[ 1l SPECI FI CATI ON: Apparatus for Wavefront Detection *159159* *@00002*
00019 P The invention relates to an apparatus for the detection of
wavefronts of electronagnetic radiation, in particular visible and

. ultraviolet light and soft X- rays, according to the preanble of claim1,
and also to a process for wavefront det «Tlﬂ Wm‘l“mﬂmmﬂ ng to the preanble of
claim44 and a stepper or scanner for hy with such an
apparatus of the concerned category, for wavefsant detection. An apparatus

of the concerned cat egory, for wavefront detection, is known from "Phase
Measuring Ronchi Test", by Katsuyuki Orura et al. (pages 523-528 in
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which is used for testing the imaging quality of a test lens, a monochromatlc point
light source of a He-Ne laser produces a wavefront, which passes through a
collimator and a test lens and thereafter strikes a diffraction grating known as a
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 plane 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
concerned 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 A1, 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 1 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



A further apparatus for wavefront det ection according to the preanble of
claim1l is known fromthe article "Eval uation of Large Aberrations Using a
.Lateral - Shear Interferoneter Having Variable Shear" by MP. Rinrer et al.

. in APPLIED OPTICS, Vol. 14, No. 1, January 1975, pages 142-150. The

optical system connected between the wavefront source and the diffraction
grating is a curved mrror in this case. J.E Pearson et al., in APPLIED
OPTI CS AND OPTI CAL ENG NEERING Vol . VI, Academic Press, Inc., 1979,
“Chapter 8, "Adaptive Optical Techni queg- for Wave-Front Correction”,
referred to adaptive optics with hearing mterferorreters as wavefront
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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, e.g., by
arranging a collimator before it.

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



phot oem ssion el ectron m croscope (PEEM can also be used as the locally
resol ving detector. Departing fromthe cited state of the art, according to

.the invention it is not required to irradiate the optical systemto be
. tested with a plane wave, e.g., by arranging a collimtor before it. For

very short wavel engths extending into the X-ray region, it can be -3
advant ageous to construct the wavefront source as a reflecting el enent,
e.g., as a reflection nmask. In an advant ageous enbodi nent, the wavefront

“source includes a perforated mask, whdrce the two-di nensional structure of

t he wavefront source has high contrast. Such a perforated mask can I n
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abl e tgince this is possible without inserting additional components, for example
collimator lenses, into the beam path of the optical system between the object and
the image, the invention enables the calibration of such additional components to
be dispensed with.
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
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resulting therefrom can be used for increasing the measurement accuracy by
compensating calculation.

Such diffraction gratings with several periodicity directions, €.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.



operating di stance between conjugate points, it is desirable to adjust the
diffraction grating as accurately as possible in the inage 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 conbination wth
a further line grating in the object 'pﬁane and having its grating constants
mat ched to the imging scale of the optical system and to the grating

constant s ofy vIdif ofitAE c¥aRldiith 6 ﬁ{tepfewmra ¢ ifid h19AaR00S R4 8O 2

noire attern aril se ta ri,entalkl o tin The
best s&ﬂmlﬁgoﬁl Rmedu Q)FO bﬁ@sa@cflap heg&l ragHonLrates, &radlgefwg@ﬁ
the megf thmlifﬁ*a"cﬁoﬁ @ptin the two mlﬁu/anil driteo lldﬁfedtfbn%f The contrast

acsaci G BHC ALRC qua%aiﬁfa%? Ae3es 87 sigms G L beuRBiHese

“3

TGS eg:bytlpggans of

di f f r asmovergent ofithe diffiaetionogratingaby ynantdgrgbmmiltigie efthmr&spe?ftwecont r ast
of one fﬂftlﬁﬁﬁo Hhogonal I nterference systens can then be suppressed by
means 9 venent of the diffraction grating by an integral multiple of

