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1 METHOD AND APPARATUS FOR ETCH ENDPO NT DETECTION 5
BACKGROUND OF THE INVENTION 1. Field of the Invention
10 The present invention relates generally to

sem conductor fabrication. Mre specifically, the
present invention relates to erpoint detecti on during
a plasma etching process. 2. Description of the

Rel ated Art In the fabrication of sem conductor

devi ces such as integrated circuits, menory cells,

and the like, a series of manufacturing operations are
per TFEAOIY AN APPARK PFUSFOR ET@I—F Eg‘mPt'fith PETECTION
waf ers. The sem conductor wafers include Integrate
circuit devices in the formof nulti-Ilevel structures
defined on a silicon substrate. At a substrate |evel
transistor devices wth diffusion regions are forned.
I n subsequent |evels, interconnect netallization |lines
are patterned and electrically connected to the
transi stor devices to define a desired integrated
circuit device. Also, patterned conductive |ayers are
i nsul ated from ot her conductive layers by 20
dielectric materials,. The series of manufacturing
operations for defining features on the sem conduct or

wafers can incl udBABRERDUAIFSF SRETARENGORAdI Ng,
patterning, etching, renmoving, and polisning, anong

otihedefd of (R InVMSiopBt €erial |ayers. Due to the intricate
nature of the features defined on the sen conductor

waf er s TheprelnPhOGRSSrelats ?&fefaﬂfl RLAniddndicRE BSH@ESY More specifically,
controlled 25 environnment. Furthernore, each process

| SRS inVeriiOR tdl s @ lerdpintABBEHA QkideQ pHEhE EBRIREredRss.
endpoi nt of the process wth exacting precision. 2

e peRFiphéh sraRLURASEMALNY process is plasma etch. In
sem conduct or fabrication,

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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pl asma etching is commonly used to etch conductive and
dielectric materials to define features and

structures therein. The plasma etching is typically
performed in plasma etch chanbers that are capabl e of
etching sel ected | ayers deposited over a substrate as
defined by a photoresist 5 mask, In general, the

plasma etch chamber is configured to generate,

conf i neOn@Pc%g?l&{]Ma%fa&ninglrﬁ&% i? la%%gle\[éh.nﬂl Ee%%o%ductor fabrication,
frequency F) power to e or re processing gases

co . ] . : )
DAL ost AL PLOATR SR CARMEL e RuREAEE Lo fones
AP ARG bl The RS g BN - ViR BB REGE DawP O hambers tha
Wi thi . . acti .
2 B bR UL R AR Mo r A 36 (BHER Hy Phhotoresis
PeLIR eH&algﬁé' £la %#cﬁ Qhﬁ?oepfis. SOQS%%%! 5 ﬁ(gatl:,ac%gﬁlﬁ, 2d control a
the s n-situ ni t

conductor warer. I ng ‘an

e
a 1S, ' t] o0 .
SRS B (LR PSS i S s comans
S PG @)@Z)ﬁa_rsﬁﬁa le®h URRihet. A\ PredaidvathiH @9 gfagrhg &c{?tzha%b%s [¥ontrolled in
I point call to a

optica m SSI ons t O provi e an en.
PrREReRce Wik £PHRAIAT ds@ld podesd Q" SRR BE d%%rgddRF power, the

accurate so that an etching process can be stoppe

Oz 6ceditheBRRE QRhindhe pBdRLAh HhmBBLAL Ad@ilatlfsich BRER plasma is created.
removed fromthe sem conductor wafer. One problemw th
CUrHeeRhsnPlsi SAligRRE HORM' the CRERAI Athitlebe M QMected layers of the
net hods is that the plasm optical enmissions are
seBsichhdueiot wafsghanges in the chanber conditions. Thus,
changes in the chanber conditions can introduce

per t ur BakinO Rnitdding B PAnBBER 1P PlasBia | etcBifl; S§PeABSns ¢l RO optical
20 instances these perturbations in the plasnma optica
eRp&EbARE). BRRa6f GOMPIel Pt sgebtroditir® XAREd BGneasure properties of plasma
perturbation used to trigger an endpoint call, thus

C igidal Emidsidrd 6 Pro@iael B brtpoitedall & @ pRIEEM! Thel didpdin?\WalPfs rtduted to be
foregoing, there is a need for an apparatus and a

netduadte mha@ﬂtamh%p@!:@ssm_bets@ bedDnEd B EpBFop AN gHhéun® BSmaterial has
to prevent perturbations 1 n plasnma optical em ssions

t Ibadn rera@Rd GamsIR: skdlceriueepamt det ection. 25

One problem with current optical spectrometry endpoint detection methods is that the
plasma optical emissions are sensitive to changes in the chamber conditions. 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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3 SUMVARY OF THE | NVENTI ON Broadly speaking, the

present invention provides a nethod and an apparat us

for nonitoring a plasm optical em ssion. Mre

specifically, the present invention provides a nethod

for nmonitoring the plasnma optigal em ssi on through a

vari abl e aperture to detect an™5 endpoint of a plasm

etching process without interferences that could | ead

to fal se endpoi nt @ﬁh&ﬁARﬂhﬁFWEkhﬂﬁmﬂﬁjbﬂe pr esent

i nvention requires the varrapre aperture to be

mai nt ai ' L , ipi.on durd ' rio

B
L e i he fi aL . '

oS P oS g LA, DA B s o

Si ) .S r.pL ; ] ,

or Rl b gy RS LETHELT R [ s b ot n
bR P 2 L& LR 3490hd i

s e e Ee P

fr ; 8 . .
rrecﬁggé ?]chpln_l@;%g@%% t\i}ée gxg%gt 1?;gen BefehitfeS tedgfi t{lk:ﬂ)gl?bf% IPYERRhined in a

ers are capa arying a

C QB %fﬂ%ﬂ idﬁ’ﬁhg Afmd &ﬁo@ﬂ%}ﬁ#{ 4n- enc;gg)?nt RELhede & a%ﬁcipateid. Maintaining

i ncl udes hol di'ng the noveabl e members at a particul ar
U iBadeRure GRS Eixdd R sRBE SOl ?Srtt&befﬂi@hsrﬁl e btRerfddBma optical emission

configuration. The method rther, includes detecting
a sighsl (PESld HemiBfEikiaal 4 Ale Liipbiie Pl asma opti cal
em ssion while holding the noveabl e nenbers,. In

anot her @ababIRANt, a3mdRIdNBAmbRiforiEleh §fdinA 9p@il SRGRAI B disclosed.

of a plasma etching process is disclosed. The nethod

| NGk UAGRodPREILES NBol@tiAy BHRENMBMBEGNUAY HRHPE §38mW thidhigh & aperture
chanmber' havi ng noveabl e confinenment rings. In the

Mekefed by IoRéBtedfm@RATIRANSJeiBle RlemBérs b cafable dNVArfih@ At &fliguration
endpoint time of the plasna etching process is

I ®AHE 8FbrturthBhd MéthsAchish Uchiagy holdind the meetable ARhBES 8t 4 Rfticular time to
noveabl e confinement rings in a fixed position once
t Reusp fiR-Apefird dahSfkainta MR REAMratiéh. tTRE nRkbdl Girhad B6ludes detecting a
endpoi nt tinme has been reached, Also in the nethod, a
Plspi¥@ per@idthatiGiain R PlSHh Oftichi%ntidRivh WAIEbIdikY @EHEBvERP fembers.
bet ween the noveabl e confinenent rings while the
nmov eabiaremef dniteditht, § e@Sd RF Get@tihggh dpdintioNa plagnd dtot@ process
position. The nmethod concl udes by

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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detecting a perturbation in the plasma optica

em ssion that is indicative of an endpoint of the 25

pl asma etching process. 4 Oher aspects and

advant ages of the invention will becone nore apparent
fromthe follow ng detail ed dedcription, taken in
conjunction wth the acconpanyi ng draw ngs,

illustrating by way of exanple the present invention.

