1 Method of determ ning stray radiation, Lithographic Projection Apparatus
The present invention relates to a nethod of determning a stray radiation
5 condition, using a |ithographic projection apparatus conprising a
projection systemwith a nunerical aperture NA, the nethod conprising the
«~ Steps of: supplying a projection beamof radiation, conprising radiation
with a wavel ength patterning the projection beamaccording to a pattern
conprising a fe 1 5 j i an_i,mge
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| i t hographic projection apparatus operable according to the above nethod.
15 The lithographic projection apparatus nmay conprise: a radiation system
for supplying said projection beam of radiation; a support structure for
supporting patterni T8 FREME inveRforPRIaAR 10 h ARV RRANS, stha rgaaﬁ&{)n the
proj ection beam according to a desired pattern; 20 - a substrate table for
hol di iy acelifiemy asiag a dithpeeapbicaireietticmrappgrstus wpihprisipg @ pagedtiog system pdtit er ned
beam wi t h i ' act Monto a,target. portion of the substrate.
The tern1“§%§@§§%? %ﬁﬁéggéhmﬁgah%%%H@Wﬁ?%§%8%§%ﬂﬂ}d be broadly interpreted
as referring teuppbamnsa plopictieRBedaeoliagidtibe BRPAYNARhdiALARN . tadididen beam
25 with a patterned cross-section, corresponding to a pattern that I1s to be
created if a target portion of the substrate; the term"light valve" can

al so be used ip. thi. nt ext.. nerally. the said pattern.wl|| correspond
to a particul a?atﬁeﬂnﬁﬁ }%g 5?Je‘ft5’§}§%‘tﬂflﬁc%lor§@§ it%%pﬁﬁeir%ﬁmg?résé?%ﬂ feafygest he t ar get
portitin, such psjedting thicgfi@helbeint Gittb bn QhatPifie 16 eMhen (588 HBlaRW) -
Exanpl es _of such patterning nmeans incl ude:
i feature.

The invention also relates to a lithographic projection apparatus operable

according to the above method.

15
The lithographic projection apparatus may comprise:
- a radiation system for supplying said projection beam of radiation;
- a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern; '
20 - a substrate table for holding a substrate; and

- a projection system for projecting the patterned beam with a magnification factor
M onto a target portion of the substrate.
The term “patterning means™ as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming radiation beam
25  with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve™ can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created
in the target portion, such as an integrated circuit or other device (see below). Examples
of such patterning means include: _
30 - 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




30 - A mask. The concept of a mask is well known in |ithography, and it
includes mask types such as binary, alternating phase-shift, and
attenuated phase-shift, as well as 2 various hybrid nmask types. Placenent
of such a mask in the radiation beam causes selective transmssion (in the
case of a transm ssive mask) or reflection (in the case of a reflective
mask) of the radiation inpinging on the mask, according to the pattern on
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| axis by applying a suitable localized electric field, or by employing piezoelectric
actuation means. Once again, the mirrors are matrix-addressable, such that addressed
mirrors will reflect an incoming radiation beam in a different direction to unaddressed
mitrors; in this manner, the reflected beam is patterned according to the addressing

20  pattern of the matrix-addressable mirrors. The required matrix addressing can be
performed using suitable electronic means. In both of the situations described hereabove,
the patterning means can comprise one or more programmable mirror arrays. More
information on mirror arrays as here referred to can be gleaned, for example, from United
States Patents US 5,296,891 and US 5,523,193, and PCT patent applications

25 WO 98/38597 and WO 98/33096, which are incorporated herein by reference. In the case
of a programmable mirror array, the said support structure may be embodied as a frame
or table, for example, which may be fixed or movable as required; and
- A programmable LCD array. An example of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by reference. As above,

30  the support structure in this case may be embodied as a frame or table, for example,

which may be fixed or movable as required.




States Patents US 5, 296,891 and US 5,523,193, and PCT patent applications :
25 WD 98/ 38597 and WD 98/ 33096, which are incorporated herein by reference. |
In the case of a progranmable mirror array, the said support structure may E
be enbodied as a frane or table, for anpl e, which may be fixed or

" novabl e as required; and A programmabl € LCD array. An exanpl e of such a
construction is given in United States Patent US 5,229,872, which is
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15 apparatus is commonly referred to as a wafer stepper or step-and-repeat apparatus. In an
alternative apparatus — commonly referred to as a step-and-scan apparatus — each target
portion is irradiated by progressively scanning the mask pattern under the projection
beam in a given reference direction (the "scanning" direction) while synchronously
scanning the substrate table parallel or anti-parallel to this direction; since, in general, the
20 | projection system will have a magnification factor M (generally < 1, and typically, for
example, — 0.25), the speed V at which the substrate table is scanned will be a factor M
times that at which the mask table is scanned. More information with regard to
lithographic devices as here described can be gleaned, for example, from US 6,046,792,
incorporated herein by reference.
25 Ina manufacturing process using a lithographic projection apparatus, a pattern (e.g. in a
mask) is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a post-exposure bake (PEB),

30 development, a hard bake and measurement/inspection of the imaged features. This array

of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such




beamin a given reference direction (the "scanning"” direction) while
synchronously scanning the substrate table parallel or anti-parallel to
this direction; since, in general, the 20 projection systemw || have a
magni fi cation factor M (generally < 1, and typically, for exanple, -
0.25), the speed V at which the substrate table is scanned wll be a factor
M tinmes that at which the mask table is scanned. Modre information with
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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 the "lens"; however, this term should be broadly interpreted as
20  encompassing various types of projection system, including refractive optics, reflective
optics, and catadioptric systems, for example. The radiation system may also include
components operating according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such components may also be referred
to below, collectively or singularly, as a “lens”. Generally, the projection system
25 comprises means to set the numerical aperture ( referred to hereinafter as the "NA") of
the projection system. For example, an aperture adjustable NA-diaphragm is provided in
a pupil of the projection system.
Further, the lithographic projection apparatus may be of a type having two
or more substrate tables (and/or two or more mask tables). In such “multiple stage”

30  devices the additional tables may be used in parallel, or preparatory steps may be carried

out on one or more tables while one or more other tables are being used for exposures.




