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WD 2004/ 061693 PCT/ US2003/ 039778 METHOD AND APPARATUS

FOR SLOPE TO THRESHOLD CONVERSI ON FOR PROCESS STATE
wWORNBDARIING AND ENDPO NT DETECTI ON 5 BACKGROUMCI/OR20034839778

INVENTION 1. Field of the Invention [0001] This

invention relates generally to sem conduct or

manuf acturing and nore 10 particularly to real tine

NEIHON ASD ARFARRTLSY %E%Sa‘?pg‘%@[’f 0 THIRESHOLD
CONVERSION FOR PROCESY TATEIMONITORING AND
Sem conduct or i cation ere exists multiple steps
where an underly. EOE&T&BETEQ’EMt ed to the

formati on, nodification and renoval of various |ayers,
bl anket 15 or patterned. The small feature sizes,
tight surface planarity requirenents, conbined with
the constant quest to increase throughput, nmakes it
hi ghly desirab ocess
par anet ers Memmmgw hi ckness,
resistance, planarity, transparency, chem cal
1. Fieldhgfdbe dnvamti®nc. ) of the processed fil mhas. been
i.eved. i . e. e n I 1 e ' more
r000fiCHiE Eeriort pial30 kendUE OBP SicaRaNcBP eRaRRbALARE and
partiGu@dycondalcimae nlrolagyrfoe ptdcess atlepafer stategnenitamingdn aemiconductor
subsequent fabrication step after the current process
manaEWitEHePerFE®SNnpl i shed the task of obtaining the
defined wafer characteristics. [0003] Real tine
2. Dewriptioof thoRelated Asht rol of wafer characteristics is -
a_necessi SO . a i
ro00 g’ SERESNA bl RkignD el BB dhufiple (EBS Wbt fan underlying

subst@ft §J Sibjeted thhie foeedtion] nedifieatson andemidval bhyargdus layers, blanket
paraneters associated with a sem conductor .o

L eration,. .
or pa@risdovTiresmalh FeAaBT S17ehf ighispiiase Ranarly 5§gtgwgrﬁaf‘sn9mgpmed with
a_transition. noi i Nk ; h h
o gAY (AR 05 BB BIST 15 BPESEARTY g o s e
procé!@f ?)Earairﬁe&&bf whien anied hergeoddj emopertioshi @hickmess,t rrosigfagee, planarity,

I LT ERIR IS
an elfdrfygﬁ{t 'ht?igl B.Eé?lgolﬁﬁp?@ FiRthe PAEAR phoce¥Pdtbpit OPBodYE, sdthetseficonductor
ansi . I eag

ron 1tse Thi s s to a step-like property
fabrittfonnapstiankitign 36 grsabseqaerit dalirisatiom step gBier thia SHITPHPTAEPSS Step has

acco%ﬁ%%tﬁgﬁz%gggg}tg{@q 3 Flfllﬁfﬁlgeg]g@%% q?r%?acfeﬁgﬁcs&gf ch poi nt

[ooogieREmh%@ﬁﬁﬁsfd%g RorStRE €6ntrdTF wafer @RAraSHLRINESs now ameasssity so that
sem conduct or fers, there is a time distribution,

an endpioft of tansifien poiat fireypaktidubartprensssing eperpiémmay he detgrmined. The
s| ope change,. associ ated wjt .t - i

ot S8 SRR B Gy SOELS, spmonc operin

providie" eiabROi#BAfAHL B9 Jo AT ehlipddd36:0a9tafition point of a processing

operation. Typically the properties of an object, either the wafer itself or another object,

which is strongly linked to the wafer in the process, undergo monotonic change prior to and
after the transition, experiencing an abrupt property variation during the transition itself.
This leads to a step-like property for monitoring signal variation in cases when the
monitored system is small enough and when the transition occurs simultaneously for the
watch point of the inspection space. For larger systems, such as semiconductor wafers, there

is a time distribution, which transfers a step-like transition point into a slope change,

associated with data points dorresponding to the process parameter changes, thereby
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2 creating an indicator of the endpoint or transition
poi nt. However, slope change detection requires usage
w@boodesicynt i ves, which are associated with redeCBEUS2003/039778
signal -to-noise ratio conplicating this approach.
[0004] Figure 1 is a graph ¢f a thickness of a
sem conduct or wafer being nonitored over 5 tine
creatiigranrigdizator of éies emtpooy e atansifion spsrtm ééovaeVpr,aﬂh@m changodetection
ocessi eration ine 100 present,s Vv
requilfscBEa B0 SR ah PSRRI RE PR eRattn eesf SEBf-to-noise ratio
Conqggyﬁ@ﬁhgu@@nﬁ@h endpoi nt/transition point during a
processing operation. Lines 102 represent val ues
[OOO‘HSEIgmalt sda araph of prhickuess of afcairgpdedien water deipgonegnitored over

i G550 SR oo B 877l TRSOAEE i, i 100

repref&@f QAluk94ads8RARECHIE P fnfiereli R)Wbake tdi€or for deterrmnmg an
endpoi nt/transition point occurs. In regdon 104, the
1

endp@l@bf@mltm POt dering: iaa PEAsesingn OPFIIEEN.1 0 1ingsd 102 represent values

a ver h el
s TS AP Lot NGBhORBoRETOOTTE LKLY Bhickncss o o
semi€oHaestoNpatee dver tirhe Giugng fhe pacdessiing] Av asn bé)ke&nbmgkgrl@érrdpresents
noi se that changes fromrun to run. Accordi

the tirpasthersdhe ﬁ@dpqa@/tir%%tiovepfﬁafs SPT ops’ TR A B ihestE slope
|

assoc?e{lg(g%ﬁ line 29 Ilg)glt Iﬁtkliﬁg 4 Q%’cﬁééevgi; E%F%nﬁl%mg monitored for

eithed ﬂteem‘mimitbnmg oﬂeddy cumenti menitheingrinisnp¢nmposefl veith significant and

transjtion edi cated upon a sl ope,. base .
variablochop greigh S Hiat Eheeee BOrh RGBT ASSbRNAE Gt peasuring the
denv‘;ﬁ\?e ba%@ﬂl%ﬁ@%t&&mﬁ@ﬁ{e%h ﬁ(ﬂﬁt tHeQ90 R 1o foide TeQ81UWifects the stability

ere Is a need to solve the problenms of the prior art
and tebialpitigy bfi eheaenmipoind dleteamihatippar Htugs irf-bne ﬁﬁt@vmmahgn of a transition

poin B e £ 5o § ARGt BT o PR Pl B PP U obary o
semiddidasBhoperadgiRe based transition of a nDnltored

process ~paraneter. SUMMARY OF THE | NVENTI ON [ 0006]
[000ﬁrbael rgsulpdaici in @, need éo poles thetproblomn of die priariast torpsadde a method

o 550 S S, WU 56885 B S for o

whert 1B traadiGdd boimt I@@dzlﬁﬁ thid g g hslepe Ed@é@ﬁhﬂéldo@@ﬁaymmﬁtdrad process
order to inprove the reliability and stability of the

parargeie®er i nation of a transition point. It should be

appreci ated that 'ﬁ1 ' an be

i npl emented in : as a net hod,

a system conputer readable nmedia or a device.

Several inventive enbodi mrents of the present invention
[0006ir Brodélycspeidenig, ibé presediny@niow]fillsrtheseencedd bylichisringting the need to

net for, copverti a slo e based detection.task.t
analygE Ry grah deacenabined et RRaes i (% B toprpint through a
thresﬂglﬁ%glyk@'lﬁ 2l S0 ‘ﬂnbfbv@eﬁé BB 1A and BIRBINXY BR tHeOdbtermination of a
equation for a set of points corresponding to val ues

transsfonapqimto de sisoude iba gppreonateddhaidthe Prasant mnermqne@né@ iyplereented in
nume%ous waysr rltelcl?l dl%(g)l arét a %etltlohde psys?e(renS Scokr)r%un 188! tleo Iiedid Sr a device.

D

Several inventive embodiments of the present invention are described below.

[0007] In one embodiment, a method for converting a slope based detection task to a
threshold based detection task is provided. The method initiates with defining an
approximation equation for a set of points corresponding to values of a process being

monitored. Then, an expected value at a current point of the process being monitored is
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WO 2004/ 061693 PCT/ US2003/ 039778 3 predicted. Next, a
di fference between a neasured value at the current
w@einn6wh3 t he process being nonitored and t hePCT/US2003/039778
correspondi ng expected value is cal cul ated. Then, the
difference is nonitored forz successive points to
detect a deviation val ue between the neasured val ue
predieed. Ndxg LdipRednee bumtdee a heastiredavalueatsthé Ic@ﬂeritcpdilﬁt (ffCthe process
the process being nonitored is identified based
being; manigred and the @rrespeRdmg\exaesteth valge gpecalc[m%] Then, the dlfference is
mom?)?é;cfn Ql? £ Iugc%?ﬁgé E@Hfs to %e{EF{ Qﬁ%gtg(gn dgaq{é.: eg%twea&% ﬂ‘le mezhsured value and
the ekpucesihedlge. dNeﬁt‘,ta @ansitfonppaini feche 'f)i’(ﬁbetiﬁi‘béiﬁgi mcmlﬂotai Bsidentified
th nmonitorin par anet er associated with a

basedt‘?fh'i}i@ldﬁeé%mb%ﬂ%? deV‘Fﬁ‘é‘W U$redi ct ed val ue of the
[000830% aBHRE ehdodi@ntW Heffbd' foP 'Zl}ﬁﬁgﬁrt& Xglaldgiﬁgﬁf gﬁn{}:of 3 slope based

tored process paraneter. edicte
changeothraghon dﬁeslholdadeieutroarl‘s pvantidigl. oThd l’rfetlmdanﬁsﬁes with monitoring a

ar anet er rhg noni t.or ed. Neg} ath E lue is
paranagler; assgclat é?Yf 3 Ugnpitign Qi %ér?r? %te Ut ”&n? (g Rasameter is
calcu%'ﬂééi g ?‘é&d{fﬁﬁc%d oFf @' Sadndtordd’ BRI &'ﬁfﬁ&t’er."‘h?ﬁb tR&licted value
ference exceeds the threshold vaI e a transition

correﬂmndss ta g cuiregnaluei afdhe pROEB]patamatert beampiositored. Next, a threshold

vatuegf GnEEL e, § GTERORE e esh bR neny By s ecRBRgiea value i

trackdd. aNSbkti Aent theOdieredcé NxBEdHR! He MBIRANHIANMILO itAndiB8h point is
time is provided. The systemincludes a processing

