;e3e$-&&'\)), 6, T$-sWO O1/ 987ss PCT/ USOL/ 19GLG -1 Optical Inspection Method
and Apparatus Utilizing a Collection Angle Design The present invention
is in theydglgef optical inspection techniques and rel atﬁ‘éwb@n% t hod
and an apparatus for inspecting patterned articles, such as integrated
circuits, printed circuit boards, photolithographic masks, liquid crystal
di splays, etc., utilizing a collection_gngle design BACKGROUND OF THE

| NVENTI ON A typical structure of the patterned article, such as a

sem conductor wafer, includes a basic cell elenment repeated nunerous tines
in both lateral dinensions, creating an al nost perfectly periodical

~ two-di mensi onal patter %&%E%QHQ?%%‘*‘PE@\Q@T%%@%@%i nspected prior to

and after a patterning ure, ection of anomalies

on the wafer's surface islﬁﬂmﬂdglaUmnéﬁmnnfgp@nggignsubsequentIy | eading to
an increase in production yields. The prior-to-patterning i ection of

wafers relies on the fact that light is scattered mainly fr Wﬂmmm
present on the generally flat and snmooth surface of 1 s the Wk)d
waf er. Thus, any detection of scattered |light nmay be indicativecaboa
defect. \When applying an optical inspection to a patterned wafer ained at
detecting defects (e.g., the existence of foreign particles), scattered

| i ght can be caused by the pattern. Therefore, the detecti ttered
light is not necessarily indicative of a defect. Conventi OWWWWWEI@WM#S
for detecting defects are the 20 so-called "die-to-database" an

"di e-to-di eFIFEDWORTEE INVENTION to which |ight scattered f r 9ifsan

i ndi vidual die is conpared to, respectively, the previously WO 01/987 -2
PCT/ USOL/ 19616 pTaparestndaivehtsoe is iditeafieMdeoDbplical ihspectdr egohdigueoand he
"non-defective" die and a "neighbor" of this individual die, D fferences
bet ween t her@pigndp 2 arathad,ané #0i sppasstus ifeh inspedtingepalterpeds artiglesmanele ¢s

present on the surface.of the.articl.e, Ly speakin et ect ed

G frerence IicaliH AEGiSoRunEe kbt Bt PRORnF AR S R4 b
indicative dfspldys, @g).,smn%_ﬁcaméﬁt{bh%ggfdeggﬁe features in this die, as
conpared to the "non-defective" die of "neighbor"” die, and is therefore

considered to be a defect. An optical inspection apparatus is typically

conposed of @&E@ﬁ@ﬁﬁ@ﬁ@%ﬂﬁﬁﬁﬁ as an illum nation systemand a
n/ de

i ght collectio tection i ystemutilizing either a bright field or

dark field node. ATﬂ?i&'I is?g@tulfei & e RUETEH %id’[@,ds%ch%fseas%ﬁﬂc&m&c&? wafer,

variability in the specular reflectance fromthe wafer under | nspection,
creat ed by defleddssa bapiaoelk elethennh répeatedafuererodshémes ik bbthdhteral edimensions, mode
uses the scattering fromdefects that does not orient in specul ar

refl ect ance.crqafmgsalhamcmrés%x psriodical BE-dERensinnal PREFE. (SINARNSKE t he

si gnal -t 9 QY36 are inspected prior to and after a patterning procedure, since the timely

detection of anomalies on the wafer’s surface is a very important factor,
subsequently leading to an increase in production yields.

The prior-to-patterning inspection of wafers relies on the fact that light is

scattered mainly from anomalies present on the generally flat and smooth surface of

15 the non-patterned wafer. Thus, any detection of scattered light may be indicative of

a defect. When applying an optical inspection to a patterned wafer aimed at

detecting defects (e.g., the existence of foreign particles), scattered light can be

caused by the pattern. Therefore, the detection of scattered light is not necessarily

indicative of a defect. Conventional techniques for detecting defects are the

20 so-called “die-to-database” and “die-to-die” techniques, according to which light

scattered from an individual die is compared to, respectively, the previously



1 s ratio of the detected signal as nmuch as possible. Various fornms of dark
field detection schenes are found to be very effective for the purpose of
def ect de\gsdi/anss According to one known techni que of thi spdj/gh1/19égC! osed
in US. Patents Nos. 4,898,471 and 5,604,585, to facilitate neani ngful
signal conmparison, the light collection systemcollects |ight at one
constant collection angle at the azinuthpand 20 el evati on other than those

where the specul ar reflection occurs. However, light scattered fromthe
patterned art] o [ ' C At tered
fromthe pafJ Eééjﬁélr'\ea é‘ﬁ%‘?“&% l}t(\@{:@%o(?ﬂl '@?8%@%@?@‘ gﬂrfzgfﬁotnha;é;fg@g'r%e ,(ﬁ%lg dg%t ion

. of these |i ghtighbep @Teis Sndisidubldic ADeferbiyces hetwedatie sii@akeare imdithvedd! ect ed

si gnal . SUMVAR% OF THE INVENTION 2s The present invention is ainmed at

i nprovi ng aligbhacatterash fiotm lanpmglies prasentopn fhe tsurfaeel odrthe crtiglebweperllydi ng a

. hovel nmethod and appar at.us.enabling .the signal-tg-nojse rati.o,of detected

signal s to BReaking,defestediqifferepcs H’a@%t&}.co?}f’é’%ﬁ‘?%%?ﬂer? ffam %Hn@gw&fe&le
advant age of 3eTa] bl daZd ; i [ f ddight

col oct Lo 5 BAGRIERIR dbebiceir Mo Y PRIk I IR G0 P gy @

PCT/ USOL/ 19@ie Enew-dpReotivaigdizppt faciphisst” adis) ambds tieerefoee aoasidered tofbd lae

present application. According to this technique, an article (e.g., wafer)

under inspedefesh i s scanned region-by-region, |ight scattered from each of

the scan regions js coll.ected with ertai kmum col | ectd Qn angl .
constant for eac ot c?leéx?sé)ﬁfno aapﬁ?ﬁ%glét i%%’%%%é’"&_’%’é?‘gc‘%ﬁ chl}Terngg _
through a ficbhfuctibhfl patd @5 4rS ilhahieties syseh afadtH liphe keollectdmPdtédipnent ire
collected light only that part thereof propagating with a solid angle

segnent aqb tshsemnttilizengeitiee atbright dietd er davkefiedd mhaxdel. The fbwighy field ddtegtion
scattered fromthe pattern is mpinal, as conpared to gQther solid angle
segments of 0 ebeeth, A 0% VaABINR in e SpeeHirereDAsiances TOm fhecyalss undete
si gnal -t o- ngj - At i i Lan

conpri ses atigreehidh Pt I Ehitaced o HRShmel P AT ERNUARAS

nmode, i.e. epbdeAsdes i@ schifdiingClRom ArestissthaCddds oeariéntanspdtnlréfledmcat t he
azinmuth and elevation different fromthose where the nost specul ar

reflection occur 3t iseheommpn goakef he colectipnesscheme ity inonedse the sigaalgpqoige
|l ecting the.vard able.5 l lutiqn. This.is <.npl ted i ri
el cov! 1! 3 B8 Seer T AR o el SRR el
I mage to detd%EéEHBﬁ &heiks Cbrém%!uﬁd SBIBE Verd! effdlGive’ RPa@at jﬁf.ﬁ@og d{' 8d¥ect
t Ield. This enabl es

returned fromthe pattern wthin the collection angul ar

custom zed |detdstion.chtemedingrio Ot Khown tdehnimop lof dds kindd disklobédind Sc Rateats ng

signals, so.as to prevent that part of the scattered signals, which js 20

associ at ed \h??sh 4t&§?§a4§étaﬂl§r5n6%n5§5né° facilitateaneaingfyhsignal gogparisen. dbe light om

reaching th t -al.l ow £ 1O Y, rt of
oHELRE Gotent ANER iYL £ KB St AEAENEIOT el of Belagifthy 40

the scatterin i | ST assocl a

i I'1um natgd dl@ation dthdtethahBiosd Wbsee tHe §feeuRftrtBEdtion! SocRt HowNeYdS light
suitable mask is placed in the optical path of |light scattered fromthe

articl e and sgatgred dionn thet patternd articlar(k.gf i wafdr)ddways contaigs dight eemp@entshe
mask cuts off the.solid angle se nt . of .propagati on of |ight ,scattergd
fr gm t Ees patsfﬁt&fﬁ.ed %?Flkgﬁﬁé?ﬁfﬂf”st%iw%f }Sg"}?lllFF)F‘&‘gfh%‘gtl‘:"}cﬁnga@qul % q%ecuon 0

st gnal - { 0- Naha 1t bhifipHRlrRCls 4iEho B nerdl3Ud B8O HthO BetbOefBfmAEPECt Of

the present invention, ere i s provi a met for optica spection of
a patterned article, the nethod conprising the 30 steps of: WO 01/ 98755

