WD 2004/ 061388 PCT/ US2003/ 041372 NONDESTRUCTI VE

CHARACTERI ZATI ON OF THIN FI LM5 USI NG 5 MEASURED BASI S
WOERETIRASAND/ OR BASED ON ACQUI RED SPECTRUM  Fret/dsmin3/o41372

the I nvention The present invention relates to the

characterization of solid sanples, e.g., thin filns.

More particularly, the present invention 1o pertains

to the use of nondestructive techniques to

characterize such sanples. Background of the

(o NONTESTRUCTIVE GPARACTEBIZRTIGN o R A wsinG
schem A?@E{Ee[?%ﬁ%%cﬁﬂéé?ﬁﬁpﬂwmoﬁ BRISED DN ngture

on a su i'S necessary In the manu
of many different types BPEQIRUNs (e.g., electronic

and optical electronic d esf) For .exanple, it may
be necessary to deterni n&&é’—é@%ﬂb‘@m—%n of thin
di el ect ry érsés%ﬁt (rﬁ/eﬁ ion gélhfesoté'tﬁé chialdBteriZaidnadfyvlid

nitride f etc. orrre 20 in known sem conduct or
i ntmgmaiesde gi,rtbimi ftlm@eMompar@qular!usthprmeesm ingention

1 AT SR NEC® e R B b ol
redyghpies. i n device dimensions require the

advancenent of production processes and
characterization technologies related to the materials

used to fabricate such 8%1 gg@ ﬁ? ﬁ npl e,

recent devel opnents i doithe h:qQ/ren Ll

sem condoRarictshzation orEmalyeipdioyarapliek|(ew.) thigkasss of a thin
and/or other ultra- thin structures. |In gne, part.i ?I | ar

15ex &l elergaial andiee chawesl sRagies qeaEsRtalil 5»1 iR film
fil
et & SLbdiratg, G0 §HREBsHry IR MG meriufacklie of many
t o differeat tyaszef. d3ceSuEhy stelamh‘bnromd/\upﬂlcai etﬁutm@lc devices).

characteriz t| on techni ques have nproved.. .
C enERE FYRT P VY FiESeRaH O IeIP A thg BerTpSiion of thin

t ec&‘iﬂha%ﬂ%sﬁlms': aé hgéte &HS@ filrRS, hﬁhfﬂl\ﬂ"ﬁ ﬁﬁiﬂe&llﬁr@ éﬁ:cbtfbfrﬁed

aracteri perforrre W th arrp e Sp eed
2d:or|nd<mm)1 semidoadustor mtwaw@m’r%nee@ces such as processmg

RO S oy RS R0 e e Fevios
?i- Ig?rg afBhtealaeY direlit Whfeand RRIctiBR i tacicardmehsioasiregsire
the advancement of production processes and characterization
technologies related to the materials used to fabricate such devices.
25 For example, recent developments in the fabrication of
~ semiconductor devices may employ shallow implant and/or other ultra-
thin structures. In one particular example, gate oxide layers have
become very thin films, typically in the range of about 1 to 10
nanometers in thickness. Such thin films are difficult to characterize.
30  Such structures will require characterization techniques that have
improved sensitivity over conventional characterization techniques.
Further, such techniques may also require the characterization to

be performed with ample speed. For example, when such
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meadinteatestron spectromeliyt (KFS) Aslsodiwwraas electron spectroscopy
for chemical analysis (ESCA)), Auger electron spectrometry (AES), and
other electron beam methods.

25 Many of such techniques are sensitive to the near-surface region
of a material. Further, many of these techniques also permit a
measurement of material properties as a function of depth beneath the
surface through depth profiling. In typical depth profiling, for example,
continuous or periodic ion beam sputtering removes material from the

30 surface of a sample to expose progressively deeper material at one or
more various depths of the sample for further measurement and/or

analysis. Generally known sputter rates may be used to determine the
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25 optical techniques achieve precision of 0.4% RSD for thin (e.g., less
than 20 angstroms) un-nitrided oxide (e.g., SiOy) films and 1.5-10% RSD
for nitrided (e.g., SiION) oxide films.

TEM or STEM combined with electron energy loss spectroscopy
(EELS) measurements can also provide thickness and some

30  composition information. However, there are a number of issues that

make the TEM impractical for use in production monitoring. For

example, thickness measurement precision is typically greater than 2
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XPS, or ESCA, has been previously used to characterize thin
films (e.g., ultra thin films less than 5 nanometers) such as lubricant
coatings on computer hard disks with a measurement precision of 5%

30 RSD. Further, characterization of other types of films such as SiON via
XPS using standard practices has resulted in measurement precisions of

0.5% to 1.0%. For example, such standard practices involve the
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There is a distinct need to develop adequate characterization
30 methods and systems. The ability to characterize materials at such
levels is necessary to enable product development and also necessarily

precedes evolution of process control. For example, there is a need for
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Such change in nitrogen concentration may be due to either a change in

total nitrogen in the film or a change in the nitrogen depth distribution.
The present invention may employ novel data reduction that
25  includes, for example, a fitting process to compare measured peak
shapes for elemental and/or chemical species (e.g., Si peak shapes
previously measured for a particular process to be monitored) to
collected XPS data, e.g., using a non-linear least squares fitting
algorithm. Such fitting is performed without the necessary conventional
30  operator input. In such a manner, e.g., with elimination of frequent

operator input that conventionally made the results operator dependent
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representative of a concentration of the at least one component in at
25  least a portion of the substrate. Further, for example, the acquired
spectrum may include overlapping peak areas representative of a
concentration of the at least one component (e.g., silicon) in the
additional film and the at least one component (e.g., silicon) in at least a
portion of the substrate. In such a case, the comparison of the at least
30 one measured spectral peak shape and the spectral background to the
acquired spectrum may include fitting the acquired spectrum to the

measured spectral peak shape representative of a concentration of the
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200 st othe TR masas el spertiar Redic sHRRRACHBRITTA
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additional film with x-rays resulting in the escape of photoelectrons,

25  detecting the escaping photoelectrons, and generating a signal
representative of the detected photoelectrons. The surface spectral
measurements are based on the generated signal. An analyzer may be
provided that includes an input lens receptive of photoelectrons with the
input lens having a central axis extending therethrough. The input lens

30 is positioned such that the central axis of the input lens is at an analyzer
angle relative to a surface of a film, wherein the analyzer angle is in the

range of about 45 degrees to about 90 degrees, preferably, in the range



range of about 45 degrees to about 90 degrees,
preferably, in the range 8 WD 2004/061388
wEOHa3803/ 041372 of about 60 degrees to aboptT/882003/041372
degrees. Further, for exanple, irradiating the
additional filmwth x-rays may include i rradiating
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o oo ok S A0 PR IRP TP Ge ASfuFey sttty foF e
det gef@nminifg b icden axhickABSS HcRRBRdrAchbaddithieikddn. 30 A
met hod for use in characterizing a filmaccording to
t he pres&at further, for example, such novel data reduction may
alternatively include the use of the acquired spectrum itself and
associated analysis thereof to provide measurement of one or more
25  characteristics of a film, e.g., no basis spectra, whether model or
experimentally generated, is necessary. For example, the cumulative
integration and tangent analysis described herein may be used to
provide concentration information for use in determining thickness
measurements for the film.
30 A method for use in characterizing a film according to the present
invention includes providing an acquired spectrum for a film to be

characterized (e.g., a dielectric film such as a silicon oxynitride film



i nvention includes providing an acquired spectrum for

a filmto be characterized (e.g., a dielectric film
wawh/oessa silicon oxynitride film9 WO 2004/ 0BAB882003/041372
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silicon) in the film and the additional spectral peak shape representative

25  of a concentration of the at least one component (e.g., silicon) in at least
a portion of the substrate upon which the film is formed includes
providing overlapping peak areas representative thereof.

In another embodiment of the method, extracting component
concentration information from the acquired spectrum includes

30  cumulatively integrating the acquired spectrum and using at least
geometric properties of the integrated spectrum to extract the

component concentration information (e.qg., providing a plurality of
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30 cunul atively integrating the acquired spectrum and

using at least geonetric properties of the integrated
WGEp@as1388 t 0 extract the conponent concent r at POMUS2003/041372

information (e.g., providing a plurality of 10 WO
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in characterizing a filmis also described according

t o delerpiniag atvalus esnresentative ok s eompearenideiengiy i ey

SOUListrate portion underlying the film using the value representative of
the component intensity in the film and as a function of the total

25  component intensity determined based on the minimum and a maximum
of the integrated spectrum.

A system for use in characterizing a film is also described
according to the present invention. The system includes an x-ray source
operable to irradiate one or more films with x-rays resulting in the

30 escape of photoelectrons and an analyzer operable to detect escaping
photoelectrons, wherein the analyzer is operable to generate a signal

representative of the detected photoelectrons for use in providing an
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operable to irradiate one or nore filnms with x-rays
resulting in the 30 escape of photoel ectrons and an
w@ar@kpasss oper abl e to detect escapi ng phot oel BCT/USI083/041372
wherein the anal yzer is operable to generate a signal
representative of the detected photoel ectrons for use
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10C ONEEHp bR htTdneEntriforinfbdaiorPielceensfdenktion t he
filmand a concentration of the at | east one conponent
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150G RS AN BeAltGtioRiiGmidmmhner e her el n. Further, a
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rea € by a nmedia read
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f or MAISMABE ePP PRTIKIR BN fIIFIONA| RRoCPSSeT deeqRed iR and
Theal@B‘é@ééﬁWérf@ HelrSR, TGRS &lpfr@@rahﬁﬁio%@é‘hfgdié’,ggg%ble by a

-one or nore of the functional processes descr_l
abomedimcaal apparatusawitar eohtrobdiha compuidrotangihiynemigodying

2 ach PLIBHT FETRUTGhieg0 &y o it BIRSRERTP o aypCRreafirh olfiin
| NVRIRY i8Als ¥ SEHRAESThe pERJrasY is\iddope bl idt Miplehéntation
under standing of the invention, wll becone apparent

andofa@s ecmare @f Bie iusctenaliyoeessasedescribed above and also
elsewhere herein.

The above summary of the present invention is not intended to
25  describe each embodiment or every implementation of the present
invention. Advantages, together with a more complete understanding of
the invention, will become apparent and appreciated by referring to the
following detailed description and claims taken in conjunction with the
accompanying drawings.

30
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follow ng detail ed description and clains taken in

conjunction wth the acconpanying drawi ngs. 30 12 WO
wQo@4/060B8888 PCT/ US2003/ 041372 Brief Descri pt PONUS$003/041372

the Drawings Figure 1 is an illustrative diagram of an

anal ysis system according to the present invention.

Figure2is an exI dlra of 3 fllm

characterization 55 it 12 5LV ed out by

the il usiguaé g aﬁﬂﬁhétﬁeltﬁfe&ﬂ&@rﬁi’ﬁ §h@ﬁ\@naly@|s’:$)@tk§rﬂ akcording

Figure 3 i's an exenplary diagramof an alternate film

chatodbediesenti ioventiahod that may be carried out by the

illustra V. F

Fi gure aFldlfa 283 Etenus) GELER R « ' < hGetizatch

2 fidethod thait acd\ebeé zatricehouredyhibe ilitettative dridlysis ByétemEshown

of both the nmethods shown in Figures 2 and 3. Figure

5 i 8 FHoH®gr am showi ng the surface sensitivity of a

thin fil I \V: in

illustr aﬁg#g?@?ﬂg r%%ghrﬁgl nvé@%y af a?t IEH%’[S?E& s a

s chelmeracteriiatign amtbbd dimat ey betazatied eutahjnmb itfestraiife a

portion of t m n Figure 1. Figures 7A
andaﬁﬁyﬁ'ﬁéyﬁr‘?’ﬁépﬁ’ﬂ'o %‘1”391 ams for use ingdescri bi ng

j@nal yzer F@aﬂé 2 |§'§‘P|Oé$&éﬁ%|h§/ &8 PJrH SN LrhBEdiReRE 8Pk film

I nventi on. ure 8A n lustrative flow di agram

of o!nwaetm:zatm metbpd dhatds nlhjshradi/@ oéboth hefrmethods shown in

cha acterbzatdgn met hod for use in determ ning

_th| Tilmaccording to the present

' nventl ORj fgdfé %Lié%tsdlﬁgreﬁﬁ)sﬂbﬂ/md ih@sédrﬁideVSén%ﬁﬁmS/foﬁﬂa thin film

di agr anms use in “illustrating one exenpla

enbbdingdriadided pitbw-dysdobdse i Yysisating tf@d@@sanwgve@hon
he pres vient I Ei

1§25 Fi gurg@r%%'gn%eécg%gﬁ%c%@gséa%%oﬁgﬁ a ﬁéé#é}tg: ra nt of

c omagyrs@n of shown igefigu@ 1.y i n F| gure 8A.

Fi gure 10 is a_diagramfor use in illustrating. the

met hods FigBses VHedd ABmrg iljlusiraliye giagrams for use in describing

analyzer angle embodiments according to the present invention.

Figure 8A is an illustrative flow diagram of one embodiment of a
20  thin dielectric film characterization method for use in determining
thickness of a film according to the present invention.

Figures 8B-8D are illustrative spectral diagrams for use in
illustrating one exemplary embodiment for providing basis spectra
according to the present invention as generally shown in Figure 8A.

25 Figure 9 is one exemplary embodiment of a spectral comparison
process shown generally in Figure 8A.

Figure 10 is a diagram for use in illustrating the methods
described in Figures 8A and 9.

Figure 11 is an illustrative flow diagram of another alternate

30 embodiment of a thin dielectric film characterization method for use in

determining thickness of a film according to the present invention.
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Figure 11 is an illustrative flow di agram of anot her

alternate 30 enbodinment of a thin dielectric film
w@banactes i zati on nmethod for use in determ ni PQI/US2003/041372

thi ckness of a filmaccording to the present

invention. 13 WD 2004/ 061388 PCT/ US2003/ 041372 Figure

12 is o exenpl ary enbodj nent ,of,.a portion. of t

et hod TR Geisdiin SYPTRIaRy gtkediieRzols Py idfie

di %m%f%bm@eﬁé}ay |rPI$fE_[|?éW9 the nethods described
in Figures 11 and 1Z. 5 Figure 14 is an illustrative

f1 ow di dugure b3 isondiagnwodphuse inpllugtratighhennetiadsn

det gr ni. i 0R. pr.oc iyng filmthickness such as
det@ﬁﬂ'ﬁ%&i'%@@l@%ﬁ%&#ﬂ%l y shown in Figures 8A and
511. Fi gwigurk514 & @nillubirasig fow \dagtaagoond embesiiment of a
descri bing the process shown generalh% in Figure 14,

10 coscaniraiiprpdetermination RIpceseUsRe Sl jRisKaeshavNgsAg
sy . : : r i nvention
b eFeRad eE Rt BECH AT FRurEBRAERETE | e
Such syHigume Bhit amiiubtrdiverdiangbemideredse in desdriireg the
conplex materials in deyel opment 15 processes, assi st
t o RTEEPRS $'§P"§%98f‘?@:‘}|¥ Iip };:l'g%g&éessi ng probl ens,

1ol dentify contam nation sources, inprove yields in the
fabrication of devices, assist in nonitoring
processi ng and DatailgdDesciiptiprdefthedsmbaditheéids used i n

failure anglysis technique Further., th tens .and ...
ot hods ARBYSBevaieaie AR T edaraRe NG & G Ter R Ve tion
fildrming @éddbetionivmrdiersncend Iglireal1-26. @iehi satdragsand
such as sem conduct or devi ces, magnetic storage nedi a,

di S"peﬁl)ﬁdsefnaymlbeagsp,d talﬂrtgdmei camplgx enalgrials inslaysianseent
CorfiPherSr. BRe b LylfandB pfbesZb R ChlRNS ey

herg@jrmamit=gibarstiryed ivptsie yiekisde sie fitirication ®f devices,
non-i nvasi ve, analysis systens 25 and methods th

| . a
gerRgsigiy matdioning Rraeessing apd in@ﬂtﬁacwﬂn%’@éﬂcﬁ&eémiiae used

ne S ) skl [ '
Than STy frchniGiss? BEfHISE) inpl JRdink o mitiBe may
by ke psed ircieacharacieeizatiatedf thidfiloys eelatieg toovarious industrial

20,’2,r ? q?ﬁ?quizlatrilgrp{?s{g]ghta{sosngrhic%nguétotr gle%cggsr%ag;\eﬁc ts{grgge media,

display technology, automotive materials, aerospace materials, polymer

products, and/or biomaterials.
Generally, the analysis systems and methods described herein
preferably provide non-destructive, e.g., non-invasive, analysis systems
25 and methods that generally include the collection of surface spectral
measurements (e.g., XPS spectra) from a thin film. Thereafter, a
characteristic of the thin film formed by a particular process defined by a
set of processing conditions, e.g., thickness of a thin nitrided silicon
oxide film, nitrogen concentration in the thin nitrided silicon oxide film,
30 etc., can be determined based on the surface spectral measurements
with use of effective data processing methods as further described

herein.
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oxide film nitrogen concentration in the thin
nitrided silicon oxide film 30 etc., can be
waledognmizsed based on the surface spectral neasPCEIBINE041372
with use of effective data processing nethods as
further described herein. 14 V\D 2004/ 061388
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et s S MU oGt Ate0eR Toftcht B aSIRg pgHiAfe
i nsfilnuteewitbinotO. BﬂEeRSQTemelpm tHeuptdsent inmethtiom efaaném:e

to a s n f|| ich as sed 5

2} o Fedioied WaastorPoln AR R oS hards, wify B0
ni t fP@RNo-tcdl mateRInY, s@cwmécﬁi&w mRfHtaintBevisBE LNt
invention performs Surface spectral neasurenents to

pr ollegsuraraeigiszie takproan @ siagle winigilarinsttimenmn or whether
they are performed on different instruments of the same type.
Further, with reference to a silicon oxynitride film (which as used

25 herein represents any film formed of silicon, oxygen, and nitrogen), at
least in one embodiment, the present invention performs surface
spectral measurements to provide the Si2p region (i.e., Si%Si*) of the
XPS spectra following the growth of a silicon oxynitride gate dielectric
film on a silicon substrate using a low energy x-ray source and a high

30 analyzer angle, as shall be described further below. Using the methods
according to the present invention, the thickness of the silicon oxynitride

gate film can be calculated using the Si2p spectrum and the automated
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XPS spectra following the growh of a silicon
oxynitride gate dielectric filmon a silicon
wGeIgsEsse usi ng a | ow energy Xx-ray source andPer/bszn3/041372
30 analyzer angle, as shall be described further
bel ow. Using the nmethods accordi ng to t he present

i nvention ghl ckness of {?qﬁ n 0X ,[n P tri dt
gatf@eﬁwrﬁm%[ﬂ SpUWaLe agPArng ﬁgof?ﬁ%" %%?\f%?ﬁe 0
anchd s HeOiTRY 1hibknd8s YW EWSMBRLATR HH pr&oRdIoR/ FhiiBér

measur enent software according to the {)resent
i nvtéﬁtqomeat;awbpbantrpgenw@theaslhc@rh@xvm ridet fHincearelbe

Cor b AR yathg hd b ME AR N Ebeifa ahfhe aptgmated
5f i rﬂi\e@é@reh@entea@lﬁmﬂr@,t furhicndebbidbezl Reraimdvinich iogele 1N
spectra and the automated 5 neasurenent. software,

as w QRepURGR KPedParep@rations wihi ok precisignpdp aggition,
Surifof‘éﬁa% % qi‘ﬂﬁ%rﬁf@hﬁw ?rﬁéypﬂé dWtdrhi Hécg By Péﬁ&gﬁigqﬂe In

add or exanple I'munitormt
dettdicknees! abyl/meimsatme@smbmemm atkmﬂispie imxm/tlons dosewafer on

sur at mul ti Ioctlons on a wafer on
\/\hl‘é‘,’h'cle“ng 'ICPEC%(VB%V??F pqsﬁ] fs deposited. 10 The
1gPr esent Tﬁ%lg)%ée?ﬁ irfl@ntish %vfaft@mr%m abhbRdiReh sthangrl d

practices r 1nstrument conditions and data reduction
met pradticed-tor m&tm@rhtegortdlte)mc‘kdef@t neduation medidiods. elFor
preferably co cted ace rdln

PIVRTBE e kP Eraracha ietelAnEoBE T oeerding to
el eyrerirabesansention with me trﬁﬁuﬁa@nﬂ RSAdRbNS w.med for
resol ution and surface 15 sensitivity, e.g

ana¢lpmantalragneitivity ed the expensecefenasay re&‘rollutm ang surface
Bac ct isting data reduction
%%itw&p?}a/ Ii@ﬁﬂ%é)% fsé for spectral background
SUbt ract F@nh@ﬂdsmknf)@d in th@ Bhcigroandiseetidim Retedmtexisting
operator input, nmaking the results operator-dependent

andd@tagedpel g@thqdﬁee@p@eﬁqﬂwaf@éﬂ@lﬁaﬁr SPrGied packground
exa&?cﬁ?a&tllaﬁtanﬁop ntot'il gtﬂﬁéteregyﬁ'? fRRGEAT 8) r’a'im”ﬁ%uﬂ: Raking

one e resen I'nventr on,
t hethemesah:d: oppmmw-dépemlmk gnddesis psacum hEinea presseint mventlon

det er m ne spectr al kground . fi
e mehods thahde TR Gefits St Sheattrdars Rareemmle, in

Comﬁ@%mb%o%ehh@f the rgpeéémw&hrw\ ﬂ#@&&fﬁé&rs flab'si ng,

for exanpl e, [Tnear |least squares fitti n?(

al gbacckgmuncﬂ 13 maﬂ‘reraamwéietempeedta@ the rspactralsbac ground

el R mRRGude ofd Ao eBlotRh, 58 FRHRTRERed B data
components of the thin film being characterized using, for example, a
25 non-linear least squares fitting algorithm. In such a manner, operator
input is eliminated and the fitting algorithm enhances the data quality
yielding a precision of less than 0.2% RSD for film thickness and 0.5%
RSD for concentration dose (e.g., nitrogen dose in a silicon oxynitride
film).
30 In another embodiment of the present invention, the acquired

spectrum for the film to be characterized is used by itself, without a
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yielding a precision of less than 0.2% RSD for film

t hi ckness and 0.5% RSD for concentration dose (e.qg.,
womRarogesss dose in a silicon oxynitride film.P3DUKIW03/041372

anot her enbodi nent of the present invention, the

acquired spectrumfor the filmto be characterized is

e tiRY st Blin s3bHeg sl bRt &9 phiomess
destliaectonzingmei fivm. (€. 9., thickness) characterizing
the film_The present invention exploits the fact that

film thi ERASERSHH iNRtiopExplnisdhaifast thaiilimpihickngssgan be
' ¢ ; ' f '
or o SeSie P Hlh R BREHS P IERL3(A8 RutaBs s Bl Pane
Eexpbibedive data piroddesiriguaiethdus. thumther, gbsemafion of Igmjwt h
w | .characterizing a sillcon
oy PRI RO ?fie e Teridnat 1or acaven t"ﬁa gEawirorivegseiar PXAmPle,
cor yabAlharattblizing e difiad ogrﬁ%ﬂas ﬂlrﬁ?f?feoélirtf‘a{g:%g?iﬁﬁpéﬂg

al)
film growmh. Such XPS surt'ace neasurenen
cone@andation cosieldies withrthe doiah Naddseninsepmratedaghating film

RS kRS A0 Eh Sl S B 7SR ST LA Be
16 1 | FRdarif a e Yeddhda aePcdriverido tdsba@ordag ¥ eEeplesent
vol unme extends through the filmand into the silicon

vaf Bventionwlhisds posaiblerbeeausieifetsiliconeoxypitide gate films are

. o, . ni . hi
or il it HPRES 1R BBl RN Yoo eibds Hreyan
sucie filin aiscdhirfio the bilic@s Retdr Belowithé Gin. ®exdiding @@the
films, a single, _non-destructive XPS measurenent can

pr oRiegeNh VRN, Aitregek ese cande MeasUigEWidbbigh Megision
a |\l ' s than 0.2% RSD for
IS;TFI ?nﬁbﬁggghes)ﬂi§§kﬁé?§g(séatsﬁug%m%ﬁ % RSD for nitrogen
dose) caAslsecRPatdthsl withl respetct faisiliban oxyrigidediisist a\sifgle,

f the present | ention to small C.

