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WD 2004/ 038788 PCT/ US2003/ 033706 METHOD AND APPARATUS

FOR DETECTI NG ENDPO NT DURI NG PLASMA ETCHI NG OF THI N
WO-R00MB387TBACKGROUND OF THE | NVENTI ON The i nvent POIUS2003/033706

rel ates generally to nmethods for nonitoring and

MR DLANEL KB TRA YIS R P fr?éa‘ﬁltfﬁ%ﬁb%m
(e 2l PURING FLXSMA BPCHING OF THINFIINISo

5 filmstack. In the fabrication of integrated
circuits, features nmay be etched into filmstacks and
filled with different materials to formthe desired

circui try. TBAIGKGROWND:GHE THEUNVENTIONG, the
di scl osure herein will focus on dual damascene

i ntegrati on as one enpl ary techni que ol vi t he

et £ TRYeRSon eltep enspalib metodh GRiiTEOB T Aed SeisMing processes
used *ﬁpifx@ ge[tmtgtl{g;@%ra eh%uka@ @wl&eeM&Q splloFch 5 &R HOLRIIR Rlafs to a

not dual damascene | nt€gration and may
methag fidrydeteotinghan erelpoimlt thgringf plasmya dt¢Hing off aikn sthek, euch am dielectric

enﬂ!;oi nt is required. Generally speaking, dual

scene integration is used to form hi gh-speed
wWiring interconnects in conplex integrated circuit

demitkembritdtiof Walinte3nBE 6RNAts] bR R dyHe, etéHed MO EBm stitlls and
vias are fornmed in a | owp ermtt|V|tlyr | ow K)
RS

filledrwitle fitierent materialsgo form the desitefl clenity g ﬂetﬁts@ﬁse afgindgrstanding,
the d%&%@‘g ﬂnle C@hlefogﬁsﬁtﬁis%ugag%asc%(eg%géhé% Q{%@Bla% technique

involvingRim etalliidg f)f h ﬁliﬁ! stablt hIt siyuhebe edetsiaidnRewauer,tthitlthe techniques
conduct or. is,used to reduce th(f
disclpsed heterare na? hmﬁ%d oy ko duehgarrseridaieeiaine 80 may app to the
goarasitic
etChlhgg\g%}y@%lg%é%gl\&/@%n 4 ’ﬁjdpto tht Eﬁ%@#\%fe erconnects. Figure 1
A shows a dual damascene st ack 100 forned on a copper
| | Gened0ly. speakins dealadamas@ﬁe mtepwaliondanmd de fenshigllspded wiring
. . _made of a sequence. of mask nterla
e R PO HICETE GGt S0P Snde fHFL APTee i Teapqg, renches

and v?éécatﬂe Amed lﬁpé/ R)W—ﬁé}guttlbﬁﬂf GW-K)%&&EM NRYh Bea BOBSYieste ﬁlass (FSG),
herein to discuss the spatial relationship among t

an orpanpeilisate ghags (BI0), nes <BDM£K ANAJNDde i 8IRAR, o a gpin-on organic

sodioeashiet EERE aukmRiGHE bafdnaet uiiBlspaffiey, The
copp%ﬁi% t Qo Hﬁ%lcé ﬁﬂé%s?stéﬁ@%th@ ImAAISHEERREE T BYesPEdthE 38k material is

not all of the shown 25 or discussed |ayers
used nﬂedudmwﬂﬂ;rdapgcuhscephem@nttheamdtakmmrccmne@tlsI may be
substituted by other different layers. 1 WO

Oﬁogérg%%7 %%wgglc-{ugscg %%gc{egg :sthw 6100 formed on a copper line 102. In general,

a dual-damascene stack is made of a sequence of hard masks and interlayer dielectrics. In the

discussions that follow, terms such as "above" and "below," which may be employed herein to
discuss the spatial relationship among the layers, may, but need not always, denote a direct
contact between the layers involved. It should be noted that other additional layers above,
below, or between the layers shown or discussed may be present. Further, not all of the shown
or discussed layers need necessarily be present and some or all may be substituted by other

different layers.
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For exanple, the dual damascene stack 100 includes a
top hard mask 104, a dielectric filmstack 106, and a
walkdoft03s78 barrier 108. The dielectric film stBCkU$DBE3/033706
i ncl udes | ow K | nterlayer dielectrics 110, 112 and an
edded ha 114 Th rd mask 104 .

or Bt serern e fbragiepe did LRRpPR0S ATBP Safihink k0 Getectric
film $8801 06D aRNOUPF8Rh DhrrRt 10N PTHAIiSEQEE ﬁm%taamoélﬂtmepﬁ)w-

om tted depending on the target application.

The
interkiyérfdigdeasricsolliO; i B} arm entheddast hard masle 514 abledop batdysaskr 04

oG AT 050 SRS 5 T process

may 8é binitfed@Rp&ialind & thd @@ epplaatiel. Chhesdifsibayeder 11(08 pf'eh@lts
trench and via etches, respectivel There a

re
undepigable diffpvion ehatoms beean thespnrs dA2 an%tl@gmaﬂam dleéectrlc 112. The
r
embEPFIIHILE1 1 ORI 8800 Lol 5 AR B2 ek
via efthed) esdpéativelye dual- damascene stack 100 after a trench
|s formed in the stack 100. In the via- flrst appr oach,
trench is pattern d a

d igned inth
UBeTRRR e S SRERAE ascepedntegatin: adeenely i gpproach
I -
and aIS\E]l? ngrt ;apﬁoa& Iﬁ§ Wegﬁefogﬁg? vtéagm %lﬁtliarn?(g%gﬁ&%ﬁ in the dual
damaeemestek é0) aﬂ)e:ceastse,nch m/fotrn@ismplaﬂ sterkniOfg In He eadbiesd dpproach, a

ard mask 114 prjor, t oSi tin i nter.l
e b SR B GBS ROR A S L L m
stackt 1ro@n ANle bnthén dgprodch®o Sl dbmAiend Hlté@ﬂﬁloﬁt eflled Buged-ef or self-
1B-1D il lustrate an exenplary trench-

aligneds éam@samewés pﬁﬁ&%@@aﬁﬂmnmﬂ@qﬁf@be sﬂgi h%fd @tﬁékéﬂ@ﬁﬂ@t to

sk.,116 aV| C o
ceropb 3 el BRI F Bpl BERIA BB (AP v
thest’h@l@l(b()/m&in@latepg the trench mask 116 through the top

hard 20 mask 104 and through t he |nterlayer dlelectrlc

110, sto p|n on the enb dded har k 114. In

Fi ljawes BED Mivelra anereRaK tr@.ﬁ@s fiysp e @@W@SCPHBPW%%S In Figure
. SR P o AUALRGERTATRR o} 0.
trench &8 exfpasatinehdsader)OHgreatchimgpihk triedeh maskvi 14 th@2gh the top hard

o e, A AR Rghag T g sesk aan
In F1g|.'u§ heclk 'tﬁ:néﬁl%asl@(?g@ R PiguRn B h8s Blehnfsuipen oﬁaﬁﬁd @%hol&%mst mask

I'n" Figure 1D, exposed di ffusion barrier 1
120 ttaaemg aopepatbrus apphedaon e tdp lmrd)m@slslofl @N]dh@ erepogecherpasided hard

{4304 o S B QSR AR Py e

top ROér 190edd haedayepdieleetraun,; drhie difanth thider 108
SOPt?ench 118 ar%"gl3 via 122 a?%q)tp% cally Ilned vvlth a

mat erial such as tantalumto, prevent cop from
di Infhigire 4D; thesxpered defusiondgrier dP& hecheen @ge@fl@p i3 gn etply process,

and t é%&r atsﬂ éf:?O i u%] @ ]&a%];t)g%l {’J‘tb’@édo&f @515 £ 28R 1d%§§sﬂ!e into the

eposi on t ap the opper
trench 118 and the via 122 and pohshed back to the surface of the trench 118. The trench 118

and via 122 are typically lined with a material such as tantalum to prevent copper from
diffusing into the interlayer dielectrics 110, 112. In Figure 1E, a blanket of diffusion barrier
125 is deposited on the stack 100 to cap the copper 124.
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WD 2004/ 038788 PCT/ US2003/ 033706 Figures 1F-11

illustrate a via-first dual -danascene process. In
wOo-2@u0s8788 F, a photoresi st mask 126 havi ng a VvP@EI/US2003/033706

pattern is applied on the top hard nask 104. A via 128

for Fn.the sta h
SRS g e R M BB RS PR oo
maslfll B 1861 Ovia pdtbrn idHpp Béfb@ﬂﬂie do;hkmr@l niasls lKOéﬂ. 1A viams 1ts lﬁﬁmed in the
i nterlayer dlelectrlc 112, opping .on the djffus

staclbg}Orbyeqtchl%the Vg IREKU2E thlgugh }]p@ tombard mask 494, ﬁla%klte(rl_@ggr dlelectrlc
110, t%o{ngl%ggtfdslgg nﬁ%l? lgég %ﬁ% \‘?}%eﬁht@%%%; g{ﬁj ctr?cﬁ 2astoppl>1ng on the diffusion
barr1alp1ﬂ8l éa Fopurd h@, the phditafedlsnfasék (1Délin Figunedﬁg has He?R siripped off, and a

formed | e stack 00 etc trench 1
Pho"?lﬁﬁlétdﬁfﬁkﬁﬁé PYpe A areBe RS 4PP i G P m%lgf&*- & trench
lf&lnfeet neiRado e iSMard mask 104
B R 1 B L o R0 e Ol sk
and tlhamtd:rtmynr diplecieid 14, stoppigronethe hmbadied hawlenask ldAd t he
trench mask (130 in Fi gure 1G5 has been stripped off.

ToB ke 16 1SRRG tplRad 4l nAbaRfid b G55 ceon
procds3Gand thetrdnd® ndd3Hd (I?(ﬁﬁ@hgvl@ 2GPhS Heyp St@l@béd’oﬁf i @Gﬁpewl 1Bhia
material such as tantalumto prevent co

depoalitedfln@ﬂh@vnad% aph&rendh 162128 eplitied back tpit SuI@ee Oﬁti%lch|1ﬁ2 The
vio 5 S 13 89K B 4800 N8 Bl oy comer

froml diffesifig @ucihe iteflayef dieleexiaspl (5,112 hin Bigheddeablaaled ofididfasion
114 typically remains_in the dielectric filmstack

barrigeys.is Ypnonitedening stagln 104 e thsFopagids t he enbedded
hard mask 114 is required to have selectivity to
et ! t STHOSIEA iifd in th
e ey R B 502 M At i
dielecioivgdmesthck d 061h eWhen eyetl ay en etdh eﬂop dayeet, dheldrobeddedrhandingask 114 is

requlgﬁe(%e rhltag%%lelijc eﬁ% et t1ﬁ$ dﬂ‘l %&y XWIGWL{E%J&‘ZE)%\L? I\c!}ded Bhrd mask

114 ERlaaign¥cahy tslBWef 60éh rdfe EdhRiddenselic Ehkcela l@@ﬂdid:l_é@trlc Wno.cGommonly,
rai ses the overall x value of the dielectric film

matesinka okediB@tch/ton lagersaueh axSilNker Siks itenid)to kavea bigh germpilvity (1)

lectric filmstack ;106 .resulfs.in an increase i
val%%?fagg@ 19 e dogs Hoptegave d&ﬁ%“&féﬁﬁﬁl&hf%é Fhered] £ Velge gf the
: t t:

d1eleé@1§if§ﬁl%%}6k t1 g6 o rlnh(%a <& n?gx (hf%ﬂaﬁ%lvgﬂge %Ylgp d%lgllgﬁﬁr éﬂltn stk 106

resulisliff afincrdike inqmetsmd @gudantd @dconiprarivés the albmtyp@frths sthckcto
capaci tance. However, control of etching.is

mmgﬁequc@rmaa S Teceisesinbldprebbineel < eBpeddggdprd mask
114 oI ?et é%ats L, 1 e% @Hﬁtﬁtf on. tb ?gﬁf‘%h? P%gltﬂe&?c EI%Q%H%\%E{:/%F%? of etching is

dlfﬁddlﬂ%l&hﬁblmeff&ﬂ% acrystbyldyemv yi el d because it does
not account for incomng material variations, e.g.,

vari ati in filmthi cknesses fromo stack to the . .
neQpe elipf e conizeling fieBrg R ea fisse SdioF et %tg%ftop 1o i tmed-

etch. ng& ‘Le?l iR QIREES hialy Ave @G&Y vl { RIENCESelin Rt bt 4R6@H &
stantially fdentical etch systens.

