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METHODANDSYSTEMFOREL ECTRONI CSPATI ALFI LTERI NGOF

SPECTRAL REFLECTOVETEROPTI CALSI GNALS BACKGROUNDOF
wabesMUEBE 1 ON 1. Field of the Invention The prBSENR2004/020666

invention relates generally Ito spectral reflectonetry,

and nore specifically to endpoint detection in

sem conduct or manufacturing using broad beam

l‘éﬁﬁlﬁm smﬁlt SY%TEM@QR@LWNMM{ML EmuiE%mm OF SPECTRAL
i mensi onal c array
anal ysis. 2. Descrl pti onﬁfﬁ}@@ﬁf&f@%g In the

fabrication of sem conductor structures such as
integrated circuits, nmenory cells, and the liKke,
features, structures, and conponents are defined,
patterned, and constructed in a series of

manuf act uri ng pr GreIGRAUNDORTHEINVENGIRNICt or wafers to
create nulti-layer integrated structures.

Sem conductor wafers are processed through nunerous
operations during the sem conductor manufacturing

g|g eInngs are added, and structures and features
defln atte Ilshdand

S b0 e D R TR, BRPA esscay

to elﬁmﬁﬂ% OfIRIAbE » indsbihiBEhdBIoE N ihiFa @i asielp Chroad iRher Seﬂectometry,
and the features defined and constructed thereon ar

imagigigo sedoprogsnhy.orrd twaddimpasipaald chagereeunled sevicpe(2-D CCD) array
mmbgﬁdeInt of each process with exacting precision.

ypically, after each process, the wafer is exam ned
2. Det@ripeiohiof thé RelapgdeAitous process was conpleted with an

acce tabl e | evel of precision, and with a

f3prigrsian fr sirqndasior Fiuctyies iSHER 2y 5%¢%F%c1rcults memory
cellsV%ﬁHa{ﬁl efiké, € fture €V &Ricndrbd B c%ﬁﬁ)oﬁélﬁ§ SHt€ €defined, patterned, and
concentrations, ténperatures, etc.) each process
constringedvif arsetiss pf ums@edumgrmu@ss ateps roeacs;mde(mdsgmt tyedfers to create
chan in i abl e uickly id nt i fied
R TR e —
operaﬁf?)ﬂb' abfigy metsbﬁ&oﬁﬂw&\&ﬁﬁrﬁﬁad@@ﬂ% pro€eswal gyerd sre@yadt, ARd structures
However, current structures and devices require

and fenwsast are Wefinado pattgnedi btehed) spaioyed.pddishedesid mABY @Ehgr processes in
reci.sion d e

e RETGORLEI SR L0 SRR SRR By Bt s

defin®@ ah@ cGRIERS tHeadod até tioselp Afuitered and andiyiestts Yewanims the endpoint
One comon manufacturing process is plasna etch. In

of eaglo RTOcEH VIS BractiRmPiceisicPon, pl asma etching is comonly
LT, SR e Sl TR pions s

was chapleerds witheart wgiep@ableylewsledf pd‘actsionaraadcwm]akal mlmfnum of errors or

e A o R SIS PR, T 8 PR
concBARARAS | RehpePATRET Stc ' &F EéU]hf bgjééﬁdtﬁeowfafe@eisVﬁrocessed through are
processi ng ‘gases, and radio

recorded so that any changes in any variable may be quickly identified and potentially

correlated to any errors or nonuniformities discovered when the wafer is examined. However,
current structures and devices require in-situ monitoring and analysis to achieve the degree of
precision required for fabrication with a level of economy and efficiency to enable
manufacture on a scale commensurate with consumer and industry demand.

One common manufacturing process is plasma etch. In semiconductor fabrication,

plasma etching is commonly used to etch conductive and dielectric materials to define
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frequency (RF) power is applied to one or nore
el ectrodes in the processing chanber. The pressure
wowdkiomshe chanmber is controlled i n accor dancECTS1904020666
particul ar desired process. 2Upon applying the desired
RF power to the electrode(s), the process gases in the
chanber are activated such that a plasm is created.
featurEl anqb bmmmes'; thecedmf Plgsme eich chpebére are typiealtiessied exdhich are capable of

etc f the sel ected Ia rs of ondu tor
etchityg Selpeteq (RY5BFDIRHE QNEn AUPORLS aﬁadgiﬁgﬁi’ F paogEcglyt mask.  In
genelfaprthgﬁ;ﬁ?@és&h@%lﬁﬁx@@ﬁseﬁ%%cﬁﬁgﬁﬁh' to }ddeivb tptofMEing Ofasétd and radio
ysis“in plasma etching operations typicall
frequemyoﬂRFéspomem applied ¢6 pne bOMOLE 9legtrodeagle the processmg chamber. The
inter

pressiy P UH B P e ) SRP Y FLATrGes T & Partisulsy dppired process.

Upor BhpBHAE tHe RRBigsd RE poWEr fohthd efettrdde(9the tphddasd ¢dsed in the chamber are
structures on sem conductor wafers to prOV|de an

activatedseenthat gl plasnen & gededsTheoplpmen isapprdigersdny Rerform the desired
etchuﬁ%?g ﬁea%e?én}ge%t]g eer% %? g%vmz Qrgﬁcecg dg)&%‘? ta ?Jhﬂe‘?Qm?M?ﬁatﬁﬁs plasma
can bAdigéd fopdepdsitionuicdesges acesies are used to determi ne

when et chi pg, has proc eded t mﬁthigkg specific ﬁ
di [BsifHc BOPIEHRS A0 R8RS Hy Plagigy ete S y involves

spectﬁ:fi' rré@hn%ﬂﬁp&ﬂ' [@ler lilﬁéff&%ﬁl@%%’rw Hed8mipke tsﬁ&‘trat fh%éctometers or

neral Iy i'nterrogate t using a bean1o
laser omtblrfemtneteasj aztused td measunaptopeied-of 000 fms iand Wein dllengjtugtures on

.and hereipafter r. ferr i a er of .
somiGirior SaBs PAECYBE SgPol il o b Aptss T e e & deposition
step éalfm%fk@ bnwa gw@ﬁ atnBEntRAH 26rTh] hePBhesmeved diedded to the wafer.

wafer). 'If the Teature of interest for the

ddmemallefc sunhenrepessescate usarkior desermine slbem ieihing hesmyoesgded to within a
speci ﬁﬁ%l%egt (H?tf ncteh ?rogly %g}a I;i;{dgﬁyﬁgair]%?rt h %1?%0 %? é)'l%tx t\b‘%h current spectral

reﬂeé’t@;ﬁé@gﬁn@&&ﬁﬁ&s EATChdYy Q&EMM intdrivgatet the vﬁaf@ﬂ@dmg‘: artteamsdsf optical
One thod to overcone

radiagipm | (pemipally y 20D 00 ey Ty &Wels%ﬁaqm a@eh@ﬁlnﬁ%?reﬁ'eﬁ%i‘fqde?o as light) the
d1am@1!ef %f r\xﬁ{ﬁé {secgf {hQ o?&elr ogfpcﬁ% 'S] a(ﬁda gfeh@feﬁ futnﬁgmélﬂ?lt uitf 8FBE pattern

I'e unt on t lon O
repeatm@t‘élst\wafﬁmch a met hod rmy be used in Iaser
| erf rorret I n_.order t0| ement this
U OLMAFES GRS TSHEEIO G BB BRLY Bl @ very smmll

fractlﬁﬁ VR BoanPilda hRARe CACAH fhd ﬂn@x‘ihf@étﬁl‘érdft B}m;va? b€ example, embedded
required. Figure 1 shows a typical plasnma etch system

dynam@ranﬂbmsatcp@ss mgnorm (EDRAMp rihanothe rsgnhlammvaﬂeww very poor. One

cesses. ma et ch chanber n
mettf RSP e Mg ERERs R & ooy ot Prbe, TR et Al Modhed to as
“spoCERIARERHR sklaﬂt &blnd WitRGasS didnmtil RIFAIBGN thbeedibrdsMaterest. Such a
etch system 100 can enpl oy various additional features

methgd) @@theues@@u arehaseraptevfsswwryaa@&i% to ypRlemenicthis ragthed, however, an
) SR LSt USRS sl BRLAORSOMULE M ams are

requliécQ is typi caIIy |ncI uded whi ch nmay i ncl ude any of a
rces frombro mto | ase

I f b
a gglgglt Zs[hgpvg ag gzﬁd];%llﬁﬁn% ﬁt(‘é]p éysmal%geﬁﬁptéglngppbg% gonitoring

hardware and processes. A plasma etch chamber 102 is shown having a wafer 106 disposed
on a chuck 104. In order to accommodate in-situ process monitoring, the plasma etch system
100 can employ various additional features and structures. By way of example, the plasma

etch system 100 illustrated in Figure 1 includes a viewport 108 in the top of the etch chamber
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application, etc. In sone applications, an x-y
transl ational stage 110 is included for positioning of
W0 b@sopsTs suite 112 relative to the featuresPOr/US2004/020666
regions of interest, or for3positioning of a
separately nmounted | aser source 116. A canera 114 is
typically provided having a white |ight source for
100. iAd opricsatiton]2 eotypiceldy wictuiled ovhier miap liholudevaiyl afld plurality of light
pattern recognition sof re, In,a typical .
sourcfBoamBied PO ' et 4nd Hepiogkdkendihe SGnpreraiondespes. process
appli&'ﬁgﬁ,ogﬁ. | 4 9% Qgﬁﬁati%,tﬁﬁ&%p&rm%at heygealBy @ ddduded for
and pattern recognition software have identified a
positipriggoof the opticersege ,11R- selativariol the i fortutes saraxggions ofdingeyess, or for
the ogtics %%jte 1%%_to gosit'ﬁp t he spot on the
positippiie f a sePariely manted Jast R K% nqpoi nt call. In a
t yPicamkraS PEF g dpidadlly| 5oV R ingOx fvlfter Bgltawourc® o Gldmination,
beam 120 is directed fromover (above) wafer 106, and .
couplehe withf |conteatcipllyhevailabler pattems ageqgaition tseftyigen t Ha a typical
. sane.bro [ [ .
impl 308 Ahed 117 068 BhPpnt R oGr3BR: 1B WBeh hereof. Onee
the cg&hela Chiaahepattdd recsphitid affivate thaee tduptifidhe fegier of interest, x-y
source 116, driven by, an x- translatignal stz@; . .
translatipnal giage éi&dlswftsrﬂa%ﬂ’téftsiSBﬁ%?(l%Eodﬁ)émPfé, © $Rot gp £ 1ggiop of interest
to maitk 'ﬂ’fecén%goig% 8411" eIn%pc;rgl‘Eél @Uétﬁ? reflebtonfetdbeEERAtIL 8 Yrbfbeam 120

recei ve anal yzes a'refl ected optical "pattern in
is dirtdied framever (abevd)evaierctOsy asd/the eeflectad light refwros hesentially through the

ystem t canera 114, having a light source for
sameﬁqrq eﬁ@tﬁgﬁ’a d pattern recognition software, is

| MR @ARNESHichGEnsa a" Wh&G! &ue@f €16 i¢ PekitibReddeh &f Rideeof plasma etch
general i zed whol e waf er responses to plasma etch such

chamber HB: instpart of invihe taper Thehlgsanesputice d dgpedriven by i iy trragatiqnal stage

