P-1508.010 -1 Title: Method and device for measuring contam nation of a
surface of a conponent of a |ithographic apparatus FlI ELD AND BACKGROUND OF
THE | NVENTI ON The present invention relates to a nmethod for measuring
contam nation of a surface of a component in a |ithographic projection
appar at us. %W%OB%Y@”t'On also relates to a |ithographic projection
apparatus. Thé invéntion further relates to a device nanufacturlng met hod
and a conputer program product. The term "patterning nmeans" as here

enpl oyed should be broadly interpreted as referring to neans that can be
used to endow an incom ng radiation beamw th a patterned cross-section,
corresponding to a pattern that is to be created in a target portion of a
substrate; the term"light valve" can also be used in this context.
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portion, such as an integrated circuit or other device (see below). Examples of such

patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various
15  hybrid mask types. Placement of such a mask in the radiation beam causes selective
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective
mask) of the radiation impinging on the mask, according to the pattern on the mask. In the
case of a mask, its corresponding support structure will generally be a mask table, which
ensures that the mask can be held at a desired position in the incoming radiation beam, and
20  that it can be moved relative to the beam if so desired;
- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The basic
principle behind such an apparatus is that (for example) addressed areas of the reflective
surface reflect incident light as diffracted light, whereas unaddressed areas reflect incident

25  light as undiffracted light. Using an appropriate filter, the said undiffracted light can be

filtered out of the reflected beam, leaving only the diffracted light behind; in this manner,




t he beam becones patterned according to the addressing pattern of the

matri x-adressable surface. An alternative enbodi nent of a programabl e
mrror array enploys a matrix arrangenent of tiny mrrors, each of which
can be individually tilted about an axis by applying a suitable |ocalized
electric fi?'&?SEﬁ by enpl oyi ng pi ezgel ectric actuation nmeans. Once agai n,
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reflect an incomng radiation beamin a different direction to unaddressed
mrrors; in this manner, the reflected beamis patterned according to the
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t hat has_been Co%te with a layer of radiation-sensitive material (resist).
In geneldl , Tequip wafer will contain a whole network of adjacent target

por Lo AL 3 & SUERRSRLYELD G AUNSLRmI ATt ABLSELID s F Ui
States Patent US 5,229,872, which is incorporated herein by reference. As above, the
support structure in this case may be embodied as a frame or table, for example, which
may be fixed or movable as required.

20 For purposes of simplicity, the rest of this text may, at certain locations, specifically
direct itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus may be used, for example, in the manufacture of

25  integrated circuits (ICs). In such a case, the patterning means may generate a circuit pattern
corresponding to an individual layer of the IC, and this pattern may be imaged onto a target
portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has been
coated with a layer of radiation-sensitive material (resist). In general, a single wafer will
contain a whole network of adjacent target portions that are successively irradiated via the

30 projection system, one at a time. In current apparatus, employing patterning by a mask on a

mask table, a distinction may be made between two different types of machine. In one type




mask table, a distinction may be nmade between two different types of
machine. In one type P-1508.010 -3 of I|ithographic projection apparatus,
each target portion is irradiated by exposing the entire nask pattern onto
the target portion in one go; such an apparatus is comonly referred to as
a wafer stegp&b g{ostep-and-repeat aggaratus. In an alternative apparatus,
commonl y FePdd0% o0 as a st ep- and- stan apparatus, each target portion is
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of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation

20  (doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices may be mounted on a

25  camer, connected to pins, etc. Further information regarding such processes may be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.

For the sake of simplicity, the projection system may hereinafter be referred to as
30  the "lens"; however, this term should be broadly interpreted as encompassing various types

of projection system, including refractive optics, reflective optics, and catadioptric




For the sake of sinplicity, the projection system may hereinafter be
referred to as the "lens"; however, this term should be broadly

i nterpreted as enconpassi ng various types of projection system including
refractive optics, reflective optics, and catadioptric P-1508,010 -4

syst ens, fo? @%@gﬂh The radiation §%Sten1nay al so include conponents
operating C g to any of these design types for directing, shaping or
controlling the projection beamof radiation, and such conponents may al so

be referred to bel ow, cohfsgﬁlﬁlve or sin ularly as a "lens". Further,
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considered as being replaced by the more general terms "mask”, "substrate” and "target
portion”, respectively.
In the present document, the terms “radiation” and *beam” are used to encompass
20  all types of electromagnetic radiation, including ultraviolet (UV) radiation (e.g. with a
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation
(e.g. having a wavelength in the range 5-20 nm), as well as particle beams, such as ion
beams or electron beams.
In general, the surfaces of components of a lithographic projection apparatus get
25  contaminated during use, for example because of hydrocarbon molecules which are always
present in the apparatus, even if most of the apparatus is operated in vacuum. It should be
noted that in general an EUV lithographic projection apparatus is a closed vacuum system.
Contamination may also be caused by other materials, such as, but not limited to, reactants
from radiation induced cracking of hexa-methyl disilazane or other silicon containing

30 materials, for example oxides of silicon. Especially in an apparatus using DUV or EUV,




noted that in general an EUV |lithographic projection apparatus is a closed
vacuum system Contam nation may al so be caused by other materials, such
as, but not limted to, reactants fromradi ation induced cracking of

hexa- met hyl disilazane or other silicon containing materials, for exanple
oxi des of s'g,l fgﬁﬁ@l Especially in an paratus using DUV or EUV, P-1508.010
-5 the conpon Hay suffer from cortam nation by carbon-cont ai ni ng
materials due to radiation induced cracking of hydrocarbon nol ecules. In
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further proviedgise. acdrithhogiicapborfipdiieisect i on apparatus according to claim
24. According to_a further aspect of the invention a_device manufacturing
met hod accor di nghvsp centselpnd knowledee,of the gontpminatien ppdesiredhe i nventi on
provi des a conmputer program product as clained in claim26. Such
apparatus, method and program allow neasuring a property of contam nation
of a surfac8UMMARY OFODHEINMENTIGINCt i on apparatus. Specific enbodi nents
of the jpvention_ are set forth_in the dependent clajinms. Further details,
aspect s12nd emboliiHErEEAl SPIEcher hRPERENIRRIPY Leroyide arnefhed Fanmepsyring

contamination of a surface of a component in a lithographic projection apparatus. The

invention therefore provides a method according to claim 1.
By such a method at least one property of the contamination can be measured
because the received radiation is at least partly dependent on the contamination.

20 The invention further provides a lithographic projection apparatus according to
claim 24. According to a further aspect of the invention a device manufacturing method
according to claim 25 is provided. Furthermore, the invention provides a computer
program product as claimed in claim 26. Such apparatus, method and program allow
measuring a property of contamination of a surface in a lithographic projection apparatus.