1dent1ﬁrgdu| e configured to process a sem conductor wafer

000 Bt Rt s haP R EhigSRBRL 5 sihd Bt sapporqp detecing

a tranRitRAGSoHtTEr SIBHE EiinkB Elabkél @SN sAhERIPA QA thfAR1H WeteeMirfafion in real time
noni t or a process par amet er aSSOCI ated with a process

is propiseds i ohhe méte@y dndndasnel pawsssinglenedulor condigiged to process a

sennc%gﬂ'@wf %@r%tw Beijuna% néaergrﬁgtrer ag- 1age%lt ?fﬁho
con ure asured va pre

bemgv[:abcttssed efoBtagnddn a“lmpamﬁdg vatdne $nclhmés @aénasoa conﬁgured to monitor
transition point through a slope.  change.

a Progfsg PREAMSEeT Apariehvh demPerst Op?ramrpr &b¢ éx%m Thedudesraedetector in
mn’((Jﬁqu’fé?i%n wh ﬁie &bk O Th Sleteb ¥ 185nf %‘ﬂﬂafd' tg%’ogﬂ)taﬁéémteﬁs%‘féﬁ Falues to

erence etmeen the nmeasured val ues an
predm‘xeal mhme,ndrha@ thprmelisoteddvaladsuimdlicate e ritemsition apatitathyenght a slope

ition point to epable a threshol d, devi at
changfs eiffsd yal ue%ﬁerfﬂéaveqe-ﬁent HERSHHY goeasired ValyRs- ngﬁ% detector is

furthérrb@hﬁgxﬁx‘éé td B8cit & an?ér&ﬂcerbea%eﬂtm@ﬁfe%réa eﬂueérqéﬁdﬂthk R@rresponding

"~ procesSs operation. [0010] In still yet anot
predigad vdiuse it enlanoa)arphmge at dmjumisalqmpmat fozoniably gpthogphald deviation

valuey 3 REnE®} e eI Getti el 40t FEFPalaRe Ry gpibassociated
with thE préceiifepdtioneadabl e medi a i ncl udes program
instructions for defining an 30 approximation equation

[0010ddn stilk eiet gnophet rambashments o gampyter oregddblee gnestia ghaving program

v R0 B B0 9150 PERSHEM R Bl i

provided. The computer readable media includes program instructions for defining an

gmlcionguctor wafer

approximation equation for a set of points corresponding to values of a process being
monitored and program instructions for predicting an expected value at a current point of the
process being monitored. Program instructions for calculating a difference between a

measured value at the current point of the process being monitored and the corresponding
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process being nonitored. Programinstructions for
calculating a difference between a neasured val ue at
W0 b@4oerspent poi nt of the process bei ng nonit oP€rUS2V03/039778

t he correspondi ng WO 2004/ 061693 PCT/ US2003/ 039778 4
expect ed val ue are provided.4 Programinstructions for
monitoring the difference to detect a deviation value

expe&@& VAED afefoliBEE UPRSEr A liMRrudiohs! 08 nfnRefh e thevdifeRnad tb detect a

ogram instructions for identifying a transition
dev1apon nvalfiorbetweerprtbe emsaﬁueqdng’ah@n ﬁ‘@%r@ﬁ grpselgdomalupeand program

mstrl{cge&sﬁor dr\](?{&fylggg gziergsitgoﬁ%ﬁ)og olrl o@e%@rl%k@dﬁ%\l}gnlied based on the
detectibh bf {he GRVRLiGPPAGE bfe ihélamRd. he fol | owi ng det ai | ed
description, taken in coni% unction wth_t

[001 HoQibapasects e aamvasges Pl Ithes dnvaptioRy Wl gggpnaﬁ apRageRy from the
ool Beho R, O R EATT, RS oo

lllustfa‘ﬁﬁg'bb/)évalymﬁékﬁhpledh@ynﬁd@ei of thewivegtictet ai | ed 10
desGription in conjunction with the acconpanying

draw ngs, angﬂltfq)ﬁgggg]@g OF R DRAWESGgnat e |ike

structural aph of a

[0012]NT 1K Qﬁ@s%ntoﬁn%nﬁam aamdbe treadilyafumtedsmiodg bymthet doléoving  detailed
over tinme during processi ng operation,

descriptimain; ¢IjynsHoOP r%‘éha:ﬂéﬁ A¢FOBPERENE (%aW‘[“G%)l%}d ﬁk"g E"raféreﬁc? §umerals
red (IR) based trace where the
demgﬁ%ﬁ%@(elsggéetw%‘i‘ﬁleﬁ{?{ﬁ 15 transition region is smoot hed
[0013]0Figh@eW & & i 6fi ®whiplaiess of a sammmndm‘(mew‘afdr rbemgemomtored over
enbodi nent t he |nvent|on 001 ure 3 is.an

time @XGRHR RGO IEPEBTIOR, BIcHARP Dl GRS OPRSRUST he
[001@%1&81% gfw G %ﬁph 'o@ca{ UdR S gﬁ?%&éd ﬁﬁcé)Wh@fe tHeORJi&d level in the

exerrp ary gr the signal of Figure
transﬁlerbglbn asmbetbed mmmhaadansmonz[@amﬂ inrAiceertlenagovigle one embodiment
001ql1 Figure 5 is an exenplary graph of a predicted
Ofth%l”@’ﬁ‘& Olyenerated fromthe points of the actual signal
¢ .

015 FicLRY & ah & ST YhilhalAnRe SFBOEIERMHer® thet fegiod of time
[0 |§Jn 1§nt| on. [001 tﬁ&gl g%?g 6 |tsg an exenpl ary graph ol%ﬁa
includes/a abnsgtionspogmtal generat ed by cal cul at| ng the
[001 &Eéeg ﬁ%n%g(te%]% g{aggci%ben% na Pf‘ t f?‘é/htlch has bfgn smoothed to
elimf@eHomkel N accordance with one enbodi rrent of the

Invention. [0019] Figure 7 is _an exenplary aph
[0017hEigudi iy antexempiany graph ofiaquedigted signalgegepte from the points of the

d hol d
soros) SeG AAR G A b Groobugs Mgl Epotistint BEIHE iR 12, ¢
[0018] FizuR)e i AR esterBiry @Faphhef 4 deeation BLgn{th@Eﬂ}at&l byrcelcBlting the

I's an exenpl ar raph_illustrating a trace
diffezance &etvgﬁegm ang D al and a correspor?dmg predlctec? s1gnanl at various time

points in accordance with one embodiment of the invention.

[0019] Figure 7 is an exemplary graph including the graphs of Figures 4, 5 and 6
superimposed over each other to illustrate a threshold determination for the transition point
in accordance with one embodiment of the invention.

[0020] Figure 8A is an exemplary graph illustrating a trace of an actual signal and a
predicted signal in accordance with one embodiment of the invention.

[0021] Figure 8B is a graph of the original signal value and a corresponding graph of a
deviation between the actual signal and a predicted signal in accordance with one

embodiment of the invention.
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30 predicted signal in accordance with one enbodi nent
of the invention. [0021] Figure 8B is a graph of the
w@eaoogioeab3 si gnal val ue and a correspondi ng gr aptir/v$2083/039778
devi ati on between the actual signal and a predicted
signal in accordance with omse enbodi ment of the
i nvention. WD 2004/ 061693 PCT/ US2003/ 039778 5 [0022]
[0022FiFygure 88Gsiasraptdiliapthatin lthes idtad] itage hiBthacleltakrabd 6CEigaRs SA and
the delta trace of Figures 8A and 8B superinposed )
8B supetimppifd Witk thedredicipd jvalue tragk all of whiely argpsechios ihe qpaaersion of a
f enr Sl A 10 e do t .
slope (ed M ROATTPRG besl (BICRESCRTE o} 1y ofe Ambodimens of the
inventibnt he invention. 5 [0023] Figure 9 is a flowhart of
he nmet hod operatigns for nmet hod for converting a .
[0023) (ragae 8 SeipveRde (o metiof oPEratoRh 18 eHBe OB fre@veting a slope
o . e . : _
based R T Bl IS i0h Rk IR SRR WM oneUimbodiment
of thesohemmni ¢ di agram of a processing nodul e in

nication wth a detector cqonfiqgured to convert a .
0020 s dfecs wntiefadiel s sRgls nftesth ok ¢ pPESHGEG Hodule in
comnSifli@Eibh Wth b @eRLior eOnMBRIEH to EbnIEE A s‘l@?’é‘:@et&ﬂtibh tPAASition point to a

enbodi ment of the invention. [0025] gure 11 is a
threshsil drpétieéti andransitiompoint inlacegrdanceoWwith omd/Pmbydinemt bibthe myeation.

I nf. . L qQ det ! t it i nt .of .
0023356 3 st P SRS e ol 8o FysBS Bovife plantrared
sensofMtb NdeRithifdTROGERIUn Pbint B d BeBIBbAGERor {DdRate i Probdssed in

is asinplified schemati c di agram of a processing

accordanee aviihhengi emgpodiragnt of hegnyenéien. sensors configured to
.ermne. a t | b I Nt em conduct or .