. .than the center, et TYRI G \ j . t.em

s} 0L D50 S, ARG Yo 8, YRR st

118 th@eetdivés and\uahlgpgtdrelsctadoptivdl pateat inahe Bisqdntetfetdngater system.
state change in the wafer. Each of tg,e above esg[i bhed.
spacxet #nother pestenbeciameraddt. having p digbhspwre fgh#flumination and

ILLeri p es, I n 3! } » :
poce] SR IIRERE T ABmISAr oty | Ry B, 1 gcrmin
genefaigah®hote nafqrreposes t@pldsmp eteh cucidsewt spdy iwhietheathe wafer edge is

hardware is added. Additignal. hardware typical ..
ctohip ter A U BSs) RSP Lt iy SHAOBOIeHT Bt ACHIE fsgombination
of il ARBE FCH spREI PR lerth READ thdfa@lH J¥ial pa¥@ular state change in the

expensive, and the increase in accuracy is often | ess
wafet.han antici pated or desired. In |light of the

]::_x g%%ﬂggfﬁ—gi Pl\ém %g IS% bbg:g %g?ecgrai ?ﬁp@e{%@g %a%&%gg%%iogﬁr%%# gha filtering

procédesalY SreliBkdoMedn e aele PORe Hhaagen (TRAGMEES e Rigurdy is that as systems
automatic selection of a portion_ of the wa

becoge thiye Pracise, HsaEofeRompigse dddiEoRmd Sptdwers i,qu(flgc{. gldgitional hardware
typicgl\ﬁ treedﬁ?fess gﬁ%\f%s&'ﬁlﬁebm M dification that can approach the point of
being prohibitively expensive, and the increase in accuracy is often less than anticipated or
desired.

In light of the foregoing, what is needed is a method and system that enable making an
absolute etch-to-depth measurement, or even a relative depth change measurement, by
automatic selection of a portion of the wafer die without the need for hardware positioning

systems.
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Broadl y speaking, the present invention fills these

needs by providi ng nethods and systens for endpoi nt
wW@nwse1Bs t o- dept h determi nati on that achi evesP@T®S2004/020666

preci sion of narrow or small4 spot interferonmetry with

broad beam sinplicity. The present invention can be

i npl emented i n numerous ways, including as a process,

an appar at us, a syStMMARY cWaHEJaVENTION hod, or a

(p:)r é erqprﬁ ag&% lbt %pﬁ%ﬁtﬁl@g@&%ﬁé@i%@ﬁ%&ﬁ %?;ggéid}n%emethods and

systeRITFOALIMBOt al EBE AR HeritR UeldfhRAHONhAC2ANIRO R Pr&isidn of narrow or
pl asma et ching operation of a surface on a wafer is

smalpispoeti theetferametry uvithn dwoast bedre simblicithasThe aresest ivsinfign can be
. __.etche and the nmet hod i.ncl udes | yi col | i nat.ed .
impl Gt RS wT JRDRE e TP el f TG @ covice. o
methb&f dreg tedphteOfdadilomddie Severdlcaminfdirbigs \Waftley predéif invention are

reflected light is detected by discrete detection
describegibsisv. and each detection region is configured to

POt I 3Y, ' ' I : - .

et epfbol S BRA03 forfhARniBy CABMAA Ak iy operation
of a slefaee bh anwafegisqnsvitiad. cBhe adrfitce ofiittichwaferrbatefeatmpdsi lealg etched, and

si gnal . . Endpoi.nt of _.the plasma etchi ng operation. is }
the rg5{Red rislhoBR BRI g GoULBSR R BDL e SRt ri DEdvORe 2 detecting
refleltBE flfggfne ﬁghg%er 89P0 (RO Sya2eCrhi B QtedeNEROi etdcted by discrete

per uring the etching of the features on the
detecion fregiens, bnd eavht detactieniegiomisronfigurey ¢a pontdapra wiqusi signahacross a

waf er i ovi ded, .The system..s able o . .
treaiivepaichi RGSRER! St HREEnBPRE G O theadtestopyregions to
correfats WithaL §10881 Gbtioall SEnal AWRAdbIBt ShE MAnRf etéhify WpdrefioRSexecuted

features being etched. The system i ncl udes a detector

based on feedbacktfrom theaiflprtifiedpreiodthe datestad lesionyr The exesptigmel endpoint
. . e i ' t d by discrete
15 pel‘é@%g{ qugﬁgrﬂgeg\gtélﬁgé Sgtz}llgh etegeg %%ns‘a%%l‘on is configured
t olngg@itlictentvdapat) i isystomt for aiclihgaakafac isopoviled. The system is
frer#uency_ band. One qof the detection regqi gns i S
capalg ot dgiFrainngGh CRAMOHE (AP G R AN CIGNIAE PRFTAHT OE 41SUEPEfen @ Wafer, and

i.Nt. O . chi . i
the %‘pﬁaséeg ki% r‘%ﬁ‘e? g‘gctg%raﬁc s §e?%u?n&aﬁéllﬁ% g?c;thlgél.i o dﬁ%ﬁ%’s‘?ég{l Q%%lg@es & detector for
detedtimpeefleded Eghtofrsm fhbeuedecaot thigewafof. (Ihe pflegehiight is detected by

. _invention over the prjor art.are nupgerous. One notabl. .
diserp@ TRl AR iy B Trgidhr SRUREHES B ERE gsackipe optica
signdl RBroS@P aRihenkY bhit. "OhS ¥f @ AbRVEsh RBloMs W ddhfichRd to correlate with a

preci sion and conplexity of narrow spot interferonetry

mod¢loptieal| signell whierdbytandpeinthpf the iplagmafetdhingaepetiom is based on feedback
r ef.l.e tr E i yent.s of the present invention do
ﬁomr?&ld?’iﬁfégf’ae éf%lgggér%gtteg?%%rrrg’f a and attendant separate
i | Thehd\@hia@es GHtEE Present.inek@tiog bvéraHel bfier fakfeaiumerous. One notable
reg&gni tion software, or, a notorized translationa

I
benefit agbadypgtagemol Brepisuerionis thagsermp of His gpakifisi rmetly achieved only
with ?lzewrg%i%igﬁg{xc} %{&{1@%&1@}; Qo IO§/ Iht&fe?@lﬁetpf ﬁ%aliezgd (\;%ith the simplicity

at ‘essenti a Create a seri
of bipad b¢dneteflRaometybEarhodehérec bidthe persent ivdntion tih nat siqnigé e separate

br oad beam Anot her nefit i he abjlity to. .
cam ST GO R AR BT Al Lok FStSHNEE it Do RGRIT o peogoition

software, or a motorized translational stage system. Embodiments return the precision of
narrow spot interferometry with broad beam reflectometry that essentially create a series of

parallel narrow beam reflectometers, but with a single broad beam.
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pl asma processing systens w thout significant chanber
nodi fication, without interfering with plasm
wo eoosmtioeh and plasma flow in any manner, and RET/082004/020666
requi ring extensive transl ational stages, optics
suites, and the like requiring additional and
conti nui ng system nodi fication. Oher advantages of
t hénotherdreneidinis whd dbility toireomppEe embodiments tofi dlefprbdent/\inn@tion with

T T T R M-
plasntxeh efoﬁﬁétﬂﬁ' Hh@_fl:%lﬁimé heow niveahy ORandBR! Ehd Dﬁ%‘c PldgtMds extensive

e acconpanyi ng draw ngs, which are
translanomlpﬁtbam,edpuqs sauftes, codsthe tluqeeregnarmg iditiongl and continuing system
dﬁgem fication, illustrate exenplary enbodi nents of the

mOdiiGEHM i on and together with the description serve to

expihat Bdvaneighs bN tHePin®entidh Willebdeome rap]p@zant fro@uhe fdllowing detailed

shows a typical plasma _etch system ]l ustrating
descriptios; fakeRdi aiMEEoh avlﬁweheeaca@mpw&geé@@@ngsn;uﬂéwr@tnzg by way of

n and anal ysis systemin

exa é%@?ggﬁ@gﬁéﬁfh&gﬁ?%%gm ment of the present

invention. Figure 3 i I | ustrates an optical fiber

aperture of the_len stg}m as wou d be d| rected at

[3
the surface of 2RLEES 1S one

emprdhiBiipaRin hﬁawl @n\tvhleﬂ aré:'ug:%%ré]teél $n %nalc%ﬁlﬁnute part of this
di agram of spe troms ry detection and anal ysis
specifiontpom aHtugrate eacmp}adsamaé)ovhmdmts) € therbodéntiont asf tegether with the
il lustrates the

descprtfoiﬁglté\'ﬁﬁ%g fng@? B%?cgﬁlﬂe? ?éﬁ? WWepi%he entrance slit of

| NBiginR0l SIRAEL 4 BPRdalblasind eBMCHEEANTRsiMtNG i8R&u monitoring hardware
enbodi nent of the invention. Figure 5B illustrates an

andl@ﬁ@ﬁfﬂsary plot of 2-D CCD array detection and anal ysi s
0 i Jygn ese
S Sy R AR ! B8 S pogee it o

embddigbiit dfehdfrojeRe in@entiuit 0 a sem conductor waf er, and
re resentative locations of detector fibers in the
igpg 3 Hiuglegtenpeenticekiibsr #peites of Sheclenspstem R would be directed at

the s&]]’f%}:%q}f TeirerSh ablfddcE Sthlonk }fﬁ?gfg‘kgx& of g ¥iken &'Fi qure

strates the projection o am spot o
6 AFignteot as aebleckptimgsand o€ spécirometrgrddéaction wnd fanalysis components in

enbodi nent of t|on ute 7 is a flow chart

accofAngh il phy Qe Rk B ERE L | ona for mak: g
anpigRRRA musﬁéﬂeé tHeMar#d ngé'ﬁ'&lt%tfggte@@? FiBérs @M ¢he drfvance slit of imaging
accordance wi th one enbodi ment of the present

specirometat, irorccDEAACY With DESGRbEIIMEN ditheTiHFeRBFERRED
I\ﬁgurel\%\rﬁ?ustrates an exemplary plot of 2-D CCD array detection and analysis in

accordance with one embodiment of the present invention.