devices are then separated fromone another by a technique such as dicing
or sawi ng, whence the individual devices can be nmounted on a carrier,
connected to pins, etc. Further information regarding such processes can
be obtained, for exanple, fromthe 15 hook "M crochip Fabrication: A
Practical Guide to Sem conductor Processing”, Third Edition, by Peter van
Zant, McGraw Hi Il Publishing Co., 1997, |ISBN 0-07-067250-4, i ncorporated
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15 particular, the more stray radiation is present in the image of a pattern projected by the
projection system, the less resolution can be obtained, and the smaller the process latitude
will be. Stray radiation may, for example, be caused by scattering of projection beam
radiation at contaminating particles and/or defects on surfaces of optical elements of the
projection system. Also, optical elements provided with anti-reflection coatings may

20 cause stray radiation due to degradation of materials used for the anti-reflection coatings.
Degradation of materials may be a radiation induced effect, and like the number of
contaminéting particles and/or defects it may increase as a function of time. The word
"condition" in the expression "a stray radiation condition" as used above refers to a
momentary state of the presence of stray radiation causing effects in the projection

25  system. The siray radiation condition is typically a time-dependent quantity. When the
amount of stray radiation increases, the stray radiation condition deteriorates.

To more precisely assess the stray radiation condition of a projection

system, it is useful to identify "ranges" of stray radiation. A point in the object plane and
irradiated by radiation of the projection beam is traversed by rays of the projection beam.

30  These rays subsequently traverse the projection system whereby a sub-set of the rays is

diverted due to scaitering. This sub-set of rays intersect a plane conjugated to the object




apparatus are being pushed to their resolution limts, while maintaining
sufficient "process latitude" (i.e., sufficient depth of focus and
sufficient insensitivity to residual errors in the dose of exposure of
irradiated target portions). Therefore, there is a need to mnimze
factors which can affect the resolution of the apparatus and the process

| atitude, 10 and consequently there is a need to provide accurate
nonitoring neans to nonitor these factors. Many different factors can
affect the snmallest CD and the processglatitude for a given |ithographic
proj ection apparatus, such as, for exanple, residual aberrations of the
projection system focus and dose errors, and the occurrence of stray

radi ati on. rt§ CU g i i atl i in the

| mage of B ERTRrRALS hiitinier o) AMaPhfine ifth BB Alke o RORRERE |2 oi'Gt i on
can be obtimaged sadpdint hea amekpoaadingseb-prtef dstntatiicthet genirictrichleimage r ay
radi ati on _may,..fpr. examl be caused b atterin f projection beam
radi ati on pgP%'égﬁ(f(i{m(:&?}?ﬂ’gbepoé&?rfcﬁllngosmﬁ%%/oiﬁlsif@feéc?@ t@?‘f’e Eiiﬂéf)%‘f:oé’gtltlirfe opti cal
el enent's dfanp&e of fFQ] reditii ) GIYGAIBNtheAVrsiBcticBHehin R rllHI0B pEovidaOyimed Wi th
anti-reflection coatings ma¥ 20 cause stray radiation due to degradation of
mat eri al s TREEIPDSHTHCRARSUshthal therdvs diay gping st paigsin thpajed @lne 8 of material s

may be a radiaticon jingineed vihiapk ik aki i am nat i ng
particles Sgﬁd/ orC eflect S It rréﬂs/\sgl cﬁé@%ﬁg@h&é@a&@f@ﬂﬂ%%ﬁcﬁ% a‘?[i?a?rr%{.isaThe wor d
"condi t i ohloweren mespds pf bissitoatichaths spatip] intedsigt distribetpmdiftheosteay amliaiioed above

refers to,; mopentary. sta of the presence.of stray .radiation causing
i tects | it ipanaRBendh A B Snpdf MRTERET 0 b HiAEH Solhtmintn s

typi cal | y Taud, treragi@penRaeptadgianinbihe an\@imete fuddtiod Bt XQhd Mt éodydihaeh ation

i ncr eases, tEe stray radiation condition deteriorates. To. nor e_{l)r ecisely
assess t h&f a{passiancapulinatisysiemdn thegmags plang,with ds erigip O copcidant with thes ysef ul

to identi byomdAdgese point Sithdfay ROnAchiRR fofs BHalt clAR of B&e AP ecgtr: pl ane and
irradiated by radiation of the projection beamis traverseéll y rays of the

proj ect i opraRstioR SBEThese rays subsequently traverse the projection system
ther by 2 24 Bl 55530y it PSS 1 o 0B~
estimate the degradation of CD, and hence to estimate the effect on the resolution
performance of the lithographic projection apparatus. The resolution performance can
become out of tolerance and therefore there is the problem of accurately monitoring stray
radiation for different ranges, so that preventive measures such as cleaning lens surfaces
can be taken in lime. Further, although lithographic projection apparatus are generally
provided with means to measure resolution performance, it is not possible from such
measurements to assess in situ and sufficiently fast the presence of stray radiation in
different ranges and to assess the necessity of taking appropriate measures to reduce stray
radiation.
WO-02/09163 describes a flare measuring method in which a test pattern
~ comprises a plurality of apertures in an opaque layer.
WO-2005/01 5313 discloses an illumination mask for a device for range-resolved

determination of scattered light, having one or more scattered-light measuring structures

which respectively include an inner dark-field zone.




6 plane (referred to hereinafter as "image plane") in an area conprising
the geonetrical 1imge of said point at a correspondi ng sub-set of

di stances fromthat geonetrical image point. Said di stances can be ordered
into ranges of distances, and these ranges constitute "ranges" of stray
radi ati on. Generally, the projection beam of radiation provided by the

radi ati on systemis such that the rays traversing said point in the object
pl ane are symetrically distributed with respect to the optical axis of
the projection apparatus. However, in spjte of this situation, the spatial
intensity distribution of the stray radiation in the inmage plane nmay not
be symretric with respect to the geonetrical inmage point. Thus, the range
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preventive neasures such as cleanrng I'ens surfaces can be taken in |ine.
Further, although |ithographic projection apparatus are generally provided
with nmeans to neasure resolution performance, it is not possible from such
measurenents to assess in situ and sufficiently fast the presence of stray
radiation in different ranges and to assess the necessity of taking
appropriate neasures to reduce stray radiation. WO 02/09163 describes a
flare measuring nmethod in which a test pattern conprises a plurality of
apertures in an opaque |ayer. WD 2005/01 5313 discloses an illum nation
mask for a device for range-resol ved