incoming material variations, e.g., variations in film thicknesses from one stack to the next,

differences in etch rates as a result of material composition, and differences in etch rates of

substantially identical etch systems.
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3 WO 2004/ 038788 PCT/ US2003/ 033706 Single or nultiple
di screte wavel ength interferonetry is an exanple of an
W@pioi4034788li agnosti ¢ nmet hod that does not requi PET/ES2003/033706
etch stop Iayer to detect an endpoint in an etching
r rfer .
ge% ﬁglﬁ Bt amﬂ iple gérgte NE eﬁ%’tﬂ?l&gﬁ%& frﬁ ésoﬂ}:“v\«%a){a}eﬁlp.l@%dg%ttlcal
diagriosfid methed tisit ol it fegoire etchvstbp layiehndeteutxn agipoint in an etching

constructively or destructive] 5 produce a
procgser [ngpele- ivelfagh ie TPREtRY 2l g%«h@%wﬁ?réﬁsg ep therwgface of the
wafef! uﬂ%%ﬂ?&cecf §1%ﬁbgseﬁ01ﬁ%é \%ﬁf@loﬁbfé g%n%ﬁc}a %{Sﬁgsgfu@ﬁﬁe‘f};@? s&ﬁcéuvely to

materi a e renoved
produeagesisdiciisterferopgdidngd. "Wheme padeteshinod gumbérl of dtingmss

fro interface or. underlyi ng,ne f eat S)
comeSporits theHEkaRE S GuELP B ke ficcnedr G bishhe process
is stoiof;@d IIRtehdralr ﬁl’fﬁ{grréﬂecﬁl@ﬂsf Paa hd Bferf8dsqet itdridthg Iﬁétmffeatqres) ina

dpoint. Further, the interferonetric approach has
dual ﬂalmspw straptats makeyit difficwtdo use the @mtelf@romtrmppgaanhf@rdewcﬂng an
sures rel.at han

ctchif QoG FwiRE e Beerler TR L bR od<E R s ARy hfecoount for

incorflin B BiSdr R Sari oA bdcAeseliDmeatdd Pelafiviaih@nges ifl @sitdr€ dindensions as
met hod for detecting an endpoint during etching of a

opposed) terabsodik feature 8igrensionhi f i cant |y i ncreasing t he
overall x value of the filmstack. SUMVARY OF THE
I 1 ISk
| NG R0y Rk 0L 0 6881 85 0y OR0H] B ccin
of a filmpdtakrwithpuosigsiSicaglydhaedsalg. thd beeraibk valie iofi tHelutl@sstack.
i ntroduci ng a substrate having thereon a | ayer stack
into the plasm processing chanber, the |ayer stack

including a first di s 3sed above end- poi nt
generating | a MM%R%QH) HE EésNet chi ng
thr ough the first | ayer and at I east partl ally

%?efnﬁ ap[%s@ OI nt quo'aer & , t{)% naeﬁl\{o:d’ 1|°oi'r Ej?ﬂtr%lé%ﬁ]%‘ plasma etch

proce%§ ﬁi\/eﬁpl%rﬁlﬂpraébsblﬁg ehdrier PThé hetho@findlitkes phtARINEBIing a substrate having
processi ng chanber, wherein the end-poi nté&sner ating

theregray et siackdniedbeplasmaprosessiag shamabert thalayst gatkciagluging a st layer

dlspogr@hdt e%%{/g QA gnd ?&ﬁpe%%e P %ﬂ?iera bﬁl%rlﬁéth@ﬂ%léog@?luﬁ@se& Jﬁgg I['}Egl%gh the

ayer 1s C erize

first lhmshd @tfl@as@f)arﬂa]ﬂy t‘rﬁdiughh&r acigihtgicheatinglagerseltitndonitoring an
characteri stlg The fi,rst characterl st| C i,S an
absorpiarygate; ofj adpght peAne RRwEHNg g In{stor peition of the Rlgsak REpesgsing chamber,

o BBy U S 0 B s et
changtin teerebsorptimah mjl@wmroetehethhdmmitmimttgaaerhﬁmglaybraiy eharagterized by
uncti.on as, the etch | ayer. The. had o
at lealy e of BT CyArPeIeraand § SopoPd Ehtracterstiond he g harastgrisc i an
insuftiROR (dehRES oEndidB a9 8h 8haRh Efay(ép angse etbmn% NAH Y second
enbodi nent, the invention reldtes to a substrate
characterifticgei pe ihstffickeat @@h&d}’ tonetdlan‘psl eagﬂ@yqdrt@ cleb dhimygh the first layer
bstr fi. r

to fun‘gﬁan %sot:hﬁ Ftcg W@ﬂ%ﬁfe’{ n Sme hod agc? ﬁonally in¢ udes g%neratmg an en%—pomt

signal upon detecting the detectable change.

In another embodiment, the invention relates to a substrate configured to be etched in a
plasma processing chamber. The substrate includes a first layer, and an end-point generating

layer disposed below the first layer. The end-point generating layer is selected from a material
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generating layer is selected froma material 4 WO

WQO®4/08838¥ 88 PCT/ US2003/ 033706 that produces BCT/US2003/033706
det ect abl e change in an absorption rate of a |ight

beam traversj ng the plasna processi hamber when
it e er bl Seige ot agpiyoh e o5t DR anEn o e plsma

= R da%o; j g | 26 YR f
poc SR Bt SRR, A QAR SURELLE 70 b enrin
layesfisi plearacderizad byan ésofficiet dicknasséelettyitypcomtasatmnde fimctipmas an etch

| so. etches t h.the. first er.. 5 I n yet another
stop Birgoit helieag b e gisnerchrs e BT Brsfer hoa, T a
pl asma processing chanber, or etching through a

| oM yet ad AR lenDbdidneh YIRS inSérdol relhidetd Divethild ) idveilashei pigcessing
di sposed above an end-point generating |ayer. The

chanrhet, lvo dtchingthraugh 2 lov-sdayer el layenask s the dovrinlpyeg being disposed

thereon the | ayer.sta int he, pl.as .ocessi .
abov i REPo B TATR I F o e BELBEE R IR RUAET Rl e having
thereoh @M laR@afck RS tHepAUEHaSREceing EHagiben! TiROMEThOM fi@thet htludes

pl asmel processi ng chanber. 10 The net hod additionally

genefatiop adight esaprthpigraveisevahinterier perjien of thy olkasmiapepqgayipg chamber.

the |ow.K | whj ' ' N
e Bl 25 BY Sty PR i 8 DR B0 SRR B v
whild RGH# BEH BNk & @@H%m ®ksth by enkleat dbagrptiay BfeadiBement
selected froma material that produces a detectable

techrdgrzen tybetiein thh endrbeint ganewting taver intselacted Enege matgeal that produces a

- poi nt. gener at. i i i . .
o AR SR B PR AP o A S e
chardcttigbd By a@safficRinCthikheys/sdlectiviyyaionfbiativh e finctidmas anTdieh stop
met hod further includes generating an end-poi nt . signa

layer fppihe etpdinge tIihg gnathpd Tyehadrdpies Zepeipiig anendRoind signat Ran
tages of the invention will be
deted R EcOe GRURNT G052, O NS L e o ng detail ed
description of the invention and in conjunction wth
t hEhesé abd othemfgatiieg andadvapagBRifER DESTRINATIlION dbrusyet in more

. The invention. s jllustrated by way of .
deta Bl FlowaRrpie gy ot e HRienBnEn o hation with s
follo ing the drawings, and in which |ike reference

nunmerals refer to simlar elenents, and in which:

Fi gure 1A shows a dual -damascene stack prior to

formng a trench and a via. 25 Figure |IB shows a

trench f oBRIEF DESERIBTIOMNE JREDRAWINGSur e

Figure 1C shows a via fornmed in the

1A
? E’@L -1?1'2%%%%% uﬁ%@@yﬁg@éﬁ%@%ﬁeﬁ@ﬁ%&%@% 0? lisrrrlll?avc\%n, in the
ﬂgmésee?og&ﬁbm@’the ftdwigsh, Yd iR wiBQPRIRS reference numerals refer to similar

elements, and in which:

Figure 1A shows a dual-damascene stack prior to forming a trench and a via.
Figure 1B shows a trench formed in the dual-damascene stack of Figure 1A.
Figure 1C shows a via formed in the dual-damascene stack of Figure 1B.

Figure 1D shows the trench and via of Figures 1B and 1C, respectively, filled with

copper.
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bl anket of diffusion barrier deposited on the stack of
wOo-2@uss78D to cap the copper. Figure |IF showsP@I/usm03/033706

fornmed in the dual -damascene stack of Figure A

i8S g Fogandtents ofSUBRG P RBIET PRAS AR G 1D to

capthé@({)b@@t.(’f_ Figures IF and 1G respectively, filled with
copper. Figure Il shows a bl anket of diffusion barrier
deposited on the stack of Figure 1Hto cap the
c obiguie. I Frhgwe e vin formaedsinghg ﬁillle\?ndéma@r%n@ ﬁ%qlﬁ.ftfi%ﬁ%WSHA-
endpoi nt-generating | ayer according to an 10
enﬁggﬂeq@%howzs althGich RYHRRE bPMe dﬁﬂ%ﬁﬁs staclRoPFigRIRLH. C
of “an etch system equi pped with a single-pass direct
absor pti on neasurenent apparatus according to an
enfigaieridhthowfs therda and ererichar Figurepulfear@B G, sespegttiebndilled with
of an etch system equipped with a nulti-pass direct
COPPEbsor pti on neasurenment apparatus according to an
enbodi nent of the invention. 15 Figure 3Cis a
SChg Rt Gh&fs APlasitet bf GiHbiOAbRGE! BERMItN dithd seal bf Figure 1H to
ri ng-down absorption nmeasurenent apparatus. DETAI LED
cap tDESTREPTI ON OF THE PREFERRED EMBODI MENTS The

i nvention will now be described in pletail wth
refere d - I dine t
L Bal R AR IRAREL BRI IR 1y accoring 0

embédmbOWI g idesaionpt i on, 20 numerous specific details
are set forth in order to provide a thorough
under st andi ng, of fh inyention. It wll be ar ent
ORBVERA £ Chenaie pa e soss Saripbed Wb = SRERERO AP dn
absox?@%n Qfeas@%xﬂ@ﬁt!a?gﬁafﬁ’s LOQHinS R bodlrher?bf &S ention.

pecitic detai I'n other instances, well-known
process steps and/or features have not been descri bed .
i nFigate3H isiarsclamaic of en pish sysiens eewippad Vish apadiinpasstdigect absorption

i nvention. The features and.advan f the

MEAJUFRIRY F‘WIWCB@%H]&L{P &P eﬂ‘ﬁa‘é%? g%ftcfﬁgmﬁ’slﬁ&é(gl ‘reference
to the drawi ngs and di scussions that follow. 6 WD
20P4(R3RTRE sPEehi4US20aB ERB3YA6m kquippaibwillan cavity tike-doven
aspect of the invention, there is provided with the

absofpitiopmeesEkmeH 2PV Hoi nt generating layer. Unlike the
etch stop layer of the prior art, the end-point
generating

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described in detail with reference to a few preferred
embodiments, as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
invention. It will be apparent, however, to one skilled in the art, that the invention may be
practiced without some or all of these specific details. In other instances, well-known process
steps and/or features have not been described in detail in order to not unnecessarily obscure the
invention. The features and advantages of the invention may be better understood with

reference to the drawings and discussions that follow.
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| ayer does not have to have the requisite selectivity
or thickness to stop the etching. In fact, since the