-4 PCT/ USOL/90ia ARY ¢ "ltﬂt } gion on the article with incident
light to produce Tig t(“;e urgg{:l\y@rq%dtlfe illumnated region; (ii) acquiring

an i mage Qf the i i E Yol : j : fve
Thercof: B (i11) Mefeet it 6Ok mcAaf nERAAR! dRGnARt ot HORAINTLL |
di stributi orpatterned articles by providing a novel method and apparatus enabling the

signal-to-noise ratio of detected signals to be significantly increased.
The present invention takes advantage of a technique utilizing a variable

angle design of the light collection system. This technique is disclosed in a



| i ght conponents scattered fromthe pattern of the illum nated region
within a certain collection angular field outside a solid angle of
propagat i g gfegsrecul arly reflected light; (iv) based on ther g Avéh;ned
distribution, filtering light collected with o said certain collection
angular field, so as to collect |ight conponents scattered fromthe
illum nated region and propagating with 3t | east one predeterm ned solid
angl e segnment of said certain collection angular field, and to direct the
col l ected Ii.gl At S o O, &k ecti i i . héstion
angul ar fi elcgrbtggg@gﬁg |r?§1§|hgﬁl# eg ?&gglérr% g%l?% "gﬁg‘f‘%&{o"? %‘%ﬁce@(t%l{ on of
li ght scatt ereorditigo tie tachnigues adedrticledetry, wafepptinda! insgecaogdssoinnetl t he
" detection unit. In step (iji) above, light detected faor acquiring the imge
of the ill urégien-by-regighoHghfescatiered feam spett of thel scan segieny sdcallegigftwith a
illumnated region (i.e., ight field 2 ectjon node). or the.scattered
" light pr opaﬁg ngr%glphuxg %og{eptgo%ﬁagﬁ gqﬂsgqng?q ﬁé&léﬁf?lﬁirgélafl’ea%$ dﬂﬁﬁfi% gation
of specul ar kywiRk hefetRbioh iridtns throBgh adtek THeShflerd§seleEl@ RuaPaelo pidl upbt ai n
data indicative of the acquired inmage of the pattern in the illum nated
regi on, suf firom ¢ret éntirbicgheated tightt ondy: theit pattdhdreopropaghting With aisblid engle t he
light collecting optics utilizes a high nunerical aperture objective |ens.
2s Anal ysi s Sesmﬁﬁé)flgfbﬁéﬁnaffeaolie&tlan aBptly whereoie itensy oblieBsoatigte) g of
the pattern » : t alju i SGL - di | |]F§QE
t hr ee-di rrgng'?% %F gsfrr“é‘?%}f I cCaHB\f/l{é&o _ %@@Q?Pé‘?ﬁﬁg{“ﬁ@ﬁ@ s data is
used to si mgbHéRionh@ &I Rhi§ ieRhbles frlrctdak® thePsibhANB-ntiseltatio dfeh€ delegelli ONn
angul ar field. The simulation results enable to determ ne the "background”

i nt ensi t yior isignaly Fheodeteeteonp meansicomprisaseatrleast angedetectiontwmit pparatinghén an t he
simul ation/i I .pl ot, and collect .light, conponents Ol/ 987ss -5
PCT/ USOL/ ;9&%@9 ﬁ%d&@‘&ﬂ%"aﬁtlﬁ- edilectipe 3‘&“5&%{%‘ O@QMHF%Y\)QQ&O“% ﬁ‘é? %ﬁ?lﬁept i on
angul ar fi elydgthenuhha ddation biftdent dh lﬁgds? Te {lgegmést SPURRABHSoRN! S 1S
i npl enented by | ocating an appropriate nas filter) 1 n an appropriate
posi ti on wi toeturst he optical path of the * entire collected Iight (the

so-called "Fourier filtering). It should be understood that each specific
pattern structurdhesmainajdgarQfy the duesppt ineention jconsislg| of spdephingtthefvariable

per o ¢ arhelr ot S & RipienpREa L CRRBRAY ShRER AGHGR e Phlognea
contai ni ng aafit Yedd iiﬁlﬁg@fanﬂaéxﬁ_l}fzﬁfgoﬁfélsac@‘éﬂ iRfigBOto! Bdlemdiht VL sAlid lhiglesol 1 d

angl e segnments of the propagati'on of lig scattered froma specificC
periodi c ~ cegatnteriithe propagatapoftightareturpd¢difram thy paftemti Witkinethe cpHedtionn
structures. These djfferent pattern structures pmay he thqgse pr.oduced. at
i fTeront maRERRE g el S hmigel i colife i 1) 4 be wRlisd 1o gk rray
be associ at gghjyv I ' i [ RS -«ioHAi i ry
act uai 'y pr asibokiteRnB AL o aBto Broyshl €01 pif bf Ry BED sighle ikl B
conmponents sssdciateddvithrthenphtteanidnl theaniiednd egistdtutey trvistt) fomtrehetdng thene 1 s

predet er m n%d solid angle segnment of the certain collection angular field.
Thus, accor CFF@thoﬂ&FFBWh@IOVg@séEQ detection: op palyethat pary of the pcatteriag signgls

provi ded a . r 4. .0sp in tiern structure with cert ai

e mum sof Riatdr e8BeiaRE ik g Bup P il AR bt Bl T (o e
i nspect ed, Shé Pafiernl dh BIHERVGRE) 5 ShitAbIARHLR 19hlazed i Hhd iéaY;pﬁﬂl e'lishde a
solid angle of propagation of Iight 20 specularly reflected from salrd
patterned stscattared &om the amticleoahdcpropagatingfowardsst dpk fidld deteptonysuthrihata

dat ab i ni dat 5 tati f lurality of [ i |
Segment s 91 1% BHREK FPB AL DH0 AnEk SHETaRCPsapbagation ek Hisbiacatred SRORE of
.collection, ks AW Alshity iPh siRifidnt g Ié‘aﬁgqﬂwgi ﬁ%fr{%?s%omggie?e%tetdo a

plurality of patterned structures i1nc sald patterned structure to be
i nspect ed, e#pfalnf said solid angle segnents corresponding to a direction
.of propagation of_|ight conponents scattered fromthe correspondin
patterned struct JF*B‘SV\PF&O@‘%PE@ ©Ba@sPIsL Of St Bres¢ntdnyention, there 1s prov1d%d a

method for optical inspection of a patterned article, the method comprising the

30 steps of:



scattered fromthe pattern is substantially mniml as conpared to other 30
solid angle segnents of the solid angle of collection; WO 01/9875s -6
PCT/ US01/ :ccSel ecting fromsaid database the data re jye of
sai d patt‘él?)%gszs"tsr ucture to be inspected, which data is tg{cggﬁggg%m?or
filtering fromthe entire light collected wth said certain maxi num
collection angle the |ight conponents prdopagating with the correspondi ng
solid angle s segnent, and allow ng the detection of said |ight conponents.
The provision of (ighe iﬂa&ﬁ%ﬁg dddibd OGR! &HkIOMitRT inkidGhY 1i8kA! frodbed rom
each patterned stfucture 1n the pfurality of structures (by bright-filed or
hi gh resol ution dar k- light tute¢defrdmahe ithadeihated megiamal yzi ng data indi cative

t hereof. The anal ysis procedure includes, the steps of: nmodeling an_ i mage of
the pattern in tkid f dRPBngan iageel the illpmipaling regten. ng| eneralipg giata

di screte scatterers, Wg%%rgg}'agg?ﬁﬁa& intensity distribution of |ight

scattered fromthis Wi thin the maxi num solid angle of
col I'ecti on. AccoygnQardaf4e! thaRehdieleddRReAld GlerhlifinRifRRMty diSYiDRIiLPB! there
is provided an optical i'nspection apparatus for inspecting a patterned
article, the appar at usight sonomonenisscaitered fimm thel pattermaef tha idyrsinatedfregion
illumnating a region ng;he article, - a |light cr(LIec:c‘Aons.tem £
col lecting Iight conp8fitii & sertaip golgetiqny angwlar field, erisideea i el oty
certain collection an ' l.QG i a solid angle of
propagati on of specul g%p%%?ﬁe‘#rf%%tpggﬂi}lggﬁfwg%% é’nts, 20 - afilter
operable in the ¢r)i cedsedpanhthef détéenined ldisttindtions ditekiap elibhiti @hiectednpitinent s
such as to separate thereformlight conponents propagati n? with a

18

predet er nioned sol i d afgdecHaigraotection angular field, spmms ¢o coldesct fight compangntsf i el d;
- a detection systemconprisin det ecti.o nit for recejving.,a filtered
2s part ofI the %:/ol I ec@%ag&reléiﬁpg’e&'@d‘ﬁmné‘?étegﬁ%@éﬁgﬁfﬂr?%ahéé f%(‘gth at f.east
representative thereo%PF?%}?%egeﬁliﬁ%%Bﬁa d’%i § it 6 Gail NSerfaldd {cﬁfledtﬁ)nt he

optical path of the co scattered n accordance W
predeterm ned data i ndngalar freld)f amt td atisdct ahe dtibctdd aight ecamgments tf a
propagation of light scattered fromthe 30 pattern in the illum nated
region. WD 01/987 HeteeligunitoG 16 The predeterni ned data can be

