TI TLE: METHODS AND SYSTEMS FOR DETERM NI NG A CHARACTERI STI C OF A WAFER
PRIORI TY CLAIM5 This application clainms priority to U S. Provi sional
Appl i cat iwo 2bir/0oe30 772, 118 entitled "Met hods and Syst enecirars2ddetoerm ni ng a
Characteristic of a Wafer:: filed February 9, 2006, which is incorporated

by referencerps it Mithwpsein 8T HVES BOR DE-PERBAGKERGUND OF THE | NVENTI ON

Field of thechnyedtrPRISEITNOS Al Waghid on generally relates to nethods and
systens for determning a characteristic eta wafer. Certain enbodi nents

relate to determning a characteristic of a wafer using output generated by
an inspection systemthat does nERIOBITESHoMMt 0 defects on the wafer.

202. Descrjption of the Related Art The foll ow ng description and
exanpl es are not admtted to be prior art by virtue of their inclusion in
this section. Fabrhicatpiicggios elxinconibuict tor). Setroddsnas Applicagond 8gi ¢ and nenory
devi ces typi | 5i ncl u rocessi ng .a .Specinen ch as .a sem conduct or
waf er usi %8 éoa}lfﬂiifﬂérenﬁ edgg%%ﬁaﬁiydwnggﬂr@%%‘i“ﬁ% ?)éféj)aé%cét‘srggc f’iis)& f orm vari ous
features andwiuhtifMderchamsl % 2006, MiRh SEMGRRSECbPffE@NE 6ES fullyatt foXRND! e,
l'ithography is a sem conductor fabrication process that typically involves
transferringh®cipattern to a resist arranged on a sem conductor wafer.

Addi tion exanpl es of sem conductor fabrication processes 30i ncl ude, but
are not limted to, chem cal -nechani cal polishing, etch, deposition, and
ion inmplantation. Miltipl ) THEANYEENEMIN be fabricated in an
arrangenment on a sem conductor wafer and then separated into individual

sem conduct or devi ces. | nspection, processes are used at various
steps duringl.a sditeldondudiventicmanuf act uri ng process to detect defects on
wafers to pronote higher yield in the manufacturing process and thus higher
profits. Inspection has always been an inportant part of fabricating

sem condygt or deviiGesvamieh g@ordlN tQaEAhtkicIds Ghll dyStembIRMRA¥RfminAg at he
di mensi ons of sem conductor devices decrease, inspection becones even, nore

i mport ant t ocheretessliccddSvalir. FamiR gabetiBeys reficptegpnBingerhagraidicor devi ces
because snal | er ; b Qe Bt doe ik chiRS , a.s the
di nensi ons o‘lf)feds“é%‘lg{:l%ﬁl %g%g?gegggﬁgggggé%%ggﬁfﬁdgt ecth%nrRJéfc de%(gdglft g of

decr easi ng sdef@tdan the beleone necessary since even relatively small defects
may cause unwant ed

.}[, 3

20 2. Description of the Related Art

The following description and examples are not admitted to be prior art by
virtue of their inclusion in this section. |
Fabricating semiconductor devices such as logic and memory devices typically
25 includes processing a specimen such as a semiconductor wafer using a number of
semiconductor fabrication processes to form various features and multiple levels of
the semiconductor devices. For example, lithography is a semiconductor fabrication
process that typically involves transferring a pattern to a resist arranged on a
semiconductor wafer. Additional examples of semiconductor fabrication processes
30  include, but are not limited to, chemical-mechanical polishing, etch, deposition, and
ion implantation. Multiple semiconductor devices may be fabricated in an
arrangement on a semiconductor wafer and then separated into individual

semiconductor devices.



toaberrations in the sem conductor devices. Met r ol ogy processes are
al so used at various steps during a sem conductor manufacturing process to
noni t or awo 2eomesh t he process. Metrol ogy processes ar ecditdst@rentoit han
i nspection processes i.n that, unlike inspection processes in which defects
are detected on alnwakedsn prowbieo hiegyedut 0oess espsatueing s ethitandaeasur e one or

nore 15characterjstics of the wafer that gannot be determ hed from
currently us@’&“‘i’tjﬁ‘"stbré’ligtﬁrﬂ‘i?ssct861Ft§‘?t @%FtSQQé?’ﬁ%fset? Pﬁ%‘?ql%'i“géﬁ’ ylr‘?}dcq)‘@é%eses are used

t o nmeasure ORGnN@hctIN S rERY AQURLINSdhkCSoRk. BsYRIiG] hsUbthydBecd afi NENSi ON
(e.g., line width, thickness, etc.) of features fornmed on the wafer during

a process su&hpariaalpagtipd fabeeqte senicendypior fryicst dsb asingamigeigetser m ned from
the one og n?iro@egx{??{s%cﬁﬁa%%tidngﬁf sell'rncd?lqutngr'c%?ices'c{ecge&@, igﬂa%c HecdRds€ _
characteristics of the wafer are unacceptable (e.g., out of a predeterm ned
range for thevapharraot@riasttps desyycesstiienamefasiurcarentptaf s¢rieorginglonr nor e
charact er i stjics.of Lo MANET FEY e usell boialL 81 908, Oh oSy par amet ers of
t he process g'flvé(fﬂ?stﬁﬁfl addi T Srar WaFershandtactr ed by Pve process have
accept abl e chateacibey ifsthiebsductol Belie@s dceeasd) dwestivn of defanbtecefsigy sadvant ages
to using netrolo s 25and tools nor e

g rocesse tﬂ ggasure one or
charact eri st Pse ‘i/m NERETEY STGT CY5P UL TR UBlEF R e AT BRY Y appl i cat i ons.

For examhe, .p®ationt8h HRlsadioiRlos ddi®sr el atively slow, particularly
conpared to inspection systens. Therefore, netrol ogy processes are often

performed at one MetalPEioesses areaiotie A upLP SigPs JUHBAR STRSOBICIche waf er
such that mHaH&fQ&Mrirﬁ%JeEs% G‘i?c%it@xeanﬁ%gx'aﬂdi afd r%g&e . rl»%tﬁa‘idgﬁﬁéée%é@zﬁg' ent
nman to

manner. However, processes use nufacture m conduct or

devi ces pr odudideronathen sispdaain pravesses frathaic tig ikie sitspertio) ptohessesvamyricacr oss t he
surface of tg‘ie)f v%/afehs. iAas suchf usi ng netr ol o%}o/ measur ement s performed at
one | ocati on“SF“S*F FRFTE HUNBEE "B OPEERPIBRS “Oin 5 WaPEr " 8)° Hot"br ovi de
sufficient i ofpscrmisii@nf alkauilerting cohar Bade@ihbtd 608 )cuftntivheediaiResorsuch  t hat
the process can be accurately nonitored and controll ed. Furthernore, using
met r ol ogy t oBI°8- 18" PRy BCEHIPARPESTS AIeCscLiOmfasire i BT for inline

moni toring apgh£eRkhiQlor aRRAkd: 6@hi98 Firhéhs R te.§. S8R BhE, GH&ndse, ddypot ine in
whi ch such neasurenents can be perfornmed. |In particular, netrology
measur ement s fggerdsdeined obyhecvalereyring a atpapss awihehad phetnegpogppce olohe such as

surface roquIQ)%?s?\t;\aax{l%scie?eHﬁﬁiec}l %medlé 5Hetub%rﬁal§@c§1§§acteﬁgtfcs. rQafioh #HLabl e for

hi gh sanpling o ers tor 1tnline nonitoring since the nmeasurenents wl |
i npact (eog. prinoercbasadrisdychiehd wafer draumeoghtabte (0g., oWcdempdidaghyined t woul d be

advant ageous to %e eIc ) l‘tshiog { nd s st ens tfrt]%t can tge seq f or
det erm ni ng E"EhAF QEchrraricGD: ° fepbiemeat st e pnf BUuo@ sBRedRiTE 15, an
the wafer may be used to alter one or more parameters of the process such that
additional wafers manufactured by the process have acceptable characteristic(s).
There are, however, a number of disadvantages to using metrology processes
25 and tools to measure one or more characteristics of a wafer for process monitoring and
control applications. For example, most metrology tools are relatively slow,
particularly compared to inspection systems. Therefore, metrology processes are often
performed at one location or a limited number of locations on the wafer such that
metrology results may be acquired in a relatively expedient manner. However, many
30 processes used to manufacture semiconductor devices produce wafers that have
characteristic(s) that vary across the surface of the wafers. As such, using metrology
measurements performed at one location or a limited number of locations on a wafer

may not provide sufficient information about the characteristic(s) of the wafers such
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10entire area of a surface of the wafer) and for high sanpling of wafers in
applications such as inline nonitoring and control of sem conduct or

fabri catiwo peoeesses wit hout increasing the cycle tinmepPcm/yse@doetonnn.
SUMVARY OF THE | NVENTI ON 15 The follow ng description of various
enbodi nent s (Rf EIHQLScADE 2SN Ek@TohiSré0ind kontRBleE ORgihetRsde, udingny Way as
[imting the subject matter of the appended clains. One enbodi nent rel ates
to a met hod mesrolaatteqinionessira charmsieristics prres the wefenfopgdias momiinggphod

| nol udes gengyaliiBRLANLRUL nb FSRANAYE dPritb AR AT DR HBAGHs 2R LSl ng an

i nspection syste e output 1 ncludes first output corresponding to

def ects on tregomadderin pavtcd@coetcblagytmprasurethertts posmerbly Gorertbspeiable o t he
defects. The ho [ so.includes deternmni.ni e eri.stic of the

waf er usi’ng T%ﬁ%%gl%‘ﬂﬁsuc%%wyaw Rudh neﬁshr%%é&gh%l@dﬁhﬁgﬁsg%%chéﬂelﬁlught fromthe
waf er i ncl udgsgatdé fd- Usalsymsioatdf enees bi @hhe mbaitaingther the moediramnts, wigener at i ng
the out put includes jllumnating the water with 25light produced by a
laser. In an™Radi(¢-BofsIca¥hbs t-“?gerﬂ‘,p“ﬁl@ﬁté"r"ati ng the output includes scanning

l'ight across the WabQiANH waaRasaliMthebdS O8vRIsh nReloasend Heewariter . In a
further enbodi ment, generating the output includes generating the output
across substeanbi asadyorgdeteanininees diaraptgidicof a RET (fad e1cToss HbgARtiaklyen

enbodi nent ] i IS G, ; il he

char act epll ste$§¥e%§gn€a$ Egé%ggg%?aﬁiﬁgtf%ﬂd%he%e ehaly %gﬁvg%ggggmg ﬂ%dgitgg%tl ally the
entire surf aweh afintilemesfoeing and control off perpinendeetbo@bmestivn petsessiiionly t he
characteristic i ncltﬁdes1 get erm iur{gmt he characteristic of the wafer using
the second olt' Bt ERd“a pIMEdEPEFNT Y correl ati on between the second out put
and the characteristic. In another enbodi nent, determ ning the
characteristic includes determni n% a V,EI u§ fgr iES second out put across an
area on the wafer and deter f c fromthe wafer. In an
addi ti ongd enbodi nent, the characteristic is an average characteristic
across an area on.t wafer. In a further enbodi t eterm ning the
characteristic i 2@?3@5@” ‘%}é‘“‘f‘gfpﬁﬁoﬂf)ﬁ‘éfr\?’éﬁ FRE GRS t'ﬁééhogég%([nsa’ﬁgﬁts L|E])sut acr oss
the waf er ang:detLdofitRicdsh dyavashariaainghsdubrefmiam bhie y@hddicims.I n some
embodi nents, determning the characteristic includes, generati

. ! g g a
t wo- di mensi onal RS FTCTmENSEEEAL dBEPLT f‘ﬁéﬁt&%n@ﬁﬁﬂjﬁﬁﬁt‘?"ﬁllz 9P%m entire
surface of tfe.wahen,and HelRs BiRAde bBuGRbAGablighd fforf fHoMatde

t wo- di mensi onal map. |oln an enbodi ment, determ ning the characteristic
i ncl udes2wet winyi aiimgediopaysigan. The output includes first output corresponding to defects

on the wafer and second output that does not correspond to the defects. The method

also includes determining the characteristic of the wafer using the second output.
In one embodiment, the light from the wafer includes diffusely scattered light.
In another embodiment, generating the output includes illuminating the wafer with
25 light produced by a laser. In an additional embodiment, generating the output
includes scanning light across the wafer and generating the output across the wafer. In
a further embodiment, generating the output includes generating the output across
substantially an entire surface of the wafer. In one such embodiment, determining the
characteristic includes determining the characteristic using the second output
30  generated across substantially the entire surface of the wafer.
In one embodiment, determining the characteristic includes determining the
characteristic of the wafer using the second output and a predetermined correlation

between the second output and the characteristic. In another embodiment,
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for the second output across different areas of the wafer and determ ning

the characteristic for the different areas using the values. |In another

enbodi menwQ 2detmessoni ng the characteristic includes det ecmius2evg/oaiosst ngl e

val ue of the characteristic for different areas on the wafer. In one such

enbodi nent, éaehighg thhehdedtdrarienkivdesehsmibing avahugdsr thdhapnomivugnea of a

pattened feature on the an . additional enbodi nent Ig(—:l'ner ating the
S

waf er. | ,
Out put i ncl BB GBAE SR 1 JVAHE"S R 0 IR GRS T BB ABENAFS 1B ¢ he

i nspection syffi@fal dofbd@ieens WE LhaReGiHuB n avalaleiHlbicngiddR sehakacderi sti c
i ncludes determning the characteristic using the second output generated

by one of theemsfdi b efEhefdrdimesyeeerivas e ahaipyerilisBielided ude

20det er m Ri nge ihf 64:8Rbn FNAL &Eﬁ@rd#ﬁﬂ GorQ G 8 HedhliRg, tae second
out put generated by anot her of the I'tiple channels. In on% enbodi nment ,
t he met hod i dekastbeistiperh drerviarigliost &t $aid epdiodipreobedtermomtg bk usi ng t he

.Char acteri st Ehcaracle?isf?cni%gigggs.g%n@a %Ig%})i;dir%eggioﬁj[mhaﬁ%f kh%cs!ec%gl %utgleztrgc?orﬁ@ ng
inline m)nltorlngo a semTconductor apricatl on process usrng e

char act eri st pubstatiallsdeesit sefeebsShonafet hdldeensingabnchiack @risticalbym that | on
process. In so enbodi nents, the nethod includes determ ning a standard
devi ati on of MHEMSBEYKY™80t put for different areas on the wafer and

determ nigng if thg 25 kaBE@REnEN ARG bNEiEAEE: ABUBNGfeihRihglaVaficPr OCESS
used to formthe wafer. In an additional enbodi nment, the nethod incl udes

det er mi ni ng {PariearsasA oriRut eossdidisraimicas of Patvabe pek dctemeninger and

determ ning | réc{}%stﬁc%}él @ rdr® 2RSSR M A 1M ¢ %.aﬂot%b HinenPf @ process
tool used to formthe wafer. 1n a further e odi nent, the method incl udes
gener at i ng addtewormngrén shayagdristiapcoflest dvermmogrcinglt pite dcreodsragaisicant i al | y

an entire supf of the wafer eterm ning j.f _an n l.pattern is
resent 1t e GBS B help et PRt Pt EBA TS or esent
det er m nithg isflarkdiehalnardamll 2 patdnedfe08 bEFROAES. t0 an excursion in a
process used to formthe w?f er. In one enbodi mnent, the wafer includes an

unpat t erned waf er"éR 24Pt ER MM GlheCBTa e SHBRH 1 Wb EAFTHERE (1ot he
charact eri st hgpdtRGhYdR%ipIOUARNESS thd i8igefdnl sYdid: In one such embodiment,

determining the characteristic includes determining the characteristic using the second
output generated by one of the multiple channels. Such a method may also include

20  determining a different characteristic of the wafer using the second output generated
by another of the multiple channels.

In one embodiment, the method includes performing statistical process control
using the characteristic. In another embodiment, the method includes performing
inline monitoring of a semiconductor fabrication process using the characteristic to

25 detect excursions in the semiconductor fabrication process. In some embodiments,
the method includes determining a standard deviation of the second output for
different areas on the wafer and determining if the standard deviations indicate an
excursion in a process used to form the wafer,

In an additional embodiment, the method includes determining variation in the

30 second output across the wafer and determining if the variation is associated with a
signature of a process tool used to form the wafer. In a further embodiment, the
method includes generating a two-dimensional map of the second output across

substantially an entire surface of the wafer, determining if an abnormal pattern is
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t hi ckness, thickness uniformty, polish uniformty, resistivity, or grain
size. In sone enbodi nents, the nethod includes detecting the defects on the
waf er usiwgQ 20ém@oeasbput. Each of the enbodi ments of thepPoetusea7demez i bed
above may include any other step(s) of any other nethod(s) described

her ei n. t oAnptder inaidbedidiBsisidnal @ie and 0 agateonel pererh Fprement ed net hod for
det er m ni ng characteristic of a wafer. The nmethod i.ncl udes acquiring

out put respo ‘?‘V’é“”f’%‘flﬂ?eg%f‘orfnrag?ﬁﬁfﬁ’e‘m%?@dsd‘éﬁ‘é?’ﬁ?@lf”ﬁ?aQW"F%ﬁé’ff@ccl?i on
system The puhpdwimcl udes first output corresponding to defects on the
waf er and second output that does not correspond to the defects. The nethod
al so includes detlanf Anprlimers. howp&y eludisiag pppatigmed afepas epatigerdg t he
second out pu i i ] t p(s) of any
ot her rret%md%% J?@%@&?%&%ﬁ@?%ﬁgw‘m&raw}gﬁ%mggg%ﬁog%g‘f:&e%gﬁﬁggnt rel ates
to a system takhésguhiebhesoumbrmityripneshandharigctesisingtyi o gdin aizvalepme The syst em
i ncl udes an inspgection su t canfigured to illumnate.t fer and to
generate out %ﬁ(%tl%%%% ﬁ? i r@%§(¥d§n q}q%eﬁt(:a QtF ?tgll%ﬂﬁdeetfemc;asfe e rﬂ}e %r}gr %@@Bﬁep(\a@puﬁncl udes
first output regrsRBpansidigerdtOofdef Bcthsd @idcridae avatk erayandudzaapaieout put t hat
does not correspond to the defects. The system al so i ncludes a processor

configured t RIS AR PRI ASCHRIG 8IS of the wafer using the second

output. The syst emdigy cR8odilmthitrhigks GANbhguiethPRsndeschiheroher ei n. 25BRI EF
DESCRI PTI ON OF THE DRAW NGS O her objects and advant ages of the

i nventi on wi ddterpénagrechapstoristin ofigpericrr dadinggiod Helukey acgwiing ovlertai | ed
description W i i.n.which:

Sr g, 1 15 AOpraRP B! AORMESI, RGBT IR A% S, TR siBy

noni t ori ng ainpiudedss dsgeechrespaadinl ar ddtcer anshé waipf aral seafndoptpufhegt. 2 i ncl udes

flow charts illustrating, o di-nent of nmet hod . for .setting up a nethod
For mon tor i 5* 2015 Bt8t BAEETRR o Femnde B FEIRES e 8 ifEs b and ¢ ne
nethod foef nemtdeFkREGtRevTEQs8gshdrsad dipul. NEhichahad titbddihert may Fig. 3
is aplot illustrating one exanple of output r_g%f)onsl ve to light froma
waf er gener ateHIGYANT HEPELTiaBk OGGuPeERd(s) descridgg jerein s a schemati c
di agr amf i 11 ustratADga@idn@RentoBMh Qf relhdds it OWSysRIRQALERBI & Rierdinkherent areas
on a wafer;

characteristic of a wafer. The system includes an inspection subsystem configured to

illuminate the wafer and to generate output responsive to light from the wafer. The

20 output includes first output corresponding to defects on the wafer and second output
that does not correspond to the defects. The system also includes a processor
configured to determine the characteristic of the wafer using the second output. The

system may be further configured as described herein.