WO eauoss786 of parasitic capacitance i s an i npoPCHIS2003/033706
consi deration for the use of the low 5 x dielectric

mat erial, the _end-point_generating |ayer b
Selncitarder S RRCAPPeRt & BEVIREIoR LGRS V) Yk theyfim stack an
end-éc%ﬁ%eggrﬁg% %ﬁerf 2 nifke Shd Q8 $t¥p Il@ITTthepric ade thel nlqidlint generating

r etch selectivity and thickness
layerr dxgsihoteea toshave tstroguisitreselsctivity onthiskeess fbeielp Hhsrsiching. In fact,

. the present.invention, the. end-poj ' r 3
st HREGOT YABRS IS AT L OMBOEr S ARO oL A hEWR Tt low
K diei?éc't%ht)ériﬂ' fif: RRERbint bOhingMBlef Yol DBBeIbdad frofn fbterials having a

ayer 10 being etchéd. The stoic iometry only needs
lower @ vaRiediht fenenrtvalencarghslightly higheyes vadueswigihalt cpysiddsetion for etch
det ection_ equi prent when t hel} et ch reaches the
selectiyiy pesl tickgesapaieRgnIs g 8PP YiGfthot her enbodi ment  of
the present invention, the end-point generating |ayer

ey, JR%hbolfnRIEhe PRABA GRenEORTRRSId suinti¢herating Diyedmay have
with one or nore isotopes. The |sotope type a

€ nd
the samo thyeicaldopgnsition hetewtlr slish8y diffesens stoichiaapteyothpe thet of the layer

. | east fficient to tri r ' i
win B4 ST RoR Pob bPE' B B808) el TE kPR ey
dete@RRARY ARG WRMEhe clch réiRBéd 1R eRivpaidi geaatating ldyhe In another
present invention, the end-pojnt gen_eralltl ngﬁl ﬁégr magm
embpdimeniofdhd preseahinveniion, thelendpRinG SFACTARE 19es Ay ig¥e thysame
t.he | ayer. .bej i 0, ¢ '
e s RY TR RSl % Bl Shpee, TR AOGpepehatbore

dopd@@lebrRBRtioh Srecepatrlieo bé aledse siffivignisio etiggdr b Smnehigethe detection
generate an end- point signal when the eiﬁ:h

equipientayhen e ieh chies the qp&-gogg}@pr}er%lgdﬁyqu ?J?frgﬁee}ccelgn%sodiment of the
pres?nq NRR AL enﬂ.%%ﬁht %gxgef}?%r;&glﬁ*jer nﬁz{xha@@ dagratnt@aaaIAL édiposition

ayer results i I'e and/or advant ageous|y | ow
frompaodeLotiiat lanpsr beingtehahedy Ehadlifferenvainube dfemina compesisipaekthe layers

A T e e -
poinggggnaq thRh AR ah h@e8 N-Raipdint gemedtmipilagr] ayer is

onpl 1 shed using direct absorption nmeasurenent
techni ques. In various enbodi nents of the invention

t h&lniflke e chuventisnaraichistopdayer.dherensipaut-genetatin gy @ Tpadls in

configuration or | ti-pass confi {.]
a0 hES o T BT GR T U  f bOpe fimgokor
any bi€r SLGM D InDbr (Hesi @I Grapeitiet oDBBEiliasta0l [rytef enitsodiment, the
acconpl i shed usi ng frequency-nodul at ed spectroscop

detettivnyttheetdting of hebodtpeivheenetatias laver s@esuamplished pEng Yireet

etching of th nd- poi pt ' is . .
SR SR, B AR i, i
mayPRUREbIngA @ingtd n@é-phisonfifuritivn @mdnypldipats geriguedtiong In another

| ayer may al so 30 be acconp|ished usi el ectrical . .
embadinwnt @ﬂ‘%ﬁ nveics tl}g@@@pn@rbq;ﬁ the ptching oF H’%ﬁngﬁ’@}ﬁt rgsgetr%t&g layer is

3t = L@ Aoy dsnotG R ndddiment, the
scccupted S e R R R ™
detc2@HFIRSABBnLEThESROPBiNO BRiEeHing layer is accomplished using wavelength-
modulated spectroscopy. Detection of the etching of the end-point generating layer may also
be accomplished using electrical measurement techniques, optical emission spectroscopy

(OES), or other absorption-based methods such as Fourier Transform Infrared Spectroscopy
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(FTIR), or cavity ring down techniques if such is

capabl e of detecting the presence of the end- point
w@emensi7ssig | ayer materials or their byproductBCT/mS100&033706

pl asma. The various enbodi nents of the present

(IR ort S o oD (EITEReh dauaios EHET S ASTAF)E b AFFFRe of te end-
pomtgquergﬁfigﬁf’% Iﬁﬁgnélg Ef? Ibsfgfé/f I(Eé)ﬁi tRe plabgt r ati on

I mstack 200 according to
an enbodlnent of the |nvent|on The filmstack- 200
i ntheudeisud erhbodimyets of Q@@leszmnvwoﬁ Andthsigrieantagss may b betier

undeI od i 1592?11% gg}%rqy(%%p y g?%g%shsaﬂ'sloﬁs Bt ®hilo®d. For

111us@£t%'fﬂﬁiolsésc Pig@regi ﬁﬁﬁvs(a@ﬁa) stadkr‘ZOa as@irding o e gmhodhment of the
(S anpl’'es of OSGs _i ncl ude BLAO%K DI AMOND, a
1nve1@©RALThe @(lan?tﬁldé 20 inchdes fijm Byege 0% 4C XAmele, qﬁ: film layers

202 S5 BRRE Gt oy Ry PR SO RE Ao PSRl

orgaﬁésﬁfc‘éte?gf@ 5 (@SSO, or la%famﬁfbrtgﬁﬁc {SOm). |E§aﬁffﬁeSZﬂZ)S(2§Mmlude BLACK

usi ng, for exa e, anulti-recipe_thin h
DIANEPES aod 69 FgHloc wplmf SQ@SF melalﬁﬁ&lé% and i &4 Eatlp gpcordance vt
e fil ack 2 | 1
one RS TR AL Lpd P REKEE 8 o S pRPEALL e i

stacll 3008 LN bbtwebh fﬁeﬁﬁtﬂ 1fag?r§ bi&Z 394{&151nlg5f00: kearhpla) 2 multi-recipe thin-film
con‘p05|t| on as the filmlayers 202,. 204
depodxtlfoﬁ orasass. Stopledlidamasqepe fHegRtiony, efﬁlﬁnn%tﬁcg;@%"‘;@zb% lked on a

co 14n Advant ageously, only a slight difference in
PP§E 1% hi onet ry is needed (the exact degree of
di fference depends on the senS|t|V|ég@of t he detectlon

t elhetieuebodiment,dbe emiploml}-gempmtp@mer iy in fikop haxeg the same

bstanti.al | | t
cherggcappeniat el ery {0 2PLE e SHER SRRALAERETRETY from
0 t iiffferc2a Bibi ded
the Iﬁlhl lg}gér%%(%f ?gﬁ éd\é%t@fge@ﬁﬂy, dﬁglnﬁél Gﬂ hlavf n%e gﬁs%?lb mgy is neede

(the emrpd%reta mfrdlffannbetdeeendsmaéhq wRsigvitypkihe detepiian 56 ue and

and H i NCLeas .
detegq,wlrpple&‘b cﬁgo leéci}% pubs %ggélgr 1&18(%Eyem§; gheeerlecﬁ%cal ad\{(ér chemical
charéctalléue rar {n¢ filif sftaﬁkemo FoobahipteTeter finf lapers fzfm 2M0i lard the endpoint-

l'ayers 202, 204. During pl asrm etc has
genmtmgu lesser B bewd benade of #EORthsYss a 183%»#{; Haug%rr?ng the

fracté(lme nt(bg Sﬁ'o a@fl %‘éga;bﬁanﬁip? BaRPEREaRA if R eﬁhﬁdlh@ @dnerating layer

erent relative 25 proportion
206 kdmbkeEla g@pe ihave geipgtlsdiffigent aodshi @oGryafromtthefibn byaist202, 204.
gases. Typically, the etchant gases include oxygen and

EL@%@QE agq%gfqg;h{]nlg? %%:ﬁ aée Qﬁef:*aegitrgo)ll(ﬂ nfeg%‘glit é)ﬁ{b%se of generating
an eHéPg)?]ﬂr ghglnw?]lﬂd e &E&Rﬂiﬂ&e Ql?éﬁﬁﬁélteldﬂﬂanﬁ':y&al” vindOPdiifere@t relative

en a ange in the CO or asna
proppi msheoempemt—gaten asimgdaprer BES @teittb@ plebard lgﬁ$eﬁg Tapieplih ghe etchant

and _u erate the.end
gasqganch é&yg%qn oring-Cppta W g esO Seaill/egc%&h)le !ftthégge‘xﬂlgal element
hav@g %%E%r&{t'rélﬁt&@p@b&ﬁlbﬂ% thben®RinQenéraggniayat106gs Caypefor H, then a

a noticeabl e change in the
change in the CO or HF plasma species concentration can be detected during etching and used

to generate the endpoint signal. It should be noted that CO and HF may be observed in the

plasma prior to etching the endpoint-generating layer 206, but a noticeable change in the
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WD 2004/ 038788 PCT/ US2003/ 033706 concentration of the

CO or HF plasnma species woul d be observed when | ayer
wWQ@Qm4/038768 ched through or when endpoi nt - generBCT/0§2003/033706

| ayer 206 is at least partially etched. Thus, a change

in concentration of a plasma s ec s of
concgntation ghthe C&homk p@g@@{gpeme@ | Elg/eg\”&qn ﬁai%‘é"mizz@ftched

B o Vo

detected, an endpoint signal can be generated. As
eXﬁiu‘s; mﬁrﬁngdom\mncemuuasom bfnplesrepspedied of intsestvied apyetch byproduct,

f th d
s b G O SPETTR 20 e
Wheﬁ ﬁﬁs éHahé@ 1h%ﬁé&1tr398n RA{etted, 2Qhdpdift AR bt besdrRebdE M s

the T nvention, the endp0|nt generating layer 206 is

exmanetdmbnve s ehange pewld hg aetieved Aanakingthe aioichisrsiryt of theendpoint-
a
genegaﬂe% atyﬁrgdq 1@%{)&1%%&%%@11}31{% ﬁtgﬁgiroﬁ{%ﬁrg oel ﬁeegélﬁ{llag%ré 9h®Rfd/or
204.substantially nodified fromthe natural or typical
proportions for that elenent. Note that the nat ur al or
typical |evel of th i.sotQ Ee chosen, for enm

;In Beotheretg i Of B dmyent dheFdppigt- ﬁ?ﬂe&éw& aﬁfqr 96 is a thin
film ha?%f%th@ Eén% ¢ e'hﬁcaq gfe'nfelﬂféedg the fﬁhﬂfaﬁéﬁbby 200 gt @rﬁ[dh@él‘ Q&kh an
e endpol nt-generating layer 206 is
1sotop®mnhthdn ﬁsetopud ﬂsropdsreoﬁs d>fnhd= elymet, aresupstantidlly mgdjﬁ@@ érorrnthe

e B SR e B S BTGBy SR GBe

1sotogé(%{&gér?for bhridoMenf Ma%le Y8108 nort-9¢ro ik it eAl ohﬂ %eneratmg layer prior

I'nt-generating | ayer 206 are nade o
to enhahmml; Biefor@ylizthe cmmh@é nstotqpn in this endpaiet- gﬂnemﬂng law 2Heis

com@ghigrv\ﬁ%ntﬂg ﬁfrg rereszﬁgo edp g}?]eenréhe( elrgi%)mrt] gen ?at‘ia{gii n?é(r%bzi could be

an 1s§’t613@f 2 IR elbhehtlin e fiRXMYES 208 A04BBDr exaddle, if the film layers
icon-29 (29Si), and silicon- 30 (30 SIE Durin

202, a%@rrdeth@ mdmon@-genmtugabyqsﬂaé éres@@c@ den N hayieg g%Qf?CyHZ

0 f
B T e R
geneRIEPIyBIt 2069 eaBoRl b (1GC), alyﬁlénﬂﬁfﬁ TaoudD}, rogy@mm @toy as@n-ls (*0),
For exanple, if 13 and/or D is included in the
Slllc@%%%ﬁb@%}%@ Sthyer 206, then 13CO or DF woul d
be noni tored during etching of the 25

o u%ggﬂa&%n&&ﬁﬁ% gﬂe m%e%ﬁﬁﬁse%ﬁ@clesarﬁgmﬁﬁ‘e@ﬂﬁ AR irpSse W BEnerating

gener at in the concentratl on
an endpoihBEENab wobld then dxtmad me the elnnclyldomt@lpdﬁ@ ingdudad intlg endppint-

ecnehip ot P TR et OG<BRE L a1 G i1d kjpctuded it

endpSi%ﬂ@@rféEﬁﬁE 'l%)%r 966, HRAP OO or BF wsuld Be ﬁi@hﬁoﬂ@ﬂ dobsgechiglg of the
he éndpoi nt'- generat i ng |ayer 206 is etched. In

endpamt g¢rtemtmgﬂzyeea% @,nd@m endpoi sigaal cgﬂldtt@@gpe@tq_dn@en a change in the
conc?rﬁ Olil 8 gﬁ{ﬁ e agde rI{ ﬁi %ld%c?tpr{&tecf'tgata@o'aﬁ &—ﬁp\%ill lgenﬁaserved

e en generati ng
prior4® BtcBifig ‘tﬁt&anﬁpélﬁt-géﬁé@mng %er 206, but a significant concentration of CO or

DF would only be observed when the endpoint-generating layer 206 is etched.