5 BRI EFODESGRICRTAnONJ@REFHEDRANMIGESN Phi besswsméreapparent from the
together with further advantages thereof, may best be
unidBevgngatitallgd dessfipfionn daken ont ¢mejunetidnowiith gthd eascoriganyiog drawings,
taken in conjunction with the acconpanyi ng drawi ngs in
whillestratingiby sma oflexprpla the ipfepansinventipon showi ng a pl asma

et chi ng chanber, in accordance with one 10 enbodi nent

of the present invention; Figure 2 is an illustration
showi ng an optical em ssion signal as_a function of

time during an 12 AESGRIRIH HE DRAWENGS Wi t h

one enbodi nent of the present invention; Figures 3A

t hr oughlR Dnehioen tasgtherpvigh Bxthert agvantagay thateplo may rheg (etyndeystood by
from novenent of the confinenent rings, in accordance _
wirefirengedo dhetfelthvrendesaiptierhiakap e seynciion it the pccompanying drawings in
Figure 4 is an illustration show ng variations in an

opthidhal enmission signal intensity as a function of
confinement ring position, in accordance w th_ one .
embodi rigwre bis anHBusgptogshewing pplepma eshing-phapber, Bypcpydagge with one
illustration showing a flowhart for a nmethod for
nEedreRgf the pressihiVeniphti cal eni ssion, in accordance

wi th one enbodi nent of the present invention; 20 i .
Fi gur e 15Rr§ 3 inan fllustpgen shovdie anerbicAerassianoieRkss @ fgptiog of time
nmet hod for detecting an endpoint of a plasma etching
priyEREan etching Rrogess. A FreRrdafice Wity ons cabpdaienko the gresqnpigvention;
present_inventjon; Figure 6A is an illustratian

showi nd @S aftthrongh hhown sxamgleapaiturg MyiaHons Sy g figp movement of
' It}rxle 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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position as a function of tine during a plasma etching
process, in accordance with one exanple

i mpl enentation of the present invention; and 5 Figure

6B is an illustration showing a pressure variation as

a function of tine during the glasna et chi ng process
exanpl e depicted in Figure 6A. - DETAI LED DESCRI PTI ON 5
Broadl y speaki ng, a nethod and an apparatus is

provid it Qr . i cal 1SS - -
Nbre s S@%"Ir? Ié]% g}%ﬁ )1/1?u91H%1§19 sﬁwﬂg%%sur@patrﬁ&& as% mn%t?jdg?i} gme during the

present 1 nvention provi

T e BB e B e RFESRACE: ' 20 enpoint o a

pl asma etching process without interferences that
could lead to fal se endpoint calls. The nethod of the

present invention regy i t t

be maintained in a figggﬂgggbth 2l pr{ﬁgrio °

period [ . ] C I: L C] .

e v AP ROl DRSS (PoRUMLE LB bng 0
LR R 300 gAML R AL Pl B 48 g

ggfgagfl?l%l :Bgncgi Qn&{i@l thpy\‘vﬁ%b@% &ﬁl&eott)id%ct all & 8f ?:_\ plgsma etching

etails are"set forth in order to prOV|d
fM!'hQ(fCQ%%thHﬁ}q@tEﬁér&E |14 cQlfla (B 0PERS &ﬂf)oi?trb\éﬁéﬂ tTh@%gth?% bf the present
e

e apparent, however, to one skilled in
alifvehfit reblifes RELSERble HPYRRT O MRMaled B 8GkbE Békition during a time
wi t hout sone or all of these specific details. In

Otfagsd NShRR CBdpoitRlcburkRRE REQFAIS MAIRLAAL ARSageANE in the fixed
not been described in detail in order not to

URRGESS Srdlids! pert@Bsfors & thl LbRIrRAENAsniaNopaEd | eRfissiofrisghflethdt could be
is an illustration show ng a plasma etching chanber

1QdisintefpredGoh BB eRIp¥Int h  one embodi ment of the present
invention.. Wthin the plasm etching chanber 101, an

el ectr qfl e fARwW Qleéq‘ﬁpﬁﬂn,srﬁfﬂ&%ﬂls SDeBitic det¥iBlakbiet fddtl #Miokder to provide a
which a plasma 111 is to be generated. A wafer support

S tikdasilgH fdek@Rding of @6 pleilt MOdnEYA. HGil\bR lapiient, Rowdvief; Ifo érteaskilled in
plasma 111 is to be generated, In one enbodinment, the

WalleSrt (B RIROIrtsetinweRtion By R Priciced Rviibik Goh@ it Al df ¢hesdypedific details.
The wafer support

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 defined to support a wafer 107 in

exposure to the plasma 111. The pl asma et chi ng chanber

101 al so includes a set of confinenent rings 113

di sposed 25 around a periphery of the volunme within

which the plasma 111 is to be generated. A 6

confinement ring controller 121 is provided to contro
novenent of the set of confinement rings 113. In one
endvotiiement ring ¢ratreltenfl2 héngrotided; thgogitsh tmaybhent of e et of confinement
represented as software executing on a conputer

sysge 3. Th aneagnatodimrent tHsodnfinsment ringeorftolley 12d ne rrpropgnipg as software
controller 121 is represented as hardware (e.qg.,

Ci gxcuiting gn 4 eppipyisessien. brenethey wmydlmemégﬁmﬁ@%@nbmna qeatroller 121 is
particular 5 enbodi nent, the confinenment ring

coRpEsshied ps hadwirs (mpeitshisy dhplemendedr ercd ejphiRegardless of the particular
mechani cs configured to nove the set of confinenent

r i enghodimegt, ithe eonfesmtanties eenirhllar gt riy earabl f rietedcipgdwith mechanics
fromthe confinenment ring controller 121. The

c cneniigveadenmave thy selortcpafinement 1ngs 115 lalawr@a%wlbmstawons received
setting programmuabl e periods of tine for noving and/ o

hotan Aig cofmesert rigg coyptler ré kel comﬁqqlggnt 1ipg confyller 121 is also capable
Additionally, a wndow 115 is provided in_a wall 103
ofoftspéing PragiraMable HichRyls <1 diselor mpying fam/orvlilt&@fwm ot ploggnfnement
eni ssi ons produced within the volunme to be occupied by
tH@gpldsma 111, An optical transmission device 117 is

provided for transmitting optical em ssions g
througH“FWEmﬁbhﬁﬁmF@Yél§§I§6€@?H&ﬁﬁﬁpﬂoéﬁﬁmﬁﬁ§ﬁ?3i@@ngdm“m“

for analysis,. In one enbodinent, the op
t riQh4oR ST IRHORYiSY crissipps; producgd pithia rﬂeprqhenecfgmeé)ccupwd by the plasma
However, it should be .ap @fe0|at t hat the 15 og hered
t rld st Sied) frapRaision deviee 4 s evidgdyordFRERItRg oRisa GrpiSons gathere
able of uately transmttin tic qﬂﬁ
8’t‘3hoth% r@ el w@m Omy F%E s Bl hghe rbodiment, the
nen r .
0 eqlﬁlgt Slsg?p %%/RS IS alﬂ;}gpp C @ntﬁ %g 21? L@H@rﬁ? ép}gremated that the
wavel.en thsé or . anal ysis. Durln p
pcsxméﬁal frasppsspdexicr &l 60 be a%@% CRPIPUERY 57 E o P%ﬁ?{%ﬁ% transmitting
el ect de_109 to r.oc ases contalned W t
© Rl FeaTe RS T ﬁ%%@em TSFERRRn R € ABBr DR graysiom of
Wacgmponents 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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support structure 105 can al so serve as an el ectrode