25 Specific embodiments of the invention are set forth in the dependent claims.
Further details, aspects and embodiments of the invention will be described, by way of

example only, with reference to the attached drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1 schematically shows an example of an embodiment of a lithographic

projection apparatus according to invention.




exanple only, with reference to the attached draw ng. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG | schematically shows an exanple of an enbodi nent of a

| it hographic projection apparatus according to invention. P-1508.010 .6
FIG 2. shows a side view of an exanple of an enbodi ment of a EUV

i1 lum nati n? %ﬁi)tl m and projection gptics of an exanple of an enbodi nment

of a lithog élpsﬁ‘ rojection apparatlis according to the invention. FIG 3
schematically shows a first exanple of an enbodi nent of a neasuring device
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FIGs. 7A and 7B show graphs of the reflectivity as a function of electromagnetic
radiation wavelength of two types of multi-layer mirrors with and without contamination
by a layer of carbon.

15 FIGs. 8A and 8B show graphs of a simulation of the reflectivity of a multi-layer
mirror surface as a function of wavelength for contamination with carbon or silicon-oxide
layers of different thickness.

FIG. 9 schematically shows a block diagram of a section of a processor device
which can be used in the examples of FIGs. 3-5.

20 FIG. 10 shows a graph of a simulation of the reflectivity of a multi-layer mirror
surface as a function of carbon contamination thickness for different angles of incidence of

radiation from an infrared laser.

DETAILED DESCRIPTION

25 FIG. 1 schematically depicts an example of an embodiment of a lithographic
projection apparatus 1 according to the invention. The lithographic projection apparatus 1
typically comprises a radiation system Ex, IL, for supplying a projection beam PB of
radiation (e.g. UV or EUV radiation). In this particular case, the radiation system also
comprises a radiation source LA; a first object table (mask table) MT provided with a mask

30  holder for holding a mask MA (e.g. a reticle), and connected to first positioning means PM

for accurately positioning the mask with respect to item PL; a second object table WT




typically conprises a radiation systemEx, IL, for supplying a projection
beam PB of radiation (e.g. W/ or ELTV radiation). In this particular case,
the radi ation systemalso conprises a radiation source LA, a first object
table (mask table) MI provided with a mask hol der for holding a mask MA
(e.g. a ret'cllssﬁ%,o ﬁnd connected to f|7rst positioning neans PM for
accurately B‘ i) ing the mask with'‘respect to item PL; a second object
table WI P-1508. 010 -7 provided with a substrate hol der for holding a
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t he apparat us air mrrors
| atter scenarstrﬁ)wnsnﬁxi tfhebeelrcaisiéion will generally comprise various other components,

such as an integrator IN and a condenser CO. In this way, the beam PB impinging on the
mask MA has a desired uniformity and intensity distribution in its cross-section.
20 It should be noted with regard to FIG. 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is
a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus
{(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
25  the source LA is an excimer laser. The current invention and claims encompass both of
these scenarios.
The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having been reflected by the mask MA, the beam PB passes through the projection
system PL, which focuses the beam PB onto a target portion C of the substrate W. With the

30  aid of the second positioning means PW (and interferometric measuring means IF), the

substrate table WT can be moved accurately, e.g. so as to position different target portions




the source LA is an exciner |laser. The current invention and clains
enconpass both of these scenarios. The beam PB subsequently intercepts the
mask MA, which is held on a mask table MI. Having been reflected by the
mask MA, the beam PB passes through the projection system PL, which
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aid of the secon 3 posi tioni ng neans (and interferonetric measuring neans
|F), the substrate table WI' can be noved accurately, e.g. so as to
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essentially the sane“scena except a given target portion

C i s not exposedliln seepahody, ehe ﬁnhﬁsmble M”nistl@dcsséﬂiteﬂllyasimhad;i aand\ﬂh émgirerovabl e
ina given direction (the so-called "scan diregtion”

direction) WasRmagsieppIcctediy ongge (1.4 RS %h)cﬂilt%ééﬂ%gﬁg’or%‘mcgug@d to
scan over aslfﬂ%&ﬁtet QﬁvrflT ?sﬁt@@ﬁ‘&ﬁ:ﬁ@& {Vthe k*&ﬁd/%%'??]ﬁxfe@ﬁcﬁms sb 2t @ dY¥ferkst farget
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In this manner, rel ati eI | arge .t ar or.tion.C can b
Wi t hout Fhav' ng tg Ig %ﬁqtla&gms pa nario applies, except ataglven target

portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
the projection beam PB is caused to scan over a mask image; concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed V =My, in

20  which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.

FIG. 2 shows an example of a projection optics system PL and an example of a

radiation system 2 which can be used in the example of a lithographic projection apparatus

25 1 of FIG. 1. The radiation system 2 comprises an illumination system IL with an
ilumination optics unit 4, The radiation systern 2 may also comprise a source-collector
module or radiation unit 3 . The radiation unit 3 is provided with a radiation source LA
which may for example be formed by a discharge plasma, a laser produced plasma or
otherwise. The radiation source LA may employ a gas or vapor, such as Xe gas or Li

30  vapor in which a very hot plasma may be created to emit radiation in the EUV range of the

electromagnetic spectrum. The very hot plasma is created by causing a partially ionized



FIG 2 shows an exanple of a projection optics system PL and an exanpl e of
a radiation system 2 which can be used in the exanple of a lithographic
projection apparatus 1 of FIG 1. The radiation system 2 conprises an
illumnation systemIL with an illum nation optics unit 4. The radiation
system 2 na§ %EEQQBOnprise a source-collector nodule or radiation unit 3 .
The radi ati 6r9Ai%Y%3 s provi ded wi t1P-a radi ation source LA which may for
exanpl e be forned by a discharge plasma, a | aser produced plasna or
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The col |l ector chanber 8 conprises a radiation collector 10 which according
to the present Theeslldctr chambartheanirisena gpdationgollegodEhwbichakcéardingto the
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monitor a par gurface | ens as ne ore nore
properties {fumination optics unit 4 and the projection system PL.

As is illustrated in FIGs. 1 and 2, the lithographic project apparatus 1 has examples

of measurement devices 100 according to the present invention. The measurement device

20 100 can monitor a part of a surface in the lens PL and measure one ore more properties of
the contamination of the surface. As shown in more detail in FIG.3, the measurement
device 100 comprises a radiation transmitter device 101 and a radiation receiver device
102, The measuring device 100 further has a processor device 103 communicatively
connected to the radiation receiver device 102.

