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METHOD AND APPARATUSFOR ETCH ENDPO NT DETECTI ON by
Inventors Brian K. McMIlin and Francoi s Chandrasekar
W@aws apRIBACKGROUNDOF THE | NVENTI ON 1. Fi el d oPCT/0i82004/034840
I nvention The present invention relates generally to
sem conductor fabrication. Mre specifically, the
present invention relates to endpoint detection during
| as et chi rocess. 2. Cri Pk f
AETEPRARD, SR EARA s dfom EattbnIeOiN G D TEC TION
such as integrated circuits, nmenory cells, and the
like, a series of manufacturing operations are
performed to define features on sem conductor wafers.
The seni conduct or waf er s DYEVYIEESi nt egrated circuit
devices in the form of o - . structures defined
on a silicon substrate. lg' %g]\g@th%lat e |level,
transi stor devices _with 'ffg i on f)e ions are forned.
In subsequent | eveF@ncpi Atreet ﬁgﬂ¥1lization | i nes
are patterned and el ectrically connected to the
transi stor devices to define a desired integrated
circuit devi ce. BACRGROAINT OFerHE ANV | ayers are
i nsul ated from ot her conductive Tayers by dielectric
erials. The series of manufacturing operations for
L Fﬁﬁ?{ﬁhﬁénf"’é‘&l% es on the sem conductor wafers can
i ncl ude many processes such as addi ng, patterning,
et Bhe prgsent vsuiionyrelaterdggpetally o ﬁgr,licewgngardammaﬁpn. More specifically,
various material |layers. Due to the intricate nature

the pBserithvdntiah wlgss fedndpesit Odtedtiva dueifl @ PNEHRIhiNBHRbEss.
each process is perfornmed in a precisely controlled

2. Drgr%wl,trtﬁﬂr};gqg%gmu R[-q0re, each process is closely

nrtore anal yzed to determ ne an

In the fabrication of semiconductor devices such as integrated circuits, memory cells,
and the like, a series of manufacturing operations are performed to define features on
semiconductor wafers. The semiconductor wafers include integrated circuit devices in the form
of multi-level structures defined on a silicon substrate. At a substrate level, transistor devices
with diffusion regions are formed. In subsequent levels, interconnect metallization lines are
patterned and electrically connected to the transistor devices to define a desired integrated
circuit device. Also, patterned conductive layers are insulated from other conductive layers by
dielectric materials.

The series of manufacturing operations for defining features on the semiconductor
wafers can include many processes such as adding, patterning, etching, removing, and
polishing, among others, various material layers. Due to the intricate nature of the features
defined on the semiconductor wafers, each process is performed in a precisely controlled
environment. Furthermore, each process is closely monitored and analyzed to determine an

endpoint of the process with exacting precision.
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endpoi nt of the process wth exacting precision.2 One
comon manufacturing process is plasma etch. In
waessoasguct or fabrication, plasma etching i s PONIB2004034840
used to etch conductive and djelectric materials to
define features and structures therein. The plasma
etching is typically perfornmed in plasma etch chanbers

! NBhe VoGP M et geoegss sgl fig 51%9' el oY 3 SHERARUABE fabrication,

over e as hotoreS| st mas

plasi P e tc'ée# Retsed fucichrior c%ge 3Rl By sy define features
radi o frequency p&a F) power to one or nore processi ng

and gasbwecibarei. idg plasnti siching isplypisatly peréhme amblasma atch chambers that
pressure within the plasm etch chanber is controlled

are daPalsie GP et seedidll RyBdrdebsitedrov@eai suBstrddé s @eSnedUpPA photoresist
appl yi ng the desired RF power, the processing gases

S
el PR O L)l s o
rfo t.he si_red etcEEF he sel ected | ayers of
Dlasthi by AR IR SICUHRED JOREE tP R OF GHOTR GTOGGRPnS goses contained
anal ysis in plasma etching operations can include
withiypthie qddsnypeich pbambqryA msmwﬁhmebha@asma @jph clamber i1s controlled in
spectronetry is used to neasure properties of plasna

accoRRhtE aVitlem patiolar fd@s1fbrd0}§tod&saflhﬁiﬁd@1§plﬁhg cb | desPed® RF power, the
process. The endpoint call is reqU|red to be accurate

procés‘glr%gjo%r i 1tﬁﬁ1°tl%ﬁ')ga H‘{aocﬁ@r? §h has %t%%ﬁdsueﬁl ?}ﬁé @ﬂolasma is created.

e anou mat er | een renove

the sem con uct : : with.curren

The it ¢oBRbR rQFrEW@pg]%fi e Eends Hedifpadored lavers of the
that the pl asma optical em ssions are sensitive to

semicratvgtes wadert he chanber conditions. Thus, changes in
t he chanber conditions can introduce perturbations in

t hin-ghasngniopihg Cald endlgsd G Spladnia SElng BBEANAEES cihaésdude optical
perturbations 1n the plasm opti cal em ssions can be

spec&&ﬁ@f?%qg% @fa& 8f %{bnﬁffﬁ %g){lc aug&rtltoﬂ{ ]1; QLY GftabiBe tp{:dglgﬁ?ers of plasma

an en nt” ca Ing a se endpol nt
opticfag Fm%%{'cl{gﬁ 6‘!);15%9:() Wa‘iﬁ%l Qﬁé%ﬁl?ghﬁ%&?ﬁ- E@F endpomt ca(lzzleféi required to be

accurate so that an etching process can be stopped once an appropriate amount of material has

been removed from the semiconductor wafer.

One problem with current optical spectrometry endpoint detection methods is that the
plasma optical emissions are sensitive to changes in the chamber condjtions. Thus, changes in
the chamber conditions can introduce perturbations in the plasma optical emissions. In some
instances these perturbations in the plasma optical emissions can be comparable to an expected
perturbation used to trigger an endpoint call, thus causing a false endpoint call to occur.

In view of the foregoing, there is a need for an apparatus and a method to control
plasma etching chamber conditions to prevent perturbations in plasma optical emissions that

can cause false endpoint detection.
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pl asma et chi ng chanber conditions to prevent
perturbations in plasnma optical em ssions that can

W@ 20084890 se endpoi nt detecti on. 3 SUMVARYOF THECT/US2004/034840
| NVENTI ON Broadl y speaking, tje present invention
provi des a nethod and an apparatus for nonitoring a
pl asma optical emi ssion. Mre specifically, the
present inventi on Vi ‘?{foﬁ‘l Bt Wni toring the
pl asma opti cal Fi-otg i e aperture to
detect an endp0|nt of a plasna et chi ng process w t hout
i NBeoddbr epeaking; At presehd inveaton erodtise aemdhod nandc ah | apparatus for
The nethod of the present invention requires the

monif@ﬁﬁgﬂ*al Fa@RLObHES 5n‘i’is§§n nMoPé aparetkally, thel pregsht RRSdNtiLR Drovides a
during a tinme period in which an endp0|nt occurrence

ntici. ate I.nt ai heflxe
mtigd B i BORE due BBRh ApBb{I b taR PROLE E bt psi to dotect an
optical em ssion signal that c¢ould be nisinterpreted )
endpgint pfragplasme SERHFIEPIOCEss Vithenb interberences thastqonld ﬁa«l to false endpoint
nmonitoring a plasma optical em ssion is disclosed. The
callsn®hé acthododfithe preseitlimanting rapiscs e amabki apartoi@tta bemoamtained in a
a plasma through an aperture defined by noveabl e

fixed BERFISduriti3e: tRY 9&%@1&%&%&@1@1& %Qé\ﬁjr&lcé’fs MBEYPLRE. Maintaining
configuration of the aperture he net hod al so

the alpnﬁ%r%qlgﬁégﬁ )léegd It)c%ét 21 R eV%F p%ptineo Eg atl?l?] oé eeré;g)fa e{()]lgsrr(fauoﬁlcal emission
configuration, The method further includes detecting a

signa] flaat icpyld bﬁéﬁlﬁlﬁlﬁ%ﬂﬁf@rﬁs drfalshendpoidma optical enission
whi |l e hol di ng the noveabl e nenbers. anot her
e nhodnerembodiment tahmethbd rfoxd stoaitdnimg) a aasaradqiical emfssian is disclosed.
pl asma etching process is disclosed. The net hod

The 'n'?é%héﬂj oo liRE f QNebing Ftﬁ’da@%ﬁﬁss%lp AbAITHNOS %ﬁsfsn‘&ﬂ Eﬂi‘bﬁghaan aperture
chanber havi ng noveabl e confinenent ri ngs

deﬁngﬁg)ggnq%\{e%P% l@ergﬁg'rts rﬁgvcabfggr{légrﬁbgrs abed %a?gblg %‘f 'vgrypn%ta configuration

asia
ached. The net hod furt her_ i ncl udes hoI din the . .
of thﬁ@P@ﬁBP eThegnethad alsa includes Boldinghe mavgable miepjbsts a4 aparticular time to

the pre-designated tinme prior to the anticipated
cause ll&;qsnarﬁianmrd formaingsn beferedropaligwdtiond Be method dunthet ipadydea detecting a
specipﬂc perturbation in the plasma optical emission while holding the moveable members.

