METHODS FOR CONSTRUCTI NG AN OPTI MAL ENDPO NT ALGORI THM BACKGROUND OF THE

| NVENTI ON [ Para 1] For ease of discussion, a few terns have been defi ned
bel ow. [ RspaoRjooBaba set - a record of measurenents as &cCorseaoom4of tine
for a paraneter on the processing tool. [Para 3] Change point - a point in
atinme serie L which . change occurs [ Para 4] Endpoint - a point in
time at whi ciié%b%be%gmgh%hin@%‘ﬂ f&ﬁgﬂ%’.%ﬁqag&ﬁ%’ﬁﬁﬁ? eached or
is near conpletion. [Para 5] Endpqi iph - an interval in a data set
during which an endpoint is thouéﬁéﬂnggﬁﬁﬁf. An endpoi nt domain is usually
relatively broad and is Rased- ‘ sl MRt gane;PRFa 6] Partial Least
Squares Di scri m nant Anaﬁggﬁngéﬁéagéy ?H%qgégﬁhbgﬁé for finding

rel ati qiaki ps bet veenl tiveussioh S v WabahaRlbeeDdeflimy toRwsed when there are
mul ti ple i ndependent variables (in an input matrix X) and possibly nultiple
dependdRry Al i BBlaest (# Freaid oinpaieviraepisgs yiungtipn pf §omALr § REaeparP 88 es are
not cony,jt Syt consist of a set of independent discrete val ues or
classegﬁb%ﬁ%B Kgﬁay try to find Iinear conbinations of the X variabl es that
can be [Raed3} oChhgsgiohy -taheuitnputingatacd ntvdudnsonof clidbee désicy et e ¢l asses.

[ Par a 7# Prggeﬂdgojnt domai.n - a_p(t% of the data set Lha%%pripeaﬁs t he
endpoi it bk NP RYNPE S ARETHR PAGFHEIAS- CEPPEA ASHPRAVER RS set
that copR$eabt RmebNQngNdR Nt domain. [Para 9] Signature - a distinctive
change point (or conbination of change points) in the evolution of a

par anet{@araf| cEndpmstdooninf aparardtie pslasecduringdiioal es ealpoendpbibnghtitn a
process. The conbination of paranmeters .and, the nature of the change usually
Por m paiF o R OpgRE TP Ay w P o R B e B SR R MBS To 1 it ng
a straij@hta 6] Neakisl NEsBSHOASIDISGUANES Ahdldingid-panl thesnhub e fatia: val ues
inafinite temporal interval of the data from an individual sensor
channelrelafipaghisbepvasahvances of datpl s Hiok &s shagvienideigragy gl or growt h
in the sem.conductor industry. To gai opmet bkive advant ages. ., . .

serm corieEaTREe e I LY EPaOB By RS MR L FRERL AR5t Go e

pr ocesshig s&ank Ko NMENLS-DM, dfcde hatighled 4k Mvzenvashs andapiodice:tbrgh quality
sem conduct or devi ces.

mdependent discrete values or classes. PLS-DA may try to find linear combinations of the X
vartables that can be used to classify the mput data into one of the discrete classes.

[Para 7| Pre-endpoint domain - a part of the data set that precedes the endpoint domain.
[Para 8] Post-endpoint domain - a part of the data set that comes after the endpoint
domain.

{Para 9] Signature - a distinctive change point {or combination of change points) in the

evolution of a parameter or combination of parameters which indicates an endpoint in a

process. The combination of parameters and the nature of the change usually form parnt of a
signature.

gression - refers to fitting a straight line using a least-squares fitting

!

[Para 18] Stepwise re
algorithm to the data values m a finite temporal interval of the data from an mdividual sensor
channel.

[Para 11} Advances in plasma processing have provided for growth in the semiconductor
tndustry. To gain a competitive advantage, semiconductor device manufacturers need to
maintamn tight control of the processing environment in order to minimize waste and produce
high quality semiconductor devices.

[Para 12} Ove method for maintaining tight control is by identifying a process endpoint. As

discussed herein, the term endpoint refers to a pomnt in time at which a process {e.g., etching a



[Para 12] One nethod for maintaining tight control is by identifying a
process endpoint. As discussed herein, the termendpoint refers to a point
in tinme avowhilgl2&oprocess (e.g., etching asilicon | ayePLTh@gomweamhed or is
near conpletion. The process of identifying an endpoint may be as sinple as
identifyi n(ﬂéa si gnal h the |ar change may

st ¢
not al v BRI &R EhON "8"1‘1’(1‘&8%‘““‘6;}%8ﬁ*“f“ﬁ&“t ﬁeé‘m‘%’é‘ﬁ -E “‘%61”%%“?% t he

Channelbt EALD I @H*?ﬁidﬂ?%nﬁl' £8ahat F&@{ht &L ﬂﬁr\ Qr RMOQGHO{\»E@&% L3haiTRad@Ghdy tate
di scussion, Fi ws a sinple nmethod for establlshlng an endpoi'nt

al gori tlml‘«’fmeLtht?ki@dvi@sﬁﬂdﬂ@p@mbédihﬁhfﬂl;i@gx sqchi & ngswah the gendabrmedeavanual |y
by an e ert user, {%exarrpl e. [Para 14] Consider the situation wherein,
f or a{ﬁgi’* ha éjaf%@tOé Wfrate i s being processed. Since there are different

t ypes QQ’aﬁ'ﬂbﬂt ratRslitatehBsci@8én FUDStHaLE alsaRslSs ntcehdderopstilRLBAMR chiRan@s t he
substrate that may be utilized ih a production environnent. For exanple, if

a specidgaithat flée medhaslpsgieperibediig Fige il i vl perforgregmoruetly By an axpsivii | ar
patterne%(;lf §ubs;1rrnal;e may be enployed as a test substrate. [Para 15] At a
first sié (ié?‘ data is acquired for a substrate. In an exanple, sensors

(such g®aea ptlessnsidermangsimtion whariQPbi GalplTs s&t Qbsepedt bonehekeds¢ES), a
tenperature sensor, and the |ike) acquire data while the substrate is
pr ocessubce harars Giferupbinste! SubsrHe: teHsti sandste Brisdehs of eHARKAYRS #ay be

col I ectigd s lsh Qt%%%@da#ﬁe xﬁﬁ;z&&‘ﬁx Qﬁﬁuél E%nb@&nﬁﬁﬁ”i«&f O&f ﬁa’?’?%a r}%‘&fgat a that

has been col [ ecte be ana nce a plethora o ddta

avai | ahjagprnkil mmangtf,anuehrd:ﬂ@imtwwddmnmt hcahaémcjmtafmé m@nahtasimeimrs may be a
chal | en%ﬁgﬁg t.ask that usual ly requires in-depth know edge of the tool and
reci pe Yos @ P UBHAan expert user is usual ly charged with the task of

perfor miphg, {6 ARBHASID- iﬂb P@f&@xs]azhmféd Br Q%%ﬁsrﬁiee Rn JsQ@xaxﬁ‘ﬁ!e SRS (Msier may

exani ne one or nore Si gna S ch anges 1 n the si gna patter ns. The expert
user aemqw lomnwernmr @tsef trwasien progrunet (OLak sitybpaiiute sheoranal ysi s.

por 1 or i e KRB bE it wbiTEHE BRATAEREre™S, D B RELIGIoL i ERnck ot var o

progr angeiRY ch@maisshiiPhecidt@dvi sual i zati on program that may be enployed to
graphically illustrate a signal history, for exan&]@gb [ Para 18] However,
even wilPrra hel Afiseie subsrateshasbser plios*emahdh%é(ﬁeﬂiaé eep fellagtiduney &f  dat a

2ggglr I:Ilengﬁyﬂ'é 10t eQ%lEl"h%{fpi?fla%V%' i’/ W e %1l ﬁaggh g@ﬁ%f‘h %mﬁ%&%tﬁ?% *Rﬁé grlr’%w\{\u’gagllda L89-

daunt i mg,masiemﬂsmlﬁmaaxamﬁhﬁgmg hek ﬁwmy,nhg requires in-depth knowledge of the tool
and recipe. For this reason, an expert user is usually charged with the task of performing the
analysis.
{Para 17] Atanextstep 104, an expert user may examine one or more signals for changes in
the signal patterns. The expert user may employ one or more software programs to assist
with the analvsig. In gan example, the software program may be a simple analysis tool that
may perform simple calculations and analysis. In another example, the software program
may be a simple data visualization program that may be emploved to graphically tlustrate a
signal history, for example.
{Para 18] However, even with the expert user’s expertise and experience, the volume of data
acquired by the sensors and available for analysis may be overwhelnung, Accordingly, the
task of identifving an endpoint signature can be a daunting task. In an example, there may be
over 2,000 wavelength measurements within an OES sensor channel. Since endpoint data

may also be found i other sensor channels (sach as sensor channels providing data aboat

)



over 2,000 wavel ength nmeasurenments within an OES sensor channel. Since
endpoi nt data may al so be found in other sensor channels (such as sensor
channel s woaviidioegyodat a aboutt enperat ure, pressure, vol ragas2and4dashe |ike),
an expert user may be facing an insurnmountable task if every signal and
conbi nati on of signals qas to be 6@3 zed. [Para &? As can be exp elﬁt ed,
dependi'AYPHBBHE: é?b‘ﬁﬁ‘i“@a‘tq Bre iRl ‘aﬁ@e%ﬁyﬂp% facIBR AP SSUBNARBIHE dat a
than othgrirsi@PalsSal HAToRNANRLE of BRLA: BLORALSnAvARd B have endpoint data.
However, signal B may provide a befter endpoint signature since signal B
may hai@ated¥ Aeicsebe brgrecsidgiepending (a}meawlﬂaammbh%me‘e %g}aimaﬂpmr@ or
hundr eds of si gnal,s, .t he task o endpoi nt
si gnat UFEST SHTRAMF dad thay U(SIﬂ)et'ﬁ FRfes e%&b%%lar’ﬁpqglhﬁﬂhﬁm? SAG é'{)lé‘%Sr?Bd% ery

t edi OUSsHa@N GiokeREBr, SERSUITIRY pRHIGES Bettd E’m;mﬁ@lmxhﬁw@ﬂaéw:nw HRey Paledesst he
expert user may be | ooki ng for a signal change (e.g., change in a si gnal
pattern\)mfasihﬁrﬁimﬂﬂl‘ca(t!i\éw f there Ayl Poriprens Pobunsedyif signpls, ewg@a is

Z: ?Elongﬁqﬁﬁm\/\?%% %‘1&2 ?B?m@nﬁ} nld%}p;na? x?ﬂ*ng r?m?t‘x)ﬁsg%}l(arr\mg }L%{pmhtasmbigur

t edi ouan;txaeek:om at\kegy Rdius ammnmeczenmny;eammwl s task has becone even nor e
difficult as signal changes becone | ess obvious. This is espeC|aIIy true

for redPpEs2fingt s e iunpr yadbe ¥ prbEEE By paleokdpeter avias! dung Gubst rat e.
In an exampl&., si@a??ﬁféﬁ@r antidladon 28k @Qd HACESP I?x%ﬁtgfle,gka e&%ﬁhe@uy'ns* SO

smal |l (e.qQ: bstrate area) at a ange is sb subtle
SO as tctmubmam Jshk unﬁnemtsmeh@m@ ma)] tdp&shmrmﬂnaegees&ih{{x@hnla t2§!~] ofioahmbyl it at e
anal ysi t he ex nat e data val ues that he believes to be

user
not reﬁ@vawwwb fﬁi}aﬁ““ hﬂeﬁ POSHESK AR PRS- A SR crsalid AY §¥e data
set i nodee&ee el é&iﬁ%}e chH&Qk%E‘Qmﬁlzl' b Rak 'b@&sxﬁ@&bo&ﬁ b thg Sleanalaigtngam

wi thin which the expert user “does not expect the endpoint to octur. In

ot her vior gsipes Hat eimenﬁowﬁée pmywlmmﬂtumnsieeeanehtﬂ:ve@eteaﬁuendmwﬂe o a
target area in j eam be endpoi nt domai n and
oot DR Brede dehah PP Peead O ST RN gER” (P R B PR e 8K

findi nghandigel tRinge ieRMRBINL: & BMREUHES unbhRc@iftd GiehanBkeed he

pre- endigm nt and ost endpoi nt domains as large as possible to limt the

regi on iPara 21n iMMhtatt‘dmﬁ ok, the expestysT ey efimarde &g veupcibat ivdedirpsrte user
5 S Ul FATLbE AWl 08 CREERS e B B RS LRI T SHI 0! eTuCe
the data se anal yzi ngsel ec

i ncl udedaitgnial: and ehmmhn«mm(m mfhesskgm&i;tfs’eahhﬁtthmbﬁﬂeldtlﬂm\pdireuﬁx ﬁeﬁnmser
experience, nay cont ain endgm nt data. Typically, when a conmbipation of
si gnal SXPESIH FPAAIYKEHT 2 &t ADET HORYS. hRBRESHERTRY JRIORS §536HEIE 20 s usual Iy

froma &Hgﬁhﬁo% ARl are @ GE sw@@!rk%re%lé ol ¥sual@hé weé{i’gggé éﬁcﬁ»&ﬁx‘?%@ﬁ&sﬁx& aSources

are not conbi ned since vari ati ons befween the sensors
post-endpoint domain. Because of the high cost (in expert time) of ﬁndmg and refining

endpoint signatures, the aim 13 to make the pre-endpoint and post-endpoint domains as large
as possibie to hinit the region left in which to look for endpoint.

[Para 22| Swmce the expert user is usually famihar with the process, the expert user may
further reduce the data set by only analyzing select signals. The select signals may include
signals or combination of signals that, based on the expert user’s experience, may contain
endpoint data. Typically, when a combination of signals is being analyzed as a group, the
cornbination of siguals is usually from a single sensor source. Generally, data from different
sensor sources are not combined since variations between the sensors may make the
correlation analysis difficalt, if not impossible, to be performed manually.

