2 0 AUG 2004 SPECI FI CATI ON: Apparatus for Wavefront Detection The invention
relates to an apparatus for the detection of wavefronts of elqurgmpgmptic

radiation, in particular visible and ultraviolet light and soft X- rays,
according to the preanble of claim1, and also to a process for wavefront
detection according to the preanble of claim44 and a stepper or scanner
for mcrolithography with such an apparatus of the concerned category, for
wavefront detection. An apparatus of the concerned category, for wavefront
detection, is known from "Phase Measuring Ronchi Test", by Katsuyuki Onura
et al SFRPEIFICATIQINS in APPLIED OPTICS, Vol. 27, No. 3, February 1988).
In this known apparatus, which is used for testing the imging quality of
a test lens, a nDnochronatlc point light source of a He-Ne |aser produces
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Ronchi grating. The collimator transforms the wavefront emerging from the point
light source into a plane wave striking the test lens, the diffraction grating being
situated in the image-side focal plarie of the test lens. The diffraction pattern or
interferogram produced by the Ronchi grating is recorded by a locally resolving
detector including a TV camera, and is used thereon for the detection of the
wavefront leaving the optical system.
DD 0154 239 also discloses an apparatus for wavefront detection of the
concemed category termed a shearing interferometer, for the interferometric
testing of objectives. In this apparatus for wavefront detection, the diffraction
grating is situated outside the focal plane of the objective being tested. )
In DE 195 38 747 Al, a grating shear interferometer for wavefront detection
of the concerned category is described, in which the light of a plane wave to be
investigated falls on two phase gratings, one behind the other, and is then sensed
by a CCD camera for wavefront analysis.
A further apparatus for wavefront detection according to the preamble of
claim ! is known from the article "Evaluation of Large Aberrations Using a
Lateral-Shear Interferometer Having Variable Shear" by M.P. Rimmer et al., in
 APPLIED OPTICS, Vol. 14, No. 1, January 1975, pages 142-150. The optical




2 0 AUG 2004 -2 system connected between the wavefront source and the
diffraction grating is a curved mirror in this case. J.E. Pearson?gtAU&aI2004
in APPLI ED OPTICS AND OPTI CAL ENG NEERING, Vol. VII, Academ c Press, Inc.,
1979, Chapter 8, "Adaptive Optical Techniques for Wave-Front Correction”,
referred to adaptive optics with hearing interferoneters as wavefront
detectors and to photol i t hography as aXessible field of application for
them The article "Dynam c range of Ronchi test with a phase-shifted
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The invention has as its object to provide an improved apparatus of the
concerned category for wavefront detection.

This object is attained by the features in claim 1. The spatial coherence of
the radiation can then be adjusted by means of the two-dimensional structure of
the wavefront source such that the wavefronts transformed by the optical system
can be measured with high accuracy.

This can take place, according to the invention, with the operating light
source at the operating wavelength of the optical system. The apparatus for
wavefront detection according to the invention is suitable for both coherent and
incoherent radiation from the infrared as far as the X-ray region. A large spectral
region is already accessible by the use of conventional CCD camera technique for
the locally resolving detector. At extremely short wavelengths, for example, a
photoemission electron microscope (PEEM) can also be used as the locally
resolving detector.

Departing from the cited state of the art, according to the invention it is not
required to irradiate the optical system to be tested with a plane wave, ¢.g., by
arranging a collimator before it.

For very short wavelengths extending into the X-ray region, it can be




required to irradiate the optical systemto be tested with a plane wave,
e.g., by arranging a collimator before it. For very short wavel eng] halG 2004
extending into the X-ray region, it can be 2 0 AUG 2004 -3 advantageous to
construct the wavefront source as a reflecting elenent, e.g., as a
reflection mask. In an advant ageous enbodi nent, the wavefront source

i ncludes a perforated nask, whence thad -two-di mensional structure of the
wavef ront source has high contrast. Such a perforated nask can in
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In a further advantageous embodiment, a displacement module is associated
with a light guide - perforated mask combination, and displaces the perforated
mask together with the exit surface of the light guide in the object plane. The
imaging quality of the optical system for a large imaging field can be measured by
means of the displacement of the wavefront source which is possible in this
manner.

The light guide can be a multimode light guide, in order to also be able to
test the imaging quality of the optical system when using white light, that is, a
mixture of wavelengths, or multimode lasers of short coherence length (a few tens
of im). "Light guide" is of course intended to mean a radiation guide which is
suitable over the visible region of the electromagnetic radiation and beyond.

In an advantageous embodiment, the diffraction grating is constituted in
dependence on the structure of the wavefront source such that only given
diffraction orders contribute to the interference at the diffraction grating.

Independently of this, the diffraction grating can be a phase grating or an
amplitude grating, or any other suitable type of diffraction grating, e.g., a gray



sui tabl e over the visible region of the el ectromagnetic radiation and
beyond. In an advant ageous enbodi nent, the diffraction grating is 70 AUG 2004
constituted in dependence on the structure of the wavefront sourcé such
that only given diffraction orders contribute to the interference at the
diffraction grating. |Independently of this, the diffraction grating can be
a phase grating or an anplitude gratimg*-or any other suitable type of
diffraction grating, e.g., a gray 2 0 AUG 2004 -4 val ue gratlng produced by
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Such diffraction gratings with several periodicity directions, e.g., a sine
grating periodic in the X and Y directions, can be suitably embodied as phase
gratings in view of suppression of undesired diffraction orders and of their
production.

In order to be able to test an optical system as accurately as possible in its
operating distance between conjugate points, it is desirable to adjust the diffraction
grating as accurately as possible in the image plane conjugate to the object plane.
For this purpose, the diffraction grating includes a grating having a respective diff-
racting periodic structure in different periodicity directions, and a line grating
coplanar with this, e.g., a line grating arranged in the plane of the diffraction
grating and connected to the diffraction grating. This is because, in combination
with a further line grating in the object plane and having its grating constants
matched to the imaging scale of the optical system and to the grating constants of
the line grating connected to the diffraction grating, a moiré pattern arises at a
suitable orientation of the line grating. The best setting plane for the diffraction
grating is then characterized by the maximum moiré contrast.




For this purpose, the diffraction grating includes a grating having . a
respective diff- racting periodic structure in different periodicitQUAUG 2004
directions, and a line grating coplanar with this, e.g., a line grating
arranged in the plane of the diffraction grating and connected to the
diffraction grating. This is because, in conbination wth a further |ine
grating in the object plane and having5i4s grating constants matched to
the imagi ng scale of the optical systemand to the grating constants of
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With a first beamsplitter arranged between a radiation source and the
wavefront source to couple-out a portion of the radiation supplying the wavefront
source, and a second beamsplitter which deflects the portion of radiation coupled-
out by the first beamsplitter to the detector, by-passing the optical system and
diffraction grating, the constancy of the radiation source or wavefront source can
be monitored. A reference light guide can then transport the radiation fraction
coupled-out by the first beamsplitter to the second beamsplitter. A portion of the
illuminating radiation can also be deflected to the deflector past the diffraction
grating, e.g. through a recess of the diffraction grating.