the respect Hovevarathadiffeaction grating.ean alsadai lincadiffreatigngratiggcan al so
ggsgcl fd“tﬁtl@hfrhbaﬁld ﬂi?*n]?f?flg tr}gigfr?%ta tﬁtﬁs‘l %Q%(?@gwdzwﬁﬂﬁﬁﬂhe%fﬂﬁcﬁéﬁ%‘hﬁﬁgoUS| y
G at | niptaRE e giftracsian ettt ihtoyel 9 JAble DrssBaigpot
i nt e[) f erthot eg;lfmteérfgérge sgﬁmplfeta%m Ietemat;xdmﬂa*ecc%immoﬂ he detector
can pe sul ) q: W é %%syst em
arranged beﬁn éjr?r{? é % ber f"o‘ﬂg} écﬁﬁ gﬁﬁ‘e ﬁg’[}@&&? i ai%g
:les/gnéI E?eagn@ sﬁemﬂm'rmm hct—zvgeen tdfm lﬂlgga{;??wwd thfi dht@;;)c{i@rghltt égm de E 0
| 0B O AR he SRR o458 ERIFR AL Fgth $id o o

i
.Slrjr;g?(rig switsplacpdhcnmamng sypigan @@h’diq iterthedmagel Iﬁgréﬂr'!g’l(; hemihe exly syriacge
wavef r gptise H 9&5§§qldyl§@ﬁpm&w action grating is transmtted to the

det ect or, or.a rsf beans tte

I ture angl es
arranged be @ correetion of ﬁﬁg% ggﬁ}’éterﬁé()éﬁP ?be BWC@I‘F‘{J 108 H?ee out
a port lgerabfshehringasti thei wavefrontsyéavgettsy tievéiffrastion grating is transmitted

to the detector, constant for all aperture angles.

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



source, and a second beansplitter which deflects the portion of radiation
coupl ed- out by the first beansplitter to the detector, by-passing the
.opti.cal systemand diffraction grating, the constancy of the radiation

. source or wavefront source can be nonitored. A reference |ight guide can
then transport the radiation fraction coupled-out by the first
beansplitter to the second beansplitter. A portion of the illum nating
radi ati on can al so be deflected to the _deflector past the diffraction
grating, e.g. through a recess of the Biffraction grating. According to a
further viewpoint of the invention, the basic object is attained by the
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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




In a further enbodi nent, the detector includes on the diffraction grating
side a.nunber of |ight guides, the ends of whose |ight guides on the
.diffraction grating side are arranged on a spherical shell. This can be

ef fected, 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 inage-preserving optical fiber bundle, transport the
inter- ferogramto a relatively freely/positionable sensor surface. The
diffraction grating can thereby be arranged within a vacuum for exanple,

and annia&‘iﬁ@? sGREA6 tﬁé td'lﬁ&nsfb‘hsaof‘ﬁﬁt SRt ﬁﬁrfaﬁeﬁs %@B&g%c%si%\feca”er a,

out si de the,vacu view to I I ab det ec he shear
i nt erferogréﬁmﬁi@gﬁpg% r%a@ﬁ WEWRRIB! PE the BnYeigHbe aismaﬁlqc&hs grating
E an beattaimedtby thes featirisad c?/llahh 4t(heW1|tl§dl gsx*atlng lssidet gavmgfbﬁﬂpthesgr f a;:ﬁ

or ex e en an I rec CO aC W a
Caner aﬁﬁﬁaﬁtwﬁﬂ bR 5 s Gt en i Siptted e Aptee B8ORET " g ng
opt i caWavsyrontdet¢ctari oan therehy benpanticalady aonpad. tlhés thedehy possibdasotive
surfac
her optegrete ah BRIt W ROR( e@hﬁSﬂ%%?dﬁ% tofhefifideifioAthld e | b
basi ¢ aEg_dy existing epheal 1 lmaglng davices, dor pnetatmna l4ponitpringzoigthgt i ng hol der
havi nguﬁggllﬁgt@@a i@l ffraction grating and also a secondary radi ator surface,

t he apparatu ront det ect n hereb articu act .
It is thereb@ H&Qﬁﬁ?@ V@ntqgﬁ%{fﬂét SCPB}%? kg flg,arggékggﬂﬁ&{ "G%ttg’@m) on
accor ddiffracoionhgratimgearid the radlatlonlsremrtyveemnsorrsgrfawaml supp@tmmeiew ces,