0 | anges .jn. .
O e R ek BB Reas debtar GanRspyidada fsh thigknasseand
1 : | h i ; i i
2 m808h dosel  ioh MRea TRl BRIciSon i ldsyihabios® RSD
f i | for filmabickigess asdigsisdhan OfE6R3R fpositoigenatbsa) can be

i nstrunen

anal ysi s ,phan of ,,an_anal ysi 5 . 4: the
T TRBRAUN RS Rt v SR 0 408 mrde MR g et
t o EHehqiRaih)ibsedsisd Eon@iibnid SifetiveRatifsverppar at us
13 operabl e under ) _ )
Figure 1 generally shows one embodiment of an illustrative
analysis system 1 operable for use in characterizing a film 2 having a
sample surface 12 positioned at an analysis plane 3 of an analysis
25  instrument 4; the film 2 having been formed on a substrate 19. Coupled
to the analysis instrument 4 is a computer apparatus 13 operable under
control of one or more programs 15 to carry out one or more various
characterization processes, e.g., film characterization method 100 as
shown in Figure 2, thin dielectric film characterization method 200 as
30 shown in Figure 8A used to calculate thickness, as well as, for example,

other methods such as those illustrated in Figures 3-4, 9, 11-12, and 14.
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control of one or nore prograns 15 to carry out one or
nore various characterization processes, e.g., film

w@banactes i zati on nmet hod 100 as shown i n Fi gup€r/R$2003/041372
thin dielectric filmcharacterizati on nethod 200 as 30
shown in Figure 8A used to cal cul ate thi ckness as

Pl Lst s ad 8 2By ng i syEE 923maY b Biinéd B8 8qy,0ne or
2OOM&Qb@&%&@ﬁ@ﬁﬁ@%%é&@on@hﬁﬁddﬂﬁb@ Hergines M or

filmsurface 12 may be forned of any one or nore

conﬁlﬂf@rﬁl%mermeamﬂph?mw@hémmﬁB% ef pxampleestrh as

g)r: Z ﬁ% Eﬁts“i%ﬁggnﬂ%g%% %tgrﬁ)éntg %%@/@%&1 ﬁgfnsgosﬁmé:soé%pgosmg

shemactahalsmsedes seatigmrsiuttor fabrmdtmh ahsgnetiedstorage med|a or
sem cor&?ﬂé or fabricatio

netic s age nedi a,
anyaBV gtheevaligs 88@&?&%26’@@969%‘5 &E%@u H:eeﬂ%mds
d f
o ongRe Pne CPLGR SFBpRiod A el EBMtn B fim ma
f or instudsf Ia&m;&g@mmesh dficxygen csilidmom cafhamg flundne ssilicaodioxide,
di oxi,de trogen, etc. 10 Preferably, the present
i nvOHf g(‘f'ﬁ‘ ? ‘useful in the characterization of thin

1611 ns, pﬂréﬂe%l?rt'h)é ﬁrBééhtqhﬁérﬂHmeJs%ful'nﬁ‘% é‘iﬁér‘&@tenzatlon
films. As used "herein, athinfilmrefers to a film

or Pathan filvas;i pagtieulady thin @Iwe@flcloesmulaimg filosouds meed
ponBPriR iy G KEfexs IR s W qr A 2 AeRPdhs Gdes than

nanapBlETG naﬁdrﬂeﬁer’saﬂd\ﬁé&}eﬁrih\é dresbenialesticd nfa9be beneficial
analyzing filps having a thi ckness of |ess than 4

nan m@lwa@eruzm files ag Hhiclhae deAnanemaieisoind is particularly
par péﬁ%aéi for aﬂé{@%@%ﬁ@%d\m&% ?ﬁ%ﬁﬁéﬁ}bﬁgg% gﬂrnoﬁ

certain oxl or ex ayers
nay nanometerssi | i con oxi de Iayers silicon oxynltride
films, nitrided oxide 2Q |ayers, etc. For exanple

such oxi &M i‘ﬁ?éF‘% PRSPl én 'RBdS Rartoariy wwtam%g

thi thmalngﬁ%ftc@ﬂalr?&@&é da'l;%ré‘a F@R&r‘h le %ﬂggg‘é&{énlayers

| ess than 4 nanoneters, e oxXI
t henfeabnclwiasﬂlcoorfoxmeeIawos;cbﬂuimromﬁndeshlmsamtrhmd oxide

e 95 Bl 0eh G5 il A lFme

25 nao.ﬁg&ﬁicﬂgegééé 1688 th4FEABG Yt TENASSPeteds, oan&é&ém&a than
the preSent invention Is described in preferred
4 nanometers, and used for gate oxides in the fabrication of
semiconductor devices such as field effect transistors (FET). Such
transistors are used in various integrated circuit devices including
25  processing devices, memory devices, etc.

Although the present invention is described in preferred
embodiments herein with respect to the characterization of, for example,
silicon oxide and silicon oxynitride films, the present invention may also
be useful for characterizing other thin dielectric films, such as those with

30  dopants other than nitrogen. For example, the present invention may be
useful in characterizing thin dielectric films such as transition metal

oxides and tantalum nitride. In other words, one skilled in the art will
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enbodi nents herein with respect to the

characterization of, for exanple, silicon oxide and
wa@Rlhoenssoxynitride fil ms, the present inventiBPOT/IE3003/041372

al so be useful for characterizing other thin

dielectric filnms, such as those with 30 dopants ot her

th it F th i i .
o 1oeRutits it thes Bresar Eefitigh il FREPLLS AT BRI Hin
SUGiimasudH 88 silitbR dxyEitRle, boX hiiBsh@Bfetiv R ¢Ruridiérizieg
In other words, one skilled in the art will 18 WD

20@AheahEednecTy Wwell003/ 041372 recogni ze that the
Phin 1 AR ts et S e PN BE gt

sef fopataoterized using s besdetit hventibhe Haviéverf inl many'tsmstances
wel | Further, in various en‘g EI ments herein, silij ﬁ
oxyhsteringfims(is. charegsrear ey ofistinen pKidle s aser@nd then

| ”‘f&t‘é& hﬂﬁdec‘]"ﬁy‘f‘o\f’ﬁ{ a sliBoAHX ra%tﬂ?e% ﬁlﬂ? e’1"he OXI@ﬁMé?ﬁlon may

precursor fi |co e 1's used
andd daﬁfﬁctlvleab eneamure itloke @recmréamsﬂlcmrsoxlde ditm dixighiness akewell

fil T t t ffect .t
e ARG iR O SHGBR coyP R SEisRiBRRARdEY as
10""E|Begle"ﬁ§|ai Wpﬂo%@f cSﬁfPWblﬁd:é HO A sHRbhd§Ritfidd Wim Thi s

e particularly to beneficial in procéss control
Si rtbekness fsi peatially dependant pnitheipdecdrsphsilieen diexidssfilms
parth{ ﬁ dependent on the precursor silicon dioxide
fil Tkness. As one skilled in the art will

recogni Z@s Bh@r&mea ﬂmanmwn fscopaeiron the deslcﬁptmyabove
take one of many different forns. For exanpl e,

f i |the1$nrra@y takezonespbmany diferephfosmsu d@xrreaqe@nie tﬁle film

ion. for a

R P S e o« S SRaF b ool Roim Sy
t haéubwatéi dzenell bt ahy @hddilngorcstaciact yerstbraedwfd ng
to the present i nvention. In other words, the term

f i | matesial had wasld banetitrfeers heing shanrcierzedacsordinghte the
ai}gpreégnﬂﬁge&;omulln ?;[HEFWIO?QISE e t&mPiilm s %ltség ‘f'h Pbin%Bfers to

urt ermsubstrate as used herein is
r epsath ensinglevidtmodr filal fioosed afynutipledayerpda.ga stack of
rraterlag may be formed or in which material may be
20f or/A¥A'S)-and the present invention is not to be taken

as lim Ifl‘ft%érotl?é‘ﬁérﬁlaédﬂs@r‘ék@és WREEHePINGS r&redehiatife of
listed herein. However, the 25 present invention does
havaimest ahy ohbject ageamhige satariatmanbedormedgr in which
material may be formed, and the present invention is not to be taken as
limited to any particular material or structure listed herein. However, the
25  present invention does have particular advantages in characterizing
certain thin films, e.g., gate dielectric layers such as gate oxide layers,
formed on a silicon substrate.
As used herein, characterization refers to the determination of
one or more characteristics of the film being analyzed. For example,
30 characterization may refer to the determination of concentration of
components in a film, the distribution of such components, or the

determination of one or more other physical or chemical characteristics
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certain thin filnms, e.g., gate dielectric layers such

as gate oxide layers, forned on a silicon substrate.
wasomedsher ei n, characterization refers to theCT/US2003/041372

determination of one or nore characteristics of the

filmbeing anal yzed. For exanple, 30 characterization

Terh e £ MRipkRhsS BobtCReRls, ARG i RRofical

Cormansdditon R thehegiohe! etori Tid prisept m@au@m igpaticalalfigr
physi cal or chem cal characteristics 9 WO

200prehicg i tb@frdetbsmmgﬂgapéhckmﬁsaw PWQﬁnt@t'Qn of
th'c%?ﬁ‘&?’? ntg?é‘g' ré@erﬁ[eﬂ{ €Snd/6t ?ﬁ@rﬁf]c%ll sgé‘&eg rfhﬁaﬁlmtsl. on

conmposi tion i"h“’he regions, I'nven
5i s partiRugferably, cbmw&emmdaramst‘r&m&mmsm oanpatingbystem

ol GTRATBBIOARGPSPSH SRR CplsEPiaica vt FnseclgiZation o
Pr 3fahlobra G T proRRRR oS ARELUFSS Bofpmu! | ng

system operable to execute software to provide for
t heapeaatust &3 matbe)wnpjémehtedmsmch@ﬁWamg 16pekdeutable using

t t t 1
iy g e S e
102 Pﬁr‘éﬁ?%%s&frteﬁ'rﬁ’Flﬂ{c@inéhty%aﬁiPeéRﬁﬁro%dezé@sﬁﬁﬁﬁiwafe may
al so be used rovide certain functionality

r ecpha'reqteﬂzsatmroof @é uﬁ‘@eeuqlm the tesmageopeter 2pphtaiusfl 3as

e Ban e Payhes T 4 ERtlafted AR I Bgfngo,

adCbrbb@Qsdr‘hpp@rr@l@J@ hb@p@faé@cuﬁng@aﬁbhgs@ftwa@mutm@g
vari ous software routines. he COITput er appar atus 13

may be, Fhe cgmtﬁreapp@m@tusuwe@awe fo exsnple. aayfixedpr
155Y $h8Bje %o&put@r s&%fe?ﬂné‘gl Caoggngébﬁgre ca&rﬁ@ﬁ%rr é\%// oﬁgfyther

special i Zedrconmpdting U & funce

parépedalaeda@nmutmgnmnepmwdeﬁoba@a famctionzi panraﬁtor asent
used accord| ng to the present cgntl o The exact

corﬁq@ﬁ'ﬁ?nb"ﬁ’ H aﬂﬁ@“@dﬂﬂﬂt"@?”%%‘? acrding to thaipresgyt
andinvgﬁﬁorf’m’ghg%%é d'?ﬁ‘l@ﬁpét% c}f tRE QBN r%téﬁ\%%ot limiting

conputi ng ires and/or control capabilities
nayamdammedn;ademcel magpable ohgroviglieg eultablewempuiung

2 oAt ot bEhabifEY RS e BoSd afSording to the

et CpresBhEINGERIGHTPFaftesr, vbﬂob§ pblﬁﬁﬁet*a'l‘ dém@s r@}dh% Wi th
a processor in the conputer apparatus .

ex mﬂeutea dispimuteemodse,p kgylegargy amr@terrrasc wem@emalated
Pr Ito be’lsed in combination with a processor in the computer apparatus
13. For example, a computer display or printer may be used to print or
25  display various types of information, e.g., peak shapes and areas
showing concentration of components (e.g., elements and/or chemical
species) of the film, distributions of components of a film across a wafer
on which it is formed, spectra of the components, etc.
The analysis instrument 4 of the analysis system 1 may be any
30 instrument that provides spectral data that can be analyzed using the
data processing techniques described herein. Preferably, according to

the present invention, the analysis instrument 4 of the analysis system 1
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25 display various types of information, e.g., peak
shapes and areas show ng concentration of conponents

W@ e00d/061368 enent s and/ or chem cal species) of peEUS2083941372
di stributions of conponents of a filmacross a wafer
on which it is fornmed, spectra of the conponents, etc.

pe. ROSEHTeol BRHIRE Y nde Bie o BR3¢ i 2ol Y o

canréwltﬁrgge:hytné @sUape of bh@toe@it@rﬂ@ﬁﬂﬁﬁ%ﬁl Ahly S RBluaEes
descri bed herein. Preferably, according to the

pr elshiding agrariiomof thedilamd ppdiassybsdtate periontherehatew. As
anayahs i ERLRE S, tfx YRR BEBRLARE.SEHUROAM ditade 12,
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t heﬂ@ﬁ’@r‘\(ﬂﬂ% oﬁ%he%ﬁuewﬁ%éeéﬂ?ﬁpetfﬂrﬁ HB%%ér éﬁ‘%ﬁ odlectrons can

penetrate deep Into m surface citing
photraed¢lantly arsho@ distaase deforertbeairtenerdy isrmadifind dmlesio
from at

ik t fot t
T aClie it i aRng ORBSTeiSsshiRS HEA dfabe at
1d hi Wlﬁél gy chbArdutd 8 Yehk iR BapeetBRt ﬂ%fo@@lﬁ‘e

tra y a short distance before their energy
nodanalygisdidhe &ln nD&p@BdIWWhmethh@ the @mstltuents

encl R B ERS e eT0F Bl ol el o
analriesigtedibytbeayis 6 18 inBAE eatge Bf Qboﬁlthﬂ) éﬁ%@ﬂﬁn@i e hbogf 50
the constituents  of the sanple vol une e average

dep8RIYForaa sepsndingdpon f@@rseé@@e matesal. allael Phtoglecitpn
152 nbé?fralg;rmgﬁeerg%%gflr%uc?éjg w%ﬂegﬂgﬁéélﬁa h'éc}aﬁagfﬁf] leJBQO 10

upon the s eria
phoeVeUeu:illycnbom e k@ bes/, e highley klrmnb Lmer@/ beaks or lines

ner eak in_ t range up to 10 usual |y
aboa%%ws@s Of e&meﬁﬁgén‘%@ HE?”‘I’&% éP?%'eé g IT @@éﬁé@d

or bha §|s \;;J]ﬂ{.@cterl stic of elenental and/or chem cal
speci e e Irradiated analysis volune. An

anal yzer A?i arfalyzes 7e0fdhg sinalysissysterh 1 & oxpmablel e dadect

d 2 h el f

f mebhpioRlestans Srean g rorrde, e im, 2 ang Eieyvng
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The analyzer 7 is used to detect photoelectrons for generation of a
25  signal representative thereof to be used for the characterization of the
film 2. Signals from the analyzer corresponding to intensity of detected
photoelectrons are provided to the computer apparatus which operates
on the signals to provide photoelectron energy information and thereby
surface spectra measurements of components that are present in the
30 analyzed volume, e.g., the film irradiated and a portion of the underlying

substrate.
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The anal yzer 7 is used to detect photoel ectrons for
generation of a 25 signal representative thereof to be
was@d/o6s8s t he characterization of the film 2. PpSi/gaan3y041372

fromthe anal yzer corresponding to intensity of
detected photoelectrons are provided to the conputer
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surface nmeasurenent data is undesirable according to

t hethsr eharpeterigation pbfilms. Such slow capture of surface

measurement data is undesirable according to the present invention
where speed is of particular importance, particularly when detecting
25  process excursions on a manufacturing line.

To improve the characterization of such thin films, analysis
system 1 (e.g., an XPS or ESCA system) is configured with one or more
particular features and/or is operated under one or more particular
parameters so as to eliminate problems associated with the conventional

30 methods. Such configurations and/or parameters are described further
below with reference to one or more embodiments shown in the

illustrative figures. One skilled in the art will recognize that one or more
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where speed is of particular inportance, particularly
when detecting 25 process excursions on a

worowfesstiri ng | ine. To inprove the charact eri per/Usw08641372
such thin filnms, analysis system1l (e.g., an XPS or
ESCA system) is configured with one or nore
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characteri zation accor resen
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genera ure 1. Figure 6 previously
desnssu@rdaa4|Mayu1894Pm®antlmm “&amingtasd tHigh. Hesohution X-ray
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one illustrative enbodi nent of an x-ray source and an

anaffalyzenthat maypberesed aacereing igithg presemdnysndisarand is not
' VR 88n§ﬂijed 8s ﬂl‘?ﬁting the present invention to any particular

components shown therein.

25 The instrument 71 of Figure 6 includes an electron gun 16 having
an appropriate electron lens system 18 for focusing the electron beam
20 onto the surface 22 of a target anode 24. The electron gun 16 may
be a conventional type, modified to optimize for higher power and larger
beam size. The gun beam 20 is focused to a selected spot on the

30 anode surface 22. The spot is preferably as small as practical, e.g.,
down to about 4 microns. The focusing of the beam 20 onto the spot of

the anode surface results in the generation of x-rays 27 from the anode
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to be construed as limting the present invention to
any particular conponents shown therein. 25 The

wo paoensesit 71 of Figure 6 includes an el ectr oPCTUR20065041372
having an appropriate electron | ens system 18 for
focusing the el ectron beam 20 onto the surface 22 of

at et, anod 4. .The .el ectrpn 1 b
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wi dipand oPx-sfys abpredeteroined geergyndoeriesprafersed aadodiment,
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nebise e koo et SR oSy
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addi t i onBeflegigmdplates 29 kelectively direct acains theceleatron beam 20

measur epent.s.. Defl ecti.o | ates 28 sel ecti,vel.y, direct
Ay P PREIGHER PR 184218 §PobEn e Anefie 24 Buth b1 GRred

16 b &f'eh ana oPQuéﬁ‘§pé@®€th@ar¥%é¢§hﬁa§:§@é.e%ﬂﬂge§ﬂbm a

of an array ot such spots on the anode surface 22.