25 In FIG. 3, the radiation transmitter device 101 can irradiate at least a part of a
surface 201 of a component 200 in the lens PL with radiation 104. In FIG. 3, the surface
201 is contaminated with a layer 202 of contaminating material. The radiation receiver
device 102 can receive radiation 105 from the surface 201 and the processor device 103
can determine a property of the contamination layer 202 from the received radiation. The

30  projected radiation is modulated in one or more aspects by the surface or the contamination

and thus the received radiation received at the receiver is a modulated radiation. The



the contam nation of the surface. As shown in nore detail in FIG 3, the
nmeasurenment device 100 conprises a radiation transmtter device 101 and a
radi ati on receiver device 102. The nmeasuring device 100 further has a
processor device 103 comruni catively connected to the radiation receiver
device 102. In FIG 3, the radiation transmtter device 101 can irradiate
at least a PBa¥08810a surface 201 of-18-conponent 200 in the lens PL wth
radiation 104. In FIG 3, the surface 201 is contamnated with a |ayer 202
of contam nating material. The radiation receiver device 102 can receive
radi ati on 10®dfilatechaspesismay fyexabpledredhe (relafive)antessity efdhe radiatios, scatiering of
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grazing incidence. At the part of the surface 201 which is exposed to the EUV radiation,

growth of a thin C film ( layer 202) is induced due to radiation induced cracking of

20  carbohydrates. Thus, the contamination is supposed to be of a carbon containing material
in this example. However, the contamination may likewise comprise different constituents,
such as for example materials containing silicon or silicon-oxide or other oxides or
otherwise, resulting for example from radiation induced cracking of photo-resists or
otherwise.

25 The contamination may for example likewise comprise salt formations grown on
the surface, such as dendrite salt structures. Without being bound to theory, the origin of
such salt structures appears to be refractory compounds being present at very low
concentrations (in the range of some parts per million to some parts per billion) in the
purge air and is even found in purified nitrogen used for special purging purposes.

30 Irradiation induced chemical (surface) reactions of silanes, sulfates or phosphates in

combination with the presence of other gaseous contaminants such as oxygen, water,



growh of a thin Cfilm( layer 202) is induced due to radiation induced
cracki ng of carbohydrates. Thus, the contam nation is supposed to be of a
carbon containing material in this exanple. However, the contam nation may
| i kewi se conprise different constituents, such as for exanple materials
containing silicon or silicon-oxide or other oxides or otherw se,
resulting ferlsesanpl e fromradi ati on-litlnduced cracki ng of photo-resists or

ot herwi se. The contam nation nmay for exanple |ikew se conprise salt
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the radi ation received by the radiation receiver device 102. Likew se, the
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types of materials present 1n the radiation, as 1s described in nore detail
with comparison types of materials present in the radiation, as is described in more detail with

reference to FIGs. 8A and 8B.

The processor device 103 may also compare a value of the determined property

with a reference value. The processor device 103 may for example compare the determined
20 thickness with a predetermined value for the maximum allowed thickness and output a
signal if the determined thickness exceeds the predetermined value. Thus, an automatic
contamination detection can be obtained and for instance an operator of the apparatus may
be wamed that the surface 201, and optionally other parts of the apparatus, needs to be
cleaned. The processor device 103 may likewise determine that the surface is cleaned to a
25  sufficient degree and automatically stop the cleaning to prevent overcleaning. A cleaning
method or cleaning device may be used as described in the European patent application
02080488.6, which patent application is incorporated herein by reference.
In FIG. 4 a second example of a measurement device 100 is shown, which device
comprises a radiation transmitter device 101, a first radiation receiver device 102, a second
30 radiation receiver device 107 and a processor device 103. The radiation from the radiation

transmitter device 101 is split by a beam splitter 106 in a first radiation beam 1041 and a



reference to FIGs. 8A and 8B. The processor device 103 nay al so conpare a
val ue of the determ ned property wth a reference value. The processor
device 103 may for exanple conpare the determ ned thickness with a
predeterm ned value for the maxi num all owed thi ckness and output a signal

I f the determ ned thickness exceeds the predeterm ned val ue. Thus, an
automatic BoRP8MilBati on detection cd®-be obtained and for instance an
operator of the apparatus may be warned that the surface 201, and
optionally other parts of the apparatus, needs to be cleaned. The
processor deaciopé bd0d ofeagidtiok d i3 cltedfiret nadliabon heam 104 sprdjected ds thel swefaes] t o
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application is incorporated herein by reference. In FIG 4 a second exanple
of a measur ssvend rageationgeded®r 102. shown, which device conprises a radiation
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fluctuations of the radiation emitted by the transmtter 101, such as
changes in fifidcs sncerding tp the inyaniiene dhereby.ductuationsin the frangmitted ragiatipg e
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can be substantially constant over time. However the measuring device may likewise use radiation
which changes over time, for example radiation which varies in intensity or wavelength in
time. The measuring device may for example be a heterodyne measuring device. In
20  general, in heterodyne methods or devices a signal is mixed with a signal of a different
frequency and via a suitable reverse mixing process the original signal can be obtained.
Heterodyne detection techniques are generally known in the art of signal processing and
for the sake of brevity are not described in full detail.
Such a heterodyne measuring device may for example be implemented as in FIG. 4,
25  in which example the radiation transmitter device 101 is a modulated radiation transmitter
device outputting radiation with a temporally modulated varying amplitude. The
modulation may be obtained for example by varying the power supplied to the transmitter,
using a chopper or an electro-optical modulator or otherwise. In FIG. 4, the processor
device 103 comprises a lock-in amplifier 1031, which is generally known in the art of
30 electronics and for the sake of brevity will not be described in detail. The lock-in amplifier

1031 has a reference input 1032 communicatively connected to the radiation transmitter



determ ned, thus achieving a high sensitivity even for very thin layers. A
measuri ng device according to the invention may use radiation which is kept
substantially constant over tine. However the nmeasuring device may | i kew se
use radiation which changes over tine, for exanple radiation which varies
in intensity or wavelength in tine. The measuring device may for exanple
be a het erodyzegmgasuri ng device. |In.jgeneral, in heterodyne nethods or
devices a signal is mxed with a signal of a different frequency and via a
suitabl e reverse m xi ng process the original signal can be obtained.
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determ ne one or nore properties of the contam nation, such as thickness,

posi ti on of radigsioposuchis peatictd lght-ot her wi se. A heterodyne measuring device
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exanpl e be afeastiringrievicdeiccofdinpnthé itlentiorg ey radfatioh hawsernarieddifferantiydyne
each measuring device, thus reducing cross-talk between different measuring devices. For
example, if two or more measuring devices according to the invention are used, each
device may have a unique modulation frequency. Furthermore, radiation of different
20  wavelengths can be used. Such differences, e.g. in the modulation frequency, may also be
applied locally. For example, a single measuring device may measure two or more
components each illuminated with radiation modulated with a different frequency,
whereby each component may be monitored separately. In a similar manner, a measuring
device may measure different portions of the surface of a single component with
25  differently modulated radiation.

