OBJECT | NSPECTI ON SYSTEMS AND METHODS BACKGROUND CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains the benefit of US provisional
appl i cat iwo 26l/@3412161 which was filed on 4 August 2009 pPCamP2e¥iosd36é s
incorporated herein inits entirety by reference. Field [0002] Enbodi nents
of the present invention generally relate to object inspection systens and
nmet hods, and in particular to object inspection systens and nethods in the
field of Iithography, in which case the object to be inspected can for
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as the dinensions of features mdACKGROUNIOgr aphy becone small er,

|i thography is becomng a nore critical factor for enabling mniature IC or

appar atG oSS REREREYVEE RIS BB RREHAONY. o ont o  substrate,

usual | om0 a tanﬁﬁtapﬁ%ahb@ruahlst e SeHeht bates p&\oxblsfbhagap;—}%m%@@m%@tm
can be use for exa in the manufacture of In tthat instance, a

pat t er nvingh wew ifides] orwﬂa iAotguit<208Dt andnahich é4 ylco@fomwdehiert:l@ indts gntiegk by reference.
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i ndi vidual layer of the IC. This pattern can be transferred onto a target
porti orFiel. 9. including part of, one, or several dies) on a substrate (e.qg.
a silicon wafer). Transfer of t he pattern is typically via imging onto a
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Background

[0003] Lithography is widely recognized as one of the key steps in the manufacture of
integrated circuits (ICs) and other devices and/or structures. However, as the dimensions
of features made using lithography become smaller, lithography is becoming a more
critical factor for enabling miniature IC or other devices and/or structures to be
manufactured.

[0004] A lithographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate. A lithographic apparatus can be
used, for example, in the manufacture of ICs. In that instance, a patterning device, which
is alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern
to be formed on an individual layer of the IC. This pattern can be transferred onto a
target portion (e.g. including part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive
material (resist) provided on the substrate. In general, a single substrate will contain a
network of adjacent target portions that are successively patterned.

[0005] Current lithography systems project mask pattern features that are extremely

small. Dust or extraneous particulate matter appearing on the surface of the reticle can



projected onto a substrate. Therefore, the smaller the feature size, the
smal l er the size of particles critical to elimnate fromthe reticle.

[ 0006] A wel2bilaliesizs often used with a reticle. A pelli eca/EP01a/05%360
transparent |ayer that nmay be stretched over a frane above the surface of a
reticle. Pellicles are used to block particles fromreaching the patterned
side of a reticle surface. Al though particles on the pellicle surface are
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lithography (e.g., nobst extr ultraviolet (EUV) |ithogr aphy processes),

however, pellicles are not used.. Wien.reticl re. not cover they are

prone P where A 1S t afle wavelength of the rargilatlon use(? Sngs 1S t ge nurnelglca aperture ofatlil
projection system used to print the pattern, k; is a process dependent adjustment factor,
also called the Rayleigh constant, and CD is the feature size (or critical dimension) of the
printed feature. It follows from equation (1) that reduction of the minimum printable size
of features can be obtained in three ways: by shortening the exposure wavelength A, by

increasing the numerical aperture NAps or by decreasing the value of k.

[0008] In order to shorten the exposure wavelength and, thus, reduce the minimum
printable size, it has been proposed to use an extreme ultraviolet (EUV) radiation source.
EUYV radiation sources are typically configured to output a radiation wavelengths of
around 5-20nm, for example, 13.5nm or about 13nm. Thus, EUV radiation sources may
constitute a significant step toward achieving small features printing. Such radiation is
termed extreme ultraviolet or soft x-ray, and possible sources include, for example, laser-
produced plasma sources, discharge plasma sources, or synchrotron radiation from
clectron storage rings.

[0009] For certain types of lithography (e.g., most extreme ultraviolet (EUV) lithography
processes), however, pellicles are not used. When reticles are not covered, they are prone
to particle contamination, which may cause defects in a lithographic process. Particles on

EUV reticles are one of the main sources of imaging defects. An EUV reticle (or other



to particle contam nation, which may cause defects in a |ithographic
process. Particles on EUV reticles are one of the main sources of inmaging
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SUMMARY

[0013] An object inspection system is provided that can operate at high speed and that
can detect particles of small size, for example of a size of 100 nm or less, 50 nm or less,
or 20 nm or less. A technique is also provided that can detect particles that are present on
the patterned side of a patterning devices such as a reticle, used in a lithographic
apparatus.

[0014] According to a first aspect of this disclosure, there is provided a method for
inspection of an object including: illuminating the object with a radiation beam, analyzing
secondary photon emissions from the object with time resolved spectroscopy, and
determining that a particle is present if a time resolved spectroscopic signal is detected
which is different from a signal that would be emitted by the object in the absence of a
particle.

[0015] According to a second aspect of this disclosure, there is provided an apparatus for

inspection of an object, including a radiation source arranged to emit a radiation beam



which is different froma signal that would be emitted by the object in the
absence of a particle. [0015] According to a second aspect of this
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the specific embodiments described herein. Such embodiments are presented herein for
illustrative purposes only. Additional embodiments will be apparent to persons skilled in

the relevant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0019] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the
relevant art(s) to make and use the invention. Embodiments of the invention are
described, by way of example only, with reference to the accompanying drawings, in
which:

[0020] Figure 1 depicts an EUV reticle with contaminant particles;

[0021] Figure 2 depicts typical secondary emission spectra of various types of processes

and particles;



described, by way of exanple only, with reference to the acconpanyi ng

drawi ngs, in which: [0020] Figure 1 depicts an EUV reticle wi th contam nant
parti cl eswO[20021F41Ei gure 2 depicts typical secondary enmPSIIEPR019OWG0 a Of
vari ous types of processes and particles;[0022] Figure 3 depicts
experinmental results show ng photol um ngscence spectra of various Al 233
sanples on a silicon substrate; [0023] Figure 4 depicts experinental
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its solytion usi illumnation fromtwo different directions; [0029]
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configuration,” in which radiation is incident on an object at nultiple
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mul ti beam conf.i gur at.i of Figure 11: [0032] Figure 13 illustrates a nethod

of subsanpl ier%boghm%nrt(?galetpéeslelrlrpPg%netloﬁl()si tional accuracy of defect detection;

[0033] [Bozyre 14 Meptstdeptddn Stangxasmlfer ffrmanindpieasainyseclion of Asgigedt on of

an object according to an _enbodi nent of the present invention; [0034]

Fi gure [9828lepi ct Figurs Sedmirten abgsloarieg cliertapatatoligionomsingndigadnation fism apo

obj ect different directions;

[0029] Figure 10 depicts illumination of an object from four different directions and with
an annular beam;

[0030] Figure 11 depicts a “multibeam” configuration, in which radiation is incident on

an object at multiple angles;

[0031] Figure 12 illustrates optical elements for use with the multibeam configuration of
Figure 11;
[0032] Figure 13 illustrates a method of subsampling an area, to improve positional

accuracy of defect detection;

[0033] Figure 14 depicts a first example of an apparatus for inspection of an object
according to an embodiment of the present invention;

[0034] Figure 15 depicts a second example of an apparatus for inspection of an object
according to an embodiment of the present invention;

[0035] Figure 16 depicts a third example of an apparatus for inspection of an object
according to an embodiment of the present invention;

[0036] Figure 17 depicts a fourth example of an apparatus for inspection of an object
according to an embodiment of the present invention;

[0037] Figure 18 depicts a reflective lithographic apparatus according to an embodiment

of the present invention;



according to an enbodi nent of the present invention; [0035] Figure 16
depicts a third exanple of an apparatus for inspection of an object

accor di ngvoaoamisesmodi ment of the present invention; [O®8GEPEIIQUSBEEAT
depicts a fourth exanple of an apparatus for inspection of an object
according to an enbodi nent of the preseft invention; [0037] Figure 18
depicts a reflective lithographic apparatus according to an enbodi nent of
the prd883l i nvediigys; [Bodayictsi guiansnysdehi lithegraphie apriaes ascpidigode aphi c
apparatus ac [ ' ) the present invention; and [0039]
Fi gure 20 deeg%ggﬁ%ﬁ%gﬁlgkﬁ%ﬁwg%h%i aphi ¢ apparatus according to an
enbodi e639jof t heFigures2htdepitwenhi @amplOE®I0DY Mheglphic uigaraind aachrding age an of
the present invention will beconme pore apparent fromthe detailed
description digent f B B eRhERCRten in conj unction with the drawings, in
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i nventi on i sander strigfinady sinpllarlglendingse| osed enbodi nent (s). The invention is
defined by the clains appended hereto. [0042] The enbodi nent(s) descri bed,
and references in the specification to "one enbodi nent”, "an enbodi nent",
"an exanpl e enbodi nent", etcDETAHLEB BPRS@RIPHEO&hOdI nent (s) descri bed

may include a particular feature, structure, or characteristic, but every

enbodi my n necessari_l include the part,icular feature, structure,
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characteristic is described in connection with an enbodi nent, i

under st ood tfhattireis tof thgs wivichtiion. t 'Ree dindodeddgebodimentes) merely exemplify the invention.

The scope of the invention is not limited to the disclosed embodiment(s). The invention
is defined by the claims appended hereto.

[0042] The embodiment(s) described, and references in the specification to "one
embodiment”, "an embodiment”, "an example embodiment", etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0043] Embodiments of the invention or of various component parts of the invention may
be implemented in hardware, firmware, software, or any combination thereof.
Embodiments of the invention of various component parts of the invention may also be
implemented as instructions stored on a machine-readable medium, which may be read
and executed by one or more processors. A machine-readable medium may include any
mechanism for storing or transmitting information in a form readable by a machine (e.g.,

a computing device). For example, a machine-readable medium may include read only



skilled in the art to effect such feature, structure, or characteristic in
connection with other enbodi nents whether or not explicitly descri bed.
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patterns. The réticles ca use within an Ro graphy process,
such as EUVfbrbhngMaphymandnh@pmmﬁtphﬁ@h@gn@phmkﬁomnbnampbﬂomé@QmahsFﬂgure
1 illustrates i

reticle 100. in cross secti in ding. a
substrate 109t 13%%@, éﬁ %g&aw 5y IHREETARRY BioReSagps a&@W #ﬁ@ %aaﬁa%
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100 but may bg ad sor% epo |ted on the reticle 100 in sone situations.

[0045] Figure 1 illustrates a typical EUV reticle 100 in cross section, including a
substrate 102, multilayer coating 104 and pattern layer 106. The diagram also shows
particles 108, 110 and 112. These are not part of the reticle 100 but may be adsorbed or
deposited on the reticle 100 in some situations.

[0046] Because a lithography apparatus is complicated and utilizes many different
materials, any type of particle can in principle be deposited on the reticle 100. The
particles can be conductive or insulating, they can be of any shape or size and could be
deposited on the conductive coating 104 or the pattern layer 106. Example types of
particle that might be deposited include organic particles, metal particles and metal oxide
particles.