In another embodiment, a method for detecting an endpoint of a plasma etching process
is disclosed. The method includes performing a plasma etching process within a chamber
having moveable confinement rings. In the method, a pre-designated time prior to an
anticipated endpoint time of the plasma etching process is reached. The method further
includes holding the moveable confinement rings in a fixed position once the pre-designated
time prior to the anticipated endpoint time has been reached. Also in the method, a plasma
optical emission is monitored through gaps between the moveable confinement rings while the
moveable confinement rings are being held in the fixed position. The method concludes by

detecting a perturbation in the plasma optical emission that is indicative of an endpoint of the

plasma etching process.
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optical em ssion is nonitored through gaps between the

noveabl e confinenent rings while the noveabl e
wa@omsiomspent rings are being held in the fixedPCT/US2004/034840

position. The nethod conclud%$ by detecting a

perturbation in the plasma optical em ssion that is

i ndi cative of an endpoint of the plasma etching

pracess. 4 he S

" ORRE Bieols 1 pRBRES o ie. BRURALTORE sRorh Frorp pppgrepy from the

detai |l ed description, taken in conjunction with the, .
followingo fgtargs néeserpfthgeken |iRysepRRsticg Byt SecupaRying drawings,

the present invention. BRI EF DESCRI PTI ONOF THE
illustRRANNGS Y Tfexamperthe present ogettier. with furt her

advant ages thereof, may best be understood by

reference to the foll ow ng description taken in

conjunction with the acconpanying draw ngs in which:

Figure 1 is an illustration showi ng a plasm etching
chanber, in aBRIEEIDESCRIPIIONRF FHIODRAMINGS t he
present invention; Figure 2 is an illustration show ng

N QDL &R o881/ Bl Hher R B ACHE AR Ghat bR be understood by

g an ng process, in accordance
enbodi ment. of the present invention; Figures 3A ) ..
referenfedo die DBowRdesenRiim takenyacopmaciony WH& %&@CP@QHFW%@ awings m
from nmovenent of the confinenent rings, in accordance
whichi t h one enbodi nent of the present invention; Figure 4
is an illustration show ng variations in an optica

eNfgake0 i NRlstrhtiére Sioviidg apl@nfaldielih® Bhahber Ol ddeRiAde with one
ring position, in accordance with one enbodi nent of

the pr ng i .en.. Figure 5A is an illustration
emb%ﬂ%ﬁﬁ%gﬁgs#P%%kﬁaf%ﬁg%r a nmethod for nonitoring a

pl asma optical, em ssiogn, .in accordance . with one . .

enbigdienRrt 2BfLlbHERIORDQIng AR QRYGAS FIIRSiR Fignalpag & fipption of time

illustration showing a flowhart for a nethod for
durimpednest¢tiimgpanessnidpocortdance with one embodiment of the present invention;

Figures 3A through 3D shown example aperture variations resulting from movement of
the confinement rings, in accordance with one embodiment of the present invention;

Figure 4 is an illustration showing variations in an optical emission signal intensity as a
function of confinement ring position, in accordance with one embodiment of the present
invention;

Figure 5A is an illustration showing a flowchart for a method for monitoring a plasma
optical emission, in accordance with one embodiment of the present invention;

Figure 5B is an illustration showing a flowchart for a method for detecting an endpoint
of a plasma etching process, in accordance with one embodiment of the present invention;

Figure 6A is an illustration showing an optical emission signal and a confinement ring
position as a function of time during a plasma etching process, in accordance with one example

implementation of the present invention; and
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of a plasma etching process, in accordance with one
enbodi nent of the present invention; Figure 6A is an

WO kdoams3sad i on showi ng an optical em ssion si gneCT/ARINOH034840
confi nenent ring position as &2 function of time during
a plasma etching process, in-accordance with one
exanpl e inplenentation of the present invention; and5

Fi gur e .is .an.ildusiratia i essur . .

vaftfs i Mool R e iR AR o PHER B op,of sme during the

etchi ng process exanpl.e depicted in Figure 6A
plaspEvishingprposereiamptndareiadimigpeH-ng, a net hod and an

apparatus is provided for nonitoring a plasma opti cal

em ssion. Mire specifically, the present invention

provi des a nethod for nonitoring the plasma optical

em ssion through a Yyl PRRCRPFIG® detect an

endpoi nt of a pl asnﬂ—el%'n'g—p'mtm' t hout

interferences that could |ead to fal se endpoint calls.

ThBrandbhepbalsingt hempihed el 4onoRnarates i pegidedsfor faonitoring a plasma

vari abl e aperture to be maintained in a fixed position
optidlEmizgion. Morespeeifically, itie priesenb irvaliiai provides b hiethudiefof Monitoring the

anticipated. Maintaining the aperture in the fixed

L : ¢ , . ol _

pas 8L R AL b e OGP A P cching
as a _fals ndpoi nt. h the follow ng description

orocE i AR e i Yo S B g of e pren
provi de a thorough understanding of the present _ )

inventiore raquies thet vagiable Beertispie Satmaipgineddn, a fizedpesition during a time

skilled in the art that the present invention may be

peridd a¢ wit@d endgoaubccanticeofs aiticipatedt Nsiatahpegithé @perture in the fixed
details, h other instances, well known process

posiﬁdgrt? rat@%ihg %%ﬂm\c’lﬁoﬁpfnyﬁl%e&sgﬁ%& HIR8H bt ealidsidnNsighdShat could be

necessari obscure the present invention.
. Figure 1 is.an illustration show ng a plasm etching
mls%‘t‘?gﬁﬁt@?laﬁﬁ%lseiwd%@gr dance with one enbodi nent of the
present invention. Wthin the plasma etching chanber .
101n thgfoléaveiag desraiption Husnegpusfpsatic details areel forR ipprdsr tp provide a
which a plasma 111 is to be generated. A wafer support
thorough understanding of the present invention. It will be apparent, however, to one skilled in

the art that the present invention may be practiced without some or all of these specific details.
In other instances, well known process operations have not been described in detail in order not
to unnecessarily obscure the present invention.

Figure 1 is an illustration showing a plasma etching chamber 101, in accordance with
one embodiment of the present invention. Within the plasma etching chamber 101, an electrode
109 is disposed over a volume within which a plasma 111 is to be generated. A wafer support
structure 105 is located below the volume in which the plasma 111 is to be generated. In one
embodiment, the wafer support structure 105 is an electrostatic chuck. The wafer support
structure 105 is defined to support a wafer 107 in exposure to the plasma 111.

The plasma etching chamber 101 also includes a set of confinement rings 113 disposed

around a periphery of the volume within which the plasma 111 is to be generated. A
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structure 105 is | ocated bel ow the volume in which the
plasma 111 is to be generated, h one enbodi nent, the
wowrdosn4ssapport structure 105 is an el ectrost at PCT/TR200K034840
The wafer support structure is defined to support a
wafer 7 in exposure to the plfasma The pl asma et ching
chanber 101 al so includes a set of confinenent rings

conﬁ\%%li%gﬁl ﬁlﬁé%ﬁlﬂgﬁ#ﬁqgffg D (?V{i(laé%@r éo&%rf&l téx?oglgt/n%l ég}s h¥ stelt] 'of confinement