determ nation of scattered |ight, having one or nore scattered-|ight
measuring structures which respectively include an inner dark-field zone.
6a Patent Abstracts of Japan relating to JP-A-05-241077 discloses a |ight
measuring i nstrunment which renoves flare generated by an optical systemto
facilitate the alignnment of optical elenents. It is an object of the
invention to alleviate, at |least partially, above problens. Accordingly,
the present invention provides a nethod of determning a stray radiation
condition as defined in the appended cjains. 7 The invention is based on
the insight that, in the absence of scattering of radiation due to, for
exanpl e, contam nating particles, a plurality of rays of the projection
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the edge of the exposed area is primarily stray radiation. So, any area
conpr i sedapgitarher stegpatiernifeaturingaritsapoiseige arce surenveiding wh npague feastte onal  shape,

defined b Xonfsjs{ssotf art &%L ieﬂg)sg@W}aéiﬁ?onsgﬁpeeprgjfect%o%i b((j-:atfnew G4 ceontljﬁfisg.' g factor M
substantially unexposed area of the same shape as the shape of the opaque feature, scaled
down by the factor M. The radiation traversing the substantially unexposed area at a
distance greater than A/NA away from the edge of the exposed area is primarily stray

- radiation. So, any area comprised by the substantially unexposed area and having a
notional shape, defined by first scaling down the shape of said feature by the factor M,
and by subsequently displacing each line element constituting the edge of the scaled
down shape, parallel to itself, over a distance of at least A/NA in a direction
perpendicular to that line element, is traversed primarily by stray radiation. Therefore a
detector with a detector aperture whose extent fits within or matches to said notional
shape can be used to measure stray radiation by positioning the detector aperture within
the image of the feature and measuring the stray radiation. This enables a fast, in situ, real
time assessment of the stray radiation condition of the projection system. The detector
aperture can be, for example, the edge of the radiation sensitive surface of the detector, or

a diaphragm placed




and by subsequently displacing each |ine elenment constituting the edge of
the scaled down shape, parallel to itself, over a distance of at |east
AINA in a direction perpendicular to that |ine elenment, is traversed
primarily by stray radiation. Thereforg a detector with a detector
aperture whose extent fits within or matches to said notional shape can be
used to neasure stray radiation by positioning the detector aperture within
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15 measured stray radiation intensity with a signal that is referred to hereinafter as a
reference signal, representative for radiation intensity in the image plane in the absence of
a pattern. This signal is provided, for example, by the detector in response to detection of
radiation intensity in an exposed area in the image plane chosen sufficiently far away
from images of any test patterns such as to avoid effects due to the presence of the test

20  patterns.

Preferably said feature is embodied as an isolated area that contrasts with
an area of the pattern comprising said isolated area. Here, the verb "contrast” refers to
having a patterning effect on radiation of the projection beam. For example, contrasting
isolated areas may be embodied as opaque or reflecting chromium areas on a surface of a

25  substantially transparent reticle, or as substantially transmissive areas in a radiation
blocking or reflecting chromium coating covering a reticle surface. Also, in analogy with
attenuated phase shift masks, the transmittance and/or the phase shifting properties of
isolated areas may differ from the transmittance and/or the phase shifting property of an
area comprising said isolated arcas, for example. An advantage of using an isolated test

30  feature is that the measurement of stray radiation is less sensitive to possible asymetry of




a pattern. This signal is provided, for exanple, by the detector in
response to detection of radiation intensity in an exposed area in the

i mge plane chosen sufficiently far away [ frominmages of any test
patterns such as to avoid effects due to the presence of the test 20
patterns. Preferably said feature is enbodied as an isolated area that
contrasts with an area of the pattern conprising said isolated area. Here,
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15 centering step for laterally centering the detector aperture with respect to the image of the
isolated area. Consequently, the average distance between the edge of the detector
aperture and the edge marking the transition from the exposed to the substantially
unexposed area is substantially constant. In the preseﬁt example the range of stray
radiation detected is limited at the low end by this average distance and since this average
20  distance is substantially constant the range of detected stray radiation is well defined. An
additional advantage of the present method is that extremely short range stray radiation,
1.e. of ranges just exceeding A/NA, can be measured.
Alternatively, in any of the above described situations, the isolated area
may be transmissive, and be comprised within an opaque area. Then, in a similar way, the
25  range of stray radiation detected is zero at the low end and limited at the high end by, for
example, said average distance.
In an embodiment of the invention said test pattern comprises a plurality
of isolated areas for measuring a corresponding plurality of stray radiation parameters.
An advantage is now that a more detailed analysis of the stray radiation condition of the
30  projection system can be obtained, for example in terms of stray radiation of different

ranges and/or stray radiation for different points in the field of the projection system (by




be brought in overlap by exclusively scaling and/or laterally translating
one area with respect to the other area. In a preferred enbodi nent said
alignnment step further conprises a 15 centering step for laterally
centering the detector aperture with respect to the image of the 1isolated
area. Consequently, the average di stance between the edge of the detector
aperture and the edge marking the transition fromthe exposed to the
substantially unexposed area is substantially constant. In the present
exanpl e the range of stray radiation;getected is limted at the |ow end by
this average distance and since this average 20 distance is substantially
constant the range of detected stray radiation is well defined. An
addi ti onal__advant of _the.pre t thod is.that. extrenely shart range
tray ¢ agPER AL IsOARg Aegl Ay REER Sl ol et s MRS e S flo L e

Al t er nat i uedlysis d¢an badyn®in sithend boiieicddy ki dnek astotallak ifaristertii@nt chadlat ed ar ea
may be transm ssive, and be conprised within an opaque area. Then, in a
simlar w@??mgﬁééa?@1$5W§émﬁFo ApP#ra¥s-ati on detected is zero at the | ow
end and limted at the high end by, for exanple, said average distance. In
an enbodi rent of the invention said test pattern conprises a plurality of

i solated areas for neasuring a corresponding plurality of stray radiation
paranmeters. An advantage is now that a nore detail ed analysis of the stray
radi ati on condition of the 30 projection systemcan be obtai ned, for
exanple in terns of stray radiation of different ranges and/or stray

radi ation for different points in the field of the projection system (by 10
providing isolated areas at different |ateral positions on the mask). Said
nore detailed analysis can be done in situ, and sufficiently fast such as
to allow for intermttent checks on stray radiation during usage of the
apparatus. 11 The present invention also provides a |ithographic

