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FOR CONTROLLI NG A RECESS ETCH PROCESS BACKGROUND OF
WORBH4NVENTI ON The invention rel ates general | yp¢Dus2003/025156

nmet hods for nonitoring and controlling processes used

nﬂ;ﬁém ng)features on %atterned substrates, such as
seNEhFIOD FORGONTROMANG A RECESStETCH
invention relates to aInRt Eﬂ?’ detecting an
endpoint 5 ih a recess etc cess. Recess etch
processes ar ] tor

devi ces sucﬁé&%@rgﬁgﬁfﬁWy ( DRAM
and_enmbedded DRAM (eDRAM . DRAMs and eDRAMs store

i nflge irsention ielnigsracagmily sximethodufor snonktating aut camtrolhng

procfSEEEEHT Rl QA e LRI S BleE Syl e TG
substtetep. Mbr¢ sieoifivallf) Zhd Rvemibnirblafts BRA h@ﬂf@qq‘oﬁm&ﬁ?%%h oint

. substr%tdg_ 104. A colum of polysilicon 106 is Torne
il & jeqess 8fS¥rench 102, and a recess 108 is provided

- abugesk @ﬁhgﬁic@ﬁ@ Be nsPPIY éa‘ﬁﬂgn%? Oni{&?o(r f%gsn%%ﬁ)as

may be dW|t anlnsu Ion eria
dynaggic rasiofnoacesss Inzneory IQBRMHyde cnthedddBRAM RBRAND! WRESMs

and %Msﬁtéf% ﬁ@}}géqﬂ%‘fﬂ‘! I“%E%é@? cpr %\‘IIFS&haQEﬁn{a%gcna%E@&g%t Figure 1A
shows2CHPREPHYragd AFdee0DMBLDHRANEHD T8 @fo?ag% V{}?HQ §0b E{%'Bﬂ%s p I%leep

102 1s ty@ﬁcally several m crons deep,
trenchr 1 2 {armedsin@paomed pemicqpdustor sybstratet 196, @ dcdumnfof@m@sﬂmon

[ d n integratio chn
106 it’sﬁg}mé%ls &Eﬁé/ @e'fgfit%% 2:;?% geceﬁ%i@{glé é)rqxggﬁéf{eboggg}? C%Yumn of
poly&tred)ﬂ H06. Ehegecess bog ﬁhky ﬁéﬁﬁed WitDen HOatibMmateBU Rt #Bwn) so
hqws t he semco ctor substrate 104fpr|or to form ng
as toglplalg S PolyEifoR ? PHICRITg Pechpa)iransfer devtigesi ahaive. The

trendhqrﬂlﬁ' e gﬂgy‘ H8a hﬁéfﬁas?@dprgtﬁf‘ ayf ?ﬂ@éﬂ{%ﬂ%&ﬁ&ﬁfﬁ)ﬂ o5t example, the

i ncl rate | ayer 1
deptly pf thg dgnchal Qjﬁ ie Itje[maﬂly(se‘lrcagtlemcmhﬁ dedpy whn:la ftﬂleywnﬂdef & trench 102

d k | Il
sty patly g i B 30BR e e SR anace 3 iR hng iy the
width of theatefeh Wiekpectod igdt dvehMhafiePBOt AR &W 1dPam.

Before formng the trench, an area 115
sepmigongicion suhs@aﬂe @ prowiol forhimg thedawp drench

(R U B AL L USE 2T e
substpdttad‘ze'dr i1, @rpmwadigeﬁaiecalﬁﬁﬂib?: :gﬁeﬁtgb g}yg% 1e 1d2§ tt‘_ﬁibg%? ﬁﬁ’ade of

e
sitie e TRACH AT L 1y RTINS Nnen Sitde.r Bhe.
semif§ridREtof lRirite 160 & Sora?eﬁ‘mth 4 (a6 5@5({?%5&%%1{6151 332 efore

mask 116 is renoved. Figure 1C's sem con
formingdhe weanch, amareal t £of e phmtn@smtmasl« Hiokhel© ﬂle&fmch will be

form%cﬁ{gqgl gg?&é Calisﬁlgq;{lor e%}ﬁgq)@gﬂ egsrgo ]éS%IIBQ e}[(:f)o e T eBgeini!:c?nductor

substrate 104 is then placed in a process chamber (not shown), such as a plasma chamber,

and the trench is etched through the exposed underlying layers and into the substrate.
After efching the trench, the remaining photoresist mask 116 is removed.

Figure 1C shows the semiconductor substrate 104 after etching the trench 102 and
removing the photoresist mask (116 in Figure 1B). In the figure, the trench 102 is filled
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polysilicon 106. As the trench 102 is filled with

woabypmikiaeon, a bl anket of polysilicon 120 i sp@l/892003/025156
formed on the top surface of the sem conduct or
substrate 104, i.e., over the mask |ayer 114.

 with D’glwlham 106. a"xSiﬂna Itﬂendl HR i Gillediethgojisticpn, s amltes of polysilicon

10 BRSBTSt S0Pt T 5 e

mask@hR 104, qrf,zplaal@ a@ﬁﬁﬁmhr(oﬁ a@r@%ﬂmms@@p)é&slab&%é%
in the trench 102, the bl anket of pol ysil'icon 120

openipg &f theetmwbd()% ata m@wn%@f)the abinginsogess. nle-fagilitae mhmg of

a recég? glcglss %&%o?ﬁlgcﬁgﬁ 0% grf’tg‘ré%lé c}EFOZS Ekge?b%rﬁc%t ny po‘i‘ysﬂlcon 120

is then henowzl (on”pkahamed}glas ﬂﬁiWIﬁlhlBingre iD. sheylshatiecdwiface 13%dan
‘%l ‘ﬂ’ only a portion of the !anke of lysilicon,

be produsad by, aprofgsLsueh @ plapgplayse eic aﬁ@efl}@glcal polishing.

It shoaiﬁ%tz@iﬂapm B‘lrtﬁﬂfﬁ%ortr%to? Ehenhﬁﬂéf inf,ﬁd‘%;ﬁébﬁ (p%cgfﬁ:?ﬁéwe 10)

0 pol ysilicon e col umm of con
may bmmowech deringte iphnetizitiou powess. tAfta plamadriog ehrerbiladat of

polssighbripk Selb SRl bEoRe m 82 mib s koo B oces
predmﬁﬁddbﬁgﬂﬁb%ﬁn tHeGededd (N0Giid FRUANIAY. €CeSS structures.

For exanple, as shown in Figure 1E, the trench 102
cafAIIRS mdﬂﬁf@npys ganhe anage o the sequsmee of prec%aqseiembei ahove

o B AR EORIEL A0 1R B oy

can bmtqalljal)nmd withta dmﬂ;ecp'rcematenail 194, shelb as abexide, TRalyiilieonkHI6 can

then 5 i Bieiiplo B in< e DA AR o1 BT 8 PR G oty

descrle@h e 8RRt pbR&IRcEn llm&g‘fh@: ?&ﬁﬁ Sayed 264 édi‘l del Iﬂ’éifaﬁzed and
1F). This process may be used to create a buried

the C@W;l@if PPy 09111 i@pcanfhsretehed dpva to form alimsdiresesedmh Bigure

h al . Of | wsi |i 06
10, B e B ol BB 0 15 iR, B
anothéﬁ&am'ﬁh@ ak Smﬁuﬂlﬁﬁm@dlﬁ tifeenldden 6f pdlpdiount 1|1|J6an the trench 102
{41 cﬁ material 130, such as an oxide. t her
can bg eiche %ﬂ@@é@%@swﬁ pehesesss {45 ?@r%%b%ﬁ]é‘?ﬂrm%ﬁ dwéqctnc
mateid1936) *?’%% &4 h GiBL ﬁh&tﬁﬁe’@ﬁa%"&oééssk& betdBad géngdg%atl{ fo

I ner In Figure 1 extends par
of thet dielncthic peeridl A 30noe bs wfpin @ diclevtris linen €1 3cp iguwé 1Hpthat

s rel v reference point in the 25
exteng% ?5|‘118 %% tr?{?bg[o?a such as the bottom of the
s afi indst ShpMcatidiskthe Aysh of tHe r8cess fltiako a clifpRRned gt in the
Thus, the abi I|t to accurately determ ne how far down

semlqoad\értt@rﬁubﬁ‘éatwuehms e botgan 9§th|e isewHicial mask layen dchcritieal
t <] {
e Sl 08 B8 LR SRE B BRI Y0V sTRRE X of

polysdfcoa ltﬁﬂﬁltfeﬁdh tlequhieve thetdesirdd et defith s @xaiMpatant.t V@ious
of the trench throu hvvhlchtherecess will be
factorgia 1@119%&1% g ﬁ%ym az¢reSt Pl drgireddgnih grthe frgnch. For example,

the OBl AHETThO BN ué@ Shfcl th{féc&fs vAA b¥ Blchb® AVeltidy Snd the

trench can eas
scale of the depression above the colunm of polysilicon in the trench can easily be on the

-.(

same order as the accuracy or even the absolute depth of the recess to be etched. Perhaps
even more challenging are the incoming material variations from one substrate to another,

e.g., the variations in the thickness of the mask layer and the depth of the depression above
2
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same order as the accuracy or even the absolute deptB march 2007
of the recess to be etched. Perhaps even nore
wohaddiepgrng are the incom ng material vari ati pagukicddzsiss
one substrate to another, e.g., the variations in the
t hi ckness of the mask | ayer and the depth of the
the cdlypmesfyiobysitivon e theZre@ch/mWitho@Oop winghe@Ovaiali G2 it would be

.= PCT/ US2003/ 025156 t.he g¢ol,um, of | ysilicon i,n.the
R RO S TR G EARR 4 s s Bl S o il g ke
the rétividell €stels deptiaccur atel y det erm ne how far down to etch
e colum of polysilicon to make, K the required recess

t
de Pt iswiaired thergBie jsamethed & deleciing an RIPRIGE T Bfecess ctch
procérjrsg %??ﬁdﬂi‘t%riﬁg H%’%E@g%trebﬁs @eg‘iﬁ&%?%k kb aceoltt AP BB as

oring t ute recess depth that takes into
incombanattrislvatiati@ast ors as i ncom ng material variations.

SUMVARY OF THE_ ] NVENTI I . ,
relates to a m?“&ﬁﬁ?ﬁamﬁﬁf@&g Ietméﬁml o
P e e e Bl L LR B Gl PRl oes.