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 he plasma 111, The

pl asma 111 contains various types of radicals, as

wel | as positive and negative ions. Exposure of

paort the orlader 19toethe akreouy radisals t pesitiveafons, and negapve jeas of the plasma 111
various radicals, positive ions, and negative ions of

t hresuls mshemigd feactroasibitiservé to etsh éhwipedicularanatarials figmithegyafer 107.
serve to etch the particular materials fromthe wafer

107. Al Also uring npprasionnrtag seoef conflnemens ringsf 118 6ervd taepnfing the plasma 111
rings 113 serve to confine the plasma 111 to a

pap ripatitwdar volue fivlagthpandinemenbydlime ranskcoptotl a peesspregiighin the plasma
control a pressure within the plasma 5 confinenent

v odonfinsmentyolusest Thyf secefispifinemenitrings higscan bamesgd 1 éncrpaspegd decrease
to increase and decrease a spacing or gap between

adj apeeng @ogrbi havvesnt adidcpry sconfiremes “@ﬁ%%@i s ngmbodigent gthe set of
of confinement rings 113 are noved through use of a .

c anenfiremgnt risgnkhdere mpved drengh gl agpprg Baveyer, it phouldhgappreciated
ot her mani pul ati on devi ces can be used to nmpve the set ‘
ofthat greny plberamaninuiaigns deyicss Gap be deeddp mone Be it oh cafipgmegrngs 113 in
process requirenments. Additionally, in various _
erfiseidanemivah cichipg PI‘(’Pe@orﬁﬂqni‘?@ﬁ@ﬁtA%f“W@aliyﬂ i fggiogyemppdiments, each
confinenment rings 113 can be defined to nove at ) .

di PRideEgRt fg dpthe se gfcangnemant whes i3 e3nberfletineglite oy shifferent times
to the other confinement rings. Thus, the set of

comf | A edrvient i WIS resheet de e rqthre Poutinemepty gpest apy the set of
novement causes_the_ gap et ween adj acent confinenent
r i RpEnepmgnt@igs (a2 cah e gy 13 Jucly t%a‘i fhel megypment ﬁé%se%\ﬁﬂ gags between

O s oL L L LMD EGEEn! o L1E 2P e i
gaf)lﬁmét?% i‘tr)rt%tvgmﬁgngﬁg | ?sgt:o t/ﬁog Q:{:nlgg%gs] tltl.gichg g? tgo %c? ?onga%se the gaps
TS o 0y TS SO BRI LB e
S SRR SRS o S Lo (o
R T R A T p—
E%QPOI t?lérmal 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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20 etching by-product deposition nmay occur on the

chanber internal surfaces during operation. The

et chi ng by-product deposition will affect the heat

transfer characteristics of the chanber, thus causing
tenperature variations within the chanber. The

tenperature variations wwthin the chanber wll have a
correspondi ng affect on the pressure within the

chanbery, 4T re ri | th; 5 t
Foqui o SRR ocer S0 1L HEb R BREBAES ient confnemen
| S5 TloofBHRER b TS RORRRA R i LU S0 Bment
chaﬂﬁggo(rj&géh%ﬁ%s the c anlger,u pr%@g’ss(? ng gggéﬁs@lsgﬁmowo e Hnes

t rgextQIE‘etgﬁea J&F& JARP a@.g #)}Q@El@d ﬁQJpﬁ)%Fsglh% %9@%&? %ﬂtth{rtlg% dRfinement

exi asma confi nenent “vo Thus, novenent of

theiagt T%-%@gfh;djg%ﬂﬁmftﬁé JIG8ct ABR Y r&vﬂe?gw&%%ogd&é OMtrol of the

area provi de r processing gas egress fromt
p 'Hﬁésﬁ'[ﬁ% %ﬁfiﬂ Pma V&hﬁ%ﬁxe TRELAE O Deiring dhe! _%&H}‘ﬁgt pr@(f,ess, the set
t he subj ect flow area prOV|%es a correspondi ng contro

Of ohfifenmentPlides SH foVidl 81 faikthiE PlafbeiBreSRrel WRGIBRL plasma confinement

t ]
vol une. Duri'ng the etching process, the set
capfipenent rings are noved to maintain a target
pressure within the plasma confinenent volune. As

et chi NOA QGG Dccdrd) e DAL S Hhadria TR rEdve@ ESm HIRIPMEA 07 b&Bne part of
the wafer 10% become part of the plasnma 111

c Qﬂpﬁﬁs&rﬁd PN coblpSiio Thed 6 EtEIn® 6&MFsS chafRRFi@RS 8F thethifma 111 are
of the plasma 111 are 10 prone to change. An optica

ePr&i it®bhagRResh B#I'Ehl‘gmi@sl'bﬁ splcBRaNBS thd PladSa PINGs SéGlich characteristic that
characteristic that changes as a result of plasm 111

C QARSI bd HResEINBNPRSAYT T BBndoliBorEtiahbdd Gubh® R SéchindS@bdeks. Useful
i nformati on about the etching process can be obtained

t hhomeiRoR iRl HE &clﬁﬁ%]ﬁtb&s@@h ibe @btambd HEJug anayeie OF the [Bpdal emission
the plasnma 111. Wth respect to a context of the

Prsp&fivh dfAMCAbIn@N1 11t Mathopipe@ab a @feSSIfAhe BRR&ME MuEntioh, the optical
the plasma 111 can be nonitored to detect signature

ChangRh Péctrli PR EHeUlAtal ONS cdnNbé Menbra® & détdt signature changes or
conposition that are indicative of a particular

C Qahirbdtions i thetpt@maviaf esmpbiifiorstiifadCiadicdtive o X parfidutar coviiétion on the
a rate at which a particular material being renoved

f nailr 10hQrida! Bir elbipls whbias eatecdd ahigh & pl@icdar, maaSial impvahoved from
of the particular nmaterial begins or ends), the
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
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optical em ssion characteristics that are dependent on
a presence of that particular material in the plasm
111 conposition will also change. Thus, observation
and anal ysis of the optical 20 em ssion spectrum of
the plasma 111 can be used to pdentify an endpoi nt of
an etching process, wherein t?e endpoint is
associated with renoval of a particular naterial.