~confinenment _ring controller 121 is provided to contro

ringsnide fieAte enbedipesi theosondmsmeniciiig eonijollgs 134 3 repregepted as software
enbodi ment, the confinenent ring controller 121 is

exectittfy @s erbmpuies sgsidrh vilar amothee embbdignenty the canfimetrent ring controller 121
system h anot her enbodi nent, the confinenent ring

is refBnfedl ds@ardiwate (So.! BREBEF HhEEnRfted BhAV@HS. R8gstdless of the particular
circuitry 1 npl enenfed on” a chip). Regardi'ess of the

rticul ar odi ment , t he.confinenent. . ri control ler .
emb et e BaEon TR ST g a0 Frcabiea ifiehde” B mechanics
configured to nove the set of confinenent rings 113 in )
configuredria aneve the set efrronfipemeyiings dd ity aseordanse pfh instructions received

confinement ring controller 121. The confinenent ring
fromcthe tonfideareni Aig icentedleo 12 hEid @nfifiementtringyecqntrofeatiais|adso capable
periods of tine for noving and/or holding the set of
bRZMRIhable MRfodsl 3f tifdior iBekahg ¥ind/@r WolkeMhELRt io$ confinement
Ofsﬁﬁ@%?ded In a 3%|| 103 of the pla%na et chi ng chanber
. E%@% for view ng optical em ssions produced within the
IME8oPume to be occupi ed by the plasma . An opti cal
transm ssion device 7 is provided for transmitting _.
optadisionalhy, asvisaew gldo e peerided By Wall o3 alihe wlapms giching chamber
spectronetry equi pnment 119 for analysis, h one
101 érbaekiimg rapticdl heeniegionscrbdueed ngithis shomoldmei to ée7odcapiad by the plasma
fi beroptic cable. However, it should be appreciated

111. tAadpticher ARk GRIn deVRBINT $5h10Ridde Yorafandhitif 2 Bptel 8iiksions gathered
ot her conponent capabl e of adequately transmtting

opt.ical. dat h . ' . .
aeofBHEUind0 313 R BSEEOTRURAABEHP IR Sy gp one ambodimen, e
conmponent s capabl e of separating_an optical |nput

optical Gensussihdayie 1 7 (s 2 fberopig eptdndienegver. dt shen lgﬁsfrpyi.re%tla?ed that the
optical transmission device 117 can be any other component capable of adequately transmitting
optical data. The spectrometry equipment 119 represents one or more components or systent of
components capable of separating an optical input into distinct channels (i.e., wavelengths) for
analysis.

During operation, power is transferred by capacitive coupling from the electrode 109 to
process gases contained within the plasma etching chamber 101. In one embodiment, the wafer
support structure 105 can also serve as an electrode to transfer power to process gases through
capacitive coupling. The transferred power generates a current (e.g., radio frequency (RF)
current) which acts on the process gases to generate the plasma 111. The plasma 111 contains

various types of radicals, as well as positive and negative ions. Exposure of particular materials
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During operation, power is transferred by capacitive
coupling fromthe el ectrode 109 to process gases
weomsaissed within the plasnma etching chanber 1BAT/UR20041834840

enbodi nent, the wafer suppor? structure 105 can al so
serve as an electrode to transfer power to process
gases through capacitive coupling. The transferred
owe rates_a [k s [ requenc

on ¥ 57 i T Perf Haliolth it iohS B e FVEGRRY oL 9 prasma 111
the plasnma The plasma 111 contains various _types of

resulisdgichenisal reactigup ﬁhaégerﬁ%y Qtplq,gleapﬁg:qu% materls %@@_the wafer 107.
Exposure of particular material s7 on the wafer 107 to
t hAlsealurinp ®pemation, dhsset pOsortfinementomsgs ld3denedatonfne thaiplasma 111
of the plasma 111 results in chem cal reactions that

to a pRfiMBarl R 1EhE (M'pld3MaRBAfAGENAK ORI drdll onfrb Pohlcb@rd\@{tBin the plasma
107. Al'so during operation, the set of confinenent

rings 113 serve [ : PEES .

conﬁagl}‘lgllltc cﬂ e.sgl}eusrer:é 8{ Sop 'i‘%lgfr}rlgntg Iglr%ﬁsf)lnlg rFegﬁ tb%\]}%?\herﬁfécg)lncgl%aae and decrease
caontrol a pressure within the plasnma confinenent_ .

a spIngn. Saeebreenopdiaesit i GoafRRCHt HYEs. 1113 opg PrRRodiagg the set of
to increase and decrease a spacing or gap between

confinemantentgsddafareumoret throughsise bfia ome rimgbddweeant it shdvdd betppreciated
of confinenent rings 3 are noved through use of a cam

that fahfg othEPWRNBI1atibh dEVIesH chnhR \RBP I/ Bt dehat cdi¥ment rings 113 in
ot her mani pul ati on devices can be used to nove the set

acco%{a c(;c::egg}citihngtgﬁiﬂ% é)%%é rg’%'gg}nt%lﬁ ocﬁ%ﬁg"fo%ﬁw,t ilﬁ &%ﬁ)@lg ne%lbodiments, each

S requl nme oha varl

enbodi nents, each copfinenent ring in f}_e et of . .
confiagmenidnei the SFgY conanemEnt fRsHAL FaLdS ée 59 o gove at different times

different tines and to different extents with respect _
and te differcot latentsomfithnesspent foi Hys otlithuwnfinémengetings. f Thus, the set of

confinenent rings 3 can be defined such that their

confiNBMBARAhgs 2US Q8n tHeeddmied ueh WeRNthaklj BeRMent Qafided GAE aps between
rings to contract or expand at different tinmes and to

. di . , | i g, f
o TR LD <plolh UL TRASOR il ' oo
bet ween adj acent confjnenent rings

t.Q chang rg}%t h
follopigg, (NeYFHIAR 04 16550 A FOPBREY. WiEsal ) S8 pdigriepause the gaps
point outside the set of confinement rings 113.
betwBere sdjacant confimepienivirings to clivagp bathmpostioorf amk siea witholesprest to a fixed
i s necessary during operation
reference point outside the set of confinement rings 113.

Pressure control within the plasma confinement volume is necessary during operation
due to thermal variations within the plasma etching chamber 101 ("chamber"). Temperatures
within the chamber may change during operation due to process conditions. For example,
etching by-product deposition may occur on the chamber internal surfaces during operation.
The etching by-product deposition will affect the heat transfer characteristics of the chamber,
thus causing temperature variations within the chamber. The temperature variations within the
chamber will have a corresponding affect on the pressure within the chamber. Therefore,

during etching processes that require a substantially constant pressure, a mechanism is needed

for controlling the pressure within the chamber.
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due to thermal variations wthin the plasma etching
chanmber 101 ("chanber"). Tenperatures within the
W@E b@sioessoomay change during operation due to prBCEES2004/034840
condi tions. For exanple, etc@ ng by- product deposition
may occur on the chanber internal surfaces during
operation. The etching by-product deposition wl]l
affegt sf.er r ISt | € i
et RS Phock LBl BORLARLER 058 bR, Shudefagipoppe confinement
. the chanber. The tenperature _yariations w.thin the )
nngeie e@qumamﬁn%m% M ﬁg‘flﬁdn%l‘fw opHetsgiot confinement rings
pressure within the chanber. Therefore, during etching
servey tocalfst e fldvatraaggavided forqubesssing iga$ Egresofremathe plasma confinement
pressure, a nmechanismis needed for controlling the

voluRle€TRERrdVadfiistindh O f BleasiBREt Bov ArdaRodAS M rresponding control of the
processi ng gases flow through the gaps between

' nf | ' t It pl.as .

pes L 2500 S PAGIECon R SUBH TIRGPARS Bhnig proces, o e
confinenent rings_serves fo adjust a flow_area

confieB\FnyEAST gF° Broyed 4R imainigils? dgeelsBrepfusmvien threglpgma confinement
confi nenent vol une. Therefore, adjustnment of the

volugibj ect flow area provides a correspondi ng control of
the pressure within the plasma confinenent vol une.

Dunis rég:hhggeo@hfsb tHRh APl 0 $8ateridlrepfived Frdink fIRNPATEr 1078 ome part of
are noved to maintain a target pressure within the

[ t I [

e RS PIHRASISRL T UBons, SKGH RABEBHER e plgn 111
part, of the plasma, 111 conposition, Thus, .as etching .
prons&eh@ge-c‘grép@aai PRISPIOB SOOI the Rlasmadil & ipensiwch gharacteristic that

change. An optical em ssion spectrumof the plasma is
changere as achswhaf atsmai kltli comprsitionhchgegs dwing thesathingfprocess. Useful
pl asma conpositi on changes during the etching process.

infork§eiod labbitftRE BRhin@Hrédeesitant Breothiadd oS RBEIsCFhdEptical emission
obt ai ned t hrough analysis of the optical emn ssion

specﬁ'ﬁﬁ%f i éﬁ{tsrﬁah?lf?l\ﬂ@tﬁare%ﬁ?%ptor ? %Bﬁl]%%t 5P %gﬁh?ﬂveﬁ{ion, the optical
€ present i nvention, e optical em ssi‘on spectrum
.of the plas 111 _can nonitored.to detect signature
emisgAnEeSIYR Both PRI bE1 R e maniersd 1 feleainpigatETe phanges or
that are indicative of a particular condition on the
perturbations in the plasma 111 composition that are indicative of a particular condition on the

wafer 107 surface. For example, when a rate at which a particular material being removed from
the wafer 107 surface changes (e.g., as removal of the particular material begins or ends), the
optical emission characteristics that are dependent on a presence of that particular material in
the plasma 111 composition will also change. Thus, observation and analysis of the optical
emission spectrum of the plasma 111 can be used to identify an endpoint of an etching process,
wherein the endpoint is associated with removal of a particular material.