For 4 f@Riderddn@beRitd Bevi® AR ichaRer6iRtBH AicBivnth 6f thhtefisl deposited in
di mension froma surface of the substrate to a

the tyea¢hs thavsethpd camprisesideternsining & Brsbdigengisn Ajom mgkace of the
Bl A A BB Bl 3 s
specromfbi legsta popiiel eftthe ndstrate flcheliggibe ispet compuiidg 4 nedeled
st BB P e ARSI S8 L S LE R0l S
refleGARRE HoW h BY &iﬁ%reﬂ?#etg'idﬁg cMsihlie foi@ﬁ 8 thd Jubstrate,

determning a set of "paraneterst provi des a cl ose

- determmitingy alvet ofyemmarhéiersriiea providds aetose neftdhdutacanahs peaturedmet

e S e e EBNG P i Rl et
dimdPRioR TRINE IR - sctld¥paiBAdiad. The bBbd ieed dRSuded BBpReE AN

endpoi nt of the recess etch process as a function of
endpofng of thegeceds pieh prasassas@ fanciien jof & fraiclimensierepady desired recess

asured.fr the refer i nt '
depe] FRAMEEL PR telich i e BB aoBRdrh KRR counn
of mefetplainil theSendpaiahBdeached. anot her aspect, the invention
relates to a nethod of cagntrolli nt%aa recess_etch

pr Baothepasnert, dasipy esion relatghiora Bethgd af eontrolling grecess etch
| s iy : .
procgH &m&w&&glsteg P?ggﬁ%ﬁe%a E\ﬁi’dcg gr Qrdﬂtg%fé}ed glﬁ). &k Radh %ggnch

colum o osited In renc The ne
therdin pidhe coliimal of areeseriall demasitdchinnle terfchr Jihe diatimdsiugherfindndes

dete%ﬁgin%%r g%gfn?efgfltgﬂ grp{srgt?lg t&{rga%gpf %e%&f;s ] eét%?alprg it %oilnp in the
subs@ht@RRe} SlAndriridte Bl iBedmbysiPlk deRhifhed byoB &R a BREsured net
refl ectance spectrum of at |east a portion of the

reflegiapent spaeteum o€ PUgpsi g porfoniof érecbsteatpipatuding the tragbesseputing 2
modg% g{;t%%tlg&érﬁg %secmgrﬁ{)f tﬁ%%or% PaRYLLHAR Kl \L&Ehted incoherent

ate as a*wel ed t hcoher ent
sum of reflectances from n 2 1 different regions constituting the portion of the substrate,

wherein the reflectance of each of the n different regions is a weighted coherent sum of
reflected fields from k > 1 laterally-distinct areas constituting the region, determining a set
of parameters that provides a close match between the measured net reflectance spectrum
and the modeled net reflectance spectrum, and extracting the first dimension from the set

of parameters. The method further includes computing an endpoint of the recess etch
3
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sum of reflectances fromn >_ 1 different regions 8 March 2007

constituting the portion of the substrate, wherein
woheowefhect ance of each of the n different repipasso251s6

a wei ghted coherent sumof 30 reflected fields fromk

? 1 laterally-distinct areas constituting the region,
procge asrarfimétion of theofirst d;xﬁnqmamamd ed@meﬂ aeceps dopitmsasirasl foare the

ree R iR it Sl Roh Gl of G IR BT Lt T
endgotitigfdatind,. t he first di nension from the set of

par aneters. The nethod further includes co uti ng
dpartapother avpecty e drvention relatesgo garethobolrp g % recess etch

proc%gsor%% Dindi é/ R Ldsefd S%Q é@x@mﬂ{ @&%ﬁf‘mﬁisa %)hﬁrﬂﬁ OF L0

nensi on an esired recess

deposited nmhel trbncdm Theemethed ecﬁmmxes peibmiingch :Eia’stcchmegmdmﬁnm a
fro rface of .the columm of materi unti|
s i UDFEERY ERRSRIonae POYREEn R STE a@a Corditnetiion from

the élﬁfé@@éf 108 sk’ alsfrfAcd BrROSIRhn 6PRReRk]. I T st z@ﬁ%ééond
et ch rocess for a multilayered substrate havin
dimemnséans hret dhycpbgaining @rmea@uredracteﬁﬂeqtancg ems@mrreetg atfeast a
t he tr S f
portgiths e and BELIRI\RY (ERUPEA ARG BOMALIY efycclatd
spedt@iresfahe porfioh BE thersubétﬁiteammgl&ted aitoh@emaannsf reflectances from
di nrension from the surface of the substrate to a

n > § diffesent regionsirensibptingths porrgnef th) substrate, dptesminge set of
ared R0 hat SRS 003 Al dBESIHSHc R AL spectrum and

ance spectru eas
the m@ddlé:cbﬂibt @éﬂetcthS bﬂb‘&trﬁﬂﬂ; gnd exphctitionge tike ahd sseohd dimensions from

utin deI ed refl e tance  spectrum of _the
THDGEIS, Be erfacly fiﬁépgweeg phensiparat Af thegpress
etchi rocfe?:,f 4s8CH ff tﬁ@ﬁ}st Bnd> secéncﬂ&fxfeﬁ%@ﬁ’st addSPdRRSd recess depth
onstituting the portion of the substrate, determnin
meaaulsfé fromfthe p‘ifcxanm st Enid&tchp“rgdﬂi“dzeﬁsom ashfae ofdbe olumn of
t?ﬁ%wetg@ht hed neasur e refl ectance spectrumand the
MR B Ed % SR8 1R e spectrum and extracting the

fi rabseamd oties Ferfures mﬁv%%ésr&méﬁvé@ﬁnWIl befdiscussed in more
parameters. The method further_ includes conputing an

detaeln@l ﬁ@.fﬁklowmgtdwlpé dessziptien efihpinyertion apd in conjnaetion wigythe
foll&v%ﬁ E‘ and second di nensions and a desired recess
% measured fromthe reference point and etching
dovvn froma surface of the colum of material until
t he endpolnt d. Thes ther _fe res and
advant ageB%fEﬁﬁgggﬁﬁTIgNQ% %Ig%mwg}ﬁgﬁl n rmr e
etail .in.t, ovmn et a
oI BR iRl fiftalig Beefsible: et it o the

ﬂgufés AbdoRSpaniAnk e SRR PRGN wichiile r%ﬁéﬁl‘,&l@n&rﬁ% refer to similar

invention is illustrated by way of exanple, and not by
elerm;s o1d IjwiieRit i on, in the 25 figures acconpanying the

" 345uRGPA 55 b QrothlsGltiohio & e LERGE wBugTer 2l S 1 efer

Figure 1B shows the semiconductor substrate of Figure 1A prior to forming a

trench therein.

Figure 1C shows the semiconductor substrate of Figure 1B after forming a trench
therein and filling the trench with polysilicon.

Figure 1D shows the semiconductor substrate of Figure 1C after planarizing an
overlying blanket of polysilicon.
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el enents, and in which: Figure I A shows a 8 March 2007
cross-section of atypical storage node. Figure 1B
woehowmishae sem conductor substrate of Figure |AcRUE®m3/025156

to formng a trench therein. 30 Figure 1C shows the

sem conductor substrate of Figure |B after formng a

t r Bigute LB shomsithe semcdndupionspbisivate of Bigute WP after forming a trench

VAT F : h .f5h 1. C ct,or .

therol il th Bonslith SiekeQ ARG i oS R Wonch it
polygdliesd. yi ng bl anket of polysilicon. 4 8 March 2007 WO

22]%4/ 015727 PCT/ US2Q03/ 025156 Fi gure 1E shows the

s ge&ﬁ’ wie adegsss fostogd g3 thetigpeheot e s forning a

r i N CoL o

mat er | a]](? ang #Ff%slb ﬁg&f%hée&)l [ negﬂgdr]%%féﬁdﬁvﬁﬁ tachi'ILe(ﬁu]?ﬁhéd bitha
dieleppicysatéiizion. Figure |F shows a recess forned in the

trench Fi e, lE. 5 Figure_.l. G shows {ecess .abqve

o BRI SHoviiihe difetsd e e o Fighen G pRrB Mg egendh of
Figuff Rhectric material. Figure 1 H shows the dielectric

material of Figure 1 G partly lining the trench of

Fi Bigezs 21i9 2 gepeyalizedzchematicpdpdhiatiilmedicckehemat i ¢ of a

B e e
Fi Bign®e 33Bstohavbe pitenpdlsubitnedoftRihat BA dividtd Fitg twelabAally-

..divided into two |aterally- distinct areas or
dIStﬂ%‘}‘iF‘W?‘FP‘It:lﬂl_’s&é'éR@‘.’kSFi gure 3C shows a refl ectance nodel

f o Jont i ﬁﬁgﬁgareflectance
rmOFdléf’rlﬁr elf%%lﬁlglm}ssira"n]"gfle a;g@e%&%#aéﬁe 3E TS a top view
of Fighee 3hshomrsrodflsctrsernasde]l Emewmgledafrgur e 3A. Figure
4A.sho a _process t up, acgordin o an enbodi pent of
ARG B RO RS PRI S EOR HPu T P e 0 o
f oFigGRldAesHovRG ROEER ketlp fdcdRIEE o @ dnffdBNGR of 8@ irvention.

accordi ng to one_enbodi ment of the invention. Figure
AJFigare® isvaoyerievoof apteeess dorscotlegtingaiormpligcidersueflagtance

data 5&%@%@%@ eﬁpog)ﬁ}rﬁé{}%f 20.1a nmodel ed reflectance
Spectr hg

m accor 0 one ennodi nent of the invention.
Fi Bigne 40sia ofestdveotd pocete foratiattigngmveaned fflectance spectrum

refl ectance spectrum —igure 4E.is a schemati cC
tom d&@fl?@m&e RriuEaGeerdingio Ane eméaia%# the nvertion.

Figure 4D is a schematic depicting a measured reflectance spectrum.

Figure 4E is a schematic depicting a modeled reflectance spectrum.

Figure 4F compares the measured reflectance shown in Figure 4D to the modeled
reflectance spectrum shown in Figure 4E.

Figure 5A is an overview of a process for detecting an endpoint in a recess etch
process according to one embodiment of the invention.

Figure 5B is a pre-etch model according to one embodiment of the invention.

Figure 6A is a pre-etch model according to another embodiment of the invention.

