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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
WBI20048)38BACKGROUND OF THE | NVENTI ON The i nvent ip@R/us2003/033706
rel ates generally to nmethods for nonitoring and
used in fabricati n% i nt egrated

MERHOD SN A RRARAEES HOR DHTE NG ENDPOINT
bl aord URINGTPYIASHEA ETCHING O THIN FITMS

5 filmstack. In the fabrication of integrated
circuits, features nmay be etched into filmstacks and
filled with different materials to formthe desired
circuitry. TBAGKGROQUANDRQF THE INMENTIONg, the
di scl osure herei n wll focus on dual damascene

rati on one exenpl ary fechnique, involving the
@ﬁ‘? Fyeyfong <ot graqralbico methadsdol OB oringaes §t>1@i5dlg ing processes

e
“Sedﬁfé?@f’“‘.%?ﬁg‘e‘ f"“%fa%%ﬁ% S} iEE Mo iRy e PRty Bl oo
methed rfolyiqt@tmg en emipoim dyringd plasmya étching of afikn wiaek, guch & chelectnc
film pg}gm nt is required. Generally speaking, dual

daftiscene int egration is used to form high-speed

wWiring interconnects in conplex integrated circuit

deln the fabribatichitdlintdaend ek asts] fehR@dsahdyost etéiedREDTEm sBls and

4\:’3’&%@ e formed. in a | ow ermtt|V|t | ow K)
fille HitErent gisgsialsdo form %ﬂ@%ﬁefiuc&rﬁm@w adac tha@@)ase afginderstanding,

the d%ﬂy@{ﬁ?%bféﬁ%lﬁf&hm?d&%ﬁasc%ega%gﬁh% 81%@8@%5 technique

or a spin-on organi

involviniREs etahidg of b Fild statlk. hit shquiebe mideastmidnkowsuet,tthdtltke techniques
sed to reduce the

t
diselpgdPeeibe nir it Y tn & famesorraiieoming gnd giay) aply to the
eichih@¥f dyME AR wieFein U8 Stlijofht i&dyGgegPar asi tic

capacitance between the nmetal rnterconnects. Figure 1A
shows a dual damascene stack 100 fornmed on a copper

i @@31@]2' speakings dual lamasceoe ntegreadiondavesd te fremstiglokpded wiring

. f h k terl

e85 0F, B gARIARER 0B8RS o AR e RPAH Ry oenes

and védsQlfe RBmME@BOY Rw-perhitiiPiey &W—K)‘fﬁ'ﬂt&'ﬁl FAYh £6 BRRbANER. %lass (FSG),
herein to discuss the spatial relationship anmong t

an orgappailisate glags (OR(P), pde BLPP&PK QL&@;@ND@E A6IRATs, adiarspiut-on organic

ORISR PRSI0 RASHR P B, i

coppd?as Wk fio tddace MY edsitMBOBNhS methl &ﬁé&'@&ﬁﬁcﬂﬁiés b&dﬁﬁ@ﬁﬁ\ﬂk material is
Further, not all of the shown 25 or discussed |ayers

used ipsadnog pemsitigcapagitanee petveen theanelaldotercoonectd. | may be
substituted by other different layers. | WO

Z%QgAl{rQ 38 BEwE gg{l&l’%&&?@c&éﬁg&q 00 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 incl udes
atop hard mask 104, a dielectric filmstack 106, and a

woi Fob4xssra8 barrier 108. The dielectric fil m stagl d@63/033706
| ncludes lowx interlayer dielectrics 110, 112 and an

dded hard 114. The .h 104 ) )
or SpEE 8 dHeL fagsetacriok B8 i Bides B Tan R Bk ¢ e iclectric
flm4SRH 106! 0 ‘atd‘ﬂfﬁ%'fér?ﬁarﬁérrl'oﬁp iThe di%[e%&f’csiﬁﬁﬁstédkdl O%fﬁaﬂdég%w-

omtted depending on the target applicatli on.
intediylef dllsleo‘mcbai 0,ilé2 and & pmbadded bard mradk dil 4 .aBhe toghi Haf dimigknl 04

o BB 5 R e B0 A BT L8P v s
maydﬂefohﬁﬁé Adihd 6f ﬂiEQ%‘gé‘PJppﬁéatl@h Clihe Hﬂﬁlsioﬁ%%fr&r 108 ptients

trench via etches, respectively. There are two
undegizplhie éﬁﬁwm&f atomschetivesh tanenpoeie and theginteriaper dielectric 112 The

e85 30083 M s A R ol

via stdhekeekpestivielhe dual - damascene stack 100 after a trench
is formed in the stack 100. In the via-first approach,
a brenchis attern {gpﬁtchedlnth
duAPEre SRFEOSRAED SPRIERC f%)'@ gamageeneqniegratign:astgench-firpiapproach

and §h§§ﬂ5rst]agproa€h | e We fo%@ﬁ’ h ifis Sdﬁﬁgﬁng@%&m in the dual-

I ntegra e gr sel I 'gned
damateermsitazkd 0P raﬁctes’sc;nch ns/fokmedinghe stecknl My Ih hlee Eadfiestdpproach, a

tncly§ PafFRiedang eisREd Bl oo fhate Sl ol s o i e im the
stack 1080 C1e881€brvman bproddigo aﬁzar&anﬁ%ne ﬁlt@gfw:;oilt 8led uBBE-Of or self-

1B-1D il lustrate an exenplary trench-tirst
aligngd dpmerspreproprss Jrvl eesatteringith prabeddes! hardprask dd é prier to

ol kG )8 COEARALI B AR S BB i

the stk 10y inadneRtepg t he trench mask 116 through the top
hard 20 mask 104 and through the interlayer dielectric

s PBAY ﬁ@%t%?ﬁﬁf Y Geng Tt Fiagiasige BigscwedhFigure
1B, Hotd%&%q n2hsk 116 ﬁgﬁﬁ%cﬁfp%&éﬁHs #d oé%%otﬁﬁlﬁh@%%k‘ﬁ'o@ A

atternis app on the“top ha
trenchiﬂ)& wédmd)mdﬂestadkamﬂ byretchinglthd irefchvuinasklA8 thisugivthedob hard

mash g o3 o O e a4 o Bt PPl b P s 114,

In Fig#e 1 Csthe mhagm@ﬂc (16 ufiFi qm RadBdehis@ipped 81T, ARl dﬁhotoreswt mask
gure ID, the ex&?sed ffusion barrier 108 h been

120 h@ﬁ@ﬁ@dﬂ@pﬁﬂ%lsaﬁp doan the mpé@sd magihtP4and the @cmacsd@rrqlr@ded hard

s 04522 a5 B B SRR 38 i e

stop lapérl 4hedd haekyeoditleetris U2, atppiig dnthe diffisioh bidér 1081e
trench 118 and via 122 are typi cally lined wwth a

LI KR RI U T L —
and tI'fé L) hﬁsﬂ?ZO% It AR AE) 12k bE’érf &%ﬁde@%fp atfcf &f 1205 %%&)Sit@%mto the

deposited on the stack 100 t ap the opper
trench 118 and the via 122 and polished 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,



10

15

20

25

30

WD 2004/ 038788 PCT/ US2003/ 033706 Figures 1F- 1l

illustrate a via-first dual -danascene process. In
wbizguressisk, a photoresi st mask 126 having a Vi cpaisb®@Bi033706

is applied on the top hard mask 104. A via 128 is

forared | st ack. 0 tching the vi sk . 126 )

t i L s oo o sy, LB 1R photoresist
masRi126 B&ifig & vialbhRerntih gpptieh o8 drdop Baird niREK 0414, via 198 {s'8rmed in the

interlayer dielectric 112, stopping on the diffusion 5

stack 409 bptchipg the via maghy 126 thraggh thedop hendgnaski 194, the ikerfaypodielectric
IIO,L)‘CE% ?ﬁlgé{fdgd Illg)dﬁa ng%ﬁ fgg,ea%d%irlg ig&glggerrgi%%%ctlgg ?%23 F“}?PP%lg on the diffusion

oresi’s avin
barriep p04. €l Rigurt B, thephbrrdisraakk (104 in PigitfeelFhas beba stifpped off, and a
100 b trench mask 130

formed in the stack y etchjng the
photorgsistgask H&%&gw&e&%ﬁ%fkﬂawpp%ﬁomﬂsm% g5l 04. A french
. i ot L
124 4 A4 ORI, 00 L R o8 B g i1
and thegntydaser distetit 1P, stoppisgomthe kmbiddedhaubwssk Hed t he
trench mask (130 in Figure 1G has been stripped off.

Co Yg [ de ited.nto th ia, 128 and,trench
To0P St . ke o ORao i ol Bely LS pryoriitd i §5 50 ecch
procéficandihtrdch rasdt ((3ERMgES 2GRhes Ber s®ipbbd off] TREpM1BY iR
erial such as tantalumto

mat e| L fgrevent cggé)er from
depasited it the viank2§ and drensh 132 ang pelished baclk tojthe surfage of trench132. The

i EA b 3 L D s 48 B8 4 S g g o
from diffasing mtwthedntedlayef dicleetrmapl®,l 120k Bighreddealblaakea ofididfasion
the, dielectric fil mstack

114 typically remajns._j
barrigh 35 i fppitedenithgstadh L0 orpaB s FoPRGEB%: ( he embedded
hard mask 114 is required to have selectivity to

et Ty féhch \WhCdr bYhpial thy eliBaed hiiatmdsRa 18 DA RN in the

mask 114 has a signifi cantlﬁ/ sl ower etch rate

dielestigfdmetpckd 06m eWhen userl ay en ctgh stop dayer, dhelarobeddedrhandingask 114 is

i ! . . I r S S
R S L L A S
114 hislaaignveantly tloevel eneh Xaté tingyakalte theinedriagér digisctrivi @: NCommonly,
raises the overall x value of the dielectric film_
mategiply yrediazsichmion lagperasgeh asSilNk er Sife fand|to haves high permittivity ()
dielectric,filmstack 106 .results.in_an increase i
valu B b4 8 ponkn I BHRE diicoib oh et vl £ e oftee
dielebhi@ FHhaGk 106, KhlihIese ithe 61kt RivaRi!cf¥R: didiBdtie filth statk 106
desirable to elimnate the high-x enbedded hard mnas
resultisiz aw increase Ingrsdsjticraapasitendetand compraniisesi thmatibtypeitlresitadkdo

» it . ) | of .etchi is 2
SR e RS BRI bt S £t
114 &g 10RE hadcd Rflc&ﬂﬁw hlth ?Qaﬁﬁ&@d Q%taﬂ@@. nﬁ&@'@&e‘i dontrBPof etching is

effective etch stop | aye Pt med- etch,  However, .

diffiquitrrdutn dhech ismmyeffeaties eichvstolylayaw yi el d because it does
not account for incomng nmaterial variations, e.

g.,
vakiations.in filmthicknesses fromo sta to the. .
noAHhE0F i doiiralihe HGPERERS Fitd 1 o SBablrtich b bt is timea-
etch. B¢ Wevies tingdrqetbinky Bive aovdly I field®REARe itlloes fdt abeduasfopf
. 30 substantially 1dentical 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
woppd4sB7sdi agnosti ¢ net hod that does not requi PEeTAR2003/033706

etch stop layer to detect an endpoint in an etching

pr | 0.:S4.n6ll e- I LAt erferometr a l.ight.