[0047] In one example embodiment the reticle 100 can be a EUV reticle including a
substrate 102 formed from quartz or another low thermal expansion material, and a
reflective multilayer coating 104 including alternate molybdenum and silicon layers. The
multilayer coating 104 may for example include a few tens of layers and can in one

example have a thickness of about 200 nm. A capping layer (not illustrated) can also be



[ 0046] Because a |ithography apparatus is conplicated and utilizes many
different materials, any type of particle can in principle be deposited on
t he reti cwe 200@n154fike particl es can be conductive or i nseCatEPago/o5936y can be
of any shape or size and could be deposited on the conductive coating 104
or the pattern layer 106. Exanple typesgof particle that m ght be deposited
i nclude organic particles, netal particles and netal oxide particles.
[0047] | n ordodsethpl the domofase o thqeuftdeyes) keinplpragg forecxnmls/fioat fugheaium

i ncl udi ng a&gﬁﬁ){late 102 fornmed fromquartz or another |ow thernal
expansion materital, and a reflective nultilayer coating 104 incl uding

al t er ng0e48jol ybderhemnpastanh 1aidri 106rdcliayes pattchnéorithit détickyB)0. cloaahé¢ tgpe b@4n YV f or
exanpl e incl ude few tens of |l ayers and can jih one example have a

t hi ckness ofre%%?he gyer A0 bt aRportey & ey ndimilafly e mytlidlgyercliy igpa FUV
beprovi ded %ﬁglgn@slreg%tﬁ,g_rface of the multilayer, being forned for exanple
fromrutheniumor silicon. [0048] The pattern | ayer 106 defines a pattern
for thd0049]i cl e 10C.pattarnt lngerd@éen oh EalV Eitivleranifot exanipde patareed floay®ntah(6 i s

ot oot ve. TBURSTIVHE TR LTA PepBhotbs Hearosh v B PP IE Bh s BRI e
be forned fromspertdahditdah®evd d aNthdF af@DAmaldle 108h@vhRh it Bsprolieaider
may i n one exanpl e be approxi mtelé}j}zo nanoneters, and it can have a width

of appr oxi nmefoed ympsObarerifioi idemenssora(§ 9 Joxdi thatithograpby sy stemaetie sepding bietngahiie to
di mensi on ( of the lithography syst t he .scaling being due to the
demagni f catqll? %ﬁer:fl%\%lltlfg?at%%?%Aclg%rﬂ%\t/%?eélrw%f%gg nlderf’tilccl?)e). [ 0050] The pattern

def i neqobso|t he parHcepattdr@yRfinéd b&mhpgjalﬂ@hplla@eﬁﬁbiiﬁ rpadhyip8d driktddty bendc eap ®s ed
of lines, contact hol es, periodic and non periodjic patterns. [0051] Wen
el ect r omagnempopesRidincsreoptaci idesdperiodinangd Ry rosiedicafattgmsol i d, secondary

radi atigesqf Photywhs, %ﬁe%%ﬁl%%&ﬁ%dr%ﬁ{i%' i¢ ?nc;i&]e%t ro?lgé“sﬁlrfagee(f)it 8L Qbnddi¢
radi ation. There are three I'n processes of secondary photon radi ation’ on
t he surf acegadiiticodi gotomplvotwt imdisaetoake {dghlar réfleeli@sd f the radddtions Ciketeeare Ng
processes (SHJ%I‘I as.Raman scat geri n an surfaﬁe ,enhanctﬁd Ranman scfatteri'ng
(SERS)), andMéfa&tiit NPEHIEcss Oat 1P 4?(53’ ot ARG O o e HEFRCE FTheghds:

phenonena d%%%ﬁl@séeﬁ@e EMB,e i&flasﬂ@th%[ﬂ %att%ﬁl‘{fg &JY&@SSGS (such as Raman scattering,
and surface enhanced Raman scattering (SERS)), and eclastic light scattering. The
efficiency of each of these phenomena depends on the type of material involved.

[0052] Particles which gather on a surface of a patterning device such as a reticle used in
a lithographic apparatus will in general be of a different type of material from those
materials from which the patterning device is formed. The inventors have used Raman
spectroscopy techniques to analyze the different responses of different materials. A
typical secondary emission spectrum is shown in Figure 2, which plots the intensity, I, in
arbitrary units on the y-axis versus wavelength (shown here as an energy shift Eq - E) in
arbitrary units on the x-axis. Figure 2 illustrates the initial laser pulse 200 and the known
Mie (202), Rayleigh (204) and Brillioun (206) scattering. In addition, Figure 2 illustrates
a typical Raman spectrum 208, the giant Raman spectrum 210 and photoluminescence
spectra for a typical organic particle 212 and a typical metal oxide 214.

[0053] The main scattering signal from the pattern is the Mie (202), Rayleigh (204) and
Brillioun (206) scattering at the same wavelength as laser, which is easily filtered out.

Raman spectra from the absorber will actually be the “noise” in this approach. The signal



[ 0052] Particles which gather on a surface of a patterning device such as a
reticle used in a |ithographic apparatus will in general be of a different
type of msiDepilalisféizom t hose materials from which the parCemeey/o8ueé ce is
formed. The inventors have used Raman spectroscopy techniques to anal yze
the different responses of different ngerials. A typical secondary
em ssion spectrumis shown in Figure 2, which plots the intensity, I, in
arbitrary urffams @my t petigleaxyiy \hsr Qireenweitbice n hthes i B@fr@naéﬂa@i eHEMYY

shift Eo - I i i . = AX] i ' strates the
initial |as ?@m‘bﬁ‘f@fé%é@%ﬁ’%9?%@%%2%’%%@“?%%@%%F%l.“é ﬁf"lﬁ%m and
Brillid0o54]206) skmt fiethengilluktataddhid i midustftalgwppli@abillityusifr alkies techhigpe.c athe
Raman spectrum 208, the gi ant Raman spectrum 2%0 and. phot ol um nescence
spectra for PRofjnpgsceBsqRirfioatagpations ansiison yatess Wopinvatigdadal oxi de 214.

[ 0053] [Eﬁ‘%ﬂmai n f}sﬁ;@&&@ bf ?Hotéfuﬁﬁﬁ’és)céﬁc@ TPLNET DA 6‘fhli>§L gﬂg‘y%ﬁ gag@g% » ALOs

Rayl ei gh (204) a BrillToun (206) scattering at the s h as
| aser, whi chindsFe@siwoye fstudicdr #tdroout tenReremes p eaimpdesf worm ¢xvgedi by oanbissiomiolf |

actually be the "noise". in thi roach. The, si gnal n ticle wll
e i ven of tERI gt e AR 20e SgR Engh oD S0l e Lues phi )
or metal oxifglyP&PhRd |dcRASHE BBACAl ZhldtraRA&! baked [0%4de Bend WinkRedispersion
illustrate the i ndustri al agpl icability of this techni que, the photo

| um nescencedlifacgomspentiogtd neghroinaitaroenuigricd r g it <CIP nage idgtectsd . andodBs ]
Spectra of photol um.nescence (PL) of sa s of . PSL ((pol ystyrene |.at.ex).
A208 and FooB e ENESE BRAGR i ho BB S e T aal iR AR E NG IR B
em ssi on of thptingabo@aneyeirical oscillator (OPO in the spectral range
220-500 nm Em ssion was anal yzed and detected by optical spectroneter

based dgﬂﬁﬁ_lde bankires FRINRICH bl rveire mrenarad &clﬁYQSﬁNlélpédbi!Cb%}S&ﬁﬁﬁh@ﬁo@nﬂ@nm or
System The Spectyal Bahlor devdct o s i 3y 4t RRARCREPATs MR,

nm [0056] Tilieee sakplethe AlstfRtodedansipy @fajoed was abaytet0%int'h @h¢ Bhmjiee sscrof

about 10 nm a layer wi.th a i ckness of ahout and a sanple wth dots
of Al2Q3 deﬁb@]efﬁ@é [ frcaagen &9%% RO%Ch e@&ﬁﬁé&ﬁ%@“ﬂé‘ﬁ%‘i%teﬁpeﬁé‘ﬂ@- was

Shout JUOT L TISoT e SR RCL SR O S A Ml

phot ol um nescerbagthntienaithy x-dxis om dable oy{m%q@lwﬁmﬁd. AgaphS02 illustrates the
results for the 2 nm layer, graph 304 illustrates the results for the 10 nm layer, and graph
306 illustrates the results for the sample with dots of Al,Os deposited on a silicon wafer.
It can be seen from Figure 3 that the samples of AL O exhibit specific emission of Cr’*
ions at 693 and 695 nm. The intensity of this emission is determined by a density of Cr
ions contained in the AL, Oz as background impurities.

[0058] In a second experiment, emission from a PSL sample was detected at wide
spectral band under UV excitation 223 nm. The sample was exposed for 0.2 seconds with
power density 52 kW/cm’. The results are shown in Figure 4, which plots
photoluminescence intensity, I, in arbitrary units on the logarithmic y-axis versus
wavelength, A, on the x-axis. The laser excitation wavelength for PSL 402 is shown and
graph 404 represents the results for the photoluminescence of the PL sample.

[0059] The results of a further experiment are also shown on Figure 4. The laser
excitation wavelength for Al,O3 406 is shown and graph 408 represents the results for the

photoluminescence of the ALOs sample. Data is not comparable between graphs on the

intensity axis.



wavel ength, |, on the x-axis for each of the Al 203 sanples. G aph 302
illustrates the results for the 2 nmlayer, graph 304 illustrates the

resul ts fwo220h@1342nm | ayer, and graph 306 illustrates wrhe/EPeslosscd or t he
sanple with dots OfF A O3 deposited on a silicon wafer. It can be seen from
Figure 3 that the sanples O A O3 exhi-hpt- specific em ssion of Cr3+ ions at
693 and 695 nm The intensity of this em ssion is determ ned by a density

of O il8A&0cont aiThedrepytst ploa Aurtipr Rarmpy K ftotrparimgpluict shewn ipggger 3.nwkich
d ' i.ssian.f PSL t Wi |
band under SRR BESH! MRy, P SBIR BARIOATRIE S & S, RAGEA"

with power daifgiR,yinG2nkMtem & thEheaxieslihd sxdfatios haenling 562 gusiowh anshgioph
oL owrsPver cuhaer o Rt B O et bk b6 oot bt
for PSL 402 sh?fa@é‘&%n@eﬁ%&!ﬁﬁ%at@%gr( Ekggﬁéghl%s 06 RSl fprabOr the

phot ol um nescence of the PL sanple. FOOS ] The results of a further

experi nédéllar e alBw rshudtaof durtier gurcedomaibrgpeliamarts aax sidvat indiigura e ivargtptots or

A O3 406 is sh and graph 408 represents the results for the .

phot ol uni nedBRUAM B R LAl HOTBA B PO e ISP Aoi BB EFREHr aphs
on the intengistdordXiof-thORRQALtHHIE Loyl TR SeitdtidabdieesfRa@B0S N {Hown at the
experiment are shown in Figure 5, which plots photol uni nescence intensity,
|, in count defyend gepbH84 sepressatsythasdaticneg smyporRanfaraps 906 represenisiheenspliteioer s
on the x-axi g, The excitatio asger _line.502 i.s shown d graph 504

Fepr esent o e PRARMTEREPIHRE i i 0%, 8 WM e GBR Pergitnes the
represents trbgilts of aepiRndlamoRtedias®n tisc ALSsagle( SERS)inie dobia. Dadimsanot
metal surface. [0061] The results of further tinme domain experinents are

shown i n Fi gerwagblofateeensraphs qarbe Bitensitiésiéence intensity, |, in arbitrary
o | _WH : : .
ogar i (00821°, | o9 bl Snda BB B ke, Tor chambi® FRRONE bkl Pulsp ot 3

and graph 6Q#cdermimeintvavdldrestis clat teeinplg aresipanidict vavefihgh0bs neqr asemrsbd he
& aph 608 r cHFOBITET eHE FRGG DN BF <PHEHhoRG AU HSSEeN e B A HOCRPTEH-
Saro <, SO o U, AL L RER LS
pi cosecond |cdsler prpbi¢ s caatbegeasily filtered out.

[0063] By looking at wavelengths neighboring the wavelength of the probe laser pulse,
the Raman spectrum can be recorded and by looking at a broader range of wavelengths,
the photoluminescence of the surface can be recorded.

[0064] If a particle is present, a spectrum of secondary emission will be emitted that will
be different from that of the surface of the object in either or both of the
photoluminescence or the Raman spectra, provided that the material of the particle is
different from that of the object to be inspected. The different spectroscopic response
provides the basis for determining the presence of a particle.

[0065] The presence of an unexpected or different spectroscopic response in itself can be
used as a test to determine the absence/presence of a particle. This is the primary concern
in passing an object as free from particle contamination. However, in alternative
embodiments, further information about the spectra obtained can be used to characterize

at least the type of the particle, or even the specific material or materials from which the

particle is formed.



predet erm ned wavel ength, for exanple an ultraviolet wavel ength, is used as
a probe. The scattered and emtted |light are collected and anal yzed as w ||
be di scusweaotiglisw2 The maj or signal fromthe pattern | CEqR2MalosIvo t o
scattered light at the sane wavel ength of the probe and can be easily
filtered out. [0063] By |ooking at wavealhengt hs nei ghboring the wavel ength
of the probe | aser pulse, the Ranman spectrum can be recorded and by | ooking
at a brlgﬁ@@r r angerestiorgaietan hgtspen thahepcstiotcapiginplysic dm e @rergyhdonsain fakbe can

be recor ded.ulsg(gpoqqllle ‘H%%OP%E L‘I\C,E\}:C%F iOE aqélﬁﬁgg&rfacg spectrum of secondary

em ssion w | e em e erent fromthat of the surface of
t he obj[6667]i n ei tlhey aBo pastiblcodo pdrébrphoimel rdsalnes geoaescopy tdfescRaniary sheohr a,
provi ded that the rgll%teri al ?f the particle is di ff,eregt fﬁm t&at of the
obj ect to beMipdgediogy therputage ratette ApIcsh it the Lietsstien o & PR sTHestiMRe

basis for deLeyiyy @&r&s@rr@f%ﬁﬂfgein_cgen@rapﬁ)qnia?s{%'of I-a%%%% inkRe tiﬂ{e%%gtﬁ aRf an

unexpected or different ctroscopic response 1 n itself can be used as a
test to det eltwimavelhectabsé ey Pmesenclcdincasyamentt] dhe Dhjest ¢am Wchepgtarmag y
concern in passin n object as free fromparticle contam natian. However,
a1 tr nat |GReE ARG el EOLTPONE HEPTRFoTIRL S oh B Bu T CHEMEPect e BBPRFfed
can be used dectrdiBsR LA b Bscdlas! SofterhdiR ety RAcly tifvRRiJet@bRopPRrorakeRws he
specific material or materials fromwhich the particle is forned. [ 0066]

Ther ef ore, itechméruehecagebn ushdtinspargbinaténo phangametipgned jcitheth sinalienegusbowai n
can be used Sf@orenttihﬁ\ ﬁlle& ecotri on of particles on a reticle surface. [0067] It
is al so posm%‘lle ¢ pernfyorﬁjﬁti me resol ved spectroscopy of secondary photon

em ssi qooésjom t hescatterbacad afmiaed Oigheedn borcotib@edleti®ahilpredoi Martmeldemairt he
term"tinme resol ved spectroscopy” referring in general to analysis of a
signal in thEmg rﬁwlu%ﬁrﬁl@' psurIARRt a3 peysiae frehagh e Ramawy and thesphatplymincsedcged

measur enent " e i P i i iy i g iC
appar at us, SBeRS JRIhEGhe B heaSufuPRLLRL B e U GE R A IEORAR! 7,
used as an alrd@rafgti¢oseconds.eae gyoceasal phecblspaetdcasc ogytak©platdren sinwilar short

techni ques can be used in conbination, bei [A% erfarmed. ejther .
si mul t aneousYesGpleseQLiH AFFY PYFErady "BHelo g?rocmg?d Rhattes eBIGAFCRRTS: &d
light can beg,g@ll&fded and anal yzed in the tine domain.