00268 348 25is0h SRBT RACBINY a7 L RESEGH Shyean having caey
currersoabireediifigoted tocleiomviietd @insitioh okt BD a eI Bld:6MN;ubktrate being

THE PREFERRED ENMBODI MENTS [0027] _An invention is
procegred dn pesopdange withope eabpdignept efthg ivertihod t hat

provides a reliable and stable neasure of a

QETAH, D ESCRIP F THE RREHERRED BEMBOBENMENTS
peration. |t wll 0 be obvious, however, to one )

00273 4 frygniion fspdesgribed $0p 2rsypiRR: druse apd mefad fgh PiRyydage reliable
and s@bRGhéARER o al B0 Pt AriRE h s@hicbR@RBorSREGsEihE operation. It will

details. In other instances, well known process
be obyjwasabdweverhavanerskilladderthelegcthiabthe prasenie imiehtiom nay der practiced

.. not to unnecessari | bsqure t esen i nvention.
withol o8 &f"RE “Gebrl BRRSTIR GHALE acRBFD GRIGHE {Hal kAo process
operaliBiysSitive @Bt b&c@Cdekibedlif &l i BRieL ARAE AR eSsadily 6B8ure the present

present invention provide a systemand nmethod for 25

inveniemvEignfengisalesirihed inlthed Barkgiounkef the Inyentiond sketian.

ct | .1 ask, we| | , dfying the transition
10028 F1 b BOGRARK, of Ind rdselP JARl0R BTk, F syl 2hd' Bthod for
conveftigahddpd dabaionahsk By @ dnestol@ deteefion kdskead eallWsearplifying the
t he background of a zero or a constant signal and

transiion, {Gaires Hafgreeindigativ of dransition. Threshold behavior, produces a step-
like feature on the background of a zero or a constant signal and provides simpler detection

algorithms, higher signal-to-noise ratios and more robust detectability. Threshold based
determination for transition points/endpoints provides increased stability and reliability as
compared to slope based determinations. In turn, more stable and reliable triggering
conditions are provided with respect to a semiconductor operation. That is, since the
transition point/endpoint is determined with a high degree of confidence, the downstream

operations requiring substantially precise measurements may be initiated through in-line
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al gorithnms, higher signal-to-noise ratios and nore
robust detectability. Threshold based determ nation
WO 200406051 t i on poi nt s/ endpoi nts provi des i ncrPeEE003/039778
stability and reliability as 30 conpared to sl ope
based determ nations. In turg, nore stable and
reliable triggering conditions are provided with

metrolegRecAs boregulf sBinda@nductbO throREHpat ifeN the Tikgdciatdd ope€i®ns may be
t he tranS|t| on_poi nt/endpoint is determned with a

concomipntheiicecasesk  Eiromplicaony rsuliiparfsam saell digegastingepes of the
procdsS bk Abrl W3 b b eHY BRSBTS AIME Bh R BYinB Bonversion to

a threxHbldJBRLR0S @3y 8ignél. miit stoliye apprediatetisthht the terms endpoint and
sem conduct or, .t hrou h ut for the assom ated operations

tfansw Ro&Nt. aLBREE FChars Infesehapgeale. Mgl ch?rﬁBPi“Eﬁtt fogig skilled in the

I I
w oRE M 50 BRI uBIRACRSy By0ER Bl BOS; 108 36RRSnauco
procemlsl oi agy ethepyprodess,coherer s itogettd changehrseedwhmg, ypergdted state is
. C|n Si [t shoul d be reC|at hat the
schicy e Ve P iSOl CoRaim YA opsieied Bdthomaigpd pirameter i
used & %%g&t £ SRAN IR s9n eha}t)(‘lihi br iBRiIaABRBS Srmthetr?r&%?s operation.

ed inthe art th he terns endpol n
[OOZQ]rIaggnetZ a% apgiaph offeap indfacad (IB) aha,yecbtram whereathe noise level in the
ess,

TG R TR R

of th&GiNeRYieA, Mdre V\ﬂﬁetfeglohhﬁ)Gaftﬁ@h(ﬁiB@ MvePfs §1b§t§ﬁﬁﬁchMﬁidd%d to show
associated with a nonitored paraneter is uséd

trace 1P gy ersmmetheddive, @Rﬂﬁ hesseen therslope assoeiated nyith anb@hecbtrace 108

eans 080 e RA 108, HSRERE Hebiataer e bbb B i e monicoree

e.g., he,‘hellmdah nidRani¢al Pgiatizaon” EVIPN opsratio® of AR ktdPopdiANbR prevents
transition point in accordance wth one enbodi nent o

real time steRle M oisprodesible raadinggiteririgee, an aenfoisych jag\ag| eqdpoint or
t
a0 BAb bl 10 ik . AL T8 R B3R  usccs

1nframdtsﬂ‘g1mlrmeiaﬂeddottemperaﬂl.ﬂ8, othempighdls,ong. eddyr egtaan séﬁ)@rs, vibration,
t he noﬁse ssqciated with the operation '

Opth?}Dq\%?r@Btll% etop5 will @xhi g HFRlaT PEIPEHiSShamhatdp, the smootheeci rs1l%pe will
(

il okl T Q0 LB, 08 R RPTL s e

an acterater ieghtime aeading from Sechopgsreadingn dysowiil boexplained in more detml

initiati on of .anot.her eration. |t should be
below Jht sBierBor of B SIAPS absisimenio; 4 Sl Beaggement removes the
uncertdMiticd" 8do&h@0ith ehat §8lsd JeveRTRSK & ﬁhﬁa@t ttfét @ﬁl‘éllsﬂlgf@?én%es being
e. eddy current sensors, vibratio opti cal
analyz foad:ha Va@ﬁ:measm¢merés< hSSbmatedlwﬁh aslopt opesurement. Thus, a for

more tplrecrﬂ %T't%c 108 o%rmt? etwéw\S/% RE gl\;\%elgi H{ngds 58@@%& f[ﬁg small changes in

slope DK ﬁ’fcﬁbdl[&j aN@4nsRiopr ﬁddﬁ@hﬁ: ﬁ1a§1€e@bb§3 theé 'ﬁoﬁ@ QH r@%f‘épé &Réasurement,
time reading fromthe slope reading. As

howerszpthgi mmmem%d@cachbhqrem tsubsigntialll ghmﬂsu n@ttsedfom l@pacting
the dﬁ?%r%ﬁﬁat{mao?%e tg%ﬂ}tmﬁg)oﬂxtt hreshol d measur enent renoves

uncertai sociated with the noise | evels

[0030] Fagure Bisah ekéraplarnpgraplilof & eiggarescehien GmeaVabitzae pb@Ed of time
incl c#ge derjvative neasurenents associated with a sl ope
nclu

AdtAngitien pointh Klere, signaly 1194s plotied gverdinme hleqr@c,ftmbmhl@cnt signal
110 élﬁeﬁ@ss P hnPOAdY chiferdtC@hsdy BEnghr& 8P Rket WGrRIR E)arameter

anges 1 n
ind10at1ng a trans1t10n point during a semiconductor operation. It should be appreciated that

other signals for detecting transition points during semiconductor operations can be included
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sl ope that indicate a transition point are nmasked by

the noise in a slope neasurenent, however, the
wepdsetersent s descri bed herein substantially el Pei/ns10e3/039778

the noise frominpacting the determ nation of the

transition point. [0030] Figure 3 is an exenplary

graph of a signal trace over tine, where the period of

here,!sutl® as Braredl; vibdsifond opficl HhiddBignali Bic. Adtam, beSiean ashgnm 010 has a
i.s plotted over time. In one enbodi nent, signa

mgm@ﬁ@t@ iRmepBOffTiodh aspecaien with thevignal dipstsiven @rtrqngméﬁnme indicates a
transﬂi%he?&gfa af "n%e?éo pa(r)@%rghﬁr d 1h L %gt{ wilt a%P%ecﬁ}]o ligago% slope based

a semd¢c or ope

deterﬁﬁmrtﬁmlvahﬂadi yteltbtﬁnstetbﬁd‘tﬁeulﬁsl lgrgldae toothe datiepeduminoise.
ransitjon points during sem conduct or operatl ons can

[003ﬁeFlgH@|4ula@a egsnplsoy 236h 66 thepsignelab Biggreos &/ hag been smoothed to
ehrmﬁ‘«ﬁ@ I'ho?s% IRdE, aﬁn’%d]: 1041136 Ahd QﬁlegiuT%t Lasl)lgglaﬁ(ﬁge fi t&n@ﬁ)ﬁed in order to

can be seen, sig Si gnl
smomlnﬂlmﬂlgmﬂ Yohere S@Bbtl(hltleﬂremmmthbhelm gfiah, edﬂpw&m*eltt Sefsor over

. tr qQver tlnE i.ndi cates .a tran | ONn pOlnt a
time, 14, ST AT TEIONL i sGhngs 1 g 4 ERIN ALY §ime 100, As

ment&Ine@AbEAS Qe sHRPbARA del RMmotCibledioy belpthdted %plaest%bl‘]e and precise

results here, due to the background noi se.
manner gureel t@me. sTherefoxe rmﬂ@eWagacbdﬂmmﬁnatﬂwa isnofreavialolt aFematiee here.