[Para 23] Ascan be expected, working only with a filtered data set may increase the risk of

the optumal endpoint signature being inadvertently ehminated. In other words, by filtering

]



correlation analysis difficult, if not inpossible, to be perforned
manual | y. [Para 23] As can be expected, working only with a filtered data
set may iworensm28ibe ri sk of the optimal endpoint signararasheiongo477

i nadvertently elimnated. In other words, by filteringout the data, the

expert us_gr ({Tay_be nmaki ng an as__st}[rgfi__on t hart,v__ag _end%o_'_nt_si nature, much
| ess t HTBBtqaHaibee PN "EgiAPHTIas 27 esSPERHPR I i BHEOBY SiehRE: gRSPs t hat
remai NSe@fhehpifhd BB NG sikiQurk Nk kR8I0 Bne LNBe SRAPOHAL rShaRAL AN S 1hAL MaY
be identified in the remai ning signals nay not necessarily be the opti nal

endpoi ritor ghignator, ¢he rRanat Adhatfetibat raavshegdabtifcidange: hasiisaengidemti f i ed,

the expert user. I perf.or veri,fxi cation analysis to determ ne the

r obust H”é’éEe'%ﬁs”af‘P}@%ﬁ’&ﬁﬂ“@ﬂ%ﬁ@@% 'S4 éndpoi nt candi date. For exanple, the
expert ppaps 24apnienakyas dhbfd s besyidehitdie ikl ghak ulQ nlgtiREmAe the

uni queness of the signal change. If the signal change i's not unique (i.e.,
occur r i g lirgie wahnisdndeeimng e wbettory cbhenimakiignat )s antdpsingnal may be
elimnated fromthe data,set  The expert, user .may then resune: his.tedious
Cask or Padier ft RS AR g RNasr (e BRARGIE R R W SR o s
a next b epgléiess & thebigo! chivhdeer s hesimbl dsnge Bedot ohiqdé gid. aecditihi @8y may be
applied to the data set to renmpve noi se and snpooth out the data. Exanples
of fil tiBesonagay tedysipe il sisepl. fea shgmd ngybe gravnged fromytheduty set. fhp

exanpl G }&'ﬂt 13 %ﬁf’sj &y '!teiSLlu{]g ha t@d]glz.rzf é%@&%iﬁ?ﬁg% ‘teithti\%’%Bd@hflﬂﬁ%ﬁ@t}l@!ppl ying
6 a dat t vy d set’ KTt

filters ata se ecrease noi se I n the data ers are
usual | wi@appl i ed sparingly since filters nay also increase the real-tine

delay withip a signal. [Para 26]..ln some situations, mul ti-variate
anal ysilEars s ALa Wer it 1 « e SRR pSFeohe Rl ATrE nie eErefiiiees)
may be qpepfQLamd rétﬁm%rl@is)ézénﬁgﬁ{ﬁgl c?ﬁtﬂ?e dalbﬁgmk;%és-aﬁme@é zﬁff@lﬁalr YehspiiBy be

performed to further reduce the data set. In order to utilize

mul ti - vaglhde. dubmalnpsiissited tve faxpampleusme somys ey ogurepdntiobated fiterst he shape
(e.g., gurve) of an endpoint feature. In other. rds, t expert er is
xpoct i Ehabr AR R brn e Cersstiogr n iRl B ull oo
candi dadpgiie@ypaliaye sitet Merdaay dentictdagdihe ByalphedefibniviBintahemahape of the
endpoint, the nulfi-variate analysis essentially elimnates signals that do
not exHPBra 2¢h& seed yiwgtiahapaityaage exdnps Guch fs Pie iz §panenetthe endpoi nt

IS def '&1%&’55&90&%1*@’11&%@5’S(&i%}%%ﬁy Bnth Lt uﬂg& arfel tyn?d ﬁ}etdmas ﬁi%%%ﬁtiﬂ%kﬁmge
el i mi nated.” Accor di ngl'y, t'he “opt i hal "endpoi St gnat ur e does not have
t he " expaktgaiayshapeionhbetooptthemkderdpodnt sai gnatder & wiize e mulisediatd Par a
27] As can be appreciated fromthe f ?r‘egO| ng, the task of identifying a
si ngl e WRWESI HE eapghisetimey PF siraeprefefsicdhofiagalas cal Vo tandatptithg t ask
and may.f.ake IQ@M&? wokds, Q@%XWK&T id &g@&é& Qf fHricfEd f1Ran@ '&s?ﬁxeaei[ﬁdﬁ&ﬂpo' nt
signature is 1dentified, Iittle or no quantitative analysis o

even though an endpoint candidate ruay have vet to be identified. By predefining the shape

of the endpoint, the multi-variate analysis essentially eliminates signals that do not exhibit the

desived shape. In an example, if the shape of the endpotnt is defined to be a peak, signals that

do not exhibit this shape may be elimmated. Accordingly, if the optimal endpoint signature

does not have the “expected” shape, the optinnal endpoint signature may be missed.

[Para 27} As can be appreciated from the foregoing, the task of identifying a single endpoint

signature from a plethora of data can be a daunting task and may take hours, if not weeks, to

perform. Further, once an endpoint signature is wdentified, little or no quantitative analysis of

the suitability of the signals or combination of signals as an endpoint signature may be

performed. In an example, to validate a signal change as an endpoint signature, the expert

aser may analyze other signals to look for a simifar signal change at around the same time

frame. However, given that the expert user may have already spent a considerable amount of



the suitability of the signals or conbination of signals as an endpoi nt
signature nmay be perforned. In an exanple, to validate a signal change as
an endpoiwo 28ilgneagior e, the expert user may anal yze ot hePCIiusp@®4i407 | ook
for a simlar signal change at around the sane tinme franme. However, given
that the expert . user nmay have al ready, spent a conside ablﬁ anqunt oftine

i dent i FYPHEEER IR 18 (T SERTRSIHS WP RatRE BPeinEcaRperdt Akar kg iRt al way s
have thesdukdiBndf B3GR ARVa0lalk IE! defiat i ON to validate the result. [Para
28] At a next step 108, the expert user nmay choose an endpoint algorithm
type bd¥ech 2% t\he nasitstapel ¥ thekepen aws ntavahcodsmalntiygint dgosthdggpnbasatigori t hm

type may be based. on the shape of the spectral. line(s), far exanple, that

nmay reﬁ?’/’etg‘éﬂ?mf% EnUpoT q%‘i‘agh t’é,\g(%[ﬁfb’%}? a&ﬁé‘“@ﬁﬁ‘ﬁ%i‘% ¥ %qiﬂs%‘gm?&ﬁr esent ed

by a slapg shangecrACeR(H] RYbyamRah@XRE! lepkts & tHBIPHAP ORI XEHPRE the

dependent algorithm [Para 29] In addition, the endpoint algorithmmy be

based cwdpeiet gay by awissenehly aptye phowied e cchelihds thepdsiner BRyparare

Hovvever5 a tﬁj}g @Ii({e}s};_ﬁg{)erriélx‘ati ve (such as a change in the slope) of the

endpoi n 1S @*Ha% ure may not provide the best endpoint algorithm Instead,

the seqeaeh pgr bvaldiveg, dfe dolipoisl dperihauely Bsband bnfiledthvatvpouni)y for

exanple, may provide a better endpoint algorithm The ability to identify
FOYRE BIRAIS O SRODMEHTH R BB i, MENE 10 IHAL GERRITAES ] &5t i SRR ST £

not onlRfOUR® Blidlseh sepeirhHaRaive. blatvears Srofivet draptiendpdl #te d1eget intthm

Coven Ui ¥ 2 chafiROSROLRL oL IOFR e T b Aok BRI Jfyfeifunt o users

al gor i tsheorsietetivags: wfale Yepoptieinwzedndadicarpote s tfed:xaOpbe ntaly@r@;idzpm bater

al gorithm has been idgntified, . the endpoint algarithmmay be conyerted into

B Br oAU HHAIB I LT BOEY Ehidena o6 OBl o &P LSO R RS b O ek ¢ he

test enyiipORMBRL:ARthstRGaBS QAUGRI QRIHBRY LLONTRNMay LhGirSBLIHNG f ftihe

endpoi nt algorrthm may have to be adjusted before the endpoint algorithm

may be usoéehenrerpeppadyordomssSetti ngs that may be adjusted include but are

not |inited.to, for example, smoothing filter del ay .time, specific

et t1 ngEnrbaIr s e SyGi Hh s SEEH ks ke opaie shfs wSBR Bk o,

filtershé balpoimyloeiephoyRd i§D1SERAhN chdppidal@ritiin tab @S lcoffireaoRERNt May

cause unacceptable real-tine delay within a production environnent. As

di scusgsedusépeendpaigalgaritne. Jelcayliifesenaes nay exivebetivaen defigse povicanisat ween a

non- f ! latna rtﬁede. 'dg&%ln c%b@&%cnqntﬂa @itéh%%ﬂe{jfg%n@n@&aﬁlig(ﬁn@ggﬁ% IEIQI; me%ggrrpl € a
peak in a S|%na may have occurre seconds”1nto the process. However,
af ter adfustederefors dapplipeid: aithdthpeaky baored inoe puddnatidnl |Sehiigedondsylbat er . | f
an endpoi nt algorl thmis applied with the filter settings, the substrate
may be {ONERIdECHMIDBrore FHEddRdEbPHMRE oI [THERtIFPeie Haedhpoi nt .
To m i z6s tH8hd 8Lt Bpes. and the tike.

[Para 31} In an example, filters that may be employed to smooth the data in a test

environment may cause unacceptable real-time delay within a production environment. As

discussed herein, real-time delay refers to the tme difference between a non-filtered signal

change and a filtered signal change. For example, a peak in a signal may have occwred at 40

seconds into the process. However, after a filter is applied, the peak mayv not occur until 5

seconds later. I an endpoint algorithm s applied with the filter settings, the substrate may be

over-etched before the endpomnt algorithm identifies the endpoint. To minimize the real-time

delay, the filiers roay have to be adjusted.

{Para 32| Before moving the endpoint algorithm into production, a test may be performed 1o

determine if the settings have been optimized. In an example, the endpoint algorithm may be

applied to the data set that has been utilized to create the endpoint algorithm. I the endpoint

algorithm correctly identifies the endpoint using the adjusted settings, the settings may be



delay, the filters may have to be adjusted. [Para 32] Before noving the
endpoint algorithminto production, a test nay be perforned to determne if
t he settiwig=0tizwesibeen optim zed. I n an exanpl e, the enapoiuskolalogarit hm nmay
be applied to the data set that has been utilized to create the endpoint

algorithm. If the endpoint a orlthmcorrectl ntifies . th end oi nt
usi ng tRESGeFEH 4t SRS Hgeevy hé“%ﬁ‘t"?ﬂ@é"%&)%‘é@ghé‘?%F%H‘ &@%& R zed.
Howeverenghdint i QRARQ 1Bk @Rmct Jamsf[@t |'ﬁw§ RsGREF SRk ¥ bk HeMbinfol hGpie
endpoi nt, theé settirgs my have to be a justed This test may have to be
per f or rmnleqrtmrm:c]:li atria tmism(m hrobgh bafire ihal serimgs ey eremnit wmaynzb{éf ore the

settin may,.even be o

dot er mIRATT S8 patie ! Ped drarbiomidh P otadery e rbp st REudEeachontst ne
endpoi nbstah er diie ﬁll?lﬁht kiﬁxnﬁtlﬂ’ 10bM%tx8@t§%%1eL¢§=,Et ik peentcrRe 1051 6R chifdmt t he
endpoi nt al gorit be applied to data sets assoclated with other
subst r atggithpmmanbesok tél dagz sraconekisted b¥!t§dlﬁl$qfﬁa@>éiﬁtﬁéy hpan provdssed and
dat a The endp appli.ed.to the
second a({ﬂgi fcs;\(e%tkule{f\l}ﬂﬁ I"H %!OSQSH{?{‘ g fd {%ir['gglh}n%b ¢ 1 edt Flgmltgglﬂ !P 'ﬂb?iqh}‘ﬂ

endpoi nhay ﬂhh@beﬂﬂﬂ@‘ﬂﬂiﬁ ti&l q@amdtdazm myifbﬁe @m@slxmeraed:ifn@baw&me taridexitheﬂendpm nt
al g orlthmmaé grated into production (step However, if the
endpoi ritdagy r“ﬁ%ﬁﬁ“&? lgopgn ‘é}éhi"i ﬁ«;wd@éu*efﬁamdﬁfé thuttwép@ﬁﬁﬁé?rmmwg‘or ithm
may be ht may

ot urn FOREAS! PRI 1) MERGY. if BT Al AL ARNEIOR b ekl |

candi da:h.euaﬁdncahstnd;@mm@,mmmx ey imnﬂpmmtd al l}onmtahfﬁm[rﬂanah«z&&l]zmﬁhven t hat
the robustness test ma qmretlma gg ti.on and anal ysis, many
endpoi MPEl GRS %‘é‘ YParREpst 'EB’“ Re! ‘%PBBJ&H’WH“% R8Hment wi t hout
under gQiigiaband OAUBLEERSalARE cndHiflAEHidAr ds, step 112 is usual |y
considered as an optional step in the treation of an endpoint al gorithm