Figure 6B is an overview of a process for detecting an endpoint in a recess etch

process according to another embodiment of the invention.
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Fi gure 4F conpares the neasured refl ectance shown in

Figure 4D to the nodel ed reflectance spectrum shovvns'\".I“"m;['I 2007
wonrodigsme 4E. 25 Figure 5A is an overvi ew of BACcPLesRSe25156

for detecting an endpoint in a recess etch process

accordi ng}to one enbodi nent of the invention. Figure

BféGRIB%B@N etchHl FREFERRED TN OBIMBENTS

nventJ on. %ere 6A is a pre-etch nodel
acc Yo vk aewdie depesibar iﬁeﬁiﬂtalbmth keferenoiord fow, preferred

emH:ddﬂ:Hé&s @@ 11!1%‘(1 SEd By &k \éb@t}i‘fﬁ%}xggg RERGESS the féazﬁ:a’éng @e%cripnaon

endpoint in a recess et roce s accor
nmlmn@tsrﬁ;ecclﬁqﬂﬁdﬂmn setdbrth eoridente @m\oda a thotbulhruaberdfdBding of the

Invew 2004/ . &é%?Z? P 4 USZOOB/ Ozsjk—rlﬁfngET | LE,E%DESCEIVGP%@MY be

pradiieedlesbontiieseion all ©F tHebe Webilfic d8fRS.ERCRhLrGn. cgyv well-known
preferred. enbodi ments, "as illustrated int
PrOCESTHeRSAN{On feaireshavg a0t beenideecribed Illodﬁtalblmtafémto mbt on,

a re rth in_order
A Bt BT B 1 S AR Y R may e
bettéﬁundeﬁstooﬂmnﬁpﬁ&lrﬁmé to thewemeihgs el AsRsHdtd thadoilewt he
practiced wthout some

~oar that the i pvention may be
or u%@?&?@ﬁéé‘?‘?ﬁ%ﬂfﬂ%ﬁ%ﬁl%meﬁﬁd&memm&m esdpoint in
a red¥8d Eth PRWEss, %@?xﬁe?%) ﬁ?@xn@%{o aﬁi‘?gﬁﬂﬁc?e% iMoo steps.

been descrlbed I n order
In opgerabesdimant;, the fodstepriecithes dstimeting mmltu'ﬁlit&anhﬁgmalt@ﬁl aathtions.

. .ages_of the inventi.on tter .understood
This K Al 89 580 Birmb oSk e St ot ik e ftGtepEcs 16 masek e
thickrekdes\Vitarfifly dlk deftlie ahd 96511%192&1&&&11@1‘[169 BPfHe sﬁﬁﬁrate or

rellable nmet hod for determ ning an end 0|nt in
differences i patier dspsisefiem mﬁéubﬁéqawdq ap¢therh rﬁrsmtepoadlomnhe

J one di
cecBEa el LRl B Rl ol I8 PEBREL T pomore
The sectoed step indudeausiop smgleTbr mﬁﬁ%&iﬂéﬂgﬂﬂmﬁr&@oxﬁ@tﬂﬂa%@ﬁﬁﬁ the
f.or .vari i ons, di fferences in mask | ayer

cctugl ool Foisa e Ao Qe et eHBO eiRPepa3 mationd aelves
detefMhinfipitaé hﬁl’ﬁbé}fof ‘ﬁhﬁgeﬁ Wie@ tfreRth the dflifeli %&Esc &ec‘ptﬁr NThe number

pattern density fromohe substrate to ano
of ﬁmgpg@axgbeebt@qmnp@@ccln‘etelydmce thei abadlnigrverical dimenbion Iolﬂtlﬁ

r nsi on um o to be

colulf et R Rl o 0F ok et 6 kv o- or
mult onevamisldengit the tvenfig! @@Ebfoudﬁﬁd@&w&&ﬁe% esﬁﬁat%%e

et ching .of the recess. The interferonetric €ndpoi nt

incopinsprteHal VERRGY. i 0Bt vabodimentethaintithngl fon estimetingrthaincoming
matefrf'al MIEsiohEM 61'§/Qsdmff.=£§uflﬁ ﬁgeﬂéaﬁggees?e F‘t?lﬂ‘n LF fe S%%jgi?r%gltméf’ﬂl

he nunber ri ng S can erm ne
subsmtee Thé phmmbparamew&r dfiintatesthirerestishaal 9f mhfthingah teRsuedd

rmterlal be and the starting etch depth are
reflef{R G pPortping ik mvtigag FPg}?Ptanﬁﬁrﬁ@e?tﬂ% i e AeraisERdsterabattee Tn
accofR@hteRItR 8RS Enibd BmeRt df TR BiviRn, a model for calculating the reflectance

spectrum of the semiconductor substrate is provided. Advantageously, the model does not

place any restrictions on arrangement of features on the semiconductor substrate, i.e., the
model is not limited to a semiconductor substrate having special test features and can be
applied to a semiconductor substrate having a complex array of random featyres.

While not wishing to be bound by theory, the inventors believe herein that a

patterned substrate can be divided into n laterally-distinct areas and that each distinct area
6
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nmet hod for estinmating the incomng naterial
woaovkatnsans i nvol ves neasuring a refl ectance spetiugsins251s6
of the sem conductor 25 substrate. The physi cal
raneters of interest are estinmated by matching the

a
can E@H@@?]@é as pefspaepiafoaagseeus thintidmastashd Ebeidlustration purposes,

- rehl r . 1 cpnduct,or. sub :
Fi 8% 1S RS0 SRR AOBUSHRL PR 2 48 2pone
substmttelnydr@08c Focesaatple) ghd lagereh lcogld Bragade DT ROIEUIRLA thd AGer
204 SRRt s ey couve st oo ki, nd
] 0
e LRSI Ab LIRS DR ICRLEPIANRSpe, 203 s
thicknass Ghrdetradive sndes tin)a el fressitingtieperitdientdk) Refkrtanes
and can be l.i,ed.to a _seni conductor. sybstrat.e., .
mesR MGG 4TSt ok o £ Uinelen Hack en0c ol ipcidggee with o
lighVbeli 20 4r@ doBle¥PidRe RYNtHBAANY ] rdiltBtddMANAIBF Sohd BV film
herein that a patterned substrate can be "divided into
staclq 20@+t Bernarpabingidengetrefectensetan dhe tesponsaefaniseironie thosogeneous
. 3 . 4 7. / ) an
vinyh MR8 G LRI TR D TR R A
subsitatec200 danbeiabdunet t@hivern mintingldspdarizafiogndependehomwsleétance,

.thin-fil.mstack 200 having a sta of ree-film
whighigigidy 5o Ttiste CoRBIGNoR s ues of fednadsher 208, For
eX . geﬁﬁ J+ v D » .
t h?ﬁlggl?errl H&%% coul%ﬁ%gg%%%c% SSS| ?Igfg%]enﬁié% ]%ﬂi%d)l'eetmcgﬁghmung
the thinyBlm sieeksmd idiffayenaea irchaighis of the drindiloostathks. BordllBsttatien
| ayer.. 208, coul d be nmade of silj.con ach, of the | ayers
el Figdie s S QMo 1 BaiSe SropsiteckifR B0 ppjeal Pt b 00
havinp dexask Myer A0%] ad BxRYUayRe BOQANE A 8hbdu@teIRYerB95. A trench 308 is
Ref |l ectance neasurenents are nmade by illum nating the
n

formedip 45 Sufpizae300 argdilind widh PRl siliens Hdhdeswll femessionghr dish)

. N q
S BERRLEDR ORI AR i O hpAhsbh 5
consequengk of theiflbmrmrocat bhed planmization proecsses Kigme 30 shaws the

paigsERL PRt S0 RAGH SHadHP L syifdr o i s 316,
318! TRe BAd-HBHRABEK 3561 RIGRS fhe 20Kk tRer b2, ay& mﬁd?%

nom nal |y pol arization-i ndependent reflectance,

subsifatedayey pertiem 3062-cThe thin-Gbmrplaclad 1 Himaludestbe colenuf ofipolysilicon
Ln i defining lateral distinctness
310%?‘2%??%&%&%{%301}@&}3%%s constituting the thin-film

st dbk seftoothnds 6ffthe paetted SUbREIHGBOEs AfcobidéhatiBh B fHelr@flected
tacks. For_ illustratiqn 15 purposes, Figure 3A shows

field} fropm g sasks 3 {6 1B o The reflscieg ielsbfor paivee e dilm stack
a1 06 Bl b5 oy LSS
settihg np;m_ﬂ? saivinp gfsunhhty p}toiblleﬁg& i Fresat] e%ﬁaﬁgz)ls. 20{ er_lmple,
. silicon : sIta ressi qn r dis L is
usinB 3r3ke Sabotans o prLSFRR LRt PRI acs S AEBUR 31 05 piven by:
the trgnch 308 as a consequence of the filling process

andupidna%frj—zati on processes. Figure 3B shows the (1
1 2

The reflected field for a single layer (322 in Figure 3D) is given by:

ru _ rzseﬂﬂuﬂzt

K D ety
123 i4gmyt
1+ ryhpe
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20 patterned substrate 300 divided into two

| aterally-distinct areas or thin-filmstacks 316, 8 March 2007
w82804/0lk@7t hi n-filmstack 316 includes the naskct/ay®3/025156

302, the oxide layer 304, and a substrate |ayer

portion 306a. The thin-filmstack 318 includes the

coRetunia t@Bigyed 3B, fonthe plposgscbf 2alsulating aéteeﬂlememe of the

et e B b e Sl PR R la e g s, &
layef bPM&' vdcﬁJ%tﬁQ 1§ dided td mewss @ictﬁt? ccﬁi!u@m tia@lysfﬂ'&@n 310to

| ect ed for a gl ven hi n-f

°°mpbﬂsamfnaﬂledlﬁﬁvwepm thediighteofghe RS Y §1&nd
ti | at
C o i ehlBb e BB By s oG afral extents

of feRflited doRBgtutif®h tﬁ&ﬁﬂp&t&:medl@bﬁﬂitd: fieseebctedifiets @b the b@cterned
refl ectance at | ayer interface (320 in Figure 3C)

subsgiateege Blely thadd melien@y aver some gggiens)of thgpatiess m&m@%herenﬂy

ovelf éoﬁle%ﬂgé} @3@ J%eg%fit@ rl%%ﬁﬁeﬂt&s %E%VXEP]%@G(%?AH Vgg 7

contﬁbﬁ&ms fof 260c6heMEilyY Qtﬂﬂﬁl@dlﬁ:?@ﬂlyl?ﬁiﬂbﬁiﬁﬂ(f%dﬁﬁ]lﬁ&ry as a function
Returning to Figure 3B, for the purpose t{q
of figerppase FrAVRGNEa: M 814 dLRoiTeeeseATily RRITespaP $1orhe aetual area fractions

t f
on (ARl S e, s P eeflolld el By ASHAR Ko i
stacl B4vd tseendaledlated, thb acttrefleatdnce Iﬁ&brrca)patmnnauﬁ‘ supsitays ¢dn beamlculated
310 .t ensate f t he ffer ce . in.the hei
a5 & e ahi RO PO OF SCjecioBs o B OBy a SR pRARPGH G the
»wait@g! i eve herein that given the wide distribution of the
'ateral extents of features constituting a typical
pat FeenediIUBs Prav g1, ) e, I ef-ect gd, flily1ds fromthe (3)
patterned substrate are I|ke:% to add coherently over

s orvheraeRiioths nof refléntansa meaasured, arertb@ insliddual ylcowenﬂy adding
s T S B S B R . T
use GENE/IF BhidieE f*@%ﬂ@@@%&é@l@‘%@g% i gy oy

notaﬁ@hoﬁ@l%@@éﬁé@n'eﬁcﬁélﬁ&l@e%@ﬁnd to the act uaI area
fractions on the patterned substrate. Thus, once the

r effael tlﬁa‘lldﬂaé ﬂnﬂ;@hffrpl@ﬁﬁ askling term 10 epmtion(3) aboversould batke
I r
wei B8 oPR e ST B o Ry UL AR R e £ pogion
on thaxsubbesatent sum of reflectances fromn di fferent
regions constituting the pattern: R=""i(Ao)l
El | Eviogi@o)a £210)Eq 2w (FA&)(ﬂQEm (3) 15 where R i@

the net refl ect ance nea ured, E, are t [ i dual
- £5 Qo) gre ﬁlg tmgtS ctors for coherenily alagmg%%l&/ terms Eg. It

should be noted that in equations (3) and (4), a “region” is not the same as a “distinct