25 BRIEF DESCRIPTION OF THE DRAWINGS

(ther objects and advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the accompanying
drawings in which:

30 Fig. 1 is a flow chart illustrating one example of a method for monitoring a

process based on a characteristic of a wafer;
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Fig. 5 includes flow charts illustrating another enbodi nent of a nethod for
setting up a nethod for nonitoring a process based on a characteristic of a
waf er andwoOheomwdsod for nonitoring the process based omCcThrs2007/061912
characteristic; and Figs. 6-7 are schematic diagranms illustrating a
cross-sectional WWigw iafludearbeuybarariihothiiening cobodimsytsit e medodfforgattieg t o
determne a characgteristic of a wafer. Wile the. inventipn is, susceptible
to various n‘Bb‘?‘?’th‘ﬁ‘ﬁ%ﬁ?“ﬁ?fa’g&‘IpEW ??ﬁé’nfabcﬁ?f@?terésﬁ‘&?ﬁ Wégé??ﬁ%&? ment s
thereof are gRQUNRhoWANirRfih@xXarmd Buskdord Mecidsawkings 15and will herein be
described in detail. It should be understood, however, that the draw ngs
and det ai | ed desdiigptit palot Hertetios apeesanpleiohPupddesPersiys pilighttfi e # nvention to
the particul i : .the contrary, the intention is to
cover al Iscnn‘g?rtffllf%gtgﬁagggg&g%g vtell{p‘g tSthénd alternatives falling within the
spirit and scope fof. 4ihesghemstandiagray dhsirgmzadopaf v édarloys etheodappynded
clainms. 20 D%%LE@&%ES%RA@;I'&Q\I OF THE PREFERRED ENMBODI MENTS As used
herein, the TP WafeEr* geherally refers to substrates forned of a

sem conduct or or MEr-iscndes doduairarillmmbeld abtheBaidinesit of a sebbd for

sem conductor or 25 non-sem caonductor material include,. ?lzl)#t %,re%got limted
to, nonocrysEHINEURE Netheddghmonyioring g RiosFss dajedan ag ?“i“ﬁﬁf‘%_ PHOEPHFde. Such
substrat s "BY g SRHi ik OUP Hrodfd bed BR 8 RE&Eerisiic; 5@ conduct or
fabrication facilities. A wafer may include one or nore | ayers forned upon
a substrate. For Teseafidlaes schgpic|dingeyms iHesratingcd Gems:seHignalaiea’ Aot P ted t o,
a resist, a di | ' 0806k GnGRNAUGLENSHIBE § Wafth . MBNY

di fferent ty%%@dgg&gguﬁfﬁ%%F@ﬁ%% knovtvnml n the arts, and tahe term waf er as
used herein is in¥beixdbdirtventendompapsbla twediens mpdificdiongangldltemgtyes of such

| ayers. One re. |layers fornmed opn a er na .t erned or
unpat t emed. A" 5%%%%8?%%&” Cﬁérregg %‘F%Qy BARN A %{nntgg Sps}éég@%n

unpat t er ped mafvEnN hereindbepRid@ENRdIcvES @rshofidbe endarsplod, hoavevaf @int thay i ncl ude a
plurality of dies, each_having repeatable Eﬁtt rn ﬁ,eat res. Forn%ti on and
processi ng ofraginghandfirkled dsciipiioa fexgto gRgyrotintenaist e IP IS pe Ty Hof i B8npl et ed

devi ces. Many, Gliid @5:8NiscdbRE SuQin HEVIESS,, I Yn&Rioh & BREvpRIIa Waf er, and the
termwafer as used herein is intended to enconpass a wafer on which any

type of deviwedikersians. eanivdienteand afternpibicn flline wighin theepifignd; seapeed the
Al t hough the , &Jﬂﬂq{r 04 56 &fﬁn&f‘@y tﬂg%@gfj@e angnsystens are described herein
PFS d er, 1t Isto uél )

W th respect wa nder st ood that the nethods and
systens described

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein, the term “wafer” generally refers to substrates formed of a
semiconductor or non-semiconductor material. Examples of such a semiconductor or
25  non-semiconductor material include, but are not limited to, monocrystalline silicon,
gallium arsenide, and indium phosphide. Such substrates may be commonly found
and/or processed in semiconductor fabrication facilities.
A wafer may include one or more layers formed upon a substrate. For
example, such layers may include, but are not limited to, a resist, a dielectric material,
30 and a conductive material. Many different types of such layers are known in the art,
and the term wafer as used herein is intended to encompass a wafer including all types

of such layers.
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10 herein may be used for determ ning one or nore characteristics of any
specinen that is fabricated using a process for which process nonitoring
and cont rwb 2b@rmebson t he characteristic(s) is desirabl epchaisSa@enstyer ei n,
the term"characteristic" of a wafer refers to a non-defect rel ated

characteristic ohnaonabRNajeRabrft@®na walldreaythb dhitdrEedne bftkiedtems ur ed usi ng
a 15netrology tool. In addition, although the characteristic may have a

val ue that is8meamepéimenss. laBparepthe detes Mfudetn YnprtcrRad Srdp T # 8HlFEIAng t he

vaf er "def eqlipyve r Bl fiuBe b BruP@ty SRKAL &dh bl fBlel on about
defects thaﬁ%gégthreé)ggltpgep?n&%%g b%// arilj tiznguect% on system slug(c}%ﬁ)%s t he presence

of defects, mehenlfotety divrodticgendptosessing el ywakriseers of malefidanay uligpaicly Exanpl es
of "characteristics" ,of fef, lne L H to,
roughness’ (er?%].?t,m of ™" 1%3%??‘}6‘11\%8' @?h)f %%f‘é{\%g%%}?egt&f g%ﬁ%e?%? %)?Hrrnrgg&jg‘ﬁgt he wafer),
reflectivitywdfer, ghd thoferth hefanaf erd bereia if intemiddap eechngasstaheafovafnerlich t hi ckness
(e.g., of afilmfarmed on the wafer), thi ess.uniformty or variation
(e.g., of a aF’i”F’ﬁﬁeé’gé%"‘?s}mawaf'b?’%%}Sil)(?mﬁiof P*Hclmertsﬁérdcaf)eﬁl' the wafer), polish

uni formty (e.g. Al@bug thé mbddandmebam hiBodaheEystenf3abd dboried heryinr esi due
(i.e., cleanliness of polishi ng?a, resistivity (e.g., of a film 25formed on
the wafer), sifresiesiin agvases, if @.t‘g.?uwmgws&)}a&@me&@%s pid sy5E85 Asarid t he

waf er) . i ‘dbtcrthing WhOM mor@ 0Fhra SG 608D Eimedfitgy Used
her ei n t%)0 di}}efeérﬁgeﬁﬁflk)éa?%ggoertd&éen 1(%qulgffer enﬁ{t) porr?i ons ofﬂg%%ultm gener ated by

an i nspect i onfabyisttehusiiBrreproe@snier Which grotesampniteréiegmd torirod based onded t o

i ndi cate tenporal .. .spatial. r preferential characteristics of the output.
30Tur ni ng n%ﬂﬁaatefiﬁié:&g}saasﬂs}ﬁaage; it is noted that the figures are not drawn

to scal e. |n par tAsasddiereit, hig: seal@aattesoint otd whhercéretanibps-defectt he fi gures

is greatly exaggerated, to hasi ze character.istics of the elenments. It is
al so not ed trﬁ'é%gtch@a‘ft?’&m 8&@?@ t:tf%tﬁ’as v ain tdsfl?f”é“a@?iﬂﬁasé’éegl"@“gél enent s

shown i n}ﬁorzﬁetﬁh@% 1691€ 1f AdIUIoR, d1iRBkghTRY cHagickiiBid By bave@Rilugiaed have been

I
i ndi cated using the same reference nunerals. Fi‘%.ﬁl illustrates one
E5€

exanpl e of eutedaridome prepepintiendiling! Besknicedming ot alPabpietici df process. As
shoun 1n i nadeiehillR (07 ROMd RAhAARSIRLAGE B8A0 i VAR ictdhigh RPOCesS

equi pment 10. Process equi prmen may | nclude any appropri ate process
equi pment  kniewmction syfienandh o thegerrensnd dofeds, thralnetian phddtes, fychmas a

l'i thography tool, an ch tool, a chem cal-mechanical LI shi. CwP) tool,
a depositi onOftdS%f‘ts(e&‘gé)famgﬁeé I‘?grﬁhglgft%sg}ﬁsorOf(:"i‘evE)aoesri"t“fhg%’ ?%m? g'%ﬂ?é a physi cal
vapor deposithj @agHnEMD}.gf 004 surfate @ttenivalel @ydlimdeposicnitonwifeol , etc.), a
cl eani ng tool

n

cLoam 10 (00L& PLALL D800l 20 o LILANELLEN 020l 200yl ™
processed bypREQCEESHe R9RHPARRAcsI Onif PRy OF vAIR{iéh (e.g., of a film such as a
dielectric film formed on the wafer), polish uniformity (e.g., of a film formed on the
wafer), polish slurry residue (i.e., cleanliness of polishing), resistivity (e.g., of a film
25 formed on the wafer), and grain size (e.g., of a polysilicon film formed on the wafer).
The terms “first output” and “second output” are used herein to differentiate
between different portions of output generated by an inspection system. The terms
“first” and “second” are not used to indicate temporal, spatial, or preferential
characteristics of the output.
30 Turning now to the drawings, it is noted that the figures are not drawn to scale.
In particular, the scale of some of the elements of the figures is greatly exaggerated to

emphasize characteristics of the elements. It is also noted that the figures are not
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characteristics of the wafer are nmeasured by netrol ogy tool 12. Metrol ogy
tool 12 may include, for exanple, an atom c force m croscope (AFM or other
scanni ng woab&/mewsnoscope (SPM that can be used to nea®umrasan07/061912
characteristic such as surface L5roughness of the wafer or a filmforned on
t he wafer, adnara’tsrt@th@ggmft wole. mrcna§hcamspemr¢ tscopi Geued thhi ipgdret er

confi gured ta ‘ﬁ-}( re.9 gh tg i stics.such as thickness,

t hi ckness unflfné f(ip 'ERYTa S qegb'f]fh\?? é/usézfg ﬁ'm‘?”e‘?eﬁ“ﬁ%?é?ﬁ%a on the wafer,
and a netrol ogy tmgll ;ﬁw{at@uﬁe&amiemammdm@ﬁmﬁﬂg eseliegidndteal
characteristi@gs such as resistivi thin fhkgmforrred on fhe wafer.

20After the BRHFMOREICES é\éé‘}o"mmky%?m%? E‘Ftha?‘ ECHEESIIPEd™ By I Bitgy t ool
12, the npaspieds¥qlipesnt 9. P%@es’s‘v@?ﬁﬁﬁ&@ﬁ@ﬁﬁyﬁ{cﬁ:}ieﬁm ﬂ)pH§t€ rdc®ds Process
ta

nmoni t ori ng and control (e.g., stical process control PC)). For
i nstance, th@qwma@%wrxﬂalﬂwwf semighafugof BrpwrqtEinggrctes adltbﬁarfmhm n SPC

chart 14. The SRCLRAS, o dhbHRLL éc‘ﬂém&é‘ﬁé\’sﬂlng?cﬁ I)HZ')? a‘%!éﬁézsgwf?%%?é%c as a

function of thé measurenment nunber or asurenen
il lustrated byharhe! datar depokitine (CYD8PA, &h@rstcall\lhpoerweﬁﬂ(ﬁ (EN&y tochlaso shows

var uea of iRk R T ol TR BB PR bl b abrlihinCa, for

exanpl e, 1basedl, afd & thermste siog b.©f al’aﬂi‘let}%ﬁaltaﬁﬁeahﬁgmg])f ormed on the wafer and
the degree to whic varlay on in the characteristic affects the devices.

SPC chart 14, theM&frareierpRoRACHBE G ST AP ea] eqﬁ@’f@ﬁ?&@ﬁ‘f‘&t"i‘%ﬁ of variation

in the char a%%té@ﬁ& @ thelvi@er W i88astB@by Mol tH§le£Q BYer RERNS Or
operators in a sem conductor fabricati on faci to visually nonitor the

vari ati on i nmphaciHarfacaenplkt jncatorig f@a@lmtqr@ﬁop% ®n other ssanmiigy preld

aut omati cal |y, ys) e(rsﬁ)?ﬁ t&?%@%ﬁﬁé& téﬁx&%mﬁ%é%ﬂ%ﬁ:gtﬂ: Qﬁh neLflogy tool 12

with or without géen art own I n Flg 1 has
proven t as beronglefesd offthﬁwgfemasfﬂmcf(mneﬁ@h tmmfnpmhteanﬁoggtoomph exanpl e, many
characteristics or F‘}'{}ggﬁsma u tlgles" of wafers 5 urfa £ ro ghness
reflectivitySPEFYPSHY PPBIEREONTEHIE YO TERH8Y OSBeCS %fa?{%‘ Gt ¥

netrol ogy t oglignyhasRkaR hmioymttg aRBASIER ity BEa Py BinC RrmeLaNhE Wiafs, has been
wel | established to a certain accuracy There _are, however, a nunber

of di sadvant &iesmetEp! ?aaféowéﬁﬁ%lf@ﬁawaﬁufﬁ pegr more qleptiical ghagglenistios gaghn g

neasur ement s,0LQNRy OF 2 X BInE RALALLENE Shices of wafers performed toby a
nmetrol ogy tool for process nonitoring and control is disadvantageous

because $uch neastiiemhenharagtgpitica) piihe grier are mehargd/iel yetradrry tedlde. thaTher ef or e,
met r ol ogy mﬁ\?é&ﬁ%ﬂ%ﬁﬂés @ﬁ@ch?ﬁac&ﬁ&ﬁ?s{)‘ g&ist%rds? P ﬁ]%é’s? nfalr Wfoffd4Q not suitable

for high sanpli e noni cations w t hout
i npacting (eccgltrpl flerzc s@dsticalrotehecanyrcl (EPCHmE ot mstmo@dﬂlcmemredmmmﬁh

moni toring S%%‘ra%?egstlljccéag rbe];)%?tecli maStlJCO cr?xag }9 C‘f’ﬁes §I§C chart illustrates the value of
the characteristic as a function of the measurement number or measurement time,

25 which is illustrated by the dotted line in SPC chart 14. The SPC chart also shows the
upper control limit (UCL) and the lower control limit (LLCL) for the values of the
characteristic. The UCL and the LLCL. may be determined, for example, based on the
design of the devices being formed on the wafer and the degree to which variation in
the characteristic affects the devices. SPC chart 14, therefore, provides a graphical

30 representation of variation in the characteristic of the wafer that can be used by
engineers or operators in a semiconductor fabrication facility to visually monitor the

variation in the characteristic. In addition, SPC can be performed automatically using
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15usi ng such neasurenents may reduce the overall throughput of the
processes. Furthernore, to reduce the effects of the tine required for such
measur enewo0@mordse cycle tinme and t hroughput of the precedse®;/otive2
measurenents are typically performed at only one location or a limted
nunber of | otathomscroticthacasateby mEeslogxanpleyitheor svithbitgaheralingegd®si on ( CD)
measur enment qu ge performed by a nmetrology 20 tool such as a scanning

el ectron ni cF@&d pe (SEM at only one spot on the wafer. Perform ng such
neasur enent s acr ogR nRMRIANA A Y. 18R BRbEd © beusdiager @hcdkd@nwalfen, however,
is generally not an option because the time in which such neasurenents can
be per f or medmpailagingp Fyr eaupiconant Gapeepiisten ehysical e, obyaffs known in
the art, the jSt] : r i ) across
the our i abe BF e e P e ot o ot
only one | ocatirdngyoteola whiosd abddy rmundzeure dfc phpead iomgtiorhas henwedler may produce
measur enent s ttat@)%ghe%rtga ng{ainra%&grgcsent ative of the actual performance of the
process, whi W CCAITY I eAE 0 i ndcCur at e processi ng nonitoring and control.
The al t ernati ves THeatara@hewaneaia mbiber dfaisadeataeaso dg ridigdsbowt or Fipgl.f r equency
of 30physical quantities of wafers P netrolg%y t 0ol s énc ude? reduci ng the
number of ned®EEHEH SISIPRSHRBENDY 8T R BMEgy 60 AIer RETYMdt

perform Ry t hea ABASIVEEIBINTbSpU&sOBohiRBinEREd @naoYis iR vanta@idds PRRAIEOr i ng a

di agnosti c paraneter of a process tool or process equi pnent instead of

usi ng a net r BicbgipagsrenisdyPigrydds s refpiehoPnaigmanheednrer BFrolalvi ousl y, each
of these al ! ALAGIIKAS @SR 1RELIALIRAABINAACHD b PLirGh IO HITRER BhpfifAS NS

i ncl udi ng decreased process nonitoring and control capability gn | ess
accur at e pr oclesgertiitloreinmgitano aphtatiohs witvat mgtbiow (egd ivystieghtkarbodi nent s
descri bed herek% howev re c?% be use I%}tomgkhﬂkgg%%ﬁqi%nonxgggg of these
di sadvant age&FBPC PRSI e U RS HO IR L OPIH L OB R S 885 cr i bed
herein can besinseeh heasiRhRhRINNG raduchak acérall iksdighpnlhf tewadcedseacr 0ss
substantially an enéire surfgce 2%%%he w&fer @or.q% | east a relatively
large portion of RUHECEGFS Hgdue thardleqa Peihy tmerepuitg ﬁ?sﬁ%ﬂﬁ%¥9?mFﬁs

particul ar, gheeRiOGd: aRohSVsRM ARDALLABRL e HREGIRA hefsicanuse

i nspection techniques such as | aser- and scattering- 10based i nspection

t echni ques aserferpebatynlyone seliol B gyinHed Sumberev fosaigeas gn thesyaferadier r oughness
measur enent s -k Vi k- I and any

ot hor - measur SHEHe FEcY AheARa TRk e it R B TR PRI O e

t he met had arwd! syl btenscemiigok! it sticesopd Bé&d)e pdly oncaot adihamta&geous! y be

used for inljn rocess nonitoring and control. l.sln one_such exanple,
'l ne.moni t BRI RN EBRtn ATE ramnr ey sn D Be O on
t hroughput cpswvdver, aGRh@MBthoush BZiondSRRES the ms UCRhidB skcaseasigeatiteanng
i nspection and correLaLin? t he physical quantity or, ﬁgarapteristic of the
wafers with pguerformed is simply too long to be practical. However, as is known in the art, the
characteristics of a wafer can vary (sometimes greatly) across the surface of the wafer.
25 As such, performing metrology measurements at only one location or a limited
number of locations on the wafer may produce measurements that are not
representative of the actual performance of the process, which can lead to inaccurate
processing monitoring and control.
The alternatives that are available for decreasing the monitoring frequency of
30 physical quantities of wafers by metrology tools includes reducing the number of
measurements performed by the metrology tools, simply not performing the