Figure 6A shows an exemplary beam spot as might be projected onto a semiconductor
wafer, and representative locations of detector fibers in the optical fiber aperture, in
accordance with one embodiment of the present invention.

Figure 6B illustrates the projection of the beam spot of Figure 6A onto an exemplary
die, in accordance with an embodiment of the invention.

Figure 7 is a flow chart diagram illustrating the method operations for making an
endpoint call in plasma etch operations, in accordance with one embodiment of the present

invention.
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An invention for determ ning and sel ecting which
region of a die to use to determ ne process end point
WO pooploaan et ch operations is described. | n predBEUSEO4/020666
enbodi nents, methods and systens for the detection and
anal ysis of optical signals using spectra
refiectonmetry include inplenenting a 2-D CCD detector
array t ®Emasiy/BESGRIPLIDS JFTHE RREFERRED IMBODNIMEBNTS Ccal
signal s, ;and t hen pat chi the analyzed signals to .
Ve quﬁ@e@mg&%@nﬁ%&ﬁfﬂn% PERE S210 Ao do USe to determine
PO R L ol LR, TR OERR oA, methods
and gystenis| for dhe detettidroand analysis o€ roptical prignaldesiag tshestmli géflectometry

. nder.st andi n e.present invention., It _wll be.. .
includ RSP ME e b st oy Rl iyt il pIBRREY of opical
signalsh8nd iR G RAtchiRY TR iy B KidABlsRb 36ddef eAdpMiktNR Wxa&QI¥BtHOSignals to
al | of these specific details. In other instances, o
enablpedssenkinbyabimute eteh-opdaptl: pesh sndnoint ¢adls. Jaethe deldewing glgscription,
in detal 1n.order t. I | .
el R 5 1Bk VI TP SRR b of e

preseBf Bveition. Nk &villi Kenurle BYdode hewé ey toedi@dbilivd iaahé any that the present
] etch-to-depth functionality, and do so w thout .
inverdies iy b ppdsadeVikn SoBRAT 2B 1pArtkise spesitiwdpiails. In other instances,

. | . TR | .
vt SEHILAOUS LS RO A AU BLE S0 B bfsesit
obscuay diegreseaemventiimoad band | i ght source, and has a | arge

beam spot si ze, th an average spot .size of . .

ot BDYRIY BPy cinbOdiea of i Bl ontigh BrovEle,qpeendpyint call or
etch-RRAMH RiFRtiofLity, 29808 Qo vaitHout 8SsigH-InRindiv adiRionMihb@ber hardware,

light 1s directed at the wafer surface from above,

volumisblie patein| iegbgnifien seftwamedndithsadills., Amdles¢rébed above, the typical

reflectance fromthe wafer, i§,analyzed as.a function .
spectif rERSATRGIG R b g R BAESEE, aBh b » BREY b9 spot sze
with AR ¥éRIga! dpot SR VTSEpaiMstslyt MBS dhe, iniifathetdne THIrghd @fpically no

average accommodating such features and structures as
attemiphitelfgsokve fegipeesowithia dieesWhide Aighkischieastedagtdhe grafespamface from

[
o BRI FOP ot Lo OIS GRS VA My o
functfuar dfiveavieenpth. Us efeightddavemige dd dsed ts hnalyteuanaserall. rgsponse across the
. patterns or dies with fair|y constant and unjfor
die, wighthgeeighisd ayerageraceammagatiisy R feafures 4ngSiyRturgsps fagimask, type
of fe&l{nfes %eiiBefohedf arb6r le%ﬁtsﬁz[c%, HitetDd &R Letd. OWHilB®he algorithm used to
reflect onmeter neasurenent occupies only a very snall
evaluateawtithom vafightdrk aberagn aragabe( particylatpRAgfup dott spacificasitictures, e.g.,

f eat uj.es then the signal .contrast wll he very.poqr. . ..
pattel O LB B BRSO e BRdBRAIh B Ot 876 B limitation
By wa§@F eRsnp18, ifHeChathiotfifRicdl for AfcidNEREmOMR! sedsuréhdnt occupies only

shall fraction of the spot size of the broad band

a very el faactioafdfdbe beam evea (e.g., FPRdVYepattsras andafepareshdhen the signal

Si.z B f exanple, a sinple | aser such as that
contrﬁ%tevguibﬁ leﬁoro‘?.l nterferonmeter systens can have -a spot

si @ge afetlapiptooavdredned yhid @rablan wfeinelysis(sfegiohs ia Widclgehe feature
occugilﬁgoﬁggﬁgﬁg%l?gé&&%rég]@eggo? gi%% ég@p ﬁagaeadsbrrag!i Ispesé rglt reﬁgctometer, is

to move to a smaller beam size. By way of example, a simple laser such as that used in laser

interferometer systems can have a spot size of approximately 50 micrometers (um). In a large
die of approximately 15 mm square, the small spot of the laser must be directed to cover a

large area relative to spot size, but a much greater capability to identify and analyze specific
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| arge area relative to spot size, but a nuch greater
capability to identify and anal yze specificfeatures of
WO niosoe®ss i s achi eved. In order to nove the spPCT/HSIO$HER0666
in the die, an additional irmaging canera,
sophi sticated i mage recognition algorithns, additional
optics suites, x-y translational stages, etc., are all
featutes @fiiintedstas aakeed. b&d orles ve movatibe spoe rirsundf intthe die, an additional
. present invention seek to achieve spme of fhe . .
imagingeastcay ePBIstieHed IRagq TECpERIton g%@ﬂrgsat i‘ﬂéﬁ%‘?%loPEFSt gutes, x-y
transi3iCha8 886esOk1c!, TR £IRALiAD Kcrivt@ bRl 9 spot
spectrofefry’technollogy. Specifically, no additional
c &irebakments afj ¢, praseat swyehidont $eek 40 eclicidesbmehef the @dudntages of the

chapber. desj gn _nmodi fication or m ght si;bl
smal 0L PRLFEDAPY NoGUety 85 i prmRar B B 8istspes pgetrometry
techn8fogh NS pREIESANE, noMdaitonaiNcanRels, tRca)ahd 46 fGeRrohddeighat require
regions in the footprint of tﬁe_Farge spot whi |l e )
chambegmdesigny medifisetionss of mighe pessibiyp finterdere gividls desiredaplasmpgy properties.
EDRAM. ar. ..ot [ ; .
e AN B BRI RTE G2 el BBl e ot o
the laﬁﬁé Q%dtivﬁlhileyignbl%g ythetsentinahé exdreelbrif glisdsconainiag &YRAM or other
the beamon the die to_identify and anal yze regi ons of
embeddecdmempry lls gF ghepiushdsadieheam of approxi mately 12.5
0 S bl o 08 Sy YRl i o
“steenthe hemmp barthe di2 tGidentifypatl asalyze tegione of mitdvesd. dslarge diameter beam

RS L TR EH T e v
emitth’éi @25 ah HHtiPA AEER RhleaNAn dR8hpRSy 1250k §}ﬁ)ft:s?z‘ét 8described as a

romthe wafer passes back through the sane |ens
typicaly stafen diedsize is eapproxémately tIRE aper t dr danger nesmallgerspot can be

. bundl £. The fjber bundle al so contain 0 [

mplisCacodiiiy fodrarPUhe pireRiete FRLIGIE, ERHL RAKER fom e water

passes 'badIs thrbudhhths siaé 1a6 tspdethia@btis tturded Retibrapem@ireof the fiber bundle.
Figure 2 1s a spectroneter detection and anal ysis

The &ben bwadig@lsoncopaay gabreaion feramlenibefaieie astdagpior fibers, that

transxgxﬁtecﬁSQEﬂéc%\ﬁngthkaq spPHRRLENT S of the spectroneter
Stect 1 on and anal st s system 130 include a |ight
sdtipae 2184 spdcgbmeteo dereti@pind atalfsibeyrstdnudd0 én 28®rdance with an
| ens system 132, detectjon fiber bundle 140, and.. .
embqdirgfitty UaoRiesenb HERIion {g0mpqngRts of 3‘%%“&%&6@%@%@&8& and analysis
| ' r 8wt SDRRE bt TOYF Bgndld Y34, 3@ls!system 132,
SyStegg{/%{@ﬁ%H?ﬁgig\;\ﬁE%%eﬁlg?h glgnge ftrO(E)jm 250 to | OOOnm f grsys -
detecipn ibeli gpdiched Ol ersd inergitg pacirdyagter 138ght sour ce t hat

g SRl PR iyt By o FBo&fBlenCh brofe SBEcRmE HHEPE Sypically
coveBRP A WRlength katlzt N6 t43400a0, Be d@oﬂdin\‘g&ﬂe ldegifdd broad band
u