”

area,

- To further illustrate how the model above works, consider the patierned substrate
300 shown in Figure 3B. The patterned substrate 300 has been divided into two laterally-
distinct areas or thin-film stacks 316, 318. In operation, an incident beam 326 sirikes the
patterned substrate 300 and is reflected, as shown at 328. Figure 3E shows a top view of
the patterned substrate 300. Let r; represent the reflected field due to the thin-film stack
316 and 1, represent the reflected field due to the thin-film stack 318. The inventors
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field ternms, and wi (X0) are the weighting factors fo
the incoherently adding terns. The wuse of | E 12 8 March 2007
wdeomges2the magni t ude of the conplex field E pé&nubivesizsise
frequency domain notation of electronagnetic field
theory. Each individual incoherently adding termin
propasp er¢in that theraisqiegion 3¢ ovslapniag 2oe dwindatyeid2 betinen din thin-
f | l. lLy- di,gtinct .areas .
il SR PRk i p B i SoT G £ S Gtion elds g and
12 wudaddecohetendl® befdume yHadrat interforeade fRQs) Ehekeflcdlancai6iahe

rogic 0 of BRI BRSO 308 cbrcias Dbt fo B A
from(tﬁéﬂﬁggl.@ihﬁ%}ackglgbﬁgj on" is not the same as a "distinct
To f

area." 25 urther illustrate how the nodel above
woFiem equstion (B the et nplectaca dons e gatiamed s88Bate BOOME: i n

Figyre 3B. T, atterned substrate 300 has been

di v @e&‘f"m@ﬁ/@sd lgﬁ@fsal(ﬂg) Eahbiti nct areas or )

t hi p-fiJ m.st,ack 6, 318. |.n operatian, an .incident

et Foods st T hencd i i d Biat oRa 08 G Fos o the
individfal ﬁﬁ:bﬁéi‘entﬁsa(ﬁi'ikgp‘/ﬁbhﬁen%g%ﬂnf&g% o339y re%pé&ﬁewh%

of the patterned substrate 300. Let rl represent the
Wiso(ek Memtled at¢ tie gvedighting Sactdre farithainkoharergtyzasidingGe3dss Rrom

. esent the reflected field due to the thin-film
equa{sl%%%ﬁ’p%’i%l.s‘ The inventors 8 8 March 2007 WO

200f/ OLSA2ANERCTL 23)25156 propose herein that
ther!é0 i's %ﬁr ey oéﬁlj 3 O%Q?é?l appi ng the boundary 332 ©
belt wisenid bé aoteb it Efsi Ism, 3,30k 8, 2dBwaag & béj&%iftt@ﬁfa@? -ngg?.
i magi.nar Iige 334, where the reflection fields rl a
Thusr%‘\%ﬂ?ﬁ‘ &88 E%ﬂt@ﬁtaﬁy because of |ateral
i nterferenc ffects. Th flectance fromthe regio
336 B Be ] |t ha | rillgn b)) b 58a 4o Bhfoct ed to )
be due to the reflected field 5 fromthe thin-film
stack 316 only. Fromequation (3), the net reflectance
f riBqpatibes (3 uhd(4) @ebviderséimndlifcBRRdéISvhard efleckti@dS bR Q)

| E336 12 +w330 (20) | E330 12 (5) where R300 is the
Paﬁeﬁﬁgs Rsfray aramstanzad With respeeide severd apantisies ofinterest, such

t ind ) M afy, | oSt b/ |
s A B B D e
normahigcidoB30eeGtomeBBE axoyhniqiresfot measueing n¢fiaegntes etantgfihy

patteyad sy RS Sl BBy Bieat bident A G papte st sblydhe
light ReflebRt @drrhAlab He3BBstiabe & boll&BkB i b Sohily ’sp%%%éﬁe‘%éekﬂi@ﬁ is

rewjtten as (1-w336). Thus, equation (6) can
collegtedsy Hpweyprghecause a range of orientations can be seen in any pattern, pot all of

the light striking the pattern will reflect at normal incidence. There will be non-specular
reflection due to, for example, the depression (314 in Figure 3A). Reflection losses due to
such non-specular reflection should not be ignored. In an embodiment of the invention, a
scattering loss factor is applied to parts of the adding terms in equation (3) or to the entire
reflectance in equation (3). The scattering loss factor could be a function of A,

Figure 4A is a simplified schematic of a system 400 for estimating in-situ
incoming material variations according to an embodiment of the invention. The system
400 includes a light source 402 for generating a light beam, a spectrometer 404 for
detecting and analyzing a light beam, and an optical system 406 for transporting light to

9



10

15

20

25

30

R300 =w336(20) | r1 12 +(1-w336(A ))Il a(20)rl
+(1-a(A0))r2 52 (7) Equations (3) and (4) provide a8 March 2007
woizopldifized nodel wherein reflectance from a 1BcT/Uus2003/025156
patterned substrate can be paraneterized with respect
to several quantities of interest, such as mask |ayer
a“dtf?ﬂn& R H@ggeﬁ éthedtar of aproeass Bharehsr 410, Rowrrampie; e aptindl system
4 F j LG ef l.ect tr
O e 4P S e 12 W0l o DB AR St A2 00
collnatoret He whstetthe calfienat 414 ismbwatesbdvy ties RRESF, Bed Sestical

oA e B g i e
sem$dBaLHtaF hbstab h?@%ﬁﬁoﬁﬁé&iﬁhsiﬂéﬂ%‘}ar&&k%&&hﬁa@r A1® ac}r/]%;o’id

bepause_ a range o er entati ons "can e seen 1 n
obsgatngdheinvergionathe dstailsofithelprayessing equipmenttatenqt ahéver. nEowever,

it ] L8 S AN S 5L BS0E Srel PSthnipbt prtoms
the etelping.s Boexafiple} if the Fogisie o) fordref Vi@ GldsAR PBRE thelWiBstrate
to ch non-specul ar reflection should not  be
418 i“ﬁ’h’&fgﬁmc’m@% Ao ér?’gﬂ‘éﬁ (Ratshown) itnike progesstabemberd 10, and the
j . i ' t r.,s, of the
D B o hle thp R b BB T 22

r efli ep@ratimf 3‘ pgowqm?mduia _42(3)11&% a'c§i<'§r0m_ béeggih% %f tHe$8miconductor
ctpor, cCo .pe nction .0 . I gure IS, a ]
subdi O S88 £ ¢ BRG ROLRE08 pantably Fiagerameraan of e light
sourc®482.t Wheh HeONdHR SoutBd 5721 18 by At ' t .
° enbodi mer?t of [gtm;]eoi nvg{i?tlﬁlg?]g.@fféﬁéh%é%%%g&gg%ﬂ% 8’(11’120@ 18

trangported Hirough ivhe eptica fiber 41340 dreavolligater 414y Hhebmamting wavelength

: . tecti and anal yzing .a |ight
band BA6L AP Rfce 0% 1t ReadlTh B B iBn MR SEaRRyifigo iy
paratneteds &f ivteresh isHshtend® 20ALAN §EAINE GTHRED0R{82OMER useful.

and froma port 408 at the top of a process chanber
Tn o kel tas Al eth Hegeithe lightepurcei 19006 1060n0. The light
] i £ orts.hight
boarh 19} MeRRes Rl EPMiRt: 411 Vil Beotaifie bOANRE M Gred e sppstare
418 girorwel inciden: Tht4ollEnammutided!lahothe lightbdaar 42¢Q8ectand
t.ransports light fromthe

sy R A kIS IEA S e
to the epicaORn@te Yo (5B ﬂh@%p;ﬁéilﬁbém@ gk ek ﬁﬁge? 48 Gnalyzes the

ess chanber 410. avoi d obscuring t

prQ
refleried dight bram 436andsends detagepresrntasive of $wi mijedanes ppestrumastihe
kt.W |l .be obvious to one of
Subsg%iﬁg%\ggﬁﬁwg%/%ﬁ%ﬁuarfhfrWsmequi pnment is needed to
peThocomputted28tiablude. a fhede] GotaaluRiting tefldRnEesOSSatlefeliO
bget forﬂed \%a Iaﬁma et chin the substrate 418 would
SEOSECHBGR AR B hsiTats 4l fuand apwinedh@irgrches foneses obparameterized
amBRASREL i b RIROL 2T
Dt e AR MR IR o ol RN ertgyn and
the nagapired exflectancuspec@f redeved ond thelspedironres 40N g Irpdnet he

' duct bstrate 418 d; ignal t dat
e HeSharsh Fautips 3 ¢ By <G5 EIOER AR GloveNer pighipes
of se@QH G inds) ducl heRultRaridts ¢s§iﬁﬁ Iragﬁyﬁg 6r heéhtial hdl %art&]gng, bhn

enerates a |ight beam |
also be used. A model for calculating reflectance of a patterned substrate has been

described above. The set of parameters obtained can be mapped to several key quantities

of interest, such as mask layer thickness and starting etch depth. The quantities of interest
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transported through the optical fiber 412 to the
collimator 414. The operating wavel ength 15 band of 8 March 2007

wohevsloight source 402 is selected to be in thepeEgk®iz025156
where sensitivity to the paranmeters of interest is
hei ght ened. Ceneral |y speaki ng, a broader range is

can ther ke uedfta deterrhine an endpoanih the redess claly prasass as wilhpefugther

4 t.%eEi I i‘g{?ht source is 190 to 1000 nm The |ight beam

esoiiBfl beloWes the col | i mator 414, passes through the port

40BigufuB & il KkeSvitWof 8 phsbdsdbecolkBngitortial fefllectance data from a
i nci dence. The col |imtor 414 collects the ||ght beam
subsirate apeordliag e an opbadiment ofjhe ngentine Uispbyschive ifpampgove a

i R O T B D S v
such B éhesqpmigtion fetred lubiidowsiisyae Aitihestant of thegirewss, ithghyirocess
modile AL R awe discrams e dgolegpocparel ighds inFiewe 4a)
aboui@ ?}lc W feftbd@ndeqatd Monlile (ﬁlﬂé‘été!c?bﬁd caliBRa &R Y. qgorgiﬁnplc, the

udes a nodel for calculating reflectance o
procpsatriaiubeiglls 26 dutebetllestian covtrelimiisthe nwabernfaefiergance prpctia and

ti t nat h f t _of '
o et TSl S e P o e
giveSRRelaftolleédRCdorne Pus PLBselin® raflek taricB 8 peatamy tysically a bare