Vol deftgationr@atescontrol 30, controlled by a processor 76 via line 80, are
applied to the deflector plates, which are arranged in both x and y axes,
to establish the amount of deflection of the beam, and thereby the

25 selected position of the spot. The spot may be held stationary.
Alternatively, the control 30 may provide rastering of the focused
electron beam 20 across the flat surface of the anode, e.g., over the
array of anode spots across the anode surface, and the x-rays 27 are
emitted sequentially from successive anode spots. For example, raster

30 speed may be 100 Hz in the dispersive direction and 10 kHz in the non-

dispersive direction.
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defl ection plate control 30, controlled by a processor

76 via line 80, are applied to the deflector plates,
wokiogloeesse arranged in both x and y axes, to BCSI/abioozbtu1372

t he anbunt of deflection of the beam and thereby the

25 sel ected position of the spot. The spot may be held
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t un@gtﬁé@%c@g F@‘%éc@ﬁ’gﬂ case, the reflector is

curved tA sUdabl&e artmtgelmérntrdciomponamﬁ)rdhe anglysis instrument

men. sui,t abl e arran onents for the

P B iseh S R SR ERR el G TRC TR TS e,
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the anode surface 22, the crystal 34, and the film

sursuhstantialiyran the circle, for example, as taught in U.S. Patent No.
3,772,522, to Hammond et al., issued 13 November 1973 and entitled
“Crystal Monochromator and Method of Fabricating a Diffraction Crystal

25 Employed Therein.”

The x-rays 36 cause photoelectrons 52 to be emitted from the
selected active pixel area of an analysis volume, e.g., the film 2 and
portion of underlying substrate. The electron energies generally include
a low energy peak in the range of up to 10 eV, usually about 2 to 5 eV,

30  plus higher kinetic energy peaks or lines characteristic of chemical
species (e.g., chemical elements and/or their electron bondings) in the

selected pixel area. In the case of rastering, the characteristic
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substantially on the circle, for exanple, as taught in

U S. Patent No. 3,772,522, to Hammond et al., issued
wddoyssber 1973 and entitled "Crystal MonocPCDIE1008/041372

and Method of Fabricating a Diffraction Crystal 25

Enpl oyed Therein." The x-rays 36 cause photoel ectrons
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cont r ol n electrical .signal %curren
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sel ected energ hot oel ect rons defl ect e
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Ia§Ct ed. 20 One usef ul Soe of electrostatic ener%rlable

%t@fnheg 1974\ andhantitles) “Scanning Auger Microprobe with
Axial Aperture.” In a preferable alternative, as shown in Figure 6, the

analyzer 54 is a hemispherical type as described in U.S. Patent No.

25 3,766,381, to Watson, issued 16 October 1973 and entitled “Apparatus
and Method of Charge-Particle Spectroscopy for Chemical Analysis of a
Sample.” The analyzer also includes a lens system 56 such as an
electrostatic lens for the input to the analyzer. The lens system 56 has a
central axis 57 therethrough along which system 56 lies. The lens

30 system 56 may combine objective and retarding functions to collect
photoelectrons emitted from the effective pixel area and direct them into

the analyzer in the desired kinetic energy range.

26



type described in U S. Patent No. 4,048,498, to

Cerlach et al., issued 13 Septenber 1977 and entitled
wO Swasnaidsg)y Auger M croprobe with Variable Axi BET/US2003/041372
Aperture.” In a preferable alternative, as shown in

Figure 6, the analyzer 54 is a hem spherical type as
describ

in, U.S. . Patent .. 25.3.76 81, to t sqn
Ceeued 1o BesEstaR s sitent 56 ad B ARk cohfe T fens,
Vet fopdxainpld)ar BEH Bahhifedus 1998 tdriavaryld fonfhRyeical
Anal ysis of a Sanple." The analyzer also includes a
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phot oel ectrons so that a substanti al portion of the

el eMopeaRronaiinElestros Microsgepgand enter into the
I o . .
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function s a n® éns, ant a%aous a type
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N c el 2000 B g e 2 e H R EihRica
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o, 95, Rl e, P RE SRS B £ Bl
i n §h@cBlide agdIRANHATRES B9 b 1he HephibpNb IOt Bredivhe
avai | abl e from Physical Electronics Inc.
analyzer, electrons of selected energy travel in a narrow range of
trajectories 68 so as to exit the analyzer into the detector 70. The latter
may be a conventional multichannel detector, for example, having 16
25 channels for detecting a small range of electron energies passed by the
analyzer in slightly different trajectories. A further lens (not shown) may
be placed between the analyzer and the detector, if desired or required
for certain types of detectors.
Signals from the detector 70 corresponding to intensity of
30  photoelectron input are carried on a line or lines 72 (via an appropriate
amplifier, not shown) to an analyzing portion 74 of the processing unit 76

which combines control electronics and computer processing. The
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20 Returning to Figure 6, with a selected voltage from

a voltage source 62 applied via lines 69 across the
wheospises es 64, 66 of the analyzer, el ectronBCDS2003/041372

sel ected energy travel in a narrow range of

trajectories 68 so as to exit the analyzer into the
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28, 30, via line 80 fromthe processor to the

condessiribed id).Sa PaisipiNg 813.A83conponents in the

155 s ay eACCPRERBIE o Ry e, eBo B Bt DPsestin

corhesghendctegzaiort bethirefived, elde pinsdysterasd Raadsitthedddt an
t he rastered array of pixel areas on the film surface.
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i nvention, Lgnd advant ageously used in the

24 hafRRYERT 4t ion of thin filns, the |ens system56 is

Po3) s R SPGB RSN AL
ext Eiguse dPoihp lenssysiann 56x$ positionhed at anpvalyesr egigicod that is
in the range of about 45 degrees to 90 degrees relative to the analysis
plane of the instrument, corresponding to the sample surface being
25 analyzed. The analyzer angle 0 is represented by the angle between
the plane of the sample surface 12 and the central axis 57 along which
the lens system 56 lies. More preferably, the lens system 56 is
positioned at an analyzer angle in the range of 60 degrees to 90
degrees; and even more preferably, the analyzer angle is about 75
30 degrees.
With the lens system 56 of the analyzer 54 positioned in such a

manner, detection of a greater number of escaping photoelectrons from
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receiving end 59 to an end coupled to hem spheri cal

portions of the 20 analyzer 54. Preferably, according
WO e004loe13g8 esent invention as illustrated in FPQUUS2083041372

the lens system56 is positioned at an anal yzer angle

O that is in the range of about 45 degrees to 90
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With the lens system 56 positioned at a high analyzer angle (e.g.,
about 45 degrees to about 90 degrees), photoelectrons having
25 corresponding photoelectron take-off angles relative to the film surface
can be received by the lens system 56. For example, with the lens
system positioned at 75 degrees, photoelectrons having a photoelectron
take-off angle that falls in a cone of +/- 20 degrees that is centered at 75
degrees can be detected using the ]analyzer. Likewise, if the analyzer is
30 positioned at 60 degrees, photoelectrons escaping from the sample 2 at
a photoelectron take-off angle that falls in a cone of +/- 20 degrees that

is centered at 60 degrees will be captured by the analyzer 54.
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effectively characterized wwth the | ens system 56

positi oned near the opposite edge of the film2. Wth
wa@2dmgbizahal yzer angl e, any position on 20 a | BETES2003/041372

sanpl e, such as semn conductor wafers and hard di sk

medi a, can be analyzed as the sanple itself does not
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sur : I ted as descri bed herein,

e. g&, %ti ?g?fﬁgﬁgﬁrﬁa{ﬁg{:é%s system 1 as shown in
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100 h in _Fi b f d t
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Th eFféféﬂabkEp@élaéw@" deirmmdetdeeindialg @:,ngr #hé Erocess as
i ncl udes t'he provision of neasured spectral peak
shag@esaibedovighe kefetencertorFiggiesi GB8R) @and are representative of at

least one component of a particular type of film, where the film was
formed by a particular process defined by a predefined set of processing
25  conditions. For example, the particular process may be a process used
in a manufacturing line for the formation of a thin gate oxide film formed
on a silicon substrate in the manufacture of integrated circuits. Such
measured spectral peak shapes, i.e., measured basis spectra, may be,
for example, peak shapes associated with silicon in the gate oxide film
30 and the silicon in the substrate upon which the film is formed when the
film is silicon oxynitride film formed on a silicon substrate. Generally,

the relative area under each of the peak shapes gives the relative
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conparison to acquired spectra, e.g., spectra acquired
inreal tinme during a manufacturing process. The

wore@g 0688 spectral peak shape(s), al so referrepCT/0S2003/041372
herein as 20 basis spectra, (i.e., non-nodel ed and
non-t heoretical peak shapes) are preferably peak
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neaﬁ%c%fldé@%récéwﬁé tandifiBis B8ed i RAmAnG R fim Pr@ﬁ*‘wplch the
shapes associated with silicon in the gate oxide fi1lm

30 mfta&uﬁ%d specleadpaak shapes ase detaroningd fblabk d B2).him other

f|| i,s silicon_o itri

11 Molde. 18R TEadNER shBiraldodR driars oSN Belsefion a fiim
10 el ghatve nredactOfRy usdeithefsahie dreakesd %gggtamms stiiRr,

rel ative 30 WD 2004/ 061388 PCT/ US2003/ 041372

abuRERGRSS comditipasasniperfiimttoike eharagiesizgdiandfer which surface
] fothe .
o Smedsbré MEnld 50 Bl ddibu AL IBEe riSeaien

chaspetteurnzatludes aetdasdoﬁ@@eékrdré@ represbn@dtive th the at least
acqui sition of surface spectral neasurenents for an
addPPP&PEIPINaNS WilFhseaiirad spRekRl REHgSaRes FratRovided
gbl BeKpR)oot he additional filmbeing fornmed using

the particular process defined by the same set of

predef i néd Iegaedad:lwmaaguo&dwslpdzctraiqamakeshapa(a‘)anmldgdtplee block

det APRATBEOIHATRR 1 s Bcuuest sraot o oo Bk e s lrsus
s DePbﬁﬁJn PerdofIPRRRS 035 e FBf exam% heord épﬁb@d.ménm th&

that is manufactured under the sane, or at | east
sub8ieasuied Bpeciratidesk, shapeéa)dpmvthpew blosk 462) Bedfi | m

hoaStr SROHEEG AR GBSt S 2 B S snoctonn (e

acquO6R dr a8 et BYsOrtion khstest, afs drwat bp BRdReRIS. aF GBexample,
representative of the at | east one conmponent for

whi H1¢ measurestregeshana(shang t&%ﬁ@%@redrb@cbgwndeaay bs
per sth@fheb8ly fitted to the surface measurement data acquired for a
film to be characterized. Such a comparison may be accomplished
25  using a non-linear least squares fitting algorithm or any other
comparison process that would provide a desired comparison result,
e.g., a neural network, a linear least squares algorithm, sector analysis,
etc.
In other words, any suitable fitting algorithm may be used to
30 judge which combination of basis spectra (i.e., the measured spectra
provided per block 102 represented by the measured spectral peak

shapes) provides the best fit. Least squares is a generally accepted
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At | east the neasured spectral peak shape(s) provided
per block 102 are conpared to the acquired spectrum

W@ bloaoki38906), or at |east a portion thereof (PCDUK2003/041372
108). For exanple, in one enbodinent, the neasured
spectr al peak shape(s) (provided per block 102) and a
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t 0 krakgronntbis'gansdalysepreseritative abwéleas! impgricinelastically
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betevmaadmérttaa @ﬁﬁ@l@l@ﬂ IRfkgPR ARSI v LeE in &6 filnt ed
spectra. 5 In this errbodl ment, both the neasured peak
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t
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the spectral geak [

interest, and whic
' el at ed NANH@ rc%ﬁéeﬁ'm%n i e sRechiel BﬁngsFQHﬁg gnay b
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round is genera ative of, east In
parmnderrllee aatnecabnqmorm:as thex filch Hredticlotise (ﬂea@ured spectral

| ectro t hat have. | gst energy). In one enbodi nent,
a s %%?g?ﬂ e&a%rﬁgquM'ﬁ&gshape for use in the film

char act ey ZphOhatCERPDIHRENT, the ghsditabaekgiovmdtrigy be
acqui red spectrum
subtracted from the acquired data (e.g., that acquired per block 106).
Thereafter, the measured spectral shapes may be fitted to the acquired
spectral data from which the background was subtracted. In other
25  words, the spectral background may be subtracted from the acquired
spectral data prior to the fitting algorithm being used.

One or more characteristics of the film to be characterized are
then determined based on the comparison (block 110). For example,
the comparison may be used and/or operated upon by one or more

30  algorithms or routines for determination of film thickness.

Optionally, the characteristic determined based on the

comparison (block 110) may be used for one or more other purposes,
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Is (block 106) provided for the filmto be

characterized (e.g., an integration of the acquired
wGap@as1388 as descri bed below). In anot her enmboRPCTERL003/041372

the spectral background may be provided or cal cul ated

froma spectrum provided for a filmprocessed under
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eSO R oI ) i Wl TS
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one, or nore ot her purposes, 32 WD 2004/061388
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in various enbodi nen escri herein, fi
t hi Hatdss pracesasedoipérating effectivele. Aishmichs trecinaauf@turing
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uniformty across a wafer upon whic he fi
chapbgnye pﬁ"@é deswiane pagssuse neeessarfio effectivalyproceed in the

cha Sk term ned based qn the conpari son
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mor e ot hehe filth ehaseRsriRitionl etHdd B0 Wil b PRE cldefer upon
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' : t t.he fil .
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[ t ting effectively.
;E?ﬁvatr?nﬁt@‘?{;%ﬁgﬁ B}‘éltﬂ[sp(g %800e?:ri§urle A is performed t><l) determine

thickness of a silicon oxynitride film formed on a silicon substrate by a
particular process defined by a set of processing conditions. For

25 example, a manufacturing line may form a silicon oxynitride layer on
wafers which require inline monitoring of the process so as to detect
whether any excursions from the desired process are occurring. The
present invention, including the thin dielectric film characterization
method 200, may be used to determine silicon oxynitride film

30  characteristics for use in detecting such a process excursion.

One skilled in the art will recognize that, although the method 200

is described with particular reference to a silicon oxynitride film, the
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process may be appropriately controlled, adjustnents

to paraneters 15 nay be nmade, indications that the
woewiesBir i ng | i ne shoul d be halted, or any PCh®E82003/041372

resul tant measure necessary to effectively proceed in

the manufacturing process may be perforrred The film
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descri artrcular refere
oxyakyniiride fflinl tmbet tiearadteriRed D8 442018138 of the thickness (block
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anal ysis of silicon oxynitri
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29 | | megsYamenty, WHa @R wmwiw&t#ﬁom thgt epmpensaes der
U0 coGERRES0T KRUAIE T Ol MO RS
e asayr SEoe S, Sp@ ¢ tragnesam x-elyl dotioces. The values for A and K

impact the accuracy but not the precision of the thickness
measurement. A value for A can be obtained from IMFP (inelastic mean

25  free path) model calculations using NIST database #71. Such a value

for A may be, for example, 34 angstroms.

The constant K can be determined by analyzing a silicon
oxynitride film of known thickness as determined by, for example, TEM
measurements., Such a TEM measurement would be made once for

30 each specific particular process. While the TEM measurement may limit

the accuracy of the method, it does not limit precision of measurement,

which is desirable. In other words, although accuracy is important,
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oxynitride filmto be characterized, a cal culation of
the thickness (block 210) of the silicon oxynitride
wo pdoriocesss be performed with high precision. 15PEi/UR2003/041372
t hi ckness of the silicon oxynitride filmcan be
cal cul ated according to the follow ng equation: Film
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heakieaasal sVt aXpenes of sestayterbion aas sirege
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practice.
For example, preferably, as previously described herein, a high
analyzer angle 0 that is in the range of about 45° to about 90° relative to
25 the sample surface plane is used for collection of surface spectral
measurements. More preferably, the analyzer angle is in the range of
about 60° to about 90°; and even more preferably, the analyzer angle is
about 75°. Such an analyzer angle is chosen to maximize signal,
maximize analysis depth, allow large samples, minimize interference
30  from photoelectron diffraction, and minimize sensitivity to angle

variations.
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substrate underlying the SION film defines the

preci sion of the thickness neasurenent. The key to
W@elewidsg) neasur enent preci sion beyond that 1BCT/US2003/041372

expected with standard XPS practice and to produce

precise results lies in, for exanple, the choice of
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is osition%? at a |ow anal yzer angle, e.g., less

t hamayde yead adyamnageoysy fro 8 cosbandMaastirgmenispeed
sou | so be inportant in collection of
spec?%ggéﬁgﬁa. Preferably, a |low energy x-ray 1io0

sour ce déhe pecblapr with effectrely mevapyringine peapared raiy aft

2(%22%&8}3{% Ifrt%%n ﬂ{%ggcﬁ’@geté;ﬂgﬁl rfng;}gl%gﬁg\\{(éniﬂﬂ#plelcﬁgqs illustrated in
Figure 10 along with a process for effectively providing such a ratio for
precise measurements. The problem in measuring the peak area ratio
of SiION/Si lies, at least partially, in the fact that the acquired surface
measurement spectrum 292 includes two silicon peak areas 298 and

25  299. Silicon peak area 298 is representative of the silicon content of the
silicon oxynitride film. Silicon peak area 299 is representative of the
silicon content of at least a portion of the underlying silicon wafer. One
will recognize that the ratio cannot be attained effectively due to the
overlap 293 between the peak areas 298 and 299.

30 Existing data reduction methods employ software tools for
spectral background subtraction and peak fitting for separating the

silicon peak areas to obtain the SION/Si ratio. Such existing data
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| ower energy x-ray sources are used in XPS systens

because they provide |ess chance of sanpl e damage,
whe@hesisgensitivity, and better energy resol upCDOSENS041372

accuracy. For these reasons, the K-al pha 15 em ssion

l'ines of alum num and nagnesi um are nost often used.

Furt her.. non- ochramatic s opposed to . .

ronSEHEIRRAI0S fr AUt Tyt Hprebal M fralgag thg fpsuts
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problemw th effectively neasuring the peak area ratio

of mglustionnsethpds pmitey tapietiead spactralqeakeshanesmliegedly
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process for e provi di ng-suc

Pr epdpseserative efisificon inlawe updelyirgsiliconansiar.i Hgwever, as
peak area ratio of SIOVS lies, at |east partially,

i n deRcribeckalaye, supk thrtatical peslshapes mysidia eteded and
SPegbatiriigul Balsedas \éﬁc@ggé&eﬁcé?g%‘ék%fh%gés%8%1§Q§%ueired

25 con peak area I'S representative o
si | serdacecomasaternénit dspectisint 282 aftex gubtractibe 6fid apectral

Silj 299 i resentative of the
o 1 bEdrBGRd eRinronent thedalies B meBiods S have a large
1¢'NARGMPEP B aé%ﬂe%@rbf\f@‘e%m fARh d\é\;ﬁeribsé%é’&@ﬂoﬁ? that the

rati o cannot De attained effecti e to the

over | ap 2bg presamdnveriionploss rotaiitize g8 aratica geak3hapes
Exi sting data.reduction nefhods enpl oy software tools
ror noL s et eREta rnPUL B2 B e e R4 R

f or pegpatiaYl dsTGubhehesieticalpfedkesHapise F¥ather,QRé Présdriie
SiaVSi rafio. Such existing data 36 WO 2004/061388
PCTINyshtiors/a4aastin onednsbedment thrygef, edminatesiopegrtentnput

19 e Lo ARl it it shoaRBES Bie oI
r edyietding arfidithidknesp hasuhemest witidespaisierabcipRak This

shapes al | eged| K representative of the silicaon )
con®@vodiment &ithe paasentymvantioador fetergination of film thickness

i e S G L
peatlietdtde ilnmmobardete riaitiontreethad®00oper at or i nput i s

hoqui r edi e PR delRE ioh SherRefalahouboa 0l measured
subkpadtdl PaaRishape ‘Ei@é{ AeasbAskeagy %Be@ﬁlﬁpl%g)gé‘%%ntative of

therefrom Existing nethods also have a lar 3
nuntier silidordeenientolot silicer exymitdeciinu2g4 and gitlee siticon.

content of a silicon substrate underlying the silicon oxynitride film 286
are provided (block 202). The experimentally determined peak shapes
25 (i.e., measured basis spectra) are important to the present invention as
they include contributions of the analyzer as well as the sample.
Therefore, it is important that the peak shapes are measured on the
same type of instrument and under the same conditions as any
subsequent analyses that uses such measured peak shapes for
30 analysis.
As used herein, when a process is performed to form a film under

the same particular process conditions as another film was formed (e.qg.,
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The present invention does not utilize theoretical

peak shapes nor does it utilize operator input to
w@eaniogisshackgr ound subtraction or peak fittipgr/ok2003/041372

such theoretical peak shapes. Rather, the present

i nvention, at Ieast i n one enbodi nent t hereof,

I { t nd |
a1 JBPEn AP e Aaprea rd Udpa i AraoRsS SOpRlRR Ag upeo
fi liggrbiiak Remm Wﬁ@@uﬁéﬂi‘fﬁr prbidindeRé haddurpd ®eisi spbctra),
Thi s enbodi nent of the present invention for

detikisrip fgt Urgdersioop thai the prraess condjtiemmand ieels swad to sarry

bl o578 bR 858 500 4 bl s

st hitppéli Srecskilled in thmarhwi'lla@begm|Zattlnamhaflﬁolmdd|021@0nay be

nmeasured  spectral peak shapes, (i , heasur
speﬁﬂhsé@mha@bﬂé% éﬁmww%fmn@w%mq Qfeﬁe%%ﬁﬁg @)ﬁ }erem
STRF Q?ynltrlde film 284 and of the silicon

conte a silicon substrate underlying the silicon

oxyni t rilderfa éxar2gle, aaneasured |s¢edtralme€ai«sh21m 28dhe
experi nment a

|| t €.,
e dearenaelordBR SIce Cartasdrs aifeon subResiaakhe
10 n‘ér?rBWd%B lfi‘a%edtci‘r?é’uﬂfélfé éiS’é‘ctFaq’ médéﬁ%meﬁﬁ &a Hﬂ@on wafer

zer as well as the sanple Ther ef or e,
| rrptmmgmsed hmthet partipalak pgms‘oafognwwﬁm #Hn txmbe he

e AR EB RN By RRe, 81 EEN A 26 BB G con
peaébrﬁ&ﬂp% opPbs8@ t@ﬁ&héél*eﬁca Pmtémmewobw a

process | s performed to forma | munder the sanme
parti cul ldkeyisee asrse@%ﬁadtallt@ﬁg spechHe A4 reprepeniadive of the