[ Par a mwm lc & Etnéham@fr wbusined st oy Fequireding fee enatthod afidanatyséaviany an
endpoi nt Ol‘lyth g ss that is usuyall erformed by
expor t S RE s el B B aPRBR 0T ehaBnpls S S REO B ex
anal ysitge xc@u\ﬁa&s&m Ixﬁ@hér&k &ilds Qe BIROY LGOS cbRedSRUROANSp1RLECHT iAnkhd hat  may
be nmoved into production | ack quantitative support. Further, since a

si ngl e dieRtan U&aht‘fwbtoﬂﬁééﬁ . anal yze all signals and/ or conbi nation of

si gnal n bl U Q, t m.fhat may
be cr ejg)wlai Q# yA% & g\%@(,u%te@ ?}J;n 1 1 r%%ﬁ% F&théglgl&n } a';\ "“ﬁ#nqﬁ“ Mntn

pr ocesss nloRdy ﬁn‘&tﬁimb%@@@&ﬂmﬂgisyx;sufﬁh%emﬁli‘m%d Edetmhb@ﬂxofmx eoRshy exgleitizg a
r obust endp0| nt algorithmis desi rabl e. BRI EF DESCRI PTI ON OF THE SEVERAL
VI EWS @R PRESTImasioNesorpahacampler Ranl prie Sehen tia/ata g esqurssisteat ed by way

of exanplifoinfAfoBh RY: Y sOhoved into production may lack quantitative support.
Further, since a single human can not possibly analyze all signals and/or combination of
signals within a reasonable period of time, the endpomnt algorithm that may be created may
ot always be the optimal endpoint algorithm for the process.
[Para 36] Accordingly, a simplified method for constructing a robust endpoint algorithm is

desirable.



limtation, in the figures of the acconpanying drawi ngs and in which |ike
reference nunerals refer to simlar elenents and in which: [Para 38] Fig. 1
shows a swopba/aegihod for establishing an endpoi nt al gorcrhiseolpPandar 39]

Fig. 2 shows, in an enbodi nent of the invention, a sinple flow chart

illustrating a nethod for constructing. an endpoint. algorithm [Para 40]
Fig. 3A and é‘%‘lgﬁg&/\i*h%dﬁﬁgrfﬁfoé:llﬁe?]!{]\gﬁjar)‘t[h\éﬂngVEht ?L[ ;)fét\g\i%&e fl ow chart
T ust nabkng7it i pE0BR iARnBLORNTERMEN 08 BB EXEC Yhenbibydigequering the
opti mal endpoint algorithm [Para 41] Fig.” 4 shows, 1 n an enbodi ment of the
i nvent ilontatansintpé Sufkowl dhartorfpmyingplramegs ambistheclopkd reddresrdpoieant!s

al gorit hg#\{\n t,hi.in 3 [ﬁ%ogu_c@)i on »eﬁ,vi ronnent. [Para 42] Fig. 5 shows, in an
embodi eI “HFFIRESFRGERFPOH WRIB) ock diagramillustrating an exanple of an

evol utiparphsidatia 1 S86Ss h Bludidmlettall 10f cs@plikiThg 28 BERREMtaiRk@aki t hms. DETAI LED
DESCRI PTI ON. OF EMBODI MENTS [ Para 43] The present invention will now be
descri H&ara PldEtzalishows. in pefebedivient of the frawnésb o dimmlnaflow thertaldstigyng a

illustrat. En the acconpanying draw ngs. In the follow ng description,
nuner odg't‘tsﬁ{g{ieg}lf’%‘(‘:&f(ﬂ%&éﬁg ?E%é%é{}‘gé*gﬁ?iﬁ@"h in order to provide a thorough

under stipack @ 6fc. Bhemdndsenty, inveahb@imehitofMbd InvbgicAppangM flohehever, to
one skilled in the art, that the present invention may be practiced w thout
some oriilatatige thergs sughEorpling caping ray .@-\:vabt%w-ﬂw’?@%%é SRUTOREAPRIEWN
processystgps and/ or structures have not been described in detail in order
to not unnecessarily obscure the present invention. [Para 44] Various
enbodi nPatsd Hr Eigddsbowhad ahembodibehoad the hokuthmg smeplhdids: dmad feechni ques. |t
shoul d .be, kept. i n m nd ha% the invention mght also cover articles of
manuf adP\ﬁ’F"é‘“{?‘Hé{S ther e §dPOLy AR P YA B PR B LSRR R h

conput gy Feaab| e sicASLE 4e bh OABediBlenCANhY LRGnOM, 2 BRAUIARNL S RhralifiBan
inventive technique are stored. The conputer readable medi um may incl ude,

for exanpiple demccontion vbdata peiy e i dist dppomageetiont agpritlead., or other forns

of conputer readabl e gediumfor. storing conputer. readable code. Further,
the invention may al s[g'?g}c‘;@‘s?&&%‘@5’&@%%&?%@@@?% enbodi nents of the
i nvent i [Para BIC THhaPRIEALMSETBRY whINSh W B deicHiBud tiSdet P aHE 24 BknANW Ofew

programmabl e, to carry out tasks pertaining to enbodi nents of the
i nvent iasiodBreinpihesobhs Busiviappdhancenimeyind dravigendndbe Bllepowe conput er

and/ or ﬁs&@g‘?ﬁ'@%%&%ySS’&“@%&%}@%e%E{ LGS SR RRRLL R {»II%E%‘M REQELpMed and may
i ncl ude "a corbi nati on of - a corrpuferfcorrpu I'ng deVice =
anddedigdtedhpinggi aramblea: Givemitnt 9t @dbid ghafeor, Hohevaard @uskiirgks tpenrt ai ni ng
to enbodi nents of | : e o . )

that the present invention may be practiced without some or all of these specific details. In

other instances, well known process steps and/or structures have not been described in derail

i order 1o not unnecessarily obscure the present mvention.

[Para 44] Various embodiments are described hereinbelow, including methods and

technigues, It should be kept in nund that the invention might also cover articles of

manufacture that includes a computer readable medium on which computer-readable

instructions for carrying out embodiments of the inventive technique are stored. The

computer readable medium may include, for example, semicondactor, magnetic, opto-

magnetic, optical, or other forms of computer readable medium for storing computer readable

code. Further, the invention may also cover apparatuses for practicing embodiments of the

invention. Such apparatus may include circuits, dedicated and/or programmable, to carry out

tasks pertaining to embodiments of the mvention. Examples of such apparatus include a

general-purpose computer and/or a dedicated computing device when appropriately

programmed and may include a combination of a computer/computing device and



the invention. [Para 45] In accordance with enbodi nents of the invention,
nmet hods are provided for automatically discovering and optim zi ng endpoi nt
al gori t hrwoO 2Enoe1inent s of the i nvention include nethodecrarsz@onsi4ruct i ng
an endpoint algorithmfor determ ning an optimal endpoint for a pr ocess.
Enbodi ts aof thein ntlon so Jnclude . in-situ nmethods f g the
endpoi ﬁq%@ PFOAPP |Cﬁ‘La“bﬁ‘iﬂﬂl‘fétif”o‘r‘feéﬂ‘i}?‘ﬁ*dﬁ%r&’tﬁ"‘a‘f‘iﬂa« 19 ey )}"1‘|“§F‘1E*tf?fn
document,, Nahk@US | npl enentations may be di scussed using endpoint as an
exanple. This invention, however, is not limted to endpoint and nmay

i ncl udd‘l’any*ilalhén@eopbnm W tthambn'atweotsmjnhmﬁ emgman’lpﬂmdes@ puT\hdl@i for he

di scussi ons_.ar ﬁ'gganjt .as e(iant’?l es Jan]g t he ii‘ynvﬁntﬂi SN ot f mted by the
exanpl e PPBEENY BACBRF 47 77 T T CRD G Y b ’P%’ TAVERET BR, net hods
are pram tﬁx@;@u hude0RSths &l BehsBc@NARRboidt AQ6dithhTor §her xﬁﬁhﬂ%’ﬁo PR
include sinple, user-friendly, automated methods that nmay be uti I i zed by
both expdpeinkivd 2 perrcex garbodidents of theanyasting diso ml‘ﬁeriéfsﬂd@‘l@btﬁjlfmi ng sensor
dat a, 1 I an..a et e en‘ gint period, automatically
anal y2| }88 h“eilha“f“lia‘x}m ulﬁ%or‘rlaﬂltﬂllgéamm p%e&é(“ i “‘”“é ‘é"‘é‘t of potenti al endpoi nt

si gnat ypPasa 46inth mstmmmakhxymhmprehtemgmam opt bedlscendpoding eedpgatiat Bm i nto
production. [Para 48] In the prior art, due to the sheer volune of data, a
si ngl e SRR Ay HEEHES. htb\f»fe‘»ff ds predEndiogrdpypend masingvds snwhHER a

reaso n?@'ﬂﬁ dhd %\%Ulrozﬂu i unil ﬂrF&qorﬁnﬁr h}%rdi‘g:'b]%%ol“}ﬁe ARalysl 'es\ambi@\ Qxﬂi the

enbod invol ve Titt uman i nvol venent. I'nste
al gori tthtmnglxmmjtr}mytddéusah@bnymﬂut;mmt&ior m the analysis, in an enbodl ment .

Since t a _are bei an ) yzed automatically in d of manual |y, nore
Gat o el ABLTHAH Yo aRoReRigR H Fe e ot R G CORSSTBIEAS ) gnal s

may be &%ﬂﬁéﬁ)ﬁgﬁgoﬂﬁgl efn&h8RahaRY1R8 s AL, %@@frleﬁ@l@ kxﬁcﬁﬁ{emﬁthd(&%at

rel evance 1 n bei ng a potential €endpoint signature. tion, since the
anal ysimsay b2 wigwed &y hgiimpﬁ@ranédmbymdmwat%gdﬂwtlmﬂmhgm}emcItut:ieasawamés| s is no
| onger |imted oma si ata may
be. anal 8% G- OnERIAuY sFTne G RoRlte SR P anG sorR i SRR [Por
49] ThahatigerdudRan! BBy iRe: R SOFIWALE «RIpRT 3Mnhitals, hfl Pasediany a
function of tinme relative to a target region for an endp0| nt (e.g. ,

endpoi ritﬂpﬁﬁﬁﬁlf#ﬁ)ﬁp’i@ﬁé@“(iﬂ@éﬂU&@riﬂﬁﬁw@l@quﬁﬁ@&ﬂm‘an appr oxi mat e endpoi nt region
(e.g., Q?&PQ%}I n z‘ii.xgg?ﬁ'og)mé, @x@‘? ﬁ“]b% [ért\}&mﬁ?@gi* eﬁ?{ @qu hu%”m ]%XT gmtb?, (@,&a‘kyze

t he data scover endp
enbodi nestbly taheyad gbsibtdimvahigi mamybl& d}ﬁtﬁpehysda Lsxht\e dfe gm@ﬁ ent thaknshdpes

that m gn embodiment, may involve little or no human involvement. Instead, an algorithm engine
may be emploved to perform the analvsis, in an embodiment. Since the data are being
analyzed automatically instead of manually, more data mav be apalyzed, if notall. In an
embaodiment, all possible signals may be analyzed and each signal may be characterized 1o
term of is relevance in bemg a potential endpoint signature, In addition, since the analysis 18
now being performed by the alzorithm engine, the analysis is no longer limited to data files
from a single substrate. Thus, more data may be analvzed to construct a set of robust optimal
endpoint algorithms,
{Para 49] The algorithm engine may be a software program that is based on a function of
time relative to a target region for an endpoint {e. g, endpoint domain}. Once the user has
defined an approximate endpoint region {e.g., endpoint domain}, the algorithm engine may be
emploved to analyze the data to discover a set of optimal endpoint signatures.
[Para 58] inan embodiment, the algorithi engine may wdentify a set of potential shapes that

may represent the potential endpoint signatures in & multi-variate analysis. Unlike the prior

]



may represent the potential endpoint signatures in a nulti-variate
analysis. Unlike the priorart, the user is not require to have prior
know edgewofotiie2&hape for each potential endpoint signa&Curus2@e/og477 peak,
val l ey, step, etc.). Instead, the al gorithm engi ne may generate a list of

potential shapes once the aI or|t ne\, identified th tenti al
endpoi ¥t §}ﬁgﬁa&w‘@§*ew‘a§) %] é"”ﬁb{]%ﬁ‘ﬁ ﬁgbg}aﬁ? fofegeh P‘%‘ﬁ%‘ £ ‘gﬁmlﬁay be

i dent | fba(%upygﬁi (hep@k\gam‘.g hm;ﬁ“&' )nQnQ{zﬁi ARt P ekl nfhySienShe {ﬁmee (e.g.
curve). Tn an di ment; tHé al‘gorithmengine is configured to perform

dat a cqmmmbmapg% iamclﬂteeégmnbmoaﬂl md\m;@nﬂpﬁ:ﬂ e pcandaidmtiwnmﬂwmes: to

i denti f. best oi.nt ,si S arl abilit

cach pal HeiEARLIS PHNIR BGRTE LG e BERT ey b P g o

St epw SBnfiQRUHOSH INsHaPe del eEir-Be 1hRL 8lhogiendt, (RaghotiahRer RRUL cHRTARRE €r 1N
a series of finite tinme intervals t hr oughout ‘t he hi story “of the process In

an enbddippgnm d@théomdth@unm@i tﬁamg, @d@@winrﬁnﬂmnw@é@a@a|nmdat fogdendy tise set
in the

to rej [ N rif
data t ﬁtéc‘%ai Lélﬁggmt F&mm% Itgt‘ éﬁmﬁgt h tnh\ednénciﬁl%%n%ﬁ&?[pg ilnm(f%ﬂs RQL}DL 1r%m Otrj‘r%lga’l ment .

