A METHOD OF | MAG NG RADI ATI ON FROM AN OBJECT ON A
DETECTI ON DEVI CE AND AN | NSPECTI ON DEVI CE FOR
wo NSREGDING AN OBJECT FI ELD [ 0001J The present PCT/NL2008/050164
i nvention generally relates to a nethod of inaging
radi ati on froman object on a detection device, and an
i nspection device for inspecting an object. Mre ,
particularly, the present invention relates to a
met hod and device for inspecting contam nation
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reticles, will randomly scatter the light. By i 1mag1ng a fraction of scattered radiation from the

article on a detection device, the defects will light up as bright spots. The intensity of the
spots is a measure of the size of the particle. Also, a substrate surface of a substrate to be -
patterned by a radiation beam in an EUV apparatus should be as particle free as possible. In

this regard, a need arises for inspecting an article for defects. This may be done while



this regard, a need arises for inspecting an article
for defects. This may be done whilefiltering out
whe@beisoor der diffractions that arise from perPOUNEL2008/050164
patterns that can be present on the article. This
filtering can be done by introducing a spatial filter
in a Fourier plane of an imaging systemthat inages
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project the patterned radiation beoarll?ontouact,;rget portion of the substrate, and an inspection
device constructed and arranged to inspect the patterning device and/or the substrate for
defects or particles. The inspection device includes an optical system constructed and
arranged to direct a beam of coherent radiation to the patterning device and/or the substrate.

The optical system includes an angle scanning element constructed and arranged to vary an



arranged to direct a beam of coherent radiation to the
patterning device and/or the substrate. The optica
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and arranged to vary aninci dence angle of the beam of
radi ation relative to the patterning device and/ or the
substrate so as to scan the beam of radiation over an
angle in or out of a plane of incidence relative to
the patterning device and/or the substrate The
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These variations may be caused by substrate surface
vari ations and/or particles that may be present on the
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The coherent radiation may be produced by a laser. The radiation 1 is reflected on object 2

and a small fraction 3 is scattered from the object 2 by variations in the object surface 2.
These 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,



separated. One noise contribution is created by
"speckle", which is the interference of coherent |ight
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Even the snoot hest surfaces, such as EUV reticles, can
produce speckle. The easiest way to reduce speckle is
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9% Hr s. Wp@mwvemmé% n dlgeted fndhe qopteyte Eaétw%é&?mﬁ% for
l@ﬁﬁsﬁle H&dﬁol&hﬁ%@rabiﬁc §r’6@sdﬁfg@m@ﬁse§§ ndyauli bemmaa tigef skill lbxeperson that
inve |on text lC
Wbt ol Pl G Nt F R bR bl S AR e e
Gpeakle redypyibn is ateseot whild repiniag afrhptleece iofithe baam ip %ttl%éigrpaphﬁﬂn

%"?@f g, the context allows, is not limted to

opti ﬁltho raphy. In inprint |ithograph .
BRI appermerehaTavcEiam HepiGy oV RELP LT FglE SHRPPG

GleRehi@6kitis, For Sxtafple idr€thanldie niireP OgnaRge@ént hdving an incident
patter devi ce %)g:kglg ressed into a | ayer of

rbé"él?g‘lggﬂ} pepRgnd e i St at e wher eupont he resi st
i[8048)ur eTheagrma fxpdigtiontand|“exatnl’ osvd heveit rsompads Altyrsmof heat
(f{ et%osml’!argr?etlg Fadﬂtloglomhaeé dlt?aﬁfloﬁé't] ﬁf\%%d-langxh@ gpl"rﬁ/ﬁ‘ng b G/Ia\rbg:ngth of

e resi'st eaV|n€ ﬁ Q
or abefit 65, Jh@IF.481 417 rd2enmend exrgnadira-vigiet EUY) cafonle.5.”
VR WARIAASn AR gk bt 310t dnd] R 6hell i fahiele GedisexXith a3fon beams or
particle detection for extrene ultraviol et

