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configured as a series of quartz rings positioned around a horizontal perimeter 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 1o 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 positioned closer to a substrate
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SUMMARY OF THE INVENTION
j0013] 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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j0017] Fig. 1B is a representative and simplified drawing of the plasma processing
chamber of Fig. 1A, including a depiction of the return RF current in the unconfined state.
0018} 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 onconfinement detection system.
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volun@aDBA ) witifln 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 confined within the volume defined generally by the top electrode,
the surrounding focus rings, and the bottom electrode (which mav or mayv not include an edge
ring). When plasma 1s confined within the designed plasma confinement volume (DPCV),
the plasma is said to be in a confined state or in a confined condition. In this confined state,
the plasma density within the plasma processing charaber but outside of this designed plasma

confinement volume is very low or is substantially zero.
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device or by appropriate dedicated circuifry,
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example universal plasma unconfinement detection system 400 including a sensor/coil 402
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invende i espigRle Wi %&é@‘?ﬂﬁ-’g’ S 81da Ay RENE! el wplegiigpma processing
Lh.}ﬂl@{ﬁtﬁ? gﬁ: inhdgaHReanti, nﬁgb&ﬁ A& ok b ﬁsi Hpéﬁla% lﬂﬁt\ Q@JD% ﬁn li@itn cd i
erence is relatively unchange prooce
other nyges pegavad yr, ncé&mngmhdmhgk yingtudmiddt exantpi tDifhdtadne eh mupled

i nvention ar the i ors to be ers
plasm OB R PO LS 8 B CRHU SHGe" SR GEtes Further,
W htierﬂ%ﬂiiﬁl@lﬁt&i Q\%ﬁtgﬁé em %Ehﬁs h‘gf&% Loed &hat the 1400433, W Bty RF

reference to ference in die sensor coil
currentoh t:sa“gc’els par&dmahet ég?edms itymﬁm:tneaamf raghe¢ther tb@p&ﬂ@xﬁﬁ RF

e We\?‘ L Ea3 TR ga tS1t f sxatuple,
snconRRCREHESALE PR HCTDES é’“b*é"i%%‘hat‘ﬁ PEPIoXES W“t"‘ﬁ%‘" ¢4
capacRRRSOHsoE Mal vidll Bhenppeanfih agdmbsliater. (RABRN ARty bRerounted on

voltage in the sensor coil in the confined state
a via grBRERYH gng oAt oo Rbtegbosely fad; w@r{tt@d (NSO Wkt fgfexample). The
other g@a\éﬁ ST ptl ﬂglmdéﬂ{?o?{gﬁﬁ% gcgefq A % %13 tag i{e%%g%k\gd {%igst%‘s% confinement

umeqlunga Hunid hewsansoedtaia qxl:iamann& ieurconfisdiiaghtst atlegh-impedance
(506 1% is ,around 510 nt.illivolts. Accordingly
resiste Bl TRy Kot f4 R ARASHEPB I BE SOMIgHISAIS [Phegpichpfinement

occurs, the plasma provides charge on the exposed plate, thereby changing the voltage across
the capacitor. This change in voltage across the capactitor plates may then be detected by an

external detection circuit which is connected to the capacitor plates. As an alternative, an ion

tl



to WD 2008/ 002938 PCT/ US2007/ 072158 detecting the
unconfined state in chanbers that enploy a high
WEe@sosd3power recipe in order to achi eve ani BOL/USOT072158
etch profiles and high aspect ratio etches. 100441
densitridgiecByr showsso ierenad corddademeviht mcarmsehposimre of plefma hecertain