proj ection apparatus as defined




in the appended clains. According to a further aspect of the invention a
detector with a detector aperture enbodied for real-tine detection of
stray radiation inpinging on the target portion is provided to the
substrate table. An advantage is that the positioning nmeans of the

al i gnment system can be used to align and position the detector according
to the nmethod described above, so that no separate positioning neans for
this purpose have to be provided. A further advantage is that the inherent
accuracy of the positioning nmeans of ,the alignnent system (needed for

al i gni ng subsequent 1C | ayers as expl ai ned above) can be exploited for
accurately controlling the lower limt of the range of stray radiation to
be neasured (this lower limt is of the order XY NA m. Al though specific
reference may be made in this text to the use of the apparatus according
to the invention in the manufacture of I1Cs, it should be explicitly 1 t 12
under st ood that such an apparatus has many ot her possible applications. For
exanple, it rmay be enployed in the nmanufacture of integrated optical
systens, guidance and detection patterns for nmagnetic domain nmenori es,

l'i quid-crystal display panels, thin-film nagnetic heads, etc. The skilled
artisan will appreciate that, in the context of such 5 alternative
applications, any use of the terns "reticle", "wafer” or "die" in this text
should be considered as being replaced by the nore general terns "nmask",
"substrate" and "target portion", respectively. In the present docunent,
the terns "radiation" and "beanl are used to enconpass all types of

el ectromagnetic radiation, including ultraviolet (UV) radiation 10 (e.qg.
with a wavel ength of 365, 248, 193, 157 or 126 nm and extreme ultra-violet
(EW) radiation (e.g. having a wavel ength in the range 5-20 nn.

Enbodi nents of the invention will now be described, by way of exanple

The present invention also provides a lithographic projection apparatus as defined

in the appended claims.

According to a further aspect of the invention a detector with a detector aperture
embodied for real-time detection of stray radiation impinging on the target portion is
provided to the substrate table. An advantage is that the positioning means of the
alignment system can be used to align and position the detector according to the method
described above, so that no separate positioning means for this purpose have to be
provided. A further advantage is that the inherent accuracy of the positioning means of
the alignment system (needed for aligning subsequent IC layers as explained above) can

- be exploited for accurately controlling the lower limit of the range of stray radiation to be
measured (this lower limit is of the order VNA um).

Although specific reference may be made in this text to the use of the apparatus

according to the invention in the manufacture of ICs, it should be explicitly




only, with reference to the acconpanying schematic drawi ngs in which
corresponding 15 reference synbols indicate corresponding parts, and in

which: - Figure 1 depicts a |lithographic projection apparatus according to
an enbodi ment of the invention; - Fi gﬁ]e 2 depicts an isolated area
surrounded by a contrasting area, and e resulting inage as projected by

the projection system20 - Figure 3 depicts a det ector aperture angul arly

and | ater eof an i s ar.ea.
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pl urallty of isolated areas. 25 - Figure 6 shows a determ nati on of a stray
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position hﬁgﬁaﬁ Heh & Gec ?hé 060 &PkEn 09{)@]59 g%éﬁﬁh%l g e(rzgnlt%?ff ughs the val ue

of stray radiation coefficients iI's p Figure 1
schensf i calltdrgxatd.empphwtland lahhografphd ey Gptkde', Owaapparatet s agaetdhagdt o a
parti cul ay enbléjfd?f of t i tlon The apparatus conprises: a

radi ati on’$ Elg o ?C%{Eﬁﬁ SMAL genghabi ege%.wﬁkb SphshRtedAnd adi at i on
(e.qg. UV"tfﬂ%gt rhgﬁlr %9&4[@@13; or exanpl e generated by an exciner |aser
operating at a 5 wavel ength“of 248 nm 193 nmor 157 nm or by a

| aser-fired plasm h?otbc pesgpdoatmang the ter88diatiPn” dnd “bhirs” gansédiol ar case,

th di atj di atj t
by ect 1 ol PR TR AR EROBR R cliditPn el Ak e (PaiBian ng. a mask
MA (e1@. @.d etiihcd Wvel@th @ftm;raepiseqi% a5%of $26 RAPhid SlchB dﬁ?@%le?bﬁwﬁ

accurately 10 positioning the mask Wi th res([))ect toitemP
fadiation (e.g. having a wavelength in the range 5-2

Embodiments of the invention will now be described, by way of example

only, with reference to the accompanying schematic drawings in which corresponding

15 reference symbols indicate corresponding parts, and in which:
- Figure 1 depicts a lithographic projection apparatus according to an embodiment of
the invention;
- Figure 2 depicts an isolated area surrounded by a contrasting area, and the resulting
image as projected by the projection system

20 - Figure 3 depicts a detector aperture angularly and laterally aligned with an image of
an isolated area.
- Figure 4 illustrates positions of the detector for measurement of a stray radiation
parameter and a reference parameter.
- Figure 5 illustrates the use of a plurality of isolated areas.

25 - Figure 6 shows a determination of a stray radiation condition of a projection
system. Along the horizontal axis the position in the field is indicated, and along the

vertical axis the value of stray radiation coefficients is plotted.

30 Embodiment ]




a second object table (substrate table) WI provided with a substrate hol der
for holding a substrate W(e.g. a resist-coated silicon wafer), and
connected to second positioning means PWfor accurately positioning the
substrate with respect to itemPL; angd 15 - a projection system ("lens")
PL (e.g. a quartz and/or CaF2 | ens systemor a catadioptric system
conprising lens el ements nade fromsuch materials, or a mrror system for

d t t C
compr1 91 ng one.or  nararo) sefRafeyk AR R R O RaeBR e (he

appar at usadcerdifig @ d pagtiitdreaibodinienpef the iBentias The aﬁbafra[tﬂﬁ&jﬂ}fr%bé‘e mask) .
However, in general, it miéxal so be of a reflecti veﬂ}}g for exanple