In an alternate embodiment, instead of tagging the endpoint-generating layer 206 with
an isotope, the film layer 202 overlying the endpoint-generating layer 206 or the film layer 204

underlying the endpoint-generating layer 206 is tagged or enriched with the isotope. In another

9
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underlyi ng the endpoi nt-generating |ayer 206 is tagged

or enriched with the isotope. In another 9 WD
wQo0838¥ 88 PCT/ US2003/ 033706 enbodi ment, oneCDUS100&033706

| ayers (202 or 204) nay be tagged or enriched with the

i sotope and the endpoint-generating |aye 0 y be
emqumtmte@leaifttbﬁgléyﬁé £202205 204 Wﬁé ?J‘iag%?dg‘if@éﬁ%"dﬁ‘i" ﬁ]%ﬁ’taeésok%"pe and the
endpogl %%ner%l%ﬁrf%}y ? %Hk gfbetoﬁﬁtt ASPBhSP 9 18 Oprel BLEE@BSdiments, the

rm ne en"to generate an
concemelpion Bf theiplsala. speeitsoiantetebids mentiowd tedetemiing when to generate an
i nvention, the endpoint-generating |ayer 206 is a thin
endppint HEZRAY | ng a different chem cal conposition fromthe
f| | mlayers 202, 204. In general, the cheni cal

Sthkt &Hbémm'éﬁteoﬁﬁ@ﬁ%tﬂfongﬁél Eﬁcﬂiolirﬁ%eha‘ﬁ&mg Et@ér 20% is a thin
ected such that the overall chem stry of the fi

| m
film haxanga Qljf.@mné chwc@hmgtpaﬁtlplafw the i ﬂaéfsrs 202, it “In'gencral, the

chenggagn&nmm %f{,t ?Frh a?/ g yg ner%ﬁé lgfegég@fﬁdﬁelegted suc tha the overall

chenﬁbtw SRhEAREREL 200 iswot substhfisllreedifiedy Ahen &tdmpdatthe ﬁlm layers

material in the endpoint-generating |ay
202 @D#a@d@dpom-@mqrﬁ@lg lorer o8 caiisal br Fhsrc Pigh pifget praggrial, while

S A g e o

silicg@® eaeiial ingenamatdyag 20ay204. 206 coul d be nmade of
bor ophosphosi licate glass (BPSG or silicon dioxide

formed fromch va d 0 I

or Ko PREIRE { Ty PR 1o ot by ufleg B R QYA s, o
end oA RLAM la é}%@‘i:@ﬁldlﬁbé Q68 5f B&uplbshheslidae glassqspsm bysilicon

nonitorin lasma for a change in congcentrati

dioxafe fBFmedBtym @lﬁqmlp&] vapa depgitien ofgetmasthyborthpglicate (TEOS In the case
of Bgﬁé }e g%fpbgrgpﬁ?ge{t%rg?egg cécgug(? ‘&h%ﬁﬁg dgtfectg ggn%&ll(i}%gng the plasma for

a chﬂ%e hﬁ éHﬂcE‘IﬁratnBﬁ of BFaBRRPF OFH,BBOBOGL ottier Bonad Btdoatanmmg species.
If the f |Imlaer3202 204ared{ra h
Tn the lvescer A1 S thepndpeiat @%@e plaly Brocosgorld hedle teég’dén%‘?“oamg the
and the pla co b SG,
s 0 bR N P i PR 2020k Bt ot an O

the e@ﬁﬁ(ﬂﬁﬂ esmepling MyRO20Y coukiiey madendf al RSfErand tior plekinid exuddbe monitored
low1c dielectric _materials. Table 1: Exanples of

for aeqhemesi incorpenBaian ofHl-ayers for lowic dielectric
mat eri als ENDPO NT GENERATING LAYER AB CDEF GH

D?ééé&?ﬁ%%% M?)q}s 1%? o gginfr E&%ré'ﬂzl% lé’fergﬁi%'dlf%rent low-x

tagge ged stolchionetry 180 30Si
dielddiiaRhtélialk.agged t agged

Table 1: Examples of endpoint-generating layers for low-k dielectric materials

ENDPOINT-GENERATING LAYER
A B C D E F G " H
LOW-K p |%C Modified BPSG | FSG |TEOS | "Oor | ™Sior
DIELECTRIC tagged | tagged | stoichiometry o) Si
MATERIAL tagged | tagged
OSG X X X X X X X X
SO0 X X X X
FSG X X X X X

10
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CSCGX X XXX XXX SOOX XXX FSGX X X X X 10 WO
2004/ 038788 PCT/ US2003/ 033706 Consistent with the

w@eionosgsBes of the invention, the endpoi nt-genkPCHUS0093/033706
layers listed in Table 1 do not result in a

ST R g S R RS TR
Tablg'i‘ %]B%%s,&?ﬂﬁr iR Gark @B{dggé i@ bo&sll khﬂaﬁx% df&&t Bih | btﬁ.‘ck when
abl'e 1 are alSo possi A general guideline for
emb&idke ot thadilma stk Bltiee eadpdjpdigatergingdayirs bepideaylarse wistet! in Bable 1
now be di scussed. I n. gener t he .endpoi,nt.- ener tin
are g areitio o SnS BEITD e St B d Y A ERET e per vill
now b@YBEGs4P2, 204, i.e., the intention is not to
significantly nodify the chem cal and/or electrical
characteristic of the filmstack 200. The x valu

t hia g,en@rpb "thq engpeiat-gericriing dayer 20001 seleepd tolee cqnma@bleowﬂh the film
layerg)paé1 tﬁ? 1r}tté)ﬂt1og dif?(lt éggyu 10;;}11‘. odi MQ i%é}{?lﬁﬁ ﬁ\fxa}olﬂ Qlectrical

era
charéclﬂs%shc of’t@'a #iemGtack R60.eTRPOIAlte Gﬁﬂ‘h@ l’eﬁdpdihg deBy@ting Ofer 20Becould be
better. The contribution of the endpoint-generati 2&4
lowek ﬁytersnzﬂ@c tpportstightdy eighérithaa thek velug fof theethiorfilms 202 In general,
s a fun on.of. the x.v d,t hi ckness of the
the I‘é‘ﬁ?fﬁfé? fialye ﬁgﬁlﬁteflﬂ@mma%?é?raﬁ% ay?rfﬁ{%h@e bUSfal ue of the

endpoi nt-generating layer 206 is conparable to or
| opgre gﬂ?ﬁm‘bﬁ%f the't eﬁh;l')’cﬁnto en&xlaﬁn%%tg&r@d@t ?ﬁesoxﬁt%} « 984 of the film

t he endpol nt - gener at ayer can

stack 2J0a§ h ‘flﬁicﬁoﬁ bf s Kt@h%rl’@ld tifckiesy &l thaidpoingpmirating layer 206. If the
' detection without si Fnl ficantly increasing the overall

« valxe ghihg @ndnomtk&ensnaan& yerridRay eampargble tpcordowa than B ¢ Yedue of the

film &g%ﬁ g'og,fz @1% re%%l}{; érlaéngzggerl é)égzlagse {natdlél <’r"e:ria‘csve?y thick to ensure

relial§l8 @ﬁ’cﬁioﬂ{t d@ﬁ@ﬁérﬁ%ﬁﬂ&ﬂ |s@ﬁﬁ‘fca1%%n8i‘%¥mﬁ?&@ olvBrall & vEBEEEOS the stack.
relatively thin to linmt its contribution to the

Howevezyifithe « walueadiithe bmdpalmﬂalhdratml lageer 266 irdeghdrehan the « value of the

o G L RSRS8O 950 g ettty i
limit 1‘{? %ﬁxgxtﬁ'oﬁ orrc‘t%I Chvetitt ¥ vAlhe £ §rﬂélﬂfﬂ€e°‘ SSﬂlfb AL @RdfdnE- generatmg

e en poi nt-generating |ayer only has to be as
layeﬁﬂl% cloesusot heeseduhaiontas ag gieh s‘(i‘bptlm}cet (ien Haylnghhae ehoisianselectivity or

h /
eG4 SORY HTD e TR BOMHIL issept PRgp Pagebics needd to

B%etdcfEn SRR ABsenttetiGleSiRie) For exanple, the
tr1gg 5’p0|Bnt genera%elnng allyer'e 20@'l 4 g%enreqw red to have
seI ectivity to etching while a conventl onal etch stop
| alywrlmpsrtmﬁqu stresd again ﬁatv@lesedmnmtrgﬂnm;atm@ la@'§r %Q&:lh inAkthe same as

an etizha§}8p f‘aﬁg% Cl{os eﬁgl‘i’(lgl% Aé) ﬁ\% g%l?%%tle f de oe'r Qgp <{u11%g to have
selecBib iy todtcHify Whilé QWVehMﬁl &tbie stsp Vet r@cfuuteheo flwé’@electlwty to

| ayers 202, 204, which results in
etching.” This aspect flexibly allows the endpoint-generating layer 206 to be selected to have a

k value that is similar to or lower than the « value of the film layers 202, 204, which results in

only a small or negligible perturbation in the overall « value of the film stack 200.

Further, etching of a feature in the thin film 202 overlying the endpoint-generating
layer 206 does not stop when the endpoint-generating layer 206 is exposed. Instead, the

exposed endpoint-generating layer 206 may be completely removed before an endpoint signal

11
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only a small or negligible perturbation in the overall
is value of the filmstack 200. Further, etching of a

wo eatsss88 n the thin film202 overlying the  PCT/US2003/033706
endpoi nt - generating | ayer 206 does not stop when the

end e r. 206 is,expose | nst e th

5 2o Byp 0S dEBEBF AL YE A FiPT R PA P GaCHA: g8 e cose S the
Ledteh Yo RyIRAGRObIGR sob WRL is ekpodd® Th

com ol B B Y S eas cener bRk is shbo )
exposasridesion hyenmapareddé bsr@ps'en aegeubseqyenbyten.a f eat ure.