LSLaﬁE’é@éﬂ&?%sg%ﬁé %ﬁ%?léﬁa#‘%ﬁ#{ai‘#@%l?ﬁ%ﬁ%ﬁ!&ﬁ%@%@%@ o

gr at i ngphericalisensarsunfpoes eam thareby hecatsai faacempadt sngpobust t he
di ffraﬁ h@PuiGhdlSran T@g sgheﬂeal %&%Eﬂ%ﬁhlegﬁgmsgﬁefém padvant ages

eg% sensar Sur s can t e atta a conpact and
robustpr grahly conshhate f4§r SPﬁgngﬁﬂéF &torsﬁhlﬂ'aé'@e regi on of the henisphere

is then prEhey H@llrﬂsﬂfﬁiﬁdaltdﬂﬁwmieﬁtw ﬁ&@ﬁﬂéﬁﬁoﬁ%ﬂaﬁhgf}uﬁdéf émebeThi s

hem spher 'b?r?clad elgbé) Mahfier Wohlcil 1§ e?hmen %s'rggarq{saf)ﬁon ctc]f)oln technopogy, with
an optical fiber bundle and a secondary radiating surface if the optical fiber bundle
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.e., 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



conbined, in a manner which is efficient as regards production technol ogy,
with an optical fiber bundle and a secondary radiating surface if the
.optical fiber bundle ends on the diffraction grating side are connected to
t he spherical surface region of the hem sphere with a frequency-converting
cement. in a further enbodi nent, a wavefront nodule is arranged in front of
the diffraction grating, and an optical systemis arranged between the
wavefront nodule and the diffraction grating. The optical system can

t hereby be investigated w th high actliracy, with a diffraction grating and
detector unit adjusted to the wavefront nodule. Wth plural wavefront
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projection objectives for microlithography.

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 U and by adjoining narrow-band filters, known, for example,



wavefront source nmakes possible undistorted detection by the detector of
the lateral shearing produced by the diffraction grating. The apparatus
.according to the invention is particularly suitable, because of its
conpact ness and eval uation efficiency and accuracy, for the testing of

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, and the evaluation of the

i nterferograrn consi derably sinplifie"d9 "by the displacenment of the
wavefront source or of the diffraction grating in one of its periodicity
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In particular, with a variation of the phase position of the wavefront source,
e.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 nperfect illumnation of the wavefront source, or from ghost inmages or
ghost interferograns due to possi bl e back-reflections fromthe opti cal
.system and from the apparatus for wavefront detection (e.g., fromthe

- detector surface, grating back side, etc.). These interferences are
typically periodically 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 position of the grating relatrs & 1o the wavefront source). In
particular, with a variation of the phase position of the wavefront source,
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an aberration control circuit’ ich can act on the projection objective

by means of active or nanipul at or elenents.
Fig. 1 is a diagram showing an embodiment of the apparatus for wavefront

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



A particular suitability of the apparatus for wavefront detection according
to 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

i ncoherent radiation, fromthe infrared as far as the X-ray region, and

al so particularly for radiation sources of short coherence |length such as a
HBO | anp, an exciner |aser or a synchrotron radiator. Production
nonitoring can al so take place with tg operating |light source at the
operating wavel ength of the mcrolith Sraphy proj ection objective. The
invention is described hereinafter using enbodi ment exanples in connection
wi th the acconpanyi ngg g bEF alM ngs. Fig. 1 is a diagramshow ng an
enbodi ment gf the apparatus for vefr et.ection accordin o.th
ont ront Big 5 0PR Sierbihowing: TorridRiarGhn i eRhE RS e, on
source of Fig. 1; Figpp &ratiss af pignl;vi ew of an alternative illumnation

mask; Fig. di agr ui table for
the wavef rg szgurcggo Hﬁ%g%wglgé%%gkabﬁg}%ﬁ% Ifﬁ W%ﬁfﬁ anot her