. refl ectance spectrum received fromt Eeaépectromet er
silicappreflestanes pectarpoiar paivratiopioé theanpashref ggiyciance spegira. The bare

sﬂicgl?fbﬂei:tgﬁﬁer slp%&gﬁxﬁ ?&.Sti:cﬁl%ct%ﬁ %Jéﬂﬁﬁct&m& the sRbdiGle. [WR&Sthe data

searc ut 1 nes, suc tivariate regression
contath abYesition oontnautnitakceines nstructivinng stactaoligcting date, e lighe source

A npdel .for cal qulating refl.ect.ance of ,a patterned.
(a0 e 05 sGsd i 0 Beti b LEELRRTE Rl BRG] BSftke the
subsBafe25RE 186 SpRbRiene ¢4@AR FRRrERAPEsliccR r8fdRRE dkR)om the
quantities of interest, such as mask | ayer thickness

subsémts (432 (They, the tishiceptch is tirmed giizand the exlegipnsadasy s spllected
.1 h .2007 . VWO 2004 PCI/ .
b 33l e A B B e
duoe EFH mkgl’ogfé@ Sdurcadpsubhlak flog ﬁl?ﬂniehﬁﬂissidm a:cid‘l Bﬁdctbliedlcﬁiq. The next
i gure i's an overyvi ew roc or, collecting . ..
stepﬁ%t%ﬁabﬁagm%@ﬂawe&éﬁaobrqg%ﬁﬁala%@&@% g W&Fﬁ‘qg@t@&e‘im
step @32 SR céé{%tiﬁlﬂﬁ)[n'oﬁﬂﬁrﬂa?lﬁggomg‘s%u%.em lve Is to

i mprove a Igh-quality re ctance signal even in
t h&hp cesertetrefiectangripbétaanis toankliped byd: Hasgine spestrins(438).

DR T AT MR O R MR

- 440yl PABE déeived inbd®elBf feflectaRt 8pdeah ha s héttres Ostldemdd, theisystem

422 in Figure 4A) about how the refl ectance data
retuggis deibiep 42 g staids ellegting desd o paether reflergnce spectaydfitls If the
.t he r | e '
s ESE SR oL 3 PSR B0 LA Y o
of theatdllbdtedfeflebtimed spectdioadidilan sypeaded anahmiitel, baflectance
coll ected. The prqcess nodul e al so Flgiv s. t he dat

specion} @éth- oRbecaisraesH refffciange PECBIN fsepbo tae PR Yer (478 in Figure
4A) THERLCHR: MPhE B ddé1 G R@Estrate (446). After sending the averaged

reflectance spectrum to the computer, the system waits for the end of the specified length
of time, after which it terminates (448).
Figure 4C is an overview of a process for determining physical parameters of

interest using a non-linear regression scheme. Omne objective is to quickly reach a
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silicon reflectance spectrum for calibration of theSMarch 2007

nmeasured refl ectance spectra. The bare silicon
woebl«asance spectrumis collected prior to precesstingo2sise

the substrate. Wen the data control collection

control unit receives instruction to start collecting
conygkead setiod ppiagietersigines by irsrqupnliyrsteppingrthe paspmicter valuerseid the

j i i i ted,t .

ool ARRE0R p et L B ATl O LA FURDER R, B o star
of #he gon-tinébhregredsicecdnalyisif the abeliaeardadtthelre@ivdshBer inputs ¥45 0).

substrate (4%02 ..lhen, the light source is turned off
The,prgr foRuts Relp uersFs:{of 354 Of paateters iadsidstermnerl by
mac ol ?gﬁgh%ts&%eh es pecttdr %lrerte\'ﬁ%b[(airQE{Ei 38 &k ue’ ?@1 bac alR énregﬂlﬁgr ession
rouﬁz_mﬁae@ gbtaingdhe awrigedmapbashrefleniane spastrumitbXieNest, dre
B e U

guedits 43180 Thén, thd S¢h-Hadar Eéggl-_ésﬁiﬁﬁ? Y&utinb s §RA%S tALIARI@Ements to
t he background sources. The corrected refl ectance

the paraetenyini eguatienedB) 2u(4hip moveealeser trethe hesmeaich ot@syn the
: i f i red nunb
meH R reh AR ShER LR Be Llodh O s TR S HBRE 4 Ds Thre

paralasieisénl equatioas (fand ¢4) L€ tha nefecrddididsa theasei fligingfaatrs w, and

coll ected, the_system 25 returns to step 432 and
the gpupling fechprs g Wby aatbs feanstiongefithe frep-space ataxplsasth, Ao.

Spefid sggq?glgc ks \'Nfletfl{:]‘:d&? glgr%iﬁgeﬁ% C q%%erd iﬁfs%?@g%g% %J:r;]aﬁle enough

spectr een co e system Cco

‘to munegligible (658)t ifthedhdrememsiake @bt @oilhawrgh pebé hegligible, the system

.__Obtain an_averaged, nornalized, reflectance, spectrum
mereipgny theryplu premgerd et and reipE {0 siRp a4 tuealeulate the

moldM&l 1SABREAR spbdtABn hifing HRYES Raﬂﬁ%ﬁt&ﬁﬁlﬁgﬁ%p ?thtYei’E §fdrdnlrts are

nodel of the substrate (446) er sendin
smal eosglety Bonagligible thawyetespritputt e optinhbpaanptat ealyest(iéd). The
ystemwaits far the end of speci fied. | ength f
oo APt et e B0 rtbagled b 5 ovtefe gt s (466),
Altiotgh vbesiatell pPeviBBEe 88 User inflas RcBived Bosteh¥50 A3 include
. .paraneters of interest using a non-linear regression

inforpgiiopabouh bow by sehdivide the substgisiintol lgteradlgchistinct aregs ovshipHilm

: . d
0 0 AP 130, SR e
reflpacdfieldeof asah tlsa-film stdvk camppeaiqulatad eas (j):ré@mshocllabsgﬂﬂﬁddu gh
n is reached,

th te Ltil]l th | ut]
B BB D 6 ko & B d st Ao o
reglefior@BhilE@ e B I.AVRNTRE M¥ G U EImbrBRieSo GRR)- andhe

user inputs include initial guesses for a set” o
accyaichiniecale optimaloenlerstof kay paamblyr Balneststdrting fromethe initial guesses

e spegt.r um t he nodel.ed spectrum .The . . |
of e ERLET FpaP DT B L e e W E R SR Eh b inid otmique is a
pre@ued agbelqis a8 esthhifibs GldAnS ensResiatd @iic4fel an and neural
the nodeled reflectance spectrumis cal cul ated using

net gpniRAChEH $nayRlsoroerpplpyastia extict paapielers offotesests (454) .
Ig?{builllgg’tgat? ﬁgx?rg.ﬁn%ﬁcﬁgl e%gfe%?e?éi&q vJo%t, Ffé%ré 4D gﬁ&gs ettr%easured
reflectance spectrum 470, and Figure 4E shows a modeled reflectance spectrum 472
computed using initial guesses from user inputs. The first step in the linear regression
routine is to calculate a least squares difference error metric between the two reflectance
spectra 470, 472. Figure 4F shows the measured reflectance spectrum 470 superimposed
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the paranmeters in equations (3) and (4) to nove cl osgr
to the best match between the 10 neasured reflect ancg March 2007

wopentosiay and t he nodel ed refl ect ance spect r unpd4883003/025156
The paraneters in equations (3) and (4) are the

tE}efh&cﬁ d fields, the weighting factors w, and the
on e ‘Fﬁ%f ErprspectryBiddl dhnlenst stvares diffstenos istdomputed by

o e AR it Iy BV PSR Bt

betwegnitle spegiid 470 KE2 a0&8N point, anl surnigiemie B sara bEhA U fferences at

. enough to be ligible, the system 15 .
all e Bshes AP Kbt Qi Bfbane Qnciymp et thes vpeskioletepmine the
incré@ents £ theopFhabtefvaluds0 recal cul ate the nodel ed
refl ectance spectrum using the new paraneter val ues

( 469)far, the dep@intiqn of thenos-lmeer regreadion ewabysigatove festandard,
ol . syst em,out puts..the optinal paramneter
Nowf oL Shols o ESOSPRLA Pt irobfberg o Rt st
causeisignifentt dehgd ih derentiiemoniled ecRah 3MBlcShe ¥AhHeRrs of interest
5%4 f?jggg LAt Igl;légh not stated previously, the user
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b atthitn'fi I mgt ack.sg that .the reflected fields of each
Y AR PP v ST HORIE AR SHRMNG 18 panerof the diffessncesiafall the points.
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are largpt. o conséant ev wighting Matoy usayddsoGerpphied ®ethé emglifiedion factor

urately lLocate optimal, val ues of key
to ﬁlg@%ﬁrr%ttg% fe\?ﬁﬁ Sﬂgﬁr\éﬁg&f@ﬁﬁe PIRTHRe initial guesses of
t hBigner ORI oveRlieR f a PldcBAYB detdifig an endgogntam arecess etch

Levenber g- Mar quar dt Confpro_m se techni que
Procgss afeoreipg te ar pinbediveniafiies inverdioni e startafdhe process is triggered

. : : Lvei | het
by & Q00 S0l PR ERS R PSS ARG DT Figleal wnds the
appreffristairecass tecifkpardrhetststabie tHa@whsoRe(502)) - Thd WRBEess recipe

ar ret?resligﬁn \I\@I‘ES, Fi igyg_l 4D shows a nmeasured 30 ]
paraipgis SEplinluds, 4ot sxamapley e (e TPregeenty Eelatisvi agreference point
on thEBHRLER, sihl8 B SPEChAUTLREL2 Th%_%%ﬁ#}:n?s ctbt'sl] trate of

initial guesses from user | nputs. step

interesh i thenrieansiaregite thei macess chaniber(418 it biguad 44), ak 108 alresBtbe in

r ' e .error nmetric t we he two ‘
he R i S I 5 Bl S e o
506 aymmsadria dhis gfdcess AMNReEBRE iddB) %%Qnaue&rdz%ﬂ%ﬁﬁé s@’&ﬁ@nductor

Mar (P 2007 2004/ 015727 PCT/ US2003/ 025156 on t
S“bStFﬂ%Ié shpving 3 sbshne dayepaltd. r Onn or2nore thiery, e ta magkdayes 514 and
i | t kin eyer al j.nt.s .
o or IS SR onk T SRR B RO A 2 i Y cein e
substtitd $08randdBledbeithve eslutnef polgsiticen S0, Indffie ndeEaAkREa

oin apd summ.ng the square of the differences at
polysifion fayer (it TRV PV inShoeV cogarbamarh Rastiddize brar
planafiRéd. iFowsvet RBR d‘éé@l‘i’otth‘avéjﬁta?&@s% tﬁ@@asg id Caﬁlea%o%tc’ o:g or
t he paraneter val ues. R
polysilicon may remain on the mask layer 514 prior to recess etching,
Returning to Figure SA, after mounting the semiconductor substrate in the process

chamber (410 in Figure 4A), gas flow into the process chamber is stabilized (522). A