CES si gnal ke d@cbéy pedupaidy acephdengubaidhe degnee bé bl@b@-ﬂg@w(} idag.inpig| ope)
that is seen in the variability as the process evolves. In an_exanple,

cont i gUBHENIRAB PSR ER HRINag WiargHs %WUW hp Biskay ﬁﬁ%bvéﬁﬂgrm&%é@ t oget her .
By sl O%%gﬁgvﬁgﬂ% t‘ﬂgg x%%gt@f’x NG Prrins ek Sieu kg H{AV‘%@ etotﬁ Shdnalss if hat may

need to the norse in ose sig greatly reduced.
The resudxtmmgyiamlapciegenm1@;41{5@\ drffissingmadiga amdaxgnmum».odnam g»nﬁml thet hat are
nost Iik_I_X to contain information related to the endpoint. [Para 52] In an
embodi AP cul 1ing may be performed to reduce the nunber of potenti al

endpoi N, s Qﬂaixij‘(x}e&nbéd}m@ﬁk erkadl Bhav Be m@y&{ acRBORQ trdtm@&a.n@ﬂw e is one

that is present 1n al processedD substrate I'n an exanple, if an endpoi nt
si gnat whengeslinosiope rrié@ttlu pasniin thel Varighiligy mbswaxtw%azl\ Uh’ﬁfa ol ’twih@ﬁ!pieest

substrate t hen t nt.,signatures is r

ol T ndPRUI TvERTET VAR B oTRE S e h e e ihg. FBES:

subst r aa€ed §BEpiaRAP Qe BE S kigRat UheniBYer A SRnke ueiz Rt I8d 0e8»ad eant r ol
substrate is a substrate that has not been etched and therefore shoul d not

have prtb@u@e@mdho@n@&;@mtla\sbw@ﬂlérr eduggdarihesgiulymaaiepeaips di liseat signals
mul ti - ﬁxh'&hﬁa AnAl YR rﬁ?tl’}?%’mg% REN t%ﬂ,%?&; umﬁ,BnS%‘ g}i'«fm Exhe\é& %{' ts from

the anal ysi s nay be 1"np ut arti eas uar es

Di scri rwmns?}Anaduysn&wcﬁﬁbﬁ BA)ing maoibd @&rfbm@mwéﬂme tsugitick pgpokngach
i ndi vi dual signal in each slopebased roua I n an enbodi nent,, instead of
r eqw r |Lﬁfﬁp‘f‘ﬁ%5‘&§%‘|‘mc ol L‘é?ﬁ'“@?@p’é%’tbéﬁ & @‘ﬁ@f Benaye “e‘?ﬂﬂﬁ&“ﬁ% PRSI (as

qw reg O;Q&éq&‘%i RbbiBhesAh hn kol 'ggépéi 4Rt sﬁJnXm?é‘wtn'&?a kangetn Liegi pn for

1
t e endpoint and the shapes provi y 't he "al gorithm engi ne.
substantial majority of test substrates, then the endpomt signatures is not robust and may be

ehiminated. However, if an endpoint signature appears on a control substrate, the endpoint
signgture may also be eliminated since a control substrate is g substrate that has not been
etched and therefore should not have produced an endpoint signature.

[Para 83} In an embodiment, multi-variate analysis may be performed. ln an example, the
results from the analysis may be utilized as ioput into a Partial Least Sqguares Discriminant
Analysis (PLS-DA) in order to optimize weighting of each individual signal in each slope-
based group. In an emubodiment, instead of requiring the user to enter an expected shape of
the endpoint curve {as required by the prior art), the PLS-DA may rely on the target region
for the endpoint and the shapes provided by the algorithm engine.

[Para 54] In an embodument, the results from the PLS-DA from OES signals may be banded

and combined with other sensor signals. In an embodiment, the PLS-DA may be repeated

9



[ Para 54] I n an enbodi nent, the results fromthe PLS-DA from CES signals
may be banded and conbined with ot her sensor signals. In an enbodi nent, the
PLS- DA mayohkelwmpsaat edwi t h t he new set of banded si gnal #CraSpriodwee’ a
conpact optin zed conbination of potential endpoint signatures that nmay
have a hllga1 cont r ast aHd a I?w conput ational | oad for real-tine endpoint

cal cul atbi¥e PeParRSRPoetS gl B irpB T RS A COnRE ‘b’é’f‘@ﬁ‘%‘% ‘éjl‘mléﬁ‘rﬁbﬁﬁ’ﬁt%m??‘&j atures
are Concv}aﬁ&;ﬁfk L Qe EREPRL P ha @ PR b LORBas Mty B snwm;l.mmﬁél BhL& rdeb asfmﬁé me.
Pot enti al ~ endp0®i nt S|gnatures that can not be converted into real-tine
endpoi rmdadngmahnﬁmtw th miniml real tine-delay may be elim nat ed I n

ot her a.real scar

oo IR S b el R ! bl P e St h Rl Tl oS | owa! e

real - tlmidﬁahay\ ithbafAalTRksihia daRy RO @it eldy8id logRlitalhf RAPAdIHe
al gorithnms may be ranked based on a ratio of useful “information to the

i nfor rrwpnmtqdhmo reg- tifﬁi‘ erdppaniel a@nﬁﬁm“ oh npaglal fﬁ'&h’éﬂ“@e‘iew myebei naf t er

referreg a . wltlg high
fideli L nnm ta% R 5“9 W 0;&%’ ra .%i i{:m Lﬂd&g'lﬁ aﬁa%g% It_}xsa,r\ Lailx %gcgrirﬁfme}b Ten umtt..

al gori tda:mx« @mtéchﬁnhatﬁqmwhm&xb@ﬁs ﬁ&afxmﬁﬂiaﬁaﬂmmfeai heedelal-time
endpoi nt al gorithms m be sel ected and noved .into production. ({Para 57]
The f edPaFbdtlaftopebntivges thofmaaliepaint ‘1§Eﬁ\}@m5|16% brafpnkyst byeed e o

under Stl%’gd"é}\feﬁxl u%%ﬁﬁﬁ%"mtd?e zﬁxﬁa@n{ah&?ﬂhﬁﬁzsﬁﬂg e%ﬁ%& St Q0 %eal- thte dfefég' ow. [Para

58] Fig , I'n an enbod e 1nvention, a si W chart
illust rl"&tﬂ:mgtwwfmhbuh dsariidebnstanucii mguazm;:émdp(aimxtlah garhi <ﬂk’!§_ﬁ\ fifltlé#ra 59] At
a first ste ors Wt

), 2 is acquir a set, of ens
B ot be Ty Sh I R BRI s T P B WG AR P b B B Mo e
Subst r alegn b&i&%ﬂe’agoﬁy&Qﬁé@e‘%ﬂt;nz%hb;ﬁ‘mﬁﬂ‘ﬁo&ﬁ%& h @ olsslcbel 64 BiREESRET, dat 2

(such as optical emssion, electrical signals, pressure data, plasma data,
and the.’iit}tﬁtlcel)ﬁlare bei ng col | ect ed by a set of sensors [ Para 60] In an
enbodi ta that to be ize

endpol 1PAE) 501 TohAeag Be 4<5mt e o in nrorar ehinTorin B e pdfafs o
'nCOfpQ(@t!eﬁerﬂ%h@ﬁfJ@*ﬂr@i ddderentsibeshasustrates, noise that is associated
with the material differences or process vari abi lities between the

subst r dPars fly Fise 2ehowi. napeambedingnt @rtbo divesian, asiepld fow dhayt iBestgbng Ag from
test 5‘49&@&%‘? %J?f’i‘%n}%"@xn pr%%ﬁ%%@%"“ thin different chanbers. By

i ncor porati eren nmbers, noise that is associated with
t he di fgi’ahem}em beélrwsen m)ham;er»&gqmyecm\smhdsef ednkats Rattedthe[pPadegsitd] At a

next Stﬁgm%?rdf CL%}Q:dcpﬁxLOsﬁlu gxao:[nemgt!w% T%lel;;\ gg 1V-VI SRR h‘ewendpm qt for the
g ample, a test substrate is being processed.
While the substrate is being processed, data (such as optical emission, elgctrical signals,
pressure data, plasma data, and the like) are being collected by a set of sensors.
{Para 66] In an embodiment, the data that 13 to be utilized in creating the optimal endpoint
atporithm may be coming from more than one test substrate, By mcorporating data from
different test substrates, noise that is associated with the material differences or process
variabilities between the substrates may be eliminated. 1o an embodiment, the data may be
coming from test substrates that way be processed within different chambers. By
mcorporating data from different chambers, noise that is associated with the differences
between charobers moay also be eliminated,
[Para 61] At anext step 204, an approximate time period within which the endpoint for the
process is expected to occur is identified. In other words, an endpoint domain is defined.
Unlike the prior art, the endpoint domain 1s an approximate and relatively broad time interval

within which the algorithm engine is to search for valid endpoint signatures. For example,

1G



process is expected to occur is identified. In other words, an endpoint
domain is defined. Unlike the prior art, the endpoint domain is an

appr oxi mewe 2andhoesabat i vel y broad tinme interval wthin weCghistére/oai4gori t hm
engine is to search for valid endpoi nt signatures For exanpl e, because of
t he hi h speeg of .the s h the ser can ex&gU: end oint domain to

i ncorp ‘reé&leeé’ HE‘%?‘T‘%‘F ot Pﬁ‘?%‘gﬁ%? i ke %?é“lﬁ‘@%ﬁ“t‘ﬁe

pre- enqgairga&mfé%merm e sﬁmﬁ%m aﬁh@u@hgﬁ(é bOm RO Qx‘cfl‘?ldﬁﬁﬂt hlRs QE' fy sgndpoi nt
signatures that m ght occur earlier in the process. These early enhdpoints
reduceckha:mﬁshooﬂwmheﬂproeeéendahaﬁwngwmg@enhy&mgngénvmmndubmumthayers

[ Para 62 next, st r m en IS, acti,vated to perform
PR e R A T e A
enbodi neRficongiidi6elalde data anal ysis is not being perforned nmanual |y, data
files fromnore than one substrate may be anal yzed. Those skilled in the
art ar dPavnpd ﬁmam&mt@xﬁiﬁmm@igmt@m TR z@@ﬁtsw%méﬁﬁﬁmﬂmapdxrup ked from

rrultlple y st.rates h) |ng ntlt ‘9 .tends to
i Al aset ol o nn m) nt rm: 1313 n Ln mhm mc h mt .md 515 15
be nore’ fobust st heeen 8 } igoriiius, o an CBOdinIent, stce A Y ount T it he

substr aio@Sexbﬁ gl mmﬁim&}mbﬁieelﬁmm mMateatan tﬁd%%’uastﬁﬁe} nﬁwgs anzaémlnd 3B
show, in an enbodi ment of the inventjon, a sinple flow chart illustrating

the st e'!a?sw Hedyirthe ARvETHR gy exbomt éiﬁoﬁt‘%aﬂ?%uh‘gd e drig Hlesdiogn and
gener at ﬁ% gg&kr{%“ ai@ﬁﬁzhmw oRIEPLLA J‘Ixe;fﬂﬁg%kz%?ﬁ&m %9?; tg%'e'n&ﬁg@@mq{ agléSS' on,

Fi gs. e di scussed i n-conjunction shows
a bl oc k,,ndpfagr fanrdslthis taratdtrgnamngx Bapt mtﬁc aa&mmmthﬂuc;m.alghcﬁmyabs ets into a
list of ,opti r’rcrfl endpoi nt algorithms, in an enbodinment. [Para 64] At a first
step 302PHEYal gorit hm engi ne may perform linear fitting on the available

data s gﬁ’ﬁn( bR ElRl 3 dah @z 8La0R. éqg)embbﬁnﬁénl? &f th\é’%\%tmﬁ‘ 3‘\C§?n ?!eq{tﬂs! Ry be

divided into unl""formse ments based on tine intervals a group 504). In
or der tifustiapihprilresiersiag el gondhin engEg Py mﬁqmlxmmemtmaile ﬂm s¢tslemﬁ| fying the
endpoi nt featyr ) . g IS, t segnent
Fengt h 1ao80E p BRepr e ERS e b e o B BE bR ieh e e b nt ey
be m sseg beldisdsbRdSoMGAMctod WOOFIEhOr tig & BRnsd OPRcK akgdestiikbathylat er in
step 304) nay be affected by noise. In an enbodiment, a mniml and maxi num

nunber Sappled aayrhen Pt ety bésipegariheulpoin algeridwirodn Ment , t he
m ni ”“'@n?b%%ﬂﬁ% length is [onger than a 1/10 of a second. In anot her
enbodi ment hie” maxi mum segnent length is shorter than 2 seconds for data

col | ecti@drat4]l Bl firdrRapaR085the Algomtinexhgist epy Podont heealfgond thieengi ne may

cal cul ate %slo pe and |E
avatlable data sets {imitia

Sma group 302). In other words, each signal may be divided into
uniform segments based on time intervals (data group 504). In order to minimize noise and
to maximize the potential for identifying the endpoint features, the length of the segments is
tmportant. 1f the segment fength is too long, the endpoint may be averaged out and the
endpoint may be nussed. Hf the segment 15 too short, the slope (a5 described later in step 304)
may be aftected by noise. In an embodiment. a minimal and maxunum number for the
segment length may be predefined. In an embodiment, the mminmum segment length is
tonger than a 1/10 of a second. In another embodiment, the maximuom segment length is
shorter than 2 seconds for data collected at 10Hz.