i I1unination mask, sufletgstiontancording toathst inyentioo, constatuted gs aidiffrag: 6 is
a di agram show ng an | nation syst em and

i1 Tum nati Oﬂ n&i ﬁﬂﬁ%% aglgadéfﬂaaﬁ%cggdﬁi\glm a furfher odi nent of the
i 1l um nati ohl&yst em mdiagram WH%B?fﬂ K aijlTa‘GlSu TéVbe oRy defestieni ng
the diffraction grati a@caﬁlﬁ@@o atp aivadritforfconistitutédrdsta defiaetidndgagingm
showi ng a second di fféﬁ@\g‘ ﬁn tarphitng usabl’e for the apparatus of Fig. 1;

Fig. 10 is a diagram pd diffraction grating usable for the -11
apparatus oFigilgt 1; B agdlalgrarrss]m‘astllag]aa"uustﬂlmppagawsfﬁmr\mveﬁrbnt deteceon

grating usable for thﬁon &b'éstoolfhe Fh%enfionTtdnsttatld af aHiFhBfIdENOW Y @

further apparatus for vva
gratlng and detector unit;

Fig. 15 is a diagram showing an embodiment with 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 5 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



detection according to the invention, constituted as a diffrac- tion
grating and detector unit; Fig. 13 is a diagram show ng a third apparatus
.for wavefront detection according to the invention, constituted as a

. diffraction grating and detector unit; Fig. 14 is a diagram show ng a
fourth apparatus for wavefront detec- tion according to the invention,
constituted as a diffraction grating and detector unit; Fig. 15is a

di agram showi ng an enbodi nent with plﬂral par al | el measur enent channel s;
Fig. 16 is an enl arged sectional diagré%Tof t he wavefront nodul e of the
enbodi nent of Fig. 15; Fig. 17 is a diagram show ng an arrangenent for
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In the apparatus 1, the detector 19 is also moved by the displacement
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.



shearing di agram produced by the diffraction grating 11. The imagi ng system
22 has a m croscope objective 21 and further optical elenments 23 and 25
.and,. together wth the optical elenent 15, images the aperture stop 17

. onto the sensor surface 20, as shown by the pupil beam path 27. The

i magi ng system 22 is sine corrected, the quality of the sine correction of
the m croscope objective 21 being deC|S|ve for the constancy of the shear
di stance over the neasured wavefront he wavefront source 7 includes a
perforated mask 8, shown in detail in 1 g. 2, installed at the output of a
i ght guide 29. For the investigation of the whole image field of the
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diffraction grating of Fig. 10.

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




-13 A further enbodi nent of a perforated mask suitable for the wavefront
source -7 is showmn in Fig. 3. This perforated nmask 8' includes a square
.opening 53" |ikew se arranged centered on the optical axis 50 of the

. optical systemb5 and four openings 51' arranged adjoi ning the opening 53

and symretrically around the optical axis 50. The nunmber of openings of a
perforated mask according to the invention can also be greater than in
Figs. 2 and 3, according to the case of application. These two-di nensional
structures of the wavefront source 7-dide-nmatched to the diffraction
grating shown in Figs. 8 and 9 such that only given orders of diffraction
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means [ Fig ClOrsigng @ffdcedmntdrferdndd] 2., lateral shearing of the wavefronts. A

moiré line grating 59 connected to the chessboard grating 58 is arranged in the
plane of the chessboard grating 58 in a region not required for the shearing of the
wavefront.

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.



matt disk 6' and expanding or focusing | ens 30 arranged between them is
showmn in Fig. 7. The diffraction grating 11 is showmn in Fig. 8. The
.diffraction grating 11 -14 includes a chessboard grating 55, which effects
~interference, i.e. the lateral shearing of the wavefronts. The X and Y
directions shown in Fig. 8 correspond to those of Figs. 1-3, and are to

I ndi cate 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‘@ﬁ'Fﬁg. 9 shows a further enbodi nment
of a diffraction grating 11' suitable for the apparatus of Fig. 1, which
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and for the Y dlrectlon orthogonal thereto. Phase gradients in more than one
direction can thereby be determined from a single interferogram recorded by the
locally resolving detector 119. With a view to the evaluation of the interferogram,
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