parls tglf,ltss e‘«?}ﬂh%ﬂéﬁ{%}] | g}?é}l%‘i%%ﬁ“iﬁ‘?{%“ﬁf%‘g %{élsge g%;gzggﬁaﬂgul baeszg[%ed that
there &haﬁ%‘%ﬂilu hiti8é @Rys 802! BnSRINE Me zh@th@ﬁ@%éiddﬁ)%a#aﬂlb&@& th( prc sent
chanbér at a location selected to enable the sensor
invenpetovit dethergtae norded ity die wollowing spoendud r@é@lﬁe by amtarﬂt@hd\
nxhuﬁﬁtgﬁ%ﬂh cgfégsﬁﬁnﬁirg$i 1&%qﬁ§§5§§%wggfg%%ﬁbgggggﬁgﬁiand
smxmaﬁﬂﬁﬂgeﬂﬂnkmLﬁMQWOV|ded to receive the sensor signa
and to generate, if a plasm unconi nement condition
exists in the chanber, a data signal to signify that
the plasma is unconfined. 10045.1 As can be
appreci ated fromthe foregoi ng, enbodi nents of the
invention render it possible to rapidly and reliably
detect the plasma unconiineraaent state in a plasna
processi ng chanber w thout having to know i n advance
the specific process conditions in the chanber. T}re
detection result may then be enployed as a trigger
signal to address the plasnma unconfinenent problem
i ncluding for exanple automatically triggering the
shutdown of the plasnma processi ng chanber to prevent
further damage to the chanber conponents. 100461
While this invention has been described in terns of
several enbodinents, there are alterations,
pernut ati ons, and equivalents, which fall within the
scope of this invention. For exanple, while reference
is made to a capacitively--coupled plasnma processing
chanber in the illustrations herein., enbodinents of
the invention may al so be practiced in other types of
pl asma processi ng char nbers, including for exanple
i nductivel y- coupled plasnma processing chanmbers and
m crowave- coupl ed pl asma processi ng chanbers. Further,
while the :illustrated exanple enpl oys a pickup coi
to detect the increase in the return IM' current in
certain parts of the chanmber in order to ascertain
whet her the plasma unconfnenent state exists, other
types otsensors may al so be enployed. For exanple, a
capacitive sensor may w ell be enployed, In an
enbodi ment, a capacitor may be nounted on a via arm
with one of two plates closely tied to ground (using
the via arm for exanmple). The other capacitor plate
is exposed in a space that is outside of the designed
pl asma confinenent volunme (DI PCV) but is known to
sustain plasma in the unconfined state. .A
hi f g: h-i npedance



resistor may be provided to avoid charge-up in the
confined state. Once u:ncorat .nenment occurs, the
w@b@sneeps ovi des charge on the exposed pl ate, PE¢EUSIY7/072158
changi ng the voltage across the capacitor. This
change in voltage across {lh&iM@pacitor plates rala '
What e % .detected by all external. detection circuit
‘“%hﬁ@ﬂ“lé ‘connected to the capacitor plates. As an
alternative, an ion Il WD 2008/ 002938
PCT/ US2007/ 072158 density detector may al so be
L. enpl oyedmedodétrebiccting aiphsreaseentpeawehemdgiongh agphesnian

proceifFid dfhsh Rl tdr oL P L TR PA Ry e

pre mut&&ﬁ PLANR 1BLead bRY patdefited@ysiiRbubmpligient & 06idMe plasma
nmet hods and appar at uses of the present invention . It
confinjegnenh splamg rdthiih bus gme parceshite Sermbshichy PEpP8nded
:p?c Vid n«bg LR secﬁ@gﬁ 3511 oﬁ(‘v! dH}% K Hmﬁé}‘cﬁld & ffdﬁ,d position
teratrons, pernutati equl val ent s’ as i
bet nu,\mdéshmaiet'méaim\ulaosqasﬂmt.,tchanblex c@o@peemﬂhaﬁ rIl‘BC(mlii&ﬁ&ﬂtﬂ‘} conduct a first
vent i WO 20 8/ 00%938 PCT/ US2007/ 72158 CLA
level \)@?aﬁtlffg% ‘é‘i“ﬁ‘ﬁﬁ Llﬂ“gli., }'.I &bm{ippr()ﬂ.éflﬁgaf Eféi p a%F‘é@th}H n(é within said
pre-d@H A3 TBeRGARE Wi D (‘ﬁ(’i‘ﬁu@tq{‘*g iy §ds00 doBfiReRb AT Ryme and & second
processi ng chanber, said sma unconflnenen
level efond] thon R&mtwgnt&anweirpimm pyceshios iprebpnges ofin excess of