. | bt ai . . . . | b
ot her i Hispect | AeARpr Spltich eIt iR nerPRRTEeTs RBRENLIR, 20
dark field G@pRCFDIRBESH Jff BEIRr Skdttéred! fnd ithé edrtitle e¥iddde by OdMoplical mask
assenbly including a plurality of different masks, each for Tiltering |ight

conponent s prmpgementaf the déteetion whast one specific solid angl e segment of

t he maxi mum col | ection . angul ar,. field, qr.corresponding to specific
pattern structur 2‘.1 SS"LPCQHSé‘%Hﬁ%I@g&é g@'ﬁ’ﬁ‘ieg f€€1ﬁ°cﬂlém§% B&F&E&I f@ﬁ@i‘&?@&tﬁ{do

| ocate the i i i . f ect ed
| Cant - A g maf e Ser i ifly FEERd Borh the IRnifiied Petioh (e RBe AL
preferably pledatidnimodd)eorFiharscattered dight propapatit withl AB6lid ahgle atsidd tel e

pl ane. The invention also provides, according to yet another its aspect, an
opti cal solid angle of propagation of specularly reflected light (i.e., dark field detection

mode). To obtain data indicative of the acquired image of the pattern in the
illuminated region, sufficiently high resolution should be provided. To this end, the
light collecting optics utilizes a high numerical aperture objective lens.

25 Analysis of the generated data consists of the so-called “modeling™ of the
pattern structure, and obtaining a discrete two-dimensional (or three-dimensional)
array indicative of the scattering pattern. This data is used to simulate the dark-field
scattering pattern within the collection angular field. The simulation results enable
to determine the “backgroupd” intensity rising from the periodic pattern as the

30 intensity lobe in the simulation/imaging plot, and collect light components



i nspection apparatus for inspecting a patterned article, the apparatus
conprising: (a) an illumnation systemfor illumnating a region on the

article; (Rordghdsght coll ection systemconprising a first ﬂ(ﬁgﬁémﬁ@dlkec“ on
arrangenment 1 s collecting Iight conponents returned fromthe il um nated

region, and a second |light collecting arrangenent collecting |ight
conponents scattered fromthe illum natgd region at a certain collection
angular field |ocated outside a solid angle of propagation of specularly

reflected light conpo S, c) afilter | ectjvely operahle in the
optical pat RI%B?gaﬁW@ Wgﬁ%ﬁﬁgﬁg ag‘gl)ﬁt %%PEB%(?) aﬁﬁ“’cffﬂjﬁaﬁgﬁﬁgg‘?‘ﬁ @@pgﬁlﬁfi ng

t herefrom | ght & | 1 ; ! i | e
sogment of | A AR A, Rambloh s PR AT P ERARGE, K2 o
conpri si ng an hpprepriate neaski(filter) in tin appropelatequisitionheithinghd opicat pathafahe s
. collected by the first 1i %ht col | eat“i on, aryrangenent and generates data

r epr esent at PRiEecpbeced lightithesoccalled dHerie dilieswghini t that detects a filtered

Pher oof; and- (o) fangaRERsEFon P Beir G HEDBEHT Brildhet fs ERERIERLY, 15

by the firsby 3 sieaidloBethbdt roﬁé‘%'tibﬁidfghéabﬂh hdanibhe RemPbhétis t he
filter accor}éi ngly. % C%?QS?EB{_ CT/ USQOL/ 196]]%%Accor¥ ng tg yetS
anot her aspecattersd firom the gstindici patten. ilbence; & dibeary {dagtabase} ean he poamiowdly uni t

to b din, t f tical . ti pat t ed st t ith
2 cortai n SR UV AP Bt CERBRROR Rl G NEHALBF Y SHd ho

t t t i t I - LAl aezhl | 4 f ti
ying s out SrlE SOIRRS SO BripeRRlion of FE SARA pmC R ebr Rl BRI ot e

from t he;@t patedriy withtrespecord Bpluralityt of differemti pgtemn BROENEs] Mhésesdifieamt a
dat abase containing a plurality of data records corresponding to a

plurality oPaffmimtsElsBEess mayche thoseimeduredng diffiecend anansifacturing steps ifeat o be
one. 5ol 1 o b Bgincer "Gl Setedl ReRToHA) S & BRI 18 fferent ™"
col l'ection ﬁﬁfcﬁ@@@@ﬂcﬁrﬁ@uﬁﬁr}aa&h&mﬁPie@éhtme@feae@a%ite Qfsed ifamolreeﬂﬂgnent S

b
scattered fromthe correspondi ng patterned structure Wr?ere the contrTbution
of |ight sctitet bghéccoimpomentsscatidred fronm thesillminated abgipn with ral at dsast onpar ed

to other solid angle se nts of the nmaxi mum sqlid angle of collection.
BRI EF DESTRP F’m%@ed‘ﬁ BREIQPRECRt @r{hﬁﬁcm@ﬂe&ﬂ%a@g‘ﬁ@%@d{ he invention
and to see how i AN i [ . e . [ rent
will now be des C?‘Pﬁ@géc?cﬁgﬁ%éé aggmﬁgél%ﬂeptm&tﬁggke%%gn]%f’éei{tg)frrllf 9{&%33&8 rlg%: &erfence
to the accoapesihodfordispettiigsa patteridd shictire vithla SrhgiBakindlh ¥olid Atige bat es

the mai n conponents of an optical inspection apparatus according to one
enbodi ment  &Plleckieniof\light sesftereddrgmdhe articlg igshe imspestedh saidtdertain maxipuie i on

' her . enbodi f.the i ion:. Fig, .3.
Sthenmt | cal P (B, bR BRBHEL 1R TEE o ALl ke o8 bioPRepionnpt Tight, ne
appar at ugy gﬁp&iumrlylfeﬂsétsd ffr‘brr? g@@ ?ﬁ&éﬁéﬂi IstFudtlitel el ﬂkﬁ@d@gﬁgﬁ@%g féfeiggm of

i ght co cting optics o he detection unit o

schematical bf illustrates an exanple of a nmask assenbly suitable to be used
as a filter in the apparatus of Fig. . 1; Figs. 6a and 6b_ illustrate the real
bright field i ngp{g&Ji) A databasegoRtpining data representative of a plurality of solid

angle segments of light propagation within said certain maximum solid

angle of collection, said plurality of solid angle segments corresponding
25 to a plurality of patterned structures including said patterned structure to
be inspected, each of said solid angle segments corresponding to a
direction of propagation of light components scattered from the
corresponding patterned structure where the contribution of light
scattered from the pattern is substantially minimal as compared to other

30 solid angle segments of the solid angle of collection;



region, and an "idealized", sinulated i mage thereof, respectively; WO
Ol/9H7ss g PCT/USOLl/ 19616 Figs. 7a to 7e illustrate sinul ated i mages of
five diffganlgpattern structures, respectively; Fig. 8 sghamei5ediky
illustrates an 1l lumnation function projected on a scattering plane, used
to simul ate a Gaussi an beam i npending on the surface of an s article; Fig.
9 schematically illustrates the geonetry of the scattering problemused for
simul ati on purposes; and Figs. 10a and I0b illustrate, respectively, the
sinmulation scattering results and imaging Qf the intensity profile. | o
DETAI LED DESCRI PT| sol¢cting Areiresatdrdatabpigs |§ﬁm1fem’§ﬁ@ﬂ's‘tp‘@cp iseid) Il’%ﬂ,eﬂt%’le
present invention i f.or. | i 1. ( Ltuting
fudtifol % nspetbed M}Hc?gh agdi§ ﬁg el fo‘@ffﬁllge'rgltgr%&p%é

a patterned article, or a patlt _ re considering cture
produced by one of ¢hife NpMUEGRCIEA WithSdaed SediiBl iaginiiin (dofleatiaglt ithE €)
and is therefore described below wth respect to this application. ~'s