Iqlef’ﬁ‘ﬁ’d’fe%l%l C processing purposes, it will be clear to
t[hlm]s Ki Irhearekmp@anshwharbitht cantest afevh ody fer foany priersf gaapbination of
t heret o but V. t gein the
At e el o forRE HBitng Rebte SRk R 2 i g
oadmmww@ﬁd dégostrtia prticH cePnest a part of an i magi ng

SHGdsEM ‘J\EhQQ éb%lnﬁé: éiﬁﬂohi@rfeﬁ@f)ﬁhé 1hﬁ:n!1<ﬁ1\h€m He@ndebibdiatioeainwiblebe

l1ed with other an n ] R
fq%greg%%fintmt éherﬁylexgxofl ﬁn&hg %C%Fﬁ% l‘; sgr%hag as %%%rlggds i’(;r eQ 'x]rﬁyle th

hig\ehnfigh ngdy take die demtof beampuengbgam Otnéﬁﬁnlr[gg)naprg{gm@segw@ces of
| nSpect | (?agg nhsgnlilc%bns[dggélfg‘l]l Txtﬂgh(;d%g %closgﬁéi)b@et brQYata 3i0fhge

PEAR erel n enconpass a

ehaidnr GragmseductoREmRery, aﬁgnerlwoafeﬁal\f/fgskmvw&\%‘f%F‘é‘i’mft“&if/)

3@%@;‘ k014 ire®l: having a wavel ength of or about 365,
248, 193, 157 or 126 xtre tr

(8049 dhs dpseripHons @by aiR g\&%ﬂﬁi? ‘&%ﬂk‘fﬁ‘? WS hm‘ n ﬁfé‘wf g@é

Obe appatéht 1dthe skilkd Wahd artabat pradificatibre ntaeamadesmbh ma@ﬂ%ﬁ

tb egggscﬁwéh el tedce%)a{n?nn ﬁ%%qgssc?degpéid'llalmg et Bvﬁrbm)wl ens”, where

any one or

"‘I—t

conbi nati on of
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vari ous types of optical conponents, including

refractive, reflective, nmagnetic, electromagnetic and
we@bmstiisnst ati ¢ optical conponents. [0045] Wi | BCT/NL2008/050164

speci fic enbodi nents of the invention have been

descri bed above, it will be appreciated that the

i nvention may be practiced otherwi se than as

descri bed. For exanple, the invention may take the

formof a conputer program containing one or nore

SHAUSIS BPARIE hi ne-readabl e i nstructions descri bi ng

a cl osed above, or a data storage nedi um

(e.g. sem conductor nenory, magnetic or optical disk)

havi ng such a conputer program stored therein. [0046]

The descr iAphéthiisof Qe radiaton ﬂ‘HrrEzﬁhd)B}écttoQ aB&ection device, said
|$&Mﬁg&gggve not limting. Thus, it will be apparent
"0 ONE SR Ped in the art that nodifications may be
made dltﬁdlmet beany efivohepant mdiatihosesaidmbget t hout departi ng
from

oL MR Sedfl LRG| R aR0 ikt O P RF IR i
dpjatdisshay det ection devi ce, sald met hod conpr|S|ng.

di r ecinaBigg scatdeaitaditiors @58 kBNEbjdcBSH saitl dastibOdesRb.d 0bj ect ;
scanni ng said beam of radiation over an angle in or

out of a Pl AlfdQfcoldi it&’ﬁﬂ&q LRhas LY 19;»@%%11&9& ‘%}Ed ina

and i magi ng scattere tafion from | ect
§§E€°6%@@68|%ﬁ“ﬁé¥fce 2. A nethod according to clalm
1, wherein said angle of incidence is varied in a

r anges.of ahﬁamodzaacotcmqga@aum 18@herdn a ariiighaelofaai edathiifitbeam

19 hl%e@ hgl}ngn lﬁl egre {aﬁx% Qateaof e 30 %ntgétlrc])? derviict e of said scanning

