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SUMVARY [0004] It is desirable to retain coherent |ight

while providing a filter for surface speckle

formati on. [0005] According to an aspect of the

i nvention, there is provided a nethod of imaging
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SUMMARYobj ect for defects or particles. The inspection
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scattered RlifionS provi ded a I|thograph|c apparatus t hat
i ncl udes an inspection device as descri bed above.
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and arranged to vary an incidence angle of the beam of radiation relative to the object so as to
scan the beam of radiation over an angle in or out of a plane of incidence relative to the
object, and a detection device constructed and arranged to receive scattered radiation from the
object, a spatial filter constructed and arranged to filter a diffraction order of a periodic
structure provided on said object, and a spatial filter movement synchronizer constructed and
arranged to synchronize said spatial filter with said angle scanning element.

[0007] According to a further aspect of the invention, there is provided a lithographic
apparatus that includes an inspection device as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the invention will now be described, by way of example only,

with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

2



[0009] Figure 1 shows a first schematic illustration of
an enbodi nent of an inspection device according to the
i nvention; 100101Fi gure 2 shows anot her enbodi nent of
t he i nspection device according to the invention;
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to an aspect of the invention. DETAILED DESCRI PTI ON
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Urrected to an object 2 by an optical system5 that is
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the objeéta%y V%a%{OB&lqlm %JGQI suf‘\ig&% $Rdse variations may be caused by substrate surface

variations and/or particles that may be present on the surface. There is a trade off between particle
size (signal) to substrate smoothness and detection speed (noise). Signal and noise histograms
typically have a normally distributed patterns. Detection reliability increases when both histograms
are separated. One noise contribution is created by “speckle”, which is the interference of coherent
light reflected by the substrate surface nano-structure. Even the smoothest surfaces,

such as EUV reticles, can produce speckle. The easiest way to reduce speckle is to apply non-
coherent light. However, in some instances, for example due to lack of space and /or since the
coherent light may be desired for other purposes such as spatial filtering, this may not be
possible. Therefore it is desirable to suppress speckle while retaining coherent light as
incident light on the object surface 2. To this end, according to an aspect of the invention, it is
proposed to scan the beam of radiation 1 over an angle of incidence relative to the object 2.
The angle of incidence may be quite small but may vary in a range of about 40° to about 80°
in or outside a plane of incidence. Generally, the beam of radiation may qualify as a grazing
incident beam of radiation. By scanning the beam of radiation over an angle of incidence, the
surface variations that arise due to surface irregularities, in particular the sub-nanometer
smoothness variations, will vary in angle and therefore will be projected on relatively
different locations by imaging element 7. Thus, the speckle will be distributed and this will

cause a variation, which may be a result from the scattering of the particle that has a size that



light reflected by the substrate surface
nano-structure. Even the snoothest surfaces, such as
EUV reticles, can produce speckle. The easiest way to
reduce speckle is to apply non-coherent Iight.
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refractive, reflective, magnetic, electromagnetic,
el ectrostatic or other types of optical conmponents, or
any conbination thereof; for directing, shaping, or
controlling radiation. [0019] The support structure
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substrate tables (and/or two or nore mask tables). In
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mamer 9 8 60 b DS L AR 9 R 5 o
mean tHaON SRBEE,; suthas b khbsifaRain@st yobherdedaa ligeidebindhtheOsnly means

~the radiation beam to have a desired uniformty and
that liquid isclngated befveen thspreieetiqnsysten anddhe substrate dyring 0@ Ihe

o2y { AR PRGBS0, BRU ey

radiatiof sowcé BOe The s@irce drmistkie lidtvlgeaphik) apparathisi rsayplad separaeceriyies, for
the patterning device. Having traversed the mask Mﬁ
example WBep Higisqrics is HeawBIaseE 8 sith eAtgh tRROUHed; Bet Gogpidered to

Y i | i a981 h SO
o PSSl SRS TG N8 BRI s
to the ilh@ioatdr Howithitlenid oP¥Wbeand dpledry ysters enmprising ot exayaplasuitable

. . int,erfergmetri c device ar engoder or c aci.tj[ve
dlrectmg gngB‘:s)an

ton8 bgarﬁseﬁp%&d@’r-tllalsr lot GaCE HF SQUICRRAYCPE an integral part of

the lith %M@é L Yatuse (& -ex8QpRIWRG ROSSUrEOR adhékeiyaRip! BhO®Iurce SO
ortio Cin the path of the radiation beam B.