R L

conshrtic@las pasceds emded thiy pradéeined fsiet 01 pll’mtess gonditidn$ onay
provi ding the_neasured basis spectra it is to be

unde® a6@dEed- nEET eXRMplep sUSk a@amnﬁn?ﬁ%r%a% sepresaatalve
ooc?fqﬁ%%glcbned@n%t fppﬁhebsqh(%r{ é‘llﬂ’lag é‘fﬁﬂ@%& ;Bkim?ée%ﬁleﬁl by

ubstantt al he sane
t hefoaningaihiel sﬂrcmmgmnztede kmnt a titieorc quStratenmdmyhé) eet of

subst L all e sa out rendering the processes
e supaBuaSHEbRiHions ndReta e rTare REeaaLS ol aken
rream@r&?orﬁ REGbiAh aPSfdorssRerudS fop @S@ﬁt‘éﬁ@@bﬂhé’ﬁh@én
t he ['1con content of the sili con substrate may be
content of the silicon oxynitride film in addition to the underlying silicon
substrate. The silicon spectrum representative of the silicon content for
the silicon oxynitride film can then be attained by subtracting the silicon
25 spectrum for the silicon substrate from the silicon spectrum
representative of the silicon content of the silicon oxynitride film and the
underlying silicon substrate.
In addition, there are other ways to obtain the basis specira, i.e.,
the measured spectral silicon peak shapes. For example, the substrate
30 silicon spectrum could be obtained from a chemically etched silicon

wafer, the etch having removed all oxide.
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I 0 provided based on surface spectral neasurenments of
a silicon wafer being used in the particul ar process
wo eoo4foer3es ng the filmto be characterized. | nPETIUR2083/041372
manner, an actual representation of the silicon
content, as opposed to a theoretical representation,

i's obtal neasured siligcon spectrum 284
Fepr b1 a1 Bfinek 56 Ul SRR 35, BRSRRAGH

si | reyrasenalivé of g Silicon InothersilicRpCalAitAde Fifn] &ﬁm be
particul ar process under the predefined set of process
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of the Icon content o I con oxyn
i n apedtrurorobtainetd at ardeoluiion ghatiis igeeater thastheatsolufioe of

I h I t ent
£ or e Re B SR RERTTe Dl tie Al td Beirassstarteined
10y PureranY, the rta,&ﬂuﬁmh isCQEbr?@na?H%CﬁéHBWfs?kcer? pSait DEGN

substrate fromthe silicon spectrum representative of
t herepresemiative of the silion indheidillcosroxyxitride filn etnbhthmr‘@mnbw

ar SRR Ry cfep AR Bl o fh SUBShate

neagisrednddredbraisilgiskpaited giaK, HeaRaks Hele MleSoverlap
the substrate 30 silicon spectrum could be obtai ned

f r oftar bivesRackiel haekaravad 2/l biie sHbikacted). t he etch

20 IR ooty SO SE, opare

spebloteithat iwith thetdpECBraEbMKgmlm&ﬁ) pes @nbﬁtabi\eel ﬂ‘fat tvbﬁy little

silicon in the sili nitride film co

obt QFRP £13REean BHe SHaaHEl Praks POPERerS T breis s such,
the grs Q be obtai ned as shall 5 be
descrl bed wt ?erence to Figures 8B-8C. For

exanpl e, Fallbwigly sepasatiart bfdheSBiaZp)vs pped:trajrpemy 2!@9 and 211,
as sh

d
R ontbiiteiReRBLbRrdining thtistis At g hepbt shariral
a  pEaKd LOTABIAI1NBnaichahb §88bILEib9 Bf tHERAcd Lﬁre@rﬁ?éd*l’

than the resolution of the acquired spectrum acquired
f or acquired iqmtln@flmt@hg,ca@fa;ﬁmaﬁ Such broadening functions are

known to those skilled in the art and will not be described in detail

herein. For example, such functions have been described in Hufner and
25 Wertheim, Phys. Rev. B11, 678 (1975). The resultant measured basis

spectra 219 and 221 can then be used in the characterization method

200. _

Generally, experimentally determined (i.e., measured) basis

spectra are used rather than the conventionally available universal peak
30 shapes. Universal shapes can never account for the peculiarities of the

energy analyzer which influence peak shape in subtle ways. The same

measured basis spectra may be used for the same type of machines, or
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Jo Preferably, the resolution is such that the narrow
spectral peak 209 representative of the silicon in

WO b@4®6138c0on oxynitride filmand the narrow SPET/USEN3/041372
peak 211 representative of the silicon in the
substrate thereunder are easily separated (i.e., the

v L . h -
PackErcHfrighde sherl pfoiS SPeef md) b8 ube R Eilytompines
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little &ViEh thepmeaguisskspasiral peak pbapesP8HearL8t0proyited
211, e%i St.Soi . i L.
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Fol g separation o € narro

andlrrﬁa]ag,ure&a[] arpériratniaarzrmler ba&lamiﬂgi the p‘ammgagq?céss used
appl i to the parrow spectra peaks 209 an to
at BTG icsiliRarmasRtigRding qHrtace rapaRyremants are

acqﬁbgﬁ%é Rir & ik {d ﬁé‘bﬁ&ra*&ﬁerfz‘éﬁr% & iaéggir?(cﬁﬁﬁg%}rum
broadeni ng functions are nown to those skilTed 1'n

t heaasecialed therdwitivis frevideddbiosk @06). treothier wdrds ereal

it RGN AGR BoAsTRRERETR fPhe SHBSOpRIal g 1 G Epogyum i
1d heatqsived. aBlucHaAsdRiteBapettrufPeSs Ieidkd é\@lza%g%gcﬁﬁbon

then be used in the characterizati on net hod

Genpeak ayeasel9® ana@9blockd6r mi ned (i.e., neasured)

basi t han..t h vent j. I
avai 1 abr 31 outel et A8 o e SRR RIS RLRueS
canchanaeterzeeery., fHidknieBs t¢ eeWdt@mihb8Pisdonhhereae gy
anal yzer which influence peak shape in subtle v\/aP/s.h

t he

TheMaastreghgiticon egak sbpres padi and ptgfemblyia specta

a chl e 0

e eRBByP (13 PR R oimitaheap Lt SOk anclor separate
speatquairedhyiliben peplke arewonlayh b thes silioenl oxymitriczafiim and the
o e bl SR St
sa . ct
andiBo @ LGHY ¥6 Brovide the SIBIN 7850 B dAeShiihRRsh BPMY&ness
or as provided [n any otﬁer kKnown neasured or
expesidesatikéd haraier Onel ethbdditmertt lé spahb i aorhparisoropgesess

A kS Bt eV Vb i T 1 HhL e
chata@iparitae prodtd s SPGHON WF%B?&QF um associ at ed
therewith is provided (block 206). In other words,

r eal Using the extracted acquired silicon peak areas (i.e., a silicon
peak area for the silicon oxynitride film and another silicon peak area for
the underlying silicon substrate), a precise ratio for use in the film

25  thickness equation is provided. As such, film thickness based on the

comparison performed as shown in block 208 can be determined per
block 210.

Thereafter, film thickness may optionally be utilized for one or
more other purposes (block 212). For example, as previously described

30 herein, film thickness may be used to detect a process excursion.

Further, by repeating the thickness measurement process for

various locations of the film a thickness uniformity for the wafer may be
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surface neasurenent data for the Si2p region of the

XPS spectrumis io acquired. Such an acquired spectrum
wQ@4ioesBides overl apping silicon peak areas POBUSIU3/041372

299 (bl ock 206). The acquired spectrum 292 for the

silicon oxynitride filmto be characterized (e g.,

oo SRS FOE AR SHAHe (&6, AN B by eArip ysgd to

Speéé\fél”a rheicha&rel arsll o §., Bbtai hifiuddh¥nts from a larger area.
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t hi ckness as descri bed herein. One enbodi nent of such

a conpar) Y§'bfr'ij rihesdbedhishness megsurassent rpay bierlisegrioher
o ! _ .
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process e EX rac

ac quntrogdnsm thesfilm peakalbeaescribed with gfdrenoea to Piakes 14
area for the silicon oxynitride filmand another
si | #8@ASpeak area for the underlying silicon

jgubstrat P}efeﬁalﬂ? %éﬁ@ctf&?bh@ﬁ%@hnﬁ(@ﬁl "%ﬁ&?\ea% {Helpfeviously

t hi ckness equation 1s provi
t h| désmibeddsareth) muséedin ttxemmnpasmnvrp;mbbessraddascahulmed

I 208 be det d
hehear et PRe e ot S Be: AR UTBraEn AT the 2 e

for a@cﬁlﬁrééf speBffn @hBVpehtiidiPERPed P Psdcotddice ﬁ/ﬂh the
exanple, as previously described 30 herein, fi

t hi Hacbgsmi\P.he Shirtay aeodeleqréad in %ﬁo@é&rée)eﬂhysﬁem B5
i o088 192 ARG i Shidli bAREIBERS sBERE hFLEM be ket in

uni frRy dBrhyarfistn ploeevef er may be 40 WO 2004/ 061388
PCT/ US2003/ 041372 determ ned. For exanple, sanple
(e.qg., fFiavye Qothoses eng iliystrativaispertra eompakser process 208

I

ar canerd ifmelsthod A paRR SHASTT 20 206 Thd 2.
det bacigrednd calculmted fogethe acqArealcspetrunhard bomphiddwith
Wth the thickness kn

201y IIRAGIHTER SRESTMET 895 O His i 17 e AhBtaciRi A Hisiprocess
Sor E4H St A SR SR RN e
con28&birepresentabif’e of the content of silicon in the silicon oxynitride film
and the measured spectral peak shape 284 representative of the silicon
content of the silicon substrate underlying the silicon oxynitride film
25 (block 252). Further, the process 208 recognizes the spectral
background 282 (block 254).

With such measured spectral peak shapes 284, 286 and spectral
background 282 recognized, the spectral background 282 and the
measured spectra peak shapes 284, 286 are combined resulting in a

30  compounded measured film spectra 290 as shown in Figure 10 (block
256). The compounded measured film spectra 290 can then be

compared to the acquired spectrum 292 (e.qg., fitted) (block 258). For
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nitrogen in the filmas shall be described wth

reference to Figures 14 and 15. 10 Preferably, a
wap@asBs background (e.g., such as that previ BOBUS2003/041372

descri bed herein) is used in the conparison process

and is calculated fromthe acquired spectrum For
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the process 208 recogni zes the spectral backgr ound
282w(thIsbich cppoundiedimeasureddinapegtre 2o fittad i@eﬂmle acquired

F econgtot 2ot BR AT RS Pl e Bl 2btediiaiicon peak
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resulting in a 30 conpounded neasure il mspectra 290
as 8hdarPgak aregueereﬁ@n(aswgcqa‘ the siipon met%@&mu@@erlwng
e el er RIS SEBRalcly PSR 578 s AR5 EE ohA ot be

41 M2 DOHe0Gic 36 CAITUILGRY A THididess @(d@@rﬂ&edﬂ’iﬁrem (e.g.,
conmpounded neasured filmspectra 290 may be fitted

usi %rf@erﬁﬂ\‘qt'Pﬁeoéﬁs?@ﬁgtab@gﬁbr es fitting process. Such
| east SARGAfsr, Wikl ddrietelnBaETRARAL Boltfgd R ddieriBbd

and therefore’'w not be described in detail herern.
|t béwin,e.be unbzmg minzathlydiasystesn 3 pecthoain inddggreotrehother
5 282 is,f e | t aneous i e _nea ed

¢ cetehplae it Chare 2R Batholddd A4S Shilf i fure 8 may
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The method 300 can determine thickness from the same acquired

spectrum used in the method 100, e.g., the spectrum including

overlapping acquired peaks such as those peaks representative of the
25 silicon in a silicon oxynitride film and the silicon of the substrate on

which the film is formed. However, the characterization method 300

does not require the measurement and extraction of pure component

basis spectra (e.g., the measured spectral peak shapes) which were

previously described herein for use to fit the acquired Si2p region of the
30  XPS spectrum.

In other words, the extraction of peaks representative of the

silicon in a silicon oxynitride film and the silicon of the substrate on
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Preferably, the spectral background is recal cul ated
during the fitting process. Preferably, such spectral
whaokgsosend recal cul ation is performed duri ngPEBTR2003/041372
iteration of the fitting process. 10 Wth the nmeasured
spectral peak shapes 284, 286 known, and wth such

ded.. d f.il it
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fi | detehpinadtierdediadn any spétific @S @nalforgiroesss corditions) ahd
may be perforned to determ pne one or

chavkewthe useOf sreaied iblaﬁsépeo’ffﬁeg”r?g‘? %@e@mir@mr
c . ! .
jodet @éﬁ@r{aﬁ% 84 ngtéﬁhgg)%{%@%eﬁ gé_e.9§ t@ggeﬁﬁamng%tém%a 4ith as

use spectram i ncl udi ng
ov ewltlappe g thee highr redolptiak speatrbimeand hoselepiagkkinction as
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f the 25 . sili QO a silicon
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whi ch theykhéMsindel Ry mﬂﬁg drieve¥sEctrdl R®mponents is required
characteri zation nmethod 300 does not require the

mea@wt erento dhrebretical ac t'synmhetic”puedelapestrapibe calpsiation

spectr . g... the .neasured s r. al

e f ﬁﬂ:ﬁ%@? BrSR PRG0S paRiar Bl eahbsa; For
the ' Shidolafien ik Alaytbiereddiéed ich&® 1000ti

ot hz)?ér\ﬁg're:’js, thlggggt?a'cti ohayof |roeeak§ r%gpﬁggnt alaﬁ VOemt(;rfnes

t heoveyithediling progess Lsedin maiaed 1 PBe Vit fukthergthiginess

porEEpBarbh s DR R Refipvd fo M3 4t KifiBopn in
sol siligorpbxyrigicaciiun wiedn spele tarfilm t/pe ds beiangmhamdua_e'rizaliq.
used in the

Tont ext SO ASEe 06 MEteeRaODoR SHIERGISTPORE | he
2CRAS SRR P/ B 08 AR Phting hrpin s
si | nobio bentakesids loging disyjiting on dlee présent inventipo.ofror examgple,
SUbrsr}ertl%c? 388 is generalizable to any thin film (e.g., including a stack of

layers) where the surface and underlying substrate (e.g., one or more

25 films, structures or other regions) can be measured using XPS or other

spectroscopy techniques such as AES. In other words, the thickness
determination methods described herein are applicable to other films in
a manner substantially similar to that described herein with respect to
the determination of thickness for silicon oxide or silicon oxynitride films

30 on silicon. Further, the data analysis techniques described herein may

be used with spectral data acquired from any number of different

spectroscopy methods and not only XPS techniques described herein.

43



which the filmis fornmed) w thout use of basis spectra

such as the conventionally used nodel or synthetic
whamusesgectra (e.g., spectra not determ ned PeEES2008/041372

any specific tool and/or process conditions) and

wi t hout the use of neasured basis spectra such as
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that is underlying the spectral peak(s) of interest, and which is not

25  related to the concentration of the sample component of interest, e.g.,
silicon. Preferably, the spectral background is a Shirley calculated
spectral background.

After subtraction of the spectral background, the film
characterization method 300 uses at least geometric properties of a

30  cumulative integration of the acquired spectrum to extract component

concentration information from the acquired spectrum (block 306). For

example, the component concentration information may be a ratio of a
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5 defined by a set of predefined processing

conditions. Cenerally, the acquired spectrumincl udes
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in the film

characterized has deviated from allowable predetermined thicknesses
so as to indicate that the process is not operating effectively. As such,

25 the manufacturing process may be appropriately controlled, adjustments
to parameters may be made, indications that the manufacturing line
should be halted, or any other resultant measure necessary to
effectively proceed in the manufacturing process may be performed.

The film characterization method 300 will become clearer upon

30 further description with regard to the thin dielectric film characterization

method 400 as generally shown in Figure 11 and which is described in

further detail with reference to Figures 11-13. The thin dielectric film
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conmponent concentration information may be used to
determ ne one or 5 nore characteristics of the filmto
wheooglerssst eri zed (bl ock 307). For exanpl e, tPET/US2003/041372
conmponent concentration information may be used and/ or
operated upon by one or nore algorithnms or routines
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ChRpL AR o e, 1 [ P o
formed oAceorslirg toohhesubttmdaﬁt@ glyown in Figure 11, with use of the

Si2p spectrum region 471 of the XPS surface measurement spectrum
for a silicon oxynitride film to be characterized (block 402), a calculation

25  of the thickness (block 408) of the silicon oxynitride film can be

performed with high precision. Film thickness of the silicon oxynitride
film can be calculated according to the following equation:
Film Thickness = Asin(6 )In[(K * (SiON )/(Si))+1— LCorr]
The above film thickness equation is a standard equation used to

30 determine the thickness of a thin layer using XPS surface

measurements, with an additional term, LCorr, that compensates for

spectral contributions of multiple x-ray lines from nonmonochromated x-
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particul ar process defined by a set of processing
conditions. For exanple, a manufacturing |ine may
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embodiment of the present invention for determination of film thickness
is further described with reference to the thin dielectric film

25  characterization method 400.

In the thin dielectric film characterization method 400, the
calculated spectral background is subtracted (block 404) from the
acquired spectrum 471. Generally, as previously described herein the
spectral background subtracted is a function of an integrated acquired

30  spectrum and represents that portion of the spectrum acquired

according to the present invention that is underlying the spectral peak(s)
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peak area ratio SIOVSi (i.e., the ratio of the
silicon peak area for the SIONfilmto the silicon
w@eak/oer3ea for the silicon substrate underl yi nBCT/082003/041372
SION film defines the precision of the thickness
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25 characterization nethod 400. In the thin dielectric
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accghgligg to the present invention that is underlying
t he spectral peak(s) 47 WO 2004/061388
PCT/ US20b6@uoet 12 Bhowsf a flowatiagtam fordnshillgstrativertangent
rel atteergect:t?oﬁ rr}leetﬁc%] 456 tursg&'tg réx{)ract tlilre sspaercT:Prg?intensity ratio as
described generally with reference to block 406 in Figure 11. The
25  tangent intersection method 450 provides for recognition of the acquired
spectrum 471 including spectral peak shapes 472, 474 representative of
the content of silicon in the silicon oxynitride film and the representative
of the silicon content of the silicon substrate underlying the silicon
oxynitride film, respectively (block 452). The acquired spectrum
30 recognized has already had the spectral background subtracted

therefrom.
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conponent of interest, e.g., silicon. After

subtraction of the spectral background, the film
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(e.g., a tangent 5 intersection algorithmas shown and
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PCTAL520Q3BRst/ 2 holkbital PAsaHUIEHR [SBORIHUBNSEN to the
r eci% gérg?gt igsb%?gilr(nuﬁ.zlgr’eférggly, the tangents and slopes thereof may
all be determined by the algorithm and require no operator input.
The spectral intensity of peak area 472 and the peak area 474
25 (and thus the ratio of such spectral intensities) can then be determined
based on the tangents (block 460). The spectral intensity of peak area
472 representative of the silicon content in the silicon oxynitride film is
determined from the intersections 520, 521 of the tangents 488, 492,
and 490 at the peak and valley positions.
30 A division point 498, which divides the integral into its two
components corresponding to the two peak areas 472 and 474, lies

between the two intersections 520, 521 and is representative of the
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spectrum 471 is cunul atively integrated (bl ock 456)
resulting in an integrated spectrum 480 as

WO booussr3ag ed in Figure 13. In other words, thePCBUW03/041372
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PCT, 'HS %O%s;é %%[13 ylnzg the algorithm. Alternatively, the integrated
spectrum 480 may be smoothed before applying the algorithm.
25  Smoothing processes are known to those skilled in the art and will not
be described in any detail herein.
Further, in the determination of thickness, the constants of the
thickness equation (e.g., A and K) may be adjusted to account for the
fact that the values for the spectral intensities may not be exactly

30  equivalent to those determined by other methods (e.g., fitting methods).
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50 WO 209ALReH38 3N BEAHid/RE05 044372 dotdrmihe bt fR@st on

recogni zed that the embodi'ments of the present
characteristic of the film (block 706). For example, thickness may be

determined as described herein. Likewise, as described elsewhere
herein, the characteristic may optionally be used for one or more other
25  purposes (block 708), such as, for example, detection of a process
excursion.
Figure 14 shows a block diagram of a concentration
determination process 600 for determining nitrogen concentration in a

silicon oxynitride film to be characterized, using the following equation:

30 Nitrogen Dose = (Si+4 atoms / (cm2 AD (N% /St %) (film thickness A)
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i nvention as described with reference to Figure 2
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film A_reaG’ho of the concentratiogn of the at | east one

conpiaeiRed hersiy Plays mrels i sleterpheBathaniteoet desr at

| ; : . . _

et act od oo oo ena0d for e HAAFI] thelroGutp BLhEirRasin in the

704 pilices oxgnitredenfiipt #ncludes pravidingrsificdre oryitriaiet filth thidkngss

des PPHEROR] RS TigRerAbors: gatiesn Siis fgpiickness
16N t eRdipbeé pedwided M a it @s ddwRribad '\AﬂtHTI%Yer*éﬁcg)fé FRGures 8-

by consideration of a cunulatively Integrate
acqdBrardn epyaithemmasoen Burtherette pidegss 690rrebeghings the

f i 3 apd . ificall. ith 20
ot 8pAEGH blloph BHpE aMad iy 48 HiicPBEPYLIG il A %5 tmy
be @ﬁ@ﬂomﬁ%d%@ﬁbﬁwﬁe@in \Resk 60m), characteristic of
the film(block 706). For exanple, thickness nay be

det er mi nEYTRET,RsREqUES Mpaen Pepkiasen for thasilitevaybidde

l's er el erl skl optional |y
15e” HEHHom A G e d SRR BT HSLERK B0 o)
suc exampldrgraceuiret hitrogiet pedk areacd3RisBrR@sh the spectra
excursion. Figure 14 shows a bl ock djagramof a

con&iag @M%Fdwgﬁaieyé@ P ndts e swostatesisgpeliee)t substrate upon
concEte T AL POn o poress COTTREY
e WHBH“%H&Q?W%{ @gﬁ@gaerm% iR ér%?g{>1%”g?% Zé H@%'a, the

oxynitri characteri ze
f ol hdwigen Eepkadlicart3238 riptesegtativBosfdhe ab8hdant@obine

m.,. A )l % [, Si+4 %1 filmthick A 51 WO
Qégoﬂitm%(t%ﬂ'%lﬁ&%y‘%'ﬂ%b@m Thleceg(li;fi on above

det er mi nggitNHEOSEaR'SIcA%oF RRRRYHOAMPPEM Sred 107 sHRBAI T Y
of Si+4 atons in SiO02, k

a known physical property; the
r at peovded, along with a film thickness measurement, the concentration
determination process 600 may determine nitrogen concentration at a
spot of the silicon oxynitride film (block 608) in accordance with the
25  nitrogen dose equation provided herein.