[ has been. snoot to te no . re, .
10037} 14 4 %R 43RBT AR o red e DR ESADSE Tromh iy boints of the
actuaﬁﬁ@nhlegf Figufy 96h dcBordanBeokith bhe eﬁib@ﬂﬁ‘ﬁent \Y1&h& ilediidh. Here, an

Ca represents the values of an eddy current sensor

apprczx\u@atwrt ¢qpgtion erraaw;lﬁctqddntep@ﬂ af dits ﬂQWonnﬂQyS wsedhampgsli¢trithe most

recen;f ﬁgtg%ea%‘it%g]igl g IgeYIH ﬁgebll'rllgeon[ué)nb éAsp\ylé One?zflﬂecgm thore detail

with $éfefenee w@g,an&: ISAG add SBRNRE brddivtéd fignil ﬁ?en@fh@écﬁh? r®plying the
a_ sl ope based determ nation is not a viab
approximaliafaequation & Bistorjcgbdaty pringuefeths ap@abﬁg@aléﬁmemryte a predicted

real- tﬂé@%ﬁta%mﬁt i éjéo%a?)g ?’nﬁl gglr%{e}&!;}ﬁlteﬁp of M R’hgtl(p Sshown in

act ua S gna I'n accor
Figurerfe thevpesdiiorehbigal fcpeeseritud byiline. 1 lder iegidnto dev1ate from the actual

. ? \EOXI magl on f uation for a selected interval of data
signa PE 187 e A0 %& élanet 500, el wenresentyo trangiien poitdatlh should be
I

apprec G A (P aDBSERRH .1"“%\%‘%&’ B ab AP fSybhy, FobSrample,

the agprozmthtid®B equitonpmeyltakedbe firgnefl a liseayeqeatidred payabolic equation or
t he oxi mation equation to historical

anyoﬁ%?h@]ﬁ%’ﬂ"%“&ﬂ“?ﬁ%‘ actual signal to generate a

(0033 rft}gdrs (et af gRemPIARERE Bf %Oaé%adoﬁoﬂ%&@ #‘éﬁ‘éﬁﬁd‘%@f %hl&ﬁ&ing the

i ment of the iI'nvention Fi gur
dlfferf:ltr@ lpﬂtwdm: e dictialy signalr apl e serrcgnling| pradicedOdbgied git rvarious time

point%{n ?c%c?agfg%% nc}nt(’eﬂee]? %llt] ual rﬂfsthglquegﬁéq{: e glgxiers]]tlanrgl)r%sents the
differsh@l between 3fe %ﬂéﬁl@t@d aﬁgﬁﬂ taaat the N odip Ry ghell rwef Qfine. Region 114

equat i on may nom al equation. For exanpl e,
repregents BgITioN ¢fmq1&§‘n um albﬁffMyart bﬁk@p}ﬂﬁé t6 herdiffereace between the

actuaLélgﬁaqrang %ﬁfe@i&&g%}%ﬁl %&gcg] ecg (:B)Irr?g? 804 sg llbﬂ%écg‘eﬂ%?tﬁﬂ}mde of
the c@tidphofodoise wWewldale considégd &hh@pﬁﬁfs&bﬁd tlaMsiiah pbin@t I&ssence, the
corridtorr] %f noise defines a boundary around the difference between the actual value and the
predicted value. In one embodiment, the offset is chosen as 3 times the value of the standard
deviation, i.e., 30. Thus, where the noise distribution is configured as a Gaussian

distribution, then 3¢ will cover 99.7% of all the points of the distribution. Therefore, out of
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di fference between an actual signal and a
correspondi ng predicted signal at various tine 25
w@eioabel6dh accordance with one enbodi ment of tPET/US2003/039778

invention. Here, line 112 represents the difference

bet ween the predicted signalg and the actual signa

over tinme. Region 114 represents a corridor of noise.

1000 Ploatts, iasprobabilfyfof St 16 éaxﬂm fatpcpﬂei ®dnt 0 behetudil{ bekkrizad the corridor

n the actual %} and the predicted signal to

bet
of no&P@fai\ﬁﬁ d0 Hot b thedbirt off a HESHEeD PP Qweﬁémst%l the, péﬁﬂﬁf‘eofothe process
bein% RenitREE, tﬂ&r Bhatit ‘i)tg/%ﬁn WYL cbE of Hﬁ?éag ﬁ)%}ﬂ%lde dnRE éfﬁ?)le level
or a tranS| I on . I'n essence, e Corri
of acewacye defi nes a boundary around t he dlfference betmeen

actyal value and the  pr cted val ue.
[003%%@&? nis, 2R HFe placy grigh eﬂvﬁg%lng a@esgliap%@ {FigUips 45 and 6
superfthpdda8 O%E?mrdiherqs\ﬂlﬁsttﬂafena tHreﬁlold d@ernfifhtion 0 Mirddi®ion point
nol se distribution is configured as a Gaussi an
in acdordendebuith @ne embedlmt\mf the oentioro9Hess, dine dll0a tfroen Figure 4 line
oin i bution refore ut f . )
1003 P09 ok% T oe3rbaB e s Vattnh ol 1 adfftion, the comridor
of noReOalk laisbyill@dtratoal Olt Sh&d Bt Sppretiafachalidet 1120 whch represents the
actual Iy outside of the corridor of noise and to not
deviagen tsignast be-1 thef didferengpdietwesn fhei antual Dégmh cﬂndgthg roredieted signal,

S e ifore
begind A EteR phd'SoRlage F Soich e TAGIRA SRt Bt Brs 1o A will be
expladedef fiakied deRi ®elowd fthe®¢ boraidyr (o'f nb{383<ih Hel ditfseediniofderto give a
exenpl ary graph i ncl udi ng the graphs of Figures 4, 5
higheg iy legwes gprelidonpodevgl dhabra Gansiion peint ipbeing Wstectede Hor example,

kDAL 1 RN 0kl 150000 0D b hgricor o

n01se| thaa pibOesséy aequitingire lebs | dopece b Odechiraoyn dﬁtlgpfeels&nandn another

| ine 112 are superinpgosed over each other.
embog}:mertt1 yAre t{l%o%eoqqne%pve Beinfgytside 113e4bqu§dgpessd)f the corridor of noise

may bé ﬂe@ﬁ&é&%qg tacme«%) a ARG fligd that ine 112,

repre ntsthe evi ation signal, i.e., the
[003K]iHigwe e8% eis bt vramplatyegaph ulbistmitipgad teanel dfhan pctedl sigeal and a
[ ins to .exceed the corridor of noise

. al, . b
preciipd AEndliBASHTACe itk Siree s G matd y InsEnticle Jas poRutapgesents o
plot (ﬁtuﬁ pRGesIphr@inkteP %é&l‘ﬁgt bi& tBfe.Cat Eh&f?& b@qpp%ia?&? tHafthe process

be adjusted 1n order-to give a higher or | ower
parampterfa pronese plammltertdsmcwaed withsi filiothiqkaiesstiniame bmbnglment Region

ted, For exa essin re [
121 GEYRE By sl P carg BPaEPS, A Ry ico kion dds of the graph
repre$ets’ the PosOfrardsdti dhofe‘gﬁ)nt hﬁﬁhs@ 1186 €20 88pre Qs de‘ BortiluB8S processes,
degree of accuracy and precision. |n another

€.8., ERSJEANTHION, Tegion Predesmanshe pewrisasition vegipio pracessuand ebetween the

u or of...noi se e .. .
wo PR R ol B RREHCEeRyuaR Pfr. e Risision point here
indicdt&03Blankt Gtone o sthtd ta an&hen@étar WISileAB ehlbodBiidn® ddiriBed herein

trace _of an actual signal and a predicted signal in
refer ¢ SeiraRSECtON PIRcesses, dhBlaldrdist appreciaied thay dhe impthodolagy may be

o FAPLEN ok, A0pRlth, 2B BERSHE5, ERATEL Sl s oy

captumnhe aassni)m Bort @ie statPioamether pateanet er assom ated with

6?§l1 t hi ckness i rA one enbodi nent . Regi o
[0036] Still referring to Figure 8A, a previous section or interval of data, for example section
n of region 121, is used to predict the value at a later time point. In one embodiment, a
polynomial equation, such as a parabolic equation is used to derive the predicted value

corresponding to a most recent data reading. Here, a section of data, also referred to as a
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121 of the graph represents the pre-transition region,
while region 123 of the graph represents the post

WO e@ad6tepdN regi on. Thus, [ine 120 represents PEDUS2003/039778
conti nuous processes, e.g., a pre-transition region
process and a post-transitiofn region process, and in
between the 25 two processes is an interrupt in the

data freérl0ls takdn @lisd Hat@Ralpe ipidjectdd orivaallsy 4 URNPO s dARuBted. One
i ndi cates a change fromone state to another state.

skillaghin thet arb wallisppicRia thatiés ene garpodisncait the pambeliq ¢or higher power)

appr(?;ﬁfﬁ'aﬁ&? ﬁé%:gtt? grngécq ‘fl‘?es(ga%? Val{lé js: ol?'@!i' nﬁﬁy aFSJ)F;; te g lmafl\ﬁ g ] te h gt

transition |¥_@1¢‘G4a§ti‘ ?+ng+apdvleersl Ypeeptedeant itk RedicRES value (y
may capture the transition fromone state to another

state. Gordipygsplug) iinqtrrs@ﬁaqms g tims (xjcgordanaggvalye).
Of e !it%‘ Gssdftfe 'h@fé tﬁﬁt the leew s d9fa rgexfe@emg‘ it .d?{{ﬁmls Bf the respective
re to predi he val ue

ron 1 I'S use
regmatth&addtatseassctmatai wﬁhnt I n one enbodi ment, a

uatl on bQ| i ¢ equation is
003 Tt e geral Beay essugd by Sichslk douen i6s BYRAT Mt ks qpmpared

ith RS brebiRERNdi o5 tvphib1E AL A atbe F @l%
W al s%rer ef er rléd to 1as a WO E1200417(‘)8[16?%3 PCT. US%O@%%%%?? ¢ actual
signad anihthe predieted algnal ae salbstantialiyl equail as fongads e tpamsjtatoedurs and the

proiel R Bl 58 880 5 e B S i bl eh e vae
of thdadtaklQldnal 4R thBivahg of ﬁ@/ﬁemctea@@n%(rgﬁfeé&&d%%i ¥ Where Si is the
roject the data value is of the

actualsignalnangb¥ ris ithe pred@tﬁd/m&maé) ig crleeprteé)a mlthm the rpn@dle@@le dHowever,

once Yl?enégresit){%'log?cc 20 d' @% eﬂ(‘ée) é'{geer& Eh?r %céua? ps{g%isag (igﬁ:n%rsdlcted value

startsher Be ifvadastnagy ereﬁtét Ghith dasaYr Smr RsepieSeritétt byl yNaAND Gt Mhure 8A.
the respective region the data is associated wth.