According to a further viewpoint of the invention, the basic object is
attained by the features in claim 35, because a detector which is curved toward the
diffraction grating can detect the interferogram produced by the diffraction grating
in a manner which is advantageous for the subsequent use of the interferogram.

Thus with a regionally spherical detector the lateral shearing, produced by
the diffraction grating, of the wavefronts can be transferred, constant or
undistorted, to the detector independently of the diffraction angle. This gives a




diffraction grating, the constancy of the radiation source or wavefront
source can be nonitored. A reference |ight guide can then transportZUtMlE 2004
radi ation fraction coupled-out by the first beansplitter to the second
beansplitter. A portion of the illumnating radiation can also be
deflected to the deflector past the diffraction grating, e.g. through a
recess of the diffraction grating. Acedrding to a further viewpoint of the
i nvention, the basic object is attained by the features in claim 35,
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In a further embodiment, the detector includes on the diffraction grating
side a number of light guides, the ends of whose light guides on the diffraction
grating side are arranged on a spherical shell. This can be effected, for example,
by polishing a concave spherical surface in the end of an imaging optical fiber
bundle or in an optical fiber plate.

The plural light guides arranged between the diffraction grating and the
detector can, as an image-preserving optical fiber bundle, transport the inter-
ferogram to a relatively freely positionable sensor surface. The diffraction grating
can thereby be arranged within a vacuum, for example, and an image sensor acting
as a heat source, for example a TV camera, outside the vacuum.

With a view to a reliable detection of the shear interferogram, the light
guide ends remote from the diffraction grating can be directly associated with the
radiation-sensitive sensor surface. For example, the fiber bundle end can be
placed in direct contact with a camera chip.

The detector can also include a preferably telecentric imaging optical
system. Imaging of the interferogram onto the radiation-sensitive surface in a



side a nunber of |ight guides, the ends of whose |ight guides on the
diffraction grating side are arranged on a spherical shell. This cdhAlfe00
effected, for exanple, by polishing a concave spherical surface in the end
of an imaging optical fiber bundle or in an optical fiber plate. The
plural |ight guides arranged between the diffraction grating and the
detector can, as an inmage-preserving cﬁﬁfcal fi ber bundle, transport the
inter- ferogramto a relatively freely positionable sensor surface. The
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ends on the diffraction grating side are connected to the spherical surface region of

the hemisphere with a frequency-converting cement.

in a further embodiment, a wavefront module is arranged in front of the
diffraction grating, and an optical system is arranged between the wavefront
module and the diffraction grating. The optical system can thereby be investigated
with high accuracy, with a diffraction grating and detector unit adjusted to the
wavefront module.

With plural wavefront sources in the wavefront module, the optical system
can be investigated with respect to its object field at plural field points
simultaneously, i.¢., in parallel. A considerable reduction of the time required for
the investigation of an optical system is possible by means of such a simultaneous
measurement of the wavefronts at many field points.

When each wavefront source has a perforated mask, the structure of the
wavefront sources can be adjusted to the imaging scale of the optical system and
the diffraction grating such that only given diffraction orders contribute to the
interference at the diffraction grating, whereby the evaluation of the interferogram
becomes particularly efficient. Furthermore, a perforated mask gives high contrast




an optical fiber bundle and a secondary radi ating surface if the opti cal
fiber bundle ends on the diffraction grating side are connected t?) tAn 2004
spherical surface region of the hem sphere with a frequency-conve P g
cement. in a further enbodinent, a wavefront nodule is arranged in front of
the diffraction grating, and an optical systemis arranged between the
wavefront nodule and the diffraction-gfating. The optical system can

t hereby be investigated wth high accuracy, with a diffraction grating and
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the The invention also relates to a process according to claim 48. The contrast
of one of the orthogonal interference systems can be suppressed, and the
evaluation of the interferogram considerably simplified, by the displacement of the
wavefront source or of the diffraction grating in one of its periodicity directions by
an integral multiple of the corresponding grating period.
The displacement of the wavefront source or of the diffraction grating can
then take place during the image recording time of the detector, typically 30
milliseconds. The displacement path of the diffraction grating is then typically 6-
18 Im -
However, with a very fast detector, plural interferogram images can also be
recorded during the displacement of the wavefront source or of the diffraction
grating, the plural interferogram images then being used for wavefront detection.
A superposition of the individual interferogram images then again corresponds to
the abovementioned image integration during the complete diffraction grating
displacement.
The phase modulation by a reciprocating motion of the diffraction grating
with a frequency 1 and by adjoining narrow-band filters, known, for example,




| at eral shearing produced by the diffraction grating. The apparatus
according to the invention is particularly suitable, because of i1 AUG 2004
conpact ness and eval uation efficiency and accuracy, for the testing op

proj ection objectives for mcrolithography. The invention also relates to a
process according to claim48. The contrast of one of the orthogonal

I nterference systens can be suppressed,9 and the evaluation of the

i nterferogram considerably sinplified, by the displacenent of the
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wavefront spyifaetichlar] #Wth 4 WatfatiotPePthedphaOsésition of the wavefront source,
€.g., by displacement of the illumination mask with respect to the stationary
diffraction grating, distinct amplitudes, i.e. large changes of the interfering signals,
then appear.

Since such interferences vary periodically around the average value, they
can be eliminated by computer, by displacement of the position of the wavefront
source or of the diffraction grating by defined fractions of the respective period
and subsequent averaging of the measurement values.

The Applicant has found in this connection that the interference signals
have a dominant contribution to the second harmonic of the desired signal, and
thus run through two oscillation periods when the initial phase is varied by a
period of the grating or of the wavefront source.

The invention furthermore relates to a stepper or scanner for microlitho-
graphy, with an apparatus for wavefront detection described hereinabove.