Optionally, the nitrogen concentration may be used for one or
more various purposes (block 610). For example, and as previously
mentioned herein, a process excursion may be detected if such nitrogen
concentration deviates from a predetermined limit or changes by a

30 predetermined amount. A change in the calculated nitrogen
concentration indicates either a true change in nitrogen concentration in

the film or a change in the nitrogen concentration versus depth
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the atom c concentration of N and Si +4 detected in the
measurenent; and the filmthickness. As shown in the
wW@bonm6r3ss r ogen dose equation, 5 fil mthicknesBCT/E8203/041372
as determ ned using one or nbre processes as
descri bed herein, plays a role in determning the
nitrogen dose.,, The process 600 for determning the ..
ni (SISEENTOB T the iy oy OFRT yRKTs. die pecieT A e Sersifive
| NCloUstRtA eI IRthiBbderF eonsenitRitiohi £ 4 changdirctirasitogen
(bl ock 602). As indicated above, this silicon
oxyéepthidisiribition,taiibgiivess 1o may be provided in a
manner a r ; b -
o any of WA Bfrobeh SohEbAEREF dbBriritefprbooss el be
g ecrgpeatasat iousdgoatict® of the waife pragroaidesiof tie t he
silicon oxynitride filmalso gas previousl descr'} be%@
her @etermiatior of utyogereanrantratian A¥aIPiky afioss GHWATese a10F
are t i-l:i - t.r | : i .
acaeyaie, REaduibf 85 dBIHRINRG A% el 4f gt dr e thin
exesiiit@r pxydiidierfiioh, rastedge or peainiag ©h thes2-ray beamwearn be
t he s&gctra .d%ia ram 630 of Figur .15[ As the .
subYEh aPiovide BRRUsHRUB I AdelRINRY IRk FPehEdion, e.g.
16! | {EO MR WHilklide sémgr@ £8n BR RBRERES BFdviddmicashifinm®ists
the nitrogen peak area 632 is representative of the
abuodke roér anea, 2@. M wadgfe discrmedia, std. | Assudiynitrogenie

For Sk et BE ABSRHUREE TRl ok 85T Lo REINALER. win
Neagy @fBHbn cbAfrt RAGRAT it d&dtee & NRFGHSHRUMIRIHNY IR 56 film

600 mai; determ ne nitrogen concentration at a Spot of
t hecan beslateroxned . ¢.0dainiformity of bilegendlisrinutiert actpssee

185t Patehend i AR e o P PR 0% et 1 or
one or Aerdiscldsead¢enprallydsasin| blitholariolie)chakaxteristics of the

exangge,_and as previously nentioned herein, a
pr ot BeBgaanaraedRgN-huagkele PBA qrMaligdHORPEISYAN be

chaco RSB BESEANERAE ForRdmplet HERFEDAR desBlibedherein,
cal thd atagsisisystegenan bericientacat ito prodiditioattesisaiselddo a
true chap i.n. njitrogen concentration in the filmor

2 c%‘i’ﬁ'&@t‘?gﬁ‘ettﬁg ﬂmsr ogen concentration versus depth 52
WD 2004/ Rﬁﬂa%%&]té’%gﬂ%?&@ﬁé&éé%%sea'rfetréih_kwélnﬁ)ébrpardté@ by

film In other words, the present invention is )
sengferanese in their entirety, as if individually incorporated. The preceding

specific embodiments are illustrative of the practice of the present

invention. It is to be understood, therefore, that other expedients known
25  to those skilled in the art or disclosed herein may be employed without

departing from the invention or the scope of the appended claims.
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to both a change in nitrogen concentration and a
change in the nitrogen depth distribution, or both.
wo-ootloer3gs t he nitrogen concentration determ naP€DNS2003/041372
process may be 5 repeated at various |ocations of the
wafer to provide for the determ nation of nitrogen
cong@g%tr.at' on Hni.form'ty across a wafer. For exanple,
in ¥ 5189t ermi ning the nitrogen at a spot of
the thin silicon oxynitride film rastering or
scanning of the x-ray beam can be wused to provide
meadur emBnmethaddior ase é abarasterizing gdimsihet metgidosomprising:

o7 ot ae. R b frastCoTpbaly ST g Cuitbat ey 10

yaf pspredemtativedi 8 .cofbéntrdorb o, Ieﬁéﬁdrﬁﬁ@é\'nﬁéﬁéﬁmta A
be determ ned for the |arger area across the thin

fi | whevginghe filje is/farmegean @ substiatadpibapartiqarqugeess defined
nit i ' ' Je film can be determ ned,

e. gb?gﬁ%tﬁlpfrrﬁﬁg%% %éh&r'{gcgﬁﬁ di stribution across a 15

waf er haprovdihg@anfadquired dpecaroal for ath ddditicrehl fie te 0e.

As dj scussed generally herein, wth various
chaP'IQ%"ta@F‘?@@P'c!B’hgfe'f‘ Fi%e agditigngkiilRyisferBed oagp substrate by the

ONgl ' ; Hona
o REREl KFadecc AR SPHE 1 3F Do iRoaitionsic
descri bedompadng the ehkeashahg sieasysd spectaal geak shape to the

interfaced to Pro_duc(%i on tools used to 20 fabricate
t he2PAYIFPY SPSRITUNA % at ent s and ref erences di scl osed

herei n apgidriRffihg 2t fRH altMickh8EShRAGArd Ak ®Y the film to be
entirety, as if Tndividually incorporated. The

pr ecldiagtprizeddidsiedooreifisoeimpatisorare il | ustrative of
1{Jhe practice of the present invention. It is to be
nderstood, therefore, that other expedi ents known 25

to phoseTakirhéddidl cdie Brwhéreirflinechesrsdl fueher BoMplisbs
enpl olyed wi t hout departi n?@f romthe invention or the
C

E gﬁ@ gleting @t gast KaedReckPhBacksoym ﬁg:rdhe @698Eed spectrum
us éH&Wé%&E}% ?%Bgrl#@ ltrr?né 31 %gag}rglﬁ% g#asﬁré'@yé(?%ée{l (E)%ak

e I'n characterlz conpri

pr oghapetp tile Acpstedaspecineas toegrisgscomparingake ahRpet bne
representati ve of a ﬁ%&%entr tt'bon of at |east one

2@ onPEIREHIC G FPECME! PR BE &N thesPeCIa backdseyRdiioiea

sub%g@}&j Qﬁeé}r rticular process defined by a set of
processi ng condi tions;

3. The method of claim 1, wherein providing the at least one
measured spectral peak shape comprises:

25 providing a measured spectral peak shape representative of a
concentration of the at least one component in the film; and

providing at least another measured spectral peak shape

representative of a concentration of the at least one component in at
least a portion of the substrate.

30
4. The method of claim 3, wherein the acquired spectrum comprises

overlapping peak areas representative of a concentration of the at least

54



provi di ng an acquired spectrumfor an additional film
to be characterized, wherein the additional filmis

wo econmai3es a substrate by the 1o particul ar pPODESE03/041372
defined by the set of processing conditions; conparing
the at | east one neasured spectral peak shape to the

acqui red spectyu angd.det er.;m ni at .l east a .
* i ok ou stk ehertaiay fED niind st j% bné component in
chagpiehst 4 peftidPasafe @bkt aMBFuiBEONwhafei comiparing the at
met hod of claim1, wherein the nethod further

conjeestere megssued spegiraliraakahapsrandihecsnegiral background to

onch R En B EOMpHEES HPEEY Heollifa sPERARh g e

Peameashabspertid Feak ghhpe depieeehtative O Bptdreesatration of the
conparing the at |east one 20 nmeasured spectral peak

shapllegatoneeopepentin thadiky raé’@n@et% loggd ?né’&*kﬁj' [ mg@gured
S peQﬁ%d{fQI g%akghgpgﬁégr%geﬂfftﬁ/la%f@ é?ndé‘ﬁ%ﬁbﬂ oPHRY 4468t one
the ‘a e ne a shape

st one sured spectr peak
conpoinperentZh gileasidi paytian ot selostegie aisirg theespdectbhpe
representative of a,.congentrat.i cc)ﬂ? of the at |east one
conBarEPUNG CelgBlated FOMLIte SeHuRRCERRPIAM Ioedfach PREHe
10TE g EE R PHSEI ALt P@ﬁﬁ‘ér&i@ﬁ@nf lﬁ%rcﬁ/%@%%gwg‘geeﬁ{] a%tas, wherein

concentration of the at least one co

| easne af fur séparatsf acquiresidpatiane pegk ateasTisgepradenthtye of a
claim 3, .wherei.n the acquired spectrum conpl.ises ..
ovePPSEnIAYOR e ALIRESY Bhe SomporEnt K e affditional fim and the
CONgROMEAELPAY 8 abfEired spEGAIm pedk\Wred O AEdat8tive of the
PCT/ US2003/ 041372 "one component in the additi onal

fi| &l least ome camposgst incrideasirppperdion afihe subsiaiet a
lfporti on of the substrate, and further wherein
conparing the at |east one neasured spectral peak

shape antht mecthipd of ichlimb@cigsrelmnpravitling e acledsr @k
spectrum conprises fitting the acquired spectrumto
t heMBagtEad pRCER) Peak shapa HRMYNISSs: r epresent ati ve of a

concentr {i@g@fﬁ @Qﬁ re?élu{iﬁ@?.be&ﬂﬁn%m%nfﬁﬁ\t in the

film and st ano r measured spectral peak
shape r epulsisastingt a gpecitaldackhgoemdrfadidhe digh fesohition
2(% eagygec puem;
separating at least one narrow measured spectral peak shape
representative of a concentration of at least one component of the film
and at least another narrow measured spectral peak shape
representative of a concentration of the at least one component in at
25  least a portion of the substrate; and
applying a broadening function to the at least one narrow
measured spectral peak shape and the at least another narrow
measured speciral peak shape to match a resolution of the acquired
spectrum.

30
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conponent in at |east a portion of the substrate using
the spectral background cal culated fromthe acquired
WGEp@as1388 t 0 extract separate 1o acquired specPCT/ISesnB41372
areas fromthe overl appi ng peak areas, wherein one of
the separate acquired spectrum peak areas is-
tration of t one

:
corBonents Mengd ofglefifoh SerPin P ietid Tulhes fafbrids

S ep@ét@?rﬂmﬁgfwlcbﬁ@eﬁﬁ&ﬁéﬁ ofha @@ﬁﬁ)o@u’éﬂﬁof thel £IIRSRN Tifth ba8ed
of the at 1east one conponent in at |east a portion

of atleagimsthedthickness meassemenhod of clai m 3, wherein
providing the at | east one neasured spectral peak
shape conprises: providing a high resolution spectrum

for7t he Thé methed lof thirhi)wvrersipetbierraéthbddlghorcsmpriose
the high resolution 20 spectrum separating at | east

one'aRaRHiag i deiarainaiioscelaonraniralin sl a component of ihe
r epé@&iﬁgﬁeﬂtﬂ t%ﬁq ?Iﬁ = BP%Eg@hQQc@ss%e lﬁﬁaﬁﬁ)ngpﬂm for use

conmponent o [ an I'east” anot narr ow
e asudetdrnsipany a allegpmbf siitgrenity e rceseanizatioreoiheacomponent

concentratio at | east one conponent in at 25
|ea%?f°aS§& 56‘%06? e substrate; and applying a

iProadeni ng function to the at |east one narrow
nmeasur ed spectral peak shape and the at | east another
nar8ow heamatbdd gf)etaima1 Vﬂwair@haﬁeeﬁ@drfartber @omprises
resol ut i on of .t ac UII‘ ectrum 3

200 ERSETRgH T ?fb%l% r@ssm%a%%@y\% aRlyafity of

1, esefiendof the d’Gﬂn"‘tﬁihlffluﬁtf&eusémtéﬁﬁﬁungjﬁfd@@?@@bﬂg a
concentration of a conponent of the additional film

baswhiforgiity| af dBickaess Aeroshithi& additionabidlay. enent. 5 7. The
thod of claim6, wherein the nethod further
conprises repeating the determ nation of a

congent r Thé amethbd af ekimpon avtierein theeneiddi fuitheptomplises
at a plurality of locatjons across the additional film

f or diggting A RIBERIEXTUGIOR assgriatedyvithihe pariauardrocess
CONGEIL h WKL iGaRFRATYN, acToss the addi tional
film

20 10. The method of claim 1, wherein providing at least one measured
spectral peak shape representative of a concentration of at least one
component of a film and providi‘ng the acquired spectrum for the
additional film to be characterized comprises performing one or more
surface spectral measurements for the film and the additional film using

25  a particular set of parameters, wherein providing the surface spectral
measurements comprises:

irradiating the additional film with x-rays resulting in the escape of
photoelectrons;
detecting the escaping photoelectrons; and

30 generating a signal representative of the detected photoelectrons,

wherein the surface spectral measurements are based on the generated

signal.
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10 8. The nethod of claim1l, wherein the nethod
further conprises repeating the determ nation of a

wo biogkesss neasurenent at a plurality of | ocap@DNS2008/041372
the additional filmfor use in determ ning a degree of
uniformty of thickness across the additional film 15
9. The nmethod of claim1, wherein the nethod further
conprises detecting a process excursion associ ated

Wi t i1t he Tharrhetiddadsf diift 88 SwhéRstdeteting thd BS@éﬁ:ﬂﬁQS
measurenment. 20 10. The nethod of claim11, wherein
pr oPhalaeleGifonsceesppIisas: measur ed  spectral peak shape

repr esen#@%\%ﬂiggfq{q %%ﬁ%&}%ﬁﬁ@%ﬁ%@g aﬁﬁn t Iéﬁg?écae%%e of

conponen prov acquire

spephotuvldairorishthe ingdt tensrtalvidd b ehirabexis lkatereliny | zed
conpri SF{% Ber_for ing one or nore surface spectral
meadfEHERYSN3d the film and the additional film

using 25 gﬁﬁﬁghygﬁph%p&%né’gupﬂmﬁg Eéntr?ﬁ‘f{’%&§ bfthe input

providin ace spectra measur enen
commrissiesxt anraredyzeriangle redathckdiot a endiacd of thevadditional diym,

resulting.n the escape .of hot oel ectrons, detectjn
t ho s thS BRBBE ABBEr S e g gl Abidrgracs to dbout
181 90Blddppegsent ative of the detected photoel ectrons,

wherei n the surface spectral neasurenents are based on
the generated signal. 56 WD 2004/ 061388

PCT/,JS20Q3/ 04137 11.. The net hod,.of claim 10, wheregin
et dBe: ng TENBSLER.GiTm bhoEeplt ket e R e
pr ovasliensf @oa 6 o e§ ¥BbbE! 90 dagrdezput | ens .

receptive of 5 photoelectrons, the input |ens having

a central axis extending therethrough; and

0Sithi oni [ ] e : ty: X s
18 R MR hSPo a1, R Bty BN o Bl vy
a swithaceyafcdneriseddirtaidiznial the ladditionaefiled withherays from a
anal yzer angle is in the range of about 45 degrees to
abotfW eNBray*-FyPese less than'2000 eV.

14. The method of claim 1, wherein each of the film and the additional

20 film comprise a dielectric film.

15.  The method of claim 14, wherein each of the film and the
additional film comprise a thin film having a thickness of less than about
10 nanometers.

25
16.  The method of claim 15, wherein each of the film and the
additional film comprise a thin film having a thickness of less than about

4 nanometers.
30 17. The method of claim 14, wherein each of the film and the
additional film comprise a film comprising silicon, oxygen and nitrogen

formed on a substrate comprising silicon, and further wherein the at
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12. The nmethod of claim 11, wherein the anal yzer angle

is in the range of about 60 degrees to about 90
walegnoesss 15 13. The met hod of claim 10, wher eP@T/US2003/041372

irradiating the additional film wth x-rays conprises

irradiating the additional filmwith x-rays froma

| ow, en ource less than 2000 eV. 14. The

et R TS Sheashred ShAeTal Rk SRS S TR RPN Ehe

addibhéstttatiodbffdilidenconpri se a dielectric film 15.

The nethod of claim 14, wherein each of the film and

the additional filmconprise a thin filmhaving a

The 1ot hatgpeRmdntiin EherehP oA i it ehRt o8
§ he maaddirdd opédtrdlipeakep élmmlédél p‘rofnk:lirf@ é‘&\’ée{@lré‘d SEectral
t hi ckness of | ess than about 4 nanoneters. 30

et RBAK §haee sppresantafime of preasgentration ﬁfsS'f'W'MrhW@ filieand
addgf'd\f?ﬂ\ﬁé o 'I%e{gt %\%ﬁ{ Heds réh @gg@ﬁ‘%l sé l{@ha? ?)?é'sentatlve

oxygen an rogen orne 181N
si | bEarconaentritiorn tiethewdil@oai in attlmata ﬁrﬂ‘tlmoiﬂ%élﬁlﬁﬁé

PCT/ 82003é041372 | east one measured s ectral lJoeak
shap@erein 1o AcguiRed BPGEINgN COMRIFESAVSIZPPINg RRak areas

1(t§'h|eh§f?%seﬂi§nvg Bf—‘a'@%ﬁﬁ@ﬁtr&ﬁ C{?bﬁélﬁ&&n Vm%reﬁid}hd?{a‘?’f‘lnq 28 in at

[ east one measur ea spectr a pea ape

contaas$aqumh@voﬂthegs@shna@smmﬂflsqhecwfmlrelnmkpah@me at
rep’:ﬁ Entatlve of ,a concentration of silicon, n

£i 1 1FERENS MIRTUPH FPartalrak siahaerthracaired SQE@ i)

peakogipriBgs flﬁﬁfgﬁﬁ@%ﬁiréﬁ spBbir8nCetAB Mhéadured speclr®eak
silicon in at [east portion of the substrate,

whesbape r¢preaentative @f smenceniiaiionpt siieen vibel fiprntthe at

1BF T 1ol EfeneR S EARTOT Sha sl sheBRICRE P LAER &
por tbaterfationcofilkRohriata ledtid goHibh of thihQuistrate usmg the
conpar i the at |east one neasured spectral peak

shaﬁ@e@tbgth@@kawdr%%@@tfr%th@ @ﬁﬂk‘ir%‘é§l3¢¢tflﬂmﬁg exiact
acq e
LS ERUATL I RERSHL AR oy EBlhg AP
fi | arems] wheeeiatonkbofl tbassteparatterwqurredspeewump;mal« aleas is
2(‘)0 ealéegrgggﬁta%sg ¢ ?3%%%%teht¥gtlon ota the silicon in the additional film and
another separate acquired spectrum peak area is representative of a

concentration of silicon in at least a portion of the substrate.

19.  The method of claim 18, wherein determining a thickness
25  measurement for the additional film comprising determining a thickness
measurement for a film comprising silicon, oxygen and nitrogen based

on the comparison.