and the Slumihatof 11, togethef ivitht thp bedm idokneary Pdtem df raquitdde may be referred to
d{%ﬁsitign sensor | F1 can be used to accurately position

as a radjagan SR VA with respect to the path of the radiation
beam B, e.g. after nmechanical retrieval froma mask
library, or during a scan.6ln general, novenent of the
mask table MI may be realized with the aid of a
| ong- stroke nodul e (coarse positioning) and a
short-stroke nodul e (fine positioning), which form



essentially stationary, while an entire pattern
inparted to the radiation beamis projected onto a
target portion C at one tine (i.e. a single static
exposure) The substrate table WI' is then shifted in
ndk o ' I £ 2 :
10027) o Pp GO Bor T Eb e 3R sy Rr Sl iRl ch BB b ensiy
distrlblﬁlloﬂ of tHe rhdhen@xmmu I(Enéﬂaﬁ[y catll¢asi ths outee asd/acinaér il extent

target portion Cimaged in a single static expagsure.
(commap safamsd 10nassi:awehw€6-um¢é rAgSKL Yehp) of thaTingenaity Aistribution in a
t
port o PP AR BT ST G AL AR o

various@ilie® cambaficed, sy dsiaprintegfator@nd a condegber. G Aintnator may be
exposure). The Ve|OCItK and d|r£§$lon of the subs
&V

used to pg@glgow\ﬁqerrgqha@(pr\,lge% t@ Ravepgdasirg g)rmﬁy@élg} ipfgnsity c}lstn%utlon
inits crggstgcmnfed by the (de-)magnification and inmage

reversal characteristics of the projection system PS.
[0028] | n BrandiatoebeanhB isrmcidennhosihe patérningalesico ¢sgr, makk d4l), which

SHEAERT ST S e .
device. ‘Pﬁ%fr%a(%wteﬁ@d bengid Mh, iRea&e8Gboh BHabRy tHehar 1Kk @ﬁﬁ ection

ei ght (i'n the scanning dlrectlong of the tar
system BSr whmh foanesthe Beam ontwreotatast pertide C offfae pebskatedl| ﬂmthe aid of

ti.al statio hol di.n r
the seedy By Qion gy Wt 8- iR ac IR 2 ber P DO B GHePE
encodeiOdr RAPAHMRIHEUr), ehdsbBlrate tdbld WPREnet m@védmecmfblﬁtelgo Bo as to
beam i s proj ected onto a tag&gm ortion C_ In this
t

posmorr@é@rengeﬁeqt @prtyana Colgltheppth g jptiolregeBi Simdleply othe dirst
posmon%n gM and no ?ngg(?% gerrrrg@é ItrFrg L?h 'B? ? etos%g%dr?tr % tg)%l tgec" WSk

MA Wlmfresp@cmtth‘@@ﬂh shitheesdihtvéh beadi Bf ¢. @ mfley hkeBandkal rage\ml from a
scan. Thi s node of operation can _he re d| |y af)pl | q
mask lipggsy OB during 4 #sgr ApBsarHamoviment o thegpasgrablbl may be realized
0 [ I
R U A TR S
positiordmg)/ whicha%mpam nfthe lﬁrttfp@sﬂbnmﬂ’MeSmﬂdnl@'dmwdasnt@ff thesaibstrate
di fferent nodes

us al so be .
table Wi s %Fallf%ﬂ!]%]@n&éfrﬂ imalie 480 £ BT PO Pl Wieh form
part of ﬁl@%ﬁﬁ %?s&@n&"lﬁw BiSthd c4R 12 S%Bexk{ﬁs 8PRIsEE d fafner) the mask
nunber situations, in particular to separate
table Ms"aaa)t by campectadl i stont-stenks @dtubtpr dikyf ermay be fixed Mdsk MA and

BT A
marks 147, #r ARfoBESE Albshi@B ‘aﬂgﬁrﬁérﬁ Ak EXEMNubRMdScclpy dedicated target

nanoneters. [0035] The Figure 4 embodiment illustrates
portiong tlxe'tmupbef J@patmh spmawdwtwenatamf portions (thase @Ieekr@“@f asgpribe-

ch. as discl.os in_ Fi
lane ahgat\g%%& gxf)aﬁléﬁ%yél np%ulg 1&%%?%%% ny %rpgre tgaan %nl?pdp%% I8, prwded on the
mask MQRES mesd AthnhRns ARG Mhaydbdlatited béthgetitheidies. MA, wherein
t he patterning device MA is capable of a inparting a