Such a stepper/scanner can be monitored in situ, i.e., at the place of
production and during the production cycle, without great disturbance of the
course of production, for its production quality, for example, for the adherence to
tolerance limits for the respective image errors, if the wavefront module can be




I nterferograns due to possible back-reflections fromthe optical system and
from the apparatus for wavefront detection (e.g., fromthe detecto? AU 2004
surface, grating back side, etc.). These interferences are typical 9
periodi cally superposed on the desired signal, i.e., they vary
periodically around the correct neasurenent value Their frequency, phase
position and anplitude can be detected(by variation of the initial phase
(phase p05|t|on of the grating relative to the wavefront source). In

270, . Wipight Hpssaotahiathel ik pET RRCKIIPRCH cbEevgaq pot souree

st at l qleﬁlidvediﬁfo‘m acandforgvhen tye diffisaction grating canlbe, brought ppempsianadhiges of

Lot oghE8 Hi b §?%ﬁaﬂﬁﬁ%§f&béﬁgﬁﬁgﬁ%ﬁébﬁ?tﬁsw’%%%f. o ed by conputer,
by di spl acedtispanticulaglypfasiora }ewhenﬁbemmqréﬁ@anngbha&an&%e&a o
di 117 aGiii) Grabiinanivh dahiae dn/theroRRtidi oblRRITRIP fidars afvudtive opnd

subsequetf avera 1 ng e measur The "Appl i cant has found in
thi s coanimilptor ¢ ﬁmelttﬁre interference signals have a dom nant contribution

to the secong4ific caY mﬁlﬁbﬁl be ofiehe ﬂaﬁt@@ﬁdn; w@méfrdmtdwatmn accowgling o
eriq e

oscill ati.on

t f
o at | HBcIRVERTORANASEPPEROT ssarne” TorTBIRULTe PRt s Aled haPed BB LS &
st eppethagit ssuitable ffor botle cohetdmandr&lpdnyncommnamdmpanafmmﬁhe infraestd ont

d d d.h b d
o o s Thr £ tHe, Rtay YeGRL AR Hlso ptftufert) 76P udrl?ﬁgﬁ[é%‘“&?% e v e
Wi t houto}mrem:e desgthr mmlna aftIBkklamap,as exermey SGE OF arsynpgroiarpa ra&aagé i on
qual i t?r o (ﬁ{ﬁiﬁﬂlf‘onﬁgﬁ::tth%@%&f vgpee with th@' e@ﬂﬁﬁ |li tlsdutee at tiee -

respective | nmage efror 0 AUG 2004 -10
br ougmpﬂmwaﬁﬁ ql'&g Fﬁﬁl‘%gﬁg&grﬁphﬁéch Bplﬂ CEYE: on Obj ective and

removed fr O'I"hb tm@éﬂﬁ@ﬂ 1§\’G§Bcﬁb@d hictinafier asirgy embuglinrent Exampiag ;
operati on ot he object tion objective an
rermve‘épmﬁﬁﬁ/qq hth%acbcaq e%%‘ﬁgﬁif% the stepper/scanner has
an aberration control circui t V\/m ch can act on the projection objective

e e S REVIF g A e RO P st i o

detection according to the invention;

Fig. 2 is a plan view of the illumination mask of the wavefront source of
Fig. 1;

Fig. 3 is a plan view of an alternative illumination mask;

Fig. 4 is a diagram showing a further illumination mask, suitable for the
wavefront source of Fig. 1;

Fig. 5 is a diagram showing yet another illumination mask, suitable for the
wavefront source of Fig. 1;

Fig. 6 is a diagram showing an embodiment of the illumination system and
illumination mask;

Fig. 7 is a diagram showing a further embodiment of the illumination system
and illumination mask;

Fig. 8 is a plan view showing the diffraction grating of the apparatus of Fig.
1

Fig. 9 is a diagram showing a second diffraction grating usable for the
apparatus of Fig. 1;

Fig. 10 is a diagram showing a third diffraction grating usable for the



the invention in a stepper or scanner for mcrolithography is also based on
the fact that it is suitable for both coherent and al so inCOherele}AUG 2004
radiation, fromthe infrared as far as the X-ray region, and al so
particularly for radiation sources of short coherence |ength such as a HBO
| anp, an excinmer |aser or a synchrotron radiator. Production nonitoring
can al so take place with the operatinglli-ght source at the operating
wavel ength of the mcrolithography projection objective. The invention is
descri bed hereinafter usin %P ngci;d nt exanples in connection with the
acconpanyi ng scherratlé‘PH?lriﬁ A& lgmj 1 is a di agram showi ng an embodi nent
of the appaFigublfor iaueliagram shewangizfourtl diffracgiarograting nsabieifonthei g.
2 is a plan view of t on. mask of the wavefront source of Fig.
1, Fig. 3is a {)I an v?@ﬁ%ﬁgﬁrf?lge?hatlve illumnation nmask; Fig. 4 is a
di agr am sholiggl2 furusnardlaglramshamng awﬁuthersappaaaw fosrwavefronkvef r ont
Source of Fig. &1 Pl OdefedtforPall A S TRUAMerRin, Weisteited d¢ AUiRdn
mask, suitable for the, wavefront s rce o I, Fig. 6is a diagram
showi ng an enbodi nent tiem grating anddgtecten ugits tem and illum nation nask;

Fig. 7is aF%aBs am S'ﬂ@ﬂﬂdiﬂgmﬁtshbmh efihied Epﬁéra@ﬁs forewialve foind deterticty st em
a

dill k | ff
Grating of the appar asgeoingtg the Rvenyenclomhillel Aifkacoh iitg .

di ffraction grating usad detéotortumt; apparatus of Fig. 1; Fig. 10 is a
ciagram shoggorR {1 ig i G ShBYREE KB IR ot ?“%V%ﬁ?%f@“?t‘?%ﬂ“
grating usable for thmorammrdmg totheinventiomsicgnstituted as aidifgractiothowi ng a
further apparatus for rg\ggﬂﬁ At detd€igiqlnipn according to the invention,

C_

constituted_as a diff i on ati.n an’d etector u
Fig. 15 is a diagram si1 an embodiment w131 plural parallel

measurement channels;

Fig. 16 is an enlarged sectional diagram of the wavefront module of the
embodiment of Fig. 15;

Fig. 17 is a diagram showing an arrangement for microlithography
with a multi-channel apparatus for wavefront detection; and

Fig. 18 is a diagram showing an arrangement according to Fig. 17, with

an aberration control circuit.

An apparatus 1 for wavefront detection is shown schematically in a-
longitudinal section in Fig. 1. A wavefront source 7 arranged in an object plane 3
of an optical system 5 produces a wavefront. The wavefronts 9, shown
schematically as contour lines, emergent from the wavefront source 7 pass through
the optical system 5 and are formed by the optical system J into emergent
wavefronts 10 which then strike a diffraction grating 11.

The optical system 5, whose optical axis 50 is parallel to a Z direction,
includes two optical elements symbolized by double arrows, e.g., lenses 13 and 15,
and images the wavefront source 7 on the diffraction grating 11, the diffraction
grating 11 being situated in the image plane conjugate to the object plane 3. An
aperture stop 17 of the optical system 5 can likewise be recognized in Fig. 1.

A locally resolving detector 19 follows the diffraction grating 11. The
detector 19 includes a radiation-sensitive sensor surface 20, e.g., a CCD chip, and




Fig. 13 is a diagramshowing a third apparatus for wavefront detection
according to the invention, constituted as a diffraction grating [iiﬂffh
detector unit; Fig. 14 is a diagram showi ng a fourth apparatus fozr 2004
wavefront detec- tion according to the invention, constituted as a
diffraction grating and detector unit; Fig. 15 is a diagram show ng an
enbodi nent with plural parallel measuﬂament channels; Fig. 16 is an

enl arged sectional diagram of the wavefront nodul e of the enbodi nent of
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module 31 in the X and/or Y direction simultaneously with the light guide 29, for
scanning the image field of the optical system 5.