said pgcb?% 1&38 sg;f:cz ‘é’&.‘“ﬁﬁé@ sﬁide cg: Une@ 8%]5‘?‘5 éﬁ@%{ﬂ%{{j}%i %ﬂgme during said
plasmWiphdteBsi SaiveheRY R SR s P10 REBaNDsefRaIN Ak 0 QRPEInTsDEEd to provide
prOV|d|ng a sensor in a selected position within said
an clegWanprametal rvery e @d’“@‘ﬁg v tu‘l@nm Useh ey épir%kfmlﬁﬁtf‘léd & second state,
said ﬂ? la*ﬁln@dglrv?&%% té}%u ? QUQ(%? nitsd ;eﬁ%& n#i s,u%%q %Hrqggmd
ISt evel a re? curren

state ihitid CI@rfkaR iR oPEAE e8shd vel ofsaldd c@h@ﬁﬁ&uh&m@ emf i ned
within said pre-defined speC|f|cat|on mn%hln said
d@éﬁ%éﬁapwﬁeﬁé@% BHERHERERTANgENeiHaha Acupiedde spd sensor, said
sensot BUEh tro‘&{ s&ﬁ@ u?mﬁ“a@é g&ﬂ b%e%%flﬁ&ﬂtd %Jﬁ: o0RieS z%L[QmQ g%@md electrical
processing” Is”In excess of
p'zmnﬁeree déftr medalspeety fnmilmhm soudtisasclen ;S’atedmdeshgml&ﬂl ipbasnmancing
., €O nement vol une. during said plasma processing,
qmd@%ﬁﬁWéWhm§3W8“§e 8 %nd sai d sel ected position are
conf %ygured to provide an electrical paraneter having
d.iscrimnable variation between a first state and a
2. sdbe metistdatfe:iaizxehi&‘aexﬁislr@d wleated foeiting icharaot@ting it respect
; § said first R said return Rl ~~ current, said
0 said Blagiy Pragesie %lé’fl : “C%%?%%fﬁer .stir of said second
| evel of said return RF curt- ent and providing a

sensor data roceSS|ng arrangenent that is coupled to
3. sdbd wedsig clagw gwherein said selected position 15 adjacent to said plasma

processing chamber component.
4, The method of claim 1 wherein said sensor is a current-sensing coil.

6. The method of claim 1 whereln said sensor data arrangement further includes



sensor data processing arrangenent being configured to
provi de. responsive to said electrical. paraneter, a
waelaia/0839ghnal sign.i.fying whether said plasma PCT/US2007/072158

processi ng chanber is experiencing said plasma
urtofriv cementred onaintiaom digerifinebloprvhodalofiffeleatafirbm said

| ein said,selected position is non-contacting with

LCL“V@@ﬁ Petet 69 ai d pl asma processi ng chanber conponent.
TE@&XMQ‘%@EFQ‘@@CQ}@AW&I&\A}@#' i Bu%%tﬂv%%lcﬁ%@@uﬂ@ S QA potential
is adjacent to said plasma processing chanb

diﬁm(Z:R)Tl*?vponent 4. The nmethod of claiml| wherein sald
sensor is a Curren t-se:r sing coil. 6. The nmethod of
claim 1. wherein said sensor data arrangenent further

7. i Nekudesed of daii@ 2R88H0QZO3EWRETINISAO0A N &E2ARR0f a transformer
circuitry configured to igenera:te a discrimnabie

and 2 |58t i al difference fromsaid, electrical paraneter
and software-controll ed signal generator for
generating said data signal fromsaid potentia