In the case of the conventional etch stop |ayer, the

et.ohi e .

exg%és Vg’l#tf)cﬁgl %%h ﬂg}%ﬁégﬂ%léﬁlg E’e uﬂ¥§ to h%ﬁ%éﬁ%f’el%g théai&%ss to
comﬁdﬁbﬁeﬂﬂeﬁér atlgipg. Hhille preBae ivivientiad, oeélﬁchclﬂﬁ@p; roay eondeﬂl Actually,

ypically reqU|red t o _have suff|C|en i cknes

it is %ﬁ%@ﬁé‘&?@ hithsy expoesd capHIhEFneTaHng i?aeb? AL Hﬁﬁeetﬁble

chanB¥ & coRb&iafign bf%lﬁﬁﬁ%%e&gymﬁ%resﬁ%c]ﬁéﬂ isYised ‘do ehérate the endpoint
ecessary to et exposed éndpol nt - gen rating

signdl aBedfauRﬁDﬁleteﬂdpmmageaemh% dgeraddbdbhet reglimdde compensate for over-

concentration | as peci es. of t jch.i .
crchifatedeguiaiaps 1hhe: BRapRverient i Ssrliean fowing
geneed@g]qgfﬂlteegglfg@ﬁ@qgﬂag | ayer 206 is not required to

conpensate for over- etching, it can be nade to be

thi nner than a conventional etch stop |ayer while

st Thd coab¢rdwating oﬂ_@plgene precicarpran cichdypindpeh Aepeadyemihe

com%?g%i,ogl g)feon 8@“ gllgss rgt”g ﬁ’f’eni% (ﬁ%?(%cﬁ%tr%org Pf f‘plogtl ec1es of

interés il Blsmgt aé eshing peoctals €ront thBI‘tlﬁld fitiini 200 tO fhe&nﬂb@ﬁﬁ@nerating layer
cies of interest w. Il change as_ etching proceeds

206. fn@rpretaised pmbodimERh tischapsa i éefén@ﬁeql R mgaH@iig #isgrption of the
plasrlaafa%/p%&es 6Pt gn%és@ u@n ggr (ﬁl 589% l?g?%?{( ? detect 0%1 Eéecﬁl_)l@néﬁq Ofch &8 direct
absoies) We%@hﬂhéﬂﬂﬁion@éd‘l@smﬁ ftqeeavenmdulatos spelcttescopy, FTIR,

detection techniq uch as, djrect bsor
or Cayiy RS ﬁ@\f/h meghpds aﬁf‘tgwgilﬁléﬁqnggggbylay be ?ower ptlca{1 emission

Labi spectroscopy, FTIR  or cavity
spectirc?sﬁ%ﬂ%al@@gﬁ 13&.09%though the sensitivity may be

| ower, optical em ssion spectroscopy may al so be

enpl g@y@dl abwr@mm@pmtrosecms’ommlvas rpasqma ligg bspy thueyeh the stching

a e hr ou {
posB Pl PP AT e LS AR porion
wav Rfof tHepl sDeOPREES @mﬁ@fd@t | £ Bhand Velnengit 81 Ok lightbeam as a
| asma species of interest. A change in jntensity of

result nfeabrsmgh@n b theplasma specesafinterestindigntes # ehtpngy it ﬂile concentration of
f
e BRI TSRS, S Tl SRty R L [ e

genefahgds change is observed an endpoi nt signal can be
generated. 25 Figure 3A shows an etching system 300

suited for in-situ nonitorin | as et ch .
Figure 3A shows an etching system 300 %mted f?)r Sl-sqgl monltorln% of plasma etching

of a film stack according to an embodiment of the invention. Note that etching system 312 is
only exemplary; the invention can be practiced in any plasma etcher, irrespective of the
technology employed to ignite, sustain and/or control the plasma. The exemplary etching
system 300 includes a light source 302, a reaction chamber 304, and a light detector 306. The
reaction chamber 304 has diametrically-opposed windows 308, 310, which are optically

transparent at a selected wavelength or wavelength range. A wafer 312 is mounted inside the
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of a filmstack according to an enbodi nent of the
invention. Note that etching system 312 is only
wW@x@nbsiss/; the invention can be practiced i n BCHUS2003/033706

pl asma etcher, irrespective of the technol ogy enpl oyed

to ignite, sustain and/or_control the pla . The,
reactiopeshamien 3 04s beivaen elerodessd lébé}@- nEhlﬁfg%féI%&e Sﬁme@%@ééy aRF

| O a 1 ahtr ARG, NG

mqmﬁﬁéot%8&§g§@¥gg%§% angé?§30f¥ﬁ§gediawet#ica{ly-op%osegp
electrida 06 a3®8 podifd by ®F puveer opirce all thy sameaorshfferent R freguency.

Althogh e 3R ol i g oD e s astdr, 18 16hntihe could be
appli@lﬂ_({ H@&%ﬁft&%%&%}i%ﬂ %?%&dcﬁ?el? f&@ﬁﬂdlé‘d o3ftroPRleWoSBms. The wafer

el ectrodes 314%, . e electrode 314 is energized b
312 iaclRes ssfilppstgck; sath as ohimlgctrighing stagky avidy anceng pejat-gereratigg layer,
h%é undgd I n ot her enbodi nents, the top electrode 316
suc §“%8 Fh9&d by an RF power source at the sanme or
different RF frequency. Although Figure 3A
i Inliﬁiefaﬁbﬁ,&p@rc%ﬁ%@tdhhﬂ@ayesqﬁumhednpma stpEplicd b dire rebdizon
techni que could be 5 applied t otagr reactor types o
chambge B04and; engigazere Feymcirlpiead 2 abeyve \Méa\f@fa%lﬁs R ﬁ‘éi.%f tfygonitor 1n-
. 2 e | . . di.el -
site i abes LRI ARl sept 350 oBFalcAt Bkl GURL plen 322
into a8 réeden tiethea POV tirough tipeinddwd08. Apthooghr natskowen,cnarptical

SN CERCTIN L RN AL T W —

beant ?ﬁ R, She Pf sodrBe RIS Hhd RindBRIF08! The1ighiCheamtI22asses through the
pl asma species of Interest, the |light sSource 302 i

s
plasmol( mifbredxitmgdhe widow 31DgAhe bezstemt of fhe dighhleeam 322 is chosen to

reacti chanmber 304 throu t he w ndow LA tho .
be ngE DA SR P B B B PSP 57 L) Sy Tt if he
plastBPdebiBbT Mbrb® RSHSse in@RY ictétlonfdhl@ber JTaYthB&igliSednd 32 may be
channel the light beam 322 fromthe |ight source 302

partislly ativerbedl aflewastes thiwgh thagpesniredit. She tisaggited bR gRicated at
324,%%éch%q&syﬁﬁ%gg@r@g%ﬁ)éﬁ?bem ting the wi ndow 310. The

‘beam 322 is chosen to 15 be
near one of the absorption wavel engths of the plasnma
S PRIGIne b dint¥n€ feslight AsursaiB0D, is iaftertieatupst-asirallspaséreBode capable
of interest is present in_the reaction chanper

¢ 04,. .
of operpsing g Hin e dpfracd Vﬁ&g}e,@gd/obgr\/t $p3pt[r:%} regiQnsy aergfﬁpgples of interest

. assi thraugh th S T i

o APl R L5 850, e P S 4 2080 o

at 1.398um /| ICPAE  RIHREl N8 12 at 01181 Ling hOtheptiFecies S6bh ds<CH CF, and CFs,
tenperature-controlled | aser diode capable 20 of

for exqraplathiang fwidamentak thavsitiony airlerger Worelpngihs, huyapbeggcessed in the
spectral _reqions,.. I ' of interest in

near ?ébye?rf?ﬁ@%&%%t\lf’g%g segtP %?S{i}%%it ?%‘nsi tions in the near
infrared, such as HF at 1.33 m CO at 1.567 m HCl at
1. Iidohembadiahdd?, thad 1askr dfille 302 gedvestespeavasngihain faguddiey-
CF2, and CF3, for exanple, have fundanen

modlatgd dase bsam. Hrequspgemodilater SpRFiREcoPy &?eSé%m!?éiOé‘cfﬁf@&%%eS
comﬂa?aﬁl@t% or greater than the absorption linewidths, whereas wavelength-modulated
spectroscopy uses modulation frequencies much smaller than the absorption linewidths. The
Jaser drive current 326 may be generated by a low-noise current driver 328 acting in response
to a superposition of an input sawtooth waveform 330 (at, e.g., 100 Hz) generated by a signal

generator 332 and an input sinusoidal waveform 334 (at, e.g., 50 KHz) generated by a signal
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near infrared by probing vibrational overtone
transitions. 25 In one enbodi nent, the | aser di ode 302
w@emen3i7es a wavel engt h- or frequency- nodul at BCI/US=e3/033706
beam Frequency-nodul at ed spectroscopy uses nodul ati on
frequencies conparable to or greater th .
genciatss bt B vRYHETI Hs 3 SAHE PURTCAEY AICHRYH 3% feliredeiag inpot o the
G opy uses nodul ation frequencies nmuch snaller
Cuﬂéﬁéﬁ?%ggﬁabsorption | inewi dths. The |aser drive
current 326 may be generated by a | ownoise current =
dr ThealdC 32@nituded ofghe lasar dsipe awreer 326 andiths lgser [soprratun, wiich is

e heE it BYSR PovEy H R s, el i e
waveRngSRk 8l scf VEcahmodafcdnionett Gans thdlakdizayavgngthaheaigh the

by a signal 13 WO 2004/038788 PCT/ US2003/ 033706, . ‘
absorpéine franwtiors 3gie sivsoiglahrae Bilationdaglitates gsea(?féahgwaltwg dgtection of

| reuit 338 -hef | j; r 19 | -
e b Sy AR A REKIch, L A fpion
waveligil éfahé plagha bpoiee bAintsrest and)itydicadlly, the ppiwvioatt waveem 330 is
roomtenperature, e.g., in.a range E]'rﬁfom 0-150 C tral
chosefusodbat e aseTevavRlepglascAnuigH 1 CREpER g e B width of thespectra
: conponent scans the | aser wavel ength
ref R EHORRLRCOTD )

absorption transition. The sinusoidal
nodul ation facilitates use of phase-sensitive

d elnemt ieorbodiinent, iz light detagiend ¢ is emightipsed platpdiode, and the laser

wavel ength is .chosen, to. be .near th rnti ”
frea Reas oGO SHpEN gL et g A o £ SRRl Whpsiton of he
plasth§RERS bf ARGest to/Rlowedol Yensitive dsReda0svian ivathe fppssen 3T hiigh
chosen so that the | aser wavel ength scan width .is,

backgionpd elatttiealinoiseh & pnerreniiadimenss the ekingselgmg includes inputting a

feature bej ni.t.ored.. .l ' : Fght
ponb R4 RS T s PR e 2 o
the sfohBI0aBGIOr 336.| Dhkipek-iaraplifierGHY szl protidesitbmedpability to apply the
conponent_of a vibration transition of .the g%asn?
appreyistd gain, ditering.cnd phase gdmisinant fos phaseriepsifiVedeiertiorof Hif

oo e S SSEB AL W BhBIEISERUY, €0l bt o, i

n one e ockl ng schene incl udes
outputyFulid otigirpariRifizh 64D ii thetedigiizedy aBaBlagstoadipital iconyerter 344 and
anplifier 342 @%ong Wi th a sinusoidal waveform 342
analyze@ hy aCA@PYieRAd generator 336. The lock-in anplifier
342 usually provides the capability to apply the

apRY Rk idh &hd ldtive fchideRlih PRotodibée altAme340isuséd@nictdrmine a
hase-sensitive detection of the photodi ode current

chan8é{h Absorpfion sk mp] @neertiation aliha plaswma spesitse dgferept duging the
gl PR il S B Ry M el Bt o133 .
changé‘FH B985 4 BhdRlra RNV B the Adc@sifchariberBEd et desected by the
onputer 346. In operation, the relative change in )
relativh chaxgie gl phatodipdadur@an340sdetestad hyche phaspdipdre3@p. The change in

concentration of HF or other suitable etch byproduct, determined based on the endpoint-

generating layer and the etchant gases, can be used as an indicator of the endpoint of the etch.