The diffraction grating 11 can be displaced by a translation module 37 in the
image field of the optical system 5, i.e. in the X direction and/or Y direction, in
order to be able to suppress the contrast of one of the orthogonal interference
systems of the diffraction grating 11.

A first beamsplitter 45 is arranged between a radiation source 43 and the
wavefront source 7, for coupling-out a portion of the radiation supplying the
wavefront source. A second beamsplitter 47 arranged between the optical
elements 23 and 25 in a focal point of the wavefront deflects the portion of
radiation coupled-out by the first beamsplitter 45, by-passing the optical system 5
and diffraction grating 11, to the sensor surface 20, whereby the constancy of the
radiation source 43 can be monitored. A reference light guide 49 conveys the
radiation portion coupled-out by the first beamsplitter 45 to the second
beamsplitter 47.

As can be seen in Fig. 2, the perforated mask 8 of the wavefront source 7
has a square opening 53 arranged centered on the optical axis 50 of the optical
system 50, and four openings 51 arranged around and spaced from the opening 53

and symmetrically with respect to the optical axis 50.




with the optical elenent 15, inmages the aperture stop 17 onto the sensor
surface 20, as shown by the pupil beam path 27. The inmgi ng systerdRRG 204
sine corrected, the quality of the sine correction of the m croscope

obj ective 21 being decisive for the constancy of the shear distance over

t he measured wavefront. The wavefront source 7 includes a perforated mask
8, shown in detail in Fig. 2, instaltéd-at the output of a |ight guide 29.
For the investigation of the whole inage field of the optical system the
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Figs. 6 and 7 show alternative embodiments of arrangements of illumination
system and illumination masks. )

Fig. 6 shows an expanding or focusing lens 30 arranged between a light
guide fiber 29’ and a perforated mask 8 installed on a matt disk 6.

Spatial coherence can be controlled by means of the matt disk 6; attention
has to be paid to the illumination of the perforated mask 8 ideally being
incoherent, in order to be able to form in a targeted manner the spatial coherence
distribution due to the perforated mask geometry.

The illumination aperture can be matched to the aperture stop 17 by means
of the lens 30. The aperture stop can thereby be completely illuminated, i.e., an
insufficient filling of the aperture stop 17 can be avoided, even if the numerical
aperture of the illumination fiber 29’ and of the optical system do not mutually
correspond.

A perforated mask 8’ illuminated by means of a condenser lens 32, with a
matt disk 6’ and expanding or focusing lens 30 arranged between them, is shown
in Fig. 7.

The diffraction grating 11 is shown in Fig. 8. The diffraction grating 11




source 7 is shown in Fig. 3. This perforated nmask 8 includes a square
opening 53" |ikew se arranged centered on the optical axis 50 of the
optical system5 and four openings 51' arranged adjoining the o %n' g @?
and symretrically around the optical axis 50. The nunber of ope in@@ @
perforated mask according to the invention can also be greater than in
Figs. 2 and 3, according to the case oldapplication. These two-di nensi onal
structures of the wavefront source 7 are matched to the diffraction
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A further apparatus 101 for wavefront detection is schematically shown in
axial longitudinal section in Fig. 12. The elements in Fig. 12 corresponding to the
elements of Figs. 1-9 have the same reference numbers, increased by the number
100. ‘For a description of these elements, reference is made to. the description for
Figs. 1-9.

Wavefronts emergent from a wavefront source pass through an optical
system of which solely the optical element 115 is shown, and are transformed by
the optical system into emergent wavefronts 110 which then strike a diffraction
grating 111.

The diffraction grating 111 is combined with a locally resolving detector
119 to give a diffraction grating and detector unit 111, 119.

Here an image-preserving light guide fiber bundle 160 is contacted with a
radiation-sensitive sensor surface 120 of the detector 119. The fiber bundle 160
ends on the diffraction grating side in a spherical fluorescence layer 161 which is
concentric with the intersection point of the optical axis 150 and diffraction
grating 111, the optical axis 150 again being parallel to the Z direction.

D




20 AUG 2004 -14 includes a chessboard grating 55, which effects
interference, i.e. the lateral shearing of the wavefronts. The X ﬂQUFZW‘
directions shown in Fig. 8 correspond to those of Figs. 1-3, and

i ndicate that the chessboard grating 55 is arranged in the apparatus

di agonal ly, in correspondence with the_  openings 51 and 53, or 51' and 53',
of the wavefront sources [sic] 8 and 815'Fig. 9 shows a further enbodi nent
of a diffraction grating 11' suitable for the apparatus of Fig. 1, which
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bundl elok@fly resolving detector 119. With a view to the evaluation of the mterferogram,
a translation module 137 is allocated for the displacement of the diffraction
grating and detector unit 111, 119, and thus the diffraction grating 111, in
respectively the X or Y directions. The contrast of one of the orthogonal
interference systems of the diffraction grating 111 can thus be suppressed during
the integration time of the radiation-sensitive sensor surface 120 by means of a
movement of the diffraction grating by an integral multiple of the respective
grating period.

A further diffraction grating 11 and detector unit can be seen in Fig. 13.
The elements in Fig. 13 corresponding to the elements of Fig. 12 have the same
reference numbers, increased by the number 100. For a description of these
elements, reference is made to the description for Fig. 12 or for Figs. 1-9.

In the diffraction grating and detector unit 201 of Fig. 13, the interferogram
of the secondary radiator surface 261 is imaged onto the image sensor 220 by
means of a light conducting fiber bundle 260 constituted as a fiber plate and
contacted directly with the secondary radiator surface 261 and the image sensor
220. In this embodiment, the diffraction grating 211 can be moved separately
from the detector 219, e.g. for the mentioned displacement in one of the



ends on the diffraction grating side in a spherical fluorescence Iayer 161
which is concentric with the intersection point of the optical 'USALfBS@H‘
and diffraction grating 111, the optical axis 150 again being paralle

the Z direction. 2 D AUG 2004 - 15 A transparent hem sphere 163 is cenented
into the concave surface of the fiber bundle 160 with a fluorescent

cement, with the formation of the fluol@scent |ayer 161, the heni sphere
163 al so serving for protection of the fluorescent |ayer 161. The
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A further embodiment of an apparatus for wavefront detection is shown in
Figs. 15 and 16. The elements in Figs. 15 and 16 corresponding to the elements of
Figs. 1-9 or of Fig. 12 have the same reference numbers, increased by the number
400 or 300. For a description of these elements, reference is made to the
description for Figs. 1-9 or for Fig. 12.

The apparatus 401 includes 2 wavefront module, which is shown in detail as
an excerpt in Fig. 16, and plural, spherical, secondary radiator surfaces 461 with
light guide fiber bundles 460 respectively associated with these.