Figure 2 is an illustration showing an optical emission signal as a function of time
during an etching process, in accordance with one embodiment of the present invention. The
optical emission signal gathered from the plasma 111 is defined by a spectrum spanning a

range of wavelengths. The optical emission signal can be separated into channel signals for



10

15

20

25

waf er 107 surface. For exanple, when a rate at which a

particular material being renoved fromthe wafer 107
waosaewIchanges (e.g., as renoval of the partPCIU82004/034840

mat eri al begins or ends), the optical em ssion

characteristics that are depéndent on a presence of

that particular material in the plasm 111 conposition

al so.ch e, .Thus [ nal
analyPe WBRRETLLE Bl ot pceriny B o YRR Yiletenlhs gy eroups of
used to identify an endpoint of an etching process
wavelgngihsi Fox erampiel ib am]@tchglgagg@ﬁ i teeviiqnwed anew agmeyal of a particular
particular nmaterial. Figure 2 is an illustration
matesibiowi wgvelengtip abswalateeinivithi the paitgnkl reaterdalf wilc bé dsolaéd for analysis.
time during an etching process, in accordance with one

iguf PR corRSpdideaR ithd mfﬁl‘éﬂgﬂ{‘assa—éiﬁte@ Wlthocﬁé particular material.

em ssi on si gnal gat hered fromthe plasna

ﬁ\&{lg Wr?% the ﬁfgﬁ{ggﬁr@ge‘? gat o nglna g?sqglgog?;at \g%ﬁeoes hglope that is

~ channel signals for9 analysis, wherein the channel
primayilyndgpen O@eW@anwptaéw%@Pomwnmrm Plagva| deiyeg ghamber 101.
or groups of wavel engths. For exanple, if an etching
Upompcanglsting entavabef the papiedaumeteriek teweatount ofithp patticolak araterial in the
material, a wavelength associated with the particul ar

plastRt181 i @hl Whidgebernius 0h aictilrfafibn an allnlséib@y offi 188 rdptidalS BAWSIon signal
a curve correspondlng to the wavel engt’h associ at ed

snct %, R 59 o LBl 55051 ae 440 BBt i

slope that is primarily dependent on enviraqnnent al

occup oRlgiactighsofwiltih PEriURRALION A BYAYIQSE o i (Hi§ERth {Pib disug1 an Upsfpoint call.
conpl eting renoval of the particular material, the

Addisionalhyt, aofonitirativar ¢f pertuabativns dronalone r tihare pivmtmgﬂﬂi,lor wavelength
wi |l change. Thus, a perturbation in intensity of the

bmu@gﬁhQﬁb1@&1§ﬁﬁgﬁﬁ§hg@g&(ﬂ@nerated by the plasna at the
wavel engt h correspondlng to the partlcular materi a

A BEBlsty PRELTAERD oBlice Mo IR BN oIS mAthe plasma

i ssurng an dp0|n Iona
conbi pation of perturbatjon fron1o e or, nDre
throughnaeVENgIh &L SHRE RRaTBR éwétnﬁ hambe CongguTafiaRs, dasowindgw is disposed at
identify an endpoint. As previously nentioned, optica

a loeanios siffondisg gmnalmbacuredy xiewe o€ dhef phmna.hHoprlewnm other plasma etching
chamber configurations, such as that shown in Figure 1, the window 115 is disposed at a
location providing a view of the plasma 111 through a variable aperture, wherein the aperture
varies in size and location with respect to the window 115. In one embodiment, the window
115 is disposed outside the set of confinement rings 113 to allow viewing of the plasma 111
through the gaps between adjacent confinement rings. Thus, the set of confinement rings 113
define a collimating aperture with respect to the window 115. Also, as the confinement rings
are moved to control the pressure within the plasma confinement volume, a size and a location
of the collimating aperture will change with respect to the window 115. Changes in the
characteristics of the collimating aperture will have a corresponding affect on the optical

emission signal gathered through the window 115. For example, a decrease in size of the
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through a window. In sonme plasma etching chanber

configurations, the window is disposed at a |ocation
watdosieispg an unobscured view of the plasma. HPEEUE2004/034840

in other plasma etching cha &' configurations, such

as that shown in Figure 1, the w ndow 115 is disposed

at a location providing a view of the plasma 111

apertfl}g oilghcaﬁs \S{?; 'é)ggépgmﬁ&?a{i eeaSG qﬁtr%fégsftart Qf tl%pg%t&éf%@ OH &cal emission
115. In one enbodi nent, the mnndom1115 s dis

signah¥ies Herss. Hdersdre oghapgesrin faseharaciqristes okt G@BGYH{%F g‘b\? to movement of
viewing of the plasma 111 through the gaps between

the ejfmement cing$ iwidneritoduca gertuibatiens tithéhe eiptiofl emission signal being
confinenment rings 113 define a collimting aperture

monbrkd fb?%ﬁ&}‘g‘éln{t Betb&RONMIA Rl dRhind! Srocesdss, tpRfturbations in the optical
confi nenen rlngs are nnved to control the pressure

W thi.n 5 h u d a :
emisfioh at il St 15 SR Ll TG “htite, MRrachries (@G nfipement rine
respect to the wi ndow 115. anges .
moveRgIth SR PP OPBSTEHE {00 e BTTRALTS glssfgéﬁ* {gger a0y prdpgipt call. Thus,
a corresponding affect on the optical em ssion signa
variagjahiertbel apdriuoudiaracheistichermpotaBiallF g gex sl cadpeint calls.
decrease in size of thelO aperture will cause a

C OF{oRfR B2 HRGuhETID 8BS eikimpRlpagireWwaibtidiiaregatile ieth movement of
optlcal em ssion signal, vice versa. Therefore,

the con%ﬂ&%é | o?éshﬁe%g&rrgﬁiﬁ]cg :T\*élﬁi oﬁé e%bohﬁﬁefrﬁ’%?rthéj ?esgﬂtemtvgntlon With

rmverren con I Ngs w Intro

erturbations in th t] naI ben
respf p {4GE SO B SAORAN Gt GnFh DS il onfinemen rings
processes, perturbations in the optical em ssion
and siggmaD 11 e defineddratwednom ovian cohnempent ripgend the wafer support structure
characteristics (e.g., confinenent ring novenent) can

105. e ORIt 8ink® 11 hand fafed shgjoroitictige dos actttd icollidiatda view of the
endpoint call. Thus, variations in the aperture

plasr(ﬁla? 3h ?%0%5 "[1’?‘6:t %vﬁﬁ‘lg%{a%f 21{&1%%&“%1‘% 5 ﬁo{eﬁhﬁgﬁé LAk SRR he window

call's ur es ow exarrp e aperture
variations resu fro v, nt o h onfln
115 pndythe pla%maaéﬁlokso‘iﬁf@gdwyt AR SO R ipéﬁﬁ Vgt fsgec H6 Figure 34, an
present invention. Wth respect to Figures 3A-3D, gaps
aper®iOfor3daving e oficahenisbienweensraict by et plasnd | Heisedefined by the gaps

rings and a gap 3 D is defined between a | ower
301 aend sougyent ring and the wafer support structure

Figures 3B-3D illustrate that as the confinement rings are moved, the characteristics of
the aperture change in terms of size and location. With respect to Figure 3B, the aperture is
defined primarily by the gap 301C, and to a lesser extent by gap 301B. With respect to Figure
3C, the aperture is defined primarily by the gap 301B, and to a lesser extent by gap 301C. With
respect to Figure 3D, the aperture is defined by gaps 301B and 301C which are substantially
decreased in size.