119 to give a diffraction grating and detector unit 111, 119. Here an

| mge-preserving light guide fiber bundle 160 is contacted with a
.radi.ation-sensitive sensor surface 120 of the detector 119. The fi ber
bundl e 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 directign. - 15 A transparent hem sphere 163
is cenented into the concave surface-df®the fiber bundle 160 with a
fluorescent cenent, with the formation of the fluorescent |ayer 161, the
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seen i grdtirgg héRler could thereby serve at the same time as a cover glass for the sensor
surface 320.

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 a 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



The elenments in Fig. 13 corresponding to the elenents of Fig. 12 have the
sane reference nunbers, increased by the nunber 100. For a description of
-these elenents, 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 inmaged onto the

I mge sensor 220 by neans of a light conducting fiber bundle 260
constituted as a fiber plate and cont ted directly with the secondary
radi ator surface 261 and the inmage seH 220. In this enbodi nent, the
diffraction grating 211 can be noved separately fromthe detector 219,
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a wavefront module 565 can be pushed in or pivoted in, in exchange for a reticle.
The wavefront module 505 is supplied with illuminating irradiation by means of
an illumination 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 Im, 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,



description for Figs. 1-9 or for Fig. 12. The apparatus 401 includes a ,
wavefront nodule, which is shown in detail as an excerpt in Fig. 16, and
.plural, spherical, secondary radiator surfaces 461 with [|ight guide fiber
bundl es 460 respectively associated with these. The wavefront nodul e 407
shown as an excerpt in Fig. 16 includes a two- dinmensional, e.g. hexagonal,
arrangenent of focusing |enses 467 and perforated masks 408 extended in

t he object plane of the optical system 405, with a respective one of the
focusing | enses 467 concentrating ill i hat i on light incident in the
direction toward the diffraction grating 411 onto the associ ated perforated
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519 o ilumination is fixedly aligned to the main beam direction and thus a homogeneous
illumination of the aperture stop from each object field point is possible.

The projection objective 605 of the microlithography 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
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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 imge plane of the projection objective
505. The abovenentioned displacenent of the diffraction grating 511 can
then take place by neans of the novable wafer stage 571, which is already
novabl e orthogonally with respect to the optical axis of the projection
obj ective 505, the whole diffraction qratlng and detector unit 511, 519
bei ng noved. Since the order of magnit foe of the requi red displ acenent
path is typically 10 im the shift of the exit pupil on the sensor surface
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illumnation of the aperture stop fromeach object field point is possible.
The projection objective 605 of the mcrolithography arrangenent 602
.constituted as a stepper or scanner includes as optical elenents, for
exanple, three Ilenses 673, 675 and 677. An operating elenent 679, 681 and
[683], by nmeans of which the inmaging properties of the corresponding | ens
and thus of the projection objective 605 are controllable, is respectively
associated with the I enses 673, 675 and 677. The operating el enments can,
e.g., be positioning menbers with whi-® the associated | ens can be

di spl aced or rotated, or actuators, with which the associated |ens can be

def or i r d manner or subjected to nmechanical stress. An
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appar or wavefront detection includes an evaluation unit 604
whi ch determ nes the instantaneous wavefront topography characteristic of
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manner to reduce the aberrati‘ons of the projection objective 605. In the
manner of a control circuit, i.e., of a closed circuit, these steps are
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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', 53') arranged in fourfold symmetry.

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
illumination 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



proj ection objective. -20 PATENT CLAIMS: 1 Apparatus (1) for wavefront
detection with a wavefront source (7) for the production of a wavefront
(9), adiffraction grating (11) follow ng the wavefront source (7), and a
| ocally resolving detector (19) followng the diffraction grating (11),
wherein the wavefront source (7) has a two-di nensional structure. 2.
Apparatus (1) according to claim1, wherein the wavefront source (7)
includes an illumnation mask (8; 8 ; 8") with locally varying

transm ssion. 3. Apparatus (1) accordﬂﬂg‘to claim2, wherein the
illumnation mask (8") has a rotationally symetrical transm ssion

di stributi ofhcldded\RRBMGHEdE 1292299r ding to one of claims 1-3, wherein the
wavefront source (7) includes a pérforated nask (8; 8'; 8"). 5. Apparatus
(1) according to claim4, wherein the perforated mask (8, 8 ) has plural
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according to claim5, wherein the perforated mask (8] has plural openings
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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 (117).