Accordingly] a freshold ralugenayanovs bgriaed iredefentavhesy the aealsignaland the
predlgtge‘f JS@F edng%t&' ? O&v\ﬁ e © %ln§§|f§ﬁﬁa % cpp%m?{]tslgﬁtorf‘ She slope detection |

proceapm’ @xhrestol @ detecritat p@ﬁess BARare$ (ahplifikd) tHedthalsitdndelah®l changes
predi cted signal are substantially egual as long as no
50 th%trt%%?fts#m 38 g morg AP urately 3pd pestselyr ?Iébfteﬂapol ati on)

005 R85 12 8P Ao ThEl St s 8 EERGE, oo o s

dev1a0ﬁntbﬁwperectheteeedla$| sggmﬂ dndepr predivtall sigmabiin Yassoatadcsi with one
i.s the_ actual and Y |s the pred| cted si gnal)

embop§nent o 4% BERam AT Wer ﬁEﬁPEé’ |Fé&UéF 8BrsResats thegtal signal of
Figurb 33\ 1 F@f‘é}kzﬁﬁ 8 W %ﬁ‘x‘isgeétl}s ?xeg%?%s s gr}l%ogﬁl ,ohgee 120 may

actual signa pre |cte

represent paEse lagsloym@dexwltlea stgmahfrom i mffapeﬂ SeAsory zapecmsecmmdt sensor a
ol d.val

. A di ngly, th
vibraidh SerS” TR oo oiret R WA 48 Aetart el g S ote. A
transﬁlbﬁ’ oc&hﬁﬂ% Gt @ichevR i Getolavd ﬁir@uglf@e\){\éddn RcerR| alsBe8ferred to as a
further, tThe conversion of the slope detection

delta praess eBegipons K24 andeE¥olepresent @@wmmwtmo ¢lesspredictednedes deviates from
e o L o A P SRR RRE Bt son.

[0039] d®Mai ttdced 28 of figure 8B represents the difference between the actual signal and

the predicted signal over time. Region 114 represents a corridor of noise. It should be
appreciated that delta trace 128 and the trace 120 of the actual signal are likely to have
background noise associated with each trace. Accordingly, trace 120 is likely to be similar

to the trace of Figure 3 and delta trace 128 is likely to be similar to the trace of Figure 6.
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20 [0038] Figure 8B is a graph of the original signal
val ue and a correspondi ng graph of a deviation
wheiweervt he actual signal and a predicted si gpel/Us2003/039778
accordance with one enbodi nent of the invention. The
upper graph of Figure 8B remresents the actual signal
of Figure 8A. For exanple, with respect to
That SEtHeGRIAEY Gk AlkeBr PALESE NI dssucidig] with reacli&@cmmyher than be smooth
represent a trace associated wth a signal

lines. | ﬁh@rgfog@ the pemidor thn‘é‘é@igﬁ eqnficared to dake,! to gccggnt M2 hoise level so
that t]:}/eloﬁ({n?eg vgl écfégsi‘%égm?%&qg?ﬁ tl‘hll GticF oSt trafi‘lsﬁl%ﬂ nt. At the same

spectra, etc.
time, tHeAmagditudp, dse efedredytoads memffsett ofi the @errm(@@ npisede ghosen so that
devi ation trace 128, also.referred t

the tremeich oRugs B 1Ba v 1TEb, T ECORI Y TS P gme o o
r edi (ue deviates from the actual signal as

mask etg%n%hﬁ)% Y@ negative differences, respectively, from

[0040] & oa€ tinbbdisieptahe offEeﬁ@ﬁ@l}e @etitler of nnise 18 36t &3 $taryl% deviations

(Bo) %frB@rltg grraga i%r ’gélll%t resl;%ﬁ ﬁlgfsg 655 en ! (:ti1 %é‘%:ﬁ{éﬁl? t!t%l 98 <’3J111 cover
99, 7% %P El‘f' g@;{%@@ of ﬁfermﬁﬁf)utﬁfn Ngd §t§écnbéd aﬂi@@b” £lptoBability of 3x107 exists

that delta trace 128 and the trace 120 of
for atpbmtmfalhbutsudg wltheaearridpkeef yoispanhnet bephe sirbohy tigpsitign point,

ted wit h t
e 55 A5 B 6513800 el
As v&ﬁil? g Bx E)[ﬁﬁé% fhdBet, Swiki Kﬁlaﬁéné@td)ﬁlg@teﬁw Amuibet loé cbnsecetlve points

re 6. WO 2004/ 061693 PCT/ US2003/ 039778, 10 Tha
outsidesof thotidse ek naise hawed fPabisechin, BoKEioLbe a@gtofaf. aatreraﬁltwn point to

SSRGS JBE A ey s

necedsityQf 8G6RUAIblY AhNRInSRr lof vedseamivetpoirits bh’eldedhs eoﬂmlme bf noise is

doés not inpact the determ pati f the transition
wsd polree han Saosremfre e g spret €67 e 8y gmber of

f
cons{FE T Ak Py 115 18 18 Biog, 08 s saaniion

pointl - Bhe high€r gl filrtesr off cone¢cneve pomde regjoireditq enchgat(: djhat a transition
mask the transition point

0
poin h@s brams e, he TBeFr FSIebie gt Jbe GG, FAgngh Pont has been
obta1 fed. gﬁ'{lﬂ fe@itsé Eératléa Wher@fit d2hik@pbdiftee wbaflh bel boly and cause

|se | ussi an distribution, then 36
irrecoverdble dMﬁage fHf¥ecr/ 86 mbreactdnsd:dmevq:) poimtssouside ﬂ@ corridor of noise may be

distributiaon., As desg¢rihe robabil i
chosgiopraVidkiadpigh 96eiPe Pt SOHIeRFe: Wi B P i ot demanding it
Bobigae the start of a tranS|t|on
mayﬁé’éifablfé%ﬁgéoﬁlegés§tﬁlagtﬂﬁr§ %u% of each 1000 E‘)OI nts coul d

[004bEFizotel8C Isya graplsiltistrating the ackutl trase aBd thedeltaece of Eégures 8A and
wl| be ned .furth Wit
55 S b S S A BB RESpRE Einion o
slop& ‘%ée'ddf%lrsk €2 d"@dré&olﬂilﬁa&ﬁ faSl€| 4h raRGortiandendlith adre eabodiment of the
a transition point to further reducer}éa
1nvem1cnbakili‘rh¢et 120 frepreseqts shep ggtugl gensor geashng. erdi trepresents the
set not
prsh 5T B PR B0 Pt g o ytih s

d1ffe?énc@ Pefifech She WSl wnsbxafsgemgtdmartheaonesp@admgrpmmgued.\@me The
used. It should be appreciated that a nurrb

puolvly gl s e b pHchoty AP iarigy associated
with sl NGRAAT of Bfia tpHnQQ §4d 4 BraBolld RRRA#tIt8A most recent data reading.

Delta trace 128 is calculated by subtracting the parabolically extrapolated predicted value for

the current point and a number of foregoing consecutive points. Thus, a threshold may be
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poi nt. The hi gher the nunmber of consecutive points
required to indicate that a transition point has been
w0 e@aled93 t he nore confidence that the actual PCT/US2003/039778

transition point has been 20 obtained. Thus, for
preci se operations where iti1m fal se positive would be
costly and cause irrecoverable danage, three or nore

definabwhercthei defta pacdisstablyt shode theheoisoler¢ld or eiamples&fhﬁ)g a number
be chosen to provide gh de ree of confidenc

of conespiave p,@ngﬁg}tgglq the Ipoésen]g{/ L1 @R qx@e ging ,%g} a trans1t10n point

has ogﬁﬁferda\mé%pxto%&éhé)ﬂgﬁ Joﬁﬁﬁeﬁc@ Vel l'tl{a?‘?l% &hﬁktﬁ?o bafe E!iiterrm ation is
ure is a ph iTTustratin e actual Ptrace
accurathe Qlel stkdletlrlactlm af wii gppresats fhai mctranﬁlﬁoﬁ Poi pmﬂmdvp tan eddpomt as
redi cted. val ue trace, all of which are

ith t ed
used fifeit OVl ARy FOEEOR 15 356, 38 db prpBioxEgatipn edbation in this
emboﬁﬂﬁé?ﬁ hal @olRE B4 abpRKialel BECAKHBOGRoMA ﬁ%rﬁﬁﬁ?cﬁé@% as the
he inventionh. Trace 120 repfesents the act tal
approsen@mn eqatiom gs ther sixape Qﬁelercwpweéémeé tiyhthe actual sensor reading will

bol i cal | ted predicted value. Trace 128
anm&@ﬁ%@?%ﬂf b QEe which is the difference
[0042) Stef@ g tid P‘1g’%§é Bl%hd mgms@s it eaflbd) SeedBatith®shold determination of the

correspondi ng predicted val ue. The 30 paraboli cal
delta taeer mwheaf%pg@d bt sepeviar thanithe:slopebasad sppreelt pEFigure 3. That

is, the gc? éeo%nlotgafsis pgggssegocgg lr[&l ngpo%ﬁhicﬂ? gglgﬁ cﬁ%r%g%% to?e[ Vggg me noise in

the thiésheld Basdindbtermipdtion it lefieBndked ak 9 cotleerl B aefikidg an offset or by
subtracting the parabolicall y extrapol at ed predicted

requiriag gaumber of pnseqtive RPINFOPyside the @%Mrn%ﬁe pr&rée difigting the.

econB BT AR P TS BB N R, i s e

appreciatedahitr aoeher slefifabbperatvnviaay fitiaeios @n leassdint fodra current process
exanpl e, defining a nunmber of consecut|ve poi nt s

may eGAuE; d‘é’lEtheSH?ﬁt d8 seayendyston manylaglueiigniceigPieh, depasitipn, CMP:

| [

operaﬁ{))lzsnlﬁfaéfrl])g gtl'f%e \?g acehgrtﬁdfﬁ;cgﬂﬂﬁ gﬂ)sc}@%si, gnﬂlrngng{E nfhy M8 been added,

remobet plambmzxdi m‘rmodifleé,cankirthere theQeaiskidutted wafertthay be transitioned to
wi | | reci ate that ition olnt i ncl udes an

anoth papgfiREh (e rocguee foef et &t SRS BRMRIBRY ¢ equat ] on

[0043'] ?1@1?@@ 188 fldWRhaRRE erel Iﬁ@ﬁlb@ Bp&at&!s i%? a'rfﬂetﬁtliﬁ for converting a slope
nbodi nent, it should be appreciated that any

basedpt@tsphomt@k te qubtesludd hwpdbbteas@dtaak in hecordgnpe wﬁhrmleuembodlment

of thealg?%gio%n 2 taﬁg(igﬁﬁagew} %S?rc ?4{? ﬁ/&ll {]%?%'eg ox1mat10n equation

is defRiRBEXh BBLIF PRSI URhd Sprodiffadel eﬁiﬁfu%hrfbf‘ﬂ sétQ)frpbﬁiﬂi orfesponds to
and Figure 6, it can be seen that threshol

valuey| ©f ¢t provass beingfmemitored.0 Bl exampleace pabpapomiheqﬂauon such as a

parabghéJ Eél?ang) | %ﬁiﬁ@@s@é& al?cheaﬂot 232 tl?1| #)R%og(grﬁgtg(glag(g%aggﬁh ’ﬂqe process

belngdﬁtcﬁ[tﬁieﬂahldyn bBi gheaitsea | thréupAneesy i durehORenstd, | taffadd@l sensors,
noise in the threshold based determ nation is

tempeEAPTR PRRcRE, APrHionoaNh ¢y dee MeRgddhenpyaceyto pperation 142
where[: %?;ékgé&]&i alﬂé'@%r CIH‘ICIIF pﬁl‘? %lf.ttbié{ ‘;{c?c%épl)gmg %81’1190?6& hse 8redicted.