[0069] A particle will exhibit a certain response in the time domain which is different
from the response of a particle-free area of the object. Organic particles, for example, are
characterized by a long timescale photoluminescence emission (in the order of
milliseconds). Metal oxides are characterized by strong lines in the photoluminescence
spectrum (the measured signal being derived from impurities inside the metal oxides, for
example Cr;' ions in Al,O3) and microsecond scale photoluminescence emissions, while
the time varying emissions from a metal particle can be detected by fine resolved time
resolution techniques.

[0070] The energy domain spectrum shown in Figure 2 will also differ in time.

[0071] Either or both of the energy resolved and time resolved spectroscopic methods can
be optionally further enhanced by the use of noise reduction techniques.

[0072] In a first example, the noise reduction techniques may include cross-correlation or
autocorrelation techniques.

[0073] These techniques are used to discriminate the wanted signal from a noisy
background, and can be advantageous because of the complicated photonic response

exhibited by a reticle because of the various materials which are found in it.



Ti me resol ved neasurenent is possible for both the Raman and t he photo

| um nescence spectra. In the case of the Raman spectra the tinme resolution
is typi cavbypouanysibast - in the order of picoseconds. TIRETEPOCIONDSII60

phot ol um nescence can take place on simlar short tinmescales, or can occur
over a much |onger period of tinme, mcrigseconds or mlliseconds. [0069] A
particle will exhibit a certain response in the tinme donmain which is

di f f er dA0741r om t W coselpansinegtiongGiya it dedingd py @dlodsea of the object. Organic
particles, for exanple, are characterized by a long tinescale

phot ol um nescence em ssion (in the order of mlliseconds). Metal oxides are
characterized by strong lines,in the photol um nescence spectrum (the
measur ed si gnal bei ngGor= immd| K()df+mplari ti es inside the2ietal oxides, for
exanple 3+ ions in Al 2M3) ‘afdrm crosecond scal e phot ol um nescence

em ssions, while the tine varying emssions froma netal particle can be
detected by fine resolved tinme resolution techniques. [0070] The energy
domai N spectyh s SHdni Mt) ah@WiLard sihhls wali@ddbehd hor hmti Wer) if RGAdd tBiak ber
or both of the energy resolved and tinme resolved spectroscopi c nethods can

be opt i onal Iaptq-eerrakEiondinelinted (phandnlét) asethe samp sigaals eandds Ffprredionmsiaiess-
[0072] In acfoyeﬁho%ﬂ{w Sifl&tyglilcgm)iaﬁe p@%ﬁ&% Rafsechni ques nay incl ude

cross-correlation or autoco ni ques. [ 0073] These techni ques
are usgdor3] di scrA digitat eortdieomprot/lds 8 iggodihpfroximagion e gy thackegiehtion furefdn can
be advant ageous because of the conplicated photonic response exhibited hy a
reticle becatBCW & KBangsrinonyawaiadrtha corigiiien pionadiithg # tine peepapt /&?

correlatton ekl R, (ol s, | NRGiER LOILONE RiborisldifBlth( 1) I(t ) dt
(2) - TlIn f%#@ equat 5n,sl(% an J&?) are sﬁ%%a S %%Pé%&?é end upon tine.
G(t) is referred to as an auto-correlation function if I(t) and J(t) are
the same signals, and is referred to as a crosscorrelation function if [|(t)

and J(t) are differeng;é&gna , 71 0075] A digital correlqur provi des a good

approxi mation to the true coffélation function whenever a change in a val ue
of the correlation function during a tinme period Dt of

[0076] In equation 3, G(kAt) represents the correlation function of the k™ channel, while
ng represents the number of times the content of each stage of a shift register is added to

its respective correlation function memory channel, and the numbers 7,,, are the numbers

stored in the shift register.

[0077] Cross-correlation is used in embodiments of the present system to filter out
unwanted effects like variations in laser stability.

[0078] In general, autocorrelation of a broadband signal is a simple Fourier transform of
the power spectrum of the signal. However, in the present disclosure autocorrelation
allows the separation of processes related to the reflection of light that are Markovian
from those which are from scattered light which are non-Markovian.

[0079] In a second example noise reduction technique, a tool kit developed by chaos
theory can be used. This technique can be used to discriminate the wanted signal from a
noisy background, and can be advantageous because of the complicated photonic
response exhibited by a reticle because of the various materials which are found in it.

[0080] A sensor, such as a CCD, produces a frequency resolved spatial image of the
reticle when moved over the surface of the reticle. Based on empirically collected data

about characteristic photonic signatures of possible contaminants, a correlator can



sanpled tine periods is small. The digital correlation function is given
by: JV-I G kAt) = nkn +k (3) i=0 [0076] In equation 3, G kDt) represents

t he correvatzoomifuncti on of the kth channel, while nk reprapenwssdsbe nunber
of times the content of each stage of a shift register is added to its
respective correl ation function nenory ijghannel, and the nunbers n k are the
nunbers stored in the shift register. [0077] Cross-correlation is used in
enbodi nent s rsffofRacssiastiemef dyts tie ficgeency lapgd fimsuintonyakanf Berests d¥avelqtjapelysis
variations in _lLase %gi|it . 8] / {

br oadband sf%%§ﬁ§1%3§é5|nﬁpe é%ggé?kﬁ¥§h§§§§ﬁ?%?s?ﬁ%gggﬁéftgﬁégg¥ﬁiﬁgPethe
si gnal . Howamsed to irecohkteugoraesenirs.diThescoshtnded uttaears ehathaanbakdmpacd keth a
separation aof processes related to the reflection of Inght that are

Mar kovi an f i RO SErRHPTE Assoriad B cutP BRI Grcatticarmasrondence or close
non- Mar kovi al’@sen[‘t@%%g,]thé%{ﬁl&@%@ﬁ@d&é‘@ﬁpc;eecoﬂ%hﬁﬁat&?dUCt' on techni que, a tool

kit devel oped by chaos eory can be used. This technique can be used to
di scri ri008kle t he Mantapprosclgrah finctmnabemizsy bbtc Rgmeu nanission andnPbeare non-

advantageouiﬂb cause of the1§o i cat ed ghotonic r%iy nse exhi bi edg@y a
reticle becali8eCdf" PHEYEP M'oUs” ek @FPHIE™ HINY -8 o (id® PIPFYSTS %‘?OV@ PUA
sensor, SUChmﬁ&u@n&gguh@@@Qﬁﬁ@@uﬁ%ﬁgﬁ%ﬂ%ﬁﬁﬂm@%ﬁgbyed spatial imge of the
reticle when noved over the surface of the reticle. Based on enpirically

col | ectl888Mat a advgurechahaict er icsemplapheprmidtos $oigperfarmeng gfe pethwdpldescribed
contam nant s,

a correl at.or canperformresel ection of data in.frequen and
g AReRL FRT oY ah ol R S Al AP sheb i R Ty

time interval

data, which It had benpplcetdarthmahilspscifié s@hpas glik@aE ¥n QaipleUs Bektdr@nderstand
reconstruct attractors. These obtained attractors can then be conpared with
a library ofthapripgiplcops operatien af dbe WveRtiomapd i wakhtbs. anprecigied pd dhgyperson

o CoPOeT 0 DPREIIL IR el S EATSEL Wy,
and PL are nbmtaiMank@wsan processes with well pronounced nenory, nanely,
Lhese pigggsses favg strong, dependengs, on Lhe B SRS oL oBforll? bd kurca
together with a tuner 702 which can be used to select the best wavelength for the probe
beam. The laser probe beam is then incident on the sample stage 704 which holds the
object to be inspected. Light reflected and/or scattered from the sample stage 704 passes
through an optical system 706 and is then processed by spectrometer module 708 which
may include a radiation detector which can be a charge-coupled device (CCD), for
example a gated CCD.
[0084] In one embodiment the optical system 706 can include a beam splitter and other
optical elements that split the beam from the sample 704 into two optical paths, or
branches. The spectrometer module 708 then includes a first spectrometer for analyzing a
first branch, and a second spectrometer for analyzing the second branch, and a correlator
for performing a correlation between the two branches, as will be described in more detail
below.
[0085] Alternatively, a single branch can be analyzed by a single spectrometer in a
spectrometer module 708, or more than two branches could be provided for additional

analyses.



[0082] Figure 7 shows an exenpl ary apparatus for perform ng the nethods
descri bed above, nanely either energy resolved spectroscopy, tinme resolved
spect r oscwpyeoavoibgeh. It is to be appreciated that thisPSpaEPRIiOsBI6t-Up | S
given as an exanple to better understand the principle of operation of the
invention and it will be appreciated that the person skilled in the art
will be able to envisage nmany alternative arrangenents that nmay perform

sim | arl098fct i onsThe[Q?ﬂ@BB]OfﬂW lpsaggpercy 780 isgdser fed dithesprgoomeieynedule dB8 anmi ch

can optional}y t

sel ect the bLs 98& d%%lfg?ﬁ Qﬁ&'“%hht%%aﬁg%$ﬁgﬁﬁa%@?&@ ﬂ%%(ﬁéan1ls %hen
i nci dent on dohesmﬁpﬂgea&htaged&&;tor\)m fel thodrdputtEl 20bj ect to be inspect ed.

Li ght reflected and/or scattered fromthe sanple stage 704 passes through

an opt i[8%7]syst erfroroBiteindl4 @ayrb@ﬂnmoagg@g@awsw%&m%% éﬁag?rﬂ%ﬂ% p?rfsrm

whi ch may 'r}ﬁhé{%%safof@z& lé%vﬂl%ttﬁ&wﬁplé"ﬁ'ﬂag@a&%&ﬁ a charge-coupl ed device
(CCD), for exanple a gat [ 0084] ne enbodi nent the optical system

706 car{008ﬁjl ude al'lzearnnsptidnst Eatweerd tlet Nenowpedropineeiseme Rtgerd Aamayg pkpiesdntie

beamfromthe. s l.e 704 .i nt.o. two ical paths, or branches. The
spect r onet erH Hﬁ%ﬁggmfﬁ E?ﬁﬁhnk%@“ﬁﬁgémﬁf§l @Ppgﬁgctroneter for analyzing a

first Qoegyh, andgneeraed Spestdadet&h fer addl Yl nee t HRtdecRd pbffemtiig
and a correlator for performng a correl ation between the two branches as

wi || be desauidseticlariomor erodeterrdlatival. dw.th¢ oxasyle Af Fegunad i(togkther *ezltblFmg}lres 8
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appreciated that this is for the ease of illustration only. In some embodiments the incident
radiation will indeed be incident at an angle. However, in alternative embodiments, the
radiation can be incident on the sample stage 704 at a normal incidence. This type of
arrangement is particularly suited for the detection of particles in trenches that exist in the
surface of the object under inspection.

[0091] Figure 8 shows an example arrangement for normal incidence inspection of a
sample stage 704, by a detector 8000 which may form part of the spectrometer/detector
unit 708. The optical system (shown generally as 706 in Figure 7) in this example
comprises a Schwarzschild type collector comprising a first mirrored surface 8002 that
gathers scattered radiation 8004 and reflect the scattered radiation 8006 towards a second
reflective surface 8008, the shape of which is designed, in cooperation with the first
reflective surface 8002 to form a collimated beam 8010 of radiation, which passes
through aperture 8012 and objective optics 8014, focusing the beam 8010 onto the
detector 8000. An additional intermediate focus is also possible for filtering or for an
additional aperture. The scattered radiation 8004 is that scattered from a probe beam

8016 which is normally incident on the surface 704, for example by reflecting it from a

reflective surface 8018.