[0029] r adihgtdenistaderppaBiusiconldbepised @raﬁ least eperighe Eliomang tﬂ@des
f t
onaoy {053,888 550 AL LB MF AT S HBR03 pr pe

essentla%& st&hbﬁzhyj whild¢ husitirapeiterh fimpargadrie the ﬁtﬂlaﬁubﬁéarahfprﬂjected onto
whi ch rmg be a wafer or a reticle de

a target FRioNcant BIF 1 posesingipatigerPeRIe) F %étr%ts tﬁr&r\ e i Gifthen
| I
shifted th ﬁg%%(( %?é({rgjaﬂégtloh%%% élgf’?er?ﬂl?t \ih, %t MSFE c%lngsreéposed n step
(not shovvn) in particular this deV| ce is an extrene
EUV- apparatus in which the patterning device is
i nspect ed, because the




patterning device is susceptible to contam nation,
since it is not protected by a pellicle. Figure 4
illustrates the inspection device as a separate device
and it may be used for inspection purposes of object 2
. | .
e TN 8 5P oS o B AR SHRLCE Sk B TR L

1nasm§@%am6sxp$u&homn in Figure 3, it may performa quick
ection of the patternjing device

i ns and/ qr
[0031] 5t Ipgcan waske; Be magk fabls Moyiddps ﬁ‘absaﬁfséggg Wgre sgpaned
r
synehrfii5 AR W Bl AR O the LRALA Helfs ORI A Bnget
portionaii el emgglb dyharmivexpasee). bhawelbcitaandabireatign okthe Isehrﬂgtate table

W relfiead ek whie RO G s PR a0y bR antaghifictfion % image

reversa( %c'térﬁﬁ&s) of tﬁé/ fh‘o%%ltxbﬂ sys&th PSSInSRGk hfdde h@ hhaR IS Bize of the
he term"light” or "radiation” is used to i ndi cate

eXposurarﬁﬁlcéhmcts ﬂmmrgﬁe&m thernmati sseirong diteciios ipk thp fasget portion in a single

wavel engt h. Fop the purposes of application, | ne .
R e L e A A T
scanninf @irebtisi) O tHeQtrgbtprasLs. [ 0036] A contami nation can be

etected by conparing the inmged fractlon of scattered
[0032] | § ght Isangeer enadrethp m@ébﬁ%ﬂwﬁ@ kepiegeensilly plaienasy helding a
progranglﬁlﬂflf:g éhﬂg ggaltcg a%gqpéjgu%'étré!t% a{lﬁve Cis trQodeﬂ%%éefn}ﬂed whlle a

sca I’on represen cont am nat
pattern fiapdried|t€ the rhmatldsneb@mfo‘rsqimjeabd detol acthedt portibh gu hethcﬂs ﬂnbdee

opti cal stem?7 is, g l enses 13 and 14 in
generalbfmlﬂtrp%lﬁu% $ONTCE 1,5 SPOQ qyfg Al é]eéﬁ%gf@mf@ lefpatterning device is
updatedadlql:@llfe‘aaagt@f Q%h%ll(?\%ﬁiyht 8 thé s%s%‘éiquﬂe k%’T dr Wi @t@Eéd"Qxccesswe
r an rates 1n a suitable way to scan the beam
radlatlonﬁautsasjdmingmschn Oltds nadg bﬁopﬁ‘rammmanélweadlbfl @ph&cbtot maStkllm$
. og' ct As an alternative Hre an scannlsﬁ Lg
lithograg i"rgw i PLogramma ]ga%ﬁgng}gt eazéﬂe ﬁéﬁﬁ)f‘}{% mg m1rror
anayoﬂ@%¥éggwﬁgﬁﬁqggbg@3surface such as a "wobbl y" el enent
also it may have a varying reflective surface. The
[0033] detunbivaticennd/er dariaiops e reabbye desddbedopodies] afivee or entirely