[Para 65] Atanext step 304, the algorithm engine may calenlate a slope and us
corresponding slope noise value (uncertainty in the fit from the slope) for cach segment. In
an example, if signal A has been divided into ten segments, ten slopes and slope noise values
may be determined for signal A {data group 306A). In an embodiment, the slope notse values

may be employed to normalize the slopes (data group 306B).
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correspondi ng sl ope noi se value (uncertainty in the fit fromthe slope) for
each segnent. In an exanple, if signal A has been divided into ten

segnent s,woeniigloggies and sl ope noi se val ues may be det ePgirnsdoono43? gnal A
(data group 506A). In an enbodi nent, the sl ope noi se val ues may be enpl oyed

to normal i ze t sl opes ata group 5 Para 66] Addition
al tern F‘t’feg‘}] Qﬁﬂeﬁgﬁg '3%‘%5‘ ﬂg& @etgtewﬁt Ranpet P“\‘/éﬁ?‘gt‘ afaﬁa ysis
(such 88,R«RLhAk Ltlpeeﬁtt m%tmaﬁz@taﬁﬁwé}hﬁmwthtzw& ttt@a%t %Féeﬁo;i%&tﬁd by

t he sl ope noise val les as Inputs to generateé an additional |ist of slopes
and sl opéenos spuisab @e@masedd@nnsaigﬁmf&kmee ancsloparbbimatdlos tefeds@nsor

channel s in.dat a enbodi oment, slope noi se
val ues SEPTHETB ASPRYER Pb Oh S e T2 E e B bt el Gt THRY: 1R oBata. or oup

506B) . ditRiandf] siERCRR Yalifek n@fy 18l e@:ﬂﬂé?\ <A nEhONBe MR vﬂ@e\é@t;u@ﬁ;ttt@ed gach
segnent has been created (data’ group 506A), at a next step 306, the

al gor i tdatA ErEp AGCRY i dentify si gnal candi dat es that may be carrying

endpoi r]tl’agfgﬂeﬁ)tn 3??% t%?aFﬁ & ’fmd:b{] m n . :,]tl&g] OF <rmt¥1t? aitc?ﬁlm Crg gcth si gnal

(and it's"seg ats'on e for

each si (gmalt.m@m)metrhqdaetmegq u&ntnefaua«ﬁ@hmtemmrmz@bzﬂbmtfy eimala:aaﬂ@@es may
i ncl ude cal cul ating the standard deviation of the normalized slope. In an

exanpl atANH; st ARRINEOEI AL oM Frayriie Fred srithn gRara i eh 78 iflyes
occurring.i fah ht‘? ?Ltﬁﬁﬁ%) ttrgrgut 1{; ¥ tl?exzﬁﬂmn?uf @az Q't;gh Y iphd QS%E %;d&%gf] %ggjng. ﬁﬁ%y

represert a sig e carrying tentl a oi nt
si gnal snwhddfa qhmgtt\ skeolpev ara.u’m anoes é mpé am viehide slcopenpdise)ndaaly be

identifjed.as si.gnal ndi dat e data gro 508 Par.a. 68] Since OES data
may. | ncleuE08 o ovBH T sEpooy bt Srmtt auBay s okised BN idlion haSKPS 06
si gnal sjonat Ranahggl b&%ﬁtﬁ‘@kﬂﬁe E‘I%Me r ﬁﬂﬂ&%xmﬁie”&'m st @R vBhignalss by

conbi ni ng contiguous wavel engt hs simlar slope variance into Signal
wavel engmhsamands:n@hhﬁan@v buprsig) ;?Gtettuaéem&wmisiﬁep 1308 signalsanitexhmpl e, if
t here ar e 100 wavel engt h asurenents between 255 nan er. aqd 280
nanone tHIRS AHANEHE AT SRGE RO HEHDE: Bbnb e b P arPr ot BipPance,
then th®gi00 wavel ength measurements may be combined into a single signal

wavel ength band and may be treated as a single unit during the analysis.
For exdipred8li fincheid datempy @mbll%wlet«]eh@@ﬁ‘ﬁn’éa‘%?’el*@ihtﬂsemltiﬁeﬁ“f@rﬁm))&?fig

si gnal é’\%ﬁestt%ﬂ%g%Q?%t%?’onagmhﬁ‘t1 ak ‘Puﬁ’:? e G U S t%{ﬁ'br)‘ﬂo Ligpgvel engt h

nmeasur efment’ss §'0a e re uced sSi'nce erstof itens

t hat hmnﬁtmube»meiahganedztha\mtiabesmes,iagmcfelu@tarﬁinwmﬁhlaemt}zi;ﬁatmﬁaﬂouﬁt a
next step 310, the al gorithmen f%‘a e may identify a |ist of normalizing
si gnal & éha‘t éﬂgﬁé&@ 6B} 2P RS PHRy %ﬁtﬁt éoal“ldf't CHFTH DHGFERMERS Ppgveen

under | yi53G,;REQE88Smd 280 Ab S hetWRTAS the wavelength measurements have similar slope

variance, then the 100 wavelength measurements may be combined into a single signal
wavelength band and may be treated as a single unit during the analysis. For example, if
there are 2,000 wavelength measurements, then only 10 signal wavelength bands may have to
be analvzed. By grouping the wavelength measurements, computational loads miay be
reduced since the nwmbers of items that have to be analyvzed have been significantly reduced.
[Para 69] At a next step 310, the algorithm engine may wdentify a list of normalhizing signals
{data group 506B) that may capture drift and noise in the underlying process. In other words,
the algorithm engine may wlentify signals suitable for normalizing becaose they bave a high
slope but fow variance {relative to the slope noise). The normalizing signals (data group 512)
may represent possible candidates for removing common mode changes (e.g., drifi, noise,

etc.} in the sensor signals.



the algorithmengine may identify signals suitable for normalizing because
they have a high slope but |ow variance (relative to the slope noise). The
nor mal i ziwgQ 20i1go2d1e (data group 512) may represent possiPbraSec@andidar es for
rennving connnn node changes (e.g., drift, noise, etc.) in the sensor

5|gnal next 312 the al gorithm en e may redu e nunber
of nor ik r‘k %ﬂgiﬂgﬂaf 1€ HBOLE Hﬁrfﬂ&f*ﬁau o1ils ‘68(9&?5‘9 %Féggﬁﬂf‘r?i %ff)?ﬁs. mil ar

sl ope Veard,anGednftifinB 6 MR baS Sl aNahs WRY ShaRLRpb NS £ RS Bo@iAYRd 514) .
Step 3127 i s sonewhat "analogous to step 308 excep? that step 312 is applied

to the wgmhamtﬁ@tgim&@l{@nmmup[’@a} a7 A saeeket @nbpoBlW, staphiifal gori t hm
may gener at ntrast S nal s (data group 508), high
cont raser\ces%eléa&r PR gnéﬁ‘@g §Pﬂm6§i}7r8§( A E “’g* it oup 510), nornalized

si gnal spaeat g g&@%@m&le@man@ QT IRL Iz honanel £nglln hRandatrfdatmogr oup 514)
for all sensor channels. In an enbodi ment, the signals within each data set

are rarfigals (SragEouPhESpans mxmaﬁtyseasmémplo\@melmtfabam@ et graoh S&Plgnal has

been quan « nal s wi thin ea ata ran
exanpl @ mmgxahzc%l r?ia“’fm\{/-lh f}%dgﬂ(ﬁl S‘ﬁhl .mn nm\’/rgzgl 5& wave Lﬁgthg!g%dsEEiﬁn QO h} d’r]é‘ngl ng t han

a si gnaalii %hicﬁi caadn@w gh apem%axﬂm&mc ehe e[xamlawﬁ&h &%h aatﬁleeﬂai@ta@pecﬁ Boncetthe
al gorithm en%ene may. search the high contrast sensor.signals, and/or bands

for pod¥rphd ﬁfd%lpﬁlelt dyty R eshyigeal stren wmq&tﬂﬂdwﬁmlh“et&a&@%r oup
516) . 'd’& Al ﬁ@‘g%@ Ly zﬂﬁ*@ﬁ h@é] 8’%@!{;)@% fARx&hﬂ?ﬁgLifn‘?mﬁaxpé%ew&ﬁ@%g) gg{é 40 lgng?#gh a

set of c ass atures I'on, ‘etc cl ass
feature'snlnngzt}tae apmxdbivnhadgm islvparagatzedi nent. The set of class features may
be searghed w thin the dj rent derlvatlve of t{;u_ s_i_ nals. [Para 73] In an
orbod HEATA Tk 1Y aevriiep e, SisaH v 6 EHE RN SEIGH DU TGH EANEOBD | o or der
tor en'QYﬁmﬁ%ﬁ%r%@ﬁ’dstigr ?@é’mé"e&l'ﬂﬁmft E'l@n&j(ﬁlte@ wyithih A8 eﬁﬁfﬁ%jﬂ JB%‘W:IR tdhe: *—fib{qE ers

bei ng applle to the a groups nmay be tinme synmetric f ters

symmret riié)f i 'tnemttsbtuimtmz@ @qlmaim pandsere fy bmdnmst‘z@é:bomghamdi teﬁqi@s a

particul a cal uI ate an a , val ue. Thes can only be
bopl | edcitirel Cpaby VoS onle Ry s g THERAEr RS R Y helip R BRc it on o
the proeasdimdil iTke séioTel.as ikmmis hey bd dchRhsd withiBths MIP@ttideritdvearshd end to
introduce minimal time distortion and/or anplitude distortion. As a result,

the fild®wld data may experience minimal real-time delay. [Para 74] As can

be appﬁ%ﬁlﬁgdhf &P 591&2&m%r B9k NGy, A a]%g mﬂo%gﬁﬁ’%%m”ﬁ%’ :abé‘&lfxrcgﬁ'g) & &{1@ hor o

of si | NCe eacC data gr oup een ran
anal ysits rére: i dndl ts s@mfkmmaﬂielcwqr aduceadbddimeadhe tihgstbhmgspaliahovhd ues

In an exanpl e, instead of searchjng
data groups mayv be time symmetric filters, Time symmetric filters utilize equal nomber of
points before and after a particular point o calculate an average value, These filters can only
be applied in a post-processing mode rather than during real-time execution of the process.
Unlike time asymmetric filters, time symmetric filters tend to introduce mintmal time
distortion and/or amplitude distortion. As a result, the filtered data may expenience minimal
real-time delay.
[Para 74] As can be appreciated from the foregoing, sach data group mayv include a plethora
of signals. Since each data group has been ranked, in an embodiment, data analysis time may
be significantly reduced by redacing the search values. 1o an example, instead of searching
all of the ttems within data group 308, only the top 10 high contrast sensor signals may be
analyzed. The number of items that may be searched may vary. A diminishing returmn
analysis may be performed to determine the optimal number.
[Para 75] Ata next step 318, the algorithin engine may search the ratios of lagh contrast

sensor signals/bands (data groups 508 and 510) to normalizing sensors/bands (data groups

13



all of the itens within data group 508, only the top 10 hi gh contrast
sensor signals may be anal yzed. The nunber of itens that may be searched
may vary.w@dimoesishi ng return anal ysis may be perf or ne@Crasdavsumsizne t he
optimal nunber. [Para 75] At a next step 318, the aI gorithm engi ne may

search ,,t i 0s of gh contrast sen SI gn: oups 508
and 510)* t“&d gr‘h‘é’l‘ Pﬁ“ﬁﬂﬁe %‘éﬁ@lﬂ?ér“%‘ﬁb“e {éﬂéﬁ«&“‘@r 3&S Hiy ‘gﬁé *&)‘glf’B’r““possr bl e
endpoi ngy, ermt;qﬁsef ﬁi@%ﬁ@} BLAYBPABenh @raadrtmd%@@mwmgmt n. By taking
a ratio of thie each high contrast sensors signal/band to each” normalizing
sensor /shandbathebppssibb] endpmadpoimttuss gratmay ds iddusitiedmpyibeve dbighif | ed may
have aih er fidelity ratio. [Para 76] At a next step 320, the algorithm
engi ne ?F§3 e HPch the data results (data groups 516 and 518) to rank

combi ngPhense)( dak Redl @3 D20k alddtiiRh RAE IR S eartB iGN 00 ek § 1sNAh QEARA T

combi ne__endpoi nt si gnatures with simlar shapes and time period in order to
i npr ove léant PA8Y toan wummnahdmwpﬁém Injothee ayordso mskahans e weifarmpsl f or med
\c/ime'; Pi/gttt)hﬁg mﬁ {39 301 n *.1 'r aYur%a W Ib?n x%‘aﬁks %P‘r me U?(%RI ndfrctqlgrgréxn}l\gdt he first
deri vatdoga® wed SNRKnghn l&atrhdmt bﬁle@rcmrtr;mgmm pdfrrmieheusﬁmﬁwtmme interval.

[ Par a 77] At a next step 322, the algorithmengine may perform a robustness
test toleFiEnpire 3B§f1‘éht~‘iﬁ 5 § Py suE AB féhwbér\m& f%?\grﬁaﬂ)are@bﬂrﬁ“aw

enbodi nﬁ%k tifari'%c Hﬁh@@&%n& ?éﬁwﬁﬁw CHERKuHiPEot fé?r 'b%tm%&ﬁym@%ri&%?th@ul tiple
substrat'es. |n an exa t he potenti af ornt gnature 1s not

consi stsent taerassvaiul t| pI e subst rat es, the pot enti al endpor nt signature may
be di sgﬁrde since the pot eg% endpoi nt si aIIure }/ be a result of

noi se/ df PF 77k Of 2 ERENIRe’ A Ba “Oré’]““leﬁ“‘&héﬁ“h ETIORE A PRISTIERBISHIB IEPRESs t est
TRy Chegkedifily Sbid kbl eka@;s&ﬁe@uﬁaﬁ% S8 e RinaRdnA ARAREQl s ubgt r at e
(or a set of control substrates). Consider the situation wherein, for
exanpl ehethr cerdstyubstras peltglesudybisics. anew aviahle dehspotasisit endjchotone
portion.bein co The .c su g ve the
are. crpabres by SRR adlory SR MoBEBues iRl AR Sl R VE o ey
be t ot alidcrRavpietheoidtiabaidpbintBigkatuBahlly b rds8B b BHBSERAL 6 cashit he
control substrate may undergo the sanme substrate processing. However, since
the entlPrea 38k hngwilsd exdivpleche rdlusiapsierary dhecle by sraithriy bevaen 851 st mask,
the co SY . how, i chi t he

cont rorn‘t“[”‘%“ .ﬂg{tﬁe L%hﬁo E}BHaa\"}‘fé néuén i%ﬂg? *‘?%t‘?h J} mé\h‘%& Slhﬂ% e oot ol
subst r atleersmt fohesarasie, thi rbhabpodientrt adxbsﬁmép &nmtreﬁstgﬂﬁku’n%(md ;heudsmt ched
potential endpoint, signature_is discarded. [Para 79] In yet another

exanpl &€ PHBIFHESS Af@st T REPNISHDTERIE BaY PR trhbrdmhr: R af ghe

test substrates except the control substrate may be totally covered by a resist mask. Both the

test substrates and the control substrate may undergo the same substrate processing.
However, since the eatire surface of the control substrate s covered with a resist mask, the
control substrate should show no sign of etchimg. Accordingly, the control substrate should
have no endpoint. Thus, if a change on the control substrate matches one of the potential
endpoint signatures, the matched potential endpoint signature is discarded.

