shows, in accordance with an enbodi nent
of the present invention, an exanple universal plasma
unconf mement detection system including a sensor and
a sensor data processing arrangenent [0020]Fitt. 4
shows, in accordance with an enbodi nent of the present

J<oventign, an exanpl e universal plasma unconfinement .
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the unconfined plasma condition through these chamber components, a reliable technique for
detecting the occurrence of the plasma unconfinement state is thus realized.
j0027} Generally speaking, presence of return RF current flows that are characteristic
of the anconfined plasma condition may be detected using sensors tocated at pre-selection
sensor locations in the chamber. The location of the sensor is selected to be one that provides
a discriminable variation in the sensor signal between the plasma caontinement state and the
plasma unconfinement state. The variation in the sensor signal is said to be “discrimunable”
if the signal processing circuitry can discriminate from the sensor signal whether the plasma
is in the confined state or the unconfined state.
{0023} One skilled in the art of signal processing will readily appreciate that detection
of states from a given sensor signal depends on one or both of the seasor sensitivity and the
capability of the signal processing circuitry. Sensor sensitivity will generally depend on the
appropriate selection of the sensor andfor the positioning of the sensor in the plasma
processing chamber. For example, a highly sensitive sensor may not need to be positioned in
the most optinal location to generate discriminable variations in the sensor signal. As
another example, a less sensitive sensor may still generate discriminable variations in the

sensor signal if the seasor location is well selected to allow the sensor to make the most of its
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echni que f etectin e occurrence of the plasna
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confiHeB@ni KO3 ADE an dfilat-trafectrodd N/ dens ey 2 K gnagenipet. iBenpper
the plasma confinenent state and the plasna
unconfinenent state. The variation in the sensor
signal is said to be "discrimnable" if the signa
processing circuitry can discrimnate fromthe sensor
signal whether the plasma s in the confined state or
the unconfined state. 1002810ne skilled in the art of
signal processing will readily appreciate that
detection of states froma given sensor signal depends
on one or both of the sensor sensitivity and the
capability of the signal processing circuitry. Sensor
sensitivity will generally depend on the appropriate
sel ection of the sensor and/or the positioning ofthe



sensing capability. As yet another exanpl e,
deficiencies in the sensor capability and/or the
sensor | ocation may be renedied by intelligent signha
processing al gefithnms capabl e of accurately

ascertai ning whether the plasma. is in the confined
state or the unconfined state fromless-than-opti nal
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eviea i PE APRYPIRIS AR SRt e industry. 100321ln this
exanple t he upper el ectrode 206 is grounded while the
| ower el ectrode
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210 is coupled to one or nore RE generators in RE
generating system 214. RE generating system 214 is
configured to provide RE signals haying one or nore RE
frequencies to | ower el ectrode 21010 generate a pl asna
cloud 220 to process (e.g., etch, strip, deposit, or
he ke) a wafer 222, which is shomn di sposed on
iﬁﬂ%ﬁéwer ePESETIgEIOD 26 IsThesaniq be ﬁ‘émetﬁr#*m‘éﬂ cepgenent Higs o
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is debRpfil ned state. [0034] When the plasma is unconfined,
pl asma exi sts outside of the DPC, V. The unconfi ned
3903& asna SLRaNtonpd semer lopian 2ok isohspaudinFoémale (wich as adiacent to
but i@k 1'%1%5 REthoffe &gtwn(hxgﬁx &HEXE)&IHAI‘{RQ‘}I h§sz ?ﬁc‘%F 9 ‘chéM}é&:h offfetum RF
portion of the return RE current now I'n sone
currgd getde undestingictmnd. | ns dxaepit. @ sersoudnpREd @mmr@m togabprgber part
that bﬁ,’l;'\q,\é %E %%%{!L%pgﬁ&%ﬂ%t p@tﬂl%ﬁ f.hz?rfmtb '\Jﬂuﬁ E}% tpﬂi%l Lfm,&m: \,R %v%x&id
state, experiences very
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be exhpl.gw m}efeﬁidl iﬁﬁﬁn @Lul;]ruw tdegseﬂdt &eﬁw tﬁﬁ@@f b h@ﬁs;ﬁhﬁt: @lasma
| nauces .a er .vol tage through the
procisBRE RTPG CRERERHP (B S6H50% e PRUDEY A SIerHEoseR e

urcu@tﬂ} dnd/drhie®ries shbihe ke enpl oy the sensor output to
|scr|n1nate betmeen the confined state_and the