. source such as a xenon flashlanp, a al |ight source

light solerhe that sellibe praiegtethdsoyarge et an dsnaiansurtsse g a foot print of about
I [ r dy: | hiti [ Tiohi

e <8 59150l AU S TSR, R ] G s o

a xehdrg fbshamip,ce dhadlighn soers sayls taerdeli@Pum/imlayes, or a combination of a

halogg‘gfggi;g&%e&ﬁn&hggﬁensigtlillgé:gioggst.| cal fiber bundl e includes

Light source optical fiber bundle 136 transmits light from light source 134 to lens
system 132. In one embodiment, light source optical fiber bundle includes a plurality of
fibers for light transmission, with an exemplary bundle including 60-200 fibers, with

embodiments ranging from as few as 20 fibers to approximately 200 fibers depending on such
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fibers for light transm ssion, with an exenpl ary
bundl e i ncl udi ng 60-200 fibers, with enbodi nents
wo avgiony3f rom as few as 20 fibers to approxi neR€l/ySD00020666
fi bers depending on suchfact®rs as fiber dianeter,
econony of fabrication, etc. In one enbodi nent of the
invention, fibers selected in optical fiber bundle 136
factoss & fibdrtdiameteke eocmoim:}abf fabteation, tto. dnene rbtddimsitt ofthe invention,

sent S 132 | provided to
ﬁber%ﬁﬁ?q:qpq.pglpé)ppp {é T‘T 5462 g‘g’étlﬁﬁgepp ?ﬂl b&iSei ved from
they dﬂegalﬁ{bo?lﬁﬂ&ﬁ ®f gl%rg%’%ngg%efé%ﬁfqerﬁ %’§t§1ﬁ 1‘39% gﬁJvufe'dqg collimate

bundl e 136. Lens sy I mat es
Iight,_saprde@dwmddethb ilight received dipot thef light prwxe dﬁﬂ eblyyth& 2ight somrce optical
fber, e T30 s e ol e the e it Foiteitoe spot of
apprémbRy 138 h§ RCHhheer) @fd @KERS tHRI1idh® vaththd SUFFfasd 61the wafer 106
chanber, over a viewport | ocated in a top region of
(see thelr%l)aslﬁam@t anbaskimetie lena gystem d¥R ds nesitionedaxtainsds g plasma etch
chamb:_gr% o(y%thg V. e@%ﬁ;ﬁl I%Eatg nve%t?ﬂ);g%%aﬁg%f:thé ?lat% rgﬁl) cha;rt%ep a]ild providing

visual atdebnmtethe amterich ofeled glasmHtth clemeheyed from | i ght
source 134 thro h Ijght, soi‘ipge optical fiber bhundl

138 O%mmwap@m Ahg nvertinn, deps suspmal2inet @msw}lé@ates and directs
llghtgghéﬁg%cp?t E‘lek?i h$ &&9@ S}gg etglr ot %oﬁfdeoxﬁttgdng'ﬂg} *bgﬂale 136, but
additi@2lly hersapsted BéCmErllea\@btdeteeme iffbec ]f410@ rlisdellbgmreﬁobﬂlme) with light

sourcs HheFL LAV 1 GRD TR bk s 116 ORARGtins SeRs et geived from

hght"y@{u% 13@% tHd QurfaR6 @F VRAwhieB N 06 i(Seet igaR Mt AR rdd¥ives light reflected
detection fiber bundle 140 to inmagi ng spectromneter

from B8 surfacg of theawaten 1 rBreanscedvedoight esfrarfsimiféad Eypdateation fiber bundle

135 of 134 (see Figure 2) as would be
140t8|1?18%’f1§<§p ?mp%gergg?face of a wafer 106 (see Figure 1)

i nFlgﬁﬁ:ozr {RRESeyhi Bpidae fiBBLARIIRNI3506{ lehesystneNns4 @Re Figure 2) as
igure 3 illustrates one enbodi ment of an_arrangenent

wouléf by digeated gl tlce syrfase raf qs’@éerah% dwedtigwie 1) Bepecordppge with one
e
embéé&utélrg ﬂ&ﬂé{ﬁé}%éﬁf&r 'ﬁlé&ﬁg 3%{51 ngﬂ?r%éﬁzﬁ%%% éf %Il ?%%‘%g{?em of light
souraat ﬁtbdﬁe 136y ﬁmb&ete:ftow\ﬁb@s 140)e6 wnﬁar kenge bya&mslf&ﬁapmeaeﬁbimw optical
det ector fi ﬁ)ers 140 aved with ¢

re er | ear
fiber appidiied 35 @5 1eDs GNtiP 321G MRISEighs SEbcfedtabtes F:36ge of afid06. Dark
mrclc%rﬁt%gu houg defiRI R GiHREs f4(ﬂea[r§ i828 it SB&Y c?ﬁ:‘ijesarepresentlng light

the optical fiber pattern presented
sour@pﬁbarall%a béu oapenibodmlellaaiemctdreﬁixrsj{é@aeanemspersddhroughout the
. dj spersal ensures detec r fib receive
optich LB e HRBHe AL TS PHOEAT) LIPS QLI A4 ofuch dispersl
ensufeB GelREBPTIHEE 40 L cale l'feﬂl%cﬁ\ﬁf 26meWdchBs18; the CntiBEbotph\6F the beam
to Figure 2, detection fiber bundle 140 transmts
direcqdett ther wafer %@C‘byoﬁjet ector fibers 140a (see Figure 3)

it gf\}‘lé r &% Izlgﬁ 2[' :agﬁtcﬁ&bﬁ%bbd{ﬁ‘ Oﬂ@ 4‘[821‘59 ‘ijt#s rl'g reggwéci@y detector

fibersl M(M:((sé&’ ngufbe’f g0 1MAging aputtrometel 188, BibckmiBodimedtithud the invention,
etector fibers 140a gan range from about

detecttlgngﬁqga&) rgl e Jé0daslgdess 13, dptecton fifers 140a,"and in other embodsiments the

number of detector fibers 140a can range from about 5 to about 15 detector fibers 140a,

=

depending on degree of resolution necessary and on imaging spectrometer 138 capability or
capacity. In one embodiment, imaging spectrometer 138 includes a 2-D CCD detector array,

described in greater detail below.
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dependi ng on degree of resolution necessary and on
i magi ng spectroneter 138 capability or capacity. In
woee@senesli nent, i nagi ng spectroneter 138 i ncl BABEESA04/020666
2-D CCD detector array, desc9ibed in greater detai
bel ow. Figure 4 is a block diagram of spectronetry
detection and anal ysis conponents in accordance wth
onBigershéds mebidclotliaghun pf epamionienyedetiéction andnmalyist @mponents in
132 in¢|] udes ect or bers 140a Fi gure i
accof‘f?{i‘éer YVE%\‘?B% e%g?‘iiimleflb?ﬁ & BlrPTE “f"eﬂtéﬁg% %%tg@el%é'lﬁﬂ\“@s detector
ﬁber§)14OeD€>s%€ i Rfre BY BR&ReatdPAiR RN Qd&@éjﬁﬁérs) 'Issae %&@9} Detector
to i magi ng spectronmeter 138 t hrough det
ﬁberﬁ |II§@¢ amundteé fion lenatsystomg] 3Qgt09p@gm|gc&pe¢tmmel;@8138 through detection

R NIRRT R TE

imagitp @’e@t@érﬁételd@itﬁh&e N 1199, as Fiill be efofibed llistkstet @tail B&ow.
arr angenent of detector fibers 140a in entrance slit

14Dbiggfe Magusfﬁrgtegy phe errapgement oBdeteeter fibprg id@a 41 enirance slit 142 of

di t i ntion
ma e AN I 008, SRR Bl A By ffimen of
inventidan Ag @ﬁ%brrlsedmb@&e fdeteetos fibBﬁ;ei 40s, aﬁteﬂe@mﬂamﬁi light sbes fibers 136a
are routed to imaglng

ste (see Fi 4)
(see i‘y ? ﬁ%t%ﬂs spsigm %?%Zﬁﬁ Bigwe i 8k Pitises obaHEIng Begfrometer 138
throrgﬁe@et&!tigﬁri?oe%)bunhfé e s%gt}@ Leent @f oﬂelqgrll1f3§d"1§1%hf 8P the invention,

etector fibers 140a a e alTgned vertic
detecarserrs M(Dwaremagmddyvertntallyetntemntxell;sd»iacﬂjmm entmanengit 142. In one
nve ast %‘H ve detect.ar

emb?ﬁggtisé? tﬁ% ér(l)vfgp or(rﬂqt A?ﬁjgt 1vendegﬁ a;arq giranged 1n entrance slit
142, Otn"Rher@MHdinail, 9s nRy MWRRYE o @i‘b@r‘étl@r()a Eé BRI ifiteldBR AR 0 pBical fiber
interl eaved i nto optical fiber erture 135 (see
aperﬂurfgLErSe(S@? Fighrel Brod lenpsystem 134 (ﬁeeégglﬂ‘c @irrage 2hignedrim entrance slit 142,
ot B0 2055 b 80y o 08 AR rk i 102

In orrénitaidigerst) thé nihBer dNdetitr €ibRAI40R [’stlrmit&ﬁbﬁth% patdlity of imaging
detectorflbesl40a|sllmted by the capability 1:/

specirpmmgien 38 g pre e o¥frlapsef thy Petdvistm diffeient fbes ww@n and in one
£
embodi I‘I%Q%I fr)rfemy H]%vreﬁtﬁ{e :Hrllc/ré nt{ﬁ?% z)ngv' 1fnlagﬁlrtfghsg)@9trerﬂetgp§38 is configured to
accosypeihtecarstficich8 @uinberc ofi fletgetoe dibes 1ida dondelsited a necessary feature
sufficient nunber of detector fibers 140a for desired
resolgfiohecessary feature resolution. In one enbodi nent,
EXBLCbnd BMbEdifich xBG! WRRMtBNSRSFE & o EQ&ﬁE '19&1‘[195 or position of a
~ position of a si ‘ngl e detector fiber 140a wit
single deteator Ebe 40a Withimerdraace §ieoh4f2 iagd pepccuﬁ@pommpﬂ mdsns system 134 is

not d%%/ea%rgrge]gloiﬁ%eing}tg nggl d tlieira{zgﬁé %EEH&SIE’ B}Cbﬂcﬁlilgia?rre({j E?igp gall or etch-to-depth
deter@lifidtionOis aBIdNor e Ay A NRiVeRMgthSirRBSRUVO Bf @ﬂ&lx}(@taﬂztector fiber 140a
wavel engt h i rrespect ive of an exact detector fibe

locatiopya Asoral itsndespbed 1 grateredaiai] helow, nvejiekansty aa@rm lis used to
deterﬂﬁh@%ﬁ }’o‘i’hlﬁ&ggt% Wai/e‘?'l% {sséel‘iiig_g‘ (IZ, a‘iirﬁ cgna Qgg_ﬁs)n of 1naerest has

interest on a gure
beenomlemtrﬁaedr; egblysis off ihet eflesthindeafome drat |fek&mte| pioeebds regardless of the