[Para 79} In vet another example, the robustness test may include testing for uniqueness. In
an example, the potential endpoint signature bemng tested has a peak feature. The rest of the
signal mayv be analyzed to determine if another peak featare i1s occarring before or afier the
occurrence of the potential endpoint signature. If another peak is identified, the potential
endpoint signature is eliminated.

[Para B8] The aforementioned are examples of different robustness criteria that may be

applied to ehiminate the signatures that may not be real endpoint signatures. By applying a
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an exanple, the potential endpoint signature being tested has a peak
feature. The rest of the signal nay be analyzed to determ ne if another
peak featwoeoioesiourring before or after the occurrencecofusehe/oparenti al
endpoi nt signature. If another peak is identified, the potential endpoint
signature is elimnated. LPar 80 The afq nentloned a2§¥exa npl es of

di f f er dRPUSHHE EPHEEE BYPRtkY PAc l%“}‘f&t*‘%‘éi}"‘ﬁe‘ 53\@} PP Bab PRGN A PRl ERS
5'gnat%ﬁﬁ%n&W@&mﬂﬁﬂc&ﬁhngﬁnﬁ9%kf&ﬂ@?QM%ﬁﬁ@dgnatUres By applying

ar obust ness test to the potential endpoint signatures, the list of

pot ent i lé’hre&blpbr at ergbghatony 8 ’iﬁhmthzmymme naxytmaibu‘e mdpdt:nﬁsi'tmﬂb@tibw t her
solidifie or erforma
ol £ - VURD L EB AT U ROy B By rouge HogEhbbRATBag BT ARE | al

| east sfpdatife b $i6r drPoRakiar @m@bms kigndtfleS- Db%rﬁ( RuaphhditizRed Rendtiskyiok
potential endpoint signatures. previously mentioned, a multi-variate
anal ysiaalysséichas a cwrlﬂwabwﬁﬂbés@ehmsusawa} ye@qug)e% ﬁxgahmwf’rtbm1chaégnt he

shape q)];m;[agutrc Epld cl?gfﬂcd S'hg&géru\@u it Othp gituﬂx \!\ Lgc .smaé} thﬂCLé ()}/B{Qﬁ et’hg dL sired

mul ti-vari SI'S sighat'ure
curve. <hmpet cﬁah@ﬁmattu&rcmnet he mﬁ@mmst ﬁﬁuﬁéd 1y utd‘iﬁy Qﬁrﬁomghm;& tb@rcp,mvl de the
shape : peak, valley, slope, etc.) of the endpoint signature. G ven
that a tafe% hﬁ%&t P& mi%hét%haﬁé Frhendeamb SERTIEakdr et et § i n the prior

art) mayt. ﬁxlﬁ?xh 50RYE Fh’e shi Man"é’%ﬁ&ﬁm Eatﬁﬁild‘:h%qgn ﬁ@%m@{)&{rﬁ hhy 0054, 0 EEIf gl e to

provi de one s Ur'e as an' i nput -vari at e anal ysi s.
Unl i ke widvds phe G&ramtv nohhm&l)pmﬂeﬁw uh]c wgldpmimtneghqnafwmssasam mpiﬁnimfthed by

the al gorjithm en have different shape features. esult, the
R AR R AT AR A By e S
anal ysige Q@er%?@zﬂ%é&ﬂ@@h&%%ﬁ@@@%a@é fetxﬂﬁesoqise:ﬂkkﬁlt BNHRIBHMor %hﬂ:%hw €s

that may have been identified. [Para 82] In an enbodinent, the shape/shapes
(as detrea\rrbm@nexbgr it the nhilgtvagfite gotrelati ma#meémﬁomﬂmﬂefwg rug@mﬂ‘@s») area ! B

pot ent HrerAERP R SEERUR PRtk eREPE GG el i n cach sensor channel.
The co Jmmszgom fRdhbodiney, RGhadeshapdd (ARlewelight Sy dRdikost doads t hat may be
applied to every signal to nmaxinize the contrast in each potential endpoint

si gnat EPOIA] T lighs they brtarielded asenshphypsing! Wﬁﬁt@lep% optatationenatis | i st of
potent hal, &Ndpo }Bé}gsatﬁ%.r%g@%%@% @QQ{?’; ;’i‘mgﬁx%&n%z :th;@%ﬂ'ﬂ %rillbﬂygﬁ'{n%t‘ ﬁf&r relation

anaIyS|s 1S not =St ol nt algorithmns.

Al so, &V}ﬁﬁlﬁhb@ﬂ@lﬂ1‘anﬁelimﬁkc&td;ﬁmaba$ﬁmtﬂﬂ8 ramcaidyshvs e imtapbh@:m dvaryt he
af orenenti oned exanple, this invention is not |i mt ed h a _
correl é’ﬂd%h“’d&é’éﬂ“@ﬁﬁ“ SeiTysingapiupotruia! BBARIRY SSRIref Alhped the Mylibased

mul ti - waphate, A0ALYR!Rip b ﬂ{u%e i?t%]h:?‘&t ForBRKE eRb R 3RAartIGaRh QAptM engi ne

may convert theé remainin pot ent
multi-variate correlation analysis is m)t ;equ,u.ed to identify a list of optimal endpoint

algorithms. Also, even though a correlation~based PLS analvsis is utilized in the
aforementioned example, this invention is not limited 1o a correlation-hased PLS analysis but
may be any type of correlation-based multi~variate analysis.

[Para 83] Ata next step 324, the algorithm engine may convert the remaining potential
endpoint signatures (data group 522} into real-time endpoint algorithms (data group 524) with
mininial real-time delay. In other words, the algorithm engine is configured to convern the
potential endpoint signatures into endpoint algorithms that may be executed doring
production with minimal real-time delay. In an embodiment, settings that may be reqguired by
gach endpoint algorithm may be calculated automatically. In an example, the settings for
real-time filters may be avtomatically optinmzed to call an endpoint on every processed test

substrate with minimal filter delay. The real-time filters mav be cascaded and may vse

=



endpoi nt signatures (data group 522) into real-time endpoint algorithns
(data group 524) with mnimal real-tine delay. In other words, the

al gori t hrwergimm2818 configured to convert the potential Pemdsedm4@rgnat ur es
into endpoi nt algorithns that may be executed during production with

m ni mal, -II del ay. y In an enbodi nent, settlr]siht may be required by
each eriB‘b‘S vﬂ&@éﬁ% RPNy CAPRIRSRYa THIT KRRt e ‘f?"ém“ &l e, the

set ti nggyf Ainfi€dhpl Linﬁraﬁdﬁs& &l Srs TR %(ﬁﬁuﬁmt i‘nﬁﬁ Mt ﬁ%a&;&@ﬁa& Qh&@' | an
endpoi nt on every processed test substrate vith m ni nal |tef delay. The

real - t ithe vhayl heeesn magpdiet dascatedtand trayataseiont i al | zat| on of the cascade
nmenory 60 etst mnj.mze the.init ients that o

ey 1B Bl pleBliieP i Cs b ins e S ERMnESretad Y nlS T

endpoi rthn@é:ﬁ&bbhﬁ brgritiat haYeienan, EudPabaithel @sdetioubdite St@hlinef ot he
data history. [Para 84] For each potential endpoint signature, the

al gor i thshtengBrpoiylgeridun denacrgdpoint dlgribndporavidest dopp eramME, iHhe

egggg: g)?tpm]t}n 3 mgﬁ}?h{:tawgiﬁ LI t%} Lg]m nOI E{m ?mlli!‘ m?hmn ;ﬁsqmoiﬂr% tdglgg d@h rtoeal “time

an exanpl e,

if theam ig@emt;&hm enfpol® oSy memb@ﬁed R Bsistuet than meahci;ﬁmmt&ﬁmdmnmv
algorithmthat is able to call/identify an endpoint on every processed test
subst r @™ tigeh no endpoint al gorithm may be provided. [Para 85] At a next

3 |
Zigge d%?ﬁ“{ Eﬁx?&lrtrg%gétltl @’ng’d{%e\if ¥ ellm&g?'g?e%ﬂgﬁzﬂé Phd )éf’i’nlug%fda‘i 1'94“‘:! ﬂQ?t my

fer e“a -t nme n an e
requi r edayt exciectetht inf ymanmejﬁidpﬂbhatmﬁammdad@edfnanmm;-:fm nehk tilne esiudded fo t he
endpoi n

gori t be el d.since.th -t el a resul t
A L A R B A R A S R S A 0
the al goiiihhea ?ﬁl&é e lé@_xm?é &e‘?ﬂﬂ%\ere@@l@l\n Me@%z&l@&i Q@ds%teéhgﬁﬁd %J&»Hﬁaldﬁat do

not pass a set of robustness criteria. An exarrp e of a rob US ness criterion
may i ndk’meﬁﬂde\mmﬁﬁymt@ Bi¥dpwiatagition eapine tegteligubye rat-gsewinttpoint ni mal

real -tinpe | .ay. . l.n ot her r e required to
dont | FURafaS st SOROLRT ¢ SO0 EehuSReh SUERR St nEr AR b D3 N ness
criter i@y mekde Reht denneldpbBeNndi §1y1eRG:8 RS Wiih HnidaC RAL-lifle BURStFate. In
other words, if an end’pm nt algorithmis able to identify an endp0| nt on a

cont r olotuistrAneach andpowhaigonim wry b ragvired & Wertiiyebdeainkenk!t k&t endpoi nt
al gor'tnﬂwy %}aﬁhﬁ%%x‘?&? ofhF %gm%@ktrﬁ&n& ;_'ﬁ%( mﬁd%%o?%Qm;% %ng&x{thm

engl ne nay

r anki ngﬂml}bﬁi basestcoMm hﬂhe; ftudie] i by endplola afpoeitlon i0able @allentfl e edddoiy. | n
an exanple, if tw real-tinpe enﬂmlnt al orlthms have .t he i%’ fldellty
ratio tHEHCAHE! 8RaBYEIhe SPTITtERIATRT i § éo@ﬁm*mbtm@@mt O T ARy by
ranked highgh. |n another

[Para 87] At anextstep 330, the algorithm engine mav rank the real-time endpoint
algorithms. In an embodiment, the ranking may be based on the fidelity ratio and/or on real-
time delay. In an example, if two real-time endpomt algorithms have the same fidehty ratio
then the endpoint algorithin with the smaller real-tune delay is ranked higher. In another
example, if two endpoint algorithms have the same real-time delav then the endpoint
algorithm with the higher fidelity ratio may bave a higher rank.

{Para 88] Referring back to Fig. 2, at a next step 208, a real-time endpoint algorithm may be
moved tnto production. In an embodiment, the real-time endpoint algorithm that has the
highest ranking may be antomatically moved into production. In another embodiment, the
real-time endpoint algorithm that may be moved into production may be user-controlled,
thereby enabling the user to choose the endpoint algorithm that may best meet his needs. In

an example, real-time delay 1s a concemn of a device manufacturer. For this reason, the
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exanple, if two endpoint algorithnms have the sanme real-tinme delay then the
endpoint algorithmwi th the higher fidelity ratio nmay have a hi gher rank.

[ Par a 88]wBebawaopsig back to Fig. 2, at a next step 208, PaTruSad 100127
endpoi nt al gorithm may be noved into production. In an enbodi ment, the

real -ti pe, endpoi.nt algorithmthat has the highest rankin y b

aut onate{;gg £ YRR B "%%%“]SP%&EJ 4ot *ﬁg‘éﬁﬁéﬁ SIS e %}%{‘ﬁég‘?iéél -tinme
endpoi nf,akg@ebk biypddat may be moved into production may be
user-controlfed, thereby enabling the user to choose the endpoint algorithm
t hat ndyabe8t] bewirida svidesdshownthanbexanphiens he arodebsnthedetbayt arstmga@oncer n

of a device.manufacturer. .For.this yeason hedevi ce manuf act urer

or et er VTP GLUPFBEALTBRIBEY S PaTGBER Rt T RO KBTS T e may
be prowigdedhmleRame iBnEiRI patfoRYIHdRRNERsiS ROMSH ikl iRy IO FBLLIBEY thoie
process, the task of creating an optimal real-tinme endpoint al gorithm may
be per fiopeasgof qpoarpamz i rn et dgrritharnasiare 8¢ phgoraleg Wi toBraXend nFss. s

b oceas S UBHET T U TR A RBlo R P b e ey BB A "
non- ex p@tpoilséisain ALE Qsdinngl guickly reddbBna®t Radhdidd dosudivam! @elcee alxoadrept abl e
list of endpoint algorithnms _given an endpoi nt. domain, the user may quickly
redef i FEEHRAC EPHUE ARCHIFRP SR Bleortbimavislny 6 AP ¥ BHTWEYi ne to generate a
new | i sipapf oGN#AOLRRo @ 9Pk ERBBMehN MndidvEHtidH BUkfse bfANAn30] Fig 4
shows, ‘i n an ‘enbodi nent of the i1 nvention, a sinple ow chart for

i mpl emenipiangnaing eabalftinnecreipdpokigbridingord plodudtionanpradustti on envi ronnent .

[ Para %é’]ﬁ Aé, a fi rfst step.402, - a recipe may be executed. [Para 92] At a
next stieptudd AYALESIHEY e Atgincred Wurithd*dubst rate processing by a set of
sensor §pylaFja A9 3heAlsdd A< Had heR HRACquiRlY RRHRQLRL: @ GOFdtRMLIRY%DE

enpl oyed in-situ to analyze the data to identify the procesS endpoint. In
an enbodiyent, a conputing engine nay be enpl oyed to anal yze the data.
Since gyhi vol.ume of data may, be col lected, the conputing engine may be a
Paot  prbOELEa ok iert et My BTGRPy SRR P DR NS e o
data. Tde @adéeniTRihelRo&0indof@Cld 3 ERIMIhER, $eRSPEHM dd0iktmdy 56T having to
go through the fabrication host controller or even the process nodul e

cont r ol daroyeagplkhalstd ba dNgndérce 2drgewolama of flak sevdie Sdptiedisks canp2pgo, by
Huang et . al....dascribe GEX . Anal vsi s. comu suitabl e f .form ng
the anaryleanfRc koG A R TRME ERThE PRI TE p B Bl QoS

det er mdaai i Ore dbomky bheereddpalnroeha@nidantiiolt 8t having to go through the

fabrication host controlier or even the process module comtrotler. Apphcation Nuraber

12/355,674, filed on September &, 2009, by Huang et al. describes an example analysis
computer suitable for performing the analysis.