The absorption detection technique desctibed above involves passing the light beam
322 through the plasma 320 once, i.e., a single-pass configuration. For enhanced sensitivity,
the light beam 322 may be passed through the plasma 320 multiple times, i.e., a multi-pass (or

white-cell) configuration. Many of these detection techniques are also discussed in
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change in absorption and, thus, concentration of the
pl asma species of interest during the etching
Wpe@aessss For exanpl e, using a | aser operati ngpPEr/Us2003/033706
nom nal wavel ength of 1.33 m a change in the
rel ative concentrgél on of HF i

pub i Htse -der et JURTp SR BePe fr S PP SR Gode laser
absoﬁﬁlghgﬁécﬂgﬁzo ﬁ%&ﬁ@ S'%@lOVszh@lCBegmgﬂ ¢. KeN@héﬁcpE IAQ ehittlEer

concentration of or other suitable
(Appiied lﬁhjmyqsr[@dtmst Vol 64 dssvier?d dpih 228242081 ) 1ehé “Weaipioftated diode lasers

mon enq%]lg%ua% B?Cl%‘fe lh'y ﬁiévb% p%(? Sl h?ﬂ?lt %%Sneﬁcl}]/ﬁﬁ[?;h HF (L%Ecerdr“o%ﬁs World,

Nov Qb%r i P WhRE Rt SRofataltyi refeeende@scr i bed above
invol'ves passing the |ight beam 322 through t he

pl asma 320 once, a singl e-pass copfl atio

FoFlgewrﬁ%si)ewsgeﬁ@btnegiﬁ’wﬁm 343 gvherran FW@WP 5B ?2“25&4& 350 are
mou%teg[ﬁﬁt? %8 %et rQe[c?fdg Ighé\lﬁﬁeir %b@%?‘?gé&%u@dg i g%&e& ‘fﬁﬁﬁm ITh% mirrors

con I on.
348,3beaR rﬁi@masdtdum’ldd the hictioreshaatber 3040 adoslmoa@ednatmnxﬁ thmyvafer

W 20 Rl W
The %9&%@{:}5 ?%@eé %?&fgh tﬁ’é’rﬁﬁﬁﬁ%ﬂg’ @n@@&ﬁké@&féﬁ R¥d @M’tﬂ‘b@ween the

I ngh, C. Ng, and E. AL \Whittaker
mirr¢rApP8,i3s6. Phy ksersbehmt 358 rpa$seS/d1rou$4he plesrne320 as lpbounces back and

ot i S8 ML BLRGE %8 bor 350 vt

each {d'tﬁl? | Tie tdndSRledTReHBeaO ihdeatél ENQB?, Ji99ekctedby thb‘photodlode
are incorporated by reference. Fi gure 3B sh

306 affer elnedlas;em ey 35 bmaRa7 mbdsterninadmihgr of Dasaesdhiough Gieglasma 320,
348 350 are nount ed outsi de the reacti on chanber 304

3581gg{. ﬁg@fljlst{acf%] gt%ﬁlsg S a5 S]Whgll%ﬁlaﬂé% Eéa‘aﬁﬁn cl%@oer 304 is

e reac Ion c er 30

disp&é@iitlarC &iticalrianiay B@I} vﬂﬁcH i éormi:ﬂéxy dla’jﬂerlch]l}yI—om)odee hlghly reflective
et chi ng g)r ocess. The Ias ode 3% di.rects a S€fse b
conchemitER1 3 14 36 el ARcrasionghg] lg higovre %%?Ct%gﬁ?f 58 into the

optlcﬁ?ge{%/E@ ?EPN e{%&%{ﬂé'a? He a%é&g%}gtrﬁﬁﬂfbﬁ%vg%gthmhe plasma

ween mrrors The | aser beam
speci®d bf ﬁm‘%STﬂhbﬂlygﬁleﬂhHBr bd:m&% B32eced into th@lsbml@ ca’a@k3 52ata
and forth between the mrror

Rt WSS SRR T8, 305,250, AR LA,

358830 ’s'BQékCﬁIdeidrtﬁﬂa t th
the e%@@d’lﬂ“ﬂﬂ% ettgﬂg?ei%{eggamg ga%%ﬂt%gl ode 30C6e after the erweEn e

m1rrbla§64 ﬁémnSSmiamabltsammnel@ed@ﬂYﬁ rilterrativels clgmbss ygrdow 308

a.nd/ @gﬁg {ﬁ@wﬁr}gﬁ g%alaé/t?i Zcﬁy%lére@h ?Vre%ﬁgtt“%eédr éélg zlitét%gf’ﬁlrfaces to serve
the ;ﬁﬁ‘ﬁlﬂ@ 8f i3S atd BmirftirSBa 98@ ot Miredt 33! Taa lasé:xebelain)G 535sses through the
is fornmed by dianetricall

y

reacmrg¢hambme$04e9¢1ﬁ|m@mac3@ﬁ@weg ﬁ@cﬁlrf@\!@{)%hetws%thelfhmors 354,356. A

ope the,dd. I
pori3R3" ey 5% et i dhs SRUBFEE33 WiRGhRRA RREE REMRor 356
withledéh RRS@FPF B 14deABeint B S8antdy abtected by tie lighedgibeen306. The

species of interest, Typical]y, the f aser gfam 358 is
trangrmifted besen, inskicatadas 36Rtis displayed 41t 3 esgiloggopg 3

The time required for the intensity of the transmitted beam 360 to decay to 1/e of the

intensity of the injected beam 358 is known as the “ring-down time” of the optical cavity 352.

The cavity ring-down time is a function of the length of the optical cavity 352, the roundtrip
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20 selected repetition rate to continuously nonitor

the evolution of a plasnma species interest until the
wepapossss of the etch is detected. The | aser breRUSHB3/033706

bounces back and forth between the mrrors 354, 356

manpy tj until Ji.ts.intensiiy decays.. Alt.ernativel.y
wans iR Do RGOS R BEP e e TS BB gy A e
absolptoh B e Dldshlal sBEdieVST ifteRbd. M ABasufify ihRlcaViRAinS dbvAtRS, the
to serve the purpose of illustrated mrror 354 and/or,
absoryition of t18 Pasnfspediessefiintoreaina e detgtningd.t hhoagghrackavithswhich the
.reactjon chanber 304.and. [ h oy
et S PR SR R R A P B AL 06D T
impdriagt thaSBE ofRANYES 36D forhs able@boratn) d.y., Bpaptically-matching the
transm tted through the mrror 356 wth each
variqug gmeddeg optical §&vifiglser beam 358 and i s detected by the
l'ight detector 306. The transmtted beam i ndicated
at |Ber AhbBlAYEE RO8TheRSFinbdAREDRSecRELopY R hhiglB may be
r qun | ?%nddtﬁ%r hlt%ﬁefﬁ?{nt’ensi t@(yleof the tr a%m tteg;beaquGO y
usedtto getecay att endpbmnt signslHem 8(cinvertigial \etadf storhlayenyiaesnt pegforming a

eam 358 is kno s t.he "ring-down tine" of the
trenghiihe a0 Ra RS CHsy 2 gt PR o A o et Thg vse of
frequedPF flo@Maf s%&?roéc%gg'bﬁ aQbnidhdoRReichato derﬁfx‘lgﬁ)'izgs détb&ion
roundtrip 15 WO 2004/038788 PCT/ US2003/ 033706, .
sensitivity &1 many ¢aseso Pnsubiag theg the ejeking s whereingangad nithdiger
thr theui ntrinsic cavity |osses, and the absorption of
OYgiBUL| asma speci es of interest. By measuring the
cavity ring-down tine, the absorption of the plasm
spag heatiefed] the eqte st atsarptios of BFerr ey be heeasured natgmployed to

with which the cavity, ring-down ti IS measured js
gencaziay endpaint 8 EvH aveRering tBrou it 9V9f&e§$e1§.yewﬁ§¥%ﬁm ), some cases,
e i i ; i | i : r hed if
i gy RS 5 o U, B G AR f 0508
desiredy to obmirearbadgeitt siptdl salce trwsutiaesared of theovealymgleyer that is

enpodj nent, the fre | at ed t
cxruE et O BT Y e e R ST RR gyt
changfn%%éicdl YiSRbF BRakch Ripsdiudls @Bndra¥&r THI @RardRliA e BtélObyproduct
‘trench etch, and nore particularly a dielectric

compasitimnimast thén beeraplpyesiorzcatretean endppintpignabf Ingthis case, the underlying

frequency nodul ated .s trosco on . a.co i
oyl GRS R0 ) SR8 GEREBP s R0 BaEY R ke e prosce
of the®Ader fSyer @BS bHus d defakhble RBarfe i€ therghsiypRs&iush@hen the etchant

i ntended wth higher throughput. As nentioned, t

h
emplogiedtoichethe ovglyimghlapdr etqhes hreushibg ovsalyirgdayate éfhaﬁﬁl% provision of
I d.t ' ' '
s HE A SATGE RSB FORE e L0 0 50 s

situalibnd.t 1S not necessary to etch into the underlying
| ayer (but such underlying | ayer may be etched if

desired) to obtain_an endpoi nt signal since t s i
suPPrexamaleseertain duRb dapetcris Yy men Saploy o %@a g¥gying layer

disp%sgill %?&iegtmgﬁﬂ?ﬁdggaggﬁ.’ Tﬁgg@g ygﬁﬁf‘bé HEnAMR he/$i0Y layer while a
via may be formed in the TEOS or BPSG layer, for example. In this case, the concentration of
HF or CO would change when the overlying SiO; layer is etched through, thereby triggering
the generation of an endpoint signal. Of course the change in the absorption rate due to the
changing concentration of HF or CO when the etch proceeds into the underlying TEOS or

BPSG layer may also be employed to generate the endpoint signal, if desired.
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changi ng the conposition of the etch byproducts
generated. This change in the etch byproduct

W@ 0vpo3s788 on nmay then be enpl oyed to generat e BEI/US2003/033706
endpoi nt signal. In this case, the underlying 20 | ayer

o S Bl P b Lo Oy

! Hen@ASInCAYRE rﬁal@@iﬁaﬁalﬂam meg lidatibMl@uch as the
bemUng(ﬁ&%)ypgrréggjact \/Stlwleﬁ&?he et%:hant enpl oygd to g%chl "

case QMen h Joivwng layay &y digtosérbabotvh nmilyir laykce Av en kydmypje; say@rdual
Thus the provision of a segﬂar ai i

t L
damasaqp@rapplsqa iR PYSERINOST BYFdlovaKA b ﬁgpégiﬁ ggéj.g@l%yer

(sllg]atgrrmg eez %&hana 8?}%? %gﬁr% pratﬁ% {Q%h@rgngg B% @der e lI'I‘?l[he OSG layer,

whilé ¥ &fa welilé BO aRHos2B Y thedF S'CEﬁﬁerO ITh&F%ﬁiﬁngayﬁﬁ is fEbﬁbIersﬁTa;e fthe line-
woul d be etched in the Si02 | ayer. while

to- llﬁemap@dalim af n@wﬁgdeebmasbseorewlﬁc% Fhaé%g‘?r%ﬂ"%l"torlﬁ"etl fGRRacitance

(due ?‘htz‘eév allg %}}J‘iﬁ% 38 %ﬂ%ﬁﬁ% %2 BS: %&%?r ouga% &?ﬂer E é"ﬁa%@d on the

conckrtiaBige b{ ﬁ@ orEIIE itge p&fsﬂilhd: mtiem‘ct afheremﬁiayem(e gi, @r5d).is Eibhed
course the change in the absorption rate

ociinee 16 chanel Ty ne Sogor g o 1S s 8 P S

one é{lra(g)l%faeboq% lexleometgﬁalwg%WAr{aﬂle{Eﬁﬁ RowkH) I%Qte!rlayﬁfay %%1 be

0 p0|nt si gna
empld §&d. ﬁﬁﬁew@@ Fﬁ@ 12@%\/1&331&3 B8e E’ﬁfﬁﬁlﬁﬁﬂ@&/y&%ﬁlﬁiﬁ whieh the via of the

anot her advant ageous appl i cation exa
dual-dpwagcerd is formedea amuglrtale%here@}abi?aka n%bWFlﬂ ng ggployed.
generate an endpoi nt SI gnal in a | ow K dual - danascene

apRl Eﬁﬁla[% ggrecﬁVéHITr re)g@ﬁ%eth@’ﬂﬁ%nﬁ‘oﬂ ﬁ&WViﬂeQ ﬁﬁ(xﬁéroi@ advantages.

di‘'spose ove anot an ex sone dual
One ﬁ@rmmn@ siqimd; fromtth@n@ afay endppmht@ngntmg%yexayémch does not have to

K b ES ht |
e PR RO AT L e
endpeﬁy s@ﬁ‘alf LIRS dﬂu&ﬂ‘@n %?oin@-ﬁ@’{eratm‘gha)‘e@ id 88 ath fedt¥d BEhuse such

disposed in the ayer. This arrangenent is
endpbmagelmmemgula;ee cirhlee cﬂasr@ed sushlthat¢hegajsdiile mmebe:tonan the overall ¥

el B VR . s o
usefll i 8idl QarhhddBn SR wﬁé&e EPIHCI“@%Eé RAGhEbIHR o8 dielectric film

absorption rate on the <concentration of CO or
stack¥an cbinptosnigoths |siab1e’siab1h¢betoennt1gam elecuivel dedapsr (e. g.
GsQ is etched 10 through, or when the etch proceeds

LoASofa e aregts oY Blinieh bl iohmeui A B SHRERR
gene?a"t'l'né %Elesﬁ&%é EndpRlfIdeAdratiiylay@hid ndi@eqeRBhOYEH ensate for over-

kew’se, G i s 'provi ded as one exanple of a | ayer
etch. \Azrhm usrpavﬁnu&anlytadeamaeeom inthedergj hagh @mmlﬁén@hcgﬁ@r@rme features
al t hou n rswtalela r
o ke ol ARy G T v IS P B AR such pigh

densitjﬂ YSIHchiRIhs P A@\Idn{ée‘fs tH@ﬂ’ﬁfséXU@et@!ﬂMﬁ mdchgigse and/br &Quéprkey can detect
advant age stens fromthe use of an endpai n} generatf

the change during ptehing.gbe thigknessafdheg gnd-point-generating layer and/or the (%fference

between the etched layer and the endpoint-generating layer may be as minimal as desired.