D SHRCor i Blobefetd PSR e RS W o8 o i Otica

diaghesfic etind thatgivas fotlrequitetan@tohatd lajdies deestinRadpoint in an etching
constructively or destructively to 5 produce a

Y 5 P
procgssy il inglerwavelengihdpisdenometiyen light bpam ipnieagtedamthe suface of the
¥ . . : ° ’
TR RS AS 56O E SRRl Mk AR S St o
prodpeccps®did istesferppefiingtn Wenamatdetaimedgumbbt eftfingss
cor S 8 RS e RO e i LG, B2l proces
is stdpped.| T RnkRI SBid lefle@RRS BBRTtHE BfieAREEGE hﬂ&r@rgl%%ﬁhtggfegﬂms) ina

endpoint. Further, the interferometric appr
dual dpippscere sestine maks/itdiffigdtouse thedntetferonretriminpyoachtfer desdcting an

yarl at kon Lt nmeasures relative, changes, in
et b P R e e aBiron P Bl iSSPty g ccount for
incodlingansiil Saridtions bedd@sd i iR@Rk A elatiReERinkSs 18 €St Wirflensions as

rreqt h%g for detecting an endpoint during etching of a
oppoped {a8solple fatum GURCISIOFR fi cant |y i ncreasing the

overall x value of the filmstack. SUMVARY OF THE

| '\M'éﬁ{rﬂl%rég%ﬂé} herd ié%%i%éarh heh ﬁﬁ"de{egﬁlﬁ& g4 Hﬁﬁﬁrg etching
to a method for controlling a plasma et process i
ofa J‘_é]rrpﬂasbmmi_ﬂpmb sigaificaglydhersdsing the beeraid ichatheiof dlefilesstack.
i ntroduci ng a substrate having thereon a | ayer stack
into the plasma processing chanber, the | ayer stack
including a fi ' n_end- poi nt
generating | am&i‘iﬁm&@vet chi ng
through the first layer and at |east partially
t : - ROL Ot [ I il.e .
o areokBE g BRLR Ak A, B3 ! of Sylling g lesma ctoh

procedss Anveeplsinngpracessing eharalser pOhé nethod findlitdes phiadlieing a substrate having

grog;ssi ng .chapber, wherejn the end-point generating
therepn,g yer gacdkdp@dheplasmpaprosessas ¢pamber: thafaysy sarkdesluding a first layer

dispogﬁf &plakh &;d-?cﬂg A el.iaﬁn% %?Fla b rn’i’étﬁ&q:alg&'ﬁlglu}ﬁ&e&%}ﬁé% ﬁﬁ%%gh the

The end- poi n rati ayer is characteri ze
first lpyeagnd atleasd partially thsaughtiber enclimintseheratmpllagersettitentonitoring an

LA S S THbtbt i RSPt e eppns e
wherdia iRl enti Poirt Ren@4tidl 18k iddRbcted Frobes RatkridPthat ;tmrod%ces a detectable
y to

characteristic is an insufficient selectivity _
changgtin therbsorption wjeewhenetehed nThapndumpintgreerttinglaydrdy earacterized by

' ) T had N
tca E D QR b nd L RVl HIRTIBRE parig s
insuffighen tideltress forfgndtiog aslei ech sibh tayeNfon g etdHing A0E BR second
enbodi.nment, the invention relates to a substrate
charagtgpistic 4 atpsuificisat seleceity torptehanisiemplrye foetels tireigh the first layer

to funkfi e etbh @tog ;@'t%lf L’gﬁeemietﬂgé H&ﬁﬁoﬁll{( Eﬂcﬂdeg %&?erraﬁn%rbgl e%ﬁ-point

end- poi nt gen
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

4
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generating layer is selected froma material 4 WO

WP &EE88 PCT/ US2003/ 033706 that produces @cr1/us2003/033706
det ect abl e change in an absorption rate of a |ight

beam trayversing the plaspma processing, chanber when
that prrduggid figcibledapgciniapgbsaptin s edightbeapyisaversing the plasma

prod oo R 8k oRP polnPYeraife FSF SEkEEL 2P 20t ot gonerating
layef isrehtiiackrizasl yrananaifficisntdpickzeps/seléativitp cphbmatiorsodindttvatas an etch
| so.etches through.the first | ayer. I n yet anot her
stop g0 G AR Gt Pk i PEpuat e st Totac hod, 1 - a
pl asma processing chanber, or etching through a | ow K

| ayeyet@hothel @yiRidirtéracike ifvotidndekates ta alethd] MG ShSRPHRbessing
above an end-point generating |ayer. The nethod

chambeg) reechinghravgh eilows-dayanio e layeestacky thedowtihleyerdieingdisposed
| tack into th i hanber .. Th .

ool g T e L B R0 BB S i

therdonal € @SstaR ihiD RS hlemPSbedssiAg Bhanhtte, Thefidthol TOGRS Shdletes

chanmber. 10 The net hod additionally includes etching
genergtingadieht hean thakiraversgs Rn infesior pertieg of He nlasma rro¢essiag chamber.

T e e T

whilt i@ nioingd@i disoeos kaé bNfe lighttHeambysalifet fdofptieimfasurement
mat eri_al _that produces a detectable change in the

techrigas Pheredhthesné-PRmE ensrat g deyersscleriad Hormt mgterial et prgduces a
: r | . .
doteg FME poRe PEOP BB sl Mhpbf Qb R acporating Jayer s
chargtierized by pn irfsuffayent tidknetstseleetivityl cogabidktien nefumotiod &y dnheteh stop
I ncludes, gengrat | n, end-poi nt _signal upon, .
LeyeidQF e IRy PeaREEt e TRebdrsEenerh “Roitsiensl upon
detedtBUM &3k atuant ages of the invention will be
A

ISscussed in nore detail in the follow ng detailed

description of the invention and in conjunction wth
t hEhese g1d oipnigatireygne advappearaiithe DEgERNPAINGN dirussegt in more

cerif UL RIS lEa BRI T ot e Nt Bl vt e

folloadigpofigradryi ng the drawi ngs, and in which |ike reference
nunerals refer to simlar elenments, and i n which:

Figure | A shows a dual -damascene stack prior to

form ng r a Vi 5 Figure 1B shows a

trench r oBREK DERCIER Tom Rk THEBRAVINGS, o1 o
Figure 1C shows a via fornmed in the

1A
o AR S ST Y R
figuréd dck@tlpayirdy the Giapeiigs, and in which like 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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5 WO 2004/ 038788 PCT/ US2003/ 033706 Figure 1E shows a

bl anket of diffusion barrier deposited on the stack of
wbi meressissD to cap the copper. Figure |F showecagz2603/033706

fornmed i.n the dual -damascene stack of Figure 1 A

Fi qure shows a tre forped, in the dual -damascene

ot S i, Fhoyty eblppket g f%%aﬁ}f”é baFiox fkawsitach@ s steiet Figure 1D to
capﬂfe%egébrpf_ Figures IF and 1G respectively, filled with

copp Figure 11 shows a bl anket of diffusion barrier

deposited on the stack of Figure 1Hto cap the

C os?;mlr@' 1F-phpiivsen via §ivogd imthe idual-dameseent sterk et Rigueenl A

endpoi nt-generating | ayer according to an 10

e is [ c
or TAARCRE s Bl 4 Bk A 8 Bro dia st dack TFUHEL.
absor pti on neasurenent apparatus according to an
e nfarandi shafs thi wial and drenheloof Figirgs i e a®Bl G sregpestivedpdilled with
of an etch system equipped with a nulti-pass direct
COPBfsor pti on rmeasurenent apparatus according to an
enbodi nent of the invention. 15 Figure 3Cis a
SCRRARY 11Gh6¥s aBlakétbf SfRisRm e MBSshited b thR seRKof Figure 1H to
ri ng-down absorption neasurenent apparatus. DETAI LED
cap theSermeRTI ON OF THE PREFERRED EMBODI MENTS The
invention will now be described in detail with

re ﬁﬁlfﬁ A;1h M : l.‘?dﬁg |%Ig§€11 .

il F r a%é}g‘gi “n bédogclg%ﬁp&@lgﬁg? ﬁg ?g ngé&gi I%jz*?rﬁgcordmg to an
embbdildentdfiihe owamtionpt i on, 20 nunerous specific details

are set forth in order to provide a thorough

t.andi f th [ tion. lt wll b t
OREYE A s Sl em i S sqppbed bk « et PRGR e,
absoffiionRifcasRERGAt d?gﬁaws biQding &% @hbadither? fof iHRGEFention.

specific detai I.n other instances, well-known

process steps and/or features have not been descri bed i
i nFigareal isiascherpatic af gn gsh stisiere easipned With a pudiinpass digect absorption