{Para 94] Ata next step 408, the system may make a determination about the endpoint being
wdentified.

[Para 95] I an endpomt has not been identified, then the system may return to step 404
{Para 96] However, if the endpoint has been identified, then at a next step 410, the recipe
may be stopped.

[Para 97] As can be appreciated from the forgoing, one or morg embodiments of the present
mvention provide for methods for identifying an optimal real-time endpoint algorithm. By
automating the analysis, the methods essentially ehiminate the need for an expert user. With
the methods as described herein, a more robust endpoint algorithm may be moved into

production. Also, since the time required for creating an endpomt algorithm has been



[ Para 95] If an endpoint has not been identified, then the system may
return to step 404. [Para 96] However, if the endpoint has been identified,
then at awoesti/®esap 410, the reci pe may be stopped. [ ParaTARRod®4@an be
appreciated fromthe forgoing, one or nore enbodi nents of the present
invention.prqviQe_%%g met hods fgr,identjfyjagaﬂn optimal real-time endpoint
al gor i tFHRI BRI GEBIRET IR IRE AP TR W REPHEL HEUS MBS SRLPHIT § TEPFFhat e
the negg:.hQlec A BPELLsUSEE (s th the nmethods as described herein, a nore
robust endpoint al gorithmvmay be noved into production. Also, since the
time rdéars 88 Mdrlechpariengomhasdndpdisribal gokeithot fwasabpehsiegni fi cant |y
reduced, .a .updating or creating new endpoint algorithmis,.no.longer a

r esour CTREEREITy b dre T B Sa T AT ek qasiete s iy (L NS R bRt i on
has beejr e ssichied ARhdRhTBriohs SQUPIBlardpRl Rich ereaRadinBRl8 thdi ivke are
alterations ernutations, and equivalents, which fall wthin the scope of
this i rexemplesie iRstRGUMdt Liousney Ehptseectae thegrovitidad Aker even, thpaghi s

D oA PR TR B R Rl B AL B L g cesrec
t hr oughowhrdiddbsedadrnenich it heightiveatdgiog cray tal favkecapplinggrdcepvargd change
point, which is a signal changing event that may occur during processing.

[ Para d8praf¥o, Absnethetilp ang negnde proyideddiesin fedoneasise pad shawd et ence
and shaul.d ‘ L0 the..sc Of L B ek el i: skur t her,
fhe abarrae] R e T R o} AL S S B el
f or combbrivengefoandnt husosided hetenofr benenjghoyed the: donklrawbe empldymito t he
overal |l invention, which is expressed.in the claing.. |If the term"set" is
onpl oy GHTHBRIIL (SR ERI TR e i %XBT%%@H?#@%M‘LWIV "HbErstdod

mat hemaly G aledRAG: N Rr&QY Blerd@E & hARGs B Cut BB/ B NBARGE, |1 should
al so be not'ed that there are many alternative ways of Inplenenting the

met hodsneasdhidpparatagse snofor tivge frgseatmeandeenti dwuld dlsd ke adiet dhotherciant ended
that the foll]ow.ng appepded claing, be interpreted as ipeluding.all such

a1t er a0 SRR et L ine SRS EL g s ohs MR R BEE T
and SCOpR thére foRSmPdnASE fHat tRVENSW D8 abhMNMB AL bi ﬁ}t&‘%}@iéﬂf&i@ thSudidg alsie hod
for automatically identifying an optimal endpoint algorithmfor qualifying
a pr oceslsrasintp sierentgupisnyidadvstkatersgrib seidst thy tie shirhard ploas phthemoeerisi ng
systenhnggggﬁising: receiving sensor data froma plurality of sensors
during Substrat e processing of at |east one substrate within said plasm
processi ng system wherein said sensor data includes a plurality of signal
streans froma plurality of sensor channels;



identifying an endpoi nt domain, wherein said endpoint domain is an

approxi mate period within which said process endpoint is expected to occur;
anal yzi ngveand/mesisor data to generate a set of potenti CTArsA@OI0MI477

si gnatures; converting said set of potential endpoint signatures into a set
of optimal endpoint algorithns; and rt| ng one optinal endpoint

al gorithmof said set of optimal en(dipg?ﬁ algorithns into production

envi r onggiMis cRimag- met hod of cl aim Iwherein said sensor data is being
gathered fromnnore than one substrate. 3. The nethod of claim 1l wherein

sai d anial yzi hgleﬁfodsfai ditsmné@ﬂi\»détmif}‘ing b dpsnpleatipeind atigmliﬁhne&w qfuiitft’inagl on
sai d senso }PL 'ca % Pisgn}al . gi r egm fromsaid P Ly. 0 si gnal
st rearré"”?‘heébe‘ PG A “W 6?"“5@5??& W PUSEF R HECTRTE S %{F‘E ‘*‘04“? *?ﬁk met hod
of claim3 vwhenehd s@aeNd8LauBN plafalisab theRbdt @luluhyqaﬁbfansﬁégiﬁ%@h&wjLﬁalﬂﬂzl'tf,tor m
5. The nmethod of claim3 wherein sai'd anal yzing of said sensor data to
gener at@egupitiagy wikin saifl phonwnupeaissisndpdimeviirgnatidressopflagapdudpsn of

gﬁ;egt :cpe}lzl;raf}p;( duﬁ‘t Sim Q{i‘tﬁ Enespiméin} Q??&:n\grﬁ}émt?t%Egsaf];:rzgl 3626‘;};0?' ggtez
wherein a S|zd@ﬁ;i@ﬂd aﬁ eﬁmfﬁﬁ&mw@t n@xesdz@smd RedEenivRiagn issnephouinied for
each segnent of said plurality of segnents, calculating slope variances in
sai d s|ped Wiy gaihi “FS‘/‘ PROGSSY SOt (sﬂf\@bﬁtf‘? Hs¥ctliignal s fromsaid plurality

of signal Staraﬁl%%n MhELAIR d§t§'t9 oSl oI ﬁa&ﬂﬂt\f@xﬁ%\%ﬁm bt tfrebaving high

sl ope vari ance, I'ning conti guous wave ar ‘sl ope

vari ance |numnagsetsaﬁs@ug@aknmﬂumﬁamgthgmnmdsunwankmMgpsmahﬂhpQMzcontrast
S|gnals ki ng ,said set of signal wavel ength bands, andidentifying said
first or mbd%éntial endpoi nt signatures by applying a set of class

feat ur es to ﬁﬁm}tﬁﬁ%e%fﬂnaf-’émﬁ)@hﬁ *xﬁbﬂlfhn? eﬁﬁﬁ@s%% oShiaAIendRdnSAL &uﬁ&% of

si gnal wavel engt h bands, wherein said set of class features include at

| east one }U@dlpmakenvmmwt and inflection. 6. The nethod of claim5 wherein
said anal yzi.nq of . sai d sen rate a sp et of potential
endpor e o1 ol ireaPbF BT Sheltfid SR LT e BecRAR Eihetraloh e udes
perfor ggBgrade.Mul ti-variate anal ysis by conbi ni ng sI opes scal ed by

correspondln%
3. The method of claim 1 wherem said analyzing of said sensor data includes performing

linear fitting on said sensor data to divide each signal stream from said plorality of signal

streams into a plurality of segments based on time intervals.

4. The method of ¢laim 3 wherein each segnient of said plurality of segments is watorn.
3. The method of claim 3 wherein said analyzing of said sensor data to generate a first

set of potential endpoint signatures of said set of potential endpoint signatures mclades

calculating a first set of slopes and a first set of corresponding slope noise values for
said sensor data, wheremn g slope and a corresponding slope notse value 15 caleulated for cach
segment of said plurality of segments,

calculating slope variances in said slopes to identify a set of high contrast signals from
said plurality of signal streams, wherein said set of ugh contrast signals having high slope
variance,

combining contiguous wavelengths with similar stope variance into a set of signal
wavelength bands,

ranking said high contrast signals,

ranking said set of signal wavelength bands, and
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sl ope noi se values of said first set of slopes and said first set of
correspondi ng sl ope noise values to generate a nornalized set of slopes and
a nor nal iweaosaw2g1hh correspondi ng sl ope noi se val ues, caCTaisationg43t ope
variances in said nornalized set of slopes to identify normalizing signals

fromsaid plyrality of signal.streans, wherein said normalizing.signals
havi ng hi gh 13?‘Bﬁé‘f‘§h?fdlf§v& S nofrudia %@%ﬁ*‘h?‘ﬁ&?‘%ﬁh’féHBltﬁgl‘cWaWéP‘gﬂ&%‘hs Wi th
si m | arg 5l RRS: YALdRPSLof MEPhRLSELAL <iDRIUBAL &g Sk G08L WAKRLEMAAqbands.
ranki ng said normal | zi ng signal s, ranking sai d set of normaliZing signal
wavel engtdieibandsgt dndhsapabyengchds et leaft oot abpeskentisyemdtioflectivat i o of said

hi gh caontrast_signals.and set .of .signal wavel ength bands to said

normal 161 ng. Siegrangs anRenS ek o ATy Sl R SR A e reh SAGeh bands to
gener at@csil 3 SBERNHab&ldpoint pRhSRE A AR ARQAIMDbiSiGNRAGBSsigaturtie met hod of
claim5 wherein said converting of said set of potential endpoint

si gnat urdsddsnt o sai d set of optimal endpoint algorithms includes combining

a first potential.endpoint sjgnature and.a .second potential endpoint

Si gnatur 6 ofbsar " Ea gt s SR a T aRE R EFGRG ST FBusFRR AR o

pot ent iskdpeantiRaizhics s gttt ectafidiopal shdsatohd: RobErdr@boriddpdbd ndéegnat ur e
havi ng simlar shapes and tinme period, performng a robustness test to
renpve B8 EHITYC poppdsed sl sloppigidi moranbmalier elscorespandisriast  of

pot ent i&'ise‘?-%ﬂ%%’i nt signatures, performng a nmulti-variate correlation
analysis to identify a set of optinmal endpoint signatures of said set of
pot enti al endpoiashgsiogaaturess incoiRviertiahgdsail df Sgtes of ideptifymatmehdpoi nt
signatures.into a set of real-tinme endpoi.nt algorithns wth m.nina

ol ot IR SR Bty O S AT B B BTy BaSEHORTE BEE del ay,
gener atdg g Saiidly S&taRE, opti mal endpoint al gorithms by performng at |east
one ofrenoving real -tinme endpoint algorithms with corresponding real-tine
del ay gr eat exentbhiEng soigiuades Wastengiisesiosithilaasidperiminpaintng sgaifd real -tine
endpoi nt all?zgr‘jrt*‘@”zﬁ if %aiyﬁ regj -time endpoint algorithns fail to pass a
r obust AEERYZLs SERHFPERRENS ESEh opti mal endpoi nt al gorithm of said set of
opt i nmal endp}gj;m;;ga{gg@{nﬁ}t‘d}g&,g %@[ggi n sai d ranking being based on at | east

one of fidelity ratio and said real-tinme del ay.
ranking said set of normalizing signal wavelength bands, and

applying a set of class features to a ratio of said high contrast signals and a set of
signal wavelength bands to said normalizing signals and said set of normalizing signal
wavelength bands to generate said second set of potential endpoint sigonatures.
7. The method of claim § wherein said converting of said set of potential endpoint
signatures into said set of optimal endpoint algorithms includes

combining a first potential endpoint signature and a second potential endpoint
signature of satd set of potential endpoint signatures if said first potential endpoint signature
and said second potential endpoint signature having simitar shapes and time period,

performing a robustness test to remove potentially non-repeatable endpoint signatares
from said set of potential endpoint signatures,

performing a multi-variate correlation analysis to identify a set of optimal endpoint
signatures of said set of potential endpoint signatores,

converting said set of optimal endpoint signatares into a set of real-tinne endpoint
algorithms with minimal real-time delay, wherein said real-time delay being based on filter
delay,

generating said set of optimal endpoint algorithms by performing at least one of



8. The method of claim®6 wherein said converting of said set of potential
endpoi nt signatures into said set of optinml endpoint algorithns includes
conbi ni ngwa 2biwvmesipot enti al endpoi nt signature and a se®cmaISpaOmi47al
endpoi nt signature of said set of potential endpoint si gnatures if said
first potential endpoint g gnature and s:iu d sgcond B ntia gﬁﬁl‘nt

si gnat ure havi ng r§i“ﬁf‘l“ér‘6 REIRAET pierE s GHCOTFEPPE RN 158 H““‘F #t ness

test to renuy@dt@q]:]gm btk ¥ndaqnRrLRRgalabl e endpoint signatures fromsaid set
of potential” endpoi nt” si gnatures, performng a nulti-variate correl ation

anal ysis to i dentaimlyizasiwztmaidme redpoeri o titmsif gmdtrerl egnofndpaind set  of

potential en converting said set of optimal endpoint

si gnat ur es iﬁ%“gnﬁq@%f‘}% %Tmhf‘?tﬂﬁsgé??&@gnt al gorithns with nini mal

real -time deh@ying Wher® lﬁr&ékhc{buhﬁ@l«mhkiﬂﬁDd@h@y&ibﬁbﬁ@m@ﬁﬁﬁgmﬂD'ﬁflbihﬂhﬂ{s del ay,
generating said set of optimal endpoint algorithms @ép performng at | east

one of \vl@qﬁmm@ eI T bﬁlﬁ%b@ﬁéﬁéﬁhi@‘%ﬁm@@ﬁiﬁ iy Wtichandor desplotiia defay.eal - ti me
gﬁldggl %{ eg.][ Sl':)hrg pyine Ao mf rlgg d“ }ékll% ‘bdl; rréom,mg xgﬁggmgl&lg}fﬂ L!n?;%f S8 gi“éeggstsl ge

r obust nggantresihioe ﬁm:dseltaﬂk@tn@aleaqm@mumhmeliwbpmje@t al gorlthm of said set of
opti mal endpoint al gorithnms, wherein said ranking being based on at |east
one of fi delGCHPiHag poramatestpleaant %te%vraeméy sepud PRENHRLRGHOBE ¢l ai m