[0089] Furthernore, a correlator can be added to the systemfor performng
autocorrelation or cross-correlation. In the exanple of Figure 7 (together
wi th Fi gwe=0B/amd29, to be di scussed bel ow), the input ®CTEPRIIS/06%60 €l at or
may for exanple include a slave and a master gated CCD, each of them being
equi pped with a nonochromator in order |60 perform spectral pre-selection of
signals. The cross-correlator may start collecting a signal on the slave
CCD af tI8P9H cert df il Bhappicsiated] that OEWT ftyReh heoHesserepptospnigho dsopseds as

di scussed ab‘lﬁ%l%pgp gure 7 is a schematic illustration only. The figure
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. fgure 7
shows radi a 1(%leng i nci dent upon a sanple stage 704 at an angle, however
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by incident illumination. This regior? 976 fnay be large enough for an entire particle to be
effectively completely hidden from view, or at least partially obscured, leading to a drop
in signal intensity that can be detected from that particle and an increased risk of not
detecting it.

[0095] A solution to this problem is shown in Figure 9b. Here, illumination from a single
direction is replaced by illumination 978, 980 from two directions. It can be seen that the
particle 972 can now be detected, as illumination 980 from the second direction is not
blocked by the feature 974 from being incident on the particle 972.

[0096] Figure 10a shows the extension of the illustration of Figure 9 to three dimensions.
Because patterns are in principle arbitrary, vertical and horizontal lines may be present on
the same object. For this reason it is advantageous to provide illumination 1070 from at
least four directions, as shown in Figure 10a. Even better performance may be obtained
by using an annular type of illumination 1072, as shown in Figure 10b.

[0097] An off-axis illumination from a more than one direction can be obtained either by
splitting the beam using beam splitters and redirecting the resulting beams (using mirrors)

to the same spot from different directions or by using a dark-field type of illumination



[0094] In an alternative enbodi nent, an off-axis illumnation froma nore
than one direction can be enpl oyed. Several nask inspection techniques use
a dark fiwbaetyqpesiof illum nation where the | aser or ot rer/HEreglssieur ce i s
incident at an angle to the surface. This is done to avoid collecting the
zero-th order (reflected) beam Such aneapproach works in general quite
well, but there is a problemif the particle size that needs to be detected
is of a confatabyesinagreni-l@bsratim ndbepybplane pebshasipgic. of diffsastive egtieahat
form part of, éﬁﬂl face pattern, an exanple being detection of particles on
EWV reticl es, e e the particle size to detect can be around 20nm and t he
absorbqnﬂmﬁtternjhmegﬁMﬂeammhmnﬁgmundnﬁﬁﬂmnthESgpemduﬁeﬂnalsbaﬁe%kmgcm1
effect, which is illustrated in Figure 9a. As can be_seen h : me of the
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[0095] A solution to this problemis shown in Figure 9b. Here, illumnation
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using, e.g. degec{mn gf %ald}/a ion I%rorn a rnultlbearn configuration, such as that shown in Figure 11.
or that may form part of the objective optics shown generally at 8014 in Figure 8.
Incident radiation 10000 passes through a filter 10002 and aperture 10004, with
interposed lenses as illustrated. The radiation is focused on detector 9000.

[00102] The inspection methods and apparatus of the present disclosure involve directing
the radiation to illuminate a given area of an object under test. A scanning process is then
carried out to cover the entire object. In a preferred embodiment, the object under test
will not have any significant spectral response in the observed energy range. This is the
case, for example, when a lithographic reticle is inspected by a UV laser. The signal (and
therefore signal-to-noise ratio) of the particle is essentially independent of the collection
arca. For this reason, the larger the collection area, the smaller the total inspection time.
However, the location accuracy also decreases with a larger the area.

[00103] In order to increase the accuracy of detection without unreasonably increasing the

inspection time, it is possible to adopt a scanning strategy as follows. Firstly, a first arca

of the object is scanned. If one or more particles are detected, that first area is then



el enments). [0098] An exanple such configuration is shown in Figure 11, in
whi ch a probe beam can be split so that radiation can be incident on a
sanpl e stwgeoiMsa mul ti ple angl es. This enbodi ment i sPargEr2useiuko f or
detecting of particles in trenches that exist in the surface of the object
under inspection. The signals from difflgr.ent angl es can then be conpared,
to verify detection results and to identify particles that are detected
from one andgeempifed Hoe tun et mere Pqroeso Thope perEors@ A sgparalislyessartedoindthgur e
11, , a pro i e i - and f jve
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[00105] After the fourth scan as illustrated in Figure 13, the position of the defect 11102 is
found to within an accuracy of 1/8 square millimeters. Further iterations can be
performed to obtain the position of the defect to greater accuracy. Alternatively, the
detection could stop after a single segmentation has been performed.

[00106] It will also be appreciated that other segmentations could be used, other than
quarters. For example, the area scanned could be split into halves, ninths, sixteenths, or
any other arbitrary number of segments with each iteration.

[00107] The re-scanning of segments may be accomplished by putting an aperture in the
collection optics, which decreases the collection area (by an appropriate factor — four in
the example of Figure 13) and by positioning the reticle appropriately.

[00108] If more than one particle is present in the initial scan, then each quadrant that
subsequently yields a detection result needs to be segmented and scanned, until the
required resolution limit has been reached.

[00109] With such a process it is possible to locate a particle to within an arbitrary
accuracy, limited only by physical constraints of the measurement system, such as stage

accuracy, and the minimum aperture size that can be achieved. As for the throughput, we



[00103] In order to increase the accuracy of detection w thout unreasonably
i ncreasing the inspection tine, it is possible to adopt a scanning strategy
as foll ows02piwmEsdly, a first area of the object is scanmeu/EPRF100MR6Or nOre
particles are detected, that first area is thensegnented into two or nore
portions. Those portions are then separgtely scanned, and the presence of a
particle can be detected in each of the segnented portions. The detection
process can @nt¢dqulaie diowt meany itIAtieNst gfet PROESSEBY Feects enpaHdeswihi [ertain
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particle being present in the area of aé&i rst scan. This first scan 11000
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t he presence a particle. However, no infor fonis given on t
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a detection Jjesult .is achiev econd scan 11004 is carri ou The
rea of 1 ho JRRLptE SRR SOBE ol SPRET] Soo R dur! GoeBRdane sILHSSPOMIGH | s
scanned indil\ﬁilig}.pﬁhlcye‘ In this exanple, the top-right quadrant gives a
positive detection result. That quadrant can then be segnented into four
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defect 11102 is found to within an accuracy of 1/8 square mllineters. .
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four in the rexabplscdof AHagurtenct Incladed dyopasi paremcry adedlarat§02l together with

appropri at eltﬁfrd and fourth harmonic generators 804, 806; various reflective elements 808 which
may, for example, be reflective surfaces such as mirrors or beam splitters, and attenuator

810.

[00112] The output from the laser 800 is fed to a spectrometer 812 as a reference signal.
Meanwhile the tuned output from the laser and tuner forms a probe beam 814 which is
directed towards a sample stage 816 which carries an object to be inspected. For
example, the sample stage may be a reticle stage holding a reticle for inspection. In the
illustrated optical path a prism 817 and reflective element 818 are shown; however, it will
be appreciated that any suitable components may be used to direct the probe beam 814 in
a known manner in any particular arrangement according to the physical layout of the
components.

[00113] The reflected probe beam 814 then passes through an optical system including a
condenser 819, pin hole filter 820 and collimator 822 being fed into a fiber optical cable

824 for input into the spectrometer 812. The spectrometer operates in conjunction with a

sensor 826, which in this example may be a gated CCD.



[00108] If nore than one particle is present in the initial scan, then each
quadrant that subsequently yields a detection result needs to be segnented
and scanme0,20untisd12t he required resolution limt has beeoTmPacissdc) 00109]
Wth such a process it is possible to |locate a particle to within an
arbitrary accuracy, limted only by physi-cal constraints of the measurenent
system such as stage accuracy, and the m ni num aperture size that can be
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will be apprem at ed that any ot her type of pul sed | aser be used. A
| aser tuner efsaingeasmeralofoi BaFigyes %%m@qd@s @s egan) apléferét%) g eilHe thaybeam
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808 whi ch nay, exanple such as mrrors
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to a spectroneter 812 as reference signal. nwhi | tuned o
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sanpl e staggc&h Whinch S0 fid 88aBPeLHyeGt sdeBndP &pbARRRGLED20 FRhich operates in
conjunction with a sensor 922. The sensors 919, 922 may in this example be gated
CCDs. The outputs from each of the sensors 919, 922 are input to a correlator 924 for
comparison, as will be described below. The two spectrometers 918, 920 together with
the correlator 924 together include a “spectrometer module” of the type shown in Figure
7. The term “spectrometer module” can alternatively refer to the spectrometers
themselves, with the correlator 924 being provided as a separate unit. The two
spectrometers 918, 920 and/or the correlator 924 may be provided within the same
housing or within separate housings, as appropriate.

[00118] The correlator 924 functions to discriminate the wanted signal from a noisy
background, as described above.

[00119] The beam reflected from the sample stage 816 is focused onto beam splitter 900
by lens element 906. The first branch 902 includes a lens element 908, polarizer 910, pin
hole filter 912 and collimator 914, so that the data is fed into a fiber optical cable 916 for
input to the first spectrometer 918; while the second branch 904 includes a lens element
926, polarizer 928, pin hole filter 930 and collimator 932, so that the data is fed into a

fiber optical cable 934 for input to the second spectrometer 920.



exanpl e, the sanple stage may be a reticle stage holding a reticle for
inspection. Inthe illustrated optical path a prism 817 and reflective
el enent 840 2ari@1st1own; however, it will be appreciated PORUEPAIY/0SUGE abl e
conponents may be used to direct the probe beam 814 in a known manner in
any particul ar arrangenent accordi ng t@othe physical |ayout of the
conponents. [00113] The refl ected probe beam 814 then passes through an
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"spectroneter nodul e” e type shown in Figure
(photoluminescence and scattered light) from contamination is condensed and directed to

optical spectrometers 1028, 1032, equipped with gated EMCCD units 1030, 1034.
Detection of the secondary emission process is separated on laser emission temporary and
spectrally. Thus, “noise” i.c. strain light of the laser source, will be neglected.

[00124] The secondary radiation signal is detected by spectrometers 1028, 1032 and
delayed in time with respect to the laser pulse. Fluctuation of this signal that has a
distribution different than the laser indicates presence of contamination on the sample
surface. The fluctuation comparison is done on the basis of correlation analysis of signals.
Digital delay generator 1022 receives a strobe signal from photodiode 1012 and outputs a
strobe signal to EMCCD 1030 and a strobe+t signal to EMCCD 1034. Autocorrelator
unit 1020 receives a stop signal from photon counter 1018.

[00125] Figure 17 illustrates a fourth example set-up, again for the purposes of illustration.
This is a variation of the set-up shown in Figure 16. Similar elements are illustrated with
similar reference numerals and function in the same manner as mentioned above. They

will therefore not be described again in detail.



7. The term "spectroneter nodule" can alternatively refer to the

spectroneters thenselves, with the correlator 924 being provided as a

separ at e W0I2011/0ikg2t wo spectroneters 918, 920 and/ or thectmre@basaso 924 may

be provided within the sane housing or within separate housings, as

appropriate. [00118] The correlator 924if.unctions to discrimnate the

want ed si{;nal froma noi SE/ background, as descri bed above., [00119] The beam
ug
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light) fromcontam nation is condensed and directed t
being inspected, the analysis of the time resolved spectrum provides a way to distinguish

this particle from that of the object. For particles which exhibit different magnitude
photoluminescence responses to that of the object being inspected, the time resolved
spectroscopy yields additional accuracy in the detection.

[0101] Furthermore, when time and energy resolved spectroscopy techniques are
combined, the range of particles that can be discriminated from the object to be inspected
is increased. Even if a particle exhibits a similar response to that of the object in either of
the time or energy resolved domains, it is unlikely to exhibit the same response as the
object in the other of the time or energy resolved domains. If an energy resolved
spectroscopy is carried out first, the results can be used to identify signals of interest, to
which time resolved spectroscopy can be applied. Equally, if a time resolved
spectroscopy is carried out first, the results can be used to identify signals of interest to
which energy resolved spectroscopy can be applied.