Fi zglleflrglgs %vh%r%inﬁgﬁ éhlaﬁﬂéﬂi%r%tsiap§deﬁn&vgyl&hn§Qn(gﬁadaF@Lwelengths or groups of

em ssion sig as a function of "ti ring an

et&%fgg@g t&'fee§§inepl.é, Nt 5}10&6?1?1 (gcgss% {orbe%gg‘qgﬁg 'réﬁ?d%ll &a particular

t he nt i nvent’i on. tical em n signha

g %Q@I{a@ d, tvg&g@n%tg eass‘%ki@l?ﬁ@viﬂxlc}ee :ﬁ)grinﬂ,gefr' I_ﬁi_ﬁg’lap Wil be F&)?a'ierduﬂ} analysis.

spanning a 2 nge of wave e optica

e nﬁ@gé 9 5‘(10%{5 g@@rlve gﬁﬁg?gdiﬁgBQﬁea&/ﬁgﬁlﬁ%? st&éilﬁé’a{\ﬁkh fé ﬂd?ﬁ’éuﬁlr material.

for” analysi's, wherein the c signals are
defd F\ﬁ)qrnbﬁurﬁfgt e retchiﬂg_g)}ldcgg ahe WRVEMANILRSY @ wdllvdRRd Qlope that is
wavel engt hs. “For exa e, if an etching process Is to

b . : .
\Ngv\;feifagﬁgiﬁ%eﬂ&ﬁ}noﬂ EVRYRher®l cBndd@ht WatklPthe JIRES re'tcf'ﬁinF hamber 101.

assoclated wth the particular nateria

Wi il on REmpre@oaE RS af GheARAMNE! Sateriall 1R ust o BRWartBulsUhM&ial in the
corresponding to the wavel ength associated with the

Paidsin U 13" willBdiaAdealThus, 2 AStuftRRMin FhtiRdof (e PhiEdM eifssion signal
process the curve will follow a well-béhaved sl ope

t hRterdtSd bPfhk HREinh Y 1 A6P@O RN IerRh @R¥PLRIMERLEE particular material will
conditions within the plasma etching chanber 101.

URRELrC D¥RL NI BY tHi® "PeM@batih pbBRdRAR trigsdr afor WBLME! @ endpoint call.
the amount of the particular material in the plasma
11dddmohdilyC i 35:@Binatibh 6F perdurBBibhsUfirdia toh®Br infdrd WheRsithy o@fwavelength
the optical em ssion signal generated by the plasm

1 bhnda{ cah BiSo WY R|i@AGH/An eIpbias pondi ng to the particul ar
material will 10 occur. Detection of this perturbation

provi defs retibis§d tentioEd, | spEthl Neghidion eEARI ¢ g@Bbrkd from the plasma
Addi tionally, a conbination of perturbations from one
OlthriEher WRNSY. @ gnftsplasha cWBME cRm@ichconbigngtions, @nwviadeois disposed at
used to identify an endpoint. As previously nentioned,

Opt lo€atibn @b @HE @A BbIGBALS vidtweofOBé PRER Hovwared heothérasiisina etching
through a window. In sonme plasma etching chanber

C @hAdrht@H lcaifigtations,t sich \ak MEO¥hdwe i IS@es edthatwinddw @15 is disposed at a
| ocation affordi ng an unobscured view of the plasna.

Haowatiear providingi ket afitesimmetic hiti@igh 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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chanmber configurations, such as that shown in Figure

1, the window 115 is disposed at a |ocation providing

a view of the plasnma 111 through a vari abl e aperture,
wherein the aperture varies in size and |l ocation with
respect to the wi ndow 115. In gne enbodi nent, the

wi ndow 115 is di sposed outsi the set of confinenent

rings 113 to allow viewing of the plasma 111 20

t hrough t.he qaps. b 20 L.acent. af i i : o
gy o SufEBreo B RA, SRR QR AGRF Bl Bical emission
collimatin erture, w respe t '

ALt T R Sl R R oo AR et of
t pr re w i _ | i - V4O . .
o1 5 SRRl el B OB R o R ik Bl bene
cha i ne .0 the wi.n aANGEDatidis
ch%?rlg@rtegﬁrélj;? 1I{d§§1ﬁto? ét‘f 'ﬁgn. clgl ﬁoﬁ{ﬁa%%\é}%l é‘%%ers %%}r e V\/lt%fnild?lﬁ a{{?/ Zhe optical
a S [ f - e Lcal 25 .em §Sj,0 -
o1 SR G ERRER b G " o TSk Cpntnerent ring
d%&v%r%%ﬁ}] %ﬁngé épgn %Iabfqu.ﬂ:leoperﬁlﬁﬁﬁ&rﬂ;tﬁeﬂolt tx]igge?lﬁﬁeenapoi t call. Thus,

correspo rease I n tntensit o) gathere

ORL}i%GBhs if m'e%géreafé chith@0Rlies M ﬁo%n@fy?ﬁgegem@é &hipSif-calls.

changes 1n the characteristics o aperture due to

nmoveme rﬁ%u?efs 3Al tﬁl%ugﬁgeﬁ isﬁb%p% iﬁl?és]?rev‘@akillt_i()ing] fe&REHECHE M movement of

perturbations I n opt I on signhal beilng

QR LR %E9ndnPin n AcBlatetamit é)rf%r‘emﬂoain%ﬁngf &t ‘i)hslsélﬂ invention. With

processes, perturbations in the optica em Ssi on

Si akj atd i t . .
SHEPEL B L BEOONIIC 18 BHRIS e s et

beng ARREAY & dbfheli BEWRET 4 WAWRAEINARSNAS BRL A thé (vBESupAdIt structure
endpoint call. Thus, wvariations in the aperture

Chas gk @bArEhER e &M 18ahe @/Efre@iub%or@ u€t6RI105 adt 3€cAMHAOh Mew of the
calls. Figures 3A through 3D show exanpl e aperture

V ds@h 11PN Foth QRN IIAD 115 OReRRYE H8Btentl vieWhisle 6RAbEIREFEME window
rings, in accordance wi th one enbodi nent of the

Pries aRd thi PMERS I ONis d¥iHed by bRnECRARGId BO3E I Wl RSpedto 3hijure 3A, an
gaps 310A-301C are defined between adjacent

C QPEruRERE Rbwing RSP erisdaR g3fbidRed 15 Heplhded] has WaRBd By the gaps
| ower confinenent ring and the wafer support structure
1891c dsoeonf i nenent rings 113 and wafer support

structure 105 act to collimte a view of the plasm

111 fr giputel 8BWIDNiH YAtk Hnt asThe Eifiddrent Angd@teafidved) the characteristics of
vi ewabl e area between the w ndow
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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115 and the plasma 111 is defined by planes 303A and
303B. Wth respect to Figure 3A, an 15 aperture for
view ng the optical em ssions generated by the plasm
111 is defined by the gaps 301C and 301D. Fi gures
3B-3D illustrate that as the cﬂnfinenent rings are
nmoved, the characteristics of ‘the aperture change in
terms of size and location. Wth respect to Figure 3B,

0 T ST AT, R B s o
T
S LR O D0
S A& e E}%ﬁ{é%g d RRED e %&%}i&%ﬁﬁﬁ&ﬁs dathb S T Rhf the Pindow 115 will

Figures IS prov or exenplary purposes.
??%gégmgg appreci ated that novenent of the confinenent

can be performed in a 25 fine or coarse manner.