Furthermore, it may cost less to provide the endpoint-generating layer. A lower cost
material than the etch stop layer material may be employed and/or the process to dope or

deposit the endpoint-generating layer may be less costly. In some cases, fewer steps are
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have the selectivity and/or thickness requirenment of

an etch stop layer, in generating an endpoint signal.
wabh®4038380f such an endpoi nt-generating | ayer PGI/US2003/033706

advant ageous because such endpoint-generating |ayer

can be designed.such that.there is little pertprbation
requffe oRgeed, Bp PO KraP AT BRP P et eaBEE ot idgpgfied t
depoSH G181 el st By AC 1Tk, Thd fes@ifant AfoultivhdD 8 @€dted thhH shottér amount of
. especially 20 useful in dual damascene integration,
timeghdpewih lashepstase in the overall K of a dielectric

film stack can conprom se the stack's ability to

m : | . t

F1 ARB R (B ARh AP bt b SSLACET Lt B b Bments,
thereedrel pledrations geenenationg ahdygivatdntcehith ll within the scope of this

. endpoi.nt -gener at i | ayer_.js not required to .
invegin G RO HE R GV L Lol RS PESTHES Flaen o injprpreted as
inchagxgégts OL DS ati Fhs RAGUALoRY, FiY LRRRIdNYs dsEaiR Wi’dhhphﬁE k@B Spirit and

eatures 25 are Increasingly scaled wt

scopaaf theweendesi gn rul es, and thinner film stacks
facilitate such high density applications. As |long as
t he chosen detection techni que and/ or equi pnent can
detect the change during etching, the thickness of
t he end-point-generating |ayer and/or the difference
bet ween the etched | ayer and the endpoi nt-generating
| ayer may be as mninmal as desired. Furthernore, it
may cost |ess to provide the endpoint-generating
| ayer. A lower cost 30 nmaterial than the etch stop
| ayer material may be enployed and/or the process to
dope or deposit the endpoint-generating |ayer may be
| ess costly. In sone cases, fewer steps are 17 WO
2004/ 038788 PCT/ US2003/ 033706 required to create the
endpoi nt -generating | ayer conpared to the nunber of
steps required to deposit the etch stop |ayer. Thus,
the resultant circuit may be created in a shorter
amount of time and/or with less cost. Wile the
i nvention has been described in terns of severa
preferred enbodi nents, 5 there are alterations,
permut ati ons, and equi valents which fall within the
scope of this invention. It is therefore intended
that the foll ow ng appended clains be interpreted as
including all such alterations, pernutations, and
equi valents as fall within the true spirit and scope
of the invention. 18 WO 2004/ 038788 PCT/ US2003/ 033706
CLAIM5 What is clained is: 1. A nmethod for
controlling a plasma etch process in a plasnma
processi ng chanber,
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conprising: introducing a substrate having thereon a
| ayer stack into said plasma processing 5 chanber,

w@ aiod/ossager stack including a first |ayer di sppSEUS2003/033706
above an end-point generating |ayer; etching through
said first layer and at |east partially through said

end- poi nt generating Y, e nonitoring an

absorption rate of a Ilgﬁﬁtgagﬂstraver5|ng an interior

portion of said plasma processing chanber, wherein
Vnmeg%ﬂuﬁg?wp0|nt generating layer is selected froma

material that produces a detectable change in said

absorption rate when etched, said end-point 10

gener r..bei racterlzed at | east qne

of Aanﬁng@r Sﬂﬁ’?"a\]ﬂ}%&’eﬁ f}’g%”f‘f’ce ShBrOSTE AL RE%ma procesting chamber,
cmnﬁﬂﬁg.cterlstlc, said first characteristic being an

I nsufficient thickness to function as an etch stop |

| aipgodaing zsaibdtr@tf: bhving thezean @ laxse siaek inteipaid plasng prasessing

n |ns i ent t . . )
i B it B SRR R 5 bl o B9 sepeg e
aSet&ltﬂingi tiRbwedh saidofrsl Ry@Tand ardasy paeinRy thgughnsakhnshdpmiinttgenerating

i gnal upon detecting said detectable change., 15 2

layenwlelerm@mtmm@fan@bmrmm wafee @ilightbgam wavesying gy igerjog portion of said
plasnéa Hrmrg%stsifn%%ﬂ%.rgberow&re n rregld p?onr% ggﬁérgtlnﬁgger@%éqected from a

mateﬁ@ﬂﬁﬁt@irbdig:eé ayeectabit ehdngk imhawd aftgo@tloh wtewhnn e@hek stid@nd-point
a K val ue associated with said | terial. of ,said

genefating ﬂayplakﬁépg Chraderize Y ALl RB AP ] acﬁer ajacfpistie ppd @ spoqnd

chargc'tééﬁﬁc sBM st &ﬁa@{eﬁ?ﬁjﬁ e néﬁﬁ’é&nﬂﬁfcﬁﬁés@ ko fi8@iiéh as an etch stop
nt generatin ayer 1s formed from an end- pOl nt

layergfenmchetchlgg,l sajdesecomat @mraaterlktm/bem@ @ insuffisieathseicativigy to etchants

empIBiH) P R G AT Py RO 3y 31 CL SORTE T Saog of
¢l gnBatin¥hs bRd- o1§1f"é1§nefl g&{ det@NiBE shig deREEBR ch

lowi1c nmaterial, sard end- por'nt generating ayer 'S
f ormed from an end poi nt generati ng | ayer materi al
in her . x .val ue aI ue .associ at ed
2w o Baec Phitas i id BRMelhs it SR Efo P e, seid
- r b a
end ﬁ@ﬁ%ﬁeﬁgg gﬂs‘i‘s )%‘or%lﬁ Sghpaégfﬂvc\l&edﬁ geh&aﬁi?%ﬁg Bhatefial3Rb g
lowet RoBIuS ithed. a 1 9alWDaROE 4t O BB 38id PGSTHUIBIBH S dffsalﬁ(ﬁi“siﬂayeTh e
met hod of claim 1 wherein an end-point generating
| ayer material of said end-point generating |ayer is
3. Sl T%Ft}’lo&j b8 {rr? hleﬂn a‘i’d ﬁlgt ﬁ?ﬁllﬁ Yo ngeﬂx%atenal said
first Tayer eria sal Irs yer sa
end-goitt-dea¢atingkyeriaforngd fimyean enetintaendrefimglaged maiblea:l ]fmmng a
produce sai d detectable 5 change, when etched wnt@
SubS@n%%Wéﬁml«w L] Wlﬂf’eﬂﬂ 2 VHBe W?ﬁ%& witgsaiglowrigrpiefiphgt said fust layer.
characteristic and a chem cal characteristic of said
first layer material.
4, The method of claim 1 wherein said first layer is formed from a low-x material, said

end-point generating layer is formed from an end-point generating layer material having a

higher x value than a k value associated with said low-x material of said first layer.

5. The method of claim 1 wherein said low-i material of said first layer has k value

between 1.8 to 3.7, inclusive.
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7. The method of claim1l wherein a chem ca
conposition of an end-point generating |ayer nmaterial
w@bhoogassisend- poi nt generating |layer is the sanRCHBESH03/033706
chem cal conposition of a 10 first layer material of
said first |layer except that at |east one isotope of
at |l east one elenent in said chem cal conposition of
6. sallkt retodof tlhingenderin aderndayoiit gepdratingllayd¢rnateriilofiesld end-point
in said end-. point generating |ayer, a congcentration
genegfing aygr ]éﬁhg]iltg’o@@fﬁ@nb@lS%C@Qm?t%?(@maf%dotoﬁ‘rféraﬁéiéeréléart?flal of said

first ﬂgé %&ﬁ%ﬁp%@%%@%mg %géﬁh%teﬁ%\%e s@fesit% ng)ﬁ{ﬁ%gsaaﬁcga&éctable

changmwhﬁi etchedtwitloue subistanti{]y) deaiating fioth @refias eicopreal characteristic and
The et hod of claim?7 wherein said one el enent
a Chqngcalll ;9gqx6§%‘i’15t’(cl-‘bf S%}a dirg Javer weterighst one i sotope is
deuterium 2H. 20 10. The nethod of claim 7 wherein
sai d one elenent is oxygen (0) and said one isotope is
7. onkheghetbad gfaqualwl @\mm)n zaq:i@nm@}« g@mpqgtlc(mcg@}n endpoinfigenerating

layer 5598 o -G $SREBREIDE 48 e ST Dol L ¥bn ofa

first l&ﬁ&%ﬁter@eﬂ &f Sdill ified May3PexiceS that al Rast bAe isveipe e ableakt loat Blethent in
erein a chem cal conposition of an end- point

said ¢heprah compositicyelrsaidendmobtt gererajingdayen enagsiahts enriched in said end-

pomt%ﬂ&%%% ﬁgelj §¥&{ceht?at%ln ff?&& rcHle sB\%ng @ellﬁE g&f%?e!nt to, prodl%ce said

ard f

detedt@](ﬂhangawﬁercmwlbmmcgmaalutg laperd$ etshédd end- poi nt

generating 30 | ayer being selected to produce said

det ect abl e change when etched w thout substantially
8. b L e R R Sl Pl BRRRAL) 281 84 6nMBtope i
Be, rmt erial. 20 WD 2004/038788 PCT/ US2003/ 033706 13. The

nmet hod of claim 1l wherein said detecting enploys a

direct absorption neasurement technique. 14. The

9. ”efﬂéqget%d &t @him ’ﬂ-&lh%ﬁlrs%icfbré%!léﬁ‘iéﬁﬂs%f Sngsiucﬁat least one

mul ti - pass conflguratlon . The "net f claim

isotopiSisiatedum “Bai d det ect i ng errpl oys a singl e-pass

configuration. 16. The nmethod of claim 1l wherein said
detecting enpl oys frequency-nodul ated specstroscopy.

10. 10The method of claim 7 wherein said one element is oxygen (O) and said one isotope is

one of oxygen-17 (*’0) and oxygen-18 (180).

11.  The method of claim 7 wherein said one element is silicon (Si) and said one isotope is

one of silicon-29 (**$i) and silicon-30 (° 0S1).