[0102] Embodiments of the methods and apparatus of the disclosure also allow the

detection of a particle on a patterned reticle without the necessity of resolving the pattern



optical spectroneters 1028, 1032, equi pped with gated EMCCD units 1030,
1034. Detection of the secondary em ssion process is separated on | aser
em ssi on wergpaves4t2zand spectral ly. Thus, "noise" i.e. sPcaiEréioghtdscof the

| aser source, will be neglected. [00124] The secondary radiation signal is
detected by spectroneters 1028, 1032 and-delayed in tine wth respect to
the | aser pulse. Fluctuation of this signal that has a distribution
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contam nants allows an I nprovenent t he apabl Ity detect particles.
Even if a since it is wavelength and/or time resolved, can achieve very good Signal-to-Noise ratio,

so single molecules and/or atoms can be detected, extending the sensitivity to extremely

small particles, for example those around or less than 20nm in size.

[0106] The inspection time can also be very fast, for example it can be under fifteen
minutes.
[0107] Furthermore, the use of the correlation techniques described above can help

distinguish the particle spectra from that of noise caused by molecular carbon
contamination on the surface.

[0108] It will also be appreciated that the embodiments described above can be used with
reflective objects/reticles, or with transmissive objects/reticles.

[0109] The embodiments described above are depicted as separate devices.
Alternatively, they may optionally be provided as an in-tool device, that is, within a
lithographic system. As a separate apparatus, it can be used for purposes of reticle
inspection (e.g., prior to shipping). As an in-tool device, it can perform a quick
inspection of a reticle prior to using the reticle for a lithographic process. FIGS. 18 to 20

illustrate examples of lithographic systems that can incorporate reticle inspection system



particle exhibits a simlar magnitude photol um nescence response to that of
an object being inspected, the analysis of the tine resol ved spectrum
provi des woway/ais41di sti ngui sh this particle fromthat ofCriPabjossso For
particles which exhibit different magnitude photol um nescence responses to
that of the object being inspected, the3stine resolved spectroscopy yields
addi tional accuracy in the detection. [0101] Furthernore, when tine and
ener gy resol MO8 aspaciprteelicdnyicet danfliCuds tardd. editli Hepectionsystamge208fis shown
particles t ] i W] | i ed |
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associ at ed irggigeod| i gnment i ssues. [0104] Enbodi nents of the nethods and
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difficult tqxﬁbbe¢me$ﬂmnmﬂVVﬁemﬂechnique of this disclosure the si gnal

comes from a projection system (e.g. a reflective projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. including one or more dies) of the substrate W.

[0112] The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0113] The support structures MT and WT hold objects, including a patterning device
MA and support structure WT respectively. Each support structure MT, WT holds its
respective object MA, W in a manner that depends on the orientation of the object MA,
W, the design of the lithographic apparatus, and other conditions, such as for example
whether or not the object MA, W is held in a vacuum environment. The or each of the
support structures MT, WT can use mechanical, vacuum, electrostatic or other clamping

techniques to hold the objects MA, W. The support structures MT, WT may include a

frame or a table, for example, which may be fixed or movable as required. The support



secondary "em ssion" which scales differently: for organic PL as ~R3, for
netal oxides the inpurities are detected (so also ~R ) . For netal

particl eswadsardied2nol ecul es on the surface are detect estCiapr2lomseti cal |y
as ~R2) . However, again this type of detection, since it is wavel ength
and/or time resolved, can achieve very2gaod Signal-to-Noise ratio,
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si ze. [0106]p0§€%nmf3?18%%}%§19?6%6% E‘at?ttﬁéﬁ% e%ﬁoﬁ’ Yol pgt, for exanple it can

be under fifteen e use of the correlation
t echni qoésd]descr iWat thboané ofathe hebcpncﬂpsinmgmllsw i ppsitibh Cedscd PEt (eag.f womM
t hat of noi se cfaused by nol ecul ar carbon contam nation on the sg face.

[0108] It wilierfarosestne dayes. dica EotHAT ©RaCIErbsdsHents sHRYES BB WowaY can
be used with, rIﬁI)‘!’@%.Cédcﬁledtéj)# eeé;ts%/ ds8b! kﬁ%n er@h‘[t B c#e’f O3hS & ¥€he Ipath of the

obj ects/reticles 0109 he” enbodi nts escrl ove are depic

separ at e dewndieSon NaneBn aimvletly, the ﬁ&\y pnayomqntPiM) aed hyothe postvh decsoa ]amay
in-tool device, that is, wthin i t hogr aphi.c stem a separate
wpparat us. |1 h thacqiBiNmseBa o ulRne Blyice FLE: RENRCSHONTERSR:Clg s,
to shi ppi ng) attSf B8 rddatlodPeaMhey| PRiterhing GRPICPEE. & OMANI MU 4l sLBSRECH ﬁaay% a
reticle prlor to using the reticle for a Ilthographlc process. FIGS. to

20 il | ust r atadigeschwiph@magk allgmnmgmamml\dl S8 wedrsulistate a&lgnmr:mtdmnb@Pé;tlb? r etl cle
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system of any of the enmbodinents illustrated in FIGS. 1 to 17, or
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radi ation bepmBs (folsde EHM(S, programmable mirror arrays, and programmable LCD panels.
Masks are well known in lithography, and include mask types such as binary, alternating
phase-shift, and attenuated phase-shift, as well as various hybrid mask types. An example
of a programmable mirror array employs a matrix arrangement of small mirrors, each of
which can be individually tilted so as to reflect an incoming radiation beam in different
directions. The tilted mirrors impart a pattern in a radiation beam which is reflected by
the mirror matrix.

[0117] The term “projection system” may encompass any type of projection system,
including refractive, reflective, catadioptric, magnetic, electromagnetic and electrostatic
optical systems, or any combination thereof, as appropriate for the exposure radiation
being used, or for other factors such as the use of an immersion liquid or the use of a
vacuum. It may be desired to use a vacuum for EUV or clectron beam radiation since
other gases may absorb too much radiation or electrons. A vacuum environment may
therefore be provided to the whole beam path with the aid of a vacuum wall and vacuum
pumps.

[0118] The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more mask tables). In such “multiple stage” machines the



radi ation). a support structure (e.g. a mask table) MI constructed to
support a patterning device (e.g. a mask or a reticle) MA and connected to
a first peei2ileme+12PM configured to accurately positi onPCHEPR@DNEIGE NQ
device MA, a substrate table (e.g. a wafer table) WI constructed to hold a
substrate (e.g. a resist coated wafer)29/and connected to a second
positioner PWconfigured to accurately position the substrate WI; and a
proj ecti on SAdditiopnltablgs mayrbstysed in p@aélo?@mep%fﬁtoneﬁgpw@y bacapsd qyh PR QUE ed

to project i r i . erni ng device
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combi nati on di: g, I | bal i.0n.
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object MA, Wis held in a vacuum environnent. The or each of the support
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respective objects MA, Ware at a desired position, for exanple with

respect to tthesgie] 2@ mayrbespsintegrabgart phthedlthagranhi¢ prpagtes, & pmplermidthe
positioner P |t r , I tr] J:

M hear encodo o @ Skt SRR The Souf B0 ek ThEh Bt Ty e e Mifne
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device (e. g.gistfTBstion Mnidlatd BSRERE defletall§, RALAL: Ble G SR FhAR R HAAR G
Patterning device (e.g., mask) MA anc? subsStrate Wnay be
(commonly referred to as g-outer and o-inner, respectively) of the intensity distribution in
a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may
include various other components, such as an integrator IN and a condenser CO. The
illuminator IL may be used to condition the radiation beam, to have a desired uniformity
and intensity distribution in its cross section.
[0122] The radiation beam B is incident on the patterning device (e.g., mask) MA, which
is held on the support structure (e.g., mask table) MT, and is patterned by the patterning
device. After traversing the patterning device (e.g. mask) MA, the radiation beam B
passes through the projection system PS, which focuses the beam onto a target portion C
of the substrate W. With the aid of the second positioner PW and position sensor IF2 (e.g.
an interferometric device, linear encoder or capacitive sensor), the substrate table WT can
be moved accurately, e¢.g. so as to position different target portions C in the path of the
radiation beam B. Similarly, the first positioner PM and another position sensor (not

shown) can be used to accurately position the patterning device (e.g. mask) MA with

respect to the path of the radiation beam B. Patterning device (e.g. mask) MA and



al i gned using mask alignnment marks M, M and substrate alignnent marks Pl
P2. [0115] The term "patterning device" should be broadly interpreted as
ref erri ngwocoarysdevi ce that can be used to inpart a ra@CatEPRMLOOEEGO W th a
pattern in its cross-section such as to create a pattern in a target
portion of the substrate. The pattern.i2gparted to the radi ati on beam may
correspond to a particular functional |layer in a device being created in
the target pobitiasnW Bax ke akgned ushapisktabignaeptaniks Mo MBndribstivde plegmnaiy
device may Re tLppspy ssive or reflective. Exanples of patterning devices

i ncl ude masks, progranmmable mrror arrays, and progranmmabl e LCD panel s.
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al ternating phase-shift, and attenuated, phase-shift, as well as various
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matrix arranggngnt of small mirrors, each of which can be individually
tilted so as to reflect an incomng radiation beamin different directions.
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by the mrrq ri.X. 117] The term "projection systenf nmay enconpass any
type of profé%ﬁﬁ%ﬂ”%%§¥gﬁ% including refractive, reflective, catadioptric,
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conbi nation thereof, as appropriate for the exposure radiation being used,
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the aid of a vacuumwall and vacuum punps. [0118] The |ithographic
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appar at us My BEoPhf e tshBASHE SBIME T XPSIvE S the s%ﬁ?él?)@rﬁ@m‘ié ég.gaﬂl%m 8Bley&IT

mask). A transm ssive type apparatus is shown in Figure
may be determined by the (de-) magnification and image reversal characteristics of the

projection system PS.

[0127] 3. In another mode, the support structure (e.g. mask table) MT is kept
essentially stationary holding a programmable patterning device, and the substrate table
WT is moved or scanned while a pattern imparted to the radiation beam is projected onto
a target portion C. In this mode, generally a pulsed radiation source is employed and the
programmable patterning device is updated as required after each movement of the
substrate table WT or in between successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography that utilizes programmable
patterning device, such as a programmable mirror array of a type as referred to above.

[0128] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0129] Figure 20 shows the apparatus of Figure 18 in more detail, including a radiation
system 42, the illumination system IL, and the projection system PS. The radiation system
42 includes the radiation source SO which may be formed by a discharge plasma. EUV

radiation may be produced by a gas or vapor, for example Xe gas, Li vapor or Sn vapor in



[0120] Referring to Figure 19, the illumnnator IL receives a radiation beam
froma radiation source SO The source and the |ithographi c apparatus nmay
be separ ave 2emntiisdi1ies, for exanpl e when the source SO i sPam/EPRT0NEI466 aser .

In such cases, the source SOis not considered to formpart of the

| i t hographi c apparatus and the radi ati-gqm-beamis passed fromthe source SO
to the illumnator IL wwth the aid of a beamdelivery system BD i ncl udi ng,
for exanpl e, Wiigh taabice diof etlesnig Iy oreaseds t%rmmlérraélab@laﬂﬁeﬁﬁaﬁwé’r range of Hee

cases the sqy c?r%nﬁg ndtRYs Q@t lﬁ‘etx%%%t £r£a ffcréilgdrhgtcg%ﬂ{rggﬂi‘@ge ga{ﬁggy&

for exanple rce |s a rrer sou

i | lum nat or ibhized plgﬁhdnby, fot ttuntifie, d’me:&mtﬂ@ll ldlsehath)BB]i’tﬁlhpBDsurEs oie(ﬁmn axathplayay
be referred to as aradlatlons ste gkt The il lum nator g}a fjnclude
an adj ust er AFF ¢ Xadjiust .V%rg)rpﬁén.‘éﬂ r%wta gé‘ﬁé’iff’?/milf%%yr‘?%ﬁ?ﬂ}llﬁ%i cf

radiation b MeraGENEF ﬁ’Je r¥diafdn. llﬁ‘%ﬁten{blaﬁln?éhtteef Sﬁ'?‘%ur% 1s ﬁé 5?91{ Eb\ﬁﬁlﬁw
) o

(commonly referred to as s-outer and s-1nner, respecti
intensity diB‘ternatblutwronnmtteddoypmilahoplsamee 60D Erpessetilfmm laasbmrceccaambﬂ Hidintrs b ed.