" Referring to Fig. light eampdnenis| prepagatingl witk WBes sontsposdingplselidf angle
optical inspection apparatu accar di torpbhe.'n ntion associated with a
wafer Wtd be inspéﬁgrg_ﬁ‘?t’ Q’Féalgf’dﬁﬁgi?%‘ieq%’t@é‘ ISP’éfelb‘ﬁ’gﬁo’inPPﬁ‘?ﬂ%%ati on system
2, and a light cepl ?F&v‘iﬁ&ﬁ Gﬂtf%c&a‘télﬁséﬁﬁgféﬁdemﬁo EHftlght bGteRIPRSRtach 2
first light collectfng optics associated with a detection unit 4 operating
in a bright pitteehell sthmgurednthel @luralitgt of stactreofty brigitfiled bt aigh regolafidn cs
(not shown herﬁéﬂassoci ated wth detection units 6 each operating in a dark

field inagi Aerkriirdd. detectionempde)s apd aabping dataoindicative theneabt Tl apalysis 6 are
provi ded, each associ.ate ifh its respondi ight col.lecti-ng opLics.
Bt put o r caaeel TR EOBS In'slss phamGEOE RO Rk th BaiRen 38 gL 8P b T o o
control yni bwd- o BfebAthémionaliatray bfSalsyte %d%rés,cﬂéf&%iﬁfn%sﬁﬁt Rifensity 25
appropriately equi pped with hardware and operated by suitable software, so
as to succedsfributipnafdight ecattereal fromi thiy hodeted pattatrtveittin tlre makinsymaslidi | | be
descri bed m)reieafeci fically further below The illumnation system 2

conprises aah§ cQlifetien. 87 for exanple a laser, emtting a beam of Iight,

enerally at 10, ot di I } f, asef I S. /9875
2 peT) Uso/ 196‘?28%3;&{ asyeg'aﬁ?%t g%)(?g?[gg%t é{‘és%pt‘flgesnl“?a’ fheleis %r}éﬂd%l e
scanni ng neansoplidal( fpedivan@parais &6:10 Usshectinpt h patleivanirticlEp iy appdratuk he

optical path of the beam 10, and a focusing optics 15 (i.e., objective
| ens) . WenCopRidEng with the laser illumnation, a high nunerical

hages, The scant A TEaRS Bt 8 ihuRe Ast 03 ndbe st Scanning
direction (i.e al Qigni BlohidkissderiiioBidd GNPUSHpehts SHRARA RS A 2

transl ati onal stage novenent al ong axl s. e scanni ng neans 14
and focusing opti cdlldfhimpet wgon atgetdrain colléaionsanghiar fiekirickatedrdutside acan
line S {constituting.an illuym nated region) on the wafer's surface.

Cbviously, any ot héPlid anglai erapagatiomet spesulagy reflectrd ighscomperentsuch as a
rotating mrror. -THeARLOUbSHAR B aRN¥pGGR NGB SollediedP AR 1A 2

"non- scaf i ng" beamcoul e used e ‘saie purpose,

iI'lum nating the |icoenponehtieudtpheto sepatatd etefrobh ¢ipht eRApGHenB propagdatialt i s
shown here schematically, solely in order to faci Fi tate the i'llustration of
the nmai n conponent sVigh & peedgispainedusolid angle segmene qfr said mertainanpllestion Fi g.
|, the illum nation Sﬁfa]tr nhﬁ provi des normal incidence of the beam 10 onto
the wafer W Conse(fﬁlg gie he light directing optics 12 conprises a beam
splitter 16 for se I | DG n ect. ' : s. It
shoul d, however, bgadneg%dggﬂtsﬁgt@rdt Egrhpﬁ%?%gdntget (gglr% gﬁalﬁq%llgﬁgigivg@toggﬂ%% t he
waf er's surface at paricef timi colkeogde safttetodcligieraml gdrieratingudata aémosdpeativet ed
that, ?0 in general, the bright-field based systemcould utilize either the
same illum nation ﬁh?’l"ro @fhat used for the dark field inmaging, or its own
illum nation path, Lndi cat v ' e et ection
~unit 4 operates i naf%g%%?iugﬁt%%% ?Iﬁafgilr{%%mm essﬁ%ﬁwﬁ%é?@ggﬁ? g@ﬁ%&%‘ght
conponents 10a specsehidérey light liecicestdanicwithepredéBrmhineg data Wkeagive dfhat

specul ar reflected |i (%ht pr gpagat es )
least one solid angle segment of propagation of light scattered from the

30 pattern in the illuminated region.



as within a certain solid angle. The detection unit 4 conprises a suitable
detector, e.g PMI, CCD or pin-diode, capable of receiving the collected
specul ar | ?ﬂ'd(ﬁf/%%%t ed light and generating data indicative gdrgdiji9age of
the scan [ine S. Each of the detection units 6 operates in the dark field
i magi ng node, nanely, collects |ight conponents 10b scattered fromthe
wafer's surface at the WD 01/987ss -2T PCTlI USO1/ 19616 azi muth and

el evation different fromthose where the nost specul ar refl ection occurs.
General | y speaki i iHag i i )
collects |ight WITtH?’I ﬁarggeé%ftng?%d er%% r%rﬁﬁml%o lfégidaughg'l gﬁtca}#d%gofif}fggﬁyoﬁfb Yitht
(consti tuti ogtical dpection appabatasngribamnbihet ifspect®nvipphrahes widiing thecbright t her
bel ow. The detection unjt, 4 is used for acquiring an i mage of the pattern
structure, &gkborhgh reselutionidask Seldrdefactionmagdge and t he determination of at

| east one solid gngle, se of . | ect i . - used
" for detecting I ng?c’iﬁPfyn%{%&H& érﬁh%ot%%n(ﬁfa @ggﬁ%@gﬂésf llnéfagln%o&ngl ug%p#d
angl e seggegf dif?er%xﬁ%ﬁas‘l{’@,eéa%h Tf&teﬁl@&ﬁigrli%lﬂbb&?oﬂéntéb age&mg]%m& lkaBht he
pattern is mnimal to as conpared to that of the other solid angle segnents
of the col | ep¢difinn sobiglulanglef isegment Thfistheaktaximgin icoli¢dtione sagyhe fodfld,Fiog. 1
the detection unit 4 operates with the bright édled det.ecti on .node, . to
enabl e the &£9BSPONAEGe Oa@qﬁP%QI%Vflf Jattgry SEHetITes | Juchh a gpaske as5emOly CalaPR fi el d

det ect on c3Rehe 560 ARdiB!ibcardll WHedi S !drahe Bkl i BletbiiRhRRIRTFoan be
used for bot e 11 magi ng and 1 nspecti on purposes. S e rnvention nmay
utilize a deieedliveted light. Auhask aaubé 6 as ¥ I8 Mnkytingal, | etc.i thpd. alHeelitdrnis an
optical inspection apparatus _as the bright-field detector for inmaging the
pat t er n. 1Thipseferablyl plaead-iatthelF pyrigriplane cenjogita plang) opihe @gicle plapect i on

apparatus, generglly designated 10 t hat ,.conprises .an.illumnation system
D5 A aut oc oo b Ha e FioR aoTBrs Vi, ACPHTEA heCA G s asPEitual epie on
node and fouy : ofd : j hSiH@.- ars. 6 and
That (not ShoResaPEarsor ARRERIRES PRIl bR o MRS EhRRHENE: [,
control unit 7. {dearmiiuadhaionclsteinefos yhinsimatmad reion omgiergticle; t he
illumnated regigon on the article, which imge_is _analyzed by the control

;mi ][ OIt \%hde':]er m néb)ga Heht collertion systane compripiag eftishlightcsillestion srangsmentr
I Ine bot h :ég arr;)IS ets Oof gﬂég@g Flg@n%?éx?o?{eh{é%%dﬁ@ &dgp%{:@lf' Bﬂl?raﬂﬁegc}gkﬁgv é‘?% #rr: It ar

constructions, and debeicef Bla FJ&)ﬂeéfBigll_ £eAeneit Scolfecild Yiighte ddmponemy be
described with reference to Fig. 3. The detection unit 6 conprises a |ight
col | ecti on syst em I®atierdd droge thecillomirked wigiarhatreagerta odllestion gugulamiieddki nd,
e.g., PMI, whose 3q construction d eration are kno er se. ...
01798755 |12 PCT/ USG5 EGYEeA fﬂg@é%f pmpgaa%«réw@@aﬂmiqcméﬁt he
light collection sy, nefitsl Ncl udes col lecting optics 22 (constituting a
second light collecting optics), a coherent (inmaging) fiber bundle 26
(constituybi ng i nggea fittansslectivelyropeesbls in thedpticaigskh eftherbllycted scattered

(constituting a filter) which is followed by an optical system 30. Wile
not a necessary el ci@icompepens sraseparatingthsteiiemtlighheomberents propagatingr 24

inserted in the |i pat h .es 22 The princi.pl es of eration of
t he coherent fi ber g‘gitg %P %%fte I}I?%ag?&fg}i&ngﬁeeﬁm?rg %ggﬂgn%efta% °§g c(ﬁ%%‘i cally
descri bed, except tgupirididte foll owing. A coherent fiber bundle is used
for transm ssion of inmges. The relative positions of individual fibers in
t he coherent fi béd) ddelgtidon systenncomprising aditst detektiodumitt that detects thetlight he

fi ber bundl e provides the esifegdine r Orrflﬁtioln bet ween i nput agd
out put siZgnal s. components collected by the first light collection arrangemlent an

generates data representative thereof, and a second detection unit that
detects a filtered part of the collected, scattered light and generates data
representative thereof; and

(e) a control unit, which is responsive to the data generated by the first

30 detection unit for analyzing said data and operating the filter accordingly.