' Lon. . 1 he
meaglnfﬁ]%ng%{t Fgﬁr)fr a&u@;&ﬁé‘%@g@ g? eungg@%}aggfdﬁ %ﬁf&rﬁﬂé@ ref erence
to the drawi ngs and di scussions that follow. 6 WD

20B023R7R8& ehemdtis20a8 2R 3¥86m chmppalwithl a nadtywiigdidome
aspect of the invention, there is provided with the

abso?ﬁtﬁﬁﬁ‘%qaﬁgﬁmﬁwaﬁﬂﬁgﬁﬁi 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 undersiood 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

woereze3sms of parasitic capacitance is an i NnPOWCANIS2003/033706
consideration for the use of the low5 K dielectric
material, the, end-point generating |ayer be
se|I@é@ceédap%mthﬁ%?ﬁpawf%E\}Pﬁamaﬂ» IRt Provighe et the, flm stack an
: bferat R yer. b 9lh spliy@RF th p¥iet HE thé ERPHSint generati
end S sbferdlhdfyer. CUnltb Blth lopfiyd ty and thi JHe Safpbint generating
layer dopsinothevetts hte the maguisite seleativity bnthickaessitb siipribnetching. In fact,

sinc}ergge? 1%%.{6; 81[1] %ﬁﬁﬁﬁé&a&ﬁgﬁngg}s%gﬁ%c% Ictgt}%?c%{rﬁ%o' -qu#h% &< of the low-
K di?l%&:tﬂ@ HaYeéﬁl,ftﬁ@érﬁrﬁoi&tggh&m érndy R beldBRl fRfm hid€rials having a

ayer 10 being etched. The stoichiometry only needs
lowtroc vedueg itfefsame mt vaburo cigrhslightly highgex valus iwithehit dopsitibrtion for etch
det.ecti on .equi pmrent when t he, et cﬂ reaches the
seleghity sos Fhldﬁgﬁseﬁe&‘luffﬁ’@enltsa@épp thetihot her  enmbodi ment  of

the present invention, the end-point generating |ayer
MBY, HVENBIMEmSR TR theGRERhLiRVefOA8 bid-feinbnefitink (R may have

with one or nore isotopes. The |sotope type and

the sagstobpreicakienpenositiooukwith alightly differentstaichiemetrythsa that of the layer
ving BT O R0 B AR B A by

deteBditdqRipnigit iethe etoh radvhedibe epdrpoistt gametatinf 14yee. In another
present invention, the end-point gener ait [ n%l | ayer masy

embrdimenkoithe Preswih nveRoR. & codaropE srrsraing ey %Y%Eﬂ&f ame

chel88] CoMYBNAOEbARRRLEQNI StForthort HoRIRS, T o00pE B lotope

dopa voneRindtion sresehambddao b atlleas sufifiognstodtiggtrifsignehigethe detection
generate an d- point signal when the etch reaches ..

cqui PRGNSR FED B4R T TS DIt A7 46 e ibodiment of the

presflﬁriﬂweeﬁﬁbﬁ R en%?ﬁd?ntﬁeﬁf%aﬁ&%llﬁﬁem ﬁ%fha% d R EntIRBRIAL édifposition

ayer results in neg Iﬁl I e and/ or advant ageous|y | ow
fronpdspseunflitle lager bemngtetehedy Ehatiffexenge inibe lherpigal doimpesitivn ek the layers

b Bl ET P 0 S BB Bl
point 5ignA tabieh Ak $h fehehes fié-dp8ipdint gemedtRigilagr) ayer is

acconpl i shed using direct absorption neasurenent
techni ques. In various enbodi pents of the |nvention

t h&inlike Becpaientisnatairhistor]arerdhrerfromtsgraaaidielgy S s in
s P, B0y ) ARSI UL Wl v g s

any biér ﬁédlh_l’ﬂéeﬂl gléch)r dhagrie@b gropeities ofyihe ﬁlilﬁtst'aglg Iregterenit®diment, the
acco 1sne usi ng reguency-nodu ate S CIrosgopy..
deteptipryedthe ey PREhgencifes 4t léé‘f’?%‘gliﬁi’e‘f ¥ng direct
| - | I I. . d t -
oS BReBatCLRRD, B BRISARIAR et o e rcton
maybetperforinoed wsingtarsingl¢-pis cgniddurativn cadayltipass eafignwmtiongln another

AT Ve T
accolridiSed t@hg%é&ﬁén@%&ﬁﬂét&&%be@@%@%ﬂ%@@ﬂ&logkh@v%m‘édhnent, the

Fourier Transforim I nfrared Spectroscopy )
deteciaaf ostdinpathesrbpantseeaEng 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
woenervessissg Iayer mat erials or their byproduct gctsbéBiosszos

pl asma. The vari ous enbodi ments of the present

i nvention and their advantages better

FTIRawcatibtdngdlawn feghniges dbsuel 154382 §< fefting dheapesrgse of the end-
trat
poief e EBE 5L BRRAEY ik S Rn Rl 2 corai ng to

an enbodi ment of the invention. The filmstack 200

i nTherde®ouk iehlbodiia;eatssaf ﬂﬁl@pw@@ﬂinvmﬁoa@nd hepinsidantagrs gy bp better

I e 2 204 de of Ll
) S Ben B e B BB . o

illusBh bdses; Figrgh abSwd OB@ staskd 200 Hportingto @h gabbdiment of the
(SO arrpl es of OSGs include BLACK DI AMOND, and

inventiyal Therilarsick 208 s film dmigerc208) 20¢- averrexgpgple, (the film layers

202 2 GRS s P oty N BT FLY Aot USRS,

orgaﬁsﬁﬁé&téggss (O8%), ormeaﬁaﬂ@@ﬁoﬂgaﬁc {$00).| By@ie2FDS@Hihclude BLACK
usi n or exa a nulti-recipe thin-film

DIANERS il GO e Bsmpleapt S0 Iakiia SBei a0, AL &gHEa in ghcordance with
one Frﬁg%c%men I,ng t’c]gf: mvé%%nc% el:n‘élﬁgﬁ %f;alﬁﬁg eé}%{ ?%6gﬁ%g£b§adég L(E)l?he film

stack 003 elgl)ibatvideh thefivi lagers RO2 %melsuig'ifmhﬂamp]al a multi-recipe thin-film.
conposition as th fiIn1Ia s 202,..204 but .a sI| ht |
depagitiongresgss. 4105 BHr ?%‘Flefl% tiqny, thegfflinstack 200 Lo S%acﬁed ona
Ofine. Advant ageously, only a slight difference in
st0|ch|onetry is needed (the exact degree of
di fference depends on the sensitivity of the detectlon
t e ahmecpndaodnnlent,déc erdpiout-gerpiatingdaer aﬁé Loy én fikmg @%& the same

t t
oS3 Abh e PR AR A0h° 2 85l ANALERER B o
the ﬁ]hi lidfjrérélil@l 202! Ogdv&ﬁége@ﬂﬂy toaey esliphodificretioe gﬁnambmegy is needed
| ayer 206 coul be made of an OSG having a Si Ox

(the @m degreq erdlff@m@cet dependsoadhy sASIBYItHAthe Aetgeian i5¢ ue and
deteg%hd&lpe&u}? gen e]?l%?ecﬁ o Hb% G ’gﬁlﬂr ﬁl@tﬁ"ﬁém% the electncal d/or chemical

ayer ayer 20 ave
char@ctétistig lo¥ the filinf s‘t&k@ﬂ)ﬂ Fbm}mblpdn;rﬂierﬁlnf layars ﬂ@% 20# Iami the endpoint-

gene'g%égl%@%ﬁg et b of wEO S TRk & O PSS ARS the
(ﬂﬂﬁ%@% sﬂ C Vi U S i1 TE BariR 81 elasen id 18 eﬁﬁkﬁiﬁlﬁ@neratmg layer
el ement

aving a different relative 25 proportion
206 tmblkedapar@p6 have gyslightlydiffegent sipiohiopagryslem thesfilar lepers 202, 204.
gases Typlcally, t he etchant gases include oxygen and

oL P e e s AL B R b e o pencring
an eﬂdxﬁbﬁﬁ ioh&Rvddld tHea d% anr’the d&ﬁﬁd&a&bleﬁ@nt(@)}lﬁm@()ﬁdlffmeﬁl relative
and/or H, then a einthe COor HF p

propopiasiie dhecandpaint anerading Saver $6 apdiibroeieinny aﬁlﬁeﬁg’?mleﬂ ¥nthe etchant

gaseg énch}é!t%z}gy%ﬁ%loatng%%éﬁé g?_l"lc_tgl g &9' ;s g]rib:gaﬁ#le 1|f§‘he5(!h‘%ﬂlllc%l element

haviRt agifferdit kddativeqrepartiomin thé m@nﬂ;pgeﬁdratggdeyeaaoﬁ ip (E aypd/or H, then a

206, but a noticeabl e change in 8
change in the CO or HF plasma species congentratlon 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

cop

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
woQaod/ssesched through or when endpoi nt - gener ®cTngs2003/033706

| ayer 206 is at |east parti ally etched. Thus, a change

in concentration of a plasma species of interes

conqenigationzpd thet G o i iarmes specishwanld bs obsarvediuhen lay%rrm@@?e’mhed

e LS i AR s SR A b, 200 1

detected, an endpoint signal can be generated. As
exfrhed, aeblare dw eoncbinﬂraxionhﬁagp@smlspetmtse)f authicsty 8el, fxyetch byproduct,

s8R e B SR b o PR B BRSSP
WhenNBis Chin®e hr¥@icent?ién 3 @i&ied, 29 éndpbit §fgﬁﬂrt% b8 ELRGHERNAS

of the i'nvention, the endp0| nt-génerating | ayer 206 is

explainedhahove,thisichangeteauidrhy achisvernemeliagihestorchiemsiny of the endpoint-

A Y L e L e

204 substantially nodified fromthe natural or typical
proportions for that elenent. Note that the natural or

typ| cal | eve of t |soto n.for enric t . .
Inzgother gmppd Gt ReARiseneEng Ly aps is a thin
film !h%é&ﬁ tHshiAb c]ﬁéxﬁlcﬁlrhrléxﬁéﬂf?&tthe Prn%ia%ﬁ@oz 2046t %ﬁﬁéﬂéheﬂthan