I n additi on, i n de. vari ous oth cO nents, such
Lo ot oarealiciof kpatie 35 i b aBBnabai Y R AT REPHT e e S Y o
condi tion thgso RiRU BhsRe/RMmiht MaWEr &rd8 ] itfaB§l whiihl Rrg¥siibnéd th bNb&nsd by

distribution in its cross section. [0122] The radi ati on beam B i s incident

on the patt expaiing ieleyiree clqaénlg:r 47rr“él$d<90nmmnam tedp 4%5mhglintlute a thansed ppoeture.
structure ( MT, . and patt rned by th tterni ng,devi ce.
arter traveraimPRas, kPP IndCaE it LBY SLAGSPY RbOBIHBAML GF RS s Bt s
passes through at dhenfyl Qjre@hitc0Ths y‘§ﬁt@ﬂﬂi‘uﬁﬁt trbICFonk OB SEDathie 49efarfh@ith@icated
target portion C of the substrate W Wth the aid of the second positioner

PW and posi thestn gelgas inglydes @éh@nebﬁmwr@rafsé@@watm the aflevi ce, |inear encoder
or Capa[ﬁiﬁdd\’? Seng %dflle&%? cﬁé{%érr %’qltl)él&dev%r&ﬁﬁ%ﬁ cdﬂ&ﬁg S?C&PF]\EF? Yoe &+ 9-
i po In the e

so as posi tion erent targ tions pat radi at i on
beam B. Si mdradihgy indideacé bomctcpqmcﬂﬁdim@so E’Meﬂr‘g&aﬂﬂgjhﬂnﬁdenpeseﬂeowrs)s ®adriof not

shown) can be used accur at el 5| tion the rning device : mask)
MA with respf@UEctPl3 b S gat¥psgra aSiatioh SplicsLadm R 2P Qw%@aéwﬁ@

55Tk M- COERUC S e e vt el l A BRTRA R
a nunber of fdtehérl todmponesetlsn usedtarmediater famgnp@si §2 at an aperture in the collector
chamber 48. The beam of radiation emanating from collector chamber 48 traverses the
illumination system IL via so-called normal incidence reflectors 53, 54, as indicated in
Figure 20 by the radiation beam 56. The normal incidence reflectors direct the beam 56
onto a patterning device (e.g. reticle or mask) positioned on a support (e.g. reticle or mask
table) MT. A patterned beam 57 is formed, which is imaged by projection system PS via
reflective elements 58, 59 onto a substrate carried by wafer stage or substrate table WT.
More clements than shown may generally be present in illumination system IL and
projection system PS. Grating spectral filter 51 may optionally be present, depending
upon the type of lithographic apparatus. Further, there may be more mirrors present than
those shown in the Figures, for example there may be 1-4 more reflective elements
present than the elements 58, 59 shown in Figure 20. Radiation collectors similar to
radiation collector 50 are known from the art.
[0131] Radiation collector 50, is described herein as a nested collector with reflectors

142, 143, and 146. The nested radiation collector 50, as schematically depicted in Figure

20, is herein further used as an example of a grazing incidence collector (or grazing



type lithographi c apparatus, the form and operation of which will be
famliar to a skilled artisan. [0124] The depicted apparatus of both FIGS.
18 and 19woauniwhibg2used in at | east one of the foll ow ngCREke&0/0fRER5] 1.
In step node, the support structure (e.g. mask table) MI and the substrate
table WI are kept essentially stationang,- while an entire pattern inparted
to the radiation beamis projected onto a target portion C at one tine
(i.e. a singhedeicstodleetepaaigior) .qurpévew@gt@@cbtog a gdiasiopedliscion Sl wkludingdai n
the X and/or_ .Y .di ' t hat-a. di : t i o

exposed. [ o1kjttohEfkh@nifr Gfkifiel bl G o P! 8RB sy
and the subdierfipticd alitrec\Whatceappliaative codlyctoh nomon SO wis \whizirg mcpighdeecollector

inparted to the radiation beamis projected onto a target portjon C (i.e. a
singl e dynari® éf@ﬁgz%m&rpreﬁqﬁiea%ql&emrynaﬁaﬁ& ABdiif gn RSN ENaRERaHIA0 Babl o
W rel ative J@mbNBcis R ieghy ucture (e.g. mask table) MI may be determ ned
by the (de-) rragni?i cation and i mage reversal characteristics of the

proj ect[0b3]syst erfivPBer, [0t oBa gratingndt, herschodatjcatlh elepispyplomt Figtireu2Q, Ll a

(e.g. mask table) M i e essenti al | tationary hol di n ra bl e
bai fer i ng. JEOPOLSVaRITEHd st gu o ettty bk LR ER i e RA A fRf T a
pattern i nparffliskRet B3 dradicAt uBRaReA AisoRSiR) 8OV 8ddiafé® afe kA6WEin PAE tdrON
C. In this node, generally a pul sed radiation source is enployed and the

pr ogr ammabl dlgeet ‘@rainggpdetvdl peritysiiitgyd at eatciadurthgyundiediedips epcetaad punbvielierit

of the substrate.table W. or in between.successive radiation.pulses ring
2 scan. T oV RGeS otfudh of Rl SR GO -EAM ShiREuy ELRE 26k

l'i t hogr aphy dideainchided g @ptifiad @pearaiingenpahiag el PIgVdeMisaissiveUusiicalsfiRers, for
programmable mrror array of a type as referred to above. [0128] )
Conmbi nat i onsngrLaHrapasd epstispy aotlpeonmaver e o ppiiad EDE &gnenisyge fifers in

ol O TRl 8 P ok iy Pl oyt 101201 e 20

syst em[0B33]t he i |Thenadiatiowtolsyesirei ib bsuadlychladed iprie) wcinitp o f shesdoaroeR ) of he

adiation system 2 |ncl e LA LACKE! LA 99U AenSOi e Tk B LGB OV
reflecting surfaces, the reflecting surfaces further from the source SO being placed at
smaller angles to the optical axis O than the reflecting surface that is closer to the source
SO. In this way, a grazing incidence collector 50 is configured to generate a beam of
(E)UV radiation propagating along the optical axis O. At least two reflectors may be
placed substantially coaxially and extend substantially rotationally symmetric about the
optical axis O. It should be appreciated that radiation collector 50 may have further
features on the external surface of outer reflector 146 or further features around outer
reflector 146. For example, a further feature may be a protective holder, or a heater.
Reference number 180 indicates a space between two reflectors, e.g. between reflectors
142 and 143.

[0134] During use, on one or more of the outer reflectors 146 and inner reflectors 142 and

143 deposition may be found. The radiation collector 50 may be deteriorated by such
deposition (deterioration by debris, e.g. ions, electrons, clusters, droplets, electrode
corrosion from the source SO). Deposition of Sn, for example due to a Sn source, may,
after a few mono-layers, be detrimental to reflection of the radiation collector 50 or other

optical elements, which may necessitate the cleaning of such optical elements.



radi ati on may be produced by a gas or vapor, for exanple Xe gas, Li vapor
or Sn vapor inwhich a very hot plasma is created to emt radiation in the
EWV r angewof2otimasabkect romagneti ¢ spectrum The very hot PpraPo®0i059460 eat ed
by causing an at l|least partially ionized plasm by, for exanple, an

el ectrical discharge. Partial pressureg9aef, for exanple, 10 Pa of Xe, Li,

Sn vapor or any other suitable gas or vapor may be required for_ efficient
gener atl0&}lof t heAlthpightspesific refernce megdicnBade mthshtoxpin e uss ofpghozarks an

ELV _ diati ) g .
cour oo chantBP TRy, i HeaReBTERRS PR, M AT ROHERION L RS TR
or cont am naippattatidpdeb&rifddnhaoitenmaasiesec altba sgifliesticad, kechass clonanufianie of

barrier or foil trap) Mérqi ch is positioned in or behind an opening in squrce
chanber 47. 'TRE{ShOFHFHaMs ! TRapeUdafay 21h(olRFEOn RHEHHel O (TPRROF(F edomain
Cont am nat | Qe 638 ‘ﬁ%t-ﬁ?n)él ais?fa NGRS &a085 fagig g]t@bs)?“[hiﬁ AATRLARLC M, 2
gas barrier and a chanhel st ugtur . The conPa ant trap or contam nant
barrier 49 faw.t her indicated herein at |east includes a channel structure,

k in th . [0130] ..Th | | ect h 48 i ncl ud
ot ot Do 1 ectbHtiossR ARy ORCE Gk G (HER dBHGG BOVE ol ghe. we of
(i ncl udi ng senifRih&fls 8F @¢1iRentibe it BRGBnIRT besitRuBlithoRagh@til R111 6OhHRELISEd 5O

has an upstream radi ation collector side 50a and a downstream radi ati on
col | ector sithe tBOmveRadi mey bhussdss ethebygppishtienst & cRamplgnmpent lithpgieplsd andf a

grating spectral filter 1 to be,.focused in an internmediate focus point 52
at an apertu‘?%er? F\hetcﬁg{%étoslloé’vcst grnogHglrlwtﬁgio %%Calrﬁtgo%rggﬁ%"of radi ati on emanating

from cqblzqt or chgbesnts “tddithseand hebehinl Uikddaticedin SHido@iPasd ¥l aypes of
so-cal l ed normal incidence reflectors 53, 54, as indicated in Figure 20 by
the radi ati cheoeRREBBIC Frigtiopripanding siltersiclet (LEY) Berges (g kping heardarstse

t tt ' - a4 ti S :
O 0. 2 BE LU ABalis 834 a8, IS FLE 198 nilfad ARG LEASHIBN R oL ARy
i maged by pr(ejgebdvinga systlemytP tHeaangf dfec20 um).edsenehdsspanicle &) achaas ion

substrate carried by wafer stage or substrate table WI. Mre el enents than
shown may gelf@MAOT GleHEOPI™Snt in illumination systemIL and projection
syst em|pisg| G at i NgiSAESTS W afprddiftbd that ilBY ARiddRRGI Yofe Qﬁ@%ﬁ“&&‘i QE‘#%_iﬂi ng
upon th[e t)}pe of Iilthograph?ﬂé*apparataué. Furt her, t%ere may be mg?e mtYrors
present thanliffrose bdtawen & first foptifdl gatheSomftbe ilaimplien $dueccetorthy dbtectdr dndvar e

ngIj: gf ;[ i)\ée Cce§:e$ n(%ﬁstgcgg S%ﬁ{%‘qr}lg ¢ ilthpn?ingtlioenmsaonl}rcsze 08th65(?etescr‘ggrvﬂloiupd Eé S %haznoél
coherence length of the illumination source. An optical path (or optical path length) is a
product of geometrical length (s) and refractive index (n) as shown in the following
equation: OPL = cfn(s)ds, where integration is along a ray. In an example case of straight
rays in two branches (from the light source to the detector) with uniform mediums, the
optical path difference (OPD) is equal to (n1*s1) - (n2*s2).

[0139] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences
of machine-readable instructions describing a method as disclosed above, or a data
storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a
computer program stored therein.

[0140] The descriptions above are intended to be illustrative, not limiting. Thus, it will
be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below. It is to be



radi ati on collector 50 are known fromthe art. [0131] Radi ation collector
50, is described herein as a nested collector with reflectors 142, 143, and
146. The woe=buadi1sadi ati on col |l ector 50, as schemati cal | pCampeeOs46n Fi gure
20, is herein further used as an exanple of a grazing incidence collector
(or grazingincidence collector mrror)3poHowever, instead of a radiation
collector 50 including a grazing incidence mrror, a radiation collector

i ncl udi ng a anerasited tef denPstadled IResedRtiavasecHan.a@lsl netdthe Happmarywpik Abstract

appl i cabl e, .| ect.0 e 0 razi LNC] e I be
i nterpreted Sgg[lldé% Fse{:ntt%ﬂrde(? 26 gb%nlésr%gltgaﬁéérﬂ%t g&s %@ﬁgi g% g%@%%@nwﬁ%é%%
nor mal i nci deaamsandy eatforth dn@lad2hofeubutheit,alli sxehgpddy eint@donaits of tixlpressit
schematically depicted in Figure 20, also a transm ssive optical filter may
be appl i ed. 1@1@%“8&anqqn@%matﬁLildwsﬁxes@w%O?(@r ag%\yh%dlrfr &8k 1 t?l}ﬂ’?grrtPs]éri‘erthF or

or even SUbZt%@&Miﬁbéﬁio%%ﬁﬁlﬁﬁﬁ.eﬁ%dr&gh@%%@75- known in the art. Hence,

"grating spectral purity "1s herein flurther indicated as "spectral
purity [Pl4kler" wHErnbodimchts @€ shegprasdnh gs/eotiont haweshries sliesceibtd hbevreswitiNgte aid of

depicted in schematic. Figure 20, but.also included.as pptiopal .opt.ical

ol irent s rmyugione oiPGhE I SuS Muginaft, PSR of RbedhEl rafthinhgand
upstream of gRLbRGKLAT thekbF OrTIROboHdaRR bf @hesEWNNtIRRS BlSEhY DISKk HIRKE YeBn
illum nation systemIL and/or projection systemPS. [0133] The radiation

col | ect or 50rbigrankyuddfingd glezadedor thet domverienasi afythefdesdiptieonurikersgr douadarichage
of the source ] h,refliector 142, 1 6.y inclyde at. |l east two
i acent r erTBor BTN £ A8 e téapeii, ST And® i Bt rBdephfe
source SO beippppletestriirmsaal | er angles to the optical axis O than the
reflecting surface that is closer to the source SO In this way, a grazing

i nci ded@8 ol | ectBre Bocgoing dercripioncal ths gresticasrabedimentn wil yEfilly reaenlahe on
ti ' i t o .0l aced

bt ant i a1 EA0nA R GRb BRGR Fadindh chE X grind SR SELR SieBnCRR oPoe

about the opht¢ eal readily nodifl tandloo utight lfer epfirue appli@tdohhatchrspdtifit icotbodmhdnest or

50 may have further features on the external surface of outer ref]ector 146
or further f¥4IYF BRAUGFRRIMERIAEIN. MathPRLIPArtngdTOMEHIC SEREIRpFACER! 4 ihg Prgpent

feature may ;RenRioR! AtHREdb¢E s ﬂif% tatiOhs A BRHEBTcatiGIRl BE SRELIAUTRR wiABA the

i ndi cates a space between two reffectors, e.g. between reflectors 142 and
143. meaning and range of equivalents of the disclosed embodiments, based on the teaching

and guidance presented herein. It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation, such that the terminology or
phraseology of the present specification is to be interpreted by the skilled artisan in light
of the teachings and guidance.