L, R PR AP i
c 'of%#&lgl% of éin%?enl}gly ?15%?3%1{?(?&1? in bl %e\gﬁpt)neofemlgd?l%neé% of the present

I nement rings ustrated in Figures 3A-

S q%n&%%ﬂ%nﬁ%%eﬁ%ﬁ@ﬁfi%nvis %}Mrﬁﬁe& #ﬂ%rﬁl@ to? E&Hnts, where O counts (not

em ssi ons generate e plasma 111 can change in

Sigg&yANg ﬁgﬁ;dﬁgﬁe gth tl@g dolifts $hof &h 1P all Ll REy Qfd { R6unt is equal to

aperture intensity of the optica

5 %ﬁg{gﬂﬁ@yﬁom SR O LR ltlltkemWeH)QfﬁWﬁQ-% c¥hfinkbmer rifigsSRe closed,

Firgure 4 is an illustration showi ng variations

| IhBReRRbbGRle $I8 SRE AN d&td@athul BhSAS b idécr@Bing trehdMGign@Nintensity.
of confinenment ring position, in accordance with one

eTRARVIERce ¥ abBBRIrdERSRRY not HAYQEY m&ibtonkhBy £ARE ¢dnBREAMNt rings are
ring position is quantified in ternms of counts, where

0 cfRaNtiBe GRAY nRRQYNIIsd Hobhbly dQRQR FRotbRAOAyC ARt Sosure of the
(not shown) is fully closed and 1 count is equal to 10

aARBAMMERRlgY TheRbke,i hE MnaghinfiO Nyl WRIDE Me §igdag ifi@@BNhffected by
As the confinenment rings are closed, the overal

aRBAAnYMENt $ih Riot@ESis HEpARAT @RBEcontidAfenCidgSoliGorBwhen the movement
decreasing trend in signal intensity.
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
confinement 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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However, since the aperture size does not decrease
nmonotoni cally as the confinenent rings are closed,
the signal intensity al so does not decrease
nonotonically with closure of the confinenent rings.
Therefore, the magnitude by mhkfh the signal intensity
is affected by 15 confinenent Ting novenent is
dependent on the confinenent ring position when the

e\ﬁﬁ Imaecogm%% ﬁ’telaltx()e f(’)rlﬁar A g%gﬁﬁtslg‘lhhﬁle%?&g Qﬁﬁﬁeﬁlﬁ)ns in optical

are posi IOﬂEd ar gest apertur

S ' e%lﬁ H)gr%r%he? lr &ulﬁ?%]ﬁ&n Q/&Uﬂi%[)ﬁsrhg g%%aaﬁl%s&%&ﬁr‘r\sg&t daf loecome comparable

require one e

c C{Q ftﬁe&)%[@ﬂﬁnom N33 tda{ng, gd'ﬁ? %al? bﬁlﬁs 8 fsud ﬂYeaﬁlJ[e%tk 3P endpoint

Intensity inement  ring nove
| 5 8 | i chitbbidi
prdee%%s,%“s@t Soiherar Mpfith e%ﬂ%hs SRR LRt RO L fithkics on e
ﬁﬁ&ﬁ@&ml §§|on signal resulting fromvariations
|n P apert characteristics due to confinenent

ring Mgy, 3 is%qm%loﬁ\éﬁ(ﬁwﬂg)g ﬁO\chhgxl? lf(ﬁ MBhdiod! 19@1{1&)@1'1@3 plasma

et chi ng processes and applications. For exanple, iIn

d'o‘f)h@a?%ﬁﬁsﬁof LSRR dlﬂ@oﬁ@aén%odﬁ%}{t beye re@éﬂk iﬁvéﬂ?i%h'tThe method

1% or | ess m expose ., open area) Wth

bg}aRfeEarldpefatibd 3R % Wlich gﬂtﬁ:ﬁ%lﬁn@atgg’s dM&ded AV i‘plhéi’r\ﬁi through an

open areas, pertur bations in the optlcal em ssi on

?E}ﬁllre H&ﬁ)@d tb? théveSHIE nefert 2MobRMRP b the DEERABe $MFRIbkrs causes the
ative to a’ |l arge background signal. Therefore,

peabérﬁﬁcb%ﬁ Sioh Mo YR anéne SBb&ifeRNhS hBRMle MBH hrdGepresented as
fromvariaftions in he aperture characteristics can

besARmeRTRgY. #WRver!iPsHolR He E}Brb'&ﬁéﬁ h@NBe WAGkelch be defined by any
trigger the endpoi nt cal | . to ensure the

| Hhe@etstof the hRMEPRitkben vARhQGHdVR, thd lash i SERIISRI dhe Efbodiment, a
mnimze the effect of variations in aperture

C RARR&L i8 ploStibLor &lledtAg theDpBddl briddiorEditas ThedRinddvd Ralisposed outside of
Figure 5Ais an illustration showng a flowhart tor a

e YRSl Al mEmbHrd M8 isteiciedtb 3SI¥Bt theXiptitt ahis§6H &S tRidughi the aperture.
accordance with one enbodi ment of the present

| nvent iTa8 methb@alseink10dks ah BiSrdiide S0%iRA whRE it h®RatkOherbers are held at
whi ch optical em ssion data is collected froma plasm

t Arad@hlagiine. IRAdihgis thel afovedid hymbvav@akh eherapaiies $ maintain a fixed

Movenent of the noveabl e nenbers causes the
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



10

15

20

25

10 aperture configuration to vary. In one enbodi nent

t he novabl e nenbers are represented as confi nenent
rings. However, it should be appreciated that the
aperture can be defined by any nenbers of the chanber
between which a view to the plasm is offered. In one
enbodi nent, a wndow is provided for collecting the
optical em ssion data. The wi ndow i s di sposed outside

?&eri&cﬁ@oﬂ@ %E %inﬁ a 1%333%%3 . fré)nﬁ aﬁ&jtt gr&&%sttg aﬁ&lt llgg tse_lglg])réds before

e optical emssio roug e aperture. 1

n%flé'] %gilcxg!ltﬁcg ﬁl%(%g}ny gﬁé l?glrogfagl%eaﬁgﬁeiaé&%hét Qhé"@e&ﬁc Eﬁ%esignated fime

nove rs are partlcul ar ‘tine.

i . ) y

LA 19, IPAPRHL, SIRELS AR SIS ARELYE ek epnden
Y&@Qlcgncﬁ%gpggg,s r@é 1',1193 r%%ﬁ%‘[ﬂiﬁ%(}éﬁmé lfigks 1 N t he,

opti cal em s |d% éata that are caused Dby variation of

the apgﬁ%ffﬁeﬁﬁﬁﬁ}ﬁp }n@fu. &l ) ergltiionteS()S ir kAhRh zatrlsgeciﬁc perturbation in the

| ocat i e particular tinme at which the noveabl e

g&gﬁ? b SopfLaf egﬁﬁsgniiy dORGERThAD _hélg?hgztge GRIVEBRPRBEBert OD&ecting the

esi gnat time period prior o an anticipated

e RGRHHerthrbiBon i fhe PRSma SFRALMIRDL indifi6s RbRrARSH gRate @&/?Velength

time period 1s wmthin a range extending fromabout 1 %

t Qf 1R FPTEP Emisiish, PR BRI sREBO WAGIREAGE 8Rociated with a material
duration. For exanple, if the expected etching