0038 conf i e d HPYE&" BESERn TR RO eI of e By invention, an
exardp® § RGP PAYh LSRN ndhlRB: SERBLAG &M 300 ilO8ding a sensor 302 and a
i scrimnation task. may he perforned using, in an
Sens@HBBA PREPN NS ArapERsRAnaAfra bleasas P ey n@n@e&haéend@ﬁﬁwm
uapaﬁﬁper QREd: a(%r% gic %déeﬁ%tr e bl B fbdessind b a1y %ﬁ&!@ S84 includes
ocat | on hosen to be pr oxifra
hardwoedhowan mr@mnﬁ@}%e proayterntt dctheir‘rbewmm*m&d r¥tarealt «m theaspehoor
N sma-rel ated damage to the sensor, the
qlnégﬂykﬁdgl%gbg Q@h el ded from confiner] and/or
{604¢inc o nf |Hn@@ spbas fradeerdgnce wahinnshtedlamrbigthe ;sxtc.scmi invent@n, an
2 her tructure ? ovi ded f.or §ens§%> q s Q% thati40
XA VRSP ’&‘ﬁ?ﬂ%ﬁ YPEPREEPIERY E SRR ITE ?‘g“ f SPRRIooH 0=
sensor to sense the change in the return RF current
| evel between the confined state and the unconfi ned
state). [00371Furthernore sensor |ocation 234 is
preferably selected to be 'a | ocation that



yields very |low or substantially no inducted voltage
in the sensor coil during the confined state. On the
ot her hand. location 234 is also selected to be a
| ocation that yields, in the unconfined state, a
di seri m nably higher inducted voltage in the sensor
coi l he di st.i nct chan e in the.in uct d vol tage
and Pé%f’%‘}r%blffﬁﬁe"é’ﬁ% HEAEE e r‘%%l CLPRHCHYEL %mﬁﬁve&ﬁ%r%au 406,

a re§iat HSMBY NBLEer IFREIQRerkiBL4AC Clthe 6Nac@ el LAY 40284 braivhtddto the
wi th which the Iasna unconfinement state is detected.
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showrberefergfoe mambeml 7REING dhe sigted pritih ghoumdonticraee winee 172.
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in iven rocessi ng chanber of
contir T UEET AR R S e i e ORI LT Oe eyt aheistor 408,
whidhgRANE S DiferbhiR rélRSisgie @lud dTehessRBG) filbfal PloASRBsor 402,

processing chanmber, the capability of the sensor,
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voltdle 99 He Bibr @Mths b Mendibk 85 b %ﬁgﬂfb&& er3osiO¥Shinkd state {506) and
accordance wi th an enbodi nent of the present

the yngrtie siate (B0F) dxampranplainsetiadgn. phsasnie sase dhFigndiknt
ditreGl e 600, BY SLRE 308 LaShudiiRguR uRERTALd §98 (%Q) A the the
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es h Wi red and e circultry to

vol lc@et ©08a s Oamcdinfvi ﬂwcke@bam gndi poreting agensernsp gwifab y detect
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procéN Vﬁmas omy. decelaglyl enbriinansal zhpinasmam urecdzaid byehiet