1"‘here's‘i‘m1%ﬁhgolff@?u?5 Iof m‘éfl dgﬁ%h%x%’:t b b g%h@ﬁ BoBALk] kté&gL&%{ ané?éﬁ%ed on

at | east”one of rankin user - |ne condi ti t hod
for quaindfsy:kmgumd renshpoi iﬁtﬁpdml‘ piggatsigdst ratsenparobessiang tinietgekinda processi ng
chanber, conprisi ng éecutl ng a remﬁpe on. »s__ubs‘tratg recej vi.n

processi ng d&fATPESH ROGHESHISERABHPYES eRIFTHEY SBL R DI paws pighatures

anal yzimg, sahb get%%%?e%ﬁhi@xdﬂ@éh?s@ﬂ%ﬁ@?' ying an optinmal endpoint al gorl thm

identifying a process endpoi nt; "andst oppi ng said substrate processing. 11.
The met hod cﬁexJghammalinuimem@termmazlctﬂmana«klyw hgidistifhei sagoipetiol pedpobyt a

conput gngi ne. wher gesta? gf:mn{@ g engine is a fast processing nodul e
conf i gL?II*%& ”I’“tgiir OIRRIHCT Pt b8 ﬁ‘mg ‘gf data. 12. The nethod of claim 10
wherei n sai dogpéitiiBkai@ BRDicplimal GRILINMh&GONED hUet @TedMime endpoint
algorithms with minimal real-time delay, wherein said real-time delay bemng based on filter
delay,
generating sald set of optimal endpoint algorithms by performing at least one of
removing real-time endpoint algorithres with corresponding real-time delay
greater than a predefined threshold, and
eliminating said real-time endpoint algorithms if said real-time endpoint
algorithms fail to pass a robusiness test, and
ranking each optimal endpoint algorithm of said set of optimal endpoint algonithms,
wherein said ranking being based on at least one of fidelity ratio and said real-time delay.
9. The method of claim 1 wherein said importing of said optimal endpoint algorithm
being based on at least one of ranking and a set of user-defined conditions.
. A method for qualifying an endpoint during substrate processing within a processing
chamber, comprising;
executing a recipe on a substrate;
receiving processing data from a set of sensors during substrate processing;
analyzing said processing data by applymng an optunal endpowmnt algorithm;

wdentifving a process endpoint; and

[ ]



recei ving sensor data froma plurality of sensors during processing of at

| east one substrate within said plasna processing system wherein said
sensor dawe 20ngloegies a plurality of signal streans frompataiSeeialosddy7 of
sensor channels, identifying an endpoint domain, wherein said endpoint
domain is an_approxi ,tte $er| od within which said process endpoint is
expect ed t o SHUEHE SAHNEINYEHAGTEETH Ssensor data to generate a set of
potentigl enﬂﬁ%&hm@a%{wﬁ heSANVE! ddalifk GeRBlheabnROf ﬁn&L&h n@PoI Nt
signatures into a set of optiml endpoint algorithns, and }fl ng one
opt i malengivdpehereinaagbrnihmmpkngiae ¢ sst ohcopng m*iuémpbgmd&mgmndlﬁim into
pr oduct, on envi ron, 13. The nmethod of claim 12 wherein said sensor data
i s bei H@‘“ﬁéf’ﬂ‘é‘#%‘{mﬂom nore than one substrate. 14. The nethod of claim 13
wher ei nzsai dianadiad boclfin SRlvlleeeNGal oflaba chsdindesorRBRfiOEMishGckd BRar
fitting on said sensor data to divide each signal Streamfromsaid
plurality ofle'éﬁig\nﬁﬁe%@? b Omrﬁ @u@h@r @?%@Pﬂfyd@ﬁ“ﬁé@ﬁl@ﬁtﬂg opaslestoncti me

i nterval , thod of I rein g sensor
dat a t Obilgﬂeﬂﬁiit ‘g{thm \dgF ag{masgtmﬁ sfsmﬁ St :;[u%} F eigin dalél < sorni% r%aﬁ ul}x desa oqhns”%ﬁ’d set

of pot efitslzakl ardpeiii & barditybEsenkaialgess cal cuI ati ng a first set of slopes
and a first set of correspondi ng sl ope noise values for said sensor data,

wherei n a sliéggiiyHg dauetéw’é@b@wr nﬂdkgqf@)b@dﬁaqiwv@rw PaNERPEEIAIRd for
each Sﬁ%f%&tuﬁ&mgmﬂ g*a%@éekiééug%hﬁ%%@&%dm dgul ating slope variances in

said sl'opes to identi a set ontrast si'gnals fromsaid plurality
of si gnal stanelnig smide,emmdsmltds.sl&mtoh st @Tpo&mnta#&ﬁpomt gpadisrehavi ng hi gh
sl ope variance, conbi.ning cont i s wavel engths with _simlar sl OP
Var | ance | niGLerGRE SHR SRR IR B BG HOBRES g AAOhP RN EHPRRT cont  ast
si gnal syedrAfkt Nggsai d set of signal wavel ength bands, andidentifying said
first set of potential endpoint signatures by applying a set of class
features to mthtB*@smep)ahtm ndpaind algogthoe ofwarastt o§ppgnadlsndpeinsdpditbes of

si gnal erein said set of class features include at

| east dmg’l%?&ﬁg‘éﬁe“\}&%‘%‘? and inflection. 16. The nmethod of claim 15
wher ei ni3sai drirRnadyad BociOfn sALUSeNSQ scladraiatOis PeMe alie:-d Has anfe 8ah of

potential endpoint signatures of said set of potential endpoint signatures

one substrate.
14, The method of claim 13 wherein said analyzing of said sensor data includes
performing linear fitting on said sensor data to divide each signal stream from said plurality
of signal strearss into a plorality of segments based on thne intervals,
15, The method of claim 14 wherein said analyzing of said sensor data to generate a first
set of potential endpoint signatures of said set of potential endpoint signatures mclades

calculating a first set of slopes and a first set of corresponding slope noise values for
said sensor data, wheremn g slope and a corresponding slope noise value 15 calculated for each
segment of said plurality of segments,

calculating slope variances in said slopes to identify a set of high contrast signals from
said plurality of signal streams, wherein said set of ugh contrast signals having high slope
variance,

combining contiguous wavelengths with similar stope variance into a set of signal
wavelength bands,

ranking said high contrast signals,

ranking said set of signal wavelength bands, and

by
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i ncludes performng a nmulti-variate anal ysis by conbining sl opes scal ed by
correspondi ng sl ope noi se values of said first set of slopes and said first
set of cowoespanesing sl ope noi se values to generate a necralSmed4®er of

sl opes and a nornmalized set of correspondi ng sl ope noi se val ues,

cal cul ating .gl ope vari,ances in said normalized set of sl|lopes to .identify
nor nal i zi ng 13‘?‘5 YEPg b?-‘?g%‘ssai%‘lmt%‘ﬁlé\ sdpoipt S‘gilﬁl“r‘&ﬁi’é’f‘P%laﬁ’é{a Wher € sai d

nor mal iszj s $d GNalss pAavT QS HiBRR-APE oRND ahPWiY 8% LA RE 4 ERTRLPINNGnds,
conti guous wavel engPhs with Simlar sfope variance into a set - of

nor mal izhargnsitignal ofwdare fangthinbbudd st lersdmke nhpsdi thikeraral infleatgnsi gnal s,

of o1 29" et fraeRed SR | SRR sl o Rtruenar gh iR L of Sof 7

si gnal seeuel sengt fh:handsndpoins dipdaiies HRkdid ke poanshienapsinsabshugeé of
normal i zi ng signal wavel ength bands to generate said second set of
pot ent ii&¢u@esdpoi nt si gnatures. 17. The nethod of claim 15 wherein said

converting of said set .of potential endpoint sigpatures into sajid set of
optiml enapsrurnaegarr PRt bR SRR e S BNl By sPafwBaitendpor nt

si gnat Wigeantheaafire oNchiPaisepitiotklopadnal salkl fHisoRabIE@radportidslses nidfe
potential endpoint signatures if said first potential endpoint signature
and saj‘tlugs soENeHBe & APTRIIZath 8 6 RloPes HWat iR HAY RIS OCPRIMIEKEPEE and ti ne
period,  perf.ornng a robustness test to remove potentially non-repeatable
endpoi nt si gnatures fromsaid set of potential endpoint signatures,

per form ng ashuldingvhpe abtgueoy mednat dcomabnal sypsoSsitms itdebiifyyncamsitingf

opti mal .endpoi nt signatures. of said set of pqtential endpgint signatures,
oD ver 516 S sud RS s Ried St e gRavoReY o Be s Bvizt BRBal o e
endpoi Nyl @0nhd RABgakth mnimal real -tinme delay, wherein said real-tine
del ay bei'ng based on filter delay, generating said set of optinal endpoint
al gori t hns bynperifpemitigoat whedgigtionelofinglo sopg vreabe tithe sandpoi nt

al gorithms w.th corres Fnd'!%q real -time delay greater than a predefined

t hr eshdIg e é*ﬁ‘l“?'}i“r'ég N SEPH r eal -ti me endpoint al gorithns if said

real -tine enﬁﬂgh@ga_gah-;g@,ﬁgj&t}@ss-;g@ig} to pass a robustness test, and

ranking said set of normalizing signal wavelength bands, and

applying a set of class features to a ratio of said high contrast signals and a set of
signal wavelength bands to said normalizing signals and said set of normalizing signal
wavelength bands to generate said second set of potential endpoint sigonatures.
17.  The method of claim 13 wherein said converting of said set of potential endpoint
signatures into said set of optimal endpoint algorithms includes

combining a first potential endpoint signature and a second potential endpoint
signature of satd set of potential endpoint signatures if said first potential endpoint signature
and said second potential endpoint signature having simitar shapes and time period,

performing a robustness test to remove potentially non-repeatable endpoint signatares
from said set of potential endpoint signatures,

performing a multi-variate correlation analysis to identify a set of optimal endpoint
signatures of said set of potential endpoint signatores,

converting said set of optimal endpoint signatares into a set of real-tinne endpoint
algorithms with minimal real-time delay, wherein said real-time delay being based on filter
delay,

generating said set of optimal endpoint algorithms by performing at least one of
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ranki ng each optimal endpoint algorithmof said set of optimal endpoint
al gorithns, wherein said ranking being based on at |east one of fidelity
rati o andweand/mwesb-ti ne del ay. 18. The net hod of cl ai mpté/ush@oeir7sai d
converting of said set of potential endpoint signatures into said set of

opti mal endpoint al gorit hrirs i ncl udes COIT'?I ning a fi rst ote t.i al ]«Fendpm nt
signature and a JBRBHELSH RS HICPERERSPHES HhEUFErYHd *%sea -ue gy
potential endpoinhash F{éggmﬁahkqu@l Fafirst potential endpoint signature
and sai d second potential endpolnt signature having simlar shapes and tine
period, performi nﬂé]inamrmigwstdnesisumesmdzmozirzéxmwlenpthtsexdtrﬁ'élrtiuye figipemgpeat abl e
endpoi nt si %@gt uees f{om sai d,set of ﬁnti al endpoi nt signatures,

perforni ng & RIS il e RS CHPFEIPST IS aﬁ alysis to identify a set of

opti mal endp@hihg §é(ﬁﬂ%&1ﬁffs@§nc§g§uu§@h@x1$iﬂfa oPfaid MM bh@haeREdpenhiieSi@Rat ur es,
converting said set o opt| mal endpoi nt Si gnatures into a set of real-tine
endpoi nthngomtrmﬁsw\btﬂh 591 alat kaglong pirBddel azgzm el fﬁﬁlsfaﬁ@id?fé‘al -time
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al gori t«ﬁmammmmd%pmﬁmg eﬁ@;&isnﬁallﬁ&xtﬁ@ds@)thﬁfe@at er than a pr edefl ned
threshold, and elinminating said real-tinme endpoint algorithns if said

real -tine erf@pBitiog alfgsorimial adpeing Sapws agd popipd pekstiplesidpoithd ranki ng
h h
each opf éxﬁﬁle%%’ !;.J?"o &@g&ﬁﬁ@g@ﬁoﬁ rg'{gixésetfsfgﬁ f?ﬁg)f)@r‘u 3&;&1@9&;{‘$m&ltﬁ%“t s,

wher ei n sali east one ratio and sai d
real -t iamd sdﬂlsawndlyﬁ‘zcnﬁhbgrmbimoeiménucel lavingb2niMrehepas asditichel mzpodt ing of said

opti mal endpoint al gorjthm bei n based on at | east on ranki ng and a set
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performing a multi-vanate correlation analysis to identify a set of optimal endpoint

endpoi nt

signatures of said set of potential endpoint signatures,
converting said set of optimal endpoint signatures into a set of real-time endpomt
algorithms with minimal real-time delay, wherein said real-time delay bemng based on filter
delay,
generating sald set of optimal endpoint algorithms by performing at least one of
removing real-time endpoint algorithres with corresponding real-time delay
greater than a predefined threshold, and
eliminating said real-time endpoint algorithms if said real-time endpoint
algorithms fail to pass a robusiness test, and
ranking each optimal endpoint algorithm of said set of optimal endpoint algonithms,
wherein said ranking being based on at least one of fidelity ratio and said real-time delay.
18, The method of claim 12 wherein said importing of said optimal endpoint algorithm
being based on at least one of ranking and a set of user-defined conditions.
20, The method of claim 14 wherein each segment of said plurality of segments is

uniform,