ProfaRient DR A1hal tBat 30repR&ARRR oftahﬁasﬂ{aee‘tdﬁlﬁxghﬁ&%s%ndiﬁon. In one
time period would be within a range extending from

akapbdifer, BRCHRALE PerdPRbn 1 ﬂi%eglﬁ opRAIOERIsdideis indicative of an
anticipated endpoint tinme. In 25 another exanple, if
t REIRIPShBELrEt AN b ChdBHORE THtichI A inihddScad tigd @8, operation for
the pre-designated tinme 13 period would be within a

I 20RuRY e REldNBe HoobRAHbeE BEaORESd bDtiMbatEr dékldting the specific
seconds before the anticipated endpoint tine. It

s herlrBhtibe i BPp1aGhAdpEEL] einlisbn. HRIIABE Mbieable members after detecting the
pre-designated tinme period within the 1%to 50% range
aSpdERC pdrRAALGD QUEwI Fore Shrfidhithhesl b @thdg robdsat condition without
dependent process conditions (i.e., pressure) renain
WiirltéHefenas GoRil pdtufbatichid dRtsed Dy Vagiatidt 6f0the fapértuie tharacteristics. In one
i ncl udes an operation 505 in which a specific
pembbdiiait] 188 rokabld@embiras8held phiércRiectiny ths trdpointScondition for a time
detected whil e hol ding the noveabl e nenbers. Detecting
t Periodspeithih b eanpesdtanding fomrabou 1vhie apduaSva odihe btclihg process duration.
em ssion includes nonitoring a specific wavel ength

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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of the plasma optical em ssion, wherein the specific

wavel ength is associated with a material constituent

of the plasma that is representative of a plasm

etching process condition. In one 10 enbodi nent, the
specific perturbation in the p%psna optical em ssion

is indicative of an endpoint condition" As an

addi tional option, the nmethod can include an operation
perrsigy it PR FRE ByBRrl i Hrods an opertion
pert,urbation,i.n th | as opt L cal . em.sSk on:  Hol di

ol PR L bl PP L B8 A3 il ieed presur
perturbation all far-confi [ f_al ' L

or St 3R e o 4 bRl P, 2R e prior 1o an
pert.urbatiqns caus [ ati N - -
Y R IASE frach, T SRRl e BREFM fine period prir
men %ragﬁcﬁgasedgg%)%{nﬂiﬁlg fs v%ﬁﬁneagx%h%%x{mq??ngﬁﬁ](gg MWt 1% to about 50% of the
conditio or Ime period IS Wwthih a range

ex [ , . 104 % of . [ -

o OE Y Wink BB ltich b BB i gkl EhEMH raion 311, an
et chi p e af | [ 0 AV I L
WEO%E}S?% g\flﬁofsl I§'e?%)n elrdn{?e&?% t%eﬁﬁ‘é%gﬁf%?ﬁgn%eﬁteng e@?zgg Red position.
Wi [ r ndi f Ut.c: Qs

A e e, SRRy FREL e TR racRoa oy © eCantcipatd
Conghd LW HafigPh | it @ 109 V31 i
floégﬁgggwﬁ%r a %g?ﬁgéﬁ%or %é%ggkﬁng aﬁcéﬂg%%int lgFtQMIsnm

P @3R! 6 bieBiRi 80530y, acCOr dance wi th one

nent o e present 1nvention. The nmethod

i ncl udeg, - 3RaRAGEAES BALRY 4n bikrth 615 Br RboRiS e fla§td Hffical emissions

process Is started. The plasma etching process is

p %Bﬁghr% Bibvdh the @ofRMBR Hin BB BeldBY BB iRedCRitibM B Bips between
rings. e 25 noveabl e confinenment rings are provide
t Ghd Q& MIin&AG: I 1igs 1dBEneP bt 9PBtulc ttRougR NiHiEHE RNPlaghel alldmission is
and control a pressure wthin the confinenent vol une.

Duyfdnitered. @ weldo M§oRidQAmBR theAsbnBRMeAE 1R is B8 td onitor the plasma
performed in which confinenment rings are adjusted to

'Tﬁilpﬁ@aﬂ lefhisBiohsS A1 0h€ EnfBb@HRH! SnonitbrinBi the tBmE Qpfitad @FRons includes
volune. In an operation 511, a pre-designated time
Prohditorir AMspediitt el deofd o AP Pladtha bptiRI lefissiBACWREein | e specific
one enbodi ment, the pre-designated time period prior 5
t QuallengBiNs iaSdoBiab® GitR RGRAETN cdrsfifBent ST We tplisia dhat &N@Sresentative of a
extending fromabout 1% to about 50% of the

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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expected etching process duration.. Upon reaching the
pre-designated tinme in operation 511, an operation
513 is performed to hold the noveabl e confi nenent
rings in a fixed position. Holding the confinenent
rings fixed for the pre-designgted tine prior to the
anticipated endpoint nmay cause a small change in
pressure within the confinenent volune that is not 10
The

dfﬁﬁw P Tttt M Ba daMReT o tete {PARIR RiBA PR SNending from
e PR 1o E B i e gwg@%gag Txed Eﬁi.nt Fon.

l?,ir PR a%nf\seﬁfﬂ%?ﬁ FRdh e hiectib fRufeRi, Authand just afer the
RS el BRI BT D R Y e
§p flisRed e sf?oaﬁf&en% U o %H@%P?ﬁ@e%“ %%g% PrRE Rpectd, e
gpofn?gam oB e bR PR TR 52y ggmsesiﬂmg A DSEELA o

spe I'S aSS0Cla

const | t 1s a hﬁus&a‘u%ﬁ r@o\x}dxpg(agn Oﬁ)%Cﬁl %191 o Sl%" a?ndea cog_iﬁement ring

pl asma process con

a pBS{u;nlﬁrs Q%%rlcg& (Lf‘?lgle%ﬁﬁﬁ pl%(-r[a Pﬁg %Po%s? lin aé% rdgrn:% with one example

snma etc process

Sy %, DA 4 8, o
519 oki '
gl 0t Bl G O EEARERSY SRR s v

d %%ﬁé%f}dnﬁg tot tﬂ@ cdffhdii; npiant) %‘ a 'ﬁﬂl t En (&ﬁfoﬁtA QGOOSJoZn%gﬁnement ring

ore stopping the etc ing process 1 n the operation

égsmogﬂﬁotg%ﬁ%rﬁesﬁoﬁpsf t nefﬂe 9§1 &% i{x‘lﬁj ﬂos&?{xhsﬁlon. During the

ro time to ‘a con tion-t

e @féﬂlﬁ 'Hroc@@s tReERRhERGN ﬁqgs ne rﬂ&%d %HbéaﬂjsﬁE g%es%llﬁg ew1th1n a plasma

perlod of time to 15 allow for confirmati
eREBRAEALt DASmMP 8 §REREH sdcBonMdl1 ik Banthe @RIt & éﬁaﬁﬁginr&gnﬁnement

from about 1%to about 50% of the etching process

d Hﬁg%)bs‘ﬁﬂm ‘ha$ 1 CHeR00r A8 opRAf drRiSSBRNGignhl AGS, éoﬂsﬁerﬁlg %24 one count in
position just before, during, and JUSt after

apbdrnbRath B FRABR sy domﬂ?:ﬁBﬁl%oﬁ%[ew FRat '6@%mbﬁ7strtm|3§that a small
plasma optical em ssion signal due to