The wavefront module 407 shown as an excerpt in Fig. 16 includes a two-
dimensional, e.g. hexagonal, arrangement of focusing lenses 467 and perforated
masks 408 extended in the object plane of the optical system 405, with a
respective one of the focusing lenses 467 concentrating illumination light incident
in the direction toward the diffraction grating 411 onto the associated perforated
mask 408.

Thus the wavefronts in the whole image field of the optical system 405 can
be detected in parallel for a large number of field points by means of the apparatus




In the diffraction grating and detector unit 201 of Fig. 13, the

i nterferogram of the secondary radi ator surface 261 is inaged onto2 ﬁﬁi?%l
i mage sensor 220 by neans of a light conducting fiber bundle 260
constituted as a fiber plate and contacted directly with the secondary
radi ator surface 261 and the inmage sensor 220. In this enbodinent, the
diffraction grating 211 can be aned-sEbarater fromthe detector 219,

e.g. for the nmentioned displacenent in one of the 2 0 AUG 7004 -16
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prura wg\rrtla onf moecfucie 5a05y 1srs%pp€ﬂeo wi r111’11C1?1i'\"natmg n'raglatlon by means of
an 111urmnat10n field lens 569. A diffraction grating and detector unit 511, 519 of
the type shown in Fig. 13 is situated instead of a wafer on a wafer stage 571, and is
operationally interchangeable with a wafer, the diffraction grating 511 being
arranged in the image plane of the projection objective 505. The abovementioned
displacement of the diffraction grating 511 can then take place by means of the
movable wafer stage 571, which is already movable orthogonally with respect to
the optical axis of the projection objective 505, the whole diffraction grating and
detector unit 511, 519 being moved. Since the order of magnitude of the required
displacement path is typically 10 1m, the shift of the exit pupil on the sensor
surface caused by this displacement is negligibly small.

The diffraction grating and detector unit with regionally spherical detector
shown in Fig. 15 can also preferably be used as the diffraction grating and detector
unit for a stepper/scanner for microlithography.

For example, the distortion of the projection objective 505 can be measured
with the stepper/scanner 502 for microlithography, based on the multi-channel
feature of the wavefront module 565 and diffraction grating and detector unit 511,




l'ight guide fiber bundles 460 respectively associated with these. The
wavefront nodule 407 shown as an excerpt in Fig. 16 includes a twg-

di mensional, e.g. hexagonal, arrangenent of focusing |lenses 467 arld AUG 2004
perforated masks 408 extended in the object plane of the optical system
405, with a respective one of the focusing | enses 467 concentrating
illumination light incident in the did8ction toward the diffraction
grating 411 onto the associated perforated mask 408. Thus the wavefronts
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€ projection objective 85 onfr'3 e rmcrollthography arrangement 602

constituted as a stepper or scanner includes as optical elements, for example, three
lenses 673, 675 and 677. An operating element 679, 681 and {683], by means of
which the imaging properties of the corresponding lens and thus of the projection
objective 605 are controllable, is respectively associated with the lenses 673, 675
and 677. The operating elements can, e.g., be positioning members with which the
associated lens can be displaced or rotated, or actuators, with which the associated
lens can be deformed in a targeted manner or subjected to mechanical stress.

An apparatus 601 for wavefront detection includes an evaluation unit 604
which determines the instantaneous wavefront topography characteristic of the
imaging properties of the projection objective 605 from the interferograms
recorded by a sensor surface 620.

A signal 686 corresponding to the sensed instantaneous wavefront is passed
from the evaluation unit 604 to a comparator 685. The comparator 685 compares
the signal 686 with a reference signal 687 corresponding to the desired imaging
properties of the projection objective 605. Derived from the result of the
comparison, operating signals 689 are passed to the operating elements 679, 681

-




di spl acenent of the diffraction grating 511 can then take place by neans of
the novable wafer stage 571, which is already novabl e orthogonan%AmjmmL
respect to the optical axis of the projection objective 505, the ol e
diffraction grating and detector unit 511, 519 being noved. Since the
order of magnitude of the required dis&lacenent path is typically 10 im
the shift of the exit pupil on the senk®r surface caused by this

di spl acenent is negligibly small. The diffraction grating and detector unit
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el enments, for exanple, three

.




| enses 673, 675 and 677. An operating el ement 679, 681 and [683], by S
of which the imaging properties of the corresponding | ens and t hdd Mﬁeﬁﬂb
proj ection " objective 605 are controllable, is respectively associated with
the |l enses 673, 675 and 677. The operating el enments can, e.g., be
positioning nmenbers with which the ass?@iated | ens can be displ aced or
rotated, or actuators, with which the associated |ens can be deformed in a
targeted manner or subjected to nechanical stress. An apparatus 601 for

wavefro t A i | udes an evaluation unit 604 which determ nes the
BadHer A

i nst ant "t opography characteristic of the inmaging
properties of the projection objective 605 fromthe interferograns recorded
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aberration control, th iS, ap.o i I GUI O Lt ot
s advanthgeoubpparataty) i podnBiRarh . ststP te BAyLETRIRheepn.
wavefronts in indudéobe illuagrativemask (§;h%; gf’b}N@&t lanpl bbby aipang dragssusLon.
parallel for a large nunber of field points. The field distribution of the
aberrations can be cal cul ated_therefrom, The aberratjon.cqmpo S i
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di stribution of ybhiGHATY &rneRdricabidnthgssiontdistibudidmbl es for the
operating elenents are then calculated by a suitable process, e.g., on

vari ation tables based on optical calculations for the  projecti %_n
obj ectiveq. 2 0AAPEr20RA41) according to one of claims 1-3, wherein the wavetront source

(7) includes a perforated mask (8; 8'; 8.

5. Apparatus (1) according to claim 4, wherein the perforated mask (8, 8') has
plural periodically arranged openings (51, 53; 517, 53"). '

6. Apparatus (1) according to claim 5, wherein the perforated mask (8, 8) has
plural openings (51, 53; 51/, 531) arranged in fourfold synunetry.

7. Apparatus (1) according to claim 5, wherein the perforated mask (8_) has
plural openings (57) arranged in threefold symmetry.

8. Apparatus (1) according to one of claims 1-7 with an illumination system,
wherein the illumination mask (8; 8; 8") is arranged between the
{llumination system and the diffraction grating (11), and a scattering surface
(6, 6') is arranged between the illumination system and the illumination

mask (8; 8"; 8").