I sotope In e endpoi nt-generating layer 206 is
isotape mmiltthﬁl 1mtopxc pmtphmoﬁls bfrthle alemegt are sehstantinldy nmdr,ﬁqdéiqnm the

nato] O SRR Ao S L L e okt el B B ared g5 5 Pile g the

1soto%é ARREE for'eﬁnl:ﬁiﬁeﬁt inhd P He¥RY & noBBéro iR Me élfdidpdlﬁl%eneratmg layer prior
poi nt - $ner ating | ayer 206 are made of an

to embmntg 8r I@blmzthe@@mlwﬁumqtm lnttheewdmt-g?nerﬁﬁmé lasivff:1 20eis

R DA AT -
an isotopPpf a cheyded elehent iy filmlayesr202 32041 Fo) exandfle, if the ﬁlm layers
A e Sk A e
com%:%ﬁloﬂufhgﬁ? ofe Eglﬁrb?ﬁﬁ:t foﬂﬁwg@ Rs iR 9?15]& b? 'ﬁﬂ\qéigggﬁ’ Hieqandpomt-

en Hepen e enric ISOtOpe 18
geneestinip ddyet 206 embbnﬂBrﬁ Ch,aleeteri2@a HindD), eery gere hAA{O) asp@n 13( 0),

sitcqiifht b PRCHBPR DG Fhyer 206, t hon 130D or DF woul ¢

be nonitored during etchlng of the 25

engﬁﬂh 1agﬁm@t51§hg,rta meﬁﬁﬂm@d}e@ﬁﬁl‘i& Pirp&de@T@knerating
coul d gener at ed g@'ﬂdl n the concentration,
an e@pomwaé ek thgn dencad o8 ahe qnrichasisotapale) inejnded infhe endpoint-

genegatlg layer dé an*aechf? B3k Yggses pg@%’kar%glteeﬁ‘ aip Qlﬂi!(%lrﬁ is 1tncluded in the

-genera |ng a signirtican

endpeRngeitidtagilayer 906, 1&@0300 or DIF wouill Be aminjtofed doking etckithg of the
when t he endp0| nt - generatl ng | aye 06 is et ched In
endpgit-gencgatingteyes Ao diten endnoid sige DefisTpgieg yhen a change in the

13 r tecdaPBOlng 11 d¥bserved
conc?rﬁfgﬂgin gge@}%ﬁ){?@ ‘Jiﬁcg IEE ﬁgeb encf'[ Ig)l %‘i;gﬂgener at Fﬁgﬁ} ayer Serve
prior26 étching theeeridpbint-geneeating Qalyer 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
wD(0d4/@33&888 PCT/ US2003/ 033706 enbodi nent, onecafusbiB/esiios

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

I sotope and the endpoint-generating |ayer 206 may. be
embodiment ¢ne bf g dasees (20Aer 204) ey bgaeed 05 eibed whkg kg isotope and the

th nge tA t he: egl ' r :
endilgeRRRGFLY B Bod) v i) ARHRLRECAL B b A iibhdiments, the
con@REHRUNNS tlsd glacha specied ofitirdsels reoriodide nieteahiretvehen to generate an

i nvention, the endpoint-generating |layer 206 is a thin
endpqipt#igmali ng a different chemical conposition fromthe

filmlayers 202, 204. In general, the chem cal

CopRithdr @hbRlintene o SRe BReRiord BRehabdiRGodriRihg 28R 266 is a thin
sel ected such that the overall chem stry of the film
filmdazing a 20erent chomicalienmpositionfiopm e dilmilaxers 202, 284, In general, the

ex le, t.he fjlmlayers 202 .2
chorghatsarpslie ol LemhyRE bpeshie lSHi 2B rlssted mah gy g overal
cheristry 68408 MBIk 200 isMvt bebskiisle} medified ABan skdrhplafibe film layers

material in the endpoi nt-generati ng layer 206 to be .
202 R0¥iead epdpointienemnting layen 208 ceuldaildeimadeiof aspisaieimaterial, while

e Rl AL BPRERb e e S o e
siliceuedﬁmﬁrm irgfhe @i tlayees 202y 204.206 coul d be made of
bor ophosphosilicate glass (BPSG or silicon dioxide

forned from,chem cal .vapor . .d sition of tetr hy|
or + Roeh IR 1 ediin LRRS S0 300 &k bl Rle i O 8Y A FSG, the
endstRRhathtiff lab &e08tehldieqsRE of BoebBoshhssilike: fadsqBPsd) bysilicon
nmonitoring the plasma for . a change in concentration
dioxade fpmeddipm phemiop] vapoy depopitien olieteathog orthasilicate (TEOS). In the case

~EORt ai i n ecj .
or OB B OSSR UF g5 Bl e s
a chifpRii Sdricfirdtida of BFABHE PFOPH,BO/ROYR dtlier Boaaé Rtaoataiming species.

of CO_If the filmlayers 202, 204 are de of an OSG
In thereasecf dH6ISh thegndippiat p%@e Figl BocoBEORI e fctssteqd angtogng the
. b i

RSy AL 8L U O B0 P 08020 ot 05,
the edpoipl-geaiting teypo206 eaybhisr mbdensf al BES(& rasd ftor plakinid eoubdhbe monitored

lowic dielectric terials. Table 1. Exanples of

for 1 coRREREAIGT ayers for lowic dielectric
material s ENDP_(] _I\IT-GENERATI NG LAYER A B CD E FGH
LOfYile B bLRGy dRWslek @8 p B Sfzrdptint Esderatin® 18fers?R8Hiffkent low-ic
DI ELECTRI C t agged tagged stoichronetry 180 "Si
dielddiicERMAtials.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 D |®c Modified BPSG | FSG |TEOS |YOor |®Sior
DIELECTRIC tagged | tagged | stoichiometry "o Osi
MATERIAL tagged | tasged
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 S00XXXXFSGX X XXX 10 WO
2004/ 038788 PCT/ US2003/ 033706 Consistent with the

wpr2oez03p7s8s of the invention, the endpoi nt - genecalisags/ 33706
Iayers listed in Table 1 do not result in a

SI gl%ﬁ%gﬁ-]n‘;ﬂﬂg Hsﬁg)gi;g%)?qsfq?ﬁ'ﬁgl\ll‘gqrnﬁﬁlﬁll,gﬁ%@ﬁpggf—%gqérguengflgyers listed in
i
Tab%%@"%*@%?gﬁ%%”o RS DR B PUlEe Of 6 Bt sfhckc when
embeéddeddh ihedilen saokt aither mﬂpbmﬂ-gmelgang legtisibgsitiesythosedistdd inJable 1
ow be scusse e er t he 0 eneratl
are fﬂ%&@smége 4 genféﬂ g&td'éhgft ec&‘&&ﬁé’c‘ﬁ «'ﬁﬂ% laquppw ermeringfaver will

now HYEBdcisse®2, 204, i.e., the intention is not to
significantly nodify the chem cal and/or electrical
characterlstl c of the filmstack 200. The x val ue of
t héo Wﬁ’(&l ¢ cpfleintLeneigtingdgyer 2006 sslegied to be corppatible with the film

laye}slﬁ?h Ele hﬁa;el {Ltgntlc%oli ﬁht‘iggfgln C%tgﬂlgl:ogﬁﬁl%fggﬁh % electrical

chathhieristic\odt theeilaf stidke208Nn B kRahe @ ﬁfe&hﬂﬁﬁnﬂ @atRfatidB Gayet DOS could be

better. The contribution of the endpoi nt-generating

loW¢rélye@s sipgigr o or $lightly dighet thsn tbalmeahwfoftth@ﬂﬂn films %Qi)aa% In general,
on ,of, t he ness of the
the IGRERE Vel e e ok Perospa e 20 gl BeREhr oo of 1t e

endpoi nt-generating | ayer 206 is conparable to or

| OWRE cdhi@thutidRSf )fhevé{dpﬁnﬂéentefbﬁn dg’eﬁ?é %@oﬁ?ﬁl « 43Mhe of the film

t he endpol nt - gener at ayer can
stacl 20(kis ia\femofioh oif die 1 mlmmﬂdrthcmfesﬁ ef the bhdpoditchenterating layer 206. If the
detection wi thout significantly increasing the overall

K value\pj fheengdpoinhgensratipg layer fifds epmparable srrosdoyiar than gre 1¢ vadue of the
film i ﬁcﬂ(ﬁt 2@ ﬁﬁregﬁ#@ng -%e?%%ém% %gell @&?aﬂ :BE énad@ ?&atgwna(fy thick to ensure

["'Uue of "t he

reliaBle @pdpoiit-q@eResnivitheutlsiniicaRiBpinoRysiha R dveralles Vikekeof the stack.
relatively thin to limt its contribution to the

Howgvesy iithe 4 walygpiibe ﬁ@dmﬁ-rgﬂmraw layer 266 ixchighdrghan the « value of the

fitm PR 2B B PR ar e e 20T e I il retatively tin to

limit" 1%%h’§1'bhﬁor§@ tBE bvethll M valhe €a $DAICYAES SS1h£é B @ﬂdﬁo’ﬁﬁ-generatmg
etch), the endpoint-generating layer only has 'to be a

layett Hibckesmot gweitocfunctiontas iag gteh sthptlaset (iom Hayinghke xeqosﬁmselecnwty or

iekgE 58 o o e 4@%3%%?%&1@%%@%%3 &g ricgs ppeted o

triggBiedetdetign BRER: chSsendeteRtibitesidduc/yRiment:or exanpl e, the
endpoi nt-generating |ayer 20 |s not requi red to have

selectivity to etching while_a_conventional etch stop
|l ésrimpertagtdo siresg agyn @e%dwtrgﬁmryt%lazsr 66pppighe same as