A measuring device according to the invention may be implemented in any manner
suitable for the specific application. A measuring device may for example have one or
more radiation transmitter devices and/or one or more radiation receiver devices. The
transmitter and receiver devices may be similar or differing from each other, for example

30  two transmitters providing different types of radiation can be used together with suitable

receivers. The radiation transmitter device may for example include an InGaAs-laserdiode



measuring device according to the invention is relatively non-sensitive to
background radiation, such as scattered light. In a |ithographic apparatus
according to the present invention having two or nore nmeasuring devices
according to the invention, the radiation may be varied differently for
each neasuring device, thus reducing cross-tal k between different measuring
devi ces. FoP-158%&kl e, if two or nord4measuring devices according to the

i nvention are used, each device nmay have a uni que nodul ati on frequency.
Furthernore, radiation of different wavel engt hs can be used. Such
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surface of dedigmhe faoexpopkrincluie bphatpdibde antable foprhgbiairggthe apkicafid mdiatign

nmeasur i device accarding to the inventio be. i ppl enented.in_an
manner  Zui OLBPETYE Lk uatniler ey aAPF a2 st ephissile FYTIFTEL e dPRR P or
exanpl e haveehdiafén sotREELA 3Rl dxampld G | hely HEMsGRSe Bedealas AMAnGhitePr €
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simlar or dévi¢einiamedsuong dexibe atchuling foche swantione as isshowans the axemple of
provi di ng diFL(téeSrent types of radiation can be used together with suitable
receivers. "radi ation transmtter device may for exanple include an

| nGaAs- | aser di odgh&exdiifle 819 nredéiring delice Bccip@ing esitHeinwdtibe aF FIG. 5, has two
t el econmuni cati on network systenms, which diodes in general  operate wiith a
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radi ati on recelver ~device nay for exanple Tnclude a photodi ode suitable
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i nvent i bh obf falifatioh refleetedtbyathe swrdica] i.o diffezen iveseledgths 08 theb2¢ctddradmfiomiInch
one radiati ?hrtla e&%%%{evo%‘rFIg?g,i 1(tzles a]s'guzmgdat?latrb%?f{h\é?‘adiation from the transmitter 101 and
the radiation source LA are more or less monochromatic. However, it is likewise possible
to use a transmitter device which transmits radiation with different wavelengths and to
receive the radiation with two or more suitable receiver devices, each device sensitive to
20  radiation of a different wavelength.

In a device or method according to the invention, the radiation may for example be
electromagnetic radiation in visible, near infra red (NIR), infrared (IR) or far infrared (FIR)
range. The radiation may be generated by a laser device or a broadband light source.
Radiation in these ranges is especially suited to determine the thickness of contamination

25  with carbon-containing materials, Carbon containing materials absorbs light in these
ranges, thus contamination with carbon containing materials results in a loss of reflection
and can be detected accurately. Furthermore, laser light is collimated, monochromatic,
non-destructive, and measurable with high resolution.

In the examples of FIGs. 3 and 4, radiation reflected by the surface is detected by

30 the radiation receiver device. Thereby, the measurement device has a high sensitivity since

the light travels through the contamination layer twice. In the examples of FIGs 3 and 4,



radiation fromthe transmtter device 10 1 and the other receiver device
107 can receive radiation 300 fromthe radiation source LA In this
exanple, the radiation source LA enmits DUV or EUV radiation while the
transmtter device 101 transmits optical radiation outside the DU or EUW
range. Thus, the receiver devices 102, 107 measure different properties of
radi ati on r @fl156810¢d by the surface, i15e. different wavel engths of the
reflected radiation. In the exanple of FIG 5, it is assunmed that both the
radiation fromthe transmtter 101 and the radiation source LA are nore or
| ess monochiRnRbGitteran@uRrecditeriafe pdsitRINes Bn BRSHHRIstle dfAhélé@nForlehfBFM t T er
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In case optical radiation is used, the radiation transmitter device may comprise a

low power laser diode to prevent an additional heat load. Heating may also be prevented by

20  projecting the radiation of the radiation transmitter device on a large area of the surface,
resulting in a low amount of radiation power per surface area. Also, a short measurement
time may be used to overcome that problem. It was found that for the measurement of
carbon growth a measurement rate of equal or below 1 measurement per min with optical
radiation in the (near) infrared range is sufficient to monitor the contamination process

25  with a large degree of accuracy. However, the invention is not limited to such
measurement rate and any suitable measurement may be used. The measurement rate may
likewise be varied. For example, two or more different measurement rates may be used.
For instance, during a standard operation of lithographic projection apparatus, a first
measurement rate may be used, and for example during a cleaning or (directly after)

30  maintenance of the apparatus a second measurement rate is used. The second rate may for

example be higher than the first measurement rate. For example, the first measurement rate



surface and the transmtter may be above the surface or vice versa. In
general, in an apparatus according to the invention an on-line analysis of
contam nation, i.e. without switching the apparatus off, is possible
because a neasurenent device or method according to the invention does not
interfere wwth the functionality of the optical systemin the apparatus.
Fur t her nor ep-Miogw10he radiation is lager light the radiation my for
exanple be transmtted froma | aser source outside the optical systemor at
a distance of the optical conponent and be directed to the surface via an
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for exanple by moving the transmtter th respéct to the surface or by
scanni ng was pro_;ected using a diode-laser, and the reflection at 45° angle of incidence of an EUV

mirror with a carbon layer ranging from 4 to 7 nm thickness was measured. In this
experiment the reflected beam was directly measured, i.e. no heterodyne detection. For the
carbon layer, the absorption ranges from 4 to 6%, with respect to the reflection at an area

20  without a carbon layer. For this arrangement a maximum absorption was found at an angle
of incidence between 10 and 50 degrees with respect to the mirror normal. The absorption
can be increased by choosing a wavelength for which the absorption cross-section of
carbon is higher. Generally speaking the absorption increases both for lower wavelengths,
e.g. lower than 780 nm and wavelengths in the IR regime, that is optical radiation with a

25  wavelength larger than 1 micrometer. As is indicated by arrows in FIG. 6, at the position of
the contamination a significant drop in reflectivity is measured. In FIG. 6 this occurs at
x=9 mm and x=13 mm, as indicated by the arrows. Furthermore, in FIG. 6 the difference
in relative reflectivity for different values of the contamination layer thickness is clearly
visible.