- breakthrough process is then performed to remove any native oxide buildup on the
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So far, the description of the non-linear regression
anal ysis above is standard. Now, what happens in nar?ymamh 2007
woaseiwisr7t hat a | ot of the parameters that arecnes2008/025156
interest cause significant changes in the entire
nodel ed spectrum whi|e the parameters of interest
seng%g@gct gieale pya topplt of p}gg)ﬁ@g@l@pn thair (Ydel e brealcthrough

pro&REEA 448 ik @ich% <1te R B %ﬁglgg%%ég%taﬁeu el

| ocated qu |
Shouhd heh@tade@atah%bmﬂdhﬂwgh ppecdsroanrashi Iileld:sh of patcaaelréh She top of

e, expected to ke a difference are
the Qef d%g o 2 ﬁgtef grmayeneﬁd to bejcompensatpg fo5at ¢ later stage. After

the b‘téﬁm:fbﬁ&gh ?h 86k géseﬂ&fr idth EreHrbdesd ﬁﬁﬁﬁ:%r Blagaly st&ﬂ?ﬁzed (526) The

0|nts us, east squares difference err
nexy giepyisto pﬁftm@aﬁ@numm ﬂélﬁ &vorsng matetial vaelgtlms (628 ri[f]:es s;ep would

t fact
mclﬁ&ee?énﬁfgan%ﬂ)tlﬁ@%gsﬂ%flt | n of g{oire y% nﬁ as %‘ %m?l& layﬁ\?,l 2% gv,eﬁ as ﬁxe
startidgstch tepth, @as | dptiuel @pradbibh ebORABe &511RH dﬂ!’Bbfybmcof IrOME Gench.

5A i s overvi of a process for detecting
Thigep S b rened dusgne ot e di Gatilantian s6p 82Aq Pegoraring the

estniﬁg@??é;t gerge(%fn %@%afy%@?ﬂlfggjg IQEQW.&@;{ %260&9%1?33‘2 S§itite

proggssing gme.t he process modul e (420 in Figure 4A) sends

h Ll the
& o SRRG-2Rh o 206 SRt Franks 0B 5 Spke st ot te stavk ever
514iiedeti d€a re‘fa{en@(@ﬂm gt sHoliRl ﬁeﬁfo@e@lﬂh&ﬁﬁﬁ‘éﬁmﬁﬁ@ﬁﬁ Me%hﬁéﬁa‘(eesos

to a reference p0| nt on the substrate,” suc

©.2.1B¢ oAt e subppaik layay &0, camalsabaiised ag act@fgrensmpcﬁn‘:rg'ﬂm desired
rece!zmeg)ﬂ{e@)éléas&l%ﬁ 'Ir&}ﬂ %?Eﬁfengg é]@% %ﬂ%ﬁﬁ ru?c% e fsl hﬁox%? 8€aré'§)§y The

ﬁrstcihztmbbinn(eﬁﬁdz) of Eamresgl Kﬂmwg%lgtm@rbeﬁhg mﬁeahdlﬁa:ﬁsé fRonpfhe top
S0 B R e A e 22
thiclaRM &ﬁﬁéjhh%lé’fayglf’s BUBHey ?éo%d%gﬁlcgp&ﬂnrégsﬁn ﬁflj%‘?%rés%zc?) wqujd be

| ayer . Oné or nore layers
the @nl@lr:al dlntaue@ tem| thqtg]p W86 pf &B@uﬁs&ﬁt@&iﬂ)&%dﬁ thiehep 3ﬁﬂﬁtp’oﬁﬁsﬁlcon

510 18 i.s rmed int ubstrate
oot /S £ rine etth G it BBEsH AL LA Bolopat ety S sofumn 520.
Onct tHeslim®dadns hhd @bredknoR@l 18 inhibiGREs &ﬁ:ﬁ%ﬂﬁ g E)osm%ﬂ)oved from

preglously overlying the mask l'ayer 514 has
the tgp ghile polyail Ic%ﬁ@l@@n 5201sp. bel detsrnioed, hava * H -aDwag. stlammg to

Flgug@n§%,ﬁtg§ ﬁ%ysﬁcaf Bara W Iée(rg{ F§O r}g %%Cy @,I @% Igﬁg%a/teé I Step 528

usmg{é:tethrmudbgnd mﬂEctgmeﬁ’y ofsthalf degdribad ubbvdNge.| B detenmmn a set of
{n nduct bstra %\% in the process amber 10
Para?“ﬁ F—ﬁ‘ﬁ Péo‘& E)é etRes atfﬁ@smeéé@fl@w@ﬁ&mﬂumsaf the

subs&hid kéhdl h ?rﬁﬂefea%gﬂectaﬁce E{Se%a’hﬁlmf UKD %.Ireﬁg g:lif Jlt&cﬁﬁnf ?’ﬁ Jegized

per ormed to renove a nati ve oxl
dﬂﬂ@sw FomAho et oﬁ\pmam@temlsn? PCT/ us2003/ 025156

o1 PR abSerSYEB AR5 B2 tucied o Bis pobiRg ices Solumn asd the
start@gtet 3 ?mta(r‘ﬁld%\z%? Qﬁeﬁre@ébg ofAPrbcdsd oRIbEAtdried! A%y shiftfble etching

j ust ew seconds.
method such as plasma etching, can be used to remove matetial from the polysilicon

column. In one embodiment, an interferometric endpoint detection method is used to
control the etching of the polysilicon column (530). The interferometric endpoint

detection method involves counting the number of fringes evolved during the etch. When
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shoul d be noted that the breakthrough process can
result in loss of material fromthe top of the 8 March 2007
weoentqeusuct or substrate, which may need to bepcT/Us2003/025156

conpensated for at a |later stage. After 5 the
br.eakt.hr ough process, gas flow into the process
2 PRYSRERICS 2@%@%# dnggsicpirewanding &) the fiieknasesf materipl thdbe
remio¥e@ Bhd 4EBA Botdled ith ' ) gL variations
ot B S IS TR )

(528). This step wou g thickness

of intgrferaypairit apmoach invaikesadireatings Kghteheam, to a8 M dilicon
t , rting et depth, .e.qg,, depth of depression
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subglyalt lagerg as s pokysiliven gokummis etobeds t Bisirbfledied signads epniRas

: [ 0Ccessi dine. In.the e-etch
o mdef:;g%% et B @GRS R hnts: Jhoptreima and
mngpa R yeerferbdet fringeld dsofthe @hRINEER 0PN
thicgg%mf’i be o ed that g?t?eropoi %Eis on_tﬁe s_euibgg%ir)%aimethmughthe
s ofthe polysiligan P&Mbwfg‘éﬁﬁ%qdr Alusingpjehing tig:; obsarved
erigdlis ndxemA! S8ImATmAa Jrgf iRG desir
P ecess depth (D) ggﬁ%@%@g@nﬁt} necerﬁgﬁ erlgﬁglgg%ﬁag?a
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prodebebacadse tigndhzoed Mickaddaf orzbtd Bmbhé ﬁ'oﬁ‘?ﬁﬁg S;/)gllysiéifan column

corre_spgnds to the thickness of the nmas

1s kngyun, L g BAR the Praadhandgefiesteneiry sshemadesceibed gjvewoul d be
th i cak_di he..top 508a of th
& bR 6F It lEORAT, R MRl aBPy i igtesd mathod for

mondping fecess efchittyenitte }at:durﬂélytd&fbnﬁﬁmgﬁaé Hltgﬂalﬁgfbkﬁéss Pt ﬁ' P
ce e I mensi ons

f. th | y.sili | 520.
polygon Sofinad i b elcwheottss ecbmicpe iway ao b Yisedo e
S L | .92
e e T
detepmige the abgoluterthiclsass of the pobisdiven es & isdtchedtdorm@sth foen the recess.

. . i ted i t 528 i th
T o B A it s e
of pdyymetetsahatiprivide & SftimaAlimaAéh RAWAIBHE ieabiad nd YOI ER 2

| ose ,mat ch. between a nmeasured refl ectance spectrum of

speciipn and gnqdeladdetlerdanse spresmapliths substratncmdspeatting thofhickness
\ t ' h ired. dipensi
of 1 BOLySHeoH Thinii LA naPhaiBE. WiBh Hi cosired Brghodss of e

polysitiear dohimn bastieeen ecvntiad) o rocest beh RIS dah ©0RtpBLA A ARG
h, are known, the recesSs etch

the starti et ¢ch_dent . !
etch Bz;oggsg ﬂay@iwn%eusgﬁ.a F'ggﬁs, %t};.mg mquggil to el ﬁ@m a padletermined
amof b edterisLEEm ake PoL | ; Lo feaye
mat er i :Irl fromt hgd) g%ﬁg%ﬁ"?‘%%ﬂng%no um. Tn Oneepo{ys{ﬁ%on
colugppanithen be etched fon the fredadermindddimndpoi nt det ect i on

i s ueed trol the etching of th
B i C LI L —
- Dat eatiphy iegihads sa¥okoas FROMIA BGEe SHIDEE 8l (506 in

. f rangﬁls gevol ved during the etch. Wen
Figure 5B) Wherein a polysilicon layer overlying, for example, a mask layer has already

been planarized using, for example, a chemical-mechanical polishing process. In another
embodiment of the invention, the process sequence may include a planarization step. For

example, Figure 6A shows a pre-etch model 600 that includes a patterned semiconductor
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WO 2004/ 015727 PCT/ US2003/ 025156 a predet erm ned 8 March 2007
nunber of fringes corresponding to the thickness of

woab®riisi27t o be renoved has been counted, thepeBRUER83/025156
etching process is stopped. The interferonetric

aporgach I, nvol ves directing a |ight beamto the
subiis, 694 havéng 2 wbsiuaia layrne04. | Gra otneinlixsrs gt izanhsk layer 608 and

f lysili | s
e QS S0 L RS ST ARGAL A DE RO AR UM e
substuite/60, amgrfdledefities teldmnyofiphlysilioce616/1 Adepiebssn 81%is formed at
the#g)fy%r az t he qu g/ill I |$o colum is etched. The
oPrys eduman gheelesilionnb s aionssaneRoeiof dhe/filing process. A layer
of pf@Bij%ﬂchﬁ [ %'ﬂsotiﬁnﬁé@&g&% iasP ?arn%)eg ?ﬂ)ét:%ﬁéﬂ%gﬁctﬁé ?;Ie 0Cess.