The confinement ring movement illustrated in Figures 3A-3D is provided for exemplary
purposes. It should be appreciated that movement of the confinement rings can be performed in

a fine or coarse manner. Many additional confinement ring positions are possible beyond those
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105. The confinenent rings 113 and wafer support
structure 105 act to collinmate a view of the plasma

wa 2dsfo4s300 t he wi ndow 115. Therefore, a potentiBLT/US2004/034840
vi ewabl e area between the mﬁTgOMIS and the plasm 111
is defined by planes 303 and"303B. Wth respect to
Figure , an aperture for viewing the optical em ssions

speciiasditel i FouRsangp] NelEheBs mp VudERT e hitnement rings

confinement rings are noved, the characteristics of
as iljusatgpdnt Kigeres gl show BpYs thef apsrtiee Eidvipwing fhenoptical emissions
Wth respect to Figure 3B, the aperture is defined
genepiteddy iHeyplbymd el gapcld3dgein aimel ahd pasities.sés thexdiznandoposition of the
gap 301B. Wth respect to Figure 3C, the aperture is
apertdff éﬁbﬁg%sp 'Eﬂenﬁfénlsﬂy 8y th% ti6ARm Stéhs SsbréPtrRod Stﬁ@ 'imndow 115 will
extent "by gap 3 Wth respect to Figure 3
erture is deflned by gaps 301B and 301C WhICh are
&f ‘antially decreased in size. The confinenent ring
nmovenment illustrated in Figures 3 A-3Di s _provided for
exBigpret {5 JpiHpeLtien Sh‘?""@ﬁd@%l“%’é 185p PE’%?aéF@éFSt%a%gnal intensity as a
novenent of the confinenent rings can be perfornmed in
functdorf iofieonfinanart segnpowition, iVeargorddaliet withadnecembodimerinof the present
ring positions are possible beyond thosell

1nvel§tR§10 iThe %@Miﬂ/en‘lénlt W8k pasifen iquEnBHES s RAnSBr counts, where 0 counts (not
Neverthel ess, the Rovenent of the confinement rings as

ated in, Figures 3 3Dsho th re f
showp) d8, TG PR ot 1108 Bieed drobmyihler TV B Rl %O“r‘}g s equal to
111 can change in sjize and, p05|t|on As the size an
appreyeniataln 08t idbeof sppiinament ERE RpySMenh s the eeryineest m@&ﬁeare closed,
opti cal em ssions gathered through the w ndow 115 w ||
the oxvkemil apeemgpesizeegdy © decrepsa@rthud dausing at desreasingwiend in signal intensity.
variations in an optical em ssion signal intensity as

How@véruﬁﬁ&é e a n_gértlﬁ@ Bizk 8BRSt debiRGscPSAStbMBally 4 BE CORfHRAMRA! rings are
th one enbodi nent of the present i nventii on. The

close &ﬁl n&aE te réc'n ng% agsSI tcfo 51 o? e[%é Ifﬂéxglgot{)@cél 1th c CPsure of the

1000 counts (not shown) |s fuIIy cl osed and 1 co
conﬁ@q@gpt tiggs. Therefore, the magnitude by which the signal 1nten31ty 1s affected by

also

confinement ring movement is dependent on the confinement ring position when the movement
occurs. In one embodiment, the confinement rings are positioned to provide the largest aperture
size possible while adhering to pressure control requirements. Also, in one embodiment, the
conﬁnerﬁent rings are positioned such that a variation of signal intensity due to confinement
ring movement is minimized to the extent possible while adhering to pressure control
requirements.

The perturbations in optical emission signal resulting from variations in the aperture
characteristics due to confinement ring movement becomes even more problematic in certain
etching processes and applications. For example, in a dielectric application, a wafer may have
only about 1% or less film exposed (i.e., open area) with the balance of film being covered by a

mask. With low open areas, perturbations in the optical emission signal used to trigger an
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approximately 0.001 i nch of confinenment ring novenent.
As the confinenent rings are closed, the overal
W@P@sEse0 si ze tends to decrease, thus causi ngPEI/US2004/034840
decreasing trend in signal i Eensity. However, since
the aperture size does not décrease nonotonically as
the confinenent rings are closed, the signal intensity
S . . .
endp By} 8o SR LS ST R OB PR EE el bbb in opica
.which the signal intensity js affected by confinenment
emisiop §lenal AssEng fremgwsisersih thhanarureJRFackEiste canhsgome comparable
position when the novenent occurs. In one enbodi nent,
to tht Ipertebatfiomsaused to tigags therendpaist calbridwistto qusweithieintdgeity of endpoint
| argest aperture size possible while adhering to

detedHoRSRUS Bedefdtry & midifitd BERMES. ofAlagi@tionsinQiperture characteristics on the
nbodi ment, the confinenent rings are positioned such

e
: . lation of signal intensity due to
qﬁ“%gﬁﬁpﬁgﬁg%#géing nmovenent is mninmzed to the extent

possi bl e whil e adhering to pressure _contrql —
r ebigPFeepR At an iHusEation ¢ Shavepart &5ea @iihod fogpogiioring a plasma
signal resulting fromvariations in the aperture

opticah amisstosy iis tiasdaige with camémbediment of thy presestrimtention. The method
becones even nore problematic in certain etching

includBO&E55@8ti 8D 18RRI R bptaas emTsSion @4ATH b6llectddl om a plasma through an
dielectric application, a wafer may have only about 1%

I f e =3 r |
sperfify S8, by ThvERBREHchba, MARRnE'oF By haxPeli ipcmbers pauses the
areas,_ perturbations in the optical enission signa
aper{yEs ORIgUFHiogdar vagh %Wo%?g?%lgﬁ‘”éct Frengy fel mPl‘é‘B%Fg g repgesented as
a | arge background signal. Therefore, perturbations in
confimptmientatingsmitosiever, $i ghoald beeanprediaigd thad thevapertate emsbe defined by any

the aperture characteristics can becone conparable to

membB® d¥ehd tHaadiet BOtSvcus @thidha Vibwad die plAgneRATR L. 1€ 8hd embodiment, a
Thus, to ensure the integrity of endpoint detection,

Wincf;othv iiggrm&e%sﬁ? Eglletcﬁ?gicﬂy €8 e'irﬁgsiﬁ‘fe fiaqg tTIf%f\?/i\ﬁgéﬁ;vggséiig@ed outside of

erture characteristics ont op'tlca

signal . Figure 5A i,s an illustration show ng a

the g veqlols Fmamiztas ang T oriRmad fasolleghE BPIR, CISSIoAZE gk dhe aperture.
em ssion, in accordance with one enbodi nent of the
pr €sentethiod\adset inoludesTneoneration $03 in which the moveable members are held at

a particular time. Holding of the moveable members causes the aperture to maintain a fixed
configuration. Thus, holding of the moveable members eliminates perturbations in the optical
emission data that are caused by variation of the aperture characteristics (i.e., size and
location). The particular time at which the moveable members are held in operation 503
corresponds to a pre-designated time period prior to an anticipated endpoint time. In one
embodiment, the pre-designated time period is within a range extending from about 1% to
about 50% of the expected etching process duration. For example, if the expected etching
process duration is 30 seconds, the pre-designated time period would be within a range
extending from about 0.3 second to about 15 seconds before the anticipated endpoint time. In

another example, if the expected etching process duration is 5 minutes, the pre-designated time
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i ncl udes an operation 501 in which optical em ssion
data is collected froma plasm through an aperture
waledosnessoby noveabl e menbers. Movenent of the POWESIN€034840
menbers causes the aperture qgnflguratlon to vary. In
one enbodi ment the novabl e nenbers are represented as
confinenent rings. However, it should be appreciated
tu
pem}oﬂ@ ltdhb% 'h faﬁ eHcﬁng glfv(\)/h? gﬁjoLﬁ% éPg%ﬁnggﬁg&gtf fﬂ‘o §eg8nds before
I n one od| m1|s ed for c | 1 ect.i
the atqt]lgl%aﬁil poig %S‘}H’&r‘g \%a gleoquﬁ des1gnated time
out si de of the m)veabl e rrerrbers and is oriented to
pericgowitiintthe h¥ ©p10% adngerss sissasibed abevet i estalishied ¢o ensure that dependent
aperture. The nethod al so includes an operation 503 in
proc¥dlicehditibes (ieY palshae Rmaal ﬁltﬁlh%c&@ltad)léliangespa” i cul ar

t| nme. Hol ding of the noveabl e nenbers causes the

?gé Wethd, O{uﬁ?ﬂbxpm{r@ledabfaﬁ r?é% 1i623h! QH%#}PQ spéréqﬁg‘ perturbation in the