Thus, the incident |light 10 inpinges onto the scan line S. As shown in Fig.
1, the specularly reflected |light conponents 10a are collected by the
optics 3awliPgrssecei ved by the detection unit 4. Turning fcqddo@1963s t he

| i ght components 10b, i s scattered fromthe pattern and anonalies that may
occasionally occur on the wafer's surface within the scan |ine S, propagate
towards the optics 22. The light conpongnts 10b that are scattered fromthe
scan line S and propagate with a certain maxi numsolid angle (collection

ol ar zer 24 TrCaRneE N oo i Bs Al hnlirbEh; Bote Pblr e 20
shown) for poURITRMEt folbeudBaNined systerh o Btiddl ARGRcfod BER ﬂa‘ﬁeﬁfeg%‘ﬁucﬁfret he

optical path of the light ensuing from tEe col I'ecting optics
Addi t i onal | witht hecepteinamaxénuids solwhangleedhgollentioal v dight sedterashifionalthpat h,

is rotatable in a ner to change the orientation of th ane of .its
preferred t F%ﬁﬁes% “ﬁﬁ’F%thsr Faég CSHALY MAXITIR) S.O?*%h%‘l%? §§|‘§’ SRR E3611*’gt he
pol ari zer_2 ) el i f 1 2 may
have a i nonsderolidsndlt oS dioh BETEh bRkalary WA Red fi6m the BEREES oY,
t he di spl aceizeguntrof uhit @opptiainigzemeaiore it stdies aidgnbhse containing o plukaityn t he

| i ght conponent propagating towards the detector. Additional Ii/, ~a learning
node may beofgptaireeprds comespopdingftoca riunalityfof pattewied sprucrest including said

i nspection. This enabl es certain | arj zation ,signature  in the |iqght
component  r BFlkrRed g Ao B Bapacietl, Whércin &ael G gebor s ConaRecitt 10616
expect ed ang,g; 5 o] be8LiatdeRRinhatiff M Li8E 24,
to detect d?}d#éed?igﬁ?ggf %ggtf%%{gﬁl?%&a%;&é%ﬁyFélgtﬁfﬁglgﬂﬁect| rrlrgg‘!())lpt?’%% 22 is
desi gned s oofizollectionr ooregspandingato & ndigeetioh dfhpropagatidni o lightvitoatponsents hen
transmtted towards the detector, 20 through the f_ ber s bundle 26, . As shown

in Fing i 4, Beatterqddremdhg Pwsprr@dlespa%mzé SEactpre where the %qnvami%b@iﬁm ;ansh
. ) " . .
e assenbrgaiE i (A fafert id SubSCuti A ARRaD 8 chiBRted B 5fer Soi ndlaS' [ 0

34 defines aeprA@its 6fthe Wid:EMEN solidinkRISE dHea.Y 32 is positioned to
collect |ight conponents scattered Tromthe scan line S and propagating

with a certain solid is angle. The dinensions of a first glass surface 32a

of the | ensmgggﬂb}lv%s i t e solid angle of collection
of the optics : é%llfigfdt)ﬁzéga@ﬁﬂuvl?nk?m@gs?on angl e (the so-called
"col | ect '18” anguipprdet 53 ?f(i)defrﬁﬁn& hR iﬁg‘fdt{oﬁ aﬁnﬁ%@%&% §8w‘if‘h{ay@>e chitfed QRtSn

assenbly 32 is designe orma re I mge S the stan line Sin an
i mge pl ane ptdeticdepraferged pinbodinidt sill sheam thie addsyrilteed, hyi wigss ofvinbh-linhiéingr ont

focal i s plane r of thﬁhrl ?ns arrangenent 34. The slit, S%J s shaped and

di mensi oned S¥aRPlegnly, vithygiergncetn e acgompapyipg drawiggsy ip Whiclst al 1 ed at the

| ocation of the C L i’ r . i ng from
the real inmage Sﬁ%fq #ﬁ%né{&%ﬁll}lﬁ%@aﬁé gﬁaél{‘ﬁgﬁp%% ﬁ%@e%‘?ﬁ%ﬁh

poi nt of t heppdigtk atcdridim@do One embbemiERA oPthednléidh; component coning from
any point of the scan line S and propagating with a 20 segnent of the

maxi mum col | ect i Hig.aRgillestrées Fans optical eppspentionf appasatus dcoonding [t ewtotlar angl e
IS proj ectedH&nto a_carrespondi ng point (fiber) on the input surface 26a of
the fiber b§AtRodiment ofthe in¥entioasitted by the fiber bundie into the same

i ber bundl o, 20 e prtir ek ERRP IflBhe? e ol cAfio Bt br £ ¥ELERR B

The il um nalid sppatatnd of Eigelt o refl ection occurring therein, produces an
addi tional undesirable imge of the scan line (a so-called "ghost”) on the
surface of the wiigrd schematigailieillusaates theneapstrustian of kghtpeltliestiatgeoptins afned

| i ght propagat i t owar.ds.t.he sl ight collecting optics. The slit 36 so

" desi gned zgngﬁep%%??tlowgfaﬁlgg%\’s the passage of the collected light WO

/ - i i3l h
01/987s5 - 14 Pm@%&&%@alfyﬁgﬁ%}?ﬁﬁﬁ%ﬁi cs)f {ﬂﬁ'xg@l@ ﬁésehﬂggégl tabledb tehe

scan line Sto the |l ens assen® and bl passag any |ight
ot her than tked assfilie inttbelappardtus bEFigndge S'. A surface 26a defined by the
front end (wth respect tq Light propagatiqn) of_the fiber bundle 26, is

| ocated in a foc I‘gspléénénaFﬂbfﬂhﬂﬂ‘i@teemq real dyighs disle dmgge iafsarp llunaingted; ni ng
t hereby the j I cai | t . rance pupil. Such a
desi gn of tﬁggg{’ﬂ ﬁq@?ﬂ 2@4‘?‘@6}?‘?6%‘99‘8%&‘5‘%3’6%’%% r?étrug%lgti ve to the fiber
bundl e 26 enabl es the resolution of the light collection systemI|8 to be
significantly increased, and allows for optimzing the fiber bundle
operation. The dianeter of the fiber bundle 26 should preferably slightly
exceed that defined by- the cone of the nmaxi mum collection angle, so as to
allow all the collected light beans (i.e. all the solid angle segnents of
the maxi num col |l ection angle) to enter the fiber bundle 26.




“all the dete

Thus, the light collecting optics 22 forns the angular image S" of the scan
line S, and directs the collected Iight representative of this image into
the fiberyBundkas26. Each point of the image S" is represgyAlidoygedf 2
certain angl e of j S propagation of the collected |ight component (W thin
the collection angular field) scattered fromany point on the scan line S.
Each angul ar |ight conponent is projected onto a correspondi hg poi nt
(fiber) on the input surface 26a of the fiber bundle 26, and is transmtted

bint on an out pEC e G rga el iaRch It RBdAE nFRl SH8R0RGCD, o

the sane a%b’ée"éﬁvél eld of view of all points along the scan I|ne S, and of
ction Units 6, thereby increasing the signal-to-noise ratio in
di f f erence-i ndi cRigi \8e scticgmaically HHtsteates he itletméicdtion firetion oprprctedgonad a
generated by all the detectlon units 6. Turning now to Fi 5a, the mask
" assenbly 285aeringiplenedised i signlaig|a Ggussiandeary imnesdingondbsisurface Ab¥ks
formed in o%m)n disc-1ike opaque plate 40. This may be, for exanple, a
metal disk Wth holes or a gl ass-wi th-chrome mask. The disc 40 is operated
by its notor, i?hsvls@haﬁaue%n%uustfa@éslt}ie%e@;wetdn@me §Qtteri®d pfobleiniBed pl ane
perpendlcular to the long axis of the fiber bundle so as to selectively
| ocat e one fbesimaatiompirposest wad opt i cal path of the propagating |ight. WO
01/ 987s5 é? PCT/ USQO1, 1961 In the present exanple.of Fig.,L Sa, the
ol ural ity ofigsi APerand 1RhsHustase areshoriEiaht e SHelgien ing Hep Wi 2aRdr ned
by transpar s, and extending along the circunferenti al
region of t %Sggﬂggmggséﬁ'%()ﬁ% on of the pattern is formed by a different
combi nati on of | ocal |y adjacent transmtting and opaque regions, and