I
an etglbét@ fﬁggle Ghore %ﬁﬁg% ﬂeﬂ% tgﬁed K etﬁ'%qgf(@r Bbp SERY s E@{uirg@ to have
sclecsvmy thhmg whlld: avsrvehiaral etth]nastxp leybtis rﬂ;‘unteﬂ ¢o havlerselectivity to
ySLS Oﬁaﬁhlcgreult in
etchmg his 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 x 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
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only a small or negligible perturbation in the overall
x value of the filmstack 200. Further, etching of a

wbhDeatqusergsn the thin film 202 overlying the PCT/US2003/033706
endpoi nt-generating |ayer 206 does not stop when the
endpoj nt - generating |ayer 206 is exposed | nst ead, the

is gepgragsdp Jdisregiess e tunhen ef sensmgedesha forto fapye. i the case of the

con B R Sie IR ol B e SR ey B8l e s e . The

exposed etch stophayen mayeeedo tstrepsvaldrdesdbiequdnbstepa f eat ur e.
In the case of the conventional etch stop |ayer, the

st S e etch.st | ayer. s _exposed...The
BB ERE Bk e g R B on o ErGORRSR lless o
comﬁéiﬁ&t%%h%\kr%fcﬁﬁ}g TheheGRaeRihiedfioh, e btchin s ﬁcﬂ)é&fonb&n Actually,
typically required to have sufficient thickness to

it is genepansatecty B cxnesed endppintrgencraingtieyep PG trereatn ﬂ@rﬁete@wble
chang¥ $ co%:&?& ? 8%941% gpe%%g P ot eél'\c\lvfﬁ@ﬂl IiSyUSed Jf:(} én?rate the endpoint

ecessary expose ehd
signhlayBeeaud6 thet mdpomagmetdmﬁg ¢tf3bﬁ206alb |net reqﬁuwiglﬁ compensate for over-

etcm%gglggqr]ng atl 4 t%@ ggﬂ:&p(?q%%fgrf of ﬁrgggg%wé\ﬂqq]@l ﬁlowmg
geneﬁm%fme P&h@&gﬁb@ | ayer 206 is not required to

conpensate tor over- etching, it can be nade to be
thi nner than a conventional etch stop layer while

st The casiceriwition of @ plpsma spaciesnorcin etdhebypretivet, depasidg am the

compifi GEFOMEN A By e, TR P ERoBr 8Pt Ppesies of
interafiGvill eBan gl ab eRhingpeodeedserorh therthihuilin 202 10 fthePeridpoitRenerating layer
ecies of interest w.|ll c,han%e as et ching .,proceeds

206. ? Srirefeered mhodimert, fvchagse isdletruipsd by reperag phrgrption of the
plasx%?% X ies 6P grtegéé? rl%D i oﬁé &f sre%{' 5P ?k{gﬁé{& tio %lh e&f@ﬂg{l gg?]rda a8 direct

rmne torlnga Ion O
absogien] waveldngtinmehdstionspectepsony, Gbqearpnaldulatios spaciescopy, FTIR,

o el S O LS n OUSE, SUE 2% DLt et 30S0r BLLOM, s

F R eRsY aBdLkabiReg spect roscopy, FTIR ~ or cavity
Specrl ngﬂ}eom%anet hod?dg’Although the sensitivity may be

| ower, tical em ssion spectroscopy d%/t al so be

enpl g@;l abwr@tmespa‘vtrosenmnmlmrpama lightbspp thuevgh thesiching

plasrff%e vvave gﬁﬂéf tﬁgﬁ@ttb 5.1‘8 oé%h%o&% ?:#ﬁle 0%&:@820%@a%bsomtlon
waveﬂm%ﬂﬁfofﬂtﬁﬂiplﬁmspaabs aﬂimre;st | HBhangeveineaeithsf the lighebeam as a
| asma species of interest. A change in | ntensity of

resulf ﬁ@thf»?@ﬁ?n B the phasma SP?%%iﬂftm'f@WStalB%?tﬁ% # Shngs I 1195 concentration of
f
e G R Tt i e

genetaidds change i s observed an endpoi nt signal can be
generated. 25 Figure 3A shows an etching system 300

S %ztgl%g, 3]}&osfholwg axSiIeE ﬂm%%%ttenoxrBIOB %m?ed fgl' e n?gn%{yn%g 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
woxempizarsg;, the invention can be practiced in @OY/US2003/033706

pl asma etcher, irrespective of the technol ogy

enpl oyed to ignite, sustain and/or control the plasna.

reactfpiechagbepBds pewteen elegirodsy 316 Ml 600 b pleriteiies’ 14 is erggized by a RF

sup RS Buoid i B8 St AU BT Roucike, 188gfaikblhuans, the top
elecoderiisrmaabd yovapabised R powerso8ts at theGamehbr dififesme RT frequency.
optigcally ansparent .at a sel ected wavel ength .or
Aghe K4 IIRGRLS ceRa BYe18 s DI R T P itec P could be
applied té!\&h%%‘ééﬂ%?@?&%uﬁﬂé HIRAR3Q335188 or LE@EHEANSySRAEDEhe wafer
304, Dbetween ectrodes 314, "316. The electrode 314 is
312 enebidgs z flinbsiacly smeh assudiglestri¢ fibn staklowwih avéridpeint-generating layer,
el ctr%d(i ?16 is grounded. In other enbodi nents, the
Su(’htaégescéllg f¥¥Ge 316 may be powered by an RF power
source at the same or different RF frequency.
Al thepeghtion] gipiepridfs ditHausised @6t shoomd aisuppidyintoahipteaction

pl asma reactar, the technique could be 5 applied to .
charghen 8P4 prchencsgized)tp darmsq plastag 32(hehove theavgferdidp) la @rdsr to monitor in-

o EOSERISUE ey, DIy 3 STEUNER gl v b 3
into eecpitioh chrenissr 404 tigodghyths windewc308ash theagh hitestiowhmnenptical

I n operation, oprjate etchant ses ot sho .
systegh.SUEh A st Gl ing A6 Grp PO B Pty oP U0 el the light
beang r@%ieﬂbxﬁecﬁie fight’s0hEB 30 RIABWRABwWAIRY T hk ghBatl 373 Iphssek Brough the

r to monitor in- 10 situ a plasma specjes of ]
plasing 820 before exiting thegywvindswiile The vavelength of Biellight bepmt332is chosen to

o g P PG Bl SR, YR e
plasB¥ SpeR¥s of itfidte$s Pesubinahe fhctéd dhbimBéd 304, thenipBshain 322 may be

.g]%tzl cal fiber, may be used to channel the [ieght beam
partiglipatspehed efter nasgipg thewishdhe pasma 320 ndbeirangsites bgamindicated at

l. ] Qﬁ?r@[ . rough the plasnma 320 before
3"Z'f’r’ééxl ']i';crﬁg heg\ﬁﬁ%t%v‘?‘s%%iah&me wavel engt h of the |ight

beam 322 is chosen to 15 be near one of the absorption
walmedreregitodingdnt, tthelight asuree 3(bis indanpdraturd-eondsiled Jaser diode capable

such, if the plasnma.speciges interest | resent. in..
of orefrmE s Ui b rilb.andon L smgflialsesionss Sevray Heies Of iterest
. . ‘J .
B SRR B S o
at 156711061 1601 &)1 147qunh,| B 1020k V76! Quin. 30fher $pecies suchrds @, @Fatand CFs,
the |ight source 302 js a tenperat re-cogtrol lLed | aser,

for e?ﬂ%é heagp fmdamentgl EOsiigRs #tlpragr Wy engths, but Gan be ,agc.aa’ssed in the
near gr*fﬁa:r% lZyr %@?ﬁé %brﬁf?énﬁp&%}tbﬁ\lhtréﬁﬁ fes. Several species

in plasm etching have absorption
transitions in the near infrared, such as HF at 1.33
m In@@e eatbodin®a, thentpsdridiodat 02 gautTaterg wayrergth-ar feqraiy-

modfifle 56 Do & raacirend Rl P OB LSk modipgioR Hequencies
compRA RNGtdiSater Ml tRAEbSBRHHBE HASHRIEhs Whiress wavelength-modulated

spectroscopy uses modulation frequencies much smailer than the absorption linewidths. The

laser 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
genetator 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 diode 302
woener@smss a wavel engt h- or frequency- nodul at egrh@as®is/3z7os
beam Frequency-nodul at ed spectroscopy uses nodul ati on
frequencies conparable to or greater. than th ..
geneatient it i The wavetormne 84 33 ¢t warneddved @rgits3 ﬁ&aﬁeﬂr%{a@ag input to the
opy uses nodul ation frequencies nuch snaller
curr%ﬁg%%rhe%absor ption linew dths. The |aser drive
current 326 may be generated by a | ow noi se current
dr The DC3A8grmtle nfithe tasersdpensaedB26and theuper pavgieritore, which is

.an i nput sawt ooth wavef orm 33 100 "
typi P b A aeR e . 1 Fnes o 0530 ° Hptertinge (i dnital laser
wavSlbiHB &R schBY ThOsaMtStH co@bonedt Shans B 14SER Wagdsigtiatheshgh the

by a signal 13 WO 2004/ 038788 PCT/ US2003/ 033706 _ | ,
absoyivarteansition 3Ehe sinusoidal mpdlpitorsBeilitatapsa pEphaseserpitie detection of

circuit 338 pefor ' i NP VAT e
the 1y Byorpt? PEYCF uRBReeh MRpsdy bEfionrdt 1Ripeh ifficon
wavélBghth bethe dbmatspropsrofintérest ant) tgﬁic:hls? theygaivtath wanefarm 330 is
roomtenperature, e.g., in_a.range om 0-50 C,
chosgie pethat the lasmewavel gty scrmwidth is eminarablagioRbe pevifith of the spectral
: conponent scans the | aser wavel ength
feat‘%grg%lagﬁﬁo?ﬁé&dabsor ption transition. The sinusoi dal

modul ation facilitates use of phase-sensitive,
delreate aprbodiment the bigltdetebion ARa 1sarhighrppeetl abetpdiode, and the laser

wavel engt h.i s chosen,to be near ' "
froqyfh s iprisr © Faranat fraronphEonefhe? Yt pasicon of the
plastf 5S4cRS bof Bfétestty Blsatdr¥ensithe deotioéfen Rt ResmEB6x High

chosen so that the | aser wavel ength scap width is

backgovpd eleptrisak roizeh dn prnheabastimens the feckingeschemg inchges inputting a