(with a refl ect AfEtirasksiem A dr, derupRiyipg ameicetppdica pespdiafip Gyg.anot her
kind of Uﬁftﬂa&%ﬂbﬂ‘&cﬂ'%@@&exﬁﬂﬁfé &%?eﬁte@%ggﬁ%ﬁm&@} Esépoﬁa&%{mga{ Ay of a type as
excl mef

referred to above. The source aser | aser-fired
pl asmeb sowreaength ofti48atmariya nsfoorrldé’ nmnror ap almetilisdgrlasata soli@gopérapiomi ded

ar ound thggath f an Iectron beamin a storage ring. or synchrotron)

produces B, 15¢his partigpiapase 'I‘h‘? Eadlfé‘ﬁPrFYsée“F algo FWPH‘%“WWH%WFC% system
(ilTumnatgr) IL, either directly or after having traversed conditioning
means, such as_a beam expander Ex, for exanple. The illum nator IL may
conpri se adj L%ﬁiShngﬁ%a&iﬁe mskéﬂtbl@éﬂﬂ"ipn@/ldddehndua maslahdﬂ@rfoi Miémgraetldeis)hl -
extent (c e ed respectively) of the
intensity di %46?} C(Fe ha[nld P% Ct%stQ%rS%’BSl lﬂm%fﬁ ﬂof%'f a‘iﬂi’fai Yeneral |y

conpricse p/cartmugtﬁmﬁsk@aﬁmﬁem@nexﬁmh as an integrator IN 14 and a
condenser CO. In thjis _ wa e beam PB |Hp|n ging on the mask MA has a

desired “uni f oY ¥§FeRr ehiest ’fafli)ﬂf‘eﬁéigb&tﬁytw@t:} utrpBred vith asubstasshoddas foron. 1t
shoul d behoncﬂhgg \F‘{;Bs'frlater\?qg LQISI b(ﬂl‘t’éde’sﬂ}coﬁl%tferéj%ﬁd%Q}d{e‘gl%dlt@ser{:ao%{% be w thin

the housing o [l thog IC projection atus en the case
when t he pdSitwongoeeand\PMS fax antmrﬂalry;polsmnmng ﬂmrsubst&lmhz&h respedt t6 heh AL, nmay al so
be renote Eromthe
15 - a projection system (“lens”) PL (e.g. a quartz and/or CaF; lens system or a
catadioptric system comprising lens elements made from such materials, or a mirror
system) for imaging an irradiated portion of the mask MA onto a target portion C (e.g.
comprising one or more dies) of the substrate W.
As here depicted, the apparatus is of a transmissive type (i.e. has a
20  transmissive mask). However, in general, it may also be of a reflective type, for example
(with a reflective mask). Alternatively, the apparatus may employ another kind of
patterning means, such as a programmable mirror array of a type as referred to above.
The source LA (e.g. a UV excimer laser, a laser-fired plasma source, a
discharge source, or an undulator or wiggler provided around the path of an electron
25  beam in a storage ring or synchrotron) produces a beam of radiation. This beam is fed
into an illumination system (illuminator) IL, either directly or after having traversed
conditioning means, such as a beam expander Ex, for example. The illuminator IL may
comprise adjusting means AM for setting the outer and/or inner radial exient (commonly

referred to as c-outer and o-inner, respectively) of the intensity distribution in the beam.

30  In addition, it will generally comprise various other components, such as an integrator IN




| i t hographic projection apparatus, the radiation beamwhich it produces
being led into the apparatus (e.g. with the aid of suitable directing
mrrors); this latter scenario is often the case when the source LA is an
excimer |aser. The current invention aq? claims enconpass both of these
scenarios. 10 The beam PB subsequently Tntercepts the mask MA, which is
held on a mask table MI. Having traversed the mask MA, the beam PB passes

t hrough t ns, PL igh foc S t beam PB onto a.target portion C of
the sunst A3 & S0 e T Bl RGNS Rrat! En SRR BE e b Oe & Bhijidang

i nt er f er oneifdinGLyE@ASHehNY BARFioh ) its £R8s-§d4hsirate table WI can be noved
accurately, e.g. so as to position different target portions Cin the 15

path of the beam PBIt sBpyllbapnpipd viithaegard &1 fipos il ttha tiersgureedrfsmBibean be used

to accura j. 1.1 MA with respect . to the path of the beam
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duringsa samee LAns gemneay lamppikeeeahplef, but het iohjagalso bakdresie Mbm WE wi || be

realized w,th the aid of a | ong-stroke nodule (coarse positioning) and a
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to a step-and- scan apparatus) the nas e connected to a
short st rokse vdendke euycedrA ismaexbieef lased Thdaskenhhvanttbnsmdstsimte W may be

aligned using mask al jgnment marks ML, M2 and substrate alignnent marks
P1, P2. Tﬁrg:oggﬁssclgoé@ogﬁﬁ rP5t1#8°tan be used in two different nmodes: 25 1. In

step qwde, the maskThakdag M sitsedRRBily BRSEHE feln¥ask VAL ORAR Yo helGh 2N entire
mask image is projected in one go (i.e. a single "flash™) onto a target
portion Gﬂaﬂfﬁ@bgﬂﬂl&'t Hating trevgsicd thimmpsk Mide thedtepmt R passesttheugh gredéorPly

( . . Can. C s i b oh
beam pa; At bUREs e Bkl BT L ALAFbaRBY ' ncnRle 3 WIB Ha 0 FEEY excep
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| nst ead, t sk table MI is novable in a  given direction (the so-called
"scan di r‘ég‘[%i "Qang? Grovedhacoirally.<of- S Ay pashion deffraen targetriionstC in the

15 path of the beam PB, Similarly, the first positioning means PM can be used to accurately
position the mask MA with respect to the path of the beam PB, e.g. after mechanical
retrieval of the mask MA from a mask library, or during a scan. In general, movement of
the object tables MT, WT will be realized with the aid of a long-stroke module (coarse
positioning) and a short-stroke module (fine positioning), which are not explicitly

20  depicted in figure 1. However, in the case of a wafer stepper (as opposed to a step-and-
scan apparatus) the mask table MT may just be connected to a short stroke actuator, or
may be fixed. Mask MA and substrate W may be aligned using mask alignment marks
M1, M2 and substrate alignment marks P1, P2.