or of noise prior “to ini recogni
Here, ahe polynaumniil tetmzm(malakﬁs a Qita éntarviat an ainuier pd Icﬂﬁseblﬁﬁve points and
been achieved, |t should be 15 appreci ated that

predicthaR FEReClSYaHeH OB Pis AFERIPHRly TP5Stenas dhopolypomis paation allows
for foldhstthgCHE CEALntRIoARGRoin past data points as described with reference to Figure

8A.
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may occur. Wth respect to sem conduct or
manuf acturing, e.g., etch, deposition, CVWP operations
w@eooanyi6et her surface nodification process, a PCT/B52003/039778
| ayer may have been added, renoved, planarized or
nodi fied, and then the sem gpnductor wafer may be
transitioned to another nodule in the processing tool
[0044)r Tl wlethbé e Figups OC®ies iphgbetdsolo. opafhtip 043 wihdr€ W Ideff&end® between
a flowhart of the nethod operations for a nethod for i
the measyert (apyall Wlwpat the seaerfepaint ohihe fupcesy agd the corresponding
[ et [ . j i
expel 08 NG 8 AT, TRED P, LS ne T nBORR 1AL IRk (AR and the
expecsed liprogieted) ivalue 1wl béd apgroimaagp rlountited itansieai aloiran Itiskould be
defiped for..a set of points. The approxj mation
appreé@a%f ‘S%ﬁ’f’ &ff?eae%f&caafbegaﬁeqw@de% PS5 BRtracEion \pafwres typ values,
but i€né¥ ARRSP S it FBRAABRCH: diffElbncex AT GiffReR HAHE Bdprured as 2
equat i on, such as a 25 parabolic equation, as
delta thiase arsdascrribdsoabeye math oferdrice taPjpuwmsiSfaCl drhuwsgthatdifference between

e L RS S e RIS o
is mERSY fo dMb&! AldePRtise %Rl%sin mﬁie@atioﬁhﬂﬂfremﬁ@chet\ﬁ%@n value may be

~advances to operation 14 ere an expected val ue at
defined a1 mambenofi ¢rmsedfutive pointoeuiside baionidarmfinoiscewhers the number of
redi ct.ed. re, the polynom al ation.takes a data
consd8yiEs HFE gpet 54, G b s B SRk BBy e H{forgfec’ B aiso be
calcuRiteisCd ftidNa SaRES bdifféainbes, BRI THALisCtHe t8ith dFRirétice akMised herein
essence, the polynom al equation allows for

referst ¢ @clyrond mepgenel mgnswen thebiirdicate dnepnesalizad tdiffpisner Setargen two

BT I P SHSE g 20 385 v
backdrbeil poiec @ods indicatng raaramitichdgbinh@idelod dhdighr ntat the deviation ,

hetween the neasured (actual) value at the current
valuejgdligating; the fangitier Bigt ¥y be pdentified dpdp dphpaskegdducthe gffset. The
I j c . ne, ' . . .
e dE445, LaGRCH g 4, AUE LA SEANIBIITAD s bong
monitordd isbedeatified baselt oh yhe® detdctibn aft thanddvidtion paud)t .Of course, the

.shoul d be 5 gppreciated that the difference can be .
transifig 20 1oy P e SUTEAN DS SRS BHom B I BEPT ARG PR PifSss operation

- hBthRtrbhtHrb&dst o this interpretation of
Orm%i”??erencel.‘r T é di?ference may be captured as a delta

[0045] Fagyee ad0 déss or | HighH@lsbveshwinatic r éiigraencef too frocassieg module in

commni %ﬁgr]- Eﬁﬁ} %h{gtgﬁtglf %%rﬁr@?c%qi@bc%ﬁm\ggg gsslcgcpggieltmﬁglgg e st lfjgint to a

thresHodd A8 BRI trAkkiSAP B6n€ th Madd#@anct SwifPBhd CFBEdinfend ©F 86 irfvention.
devi ati on value in operation 146. The deviation value

Procepsipg pwduly bl inap de 2ay prongatieg moduleo ngecuyiassociaséchseaniconductor
out si_de coryi dor ol s where t nunber 0 ' .
procefiihE ol S e S0P duSFne "BE npdSie] G BPlctor 162 s in

comnBiFRALbIERith, piddessligl MIRIC A GORY FdrS exAifiple C AbAISrAIB6ht@S within
a ratio, a square of differences, etc. That is, the .
processipgringdpleelebhmay bs ypsd do mpaniy signalsefosdatester bhdpadetector 162 is

coni 0, SRS b SRR R RS AR o o o sl
detectdbrf prtesyayhdre auhrsholdhane it ieedtd s&bcti strimisgiorepsinghTha is, the
embogi\gl)éngs described with reference to Figures 8A, 8B, 8C and 9 convert the slope
detection process into a threshold detection process are performed by detector 162.
Furthermore, the changes occurring in the transition point are enhanced so that the threshold

value can be readily detected. In one embodiment, the threshold value is defined as a
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15 background noise fromindicating a transition point
and | ow enough so that the deviation value indicating
W b@4vemnsi ti on point may be identified, i.e.,PCHUSIN3039778

masked by the offset. The nethod then advances to

operation 148 where a transisti on point for the process

being nonitored is identified based on the detection
differ€ce tHeBvebRvAnaAdna sipablugnd dpredivtedssegnal ke described hedem It should be

point may end the current process operation a .
appregipteg dhat defretardi62 gRacies s SHSERLAURARC CgﬁlpBPer §P‘Nﬁ‘il’15n%m? Processing
.08 pEMET A [ . ' ) | @¥&le signals
operai g L B 1 et B o2 Sy &
from S&1¥OEN¢cndiguayd i ibniorda temposition whanger erda state ORANEE tas alescribed

sl ope detection transition point to a .threshol
belovid b BT En TErcoRBTYT GRBGERLEc P ast e Bgu G TR Tg Jtector 162 may

bethrSH%}P%Lﬁ@éHloB _the invention. Processing nodule 160
10) e any processing nodule, e.g., any associ ated

. g . .
[00463 #igure rid uist 0 singBified cebesiticg ef g eMPasystenchpving an infrared
nmodul e, etch nodule, etc. .Detect i S . .
sensoE GASHIERRS B 1P HPOUE O i iSRS ety bt grosessd i
accorﬁﬁfe%q{/i%h lbag ahfddithdniof theP e, Ngofolldrel 46Rcludys detector 162.
used to transmt signals to detector 162. Detector 162 .
Contrioller b@hfsi igurosmenicasonveith infrasechscnser {6p.winiemed s is contained

.. .determ nes t pansi tion ' : . .
it b U 45 SERRGRARIR Rk 77 EBORELdonps g i 17
withifl€hBfdr atk " 1W8S| HifaredPinsdr. 16Bhhds & dinetdfevid® thrdughiiwiedos 178 to

described with reference to Figures 8A, 8B, 8C and 9.
sermicswrvesor sebrerats 356 Relskingi i bibelnarizes & Surtpcs: L egpigonductor

det [ DI . .
s § 53 541 FVREREFER Py TARLTA SR ICEr, D 16

convy fhe A6 maamgadl rockdsadssadited Iwithsthel idfraned| seascgdn @ehreshold
readi |y detected, nt, .the thr

I di hal
PR T SR
opera;ﬁ?)anl ! fdgfsiﬁiggg% iﬁ?@%’g&ﬁe ARpAGhUA astudNgnaNdnd aPpRdiceddesignal as

erein. It should be appreciated
descritedtwitetefatare thFoues8 A€ anddener al pur pose conput er

o0eF L 0 B R SR 5160 AR RS 5 Wil s

currefit $R30S coﬁfi@ﬁh&; ENGRE iR frhfhiti &Ppdift SNédndEomiuctor substrate being
conposition change or a state change as described 5 ‘

procd3sédin aordxnue seth oieeembediment ef theninyentiasenCopiselkes i gincludes

modul e 160 and_det ector 162 .be thr
cetecigol2 (G oA o pompanicalBiyirec BHER BpftkP 260 and 1500
Eddy b 2ne8Rrlbrsa 86} End Y SO MARY BY codidiifed fof haiest a e patameter such
determne a transition point of a sem conductor