measurements using the metrology tools, and monitoring a diagnostic parameter of a

process tool or process equipment instead of using a metrology tool for process
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out put of the inspection system Therefore, the nmethod and system

enbodi nents descri bed herein allow the use of an inspection system such as

t he SPx (wWOo@007/8®sh and 20SP2) systens that are conmercipaltivg2evasivabl e from
KLA- Tencor, San Jose, California, as a netrol ogy proxy thereby enabling

hi gher t hr ougbpittiringrdd appodxdadelyyeath 0ftheealiemeaiventiscaver age of the wafer
area for physical quantity nonitoring.. Furthernore, as the .nunber, of

i fferent 1 PHENUBHOPHOL BB ALEEST WelbE drrrir b ReIREEastes and as
the di nensi opsmuef cap@iiGandues REwde B es Minabeasad chie 25sur f ace roughness
of the filns becones an inportant characteristic for nonitoring and

control Iing the prisdeaiod apgsysgmperabodimgnisiesirdad beeinntp Ve etserirpe used

char act erl St ((ainffa B hobd of i BRANAMLART FSYSLAMSRDRUINE BSodesCr T bed

herein will only become nore inportant in the future. The nethod and system
enbodi ment s debaiinbesddsented hecarranbs wset &0 dganhintes Banvaiitiort & Wefesur f ace

roughness of thes il wth relatiyel 0 I : -

sub- Angstr or‘r?csrﬂsrsfs‘zbcsgeanb%lfg Ness S%Igaécgl??glﬁé”na rgcgﬁa%%#f?éj m(gﬁldlgrrg%f)é%]?r\b/el y .hi gh
frequency. Reftat surekyofthgiafer)eeudrbyquiahii. tio parfigulamhe inevold wed se&sur i ng every
wafer in every, | ot durin rly devel opnent, phases. of . sem conduct or

manuf act uri g MR HE o OF B BT RPN tIc) A 5 et ng ¢ wo

wafers pgs | plse®@mspddon@iifiduct &a BYES Hr hewblodOhEkuk@Enti RS €, JTBhd €
processes. Qoviously, the frequency with which the nethod and system

enbodi ment s HESRICPHBERSHEMEN T T8It SR HEMERE KBTI ESY PRGN aTad 8Bt r ol may
pe deter m negnBasadueRchler AL EQRALEL0AL AR H 2L AR PHAGERS nRaSmay be

sel ected by users in a sem conductor tfabrication faci own in Fig.
2, one enbodimienstemferdodmiehiodescobeddetdin ery adpanfdgeausly Begadd for mlihng") an

enbodi nent of asmtogﬁgig %Ed‘é(?én%im ning a characteristic of a wafer includes
processi ng aP\warer i process eqgui pnent 10. Process equi pnmrent 10 nmay

i ncl ude any of the op¢ ack ssangdl iipine Montlesgrdfhsemabaivetor Tbdcaeh padesl so
i ncl udes 10determ ning one or nore characteristics he waf er using

f
metrol ogy t o8PrABCUNHRIYRRRY CAGEIACHISVeARHIng DSBEHPT P é‘ﬁl}aéeg SEESTRE bed above.

The one or MLR.GHREIRIGHBELSID 6S Kg@ﬁéalkﬁﬁﬁtugsr aadheRfistiche tehalr@s hahiugt i c(s)
descri bed above. In addition, ﬂe met hod 1 ncl udes generating out put

responsi ve toutpitghthefinsppgtion sysiwat ebhegpmghe msthed padiysisperbriients15] nspect i on
system 16 mgesgﬁbeﬁ%@nfeiirgaﬂlro%qh@ése%?Er?irnis&@goms%t@ﬁﬁucfgrthé st QRC&p) LRd
20 SP2) systems that are commercially available from KLA-Tencor, San Jose, California,
as a metrology proxy thereby enabling higher throughput and approximately 100%
measurement coverage of the wafer area for physical quantity monitoring.
Furthermore, as the number of different films used in semiconductor device
manufacturing increases and as the dimensions of semiconductor devices decrease, the
25 surface roughness of the films becomes an important characteristic for monitoring and
controlling the process. Therefore, inline monitoring of such characteristics of wafers
by the method and system embodiments described herein will only become more
important in the future.
The method and system embodiments described herein can also be used to
30 monitor the surface roughness of these films with relatively good accuracy (e.g., with
sub-Angstrom surface roughness measurement capability) and relatively high
frequency. Relatively high frequency monitoring may involve measuring every wafer

in every lot during early development phases of semiconductor manufacturing and
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one enbodi nent, generating the output using the inspection system i ncludes
illumnating the wafer with |ight produced by a laser. In addition,

i nspect i oNOxyst®ms86 may be configured to illum nate thecmafseso7loyioszanni ng
Iight across the wafer. In sone enbodi nents, therefore, generating the

out put usi ngmghee parfpeet ieenfrsysttiene.20machtioesyosedan perdot drght watersoss t he

waf er and geperat.i he .out put across the fer. | ection,system 16 nmay
2150 be cont I6HG T U adRTF Mafite Sacketcar OB PRBiriHEREEE A She

ermbodi nent, {hBendiicdhihd fys@m &rhigdnadn@s dekdtbedi Hasin did fsts & nlme afohes@g | i ght. In
an addi tional enbodi nent, E%en,er ati g(g t he out put using the inspection system
i ncl udes gen®iAoPiy PHPGSERINCRaseEY Be peRisendpgpy Pougtiahpiopess &k f ace of

the 25waf er. IDer &4QNR.byWMrk 8 AREGANREY tiviehiRnIiGhyas AFM tool s that scan
only arelatively small "area (e.g., about 25 micronS by about 25 m crons)

on the wafer to niadawe imFigharae tebidenin obf methed {raferngerheas surface

h the ) ) ; h
rougMess. eyl AsRert] G SHELRE, SRS LHA0RE LA AAMARIPoFFYges e
about 30 seconbigys présesdity swaaningrgeetshquipmkitdd. Endes\egtienmed0émegdi nent s

d i bed her ej h i St b i.al l
ent i 1e ar ea BFUH S HAaBr o WAPBP JAL 1o ArSier BT JOLROAL. e, g about

30 seconds) whérhenin®asitrinige tHeacehigdiaor gk ivaifdr @siag esslokwosENME area on the
waf er using a netrol 09 tool can take a rel ativel%( long tine (e.g., years).
Preferably, NsHeloghioR! ek enfipgedisdietded BRpveot i 98O BI%Bgy tool 12 and

i nspection SystRmid&s nfQlin@XRIRY 65 tht NEriakvG RAKYE&MaHY e L e aB®LS ol ogy tool
and the output generated by the inspection systemfor nore than one wafer

havi ng appr otk metteldynditsies genetating eetbut respbureves$ lighidroohtie aefeensisg i ¢ may be

used to incr . uracy of the values and output used further in the
met hod. In oﬁggesﬂ(%:‘ﬂ&gggicr#%le, t he val ue neasured by the netrol ogy tool and

t he out put gener dhgdcthy syhen il 68pe bt taigsys hedastdied iored. tHoaimstane, iwaf er nmay
be used to generate an aver age val ue and léa}lln.aver.{'g}‘?e out respectively.

Jout
I n addition,?® ofi Rt SRR dhe UYL ISR F fgPosti T’FEP‘e‘ﬁ%J]“a‘iseal " val ue of

the charact efijusfina€ing (e YvaRe vagaisht GE4RYd BY #:6§S IMgidithe, Waleefich dy@kMm process
equi pnent 10 with one or nore different process paraneters and neasured by

metrol ogy t obt Mapbeilipyshkct ppiakyiay wirly, scanning lighheerepsthy wdefedmt ed by the
met hod MY beifitholifh AR FEIRE glnd: Il AR BsiREHUGRPed:BF ??&a{ acteristic

measured by netrol ogy tool out put frominspection system 16. For
i nst ance 20 t hiscydessorhningylighhasrase hegerreand Bengrasing thooatpioreresatheevaf@. i n 15whi ch

the charact efnisgetc{ign gﬁt@%%%%a;@fso%@c&%g%% tB gé’tLCt :I‘i%hti s%at@re%tftroen(]j 133w er.f unction

of the
In one embodiment, the light from the wafer includes diffusely scattered light.

in an additional embodiment, generating the output using the inspection

systemn includes generating the output across substantially an entire surface of the

25 wafer. Therefore, unlike metrology tools such as AFM tools that scan only a
relatively small area (e.g., about 25 microns by about 25 microns) on the wafer to
measure a characteristic of the wafer such as surface roughness, the inspection
systemns described herein can scan across the entire surface of the wafer in a relatively
short amount of time (e.g., about 30 seconds). In this manner, the method and system

30 embodiments described herein can measure a characteristic across substantially an
entire area of a surface of a wafer in a relatively short time (e.g., about 30 seconds)
while measuring the characteristic across the same area on the wafer using a

metrology tool can take a relatively long time (e.g., years).
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out put of inspection system16. In this manner, the calibration curve
illustrates the correlati on between the neasured characteristic and the

out put. TWe 2o@ldokysati on curve or any ot her data structureTdstéoionpia

rel ati onship between the characteristic and the output may be generated and
used in the net hdtefernblydinperba ae sefer bevcahgrdbinboth me@bgy soln@ramdr , t he

nmet hod descri bed..above y .be perforned for cal.ibrati th ut put of the
hspect on sySEEITRRERTT L Rce Rt ke b SR R P SR ol 12.

| nstead of coutpsilgatdringd By b aispetier §ystemtfooho@ thiafode wakasaned by a netrol ogy
tool to output of an inspection system the nethod pay be used to determ ne
a correl ati O?P%%"t“iﬂétéﬁ ﬂ?ﬁ]‘%m&reﬁgrvé%ﬁag'é‘ﬁélfaé?céerﬁ?“’ ‘E%E%% E’qlﬂ?rﬁ?ﬁélthe 10 and
out put of 5 i NngRE/E} ONhLPAYS bRkt ubQlr fu BXAWPIhE medidg NIrPoreQlidhedxahben My be
determ ned by fixing all but one independent paraneter of process equi pnent

10 and cor r efhatvrig mepwregiby pha mejfolegydodl nspBe Mgt B)FeiehPs hehnsasctivaze
neasur ement Si)&fa%ﬁ ﬁ?me?efzﬁiﬁ%}n% R\iafe%hg e é&éd‘f@%éﬁeraié“'ﬁ SOLEELRl 20 8.’;”33/. be

determ ned b owng nmultiple process parFraneters to vary and using the
out put gener ateexte bytpnutespastieclc handdtisn, ofort then bespeet ¢ash heyisg @m (whi ch may

30be configured to.detect light froma wafer wi.th different. characteristics
such as pot aprsmnl o Gl At G A S aslitd e PR R UL

si mul t aneousinpre@ty @bihenimil wikpdre o tHopidiferdfit frftRsd fasdpetdrs £l Baksdredn such as

mul ti pl e haze maﬁpr)s agai nst the WO 2007/092950PCT/ US2007/ 061912 i ndependent
process par aReREFYOsTHY Pt iNSPEehRENE ¥ of the inspection system may be

configured as desgfida@delduit eI hHREELEmaY BE LR ENALeBRCT EhashsaRove for
setting up a nethod for deternmning a characteristic of a wafer may be

performed prbdweanshugiargtetibies merspecty vardonpoe! 2end sulgetfegmingpasgorn.
metrol ogy ty teﬁ)hﬂir, 30} ! fe Rnfem%g%&ﬁehfde- Ener tﬁ%.céﬁki%& Ul 1§, addi tion,
y 'y at rela y Tow f

t he nmet hod e calibrated periodic r ive requency to
mai nt ai n 1t hewhch treabyragérigih ecpetdidy Miamnlcgetad i i phgiet hea Gnati@cdfeld sti c of
the wafer. For ex le,. the calibration may be,.pertformnmed, once nmont h or
once a quar t PP s TRt SSeRTe. T B S8R edRuRahE MeTGh fay al o be
used for thecqpetdionbaweal thbmais@dsharh@Mec endbadbamit Tak caibi@iohed vk or
determ ning a characteristic of er is also shown in Fig. 2. The net hod

a waf.er . l,
may include Prig¥ ST §itf drlretelinine groguwshia qeinprette CABCSHRICHTESY i ncl ude
any of the prAGASSy®debRIRO and @8G ih BRI ARAVE bod e nRI NPT AhS8n] Bl udes

generating output fesponsive to | |§£t fromthe wafer using inspection
system 160 The eanputheinpgioddiesribed ovouep bt pebrinesivopdibraging thedwtfpett s on t he

15waf er and J cts. In
particul ar, ?fﬁ&g@ é’c#&sﬂg&%&%ﬁ Ié\]srg%t% a&ﬁ%r@e%%%%?yghéeqﬁﬁe%gé zflfgray alter the
portion of the outges ofenelanhed chyradihiatic n&pesafet weassyd beanatrobbetgpbsi ti ons

SRy bt MM N S R
signal is plgikesd oas ofmbidpatah@Rraff pRRSistdg@PmeRt 10 and output of inspection
25 system 16. For example, such a correlation may be determined by fixing all but one
independent parameter of process equipment 10 and correlating the output of the
inspection system such as haze measurements to the parameter. Alternatively, the
correlation may be determined by allowing multiple process parameters to vary and
using the output generated by multiple channels of the inspection system (which may
30 be configured to detect light from a wafer with different characteristics such as

polarization, wavelength, spatial characteristics, etc.) to simultaneously correlate

multiple outputs of the inspection system such as multiple haze maps against the
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20t he wafer). As further shown in Fig. 3, output of an inspection system

i ncludes first output 20 corresponding to defects such as particul ate

def ect s omotzh@/omedser . First output 20 may be identifi edPoy/tsp@7ysreg2 a
threshold or other algorithmto the output. For instance, the output may be
conpared to @depshddnt probsss hirghetetsr dshoblipbubmnelsat ﬂmumpmtloc@yat@sm@ndl ng to

defects can Pe é’qré‘%a%} ér%g H&gpqep? ut that corresponds to 25noise or
e

I'ight scatt erec sur ace ie waf er. The output al so includes
second out put 22 'EHeametladmlewzhesdaiohefafrsédingmﬂlpuhodfwﬂetdmﬁmngat correspond

to the defects u t of. the inspectiqgn.system therefore, may
el ude 5 1 eHBIFER A QR s R eiO B Rt RSP RBPHBI G e out put
corr espongli Ngetérinidinga gR{rBI6EStybScHaRteAsticRYh vafferi(ind. € &8k up)ONn bars@aect i on, and
the output that does not correspond to defects is 30 considered noise,

nui sance, orBaEkpsIde Cﬁé}fﬂt@aﬁrﬁwﬂ@aﬂwéelﬁwﬁbd@wéréﬁtreégp@ﬁ%ﬁmf@nm t he
defects may he,Stosefe ﬁ@éﬂoéﬂﬁh&@(mlﬁhhg%%ﬁﬁgc&érﬁsugofthE%ane?r ﬁ&r%x&lﬁ%lgﬁ map

such as a light point defect (LPD) map, to determ ne | ocations
defects on tthec&lair@mn !Wd)e)aerfmedonw@rm@mia pmncgeqem'm ethebyafehehal atrspectl on

systemis cops 05@?9}3 Rl o%%aytaﬂg eused%oqgé gerlo 205 /USZOOW 061912
pur poses of |ns ectlion an may be ISC&I’ I nce 1 oes not correspond to

def ects. iMuch mr@maarnbbbmmrkﬁpeﬁ&th@wofd@drﬁhma Heentcdawaifadvdfa isuppr essi ng
t he out put t at does Pot o rresg d to defects to increase the sensitivity

of defect det %’c#ﬁ“&ﬁm i T hENJREB NPl HRH? WRFRINPO%Sever . this

second out puiquifyenb €0, W@ RASnAudd % B the brodess BakiRG bR He&tib&d Hhvd. hﬁemf er. In
particular, in the method and system enbodi ments described herein, this

"noi se” in tHethediplpuinciudes psaeraiig qubwbicARongvatodikt Hemdhd wfFusE a wafer. In
t hi s manner, t suppr ess
inl ik AidsPs, BRI 6 nﬁﬁl : hogld @%tgzggputt Bidtes ogmgent S dod @

this noise in the odtput, t teme escri bed

her ei n ad:/anwafgeaald§b«§ondsetptrﬁh$ dnoi mecasspondriothy delbrisalnghdicabr.ef i stic of the
10waf er. wor ds ol ive to the . h tteredfromthe
surface of t etfeC?S Wal e Present Orb ac%eﬁ’ltge%?m%dn@’aar%f %‘8 po'ﬁm Ir;%‘ geabl e way
such that it gananatehe;y}ﬂfeoﬁmaeﬂ s@Sertl @isthe pdx&ﬁbnﬁ uf thhe¢feier ei n. Furt hernore,

determ ning the aract ert 14}@ usi ng the szeco d ou%fp i nst ead of all
of the output of ﬁ@sﬁaﬁ‘?p Wystest RUPYERAAPARYEHORh whi ch

t he charact egyk@hi(6.gl, aa.eelﬁ;f@rsmm@dcméﬁw ﬂsﬁtsflsﬁﬁteabwﬁm&s‘dnuﬁ‘%sxﬁl&it&{ m ni ng
the characteristic of the wafer usi ng t%e second output. In one enbodi nent,

det er mi ni¢hg thpeafeRaredtaiar shavn ipfig Beowig ef an inspection system includes first
output 20 corresponding to defects such as particulate defects on the wafer. First

output 20 may be identified by applying a threshold or other algorithm to the output.
For instance, the output may be compared to a relatively high threshold such that
output corresponding to defects can be discriminated from output that corresponds to
25 noise or light scattered from the surface of the wafer. The output also includes second
output 22 that includes all of the output that does not correspond to the defects.

The output of the inspection system, therefore, may include a relatively large
amount of data for a wafer. Normally, the output corresponding to the defects is the
output of interest for inspection, and the output that does not correspond to defects is

30 considered noise, nuisance, or background. For example, the output corresponding to
the defects may be stored and further processed (e.g., to form a defect map such as a
light point defect (LPD) map, to determine locations of the defects on the wafer, etc.).