. dete on s 400 i ncl udi.n sor/coil 402 n
e R A R0 ki AR BRE 6 B PP e
the Unt@inkd @geency transformer 406, a resistor 408, and a
trigger, signal generato 0. The voltage in coil 402
oospl' D0 ih B €50 FleaS ghs dRieneom oo s Seb o 406

adv aMian%\\@ Ghhchr@ladshs GRIBIMBHGE PRTR leveliahe@Ss aThudl 8 egl w@@i d%
conductors_ 422 of Fig. 4. Referring to_the exanp

boﬁng R]:,p@v, en gle diffgency P?fé‘ﬁ?“ B‘ieé‘R[-t“E%ﬁ u&@pﬁeqegx Gl Ghhe: quozzﬂned

stater{aft%%r RRCSe DUIERET, ti‘ag Qans@%@ﬁﬁzh&e%&‘!‘;iﬁie@ Qta{%e{%éb'} % ROQWREHY
reference nunber . Also 1n Fig. magneti c

millipolesl \tiSq0 et Rl § ebth@f{gp@q:;d@ﬁmnﬁ@r\ Qggm in the sensor coil in the
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oy e S RO AP UL Bl cthon IR R RAR AT 8000 1E

aroundeSliOstidlivoli® 8Acdondingly | asplodmemtsatiitenpvdantion hroweghly suited for
el ectrode of the plasma processing chanber is powered
using three separate R F frequencies: 2MHz, 27 M1z,
and 60 MHz In this exanple inplenentation, the
I nduct ance of sensor coil 402 is selected to -be about
0.3 mcro-lieny, and resistor 408 is about 40 ohns.
Trigger signal generator O is configured to detect
the unconfined state fromthe potential difference
across resistor 408, which potential difference
reflects the value of the sensor signal from sensor
402.



[0042] Fig. 5 shows, in accordance with an enbodi nent
of the invention, a plot of the. voltage in the sensor
coil as a tbnction of the input RE power for the
confined state (506) and the. unconfined state (508)
for an exanple installation. As can be seen in Fig. 5,
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to ash@RE Qhis@Ripic dith iirb@!g@&@if Hidh zﬁaﬁeé‘? h@ioee:e(szé%a) i's
iﬁ’(Mdgproanattely 80 mllivolts at 100 watts of bottom RF

Hige® slomus ippecordangiewHa ghembrigmet of Hie pEstt apEpee, the

stepd Tor bHRSE atp‘i!@m‘é AhdRGEN & O8RRAD 206 ﬁ}dc&%vttﬂﬁnbez in step
sensor Si gna pr ocessi ng arrangemant to reliab

l'y
602, deeref istphevidaddn Acichagbespat Weation sgliseied o wyablpdesensphigtprovide
a bcﬁslalexgtlzaﬁ (ah ARESmInSbik .l;u"?gi o¥ %E%ngxpg@%‘%gx%g c ?m‘i,ﬂ Slafd 30 8RS
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is around 510 mllivolts. Accordingly,
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whz}e;ém sonssirsted macml&lﬁn ;ﬁms:earrsdmps:b@ nedetant thia udfi; RS lin ﬂi}mabdne RF

d state,and the
cureeff ot B i oo b B RN AR st BB o o
uncopli RORASItNY uﬁt’stﬁ_,a.m Ge et of &nwmmﬁ gb ﬂifﬁﬁ.nﬁ;ﬁﬁ\&kiv ot f@mple, a

rat e,

sensor si nd t
copag oMM R B P LY B Benerbofifnepha S ey bedupatted o
av 1a$thﬂ R&kh &2 FhQO pldts bDRYy HOPORFABE R HOGRRM Gﬁ‘ﬂexampk) The
451As can be appreciated fromthe foregoi
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Ofﬁeiéawwﬁwﬁ & %Weﬁ @1 } FPEHERUA cutsidn gbibe ﬂ@*%g @iﬁﬁ%»@ﬂéwem ent
voluh@EbIELY) ARG Kn8lvh abhdel 8gls ih g &kma WRGONRf :ih ﬂﬁf@&dance

state in a plasma processing chanber wthout having t
resisRhBW PrpradiiahBeveiehapesp i be ppdined statso Atice ilwshmwmhe