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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5 confinement ring novenent. Thus, during the period

of tinme when endpoint is expected, fal se endpoint

calls due to perturbations introduced by confinenment

ring novenent are elimnated. Figure 6A is an

illustration show ng an opticagsenission signal and a
confinenent ring position as function of tine

during a plasma etching process, in accordance with

one ex le. inplementation of the present invention
m@mlg%z}hrgget&ﬁn%%ﬁ%elssn 0 rr%%%ev? ialrllég) m&gléail |8 orrc]qullrgé jx_)Bissuxe gmtl%n the plasma
apprexi mately egual .to Q. 001 i.nch. e ount. : .
c o RaR P S Bordiners s iy S8 PR et e pror o
the confinenent. ri.ngs in a fully .ope [ t4i,QN.

cOh NGBS et e e St b BRER ERBL R orh fbRRBer,
Cgprrés?usrg gﬁ]agl%ﬁ(%s to@cieuﬁ 50 rling %gigaéen[ il e &pﬁoiﬁtbgeé%secéogge% ations of
pasiti on. ring e etchrng process, e confinenen

rings are.. e 0 ' , thin a L
c BB hal® S Gyt S uBUER His Bt bl R cndpoin i
can..be.se . o LN copfi - [ .

po\gllﬂ{lrlx 6h% rﬁ)ﬂnz}l r@hat%%l eo@?é'r'\%og ﬂtr r f Hl%ﬂnﬂ e %gnf{n&lﬂ&t r1rI]1§T .at a fixed

as an e € optical em ssion sig

Al . i. i t i . - er !
RSB AN Sl ' e I3 b, AR IGHPES Dbt thar
d 1St . i - .

R B ncrlll oty BT ke AR 1 AR AREpolk Bk docs not

Si 130 a\ﬁ@érge%ﬁieé? Bn thu? nérﬁefn@%l I'Qafsﬁ@r of what is

needed to trigger endpoint. Thus, pohfinenen; ring
MoV eNe Ry CAR ; RS bkl oD%, fefindt S1€e QR lehBbdiments, it will be

em ssion signhal that my |lead to fal se endpoint calls.

rhgé@cigtg@ﬂlgtxtm k@ Qf in e 0P %adih? the Hﬂ&é&ﬁ%ép?ﬂgéaﬁgls and studying

I
ti prior to anticipated endpoint at whic

C R b RGRBI Wil RIS vaAbSs dMBlafor CRliiSnsBber@PRiitins 4 %ﬁﬁﬂ@xﬂﬁhereoﬁ It
into the etching process. As shown in Figure 6A,

hql Ghddgort NtefRAT e BR Npredehin GRertidn Sinélides P @tht AiRMitions, additions,
all ows for unobscured detection of a perturbation in
t RRmRAR R hnd Gk hs BlIGNN thd e shisit AnAdidpa bf tHEinAntibhe
endpoint. Figure 6B is an illustration show ng a
Prgss icBiNand-ation as a function of tine during the
25 plasma etching process exanple depicted in Figure
6A. The confinenent rings are noved 16 during the
etching process to achieve and maintain a required
pressure within the plasma confinenent vol une. Once
the confinenent rings are held at the pre-designated
time prior to
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the antici pated endpoint, the pressure change is

mnimal. It should be noted, however, that a pressure
change does occur at a tine coincident with the

endpoi nt because concentrations of 5 plasma

constituents change as endpoi Rt is reached. The extent

of pressure change at endpoint is wthin the nornal

vari ati on observed prior to nmaintaining the

confinenent rings at a fixedCLgDg$tion. In this case,

the change is within 1E-3 Torr. Thus, Figure 6B

denmonst 1 at esa hlsbd fof Bloflitotitlg b PRsEOGtEA erikibn, comPingn a

fixed position during the anticipated endpoint tine

does nNnadollediy @pdal ANEIOS &latf et 2 Phsinbahoog bnepanie defined by
vol ume pressure. 10 Wiile this invention has been

dasevehie themBert, ¥he®inGhe H16VAbIa meaioe dicriapubs, of ivhrying lal cobféguration of
appreci ated that those skilled in the art upon reading

t NBe PreRGROWRGeis BRGhdVea heiberanet ®hiitkytietgringt Réthin a plasma etching
draw ngs will realize various alterations, additions,
peshaMbat | ons and equi val ents thereof. It is therefore

i ntended that the present invention includes all such

al t er atholitg, tha ddivéabRNAembepedt Mupaddcuan Sime awlibrein theviallding sauses the
as fall within the true spirit and scope of the

| Npemiré 10Maintdin Wiedd coisfigotagionyestd i s: 17 CLAIMS 1. A

nmet hod for nonitoring a plasnma optical em ssion,

conpr i sdergtingCo kpeeidit ipegurbgioh dalthepiagsd opticelagraisfianowhge holding the
pl asma t hrough an aperture defined by noveable

manbestde mahietei N t he noveabl e nmenbers are capabl e of
varying a configuration of 5 the aperture, wherein

t he noveabl e menbers are confinenment rings within a

pl asma etching chanber; hol ding the noveabl e nenbers

at a palti cul arethoi rfer, mohierieg @ pléserahaplich] rossian se gedithd in claim 1,
aperture to maintain a fixed configuration; and

dethecdn «deding pptehlf andsspardaaribpdrfooned wsingraevipliers disposed outside of the
optical em ssion while holding the 10 noveable

nmeot@resent rings, the window being oriented to collect optical emission data through the

aperture.

3. 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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2. A nethod for nonitoring a plasnma optical em ssion

as recited in claiml1, wherein collecting optica

em ssion data is perforned using a w ndow di sposed

outside of the confinenent rings, the w ndow being
oriented to collect optical emyssion data through the

15 aperture” 3. A nethod for nonitoring a plasm

optical em ssion as recited in claim1, wherein the

confi gugati o mfihddher RREKkdHE @ plSsnAedptits Enligion a8 irdtedfn claim 1,
one or nore gaps present between the novabl e nenbers
angheein M6 hrtiQilarAmeldoResPOHRIs @5 a PRRIdesiGRARE tiRfegBReH prive toreemticipated
the 20 novable nmenbers relative to an optica

edndSdifBf £PhmRGhRE pRRéset . 18 4. A nethod for

nonitoring a plasnma optical em ssion as recited in

claim1l, wherein the particular tine corresponds to a
pre-designated tinme period prior to an antici pated

endpoi n§, of A npkRaNBr BlbkikirRg aPFlReRSEticdd eissibn MBtrévited in claim 4,
for nonitoring a plasma optical em ssion as recited in
ClvaieBirftthe préi@kiRhdled fife pérdd Ge Fithinat ethetdxRdife fbmthibing 1% to about
within a range extending fromabout 1%to about 50%

of spagorex partiedeteiphrigsspiiaEass duration.. 6. A method

for nonitoring a plasma optical em ssion as recited in
claiml1l, 10 wherein detecting the specific

perturbation in the plasma optical em ssion further

i ncl udes, MMinkefHold fgr Mom@Niag angismaodptital@nyisias rm recited in claim 1,
optical em ssion, the wavel ength being associated wth

a iRkl dabctia® Mgt dpbdifid peraitbatibre irptha gimn hgetical $mission further includes
representative of a plasna etching process condition.