9. Apparatus (1) according to claim 8, wherein the illumination system




-20 PATENT CLAI MS: An apparatus (1) for wavefront detection, conpriihpg: ﬂ
wavefront source (7) for production of a wavefront (9), a di ffractildrhl il
grating (11) followi ng the wavefront source (7), and a spatially resolving
detector (19) followng the diffraction grating (11), wherein said
wavefront source (7) has a two-di nmensional structure adapted such that
spatial coherence of the radiation ex2ting the wavefront source can be
adj usted by neans of the two-di nensional structure of the wavefront

source. 2. I . ' lRg,hf0 claiml1l, wherein the wavefront source
(7) incl udﬁ&q‘iﬁgé #ﬁﬁmﬁgﬁﬁﬁﬁgg )(8; 8 ; 8") with locally varying

transm ssion. 3. Apparatus (1) according to claim2, wherein the
illumpgtio g : t at i I SYAT dgalo b | 5G4

i stri bt o PBens L) AR0rdifg' 6l ARLATE WHRMITRE Heb R e BE(29) 2000 | 1
wavef r ont sbllﬂtiem()@%)llghtm a perforated mask (8; 8'; 8") 5. Apparatus
(1) according to claim4, wherein the perforated nask (8, 8') has plural

periodjcally arranged. openings (51,.53; 51', 53'). 6. aratus (1) .
Pocordlhy t Srpasred ) ArePEA ethe 1B dbpnd uwheskin tie MRIpIma Ok (8;
openi ngs ( 58; 83;is dnnebtd torthedigiedguidef @9)f ol d synmetry. 7. Apparatus (1)
according to claim5, wherein the perforated mask (8} has plural openings
(57) arranged in threefold symmetry. 8. Apparatus (1) according to one of

cl ai ns12- 7 Aipparatusi (1)) accordingrtosyrst efrclaimse8-dily wherein thevilhaminatiomsk (8;

8 ; 8") is I e ek | WithA t . g hon
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(1) accordifggigoghai m8, wherein the illumnation system2 0 AUG 2004 -21
includes a Tight guide (29; 29'). 10. Apparatus (1) according to claim9,
wherein the light guide (29; 29') is a multi-node |ight guide. 11. .
Apparatus (1) according to claim9 or 10, wherein the illum nation nask (8;

13.  Apparatus (1) according to one of claims 1-12, wherein the diffraction
grating (11) is constituted in dependence on the structure of the wavefront
source (7) such that only given orders of diffraction contribute to the
interference at the diffraction grating (11).

14.  Apparatus (1) according to one of claims 1-13, wherein the diffraction
grating (11) has a respective diffracting periodic structure in different
periodicity directions.

15.  Apparatus (1) according to claim 14, wherein the diffraction grating (11)
has two mutually orthogonal periodicity directions.

16. Apparatus (1) according to claim 15, wherein the diffraction grating is a
cross grating (11°).

17. Apparatus (1) aécording to claim 15, wherein the diffraction grating (11) is
a chessboard grating (55).

18.  Apparatus (1) according to claim 14, wherein the diffraction grating (11_)
has three periodicity directions, respectively including pairwise an angle of




8 ; 8") is connected to the light guide (29). 12. Apparatus (1) according
to one of claims 8-10, wherein the illumnation mask (8; 8 ; 8")10 Al 20
associated with an optics (30; 30'; 430; 530; 630) which concentrates
incident light toward the illumnation mask (8; 8'; 811; 408; 508; 608).
13. Apparatus (1) according to one of clains 1-12, wherein the diffraction
grating (11) is constituted in depended@e on the structure of the wavefront
source (7) such that only given orders of diffraction contribute to the
interferencqzﬁk the diffraction grating (11). 14. Apparatus (1) according
to one of claink 1-13, wherein the diffraction grating (11) has a
respective diffracting periodic structure in different periodicity

di r ect ijgns. t ' t | ifREh 61 :
diffr ag?l' on%éz%t I'ng E@lﬁoﬁéisn?\%emgﬁ ﬁhgﬁlﬂglé‘éﬁdéf per%?éﬁiﬁ% (D)is
directi ons. a1sianghe grating ({1)).according to claim 15, wherein the
diffraction grating is a cross grating (11'). 17. Apparatus (1) according

to clai,m 15,, wherei n the diffraction ting,(11) {s .a.gh oard grating
(55 “2B. " Aavrareis (D ceording f, 088 of R 1 19 hhEreid e SaftRaction Yon
grating (I %ratinpas atgraﬁﬁﬁpwinhddicallywodismly vasying espesthisginy i ncl udi ng
pairwi se an angle of 2 0 AUG 2004 -22 120. 19. Apparatus (1) according to
claim 18, wherein the diffraction P' ] ) :

20. ApRar at dsppgaratuscclraticogding tmelaim 20 awherein the diffeaction gnating is aact i on
grating is ﬁr&rgﬂtﬁ%w th locally constantly varying transm ssion. 21.
Appar at us ( } atcordt’ng to claim20, wherein the diffraction grating is a
sine grating. 22. Apparatus (1) according to one of clains 1-2 1, wherein
the di pr aC%}SﬁMaﬁisﬁg)%c&&inzgzﬁ) aneEetaiaial L. wRereidhe daffvacticn

according to _one lal 1- .wherein the diffrac- tion grating (1i")
i ncl udes a &f%‘imsgfl Sﬁamﬁggtmgspect i ve :

rating (11) is a triangle grating (11j.

23.  Apparatus (1) according to one of claims 1-22, wherein the diffrac-
tion grating (11”) includes a grating (58) having a respective
diffracting periodic structure in different periodicity directions and a
line grating (59) coplanar with this.

24.  Apparatus (1) according to one of claims 1-23, wherein an optical system
(5) transforming the wavefront (9) is arranged between the wavefront source
(7) and the diffraction grating (11), and wherein the wavefront source (7) is
situated in an object plane (3) of the optical system (5), and the diffraction
grating (11) is situated in an image plane of the optical system (5) conjugate
to the object plane (3).

25.  Apparatus (1) according to claim 12 and one of claims 1-24, wherein a
translation module (37) for the displacement of the diffraction grating (11)
in the different periodicity directions is associated with the diffraction

grating (11).

26.  Apparatus (1) according to one of claims 1-25, wherein a displacement
module (31) is associated with the wavefront source (7) and displaces the
wavefront source (7) in the object plane (3).




diffracting periodic structure in different periodicity directions and a
line grating (59) coplanar with this. 24. Apparatus (1) accordlng il of
clainms 1-23, wherein an optical system (5) transform ng the mavepront @9
is arranged between the wavefront source (7) and the diffraction grating
(11), and wherein the wavefront source (7) is situated in an object plane
(3) of the optical system(5), and the2¥iffraction grating (11) is
situated in an inmage plane of the optical system (5) conjugate to the

obj ect plane (3). 25. Apparatus (1) according to claim 12 and one of clains
1-24, wherein a translation nodule (37) for the displacenent of the

di f f r a27i on Apparatus (1) Bccordinghie claimefrwherein the displacément module 31)

o one of chiopdispfas'thk detoctbr (IO Thafilic i the fipePRiEhe iter HordiFa: 0,

with the wadwplammntmﬁdiqwavaﬁwmusgprem % mriéle le@tptane Surce (7) in
the object plane (3). 2 0 AUG 2004 - 23 27 Apparat us (1) according to

cl aim 26, erein th i spl ace nt nDduIe aces the detector
(19 pégal I pgagatq@e(e,, %&dg ascy nﬂf@rplﬂfh@ alama é’g‘ﬂ%{g