I ) a
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extem{% d%tggtmnnc% wz? x\ x;cp f c?m % m 'g,'} wg'zc?gtgﬁ%zﬁ %i%tgz?xative, an ion

component s. IOO4161V%|Ie thls i nvention has been
described in terns of several enbodinents, there are
al terations, pernutations,,;and equival ents, which fal
within the scope of this i'nvention. For exanple, while
reference is nmade to a capacitively-coupl ed plasna
processi ng chanber in the illustrations herein,

enbodi nents of the invention may al so be practiced in
ot her types of plasma processing chanbers, including
for exanple inductively coupled plasma processing
chanbers and m crowave-coupl ed pl asma processing



unconti nenent state exists, other types of sellsOIS
may al so be enpl oyed. For exanple, a capacitive sensor
may well be enpl oyed. In an enbodi nent, a capacitor
may be nounted on a via am wth one of two plates
G osely tied to ground (using the via arm for
ol e). The other capacitor plate is expos in.a
dmgh c}oh gﬁd\e Fi!go gﬁ {:lgi)lageadgt ) frthcet "&‘e‘é‘%’gﬁéﬂ pkﬁs ench gl plasma in certain
part§ Ok DRI} dMQIcUREp M dncBiiinehSndcR@IN: Q}szﬁi%&@enwtnd that
plasma in the unconflned state. A high-inpedance
therp agj naang mhipmgtiveavayp elimplemangng Yisinethoda pufeanipyajupestol ghe present
invénfBf | ﬁ‘ ?s‘ihéét%!-&me%&f%hd% %Q’@ﬁé»ﬂ‘& & *n& ifs b%i?&:r @3 48
provi des charge on the exposed pla ere angi ng
inclpdivg gibsuch gkeraicmapsediatiqpapad cqoral wrmaéalé hathigéhq fue spiit and
I 0S¢ e capacitor plates may then be
wo%ﬂkﬁ ﬁgﬁigﬁﬁuégternal detection circuit which is
connected to the capacitor plates. As an alternative,
an ion density detector nmay al so be enpl oyed to dead
the increased presence of plasma in certain parts of
the chanber during the plasma unconti nenent state. It
shoul d al so be noted that there are many alternative
ways of inplenenting the nmethods and apparat uses of
the present invention. It is therefore intended that
the foll owi ng appended cl ains be interpreted as
including all such alterations, pernutations, and
equi valents as fall within the true spirit and scope
of the present invention. CLAIMSI. A nethod for
detecting a plasna unconfinenment condition in a plasm
processi ng chanber, said plasnma unconfinenment
condi tion being characterized by the presence of
pl asma in excess of a pre-defined specification
out si de of a designed plasma confinenent volune within
sai d pl asma processi ng chanber, the nethod conprising:
defining said designed plasma confinenent vol une;
sel ecting a plasma processi ng chanber conponent, said
pl asma processi ng chanber conponent conducting no
return RF current during plasma processing if said
plasma is confined within said pre-defined
specification within said designed plasma confi nenent
vol une, said plasna being confined within said
pre-defined specification within said designed
confinement volune if plasma density in one or nore
| ocati ons outside said designed confinenent vol une
does not exceed a threshold, said plasnma processing
chanber conponent conducting a detectable return RF
current during said plasma processing if said plasm
is in excess of said pre-defined specification outside
sai d desi gned plasma confinenent vol unme during said
pl asma processing, said plasma being in excess of said
pre-defined specification outside said designed
confinenent volune if said plasna density in said one
or nore |ocations outside said designed confinenent
vol ume exceeds said threshol d; providing a
sensor for performng current detection related to
sai d plasma processi ng chanber conponent by di sposing
said sensor in a selected position such that said
sensor does not contact said plasma processing chanber
conmponent, wherein said sensor and said sel ected
position are configured tﬁﬁprOV|de an electrica
par amet er having di scrimndble variation between a
first state and a second state, said first state being
characteristic of absence of said detectable return RF
current in said plasm processi ng chanber conponent,
said second state being characteristic of presence of
sai d detectable return RF current conducted_through
sai d plasma processi ng chanber conponent; and



2. The nmethod of claim1 wherein said sel ected
position is outside said designed plasma confi nenent
vol ume. 3. The method of claim2 wherein said

sel ected position is adj acenAIMS sai d pl asma
processi ng chanber conponent. 4. The nethod of claim
1 wherein said sensor is a current-sensing coil. 5.