All other output generated by the inspection system is considered noise for the
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i ncludes determ ning the characteristic of the wafer using the second

out put and a predeterm ned correl ati on between the second output and the
char act erwet2oer/09Bn exanple, if "calibration"” is performed/tssosholsm in Fig.
2, the characteristic of the 20 wafer nay be determ ned using the second
out put i n copberas PonsPRFtAT aod mal batisomdedsinge it 118¢s ibhenrefpimd to ddfeuts.

det er m ni ng i.sti.G. of [ usi.ng an_inspectio st em such as
a | aser scat g??ﬁé)ﬁﬁ%h?%ég{pfe%h&sf?g%}L&\tﬂhdémﬁ%%&f? ﬁ%sﬁgg%c?foupwg%?ﬁspecti on
system nmay béoes epiorotreshonditoplfisisaalincteniettbe sudtiviasofleeghieesson.n Angst r ons,
sheet resistance in OChns,. and filmithickness in Angstrons instead of the
typi cal 25 mannermigﬁ3 e\ﬂ@éﬂleﬁ’ﬁﬁﬁpg?f{ﬁﬁ?n’g’@ww’ﬁ@a 5%3?“?5 REBE RN UsSfst ens ar e
reported {e. g aproeafol @EhRGtdidiid & (B HeAIn PRELQA: Ittt AkthbMhROKakad scatter
signal ") for inspection applications. Therefore, as shown by

conpari ng t henbRstiRgHsdessribed §ereing thipngoipe’tip thequtnat iwiussdig datemmiat act eri stic of
a wafer, the.Rlhogifr sl der. 0 BRSSP Rife AosBH tﬁ&s'aﬂ&?}%@ﬂsﬁﬂ%%ﬁéﬁ eémas a
nmetrol ogy proxy for neasurenents that are nornmal y perforned by a netrol ogy
tool . Since ddwnehwrsaprresilys hgson tpypgiveahe methert indysygém embodiakes can be
determ ned ugi i.nspection stem and an _appr.opriate correlation or

ot her data p‘?%@gosegirﬂﬁ]lgegldagg%trt?g%%ﬁ?%ﬁre el et 5‘ipﬁ£§§ﬁﬂpasﬁhﬁ%%tefiﬁgﬁzéﬁei on systens
can acquiitr e dafea Ihotheawonafo@tpuntesfonsiote ke ligh amtaredBomahogyfaboed the t he

nmet hods and S%Ftems described herejn can nmeasure the E%;i cal quantity of
the waf er milCY AL BFACAREH 41 SRR TORED DREERGREYy YETHBABRL S B addi i on,

unl i ke ot herprigpsshads débabedTanier heen. atERMbRAIA:QhidiMdint eRdrhderfBaSUri Ng a
characteristic of a wafer (e.g., determ ning a surface roughness froma

Shaze measur &7y PRECORTRUSPY énstcedl af allelithe qutprs oEbAdRICg vkt onpl i cat ed
model i ng, thg. aRihed a@:ﬂ%o?m%ﬂic?ﬂp@gla%{éf@icq§ﬁféﬂnﬁ%. herein can determne

the characteristic of the"wafer froma relatively sinple correlation or
cal i bratiton of t Hécouythodulsandiudeedatdrenidiog ér cetrdcterishsoidbs erfchedngbove,

generating the outpu sin he inspection tem na i nclude generating
t he out put asc?rc%“gsouspﬁ’liis]#é)ﬂ mﬁ?@m%{ﬁ’ ‘%ﬁﬁrﬁ“f’néngs%%{fﬁﬁ‘ég}e&ﬁ%%fgh?/\)ﬁ?tgrr. I'n one such
enbodi ment , deldssricrimiginghie: dbat@astRd Helveafirighp desedat @uffuninag t he
characteristic, usi nr%gt he sec%nd out put generated across substantially the

entire surf aedermingd cofggiaion F-Wefﬂhfhg SEROAM BYPULRd thelraelediics FPe may be

det ermi ned usdafglcalftcaibratib® QYL 98080ah 8FFkOr, i@ amatRiRY tiche
i nspection system except for the output 15corresponding to the defects. As

such, th& chetfercreresicicemised prieg thaseendeypydn paptdintion vadroblyaéubst ant i al |y
an entire SLgu]}w%Cl%. %erre o %@ﬁﬁeﬁerminin a ahér&t&{gﬁé Qlear wﬁ@ﬁ&ﬂ{g%‘ﬁ% ecgi% ermning

the characteristic includes determnirng a value for the econsg out put
across an arwsewruthye asskescattanhg despeation nystegn, thvenchaeacttepithti c fromt he
val ue. In one_such enbodi

second out pUPTARerararea varEeUebs e el R O O Ry B
put ‘I's generate n e t
subst anti al | ic@nesnintd i@ Gineaaf filth BIkAREE Oipstrhigs Wak & of théxyplahls manner, the
value miXS bemanner in which measurements performed by inspection systems are reported (e.g.,
scattering units such as ppm or “total integrated scatter signal™) for inspection
applications.
Therefore, as shown by comparing the methods of Figs. | and 2 for
determining a characteristic of a wafer, the method of Fig. 2 uses output of an
30 inspection system as a metrology proxy for measurements that are normally performed
by a metrology tool. Since the characteristic or physical quantity of the wafer can be

determined using an inspection system and an appropriate correlation or other data

processing described further herein and since inspection systems can acquire data for a
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determ ned using all of the output generated for the wafer by the

i nspection system except for the output corresponding to the defects. The
val ue detwormerad29sor t he second out put may i ncl ude, for pexarspéog/o6@m
average, a nmean, a nedian, a standard 25devi ati on or any other appropriate
val ue for theagkesaoidquicdetithan h metrbiogy wantemetlidde achgstaat éescsbddhenin t he waf er

determ ned by this value nay be an average, nean, a nedi an, st andard
devi ati on, ef%‘.m‘%?ls“rf’ﬂ@ Rk g P e il o isp Tl mstrolog
characteri st kfxi;?fﬁér@.sﬁx 018K, 8RR othFen SIS thal IBE beenSttBapRD tdraddidetdn entire

area of a surtace of the wafer) may be determ ned in any other manner. 30In
an addi ti onameesingp pemcteriget eranviierie 2t Aderenapae twkreouahngss g anaf er

[ nol udes. det 6, 0l00.Nak) ALLADHC bR SRAO0M MNP AHIASR] ARaupLer and

determ ning the characteristic fromthe variatio urt her enbodi nment,
det er m ni ng theenatlivairaad setanstmigdimaitudtegibge hariatchmdetamigshdéimmegiiemal map of
the second output across bstantjally an entire. sutface of t waf er and
determ ning b haenls BERG e RURE PPl oo Fihs® Hhirifioh S5 LR SRR by Per

wor ds, the segenerioud.put generated by the inspection system provides a

vol une of data that can be used to.generate a graphi cal] representation that
'l Ustrates the et tRART CaFECRIS P Bt gAY H RE IORYLEE BRY st i o

S5across tfhe Waf@k gedefuihpire o_ﬂ?ﬂf‘&&oss thBtahiviy Gh BRIGE k@ RRE ofP wafer.t ke second
out put may be useg to identify surface anonalies of interest (AQ).

In sone enboenmisal enbesiment ckirmiinaibe dneckttiripdudes dptaeninpesiedet ernining a
value for !ng,SRE0NM QR ;RGN LIlRiAM A &B3aRMIL IR B8N RAd

determ ni ng aracteristic for ferent areas using the values. In
anot her enbodftrentfer.i b tdietrenmirthnchatdegristhangctcalcieshingd hsind albefshaet er mi ni ng
a single val ue otf thet (gparact ribsh}%c for.diffterent eas ,on tthe wafer. In
this manner, YR SRYHEGCAHYE A 08 R MPSHH e e" 88 PhEE *REPei n can use t he
out put ofys ancérRspe@inganthsyistes no sifchntle sipadciedistiv@thadifonmbynbea
characteristic of a wafer. The different areas on the wafer may be defined
by di fferent MseluEd BT WPHaN LY n gaieesoldhe ¥ifeh different areas are

shown in Fig. 4. |hanfRkteh®blidlent, Ha&ngﬁ;ﬁgph@fchae@a‘t&rsﬁ@fhcmays Reerdinnigded into

different areas 26 that are defined by different angul ar coordi nates or

di fferent fi x&dd Bnglesscondowsrizatosadn yea ehenwaler endgleramipingdhgur f ace of waf er

24 may be ipgﬂayﬁfegis%@fr%ftﬁeqfaﬁ]@.t h?gn%%ﬁc%%g[n&eg%,glﬁegr%%@ r 48,41y span

only a portion of the entire surface o ough a particul ar
nunber ofodi Whehdrtse@Ddpeqst iR Germraedsndweed tn dBegpinethe ivelue may be be under st ood

that the wafer area may be separat d'nthl(a)a jtabl e nunber of such
i1 erent ardipgandaty shtntirgag e b o g waleh; et BpTsn BELTHPHE e or
nmay be defi nederdinediusing &R oI the adipad gcaarkdifitalicesaforbydhd hegcendn dyspspd radii. In
this manner, the different areas_on the .
except for the output corresponding to the defects. The value determined for the
second output may include, for example, an average, a mean, a median, a standard
25 deviation or any other appropriate value for the second value. In this manner, the
characteristic of the wafer determined by this value may be an average, amean, a
median, a standard deviation, etc. of the characteristic, However, such values of the
characteristic across an area on the wafer (e.g., substantially an entire area of a surface
of the wafer) may be determined in any other manner.
30 iIn an additional embodiment, determining the characteristic of the wafer
includes determining variation in the second output across the wafer and determining

the characteristic from the variation. In a further embodiment, determining the

characteristic includes generating a two-dimensional map of the second output across
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waf er may have generally concentric circle shapes. One exanple of such
different 25areas is shown in Fig. 4. In particular, the area of wafer 24
may be diwodea/ivedso di fferent areas 28. Substantially tireTastorecmnrea of a
surface of the wafer may be included in different areas 28, or different
areas 28 maysimpamiddRlay edirp QirtacOHf thd whibar@leichBinfiglticdaraokristharomadher .

Al t hough a particular nunber of different areas 28 are shown in Fig. 4, it
is to be unders¥iBEaseRARAR-hE Aisf BPrdartBaserend WEPUE BPSTRALY theipepeshinp

30sui tabl e nkeﬂgt%ﬁlr rBfid&uCR g d §reh@Mat 4n8R%sed to generatd Rg@Pdidli on, both
different areas 26 and 28 may be defined across the area of a single wafer.
For exanpl e, reassgiasian thahilmitgatesqhe spafearal@omdglye waatkaga fhetcaerastenisgcdi f f er ent

areas 26 and ' m[ﬂng | i, St f y be
determ ne%l a%crgggsc’stﬂe&f% 'er%én a%lg%E}Fﬁg?Q%%g’fog% “?% oﬁgh%ge%ﬁ?g%@ﬁtﬁ%aﬁe waf er .
Det er m ni ng bhesed hadagifesiritd mohaliestdientave(A@ppi ng areas may be

advant ageous when it is desirabl.e to exam ne the characteristic for
Variations i di fpevanemEiredy sBernGe R RoS A FrE By seach
of the diffe(gm fortRascohS ohtplitgelosd NEBreMnraE eatefwaferpad i@émeatng @at ure on the
waf er. For exanple, the different areas on the wafer may have | ateral

di mensi ons ofhagistsstiolopthe dgferent arsiroising thepiagiedntn apathefsiiRdimedkanpl e, t he

di fferent,ar gas int He HBEELisHBM AN IeleAh Bl a SHIBNRI AT Qhadothic 25

m crons by about 25 mcrons. In this manner, the characteristic my be

det er i ned f &r diffefdne et onghewsfenrin tHiemaeifcs tha method Ol aysers epbedimpzis  ar e
approxi matel y equal, to the. si | cl. I I waf er .
The | ateral é?srcr%negihgrr?]sn Sf Al tIL"% 8@%%?3%%%%%@“ %st t%!f"ﬁg%ééli Fﬁagglev%p atyrﬁggs may be
t he sane or dtidrexentic of awafer. Unl i ke netrol ogy tools that neasure a

characteristic of _an.area on the wafer occupi ed. by. si ngl e tterned
feature, the val uja’ecﬁlf&‘?rﬂ& AEAHRTH ?&Pﬁ%{ﬂ%%é&@?ﬁ%é&gﬁ tffc’?%tcﬁ‘grg??ﬂt?ﬁod and
syst em enbodipxRbes 6esek IPRAnNRER R BYn BEFid 4 ah peribilal eepheseats the
characteristic across an area on the wafer that is nuch Iar%?r than an area

of a patter ndtmpehg divided mgo differsnt ar¢ie 2 firbrre defincd by HorEl @99he t erned feature
on L he out puL.fibhe.MARGR 1AM BS SRS GHHCEE T Aeraged ot

this manner, un e metrology tools that aré configured to neasure a
char act er i st wefeol4 mawhd orludtd iodgTepmt 20moite ot Hereeitaccal 3¢ nil oo ooly a he waf er,

the inspecti g(l;]rtigy 8 tﬁgesntldrf? ssu?'fa!:ebgfqheh\% 1, nAlHPnglpa?particu]ar number of different

20  areas 26 are shown in Fig. 4, it is to be understood that the wafer area may be

In

separated into any suitable number of such different areas.

Alternatively, the different areas on the wafer may be defined by different
radial coordinates or different fixed radii. In this manner, the different areas on the
wafer may have generally concentric circle shapes. One example of such different

25  areas is shown in Fig. 4. In particular, the area of wafer 24 may be divided into
different areas 28. Substantially the entire area of a surface of the wafer may be
included in different areas 28, or different areas 28 may span only a portion of the
entire surface of the wafer. Although a particular number of different arcas 28 are
shown in Fig. 4, it is to be understood that the wafer area may be separated into any

30 suitable number of such different areas.

In addition, both different areas 26 and 28 may be defined across the area of a
single wafer. For example, as shown in Fig. 4, wafer 30 may be separated into

different areas 26 and 28. In this manner, the characteristic of the wafer may be
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used to process the optical characteristics of the wafer (e.g., the second
out put) on average and to determ ne the characteristic of the wafer as an
aver age. Whenefoeep t he single val ue of the characteri sict/usetensioned f or
each of the different areas may be an average val ue of the characteristic

across each Qferhhied dirbdseli @htnt afc8ASGat ACCHO kB dterk BRthRSvaghar act eri sti cs
determ ned by the enbodi nents described herein are determ ned on a nacro

level , whi| PutrmieipabachardiyisieHordie Gtvﬁréapﬁﬁ*gé?eaﬁ@%‘??ﬁdﬁé’&aﬁ?“%'ﬁ“& ogy tools
are determ neqd sQrgblg G Ghel (Y Blaracteristic for Jaafonk W SifEfenfypR@Mdi ment, generating
t he out put i'nctudes generati ng tahe out put using nultiple channels of the

i nspecti on syshgmentsmeonea soghwefebodi ment, 30det erni ning the characteristic
i ncl udes determ nij e.characteri,stic, Usi t ener at ed
by one of’ the rrulr%{a? ?ftetﬂ%ﬁgﬁﬁ%ﬁ geas u%r era‘ﬁ%eéﬁb%g%ﬁ Aggﬁ? t%e?r'gé}dfg&s%gl}f%%}lqude

det er m ni ng Rafeh. fHoe BeRpl€ ardaliret hghd en the whftemapher lashngmeidorse€ond out put
generated by another of the nujti pbe channels. In tt?i s anner, by scanni ng
the wafer UAPHY ’3%‘?“?’\"@;?5—5’81‘% IR PEIROHIRREX R HGI BT AEANHEE s the

met hod and systemeRbe dhdmntiSclRRCH e Bakitiols BAmbobe2 UsREbrk OmdREer ni ne
mul tiple characteristics of the wafer. The multiple characteristics may be

det er mi ned sihanukct, dreberstigristivmey badetepriecdhadiferest fas ORI WEHdRti on system
may be confi gt edAf. dRSphiRathdUEL AL MBI Jba SRRt Snodi ment s

descri bed herern my I nc tecting defects on the wafer using the
out put. | n pasfei. cikcdatgralameesers ohal sethawenorelpé theidibtrerd gtepumax by thespondi ng
to defects may be ipen%ified in the output generated by the inspection
system The P toirgﬁefﬁn‘t he output that does not correspond to defects may
be used as descrithgide heirelbgy foolsdiet elkmure: dhhaceharcadbeaies b theofafirhe waf er .

Al t hough the first output 10is not used to determ ne.the characteristic of
the wafer, t%“ﬂ‘?@@faﬁﬂﬁlbaiﬁeﬁﬁg?me’ﬂéeV&&‘?(?gﬁﬁé?éar_ ﬂﬁ’sﬂﬁg?tema‘%gqyor e, be
used for 0t NGE RIHLBASES steRUmIRI AR lesSbACR &R hals b § balosihatiepeatsesponds t o
defects and 1s i1dentifi'ed to distinguish the first output fromthe second

out put, i denthi Fharavtpristieadtos e asuppiie Yy tht senuse lugadhangniagest #fy and
det ect def ec%a%ef?l@d Eegglré'\lgf{sesruch,ltﬂ: éf&b@ogqlﬂgggél% Bét{%ﬁaeﬁ'%atﬁgg off ifd oﬁ%ﬁf &M

enbodi ment s descri herei'n may si mul taneously detect defects
on a waf er athdirdpdcepmiysemamahiaradiced pstavoagel oihe Imdifisgnanner, unlike As descri bed

above, the nethqd enbodi nents incl ude nerating.a two-di nensi onal map
of the seconfaeté‘ﬁ?%’df’o Q&ﬁg%g C%ﬁ@%géo @Fasél{fbag@grﬁftf’réﬂc%fﬁr‘? aﬁeﬁta{lj{?ﬂg% surface of
the waf epy | RotchiisrefEbagions shie akr,dharanstomalstempdaraybadepreasentbean i nage”
of 20t he area of the wafer or subst_anti?l Iﬁéé@h? entire surface of the

waf er. As dedef ihEacesihe Rriicahpiipsicristicg of thaxger ?‘%p‘&'@%"ﬁﬂ’t‘ YR ow f r equency

conponent s Oévellz{%@ atPb Abterh @B the 2R EYD O Sb 9ARE 2040 FeRad | NErdfbe e
interaction of the |laser with the surface or interfacial naterial

char act eri st siege saluyelitys ¢igraciyieic deirmiond &3 eschahgheopifsrentiargss Pt ies. I n
SOME cases, ge?a%QbélﬂéJS’HEe AnthRALARNARLs AR 3r AETIRRTE AR PEARSIGRR UR enough

to alter thi
25 characteristics determined by the embodiments described herein are determined on a

macro level, while the characteristics of the wafer determined by metrology tools are
determined on a micro level.
In a further embodiment, generating the output includes generating the output
using multiple channels of the inspection system. In one such embodiment,
30 determining the characteristic includes determining the characteristic using the second
output generated by one of the multiple channels. Such an embodiment may also
include determining a different characteristic of the wafer using the second output

generated by another of the multiple channels. In this manner, by scanning the wafer
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25background haze. In this manner, in addition to detecting defects on the
wafer fromthe first output as descri bed above, the "inage" allows analysis
of the siwpavawmzqse.g., a haze signature) on the wafer eurfise@7eididentify
continuous or extended area defects on the wafer that nay otherw se be

easi |y over| cokesh inSeadnchanndashafmanple dspeds, ilemayst @hsyeym be nor e
sensitive to such defects than other channels, For .30i nstance, e nor nmal
(nar r ow) chaﬁﬁB?Jflafnff cr?@?égﬁf&ﬁcaﬁg%w{’]&#%%@m%@? a‘_?af%“%fé!og “may be
the nost sen%ﬁt.%&h@ﬂ@ekw@a&mi@ 18 He@BchRihed dR0kinkMisNg 1BRMUOUS and
extended area defects. In this manner, only a portion of the output of the