- as thiaknsssr ot @ fhwi digpqsed owsrs sanirendusios sHBYFAR 1021 WVhgfe the processing

enbodi of the.inventio r e 64,1 dgs f
sy et oM S s O O bl G B 174 bt st o
semivbriducionkhissi@e BN TolisHiaf pad 174 Rrdisposahewr backing iT6i Retdctor 162

wthin carrier plate 168. Sem conductor substrate 1
comitss St st cosed SR AL 01150k ST T LU PR 180D 10 2

thres?lhﬁig%é%:%\%h Ip!ﬁcggfﬁrs%;gg]iega%? Be88r D6 uAcls! \@iffRfentd B¥¥ween measured

values and predicted values in order to detect a threshold deviation value that indicates a

transition point.
[0048] Figures 11 and 12 depict specific embodiments of sensors used for semiconductor
fabrication. It should be appreciated that the embodiments described herein may be

associated with any type of sensor that is capable of monitoring a composition change or a
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sem conduct or substrate 172. Polishing pad 174
pl anari zes a surface of sem conductor substrate 172.
woeloumbienyy pad 174 is di sposed over stainless BCEER2003/039778
belt 176. Detector 162 15 converts the sl ope based
signal process associated widh the infrared sensor to
a threshold based signal. In one enbodi nent, the
state Shape. Exsmglasy gompositorc cmvgestiadutoswfach ceniposition ghages where a
~operation bé d&finin ? del.ta trqfe bet ween an aq}u?l h
first iy i reatniod, apf et Tafep i Pxpsed GE AcHgs ofAprobiect such as a
semi&ﬁfdﬁft%? %gérﬁ) ii i & 8{%3)(%112% Qatd CR4hEks Fh@ude tHe? chadngd from a
sinplitied schematic di agramof a processing system )
liquidh &v b ig@s, dirdid to20sadigh eentIndecisotranyiéerf pejot @@y%@ efined as a point at
.determneg a transition point o em.conduct o .1
which g BBl et DB an Do HEHERN RO % property, which is
moniBHR@ HirBREY 1l sehbists idey@ibel Mereir;URbRgek | dve tdGHe pRSessihgs conditions.
detector 162. Controller 164 is in conmunication wth
Targetdd praperties inclsdmpropsrties Guchazsothickoess, resigtiice lanagity, transparency,

o e b8 il B G L Bl YL hion point i
deteriiSROEEE (10¥EH01S obaRAINEBERE a5 dbstibed Berdfi?. Ol skitled irethe art will

processing 25 systemis a CMP processing, system -
appresidte shdtrthe gatpodinaenty dessribec betgins ater ppt Jirgited to the specific types of

sem, conduc su : Pol.j shi hS :
o SR Hves RS T4 B, 308 PRHTA s o s
indic\i{i@g)@ doagReitidat @cd sk chinpeltmayf beedskd with rthevendbedsmants described

180a and 180b to a threshol d detection roq%gssu Here
abovaguhetheremetthesensops e aesesiaieddifh & ppican abyication process. It

; r i i . .
o EGEHE AL fFLRS) R SHLGL o ALt B i ey it g
proc&Sed,r @psiseindcondodtot .wif@048] a Fogporent 1df #red pleshing aodule, e.g.,
_speci fjc_enbodi ments, of sensors used for.sem conduct qr
polispigr Pach TS, e SR RANBGY i deieried ey gr inditeetty. - Some
exenﬁﬂ?‘?%eﬂ?&ﬁ ?nﬂﬁ&& kbREF BrRufed RY dktect RSiSRALA @Padtanbe, reflected

type of sensor that Is capable of nonitoring a
lightcvibmtionf étan change or a WO 2004/ 061693 ‘

PCT/ US2003/ 039778 14 state change. empl ar
(0048 o SR ta APRNSs AP O PR G RpBoT Pigs and a system for
conveRfR0GS sWRET BasBd  fdtbtion! BURT td S KIREEHOEE HREd adét@tioRdtask. An
l'ayer is exposed or a surface of an object, such as a
appreximiation égeation, suwhes a podynepdplfdquationsiewisidp predigitan expected value
changes .i ncl ude ¢t change. fr i qui .
o 05O 40 S A PLRLOR MR bl 0y g 988 porsponcing

actudTBMIRSuPSlidd@6massedsdrdl Ronabred toddetelt Atrasig@spdino riTler monitored
a state change occurs. At the transition poin

t .
diffopmepanay bevipeied @ #relte dfeea asricseiited Reegendtiiestracking of the
. described ' s o
aifrGERE PR & RSPy AR R ol 1 oy BERGERSLEne ansidon point

occusd GheAS preidekines umbes o icamseeytivel poiatsi dfythe monitored difference are
transparency, vibration, chepical c [

deteqtd utsidsnefea cerridonict apBE: MY Offﬁ%.m%g]éngt R GHOBgkh o gfine a level
whefo LI P B bk eI Tugovaye an a poicd
valuapgutsidé of ehet biftet hoendamp dntlicatest & trapsGon peigt. h&yetanverting the slope
detecr:]t(i)gn tlaislgitot z? (tjhrgs%oﬁc[] Setggl%%i tfaék? ats¥:ﬂ)?es ar?c{ reliable transition detection system
is provided that avoids the need to analyze derivatives as required by the slope detection
tasks. Additionally, the delta trace described above enhances the changes occurring at the

transition point in order to more readily identify the transition point.
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sensors described above. Mre particularly, any sensor
configured to detect a signal indicating a
W@ vpoeichd on or a state change nay be used wi tPCT/082003/039778
enbodi nents descri bed above, whether or not the
sensors are associ ated withis sem conduct or
fabrication process. It should be further appreciated
[0050] Wiith thealiwe satbddimentdiateint], it kkould dagaddritoodighat thednvention may
obj ect being 15 processed, e. 9 sem _conduct or wadfer,
empley  RriogHRemEINEIGMIGRENH QPSRTRES BYRlvimg galg, stored In - computer
| i-shi T . i t.i - . ion of .
systefiy et pRitlons UEe [ pErNERT i ARSI FRipRhion of physical
quani$eRs OUsuallys thedgh 1en seressariby ftheper @uintitesdtake ¢he form of electrical or
resi stance, capacitance, .reflected |ight, vibration, .
magnefi. S G105 AFPINA o4 ot Yoret BB GRRLARHL PRy Sy g otherwise
' i ‘ iofs P¥Eh 8 oftf eRmMéarthiiflGertns, such as
matt g%é’ pace :}E‘% g%?ll@nmltogs% tpﬁgec{ hreshol d based
produbirige édeintifying sleterAiming pp corparatg. on equati on, such as a

ST T Ot -
configﬁxgigﬁ?‘sgﬁﬁltﬁ%%’ RirléEncld detibss, GREFOPEREABE Bgsteras; tiiztopradadsor-based

d froma sensor is nonitored to detect a )
or progransnhloeonsoiet eleTihenies minispmputess, mainfsarae computses and the like.

e SRS TSR AR O s s
perfor@ed 8y eahbtd poces singdMsiRE o erediiiked tHidugh @oeminunicapenisntetwork.

occurs when a pre-defined nunber of consecutive points
[0052) Thehénveption see s be cnehadicdanse comprigr reaflablgr cqdgeOpd gomputer
' rridor of, nqgise. : [Frales
L
data Whebhfda be MEGedTel vedrbyancongiutel systaiu dExanplas gfteeicanputer readable

val ue, outside of the offset bound%é;ndi catntj)z a d
medinmains|ode dardodiivas, nesywoelo Atfahed SEPrags p ESE P PEEIqrgrandom-

task R - g i ableomef optical and non-
accesrse'?‘?argéﬁ'é%tﬁr gr@ F ?‘gﬁ ‘gsg@%ﬁ\gﬁ @3@? (tel rcnqa}iig’ pr o?/i degp t1 Chaatam non
opticalv@itslStordpe deeRes.t Thavamypater tradablamiedasm asn rlsqbirdisribyted over a

the slope detection tasks. Additi ona‘_jloﬂlt? , tdhe del tda d executed
netwpeapplFEOPTBET SHIED 80 vt e SRR Y TERLARIL G e Py
. . ition point in order to nore readily
ma@%fé“ﬁpﬁflfaét e transition point. WD 2004/ 061693
[005BCALhSRPOBE FBREFiRg idEnfion 50§ byt destiiedainopme detail for purposes of

oSy am i 1 b e e R0 fflgh s may ve
pract%%ﬁr\@itt}ixiﬁ Nhe b?%ﬁél ofi thE aplindeS LRIRY ARCGAMRYY, Ee pl¥&it @ifbodiments

ese operations include operations requiring physical
are todmicpusideredns dlusphijes ol notgestrietive; erd thednwentipn is Refutgrpe limited

not necessarily, .these quant.idti.es.i. t f .
to g docfr Ben brrel i s & BRI SR ABe 05 Bl bflvatents of the
appeRl& Sehmd. " BNGE RIHiA6, elénsits asdlor SlepPas ack ingig any particulae order of
mani pul ated. Further, the mani pul ations perforned are
operatfane pnless expligidlytstatechinitee ggimsuch as produci ng,
identifying, determ ning, or conparing. [0051] The
Whaalsavamddscr i bed i nventi on nay be practiced with other
conput er system




configurations including hand-hel d devi ces,
m cr oprocessor systemns, mcroprocessor-based 10 or
w@emgoerspabl e consumrer el ectronics, m ni conput BEHPS2003/039778

mai nframe conputers and the |ike. The invention may

al so be practiced in distrifguti ng conputing

environnents where tasks are perfornmed by renote

processi ng devices that arg.linked through a

conmuni cat i ons net wor k. ] The invention can al so

bg  enmbodiygehRBfdk WERVEAhg eagihbsed aldeection aaskowpa tiereshold based

readabl e medium The conputer readable nmediumis any
detectilat @mslstcompyieingevi ce that can store 15 data which can

b o LGRS PYRARELO RS e of

procegge[;éi\ﬁ)gﬁmﬁﬁ@@@;hed storage (NAS), read-only nenory,
random access nenory