1. A mﬁloﬁ%p&g?cq{ng tﬁéﬂ n%ﬁpﬁlgﬁérﬂerﬁ %ﬁldl &4 %lgl guProgessmg chamber,

arrangenen udes circul ry co
said mﬁan&iceniamﬂmam bd)rl’dlﬁi)@bbeinpdt&zmtér&leddxyfthepleme bf plasma in excess of
sajld electrical para

2 pre-deinesLaPECiBBHHAT IR O agﬁfpé}@l@% REsER sPnfipgment Neluns \ﬁ@mn said plasma
proce?%‘n'é cit ter, $h Hfé}hofd BHpsiging: potential difference.

od o aimb e ein said circuitry |ncludés
atdeﬁmgtsaldmmgﬁechplasramscﬁnﬁmmenamiumer esistor. 7. The

nmet.hod of claim6 wherein,said sel ecte osition i
oGt Er i HpIEuRR rodESi AP RODST: AR PB GRS chamber

comp8nen! 06ndiRLROHo Klturdl 1o Bﬁr@en‘ﬂﬂﬁﬁﬁ‘g ?la%h Qr&ﬁésﬂﬁg i€daid plasma is confined
position represents a position that Is not direct

withint saié pref defingdl spedifi¢ation sxp@m saiddesigned pdasipreon {iperaeyolume, said

plasmGRip e et R BIe) Wy PRl by Sofipl sl de LS bobfinemen

volun$eAilp plalsink \d8hsit Ty‘-'iﬁ bRk BElmPplAID BRI Ik O RTE salll dRBABE tonfinkthent volume
The net hod of claim 1 wherein sai g@gl asma processing

does nti gibred arthisslealdrraid plashaprgeessing dhamdeirsrpsrRicerducting a detectable
returt R P &t ngnﬁg QEHH ?)[a‘sma processing if said plasma is in excess of said pre-defined

specification outside said designed plasma confinement volume during said plasma processing,
said plasma being in excess of said pre-defined specification outside said designed confinement
volume if said plasma density in said one or more locations outside said designed confinement
volume exceeds said threshold;

providing a sensor for performing current detection related to said plasma processing
chamber component by disposing said sensor in a selected position such that said sensor does not
contact said plasma processing chamber component, wherein said sensor and said selected
position are configured to provide an electrical parameter having discriminable variation
between a first state and a second state, said first state being characteristic of absence of said
detectable return RF current in said plasma processing chamber component, said second state
being characteristic of presence of said detectable return RF current conducted_through said
plasma processing chamber component; and

providing a sensor data processing arrangement that is coupled to said sensor, said sensor
data processing arrangement being configured to provide, responsive to said electrical parameter,
a data signal signifying whether said plasma processing chamber is experiencing said plasma

unconfinement condition.