12.  The method of claim 1 wherein a chemical composition of an end-point generating
layer material of said end-point generating layer is different from a chemical composition of a
first layer material of said first layer, said chemical composition of said end-point generating
layer being selected to produce said detectable change when etched without substantially
deviating from one of an electrical characteristic and a chemical characteristic of said first

layer material.
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17. The method of claim 1l wherein said detecting
enpl oys wavel engt h- nodul at ed specstroscopy. 18. The
woredohosB78§ clai m 1 wherein said nonitoring enpPOlES2003/033706
Fouri er Transformlnfrared 15 Specstroscopy. 19. The
i.m erein . detectin | oys
caph e Gt S wberi ik Ieas SR A BRRIGR m 1
meamﬁe@lltfécﬁﬂhgefl rst layer is formed froma low'K
l'uorosilicate 20 glass (FSG material. 21. The
rret hod of cl ai m 20 vvher ein said end-point generating

14. naa’%(lzei,lingt?lo% 8{/? ﬁlén LZ{ 1n s%ﬂid d té%?m b I%gg %{dqu—%aés%%ﬁguratlon

e XVl % Rak
associ ated with sai d low ic FSG material of said
first layer. 25 22. The nethod of claim?20 wherein
15. saile wethodef elpiny Ehwhereingid dejesting gmployFra alngmﬁ%ﬁor@“walraﬁon-
poi nt generating |ayer material having a substantially
simlar Kvalue to a K value associated wth said
16. | OVhekmEiBGl ofitleim hiwhefeisaididdiedting einploys fi3quaBy-nidulated
nmet hod of claim 20 wherein said end-point generating
SPECHESEIPYi s formed from an end- point generating |ayer
mat eri al having a higher K value than a K val ue
associated with said low ic FSG material of said
17. fi Tist méthyéof @AMNDWRERH GRBIBRIRCTMPIRTS 084 €l885thanoddated
'{he net hod of claiml1 wherein said first layer is
SPECYIOPHPY- of | ow- K organosilicate glass (OSG material .
25. The nmethod of claim24 wherein said end-point
generating layer is formed froman end- 5 point
18. g eﬁ@rmcﬂlﬁg of elgiar 1 mhersin said manitarngenrdaysitortionTigastormanfrared
g eCat < 0aI ue associated with said low r, OSG material of
PECRP & rst | ayer. 26. The nethod of claim 24 wherein
sai d end-point generating layer is forned froman end-
poi nt gener ating layer material having a subst antl al lf’ i
10, o Fia asthed obelaian | §arei S driechiss SEPITEE CHGah e fechnique.
| ow- K OSG material of said first |ayer 27. The nethod
of claim 24 wherein said end-point generating |ayer is
20. f oTHERdetho BT dfinenehhere sald fieniayatis figmed em aRiekifRbrosilicate
havi ng a higher r, value than a K val ue associ at ed
glassF86) matedial onr K FSG material of said first |ayer 15

21.  The method of claim 20 wherein said end-point generating layer is formed from an end-

point generating layer material having a lower k value than a k value associated with said low-

k FSG material of said first layer.

22.  The method of claim 20 wherein said end-point generating layer is formed from an end-
point generating layer material having a substantially similar x value to a k value associated

with said low-k FSG material of said first layer

23.  The method of claim 20 wherein said end-point generating layer is formed from an end-

point generating layer material having a higher « value than a « value associated with said low-

« FSG material of said first layer
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28. The nethod of claim1 wherein said first

formed of a | ow K spin-on organic (SO0 nat
wab@4msi7BOd of claim 28 wherein said end- poi nt PCT/US2003/033706

generating | ayer is formed froman end- 20 point

. ST BrneP b 35 LBecin o1 B3 IR S ot aels

| ayer is
erial. 29.

val U

vy:rﬁtogga[ngﬁﬂsefte glass

(OS@ﬁtheﬂélrSt | ayer. 30. The met hod of claim28 wherein
sal d end-point generating layer is fornmed froman end-

p0|nt generatlng | ayer materi al

" obbctets R Ao Bkt 42

OCI at.ed .25

DR EEnctatite gy

haV|ng a substantially

Wi

I, %Onr?e? :‘grgal an end-

pom@éen&laﬁh a9& WheAihavisgiadowsde PRidihal & ReMhlel 2ghciANEWith Said low-
formed Trom an end- point generating |ayer materi al

k OStamietegalaofishighest layerval ue than a K val ue associ at ed

wth said low K FSG materi al

of said first

| ayer 30

22 WO 2004/ 038788 PCT/ US2003/ 033706 32. The net hod of
26. Cl AhdPhdihb @bt Qi E@Wﬁéﬂeﬁﬂ sla{a éﬁﬂ%&rﬁ 'g@ﬁbréhﬂg 1@% i§ RI#16@ from an end-

for generating said |ight

beam said

I i ght beam bei ng

pom1s@nemt1@latyﬁ 1hafma1a‘navmg alselp@mulakip pinvlei nevaluado am value associated

bsorption.  wave

with g SO O PR SR kel

abl e change. 5

| asma speci es whose

33. The

met hod of claim1l wher ein said detectable change in
said absorption rate is responsive to a change in a
27. COlponethod ofdlaion?4 wheaindaidrendspoant gpearatingriaydr isfurched from an end-
pl asma processin chanber .
poinigarraiing lexeanafena bewbe 8 highshy ¥alus theaiads wluosspeiaisd maihesaid low-
to a change in a HF concentration in

KFSQ&?%E?%Eggﬁgim%‘??ﬁon of said plasma processing

chanber. 35. A substrate configured to be etched in a

pl asma processi ng chanber,

conpri si ng a fi

34. The nmet had of cl aim,

rst |ayer,

28. anbhensethed efwlaipol whergarreidfiishigydrdy ﬁmnéd opdlurrkispinogp organic
(SOQ@a'%:f'rSt | ayer, said end-point generating

%elected froma materi al

det ect abl e change in an absorption rate of
beam traversing an interior portion of said

29. er@é@@h@beM%le%ﬁ whetein sgigi cadaeint spuraingdayrs rlfafqrwgd from an end-

ai.d end

point g Shinlaf SatE RRbSe § Al

KSO%%ﬂﬁgﬁ/ﬁglfﬁgqé})ékty conbi nation to function as an
etch stop layer for a plasma 20 etch that al so etches

t hrough said first |ayer.

ol N

IKCYai (%ﬁerfr? 5 %tx)apu% asﬁ%?antem R Shid low-

| ayer

t hat produces a

a light
pl asnma

30.  The method of claim 28 wherein said end-point generating layer is formed from an end-

point generating layer material having a substantially similar k value to a k value associated

with said low-x SOO material of said first layer.

31.  The method of claim 28 wherein said end-point generating layer is formed from an end-

point generating layer material having a higher « value than a « value associated with said low-

k FSG material of said first layer
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36. The substrate of claim 35 wherein said first |ayer
is formed froma lowi< fluorosilicate glass (FSG
woraioe03sIB8 25 37. The substrate of clai m 35 whe€EUS2003/033706
said first layer is formed of |owic organosilicate
32. gl ABSme i |
hor o o O s S Pmpl R PRAE el ki Phegting i
light egransaid liglsbeymreingrsekbted 30h82.a Wawekngtlﬁq:pmmmaﬁﬁgw figorption
a nmethod f.or etchln throu a lowic layer
Waveoffgg%ntgﬁé%aﬁma&?%%% wiBse BIOSERER rigggpia %é?t?ﬁja P Shnesd
above an end-poi nt generating |layer, said nethod
I"rig)rl Si ng 23 WD 2004/ 038788 PCT/ US2003/ 033706
bioAgf alaimy 697171163@1@ stid ietegtableshauge is adid absorption rate is

lespﬁ*sf“’é‘*%%%%% A PRSP BE R el 307501 o B e Processing

chansei.d pl asma processing chanber; 5 etching through
said layer stack, including said lowic layer, while
nonitoring an absorption rate of sai d Iight beam by a

34, di Sﬁ&ﬁleﬁga gF Qlta 1?1 VHE???H Eﬁ%%ct&f %1 F%@n sec#ﬁ‘ilcif lia% is

poi nt generating l'ayer Ts se

resdeisa/b t@a obange sn a Hiedoacémtaltion (ilhﬁﬁkgﬁltérfbr paitidn ARs@MshRprocessing
h rate when etched, said end-point generating |ayer
champPer.-ng characterized by an insufficient

t hi ckness/sel ectivity conbination to function as an

etch stop layer for said etching; 10 and generating
35. a nAéantm qonfigingrdd beipohedliatagdssnrgpreedssing ehanbabt@nprising:

P ga'40 The nethod of claim39 wherein an
end % H?Tﬁg%eratlng | ayer material of said end- point

gediedndt ponst deddi@iing By8l disidsbybdbh sSenk: 1h d end-
st o chlporretéry congpa?]ed g?sa Pow i ¢ Iayer%rrrasfaclar?ng poljgenerating

layerdpingzelecied iront a mayeasial th@ﬂ.pl ot[ih@s aeteteothblsfchahgs im aﬁ(hbsorptlon rate of
a hgl‘}lﬁ'fﬂ)%grﬁ U,%,Vgrg 11 |a§g€tﬁﬁgr:§otgu C{j%ln%g Eésls]g‘ét%?qﬁers\g ea'l sald_ end-
pointl ga:menaﬂng‘rhztyaf ik @tched, ssid eﬂdJ«p@W{t Xeha¥ o 12yl g HARCRBEAPEY an
%ﬁlﬁ Tgl m 40 wherein said end- g@@nt generating | ayer
insuf; wkngsg/selgetrvitypombinatien to Homat dredttly step leyksfor e pdasma
etch !h%t M?{l é‘[ghégfthl%ﬁglgsdlﬁ’wdﬁt?a i er ial. 43. T.he met hod of
clai m 40 wherern sai -'poi nt generating |ayer
mat eri al has a higher x
36. The substrate of claim 35 wherein said first layer is formed from a low-« fluorosilicate

glass (FSG) material.

37.  The substrate of claim 35 wherein said first layer is formed of low-« organosilicate

glass (OSG) material.

38.  The substrate of claim 35 wherein said first layer is formed of a low-k spin-on organic

(SOO) material.

39.  Ina plasma processing chamber, a method for etching through a low-« layer of a layer
stack, said low-« layer being disposed above an end-point generating layer, said method

comprising:
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value than a is value associated with said lowic
material of said lowic layer. 25 44. The net hod of

W@ L@u3388 wherein a cheni cal conposition of anPCT/US2003/033706
end- poi nt generating |ayer material of said end-point

ge{h%@ﬁdé ak ﬁﬁte'hsavfn fhet saftPlagle 1‘(}19%0 1ﬁt%|sa s?r‘?é ﬁrogessmg

Ic layer eria Wi C
changhece pt that at Ieast one |sotope of at Ieast one

el eman m cal conposition, of said

en%e“ﬁ& IH% a ’éﬁ‘ﬂ’ ﬁ’@ tragreses ﬁ%ﬂl&?rﬂ%{|P0F%0De<?frsa@rféeﬁmarfprocesmng
chan$t:d 30 end-point generating layer, a concentration of

sai d one isotope being sufficient to produce said

detteliba Birenghhmnbleyststacksmichhdipdejddowtc gae maile g itdyies an

abso}p%iogtrgclg %9 éaic% ﬁght beam by a direct absorption measurement technique, wherein said
end-point generating layer is selected from a material that produces a detectable change in said
absorption rate when etched, said end-point generating layer being characterized by an
insufficient thickness/selectivity combination to function as an etch stop layer for said etching;
and

generating an end-point signal upon detecting said detectable change.

40.  The method of claim 39 wherein an end-point generating layer material of said end-
point generating layer is slightly different in stoichiometry compared to a low-k layer material

of said low-x layer.

41.  The method of claim 40 wherein said end-point generating layer material has a lower x

value than a « value associated with said low-x material of said low-« layer.

42.  The method of claim 40 wherein said end-point generating layer material has a « value

that substantially equals to a k value of said low-k material.

43.  The method of claim 40 wherein said end-point generating layer material has a higher «

value than a xk value associated with said low-k material of said low-i layer.

44.  The method of claim 39 wherein a chemical composition of an end-point generating
layer material of said end-point generating layer is the same as a chemical composition of a
low-« layer material of said low-k layer except that at least one isotope of at least one element
in said chemical composition of said end-point generating layer material is enriched in said
end-point generating layer, a concentration of said one isotope being sufficient to produce said

detectable change when said end-point generating layer is etched.
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