20.  The method of claim 19, wherein the method further comprises
30 determining a concentration of nitrogen in the additional film based at
least on the thickness measurement and an additional acquired

spectrum representative of nitrogen in the additional film.
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concentration of silicon in at |least a portion of the
substrate using the spectral background cal cul ated

wo e@ni061368 acqui red spectrumto extract separ aP@r/US2003/041372
acqui red spectrum peak areas fromthe overl appi ng peak
areas, wherein one of the separate acquired spectrum
peak areas is 20 representative of a concentration of
the silicon in the additional filmand another

separ.at eTies MEthed of BRH Wn&hémétﬁod ¢mtﬁ?§|€tfﬁrﬁfbmé&
of a concentration of silicon in at |east a portion

of defectiiphafragess @gurging agseeistechwita the pptBUlakseesss
degﬁe;g@onm}eap.&#agsh %%ﬁéeﬁﬁaﬁsw enent for the

1onal I'Sing determ ning a thickness
smeasurenment for a f| | m conprising silicon, oxygen and
nitrogen_based on_the canparison e net hod of

Ol A ToThe tasd of ﬁ'é"rﬁ@t%&\@‘er%iﬂtth%m%tbﬁgrfﬁi@'&f Saptises
det tg}rﬂirﬂgq ?Io‘réﬁa ggﬁfﬁdrﬂﬁﬁf tﬂi'ckﬁ ftp'é z%(cﬂfﬂlonal film

It1ona t on t ness
rreammpmang sdndnaoxyghm amd)nmﬂogaocaﬂromjﬂmm!ﬂmmal film or a

representative of njitrogen i .he itional fi 58
0 SRR 58 Lo B PSSR S of itioged Shuesb e
10¢! addgifShaliigr ei n the nethod further conprises
detecting a process excursion associated with the

partlcular process based on the nltrogen

otﬁ ﬁru nmt%%d o tﬁ1 é \Mé%rel in
th t THPEHR %%Wp? a8l E'the? i the Metgeg colRfjsing:
uni f or m ppsvRfind Blrﬁé@eﬁﬁréd %bebﬂ&l [Fskl $haptepréddntative of a
conprising silicon, en and nitrogen across the

addrarnceniation I0|fnSth30'a in a @newh@felnﬁm Wt)mpcﬁ'ﬁeﬁlﬁ*é'e%t

€TS8 80, B PA5T S5 5 RSy o e

t hefilneisiformed wprths isobstrater iy & lanicdanmesssedefimat by alset of
peak shape representative of a concentration of
si | Rre6as$ing gonditionsivher ein the fil m conprises at | east

15 sill C&J\?\)her Qﬂé%f‘a@&tfum e uﬁs;ci5 6tFeﬂ&>%aR‘§Eﬁ%¥)bs' ng

silicon, n the orrre on t strate
by reppeseritaiiveaof pcovesdratiohi ofdlde Isilicandetat fast a portion of the

rocessing conditions; providing at |east another
QOPrea%Lﬁ}sz %pectral peak shape

providing an acquired spectrum for an additional film to be
characterized, wherein the additional film comprises at least silicon and
oxygen formed on a substrate comprising silicon, wherein the additional
film is formed on the substrate by the particular process defined by the
25 set of processing conditions, and further wherein the acquired spectrum
comprises overlapping peak areas representative of a concentration of
silicon in the additional film and in at least a portion of the substrate;
fitting the acquired spectrum to the measured spectral peak
shape representative of a concentration of silicon in the film and the at
30 least another measured spectral peak shape representative of a
concentration of silicon in at least a portion of the substrate using a

spectral background calculated from the acquired spectrum to exiract
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representative of a concentration of the silicon in at

| east a portion of the 20 substrate; providing an
wa@eguiosses spectrum for an additional filmto beCT/US2003/041372

characterized, wherein the additional filmconprises

at least silicon and oxygen fornmed on a substrate

conpri si sil.icon, wherein the additijonal  filmis
{ or RERABIF pRAUIEHh Sheclin peakaiSa oM eV esiappingLpSak
def hped, Whetdif ohe éﬁhe%fepﬁfeﬂé %t‘ééhﬁgd %B@é‘ﬂnﬁﬂn%lfak #eds is

further wherein the acquired spectrum conprises
ov efapappenigtiye aka sopaeniratinresithesiliops infthe additional film and

R
PEuahispon o e ey g sment: e

fi | m anddeleemining 3 lIgash atthigkaesemeasteament foptha additional
' £ t ' f

G| fin? RaRE RS SEPhts ke ltel POMRENEEBl 268 i ng o

spectral background cal cul ated fromthe acquired

spectru o extract .59 WD 2004/ 061388 .
p&ﬁ%szg%?dmt ? 0f§é‘9¢%‘r%@é"’%ﬁal§! @d“‘s’ﬁ@é*t%’ﬂl?%%
1(?Leé§lcﬁfa‘ﬁﬂ?tsﬁécﬁ¥t%é@®%&% a8 ggﬁﬁ g?cle"m?i'itﬁid‘th%%q%ﬁred

e separate acqul red spectrum eas is
r epsiesaninto ftee ofeasuoamhspedtradpeak sbipe mdstheiat deast mnother

the additional film an anot her separate acquired
spedtEASH ﬁ@e%tfaége?gs?‘éwesent ative of a 5

concentration of silicon in at |east a portion of the

substrate; and determ ning at |east a thickness
meag8dr enthe nmethodrad clalia 23, ovzgreint priovidiag edneasured spectral

S5PBE ) BB RREL A A B rait SR AT

cal shiyed tompsipest ral background during each cycle of
fitting the acquired spectrumto the neasured
spect r al PFviNg Ratpeh dagolbtien spectaypfoningtiey nmeasur ed

| f..chal .
whor oi n BOGATRCY Spedral b SoEAbr ing KRS dtion.

andspectmirdj ng at | east anot her neasured spectral peak
shape conprises: providing a high resolutian speﬁtrum

2 or the PPPHAUNG bIaRt ONRdairalh BiaasHTod SRGFbRRaKNGRP
therdyrg8eriai® Bf hRRdncERESEIHST silicon in the film and at least

another narrow measured spectral peak shape representative of a
concentration of the at least one component in at least a portion of the
substrate; and

25 applying a broadening function to the at least one narrow
measured spectral peak shape and the at least another narrow
measured spectral peak shape to match a resolution of the acquired

spectrum.

30 26. The method of claim 23, wherein the method further comprises

repeating the determination of a thickness measurement at a plurality of
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20 separating at |east one narrow neasured spectral

peak shape representative of a concentration of
w@Rdsoersss n the filmand at | east anot her narPOMUS2003/041372

nmeasured spectral peak shape representative of a

concentration of the at |east one conponent in at

| east a portion pof.the,. substrate; .and 25 applying a
br dabahr e bR Ao firk Bsel b et a4 Plgyed o

e agfRityRA thiERhedteAl 08 AREadMitohAgilal | east anot her
narrow mneasured spectral peak shape to match a

resolution of the acquired spectrum 30 26. The

met hod [ ri Qad f ur . .
conpris gthg bﬁépt@ﬁ |%F1 8% ﬁd &hée ?%'1“ @% Pi% % tégﬁgldgko#gé glm
sTeasohenEsy atlbast sllictraloxyyemfarftDniOgehOdnd flrdid wherein the

PCT/ US2003/ 041372 | ocations of the additjonal film
f ormgthod eprpptiseseiplengining agosseptration pt pitreoe) ipthe

t hi i1 : £

of SR iREelR 105 cl fiBhickher mebsuiciialadteth,

5 cadqitiorsa acauired apecim represemtatiyenof rdtrdgen i thgeadditional

and_ further wherein the nethod conprises deternining

a cdRtentration of nitrogen in the additional film
ased at |east on the thickness nmeasurenent and an

addi tional acquired spectrumrepresentative of

ni t 2&genTha mdibod dficlairar2yl, wharéimthé in@Bod Thgheieedroprisss

claim 27, .whergin th t had fuyrther copprises,. .
det SFRTINAY 3 Rsbes & urFormbhichRess PhagHERons! fime
addidro8s fhe HHHRLNAIHINSGr 4 BBgRACH T UrfildRmit] Idf R Eofcentration
degree of uniformty of the concentration of nitrogen
acr@isytrogen agtiasitba@dditiangl fills 29. The met hod of clai m
1527, wherein the nmethod further conprises detecting a
process excursion associated with the particul ar

proz@ss Thasesthed of BRirmi 27, egriteinane endthatlifonhe2€ordprises
The met hod of claim 23, wherein the nethod further

conpplestiRg aduperss exCusioNResesiatsd with tlam Pagicstarregess
W TP LNEoR A hfYRh JUnReREStiorPased on the thickness
measur enent .
20 30. The method of claim 23, wherein the method further comprises
detecting a process excursion associated with the particular process

based on the thickness measurement.

31. The method of claim 23, wherein each of the film and the
25  additional film comprise a thin film having a thickness of less than about

10 nanometers.
32. The method of claim 31, wherein each of the film and the

additional film comprise a thin film having a thickness of less than about

30 4 nanometers.
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31. The nethod of claim 23, wherein each of the film

and the 25 additional filmconprise a thin film having
w@2aohiociseess of | ess than about 10 nanomnet er SPCBRS2005&41372

nmet hod of claim 31, wherein each of the filmand the

additional filmconprise a thin film having a

thicknesg of .l ess than about, 30 4 panoneters, 61 WO
00dP 061 AeB/ St ToTo By Sopracierizing & ATGyNEan e sisem,
chaggfippisbgi ng a film wherein the system conprises:

an x-ray source operable to irradiate one or nore
filnms w BA Xxraysesirce eparabiletp iradiate anscaipmord films with x-rays

pho c : I operable to detect

escéegsl rlltg]épﬁgﬁ%eﬁsggsg8?1[@%0%//9%2%%? St he anal yzer is

pper abl eah@re@rer aperabls i@ datect eBEg5AY phbtote&torid)herein
det ected photoel ectrons for use in providing an

acqte @eplygRIde cmerakle to sreeEte fovignalirepieseatative of the

co s

oneaoisel BRABRADNAGE A By bidvich 8 ENIr&d sfbotrfior
conopator atorerfilmk; atd| east one conponent of a film
wherein the filmis formed on substrate by a

parti cul érconiﬂlﬁlf'@s%oﬂféﬂ%éﬁ’%?&& 196t of processing
onditions; r i '
16 i tional fi [rahigeatibastone g%%??@ﬁ%‘?%%%ﬁﬁ%ﬁge

addi t i onsgpresémaiige Dbamedcentraticrubbat latst oreycomponent of a
parti cul process defined b he set, of processin

Condi 1 oG BRI Wi omied Bhar e B R Baetias
peak shapgdels defifed®yH 58I0IHBEESSIT cBAMitieRsdet er m ne

at | east a thickness measurenent based on the

conpari son. 3kEcopmézessi aeavingd spedtira3or amadditionahi@m to be

onmputi n fUS | Jurther.operable to cal cul ate

(§OPU] G BRI Byl WL D5 BRE] ARLG 5058 0R4 Eierare

spectr urrb?mb partichedr pibessy defirier] I9PIARUSANE prEPSIsMg!S

is operable to conpare the at | east one neasured

spect r al cpRAKORFape and

compare the at least one measured spectral peak shape to
the acquired spectrum; and

20 determine at least a thickness measurement based on the

comparison.

34.  The system of claim 33, wherein the computing apparatus is
further operable to calculate at least one spectral background for the

25 acquired spectrum and further wherein the computing apparatus is
operable to compare the at least one measured spectral peak shape and

the spectral background to the acquired spectrum.

35.  The system of claim 33, wherein the computing apparatus is
30 further operable to recognize a measured spectral peak shape
representative of a concentration of the at least one component in the

film and at least another measured spectral peak shape representative
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the spectral background to the acquired spectrum 35.
The system of claim 33, wherein the conputing

wappanetss is 30 further operable to recogni ZBCHUS2003/041372
nmeasured spectral peak shape representative of a
concentration of the at | east one conponent in the

r e EeRiGE05 5 5 3B bRTS 8T ReT LRGP B Znd g or
a GRAGERLIratd. on of the at | east one conponent in at

| east a portion of the substrate. 36. The system of
claim 35, wherein the acquired spectrum5 conprises

oLSid 0P8 8gh S gaF SRLGRERL i el

concent 1 east” one co
sad djdnhphi@s dvdriappiriy péak atedsaaﬁtesmmm@ousfpwnmrterﬂmnah of

Ieaﬁt portion of the sut&et @ahg] a\r}tdyﬂ rE@Lher t\glhelrtel
thé e @b ipantiong copprenantdn fne additiaeal Tipangine qtdeast one
rﬁbﬁﬁeﬁoﬁé?ﬁ iftht 3384 tp?)u?ﬁrﬁ%ﬂf’”—?é%ﬁ%t Pf%trfﬂurtﬂ%ﬁ%h%?éﬁ?he

acquired spec itting t 1o acquired
spemmpmhrtgaappmatmsdu&kﬂerscpmmbw topmahpatedhe at least one

Lg%gﬁ@ﬁt@ {spechal pedtn S I beactliRdtpaoHiim,aY iting ThE
10ME sPRetUA tP_kneAsRe drspRAa PP At él*(&p@fe;ﬁ‘esentatlve

conce tratl on of the at |east one conponent in at
| eas‘ta comrantiadionaff theat lessbene sompesientin the fimend thie at

r,o0u cal cul at e the agquired 1 e mto
et ag A a6 inpas ei el bes BAbR LR <RpaBRO L e
oveddrieRtrafoR ORtherhiiaast dieEemponsat infatlidestzepation fbf the
acqui red spectrum peak areas Is repr esentative of

corfshistiaa Leingdhe speckal hackgrowisbcalediairshiam the agquired
addé&ecm% tJ Ekt?&cﬁ%%ngaﬁe%gbng{l s@SBﬁﬁﬁ# ﬁ?%ggﬂé'agqgnm the

peak area s tepresen rve of | east

On&)\mmppfrfglpeQMamas %ekéiﬁsiheaofrthetsleparaié dchyaired spectrum
substrate. 37. The systemof claim 35, wherein the

corRRAK Heagp a%rpagnhagve pf paeeceppatian Phtheatdpast ane
t hecd?ﬁ??ﬁgrﬁqn %rg%eagﬁﬁbnaﬁ@% SNRBR aﬁ&HéPé@ﬁ‘ér@IIén Mté%tgfezog

concentration e at l'east one conponent
fi |Spe!}hﬂilml beahhréee@sr@pmﬂ%vm@f&b&ra&db&mﬁrcwmmm in at

shape res f a concentration of the at
20 eggf"s %ﬁgﬁtsuf’ﬁpr | east a portion of the
substrate by recogni zing a high resol uti on spectrum

for a filmforned on a
37. The system of claim 35, wherein the computing apparatus is

further operable to provide the measured spectral peak shape
representative of a concentration of the at least one component in the
25 film and the at least another measured spectral peak shape
representative of a concentration of the at least one component in at
least a portion of the substrate by:
recognizing a high resolution spectrum for a film formed on a
substrate by the particular process defined by the set of processing
30 conditions;
subtracting a spectral background from the high resolution

spectrum;
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substrate by the particular process defined by the set

of processing 30 conditions; subtracting a spectral
whaokgsoend fromthe high resolution spectrunmPCBHBSANB/041372

2004/ 061388 PCT/ US2003/ 041372 separating at | east one

narr ow neasur ed spectral peak shape represent ative of

a concentratl{) | east one co

t
et PaSratha 3 st R i e ERRDEP G pRedtial pepk shape

S ha&%ré@éﬁt&ﬁ\%‘bﬁé 'C‘éﬁcé}f\tratﬁ)rp@fr&qeéétaéﬂ@ébrﬁf)oﬁm @fta film and
| east one conponent in at |east a Eortl on of the

subgt leasicancther a@@owmgawmdm@eﬁa @eakmm;be)reptreserttetlve of

e EPRbe TG e TS AR solfich o o BERBST A TREugN61 e

shaggbdtmtebaed a resolution of the acquired spectrum
10 38. The system of claim 33, wherein the conputing

appar at udPP¥INgra praasiengjsfunstien te thrsableashenanarrow

con %‘&tspﬁ%d %cﬁ;al %F%Q@ﬁﬁpsghd%etaweas@%ﬂ t{e‘?’rh%brr f' I'm

base CKness ‘measur enen

Themepstrsd speatizhpeak Shapb o enatch Beresohtivhiofithe acqunred
apparat us is further operable to detect a process
excteGtBNassoci ated with the particul ar process
Jased on at |east the thickness neasurenent. 40. The
system of claim 33, wherein the anal yzer conprises an
i Np88. 20hé eystene obplning S3pvheneindbé eotmpanisg dpiparatop s

R SR8 e s APl RO R e

Cené&l&hoﬁéﬂ fimPBaddieat 188sttor] BRSthickndbs AfbANReY&ARf. angl e
relative to a surface of the one or nore fil ns,

vvhere| n the analyzer angle is in the range of about

b h
157 P8 40T et o] RE SR W ETeinThe SompURRorRp kR
of ARPIEr operalRg e eétéc@ a%ﬁ@dés@@x&ﬁgbﬂ%esoé%ted' (th the

system of claim 33, wherein the x-ray source is a | ow

enePaficul prosess kaseden pileast erthimipese measurement.

40. The system of claim 33, wherein the analyzer comprises an input
20 lens receptive of photoelectrons, the input lens having a central axis
extending therethrough, wherein the input lens is positioned such that
the central axis of the input lens is at an analyzer angle relative to a
surface of the one or more films, wherein the analyzer angle is in the
range of about 45 degrees to about 90 degrees.
25
41.  The system of claim 40, whefein the analyzer angle is in the

range of about 60 degrees to about 90 degrees.

42.  The system of claim 33, wherein the x-ray source is a low energy

30  x-ray source less than 2000 eV.
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64 WD 2004/ 061388 PCT/ US2003/ 041372 43. The system of
claim 33, wherein the additional filmconprises at

wo e@giesss i con and oxygen forned on a substrat BCT/US2003/041372
conprising silicon, wherein the acquired spectrum
conprises overl appi ng peak areas representative of a

S LA G S B RSB
whes £t Bilichh drRNPideTorrfBadnad babstrate RoMgHsing Silicon,

recogni ze a neasured spectral peak shape.
r eprheseinttheiagguiied spectuderrrpREsemORranning eaak areas

fil | e f] ri : gl Lii

oxcy RSPl ek ERER ot 3BRain HRESdiiBhal (RARRNA at
51 e¢agtiazgordibnlof disd salvstidtes ama astherdvisgreint thal campiiting

shape representative of a concentration of silicon in

at APPRRAUG iHePeiaie I the substrate; and cal cul ate at

| east o r ' i
spoot r un a8 45 BhedafepRial Blal DRyRERArEanatiys of a
c orgoutenigatigpaf siticm insa filnnrwiheneirother bl eomprisesphleast

the at | east one asyred spectral peak. shape to the
ac Gl CoBATS RIS oM 7 RS FRIC Aol SBECRT um t o
ot he  neages§slzs Be fddsthnBk nfdtaRfed §B|é§t$ﬁrﬁéﬁki syl a

concentration of 20 silicon in the filmand the at

| easpreseotdive ofeasencantratien of sllicpadan atlegsta portion of the
repr s%e[n ati\ée of a concentration of silicon in at

l e s a{?ofapl on of the substrate using the spectral
backgr owa%mabwllaéﬁdqrfer%mﬂae baskitouad fosthecddquiretio
extract separate acquired spectrum peak areas fromthe
ovépeghipimg peak areas, wherein one of the separate
acqui red spectrum 25 peak areas is representative of a
concentration of silicon in the additional filmand

t hetdanotTier systerr citataiac 48] whdrehptitd comppiiad appemtisis
representative of silicon in at |east a portion o

t he
subutthak eperable terorapaiedhr it '%%i%eﬁ?aww&ﬂe?R?CUﬁLpe&
co i
oG PSRN spacy il IS AR sb o
nmeancasuredtspattral peak shape rapreserdativenba cbntértration of

20adds|ilt|clo%n|ﬁlth<]; Ifi‘nrwn afn%rthgsa? least %%other measured spectral peak shape

15

representative of a concentration of silicon in at least a portion of the
substrate using the spectral background calculated from the acquired
spectrum to exiract separate acquired spectrum peak areas from the
overlapping peak areas, wherein one of the separate acquired spectrum
25  peak areas is representative of a concentration of silicon in the
additional film and the another separate acquired spectrum peak area is

representative of silicon in at least a portion of the substrate.
45.  The system of claim 33, wherein the computing apparatus is

30  further operable to recognize the determination of a thickness

measurement at a plurality of locations of the additional film for use in
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WD 2004/ 061388 PCT/ US2003/ 041372 determ ning a degree
of uniformty of thickness across the additional film
wd 80040bsssyst em of cl ai m 33, wherein the fil mpemusives 041372
additional film 5 conprise at |east silicon, oxygen,
and nitrogen, and further wherein the conputing

apparatus.is further_o ahl e to determne a
coRAURITRNIGA dgores ot HBguRTCRIkERS AFBRsithe Additional
basggh at | east on the thickness nmeasurenment and an
additional acquired spectrumrepresentative of
nitrogen in the additional film 10 47. The system of

I V\/n , t j further
opetinr oThd VEabat 98rS S HheBRTRB TS Angthg adutonaFfim
L ONEEpFiSe lapléagf siliédr,'BGEBn! And herdd, bhanahhéd WReadin the
pl ur al Ii!é’t | ocations across the additional filmfor

us eCompdéneappiaties i& fugheeepembimio @etﬁrmmeoa cggcentration of

COnGRBERTA b S lSIARILRN 43585, HiSnRdgbbL o

Cconpieabuenagtat ars atlditiohdl 4dtpiiredgyediuen teprdsésiative of
process excursion associated with the particular
pr odiregen iy e aaditipralfily ogen concentration. 20 49. A
Qrogram storage nedia, readable by a nedia read
apparatus under control of a conputer, tangibly
enbddyi ngha spstegr ahclaine d6! ableecinttioe penfporting applamiesss
for_c aracterlz tion of etztgln filns, vvhe¥e|
pr oV BRT PREERk Khiecogpiz erq_féﬁ"g‘ﬁlf‘?@%@ F‘&S’QP%H%“O“ of

”eaﬁl%ﬁgn e é@(‘jltlaﬁ?mlﬁl%p‘f Iu?ﬁﬁ% BF %taﬂbhé’ ﬁchss%he

concentrati on of east one conponent of
wheadditionaldilmiformise irf deheminmmg a @gmee muenf@yma/ of

articul ss defined essi ng
1D triadsetiBh 28 B3 O Rba S atPe S T palli RS

additional filmto be 30 characterlzed wherein the

additional filmis formed on a substrate by the

par48.cul Hhe gpygieasef eaim 464 Whereindhe eomprutipg eppeasatng is

contie? PReralfe 1Cucefa dtodes: Selirabh AP Bt e

t o pdnticular process based on the nitrogen concentration.