.analysig of t refl ectance fron1 eat ure p o eeds
positiqpcafythe deleciet el WBodt b om S| ot SFUATCR Gl ifoein another
embéd?mteﬁ]te 4RES oMPligel 3¢ Rhintdife® bl RGRe Sédstntibfig- ekdbt positional

anot
correspondence for each detector fiber 140a between a specific location in lens system 134

and position within the vertically oriented entrance slit 142.
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enbodi nent, strict conpliance is nmaintained to ensure

essentially exact positional correspondence for each
wa@ledoso1ss fi ber 140a between a specific | ocatiPCI/Us2004/020666

| ens system 134 and position0within the vertically

oriented entrance slit 142. Figure 5B illustrates an

exenplary plot 150 of 2-D CCD array detection and

argigysi 3B illusasteoad axmepludyt flotol5® fithDACGBMrrayfdetdetion and analysis

in aqer esentwng\ljpglggrémdg%gg q(t:cgagxgqrsg te]glggrlﬁ SI S@ mlap% analysis is
knov&rf1 GRO ra?tagﬁﬁ Mohit 8B ANREsIBAL 1&616&91%&161%’ ?thce&dgﬁe with an

poi nt tectl on and etch-to-depth neasurenment and
embadnnentocvﬁ thg. inventieingfor eeng Byointpirsection savidseteli-2o-depth [nedasurement and

t a.di i i . 150, A .. .
montfrfiéndp d1E'6F 5. BPES% 37 Bdet yeues Lok ehraetdimgnsion of plot
150. PA ¥Rhénsion o¥ED @UD dirieplot P50 #sReprlekied it pixBls ih Bn®B@bodiment of the

enbodi ment, upper x-axis length is 1024 pixels, and in
inverdion. dpthodiomhodimenspenpek Xaxissiengthge 024 pglsgags joeprge. embppdiment,

uppe? g %élﬁggr%?% [5?3)%8 ﬁ)tugafls‘t I¥1 to%é '_egi)l(opgl'rr%g{ é%]f? y-]ag%éggﬁ? $ I%Sgﬁ)gels and in

one dnﬁbddﬁﬁerftmbﬁcy mimhelghﬂ‘le 256 pixetse dn dherembbditent, t]md sdleclddimension
establ i shes the scale_ in which the arﬁgyed op tlca

of plwlrSQreﬁt&bh%ﬁs fhe Sﬁ?‘lét“% whichthe yrayed RBBEAL lfmfsfontlﬁg lotted.
| t t
'Ogltﬁl“atglg:e% or mat If )gl}]eaiﬁ{_ﬁltfog M% agr%rlay gﬁlt&r\%x}%be%%th Hhe optical
inforpradeenThe 2ix CoEaswmyemof }ﬁ‘qurcmntsdhe foeaswrad jpfermatipn froof a plurality
detector fibers,, nmeasured of .devi.ces, and
of AT HfegRHREPOI B B Brrear B R, a0 dveindan o8 g efihalone o

wavelngth fReihtht di d¥BR& @iheaSiod ©Bk&le. ! Th thB&eMRAL digédtion along right y-
direction along right yaxis 158, each of the detector

wxis {9 sush i O delsworeiam é4eyicy glg@mﬁBm plattedhin an appropriate scale

base@ng{]) 2Pl 1tl6(}e Cﬁéeggﬁﬁgdgh € Bg)g %orqeqers {40551 tI%{%:%lm Figure

5A hEvlgg raQ;o fﬁﬁ\&in@@o@tl@ﬁ il Q&DPDCE@D Iﬂ’&SIISUl an therhllhhtfaté’d @nbodlment
| ot In the illustrated enbodi nent, Fibre

Fibrep T PIOEe Alona b EBYEEIM SO TP aAp Pt Sar Filgerpisarlotied along a
top 1§88y JE ROECLD Bief) hEf, 12?25‘3* Fighifs G2 St e Biodd acgordingly

betwa@arCthe divogdxyrehet wde ont kenbodimenxta desred numbenef plxels (not shown) is

selecgeab agdl JAE %ﬁpﬁ%ﬂc{;%%%néjegbeegg}b% RS ﬁ:g%ga ﬁ)?c\é\? 2)1{ cipiector fiber
l40a\é‘f§ntals%f &1¥r1®2&‘§frﬁ%@ 'e@ste%f Ercgﬁh%qhé’ Eeﬂafal?@ﬁnd]&%ct detecﬁor plots.

signal s t and "ease perceiving t
separshoen amdha embodmten‘oldhlsmtod i IFegua:es 5\3 aidoip ¢aqhtd¢@ctor fiber
enbadi nent_ il stra t ed
140 GEp Qo R et P o b bF SypaleRAR #Pgb o this manner, the
sign@$ F6Mldadh bFthe Wetet®r iBY¥R 1804 tthat SPRE IV Ely Jrovill® reflcbRACEformation
the signals fromeach of the detector fibers 140a,
acrossteazengolly et ticq epiyesprading o tefsizec artie on afsemisansiesior wafer, can be
S [ a n t
momg?%eg %d:%gg%é@eml’% gon'?l E@B?c?mp ér&lgcgir?‘ﬁgcohﬁ’ 4?1(9 %heg%ls enables
mathamdticdl aleleztich of thedeteetsb dibemdA0a of Rembiritibo rofn@tamﬂ fibers 140a
anal%sn S enab¢ es mat hema ical selegtion of th

provigéies FSFStﬂg@é CopBEh B e ORBPPRIPH [BPTRBaCRARe gAYt signature
for a]éwéh ?% R iR, DESE eSdtdialetGRIMAARA lof vitlicH B&el6SHber 140a or

cont e i nformati on |nthe refl ect ant S|gnature
combination of detector fibers 140a to examine, analyze, and monitor at run time. In one

embodiment, each signal, each signal of interest, and/or each combination of signals can be

compared to any of a plurality of models appropriate for the type of process, stage of
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for a given process in real tinme. This enables
determ nation of which detector fiber 140a or
wa@omwbionass on of detector fibers 140a to exam nNBCT/US2004/020666
anal yze, and nonitor at runItline. In one enbodi nent,
each signal, each signal of interest, and/ or each
conbi nation of signals can be conpared to any of a
fabripdtiﬂmalstruqtm@(s) rt[eii@ Sbeipged) prattatmeddmsity t drel $o/ patipfto evaluate process

ess br| atlon structure(s) bein . .
prosf (Fn buspolih il feribACs « §ohFbnf. ripdi sy oa duplng o desired
procé’srs PR FetdE, Oghe 8§teétbr ﬁber 1e09| B&kdtoh is ladBiHRRAL Bime! 'byea best match to

etch-to-depth), and any a plurality of desired

an approfy gdsmodel aanst técrstheﬁhm@eﬁé@:tt t0af grivembinktion € Heteetpiofibers 140a,

i traBed TARSigh Td Btcdiol Byiibuiisppblontiale o] ey, 2PPY OPrH ate

C olbbiatmboditfentlef et @verdtioBe e I40ECD Yetettdf kBBl contained within
through the fabrication process as appropriate or

imagingsspesigometgr bHe(seqBigdrearbriesdyestthe signale iﬁlonbﬁ leaesh fvedgtector fibers

Y R e ——
for dflspd‘ayl iat2-De@€D éfrrayepldietfffbt Blie $iighed risonl 40¢h oﬁﬂhd det]:ctotb fibers 140a is

B T TN
1magng8apéc%%meﬂ?e1§8 ol e 96%&%%3 dﬁcfa ]%Ilaéaen fséf;a?a&elg/' RELS endpoint

I's detected | ndependent rent
algomtégl endtoghe £H2 CZIParGGpldet et or array within the

t and the re uI t|
o B Rt s )t IS @ rafytoh 1008 b P ie drdpaigs recipe is
progfaﬁﬁné’d' 13 ddelhabugyt Bf @hpadiellar UBteOOL BB U ®HetermlR the endpoint.

gorithmis a manual node in which the endpoint
The seée;qtede detgctpr difpratfadistdspensient pre vealigrplype.ofatigrpen tﬂne: dieapnd other
ct
porafiSh {8t DA 8 BLEI 0s 108 SHRRRI ! ifined rom i

obsetvyaq),atta&tliresemedrbri the ZDeCChdtragt Ib'let 19@r 2Bl & edibodient, strict
epbodi nent, the detector fiber 140a selected is

COMRIRNES i H@&SWWHEMB% Betyeen datecior fibsr d4empetitions reksive to the
et Lt g S BRI Py e optica

fiberfapbeure18Ja(spo Figuro 3} andl tht iovientation lof acwafenhe (skiltigdrd2) in the

plas Gcp £ 4B A Lk B MABETATH ¢ 135 (ce

Fi Eluérﬁ)tﬁ’ér en@bllith B8], el £BbAEthtO Fulﬁf 1napéﬁ'5ﬂe@ ronl &é@a‘fs from all the

Figure 1) in the iasrm etch chanber woul d have't
detedterofibera nd Ot ﬂlensﬂnalquhé;m@tghéhe giebiosti signal | contrest is selected for

in parallel on the signals fromall the
dete@e’%@@? 5%011?% 140a, and the signal exhibiting the

grmayeeahotﬁexgaﬁbocnmeﬁtr artalpGrithel @as atpianeldnt B Righalki i all the
endpoi nt. I n yet another enbodi nent, the al gorithm
detecmn@bqrﬁ Lis and éhe signaly aresarhitiated ysingnihglqrrop Heveégqogtmh signal to

deterfdifdE6Bi cﬂ%ﬁﬁp?ﬁ‘ﬂ@ ik é'tﬂ@fﬂo 174 %%b&ﬁr?eh? %@ﬁ%ﬂ}ﬁ ﬁtoﬁleeach fiber

error levelPTrom each si gnal” to determne
is comlpdl[@dumreai dinreewvith b rha@ilel. hBort @oh .of lthe deiécsorefitizog Ithnepdrameters in the

e Sign ch fiber |s compared in r
modgh g 4HhBHeSb e skt 1h9vElgh GEF ey BSFGS roygmess, elc,) are
adjusbedy ﬁﬁ”ﬁé}ﬁéﬁ: b "bebtN€o0dness of fit” between the model and the signal from the

detector fiber. The goodness of fit can be viewed as an error signal that indicates how well

the model is matching the real signal from the wafer returned by each detector fiber 140a.