Dy
ringe. The maxina and mni nce
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. 1 t hi, gk I Lysi ki I bei
orossBE SO UGBS0 Rl BRSANE vbe ¥ Bt B &
triggead Bpa asd (602)) M@fm@Fﬁme@ W0, thobRCER NGRS {4"2!0 B9 Eidufe 4)

ot{lr elated to a calculated reduction in the thickness
S“-‘n‘g“f ¢ PRPIORIIAIS PIOPRSE ACwRs RRTRMmetorsde pil ithetsensons 692dp ol propess

. The..i i oagh can be ed
i B TS SO AT e
refeednsopeinkort the cibstiste, sdchrmtiler batont 6f the Amyielaen Midemiconductor

pol ysi.lico olum _is_known, i.e., fromthe_broadband
subiafq dofists ;&_‘e&g‘fﬂ%‘ﬁ%ff&@ & @é‘_&?e%@@gﬁl 1in Rigygtasr may
alrehd}t B TheROHTBELsS EhARRTP6%d). iATiefindoHGSL e M%Sﬁ@it& s%ﬂtaseu;ate in

preferred nethod for " nonitoring recess etching a
the preeess ghanber azas dlony imtate phesessrhainder it iabitized 628). Ahe

breoR s 88 e gt Bk e et on the
semizondthandbstatd 8ol st diﬁqu@@ﬁﬁ%ﬁﬁd@ﬂ@ ri@dophore than be
e

ed in-situ to_ determne t absol ute thi ckness of
bfeﬂiia’éf)%'l ReGess: @anflay into the propess chardlswis againt galilizese(631). The

layek SFSETSCH (20 1 MBI e BLERRI RO ok IRABH! i
etchpr (3Bt elboit didy a poriondd tienlaypartolf pelysilies:chab &t vaacvedh ef all of
ectrum and a nmpdel ed

th asured net refl ectance p

© ISP S ISg5RIO0 P HEY Dy PE Some {8 pbmaswal o the meslglayer
et ne st |

(603 RFighb Gk?ﬁﬁcfeﬂyﬁ{ e%@?oﬁ@i'hﬁ&i ia&%??fﬁfcgkn Ssefeg?g})% E&nﬁ&fsa’ted

of paraneters, hé desire
for ab g|l3iey stageo Mncistenferomeitic bprsnachanotied suitdbte methed sarbeised to

a L A tinmed 25 etch process nay
detegfl@g%@éngoséehﬁ ﬁ?ﬁgag&?%,qm{ll%ocﬁsm required to etch down
a prfedteglaatiesionaay phs Dw A6 el padeeks AL (410 in Figure 4) is
a.Lgol ml |é%n col utm can, be deternmined, The polysilicon
agaip siabilized G34). nEhe Brst glep g eptpate fiesipr mgemiigmatedalvariations
O A . ¢ S
R A e R e e
refergncqeds andgheiastratensugh )gslﬂmﬁ bohomss lﬂmﬁl ask llay@; ﬁidethl e QEeeal
. (506 in .30 Figure 3 erein a polysilicon |ayer
iR Gt 5 o s o e ubitivieci TaigBof apolysiisen pobisan ie.,
cartt iz | g _ ol i
e et IR oGO OR o TRER VY
planprigagion perhbrealibropeh pesesssse qistimdionny therintamieg material variations,

ie., &E}?gﬁi oaf Ee' 8cg]nescto%9m're§%gr with or after the stabilization step 634. Ina

manner similar to the one described above for step 528 in Figure 5A, the physical

parameters of interest are determined in step 636. These physical parameters are then used
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exanpl e, Figure 6A shows a pre-etch nodel 600 that 8 March 2007

i ncl udes a patterned sem conductor 15 8 March 2007
wORRAN472015727 PCT/ US2003/ 025156 substrat e 60Bch@v¥iodstozsiss

a substrate |l ayer 604. One or nore layers, e.g., a

mask | ayer 608 and an_oxide |ayer 610, are formed on
to dPP{Sla?JBg%SP SERINE ;RSESHEAS), I 2 menesy seuilarits ofodeneribédfor lep 530
inFegthssaate 602 and filled with a colum of polysilicon

616. A depression 618 is formed at the top of the
c ol therinestign pyyiides ooe o6théremivantagets Fat eae8p18fthé BRthod of the

L . | .5 of.. pol ysili -al
b APPSRt o B oo i erecs o 3 oo merie
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ackgraundi segHan s ylkaseathor reaseestrac606s ot ilRisgated. Bayical)ehe
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et ek OGRS kB Bt Sy 561 ot
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e DL S 0y B R o
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. ocess chanber, gas flow into the process c
Wlﬂ&&“af‘cﬂpf"i“f@(fs@@ﬂ@) an nterSromedtik epproadh opotheessiable rhdiked, can

" then ek : native .oxi de buildup on the
e é&%&%ﬂ%}ﬂe?ﬁ%}ﬁ ? g{;&éﬂlaeg£°§8§ eetgl)ﬂjp’foc%sfs' exposi ng

si Whilerih¢ mverition(Ha8 0)en dbtbiedtihGrmbboeakthi BHIG QI é?ﬁ?o?%nents
ﬂlerec%s | ow into the. grocgss .Chanber is again stabilize ’

(B3 Jera4eqs: Pruyiations, apd pquivalents whichfall wathiz teseor@ A this
invertih Fok aeip1e 88, i LSI68 e ;
0 O S 0 S IR AR e
exanplgsyhaped emotlie preyetole models skatvn tif Fighes 6B 220 6h €espectively. The

oSSR U TR S S e 5 b
substiatel esid thieldgsitddeedos ¥hidnrEORs b%usly‘%léﬂ{bn@@@@ 645 %drgal, 1%%0

conpensated for at a |ater stage. An I nt €rferone
get an goquEple FStimate phibe tigkneanofanateti4l dol be ramdyed usé thet starting etch

de RS anari zation process. After
D it Telsbalrdrd a2 B 0 3 F B e g proccss.
c Heuntber, iif ddiating Fhegincemib); mdterial Saa@ng, cthaid s besides
theL%ng%_.gaﬂge n%X{L; step js to estimate in-situ incom ng
MeriSal A - BREOmISE &) be ysed to match thaumeasured reflectance
spectv@ii td 188 e RBASAL of L he -
P substrate to a rgfngé%r?g{éﬁ%c??ﬂ% %ﬁ&% éePs‘(ﬁrk% HRlepmultiyapiate
regreggsion analysistand meere] ndi enatdsdppkanybes, caabd ukde verti cal

di ' from:t top surface of the substrate to the
¢ B, ol A LERsSHloH icest ts ot Hgyien oo g irbomelric
approddptAtini'dﬂl'kétctﬁpxbbééﬁb@ulwibla|uséc§?drcé&a1inﬁle§my material |oss

asg, a result of the
urther, the invention is not limited to making trench capacitors. For example, the

invention can be used in monitoring recess etch processes used in forming chip

interconnects.
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30 planarization and breakthrough processes. 8 March 2007
Estimation of the incomng nmaterial variations, te.,
were/06387 can be done concurrently with or afPer/Usies/025156
stabilization step 634. In a nmanner simlar to the
on scri be bove f.0 e 28 in Figure 5A  the
oy URESF e BeRtfre i fhal e 8o ESing Faperdeb apmicer Miespretsd as
incl6difg all BeEEalR RIS PerRah AGHRL g@‘m}rp iri
Varch 2007 VD 2004/ ROCANE B RIBICHER 1] Bl rue soic
and seppejof dhssigvertioni ng process (638), in a manner sinilar
to one described for step 530 in Figure 5A. The
i nvention provides one or nore advantages. For
exanpl e, the nethod of the invention can be used to
detect an endpoint while formng a recess in a columm
of material 5 in a trench. The nethod is applicable
to any of the recess structures described in the
background section as well as other recess structures

not illustrated. Basically, the inventors recognize
that there will be material variations from one
substrate to another which will affect the thickness

of material to renove fromthe colum of material in
the trench to achieve a desired recess depth. The
general idea then is to determne the 10 absol ute

t hi ckness of material to renmove prior to starting the
etching process and then use this thickness to drive
t he etching process. The invention uses a broadband
reflectonmetry nethod, including a robust nodel of the
substrate and a bi ased non-linear regression

techni que, to accurately estimte the thickness of
material to be renoved via etching. Wth this
accurate estimate, an interferonetric approach, or

ot her suitable nethod, can 15 then be used to
determ ne when to end the recess etch process. Wile
the invention has been described in terns of severa
preferred enbodi nents, there are alterations,
permut ati ons, and equi valents which fall within the
scope of this invention. For exanple, the process
sequences illustrated in Figures 5A and 6B are just
exanpl es based on the pre-etch nodels shown in Figures
5B and 6A, respectively. The 20 process sequence w ||
generally need to be adjusted based on the pre-etch
state of the substrate and the desired recess
structure. As previously nmentioned, the basic idea is
to get an accurate estimte of the thickness of
material to be renoved and the starting etch depth
prior to etching. These paraneters can then be used to
drive the etching process. Further, in estinmating the
incom ng nmaterial variations, other techniques besides
25 the Levenberg- Marquardt Conprom se can be used to
mat ch the neasured reflectance spectrumto the
nodel ed refl ectance spectrum of the substrate. For
exanple, multivariate
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regression analysis and neural net match approaches g march 2007
can be used. Further, nonitoring of the recess etch
wonRoRAISHEYS not limted to an interferonetric por/us2003/025156
approach. A tined-etch process could be used, for
exanple. 30 Further, the invention is not limted to
meki ng trench capacitors. For exanple, the invention
can be used in ronitori nCILAEMES etch processes used
in formng chip interconnects. 17 8 March 2007 WO
Whzid04la8#&l 37y PCT/ US2003/ 025156 What i s intended
therefore is that the foll ow ng appended clai ns be
L i ntamsihadef castrolling p srsessetel Progershcommnrising: i ons,
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bo BY4 Bhl@RFere S0 0 kAL Sn Pk A (ol Bl
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e ; ! ! |
. de_pdosi tegtai n tﬁrg&? ?trelﬁig%b,tﬁ%gtsg? m ni %tgéaf{%é%ﬁg?hgﬁg isg?]mate
mclpdipgthe wenchace of the substrate to a 5 reference

point in the supstrat : _obtaining,a neasured net

ot Pinpb g & TuFER Ve Brchbiee Bt ot Sk pPBmagF S bstate asa
weiShtB® icBh&rent s dFFbMbidnbSs HERRMCH T dERIBMrbAGnPeomBitalifgithe

net reflectance spectrum of the portion of the

portigiefithe subsiistea  wei ght ed i ncoherent sum of

r ef r > i fferent reqgio
(o JefeH AR scrlod Bhimters it Srb FABTY olof AR petween the measured
net thfleetani¢aipaginan a6d thefmdiieledmRt RifRchhal sppéthded a cl ose

match between the nmeasured net reflectance spectrum
an &Xﬁrﬁ@l%\&g%ﬁéﬂa dinansiopyose thesetolngestensy and

eXtc’b%ﬁﬁﬂ% aﬂ Elgi iutrt of 1 ReS %}9@ Pforcggpag &5 Ron OF the 1?:3

par anet er uting an endpofnt of the recess etc
dimpunsieressl adesaed tmectsidepthofiedstued fifans the réferadicepoiat;andand a

Do LR EOEA HHSTGIEF PO s vof! b B

reac@bdmaterial until the endpoint is reached.