system nmay behaslgof iy ingeeriden SyRHgMSRiIve geniired as pecded fughes hemindef ect s may
be particylarly T}{Egﬁé'tﬁ %Hoﬁin%ﬂﬂ'dle&%écﬂ%eiﬂh%gfﬂ?é infak fedatiRgds | ayer

i nspection since s efects nmay represent s variations~in the
uni form ty ofn theevafeskigg theoatpiingn bayieylarpas described ebqyeshe Brst diaguti n turn can

| ead to subsequent variation in line w.dth due to the variation in the
or o exposur o # barue rtaa il pafbe Bkt B de Ao s Bhodfa SR ibllad o1 ' case
5The neasur eg@ris Tk pbh@niohSpechlnnaisipsd i dessaidhe defhas @hnbammyd be used for

process excur.sign nitoring.. In addition, e trol ogy prao nmeasur enent s
per f or med by RO REBECr B AT Pe bR abbirer Sl lheityeter@duent

nmoni tori ng ofs oh@cP NGRS HiRICAMIRENER O ITRASMESNE NES oliBM ke HRekd or med nuch
gui cker than the neasurenents perforned by netrology tools. In one

enbodi nent, #kerdpdiané Matobsiepirdesuspé for ohel PPSEE Iips Prgnilheinghde détteri sti c.
Performng S i | . 1 ! . t i may be
g o2l BoREREL Rl NerEROMA 1 Bortlrh S a Mgl G oo SR "ohC ey

configured as de ove. However, e un t
be per f or nedsdcondmyps, liidngilplimg thafirseoutkuiovay also bt leedde fdentifiy andidétedton, if nore

th h teristi f ot f i i ned i h dj t
oscr  bed_ hetares obRE G o BE s ant RsPEL S AR et RERE TR Can be
15used t g5 penrdreih MaSBEusddio airplthebugyniac aendits ot HeaRPidial ik udes

performng inline npnitoring of a sem conductor fabrication process using
t he char act ef13&CieEs#PI§t BF excursi ons in the seniconductor fabrication

process. In one SACh:&MHROHIVENhe mbMEd %BM@[eﬂt@Exh}%@ﬁzd@?@n@faﬁh%‘ﬁﬁﬁ)_a standard
devi ation of the second output for different areas on the wafer and

det er mi ni ng fimepsienad manabihe satend atpus aerobsmdi aeestos sehytaaha lyregicotreisw e a
process used . a4 Pr.og¢ I LS.l A fd ed by the
nmet hod and s?/it? %I%g%ﬂ]b% i %%@g’a%iﬁﬂoﬁ%@agﬁ(gﬁg?}%&ﬁ%b%g?nh?)'2:1 %ﬁg soyfst em
enbodi nent s tmyrek démg ivfajer bheibwadtatly dre entifechritdee! frocéss Aexicuribédon was

derected 25 o GRS TLE Rl TR RO LS TSR LG DRI T 511
scattering signal originating from interaction of the laser with the surface or interfacial
material characteristics at varying layer thicknesses and optical properties. In some
cases, a continuous and extended area defect can be extensive enough to alter this

25 background haze. In this manner, in addition to detecting defects on the wafer from
the first output as described above, the “image™ allows analysis of the signature (e.g.,
a haze signature) on the wafer surface to identify continuous or extended area defects
on the wafer that may otherwise be easily overlooked. Some channels of an
inspection system may be more sensitive to such defects than other channels. For

30 instance, the normal (narrow) channel of the inspection system described further
below may be the most sensitive channel of this system for identifying continuous and
extended area defects. In this manner, only a portion of the output of the system may

be used for detecting such defects. Detecting such defects may be particularly
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25be verified or nmeasured using a netrology tool, and the value of the
characteristic determned by the netrology tool may be used to determ ne

t he appr opoizat79ewnr ecti on for the process. | n someTasbadion®mt s, the
met hod i ncludes determ ning variation in the second output across the wafer

and det er m NigR@rthit it %llyﬁfohﬁidcﬁﬂs ﬂeﬁst&}%@tﬁfgil@eﬁﬁisﬁbicﬁ(ﬁh anc3Quai gratsur e of a
process tool used to formthe wafer. For exanp a wafer that has been

processed bymay GRiseEt FPahvarigdnsimipe H&\f‘é’méty@ﬁ@te é‘i,sfséf"?aé‘flg BYETIPECT War i es acr oss
the wafer dU&Fh&ré & ifi A KarDlbad tla%?lﬁi@ﬂﬁﬁf Jah%bn iR @he width addb tcORriaddie

variation in aracteristic o waf er due to the chuck may be
det ect ed usi inghd re-cguspatres{secqpling hagrer am&mr@@ﬁ@nmwewfor% pEsei nspecti on

oot ot ot P ekl Pech B ATRCRGAUDAM AR IR MDA BT St Anda €

deviation in the 'sécon st andar eV|a fon in the
second out pu;brodsmyephersdmhmmitbﬁegj If addidr, ilen«mmtolc@waﬁymamenm er. The

different area be defined as descri be here n. .The standard
5devi at i ons 1?66% ‘&\QW tg‘F INSPRSULH PAEMERtY Bt o EF“@Y&?%E Bt °6m§0¥

pr edet er m negle bRyces Bedadsehiesk hféhiuréfn%ntstrﬂ@ etpaiteiaied nelRH aick@Mhanltie t hi s
manner, the standard devi ation val ues that ar eagr eater than the threshold

or limt rmymBsUrMEHseerfamed BRmelrpipsuogs. riccabpdigeat Preamedad excur si on
that may pe @51%9&&&&%}4@ §ﬂ%5£}ﬁg ﬁlle%@M@rﬁu@fp&ﬂ%ﬁnmg@9@%§géneﬁhy sHIn @

further enbodi nment I ncl udes generating a two-di mensional map of
the second outhgt2 l:e{cSlP@s@ais dbsthastt hay boycoahguert dsrdesasibed awec.obloveist.waf er

deter i ni ng i ANARARLIM. BAL LELR. LrRRESEN, Wb NS, o dlaRastgnal map.

and if an abl Peri 7's pr orfmal pattern
corresponds #0 Iaradﬁmuriﬁh@a than oge piaa@esistiusek: wfmfmimmhﬁedmftm The
abnormal patterns in i di

- lidi nension may. be i dentified using any
sui tabl e et HBPLRI Y es%ﬂbﬁgg?rf”l‘?n?%ﬁ’é\‘iﬁ?r? %%‘igia%ﬁm&*ﬁﬁ@gﬁmﬁ‘%eﬁﬁfl‘ne%at terns
that can;be geleriedriSPag rsitethefeMBidnatht) (REhUMed inklbieAcefoRihg hilktted to, a
chuck inprint of a deposition tool (e.g., a CVD deposition tool), poor or

non- uni f or m wpeikpring of agdntiFendpgiorciabrraHoR prPPRsEHUBNE R Clarastrisir ocl§shs cal
deposi tion (K slotag ﬁ]%éscm@mea&&%&hca@&{ﬁﬁfegmhzage Lday@mﬁm}«%ﬁm@d of a

20pl asma CND to at uses tetraethoxy silane gas, thickness
vari ation, wetthod eaatmﬁcsgiemb]kmta@m dshamorwfrtlmsﬂe@mé oulput fohiddferemhner, t he
met hod and system

o h d f
spatial vari4dtto OHEF%W% Eﬁ‘? ng%ﬁsng tgedt?nfardaée lagoa“ %é{se eéc? E’qggtalt ;I

vari at i ono asa pidcdsidicdad Qimalic PifACESS excur Si ons.

If a process excursion is identified by the method and system embodiments
described herein, the method and system embodiments may identify the wafer on
which the process excursion was detected as a candidate for metrology. In this
manner, the characteristic of a wafer on which a process excursion was detected may

25 be verified or measured using a metrology tool, and the value of the characteristic
determined by the metrology tool may be used to determine the appropriate correction
for the process.

In some embodiments, the method includes determining variation in the
second output across the wafer and determining if the variation is associated with a

30 signature of a process tool used to form the wafer. For example, a wafer that has been
processed by a deposition tool may have a characteristic that varies across the wafer
due to the chuck of the deposition tool. In addition, the variation in the characteristic

of the wafer due to the chuck may be detected using the output (e.g., haze
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25The nethod may al so include storing results of the determning step in a
storage nedium The results of the determ ning step nmay include any of the
resul ts deecniteebsherein. In addition, the storing steppromyskowcloade2 st ori ng
results of the determining step in addition to any other results of any

st eps of anympatikogniendiobl mgrtsondggeni hedvdaetiet m.thdlreordasithut mapdy be st ored

i n any manner kno inth art.. In,additjon, the storage di um may

i ncl ude any %ﬁt%@é‘\é\% aﬁ%8?%%{%2655#'%g‘(r}h%%ef’%’?dno“&Ut‘aﬁvdgﬁlﬂlé’ﬁgesﬁg’t%ﬁrﬁll e storage
medi um knownddvintibhén @e tecotf di@put hiae be eatntiscdfov@ribesr&t on @@, wdffie results
can be acces,fed i.h the storgggﬁgﬁ i um and  us of the method or

. [ d by an
syst em enbodi Metitigreyargagey f‘%‘i‘eﬁc.r’q:ﬁiﬁ{rﬁ‘@?}i‘%‘?'& ¥'t“3rr%a’}dér§1ul ts may be

stored " per ngReMbhysor eé'cﬁ%mheBﬁfeﬁ@aﬂé‘r@és!zﬂafbetc%ﬂig%@@ e{j,yrede@émi&a sone period
of time. For exanple, the storage nedi um may be random access nenory (RAM,

and the resuthtesh@d of lait da)teecstndgrdsleptionain Hot mpes hwatdantyrd gevistiost
indefinitely,j t madi eI | rticular

i npl enent at i ‘édr%&g?%gﬁl%ép a%glﬁjmant to hg%n%?ﬁgdm%)!o}%eu@ag?ﬁﬁade&gﬁ% %et hod f or

det er m ni ng mdchargagirercssixcersioh that way be asarndhtaheitipde sigoatliarof thepkenant at i on
of an enboditneaﬁt of such a nethod for determning the characteristic of the
wafer. As sho@h in Fi g. 5, setting up the nethod or "calibration" includes

processi ng one Orin ABgretheehRidimdn tlepesibd inoRdésq@herddhg RPABhEdsRAalt 00l 34
may, in this 10 exanple, be used to faorma nitride Ia¥er on the one or nore
waf ers. Howeah of Aesand qubpt peess sebstantigling i gaest thedvdeposi t or form

any suit abl egdi@¥@lin KB doPn i1 PSuAH ts ﬁése&%mlﬁ%sha%&@ioﬁﬂbﬁdp%ﬁie th on the
waf er (s). The deposition tool may be used to formthe | ayer having

subst ant i al | §bnpheal gatiren sipssentt Etanyiningst (e appormelpagkmessyspomistore t han one
wafer. In addition, it 0, for ers 15havi ng
di fferent chéalgrC Ea%%grl? ép ﬁ)g%g?geﬁgté ?0 ﬁ%ec‘lglrl]fgs's; e%ﬁno‘é@?fi a%t%g%%&ng%elvﬁ%f er.

As shownii n &ingnsidnal mapmay beroleeifekdasiag ber dusttbhle sictibd waf/@ragyitpr ocessed by

deposition tool 34 ma asured by AFM 36. AFM 36. may be used to neasure
Dot acer oG At e TR GaraHs Gitrar b A b OISOt RS! wa r (o
AFM 36 may i pekbd euedy nsUintieBb ke a AMMKKREMR df B dEfRitdh tool @Y, S@PR Sui t abl e AFM

systens are 20 commercially available. Wafer(s) processed by deposition
tool 34 and FAPAYHEECPORFNNIB UAHR AT, 2 TBXE IbePPag TR PYitAS et on system
such as SP2 gusl&MI38sitifAEdrS prQBTES Gkl dbrYRhURREE oMKk srhencor .
However, the inspection systemused to neasure the wafer(s) may include any
sui t abl e2¢ nsplewta QWD 4y thahvien sircthoxytsHened A EOS agad, thiwkigess wartaéibh.evet nspect i on
systens such .t am | Q rcially

avai l abl e fr%‘?na%f?@}?qbe{\%sdrg%d%@&e%g%égfhg%mé%gt’ztgﬁ%nélﬁ aen%csrgr{er? gured to

measur e t he amifodimdnys dpendedhérnig notythp utedrie $fpanlispgial Gartalien Iniaght from t he

e 20T OB A S SRS TSI SRS RS BT
excursions.

25 The method may also include storing results of the determining step ina
storage medium. The results of the determining step may include any of the results
described herein. In addition, the storing step may include storing results of the
determining step in addition to any other results of any steps of any method
embodiments described herein. The results may be stored in any manner known in the

30 art. In addition, the storage medium may include any storage medium described
herein or any other suitable storage medium known in the art. After the results have
been stored, the results can be accessed in the storage medium and used by any of the

method or system embodiments as described herein. Furthermore, the results may be
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may be anal yzed and/ or processed to determne a correlation between the
different 30 neasurenents. For exanple, as shown in Fig. 5 the nmethod nmay
i ncl ude gEoen@tipeggocal i brati on curve 40 that descri bes aczarsc@ration

bet ween the neasurenents of the wafer(s) perforned by AFM 36 and SP2 system
38. However, stamy “piriwencngpi’ t sipli@ediznantht rigoparamls, (rdorggome petiobil tup. t abl e, a
mat hemat i cal .funct i or an_al.gorithm be used t scribe the

rel ati onshi pF%reef‘%B%’%ﬁgo%%g’ﬁglgM%g’ eﬁ%@%‘ﬁﬁ% ngﬁl&gégﬁawt 2 system
38. I n addi t ieiils dTEaSUleei®@Niep rpmoofidgredardln perikt ingdfiitwafiems sfoapt Nng

substanti al | %ﬁéihe sanme characteristics may be used to create the

correl ation He&by increasing the accuracy of the correlation.
Furthernoge, measup Bl @hd SR @Rplembtiitiddl o aNverhBEBmba o Rencthofif er ent
characteristics may be used to create Ifwhe correl ation across different
possi bl e val freseting yihemethad e deleingping g sharegiaisin gt 4 velpeandiong parietlaeiccur acy of
the correl at . 1 " i.brati.on" of the
SP2 system %’@%@%@?’? S?ﬁléﬂﬂ%gngi%%ﬁlé%gb%%ﬁ &git%tepg g’ it{%/e Hﬁ%‘%&/& requency
(e.g., at st afthe wpfeands ftownpeFigodliscttinmiymthe natiod of Pijipratifiieintladdsi br at i on”

met hod shown _in Fig. 5 | Dmay incl ude 0 r.step(s any .ot her

Tot hod( ) deBEFTBREOREYIE welehih s B Rh3F  RRRseROFiroBp M PR et hod
for detenm netgp, Bhascdcd Rt Sitrit€idofaydrha tvadne br Mayk WeesBdwbar, i nl i ne

nmoni t ori ng. g.:ri,ng inli ne npnitqri ntg, waf ers may be _Pr ocessed by deposition
tool 34 to fOMIFHCRIPH UETP GYHEFCSTiERBT ST fUpery 81 Pl RakMME Inviat er s on
whi ch the ni{pei,deramisdagtod AY&latibSof @E %Rlar@ﬁm{e%ﬁbsh%n@&ﬁ%?%g ufy SP2
15system 38. Qutput of the SP2 systemin conbination with calibration curve
40 or ot her Wdban 8edaret kpvangduabeaitipdgthe bowechpmyteigics &gl thiskekst)enni ne one or

mor e Char act Gif Shhhe Gl WBhSne Fos SRR Soy QULRHL, @l 11EsSP2 SYStem

may be used I n conbination wt I 1 on cur m ne t he
sur f ace neughavessliférenthbarhayréstiss feqr, Meckness) binmoweathar ene w2 0dhe

characteristic(s), of the fers deternmned fromth t put of the SP2
system and the cdlBPEPT iﬁ%cﬁP{)Eéorrfﬂgfe%aéﬁcq‘ﬂg{‘ﬁsogdva%é&yglgﬁfsﬁefd %he process
per forned bydgepash tooDrY hoobe Béasukdby BXRNTY. A FNSRE nofy bk eedb akesse per f or med
by the deposition tool ma erforned béagenerati ng SPC chart 42, which

be p
may be confi gliRedroapetisddheire seothgderealgved oHbeGEF(s) SBAMap e

deposi tion PrRGAS sny@HaleAPRS ER0ABH hé Al NndMan$ WhilBRI LFNVTRINIGHs 00w i n the
art. Since the output of the SP2 system can be
20  commercially available. Wafer(s) processed by deposition tool 34 and measured by

AFM 36 are also measured using an inspection system such as SP2 system 38 that is
commercially available from KLA-Tencor. However, the inspection system used to
measure the wafer(s) may include any suitable inspection system known in the art, and
many suitable inspection systems such as the SP1 and AIT family of tools are

25 commercially available from KLA-Tencor. The inspection system may be configured
to measure the wafer by generating output responsive to the light from the wafer
according to any of the embodiments described herein.

The measurements performed on the wafer(s) by AFM 36 and SP2 system 38

may be analyzed and/or processed to determine a correlation between the different

30 measurements. For example, as shown in Fig. 5, the method may include generating
calibration curve 40 that describes a correlation between the measurements of the
wafer(s) performed by AFM 36 and SP2 system 38. However, any other suitable data

structures (e.g., a look up table, a mathematical function, or an algorithm) may be
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generated relatively quickly and the characteristic of the wafers can be
determ ned relatively quickly fromthe output, the nmethod shown in Fig. 5
may be uswd 2bavosewshati vely frequent nonitoring of the depwodistégnepPpincess
(e.g., daily nmonitoring). In addition, since the output of the SP2 system
can be gener afedth dabrdteithelelatiguhiplictveac flesscalfsutrss @mforradd by AFMSHt i re ar ea
of a surface of_the wafer, relatively frequent nitor.i f the process
mmy be. per { P S 211G ol *GPer EsVerbgarihazty ahaRve g g

char act eri st gbstadihelyerdashc RN SerRiicsth® YREADE S reéaRaNcordlaib@thebyray i ncl ude
any ot her step(s). ogl any ot her nethod(s) described herein. I n addition, the
embodi ment s MgFeatinEhRRIHEEE OB GRS WO é‘.‘“@”ﬂ%f@sé“%‘l‘m’@f:m% PrETORGheR ages of

the nmethod ephagidi®nts ndascdikbes: ABQAVEristics may be e to Gedtd ESbhALRH One
enbodi ment of a systemconfigured to determne a characteristic of a wafer.