[0143] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and their equivalents.



[0134] During use, on one or nore of the outer reflectors 146 and i nner
reflectors 142 and 143 deposition may be found. The radiation collector 50
may be dewernhoveEsdad by such deposition (deterioration bpCusree®/0sssqg. ions,
el ectrons, clusters, droplets, electrode corrosion fromthe source SO .
Deposition of Sn, for exanple due to a3%n source, may, after a few
nono- | ayers, be detrinental to reflection of the radiation collector 50 or
other optical elenments, which may necessitate the cleaning of such optical
eIenentsI&0135 Althou h speC|f|c reference may be made in this text to the
use of WHAdgrapHi @ us in the nanufacture of 1Cs, it should be
under st ood t hat the | i t hographi ¢ appar atus descri bed herein may have ot her
applications, such as the manufacture of integrated optical systemns,
guudaan<%mmﬂMEﬂbeﬂmmwﬂpapfemn@eﬁdmnne@m@t|c donmi n nenories, flat-pane

di spl ays, i ay; thin filmmgnetic heads, etc.

[ 0136] Althég g?%% |é”%%?@$en§%&té§§%aVe been made above to the use of
enmbodi ment s a(hfalytzﬁh@ seevtatyl phidtdnentibgoioms @ Xic ¢lfjc@mtilhciihe tdsb Re@s@Rttyscoby, W | |
be appreciated that the invention may be used in other applications, for
exanpl @fnprint |ithography, and where the context allows, is not |inited
to optical 216lis i Q%W erein
enconpass af1&¥@%g@£o takgéﬁ%é %ﬁ%??@yﬁa ?%gkgﬁsagﬁg gﬁng trawg?[(1h

(WV) r adhialt isafiff¢rengfrothawigngl thatvaveld daghtittaf bptheabat in366 absdb&e, o 248y tid o3,

157 or 126 nm and extrene ultra-violet (EUV) radiation (e.g. having a
wavel ength in the range of 5-20 nn), as well as particle beans, such as ion
beams of BlEGLHONPARE1, \Lﬂ&gﬁﬁ]‘[hé §t615 8f ﬁlaﬁ%n{%)se@@n(ﬁ%lﬁﬁé@&ﬁgsﬁﬁs”‘ﬁoﬁﬂhé he
embodi ment's above, an optical path I ength difference between a first

opt i calobpat withrtiom teh@ved $penfrossopycospNcs eccoulinhe phigbeotinescard signskcond
optical path fromthe illum nation source to the detector should be |ess
than a coherence length of the illum nation source. An optical path (or

opt i cal3 petdimét8b@bhlain® 1 3r PBaRE ACkhatindRO BpEH&PIb & @Qﬁlbnée%)a ARgmiRf dasdel ve

i ndex (n) as shown in the follomnng equati on: ﬂ = cjn(s)ds, where
integration is along a ray In an exanple case of straight rays in two

branchep 4 AThOFSE LLATS, BRCHTA! Bl BRnFBLAR! Rl By HDES iRl urs. the

opti cal erence

5. The method of any preceding claim, further comprising the step of analyzing secondary

photon emissions from the object with energy resolved spectroscopic analysis.

6. The method of any preceding claim, used to determine the presence of metal, metal oxide, or

organic particles on the surface of the object.
7. The method of any preceding claim, further comprising a noise reduction technique.

8. The method of claim 7, where said noise reduction technique comprises a correlation

technique to remove noise from the emitted spectra.

9. The method of claim 7, where said noise reduction technique comprises chaos theory

methods.



[0139] While specific enbodi nents of the invention have been descri bed
above, it wll be appreciated that the invention nay be practiced ot herw se
t han as dweapilyas412For exanple, the invention may take Prhe/HPOI1I08546@
conput er program contai ning one or nore sequences of machi ne-readabl e

i nstructions describing a method as di-ggl-osed above, or a data storage
nediungﬁf. . sem conductor nenory, magnetic or optical disk) having such a
conput e ﬂﬂ@gﬁ%&h@%@%@@%@%i%ﬁlﬂlﬁ phag)n iiymigpsne thaphien svitiboiadiatips bpgitended
to be i . L adil ; 1wkt ng. Lt . will be apparent to one skilled
in the(%%#E%%gyhﬁgﬁ?@§%%¥fb(%{%gynggqﬁggé&?b the invention as descri bed

W t hout departing fromthe scope of the clains set out below. It is to
beappreci ated t ha e Detailed Description section, and not the Summary
and Abstlr ade @%@?4 %ﬁﬁ?lﬂ} W, ivlreesty et t@na%cqlgeé@dtwh %@@fvmr@cﬁtl% &g call¢Ror The
Summary and Abstract sections may set forth one or nore but not al

exenpl ary enbodi nents of the present invention as contenplated by the

i nvent dr2( shhe ragatblod bty cdicimet to A ended itheminatmhg thehd)qot esbntradiavenbdaon and

t he appended cl ai i N.any. . [ 0141] Enbodj nents..of .t he present invention
have bECHTESSLR PEER IR b o PR SR P ARSI L ol g bl ocks
illustrating the inplenentation of specified functions and rel ati onshi ps

t hereof . The boundari es of these functional building blocks have been

ar bi t r a3 I'Khededtherkbel daimel l wherein kaid efraxemillamération is previled droinpfoup different
Alternah%<gqyndaries can be defined so long as the specified functions and
relatio sﬁl%g‘thereof are appropriately perfornmed. [0142] The foregoing
description of the specific enbodinents will so fully reveal the genera
nature of the invention that others can, by applying know edge within the
ski |l o Themgthod of ki) ¢ arshiimyl 3awhigrsin f-axigllyampdeis isgpevifedasiadns such
specifh&nggp&ﬂhggﬂ%ga W t hout undue experinmentation, wthout departing from
t he general concept of the present invention. Therefore, such adaptations
and nodifications are intended to be within the neaning and range of

equivalents of th i scl osed odi nents, .based.on_the teaching, and

gui dancle” &ﬁ@srgﬁﬁgﬁof_ﬂ@wf g T 1 g PEIGE PRAPICFHEITY ArELNdHMor
ter m nQlopgyiOenBithd Sid r‘éﬂiaﬁ&?bﬁdr‘ﬁ RRS & Rﬁalﬁg%@ E}SIR%%S,%% 504 hih id infidbAL | on,
such t hat tﬁe Pernlnology or p raseolggy of the present specificationis to
be i nt empn ¢liceabjdny at didfestai b ddGrent inglaro the dthqylsplit beams.

16. The method of any preceding claim, performed over a first area of said object; and repeated

for sub-portions of said first area if a particle is detected.

17. The method of claim 16, comprising performing further repetitions until a desired spatial

resolution limit 1s reached.

18. Apparatus for inspection of an object, comprising a radiation source arranged to emit a
radiation beam onto the object and a spectrometer arranged to analyze secondary photon
emissions from the object with time resolved spectroscopy and to determine that a particle is
present if a time resolved spectroscopic signal is detected which is different from a signal that

would be emitted by the object in the absence of a particle.

19. The apparatus of claim 18, wherein the spectrometer is arranged to analyze time resolved

spectroscopy in respect of a photoluminescence signal.



of the teachings and gui dance. [0143] The breadth and scope of the present

i nvention should not be limted by any of the above-described exenpl ary
enbodi mrerwe,20twtisahoul d be defined only in accordance wprCh/EPR@ofost4b@W Ng
clainms and their equivalents. WHAT IS CLAIMED IS: 1. A nethod for inspection
of an object conprising: illumnating-t3Be object with a radiation beam

anal yzi ng secondary photon em ssions fromthe object with tinme resol ved
spectroscopy, and determining that a particle is present if a tinme resolved
spectr i i | cLS: i LS Al ff t . i

voul d BY crherpRRor EnflEh S bt OB R IR oo MLl | o
of cl aidevike. wherein the step of anal yzing secondary photon em ssions from
the object with time resolved spectroscopy conprises recording a

phot ol um nescence signal. 3. The method of claiml1l or claim2, wherein the
| nspectAd B B6lrakQBPLLAFS0 3 RALHHIPARAIIRY UGkee #a 1TAGe BRANPENOLiighal m 3,
wherein the patterning device I1s areticle or an EUV reticle. 5. The nethod
of any preceding claim further conprising the step of analyzing secondary

phot on gm._ssi ons fromthe.ghject w.th egner resol ved spectrosco

el yoi 2 B sPRgalis ety Sh Tt e clarRgehts HFCGuLEe sSRErR e re

pr esencradfed®ladhlyz&RicBhd ¥ bA&on @miRc#8 Mosn MBhbbjcet ®ih BhelB® o4 face of the
object. 7. The neghod of any preceding claim further conprising a noise

r educt ispecttasedmi- que. 8. The nethod of claim 7, where said noise reduction
techni que conprises a correlation technique to renove noise fromthe
emtted spectra. 9. The nethod of claim7, where said noise reduction

t echni q3e TMRMPHAISRS of AROST dINEBI B toelhgsedédmpiiam oreidi@dre@iictnymedugs edi ng
claim wherein illumnating the object with a radiati on beam conpri ses
illumnating said object at normal incidence. 11. The nethod of claim 10,

wher ei nyr adj.at.| I t e . . I I 12. The
e sk RPh T 3 QA S B ORI AU VR SR LD 12

radi ati on beam conprises providing off-axis illumnation froma nore than
one directjon. 13. The method of claim 12, wherein said off-axi

i 11 umi e i oW aipgara%9? GlalF £ oI oF1d g PF Eidugion modUle Eomprises chios theory

module.

26. The apparatus of any of claims 18 to 25, wherein said radiation source is arranged to

illuminate the object with a radiation beam at normal incidence.

27. The apparatus of claim 26, comprising a Schwarzschild type collector for collecting

radiation.

28. The apparatus of any of claims 18 to 25, comprising means to direct radiation onto the object

from a more than one direction.

29. The apparatus of claim 28, wherein said off-axis illumination is provided from four different

directions.

30. The apparatus of claim 28 or claim 29, wherein said off-axis illumination is provided as an

annular radiation beam.



directions. 14. The method of claim 12 or claim 13, wherein said off-axis
illumnation is provided as an annul ar radi ati on beam 15. The nethod of
any of clwpres11l@ds41e 14, wherein illum nating the object pairtEr2@onadsat i on
beam conprises splitting said radiation beaminto a plurality of split
beans, each of which is incident upon-t3he object at different a different
angle to the other split beans. 16. The nmethod of any preceding claim

per f or idd Tdgepparatus oé anyeledaipts 284p 40 otranisingang qrérp%ab%n&p@ﬁte@%at oittingons

of sai i . i .cle | . e .ai.m 16,
conpri oF oS Bl I BREL bE R IRRETAE of fiich BB 1000 e it

r esol utdifferchi adifferenit aigde ettlic oflBr spAppasmas.us for inspection of an object,
conprising a radiation source arranged to emt a radiation beamonto the
obj ect and a spectronmeter arranged to anal yze secondary photon em ssions
fromt j 1 i I 1 a
par ] cl | e B O D B o P e e

whi ch ieveda fifsreatof faid wbpcs agh tenttdradpesiahit detbaioarfpot subdpdationshe seidj festtarean t he
absence_.of article, 19. The apparatus of claim 18, wherein the

spect rdﬁ%?@%cf)e S4rtFdhidled to anal yze time resol ved spectroscopy in respect

of a photol um nescence signal.20. The apparatus of claim 18 or claim 19,
wherein the inspected object conprises a patterning device. 21. The

appar atds Tafc appaiatms 26 claigh 82 evhereinghpeantwot mcaey ideddnted fopesformatiinghes or an EUV
reticl S nThI(Iatﬂ%p(peaﬁaC{ usatiglfr aorf%tiocr)fc iC{t‘;ilsi e 18 to 21, wherein the wherein

t he spegm OIMET er s  PUYt Wer*dri A gedlrpo ar?a‘f)? e secondary photon em ssions
fromthe object with tinme resol ved spectroscopy. 23. The apparatus of any
of claims 18 to 22, further conprising a noise reduction nodule. 24. The
appar atifs ‘ofithogEpRcappaiais CemPEpiaS aBPE U ETuRIPLeiP R 0B b APRPIEBRS &

correl . T . i re. sal i i

rodul o edaior SurctARRReRF Buifof iy ni e BIPUR DcPRh Rk 0 g
to 25, anhBrekdrosdird phatdh amigivns dwnctheiodjcat wahged ewlvdd dpetthatcept 4rel tobj ect

with a ({adi atitgn beam at nornmal. i nci der’i

ce .. . C g
etermine that a particle is present if a time resolved spectroscopic signal is detected which is

different from a signal that would be emitted by the object.