30 FIG. 7A shows the results of a simulation of the reflectivity (normal incidence)

versus the wavelength of light for an uncapped Mo-Si multi-layer mirror, that is a multi-



a beam of radiation along the surface for exanple using one or nore
mrrors. In the case that the device irradiate various parts of the
surface, nmeans may be provided to direct the radiation beamto a plurality
of positions. Suitable neans to achieve this nmay keep the surface fixed and
defl ecting the neasurenent beam or nove the radiation transmtter with
respect to PHeOBOi®ace, keeping the +tFasurenent beam and noving the
surface, using a plurality of measurenent beans or otherwise. FIG 6 shows
experinmental results of the relative reflectivity in the near infrared
(NI'R) regi omyat @itoraviBus baERe tHRE sifiiatetie Wileh 13clsaF BE. 18 stoavshesuleiof B a
varying thickness. 1n the experinents illustrated wth the graph of FIG
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di fference <" PEFRHPPef| ectivity for different val ues of the
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results of a sinulation of the reflectivity (noimal incidence) versus the
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capped mirror with the dashed line indicating a mirror with contamination and the solid
line indicating a clean mirror surface.
It is found from these simulations that a method or device according to the
20  invention using optical radiation having a wavelength in the infrared range, especially
between 1 and 2 micron and in particular between 1.2 and 1.7 um, provides the highest
sensitivity, i.e. largest modifications of the reflectivity, as may be derived from FIGs. 7A
and 7B. Figs. 7A and 7B further show that for wavelengths between 0,5 and 1 micron, the
reflectivity of a multi-layer mirror with carbon containing contamination is higher than the
25  reflectivity of a multi-layer mirror with a clean surface. Without being bound to theory, the
increase in reflectivity is ascribed to interference and standing wave effects
Fig. 8A shows the result of a simulation performed for a multi-layer mirror similar
to the mirror used in the simulation of FIG. 7A contaminated with carbon layers of
respectively 0,1,2,5, 10 and 20 nanometres thickness. Fig. 8B shows the result of a
30 simulation performed for a multi-layer mirror similar to the mirror used in the simulation

of FIG. 7A contaminated with silicon-oxide layers of respectively 1,2,5 and 10 nanometres



The sinmulation of FIG 7A was perforned for a nulti-layer mrror with a Si
substrate on which 40 sets of alternately a 4.4 rimSi-layer and a 2.5 nm
Mo were deposited. In FIG 7B the nulti-layer mrror was supposed to have
a Si substrate on which 40 sets of alternately a 4.4 nmSi-layer and a 2.5
rim M |ayer were deposited. At the surface a set, also referred to as

t he cap, OfP?LfSil) !6 nmRu | ayer on a g 0O nm M | ayer was supposed. In the
simulations o &I& 7A and 7B, the '§r’1tam’ nation was supposed to be a 2
rimlayer of carbon. For both the uncapped and the capped nulti-I|ayer
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especi al |y QURE by the surface is a combination of those properties. Thus, by comparing the

reflected radiation with reference values, the relative contribution of those materials to the
reflected radiation can be determined and hence the concentration of those materials in the
contamination.

20 FIG. 9 shows an example of a section 1035 of a processor device 103 of the
examples of FIGs. 2-4, suitable for performing such a method. The section 1035 has inputs
1035A-1035D connected to ratio determining devices 1035E,1035F. The ratio determining
device 1035E,1035F are connected to a calculator device 1035G which is further
connected to a memory 1035H . The calculator device 1035G has an output 10351 at which

25  signals representing the established concentrations of the respective materials can be
outputted.

At input 1035A, a signal corresponding to the intensity Ii(A1) of the radiation
transmitted by the transmitter device 101 at a first wavelength X, is presented. At input
1035B, a signal corresponding to the intensity L,,(A) of the radiation received by the

30 receiver device 102 at a first wavelength A is presented. At input 1035C, a signal

corresponding to the intensity Ii,(AX;) of the radiation transmitted by the transmitter device



50 nmand 120 nin, since for those ranges of wavel engths the growh of thin
| ayers has a large effect on the reflectivity. For exanple, ELJV radiation
of 13.5 nin can be used which is in general already used in the beam of an
ELJV |ithographic projection apparatus. As can be derived fromFI G 8B
growt h of tpilrg()? Ygrs of sili con(di)_cpgi_de containing material can be

det ected accurately by nmeans of radiat’ion between 50 nmand 150 nin and in
particular for radiation between 100 and 120 nrn wavel ength. Thus, carbon
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ratio determning device 1035 35F are connected to a cal cul ator device
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1035A, a si tiog®r responding to the intensity Iin(Al) of the radiation
transmtted by the transmtter device 10 1 at a first wavelength X1 is
presented. At input 1035B, aRé&hyral,.qorleshanding.a6hdhe (Btensity

| out (Al) of the radiation received by the receiver device 102 at a first
wavel enth X, is presented. AR(4hpYL 40480+ @uisi-gnal(4Ldor r€ponding to the

intensity L, (XX2) of the radiation transmtted by the transmtter device
P-1508. 010 19 Inwhich equations c represents the concentration of the respective material.

However, other calculations may likewise be performed by the calculator device to
determine one or more properties of the contamination. The result of the calculation is
thereafter outputted at the output 10351 of the section 1035.

20 Determination of the concentration can likewise be based on different properties of
the reflected radiation such as the ratio of transmitted and received radiation for two or
more different wavelengths, angles of incidence, polarisation, phase shifts, coherency or
otherwise.

The angle of incidence of the radiation from the radiation transmitter device may be

25  any angle suitable for the specific application. It is found that for electro-magnetic
radiation of a fixed wavelength, in particular in the infrared, the reflectivity decreases
substantially linear with the carbon thickness, as is illustrated in FIG. 10 for most angles of
incidence. FIG. 10 shows results of a simulation of the reflectivity as a function of carbon
thickness for a capped multi-layer mirror similar to the one used in the simulation of FIG.

30 7B for various angles of incidence. The reference numbers in FIG. 10 indicate the angle of

incidence of the radiation for the respective line. In the simulation of FIG. 10, the light




10 1 at a second wavel ength )12 is presented. At input 103 5D, a signal
corresponding to the intensity UA2) of the radiation received by the
recei ver device 102 at the second wavelength X2 is presented. The ratio
determ ni ng devi ces 1035E, 1035F each determ ne the ratio R of the
transmtted |]%§§@bty and recei ved |nten5|ty for the specific wavel ength,

i .e. devicePd det ermines the rati®% R(X1) at k, and device 1035F
determnes the ratio R(%2) at X2. The ratios R(XI) R(X2) are transmtted
to the cal cul ator device 1035G which derives the concentrations from said

rati os and Was spposgd tRihpve amaxelengthiof X530 nrazéxef}nmwearf@ngwié& th the
1035 |
ot Deot i vi ¢ Mighe@ BRI n Rtk cbite LIAE AR BMord JGHO % Hingrafthe o on

said rel atlmaﬁ@émaﬁtsigmmmf;arlmla Mﬁund@ﬂadges&tmasmgnuhab &0 1the I Or
W thout contam nation reflects all projected radiation, the calculator
devi ce can fadiatienangident enlthasuafaget he concentrations fromthe fol | ow ng

o (R B fROES adyicdBelorhly b RIS e vicdin o difede =

concent r at i operatiort dfea lithe@aphic yeojemiodrappiratus Hiovex ahpleph Rethodadralelvide i ons may
| i kewi se be perforned by the calculator device to .determ ne one or nore
properties agcording tothe ARCAULR BY3Y beneed ladugapurscopiaminafion nane s mage

t hereafter 9(% Meh&dn e n‘gllaﬁg %&Qﬁase fcléaﬂ gstﬁg“eg&aé?%g of thet €r m nati on

of the concent atron ca I'fferent erties of the
refl ected raminmnenrs Thed) aaenﬂrcbihblaﬂemmg cmrlmrté)mlmedeaildd'ndexaaqﬁe veabvahali tabi on