The endpoint returned to the tool is then calculated from the fiber signal having the lowest
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nodel (e.g., the thickness of the layers on the wafer,
open area, surface roughness, etc.) are adjusted to
wa@ehwseue3a best "goodness of fit" between the PoHER20841020666
the signal fromthe detectorlXiber. The goodness of
fit can be viewed as an error signal that indicates
how well the nodel is matching the real signal from
errort ignahafrepnerambodireehthly theaets mbetrec signalfthitds bdldGa prédermined limit

d urnedt th ool .is then cal culated from
thent%ﬁee%f#egéw %d AT 3y Fot'hfé% %westerror si gnal . In one

enmpogidTeat shbévstalheeﬁemﬁmryo b&4rh Odpo® | W0aks thidht b3 BRIRWI onto a
a predetermned limt then the systemwoul d return an

semigprgueiar gvafere and eprespitgiivelogaions ofisletzator fibes| 14Py ibdwmptical fiber

w0129 el ke RGP B BB L E R R gy pion. 1

one &hBadiiment bﬁtlﬁpﬂhiv@rﬂionf b aescebel hbdve, 1h3Sheaseepotilgurie agproximately
in accordance with one enbodi nent of t he present

12.5impdpidiameter, )Ap HBISEMBO & Highie 04, TepeeseHutrs lio@aﬁlona@f detector fibers

OGNSR Copb et SSARERD! Bl oPBRLEH RAPhIm beam sp

160.r étplones elmbadillmaat Is:uc]atomasgeoefccdmtr&dht@s hghtbeamsrnléhﬁlm realities such as
I.OVi sent atlF coverage for reception of

scattpripg, & ?réutfll 1PRgh 4{9 ]P% 160. I n one enbodi ment,

SUBRuEONR IABRaRS Wj@@ﬁ(ﬁﬁof bt sgok 266 BE BRURI6A onto an exemplary
real1ties such as scattering, attenuation,

die 167 én ﬁé‘?@d@@e veithd ag @Hfb@dlntﬁnt Bf gl exveion. | Bsplleaetmmvtefﬂecatlons of

a5 LHEL 190 P SATRRL AP e gt i Teons pt o
164,186, are\i@a’mhﬁe@ on fRepéeapMratdie/ g6d. Olfilaicb&ﬂ&ndéfm@fw‘ﬁﬁ €hBbdiment of the
flbers 140a in the optical fiber aperture 135 are

mve%{[w fhheg }%Qﬁect%ﬁbqrgéﬂ%groyquqﬁ@al@ggnais(;&om xsgntialy the entire area
or ré\%?cﬁ-{jléf {heee%,oﬁglakgﬂ e@r‘p grc?é%cgieb% Ijagéma t e?e%@?{ggfé; Cr&o?natlon from

acrodsi emserttiall§Othe v eeenppibiycdie Bi2geal de figiioas’s and Iaﬁaitltfzed In one

e entire area or re |Qn of the xerrplar di e As
embogigerh BiecmaBisreE A ansiusie eRablsscEa A BT feslonrod e detector fiber

1402261 QSRbiRRENGF Atbdfod HBer€NUDL rcﬁ%ﬁ_&% Xes@“ F%n%pgorﬁlaagt BE the best

noni tored and analyzed. In o
contend mif tiformaficania tlam adﬂcstaat sgmﬁulesformtgh@nmrow irsmhabtimeorn Figure

of .t he. det ect r 140a or nbi nation o de ctor )
6B, fasise & F5EL o, LT gD ezl SO Sxsciter daer 145§ ratching a
modéleft tieOpirefilarofeatultf, Qfridtied Bell, Rtd. Nr Wvﬁﬁél?&*sﬁé&ﬁﬁc status or degree of

signature for a given process in real tinme. In Figure

procegseingr(egi sadsint, pickrie-depthaeic. MSgdﬂsm:cbt Qnee @rn@tc@naidenuﬁed detector
ﬁbergalfogqgg gﬁé ﬁ{é&?&ed 1@8rt11%4%t1f thrga& reci1 g& gls oty elgr%&?ﬁg Wogessmg is

ure structure
achieseéci fi c status or degree of proceSS|ng (e. g

enflpi t, etch-to-depth, etc.) is desired. nce a
dt R heipRIFFiRted %e%neeli’f‘o einbpdigient scmaichgia idergified between a
receig?c[‘b R & arl ﬁgbcetsé ik g‘n&%] 45 {r 131@%?&% eqfl%l\gg 35 fifving a 2-

oce I's ac e appr eci
D C@Eadetectmr arma,e apdiaododed rptqcewedmtgnhl fos ai specific fpamthetet \ir dHgure 6B,

detec? o e?rlolﬁl@g é faL}léér =] ggl%llt:’bagsg)%% 1%%@@%2@8@3}36: Iﬁgg*gclarni% a specifically
identifiable location, but the signal returned is matched to specifically identify a desired
parameter such as endpoint, etch-to-depth, etc.

Similarly, region of interest 166 might be identified by the signals from detector fibers
140a-2 and 140a-3, or by the combination of signals from fiber detectors 140a-2 and 140a-3.
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D CCD detector array and a nodel processed signal for

a specific paraneter. In Figure 6B, detector fiber
wa2ms/01098ny or may not be a specifically identpPdT/ak1004/020666

fiber or in a specifically ilBentifiable |ocation, but

the signal returned is matched to specifically

identify a desired paraneter such as endpoint,
Oncetacinatch-idagerttifieds the @itevitdrafibers 1AGgRoh4®k3,i either ésdepdfently or in

i ght be jdentified he .si gnal s from.det ect.or
com g 35y b Fbhees S dpatyeg o) i HRGEY scpuifpdgtate or progress.
As &dsaiedds abdveMohé RetbodBh&f LFT fhe lifiO@nténapavilidd do3 iddRGBifk a match
match is identified, the detector fibers 140a-2,
betweana signalgrichebinatice périgeals repeived framedsintsiarditicrn] 40ea0r doebination
or ot S8, 205 G GSC k88 B TER LRIk, e of prces,
stage oD dabirivrtion, Glrutinge($)rbeny tabhicpedvpdes Hafsity dant i Yorhy t& evaluate
mat ch between a sjgnal or conbination of signals )
PrOCESSCRIOGREES {iréon§reigPdy SHmf dapth - craefeh-tfentivnisnd 0y o aplurality of
desugg r%&grgslr %{reﬁl glrss 131%%@1#%6&@3?%@2@:3lf)gs?c'é%(éﬁ/. o?fle ARE&ELS fiber 140a
seledtminris omtle amreab timedtyur bdss Inatndi to ginfapbropeiateatodabadnidethen the detector

depsi t nd so forth, to eval uate pyrocess progress .
fver {105, o0 sopeilnt ot delectar gm0 8 neCkeE i Be Fapyteation process
as apPiéhrayorfes@ed! Ural ity of desired process parameters

in real time enabling run-tinme precision. The detector

f i BigurelZ0na fewekeit siegram @0 édlustratiegthe mathodbgpeatines tfor making an

chyt. n_appropriate nmdel nd then the.detector
end 1 o AP R o o bR S i 3 e prsent
invehti@s KBig tbthod GBgihevith Wpedaciah il PN iPWRRE SSuBSrAP R O&Ved Br plasma
or desired. Figure 7 is a flow chart diagram 170
etchy |In g8¢ pxample thesubstratede a spaicandenier wafer hayingg phmality of structures
is ' . aty ' rdance
S L e
is uswelly dabrivagidnia addt tn egeicahdwwiorlwafetsnsushi &3hinfegsatfdd tiradits, memory

IS cejved for asma etch. In one exanple, the,
cellsq sk {BE ke (Lg oge g@_ﬁw@swaﬁ heoptrigres 2 SUDRged $imgpsg rangdom access
men&%%ﬁdﬂ&%y h&ing ?élh@%ﬁ @aﬁ‘ge hftad BE oBHPH %pe‘ﬁf PRhfEless space with
fa e St g e o?

ricated therein. ructurés ca any type
scatteied regignsuefunsdnhory fcelbsfrecioresl i n and on semi conduct or

waf.ers such as. inteqrated. .circyits,.. ry.cells, and )