35. A computer program product comprising instructions that, when executed upon a computer

enable it to carry out a data analysis method for use in the method of any of claims 1 to 17.

36. A method for inspection of an object, comprising:

illuminating the object with a radiation beam,

analyzing secondary photon emissions from the object with time resolved spectroscopy,
and

determining that a particle is present if a time resolved spectroscopic signal is detected

which is different from a signal that would be emitted by the object in the absence of a particle.

37. The method of claim 36, wherein the step of analyzing secondary photon emissions from the

object with time resolved spectroscopy comprises recording a photoluminescence signal.

38. The method of claim 36, wherein the inspected object comprises a patterning device.



27. The apparatus of claim26, conprising a Schwarzschild type collector
for collecting radiation. 28. The apparatus of any of clains 18 to 25,
conpri si nyoreearE 5410 di rect radi ati on onto the object frecra&rPr@odsh@n one
direction. 29. The apparatus of claim28, wherein said off-axis
illumnation is provided fromfour diffigr.ent directions. 30. The apparatus
of claim28 or claim?29, wherein said off-axis illumnation is provided as
an annudarTheaaitbed ofclyenis, stherem thegypamaa devise imyetiste ¢laai gV 2¢de 30,
conprising one or nore beansplitters for splitting said radiation beaminto
a plurality of split beans, each of which is incident upon the object at

di f f er el Thedhdthed efitlaiandy, durtleer cb@patihg thesipdp ¢f dpeBaBig s3éhndafyephapar at us  of
any of clainms 18 to 31, conprising control neans to performa detection
over a JHipsensAFum therobieqt oy IGSNEREY eVt REHIASEONE FEAYSIY he det ecti on for
sub-portions of said first area if a particle is detected. 33. The
apparatus of claim 32, wherein the control neans is adapted to perform

f ur t herdlr éfpetrd¢thohsf daiti 36, avlatesn thedlespainiag step deteuhinenthk ipndstndeofmesadhed.

34. A lithographic apparatus copprisin paratus for inspection of an

obj ect %ﬁﬁ@%@ﬁgﬁboﬁaﬁlﬁdﬁa C’%r‘?“stggflgiacﬁgfﬁﬁg@beci'o enit a radiation beamonto
the object and a spectroneter arranged to anal yze secondary photon

em ssions fromthe object with time resol ved spectroscopy and to determ ne
t hat a 4farkhconehedofmlemedft, furthes coinprsing swluging nopeacewdingié & ngisgreduciien
detectqg m@ich is different froma signal that would be emtted by the

obj ect. gﬁgqq& conput er program product conprising instructions that, when
execut ed upon a conputer enable it to carry out a data anal ysis method for
use in the method of any of claims 1 to 17. 36. A nethod for inspection of

an obj &6t , Thedngshodefdaing 43, yricraihe ngise dughpreieehnifecomprisgs aceiselatintam

anal yzi,06, 36 DAARY, ARLADANSSNANPHLAM Lhe obj ect wi th time resol ved
spectroscopy, and determining that a particle is present if a tinme resolved
spectroscopi c signal is detected which is different froma signal that

woul d be emtte the object in the apsence of a particle.
44, erﬂe rnetlgocP gf claﬁm 1%? Jwehelre the noge re uct?on technique é)ompr}ses a chaos theory

method.

45. The method of claim 36, wherein illuminating the object with a radiation beam comprises

illuminating said object at normal incidence.
46. The method of claim 45, wherein radiation is collected with a Schwarzschild type collector.

47. The method of claim 36, wherein illuminating the object with a radiation beam comprises

providing off-axis illumination from a more than one direction.

48. The method of claim 47, wherein said off-axis illumination is provided from four different

directions.

49. The method of claim 48, wherein said off-axis illumination is provided as an annular

radiation beam.



37. The nethod of claim 36, wherein the step of anal yzi ng secondary photon
em ssions fromthe object with tinme resol ved spectroscopy conpri ses

recor di ngwe 2phatiediam nescence signal. 38. The net hod of PCra&iPa01868594éMer ei n
the inspected object conprises a patterning device.39. The nethod of claim
38, wherein the patterning device is a3peticle or an EUV reticle. 40. The
nmet hod of claim 36, further conprising the step of analyzing secondary

phot on ¥hihsirastBod eloteinhd/, sricen iliyminatétedthg pbicetswithy & srdigivatbeas copipeises

anal ysi S;: . I | e . 10

ot o mipiaihegaid HELR 08, Rlo PRk Br oM SEERD LIRS PIUIRIPER o (e
sur f acebidct bidiffolehectiffedint addie tonmbt bddr gflitdleamsn 36, further conpri sing
reduci ng noi se according to a noise reduction technique. 43. The method of
claim42, where the noise reduction techni que conprises a correlation
Lechni gie fi2 h&ARY o dalSS. PEABHARGWRRL bredraRFShH Dbt and RepcEL GBI clai m
42, where the noise reduction technique conprises a chaos theory nethod.

45. Theponedrtsed safl fobtairen 186 pamiekrieidetected.um nati ng t he object with a

radi ati on beam conprises illum nating said object at normal incidence. 46.
The met hod of claim45, wherein radiation is collected with a Schwarzschild
type codol egfcQfiethddof il SELBAGShe pbEbMiRP furREFPhhitibs! UhMl RAtJiRE shitdul obj ect
with a radiati on beam conprises providing off-axis illum nation froma nore
t han orresadutieachiibis readhedThe net hod of claim 47, wherein said off-axis
illumnation is provided fromfour different directions. 49. The nethod of
claim48, wherein said off-axis illumnation is provided as an annul ar

radi at isn Aegipakus Hhéspeitidadrah objead, Bdrfrisiher ein i1l um nating the object
with a radiation beam conprises splitting sald radiation beaminto a
plurality ofam@plafipn pugeasarrangeth taomifairediation hoge epsgthobinsttand obj ect at
different a djf I 0 j

cl ai m 36, pé% S%ﬁggggvgggggq%}%%Rg?gggﬁgmggbg%ggjec(?mgﬁgnggggggégaﬂéﬁﬁe
subpor treqiscdadpestaisdopyi arsitto deeamink tieat papattiodd B prentaf e ciedesdbeed spharosedgiod of

claim51, rising performng further repetitions until a desired spatial
r esol utsi:ll-%ﬁ ]?Si eetedavhi éﬁ%@rentgfrom a spgnal that would be ermtte({ by the o Jeect in the P

absence of a particle.

54. The apparatus of claim 53, wherein the spectrometer is arranged to analyze time resolved

spectroscopy in respect of a photoluminescence signal.
55. The apparatus of claim 53, wherein the inspected object comprises a patterning device.
56. The apparatus of claim 55, wherein the patterning device is a reticle or an EUV reticle.

57. The apparatus of claim 53, wherein the wherein the spectrometer is further arranged to

analyze secondary photon emissions from the object with time resolved spectroscopy.
58. The apparatus of claim 53, further comprising a noise reduction module.

59. The apparatus of claim 58, where the noise reduction module comprises a correlator.



53. An apparatus for inspection of an object, conprising: a radiation
source arranged to emt a radiation beamonto the object; and a

spect r omewvenoarmatiged t o anal yze secondary photon em ssiPOm&EPRo10MTI4hE Obj ect
with tinme resolved spectroscopy and to determne that a particle is present
if a tinme resol ved spectroscopi c signal37i.s detected which is different from
a signal that would be emtted by the object in the absence of a particle.
54. Thélapharappaatusf eln AP sBherakanaise reprctiop sxadulpronsiispsa shaos Moy t o

anal yze ti e resolved spectroscopy in respect of a photol um nescence

si gnal . . The apparatus of claim53, wherein the inspected object
conprises a patterning device. 56. The apparatus of claim 55, wherein the
patterning device is a reticle an E reticle. 57. The apparat us of

cl ai m 3, Thsaneiatus REaRhe/rer 3, Wl“éef%lﬁé@gv iy souEceriy, prafiged & ﬁ@ﬁg@%}ef
a”a|yZQﬁ@ﬁ%Qﬂﬂ%ﬁXmﬁh&{&%n?ﬂhﬁ%h%ﬁﬁmﬁ%&%‘the object with tine resol ved
spectros . apparatus of claim53, further conprising a noise
reducti on nodule 59. The apparatus of claim58, where the noise reduction

nodul e co i ses rrel 60. . The o 8, mwhere the
o1 se. B BRHIN AT ElGD A TGRS kSR RGBSR B S OTde OB TS par at us
of any ghiadign. 53, wherein said radiation source is arranged to illum nate

the object with a radiation beam at nornmal incidence. 62. The apparatus of
clain1§1 conprising a Schwarzschild type collector for collecting

radi ati 63 Th atus_of claimb3

o at i0n TBREsreADs 3T S esins il B4 10 SR e AR TEROR chiRelhbfE marear us
of cl aithaBshe Wherien.n said of f-axis |Ilun1nat|on is provided from four
different directions. 65. The apparatus of claim®63, wherein said off-axis
illumnation is provided as an annul ar radiation beam 66. The apparatus of
claim Pt t : : tion
peam | nrb SRAPREBRe O 85, TRGn TR Wby SPGB DRt

obj ect dtecdorfst erent a different angle to the other split beans.

65. The apparatus of claim 63, wherein said off-axis illumination is provided as an annular

radiation beam.

66. The apparatus of claim 63, comprising one or more beamsplitters for splitting said radiation
beam into a plurality of split beams, each of which is incident upon the object at different a

different angle to the other split beams.

67. The apparatus of claim 53, comprising control means to perform a detection over a first arca
of said object; and then to repeat the detection for sub-portions of said first area if a particle is

detected.

68. The apparatus of claim 67, wherein the control means is adapted to perform further

repetitions until a desired spatial resolution limit is reached.

69. A lithographic apparatus comprising:
an apparatus for inspection of an object, comprising:

a radiation source arranged to emit a radiation beam onto the object; and



67. The apparatus of claim53, conprising control nmeans to performa
detection over a first area of said object; and then to repeat the

det ect i orwbDap1igubsiporti ons of said first area if a part PCTEPRGIOGM46Ct ed.
68. The apparatus of claim67, wherein the control neans is adapted to
performfurther repetitions until a deggred spatial resolution limt is
reached. 69. A lithographic apparatus conprising. an apparatus for

i nspection of an “offceEaMeteiinRed ingnalyze sefoadiy phevncedssimsdingethetadieshi t a

radi ati e
secondaV?;E/h Rﬁgtq%)sﬁﬂ;ee?n é%qlgggs)d rom?ﬁgg@% ot V\Ag?]{%% elﬁg{ reso‘ldv g%g’!:‘%ééoscopy
and to s@ecttﬁrsmpaesﬂghahs dctpacd aich is 61ffrem1$ €éoin 4 §igeal tharevouksled sretked by the

spect rg)z)c;og1 c signal is detected which is different froma signal that

woul d B®I€Hkitted by the object. 70. A conputer readable nmedi um having
stored thereon conputer-executable instructions that, if executed by a
conputer, cause the conputer to performa data anal ysis nethod conpri sing:
i1 um ik iAlgoraputolbljeedetblemltdﬁum lnaazdiga&témd tltw@mm coanpakey zixngutahde onthactionp Het,oh
em ssi ons fr(&gn t he ob ect with resol ved ect rosco and determ ni ng
that a PEFHFEPR? F%mB? &k Spscithe %DHEI? P 8%???%81 BEBE VYIS EEHI SPBRAINE s

det ect ed whijgfiminatiAl b 8RBt wHE M EatRndREN, t hat woul d be emtted by the
object in the absence of a particle.
analyzing secondary photon emissions from the object with time resolved spectroscopy,

and
determining that a particle is present if a time resolved spectroscopic signal is detected

which is different from a signal that would be emitted by the object in the absence of a particle.