2. The method of claim 1, wherein obtaining the measured net reflectance spectrum

comprises illuminating the portion of the substrate with a normal incident light beam.

3. The method of claim I, wherein the reflectance of each of the n different regions is
a weighted coherent sum of reflected fields from k > 1 laterally-distinct areas constituting

the region.

4. The method of claim 3, wherein each laterally-distinct area is modeled as a thin-
film stack,

5. The method of claim 4, wherein computing the modeled net reflectance spectrum
comprises modeling the substrate as having 2 nominally polarization-independent

reflectance.
19



10

15

20

25

30

2. The nmethod of claim1l, wherein obtaining the 8 March 2007
measured net reflectance spectrum 20 conprises
wolbsyuisatri ng the portion of the substrate w thcus2003/025156
normal incident |ight beam 3. The nethod of claim1l,
wherein the reflectance of each of the n different
regions is a vvei ght ed coherent sum of reflected
fi eraII -di stinct ar.eas
6. cordbrpaifeiy i L B TR eyl i ot R BRmgters comapise
calcul€ing ta.ﬁba@&ﬁ:[ﬂlaieaﬂﬁ’f@éﬂcy eflofinetRtibebk e the n{é@ﬂ@é@&t a@ﬂe@tance
thin- filmstack. 5. The nethod of_ claim4,

SpeciRpR ] g mqﬁélemueﬂactﬁae SpeFtIUEE %ﬁ%d%ﬂ@tssm pasa@neters that
ﬁgj]gpg e eRoPRERld N the substrate as having a noninally

min arizat I ons I ndependent reflectance. 19 8 March 2007
V\D 2004/ 015727 PCT/ US2003/ 025156 6. The nethod of

claim1 erei.n mn|n the s
7. omppraistod Shgtaith & il comatisp? Swaihats of G ke Ghange inthe
firstQlifBhsi b e BRF WREH. t he neasured net refl ectance
spectrum and t he nodel ed net refl ectance spectrum and
finding the set of pararreters that 5 minimzes the
er rQr { hod cl ai
5. Cortrhi Sl g h e Hine P hlboRtea b MR specrum
comiprik&sirechiviag ak tipuon sett b€ iretidl @ed¥ed for the skDoBparaheteryet hod
of claim7, wherein conputing the nodel ed net
refl ectance spectrum conprises receiving as input a
set r .
O Thaimpiiog btk fn Rl o dlRoifC eledl AR Gion s
broadab@-ﬁwbhmmﬁwmndaﬂ mtd:rf&ranhb‘amobndpcﬁlh‘eappmaehr y and an
interferonetric endpoint approach. 15 10. The net hod
of claim9, wherein conputing the endpoint conprises
10. COMMtnhdiBoof dldili gl Sviefuin oty 186l ehdpoiR 6Mph m
endpoi nt. 11. The nethod ofﬁgliﬂag{m 10diJ V\hegglpn&gtcghlpﬁgnga
fringroepintwsapitedtogeadbiihe endpointt er f erence 20 fringes
evol ved fromthe portion of the substrate during the
et ching and stopping the etching when the
11. i ntRefsstentef daimnls svhexspl steking HGWhtcbﬁlpﬁQéstdoQﬁmfgf inteh@rence

i substra é% haye reached the fringe count, 12. The
fringgsienglye ppHionsof Fh%lbst@é%w the cighingand stopping the

etchRRCANG e HRANOAL RS AB1vED Eroft b 6RioRor HABMRAL hAS

ace of t um o erial.
reached the fringe count.

12. The method of claim 1, further comprising determining a second dimension from

the surface of the substrate to the surface of the column of material.

13.  The method of claim 12, wherein determining the second dimension comprises

extracting the second dimension from the set of parameters,

14, The method of claim 13, wherein computing the endpoint further comprises

adjusting the endpoint by an amount proportional to the second dimension.
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13. The nmethod of claim 12, wherein determning the 8 March 2007
second di nensi on conprises extracting the second

wdihomansisan fromthe set of paraneters. 30 14. dEEUS2003/025156
met hod of claim 13, wherein conputing the endpoint

further conprises adjusting the endpoint by an anount
15. pr dbemistenrhef dagm hé“-@J@f eoapdsing phinatizing heSutfhceodt tROQibstrate
; %-[ggj ¥/ ; 2003/ 025156 15. The net hod of
pno%:/\faai&?n 1, gﬁﬁ%@%‘éﬂ%ﬁ@g. ng pl anarizing the surface of
the substrate prior to determning the first
di gensi on. .The nmethod of claiml, further )
16. ¢ orfBF Fsfg Halaim {, §UEe5 CompTigiBE ERQIERmA RaiNe exide buildip on
S UiHeAG8ra08 of 1h8 sabYASL, ol NG oL he
first dinensi oﬁ. 17. Iﬁkﬁéfﬁég%{%éﬁgg%{ﬁ%ﬁlﬁlﬁaggmr ecess.
etch process, conprising: planarizing a surface of a

mul,t i | red substrate having a trench therein and a
17. ¢o ullﬁﬁt%é? Oﬁﬁ?%ﬁc’?%i‘g ﬁ@ﬁ%ief"éd’g?‘i’?s% KETPFEREL; 10 after

Pl phdndizihg g sudieas T mii Ayl khstratl HBRS A nLh 84l S0nd 2

surface of the substrate to a reference point 1n the

colugypd mpaterial gopositad in the frgnek; measur ed net refl ect ance
S I . at L. ti.on of the substrat
Do R, dorERhin B PR op hOB R oFthe substrate to

a referefiteaptinnedhs pastratay,of t he portion of the substrate

as @& . 15 wei ?hte i ncﬂ(%her ent sum of reflectances from
n 20HIRE & PEISATd B FFlSRneTRserum of Abjeash a popiontaf dhe sibstrate

" inchidify the'Behdgt €, Wherein the reflectance of each of the

n different regions is a weighted coherent sum of
r efQraputing o meflded fstgefdetance dpebtmrodtheypatiicd 6fthé sEsBa as a

v Tb e b S0 s b
portioR 86 Blibstral, Mlerdiif ik S RRESe SPELh o Mo pERS: MDARL 86,

_net reflectance spectrun and extracting
weightechgnbdéront simroof reflectaibficldd frpmriere taes]ly vt drftg cBhstituting
th en‘g&zoi nt of the recess etch process as a function of

i *first dinmension and a desired recess depth

Me@stti8eing hQ8 §MRrdeh&s ﬁlﬁl@ ﬁro@?i%e@ biclRB ﬁlalt&t &%‘]{&ttﬁg Wlasured

froma surface of the colum of nmaterial unti
net reflegissrhspectumznd thawbdded 18 reffeemmespeothnaf ared ai m 17,

f : i.sing det.er mini d di ion f
¢ B B R R R P RRRRER ace of the
c adomrputinf anehdpdiad of (N 1eERE BioH PEREH R A Bincti IO FIRESRE

. di.nensjo cogprises extracting the second di nensi on
dlmepg%@%clj% gsied gecess depth measured from the reference point; and

etching down from a surface of the column of material until the endpoint is

reached.

18.  The method of claim 17, further comprising determining a second dimension from
the surface of the substrate to the surface of the column of material, wherein determining
the second dimension comprises extracting the second dimension from the set of
parameters, and wherein computing the endpoint further comprises adjusting the endpoint

by an amount proportional to the second dimension.
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further conprises adjusting the endpoint by an anount

proportional to the second di nension. 21 8 March 2007

19. A nethod of controlling a recess etch process,

conprising: for a nultilayered substrate having a

trench therein and a colum of material deposited in

the trench, determining a first dinmension froma

surf 0] reference point in the
lggubéﬁﬁg?gfg%QSEQ@gg%%%g%%ﬁ%H§$%ﬁ§F§%ﬁ$ﬁﬁ-e surface of

t hefs ubstultdtyerddosubssaie fhaciag af réfek akiimmdod colher bAlnaterial

by: obtginLn .a_nmeas rﬁd net . ref eg}ance spect rum of

at | east SROHBTLR BiF HPCh HECETRRE ISt GiRENTien Higmrartace of the

trench; aOBRME toOreferdRE pbREINNGE sUtR{rhie GhAN S o8P ERL D from

of the portion of the substrate as a weighted

i ncoher e seilnse of thesrbstigtedn e swrffoe iy colunmn olggipréal bt

regi ons &rﬁﬁﬁﬁlﬁta%édg?reh I?lgt RALLLQM sﬁéotltuﬂleoisé{gégs{ QE)S}I.*tion of the

determining a“set of paraneters that provides a close

mat ch bet weensubfimte imelading ¢ick tremth;r ef | ect ance spectrum

and the nodel.ed net refl ectanc spectrum .and )

extract | MPRHRE r4 Plolil el ETPaF refieBhe! Ao morine of the

set of parameBsific asCPIBIhicd In@R@NARA B refifcthes from n = 1

recess etch process as a function of the first and

second di mensliBersniaagions wasitniént the pesion ¢éhelsubatatsur ed

fromthe f er. a) t chi: down, fr a

sur tace SpPRUALERe AokMma Bt bRIRS, SO bEERBeen he

is reached. Résurtthactmeflttoahcefpectrainmnd Thevhedebddmnet hflectance

wei ght ed i ncoherent sym of reflectances is

R=wi(20) | El I"B¥HR{EEPY E2P+. . . +wn(20) I ELI 2 where R is

the net &@hblt@giBOER: MRBRISRIGimENsiAkerda e isOdirphdHRers;

i ncoherently adding field terns, and w' (Xo) are the

wei SITUNGE f2B ndpant ofr the gecepseleh drasats 45 adiichep pEhesfirst and

21. " The et iqnesidsahdh 1suhessl | efer

coherent suns of refl e@% égm:‘@ihg%cggsrqegﬁqﬁgiﬁéggitﬁ% &Beieéeleme

Cl + a2 fodet; 38, 2 +... + ak (20 )E ~k where a;(Xo) are

: gre?}tgvﬁllégkto{wﬂ 1'&%% gL{r acfa oorf tﬁg rclsg{u%l%t I0 m%gegilap g.n‘[filI t%ledendpoint is
reached.

20. The method of claim 17 wherein the weighted incoherent sum of reflectances is

R=w (4)|E, Iz +Wz(ﬁo)|E2 |2 +otw (A E, |2

where R is the net reflectance measured, E, are the individual incoherently adding

field terms, and wy(Ag) are the weighting factors for the incoherently adding terms.

21. The method of claim 17 wherein the weighted coherent sums of reflected fields is
E, =a(A4)E, +a,(A4)E, ++a, (A4,)E,

where a;(Ag) are the weighting factors for coherently adding field terms E.
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