The system i abuddérem ppsibpreciiconl hubuyastasitiic(haberely isuening gy aeuraey
i1 1umnate ""S{tﬁé éﬁela@i@ﬂ L 853506 e%tfg s%f&@@&éﬁue%.eﬁea%gﬂit}é%ioﬁﬁ of{h?@‘i)gf rom the
u puf I NC uge 0} ?

wafer. The o n s fir put” corresponding to defects on the
waf er and seeanech ooy puterfohsid ad clesvmiothig Grar espioeld ldvofreenddt ec tisstarFor

el ute: HRRET bR RGeS Rttt BT S s ot e by
|i9][1_t soug cemf&ggdcﬁldehﬁ)ﬁcﬁnaﬁgt@ @) magmﬁmahg&%@a(f)mﬁc&be&@&ns%i tterb_48 i's
configured to direct the |ight _generate i ght 'source 46 to aqbjective
50. Obj ective 50 ASUEBHBIGUF Bd ¢ 6> e apdhod iy JetegRivingt Gomelpaticaithe) n this

manner, the LiLQ0h,80UIEE for QAN SRlbELE Dur ARG ARG b, Qhictdi8ay MSPECt i on
subsystem are configured to illumnate wafer 44. Beamsplitter 48 and

obj ecti ve 50pmagssddriv detlesitimyiod G talsite aopitideal otes sptahleriexsr Rindwnvalass.t he art .
I n one enbodi‘ﬁgfn . ight 4 i . i nner, the
i nspection subs;e/'tsstognv%lrh?g&fh%@ggdgﬁf Ptgﬁ'ﬁg%fqgofgﬁ?ﬁ%u%%g%ggetlﬁ%&v{é@g?S}\?\n?t h Iight
produced iby saysteas®. .Output of the SPg kstempauvhdidayion efth edibedioh vane Waber 44 is

col l ected by objective 50, directed by objective 50 to beam splitter 48,
and passed t APBGH BESHTsHrPrEoYs MRy bEteds d5iermane BBPERPEy 52 mmy | ol ude
any suitabl ecigheiceek@ss faRWRre tdiexahile, oBtESS the gt s\ 2RReh8Madedy det ect or
52 includes |ight specularly reflected from wafer 41, t he inspection

subsyst em shevipbipgiopivth cgliprationgmpiediQre detagiae e pyhee Fauehngsy Hdprlgrsron
subsystem | ﬁ)r%g@li),; IeNarsd Nnce the systens described herein are preferably
configured to determne the characteristic of the wafer across a relatively
| arge area on t helhwahampcté¢rstigis) ofsbbwelarstdeihipediomnbd quepudpbthe 6P2a surface of

e ) (SRR B0 R 5P EEL SRR Ml
by deposition tool 34. For example, SPC of the process performed by the deposition
tool may be performed by generating SPC chart 42, which may be configured and
used as described above. However, SPC of the deposition process may be performed

25 in any suitable manner known in the art. Since the output of the SP2 system can be
generated relatively quickly and the characteristic of the wafers can be determined
relatively quickly from the output, the method shown in Fig. 5 may be used for
relatively frequent monitoring of the deposition process (e.g., daily monitoring). In
addition, since the output of the SP2 system can be generated relatively quickly across

30 substantially an entire arca of a surface of the wafer, relatively frequent monitoring of
the process may be performed using full wafer coverage measurements of the

characteristic. The embodiments of the methods shown in Fig. 5 may include any

other step(s) of any other method(s) described herein. In addition, the embodiments
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specularly reflected across a relatively large area on the wafer and at
relatively lowresolution. In this manner, |ight source 46, beamsplitter
48, and oWpeoctvosens60 nay be configured to illum nate a relratseaelogiohar ge
area or spot on wafer 44. In addition, detector 52 may be a relatively | ow
qual i ty i magphige detieds growarin 8ignd haviert gif thg adenegeor tiB0oapabieboimeneasur i ng
only an inteasit.gdof the light reflected fromthe wafer. The
i nspection s %559? aflﬁo‘éﬁﬁom in Fig. 6 may include any other suitable
conponents or devFigesillkRan ohflethhRlimedt of FOkteBXRAPLGed RSlcheMWdai N Fig. 6,

i ncl ude, sfage 56 on whi ch wafer 44 may be

the inspection subsystem ,

di sposed dur Fli‘i’_@a"t%é%fﬁfaewgf?g s gy idRine et P BRtvn pelrstembasisage 56 may

i nclude apy saHfigakli®o MRGHAN §a&kr 2F ant DRI GARFRIRLYorkROW I rblgnar t . St age
56 may be configured to nove wafer 44 during neasurenents perfornmed by the

i nspect i on s#B&ysTeheuds includat finstrtiv sgresspardimeduBeyes emhgenér anks out put
responsive t eclohtgmta trt&qh&&%oyﬁo%éﬁpg }05@1? %éfgééy gF(Jr 'e%;%lﬁ%e;Q§ eEtJib%. waf er and

generating the outplut across the dition, e 1 nspection
subsyst em mayultisestooniclugey leght sairgekite Lahesduhe 46 mgyubcludespprsiable light t he |i ght

fromthe wafer b enerating,t out cross supstantially an entire area
of the surf aéoeur%‘%/hk%ﬂvg "?7\%‘?@8’. L@f%egfrgggé§%ﬁ%tfo‘g§%§$5td eﬁﬁfﬁgﬁ%a‘f] At an be
used as descui.bBehnd splltbers Besdigired 10direcatidiipht@BneritbEbPldHp Wurgeras at ed by
detector 52 may |ncl ud% first output corresponding to defects on wafer 44

and second oB?%‘ﬂt"etSHap FEEE 4t cudiered polngrstbe bghe cemedy ¢4 Bissyst em al so

i ncl udes pr ogRESONthSAgi ORI UERTs iR d Sl INNE: tMBe BRRLAGE EblystehCrof the
waf er using the second output. For exanple, processor 54 nay be coupled to

det ect or 52 Fenfignied temieyinaknoaler 49n Behva splitter @¢8 aed objsgtisic 80 mpamshids siyon

15nmedi um t hat, .. i " Wi " "W rel " i n,his manner,
processor 54Euﬁ§§%t§) ﬂ%})g |Ig);015’"§4<1:-t(gtlE gnﬁgg}éﬁé\ﬂé Iﬁﬁeﬁ)ﬁb&g&%@'}%@éﬁfa&cegét ector 52.
Pr ocessoris 54 inrhyiedrelagonin this medndrothd eispactiomaibt fzenchay actafipatd @ of t he waf er

usi ng the segpnd out put .gener,at ed etector 52 as described further

herein. For gﬁ‘ﬁ}‘r‘ﬂﬁ?‘é%hgiwﬁfegWé‘ﬁéﬁhtdﬁ?%?&y5plra§)eé'essor 54 is configured to

det erm ne t he 20chgkiagéRrar!$idflectds oG WiTa 4auf Pillectg@BLbiat@lle 86 IS Sed

subst anti al Ig the entire surface of the wafer. |n anot her enbodi nent,
¥

processor 54°Y ePigSIF PRt eampligra & rant messehibreugh e gttt 4&togetotthe waf er

using the seeHNPeOUE Pt mANH RIS IRTBIHeRed: RV Ehatd £ dslwegn the second
out put and the characteri'stic. Ih an additional enbodi nent, the processor

i s confi gr edetededdutdstenion 82 melpdesiight eneculindy rsBectnidroutpler 4adhoss an area on
erbodi ment s, Tefs oy ABLEICH gk B G SLIEMELLE G R ARAT RIBIUE. - 0os"an area
on t he waf er subsystem. In addition, since the systems described herein are preferably configured
to determine the characteristic of the wafer across a relatively large area on the wafer
(e.g., substantially an entire area of a surface of the wafer) for the purposes of process
25  excursion monitoring, the inspection subsystem may be configured to detect the light
specularly reflected across a relatively large area on the wafer and at relatively low
resolution. In this manner, light source 46, beam splitter 48, and objective 50 may be
configured to illuminate a relatively large area or spot on wafer 44. In addition,
detector 52 may be a relatively low quality imaging detector or a non-imaging detector
30 capable of measuring only an intensity of the light reflected from the wafer,
The inspection subsystem shown in Fig. 6 may include any other suitable

components or devices known in the art. For example, as shown in Fig. 6, the

inspection subsystem may include stage 56 on which wafer 44 may be disposed during
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I n anot her enbodi nent, processor 54 is configured to determne variation in
the second output across the wafer and to determ ne the characteristic from
t he vari avoano7/dsewsone such enbodi ment, the processor maychaseafspuz ed to
determ ne a 30graininess of a filmor filns deposited on the wafer by

det er mi ni ng mkagpiexens befthodatpaction stibwgsisiec Stade dutpuinchdy anyvsaltalds t hat fal |

into a nean/ra pac sin nte o..t hreshol.di n S T and
bot i mat i ng t HETRERT (et BRORE AT PO (RSSO e SP TG fhat have
such val ues. mbie @afekli4 NeingRERQMABY perPFRLESIRY in§Rclidh GPRblepUugdinho WO

2007/ 092950PCT/ US2007/ 061912 generate a two-di nmensi onal rrap of the second
out put acr os$edRBEHQR FFbIYIIgM SCERSIOMPULTGHIOARE Wilighheomdrer iyl to determine

the charagt eEdaﬁﬁrhghﬁﬁ abR& Heh ek Md%hérﬁ%g&ﬂ%x@ﬁﬂ%&éés%af@@% I'n some
enbodi ments, processor 54 is configured to determne a value for the second

out put acr ossddiidnf teérpecicraghsprien ey Waf@iigendta gneferdrniuiaitt he
Schar act e“s“ ons%t&éﬂ?righffio%{r%% %&S n‘ér%h %hérﬁﬁr?o%{t%%%?sub' ¥y @ddi tional

enbodi nment , processor is con gur single vglue of the
characteri stem:réﬁrmdfthésrrﬁnm‘ﬁhewsfenn the waf er Each of the different
areas is |larger t}San ag area of a att Ciur(@ Ew\r\@ffer.. Processor
54 may be confi g @t o2 e ESPHHEA p‘éttt P% e‘ﬁf §s et ﬁ’ﬁé "IBmet hod(s)
descri bedy heprgidaitiohQhe 8XANRERratbdbyoMecRNBD diafaRlude PrOE@BSOr 54 1S
configured to perform SPC using the characteristic. In another enbodi nent,

processor 54CITESRUAMEGUAEEr!t & Y}S%fﬁlf Bravdiseont autpAhat dpssriyt efreaP¥ER? conduct or
fabrication proggss, rﬂﬁe g}aem%oqwcﬁ%l%&s%ﬂsﬁ c&%@%ﬁsae@%ﬁﬁé%ons in the

process. In sone enbodiments, processor 54 is configured to determne a
st andard devpl'aatactmst@f of 18 wifer wseEdhdscoutdputput. ofor gkdnige.emicceoeabmantbd he waf er

and to determ n%fi to dét?(ﬁ r%tlangﬁarrg n%grllcrfd ?nﬁle aﬂg%g Sa%rans X SliIOrnSi onin a

process used 16 urther e € processor is
configures t me@ﬁemehaﬁqaymfﬂm “d«nrﬁ@rmdam‘elemapomfoni)hm &eom:ﬂexopﬁopmoracr 0ss
substanti al | nt i r.e shrrface of the Waffﬁr&’ﬁf to de§erm ne if an abnor mal

pattern is p¥%% © pqpfigprad {Qf5cy S RMRY! BRsTateddl dCSHET 1% an abnornal pattern

i's 20 present, tpr@kRF 51 ARy b cdnifiQuRbROdei@iniRakd @aAcEAcaTRRNASE 0 an
excursion in a process used to formthe wafer. In an additional enbodinent,

the processopsitgsihe sepIdRHIRE cersraiet icdetegior 8¢ psdessiben &rilst keinsForg t he
output. Each, )%ﬁiéﬁguraﬁ%&%o&ﬁéﬁ{ Ec‘é‘&s&%ﬁ‘{&dmgu@&&e PRI Q[TREL by the processor

as descri bed er herein essor various forms, including
a personab cdnpnsteeisticsyssizding OQMEﬁW&mr%@ﬁﬁa@emaib’y@t@me wonestiad on, | mage

conputer, Paa e;' elln aRERGER: odﬂnen{ procé(ssor 54 is configured to determine the
characteristic of the wafer using the second output and a predetermined correlation
between the second output and the characteristic. In an additional embediment, the
processor is configured to determine a value for the second output across an area on
25 the wafer and to determine the characteristic from the value. In some embodiments,
the characteristic is an average characteristic across an area on the watfer.

In another embodiment, processor 54 is configured to determine variation in
the second output across the wafer and to determine the characteristic from the
variation. In one such embodiment, the processor may be configured to determine a

30 graininess of a film or films deposited on the wafer by determining if pixels of data in
the second output have values that fall into a mean/range space using segmented auto
thresholding (SAT) and estimating the graininess of the film from the number of

pixels that have such values. In a further embodiment, processor 54 is configured to
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ot her suitable device known in the art. In general, the term "conputer
systenl’ may be broadly defined to enconpass any devi ce having one or nore
processorwQ 2ufr/mkosexecut es i nstructions froma nenory medirarseoovioe912

enbodi mrents of the systemshown in Fig. 6 have all of the advantages of the
met hods desceéristtk alyovdmesdinal memef tendvodidrratius acresh eulsipgtidmaslvoine in Fig. 6

al so include } i I O, i . i ons. for i,npl ementi ng
met hods suc h§uar{s;a§% éggéewg%g%@%ggerﬁgéee@% @1%%/&%{8&#’&&%%%{? i @Hﬂ I(t)lr{rlgg“rw'()r stored on
the carrier ddinsinnal happhrdinewhdodimeas jredessvetd oD uralab deesnips ©gr am

instructions G0 executabl e on proc or 54 for rform one or nore
steps of thgvaﬁ\é‘? ﬁ{)g? SE“é’%PWB‘étcfeWésr%_?%emIﬁB‘?as85%5{1%%2? ap%too‘i‘)?gc"@%&ﬁ ment ,
carrier medi iR risiiClob e SR Q0 RN UshslihdialicoNh HAdeXELHLABIEmMER, @ conput er
system such as processor 54 for performng a nethod for determ ning a

char act er i st ¢ peicoswRar s porfiguredlte fdugrnaadnght vless die cprgetensticifer medi um are
shown in SFi iffe@nﬁﬁe&%%ee\%fw A, LIVRDEFk L rSH i xent%%/n darbaorla0 Pe

understood that the processor and/or carrier ne e configured as
separ at e " st patgsal deveire cothpovaént s. Such st and- al one conponents nay,

however, be coupl 0 i.nspect. on stem (e, ransm ssi on nedi um
that may include L%\g\nce%sé)agﬁgﬁﬁgg%\ﬁmbg reegg&'/peﬁtgofr{l %Wn%?érs‘?%%ﬁ??%w Oﬁﬁé conponent s
can receiive owuthpds) gstrérdhadinb¥ot hamplspent embodinsittefocebrlie is

conput er-i npl enented ne hog p.ncl ug%s acquiring output responsive to |ight
from the viar BPIGEHGIWEanDy Par OB EE ORI Lo e TRERIRT Gt he. out put ey
be per f or medphyesiirGaes&afig@dd B cHBHE iR fohirind @ a 3@¥shdudibe out put
includes first output cor r_es&(;ndl ng to defects on the wafer and second

output that HEEXIABPrOces LEBHBREharerlertEc Hedeist sxcursions trfbe BiRERSEi Ment s, t he
method | ncl udgs, iRl A8 st dohikuP REGANG A QUhaHS al RS out put
acquired fromthe inspection system e Ti1rst and second output may be
identified athedewod pidpd fonditftrent asbovethe Phéer med totiteahme ifithcitardies! det er mi ni ng
t he characteristic of. the wafer using the secand output. rmning the
charact eri st 1€ P ﬁglcﬁtﬁ%?xcﬁﬁsifmﬁgaﬁg)rc?séruﬁﬁed%g rm&ggg%ébe@%fe%&l?eﬁer her ei n.
For exanpl e, ethbodonentahbpdidysitis cod@f@edionicngatt hew2Qthatiadsi eidpsirite | ncl udes
determ ning the characteristic of the wafer using the second output

gener at ed acPEeY WHHL pYRTSisHPsIAPtially anfifesudenerod dis varery ReletRERBE Tapn anot her

embodi ment , Gk ARATHRkRYistIA@e M MR G &Uinkdnkiend] REpUSRS T HEl8EMNbAGd e
characteristic of the wafer using the second output and a predeterm ned
correl at 2on PetaRk&ndeitieingdEbp abrotmpuretiein domrdreondh & alceerisivniica progesan

addi tional ephodi fiRRthe WELE ﬁm:icﬂgio}lg'leembodimem, the processor is configured to

detect defects on the wafer using the output. Each of the steps described above may
be performed by the processor as described further herein.
Processor 54 may take various forms, including a personal computer system,
25 mainframe computer system, workstation, image computer, parallel processor, or any
other suitable device known in the art. In general, the term “computer system” may be
broadly defined to encompass any device having one or more processors, which
executes instructions from a memory medium. The embodiments of the system
shown in Fig. 6 have all of the advantages of the methods described above.
30 In some embodiments, the system shown in Fig. 6 also includes carrier
medium 58. Program instructions for implementing methods such as those described
herein may be transmitted over or stored on the carrier medium. In particular, carrier

medium 58 includes program instructions 60 executable on processor 54 for
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25characteristic of the wafer includes determ ning a value for the second
out put across an area on the wafer and determ ning the characteristic from
t he val uewolznomweesoenbodi ments, the characteristic i s aRCINSL@JO61912
characteristic across an area on the wafer. In a further enbodi ment, the
met hod i ncl udesoraétgamrionimate seas pEhE oathods debait@dbaciondoontapalte, momess t he

waf er and deterni.ning.the char eristic fromthe variation, |In another
ertbodi ment SRRV pERRER Bobgh ookl el it i Al gy
t wo- di mensi opahputasyeém tind =S ewosdordudtipiicriantiiag s nkthod f@nkicahinthgan entire

surface of the wafer. and deternining the characteristic fromthe

t wo- di mensi of raghgstic ¢ W%f‘f)rr‘rd'é‘ %"%’8’7‘7 H@%%P&?@@@WW@BT%@%O& ment s,
determ ni Rg Fhesehanprles ishiRcidGhbdasmdetab B hdeshiddd\igh UR fhaksshhe second
out put across different areas on the wafer and determ ning the

char act eri st ped/groarrich gegdiumsragydistconisized agsenafpte Hend-aloge scompaneis- addi t i onal
enbodi nent , 40 teri.Stic. i . 1.0d singl e
dE64EL R RE caﬁgmgeg?&r%ﬁde% fe doﬂgl'ea’ e @%&&&.g‘rsgérté}ﬂggc g

val ue of the characteristi rent BHareas on h of the
di ff erent ar &as tragsnlissiqgencditnathaomayaneadofwisgdp atd ‘Brirvdgs’T matianspsuomthahe waf er .