f eat ur j idored.. [ : [
oho G SrenEy o B R eD 3T R RE A TERbotgh et 42 from
the sﬁgnﬁﬂg@i@ﬁaYOIiS?& T gﬂk-h@ aplifierdidQ gaely p}gmﬁm the lazipability to apply the
conponent _of a vibratiogopn transition of the as
apprapity BN Jiltering e hateg SRS fosPheR TV SRl B it
photbdible ¢ &P?M%‘[ﬁﬁ)ﬁ Q%Enrgé, th SBduIRAGH@ERERSY, €| 26t & héMonic, nf. The
noi se. In one enbodi ment, the | ocking schene includes
outpiingfithd Jookrimariplifidn 342 i theredigiiized by aBatlegstoadipbaiconverter 344 and
arrg i fier 342 % ong wth a sinusoidal waveform 342
analyzed by QEWLILA%Y generator 336. The lock-in anplifier
342 usually provides the capability to apply the
apR{ GRFdtivhethe adlativefchhdgeih PBotodiode plvese 340 isusédmenictdrmine a
phase-sensitive detection of the photodi ode current

change n ahsorption arde 4s) eonceriatin afiibe Plasmaspesirsc dgierest dusing the

at a harnmonic f. .Ih 0 . Of l -
et pftepR o8 sl s e D il idlongth of 1.33 pm, o
chan@® 8 186 rdl@ivéi cBhdedtrai@WIHE 81 thd fhciditchar{ber(d ot degected by the
conmputer 346. In operation, the relative change

relatiyh shenge e hasodiods purati4detasiad bygbeahapdipdieidp. 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 described above involves passing the light beam
322 through the plasma 320 once, i.., a single-pass configuration. For enhanced sensitivity,
the light beam 322 may be passed through the plasma 320 multiple times, i.., 2 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

wproeses78sFor exanpl e, using a |aser operating patr/ig2003/033706
nom nal wavelength of 1.33 m a change in the
relative concentratl on of , HF in the reactiqQn chanbe

publigiiopgsiches depsiveplagpa @W@ng@nﬂmllatqetﬁsﬂ%%@%mﬁble dlode laser

ot ARG TS, 3 TR TR LIS et e

(AppliciPhyyips Delters, Vollefde fsma2l] ppa225@-2781}) dvel “BNvdpoifrered diode lasers

O e e A o0 B Bher ot RASSE T NRedf (887 rSs Wonld
Novalk%@]“ RAL FRwtGE ﬁstﬂcafpomsmﬁy figgertescr i bed above

I nvol ves passing the |ight” beam 322 through the

pl asma 320 once, i.e., a Slzggl e-pass configuration,
FoFigsrmai éw%@rmmmgxmsvm 340vherein tyve multpash ne,w@rﬁ%&ﬁ 350 are

o BARRE oL Ao ISR AL i e, s

s el i 2 et bt i
wahsthe plrbing PARTTEs- &h&ﬁﬁ%%évﬁaé%f etz st b dar {fythe mirror 348,

Theg %&%l?ﬂ%e& E&&%h tﬁ@m&tm%& B@&I&Qﬁ&%%d%mﬁbéween the

E. A i ttaker
mirrpsBdBj 3. Rling $asesbdast 35ér1m§see(dlrou§mhe psme 320 ps mbounces back and

d f ed. di ode .l t
T SR T
»f:'clc}:llv\%{u!&dtfiﬁI The &é&ﬁﬁﬁﬁedﬁ@&y %eéfé? ribdicatdd M‘M 3 1i8 Aefected Bl |ﬂ15>§hotod10de

h are mcorgorate by ref erence. Fi gure 3B sh
306 afferdhelararfeay 36 Emakesr pysdetenntined pymber of Passesdhraugh ﬂ? plasma 320.
348 350 are nounted outside the reaction chanber 304

g AT 48 LUyRPCRRY 62080 e, B Sy il o
dispased intdarc oticangantiy 862 wifich ixdforvakidhy diBddrichltyroppobdie highly-refiective
et chin [ OC The | aser .dj ode 3 di.rects a .l ase
congguSRIH1 S5 36 e I ARREHIOR 1 he 1eh! SPHIse I BHoa FroGebeain 358 into the
I
opufEERES LU TR e AR MR e o
spec% bf pégews Tmbmzdbg thetlhser héans AES rsimqsd into thewptiead ca‘at}kf’» 52ata
rth b n th rror
seleqropetion TH8 S oS PO BoRHE i SyaDiton st Ao sl Blerest wnt
the dn! dfiths eta_].’("ﬁ detedRENTHhE Bed REMI3 58 R Ghces BElkCAldeErtR between the
35 IS detected by the photodi ode 306 after the
mirrps 354, ﬁémm anabiLitaynismeidedaseys, liprRalivBly; chambes sdadow 308
and/éxﬂo \Iér{ﬁ \9'3% HPA %%%re\%&ﬂe%o&ﬁg‘ Jﬂrtgg %z{t%?lssurfaces to serve

the ;mhmbef 1113§tﬂat&$1mrfbr§ﬁ® andfor mireox 3661 Thalaserdbentn)d 58 3@sses through the
ich is fornmed by dianetrica

reach Al (Aoe ASne T CHEE e Bgmbeweshe prmors 354, 356. A
portlgg gf k1428 etaﬁle_’;ﬁ' iflMe ociﬂfdﬁlctﬁvég%ﬂ Ristmited lﬂﬁﬁ@% h, € &ror 356

tot optical “cavity at a wavel e h near
withteheh @bsditip bf e Iaseabmnt 3 58enday ddtectg by ihe hghiedqbd:m'rMG The

ﬁaﬂ%“ﬁf@cl?%alogrﬁlkcg&% 3{5)?“1;@13@1 fégiﬁ/nt thglgk%?)er3 pam 358 i's

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 plasma species interest until the

wondpmizgtssof the etch is detected. The | aser beamudd®s/033706
bounces back and forth between the mrrors 354, 356

many tine unt|I |ts nt ensi ydecas .Alternpativel
trangihifie &F DATARERRFATOES S, Hiscpagnity FisifoRd Va1 sy and the

absd Serve@pﬁiﬁﬁi LibY 6f iy HT%%M 'ﬂilst@aﬁrﬁﬁlrsglﬁoﬁz&%ﬁﬁe the

ur oseo strate mrror 4 and
absqnptmrmf tl%lﬁasﬂd@ebmsefmmnc@% Mmastdt ho agmmdyemﬁ'éwhlch the

chanb 30 Q
e B BRI TP Pgs © s aratCe Ry \BBRY, Thorefpr, it i

impbrift {RBBE oBEAIL R 350 fhigs LATHLE Adsorkedot] 6. .85 Z)ﬁtlé‘ally-matchmg the
transmtted through the mrror 356 wth eac

varipyspimeddsd apticalisavifigser beam 358 and is detected by the
l'ight detector 306. The transmtted beam i ndicated

7T anb PR, B0 EBhAEY o R REckboop) I hldIE gy be

used to gdmaray ah endpointaignalhfeom adcomtennmai’yetdi stoih Eyenybet gutforming a

ea i s known .time" of the

ﬁen@ﬁtépbav R Ra;‘i“%‘%%f%’aéﬂﬁgc eﬁ AP LRI FiRRe Jhg use of
freqhdti§ tloaflatl s&&@ro's&%gtolﬁ acgon{(élﬁoﬁﬂtelt&l%lt dﬂ@%éﬂlﬂlg?tﬁ%s déB&ion

roundtrip 4/ 038788 PCT/ US20
sensitivitpidi many eases ensuing that dre diching 3198s wherintengad wididhighter
thro 411 u{ ntrinsic cavity |osses, and the absorption of

the pl asma species of interest. By measuring the

cavity ring-down tine, the absorption of the plasm

s pée neatioded| thieeste of asarption of ElFerrGMedy bE neaswed patymployed to

genelitn g PRpOIN STl i ng Bty Ah g s By AL igh . some cases,
itis fSn%t a{lb Fes?‘ar& BPAL] A the Iﬁﬁﬁeﬂﬁﬁg R ér' &&! suﬁ?ﬁﬁde)‘lﬁrﬁx%q :{'éfrn'iﬁ%/ B2 etched if

e resonator, e. by~ opt i cal mat chi g
desined)y ﬁocoxbmixemmnﬂqbenht sxgnal Ghce dmsutfa@sarea cpf theovalymglayer that is

xR y/ODl BTGt G ot PR 8 R p AL gy horeby

chanfgﬁ%%@conﬁfbﬁﬂi%ﬂ tolf Headich Wipediusts %@nér@t‘é@r TR @RaripR A HerBtdbyproduct
‘trench etch, and nore particularly a dielectric

compcvs@mhn@t then bmeraplpvqlsmee@r@mn endppint pignabfInglis case, the underlying

layer %gﬂyeﬁ{]cgéﬂ: P/eﬁ tﬁgtr 54 ereaae &{)‘%8 ﬁ@ergrn?ngﬁ¥&rgs Igﬂgaés the presence
of thﬂﬁﬁ&erlﬁ%ﬂé yer @A biiuise @ detaethble kBarge e thie I&g:hsﬁypﬁﬁluwﬂ‘r@hbn the etchant

i nt end wi th higher throughp As nent1 oned
emplogedtoichibe eygtyitglapir Wesﬁr@sﬂmowywedéxﬁre a“h%@ne provision of

a sep[ea]l;grf% %&gﬁgoa%t%ge%?{ fl@. & AthoRpf sfbtlc Eé ﬁﬁ%so‘l‘éﬁﬁ@' fRE&RAY9n these

fayer: I'n some cases;
situalibnd.t i S not necessary to etch |nto t he underlyi ng
Iayer (but such underlying |ayer may be etched if

d d t
e ot Cer Bt AL S e B by ShPBE o I8, pupling v
dlsp&sed heQUIHENbr BPSJd}Q’ay*éE TIRMGRE Wi RIbe diéhed Vg Hle)3i0g layer while a

| ayer is etched thr ou% t her eby
via may be formed in the TEOS or B SG 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

woapassistsson may t hen be enpl oyed to generate @T/0S2003/033706
endpoint signal. In this case, the underlying 20 | ayer