bea ramg rate of the

det ecti on deV|ce . hod according to claim1,
further c c?rfﬁ‘fﬂi“’éllaffgrdé"ﬁé‘f ?‘QP‘I ly furthqr conrisige spatilly fiftering aon
afiftedtion brder o & pdriddic enBtufelpedvitle@ opdaiwb@ad on sai d obj ect.
5. A nethod according to claimd4, further conprising

sync h5 oni 4\ rﬁ&ho%%b&h(ﬁtﬁ% élﬁln 4f ful’tﬁ& 56&}9151 Jjﬂcﬁéﬁl{i’ng said spatial

scanning so as to optimze a sa
SfHltstineayidigaid seannivg 9135 to@Pm%lZ‘h%‘E&l?bﬂel# Said epeed digioan
object for defects, the nmethod conprising: directing a
beam 6f cdhestigntforizdectitg wrbied fgaricto Bjeawthpd swarisingig

sai d ﬁ%?e?t‘iﬂg%fbe d@&’ﬂc@ﬂére‘ﬁﬁa&?é{t% t@{&ldq}g_gge in or °Ut of a

planeo I NCI nce re tive to sal ob ect ; (g
scat t SABNESAA e O FRdfHgAVEAn gngibin @b qut pirp Rlang éff‘ efl%melatwe

devdiCeject;
imaging scattered radiation from said object on a detection device;
comparing an image of said scattered radiation with a predetermined image; and

identifying scattered radiation representative of defects or particles.

7. An inspection device constructed and arranged to inspect an object for defects
or particles, the inspection device comprising:

an optical system constructed and arranged to direct a beam of coherent radiation to
said object, said optical system comprising an angle scanning element constructed and "~

arranged to vary an incidence angle of said beam of radiation relative to said object so as to
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conparing an inmage of said scattered radiation with a
predeterm ned i nage; and identifying scattered

w0 athisatsoon representative of defects or parti CPE@ENL2008/050164
An inspection device constructed and arranged to
i nspect an object for defects or particles, the
i nspection device conprising: an optical system
constructed and arranged to direct a beam of coherent
radi ation to said object, said optical system
c canni. n truc ed and
o i o B e B BRI oF PR sF P el B
r ehiicheidon rel ative to said object so as toscan said
beam @bietbAeh @dvic® PondMRed B aﬂfst%le@to r&et% chtt&eantdt RoPh AN Gid
of .incidence relative to said object; and detect | on
d®i%e constructed and arranged to recel ve scattered
radi ati on fromsaid object. 8. A device according to
cl ai m87, wheéavise accarding toentpith &, wheerinrshid gnghd eaming clemam coms@ises
aa&ﬁat,ltemlﬂe mrror. 9. A device according to claim?7,

wherein said angle scanni ng el enent conprises a

novabl,e opti cal t hayi ing refractive

surfade. TS Re B REEein e oob el v s e

compyabls pptigalelespatthpdng 4 vahtirerefoomsturtact.ed and arr anged

to filter a diffraction order of a periodic structure

pr oVi (ﬂ?8 QNdesRE 6bcOing ol claind 1, fuvﬁqeﬂ&)‘{dtpﬁﬁnga@sﬁéﬁtfadﬁl&gcdn@cructe%i
| m S atia Jjovenen

PRt héreaErRan P b B ged P e Ronp ghirre

sai d s atial filter with said angle scanni ng el enent.

12. Albevi‘cévise aspidingty dagm &9, étrtbﬁwemprmeraépwlﬁte@novemem

sgyatht@tzetdoh&@&emmang&ﬁo IR EAIY Safidl i@ it S80I Rt €d
wth, saimnilgatter ned structure. 13. A device accorgl ng

£ g wherein said spatial filter is in a
conj u?ate plane relative to said object so as to
filtef2outA dexigp apcpiding forckim 3G vdiereia 6aid spetip! filidliceronrises 2beam

t fiabtivk S1td GAbLiREBANRYId pRFhediub@ened optical structure
14. A deV| ce according to claim 10, wherein said

spat i gl 4 5&lce ac%&r@t?g f&tcﬁ% 1Y Sonbrbin L84 spata] Al Bﬁe‘? T iff ol %Ln@ 9

toapred erm ne dttern ac
pelene il tosspid glieql paeas to Bter swt etémtlevefroat@drrmewgi Itatbat@tl atarn that