20
49. A program storage media, readable by a media read apparatus
under control of a computer, tangibly embodying a program executable
to perform a process for characterization of thin films, wherein the
program is operable to:

25 recognize at least one measured spectral peak shape

representative of a concentration of at least one component of a film,
wherein the film is formed on a substrate by a particular process defined
by a set of processing conditions;
recognize an acquired spectrum for an additional film to be
30 characterized, wherein the additional film is formed on a substrate by the

particular process defined by the set of processing conditions;
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acqui red spectrum and determ ne at | east one

t hi ckness neasurenent for the additional film based
worottlogrdgonpari son. 5 50. The program st or age PETUS2003/041372

claim49, wherein the programis further operable to

cal culate at |east one spectral background for the

acqui red _spectr d further wherein th tin
Appar at uGoTBaIG it aHPest 1 BiRaRIE] HePCiE PaakRrghe o the
neageq@rb B ASEdthrh; ARk shape and to the spectral
background to the acquired spectrum 51. The program

st orage delir@ing atleashon® thickimssi measigreprasy famthiesadditional
fur tQ rec ni ze a neasured spectral peak
shab@ﬁb‘ﬁg%?g@ghggf)mp@”g Ha concentration of the at

4 east one conponent in the 15 filmand at | east

anot her neasured spectral peak shape representative
of a0condbAtragiasm Steragpmedia og glaimdiee WharpbribatPrograg is

| eaﬁfrth%r%@ (4158 ftﬁ’fc:?lcmbqg%lt' h)e\?%"t 358 sp%étral@fcl@r&%{@% the

st orage erern e ac

speabquurecbsmmrwasmd\iarlhepwheganmGwcampaang apparatus is
ative of a centration of the at | east one

represe
coﬁﬁeﬁ@?ﬁe I ComBagie atdfast a9 Measkrachepeciiel peak ehape and
ctfelbAbIYBER 18 1R B GRe bpddifurfubst rat e, 53

epr gram storage nedia o wherein the
programls 25 further operable to conpare the at

d t
ool r oo bR oY BRge Ireil o SR AuteTeldBe AmgrEg is
t hefyrifRRopersbls @@%é@]mi@alﬁnééa%d ISBBERSIGIH A éHé&;eOf a

concentrati on of the | east one conponent inthe
fi | repiagentativeof a@agcelaﬁﬁ@mcneof tineead deast onspemnpanenidalithe

17 ot B S5 Aol e fouRo RERL Aol Shapie Btanptative

subst & abAcewstratibri bietheRa tédstlonelsrkesietian alczigt atRition of
fromthe acquired spectrumto extract separate

acqthe . edbsifgéet r um peak areas fromthe overl appi ng peak
areas, wherein 67 WO 2004/061388 PCT/ US2003/ 041372
one of the separate acquired spectrum peak areas is

r epBEsentrheipregm’ln gtorage oesdia af cimd1, t Weerdin trenatquires
onent in the additional film and the anot her

2%ep PEFEIA CQIMRTISES QYEERPRINIREAK afeas reRrasepriefat i ve

of EfScentration of the at least one component in the additional film and the

at least one component in at least a portion of the substrate.

53.  The program storage media of claim 52, wherein the program is
25  further operable to compare the at least one measured spectral peak
shape to the acquired spectrum by fitting the acquired spectrum to the
measured spectral peak shape representative of a concentration of the
at least one component in the film and the at least another measured
spectral peak shape representative of a concentration of the at least one
30  component in at least a portion of the substrate using the spectral
background calculated from the acquired spectrum to extract separate

acquired spectrum peak areas from the overlapping peak areas, wherein
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at | east one conponent in at |least a portion of the
substrate. 5 54. The program storage nedia of claim
WG 2004inbs8%i N t he programis further operabl e POT/US2003/041372
provi de the nmeasured spectral peak shape
represent ative of a concentration of the at |east one
oneg| inthe film ndt e at |.east anoth f
aje W RFEIYEY Pep ééeearﬁ'ﬁtrFBreeSGf“a&"’e ofa
con@&mehﬂtan@n oPthd Beleakt bR ebnPRRcAPFIABYditidhaffilm and the
| east a portion of the substrate by: recognizing a
hi gngtbebseparate apquwtadisngatiun peakiareq is wppeseniaiiveyokihe

bt Pl SRESERBHRERS Tl elehE e bt ea

spectral peak shape representative of a concentration
of at | east one conponent of the fil.m and at | east

andbher hBe PETAERSIOrRGe Besia phelajsa 5, whapein the program is
r eplruﬂ%%PBBEf'a\bZe P@M&%E?Eb% %Hecttr]&?gé‘%k Eﬁ é one

conmponent I n a portiron of the str and
20 mppesemgn\ae bframdamrrtgatfotmrm‘ttheratﬂe:aﬁ lmaeaiormmmﬁntmmme
nar asur ed sgecbr al peak at | east

ano 'Hb?“ %wea @H”he&éb'f p@ﬁ%ﬁgaps mat ch
167 rr%?)?eégdtglr\/@&f 4 BS ré\tfo‘?ldof tﬁ@%@q%néﬁzoﬂ%on—@?ﬁ in at

program st orage ned |a of claim49 ein the program
i s lehat a pertiavpeirthblsubstratkelbyr m ne a concentration of a

conponent of the itio filmbas east on
Che tht clesggBizEna T hisrElLties SPRRYH: By R FLTor age
medi a of g @htpdding s;y\étﬁfaerlbeck uRBGESA Thé h.grﬁ%sbun'bher
operabl e to recogni ze the determ nati on of

coneRgalimei on of a conponent of the additi onal film

15004/ be 1oBArBling BLlBEPhE 1AW %kt §Foql penk shaps

i n epresantaiivigoba degc@tratfonusi dtaeasttoneddomponent of the film
concentration of the conponent across the additional

fi | and syleashangihggnarowt HPagurasetnastial PeplarhRe,
mefe?ré‘séﬁ?‘q\% gﬂ% @thént{eﬁ Jnuéfttnsratt %l%{’g %glggcdrﬁponent in at

recogni ze erm na
nealeaseapottict ofathpls:ubatrate; apid | ocati ons of the
additional fjlm C‘J ]p
20 applying a roa ening function to the at least one narrow
measured spectral peak shape and the at least another narrow
measured spectral peak shape to match a resolution of the acquired

spectrum.

25 55.  The program storage media of claim 49, wherein the program is
further operable to determine a concentration of a component of the

additional film based at least on the thickness measurement.
56. The program storage media of claim 55, wherein the program is

30 further operable to recognize the determination of a concentration of a

component of the additional film at a plurality of locations across the
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determining a degree of uniformty of thickness across
the additional film io0o 58. The program storage nedi a
w@boogloeidss 49, wherein the programis further PEPUSINN®041372
to detect a process excursion associated with the
particul ar process based on the at |east one thickness

mea J . . The oar. st Qr age di..a of claim

o BUHERRAL i ¥ yeL S RIS FEGER AiMBeRly &1 *onk
shapenteéntraphesiant dohysorzgit acrReahetaoditiopal film. silicon
inthe film 60. A nmethod for use in characterizing a

film the nmethod conprising: providing an acquired
spegbru r r [ . r .
oot 1 mre priotdrh BdBg8 Sl o Bl A yncr B tobiam i
pr olrthereperdisiedo qacogizes trectctermiratipniof esthjokpesdi Nng a

tral k sh f tative of a concentration
of EeqouESTIoBhe! 4 BBk 1oarloRe of e rddiiana e s
addbbté?ﬁﬁﬁlningﬁle%%@b o‘?%‘ﬁ@ﬂ@f@f R3S HchbdheUdditional

concentrati t he at one conponent In at

| eailm.a portion of the 25 substrate upon which the
filmis fornmed; extracting component concentration
information solely fromthe acquired spectrum

1whesgi n TR ([EGRAN Sra§OMEENA Rt 4N \WHdTBH PR program is
conprises information Fepresentative of the_
con ar fpiesablefto detecia peegsss axgursiompsaesiatadnwitihthe

30 PRRRPITHIOEST hitad Sp Mo ft RSN Wi RhsngeSfipllont

substrate upon which the filmis fornmed; and 69 WO
2004/ 061388 PCT/US2003/ 041372 determ ning at | east
one>Phi cHRedyosam skragamedia of glaimi4Snvietetn e attieast one

EOTRRERF QOSSN Ul B A 3 GBS ol

cal silican imthesfilapect ral background for the acquired
spectrum and subtracting the spectral background
fromthe acquired spectrum 62. The nmethod of claim

60, gher al RefiddViot LBE it BRaSRESAR aﬁﬁrﬂktqesr'?\%%d comprising:

representative of a concentration of at |[east one
conponenpravidingen deguitieldnspsctruthior adiilint icove chapetsrizald,

o2 o TR R o 0B S e et Botling
the acquired spectrum comprises providing a spectral peak shape
representative of a concentration of at least one component in the film
and at least an additional spectral peak shape representative of a
concentration of the at least one component in at least a portion of the

25 substrate upon which the film is formed;

extracting component concentration information solely from the
acquired spectrum, wherein the component concentration information
comprises information representative of the concentration of the at least
one component in the film and representative of a concentration of the at

30 least one component in at least a portion of the substrate upon which the

film is formed; and
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substrate upon which the filmis fornmed conprises
provi di ng overl appi ng peak areas representative

w0 b@nmpef3ss 15 63. The net hod of claim60, whereP@T/US2003/041372
extracting conmponent concentration information from
the acquired spectrum conprises extracting a ratio
representative of the concentration of the at | eas
b6 conflBIRSNINg 2 fRast PR pIsKeeS BacUFei f8h s Mo
at hgasd oRNRe eBIRMEAE cohdbrtfatibRasforfafiGhli on of the
substrate upon ich the filmis formed. 20 64. The
nmet hod of claim 60, wherein extracting conmponent

congentration jnformat.ion. fromthe acauir ectrum
ConBT e Ehe et Bt 06, Wil et ahRF Elynbrses:
$pect r untaROm”LRGiaNGoeitrdl @é\ék%r@aﬁﬂ%ﬂh‘é adquredtdpRetrim; and
the integrated spectrumto 5 extract the conponent

concent r ¥b6acting iberfiecal batkgrawed frermthe agquiesi saesrum.
wherein using at | east geonetric properties of the
integrated spectrumto extract the conponent

conggnt r Theanethoti ot okdimos0, aamgeirseVidisd thy spediaipeak
plurality of tangents at a plurality of positions of
t heShapR ERprasertaliyR of pwencaniatian gicitiessy g eeyponent in the
CTL & . )
A S s Y
oneconcerdragionrofdhs at idash snbebwgemenh i ab leasr & poftidnhef the

t ts. 5 66. Th .hod of cl ai 60, wherejn th ]
ot BT Ie RRen AR e G S BB e AVENY QYeHapping

of BesRBRONERHr&ertAf/d icebased at |east on the

t hi ckness neasurenent. 6/. The nethod of clai m 66,
wherein the nmethod further conprises io repeating the

t ' ' f ti f [ t qgf th
1§71 BB e TheeRorr ST ot g Sxefb TRASerh f or -
us ecormcaltiRionl iRiofthafiod SNE the AbquRid §5dBtium _@l mpriggs

concentration of the conponent across the fi
TheeXisagitng aralia wpresdntalivrepbihe eanseniration of the aldeast one

o BerRSRonb 0P BRE b k SO BIER 0 201 ouBrg somponent
t heirf afl lendtoa pustioni of tHetsabsiraiengooh Whghahe Fimus fdraigd.t y

25"

64. The method of claim 60, wherein extracting component
concentration information from the acquired spectrum comprises:
cumulatively integrating the acquired spectrum; and

using at least geometric properties of the integrated spectrum to

25  extract the component concentration information.

65. The method of claim 64, wherein using at least geometric
properties of the integrated spectrum to extract the component
concentration information comprises:

30 providing a plurality of tangents at a plurality of positions of the

integrated spectrum; and
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t hi ckness across the film 69. The nethod of clai m 60,
wherein the filmis fornmed on the 20 substrate by a
w@artiogsBar process defined by a set of procesBCTygS2003/041372
conditions, and further wherein the nethod conprises
detecting a process excursion associated with the

ticul b d t he at
hi cknosQeiRBREIIG IR Eompanai. consantiali v TaFnelon 5 8o

whefiRicioR bP4t BiaBfohd 8r ﬁ?&é'lﬁt@%éﬁﬁ@ﬁ& bafvedPbnk R nhdreBf the
to be characterized conprises performng one or nore

surfaagentspect ral nmeasurenents for the filmusing a
particul ar set of paranmeters, wherein providing the
surface spectral nmeasurements conprises: 30

3 rrg@li at TRE nidtRod iof Blaitd, wHeryin the shéthbAduHRet &6mprises
escape of photoel ectrons; detecting the escapin

pho@eterremlm@ﬁsconsﬁatratrqn o gompopenBetthe film based at least on

ating a signal representative
f (Iﬂ#gﬂcp?gﬁec?ége%?{o% l(ractrons wherein the surface

spectral measurenents are based on the generat ed
signal. 5 71. Thg nmet hod_of claim 70, where
det @6t | nEh%mﬁ&BP &t Clﬂ'ﬁt@%lW?@ﬁBeéﬂ%Pﬂéégher comprises

(ProPél Ihe grpeaeﬁégﬁﬁﬁ{no?%ﬁ béﬁd%tlaa@lohrm ccl)rﬁﬁﬁnent of the film

receptived ectrons I'nput 1 ens havi ng
cenat apluaality oé*ﬂcm’mdne @cradsethetfimndagbise andeteomining a degree

p05| e} in l ens uch that the ce

oty chcencBtatian Sig cRrate AGEs e dimye. ¢ o
a surface of the film wherein the analyzer angle is
in the range of about 45 degrees to about 90 degrees.
72 68he e marthod of ickiinm 601 Whetteindha roelodifartherecoraptses

o gfdbsiting ie SRS G2 UTdireTheqapaT At a Pluralty of

| 1 r REhAGHAEF theeilin foruwse M déterrﬂM‘ﬁn? @0daYre8 &F uniformity of
irradiating the filmwith x-rays froma | ow energy

x- r hjckiesp @erosselde filan 2000 eV. 20

69. The method of claim 60, wherein the film is formed on the

20  substrate by a particular process defined by a set of processing
conditions, and further wherein the method comprises detecting a
process excursion associated with the particular process based on the at

least one thickness measurement.

25 70. The method of claim 60, wherein providing the acquired spectrum
for the film to be characterized comprises performing one or more
surface spectral measurements for the film using a particular set of
parameters, wherein providing the surface spectral measurements
comprises:

30 irradiating the film with x-rays resulting in the escape of
photoelectrons;

detecting the escaping photoelectrons; and
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74. The nethod of claim60, wherein the filmconprises
a dielectric film 75. The nethod of claim 74,

wob@resrssg he filmconprises a thin film 25 har€nySm03/041372

5

10

15

t hi ckness of | ess than about 10 nanoneters. 76. The

met hod of claim 75, wherein the filmconprises a thin
et S SERRE Bl EEo AR AA8ehntpsleptans.
fi RremPhbSeffade dpebBiraCiPBRELRIMENiS iaké BABe@RA thE Y@ferated
fornmed on a substrate conprising silicon. 72 WD
2064gred.1388 PCT/ US2003/ 041372 78. The net hod of claim
74, wherein the acquired spectrum conprises

over | appi ng peak areas representative of a

corpent ridd wietdd ofsdlhing 90, wheidie dbtdotingredcapingt | east

a portion of the substrate, wherein extracting
corghotesiecttmredMPHSSSN i nf ormati on fromthe acquired

5 spectr . ' L at ] ive
of "the. HIBYERERS BRANEH EQRbHRa AT AplOiehE ReSaaNR
corphbeletiroms, dfie frigut tars haviag a derdisd azisptendingof t he
substrate upon ich the filmis fornmed, and further
whdherathiopghaddd ng conponent concentration information
fromth M i Y i

| nt ogr atosna g e FPAEINITUERTRA! e Tonk) AeTdrahe KLY
geders is @t v apalyzéreanglé relative in aguiieed of phe tiinuwherein the

of Az el 16468 Pk o arnut e deSRe FRAPaU; agbeSfoes.
concentration of the at | east one conponent in at

| east a portion of the substrate upon which the film
i s Tar nethe rgtired offeleimi hvhessin dhaianalyger angleds in the

pdeof ot ebonkod BB0Rdn5 b BB dechBeds. o ovi arng &

plurality of tangents at a plurality of positions of
the integrated spectru? and 20 determ ni n? the ratio
as &3-f unthe aieted at clrwa g0, viherelp inadiating e Hge ¥ithonEays

bet One. Or: [Ar fe L h )
o R R0 A 2P0 o P T e
neadsys nnNLoo®BYLi ses determ ning a thickness

20

74.  The method of claim 60, wherein the film comprises a dielectric

film.

75. The method of claim 74, wherein the film comprises a thin film

25  having a thickness of less than about 10 nanometers.

76. The method of claim 75, wherein the film comprises a thin film

having a thickness of less than about 4 nanometers.

30 77. The method of claim 74, wherein the film comprises a film

comprising silicon and oxygen formed on a substrate comprising silicon.

72



25 nmeasurenent for a filmconprising silicon, oxygen

and nitrogen. 81. The nethod of claim 80, wherein the
woreaohoai3Bir t her conpri ses determ ning a concePtT/a820081041372

of nitrogen of the filmbased at |east on the

t hi ckness nmeasurenent and an additional acquired

V0 Bboa] Bed FAhpaH CeFOG ohesta thaRooked SBERGWTOr |
cl %Gﬁwnﬁﬂiseé"@%r?g&riﬁegﬁggﬁta% lfélgréé’@‘ftam 4 B8fcentration of

determning a uniformty of thickness of the
f i | silicamiprthsifitey arg ini atdeastaxporionaridhe subsiirie, wbetais

he f.il d f i f ' f h .
conzdtadhiog csinasant cefentfat Bionnaion ol the ggauipd
gret fesbtRim ebaiphsts exwheliy A ratie répreBbhatile@omatk on the

substrate by a particul ar _process defined by a set of
pr oe@Rasintigtion o gilicpa i theafilin tatherranoghtration of Flicarimat

i (Rechd PR PR By RLCESIT BN FHR R B33Riod i iprner

conwhBtdidekiractirifcorparéhiocbricentratien inforrhatigie frem thieng
a film, the nethod conprising: providing an acquired
s pe@¢QUIFAC SPECATUM CANPHISBE: char act eri zed, wherein the

lmi : : ad, o . in.
G ovi ai gt TR KD e ATl EcfaodtiCd Bl S8 5\ i ng

over | appusigg e ddasiigeametrie prasetesdf the infegrated spectrum to
concentration. of silicon i apd i a

n_the fil at | east
bor BXEAFtahe fAiS wiieserinhve Bl ekancegrabinn ot ot ISast ore
ConeabbALKIR th8ifth I8 S BorsirieatidAl ot itfe b RashEAIcERfonent
spectrum erein the conponent concentration
i nf ior atdeastra pedionmfphé sebstratearpom whichrtbe fitrs és farmede
of the concentration of siliconin the filmand the
Xoncentration of silicon in at |east a portion of the

subgpdr at eTHERRIVGY 6fclhiie 78] Whkidin Lenest leasttheometric
determining at |east a thickness neasurenent for the

fi | prapesiies obihetinegsaieg Gipentruavliecitachtheratio comprises:
i nformat | on, . . 0 [ |
the ot nBRNIFd AdrcialEe g8l bRk Sr p8EE: Bryne
backgegrarst §pactiune; @sdjui red spectrum and
20 determining the ratio as a function of at least one or more

intersections between one or more of the tangents.

80. The method of claim 60, wherein determining at least one
thickness measurement comprises determining a thickness

25  measurement for a film comprising silicon, oxygen and nitrogen.