G 1 er ent Spﬁmﬁiﬁfnfﬁﬁﬁbﬁiﬁ@@%ﬁmﬁ Eéﬁﬁ@iﬁ@gﬁﬁtlged i1 st
bei ng combi ned hits I ft Si nel orin regl on ang V\fll | st behg
conbi ned with it¥%% gﬁpecg %lynequé&bm rlgﬁ 1o rrlaf‘y 5P m 1o BIRCEPeNt
portions of sdrfigomdictdr haflsS ﬁgtwﬁ*ﬁ% ?éttéx%@térﬂglet e §i SlieAPQttuchiré axi s,

a different portion of the ttern ocated in the opti cal path
of the col | emtsitbring gt struqmuneg]m@mad U.ykmed]fﬂke mengfactBhing Isteps appliestodheask

assenbly 128 havin P a so whart égfe t design as conpared to t he mask
assenbl y 2853me ftigle),qp ggk}eée Ofth belew il respect Fplisatidbyer al

dlfferen y desi e e e

respecti veI y 128%‘%%‘?%/\%1%? \efllﬁégeflgrﬂtrlrl\ie}g‘a%rd c?ﬁﬁeeﬁ%sgmfgﬁk%ng@ q?%geﬁg opaque
plate 40. | fhspéRiodRppatandBhcdpéingite theinvehtorBsciakdanit ¥ wais Wiebef the
masks 128a-128g i s |nstalled in the optical path of the light ensuing from

the fiber bumpecéedzaThEaappamttus He compkises1 a8 aillamindiRBe syssgmeeand arighperture
t hat defi nes n.solid angle of collecti smal | er than the maxwrum
ColT ect on EHACBONURIeRURN SYemolfs IAgEr B corspased pha duSHIEn COTFRIERRIC
arrangenent , I e ptical
path of the ?% ‘ﬁ?ﬁe‘ﬁisﬂ?ﬁn‘g& romq{}ﬁt&) % g%?é n]g%n ?ieone aﬁﬁg giloﬁ ’s%? 8 angl e

segment 6§ ﬁéwnﬂﬁighmmleaidge@ﬁtlo@r(namhmyrely@swcfdt@cﬁmt det&hﬁm”ﬁﬁxl@6 128b,
128c, 128d, 128f and 128g have different patterns, each forned of gl ons

R and Rb mm@homra;typ&m pvdark field meging raede. Indbe present mgamplcnﬁmgﬁuq

th k. h of th 25 jt. t t

| ocat ed i n BREc bl CBomR Biowhe | daghe dsndfieR Mol corospondile ‘Rt o)
i s capable 9611 gdiﬂlcefb cﬂ’cﬁilfs'. Eﬁb@% Z%f%e HRLetti é:?'u'nﬂ§ NG F gSgeENt S.

General |y spea each 0 I eas one transm tt| ng

regi on w t hcogsedtd af oorthel mﬁt Veaheobdntrghmnnm e sypicudiyng dompater| S@fein,one
solid angle 30 segnent of the maxi mum col | ection angle (coll'ection angular

“field). kn Approprigiely equipsrswith tgrdvwore aadi opeomad by suitahle @nﬁwarm§ptasdﬁ of

path of t heStrartuty ahifiae Ao fhBer ol Bp Raraionsfiari o w Betet el ugat e

pl ane (or Feiyré speciculig)fufhelttii@owafl er pl ane, and allows the

The illumination system 2 comprises a light source 8, for example a laser,

emitting a beam of light, generally at 10, and light directing optics 12. If a laser is



propagation of |ight conponents at the correspondi ng solid angle segnents)
towards the detector 20. The provision of the mask assenbly conprising the
plurality i.tferent nmasks allows for selectively varyi ection
angl e of Pﬁ{em?riﬁalsre detection unit 6, thereby enabling thg%cﬁﬁgfﬁgfrin%zlgd | i ght
collection to be provided. It is inportant to note that such a mask
assenbly provides for solid angle variatjpons sinul taneously along two

mut ual |y perpendi cul ar ayes, shown as Al and A2, resenbling el evation and

azinuth scattering,. | es. Eor the rposes of the.present,jnventiaon, the
Li ght conpoH@#%S%Bg]?n%QP&f’F eo(?ﬂtltcﬁéag??taesruhta é&%‘?ﬂ‘gg W&%lk?f\é’fﬁéa‘?‘}’kt er ed
out of the t _Shgn i | sn@h efgd m t he
anonal i es prggsazﬁ%ﬁgéﬁ‘t %C?E@e?%gﬁ?&gq e%hgcélg&fap%ﬂgglegﬁlq%gﬁlm%?’c%ﬁds %I id
angl e segnefibcushgupdichdsf(i.t.i objectivaliens)t When dpeghhingpritiptgdbserglinmimatios, t he
detector 20, or which solid angle segnent should be chosen as the

" custoni zed Rilygh munerical japgriurenebiepiivg tangeisonsei e provide Bigharesalufion sof
needed. This pattern can.be seen in the,bright, f.ield of the scan |ine
Obtar ned o AR fikeBE (g soafie itakf T4 Shis tng ity PP in.d NanRfiy

aut o- f ocusi v = : ] i tal ; ield
ot oot o - B (%, abng e i) Anildohe Witk W I SbpbRE®H d ihsidiobal
gener at ed asthgt fansovebinent dlong e ¥eaaxtid. Thewthiining nvdang & 4tdnidsfocading bptics

anal yzed, and a "nodel ed", sinulated inmage of the pattern is constructed.
This is ill dSteparalg togetheydo fogusathe bpamHQ) ongy assraislinens foaptifuingean pa~
of the illum,nated region in.the formaf Zs alnpst perfectl|y.periodical
Do af mensi PRt ERloRy endng Jrts™, Sinfacs DhSiEBeaRTRLEr S s
pattern Shr ugdant Qo 86 RS, QRh G ngﬁ’tflﬁ%%nﬂcﬁ.n?ﬂé p%vi'si@nt&eax{}ﬁﬁﬁhﬁ% cell
by a point-scattering object. Fig. 6b shows a nodel” SM of the  structure

| Pa~ f or med mdand isopteinal,(qadiatftnonsscanning’s b&@n cdild betwspd dor theaegme podsiseng

i ncl udes the thHOWi ng stages:, WO O1/ 987~~ -17 PCT/ USOL/ 19616 igé ) Basic
cel | di mensiléndoF dyginating fhe digs Onsthenyalsr'scuwiees-al he gransgation of Jight 1 he

i mge | pat w i I t ol i i S { to
the correl a%éﬁns}f]e?fts él}eﬁr?zgg:g ﬁﬁlsgg‘g}!yl %g‘ilérrr&ﬁsflt‘lglkzatte ﬁgl( iéﬁ'é@%te\f\ﬁsr{ ﬁ%pfer lgl(p?)ﬁr:hesent
the zero shicbh-,poh&g@ ot'ﬂ{eséppa?@gﬁsmm corresponding to the cell's basic
di rensions. (2) Cell strucCture recognition, during which a basic cell
struct uresmy be I tlus presént exemplenafiigl i sthedflumadation tsystemd provides moamalFCC,
BCC, etc.), .t hg?ri}ﬁréag is constructed using this structure and it

n

dihmensi ons ld%‘_fl thenbeam JO ente the W & We C@&F%&?ﬁﬂi’,s ﬂé%rlitgbf Qﬁéﬁ% t Ih
5t e deo: oBPREF porhpfisdhd baht i 61 BRcAiE Y B3R SR ERLALL ARY 21 U©

each basic eogipontntcFlt shoald; ddweverdbetdited g ehddtdennBedhaanite difected
t wo- di nensi onal discrete scattering function 5;~, which represents the

c
scattering pate thewafermsuifacantfacertginsanglaefingidonce. i shoutdalsebo potedithatal
scattering i.ntensities., . indi cative of e.di st.ances bet n_.two
”epeat ed i hinerab i prekl-Beld Vst svstein Soul Qe et e ooy faen cpr
in the kno i i ngﬁg{r&; : ed.:] e nmenory of

t he contro%&ﬁ? %%ﬁ%difgr?{eﬁﬁl?gglge n .Sg“@@‘g“?%ﬁ@ o%bﬁga our exanpl es
of the known str Uy indésitediabivieyin thepresdatexdthplegahelderbton ung 4sépetsttsiies,

respectively, Here, 4x and Dy are the structure Bi tches al ong the X-and
Y-axes. 2o ithe bright field smeginganode, mamelys colleess dight components dPa speeiarit ual

h d si f. .t illunnati f t.i houl.d b j ect ed t.h
scatter ng. praREcd Hoie, sttt S, weech JBe Rt ficRled Fehy prepeid
cal cul atign hind dorith Qiid arfel. THYIRIRUORAAR.4 ifridel T RAVIE ABLRRL EON 15

set, and the discrete sumof the scattering from'eac enent tha
“encount er ed RMil's GGID adri pin-disdey erapabsloest. re2siving) theeddlieogdt speculatly mefledtedn
function The, illum nation functjon nodel .is taken as the nodel of a

di ffracti on lightpnd gergsating datp indicatiys of aa image et theisearshiye St ai ni ng a

t wo- di nensi onal Cﬁascﬁ

"8t the detection units 6 operates in the dark field imaging mode,

namely, collects light components 10b scattered from the wafer’s surface at the



function, I;~, which represents the incident intensity on each discrete
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Thefleld symmation is perfornmed. as follows: e-rkrr~(B, ~) E(B~~P)=~kz(rr,
xP) xr, J' j ' rAnstalled in an optical nspection apparatus as the bnght-ﬁeld détector for imaging

the pattern. This is illustrated in Fig. 2 showing an optical inspection apparatus,
generally designated 100, that comprises an illumination system 102, an
auto-focusing system 103 operating with a bright-field detection mode and four
20 dark-filed based detection units 6. The detectors 6 and that (not shown) of the
auto-focusing system 103 are connected to the control unit 7. The detector of the
system enables imaging of the illuminated region on the article, which image is
analyzed by the control unit to determine a collection angle of the maximum
collection angular field which is to be used for detecting light with the detection