wavef (rjont tSQLQ %1 9)7i?ndlﬂdésh§ r@@ia@@n E?ér?diﬁvé anscﬁ&u:fm@ 2015&20 ar cBQtl)
according to one e es a
radi ati on- sBﬂéSW%YéE @ é@ é’bﬁ‘ ﬁ}f é’rf?rai H&&% Qlel (153;
322) arrangandithe sensor surfaid (2@;&2@)’1 gr ating (11; 311) and the sensor
surface (20; 320). 29. Apparat us (1; 301) according to claim 28, wherein

the i nmagi ng system (22; 22) is corrected with regard to the Abbe él
condi t 28n. wpamm(dt;&glo_accgodmgat@c@iaunr?g?, vehenean the Snaginpsysiest &4 t he

| magi ng sys8oM) i¢ eérredied with a?&‘%ﬂtthé%bb%lsmé%cﬁﬁﬁﬁ (1) according to

one of cl ai mszz wherein a first beansplitter (45) for coupling-out a
portion of the radl ation supplied by the wavefront source (7) is arranged

bet weeB0a r Aipiranus qq@rﬂde) acédrdimpiot ¢laima&or 28] whereircthe(itagiagdysteracond
beansplitte {a}.‘ﬁc ?vvln he diffraction grating (11) deflects t he
léutﬁeec(?ngﬂ by the first beansplitter (45)

radi ation p
31.  Apparatus (1) according to one of claims 1-30, wherein a first beamsplitter
(45) for coupling-out a portion of the radiation supplied by the wavefront
source (7) is arranged between a radiation source (43) and the wavefront
source (7), and a second beamsplitter (47) following the diffraction grating
(11) deflects the radiation portion coupled-out by the first beamsplitter (45)
to the sensor surface (20).

32. Apparatus (1) according to claim 31, wherein a reference light guide (49)
transports the radiation portion coupled-out from the first beamsplitter (45)
to the second beamsplitter (47).

33. Apparatus (101; 201; 301; 401) according to one of claims 1-32, wherein
the detector (119; 219; 319; 419) includes a secondary radiator surface
(161; 261; 361, 461).

34. Apparatus (101; 201; 401) according to one of claims 1-33, wherein the
detector () includes plural light guides (160; 260; 460).




to the sensor surface (20). 32. Apparatus (1) according to claim31
wherein a reference light guide (49) transports the radiation pédkﬂﬁnmﬂ&
coupl ed-out fromthe first beansplitter (45) to the second beansplitter
(47). 33. Apparatus (101; 201; 301; 401) according to one of clains 1-32,
wherein the detector (119; 219; 319; 419) includes a secondary radiator
surface (161; 261; 361; 461). 34. Appdfatus (101; 201; 401) according to
one of clainms 1-33, wherein the detector () includes plural |ight guides

(160; 0; 3 atus for wavefront detection
with aggrff@@?&ﬁ‘%@k@ﬁégﬁé’}@é@?@ 4 Zithrou h whi ch a_wavefront (110)
passes and a difractignrgratingi(1d 1¢idddeddd) ¢ gmmgnchagyaacﬁangéhlﬁbl | owi ng
t he diffra&%ﬁg& grating (111; 311; 411), wherein the detector (119; 319;
419) is curved at least regionally toward_the (ffractio rating (111,
311; 411). @8d algeallytesolvipg; eseqtpriﬁﬁ; éégbﬁaghgm@gsﬂf veing e 1. 35,
wherei n thediffPARIOPEerdtdd®(1B1931814911),s at |east regionally spherical. 37.
Apparatus (1Q1; 301; "410) according to claim35 or 36, wherein the detector

(119; 319; XYREr&lHc| ydes an at |east partially curved secondary radiator
surface (16the détectdt()1%r3 Eoeld bistomread tddeaktiregrmalbntaward the (111; 311;

411) and thg: l.ati op- V{iver pe surface (120; 320; 420). 38.

Appar at us (W@iﬁ %gi%‘?ggly)’rgllﬁ’gﬁfgjcl aim 37, wherein the secondary

radi ator surface (161; 361; 461) is frequency changing. 39. Apparatus (101;
410) aqgor di itk 1;?1'5%' iy ¢ icP4i 4 udes
pl ural 3 igh{{?ﬁrgg% ?ﬁ%@aﬁ%ﬁé& n tcﬁg&égjﬁgﬁ%i on gléi%%%s’svﬁgggem\?mﬁéh their
ends on t hedgfeatentl 19 b??a isatdeastregignaal ﬁﬁphegﬁﬂeri cal segnent. 40.

Apparatus (10 1; 301; 410) for wavefront detection according to the

br eanbgi of ﬁﬁ:lq%ra 'Is f]er 123%01; 410) according to claim 35 or 36, wherein the detector

(119; 319; 419) includes an at least partially curved secondary radiator |
surface (161; 361; 461) arranged between the diffraction grating (111; 311;
411) and the radiation-sensitive sensor surface (120; 320; 420).

38. Apparatus (101; 301; 410) according to claim 37, wherein the secondary
radiator surface (161; 361; 461) is frequency changing.

39.  Apparatus (101; 410) according to claim 35-38, wherein the detector (119;
419) includes plural light guides (160, 460) on the diffraction grating side,
with their ends on the diffraction grating side arranged on a spherical
segment.

40. Apparatus (101; 301; 410) for wavefront detection according to the
preamble of claim 1 or 35,
wherein
a diffraction grating holder (163; 363; 463) holding a diffraction grating
(111; 361; 461) has a secondary radiator surface (161; 361; 461).

41. Apparatus (101; 410) according to one of claims 1-40, wherein the
diffraction grating (111; 411) is arranged on the planar surface region of a
hemisphere (163; 463).




wherein a diffraction grating holder (163; 363; 463) holding a diffraction
grating (111; 361; 461) has a secondary radiator surface (161; BPBAJL 284) .
41. Apparatus (101; 410) according to one of clainms 1-40, wherein the
diffraction grating (111; 411) is arranged on the planar surface region of
a hem sphere (163; 463). 2 0 AUG 2004 -25 42. Apparatus (101; 410)
according to claim4l, wherein the sph@rsi'cal surface region of the

hem sphere is constituted as the secondary radiator surface (161; 461).
43. Apparatus (101; 410) according to claim 37 and according to claim4l or

42, wherein the |ight I de_ends on the diffraction grating side are

connec by&apméq&éh@t;gwmmp aim ¢hewherein; the| Siglm@ééufﬁgﬁon

of the hemi gebireof HiSheAfidpherdds odnRAtHed | s

clainms 1- 43,@%&__&&%1 pl Sr a?ﬁm%%g?r ontﬁ sou?%sg@é?fgggggﬁgf%??gﬁged |dr§front
p

of the diff rating (411). 45. Apparatus (410) according to claim
44, wherein the detector (419) includes plural (460) |ight guides for each

f t A Q di t i m.44 45,
wher ef P he AaBE Y (oot REALE 10 Chity 37 AR ARetihe T SRAraF o0t ace
(461) for eddy wherein the lightiguide ¢nd3 onheadiffrastion patingsddelarg to claim
54 and Lai ) , . 3 : _
oroj oct fon CEEF(Eby 2 fealiheoahathe Bk RPto HESARAE Y biiisgion
det ecti on, dheihemisphees (Hd; 463 )or oduced by a wavefront source (8), an
interferogramis produced with the wavefront and with a diffraction

ti 11), havi I fracti i odi ¢ st tively i
G f1or g ysppaates (4100 adsRipinE SRR dlnine Iobc Rberab ahealgybusfiont
recorded wi tsbuaceﬁ_(ﬂ(}ﬁ)i are-aeaggdd irefroae o thodiffrditioni grating (411). :

45.  Apparatus (410) according to claim 44, wherein the detector (419) includes
plural (460) light guides for each wavefront source (407).