I nNg O ers e Imna

erturhations in opti.c SSj on da that ~are
Plasﬁab@gaa bFFEIOP S| detecsed oyl 1533?61& 8 ohayeDlce FicgbeEs Detecting the
e., size and location). The particular tinme at
Specxﬁhzl rentutbagiomiy Sl lasnreetiinak eraissioh éhadudes napetosing arsps@ific wavelength
corresponds to a pre-designated tine period prior to

of thplaiid Eptival ediseiddp@hbreir theBpedific @RGclenBinds BRBEiatciNGith a material
pre designated tinme period is within a range extending

cons 1{u%HE %ﬁghalés@a aﬁg%ﬁreée%/&tﬁte otfrllepl %ﬂ§ Q{Cﬁgl g&a‘s? g%ndltlon. In one

ocess ration or- exanpl e e expect

ocess_ dur at seconds, the e- desj gnat.ed
emb?#w%éh? SHSKIBE TRe-GbaRPR e MRS OBUEA T AGOR g pdicative of an
about 0.3 second to about 15 seconds before the
endpainti edndiiiond A dpopdditienateoption, dhethehodxeanpinsludef an Hperation for
expected etching process duration is 5 mnutes, the

contiliBrgd@Rshdld ahe dndvieasid In@abérd doma Wetio & Wirhd iafted détadtiie the specific
extendi ng from about 3 seconds to about 150 seconds

pertlgﬁ%fr?)glg}lg e%lgﬁjﬁé] St)tfi)@a?] gﬁi%sgfg)gl bﬂﬁnﬁﬂh%og}eﬁlﬁi?%&rsbﬁer detecting the
thin the 1%to 50%.ran as descri bed abo
soecfl’ agubridh eaélows b GRS B o eifiingr Brsess” condition. withou
conditions (i.e., pressure) remain wthin acceptable
mterfeew@esfrommeer’rmbam@s fogrsedeby ivadatingest die epestuae icbarasegstics. In one
in which a specific perturbation in the
embodiment, the movable members are held after detecting the endpoint condition for a time

period is within a range extending from about 1% to about 50% of the etching process duration.
For example, if the expected etching process duration is 30 seconds, the moveable members
will continue to be held for a time period within a range extending from about 0.3 second to
about 15 seconds after detection of the endpoint condition.

Figure 5B is an illustration showing a flowchart for a method for detecting an endpoint
of a plasma etching process, in accordance with one embodiment of the present invention. The
method includes an operation 507 in which a plasma etching process is started. The plasma
etching process is performed within a chamber having movable confinement rings. The

moveable confinement rings are provided to both confine the plasma to a confinement volume
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pl asma optical emssion is detected while holding the
noveabl e nenbers. Detecting the specific perturbation

WO poosloesspd asma opti cal em ssion i ncludes noni t BCT/N§2084/034840
speci fic wavel ength of the pg sma optical em ssion,
wherein the specific wavelength is associated with a
rmt erial constituent of the plasma that is

sentative, of S
and «w HBRE BBl WER o f e B B U B PR BE BB SRl A6 an operation
asma optical, em ssion is. indicative of an. endpoint
509 %,S()H%ﬁfQWﬁ inghigh ca’agn%m@ﬁamn&?p%rp GiTustedetorpadun Gaffquired pressure
i ncl ude an operation for continuing to hold the
withimo vtea bbreineerebe velungy. I perdpechition $lilpe pfe-dgsighetedctimagprior to an
the specific perturbation in the plasnma optica

antlcﬁfﬂt&lsérfélﬂomt"ﬁhﬁ' iB fedchéd. TR bA& BnBoARIERE ie Piict RkigHalce @ﬁﬂdﬁganod prior
e specific perturbation allows for confirmation of

to thg gnt? Lﬁ%é?gl(ﬁoﬂlg gﬁi'lié el% Wgt%r% % ? g eh@l‘?&i#g rrﬁ}nea[ﬁoﬁf F"?ctg af)&?cnqu% of the

characterlstlcs h o enbo e .novapl.e nenbers
expeghed cHBIME RIPELSP a@flelet l%ﬁmrmﬂe%&??a?f fi9f 1% gpergiion 511, an

time period is within a range extendi ng from about 1%
operatonabditis Fethouned te held thnmqveaie sonfivgragnt omngsFiar a fixed position.
exanple, if the expected etching process duration is
Holdﬁ% 318 @BkInenidAe rHRY eRARIde fIFe epirs-dekikhat€d Mind Beiof @o hBe anticipated
e

d for a tinme period vvlth|n a range extending from

endp%&?:fﬁ e}p §eac 1 tcﬁad?é%i P 1%%11563 gvgtﬂgétliﬁ;éoglﬁmgﬁ{eﬁc%lﬁﬁe that is not

p0| con
illustration showing a flowhart for a nmethod for

detrigental {0 thg PRSMA SHFHBIERIOWSS-a pl asma et ching process, in
accordance wi th one enbodi nent of the present
i nVeatethod fiitthernvelndes imeenatmn Hib fopmoattommg plegma nptical emissions
whi ch a plasma etching process is started. The pl asma

throw@hcéﬁgél Bethieot S TohfindtRért @pE Beink hbldnin theCivasdiiRkitidavTiggaps between
novabl e conf| nement rings. The noveabl e confi nenent

the E(J)rﬁ?l%m%ﬁP eﬂﬁg 1a5{1 ﬁ%ﬁﬁle Ct?fbquH ewhib ik a;ﬁgg?n:% %Pﬁcatl h%mission is

I nenen con a pressure w

conf i nenent v Iums Dur t he. et chi n an .
mOngRf o BIMSUILEOS b PRBIFOe CATGRTEHt EDRE FIGRnp TPRHGS the plasma

are adjusted to maintain a required pressure within
optiaahenusadnsndmeme ewbediment, rmenitosipgr thei Wasnsa bptigal emissions includes

pre-designated time prior to an
monitoring a specific wavelength of the plasma optical emission, wherein the specific
wavelength is associated with a material constituent of the plasma that is representative of a
plasma etching process condition. In an operation 517, a perturbation indicative of an endpoint
of the plasma etching process is detected in the plasma optical emission being monitored in
accordance with operation 515. The method concludes with an operation 519, in which the
plasma etching process is stopped upon detecting the endpoint. In one embodiment, after
detecting the perturbation in the operation 517 and before stopping the etching process in the

operation 519, the moveable confinement rings are held for a period of time to allow for

confirmation that the endpoint has been reached. In one embodiment, the period of time to
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antici pated endpoint tine is reached. In one
enbodi nent, the pre-designated tinme period prior to

W0 b@samspei pat ed endpoint tinme is within a ranP€r/us2004/034840
extendi ng from about 1%to aggut 50% of the expected
etching process duration. Up reaching the
pre-designated tinme in operation 511, an operation 513

i erf.orned t.0 he ' Nt [ 105

o, PS5 LGy TR OB R R e gain o
for the pre-designated tinme priqr to the anticipated

aboug hfgiahputailye e%@@@tcalwwe%ﬁ%agn-i n pressure W thin
the confinenent volune that is not detrinmental to the
pl Hshdingthehonfingment esgs il dixee pbsitiod just beford, duting)esd gust after the
operation 515 for nonitoring plasma optical em ssions

antici QU SRR Sc1PEhURE DefthDafionf in &R plasthh MPSichleémEsibe ! dbnal due to
i'n the fixed position. The gaps between the

conf@lgglfgi r?%{r}}togé i Q&STHSJ, idﬂﬁngﬂle xS %g:égglﬁe%%éiﬁ%})dwain??s é)&)%cted, false

em ssron |
di sposed outside the confin nt tri ngs i,s used to Lo
endpeisicelby duerie PETITHOARONS IRl cod BY SQBIeEIen Hngmevement are climinated.

enbodi nment, nonitoring the plasma optical em ssions
i nEigucteGA noai ilisiratiprastepang fin optival einessipntsigifal ald a confinement ring
pl asma optical em ssion, wherein the specific

positteV el LRGEHor Sf BAS AR £Pla¥hh BtcBinFBr6dekd lin 6d8dantiRith one example
of the plasma that is representative of a pl asma

. LRg p S L1l on. | n rafi a_. o .

impl e, HIOKRS TafRl blefipn, DA 808 8 PAeRBAspCting position is
et.ching process is det egt ed in the plasma optical, .

apPIEHMALSIy $audl; 9y O00hi nshe PFIOaCWBE FaREREETE HiNgH BPSifigw fnot shown)
515. The nethod concludes with an operation 519, in

corrashomwds tb like pdreBwwaent whgsny pfudly @psn pesitiomppd 80U pamt confinement ring
detecting the endpoint. In one enbodiment, after

posititst @t sHter) RErrePohdy Bakd EhfinBmehierikpRen atfilPcldsed pdbidion. During the
bef ore stopping the etching process in the operation
519 v fine t. ring I s

crchifh prohSy T SERPETT SIRF OO bR R BABR" s, Vitin a plasma
endpoi nt. has_heen reached. .l n_gne enpodi nent, the .

confispieByvIpme; W%FBSPS“&IPI%R‘RFW%”%HWP F?e&ﬁﬂ%tr% apgfin confinement
endpoi nt has been reached is within a range extending

ring positivmbesien tfedt @nabe wpti&) rossiathsigedl cAlsngeqnsslessg that one count in
durati on. .

confinement ring position is only 0.001 inch of movement, Figure 6A demonstrates that a small

change in confinement ring position can cause a substantial optical emission signal variation
that is on the order of what is needed to trigger endpoint. Thus, confinement ring movement
can cause perturbations in the optical emission signal that may lead to false endpoint calls. In
the example of Figure 6A, the pre-designated time prior to anticipated endpoint at which the
confinement rings are held occurs at about 72 seconds into the etching process. As shown in
Figure 6A, holding the confinement rings in a fixed position allows for unobscured detection of
a perturbation in the optical emission signal that is indicative of the endpoint.