AR M AR AR T B A e
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for the specific application. found that for el ectro-nagnetic
radi ati on obem,fqlec@un\bamaloen@tbﬁam mapbw projestesiori the shigadersfitlze eampaniet Whlch

reflectivit bstanti al |. with.,the car S,
T lsty SPuB N ARIGR, GRS AR it iRl el o S ER at st SpSERERE
resul ts of aorﬁhrﬂlﬂaﬁbrh OheGécdif niff theCtdcdive Yadidiion emitied from thé s@rﬁc@%‘r the
t hi ckness for a capped multi-layer mrror simlar to the one used in the

si nul at1%n eentEnmatiomon fre spsiareius respgnssdo die heami Theraseived sadigionragcor
numbers in El a%lplégoﬁlﬂgéecs%!:gn&apfpﬁ'ﬂgl § s@ttered or reflected particles or otherwise. One or

more properties of the contamination may then be derived from one or more properties of
the received radiation. For example, the transmitter may emit electrons to the surface
which remove at least a part of the contamination. The receiver device may measure

20  electrons (back) scattered or transmitted by the surface in response to the transmitted
electrons. In such a case, the receiver device may measure charge and be implemented as a
diode, measure currents, such as leakage currents from the surface to ground or magnetic
fields generated by the electrons or otherwise. The properties of scattered or transmitted
electrons, such as energies, are dependent inter alia on the thickness of the contamination

25  and the materials present in the contamination. Properties of the contamination can thus be
determined from the characteristics of the scattered or transmitted electrons.

In a measuring device or method according to the invention, the transmitted
radiation and the received radiation may be any type of radiation suitable for the specific
implementation. The radiation can for example be electromagnetic radiation (such as

30 infrared, visible or ultraviolet radiation) or otherwise. Furthermore, the transmitter may

transmit a different type radiation than is received by the receiver. For example the




i nci dence of the radiation for the respective line. In the sinulation of
FIG 10, the light P-1508.010 -20 was supposed to have a wavel ength of 1530
run. As can be derived fromFI G 10, the highest sensitivity in a nethod
according to the invention of about 3% change of the neasurenent signal
AR/ R per 1 r1]115§ mofound at angl es b%h\é\een 20 an 40 degrees of the

radi ati on i heide on the surface. A“méthod or device according to the
invention may be used in any stage of operation of a |ithographic

proj ection apparatus. For exanple, a nethod or device according to the

i nvent i on nHyYHHLUESBEY F‘Gltr?ééiquénbszﬁffléﬁhﬂﬁé]ﬂ‘? RO rSPFéVﬁel?ﬁﬁﬁoe‘naE@Hﬁonent S
in the proj gatlon r@ﬁ@tﬁ{rﬁaﬁ!ﬁ-ﬁ e‘ilgi]‘idtfaﬂ 6F £ M d1eudls o?hh%?uﬂ?&ce aﬁ)s%gtb Yhe £1BGro
conponent s. us, a cortrollable cfeanlng can be obtained and for exanpl e
removal of bemn.hikéwisattbe tratsnotier they pnme eiotrednagiatidiradiatianiofg camainbe of any

suitable type, such as _for .exanple the Eurqpea t ent | icatian
02080488. 6 E)YPV?JEIF%FW@H‘F TRV P EEIve Bl BB T Ve n%Hég% or ion
beam mays be ¢ pio418 eeth REscEE oFhd ArEanThatidifcan VERRORed I ERiIARBbRRRS S of a

photons, electrons or ions with sufficient energy to renove at |east a part
of the consiagienvahielemgthiireonpriet g broadmpedtivanor apleralidy obetietléngthseni tt ed from
the surface S&r t he cont amtnati ong.%lgn .the su .fﬁ?ce‘)1 in rtesI?onse to .t beam
The recei vel“ MRS &if HESPHOSMBYETIE % r?i)‘F 847 SUBBHELP Y Prodpedor
scattered Operfé@hlifEteps PR hbthb8 Sc@rdiff AeihelisRentiéh Wheh ruBX 8 pRigeakmkbles of
t he contam nation may then be derived fromone or nore properties of the
recei ved radfdes. dis fFoexampeprabling geregramegbletdsyicaaychess a seaced PHIPAES t 0 t he
surface i e / } jon. The receiver
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devi ce nmay neasuré el oRsS scattere ransmtted by the
surface in responshoild bemetddrthsnshe diced-maitienéd anbodiments Ultist@teorather thahe
recei ver devi ce. may neasure charge and be inplenented as a di ode,  neasure
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t he t hi cknesignoplatdicbatwedroparerdhésos statichot he constreed ad kmgingsbeatlaim. Theeword
contam pation. Properties of the contam nagtion can thus be  deternined from
the. chalot GimArTSEE” dpes s XLt P FEEseroctal QHIRF FREASd SPs GHE g gted im
measuring demirs SUMEssRitBPEhRAHSE, hd FokdCat RGsedWSRbdriy ‘dnB®r hoRers Thé heb

radi ati on and the received radiati on may be any type of radiation suitable

for the speé&ict that certain measures are recited in mutually different claims does not indicate that a

combination of these measures cannot be used to advantage.



i npl enentation. The radiation can for exanple be el ectromagnetic radiation
(such as infrared, visible or ultraviolet radiation) or otherw se.
Furthernore, the transmtter may transmt a different type radiation than
is received by the receiver. For exanple the P-1508.010 -21 transmtter may
emt an electron beamwhile the receiver receives el ectro-nmagnetic
radi ation resulting fromexcitations of {fr€ nol ecul es on the surface caused
by the electron beam Likewi se, the transmtter may emt el ectro-nagnetic
radi ation of a certain wavel ength and Ehe rgceiver may received radiation
of anot her wavel ength, thus for exanpl | uor escence of the
contam nation can be neasured. The radiation may be of a single wavel ength
or conprise a broad spectrumor a plurality of wavel engths. Furthernore,
the inventi dn map medsenng debes fop pidasdingst keastompureperyradgoatapnadoof af or
perform ng st%%s ?f a neth?d afgﬁrdigg to the invention when run on a
uriggeof 8 SOMPRYRN i NEREHBNE PEISHI SN APPAT o MR e devi ce such