¢ naft e b eReEn 17 b SyER i Brie s posoned in a
plasigieeAdadnbyn a MrCeXeAPaHN AGMBESis BB My SHistaidd BSFigure 1. In one

having relatively | arge areas of generally open or

embpdigent dhe Masgpwaeiehvibembse s @r vigwpeyi ions top mgienrgf the chamber

oG SULUELHN 555 0B FERDSH ALY By LT e hsma

etch ehanibezhanber. An exenpl ary chanber is generally
ilJustrated _in Fisggre 1. .In one enbodi nent, the plasm

et CHORSFAIPRE Onthe sabsHiats s dluminated. voliglitagiusn tighsmpifelight through a
fiberpRRRRAAIR rtQ‘é'lQﬁs\';gFt\éhlsﬁﬁi! igiz%ﬁ%%ﬁecf Sl tﬁeoﬂeﬁgoﬁc i ¥ffe embodiment,
er to pl asma

surface of the processed 1 nt
the fétet lopéhhmintle indlurles paplatalignofldiBic fitees, satieh mayerange in number from

appr&iln%@l)p %bet%' ap%r&il%g{elf 946.¢ eInt eru%t erp etm oldlirggrgt, ttlper %ggrho&ic bundle

includes a plurality of optic fibers, which may range in number from approximately 20 to

approximately 200. At the lens system, the light is collimated and aligned with the wafer
surface, and transmitted in a beam having a spot of approximately 12.5 mm in diameter. In

one embodiment, a 12.5 mm spot size is selected to correlate with an approximate 12.5 mm
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fiber optic bundle to a |l ens systemthat is positioned
over the viewport. In one enbodi nent, the fiber optic
whewdbedshcl udes a plurality of optic fibers, RI/UR0EY20666
range i n nunber from approxildately 60 to approxi mately
200. In another enbodi ment, the fiber optic bundle
includes a plurality of optic fibers, which may range
size pfhamerebmplary dienftizpfundaerdslaingt fahd patwpprepratadive the R40r), however
At the lens system the light is col]ijmted and,
the $3b} HE A ROE AR ChaBlET oy FAdatog, Wit SR iSRHR dgsires, patiem type,
densh@ adiythiBitidiy) afd 2BPf f plaRREP ST Bﬁér@tli% Petamef® bfled upon which spot
_ dianeter. In one enbodi nent, a 12.5 nmm spot size IS
size sepedifiediaccordingly.el ate with an approxi mate 12.5 mrsi ze
of | ark e .(the f nt,a i.t. of,t
el BoE B R il ool TR, HPhin £k g ghe surface
of the auibstreteladd deteced vwathed plefalitnodetetdtaptie fibkish The detector optic fibers
fabrication desjres, pattern type, densit

are igfpdeaved withdhe lightgsow qppif: é’lbﬁ;smngmi }‘{ﬂgpr @ptl@é@rﬁﬁ@ tiythe lens system.
In o2 EABEARIcA: SRdedBO A £D i5@Akavel Afith $hd BILDY Afbh source fiber

accordi ng conti nues w oper ation
opticsndisgeirseld dciagh the Sber e@btie apartiré twenstteecanplétaaeception béverage of the

substr a tected wwth a plurality of detector
bea%ﬁ“?@ﬁ@@?%f‘?cgﬁéﬁ?fﬁ €Ctor optic fibers are

| Niekt) aRYEGatr 180, NBe bIREd SEH KerRitted DE] @t &ectrometer

fiber optic aperture in the Nens system 1In one

fromghé s wEsiem visBa deteetianofibefrioptie buadle Eatleof thadettctor fibers transmits
the .60-200 |light source .fiber aptics,, dispersed,across

deteQ i HERG Errespo g Jok ATLCYIa’ @rShih S JREHtEPot Bolpghee of the

subsggy,edsate defectoh €ibbgaik smeleased withditht s6drc@ &M and dispersed across
therefrom Next, in operation 180, the detected |i

ht

the fibsr entigrpmitie daoviding gssepad)lyrymiede tecopiiansgoveragaof ﬂv@%eam spot.

I [ t L i ' ch

T BT T8 BEHR 103 BE0 08 MO G o e
pluratior o€ siptenidi N?tib diterpér hlhaiyldgdrbypd&i imzfgilngr)] Spddcﬁcﬁie'teiﬂ.n The imaging

fromthe surfac the substrate, as.t et ect or .
SPeCHQBEFLIngRYes Ao @R é@‘_ﬂe\m ATRY angligingdhe dgiepisd dight, and in one

: r o Toly ed; 7 [ r \Yj

I R i o B
signadpot . The nmethod continues with operation 182 in which

t detected light fromeach of.the pluralit f .
el 6 og Gong bR yultl S 1 s iagh oe 3 sty fgector optic fbers

are s&1B&6d fPMBkSLAn entipSint BRObAId SR 4rRRIsCTn bAE bMBESinRne the endpoint
CCD detector array for analyzing the detected |ight

call ig fpasedrprogieanshisiscisingnan algpothiaswhich theptigenl diosph gyrticular detector

. s |iaht f .ea fegt ref.l ectance . .
optc 3R el TPREHR shfol L SE Bl oh S EA IR ance i which
a knwith dbatoReisOh dTRhewal ddb&ibAronotiki bt sdase kaewe teRdtor fiber is

o make an endpoint call based on the analysis. In one

.t ) o
aligngcriyath ey losatinndpRiTaspording to hey fegibe.ofhahknawaldptecior fiber is
monitibd BnPRathdPlol 4 HBud] 'foﬁ’@?ﬂdﬁ@nt&e[hg‘t' 190 £4H0 2

particular detector optic fiber I's selected to
delnemothee emhdgioient, an Bydpuayt cail iekawihloa,anianalysis in which an endpoint

circunstance in whji.ch.a known fe re s in a known
slgorfaciifon o queg Suibectichel RIS EhaslsSinsale GBo: diaeh of the
signdl$is examined to identify a greatest signal contrast of all of the signals. That particular
signal is selected, and the optic fiber returning the selected signal is monitored for a match to

endpoint signature.



10

15

20

25

30

aligned with a known | ocation corresponding to the

feature, that known detector fiber is nonitored and
woredoshe®3i o a nodel for endpoint of that knownP¢BEHS200£020666

I n anot her enbodi nent, an endpoint call is based on an

anal ysis in which an endpoint algorithmis run in

parallel on the signals fromall of the detector opti c

f i beye. arctleh epibadireers) glmahépdilst mlhnsi basdd tom amdl@ndliydiy im which an

r a es sl naI cont r.ast, of. e. signal s ..
endefirf HeBifn? 3G i SRR TR gl &R 111 B FECP: gt Hoers, similar
to thé @thbhediafely f)ﬂ%@ecﬁﬁé &6b&HmShI A kthik %m%@l&ﬂe‘ﬂf e eB@%mﬁt I8 fhm would

to endpoint signature.In yet another enbodi ne

arbiteatpigrapeg alt af thei S@@bﬁslédlgdhe aronleselyfEoms caeh signaih Aamgnal is selected,

and ?‘Qﬁi ps?%rpaﬁ 1@'&?1{%11&{1 ec 8 Ellﬂcﬁ")o n? gl}ai?lt!gflglaﬁgltﬁ?lq%gap% e tcﬁlé In one

embodintent decdrbitpties ey mga@’eﬁﬁﬂ tibadf. chbite dhtifg eHERAEHiAEBE the wafer if
ggend poi nt algorithmwould arbitrate _anong all of the
the 1 thPa?rgordgfo@cl@%e eF %?anax}@a qh.aagﬁ waliher if gheike might occur if two

I
fibers kegﬁlﬁ erfods fifal gnfétxggr rE eE gnl&pm he W2 ae???&c:g%d%lﬁghea&rors evolve

endpoi nt sign
d1ffemml:lw duriegthe prbrmsar@ndzerthe emiponnycalcb rangte, theandthbels dohe.
e.during the etcth fer if t ere ative,
Wd the ghye opimentE g Mﬁﬁeulﬁ%ﬁﬂéﬁﬁe hatithe mveption may
empl@? bl SusBodPut @G mplentdntdd¥petatiBas ﬁwBthlﬂg dht@gtﬁféﬁsinkﬁb ter systems.
are very simlar at the start of the wafer process %
Thesg lpperatipay areethedevieqating ehpsical ymahipulatgpnt d‘)lféplp:ylsmaeqmntlﬁhs: eUsually,

all is d.is.done.
thou%lﬂgot?%g%(searg ﬁel%lﬁ?tétleisﬂelﬁ thea ?orfnt oth ectrical Bgmaﬁlaeélrcﬁgpaﬁ capable
of bdifiatotdde tiansfeméd, PomBMEdE BthPited,afndWiBerwise manipulated. Further, the
uter |nplenented operations involving data stored

mamphlngel?ﬁpn@ré@ rmggs prgnefienT rfeiged pe datiPors wick ashpoducing, identifying,
deterfrﬁﬁ’iﬂ rdr gm%gﬁg%cal mani pul ation of physi cal

uan ities al l'y, ‘though not necessarily, these
q uAsIIelctslo§ shet iakentioheafh alsobetmbbdied bs cahp@ér 1BGBEE dode on computer

readgblfo B CORRUIEF dendaBieRetiigs WK ol PGP dicgise that can store data
i
whlcﬁléﬁﬁ Be Eheréé?ﬁ’:r ?@at'd t?rué %%@gﬁf Sgg{epr ogﬁ%})ﬂ{eﬁ réﬁgge‘tﬁ? n}edla also includes

referred to in ng,
an eldgetremagnaetiogarrier w:mpmr whigh ths peotpstenfcotibids |embediedonExamples of

compﬁ%%lﬁial%l be g% do‘t}%sd Oeggs; g orﬁeag@g%qdegtg%fgp iﬂ{ﬁsS) read-only

memaAY réifiom-sdceiseMemap) | CB-RANE, CBIRS LODR Wal Aapdtie Nafe@Nand other
be thereafter read by a corrputer system ‘Conput er

opticale gad HrcR-oRSigRln datas torage| devdessan (Enemieronergatdei media can also be
dlstrlggtrea'ol% Rvdrﬁ \é'p 1%5' c‘bg a%? gys:fréelg irsgctlﬂ%c‘ﬁhla 38%}%8 rea%able code is

r rea
storedianwe&puuaéumﬂistraimabﬁﬁdoﬁtor age (NAS), read-only

ﬁ om access nenpry, CD- ROVB, CD-Rs, CD-RW,

nagﬁ&y‘ﬁgbt S HREESOIRR dNVERH} héﬁa%)@eeaciesermfdﬂarﬁom qegadl faaarusposes of
larit§ (T AQErsHBYInG S |-

clatl §| stri blﬁt ed x verwm%%g?E?%%@et n%gh%sga?lﬁsrgé@ﬁ&ﬁg)g s may be

practichdwithirethe (smmtce" ither am_dadrlde:lamde Aicsorgingty dheaprelsedx ebiddithents are

to be conmderec% hs il ustraeuve ani nlog 1ne'strictive, and the invention is not to be limited to the

details given herein, but may be modified within the scope and equivalents of the appended

claims.