8. dl"ﬁhé etsginele! crimThehaeinhadl ehswlaad su6 sebheree posiSat ghe chosen such

that s TG SHp! BT ek e Ho oLt AT FoRLaF i Sapen RF current
sensor and said sel ected position are chosen such
that said first |level of return RF current is |ower ‘
9.t Han et Febond Whwreln wofd yebiectadpoTitipn cepresnts.a poditioniileat is not

di wu:]gztﬁ?oiggﬁ{t gv‘?lé %%@g%&i\ﬁgﬁiiﬁqugﬁggq ﬁ%}?clz 503#,?%@(%&%&&{, 0
l'ine-of-sight with respect to said desi gned plasm

N confinenent‘vqlune. 1.0. The method of claim| wherein

0. sdihg nptiagied v wiclewerang sellbntibere propysegigshamper represents a

ﬂpﬂtﬁ-ﬁ‘%?%ouk% l;%}sﬁ%%% f:sclRL e iTs, ocessing chanber. 11.

wher el n said pl asma processi ng
chanber represents an inductively coupled plasnma
processi ng chanber. 11 The nmethod of claimt wherein
T sdbanpihnshef chrwceshens srkbiber: poprsiesfanbedrpRtRsts an

mdmﬁ{]@?\t &ﬁ’@!d’%ﬁsrﬁ% %e@«‘!\@‘ﬁ% @RGEgY to generate a plasm

'asma~processi ng. systemincluding a
plasna proceSS|ng chanber and an apparatus for
ect| asna unconfjnenent condition in s

n
2. S e B R B P Grons i MR D Rkt ghamber
that eﬁ.gragg&m@f@ma% B ENEY R6LAT ZRGyhY iHeh8s Pr esence. of

pl asma

i3 A plasma processing systen includimg a plasma processing chamber and an
apparatus for detecting a plasma unconfinement condition in satd plasma processing
chamber, said plasma unconfinement condition being characterized by the presence of plasma
in excess of a pre-defined specification ocutside of a designed plasma confinement volume
within said plasma processing chamber, comprising:

a sensor disposed in a selected position within said chamber, said selected position
being proximate a plasma processing chamber component that is configured to conduct a first
level of a return RF carrent dunng plasma processing if satd plasma is confined within said

pre-defined specification within said designed plasma confinement volume and a second

t4



in excess of a pre-defined specification outside of a
desi gned plasma confinenent volune wthin said plasna
w@e@smsdBsg chanber, conprising: a sensor di SppEEUSIN7/602158
sel ected position within said chanmber., said sel ected
kwelwb@khmamnRﬁenmgnp®@kwmanm&mpnagm&ﬂpg®ﬁ£$$ﬁagnchanbewxsof
said pge?— ‘?1{!, ?‘b?“ﬁp ﬁi_-mg ’P]C»" sagﬂc{ %du tug )ggr%lél%? Hggfg,lgr%télu nlf,%\tlumv said
plasmd Pk ékbeRiRs RBhet$n §‘95‘f\cd§§1daﬁﬂ dadll ddie c%ﬁi' ;ﬁ*mﬁ% erd@hiriRgrhd 1o provide
specification within said designed plasna confinenent
an elegipicanmrangenhaeapfscrrg nyige zm@]tmdgzgggrx a fivst state and a second state,

said hP g—[ ailgjsgg val?ap% éﬁg‘%ﬁ]c 1?%? g h?st 1 gfa? { H.lﬁgn %E E%'ﬁf gguld ﬁ;econd

cessy
state i@X0eaRrRiensiablsdd s@ofefdvoest éﬂi&@mﬁﬁ R@‘ain reht agUt si de
sai d desi gned plasma confinement volune during sai
PRASHE! PHBOESSIHY: ANINEPBEH WHPIG! dewddpenspre sadsepsor data
Prog Lscﬁ?t ge{rFﬁ%BQ&'tRhQﬁm% aied 'E‘S b:gxwd%dtct. QnQ[;,%\fb q!ﬁd g% muﬂ parameter,
ncal paraneter HRaving discri ['e” vari at
a databtnseepnidyihg mdkthet sl @ plamda arcsecondeiatbbels expei aiimfnyss;td plasma
state belg . characteristic of said first |evel of said
““QxF%$WFW“ﬁﬁ gﬁ@rent, sai d second state being
characteristic of said second |evel of said, return F
current: and a sensor data processing arrangenent
14, cdlhp k}bﬂmtiqﬁr@a:mnsmm of daind! Tehswm &a‘aat mmmdqwe‘gi@hrigmn-