25 unit 6. L
In both examples of Figs. 1 and 2, the four detection units 6 have similar
constructions, and therefore the main components of only one will now be
described with reference to Fig. 3. The detection unit 6 comprises a light collection
system 18 and a detector 20, which may be of any suitable kind, e.g., PMT, whose

30 construction and operation are known per se.
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orientation of the plane of its preferred transmission (preferred polarization). The

displacement of the polarizer 24 affects light passing therethrough. Since the
25 pattern may have a high polarization degree representing a so-called “polarized
noise”, the displacement of the polarizer affects the signal-to-noise ratio in the light
component propagating towards the detector. Additionally, a learning mode may be
applied to the specific kind of article prior to its inspection. This enables a certain

polarization signature in the light component returned from the pattern to be



i magi ng type. Referring back to Fig. 3, the optical system 30 is designed
so as to project i s the light collected by the mask assenbly 28 (or 128)
onto the \%Btdlf9ﬁ75§en5i ng surface of the detector 20. For exafpli®i1/1$d16 System
30 may be a telecentric inmaging system wherein the sensing surface of the
detector 20 is positioned at the |location of the systenm s entrance pupil.
The principles of telecentric inmging opggi.cs are known per se and therefore
need not be nore specifically described, 20 except to note that such optics
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array | ncgscat ive 19f ﬁrgsisﬁ)%a&fttﬁé LB PR bR d on the following. The illumination unit,

due to reflection occurring therein, produces an additional undesirable image of the

scan line (a so-called “ghost™) on the surface of the wafer. This undesirable image
will also generate returned light propagating towards the light collecting optics.

The slit 36 so designed and positioned, allows the passage of the collected light



- sinmulating a dark-field scattering pattern within said certain collection
angul ar field; - based on the sinulation results, determ ning background

i ntensityyld id§95525 fromthe periodic pattern, so as to dei@ygigiadsigai d at
| east one solid angle segnent of collection as that where said background
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Turning now to Fig. 5a, the mask assembly 28 is composed of a plurality of

25 differently designed masks formed in a common disc-like opaque plate 40. This
may be, for example, a metal disk with holes or a glass-with-chrome mask. The
disc 40 is operated by its motor, which is not specifically shown here, for rotation in

a plane perpendicular to the long axis of the fiber bundle so as to selectively locate

one desired mask in the optical path of the propagating light.
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image of the illum nated region and 20 generating data representative
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wher e sa|2t9 oun
from the fiber bundle 26, one certain solid angle segment of the maximum

collection angle may be picked out. The masks 128b, 128¢, 128d, 128f and 128g

have different patterns, each formed of regions Ry and R;, which, respectively,

transmit and block the light impinging on the mask. Each of these masks, when in

25 its operative position (i.e. located in the optical path of the light ensuing from the

fiber bundle), is capable of cutting off and picking out one or more solid angle
segments.

Generally speaking, each of the masks defines at least one transmitting

region with respect to the collected light corresponding to at least one solid angle

30 segment of the maximum collection angle (collection angular field). In the
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shift, this first maximum corresponding to the cell’s basic dimensions.

(2) Cell structure recognition, during which a basic cell structure may be
chosen from a known list of cell structures such as FCC, BCC, etc.), the image is
constructed using this structure and its dimensions determined in stage (1), and
the outcome is correlated with the original image. The structure that gives the
highest correlation value is the desired cell structure.

(3) Assuming the point scattering for each basic element CE.

The result of the image modeling step is the two-dimensional discrete
scattering function S;;, which represents the scattering pattern from the wafer’s
surface along with the proportional scattering intensities.

Data indicative of the distances between two repeated discrete scatters
along the X- and Y-axes (so-called “pitch™) in the known structure is previously
entered and stored in the memory of the control unit. This is illustrated in Fig.
7a-7e showing four examples of the known structures, namely, FCC, BCC,
diagonal and line structures, respectively. Here, Ax and Ay are the structure
pitches along the X-and Y-axes.

In order to consider a realistic scattering pattern, the actual shape and size
of the illumination function should be projected on the scattering plane. In other
words, the step of periodic scattering calculation is carried out. For this purpose,
the illumination function is set, and the discrete sum of the scattering from each
element that encountered this function is performed.

(A) Setting the illumination function

The illumination function model is taken as the model of a diffraction
limited spot incident on the wafer, thereby obtaining a two-dimensional discrete
function, L, which represents the incident intensity on each discrete site on the
wafer’s surface. The discrete illumination function usually consists of a truncated

Gaussian beam holding various parameters such as spot size, incident angle,
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- spot telecentricity, simulated as linear phase difference along one or

both of the spot major axes;

- general phase distortion across the spot; and

10 - length of the scan line.

The outcome of the above step is a two-dimensional discrete function Jj;
which represents the incident intensity on each discrete site on the wafer’s
surface.

Fig. 8 illustrates an example of a simple Gaussian spot. Here, the

15 distribution RMS is 10pum, thus modeling a spot size of 20pum, the total intensity
being normalized to 1.

The resulting scattering intensities of each point scattering object on the
plane are then computed by point to point multiplication of the scattering
structure Sj; and illumination function Ij;, that is:

20
P, =SxI,

(B) Summing up the scattering of Rayleigh point scatters distributed on
the surface on to every angle in the collection angular field, utilizing the
geometry of the scattering problem is illustrated in Fig. 9.

25 Using the vector wave formalism, the resulting far field distribution is
computed by an amplitude and phase summation of the surface field contribution
to every point in a large sphere surrounding the reflecting pattern. As known, the

general vector form of the far field electric field due to a small dipole is given by:



9. Z10%08 ()- S, -10%0% ()- !Ts( "10%008 ()-y9' z 10%K ()-
"+e++40,j, k, |, m avK@" 100 100 100010%%’ ()- L, 8Z10%K' ()- L6Z10%K! ()-

94Z10%08 (Y5 ofd3S 10% O O&' ()- my,},,, -f-dEVKG" 10882109 ,%616
2100& () - VOBES ). 3 100 () - STOVE () - 1008 ()-F---d . BV
109 ()- z 10%& ()- 10% ()- @O ()- @O ()- & ZlO%& ()- ////8000dEVK@¥
10 109&' ()- z 10% ()- @O9%&' ()- m0ov&-(P—= 109& ()- "10%& ()-
00122253} "?VK@" 1 "109%& () -
L *2109& ()-!,*z109%& ()-)!109%& ()-!.F"10%& ()- & " 109%& () - &3B3334CAD4E4F4aVK
@" 10 10 109s109%& ()- ~S8Y10%&' () - L6nTLO%& () , AT109&' () -
' FL3109%&' () - FAQUR4Ab44405dEVK@" 12777&)%& 10%& ()- S10%& ()-
©F"s109&' () - @O09%&' () - 109& () - 05557 HESA A0 ()- Y10%&' ()-
109 ()-,z 109& ()-'!K& 109& ()- |

wherein r is the vector defining the detector’s position; p is the vector defining the

dipole’s vibration orientation; and k is the wave number ( | k| =27/A, where  is the

beam’s wavelength). It should be noted that instead of point scattering object, the

5 form factor can be considered, that is:
fpirye”

For a given incident wave polarization pg, the assumption that no cross
polarization pattern exists states that up to a scaling factor p=pe.

The field summation is performed as follows:

e-'kru(e,qv)

E(6,p)= )k’ (r,x p)xr, - P,
i)

y
10

wherein:
r,(0,9)=R(0,0)-D,
D,J, =(i, j,0)

R(6,9) =(Rsin(@)cos(p), R sin(F)sin(g), R cos(Hj)

15 and R is the detector’s distance.

The resulting intensity distribution in the detector’s sphere is given by:

16,9)=|E@,0)|’
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several intense lobes located at specific angles. This simulation model pattern can
be compared to an imaging of the actual scattering intensities along the collection
s angular field. Fig. 10a and 10b illustrate, respectively, the actual pattern seen
using the imaging fiber, and that obtained by the simulation of scattering from the
wafer structure. It is thus evident that by blocking the “Background” intensity
rising from the periodic pattern seen as the intense lobe in the simulation imaging
plot, the signal-to-noise ratio in the detected signal can be significantly increased.
10 Turning back to Figs. 5a and 5b, an effective dark field mask can be found
based on the optimization algorithm that minimizes the structure scattering
intensity, while maximizing the angular vacancy of the collection angular field.
This effective mask is used while scanning the wafer.
It is important to note that most of patterned articles are manufactured in
1s series. Therefore, each article type, or a structure obtained with one of the
manufacturing steps applied to the same article, can be previously imaged to
determine solid angle segments corresponding to the propagation of light
scattered from the pattern within the maximum collection angle of the given
optics. Based on these data, a library can be prepared and stored in the memory of
20 the control unit. In this case, there is actually no need for applying a specific
detection mode (bright field or dark field detection) for acquiring and analyzing
an image of the structure to be inspected, but to rather utilize the reference data
from the library to operate the mask assembly (filter) accordingly. Articles of
different types are different patterned structures, e.g., the same wafer, but after
25 different manufacturing steps, namely, with differently patterned uppermost
layers.
It should be noted, although not specifically shown, that the mask
assembly 28 (or 128) could be accommodated in the optical path of the collected

light upstream of the fiber 26. In this case, the mask assembly should be located
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. 10%& ()-  micro electro-mechanical structure (MEMS) or a programmable liquid crystal
5 display (LCD) whose construction and operation are known per se. The LCD

segments are light valves which, when in the open mode, transmit or reflect light
(depending on the kind of a liquid crystal material used therein), and, when in the
closed mode, block light. A spatial filter in the form of a transmitting L.CD is
disclosed for example in U.S. Patent No. 5,276,498.