2. The method of claim 1 wherein said selected position is outside said designed plasma

confinement volume.
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11. The nmethod of claim 1l wherein said plasma
processi ng chanber includes a first electrode, a
second el ectrode, and a set of confinenment rings, said
3. ThéartiiesTt cRHiRYRh&R dajlieshitted \HRkioR iD&ljAgntiRfsaidiesladdya processing
said first electrode, said second el ectrode, and said
chambggeomporashf i nenent rings. 12. A plasma processing
system i ncl uding a plasna processi ng chanber and an
apparatus for detecting a plasma unconfi nenent
4. Thé artidd ofrldin 1Swhélteipl safing@niurac & seireng-sefsdmderil. sai d
pl asma unconfi nenent condition being characterized by
the presence of plasma in excess of a predefined
5. ThE RRAd AN SHlrdindRidiendhr 480! AARMRLA TR HMETENt
volume within sard plasma processing chanber, the
ptiacuimy pordighsai togzengrateendisanpinaisle pgtential differencepfrersrsaid electrical
processi ng chanber conponent, said plasnma processing
Pma“@ﬁ%ﬁﬁér component conducting no return RF current
diffivde RbASSTRARE S 8&HcRMor for 8&i ctatRIgAa Pl tSsiSRM oReshid potential
wthin said pre-defined specification wthin said
differabes.i gned pl asma confi nenment vol une, said plasma being
confined within said pre-defined specification within
sai d desi gned confinenment volunme if plasma density in
6. ThORRIII JTRI8m! PFREreRNGIdIcitEinSRdek Aeedsgcof a transformer and a
~confinement volume does not exceed a threshold, said
resistos] asma processi ng chanber conponent conducting a
detectable return RF current during said plasm
processing if said plasma is in excess of said
7. ThehettdafdfRREmIPeEértinGald ivcdippstion sabwside st gid despgrred phasma
confi nenent vol une during said plasnma processing, said
confingmgBh¥lWBEng i n excess of said pre-defined
specification outside said designed confinenent vol une
if said plasma density in said one or nore |ocations
8. Thenietiodefshiie cebérginedidoeldctadgusitivn vepresvatsexmedis thatiisinot direct

. hr eshol d; .a.sensqr .for perform.ng, current
hne'oégglétc‘f"iﬂb Fespeat i @dggﬁlgﬁaélﬁ%‘ﬁ’ﬁﬁﬁ?’a%@ [HRE- chanber
conmponent, said sensor being disposed in a sel ected
posi tion such that said sensor does not contact said
9. Thphetmd of chdiressvhereintsaidt@asnuoproosseing chambergicpresentyla capacitively
sensor and said,se|lected position are configured to
coupleﬁlr;g@qr%aeprgﬁes&ng(gpprp % parameter having discrininable
vari ation between a first state and a second state,

said first state being characteristic of absence of :
10. Thaingthedoé elaim |l evhaseinsaidmptassa preerssing chambergerssaats an inductively
1%%§Q§SSings§QF%§%5 gonponent, said second state being
couplegh PIFSIIg REPFESHNg CBfMBffasence of said detectable return
RF current conducted through said plasma processing
chanber conponent, and a sensor, data, processi ng
11. Themetherbalerieime bwbicrsin sad plapma pEorsesiing champes iedsies adke lectrode, a
second®L18&FHR B ?gét ap g(g{fﬁ{%he??ﬁﬂgs', 608 kG R Eh PEA Indfient volume
responsive to sald electric parangter, a data signa
being défiudityi saiyl filse¢lbearodendaild pdcasdraleptraize sisd said sdiafibenfiresent rings.
experiencing said plasma unconfi nenent condition. 13.
The plasma processing systemof claim 12 wherein said
ect I Tl I i [ h & BN for
12 AR leR R S S ol gy R o LS ORIk 380 apparatus fo
detectinf aghlasnm dirRonfinereem cenditios &l wid pldsipagiacessing chamben seidiplasma

o0 sai d pl.asm progessin hamber co nt. . 15 Th
uncorRerichs “pRGBEE BriRg SCyarieHras e AP T BT igaRgps” OFa re-
defined 8PS @ficdtidn dubsitld ST desiphed PRisH cbnfinement volume within said plasma
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16. The pl asma processing systemof claim 12 wherein

sai d sensor data arrangenent further includes

circuitry configured to generate a discrimnable
proceﬁ%dgea{ahaier,dhé plasaa 9ﬁbcte§smg Seieth @ng@isinggal parameter,

an sof tware-control I'ed signal generator for

gemdasata prgcessing cbmlbpr@gmanemm glamaa pocessingghamber component
condu%gfléﬁé ‘r?ée}l&% %% I(]ngx‘r%nl-pragﬂl é ?lsagiﬁa éa{f giilﬁi)?c sHY 19@01@&3 Within said

pre- déﬂrﬁﬂ%f)étﬁﬁwhoﬁ Relthin 668 Ideshgiied plés'tBna &imﬁnpﬂnaﬁtmlmne; caigdgilasgna being
emof claim 17 wherein said selected position is