In a further enbhodi t, the output nma ,f»gf? enerated by nmultiple channels
1 e.compon% S c%qn relcewe oqu)ul% e erz){e (}, Otlg%iﬁge,cﬁ%esty%t rrxﬁ ning the

of the inspection'syste h one sach e
charactenbsti c i nthadepudeimflomaitdignéthel ebladaat@riiigd dutpul sdsphstvBe second

out put generated. by one_.of 10t mul.ti pl e channe|ls.. Such an enbodi nent nmay
s ek ude A PG Gy GhETSERARBEE A D B RLTE Db ng 1§ he

second out pUFerﬁﬁﬁ@ﬂ 33& Sdcdyoranal BREHIRY fhARr MHvE! PhEGNANMNEIISs first The
conmput er -i npl enent ed net hod may i ncl ude any ot her step(s) of any other

met hod(s) deSeprisetcerEnio defsets or dirprader and sesaed e dharders ot he conput er -
15 inplement g&régﬁ(;nraqghﬁer&@eb't%egx sBﬁ%fef?@@aiH]gméFt’% Mé&@@m&{&ﬁesﬁ%ﬁéﬁ@ﬂ%{hks“ ¢ In
, the metho It

anot her enbodi nent I ncludes performng i1nline no rrng of a
sem condug¢t ofirst st secatlicotpupindieesspuisiquged hemdivangettemissiters. The Ot ect
excursions in 1 C nduget

he se qr fabricatio ocess. In an additional
enbodi nent , 't“ﬁifasef‘%} Hod T HeY udlggnné%?%’? S‘f‘ﬁll"r?g ﬁ§{h§f %"r’?ﬁf&r d deviation of the
second out put f orTigh rhétRsdediio iadleRs dewrntihiag WafBira@Bektic of the wafer using the
second output, Determining the characteristic of the wafer may be performed as
described further herein. For example, in one embodiment, determining the
20 characteristic includes determining the characteristic of the wafer using the second
output generated across substantially an entire surface of the wafer. In another
embodiment, determining the characteristic includes determining the characteristic of
the wafer using the second output and a predetermined correlation between the second
output and the characteristic. In an additional embodiment, determining the
25 characteristic of the wafer includes determining a value for the second output across
an areca on the wafer and determining the characteristic from the value. In some
embodiments, the characteristic is an average characteristic across an area on the
wafer.
In a further embodiment, the method includes determining variation in the
30 second output across the wafer and determining the characteristic from the variation.
In another embodiment, determining the characteristic includes generating a two-
dimensional map of the second output across substantially an entire surface of the

wafer and determining the characteristic from the two-dimensional map. In some
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20determning if the standard deviations indicate an excursion in a process
used to formthe wafer. I n one enbodi nent, the conputer-inplenented
met hod i rwbudeeksber m ni ng variation in the second out patr/useradsiothe waf er
and determning if the variation is associated wth a signature of a
process t ool embalmenss. floeminhe theahemctedistic swieeod:tamiyoey entssior thhe nmet hod

i ncl udes generatj - dli i 0 t put. across
substanti al | ge"g'ﬁ]d (gem#p?raéer\gés%ur %@%%gpﬂtg%%g%&%ge{%ﬁ%gﬁl %%’Léf%%gﬁmabnor mal
pattern is pfesenliffirenttabeas b e pEns] dnal addappalamtbodimean dabmonirgthepat t er n

is present, determning if the abnorna ttern corresponds.to an excursion
h o b ocess D PopichBTIRRER el Bl of PR sFuriEBAr Rer o

conput er - k nphearittRewaRE. Nadh bhGk dHREenBieslal REdel Man BeheLbSa RiRetnbe waf er

usi ng the output. Each of the steps of the conputer-inplenmented nethod

descri bed ab&¢ersriythp®afserf ormed as described further herein. Each of the
enbodi ments of t hg GEARKERRsdiRBLCIEBLEE ARG desFEd RedprRANRNAE all of

t he advant ages of the nethods descri bed above. WO

2007/ 092950PUF MIBROOT 53619 112 one such eMhedisniioditeremtiag b charectartici er medi um
may incl ude prgramJRRtIUG! LORSEXECHE A0SO COMPUL L SYShem of any

ot her inspection sys em that 1S or can be con?lgured as ‘described herein.
The carriier tmediuliplashaningds. Such amsmb@iiman mediso tachude detasniainglardéfereabl e, or
W rel ess transm ssion tj i nk.f The Cﬁll‘l‘i er, medi um rrgeybal o) bef 5 storage

medi um such S¥FAEREIEIAR ValReivme he sseond iyl eroeeid bandhs of femmgneti ¢ or

i mage acqui sinhit®l MhSiels. Or a nmagnetic tape. The programinstructions
may be inplenmented in any of various ways, including procedure-based

t echni ques, conpoHErfPrpasedntl@sHvdgudkod mpdngrdopyy efrr gereriany etbethni ques,
anong ot hers agg,fm] e j 2 Lpl enent ed
10usi ng Mat | gg{ﬁ%ﬁ)ﬁua gg‘f%ﬂ XQ{%e c%@%gﬁg‘gd@%t@gg?@g%gp CH,
JavaBeans; Mngrosofiad roumidatliidn pAlfaseesSKC M@ 'the clowracotrier. Inecdthol ogi es or
nmet hodol ogi es desired . Anot her enbodi nent of. a systemthat is
conf i gured t S P RLpEE S pdinclode R Pa LR Mo e % Skt e shown 1
Fig. 7is Cofmbﬁgﬁ\?ﬁﬁroﬁm’s uﬂﬁ@&iehw?r:&ﬁf: &j’deieiﬁi ﬁsme?hi; Qlﬁhﬁﬂﬁhii:(ﬁldbﬁ&edhon t he
SP I -TBI system which is_comerci vai e from KLA-Tencar. This

i nspecti on sfﬁgwﬁpv Brogessc I BedarAn gmio i ihe f*ﬁ%d@ch%ﬁ EHETNY"2 8, 538, 730
to Vaez-|ravamidaRtdedlation WhhE€fRchil duﬁ_ﬁ@fmrf&&&@ams sahehenegas if fully set
forth herein. The system shown in Fig. 7 may be further configured as
descri bed® i ndatgméningif diststangdrd gatiptemp s icaisdn ghpat eeredrogeseised isipeet i on. For
the sake of glarkky, sone of 20 the conponents and details of the system
have been omtted fromFig. 7 and the correspondi ng description presented
herein. | n additilorpe thiSdiPattght cadmutdd;iSBMEBEd msthpé Irmtudds dadertdir®g Pat ent
Nos. 6, 201, 60]},. &oﬂ .\/%gz-lccrm vani eét S%I o ar}d 6 %71 916 tﬁ Mar xer et al., which
are al so i ncor Borhled By PePErEATes fie veerif Agelping L PRVHEBRE B The system
shown in Fi gassotidi@ywinea figiidniie bf € priatdsgtiobthed S Was ehid e, ilmsdntese patents. 25
The system shown_ in Fig. 7 includes an jnspectjon subsystem The inspection
subsyst eft i sCRHERIPGEH 8 Bghad ipgndes gensratng 2 ue-dimegniani! ageh dresterdut put

responsi ve t Quipt@btbss’stBdinBy Wadike sufli€: GUAPWAfed, BELMARS: { A Sbn@HEPUT
corresponding to defects on the wafer and second out put that does not
correspond tRRlERdS pepaat inghe two-dimensional map, and if an abnormal pattern is present,

determining if the abnormal pattern corresponds to an excursion in a process used to
form the wafer. In a further embodiment, the computer-implemented method includes
30 detecting defects on the wafer using the output. Each of the steps of the computer-
implemented method described above may be performed as described further herein.
Each of the embodiments of the computer-implemented method described above has

all of the advantages of the methods described above.
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The inspection subsystemincludes an illum nation subsystem The

30i I um nati on subsystem may be configured to generate |ight 72. For

i nst ance,woheo7dokasm nati on subsystem may include |ight ®ommuseoo7A¢ionhi ch is
configured to generate light 72. The illum nation subsystemis configured
to direct |ight 7bheteonbpdifents phtharcarapr oedivgueeydidide poferimoisdesioes The
illum nation i r..of: i .CO nts (not
shown) posi t?’%ﬁ@?*?%ﬁg%@‘ﬁ&ggwgﬁyg sﬁlé%e%g%n ﬁgﬁ% ﬁﬁigt lsn?rgfggg s), beam
splitter(s), copbkari 2 drgerdedponantihs yarriérthddéung sy bandadserises.meBhen obl i que
angl e of incidence may vary dependi ng.on, for_exanple, the characteristics
of “the |1 ght "SRA" ¢ HACCHEP SO UEIST RS MisFiop HBR WHRSA eeRis I 2t Bl e of

i nci dences maytofage bdIh sééh BfalrQui QI ABhorlyOa fah@nti Ri2eds nSMdraGenRhetide wafer.
The illum nation subsystem al so includes |ight source 76. Light source 76

i s confi gur etn4e6 3RSk 9igrpagrglic Wpfi-ch is directed by the illunination
subsystem to waf efpefoMm thsSMRDhank @ iy e%ﬁﬂg?lna"ﬁ at @alrﬁfls WAl 19(9&95'% The

I
illum nation subsystem nmay i nclude "a nunber of optical conponents (not
shown) posi t progrddreibasadhiechpigeds, ewmpo@ni-bgsed Eenidine sed/optjecadricosiponent s may
i ncl ude any s ' Ve, . L sources /4 and 76 may
i ncl ude any %‘Eﬁé@%? gmﬁlg%ﬁ{lérgs)glﬂof gygag]pkehgl\%ﬁ T Hllgr '%?1 {mss U hbeéns1pl Igfs:%?qg. In one
enbodi ment , tdrerditbibeyistdh8adin SpeeiN @nirslslis yetremjees, @HRfvaBesned to il |l um nate

the wafer with |i oduced by e or re lasers. In di.f ferent
erbod ront - Wil SouRRA R nECD & ol Endies o ettt Shown) t hat
is 15used todgnavide light for both oblique and normal illum nation as
descri bed further above. For exanple, a single Iight source such as a

nul ti - wavel engt h slesy empgdipentobapysise pat lacw@meégwnﬁneé?avhf@t isshown). The
beam spl i t t &fjufRYed FEOR! rQULSEmIRo SR ifig 116 cbd idllfedTr Al gL into
separate beam§1 hz_aei/i ng%gi ffer e)ﬁlgmv?/a(\)/el engE%’hs, Conf%laoefd {Slvhi %&&édﬁideé for

nor mal i ¥ uninpEecii@rengnebaséreorotih 8P 1-0BI wvicoh whshusednhotialhbdviadaide from

20i | I um nati Jhe iLlum nation subsyste i ngl ude agy, ot h sui tabl e
conbi nati on %PAaﬂégf?%rgllIéisﬁsg% o SR A %%Xn il ? ?E%I?ineﬁ'?'s a‘f(“ﬁgr\f\)m in the
art. Vafer 7Q53%7Xuppaci-Bavadiet ol agectSio incalpotdedByrefoenscdsaf @ty edndortr ansl at ed

such tha || ght TRyRtRonhld MILTSS N aLen, Ot she o Lhe veler (hat
the wafer i npAdY fFRRIR@Aed and unpatterned wafer inspection. For the sake of clarity, some of

20 the components and details of the system have been omitted from Fig. 7 and the
corresponding description presented herein. In addition, U.S. Patent No. 6,538,730 is
related to U.S. Patent Nos. 6,201,601 to Vaez-Iravani et al. and 6,271,916 to Marxer
et al., which are also incorporated by reference as if fully set forth herein, The system
shown in Fig. 7 may be further configured as described in these patents.

25 The system shown in Fig. 7 includes an inspection subsystem. The inspection
subsystem is configured to illuminate the wafer and to generate output responsive to
light from the wafer. The output includes first output corresponding to defects on the
wafer and second output that does not correspond to the defects.

The inspection subsystem includes an illumination subsystem. The

30 illumination subsystem may be configured to generate light 72. For instance, the
illumination subsystem may include light source 74, which is configured to generate
light 72. The illumination subsystem is configured to direct light 72 to wafer 70 at an

oblique angle of incidence. The illumination subsystem may include a number of
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25 known in the art to trace the spiral path or another type of scan path
across the wafer. In this manner, the inspection subsystem may be

conf i gur estot200dokasm nat e t he wafer by scanning |ight acrosastéve/oemier and
to generate the output as described further herein across the wafer. In
addi tion, thetitd1spegbican (fathbyst)@siti@ed ea pandf lghe &isicb as Gading he |1 ght
across substantially an entire surface of tr}e wa{ er 3% togﬂen@rate t he
out put as 30BEEE) BN FRIHENSr PAHRFAGTORRPHELS)s IBLAART 5PPSF- dRROUMEFr e
surface of t fiiidendd hiym do@itif orl L cWaHBE 1N dhbiraGBHSRs SEAL ligki ng of
the |ight fr%%%e\t,é%e waf er.%%gi tijggn, bot h opgl i que incidence |i gtElt and

nor mal i nci draddks dhiaegkieriphey obide skt epctitpblpardihel pgdee menke pipypEEt i on
subs_yst em sh@gmnﬁﬁmﬁ-%{g%z 'epg;drggggftge g?gaecti on subsystemthat is
ec g ed fr

configured to co t scatter omthe wafer and to generate out put
responsi ve to |i gt ifuronutidneubvasten alsTlvelwlas ight soeace THe Ligedowre: theser mi ne a

characteristic_of e waf er. described further, herein. The detection
subsyst em i rionst [l igh s fitpr b Bl VP Hae.  and

det ect ors 88yaBM7(90 a swhitmblallyafofnal anflabr W debamhellluafinaibe sasyeab i on
subsystem 1|In other words, Iipg_ht scattered fromthe illum nat&d area on the
waf er al ong B @eludonBupker g oRfsp\FoppareaspetBeHRIPotiHoreddn S PPERAL of t he

waf er i s;colt getedrandofiRausshoRhtd BASHAMd £ LOMo&esdrbel Bbsveanner, | ens
collector 82 collects light scattered fromthe wafer at relatively -narrow

scattering angl ed.ighfieurtdsghtnd Yonmny imeludaprsuitgiolight seuwserspporemstheol | ect or
82 may 1 nct ugeedh LI SR Yn %@ﬁ%&;ﬁ?;ﬁg%m,gwéforey&@%ssﬁﬁgﬁgabgg,stﬁg idi rects the

collected lig O mrror Irects the t to amsplitter 86.
Beam spl i t t edonBguredtodbmhingtatigdwafer vditlr lggt pdecep by bhoor rofretldsers] Inght t o

det ector 88 d the other portion of .t light ,to, detectar, 90.. .One detector
may be_used SHCHR TIPSk o ekt Asthate el Sors P a oy B

I"'és due to

i |1 umi nagy onysby tot eviaorn g Foribbei B geeand hormheg dMimisaidn kb desotib@rfugigi ect or  may
be used to detect |ight scattered at relatively narrow angles due to

i |1 umi nat i orfbByetne cHBrRIg deNeidicdebEe sedms apet dvsrlensis g dmaydCrmy i ncl ude
any suitabl £6J PESmKDAMG (hdd shdigh)ahe b@nDsplitBVES) be bRfAGE ol spi
detectors SSCOgﬁ% 90 ma?ksge_si(m' ISarI ) oredi_ffep_rtentla?/ (?c;:nf i%ﬁr ed.SE'i'he narr ow
channel por tthohglfironhige @@Qre@tpismr%m%’ﬁ@y\gﬂiémmétﬁfefenwwéenaﬁhy: WeRer opti cal
conponents (.not, sh k Ll _ ﬁl)ﬁ% AN nor e
spectral fi I‘?l(l-:-“r:l? lﬁgug%,:é@)ﬁf)%%%\r%@gh‘?“en%g%’&sgg%%g%g{ffi tglr') g§d€ny Bgﬁepl aced in the
pat h of the idohinadsredHeiigivhinbdinvebrystomamysptlide ey 086r anidbleachbiohticdet ect or s

88 and 90. In addition, a s ?)i al filter be i n%Luded in the narrow
channel por t‘?r}é‘rf‘l © ]ﬁ%&s"é‘é"‘_teé‘g? o @Hk‘?bﬂ%g{%‘@ B’rté?/_ t the specul ar
reflection of theyser ek sigpeietenrttadedamvhicomay basititibardeatached w88 and 90.
25The detection subsystem al so includes ellipsoidal mrror 92, Peam
splitter 94,thatlight72and 78 illuminates an area or spot on the wafer that moves in a spira
path. Alternatively, light 72 and 78 may be scanned over the wafer in any manner
25 known in the art to trace the spiral path or another type of scan path across the wafer.
In this manner, the inspection subsystem may be configured to illuminate the wafer by
scanning light across the wafer and to generate the output as described further herein
across the wafer. In addition, the inspection subsystem may be configured to scan the
light across substantially an entire surface of the wafer and to generate the output as
36 described further herein across substantially the entire surface of the wafer.
IHlumination of the wafer will cause scattering of the light from the wafer. In

addition, both oblique incidence light and normal incidence light may be scattered

from the wafer. The inspection subsystem shown in Fig. 7 includes a detection
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and detectors 96 and 98, which forma "w de channel" of the detection
subsystem In other words, light scattered fromthe illum nated area on the
waf er al owg 2dévmedshons rel atively far fromnornmal to thecswst@oecnizt he
wafer is collected and focused by ellipsoidal mrror 92. In this manner,

el i psoi dal smbsystam 92t is edrifigered td ¢agfhet ligblaceioradr@ofhe grrfer hed Wadearraiat
relatively "w de" d i. | ] r fer that is

col | ected bymgllnf ir%s gll%ﬁj%ﬁg h@%r@%g%ﬁghﬁ%}uﬂ%&%bgg 6%%??%8’3‘%“? rgr ed |ight.