Figure 6B is an illustration showing a pressure variation as a function of time during the

plasma etching process example depicted in Figure 6A. The confinement rings are moved
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Hol di ng the confinenent rings in a fixed position just
before, during, and just after the anticipated

werepoiIspo el i m nates perturbations in the pl asPeI/US2004/034840
opti cal em ssion signal due ig confi nenent ring
novenent. Thus, during the period of tine when
endpoint is expected, false endpoint calls due to

.per.turbations introduced inement. rin -

i e PRk S ers" i (T8 AR S5QRla B it BRTRY STN he plasma
an optical em ssion signal and a confinenent ring ) .
confingaieni welums. Qnee ther Gophinement; HREs 3ue held 2 thy prsresighatad Higne prior to

process, in accordance with one exanple inplenentation
the anticiphtedpmdpeint, therpessurechar@aas cdnimali ki showiflibeerdet, however, that a
ring position is approximtely equal to 0.001 inch. A

presé®é Ch&fd Hoe§ 8Bur e ARthe thiREidBASKith b éiipbirt He¥ke concentrations of
corresponds to the confinenment rings in"a fully open

ositi.on..A;1000 c . nf | t oin it1o 0 L
plasBR St M Rar R B0t S N P Sl PR e fpnapoint i
..closed position. During the etching . process,_ the ]
withgo e thvamtw@solaﬁe@egww tp gnafgjerung ihe,puifgment rings at a fixed
within a plasma confinement volume. Wth respect to a
posits@c tinothis5Ckse, tlie cmmngbeas swthin tlHad Tarnc wgeFigare 6B demonstrates that
confinement ring position has an effect on the optica
hold B/ tBS b&[ﬁrﬁ:hﬁaﬁ?ﬁngﬁh%?ﬁxéaq{bﬁitﬁﬁfduﬁﬁ% PdntRiRAtdUAdhoihitime does not
confinement ring position is only 0.001 inch of
nov. n Ei.aur, a smal |l change
havel % a?g%fs |5 ﬁfefﬁ%%# trel %dg%ﬁ‘églglg f\{)o?]&}égﬁre%:%%ée a substanti al
opt.ical ~en ssion siqgal variation that is on the order ., .
of Wikilst thissinyeripnghgsy qepiqi?@(é}begﬁaﬁgm of qqy@gg,l embodiments, it will be
confi nenent ring novenent can cause perturbations in
appredigted that tadse ekilled i thesirgmain rebding Heypreeedihg spefificgons and studying
endpoint calls. In the exanple of Figure 6A, the

the RAPMIE V1Y i 26lvari i aRErafbnst Qd@ﬁéﬂs??&ﬁhﬁﬂioﬁ@ dRObdtivaénts thereof. It
whi ch the confinenent rings are held occurs at about

N c My t i .0ce h ' . "
s affeffife PARHo R B8 FEHL R RUBE oGS o R bifriprs. additions
posjtion allows for obscured det.ection of ) ,
pernyggtionsadisghivelentsig f%{EW B the s shighand FARS of fgimyegtion.
i ndi cative of the endpoint. Figure 6B is an
What Isldsitredtis:on showi ng a pressure variation as a
function of time during the plasnma etching process
exanpl e depicted in Figure 6A. The confinenent rings
are novedl6
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during the etching process to achieve and nmaintain a
requi red pressure within the plasnma confinenent

wQ odoamessd®Once the confinement rings are hel d apCT/i82004/034840
pre-designated time prior to 7he anti ci pated endpoi nt,
the pressure change is mnimal. It should be noted,
however, that a pressure change does occur at a tine
coi ncident with the endpoi ause concentrations of
pl asma constituents changeéiﬁﬁgﬁbpoint is reached. The
extent of pressure change at endpoint is within the
notmal Wahbtabd Gt mbs®ingd pasiaroptioalreriisdion, Rbmgriking:
confinenent rings at a fixed position, h this case,
t h@olfelaﬁﬁ'%g tical \é‘fnﬁé@iﬁ)ﬁ F fonl ‘arg'lasm-mﬂl%u by Hé&tqudeﬁned by moveable

t% conflneﬁent

denonstr s that holding th Ings In a

fixed position during the anticipated endpoint ti .
mertlgise HGTCIRaVE BV FOPLERERT 5, BADERS! SomTIEnari guration of the
vol ume pressure. VWiile this invention has been
aper@ggcri bed in terns of several enbodinents, it will be
appreciated that those skilled in the art upon readi ng
t hkroldingcthdi mgveaplcinkmbarsi abrespaticulat tithe] Mthetdig tiy Bvlidiigscauses the
will realize various alterations, additions,
aperPES b AhiaADS fiRBfcSlishMMoRMY thereof. It is therefore
I ntended that the present invention includes all such
al terations, additions,. pernmutations, and equi.val ents .
2 e sk ol e AP o s wile holding the
invention. Wtat is clainmed is:17 CLAIM5S . A nethod
moveahle MERILESr i ng a pl asma optical enission, conprising:
coll ecting optical em ssion data froma plasnma through
an aperture defined by noveabl e nenbers, wherein the
noveabl e nenbers are capable of varying a

copf i gupaljeaddofort MBniRalet ¥rfasnitobFind ehh@sﬁ??‘é@%g&lﬁed in claim 1,

menbers at a particular tinme, wherein the ho
| xed .confi

causes the .aperture to intai.n a_f ratio
whelgiH g Broeeb IR Sreaolh Bsicpp oy HPpSrithi 4 et oiig shamber.
optical em ssion while holding the
3. A method for monitoring a plasma optical emission as recited in claim 2,
wherein collecting optical emission data is performed using a window disposed outside of the

confinement rings, the window being oriented to collect optical emission data through the

aperture.

4, A method for monitoring a plasma optical emission as recited in claim 1,
wherein the configuration of the aperture is defined by a size of one or more gaps present
between the movable members and a location of the one or more gaps present between the

movable members relative to an optical emission collection point.
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noveabl e nenbers. 2. A nethod for nonitoring a plasm
optical emssion as recited in claiml1, wherein the
worwsalseo menber are confinenment rings wthi n BCPUSHOE034840
etching chanmber. 3. A nmethod.,for nonitoring a plasma
optical em ssion as recited inh claim2, wherein
collecting optical emssion data is perfornmed using a
wi gdow di d 0
ﬁdow geﬁ%gﬁ)grfﬁg%%%ﬁ% colpp n?a g ﬂtl‘%ga esr#;{é,%lggrﬁm{ m claim 1,
thr hth aperture. 4. A net odf noni t Qr
Whe’iGPh faé SmesATESpess 48 e Araenaied (Ena pes ép%retpewntwlpated
t he confl guration of the aperture is defined by a size
endpoint ofie pbsmastabinggpecgse.esent bet ween the novabl e
menbers and a | ocation of the one or nore gaps present
bet ween the novabl e nenbers relative to an opti cal
em ssion collection point.18 5. A nethod for

m)@' t Or' ng\}?ﬁmﬁl ofﬁ%rir%ag L}ﬁ{é\grﬁats %oﬁtgca?senﬁgs%ﬁ %g ﬂe@tedain claim 5,

claim1, erel n e par corresponds

(e deS| nated erlod ri.or to an a ci_pat ed

whefgigifiG: i U5ERE! g AR eSes e G ERR B 1% to abou
moni toring a pl asma opt| cal em ssion as recited in

50%gifah wxpecitdeatadiime plogessrduratieni gnated time period is
wWithin a range extendi ng fromabout 1%to about 50% of
an expected etching process duration. 7. A nmethod for
nonitoring a plasma optical em ssion as recited in

cl ?' m 1A| WREHA! fbrqﬁt){ﬁ%ﬁﬂégatﬂﬁsn?aasﬁ% a'lcenﬂ 151&”219%&1% in claim 1,

inthe asma optical emTssion I ncl udes

whe%?%”gét?%#%gﬂﬁesnm%e%hw fssflﬂéthggoi%g?aaé’&aca&wssyn fusther includes

material constituent of the plasma that is .

monitepngs savelengie 06theanlpﬁr@asﬂmw@f@msﬁgn4dhg swyelengthdieirigmssociated with
8. A nethod for nonitoring a plasnma optical em ssion

a magrifilecoristichenn of! the Npldsmd UhdthBI representative of a plasma etching process

condition,.