progr anmabl &
as a gengral PYARSBn GRARKERF de ik ﬂ%?RFcﬁ’écﬁhéB?ojédﬂ&?FaU%%n%h at RMAstSQsard (TRai035
of FIG 9. It should be noted that the above-irenti oned enbodi ment's
illustrate ratduwefacehan lint the invention, and that those skilled in the
art wll be able to desi ﬁ,n ?I t.erpatives V\,idta ou&r de %rct }nnﬁnél{t(i)méshe Sgope
of the appende?jragia PSSP FRECEH i“??gl,v“éﬁﬂ?’r PRI &8 s pl L858 e en
parent heses shat brdj@dtedRrd@ioaidnded as linmting the claim The word
“conprising' does not exclude the presence of other elenments or steps than
those |istet ihpracessprdavicegorununieatiyelyropnestad fodhe radiptiopgecgivesdeyise, fidfed as
nmeani ng,, oOne o e. .hat _ gerf aj recited in
mat ual T it cocelfRteGye ool ESery ko iy SRATMGR oF Rt | 2O
measur es cannopropatyustdid eontavianti@pfom-said aCledbtMne broperiyadseueived radiviiee f or
measuring at |east one property of contamnation of a surface of a
conponent in a lithographic projection apparatus, conprising, a radiation
transmtter,devi ggidy eagrcgjiﬁg&uggn@r&gg;r}sg%zradi ation on at |east a part of
said surface; a radiation receivef vice for receiving radiation from

t he conponent 4 first edjatios ecdeover fdraeqmidpg ot leabt a pditaf tlepropned radiation; and

15 « asecond radiation receiver for receiving said radiation from the component;
wherein the processor device comprises:
» means for comparing said part of the projected radiation with the radiation received
from the component;
means for determining from the received radiation a relative property relative to said
20 part of the projected radiation; and
» means for determining from the relative property at least one property of said

contamination.

3. A device as claimed in any one of the preceding claims, wherein the processor has
25 means for determining at least one property of modulated radiation modulated by the

contamination of the surface.

4. A device as claimed in any one of the preceding claims, wherein the processor has
means for comparing at least one property of received radiation with at least one reference

30  value related to the at least one contamination property.



a processor device communicatively connected to the radiation receiver
device, for deriving at |east one property of received radiation and
determ ning at |east one property of said contam nation fromsaid at |east
one property of received radiation. 2. A device as clainmed claim1,

conpri si ng: e giﬁgt radi ati on recei for receiving at |east a part of

t he projectgé P I"ation; and a secdtd radi ation receiver for receiving
said radiation fromthe conponent; wherein the processor device conprises:
means for conparing said part, pf the prq{ecte ,raqhatio with the radiation
received fromt eé’&fﬁﬁéﬁg‘r‘rp?d Ay pnerod thequecsding flaigsy Wg?ﬁe%‘ée PERCETSPRA

radi ati on ac&gbﬁéﬁye property relative to said part of the projected

radi ation; and neans for determining fromthe relative property at | east
one property cheaaifer deteymiming adirstgmopedty of thtereceivedmdatianyred i n any one of

t he preceding cl ai erein the processor. has .neans.f.or determ ning at

| east one pf ody Hoydelestag & decoRliPROReEN S iR Iessie BYIAAB ont ami nat | on
of the syirfaceanedshs féy dENITERGR sEdFISHAopdItyHTHhORLIVEd tlARatRMARE thd@coidi NS,
wherein the processor has neans for conparing at |east one property of
recei ved radi duppmtysiithe eeceivedisadiasion at kepetrong sentapinaion pednsriydfseidt he at

| east one conﬂ%ghgﬁgﬁggwpropgrty. P-1508.010 -23 5. A device as c!ained I n
any one of the preceding clains, wherein the processor conprises: means
for determning a first property of the received radiation; neans for
determ ning a second property of the received radiation; and mneans for
deriving fr8m safdleviceds climpdi §laigt S.tWhereia seH PEF PN CaMPERFSand t he second

proper tyg of T fo?fnigrii%iﬁg 'Ar g'c@hﬂaﬂ'ﬂn%flg)?%gly%ﬁ a%nggoﬂ ifatidd saﬁg{yy °

said contanm nation. evice as C in clarm ereln

processor cfoprths €isst and agtonil propeeyiof thegeeeifadrradliatiomt am nati on property and
a second contam nation property fromthe first and second property of the
recei ved radi ation.

7. A device as claimed in any one of the preceding claims, wherein the contamination

comprises at least one material which at least partially modulates the projected radiation,
15  said at least one material being one of the group consisting of : carbon containing

materials, silicon containing material, oxide containing materials, salt containing materials,

refractory materials.

8. A device as claimed in any one of the preceding claims, wherein said at least one
20  property of the received radiation comprises at least one of the group consisting of:

intensity, wavelength, angle of incidence, polarisation and phase-shift.‘

9. A device as claimed in any one of the preceding claims, wherein said at least one
contamination property comprises at least one of the group consisting of: thickness,

25  position, roughness and chemical composition.

10. A device as claimed in any one of the preceding claims, comprising a radiation

receiver for receiving radiation reflected by the surface of said component.

30 11. A device as claimed in any one of the preceding claims, comprising a radiation

receiver for receiving radiation transmitted through at least a part of the component.



7. A device as clainmed in any one of the preceding clains, wherein the
contam nation conprises at |east one material which at |east partially
nodul ates the projected radiation, said at | east one material being one of
the group consisting of : carbon containing materials, silicon containing
materi al, oxide contarnrng materials, salt containing materials,

refractory Relo8B040s. 8. A device aszérained in any one of the preceding
clainms, wherein said at |east one property of the received radiation
conprises at |l east one of the group consisting of: intensity, wavel ength,
angl e of incidence, polarisation and phase-shift. 9. A device as clained in

roperty conri SAaeg(terd sl an ik e oBied 8RR e ORs FT LAATE. | "
posi tion, raugshiiassiodtanthiaiggabjccedpatidtionahrough at BasieViatteofalke €dnporesk | N

any one of the preceding clains, conprising a radiation receiver for
receiving radiation reflected by the surface of said conmponent. 11. A

device ag chai megq dc@*c%@é cRiifie®in a{n@feon o?ﬁ{%gﬂr%d 151,[5‘;[86%%@{1{ Op?'bgﬁgteﬁ rflrdlation

radi ati on receiver for recervrng radiati tra thr east a
part of theoceogoekridiation toOPridktlecd- mﬁgneﬁccmlwatm as claimed in any one of
the preceding clains, conprising a radiation transmtter for transmtting
projected radiation through at |east a part of the conponent 13. A device

as cl ai med g ank Q@fedt cldiRed AR N9 HoRdiflThe oG RerieASARh ARk on

or received radiation conprises electro-magnetic radiation. 14. A device as
clai ned in efladstoaSoef thagraipronkieting efcppma&rmjmmnon tlwdlaage afivisiblegdight tesfar at

| east f th t di t f
vi o1 bl o e e Mrk bl P tncaven 86 PFR A GRSl erdiehe e *peep

U travi ol et padiafxd.renme U traviolet Radiation. 15. A devrce as clainmed in
any one of the preceding clains, conprising: a radiation transmtter for
generating radiation at sai d surface by means of the projected radiation,

whi ch gener g ed A evﬁeas tcla %g%lércq[ne%tftﬂe?ﬁ?ée#ﬁ&ﬁclﬁﬁﬁe%mé%sg@:t h_e proj ected

radi ation, ich a one a roup sting of.
wavel engt h and; rafRdbRtrafyinitiypfr gamdtating radidiied avaid Kefaky By nfeans sfthe prjarged he

gener at ed radi atj gn.
radiation, which generated radiation differs in at least one aspect from the projected
radiation, which at least one aspect is one of the group consisting of: wavelength and
radiation type; and

« aradiation receiver for receiving the generated radiation.