, CD- ROME,. CI%ES, CD- R\, . .
mpgeicting anappected iU alerurisat PRI OfReIDIASHSS 5Hig gpitored;
dat .0r 0 i i cess
e BRG A FrER O cd P R Giipd BEGE AR D R Tpro
beingSiSdiRMRG4nd thatoridsponding uxmctedoatiebl e code is stored
and executed 20 in a dlstg%buted fasglon. 5805%% 4 value and
Alneorsteging theediffsreagd Indetedt ¢LlstisHan Kalle RElyren A PPESEEPY R iY
jl.for purposes of «clarity of understanding,
1heeﬁ%&%ggﬁhg€h§pparent that certain changes and .
nmadédtifgiag iaarmsiiay poént fpr thetpreceds beinginmoniteeedsleaspd onfthe detection
t he appended clains. Accordingly, the present
of thesfayitionidllé: are to be considered as illustrative and
not restrictive, and the invention is not to be
limted 25 to the details given herein, but may be .
mai f i éthewinethbd of kkkrimcle pdhersin thegrpprenimatign quatipa 1s a polynomial
appended clains. In the clains, elenents and/ or steps ‘
equail-not inply any particul ar order of operation,
unl ess explicitly stated in the clainms. Wat is
clainmed is: WO 2004/ 061693 PCT/ US2003/ 039778 . 16 . .
d&i ms The, nethed hefd claim denwbereinnghe, RIPeRss bejaggmonitored is a
.det.ection task to hr eshol . t] , ;
serni eyt gtetg o i hA T5p o SBhixAE BF 14 ShebaK mechanical
plana3@htiGH prdedsh hd GPEICR SqPOSiiogof surfkat neslifiadatian pprcessess
bei ng nonitored; predicting an expected value at a
current point of the process being nonitored;
caj cul apin eﬁog'o%fcfa;irﬁnlﬁ VRSB mBasTRASHIRis ViihHi@tedlby a sensor
t he current pornt of tHe process el ng nonitored an
confi%bh%d@@ detespaRoherty Bxmeatdditt pracess eimg monitorgds he
ifference to detect a deviation val ue between the
nmeasured val ue and the expected val ue; and
| denti T ngeol ofBRldh 1 2Rl Binphisig! e process bei ng
noni t ore ased on the detection
tracing the difference between the measured value and the corresponding expected

value; and

defining a corridor of noise, the corridor of noise providing a boundary, wherein

which the deviation value falls outside of the boundary.

6. The method of claim 1, wherein the method operation of identifying a
transition point for the process being monitored based on the detection of the deviation value

includes,



of the deviation value. 2. The nethod of claim1,
wherein the approxi mati on equation is a pol ynom al
weewanewms 3. The nethod of claiml, wherein tPEr/US2003/039778
process being nonitored is a sem conductor process
selected fromthe group comngi sting of a chem ca
nmechani cal pl anari zation process and an etch,
dﬁ&ﬁﬁ%ﬁﬁ%’ﬁmﬁ& thatl bhacenswodiivd paihts m whichabe devidtionmyadue associated
~method of claim1, wherein the negsured.valye.is
with cgelnef the abilopst tyo SORSERLIVERARES L3 Puigide  COTIGRE P 101G oper t y
associated with process being nonitored. 5. The nethod
of claim1l further conprising: tracing the difference.
bgt wee Mht heethod sifr daimy | whesail thd@pporimeatisoneuagions derives the

expected value; and definjng a corridor of nois the.

expectesr YHEO AR ARoindstvE Ay P rd@paag%ﬁa?ﬁﬁ‘g:b\‘/ 2 M&P’é%ﬁs"%%‘?‘fgﬁ’“h the
. Lakdey value falls outside of the boundary. 6.

pﬂme%ﬂ%“ﬂ%%%@% o@ claim1, wherein the nethod operation of

identifying a transition point for the process being

moni t ored base the detection of the deviation

vat ue ﬁﬁé?%@‘é‘g?fo%“zgéﬂﬁ%%f%‘?nﬁéﬁ US2003/ 039778 17

| dentdifyidg [RhEHiHRhe MR sROASREHE, it Srepifi NinSeridnofMhecprocessing

tﬁg J@v?ation vapggaassociategﬁﬁmﬁth each of the at
beinglma@storedso consecutive points is outside a corridor of

noi se 7. The nethod of claim1l, wherein the

approxi mati on equations derives the expected val ue '

f rgom ar kgthRb¥@lctdprisding afsteng esprblhi efdieleyting 8 erassition point for

associated with the process being mpnitored. 8. The

slope charigsdrapsitionsithieugh athresheld detsrpination i repl P SOBHRTISINE,

t Aebspeuseriy fe BB D A o ehl| AHRNLGE Ao PAIAL der
paranfi&C assdtiagds wathe fheC 3paivordwiiord staéat beigg apoceased tip opbtained, the-
point for slope change transitions through a
processing glodile isdpdingi nation in real tine, conprising: a

| D9 SRk gﬁé& o %rﬂilﬁftgldé Efbc%sg[%?&ﬁet@r associated with a process

processj ng
seni corduct or wa unt i fine par anet er

asgpepitiohed W th the sem conductor wafer being
processed i s obtai ned, emepr oces
e

o Aoy in SOBBHEURIT AT G HIDEFPRG ABnAF Y 0L G gHE to compare
measRRIAVRLE 1R PPl Se1uds,! themBARERS SalueP SRAEADAR; a transition point
through a slope change, the predicted values being derived from previously measured values,
the detector further configured to track a difference between the measured values and the
corresponding predicted values to enhance a change at the transition point to enable a

threshold deviation value to be defined, the threshold deviation value indicating the

transition point associated with the process operation.

10.  The system of claim 9, wherein the detector is configured to initiate a
transition associated with the processing system when a difference between the measured
values and the predicted values for at least two consecutive time points exceeds the threshold

deviation value.

11.  The system of claim 9, wherein the processing module is selected from the

group consisting of a chemical mechanical planarization module and an etch module.



a detector in conmunication with the sensor, the

detector configured to conpare neasured values to
w@e@dioctoesl val ues, the neasured val ues i ndi catPeyUs2003/039778

transition point through a slope change, the

predi cted val ues being deriyed from previously

nmeasured val ues, the detector further configured to

track a difference between the nmeasured val ues and the

correspondi ng predicted val ues to enhance a.ch

nge..at
LHa- { r GFh6; PR pbickim D WREIBITeY SePHY dSFEUYR T danaien of the
| b | alafiRtdr W 2fhel A SRV bAt Bdnpaitith and a state
procelggtﬁ)?%gie‘?er{’gﬂ%eﬂg%étg%gr‘?5| tion pag)i?lng associ at ed let h the
chang¥k Othe Songeition . tht Gtatd kkangys reserigfedcwith rang, of \ihe semisonductor
the detector is configured initiate a transition
wafemandscqommnogen; af ihg I’i“é’ciﬁg%é&‘ y system when a
di fference between the neasured values and the
predi cted values for at |east two consecutive tinme
poi3nt s EBhec epstiemt dfe clalmeShwihareind dha ae159R iy aselpsted; fromrjihe group
systemof glaim9, wherein_ the.pr SSiL '
consigiRie o 80 LY AR B O dBHERAN e of SorafGi gk nd a sensor
conﬁggféﬁ@@ﬂ&@étréﬂl&%fé &kd.on nodul e and an etch nodule. WO
04/ 061693 PCT/ US2003/ 039778 18 12. The system of
claim9, wherein the sensor is sensitive to variation
of the _process paranete eqnr a t iat
vat¥i ngl ssﬁﬁeéno(ﬁ Czlalglo%‘p QF{elkhoﬁ}%ag%g%&s& aét“:e c gngoegs,somae an

offset RBnfk $btduBBtadillyt BemEtats Backapnmesnaiss dwnatisdrfefing with the
one of the sem conductor wafer and a conponent of the

threspolddetssiningtigddul e. 13. The system of claim9, wherein
the sensor is selected fromthe group consisting of
an eddy current sensor, an infrared sensor, a )
Vi 1g.at | DRe §8R9O6f claiin 8, whasirthe doeshotlideiation hdeeeocurs at a time
~reflected spectra. 14. The system of claim9 V\,herc?i Nues
point ¢pareBRAnEIedP 2 SORSSFMSIGOR @sPOLi3ied e f Hpee Yrfhe Jepypd Values.
configured to substantially elimnate background noise
frominterfering with the threshold determ nation. .
1516. TheAsyahputenfeadhlsde m&dia \agingi progiaen tilstishensdfor converting a

devi atii on val ue occur atj . i nt_caorrespondin
slope basgd detegiion: (AN at‘%%ﬁ%ﬁ%@i)aiqdéiegguﬂﬁ? %%E Coﬂpﬁ%ﬁgf t Iheg
gf@g)g{a%g.iﬂﬁ}déﬁéns & dFiRIRHt Hpréeadabn @qumeina fdraxissgof points

aminstructions for converting a slope based
correbpbraiing wnvalweslof b praceshbedsgbditeradied det ection t ask,

conpri sing; programinstructions, f LN .
apﬁwmggm}gncgg Jai prgdicting albe)gpee?teggrra%lg?%?ghﬁ&n%mt of the process
beingﬂ{dhﬁéféﬁ,ndi ng to val ues of a process bei ng nonitored,

rograminstructions for predicting an expected val ue h
at pspgcam rinﬂutucpjommforcﬁalqulﬁémgra)d@g‘gencgeheﬁﬁe%‘ﬁ irqeéﬁlgac’l value at the

current point of the process being monitored and the corresponding expected value;

program instructions for monitoring the difference to detect a deviation value
between the measured value and the expected value; and
program instructions for identifying a transition point for the process being

monitored based on the detection of the deviation value.

17. The computer readable media of claim 16, wherein the approximation

equation is a polynomial equation.



program instructions for calculating a difference
bet ween a neasured value at the current point of the
w@e@smeer9bei ng nonitored and t he correspondi ngPERPEDEABI778
val ue; programinstructions for nonitoring the
difference to detect a devimtion value between the
measured val ue and the expected val ue; and program
I N8t r ugthe@dmpliet réadabie infegiangf mnrhﬁ;ﬁurtheo noIppiising:f or
t he process beln noni t red based on the detecti.on
{ pogtes mstrusHopn frdracne, thechfergss: oot BB BOaTAL and the
%mﬁ{ t he approximation equation is a
Corresp%’Pg i %&equat | gfﬁ&] WD 2004/ 061693 PCT/ US2003/ 039778
19rddiam Tharwaopufos rdeﬁmagaiﬁoend@cbfalogﬁfe theajomidag of noise providing

vt b S bt BGOSR M

correspondi ng expected val ue; and progran1|nstruct|ons
for defining a corridor of noise, the corridor of

noi se providing a boundary, wherein which the

devi ation value falls outside of the boundary.