Conﬁft?ét‘%lﬂﬂé sgifl pg%fi%ﬁrafésw@%‘éaatwa&%n 8yAdes onfigerypgd volume if

plasm:!l%e%s-ggﬁp Rh8 3 Fhobd REGToHs Mtstdeaf A eneh @bﬁﬁrﬂe?ne%%lﬁfn@ does not
sal ected position represents agnp03|t| on that Is

exceed atthidshicdd,tsald plasnod pmcg;bmg\mambempqnmemto:osdwcdmg esietpetdle return

pl asga. confj nenent vol une asna essi

RF 5t Qoo B g bl PR ST cLsan Agr-detthed

speciffda@dh %ﬁtsfd%@ﬁﬁ%ﬁ:@gﬁe@pﬁ%ﬁé‘ @bﬁﬂﬂé%{e‘ht GOURIceRriRk §ﬁ%lasma processing,
processi ng pl asma processrng system

said ptismel bamg mmmg pésamd pm—dbﬁmeéw@l’qiﬂa@oe Qgtsnig sgtdabbkgned confinement

ol B L SN LS LSS cnemen

volundelxch&Is sgidhrekisdldg a first el ectrode, a second
el ectrode, and a set of confinenment ri ngs, said

dewgme @rmeefgmmg@nfrcmei@&won stlefae toresich plagran Prasgssig chamber
comp%réetn%j S]al ol? Ib% b s%%Sedslgladseﬁe%ge(arb%sﬁlogg{léhotﬂgt sa?(f‘s%nsscﬁj (ﬂ)es not

nenern
contact said plasma processing chamber component, wherein said sensor and said selected

position are configured to provide an electrical parameter having discriminable variation
between a first state and a second state, said first state being characteristic of absence of said
detectable return RF current in said plasma processing chamber component, said second state
being characteristic of presence of said detectable return RF current conducted through said
plasma processing chamber component; and

a sensor data processing arrangement coupled to said sensor, said sensor data processing
arrangement being configured to provide, responsive to said electrical parameter, a data signal
signifying whether said plasma processing chamber is experiencing said plasma unconfinement

condition.

13. The plasma processing system of claim 12 wherein said selected position is outside said

designed plasma confinement volume.

14. The plasma processing system of claim 13 wherein said selected position is adjacent to said

plasma processing chamber component.

15. The plasma processing system of claim 12 wherein said sensor is a current-sensing coil.
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16. The plasma processing system of claim 12 wherein said sensor data arrangement further

includes

circuitry configured to generate a discriminable potential difference from said electrical

parameter, and

software-controlled signal generator for generating said data signal from said potential

difference.

17. The plasma processing system of claim 16 wherein said circuitry includes at least one of a

transformer and a resistor.

18. The plasma processing system of claim 17 wherein said selected position is outside of said

designed plasma confinement volume.

19. The plasma processing system of claim 17 wherein said selected position represents a

position that is not direct line-of-sight with respect to said designed plasma confinement volume.

20. The plasma processing system of claim 12 wherein said plasma processing chamber

represents a capacitively coupled plasma processing chamber.

21. The plasma processing system of claim 12 wherein said plasma processing chamber

represents an inductively coupled plasma processing chamber.
22. The plasma processing system of claim 12 further comprising a first electrode, a second

electrode, and a set of confinement rings, said designed plasma confinement volume being

defined by said first electrode, said second electrode, and said set of confinement rings.
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