n to furt er St ss noise. [0037]Figure 5
dﬁﬁ“ﬂﬁﬂﬁﬁg %i se Y A% ggﬁgh of a histogram above Fig
[0034] SA T(Hé"rﬁéi%ﬂ aricm%vid%\m{ﬂsttia‘t/e% VIR Ffbren U T Q564 Dﬂndmbﬁlﬂﬂé applied
and a graph below Fig 5B (with the inventive %g
in a nurghgs of siéusitions, i pargigylar for sepaﬁtewéat&r@aﬂa@la@@eww y @lﬁ%rent
sizes 0 éng{ﬂ(:é: sﬁrélc uﬁe% sé%lflso a I% I%%l?rr{lg er %Qrfééé Vaﬁgtrlc?r? greadCon%anfitlon

ence, even in a
which nkyatsh, inttheordesett dev&1g] SdmdREaRSs bR e@klhseoﬁwﬁpme&ss on can
be of considerable inpact. The vibrating-angle is
vi brating several circles per CCD integration period,
th [ - y .
[0035] whi %ﬁlg%ﬁé{r@g eﬁﬁ)otd[}ﬁerﬁ %ﬁ&sﬁlﬁfgf é%g@%ﬁz ?rlnshg&l{)%ﬁg“ agﬂ?egﬁxg(%reretlcle 2
of an EUVidpParaalsisach iilillh@d&%ﬁh Figye B)eAcm‘ordanglgpmmapb@r;atxamd»mpnses a

cal cul ations show that a fa tor of %&g 509@
support KL B épBiiacied SoSppPHar N sHEEd At A, st feina éﬁﬂn@g device
MA is cgﬁcji e 90 tlﬁ%\?hﬁgtloﬂq}'eﬁﬁl% @v?th ttt':gﬁn%%s 300180 BRE a

str or w thout I c patterns may
pattern tadiatienbedrh dniadditioal a bulfseateitatio g‘«’h p’moa:stpmb@b@éohga substrate W,

., .conditions.. 0039 t ho specific r erenc
which i sio Priguedas LB Ae e ﬁfnambﬁﬁo‘@% St %feﬁﬁlg?ﬁa‘mﬂéng on
applicatid?l ﬂlﬁ'}?os@? NtV 14E Bl Rtrale@Sn FldurSh ity belif-1o8 dRpstmRtevice
he |ithographi c apparatus deScribed herein ma
which mlaverpotaltmirmalpmcﬂath ullgxtmtedsm%glas 3t(het shawn) dcparheularthis
rate t| cal syste dance, and .det e
device i 1&31? ?)gt}rcﬁge g W&F?é‘ﬁ % Iﬁ%ﬁgﬁr'sx}r}ge%evmfell%{nsgec& qo Because the
di spl ays, Iqu|d crystal displays (LCDs), thin-film
magneti ¢ heads, etc. The skilled artisan wll
appreciate that, in the context of such alternative
applications, any use of the terns "wafer” or "die"
herein may be consi dered as synonynous with the nore



[0041] Wnhil e the invention has been illustrated in the
context of particle detection for extrenme ultraviolet
| ithographi c processing purposes, it will be clear to
the skilled person that the nmethod is not limted

pattern%lg:cfés}%g risbslé\%cee(rf’)'gl}élqu cg&gl kneagiloll i@ 1%21[8{ Sx@}]elcrggq{y:% ;geilfr;i]{lg.gl?igure

€ reduction 1s prese

4 illust@eReheimsgectibn Ubdcdeadmdpiratd ddvi@sind &t pay be adeddbr insp@Ling
system [0042] Furthernore the _invention nmethad can, be
purposegpiobisgt aihirhonebe angsle Myt andimigeeingiteric pBEPE ioghipping or
using iiﬁ{e.aﬁgﬁ%g"eAM £ (oD RV IO in %%@@Bﬁ"t ﬁﬁg%@ﬁgﬂﬁ a quick
avi an incident beam angle rotating around the
inspectionsyfelot pavterrfing desvicd MAdGIdIdresubstrats W' praatitatilivmdgraphic process. To
. “beam’ used herein en ass all. types of .
this endof By BhEGIEOR it BEEVHENGN A SIS IIFHEIGIIPYeAbrgD d direeieg o the
object 7. At ‘%dv@fén%tﬁ-cﬁ‘ thd1a¥dr BPard 1Y De @AY WavBbngtR Suidhidior 3Pection
355, 248, 193, 157 or 126 nn) and extremne ultra-violet

purposgsEl\particudirandtacgssargy ahbaighgos exeludadghegrefiom{Elhelighihge

. of 5:20 n as, well as. particl.e he . such iqn
Typicalfy, 4SS o g e bsaie FRO Gt Tne lhen” 1afle T [gfBpis any
electrorfighetie MAENionadflaGRableWMvEIeh@h. FOr BYufgdeesst application, in the

conbi nati on of various types of optical conponents,

embodimentsudisite ereteanwisiblelight afdyerusod foripgpsetiqnepurposes.
el ectromagneti c and el ectrostatic optical conponents.
[ 0045] Whi | e speci fic enbodi nents of the invention have