The depicted apparatus can be used in two different modes:

25 1. Instep mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single “flash) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C
can be irradiated by the beam PB; and
2. In scan mode, essentially the same scenario applies, except that a given target

30 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




15 the projection beam PB is caused to scan over a mask image;

concurrently, the substrate table W is sinultaneously noved in the sane
or opposite direction at a speed V= M, in which Mis the magnification
of the lens PL (typically, M= 1/4 or 1’145). In this manner, a relatively
| arge target portion C can be exposed, W thout having to conpronise on 5
resolution. A transm ssion i mge sensor TIS can be used to determ ne the
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projection lens. It conprises apertures in the ve s ace cl ose
behi nd whingggeifepnpihg seagk andgsilos prcton lons. sk teitmiveod onageaensadTH isamsetused f or

t he expos To..d rmne.th osition of th ocal pl.ane, the
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the nask dbaitemamog@ne@nbieanduntd dd fiiciaPPlaRBchodaic 6 a@itONsurfalher febstrate
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and verti *‘EPQFtIr%}e et Wale 2t Hagoaply pRRAsI®pPostinas Prisids dsarsa edverddty thhwagpace
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through the light a dark portio thei e o &rn, the

out put of thedmeal phnsidet eg tlovaryard has fflattefledtve (ppdvurfaceefhiel inay cafte verti cal
level at n\qgrikgrg utsc-l?c{3 ertﬁl%gotﬁér flcc{l],l%lré@len ﬁfgnglggtl pirgc%csisees.otfhe TIS 15 used to determine
15 directly the vertical (and horizontal) position of the aerial image of the projection lens. It
comprises apertures in the respective surface close behind which is placed a
photodetector sensitive to the radiation used for the exposure process.
To determine the position of the focal plane, the projection lens projects
into space an image of a pattern provided on the mask MA and having contrasting light
20  and dark regions. The substrate table is then scanned horizontally (in one or preferably
two directions) and vertically so that the aperture of the TIS passes through the space
where the aerial image is expected to be. As the TIS aperture passes through the light
and dark portions of the image of the TIS pattern, the output of the photodetector will
fluctuate (a Moiré effect). The vertical level at which the rate of change of amplitude of
25 the photodetector output is highest indicates the level at which the pattern image has the
greatest contrast, and hence indicates the plane of optimum focus. The horizontal level at
which the rate of change is highest indicates the aerial image’s lateral position. An
example of a TIS of this type is described in greater detail in US 4,540,277, incorporated
herein by reference. Advantages of TIS include robustness and speed, because it is a

30  direct measurement technique not involving exposure of a resist.




25 the photodetector output is highest indicates the |evel at which the
pattern image has the greatest contrast, and hence indicates the plane of
opti mum focus. The horizontal |level at which the rate of change is highest
indicates the aerial inmage's |ateral pqﬁition. An exanple of a TIS of this
type is described in greater detail in US 4,540,277, incorporated herein
by reference. Advantages of TIS include robustness and speed, because it is
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aperture with dinmensions 28 mx 28 min front of a photodiode. In the
presen? enbrogiisesatsquarhdetestanapeaved witlytimenbionh28 pmoj Bejfiman flogedfia i s 248 nm
and the N%Ofd'a gatterned beam i npi ngi ng on the imge plane is 0.7.

Further, PRH8YCESt pattern for measuring stray radiation conprises a square
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2. The opaque area is conprise a transm ssive a
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shown in Figure 3 15 the shape of the square detector aperture of the TIS

sensor, wtERANERigEe gea bt Hhe|gspgetricaimage 39 of the opaquedrpriseaquare a not i onal )
h havj i i i f th of . t ea 31 by
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enent constituting t ape of "area paral | el
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?IJNA = 248/0.7 = 0.354 m So, when the detector aperture of the TISis
posi ti onetkagyde, with SO = 120 pm, and M = -0.25, we have SI= 30 um. As shown in Figure 3
15 the shape of the square detector aperture of the TIS sensor, with sides 50 of a length SD
of 28 pum, is congruent to a notional shape having an edge 40 which is obtained from the
shape of the area 31 by displacing each line element constituting the shape of area 31,
parallel to itself, over a distance of 1 pm. Here, A/NA is smaller than 1 pm: we have
A/NA = 248/0.7 = 0.354 um. So, when the detector aperture of the TIS is positioned such
20  that its edge 50 coincides with the edge 40, primarily stray radiation of a range greater
that 1 pm is detected with the TIS sensor. For clarity, in Figure 3 the edge 50 is
schematically shown in a position separated from the edge 40; during measurement of
stray radiation the edges 40 and 50 preferably substantially coincide. In that case the TIS
detector aperture is angularly aligned with respect to the opaque area 10, and centered
25  with respect to the image 30.
A measurement of a stray radiation condition of a projection system
involves at least two subsequent measurements, whereby the detector aperture with its
- edge 50 is positioned in two different positions 60 and 61 with respect to the image of the
opaque area with sides 33, see Figure 4. In position 60, the above mentioned centered and
30 aligned posttion, stray radiation is measured, and the signal. generated by the detector in

response to the impinging stray radiation is a stray radiation parameter S1. In position 61




20 that its edge 50 coincides with the edge 40, primarily stray radiation
of a range greater that 1 gmis detected with the TIS sensor. For clarity,
in Figure 3 the edge 50 is schematically shown in a position separated
fromthe edge 40; during measurenent o stray radiation the edges 40 and
50 preferably substantially coincide. I'n that case the TIS detector
aperture is angularly aligned with respect to the opaque area 10, and
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| arger t harxpbired exaeninpoited tethssides 38, and such that the measurenent is to

good approxi mation not affected by the presence of the substantially
unexposed area conprised by the sides 31

15  Embodiment 2

In an embodiment of the invention the test pattern comprises a series 70 of
square, opaque isolated areas 10, with sides 20 of increasing length, as shown in Figure 5.
In this figure a series of three isolated areas is shown, which may for example be
20  embodied to have a side length of respectively 160 um, 252 um, and 400 pm.
According to the method of embodiment 1, stray radiation coefficients
Col, Co2 and Co3 representative, in first approximation, for stray radiation in the ranges
R1 =[6 pm, infinity], R2 = [17.5 um, infinity], and R3 = [36 pm, infinity] can be
determined. Preferably, the test pattern comprises a plurality of series 70 at a
25  corresponding plurality of positions in the field of the projection system, so that an
assessment of the stray radiation condition of the projection system for different field
positions can be made. Using the positioning means of the alignment system to
subsequently position the detector aperture of the TIS at measurement positions 60 and
61 as defined with respect to each image 50 of the isolated area of the series 70, a fast in
30  situ stray radiation condition determination is possible. The distance between the areas 10

is indicated schematically by the arrows 71 in Figure 5. This distance shall be much