8. A method for monitoring a plasma optical emission as recited in claim 1, further
comprising:
continuing to hold the moveable members for a period of time after detecting the

specific perturbation in the plasma optical emission.
9. A method for monitoring a plasma optical emission as recited in claim 8,
wherein the period of time is within a range extending from about 1% to about 50% of an

etching process duration.

10. A method for detecting an endpoint of a plasma etching process, comprising:
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conprising: continuing to hold the noveabl e nenbers

for a period of tine after detecting the specific
w@esossisad i on in the plasma optical em ssion. BCT/BS2004/034840

nmet hod for nonitoring a pIaSﬁ% optical em ssion as

recited in claim8, wherein e period of time is

wWithin a range extendi ng fromabout 1%to about 50% of

A Sl s oG T oo oy M uEeE BliBl moygable confinement
conprising: 19 performng a plasma etching process
ringsiyi t hi n a chanber havi ng noveabl e confi nenent rings;
reaching a pre-designated time prior to an antici pated
engdpcliimg at prewlesibnatbe tipleaprior &t ahiantjcipated emdpoihbltithengf the plasma
t he noveabl e confinenment rings in a fixed position
etchlﬁg?fbcggachl ng the predesignated time prior to the
i ci pated endpoint tine of the plasna etching

o AR e e Ra R ot £ e HoaRisR bk Bhdhine the pre-

_rlng wherein the nonitoring is perfornmed while the
desigmaipd AimIecPris e thearmbrppaied ﬁ@@poamél%%P §° RSB DIEPTPPSEEd

position relative to the wi ndow, and detecting a
pembnitdratg anplasma roptiphlasmssiopt froml a ewindewothroughe gaps between the
perturbation being indicative of an endpoint of the

movEbES ¥BnBhHMnR GriddsO GRfehein 1the MofiRéiid i Perfdfh&C WHIR 8% moveable
endpoi nt of a plasna etching process as recited in

s e TR AN TP B 0

ex ected duration, of the | asma et .chi ng, process.
desdingor BREERAIORg Ihrfhe rf&%%‘?%toPé‘Pa R mﬁ%batwn being
pr ocess as recited in claim10, wherein the gaps
indichattenefam &nﬂpoinbvﬁhbpbtsmamqhh@mmess.i ngs define an
aperture through
11. A method for detecting an endpoint of a plasma etching process as recited in

claim 10, wherein the pre-designated time is within a range extending from about 1% to about -

50% of an expected duration of the plasma etching process.

12. A method for detecting an endpoint of a plasma etching process as recited in
claim 10, wherein the gaps between the moveable confinement rings define an aperture through

which the plasma optical emission is monitored.

13. A method for detecting an endpoint of a plasma etching process as recited in
claim 10, wherein monitoring the plasma optical emission is performed using a window

disposed outside of the moveable confinement rings.
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25

whi ch the plasma optical em ssion is nonitor

ed. 13. A

nmet hod for detecting an endpoint of a plasma etching

WEe@smssIas recited in claim10, wherein noni
pl asma opti cal
di sposed outsi de of the noveabl e confi nenent
14. A nethod for detecting an endpoint of a

t BCT/I§R0041834840

em ssion is pggforned using a w ndow

rings. 20
pl asma

géf‘glctn ,gﬁgﬁ‘lgtﬁgg g%r? el}fgcglc | -ta%deridﬁoﬂt] ey ﬁllgsmé’\’gt%fu‘l?‘%g?rocess as recited in

i'on e plasma op
em ssion further includes_nnnitorin%%a wavel

claim A, yhetsiradepatinghe eaitudation 1t Hie Ma

engt h

3 QRYTAh SHETHY iQLIrther includes

associated with a material constituent of the plasma
monitdratg 4 wavelgigs efithatplasenacdptizalpdnaissian,ghe hWianelepgth dbeing associated with
condition. 15. A nethod for detecting an endpoint of a
a mBtASNBorRlifRhN G RhOGRSIAIhdt eig tePrbstitatileroMal Glasindl &bk process
conprising: continuing to hold the noveabl e
dﬁonfinenent rings in the fixed position for a period
ConaBio% i e after detecting the perturbation in the plasnma
optical emssion, the period of tine being within a
range extendi ng from about 1% to about 50% of a
duration of the plasma etching process. 16. A chanber
f ot 5.pr oxi methgd fopdetetmgtan guipbimt of arplasneh etehingryoesss as recited in
conprising: a chuck for holding a substrate within the

clain® MGRRher RmpBEGW i N the chanber for monitoring the
pl asma when pertorm ng the etching process; a

P! SRtk 18 o ROALWSIRNL oL A SR QA BB BoSRUE Hor  period of

providing a view o pl asim
10d; q)fg}ime being

. or. more spaces defined, by at |east.ope of th
time gifigr deteetingothe RSHITbAERR iR the; RlgEna gpfiral cpissionn

novenment controll er capabl e of settin? pr ogr ammabl e )
withimes irogs extending from about 1% to about 50% of a duration of the plasma etching

process.

16. A chamber for providing a plasma to perform an etching process, comprising:

a chuck for holding a substrate within the chamber;

a window in the chamber for monitoring the plasma when performing the etching
process;

a plurality of confinement rings surrounding the chuck, the window providing a view of
the plasma through one or more spaces defined by at least one of the plurality of confinement
rings; and

a confinement ring movement controller capable of setting programmable periods of
time for moving the plurality of confinement rings, the confinement ring movement controller
being capable of holding the plurality of confinement rings during a programmable period of

time when monitoring for an endpoint condition through the window.
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time for noving the plurality of confinenent rings,

the confinenent ring novenent controller being capable
w@bookohssong the plurality of confinenment ringsPAIUBIQ4/834840

progranmmabl e period of tine en nonitoring for an

endpoi nt condition through t wi ndow. 21 17. A chanber

for providing a plasma to performan etching process

asiseci ted. i ' ; ' ' ' i.sposed . ..
S SR i S I R AR s
. ri.ngs : C er for providing a plaspa perform
Clal%ﬂgewbrﬁeﬂbthﬁ TBEASE T diepeseioDiFigah B thgrrdliy altgentinement
~ window is configured to collect and provide plasna
ringsppti cal em ssion data to an optical transm ssion
conmponent. 19. A chanber for providing a plasma to
perform an etching process as recited in claiml16,
wherei n the programuabl e period of tinme when
noRNg t Or iyN r ' Lt ' i ne a o
b per taleer KR prGPURY Th1aGRE% DAl SRl Bio e g reoied in
i eriod rangi ng. from about 1% o ahout 50% of an | o
clalr%)}ggg{ﬂg:@uﬂ a‘f’}“%ﬁwolls GOR g%rpg He ﬁallfﬁt@gggg(_)wé@ plasma optical emission
chanber for providing a plasma to performan etching
data pr greiisakbiganseddsicaccomponknti m 16, wherei n hol di ng the
plurality of confinenment rings includes maintaining a
size and a location of the one or nore spaces defined
by at |east one of the plurality of confinenment rings

@ 11 Xedhaithhdt for'gebRbinge pBshh %o WA an etching process as recited in

claim 16, wherein the programmable period of time when monitoring for the endpoint
condition is defined by a time period prior to an anticipated endpoint time, the time period

ranging from about 1% to about 50% of an expected duration of the etching process.

20. A chamber for providing a plasma to perform an etching process as recited in
claim 16, wherein holding the plurality of confinement rings includes maintaining a size and a
location of the one or more spaces defined by at least one of the plurality of confinement rings

in a fixed state relative to the window.