TSRO L A Pt M or o
be né’}c%?;%ﬁfe'dlfb E%}ft%%[ & \,\ﬁ@ﬁ{:ﬁ Hnfl i a‘i&%—%&ﬁphﬁn&«t@%&%@%ﬁa% gsuch as the

byp e etchant enpl oyed

caseovieshlalowek lagyrels dgpoded abdveramothler Iaher. d\seaml exiampld, ayme dual
Thus the provision of a separate end-point generatin

dampgpprg apphications g1y peedvareOSHdassstlowods diseespd ghevwesthy G ?ayer

cichly BB PG e TP R s e e 05 tver
while 3®e¥ia wdhRRSEBshosPMeLSFIERT e THBP B seirRAt is ThRiblE encdthe line-

woul d be etched in the Si02 |ayer while a via nmay

be
to-lihpeapaeitance atfesivedsve mappsmorg yignificpaithen hgdeuel-tq-levelyapacitance

n
: 6 r i. .|
SRy FRLORLAND, PR M o paa g e on
condehirgipardaf E{D 01}1 HE, i¢ ﬁqm&sitﬁlie amgaéct hes oAphiyet (e, JMSEG) iﬁ @Icllp}gd
course t ecangeln_t easorptl nrate to e )
throghn Ay Fhen e sicBprecgedsgatogm Weraﬁn&%yw@ﬁwt e is provided as

one %Faglg)?tgtgisa 1i0W_19 nla! 3?&&951%‘11%13( Lu?:ghe]: SR lowEE gc%r% g{azv'@i be

e enpl oyed 1o genérate the endpoin

emplitged.r Eitewike, MO 200464i0&Batihe REbpISH0 A BHyeB & 1thih wilish the via of the
anot her adyvant ageous_ appli cati.gn exanpl e, the

dualef3ggpesps Briofatde Abouak apefhercptal ;ays@nﬁabﬁf.e%lé?ﬁéalpmed-
generate an endpoint signal in a | owx dual-damascene

appk icgabd ﬁ%rec‘i"é{@fr@ﬁ the'RoredoRRe thfenBion Pi¥vides nad@fouk §c|1vantages.

di sposed above another |ayer.” As an exanple, sonme dua
One dayredveriage stppb ifioat tho mse oftap endpahtvgenanti@syen wdich does not have to

navafhE syt P RER el ARae 3 b BB tcp e B bepdipipe oo
endp®it siz8all ahEREe dMsubh en ERfpoldgeheratindfthye? i$ ffvariaBeotd bechuse such

be disposed in the FSG l'ayer. This arrangenment is,
endpogdgietrrfing layss cainbe i¢signed sechl thaidhere prdiftle perdwbationan the overall k

SRR Y T N T —
useftll i 8ndl Qatnh REnS PR A bh; whe BR Mckikd HAhEbT&18M «10FQ dielectric film
absorption rate based on the concentration of CO or
stack-Fan compianipoiisistack’ stabilifietoguitigestectivel dedapsr (e. g.
OSG is etched 10 through, or when the etch proceeds

2o ASo REVFAARS HBYBRicl B sfhonufeR i 7 B BdoRe
peneSating ddyeLsih@vhy efdpoditigehertig Ipdrlis st requitel ay ecinpensate for over-
Li kew se, FSG is provided as one exanple of a | ayer

/ Y
etchaylBiR i pappruislyt aderantpgeogs in hedery Jigh drasihs Ko peplicationsrhsge features
: r ' I r I :
e B AR GO S BN iy STRLARE sk
densityugphicitions p Aslombess theichrsendetetion tichgigee andlér €quepnkey can detect
the ¢ %\%%ggg}ef}@ggﬁgé h‘ﬁ{%‘é%iqfiﬁqe Qp%tpo?r?t- g%ﬂg a’grllé] fasr earr]l ro%ttlllencgfference

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

17



have the selectivity and/or thickness requirenment of

an etch stop layer, in generating an endpoint signal.
woheoanse7ssf such an endpoi nt-generating | ayer pgT/US2003/033706

advant ageous because such endpoint-generating |ayer

can . be gn d Su ch that .there is Jitile pertuyrbation,
reaiid 16 et BIAPDYnt Glet b HIFb oBRet odh BR b ot SERBfegHred t

dep&dane Gah step 8@Pt n&ussme Qesﬁftaﬂt Bﬁcﬁﬂ By B¢ 8ekted Tk Shdrr amount of

espeC|aIIy 20 usef ul damascene integration,

timsygngfos with lessepstase in the overaII x of a dielectric
f|In1 stack can conprom se the stack's ability to

) SR B B S B0 ee HRIRY et MRLE e 0 P,

theremd;ahenatlensg perenddtiong ahdyeuivaems evhichdall within the scope of this

Ve GhiS BeEP P UG B 1IN ppSTA T B ijerpreted
mch?dif{@m QR A Sralihs PR At 13hE Andls }r&lé’nté £ gg%tht%ﬁme% spirit and

where features 25 are Increasingly scal

scopea fhsveventfesi 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
layer. A lower cost 30 nmaterial than the etch stop
| ayer material may be enpl oyed 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 tinme 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 CLAIM5S Wat is clained is: 1. A
nmet hod for controlling a plasm etch process in a
pl asma processing chanber, conpri sing:
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determ ning a thickness of an end-point generating

| ayer at | east based on a dielectric constant (K)

val ue of said end-point generating |ayer; introducing
a substrate having thereon a |ayer stack into said

pl asma processing chanber, said | ayer stack including
a first layer disposed abgve said end- point
v%fnerat_in layer; etchingc¥ﬁﬂﬂ§gh said first layer and

at fsgdgimedas't j al |y through said end-point generating

| ayer while nonitoring an absorption rate of a |ight
lheanmAtmethed §irregniaelling atpéasimarctqhgprbéesminod plasrhal ppkasing
el cessiqg.chanber, wherei n sai d end-poi nt generating

%é@?’%%p Bl%cted froma naterial that produces a

det e&ét&%iﬁir%‘h&ﬁﬁ:ﬁnés_@ of & EnAPSBF RlnkAfing 1RLaMBA&P based on a
et ched, said end-point generating | ayer "bei ng

dighsirconstantids) byluaof $aiheid-point geptrating layst;
characteri.sti c ,and econd characteristic,.said first
char Bredpqide p Sl hadine oreon s I PeritopiocRidesma, |

prouéusiﬂgwﬁmase@@i@wer ShAPnERYRE o Akt BHrdi@bSdd Ab8ve Sl End-

second characteristic being an insufficient
PRIt geeralipg Jayes et chants enpl oyed to etch through said

firs . L ' said etch st | ayer,: and.
b AT S-SR e A B
gaetatiap ddylee whilangaitoridg af fisorption aste OF a tilohi 8ah WRFBidlan

.sajd first layer is fornmed froma low K material, and
inferiog PRTHENOESHE PlismePaesertng ehpgrber.ovheasinseid epdippint generating
1 i§ 6d18dte M BYINOmAeti e i
a?rrgileri alt(.e 3. The ﬁé?\rﬁé pcr)(?%u%?ga%rgnet%[a%}g?%l%egg%a(ﬁsp g‘%ﬁon
rafeaygn ¢tcheflpsaid end-paint geneowink layenbeing eharacierized dydt least one

ofiaobgaee EniL Sanf it GiF i dbebuiohe i on

ins@¥igichOMidkn 8R4 E firtion 4s anl&ieh SBp NBAr R sGilRtdRink, WHE &R
said first layer is formed froma |ow 1lc nmaterial,

charpgtesistie being ap ensutficipnh egleativify to etgbants employerbiy etetothraugh

' ' ' r. K,value than said | owK

i §¥ %ag%r.tggxﬁ‘#%gaﬁ%{lhgggﬁwéﬁ%ﬁrhﬁnf wherein said
end- geaknting enefidpoingsikayl @pon dete@ifipl seidedeyectabBnEndase.
bef ore sai d_end-point signal is generated. 6. The

2. et hblf wetheq af ehim hivdiesit saich fiess dnygoisfermegshieom ailery-«
! Srernen 2 oty .
kN L L AL 0P B RN G b

k falusthad 92iQ 1bwkematedbleri al of said first |ayer, said
end- poi nt generating |layer material being selected to

3.prod ethodiotideiact abkrinsaich et layenisdomireldrom  howix
su beﬁ

materi E gn% sialaci elzr}é-point generating layer is formed from a material having a x
value similar to a k value associated with said low-k material.

4, The method of claim 1 wherein said first layer is formed from a low-x
material, and said end-point generating layer is formed from a material having a
higher k value than said low-x material.

5. The method of claim 1 wherein said end-point generating layer is completely
removed before said end-point signal is generated.