81.  The method of claim 80, wherein the method further comprises
determining a concentration of nitrogen of the film based at least on the
thickness measurement and an additional acquired spectrum

30  representative of nitrogen in the film.
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subtracting the spectral background fromthe acquired
spectrum 30 86. The nethod of claim 84, wherein the

wo 2oori0638§ or med on the substrate by a parti cul BET/US2003/041372
process defined by a set of processing conditions,
wherein the nmethod further conprises detecting a
prQeess

B8 o1 Ineducliorl e Py iR e R Bfther comprisey

on gefntifing N@sgrec BT amifo BB bf tHidkneEBaf nieé filpel cofmpeismigm
84, wherein the filmconprises a thin film 5 hayi n% a
t histicaasexygen anitiegRn As6eEs e Haneme fegese @fginitpraity of
ne j T j 4 mconprises a thin
fi ﬁrﬂé’gﬂrg%(?nﬁgaqg)ﬁ‘tcﬁin&%% SFE}@%EII an about 4

snanoneters. 10 89. The nethod of claim 84, wherein
extracti_ng conponent conceﬁér ation_i nf ofrormti on ,[Hsi ng

solééty tThe ReHlac iclaige el r et tlayis foppatl Ok thGe) v
. ' . _ !

geSEpfate ) B PRI ABCeREABhIATDy Bt pRtbetsmdas

ex tcoaditionbeand fipties whereimctbetmethodrcamprisasedeteeting s

90. Th t hod of cl ai 9 [ [ t

e sHEEITExairIpe ceredefid v U paHRYA P el hiRR n the
10eXtrﬁﬁ‘6§Seﬂ Bsn&HR@pant  concentration information

conprises: providing a plurality of tangents at a

plurality of positions of the 20 integrated spectrum

i ek B8 107 (B aREprigROElt Yo Bhthod compreing:
91. The gratiarg @i ash@iren §ectwirariei afipm &y bdioharacterized,
plurality of tangents 25 at a pluraljty of positions

?f whereimthedfila is dopre op s WsHRe e furthes whereig Rroviding
L

of rpprisehitativecst a coricemsiatipnio silicenfin timg filpn end di atleast a
second tangwee?t at a position of the integrated 30
speRariemeE Bie edii®ing to a position in the acquired

bt on RReRg oricichpohab g annidimidien kg s e
acquired spectrum, wherein the component concentration information
20 comprises information representative of the concentration of silicon in
the film and the concentration of silicon in at least a portion of the
substrate upon which the film is formed; and
determining at least a thickness measurement for the film based
on the component concentration information.
25
85. The method of claim 84, wherein the method further comprises:
calculating a spectral background for the acquired spectrum; and

subtracting the spectral background from the acquired spectrum.
30 86. The method of claim 84, wherein the film is formed on the
substrate by a particular process defined by a set of processing

conditions, wherein the method further comprises detecting a process
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75 WD 2004/ 061388 PCT/ US2003/ 041372 providing a third

tangent at a position of the integrated spectrum
waeoeomespsndi ng to a valley of m ninmumintensitRCT/NS1008041372

acqui red spectrum between the peak silicon intensity

in the filmand the peak silicon intensity in the

substrate portion underlying the film 5 92 The . .
et REYTION @SEPFHRAtRH Wi & pRIcH B peve S hasechy the thickness

COMBELSGSmdrcating a mini mum and a maxi num of the
I ntegrat eEP spectrum 93. The nmet hod of claim 92,
wherein determ ning the conponent |0 concentration

i nf t f ti f at. | the t ,
corfoh Soe maEpsPh iy S Ansiindfe Bra o RnrbaS Gt im
51 IhGAny hRhRRABSY of Bss ian Abbik IRASKLMBters! ocat i on on
the integrated spectrum between an intersection of

the first and third tangents and an intersection

betyeen 15 t e , e
e T e BE R R et RSB i o
| ntiedhd ¥ thidkh8€s oSkbs g 8bogr4 haRomeess| yi ng t he
filmusing the value representative of the silicon

intensity in the filmand as a function of the total

ilggon —i ] I JJa-aum and

1€ et R EToq b OGER, WeraRyteElng ConiiheR

met duriteptratibaiinfofdatiom asiegrsoidip tie hoywissgpspestrum comprises:

silicon, oxygen and nitrogen, and further wherein the

met hod cwmwf/agggly ISOERRONR FCAUNEHSPREIYEY: GRdof

nitrogen [ i

t hi cknes%ﬁﬁ%tggﬁgeslt %Hﬁ?g@?ﬁ{)f&ﬁ%lﬁa (rq%tlé(rjes ectrum to

s peettraginthe epmpsephbtoncendfatinntimfogeatiom the film 95.

The met hod of claim 94, wherein the nethod further
1%onprises deternining a degree of uniformty of

t hi ghnes srRfmbid b dRIAFBOSEhE RS LENG at38afgednitRies ee
of unlformcty%hof the concentration of nitrogen across

t hepifopenies dntegted GpesBuRAT/axy20b HepaaBponerys.
The et hod.,.of . i m:94 rejn the filmis forned on
theco%q%grtalt'gpé&ﬁ@hg{%’g\f}?%ﬁ'ﬁg " process defined by a
set of pprRERfSd aDlurality of tangents at a plurality of positions of the
20 integrated spectrum; and
determining the component concentration information as a

function of at least the tangents.

91. The method of claim 90, wherein providing a plurality of tangents
25  at a plurality of positions of the integrated spectrum comprises:
providing a first tangent at a position of the integrated spectrum
corresponding to a position in the acquired spectrum of peak silicon
intensity in the film;
providing a second tangent at a position of the integrated
30  spectrum corresponding to a position in the acquired spectrum of peak

silicon intensity in the substrate portion underlying the film; and
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condi tions, wherein the nmethod further conprises
detecting a process excursion associated with the

w@aootiogsBar process based on the nitrogen 5  PCT/US2003/041372

15

20

25

concentration. 97. A systemfor use in characterizing
a film wherein the system conprises an x-ray source

operable to.irr e on

10 resuPoOViging ﬁqﬁﬁgamg @? popﬁj]tgqn Jéijl tggtﬁr{‘fobpatéd I<P¥etrum
anghyESiorfiey A4 Salldy Eeinafifnuas imensity inhé eetaired spsctrum
wher el t he” anal zer IS operable to %enerate ﬁlf:s' gnal

r epew@amtaamw ntemtm the WRbeod the PeRRSIIEBR "use
15' ngh?ﬁ%g{]g%g§§ é{o‘?ﬁoﬁ' Bﬁ&é@ﬁﬂb"tﬁé siimy.he film and

us operabl e’to: recogni ze a
spectral peak shape of the acquired spectrum
regéesentatlve of a concentratjon of

onoRheeniRg of ciim & hadhaely Peane o FahpoFRBRSRS
t
2 BiBRG 3 fin/mERPARY Bnalph FASK 1R Puagdidd epdium.

pea e acquired spectrum
representative of a concentration of the at |[|east one

ohBBn" ¢ Rbemeonst eiainead. wha B feeluRd R bahBoHER"
Co%ﬁc‘f@rﬁ?&ﬂo‘?ﬂnfd?ﬁ%’iﬁﬁtdsoé‘ furthishof falt RAst m@taa@@msr ed

spec rum wherein the conponent concentration 25
[ nbom]umSesn corrprl ses information repr esent at ive of a

t t the 0L

11 m angeleriuRgan Ve renegEhials of WESDESH jhndifin the

CO'F’Pﬁ'B%%d o @todaﬁaﬁbnah@quegmted @bemerrsbmreeatam upon
whi ¢ Imis fornmed determ ne at Ieast one

t hummmyorr@étlm firse andibird tangents and 30 ipipseReion helween

onent f rmation. 77 WD 2004/ 061388
PC'W %?Pﬁc%'ﬁ%@%‘@%ﬂﬁa% gyst emof claim97, wherein
t he conputémgnimgravaluesepresehtativeeaf topsiliabh enttensny in the
cal cul ate a spectral backgr und fr&mthe ac

spstbstiaie ReTHON MMSEFYRg thadirg ra pising the vl &frgﬁﬁa“t@it%?nof
t h§, AGHdbA GSteRBRF i HB8%ilm and as a function of the total silicon

intensity determined based on the minimum and the maximum of the

integrated spectrum.

94. The method of claim 84, wherein the film comprises silicon,
oxygen and nitrogen, and further wherein the method comprises
determining a concentration of nitrogen of the film based at least on the
thickness measurement and an additional acquired spectrum

representative of nitrogen in the film.

95. The method of claim 94, wherein the method further comprises

determining a degree of uniformity of thickness of the film across the film

30 ora degree of uniformity of the concentration of nitrogen across the film.
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5 99. The systemof claim97, wherein the conputing
apparatus is further operable to recognize the
W@ p@as38s peak shape and the additional spectprel/upmako41372
shape as overl appi ng peak areas. 10 100. The system of
claim97, wherein the conputing apparatus is oper abl e
tio

{ ne5Bacie BIPBRR! POy Sheraibdin g 1§ msd on &
r epélﬂ)%?ﬂ&ié‘bx‘éepﬁlcﬁﬁﬁ Prc?ﬁé'%%‘%ﬁiﬂhé&l bg"la 8kt 6fr|ﬁoé‘ésé|

one conponent to the oncentration o the
at daretitiorsn evheseipdhe methnd durthercamprigesy déteating atdiecass
substrat.e upon which.the film

Sy Eihgn SRPAA W &Fe PRl et hessibon M olrosgn
OpesaieptrafiogXt ract conponent concentration

information fromthe acquired spectrum by: 20

curmul atively integrating the acquired spectrum and

Usi 9 2t al Ry AR [Ich-PLABRERL SSAL, Wifchtheds Rl

[ nf@irﬁpmém 102. The system of claim 101, wherein the

conmputing apparatus is 25 Per able to use at ]Jea st
geonet r | @ Briap SPHIGEsORRraple:lo iFpdipta rag of paeke fils With x-rays

XLl O BBRS0LY BRBBEREREREON 1 1 or Tt on by

provi tangents at a plurality of
posi ti onan ahalylzer opeltae)gar t detespesdtapimg phoibetbstons] whegein
the co nent concentration informtion as ctlg?%

30 He aw@ag% opgEaklp iggpreliats a,Signal rehfeser

:
o PR RIS JOERELIER ppcrom

whethei film; Redconput i ng apparatus is operable to

rovide the plurality of tan at the plurality of
1Sgosi tiondC BFPP'#'HQ a} JsoPE %ﬂgi?r um by: providing a
first tangent gl am@%spmmlcﬁeak%apatcﬂ%@b@ UiBEE ShEStAAM
5 correspondi ng to a position in the ac%w red spectrum

of peak piperdative phacapcentration ofatileashons eamapmgntaf the
second tﬁlﬂg%ergfn l%epfﬁr%' ik 'f&l?né)é oh I& d&ttt%gé at ed

recognize at least one additional spectral peak shape of
20 the acquired spectrum representative of a concentration of the at
least one component in at least a portion of the substrate upon
which the film is formed;
extract component concentration information solely from
the acquired spectrum, wherein the component concentration
25 information comprises information representative of a
concentration of the at least one component in the film and a
concentration of the at least one component in at least a portion
of the substrate upon which the film is formed; and
determine at least one thickness measurement for the film

30 based on the component concentration information.
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spectrum corresponding to a position in the acquired
spectrum of peak conponent intensity in the substrate
w@eootioersssinder l ying the film and 10 provi di ngper/uktonsio41372
tangent at a position of the integrated spectrum
corresponding to a valley of mnimumintensity in the

s 1176 SRR o AL WILe CRBRPBIEApparatus i

I nkesdltdbdrAbichs: substrate portion underlying the
film 15<yp104. The system of claim 103, wherein the

conput i wglcyatercaspectiad batkgrobsd figpe thehaequited spegtain; and

m ni mum a a. lraxi mu t,he i d t

To5. e ByaPLiEem Ll hediol i BRETE e REE iy
sapparatus is 20 operable to determ ne the conponent
concentration information as function of at | east one

or 9%or e The systerntqf GRINMRT \egrebhbegrompyiingaPpayatus is

I R et
on spketranNpEl shigsk apecerappihgpeakmreas.25 i ntersection

of the first and third tangents and an intersection
between the second and third tangents; and

jodetRygr nfﬂpﬁ?st%!m HCILRPERSHRE RN W @émbm\@gl@%&{aﬁg is

intensity 1 he substrate portion underl
f i loperablegotdxéracatemporentesmceatratien indérnbdiérctsomahent

intensity in the fil d funct | f the total
30 ABHBH BTN PRSI FA PRty PhBem i mum

SR Phdlisprmeshaaasainoy S

c| aianceftrativre obthe atHeastornsucompongpian &t lgast @ partien eéihe
operabl e . to determne concentration of a conponent
Bof %Lﬁ’ec‘kriafef Hpo%ygécgq@[efﬂg\dgﬁomeq.he t hi ckness

nmeasurenent. 5 107. The system of claim 106, wherein

the conputing apparatus is further operable to .

r ectijni ZEhe pysteet efralainn by owherein thayeReRUiing PBRAGHUR IS
conpo f I Ly =t |

acr Pl Bieia®s bpplbBbtodtidshBalbl b3 iRt
uniédqumetj)ep@‘ctrgnﬂbﬁntrati on of the conponent across

the fil 10
20 . rrclzumulatively integrating the acquired spectrum; and
using at least geometric properties of the integrated spectrum to

extract the component concentration information.

102. The system of claim 101, wherein the computing apparatus is
25 operable to use at least geometric properties of the integrated spectrum
to extract the component concentration information by:
- providing a plurality of tangents at a plurality of positions of the
integrated spectrum; and
determining the component concentration information as function
30  of at least one or more intersections between one or more of the

tangents.
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108. The system of claim 97, wherein the conputing

apparatus is further operable to recognize the
waledoanaizg@mt i on of a thickness neasurenent at BCT/US2003/041372

plurality of locations of the filmfor use in

determining a degree of uniformty of thickness

fil 5,109, . Th t f im 97 .
DB n TR Siay 1 e P e et fiBeprgrus s
parog)k;%lérto Pr&GES _ﬂqéi?mirém;d oP¥angyentd atthensloedigsofngpsitions of

conditions, wherein the conputing apparatus is further
opéhaintegiated gpedtumdYpr ocess excur si on associ at ed

one. ¢ hi AERBEDGR R AT o 23BRRL 08 i86rdtb sBEfum
597 coneepehdinyhe aapsditirein therquguired speciropusf pdaknsomponent

receptive of photoelectrons, the input |ens having a
cenpteapitain the fdg endi ng t her et hrough, wherein the

nput | eRSvibivcRP SbEARTBGRHE Bt & BBLER difife iRBblatbd axi s

of the i'npu ens 1Is a analyzer angle relative to
a specfranecatespondinid 1o a phsitienin theacodfedgpecingh of psak
in the range of .abou 45 degrees to abqut legr ees.
|1 pommRnasy G gRsiBr i SHPETBT etk U aeri g e FEF &1
angl e i sy

10 rbﬁdg'@e%ﬁédogs@pgﬁtﬁaﬁ@@ﬁbn@ﬁﬂﬁ’@ﬂﬂ S;ééd)s%%’cgﬂjm

90 degrees. 061388 PCT/ US2003/ 04137
Theosiespendiof tolaavatleyf mihimeamnintamsity in e aequiasl speairum

oy helies toe Rprk Somrmarb el B e R tad bk o
C°'HHnﬁﬁcﬁ*?erﬂYr%h@iﬁpisr\iﬂlﬁem%trafeeﬁénibﬁer@‘éﬂphgtthwilrﬂf a

concentration of icon in the filmand in at | east
a portion of the substrate, and wherein the conputer

app t i r ab : : .
15z onithe r g SrBR Aoial o FhEE i BaRERng ceparatue
by fatthbeaséradlid folethteta nilhiatumtandna naimesesitiheiivegrdted
the concentration of silicon in the filmand the 10
corkR@et"uAY-i on of silicon in at |east a portion of the
substrate upon which the filmis fornmed. 114. A
program storage nedi a, readable by a nedia read
appt0st Ubhe system cfositinol 04f whemimihe eomputimg appgratus is

ETOSSLDR P BATAERLES SEEReS: o3 eRBRliBren s
t Néynction of at least one or more intersections between one or more of the
tangents by:
determining a value representative of the component intensity in
the film based on a location on the integrated spectrum between an
25  intersection of the first and third tangents and an intersection between
the second and third tangents; and
determining a value representative of the component intensity in
the substrate portion underlying the film using the value representative
of the component intensity in the film and as a function of the total
30  component intensity determined based on the minimum and a maximum

of the integrated spectrum.
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programis operable to: recognize a spectral peak
shape representative of a concentration of at |east
woe@soersgonent of the film wherein the fil miBCT/USI0080M1372
on a substrate; 20 recogni ze at | east one additional
spectral peak shape representative of a concentration
ofthe | east one, co Ln . at |east a i on
Anssoiiiem Taimr e 19 somBaag ApBsiatis™s
ethﬂﬁﬁ%lr SPSTRBRER d8RRRBL 85h&htiioArdTR ESHpERER of the film
fromt acqui red spectrum wherein the conponent
corhaaedreﬁtleaﬂt amtherthiskness measpiemepk esent ati ve of a
concentration of the at | east one conponent in the
filmand a concentration of the at | east one conponent

si N 17.] epsd systeOsitdigim 906 ke tid edrhpuiianapbaefud ise

filmis formed; and determ ne at | east one thickness
medytiheneperablsy ta lesognizetha seterminationeola fpBERNFation of a

ﬁggc%gnéér?édt U méﬁ@ﬁ % g‘ﬂﬂah@ f]k}éattoﬂ%eao%géyfr%'?i 1?{11%'? R4E in

rern rogram i
opefabhfiniry @allegtééimajmfcﬂ'pﬁmdfaﬂonbanﬂrgﬂmunﬂthbmmmpdmant
acquired 81 WD 2004/ 061388 PCT/ US2003/ 041372 spectrum
anca$0ss tecliim-he spectral background fromthe acquired
joSpectrum 116. The program storage nedia of claim 114,
wherein the programis 5 further operable to extract
conmmen‘fhe: symem ofatlaion 97 nberein ittencompnting eppacdus ised
pectrum b east : cu | ativel nt e t he
S P drthgtoageble tiiccanpadin detibatioh GEs piess
pr ReEEL Mt s&'&%lbf&l@%ﬂb@gtl&%eéﬁ ﬂ'\@"ﬂlrtnq‘or @éé Erﬁ@étehﬂﬁnng
conmponent concentration information. 10 11
pr oy dagrest ofr urgiormitgiol thitkne s across theniler. ei n t he

programis further operable to use at |east geonetric
properties of the integrated spectrumto extract the

COMIEmenThe epSeRt RdIaaN gvnfmﬁérmh itige fildy isfforineadsdn the
providing a plurality of ;%élnts at a plurality of

possulisiiade by a wncqlar pmcz@@rs nedhpyca peingf RIREessIng
conditions, wherein the computing apparatus is further operable to

detect a process excursion associated with the particular process based

20 on the at least one thickness measurement.

110. The system of claim 97, wherein the analyzer comprises an input
lens receptive of photoelectrons, the input lens having a central axis
extending therethrough, wherein the input lens is positioned such that
25  the central axis of the input lens is at an analyzer angle relative to a
surface of the film, wherein the analyzer angle is in the range of about

45 degrees to about 90 degrees.

111. The system of claim 110, wherein the analyzer angle is in the

30 range of about 60 degrees to about 90 degrees.
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determ ning the conponent concentration information as

a function of at | east one or nore intersections
whedimoenssone or nore of the tangents. 20 118.Pdhes2003/041372

program storage nedia of claim 117, wherein the

programis further operable to provide a plurality of

tan ts_at a pluralit f ositions of the .

| nt bt Boe sieem aheiBy Of whPRRdne XTRE SolRda A oy eneray

POS)tdPEoRelibss iHdnesid 89, spectrum corresponding to

a position in the acquired spectrum of peak conmponent

25 intensity in the film providing a second tangent
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of  gedfrissOERNRIHindg PR ardas tdprédenhtatiesof @tenesrtidtion of
underlying the filny and providing a third tangent at

a poilican ntheffiimand intaideasteprariontaf dne sgbstrate, and wherein
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intensity in the substrate portigon underlyin e

fil Eﬁpr%@er\ml\@@w@m@@nbeﬁgmsﬁ989%11@@2‘“%%@5 'H‘Fhe
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1 SRR BbAR s Bl Idefa Potich o Slubu=Reupon which

maxiheuiimoi foimeed.nt egrated spectrum 5 120. The

program storage nedia of claim 119, wherein the
programis further operable to determ ne the

conmppnenp g8 R fsfcﬁfhitgé 'Fnédlé?t’e‘é%l‘abférby améaaGta® ﬁpﬁérail&s
| east one or nore intersections between one or nobre of

t heundergeanteol bia conpides tangiblyerabodying arppgease exacutable
1 oclR PP RS dRECrR oG el bt TIEE e e e

I Nt progeaiiiodpetatiléeof i rst and third tangents and an
i ntersection between the second and third tangents;

and det efaAOGNITE A SREFUR! ReakrbwpstraPrarentItivers a
e e s R
t heforoeaasreatsubstratesi ty in the filmand as a function
2001c the t %C%lgnize at least one additional spectral peak shape
representative of a concentration of the at least one component in at
least a portion of the substrate upon which the film is formed;
extract component concentration information solely from the
acquired spectrum, wherein the component concentration information is
25  representative of a concentration of the at least one component in the
film and a concentration of the at least one component in at least a
portion of the substrate upon which the film is formed; and
determine at least one thickness measurement for the film based
on the component concentration information.
30
115. The program storage media of claim 114, wherein the program is

further operable to calculate a spectral background from the acquired
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conmponent intensity determ ned based on the m ni num
and a maxi mrum of the integrated spectrum 20 121. The

w@e@dnerssst or age nmedi a of claim 114, wherei n tPET/US2003/041372

programis further operable to detect a process
excursion associated with the parti cul ar process

n the,at
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spectrum.

116. The program storage media of claim 114, wherein the program is
further operable to extract component concentration information from the
acquired spectrum by at least:

cumulatively integrating the acquired spectrum; and

using at least geometric properties of the integrated spectrum to

extract the component concentration information.

117. The program storage media of claim 116, wherein the program is
further operable to use at least geometric properties of the integrated
spectrum to extract the component concentration information by at least:
providing a plurality of tangents at a plurality of positions of the
integrated spectrum; and
determining the component concentration information as a
function of at least one or more intersections between one or more of the

tangents.

118. The program storage media of claim 117, wherein the program is
further operable to provide a plurality of tangents at a plurality of
positions of the integrated spectrum by:

providing a fist tangent at a position of the integrated spectrum
corresponding to a position in the acquired spectrum of peak component
intensity in the film;

providing a second tangent at a position of the integrated
spectrum corresponding to a position in the acquired spectrum of peak
component intensity in the substrate portion underlying the film; and

providing a third tangent at a position of the integrated spectrum
corresponding to a valley of minimum intensity in the acquired spectrum
between the peak component intensity in the film and the peak

component intensity in the substrate portion underlying the film.
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119. The program storage media of claim 118, wherein the program is
further operable to locate a minimum and a maximum of the integrated

spectrum.

120. The program storage media of claim 119, wherein the program is
further operable to determine the component concentration information
as function of at least one or more intersections between one or more of
the tangents by:

determining a value representative of the component intensity in
the film based on a location on the integrated spectrum between an
intersection of the first and third tangents and an intersection between
the second and third tangents; and

determining a value representative of the component intensity in
the substrate portion underlying the film using the value representative
of the component intensity in the film and as a function of the total
component intensity determined based on the minimum and a maximum

of the integrated spectrum.

121. The program storage media of claim 114, wherein the program is
further operable to detect a process excursion associated with the
particular process based on the at least one thickness measurement for
the film.
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