[0036] beeA cdeamindnied cabby detedtéd by Lomparimpppe anagiddthctibmbf sdagered
i nvention_may be practiced otherw se t

. h
light 3 wheretheypigdetpigpined page o Pfelﬁ‘éteffﬁi}’éﬂtdﬁ‘@r‘f‘vﬁ‘gﬂ?ﬂ? eonpger 12, 5o as
to ident 9's P PraB RITBH i RAABIADR CRREALRHLAG L In TRIybodiment
S€e(Q a ucti ons descri

uences of nachi ne-readable 1nstr I ng
depicted imBighmed4 the ogticad Ispsied 7ab puweyideadrbydenkat 43 shd il 4 grecorpbinatmon with

ool A B SR IROREILS i OPL L) S o
vibrated BOARLANE _\&%?fstg aptth® BSanf BPMAIAbE 11 VLR ot RcidBnce relative to
IllTustrativeé, not irmting. Thus, it wll
the object 2. As an alternative the angle-scanning element 6 may comprise a moveable optical
element having a varying refractive surface such as a “wobbly” element also it may have a
varying reflective surface. The detection device 4 is preferably coded by Peltier elements to
further suppress noise.
[0037] Figure 5 shows an illustrative graph of a histogram above Fig 5A (without the
inventive speckle suppression method), and a graph below Fig 5B (with the inventive speckle
suppression method). It can be clearly seen that the Signal noise ratio is dramatically
increased. By changing the angle of incidence, even in a range of urad, the resulting changes
in speckle suppression can be of considerable impact. The vibrating-angle is vibrating several
circles per CCD integration period, thus averaging the surface-roughness-induced-speckle
while retaining the particle-scattering. The signal noise ratio improvement may be of a factor
10, and calculations show that a factor of 100-500 may be feasible.
[0038] Therefore a faster, more reliable detection of smaller particles (in the sub 30nm

range) on substrates with- or without periodic patterns may be feasible in real life

lithographic processing conditions.



be apparent to one skilled in the art that

nodi fi cati ons may be nade to the invention as

descri bed wi thout departing fromthe scope of the
claims set out below. Cains 1. A nethod of inmaging

[0039] ; g?éﬁ%%% ggééggbnp%}el%péeerﬁgya {)g }na?Q 1rpthﬁetg>§t(i5 'tl?enlssg %}( Ihﬁ% graphic

apparatue rethe Manu&dtuae bOICst 0 sbaild be lunm}:toédZ)h,at Wearighapgaphic apparatus
described hepeinpey prdain ghptiopay Jondbe T eshiaal g optica
system§ 3% hed Al (&ttécﬁﬁn gﬂ@é'rn@fbr %[%h@tld ﬂbn%m HimRes H1RLARE Bdplays,

encere ative to said Object ); 1 nmaging
liquid- @yaaltcbsma;ysr(hﬁtﬂ)asb itloin-filmome gretid hoa:qsecit Ti®) skalfedsatighn will
det ectiopn devi ce; te ng_a di ffracti
apprecifiefitt s iR st Fhatits abplisFlinRooRats dSR b “water” or
“die” heRire®hy b bortsfdeRdll & &?Q&{}Jn@dusfmm BE Mo gerdhdt@edsesiiBidte” or
in that the nethod further conprises applying to the

“target ppttioat, repectavely.ahsisubsteste teferepgrie heisil may pe arageespd.thggore or

R

substratel @theyﬂsﬂ)sjth@ expated raBa) b ateddoggdbaltandfor an Zhspéetivatibeld Where
[ to claiml1, wherein said angle of incidence

. accordin
applicaplgy the glispHysyigdherein mayhegeried tisyeh anghot ther sbBEALS BRycessing tools
Furher YUSLOASEPEOLRE:S0 Bl Mt ont 3P ORR Rcr
multi- lztyl&arC ao tharalgetetm ankstiatet ua;ed)heﬂehﬂndyealec tefMOdiesubsteate thét already
vi ce constructed and arranged to