El | i psoi dal ¢Hardcmris@®2ofdihe edtisastdberibal fuabdrédreln. ght t o beam splitter 94. Beam

splitter 94 is configured to direct on orfion_of .the Iight to detector 96
and the other por ed%te tfontsllfgsyﬁ'ieﬁ‘HF‘fill%sie&g .8@[6850;%@1@{68461&%%? ‘lﬁe‘:rray be used
to detects!ightn$8atd@s edaton ehh el & nikee” anghdsr Bget@idnl | U nation by
the normal incidence beam and the other detector may be used to detect

li ght scat t ey®aystam-rlgioger vendy lightieatuigl Bam dhedllyreimptrd gt AREICORYY t he
obl i que i nci QSKgccﬁreleﬁ&mrez%Ie%%g&&%%o I@&Nﬁ%@ tREufFRE drive! wWie 2By 1Sl Lab! e

detectors known 1 n the art 0., . In addition, detectors 96 and 98
may be si mi | @elkspd by ledb 4llsetend. yin dlonfironer.dehs cThstanidd eolblateizdt scpitared on of t he

detection supsystem By Jig! igd‘ﬁarﬁ‘o% QAfEho 2R LAY, f@} QAL S, (Ot shown)
known in the art.” For exarrpf’ ,one or more-spectralct er'ng conponents
(e.g., bandpasisctéd bt ensdollnayr $2enpl iadedt diffudchescatdd lpht. tihes caldee8ed | i ght
bet ween beam splitter 94 and each qof detectors 96 ,and 98. 10 ectors 88,
50, "6, ana GECiAE CURTTYIHLE 16 sShal BT BHE it o LOEHE U 8o he | § ght
scattered fromnt §eiuvedest colfic0ee 5S@FeclOR Posiim Hamni © ddRteLLDLS B8, 90, 96,
and 98 by transm ssion nedia as shown by the dotted lines in Fig. 7. The

transmi ssi orothedpgionay tedighiadelaeigr Ui Qeplescior mas bt 4l sndeietiightknown in the
art. In addifl@heg é?'?%rﬂfeﬁfﬂggrsw%ngé a&%@klzmwﬁﬂﬁgE& roftRd] iRARNE) ey be

i nter posed between 15eac the " detectors an e processor such as
anal og- t o+ di giatmakndobnutbertdetestor my bhived hadmat |igldutqpated gerrertiatig dadoyw t he
detectors can %g sent

+to and .recei,ved by.the processar. .Lhe Qcessor is
cont i gur ed 1+ BeGRCss PR AET G PO R B O b BhESS Tt put 2
descri bed f uintlhés anyetieibie deAstodeismminie theabiqy g, PMIB). i Inapdidbn, dBtesiuBSPst em
chanmary. i SRR e B R e bT e 1o
generat e t hegeutitiubsstcROmb el &dﬂt&r%ﬁﬁd&ﬂ@dn&on@&@(n@é%%ﬂb gndhinnel s are
configured to detect light with different paraneters (e.g., different

wavel engtths, thejprd.f Bgrextmpipging e gpre speqtabRbanggpmperatiic angindgassfilies) | ect i on,
or some cormiy, Al Bl BEHERLN or FEEoRHA oA polm LfiLRRARELS, 5By be
sensitive Plgh%ﬁﬁeel[gﬁ%ar ac?etr iostt Pcoge? thg waef‘gér% Fe.né.%] reogéa ne§§3§tpand

anot her of tdeecohaitned$0mbyaddaiosengiatitlvdict maphonhlededihdrcacier cdbnrel of t he
wafer (e.g., thickness)...In this nmanner he out pu roduced by the

it fer ot o MR Resa b DR RS Petiethos O R Frdibendent y or
separ at el y tiacidekebsimgodirdfbBingdétcatagaan®dt.sti cs of the wafer. For

exanpl e, processqr 100 may be configured to determ ne _one characteristic of
the 30 V\é{) er usi ﬁ&et]’ﬁé‘“@ééB‘??é{St‘E}HPI?Bt%‘c&é*ﬁ%F*gP@bJa&?’fé?{e”o‘FeWthQﬁi ple

channel s and, i @e€ab@1HBaNeoARMidheHrE Bak AR lBEIns I of t1RfdelbRonRb&teHSITRY t he
second out put generated by another of the multiple channels.” Processor 100

may be furt heher pordsi bght ecpttered Fesicthe Bamnippsgdedren omthe welps tleng distiprsin Fig. 7
may be furt wglrati&e%]fai“ BU5L8L RS (FBSSIAREDF the wafer is collected and focused by
ellipsoidal mirror 92. In this manner, ellipsoidal mirror 92 collects light scattered
30  from the wafer at relatively “wide” scattering angles. The light from the wafer that is
collected by ellipsoidal mirror 92 may include diffusely scattered light. Ellipsoidal
mirror 92 directs the collected light to beam splitter 94. Beam splitter 94 is
configured to direct one portion of the light to detector 96 and the other portion of the
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WO 2007/ 092950PCT/ US2007/ 061912 herein. In addition, the system shown in
Fig. 7 has all of the advantages of the nethods descri bed above. The system
shown i n Wo@oo7/09aey al so i nclude carrier nedium 102. Pr@graseenissmuct i ons
104 for inplenmenting nmethods such as those described herein may be

5t ransmi tt edlightér dgectetWr éthe defetthremaydieriset toieidituipht oattqet atirdedivaly, carri er
medi um 102 i ncl ude rogram.instructions 104, execut abl e, o rocessor 100
for perfor m HiToomETs fucsiay Bimipalioh by e ehitel el eat o Spd defexeor 2o

exanpl e, in eanebemradds deed Jigleatdticat anetiiwely M2 anpled dicbas ilphdgaamby

per for m ng. a FEPHARE IFBHTHE b Ao i Bb TS P AR GFER 10The
carrier nedi WG thdet RIOPNATE) | BSdiiieh, deRSorEN A8 98 ial BEEintiany hour ed as
descri bed herein. I n sone enbodi nents, the s%}/é{ ens descri bed herein

may be confi giifceathysortippeedd Tht vt chapplorisn of gl dsteetien sugpysichgrayphysi cal | y
coupled to a; : t he
p 1r?£]u§% g]é)ﬁ tk&%goa'ﬂ@&ﬁﬁ/o%@ms ﬁ‘f&:gﬁo@n RERLY, ?gﬁ@%ﬁiy@‘e@ oxtn

process tool %vm) y a 1btransm ssi on nedi um I ncl ude
wired and w pehesspgamt filmisg cdthpongnto (s shapdiks eeys)inmy|ba gécedip thy mefess t ool

known in the art C S i thogra tool . an etch to eposition
tool a pol | ShhetTosr ey bebiser Rgr Batie’ A%n sl R bt ot andefy T on
i mpl ant atibon t ool Dethers 38 oe8S ahd 0 argByhiiperedan féngtateathtfs r8p@isivster t ool or

a nunber of process nodul es coupled by a common ndler. 20The results of
the inspecti ﬁﬁqﬁgﬁsﬁ‘? rwt}teﬁ@?%g% orahd) ‘%‘%‘Pgaﬁo st _gah()ér ein may be
used to alt efpPod@rBiiBhREioR nediaRE BLRIDy He 1B BERISFL0P! THSI Ng a feedback
control technique, a feedforward control technique, and/or an in situ

control techhpwessionHecdyaRamBtlade B seikpdlograpeessopmegin&nprbisdbsart.dsl may be
al tered manual .y 0 [Wo ' _ Il ein may

i ncl ude any g#dé%?é ?“*’g‘?}t’g‘%&ﬁe&ﬁ@ﬁ%ﬁ’ §ﬁ§c@%g$ﬁg%§§£ﬁﬁﬁkg§g%§éd uU. S

Pat ent Appl i eahiobtheSetettals ahbshe pidktE56:15u6H S dyloZad-dizitelt coalertemndn hiy 561, 735 by
Kul kam et al., both of whi re filed on enber 20,,2006, and both of

Whi ch ar e i PR bR Belan o O Y R S0 R R e 1

addi tion, thegroessbadiTiepicsesodr it banfigyst enddieadiciantgabietgicaf mayvalte further

30configured as described in these patent applications. Furt her
modi fi cat i on¥SiBhide APRYAIAFTUBCLHBBURSHY s of various aspects of the

invention nmay be RPRALSRY ab& el MOSRp&KbA bidyskdh bR JAS hultiPle ¥h&We9Te.d i S
description. For exanple, net hods and systens for determnin

a
char act e st e vofc ghaneed and e sormgk ehpnerd . In Rieopich ghoyinsnepios Sdg%’@tﬁlinpt ionis
to be constr g:%? H@;c“‘cﬁx'ﬁlglu‘éé td %EM{% AN plﬁlﬂgn%t?hcf ti l@&aﬂﬁ%g gﬁht% Apgachi ng

t hose skille e-art t general manner of carryi
channels are configured to detect light with different parameters (e.g., different

wavelengths, different angles of incidence, different angles of collection, or some
combination thereof). The output of one of the channecls may be sensitive to one
25  characteristic of the wafer (e.g., roughness), and another of the channels may be
sensitive to another characteristic of the wafer (e.g., thickness). In this manner, the
output produced by the different channels of the inspection subsystem may be used
independently or separately to determine different characteristics of the wafer. For
example, processor 100 may be configured to determine one characteristic of the
30 wafer using the second output generated by one of the multiple channels and to
determine another characteristic of the wafer using the second output generated by
another of the multiple channels. Processor 100 may be further configured as

described herein, The system shown in Fig. 7 may be further configured as described
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the invention. It
and descri bed here

is to be understood that the fornms of the invention shown
in are to be taken as the presently preferred

enbodi renwe.20E/m@aent s 5and nmaterials may be substit ut edpPrComsténome1912

illustrated and de

scri bed herein, parts and processes nay be reversed, and

certain feat berew. &f addiieni thy eystanoshowayn Big. Thdslailpétheiandeperdditd y, all as
woul d be appagﬁghség?ﬂ%§a§§klled inthe art after having the benefit of
5 X

this descripP}on 0

inventi on. Changes may be made in the el enents

descri bed herei n Whd dyemit shepantiing dfasamotifkdudphifict madidmsiooperogfant he

i nventi on as. 10des

1. A net hod f’ﬁF“‘iﬁ@g%Wﬁefﬂf Wy aneeHag 5‘8%%%”52'?}?!%5%%256%?%‘%%%¥

in the foll T.1S CFAIIVEDIS:

Si ng:

Sgenerati Bg @uipiicd RSPONT Mo Qe bdrB8mddn M hharivahe tarkisd Ai@A 1bNSpect i on

system wherein th

e output conprises first output corresponding to defects

on the waf er inghdesedar iolupians f ihexcgeallc Approgwsrard 8pBndetiomiteonger ect s; and
todet erm Al Dhotd W RANR GRS hdsLrils tAG, Wal Blantt®) Hbd:NGSEGRACAHLOUL . 2.

The nmethod of claim1

erein the light from er conprises diffusely

scattered |i ghtliumBR iftheleaptohmh nfirwtiansn04 exashigbleion asamputgesyegratsiichy

conpri ses ilhyq%qg
met hod of clal%1?,

it Lo Rent e Mhidlod foR BheeBi 0B E Slraid 3%t "o o

t he waf erip andrhgeneiantdign tahethe piqpim acrasiend higy walelier c@igured as

described herein.

In

some embodiments, the systems described herein may be configured as

“stand alone tools” or tools that are not physically coupled to a process tool.

However, such a system may be coupled to the process tool (not shown) by a

15 transmission medium, which may include wired and wireless portions. The process

tool may

include any process tool known in the art such as a lithography tool, an etch

tool, a deposition tool, a polishing tool, a plating tool, a cleaning tool, or an ion

implantation tool. The process tool may be configured as a cluster tool or a number of

process modules coupled by a common handler.

20 The results of the inspection performed by the methods and systems described

herein may be used to alter a parameter of a process or a process tool using a feedback

control technique, a feedforward control technique, and/or an in situ control

technique. The parameter of the process or the process tool may be altered manually

or automatically.

25 The embodiments described herein may include any step(s) of any method(s)

described

in commonly assigned U.S. Patent Application Serial Nos, 11/561,6359 by

Zafar et al. and 11/561,735 by Kulkarni et al., both of which were filed on November

20, 2006,

and both of which are incorporated by reference as if fully set forth herein.

In addition, the embodiments of the system described herein may be further

30  configured as described in these patent applications.

Further modifications and alternative embodiments of various aspects of the

invention

example,

may be apparent to those skilled in the art in view of this description. For

methods and systems for determining a characteristic of a wafer are
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5. The method of claim11l, wherein said generating conprises generating the
out put across substantially an entire surface of the wafer. 6. The nethod
of cl ai mwp 2oéTe9edsn sai d generating conpri ses gener at i ngCrhs2@506tput
across substantially an entire surface of the wafer, and wherein said

det er mi ni ng porpPei.sdscodéngy.ihinidesgriptive ictode sonstpedsasiidustrsiivegpntshendsecond

out put gener at ed stantially .the entire rface of the fer. )
The net hod ofmgl?eaé%'%o%é85\%%?@#%%%%’%& Ehrerﬁrt rnlllﬁén%eng%lrjr%?]%’gre% derer r?lmﬁi ng the
30char act er i gieiigveafiod. Neiswabewndesiond tHah@e Seswndihe itvenionahowaapl edet er m ned
correlation hetween the second output and the characteristic. WO

2007/ 092950 P&F%&ﬁ“ﬁ%@i@i@t .%ﬁé&ﬁé‘{%%*y@f‘gﬁ% eﬁﬁ%f,é*%@r Edpeatsi d

deternmi ni Bg &RIMELSAS mALHELBLINLBY R (1Wad URsTA dil BeRABQNEIOYUHRMW ar@Cr 0SS an
area on the wafer and determ ning the characteristic fromthe value. 59. The
met hod of cl BioR§sIes Miydreapsreeheand perraicicepics pf &e inyertipnavarbsyéliecdar act eri sti c
across an ar %ﬁ%ﬂdérﬂ , s%&auldl&-%pa%emé BRckiffea 6 Ak B dncotgheth sal d
determ ni ng conprises determnin variation 1n the second out put
across t he waérefit @litbis dewspuinnif thy intretioh drmogemisthicendde onthe efementyar i at i on.
1. The nmethod_of, cl.aim1 rein said determ.mnin rises generating a
twor i meno: Ssiaroinr gt el B e SR e P A R L BFRRF GRS o ont 1 re
surface ab tbsciedden tharfollcdh@elniinl ng t he characteristic fromthe

t wo- di mensi onal map. 15 12. The nethod of claim 1, wherein said determning
conprises determning a
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val ue for the second output across different areas on the wafer and
determ ning the characteristic for the different areas using the val ues.
2013. The wetharhedsocl ai m 1, wherein said determ ni ng comrpmitse®7detoer m ni ng
a single value of the characteristic for different areas on the wafer, and
wher ei n eachVaHATHS (LAFMMEBS: areas is |arger than an area of a patterned
feature on the wafer. 14. The nethod of claiml, wherein said generating
conpri sing generating the 25output using nultiple channels of the
i nspection syst em\ mdigfiebndesamdhidel @aRteiag ofaardsempeehgr m ni ng t he
characteristic using the second output generated by one of the nmultiple
channel s, and wherein the nethod further conprises determning a different
characteristic of én@r%u}i\%&ﬁﬁutlr'&b&gmfefﬂ@h%ﬁ%Mh@%ﬁ%‘&sr%ﬁﬁﬁe&ﬂmby anot her of
the nultiple channels 0 The method of claim 1, further conprising
perforning statisticalsypeocelsciedtonat epsipnigest el cokraf ensteapandingéde WO
2007/ 092950PCT/ US2007/ 0444 ikOlitenTeLRo B Gh Aot {HLAGE (LRIPTT Si NG
performng inline nonitoring of a sem cond rlca process using
t he characteristic to @ékscindexcursions in the senlconductor fabrication
process. 517. The nmethod of claim 1, further conprising determning a
standard devi ation of the second output for different areas on the wafer
and det enpi ni ng i fietérhénisd @b diaddlisiond atthOnsfet iegaht &cadl @xaursion in a
process used to formthe wafer. 18. The nethod of claim1, further
conprising determning variation in the second tooutput across the wafer
and determ nbng 'fhé:H@chc\/@éﬂc‘?atzmqnwhérelﬁ%%q%h@?r&ﬁ M AteeoRlpdiRaldthReQf a
process tool used to formthe wafer. The nethod of claiml, "further
conpri si ng gewnead fighf- a t wo- dlnen3|onal nap of the second output acr oss
substantially an entire surface of the wafer, determning if 15an abnorma
pattern is present in the two-di nensional map, and if an abnormal pattern
15 3. The method of claim [, wherein said generating comprises illuminating the

wafer with light produced by a laser.

4. The method of claim I, wherein said generating comprises scanning light
across the wafer and generating the output across the wafer.

20
5. The method of claim 1, wherein said generating comprises generating the

output across substantially an entire surface of the wafer.

6. The method of claim 1, wherein said generating comprises generating the
25 output across substantially an entire surface of the wafer, and wherein said
determining comprises determining the characteristic using the second output

generated across substantially the entire surface of the wafer.

7. The method of claim 1, wherein said determining comprises determining the
30  characteristic of the wafer using the second output and a predetermined correlation

between the second output and the characteristic.
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is present, determning if the abnormal pattern corresponds to an excursion
in a process used to formthe wafer. 20. The nethod of claim1, wherein

t he waf erwoanpwissess an unpattened wafer or a 20patt er nesCrafseso7/o6®12 The
met hod of claim 1, wherein the characteristic conprises roughness,

reflectivitys thipknessod drtiagknestertinkdi@Bétriinin® edohsReddbidritihd ¥,
resistivity, or grain size. 25 22. The nethod of claim11, further

conpri si ng dealecior i sedgad gepECE9so Feieonibs wrferardgtermaingdiut . 23. A

conmput er - i npLienented. metL hed.fer determning a characteristic of a wafer,
30conprising: acquiring output responsive to light fromthe wafer generated

by an inspection system wherein the output conprises first output

corresponding to 0,7 0 US20 -waf er and
second ou?pu ’ tha?%%ggdn%fg%ég?f‘g%éﬁg% tcgzéﬁgﬁsg%% eag't%l &gﬁgt?@%%g{eg%% ning the
char act eri st i@owfan blee owefearafttsi ng t he second output. 5 24. A system
configured to determne a characteristic of a wafer, conprising: an

i nspection subsystem configured to illum nate the wafer and to generate

out put respopngi VeTheOndth@hif claim &heenalie detemiigihgbdmprives @udrpiting oconpri ses
first output corresponding to defects on the wafer and second out put that
does not cor F&ESHehE theseepitsd QiETu agrass thgnpafer and determining the characteristic from

10 the variation.

11.  The method of claim 1, wherein said determining comprises generating a two-
dimensional map of the second output across substantially an entire surface of the
wafer and determining the characteristic from the two-dimensional map.

15
12.  The method of claim 1, wherein said determining comprises determining a
value for the second output across different areas on the wafer and determining the

characteristic for the different areas using the values.

20 13.  The method of claim 1, wherein said determining comprises determining a
single value of the characteristic for different areas on the wafer, and wherein each of

the different areas is larger than an area of a patterned feature on the wafer.

14.  The method of claim 1, wherein said generating comprising generating the

25 output using multiple channels of the inspection system, wherein said determining
comprises determining the characteristic using the second output generated by one of
the multiple channels, and wherein the method further comprises determining a
different characteristic of the wafer using the second output generated by another of
the multiple channels.

30
15.  The method of claim 1, further comprising performing statistical process

control using the characteristic.
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16.  The method of claim 1, further comprising performing inline monitoring of a
semiconductor fabrication process using the characteristic to detect excursions in the

semiconductor fabrication process.

17.  The method of claim 1, further comprising determining a standard deviation of
the second output for different areas on the wafer and determining if the standard

deviations indicate an excursion in a process used to form the wafer.

18. The method of claim 1, further comprising determining variation in the second
output across the wafer and determining if the variation is associated with a signature

of a process tool used to form the wafer.

19.  The method of claim 1, further comprising generating a two-dimensional map
of the second output across substantially an entire surface of the wafer, determining if
an abnormal pattern is present in the two-dimensional map, and if an abnormal pattern
is present, determining if the abnormal pattern corresponds to an excursion in a

process used to form the wafer.

20, The method of claim 1, wherein the wafer comprises an unpatterned wafer or a

patterned wafer.

21.  The method of claim 1, wherein the characteristic comprises roughness,
reflectivity, thickness, thickness uniformity, polish uniformity, resistivity, or grain

size.

22.  The method of claim 1, further comprising detecting the defects on the wafer

using the output.

23. A computer-implemented method for determining a characteristic of a wafer,

comprising:

acquiring output responsive to light from the wafer generated by an inspection

system, wherein the output comprises first output corresponding to
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defects on the wafer and second output that does not correspond to the

defects; and
determining the characteristic of the wafer using the second output.
24, A system configured to determine a characteristic of a wafer, comprising:
an inspection subsystem configured to illuminate the wafer and to generate
output responsive to light from the wafer, wherein the output
comprises first output corresponding to defects on the wafer and

second output that does not correspond to the defects; and

a processor configured to determine the characteristic of the wafer using the

second output.
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