15 Enbodi nent 2 In an enbodi ment of the invention the test pattern
conprises a series 70 of square, opaque isolated areas 10, wth sides 20
of increasing length, as shown in Figure 5. In this figure a series of
three isolated areas is shown, which for exanple be 20 enbodied to have
a side length of respectively 160 [IM 252 m, and 400 m According to the
nmet hod of enbodi ment 1, stray radiation coefficients Co 1, Co2 and Co3
repr esent @ i | - X i . i afi i he ranges
R = 6 mpthar e bSO AR ORtPRot 2 r b AR RRR ahehde D T ETEY
can be deffested rethe pResefieeradiobyghbdring is@sted peht.ern conprises a plurality of
series 70 at a 25 corpespaondin lurality of . pasitions in the field of the
proj ection system gbﬁg ﬁﬂgﬁﬂggﬁgggghgﬁ%t H@H@“§§ﬁ§VnF@GF’ £/t conditi on
of the prpiteh cOMpSRIURMENs i HaESHPaglt RlothtedPRSis! 4IRS pbaRoAENTRIE. Using
the positioning means of the alignnment systemto subsequently position the
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di stance between the areas 10 is indicated schematically by the arrows 71
in Figure 5. This distance shall be nmuch 18 Ilarger than the extent of the
sides 20 ppBdihai3stray radiation nmeasurenents are not affected by the
presence of neighboring isolated areas. In Figure 6 the result of such a
deteryg nation is shown where the test pattern conprised five series 70 of
t hree opaque isolated areas, at five positions in the 5 field. The stray
radi ati on coeffi ci effihis e@bbdinCat is amtilaCoSthareehplioidne tl saledagtht: beloweld | ca

axis; the.,positipn in the field is.plott al ong, t he horjzontal axis.
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the bel ovaisd Bomprises a transmissive area of sufficient size to enable a reference measurement of
the projection beam radiation intensity in the absence of effects due to opaque areas. In
15 this area the detected signal is $2, as described in embodiment 1. The detected radiation
intensity 12 in this area is the sum of a notional intensity 121 which would be present in
the absence of stray radiation, and a contribution Isr due to stray radiation in a range Rref

= [0 um, infinity] : this contribution Isr is denoted as Isr2[0 pm, infinity]
20 I2=121+ Isr2[0 pm, infinity].

Similarly, in position 60, the detected radiation intensity I1 (provided as a signal S1) is
the sum of said notional intensity 121 and a contribution Isr1{0 pm, (1/2) x (SI ~SD) um]
due to stray radiation in the range R1 = [0, (1/2) x (SI-SD) pym]. :

25
I1 =121 + Isr1[0 pm, (1/2) x (SI -SD) umj.

The difference between the intensities 12 and 11 is given by

30 12 -I1 =Isr2[0 pm, infinity] - Isr1[0 pm, (1/2) x (SI -SD) pm].




this enbodi ment the area 10 is transm ssive, and the area 11 is opaque. The
test pattern also conprises a transm ssive area of sufficient size to
enabl e a reference neasurenent of the projection beamradiation intensity
in the absence of effects due to opaquggareas. In 15 this area the detected
signal is S2, as described in enbodinent 1. The detected radiation
intensity 12 in this area is the sumof a notional intensity 121 which
woul d be ion Isr
due to ot pog rheadishRaARSRIE: Sy Spdilloni BB AR ST B
Cont ri but i ofinltgl, upsn ntﬁ'nmhﬁedmaéayltber ﬁf@erg:ﬂ]paiaﬂfetem ISR ¥]coBicleat repﬂ&éntzttldesr 2[0
|nf|n|t%L Sim| rEén g the detected radiation intensity
11 (provif aga%rag}a&%po 1490 ‘Fé’ taPW %‘hl’ﬁ s eghodpet iob g methedmsrayy 121
. and a con i 1 radi ati on
e he r allj]a%igaj?i‘dh cQéTﬁl:QHC %p%b?tg&éeztéb?treé/ nilidla Iil%ﬁg raTge'_;Eﬁ |1? ? am (1/2)
x (Sl 5 SD)}SBhjun, iﬁmutg] fsfobfaﬁﬁd@c&ﬁ‘ﬂl\ﬁgwﬁﬂeﬁ@muld epsikies1¥82angs4d is given
by 30 12 - 11 = Isr2[0 gm infinit - Isrl [O.gm (1/2) x (SI -SD) gm. 19
Th| s di ff alfapaiveivaydo measie thersame ﬁ%@y miation mﬂﬁqmt@ﬁ deseribpdiy ange R =
[(1/2) x é@éPmﬁ%%t infinity]; upon normalization by the reference
par amet er a coefficient representative of the stray radiation condition
is obtained. So, in this enbodinent of the nmethod a stray radiation
coefficient Co representative for stray radiation in the range R = [(1/2) x
(SI 5 - SDEmBbdinitht i ty] is obtained according to the formula Co = (S2 -

S1)/Sg . It is an alternative way to neasure the sane stray radiation
coefficient as described in enbodinment 1. Enbodinment 4 10 A Iithography
proj ection apparat Ux 11%10%¥a{p91y pIOJeCtljg)h a{aparrat?lé( Srrgglded with, for example, a

discharge source for providing a projection beam of radiation with a mean wavelength of

13,6 nm, is typically featuring a projection system PL embodied as a mirror system. For
15 determining a stray radiation condition of said mirror system it is not necessary that the

mean wavelength of the projection beam used for projecting the test pattern is also 13,6

nm. Since mirror systems are achromatic, i.e., the geometric optical imaging properties

are wavelength independent, the projection beam used for projecting the test pattern may

have any other mean wavelength, such as for example, a longer wavelength or a plurality
20 of longer wavelengths. This enables an even more extensive stray radiation condition

assessment of the projection system.

Whilst specific embodiments of the invention have been described above,
25 it will be appreciated that the invention may be practiced otherwise than as described.