14 scat&s t?ibsﬁ‘id Rﬁe&e@&ﬁkdl &uclutd t€r is a mcro mrror

devi ce. devi ce accordi ng to clai m 15, wherein
sai d [ﬂ cro H] {cg gc{corgl% d)C‘I%a.tm ?O wh?rem sati@ﬁta? Hlter 15 angga%gtge filter

device,” a re evi ce, ansm's
daskeptedeaccording to a predetermined filter pattern according to said patterned structure

15. A device according to claim 14, wherein said spatial filter is a micro mirror

device,

16. A device according to claim 15, wherein said micro mirror device is a T1-

DMD or an LCD based device, a reflective device, or an LCD transmissive device.

17. A device according to claim 7, wherein said radiation beam is provided as a

grazing incidence laser beam of visible or near visible light.
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17. A device according to claim7, wherein said
radi ati on beamis provided as a grazing incidence

wo amenidoeam of visible or near visible |ight. 18CT/RL2008/050164
l'i thographi c apparatus conprising: a support
constructed and arranged to support a patterning
devi ce, the patterning device being capabl e of
inmparting a radiation beamwith a patternin its
cross-section to forma patterned radi ati on beam a
substrate arranged to hold a
subst rgt e; Aﬁm}%’%ﬁ ‘lgagaﬁ%sys rﬂljr?confl gured to project
the p AEEREPTH @@Stfvétﬁﬂ éﬂdi apngod@mimpntt ® pattening gesticeptbe pattoming f
t Bvics bhisd d‘aﬁdb% of AMArtiAL a taBRREGeAP Nt EYIHER iCRNREL ségtﬁo%‘{io form
and arg&g{g go i nspect said patterning device and/or
sapafe PP EeA By defects or particles, said
i Nspeatkitstateiane aﬁstﬁmﬁmﬂd&nﬁ}@em helpt 'bxﬂ:atlrates yst em
et B U AROPE bl R e GRE R
smnroéthesubsiaﬂma@ptl cal system conprising an angle
scanniph gxs&ktﬁﬂ%@&xce%@ﬂ%ﬁ&é&%@gm %Eq t@l'flgp@'a gﬁ@pa&t@m*ﬁ? bBvi And/or

|nc|dence angf sai d beam o radiation relative to
SEPUPLEE &Y APRE ‘H@Wi‘%" Siddrsprctiondeyice ¢writiag e so as to
scan said daaaﬂmam&swraebnatucﬁmamaangadnoaﬁgk £bdafh oD Eoherdhit Of

aplan dence relatiye t. [

devi ce%gﬁo 8 Sa‘%%a FribgAeiee 5?%“ S%%%“%qm%e{%e cothc ﬂsyg{g"{}i ce
const rcempristg anahgkscaamgedenat soagtmitodang eadnget te dary an incidence
radi at), @offs&@f;@aﬁﬁ:’f gldﬁﬁ(;ntr@latfve Maﬁ%gﬁeﬂﬁngadgﬁé@e{ndfgpsaﬁ substrate

substrate fa"g hi ¢ appar at us accordi
cl ai ma%, % W%ffaé% ‘ﬁ"“% a€ 13tiop AYF P‘baﬁﬁ‘ieén App aplars of gw&?flce
ext r endativt tofsaid paleRing PGS Bd/ tiSsaid ubGratd) @idei n sai d

patternin vice co areflective
cont ai ne dgdl C%?C%th\l) ggvdcucggr&’s%uct? and ?,rrangeg ?o recetve sca%tered radiation from

said patterning device and/or said substrate

19. A lithographic apparatus according to claim 18, wherein said lithographic
apparatus is an extreme ultraviolet apparatus, and wherein said patterning device comprises a

reflective mask contained in a vacuum container.
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