[ nspectl on ga@'
Contamﬁﬁ’é‘é ?p’éﬂ?e%f'ﬁ €5 2) for defects or particles, the
[0040] ns&ﬁﬁ&dggggé’&ﬁé F&ex‘éﬁémh%ysha& beBR nRBL hEdVe t§¥1§él§‘s@of

constru arranged to direct a beam (1)
embodmmlmssrosf ithe maeitani ionhd eongait df olm}oabhthogxapkﬂy,opwﬂbbﬂ arwy@lia;ﬂd that

e SR 5 AN SN L8] SRS 6
the confé%@ﬁ'ﬂc(vas) 9ot 'hﬁﬁte@ttb Gﬁtldaﬂlﬁ{ogga?@ Qnﬁﬁbﬂn@l@dhﬁgﬁa{)lﬁﬁa topdgraphy

as to scan sai d beam of radi | ONn over an an e |1 n or
in a patteming flevcpiiefines die patteindeseaied peh aubsirater dhe mp@gr@n}ne ef the

patterning device may be pressed into a layer of resist supplied to the substrate whereupon

the resist is cured by applying electromagnetic radiation, heat, pressure or a combination
thereof. The patterning device is moved out of the resist leaving a pattern in it after the resist
is cured.

[0041] While the invention has been illustrated in the context of particle detection for
extreme ultraviolet lithographic processing purposes, it will be clear to the skilled person that
the method is not limited thereto but may be applied in any context wherein the need for
speckle reduction is present, while retaining coherence of the beam in at least a part of an
imaging system.

[0042] Furthermore the invention method can be applied with other angle scanning
element positions, for example more than one mirror or an arrangement having an incident
beam angle rotating around the inspection focus.

[0043] The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of

10



a detection device constructed and arranged to receive
scattered radiation fromsaid object (2); a spatial
filter (9) constructed and arranged to filter a
diffraction order of a periodic structure (8) provided
( ) 1ati y
oraboff A58, O, 0%, (50r 120D EhE LA LikaliEtkr (V) ragiation (e..
having mmmengthsy tiehaogd afey-2( hoy), asomﬁt asyeattede heaﬁlsasucétmgé@h beams or
apply to the filter (9) a translation in
ekcuo%g%%%%onization with thc varying incidence angle (a)
[0044] Of Tllﬂseteﬁﬁ I )wlﬁfé)t‘ﬁb dBRtcRYalRWs dmaj'f‘ gHfer 18 %ﬁ{f‘ Bhé‘ 8r combination of
el enent (6). . A device according to claim4
varlousmmse)f m)pseal @ompgn@tss drzohird ingyrodiacties reflegive mm@es a
lect Z n1 els ﬁn eV|%e according to claim 4,
clec ro%ﬁ%r}e llcﬁmgg eqirasiaficy °p§18 RS R rent (6) conprises a

[0045) MOVRiE spRificahb&liBeRRbof fiRMhhtian havybérg desdribad tabmez it will be
surface. 7. A device according to claim4, where

apprecigig ghas e insgntion|nat be wpcticsihotheswise danag slpscriped qurteé@mple the
1nvent1%2 g/’li?lg Eﬁ(taegg% r qubf‘saaéo%éﬁ?etrﬁ%?(gé? mgIrltrea.Hl?]ﬁ%(gr% r%ore sgﬁlue‘r&l‘ces of

machlnﬁiréetcﬁble(1ﬁétrdcﬁomsﬁ@01¢lﬁﬁg ug&lﬂﬁ)dﬂsal’m:ldseﬂ abweeoﬁ a)daia bldrage
object (2) so as to filter, out ra n fromsaid
medium gegisgRéCOndustat MEHORe HIREpatic Qwﬂlcwa § pYIBg siChR campyger
ptical structure (8). 9. A device
progralﬁ%%%%@%%”?o claim4, wherein said spatial filter (9)
[0046] i s Hire dedenptions abovet e iretalet ¢olbadbetrativegnetdimiting. Thus, it will
redeterm.ned. filter attenaccord 0, said .
be appdiate PRERN U HbePE e plodiiiegrion ey P it isPaingnin o
describ€d b de}ﬁ‘é&%ﬁ@'ﬁ%n?‘ﬂfe%%%adﬂtﬁé clhinhd RF otDeldve. @ micro
mrror device evi ce according to claim10,
wherein said mcro mrror device is a TI-DVD or an LCD
based device a reflective device, or an LCD
transm ssive device. 12. A device according to claim
4, wherein said radiation beam (1) is provided as a
grazing incidence | aser beam of visible or near
visible light. 13. A lithographic apparatus
conpri si ng:

11



a support (MI) constructed and arranged to support a

patterning device (MA), the patterning device (M)

bei ng capable of inparting a radiation beam (B) with a

pattern in its cross-section to forma patterned

radi ati on beam a substrate table (W) constructed and

arranged to hold a substrate (W; a projection system
Claims (PS) configured to project the patterned radi ation

m. ont o t he .subst r at

alreﬁtﬁzetho%of 1mag1.n§ara(? 1atio pi({ﬂ%’gitn éé%{t‘ (%)é)ﬁ %g%%cgloa;odevwe said metlgod c]gmprgmg(: W :

Varying @} raqldme 4ngle () { saidlgam @A) of fafliffoy relpa itacsaid ‘r atsws‘ tacaerid paag (1)

imaging b teﬂiﬁﬁﬁ hﬁlff%ﬁén‘i‘ﬁé?ﬁé’ﬁ‘ i) e dléf Lﬁquf%dp ¢ %4pparatus is an

spatlally@i)( inSA®ffr nf'otdéd dDh ﬁhtrlodﬂﬁpaﬁﬁ(t BSroviadaGn Wh efjeet (F) uSa ad;patlal filter (9),

charactepy i N
the met %\Pzge-r com lgsesd a%vlgrlrcl: to t(h'vp?e;’d anrgns a%g'lsin %ncrhreotnjza ion w&{x%he Varymg incidence
angle (a) rdv‘ae !%PAA E @tr(G) so as to optimize a light yield of said

scattered radiation.
2. A method according to claim 1, wherein said angle of incidence (q) is varied in a range of about 40° to about
80°.

3. A method according to claim 1, wherein a scanning rate of said scanning beam (1) is related to and higher
than an image frame rate of the detection device.

4, An inspection device constructed and arranged to inspect an object (2) for defects or particles, the inspection
device comprising:

An optical system constructed and arranged to direct a beam (1) of coherent radiation to said object, said optical
system comprising an angle scanning element (6) constructed and arranged to vary an incidence angle (a) of

said beam (1) of radiation relative to said object (2) so as to scan said beam of radiation over an angle in or out of
a plane of incidence relative to said object;

a detection device constructed and arranged to receive scattered radiation from said object (2);

a spatial filter (9) constructed and arranged to filter a diffraction order of a periodic structure (8) provided on said
object (2),

characterized in that

the inspection device further comprises a spatial filter movement synchronizer (10) constructed and arranged to

apply to the filter (9) a translation in synchronization with the varying incidence angle {a) of the beam (1) provided
by said angle scanning element (6).

5. A device according to claim 4, wherein said angle scanning element (6) comprises a tiltable mirror.

6. A device according to claim 4, wherein said angle scanning element (6) comprises a movable optical element
having a varying refractive surface.

7. A device according to claim 4, wherein said spatial filter (9) comprises an adaptive filter associated with said
patterned structure (8).

8. A device according to claim 4, wherein said spatial filter (9) is in a conjugate plane relative to said object (2) so
as to filter out radiation from said received radiation beam (1) that is scattered by said patterned optical
structure (8).

9. A device according to claim 4, wherein said spatial filter (9) is an adaptive filter adapted according to a
predetermined filter pattern according to said patterned structure (8).

10. A device according to claim 9, wherein said spatial filter (9) is a micro mirror device.

11. A device according to claim 10, wherein said micro mirror device is a TI-DMD or an LCD based device a
reflective device, or an LCD transmissive device.

12. A device according to claim 4, wherein said radiation beam (1) is provided as a grazing incidence laser beam
of visible or near visible light.

13. A lithographic apparatus comprising:

a support (MT) constructed and arranged to support a patterning device (MA), the patterning device (MA) being
capable of imparting a radiation beam (B) with a pattern in its cross-section to form a patterned radiation beam;
a substrate table (WT) constructed and arranged to hold a substrate (W);

a projection system (PS) configured to project the patterned radiation beam onto a target portion (C) of the
substrate (W); and

an inspection device according to any of the claims 4 - 12

14. A lithographic apparatus according to claim 13, wherein said lithographic apparatus is an extreme ultraviolet
apparatus, and wherein said patterning device (MA) comprises a reflective mask contained in a vacuum container.
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