The description is not intended to limit the invention.




di scharge source for providing a projection beamof radiation with a nean
wavel ength of 13,6 rim is typically featuring a projection system PL
enbodied as a mrror system For 15 determining a stray radiation condition
of said mrror systemit is not necessary that the nean wavel ength of the
projection beamused for projecting the test pattern is also 13,6 nm
Since mrror systens are achromatic, 1.e., the geonetric optical imaging
properties are wavel ength i ndependent, the projection beam used for
projecting the test pattern may have any ot her nean wavel ength, such as
for exanple, a longer wavelength or a plurality 20 of |onger wavel engths.
This enabl es an even nore extensi veL radi ati on condition assessnent
of the projection system Wilst specific enbodinents of the invention have

been descri bed L5 Wi reci at.ed that .the inventiqgn may be
practicedlbtheﬁaﬁggg%ﬁ%%égéhﬁ%%%%ﬁ%%ﬁﬁﬁﬁ$ﬁén@%g%%?%‘Fé °$¥@ﬁ8ﬁ”wﬁﬁﬁﬂded to
limt theappaatnd omprisingla p2ectichAldein (AL) WAthEhiaehaf apdateNA thégethodt r ay
radi ati on condi.tion, us”pg a lithographic projection apparatus conprising
a proj ect iC%pgi}%ﬁtgﬁFt(:ﬁS'Wth a nunmerical aperture NA the nethod

conpri sing t heaghBis @ﬁrbjnesme\éinrtqr@diﬁfogj(ﬁgj, ic&ﬂpﬁﬁﬁ%naafaﬂﬁﬁgﬁuﬁtaiv@ﬁeﬂeﬁ’g@h,
conprising radiation with a wavel ength patterning the projection beam
accordingM o a pattern conprising an isolated feature (20); projecting the

patterned_bea : i .creat n 1) aj. d .
feature, dis pggﬁtﬁghlgg @gP g)g%g (rsn ?%@ggcc%ﬁdlrfgntg% ggﬁntc?)rg@grggé%‘ %9B{eﬁzfea8%r 81(%081 ion
beam sai d det pofeoting thapattegnesl leeme oito an dpedetplane t¢ bR)te ap dBadd (BN) 6TGaiihe

det ect or ?%ture into a position which is substantially coincident wth
t he image% fie and within the i mage of the feature;

- disposing a detector (T1S) in the path traversed by the projection beam, said detector
having a detector aperture (50);
- positioning the detector aperture into a position which is substantially coincident
with the image plane and within the image of the feature;
- measuring detection radiation intensity; and
- calculating a coefficient representative of the stray radiation condition of the
projection system, on the basis of the measured radiation intensity; characterized in
that the feature and detector aperture are selected such that an expanded area
obtained by a notional dilatation over a distance of at least A/ NA of said detector

- aperture is congruent with the image of said feature; and said positioning step further
comprises an alignment step for angularly aligning the detector aperture with the

isolated area.

2. A method according to claim 1, whereby the calculation of the coefficient
representative of the stray radiation condition of the projection system is further based on a
reference signal representative for radiation intensity in the image planc in the absence of the

pattern.




measuring detection radiation intensity; and calculating a coefficient
representative of the stray radiation condition of the projection system
on the basis of the measured radiation intensity; characterized in that
the feature and detector aperture are selected such that an expanded area
obt ai ned by a notional dilatation OV%E a distance of at least Al NA of said
detector aperture is congruent with“the image of said feature; and said
positioning step further conprises an alignment step for angularly
aligning the detector aperture with the isolated area. 2. A nethod
according to claim1l1, whereby the calculation of the coefficient

repr esent at i ve Aohethtrbacsordang to allimfliood, wherdinisaid aligdimdéetep fiojhect i on systemi s

further based.on a .reference signal representative for radiatjon intensity
in the | mebEPTIAAS TS ePIClRebden b e dPedprapestie witl imet o

accor di ng thgn@babNthd iselatidq anehier ei n sai d alignment step further conprises a
centering step for_ laterally centering the detector aperture with respect

to the ifage OfMethed jcsendingt annpledaimy 1 to3 wherpsaidiselai aFaise any of cl ai ms

1 to 3 wherRihidf) duislated area is a substantially square area. 5. A

met hod according to any of clains 1 to 4, wherein said pattern conprises a

plurality of isolated areas for neasuring a corresponding plurality of
claim5 wherein said

stray radiatio rs. 6, net h ccording.to cl

pattern conpri g‘e‘%‘a@‘gﬂgﬁ‘tﬁa HEL A% & daims (tf g%tg}’i ‘g}ilelr‘ffn §%ﬂ RPLETR SOMEEE ar eas for
measur i ngplrdiy ofisgland wirgs fol teadurihy a@brr&spoading plachliat sftrapaidativhers. 7. A
| it hographi c projection apparatus conprising: - a radiation systemfor
suppl yi ngP¥ a6 %ect i on beam of radiation conprising F

6. A method according to claim 5 wherein said pattern comprises a plurality of
substantially square isolated areas for measuring a corresponding plurality of stray

radiation parameters.

7. A lithographic projection apparatus comprising:

- a radiation system for supplying a projection beam of radiation comprising
radiation with a wavelength A;

- a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern;

- a substrate table for holding a substrate; and

- a projection system, with a numerical aperture NA, for projecting the patterned
beam onto a target portion of the substrate and to create an image of the pattern,
characterized by further comprising:

- a detector provided with a detector aperture comprising one or more transmissive
areas in correspondence with the image of one or more features of said pattern, whereby
the image of said one or more features is substantially congruent to one or more expanded
areas of the detector aperture obtained by a notional dilatation over a distance of at least
A/NA of said one or more transmissive areas, and

- memory means for storing parameters representative for stray radiation, and

processor means for calculating a stray radiation condition of the projection system.




© radiation with a wavelength 7v; a support structure for supporting

' patterning neans, the patterning nmeans serving to pattern the projection
beam according to a desired pattern; a substrate table for holding a
substrate; and a projection system wth a nunerical aperture NA, for
projecting the patterned beamonto 3,target portion of the substrate and
to create an inage of the pattern, c%aracterized by further conprising: a
detector provided with a detector aperture conprising one or nore

transm ssive areas in correspondence with the inage of one or nore
features of said pattern, whereby the inmage of said one or nore features
is substantially congruent to one or nore expanded areas of the detector

aperture @bt ai nal di |l tatlo istance.of at | east
X/ NA of s% d ong‘gﬂg(?éfrﬁnée]&are%ﬁ%nn%p %rlav Croé mg r%%}mnﬂgﬁ%ﬁ@f "W&8%hs for stori ng

par anet er sletcepr @ik ndateétueageaitiress prayidedidi thé mmatrata fblc. processor means for
calculating a stray radiation condition of the projection system 22 8. A
| i t hographi c projection apparatus according to claim7, wherein said
detector with a detector aperture is provided to the substrate table.