7 . mdhittmighoeavielengthiontht plasmgopgic leassaian, it Woalengihrbeisg aociated with
as recited in claim1l1, 15 further conpri sing:

C Qithdtélal cogstinenhafitie pldsma thavie edptesenmtindefiaplasima etehipeprogess condition.
of tinme after detecting the specific perturbation in

the plasma optical em ssion. 8. A nmethod for

nonitoring a plasma optical em ssion as recited in

claim 77. 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.

8. A method for monitoring a plasma optical emission as recited in claim 7,
wherein the period of time is within a range extending from about 1% to about 50% of an

etching process duration.

0. A method for detecting an endpoint of a plasma etching process, comprising:
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20 wherein the period of tine is within a range

extendi ng fromabout 1% to about 50% of an etching

process duration. 9. A nethod for detecting an

endpoi nt of a plasnma etching process, conprising: 19
performng a plasma etching prgcess within a chanber

havi ng noveabl e confi nenent rings; reaching a
pre-designated time prior to an antici pated endpoi nt

t i p@foffing HSladhARMRg pRICES WiEinRICRERSES havit!ntvesbld dd8finement rings;
noveabl e confinenent rings in a fixed position upon

reachi n@gadhfh@ APpi8-desiondR8 itaRahRE td hiMBntRIipaRA ch@ol@ime of the plasma
anti ci pated endpoint tine of the plasma etching
Pra&fisprodeRNi toring a plasma optical emission froma

wi ndow t hrough gaps between the noveabl e confi nenent

rings, WMBELIND nidveabP&ntihddg rih& Rer fed Ratinhipod fekging the pre-
noveabl e confinenment rings are being held in the

f | JeBidndRRASintcl piOr tb *leahficiRitdd@ndpast Whe 8aHé pland ef&ﬁing Slocérg, a
perturbation in the plasma optical em ssion, the

per t ur hasdieAnd &1 pma 1titdd Gnfidioh Vordfa Rmdendpengh o between the
the plasnma etching process. 10.. A nethod for

dehe’hble GoRiheRBEPOIR! whbreid bk assMtoBAE N PEfdRmEL &dble aBie moveable
recited in claim9, wherein the pre-designated tine

| Scofirteltieht g &0 BEnLheldEn dicTged pritbakbiite bYhetvindddgtid

50% of an expected duration of the plasma etching

pr ocessdetedtingld . peAuBBiononh fHer plekeiae 6ptichly e@fisien) dfhoi pettwdhtion being
a plasma etching process as recited in claim?9,

whadi€itive e egppiat dRlioytamaklRingprveshl e confi nenent

rings define an aperture through which the plasna

optical em ssion is nonitored. 20 12.. A nethod for
detecting an endpoint of a plasma etching process as

reci tedid.n A heihod $or deb@ingian endpoint of a plgsnaha@chidgagomss as recited in
optical em ssion is performed using a wi ndow di sposed

o Wl dewbdreih e prodazhitel toafsiwidientangd exysiding from about 1% to about

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

11. A method for detecting an endpoint of a plasma etching process as recited in
claim 9, wherein the gaps between the moveable confinement rings define an aperture through

which the plasma optical emission is monitored.

12. A method for detecting an endpoint of a plasma etching process as recited in
claim 9, wherein monitoring the plasma optical emission is performed using a window disposed

outside of the moveable confinement rings.
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20 13, A nethod for detecting an endpoint of a plasma
etching process as recited in claim9, wherein

detecting the perturbation in the plasna optica

em ssion further includes nonitoring a wavel ength of

the plasnma optical emssion, the wavel ength being
associated with a material constituent of the plasm

that is representative of a plasna etching process

condi tion. A mbthod Aorietettad af @hdpdait 6£4 plagnAHicHRiRRGderd as recited in
of a plasma etching process as recited in claim9,

f widier, whernr detdctt the PRitiBationGn R Flednf dptieal remigdb ferther includes
confinenent rings in the fixed position for a period
Ofmoditbiif; Ak RlendR bLGE bAgNS Hfticleisibhakd Wivelength Béing associated with
pl asma optical em ssion, the period of tinme being 10

W dlrhdtdiaBeonah@at eHitegliding thaf i§ euptcadn@itiie d%plasma bohlhg HO8s0dondition.
a duration of the plasma etching process" 15. A

chanber for providing a plasma to performan etching
process, conprising: a chuck for holding a substrate

W thin the charined for Hete@ingiah @aipoind of hplagibondiig gradess as recited in
nonitoring the plasma when perform ng the etching

prodiie 9 Sfurtieer Pdnbiirdingt y of confinement rings surroundi ng

t he chuck, the wi ndow providing a view of the plasma

t hr oughkofti@ingtto add the ffoacsdk cdefinement rays atthd f&@s positiva fafa period of
the plurality of confinenent rings; and 20 a

c aindel afiengmdctifig the pemurenenin he plasod beticalcaynssingthefperiod of time being
setting progranmabl e periods of tinme for noving the

plvdihi 4 tayge Extedingi froemetuiut 4 ong siboutt $6%cafind dungivendf thel plgsma etching
novenent controller being capable of holding the

plparcedsi ty of confinenent rings during a progranmbl e

period of time when nonitoring for an endpoi nt

condi tion through the w ndow.. 21

15. 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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16. A chanber for providing a plasma to perform an

etching process as recited in claim15, wherein the

wi ndow i s di sposed outside a periphery of the

plurality of confinement rings. 5 17. A chanber for

providing a plasm to perforn1?n et ching process as

recited in claiml5, wher ei n?the wi ndow i s confi gured

to collect and provide plasma optical en ssion data

to an optica 1SS -ﬁ?ﬁg@g ited i

for pro@%diﬁgcg&gggg%gﬁ#@ﬂ%g??%§ﬁ1a(ﬂ%¥%%?ﬁ§nprocesiasmmwdnl

as.f t A j ] I

S At e P Wt WASHEL Berphy R R PRFTRPb Eeonfinemen

cqﬁlgtion is defined by a tine period prior to an

ant ’ci pated endpoint time, the time period ranging

from about 1% to about 50% of an expected duration of

the etching process. 19" A chanber for providing a

pl asma pe hi b ' ecited i
gf? A f:l%&ﬂgeﬁ‘%r gﬁ)ﬁging% g@a‘éﬁ& fooperforn A &bﬁlﬁ?prb&ss ds¥ecited in

claim1 wherein plurality of continenent

F10GS 15 GHAERe RO & Jagfg%?lré?l t?j j:%l%ct%ﬂ(ﬂj]in‘@vidé 5l PcaPEmission data

t he one or nore spaces I ne y at 1east one of the

pl j: - [ rings in a fixed state
S ERS N s Sg%\,.!cﬂg‘gg\?‘v?ﬁt"

relative to t

18. A chamber for providing a plasma to perform an etching process as recited in
claim 15, 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.

19. A chamber for providing a plasma to perform an etching process as recited in
claim 15, 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.