20 16. A device as claimed in any one of the preceding claims, wherein projected radiation

or received radiation comprises a particle beam, such as an ion beam or an electron beam.
17. A device as claimed in any one of the preceding claims, comprising a constant
intensity radiation transmitter for projecting radiation with an intensity which is

25  substantially constant in time.

18. A device as claimed in any one of claims 1-17, comprising a variable intensity

radiation transmitter for projecting radiation with an intensity which varies in time.

30 19. A device as claimed in claim 18, wherein the device is a heterodyne device.




16. A device as clainmed in any one of the preceding clains, wherein
projected radiation or received radiation conprises a particle beam such
as an ion beamor an electron beam 17. A device as clained in any one of
the preceding clains, conprising a constant intensity radiation
transmtter of jecting radiation th an intensity which is
subst anti al Pilﬁlc’?g%gﬁant in time. 18. 'ggdevi ce as clained in any one of
claims 1-17, conprising a variable intensity radiation transmtter for
proj ecting diation.with an intensity ich varies in tinme. 19. A device
i g PR i fevies s GhdRed 1 amemgg Meroe i dusouhedifag Fidiston
P-1508. 010 trdmsndifter 8 pdR\Gra Sadidtidil S5RBOWhiSh & Wse@Nea BfhdsPRhRI 76 di&gaﬁdam1
wherein the radiation transmtter Is part of a radiation systemwhich iIs
used in a | faripoevidimgiaprejeoiiechdannofapdiation el priyecting avadiatiog mitpmoyigle thieon
beam of radiation and projgcting, a radiation ttern.with. the .project.ion
beam of r adpaytegin 3R ok MeiftioaohTs 1P Borh iy gr HdiglonriensibLehaEHil o
materials 21. A device as clained in any one of the preceding claim
wherein the radiation receiver can receive radiation fromat |east two
di fferent pdlts &fdeviss asglaimedingy angeof therpewdygrclashphicras thegadigtionr
deter m ni N0, & RLODSILYciOf rARRLATAL 90 [0 afRE: Bl fle sRIESRER, Parts.
22. A devicé as claimed 1 noclarm , erein e device IS a scanning
measuri ng destcesor voriiprises amandfon deteatliniig Dproperansfidntiinhtivn o BadCifishidel y
projecting radiation on at least two different parts of the surface . 23.
A devi ce as9dfeE$TPas-n any one of the preceding claims, wherein the
conponeqy is part of an optical systemof the |ithographic projection
apparatus, such as a mrror, alens, a reticle or a detector. 24. A device
as cl ai med 2B any deveceah ctadmeepinedaidi Dy vdieadimthe delizees a seansingi rhdasypsgddvice
proj ection gp arat us i sda Dee&HUI trayiol et or.% Extreme U travi ollet
| i t hogr aphi “@rﬂoicé%‘ll%ﬁ 1a0RAiagpruter 505 CoRSSRRYYRGY PROACURE SAUPH ML FaSERYC one
property ofdgﬂﬁ&ﬁg@ﬁ@&f@gsgmmg_surface of a conponent in a |ithographic
us,

proj ection appara conpri si ng:
15 23. A device as claimed in any one of the preceding claims, wherein the component is
part of an optical system of the lithographic projection apparatus, such as a mirror, a lens, a

reticle or a detector.

24. A device as claimed in any one of the preceding claims, wherein the lithographic
20  projection apparatus is a Deep Ultraviolet or an Extreme Ultraviolet lithographic projection

apparatus.

25. A method for measuring at least one property of contamination of a surface of a
component in & lithographic projection apparatus, comprising:

25 « projecting radiation on at least a part of the surface;
« receiving radiation from the component in response to said projecting radiation; and

» deniving from the received radiation at least one property of said contamination.

26. A method as claimed in claim 25, wherein the method is performed during cleaning

30 of at least a part of said surface.




projecting radiation on at |east a part of the surface; receiving radiation
fromthe conponent in response to said projecting radiation; and deriving
fromthe received radiation at |east one property of said contam nation.
26. A met hod as claimed in claim25, wherein the nethod is perfornmed during
cl eani ng of ,at %%@ﬁt a part of said rface. P-1508.010 -26 27. A
Iithographigﬁgp j’ection apparat us co%%%ising: a radi ation system for

provi ding a projection beamof radiation; a support structure for

supporting tterni ans, .the patterning neans serving to pattern the
proj ection ggam égggg%fgﬁﬂ"?m%‘m&@@?%ﬁ“ﬁ&? BUSINE: 3 substrate table for

hol ding a subsiadfafion sfdth frablidgWbRENdcaR] 6 BAkliog Lhe patferned beam
onto a target portion of the subsfrate, and a neasuring device in any one

of clains 1:24 supfort Argawicder snppoftagtpattemgmeednodhe paternmigmeanh ecrsingps  of :

providing a substrate that. is at |east partiall overed by a | ayer of

radi ati on- sensqa?tieglgthe Hﬁ?eecltlﬁoﬁi%?m aﬁ?"é@ﬁ“g?‘}@dgﬂﬁpéagﬁ?’? on beam of radiation
using a g adi atd PBsteats tBI8 fol hoRinkth fAdIrAENI Ng means to endow the projection
beamwith a pattern in its cross- section; and * projecting the patterned

beam of radt atd mRjeshemsystans faydrojpeing tha pytemadedeam anto afarget portion of the
radi ati on-sensj B%t}/a%e rgg{leri al, and applying a nethod as clained in any one
of claims 25-26°10 &t Teast a part of the radiation systemto determne if

a surface of sameaspAhg deEc€mdnyoneaf edith®1@4certain degree with carbon
containing materials. 29, A conputer program product conprising program
code portions for performng steps of a nethod as clained in any one of

the clajge 38- 26 \VSRe iR udity REhSTEERRb Ssin S BY skps of:

= providing a substrate that is at least partially covered by a layer of radiation-sensitive
material;

» providing a projection beam of radiation using a radiation system,;

» using patterning means to endow the projection beam with a pattern in its cross-

15 section; and

» projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material, and

« applying a method as claimed in any one of claims 25-26 to at least a part of the
radiation system to determine if a surface of said part is contaminated to a certain

20 degree with carbon containing materials.

29. A computer program product comprising program code portions for performing

steps of a method as claimed in any one of the claims 25-26 when run on a programmable

device,