What is claimed is:
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Al t hough the foregoing invention has been described in
sone detail for purposes of clarity of understandi ng,
w0 poodioldo3be apparent that certain changes and PCT/US2004/020666
nodi fications may be practidéd within the scope of the
appended cl ai ms. Accordingly, the present enbodi nents
are to be considered as illustrative and not
restrictive and the inver€Lamsi s not to be limted to
det S en, her ei.n, t nodi fi.ed within
tht scopendhil S e iiRsemport @1‘3@3@%@&&&%9@“%%\% surface
ona 'w%fe@' b g@l‘fade%f Mé\@r Havirfy fBRRbel et Rl SfoRpHs

end p0| nt of p asnma etchin operatl on Oaf a sur ace on
a sprilgng colﬂiela@drlfght entoftha fvstage bBthe venfirng f eat ur es

ort %R "8 B el Y, RERe<, P BRI o st tight being

detedtéd by digceste tdoRctot f sOéachhitabEbe regibh ®eingf doa€ik@@d to portray a
i ght being detecte dg di screte detection regions,
e

umqkéea@anaﬂé@r@éw&ﬁque@gy ing configured to portray a

u nid?ﬁt?fyglégﬂ% talf"{‘l‘fer ¥t1idn b, g?@f}é%‘ Eé’rrqu Biet fﬁ%&élf%) d@%i st¥AG; and

on regions to corre
opétecating ieadmlint afh thee glasnit i enchigg «bpenanbn dfasédhen pleedbaek from the

., € I ng eratlo based .on feedback fromthe )
ldenﬁl%éﬂ?rier olalhe hiecBH edianT o et o), RO} heing perfamcsh during the

etchiﬁ%o?ﬂ{élfi@étﬁfesGﬁlﬂ{wsupﬁéé.or med during the etching of the
features on the surface. 2. The nethod of claim1,

mherein t he coIIinated light is received froma source

opt o aBBs BiSP of Hid na ORtemtipg Nt R et Fom 2 source

thro@hraeli‘é}it @@uwﬁb@r@pklb pBhdeE td 4 Gbdr dpfic P&t bf 2685 Ghe Iehg collimating
waf e . The nethod of claim2, wherein the fibe

and d;mctl@g bh@@pilun@ed lightdeiths surfaen ofthe wafesr fi bers, the
| ight detector fibers being interleaved with | | ght
source fibers fromthe light source fiber optic bundle

at 3t he Thdakthogdiof ¢ladpel; whein the e opid Hstuss ineludég'flhgﬂmt detector
rein the discrete detection regl ons are_defjne

ﬁberg Hhe pg]@qﬂetqyg}ré'&e@rbemgd@%lea‘fq@ew@lp ghtsogreg dibsest frem the Iyght source
n area on the rface of the
fiber/cpb BU3IE B £ AN hob el |Tght is detected by the
light detector fi bers 5 The method of claiml,
further_co [ the detected .
' b oot S TR tedaiin Pavhi dRedistrer (Fin regignygre defined by

the ligﬁﬁﬂét%oﬁﬂi’&% KRBk &bte d%feaharzfergg)ﬂs an&%ﬁ&hg% e ble§ %h%’e surface
by the imagi ng spectroneter; matching an opti cal

of thg M%fﬂlfrorm witichireflested Neht i dbtactad: bycthe éghtecbte@dbrlﬂbgm to a
nodel

5. The method of claim 1, further comprising:

transmitting the detected reflected light from the surface of the wafer to an imaging
spectrometer;

analyzing the detected reflected light by the imaging spectrometer;

matching an optical signal from the analyzed detected reflected light to a model
optical signal; and

selecting the matched optical signal to determine endpoint of the plasma etching

operation.
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optical signal; and selecting the nmatched optica
signal to determ ne endpoint of the plasma etching
woep@sativeh. 6. The net hod of claimb5, wherein tPEI/US2004/020666

i magi ng spectroneter includdd a two di mensi onal charge
coupl ed device (2D-CCD) array for analyzing the
detected reflected light. 7. The nethod of claimb5,
whér ei nThdwmeﬁ[@dCﬁDchrma@g whereianthe guragohgt spedﬁrembtaly iidhades a two
uni gue. si naI I 0SS enc ban f.or e

aimeggpgtlenaie® Fauenisace GR-CODYABE 6F 2ohiaing 4 s flccted ight
the matchi ng of an optical si gnal fromthe anal yzed
detected reflected light to a nodel optical signal is

ac%onplTbme@ﬂm9Oﬁabuhﬁnghanuub@BEECCENQﬁWHScmﬁkweddhdwphyﬂm
i & uroa %g ) ieag{atf det de%r gl beros in parall el
uniafy gt plfoRta t¥adhey hetld sof Echokion REIGR, v b o

greatest signal contrast. 9. The nethod of claim 8,
further conprl sing selecting the identified greatest

si &nal ridaifbA; wbeTciy thenmaighing afet @@tyyﬁbmgn@lrfrom the
e A .

optical sipndl fientetck of e hluratity € light deteglur ftbersan pariéel with theahodel optical

i i gnal i.s.acconplished by matching an optical signal

Slgn?ﬁ@%ﬁ%ﬁ@’?}’l‘%ﬁa&r egfeshrsignal g;}/ngqast“ ght detector fibers in
parallel with the nodel optical signal and arbitrating

an optical signal fromeach of the plurality of I|ight
de9 ect ofhd ntpghasl ofoclaiterd; iftinthear erenqirising sedectipg db¢ edentifiod greatest

od . of | 105 f h
signa] G giedst ﬁrgdlaﬂ%l%&fngﬁﬂ%seégﬁi? Fudel i At Jo i i izl
plurality of |ight detector fi bers to determ ne

endpoi nt of a plasma process having a | owest error
| eVdl bEhomethod ofesdiinum abewpt Hisl matehingrof] anyeptical signgd from the

deteczé(cf Eeqmc{eﬂr ggqmttcc | nlglo el\l\@tﬁ:ral Fgﬁﬁ ﬁy%EﬁHhﬁs%Qé rya{ngIchlngfan optical

erm nin poi n ope
signdl feou Eaberfarplaallgflight haeaw ﬁlwﬁquﬁarilt& withf tBeé nhﬁvll diffical signal

f eat ures bei naﬁ; et ched, c l% {&ﬁaé a det ector
and g7hieHng AP OPUTAl sigpaldrqm @?ﬁ  Girtherplopling o h%l@élewos Hibers to identify a

maxi negme{a ABleeslok fsted |ight being detected by discrete
n regions, each detection region being

confi gured to generate a specific optical signal

el ho. b PEMREAT Flgm 4Dy AT ORIILS SEBAORE O 4Gy oial signal

fromSdagh @k ,the/\fﬂafaﬁ%y oﬁﬁgiﬂQlecht&fﬁUefketoFﬁe@e?ﬁ%ee&ﬁBbﬁlg of a plasma process
operation is based on feedback froman identified one

havirg a lovestisrardevst beleyitbnmazigunT hesepipblesmontevel. ai m 12,
wherei n when the one of the detection regions being
configured to correlate with a nodel optical signal is

det®r m Aagsteinhfer siRidk fal wafoR thecdistedi ¢pable @f dbREmDNE @idpoint of a
the detection regions is fromthe identified one

of
plaspp gtchingeonerdionr iy sy 3 yvafgetheryriges ef tenwafer Raving features
bemgf@tgﬂ&i, @Bm&flsﬁl&e pl asma et chi ng operation.

a detector for detecting reflected light from the surface of the wafer, the reflected light
being detected by discrete detection regions, each detection region being configured to
generate a specific optical signal across a frequency band, one of the detection regions being
configured to correlate with a model optical signal, whereby endpoint of the plasma etching

operation is based on feedback from an identified one of the detected regions.
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14. The system of claim 12, further conprising: a

pl asma processi ng chanber having an interior region,
w@poosnimss or, and a viewport providing visual BCTDESH04/620666

the interior region fromthel8xterior; a light source

configured to provide a broad beamlight for directing

t hrough the viewport onto an active surface of a

seid.condibe stemaf elaim dgi whemadwheér theronehd thedeeétivh reglons belng

o GRS E8R PSSP A LS et e PASAEb ol e o
the di'l%to? HeQdetdBbh ‘f@élorfs' 19%%1 !E@Ydé?ﬁﬁ@d gﬁé €k ABteElich ?eggm"él 'agd is used

anal ysi s end, €ach detection end being positione

to dercarbleme agppint aﬁb@c plaswasfchigeopemtionsyst em  an i magi ng
spectroneter, the inmagi ng spectroneter receiving the
anal ysis end of each of the plurality of detector

opt4.cal Thé BRteni odlginRl 2 fhikeeBoMptigigg:or array to
anal yze a received o ti cal S|gnal fromeach of the

pl &PHISTRPrEsesHaE CBMBPeIdRVIngadn fritsiar ogianente PHtetipk and a viewport
provggﬁgggﬁkﬁgl a&fesP{oacﬁgﬁltér[bgfr%lﬁﬁ]frgg tﬁ@@&%ﬁ &On 1 determ ned

on an ana e recelve optl cal signal

f r orightisburod cbiniégqilédl t@lpréwdeot ek dtan lipht ifeabirbdtin ?ftﬁrough the
15. The system qof claim 14, wherein the analysis_ o
ViewpRit optocas aFHYe Hptace oF 2 srgican ‘FFQSM%%F&WSBPH?%@’ﬂb}mtﬂiamt?r}m region

Ofthgglagﬁ;l edcQEsi gHaﬁﬁ,Ierfl bers includes matching the
ceiv d optlcal signal fromeach of the plurality of

de@ ebirality oyt detekorf dptienks fibars,acach ddl the [pturu“labf ofi dptecttorf apttical fibers

ol S SR8 bebRSnR) SEREH0k 2 P05 e n » s
optid dperteldreiel 186 Hfstedf;r ay provides a plot of at |east one

anal yzed recei ved optlcal si gnal .
an imaging spectrometer, the imaging spectrometer receiving the analysis end of each

of the plurality of detector optical fibers; and

a 2-D CCD detector array to analyze a received optical signal from each of the
plurality of detector optical fibers,

wherein the endpoint of plasma the etching operation is determined based on an

analysis of the received optical signal from each of the plurality of detector optical fibers.

15.  The system of claim 14, wherein the analysis of the received optical signal
from each of the plurality of detector optical fibers includes matching the received optical
signal from each of the plurality of detector optical fibers to a model optical signal for a

desired endpoint to the plasma etching operation.

16.  The plasma processing system of claim 14, wherein the CCD detector array

provides a plot of at least one analyzed received optical signal.