10 It should be understood that, if a reflective LCD or MEMS is used as the
mask assembly, the fiber bundle is positioned so as to receive collected light
reflected from the filter (selected mask). The fiber bundle is not necessarily of the
imaging type.

Referring back to Fig. 3, the optical system 30 is designed so as to project

15 the light collected by the mask assembly 28 (or 128) onto the entire sensing
surface of the detector 20. For example, the system 30 may be a telecentric
imaging system, wherein the sensing surface of the detector 20 is positioned at
the location of the system’s entrance pupil. The principles of telecentric imaging
optics are known per se and therefore need not be more specifically described,

20 except to note that such optics avoid distance-introduced magnification changes
and maintain the same magnification of the image over a wide range of distances
along the optical axis of the system. The provision of the optics 30 that projects
the light collected by the mask assembly onto the entire sensing surface is
associated with the following. The sensing surface of any detector typically has

25 non-uniform sensitivity distribution. If the spatially separated light cones (by the
mask) were projected onto correspondingly separated regions on the sensing
surface, detected differences in the output signals produced by the detector might
have been associated with the sensitivity differences of these regions and not with
the differences in the scattered light. To avoid such an undesirable dependence

30 between the output signal and the selected collection angle, optics 30 provides the
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Those skilled in the art will readily appreciate that various modifications

and changes can be applied to the preferred embodiment of the invention as

5 hereinbefore exemplified without departing from its scope defined in and by the
appended claims. For example, the collection/detection assembly aimed at
imaging purposes may operate with high-resolution bright or dark field detection
mode. The fiber bundle may be replaced by any other suitable image transmission
means, €.g., a relay optics which is typically a multilens system serving for

10 maintaining a certain numerical aperture of the light propagation. The mask
assembly may contain several spatially separated masks made in a common disk,
rather than being in the form of the continuous pattern of transmitting and opaque
regions, and may be installed either in front of or after the image transmission
means.

15
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A method for optical inspection of a patterned article, the method

comprising the steps of:

(1) illuminating a region on the article with incident light to produce
light returned from the illuminated region;

(i) acquiring an image of the illuminating region, and generating data
representative thereof

(ili) analyzing the generated data and determining intensity distribution of
light components scattered from the pattern of the illuminated region
within a certain collection angular field outside a solid angle of
propagation of specularly reflected light;

(iv) based on the determined distribution, filtering light collected with
said certain collection angular field, so as to collect light components
scattered from the illuminated regioh and propagating with at least
one predetermined solid angle segment of said certain collection
angular field, and to direct the collected light components to a
detection unit.

2. The method according to Claim 1, wherein the step of analyzing the
generated data comprises the step of:

- constructing a model of the pattern structure of the illuminated region,
such as to obtain a discrete array indicative of the scattering pattern,;

- simulating a dark-field scattering pattern within said certain collection
angular field;

- based on the simulation results, determining background intensity rising
from the periodic pattern, so as to determined said at least one solid
angle segment of collection as that where said background intensity is
minimal as compared to other segments of said certain solid angle.

3. The method according to Claim 2, wherein the construction of the model
comprises the steps of:
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- assuming point scattering for each basic cell.
5 4, The method according to Claim 1, wherein the acquired image is obtained
with a bright field detection mode.
5. The method according to Claim 1, wherein the acquired image is obtained
with a dark field detection mode.
6. The method according to Claim 1, wherein said pattern article progresses
10 on a production line is a stream of similar patterned articles, steps (ii) and (iii)
being performed only with respect to the first patterned article in the stream.
7. A method for inspecting a patterned structure with a certain maximum
solid angle of collection of light scattered from the article to be inspected, said
certain maximum solid angle of collection lying outside a solid angle of
15 propagation of light specularly reflected from said patterned structure, the method
comprising the steps of:

- providing a database containing data representative of a plurality of solid
angle segments of light propagation within said certain maximum solid
angle of collection, said plurality of solid angle segments corresponding

20 to a plurality of patterned structures including said patterned structure to
be inspected, each of said solid angle segments corresponding to a
direction of propagation of light components scattered from the
corresponding patterned structure where the contribution of light
scattered from the pattern is substantially minimal as compared to other

25 solid angle segments of the solid angle of collection;

- selecting from said database the data representative of said patterned
structure to be inspected, which data is to be used for filtering from the
entire light collected with said certain maximum collection angle the
light components propagating with the corresponding solid angle

30 segment, and allowing the detection of said light components.
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5 illuminated region at a certain collection angular field located outside a
solid angle of propagation of specularly reflected light components,

- a filter operable in the optical path of the collected, scattered light
components such as to separate therefrom light components propagating
with a predetermined solid angle segment of said -certain collection

10 angular field;

- a detection system comprising a detection unit for receiving a filtered
part of the collected, scattered light and generating data representative
thereof; and

- a control unit operating the filter in the optical path of the collected

15 scattered light in accordance with predetermined data indicative of at
least one solid angle segment of propagation of light scattered from the
pattern in the illuminated region.

9. The apparatus according to Claim 8, and also comprising a light
collection/detection system for acquiring an image of the illuminated region and

20 generating data representative thereof to be analyzed by the control unit for

determining said predetermined data.

10.  The apparatus according to Claim 9, wherein the acquired image is
obtained with a bright field detection mode.

11.  The apparatus according to Claim 9, wherein the acquired image is

25 obtained with a dark field detection mode.

12. An optical inspection apparatus for inspecting a patterned article, the
apparatus comprising:

(a) an illumination system for illuminating a region on the article;

(b) a light collection system comprising a first light collection arrangement

30 collecting light components returned from the illuminated region, and a
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5 (c) a filter selectively operable in the optical path of the collected, scattered
light components for separating therefrom light components propagating
with a predetermined solid angle segment of said certain collection
angular field;

(d) a detection system comprising a first detection unit that detects the light
0 - components collected by the first light collection arrangement and
generates data representative thereof, and a second detection unit that
detects a filtered part of the collected, scattered light and generates data
representative thereof; and
(e) a control unit, which is responsive to the data generated by the first
15 detection unit for analyzing said data and operating the filter accordingly.
13.  The apparatus according to Claim 12, wherein said filter comprises a
plurality of different masks, each for filtering at least one solid angle segment of
the said collection angular field and allowing its propagation towards the second
detection unit, while blocking other solid angle segments of the collection angular
20 field.
14.  The apparatus according to Claim 13, wherein said plurality of different
masks present a continuous pattern formed by transparent and opaque regions and
extending along a circumferential region of a disc-like plate.
15.  The apparatus according to Claim 13, wherein the different masks are
25 arranged in a spaced-apart relationship along a circumferential region of a disc-like
plate.
16. The apparatus according to Claim 12, wherein the analyzes of said data
generated by the first detection-unit consists of determining background intensity
rising from the periodic pattern, so as to determine said at least one solid angle

30 segment of collection as that where said background intensity is minimal as
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bla?ttem structure of the illuminated region in the form of a discrete array
indicative of the scattering pattern, and simulates a dark-field scattering pattern
within said certain collection angular field.

10 18.  The apparatus according to Claim 12, and also comprising at least one
additional detection unit for detecting light scattered from the illuminated region,
the at least two detection unit detecting light parts collected at different azimuth
angles.

19.  The apparatus according to Claim 12, wherein the collection and detection

15 of said light returned from the illuminated region utilizes a bright field detection
mode.

20.  The apparatus according to Claim 9, wherein the collection and detection
of said light returned from the illuminated region utilizes a dark field detection
mode.

20 21. A control unit to be used in a system for optical inspection of a patterned
structure with a certain maximum solid angle of collection of light scattered from
the structure to be inspected, said certain maximum solid angle of collection lying
outside a solid angle of propagation of light specularly reflected from the structure,
the control unit comprising a memory that stores a database containing a plurality

25 of data records corresponding to a plurality of patterned structures including said
patterned structure to be inspected, wherein each data record contains data
indicative of at least one solid angle segment of said certain maximum solid angle
of collection corresponding to a direction of propagation of light components

scattered from the corresponding patterned structure where the contribution of light
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