6. The method of claim 1 wherein an end-point generating layer material of said

end-point generating layer is slightly different in stoichiometry compared to a first
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deviating fromone of an electrical characteristic and
a chem cal characteristic of said first |ayer
material. 7. The nmethod of claim| wherein a chemca
conposition of an end-point generating |ayer nmateri al
of said end-point generating layer is the same as a
chem cal. conposition of a first er material of

|
laygs pateripkaf spighfurst layeressid endapoint gqn_ér%fig biver meisriabeingf
s@&ct«lacﬁg 59&1{&@ sﬁh%ﬁ@&ble&hﬁ@eﬁv{fl%e&}%ﬂlwiﬁ%lﬁpaﬁ}s{ahﬁal

f
sal poi nt generating ayer material 1s enriched
déviatgry fiore wde pbemelegtanad rchbraoigristiya,a chemdant eliviriiadrsnio ofkaid
a8 {d onge .isotope being sufficient to produce said
lﬁgkaé’&’i%fegaﬁhange when said end-point generating

7] ayerhé feflodbediaif -1 WhSeilBlROica] cothsioh oMAReRIBomAl d
one elenment is carbon (C) and said one isotope s
gagating layek enapesiahobisad crei-point eoetating layesiitoe s aslagibemical

S Ty W SR O R o B3 P! GRARERR Sagisptoe
ofuideast @RBMMER 10¥3@ERentiO)] cdRBoSIELE 0P8Ed chEAbiAPnkftiARe

of oxygen-17, (170) and oxygen-18 (180). 11. The nethod
layer mptgyiphy eipirded ithsaidprfl-phiat ganerpting layer, giconessiralig 9f said

L . . s ) .
o008 SIB8 SuBERA Ot RS Blrhte Bl At did haTe
ganertiagilgal iscehedsi ti on of an end- point generating
| ayer, material. of sai.d end-poi nt generating |ayer |s
8.0 f £ SPREPR Ghplim dfdierin il GHp Sleientis oo () gustsaid one
isbdyels Pt erial of said first layer, said chenmical
conposition of said end-point generating |ayer being

9.sel etheaethod pf eldine é véwirain said pae tlaient is hadrgeemtirand said at

1t hout  substantially deviating fromone of an
legﬁtrég??sloié&g%; 152 eélgear%'tnér"sti c and a chem cal

1&har Bied @ethsd beclaim Faitdrdin k68 ohaylefmeFib 0k @ (0) 48d salddBne
. method of claim1 wherein said defecting enploys a
isefopeistong 19 gxygenoly ¢ aad ogresnt 1§ € Phi que. 14. The

7t o Al 0 B R B
isgihpe @iome silicoel® (TSN gnesifibay30 €°Si).ngl e- pass

1% onf’l“lgeuégt‘iai()g of clgi?n 9wherein 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.
13.  The method of claim 1 wherein said detecting employs a direct absorption
measurement technigue.

14.  The method of claim 13 wherein said detecting employs a multi-pass
configuration.

[5.  The method of claim 13 wherein said detecting employs a single-pass

configuration,
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16. The nethod of claim 1l wherein said detecting
enpl oys frequency-nodul ated specstroscopy. 17. The
nmet hod of claim 1l wherein said detecting enploys
wavel engt h- nodul at ed specstroscopy. 18. The net hod of
claim1 wherein said nonitoring enploys Fourier
ransform_Infrared Specstroscopy. 19. The nethod of
184 ai hhe meghadat slam; lgvhrreiaseidilstestipg eyploxs Esqnangymasylated
spiR¥oschehni que. 20. The method of claim | wherein
said first layer is forned froma | ow x
171 uoilbs iettwaltcd chlimdswiidESE)saidatetreiiag emBlbys Waeclomdthachdafated
clai m 20 wherein said end-point generating |ayer is
SWS%H‘ESOWT om an end- poi nt generating |ayer materi al
18avi The tctHOIRIT chair al WikertindBidSAbHiokiaReploys FoABL Bhhdhrm
22. The nethod of claim 20 wherein sai g end- poi nt
Irdeved Speachigoscemer is formed from an end- poi nt
ene ' I mat erial havi .a X value si.mlar .to
19N E hhosdtSlaidll ot s Rk PR Rl g
te2liqudie net hod of claim 20 wherein said end-point
2(gener ating layer is fornmed from an end-point

enefBg msthod £y elaimd tveharein spid\firsidayer i fgraed fromaglowex

SAk dy.l i material. 24. The nethod of
ﬂ%@%ﬁﬁ%&%ﬁﬁ@ﬁ@s%%%%] rst layer is fornmed of | ow x
21r galihsinethodtof cgira 9o WHRD) saf@ead-paint getleratih @ay¥e idtoenal

claim24 wherein said end-point generating |ayer is
frogragead-romg peasainglapeimateral hayiag iadgwcrayezguwﬁlae saidllow-K
F%’%Yﬁ#ﬁqaﬁ‘ | oner x value than said l[owic OSG material.
. e met hod of claim24 wherein said end-point
23 eneThd inathol @y elain 20 fwherstwsaid endvpeint idrafiak Myer is formed
enerating |ayer material having a x value simlar to
frgm,an R point geResalingt IBHPT AT ST ng 6 velwsmnilat e ayalue

a%éciatgg%ﬂ%{aqgwgg ng?}liaarezag_ wherei n sai d end- poi nt

nerating layer 1s _ froman end-poi nt
23eneTid instioll 8Y ElainiB0 hicidin LAy gﬁ@pﬁnhgeglléﬁﬁiné 143} WSoihan

frc?r;allag elrlgygoi(nt ggxrie?at?r?gt lgjrfér?llleiteriza]l- having a higher k value than said low-x
FSG material.

24.  The method of claim 1 wherein said first layer is formed of low-x
organosilicate glass (OSG) material.

25, The method of claim 24 wherein said end-point generating layer is formed
from an end-point generating layer material having a lower k value than said low-k
OSG material.

26.  The method of claim 24 wherein said end-point gencrating layer is formed
from an end-point generating layer material having a x value similar to a x value
associated with said low-k OSG material.

27.  The method of claim 24 wherein said end-point generating layer is formed

from an end-point generating layer material having a higher x value than said low-x

OSG material,
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28. The nethod of claim1l wherein said first |ayer is
formed of a lowx spin-on organic (SOCO material. 29.
The net hod of claim 28 wherein said end-point
generating layer is formed from an end- point
generating | ayer material having a | ower x val ue than
said |ow K SOO material. 30. The nethod of claim28
2§her dhemsiod S gleirpdi wherejasaiddirpiigydr ayformed of olaved spin-on

I nd-point generating |ayer material having a x
ol 0RO Yasso P

0 a x value associated with said | ow x

2%00 ht aictikd.of 3lim DBexivedih 64ld @hd-pbidk Brr2BatiMdas Rl s HRhed
end- poi nt generating layer is formed froman

frempnesdrioigesesating gy srapeerisdesinga loway/k myue thanghidriow-«

¥ Iﬂagﬁgan said lowx SOO material. 32. The method of
cllaim1 wherein a wavel ength of said |ight beam

3@ppr Ok¢ matied of alkiA RS arletdie FaileN@&peme béncoftingtayef aSfornaae
pl asma species pertaining to said detectable change.

from angndupdnt espaaiizmipygunderialdapiag arcyaee similar fol as malue

I QCessi. chanbe conprising: a first layer, and an
asg%(a-tﬁ iw{ggﬁlégg}yé\‘f 598 ]PS{%E?I' di sposed bel ow said first
31.ayeThe meitdd 9nERRADB twheBSR 84id bhdlPoinf¥SerdtBil M5 & BHrh&H

froma material that produces a detecCtabl e change in
frem salsndmeint @anerating loyerandteng thavieg mhighay ervalueghamsaid low-k

terior, portion of said plasma processi ng chanber
Sgﬁgﬂmggyd end- poi nt generating |layer is etched, said

3ENd- PR fkthod SN Elaith i1 Rehekdd 8 &vabeﬂeﬁgh%%ﬁa %’gﬁﬂi)eéﬁija}t{ﬂ/mﬁfﬁates
insufficient thickness/selectivity conbination'to

ary ghserntign wpyelgpgtbof at lees pne plpana specisis@edainingdo syd etentable
d%ﬁ%evalue of said end-point generating |ayer being
eferm ned with consideration of a thickness of said
33nd- pcubdtragesafighied go baytehedind: plastna/frotdsiaf chahberf i r st
I aﬁ;g{ . 34. The substrate of claim33 wherein said
CHIEINE ayer is forned of at |east one of FSG and OSG

saiqiﬁﬁgh%g;gﬁdgenerating | ayer is formed of at |east
one of BPSG ~ silicon dioxide, and FSG and said

det eut aidhmintrgeneretipglayen disposed belewanaigirstiayer, said end-point
S GBIETRLE R e Sl AR S SIS A e e
migar?g@gg?ﬁ tm?: ﬁﬁa‘éli@lﬁ behatReErsing #BhRAG: f&fiodlst &5 pRmAN
processing chamber when said end-point generating layer is etched, said end-point
generating layer being characterized by an insufficient thickness/selectivity
combination to function as an etch stop layer, a dielectric constant (k) value of said
end-point generating layer being determined with consideration of a thickness of said
end-point generating layer and a x value of said first layer.
34.  The substrate of claim 33 wherein said first layer is formed of at least one of
FSG and OSG, said end-point generating layer is formed of at least one of BPSG,
silicon dioxide, and FSG, and said detectable change pertains to a change in
concentration of at least one of a B-containing species, a P-containing species, CO,
and HF.

35.  Inaplasma processing chamber, a method for detecting an end point in

etching a low-k layer, said method comprising:
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etching a lowx layer, said nmethod conprising: 22 0
enriching said lowK layer with an isotope of an
elenment in said |owK |layer, said isotope being a
nonnetal ; nonitoring a concentration of a plasna
species in said plasma chanber, said plasma species
i ncluding a conpound of said isotope with at | east an

el eneRtiching spid loser daver yith andsmdorgeri@nalimept imsashipwpsilaseer,
sﬁh%ﬁ@iquggg”%h aiid concentration of said plasma
specié@. g e

net hod of claim 35 wherein said | owK
| ay e monitotingle c@fcefiiitionuTd Hahth spbcied DRI HneseahbeR aid
east one .of 13C, 2H, D, 170, 180, 29Si, and 30Si.
plgsma gpreicTdngluding # cemppyadf sgiddpeippe with ot lspsi enslemsat plan

cCIRRf gaepis at |east one of 13CO and DF. 38. The
nmet hod” of claim 35 wherein a |l evel of said isotope in
sai dgtrmevatiiglanyead-pomt sipaaldaped @r sdid caridtraivni of Baid glasdf.
The nmethod of claim35 wherein a |level of said isotope
SB%{'®§ai d | ow-K | ayer is non-zero prior to the

e L
isotwipd repwerenistat kostome of “€afld, ) 46nB0s patiaed 2%S23 0

37.  The method of claim 35 wherein said plasma species represents at least one of
*CO and DF.

38.  The method of claim 35 wherein a level of said isotope in said low-x layer is
zero prior to said enriching.

39.  The method of claim 35 wherein a level of said isotope in said low-k layer is
non-zero prior to the enriching.

40.  The method of claim 35 wherein said end-point signal is generated based on a

change of said concentration of said plasma species.
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