ita 4 1 ; 4 [ gal igion &;es li“(}gl g%& ¥ nE&reSponSlve to
contaeidh Baer Bt paraiePeresy GaPh e aiertE ni Tyi ng
whet her sai d plasna processing chanber is experiencing
sai d plasma uncontinenent condition. 14. '17 he
15 pllas pspeosesssiingsisient edlom b wheicnBsaithwlesiad muitign is adjacent
to Saiiz ggagxﬁéfﬁgoc@g%ﬂt diﬁﬂ;h'gf C(Qz%cq%xeﬁggtr agg'ﬂggn\gﬂ: h aégPe%’Let 0
pl asnma proceSS|ng s "stern of claim 14 wherein said
. selected position is adjacent. to said plasma
16. prléé @%ﬁ‘ﬁ%g’*%aﬁ%?‘“@@hﬁ aift 13 wherenmiid ﬁ%rmﬁ current-sensing
processing systemof claim 13 wherein said sensor is a
current-sensing coil. IT The plasna. processing
system of claim13 wherein said sensor data
. arrangement further includes circuitry conf ured
7. gdREPEPBRRTAREEERS HSHEbPE M8t ghi’“‘#‘%‘l‘f“*fbﬁaf BN Bﬁﬁlﬁemem
furthes dlcflidegl ectrical paranmeter, and sof fiw>are- controlled
signal generator for generating said data signal from
sairchippremiguatd todiehérmteendiesriminable potential difference from said

coil.

electrical parameter, and
software-controlled signal generator for generating said data signal from said potential

difference.

{8 The plasma processing system of claim 17 wherein said circuitry includes at least one

of a transformer and a registor.

s



18. The pl asma processing systemof claim 17 wherein
said circuitry includes at |east one of a transforner
wa@p@sao29esi stor. is WD 2008/ 002938 PCT/ US2007POTR3987/072158
19. The plasma processing system of claim 18 wherein
19, sdihd phems grordns istbns ef aémitreblﬁ Wbctsﬁ it Jaghscare aoh osidnselected
.such hat sq q fit gve rrent is..
pmmp%e\érg osen sugh that sai @gha evp e\}erf”mb‘? wé%‘UFW R w&zjliiué: sfmi second
level aBeiuHRER@SHAB processi ng system of claim 1S wherein
said selected position represents a position that is
not direct line-of=sight with respect to said designed

20, Slr@g gﬁg&qgféaggﬁm?ﬁ%}/c% an (ﬁ%isl §8> z’n,m bud ﬁ:ll&gvd d:f xg\ﬁg represents a

positip HREeB o gir &R HFBLF-si chERIB SQPES l@:y&@Q&@j{ﬁﬂd\@ﬁ&s&hc&wﬁh@dmt
pl asma processi ng chanber. 22, | he plasm processing

volunyst em of cl ai m 13 wherein sai d plasma processing
chanber represents an inductively coupled plasnma
processi ng chanber. 2 The plasma processing system of

21, clihephsthd Mms@ﬁn%\s&indeﬁ)diaism» mha@'&s&iﬁhgﬁ aghamoeessing chamber
r gresents chanber, that enp qﬁcromave energy to

ﬁéﬁa«fﬂéﬁ\aﬁwam* Rl ERapiRe E%W & chan

22, The plasma processing system of claim 13 wherein said plasma processing chamber

represents an inductively coupled plasma processing chamber.

23, The plasma processing system of claim 13 wherein said plasma processing chamber

represents a chamber that employs microwave energy {o generate a plasma therein.

to