46. Apparatus (410) according to claim 44 or 45, wherein the detector (419)
includes a spherical secondary radiator surface (461) for each wavefront
source. )

47.  Apparatus (410) according to claim 24 and one of claims 1-46, wherein the
optical system (405) is a projection objective for microlithography.

48. Process for wavefront detection, wherein
a wavefront is produced by a wavefront source (8),
an interferogram is produced with the wavefront and with a diffraction
grating (11) having a diffracting periodic structure respectively in different
periodicity directions
and an image of the interferogram is recorded with a radiation-sensitive
detector,
wherein
the wavefront source (8) or the diffraction grating (11) is displaced in one
periodicity direction by an integral multiple of the corresponding grating
period.




t he wavefront source (8) or the diffraction grating (11) is displaced in
one periodicity direction by an integral nultiple of the correspppgi 208t
grating period. 2 0 AUG 2004 -26 49. Process according to claim48,
wherein the wavefront source (8) or the diffraction grating (11) is

di spl aced by an integral nultiple of the corre- sponding grating period
during the imge recording time of the2@6letector. 50. Process according to
claim48, wherein plural interferogranms are recorded during the

di spl acenent of the wavefront source (8) or the diffraction grating (11)
by an integral nultiple of the corresponding grating period, and the

pl ur al 49nt ePforessraacordimgeto elaemubs,dwhereindhie fwargfromt smircer(8) 6t thér ocess

source. ()  CLfFACHRE bBlting (T f@%?ﬁ%‘%‘ééaﬁﬁﬁ i eRAAGH! 62%‘1" helEeL, n
di ffracti onspcgnmma(cm@ peraod duringithe image necqrding sime of the detector.

respectively in different periodicity dlrectlons mhereln t he wavef ront

source_(8) ar the dlffractlo grating. (11) is ced in a displacenent
step by 6a f PERGGSS ACEPTAIRG tooe q@@ﬂp%émwhgregnaﬂ %T@BT%‘@ aIRACCY! ting

i nter f er ogr giiting etdisprlenicin c;ﬂthelvaﬁemaﬁt ﬁmel(s)mnhétcﬁﬁframt he
|nterferograqa {ﬁgl d i n he ndlﬁﬁﬂuak Iacene t steps are. avergged
for the vavErting engptegal My ifiple B she SPrsBoRding aritind priedy 8h8%F e
wavefront sthe pliréBinterfetdgramiifrfapes tare msed dor nglv(cfﬂ()ntldftdclsom.aced in a
direction defined by vectorial superposition of the different periodicity

directions. 53. Process according to claim51 or 52, wherein the total
anount 5 bf dPsocqslsafoemefwntd@teamaf whereour ce (8) or the diffraction

grating (11) vrsvefSoRt ﬂseﬁr H@ggdq;a, (Sht*b'ﬂ\frcﬁf(S he correspondi ng grating
period. 54. Arran g T0 crol 1t hag w%ﬁf@grolgectlon
obj ective amant EI&IQETWS\HTP#“% m ¢ yavedrt (ﬂr@“ﬁg‘

1- 47, wher epratinig€l Vphigvingd déffrioting périodfilstructane pespavtivady om different

br ought I ermvegdmty directions,

wherein

the wavefront source (8) or the diffraction grating (11) is displaced in a
displacement step by a fraction of the corresponding grating period, and the
resulting interferogram is detected,

the displacement step is repeated,

and the interferograms detected in the individual displacement steps are

averaged for the wavefront detection.

52. Process according to claim 51, wherein the wavefront source (8) or the
diffraction grating (11) is displaced in a direction defined by vectorial
superposition of the different periodicity directions.

53. Process according to claim 51 or 52, wherein the total amount of dis-
placement of the wavefront source (8) or the diffraction grating (11) is
smaller than or equal to half of the corresponding grating period.

54.  Arrangement (502; 602) for microlithography with a projection objective
(505; 605) and with an apparatus according to one of claims 1-47, wherein
the wavefront source (507, 607) can be operationally brought/removed




2 0 AUG 2004 27 into/out of the object plane of the projection objective
(505; 605). 55. Arrangenent (502; 602) for mcrolithography w tg?l? UG 2004
proj ection objective (505, 605) and with an apparatus accordin g one of
clainms 1-47, wherein the diffraction grating (511; 611) can be
operationally brought/renoved into/out_of the object plane of the

proj ection objective (505; 605). 56. 2T angenent (602) for mcrolithography
according to claim54 or 55, wherein the projection objective (605)

ar 1 east oniiBfoya st Pbise? bl e pididctioh biedlye (09 605E 00 2 70 1
obj ective (605) is an operating element (679, 681, 683) wth which the
and wil th 1 56 ﬁ”"*‘éﬁ"‘aff‘?’ﬁ“y"%?eq?ﬁ;ﬁ%? SRlogphy wifia iﬁﬁ?t‘i%r*’ KU ont
det ect i on. 13 d th ep@PParusACEPBIINE KPR RY i@@%ﬁ T‘{?g WRCISIR| m
(B0L) T or e o Stk o wave ot
Weh a orer NG GG est plank of Fepiaon Metive GRS GBS i ng
properties of the projection objective (605), and wherein the conparator
ggg? ) §61 1S Arpildhent D) fo midi61iflaphy HecbPaind td Maifm! $4Bplss(679. 681,

wherein the projection objective (605) includes at least one optical element

(673, 675, 677), and associated with at least one of the optical elements

(673, 675, 677) of the projection objective (605) is an operating element

(679, 681, 683) with which the imaging properties of the optical element

(673, 675, 677) can be varied, and which is controllable by means of the

apparatus (601) for wavefront detection. |

57. Arrangement (602) for microlithography according to claim 55, wherein a
comparator (685) compares signals, emitted by the apparatus (601) for
wavefront detection and corresponding to the detected wavefront, with a
reference value (687) which corresponds to the desired imaging properties
of the projection objective (605), and wherein the comparator (685) emits
signals (689) for the control of the active element (679, 681, 683).