17. Apparatus (1) according 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 clains 8-10, wherein the illumnation mask (8; 8 ; 8") is
.associated with an optics (30; 30'; 430; 530; 630) which concentrates
incident light toward the illumnation nmask (8; 8'; 8"; 408; 508; 608).
13. Apparatus (1) according to one of clains 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 grat i'|'?g7-(11). 14. Apparatus (1) according
to one of clainms 1-13, wherein the diffraction grating (11) has a
respective gpfpracting periodic structure in different periodicity
directions. 15. Apparatus (1) according to claim 14, wherein the
diffraction grating (11) has two nutually orthogonal periodicity

di rect 19ns. AbpardtRd 3adsotdihgacadamh N8, wherbi theldiffrabeionl grating (11)is
diffraction_gr.ati iS.a rqQss grating (11'). 17. Apparatus (1) according
to claim 152 ]ég&gglraim gﬁf—ﬁraoti on grating (11) is a chessboard grating
(55). 18. Apparatus (1) according to claim 14, wherein the diffraction
gratingp(11 t 1. 049).C| LT, 110R8, Ci.V, | udi ng
pai r wi gg anAi)ngaP %tiﬁgf(r}? %gc%hgqggh{ex%f;glra a rEsl (1 ?) %@gﬁdtltﬁ[?g&# %agﬁgbm 18,
wher ei n t heZtating ica goating avith fogally corstantly vagpingtrgnsmission11 J. 20.
Apparatus (1) according to one of clains 1-19, wherein the diffraction
grating.is ratin ith | acally.constantly varyi transm ssion. 21.
Aopar aths (ApPatewsdi geeardingits oo afePiSTelm e RS IORGH AR ISy | 5 a
si ne gratingine3gatifgparatus (1) according to one of clains 1-21, wherein
the diffraction grating (11) is a phase grating. 23. Apparatus (1)

according to one of clainms 1-22, wherein the diffrac- tion grating (11 ")
i ncl ud22. a Apparatys((33rcbexding ta anespfckaims 1-21, wherein the diffraction

grating (11) is a phase grating.

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) according to one of
.clai.ms 1-23, wherein an optical system (5) transform ng 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 inmage plane of the optical system (5) conjugate to the

obj ect plane (3). 25. Apparatus (1) addording to claim 12 and one of clains
1-24, wherein a translation nodule (37) for the displacenent of the
diffraction grating (11) in the different periodicity directions is

associated with the diffracfion rating (11), 26. Apparatus (1) according
to onelés cAmatysz(é5 améwfﬁng te cgalmﬂéem@m ﬂwmse?qmen@naég&(%lt)ed

with the \A’aﬂl%f)rcﬁii%a%@%ﬁ@ dectend 9 sabHeRfo HReimuBe pldmiivheauhese {s73 i n

t he object Rl ane - 27. paratus (1) .acgcording t,o claim 26, wherein
the displ ac@lﬁgiﬂc %ﬁq%’rzﬁ@l\}vavgﬁggt 8P'§$ﬂead)é§nttﬁ8 (@)é?&d?lape(@) parallel to
the i mage plane when there is a displacenent of the wavefront source (7)

127 Ao o RERRENS ( 23047 o RfiRb 2y e df oS PRT PR Beiliieflor® 210G,
3 u ][ ]1: ace ( 20(1%2331)9)an£113des a rgébaﬁg;sg%gﬁwq msoemgfmer(g@géa%@gmem t he

{1 ract | onigsaiong didihi (331 ?Qaj gt BERRRN W difi8cheR'erdaRl (139311)
320y ?2“@&%@@18@5;9;?5&"%@' LA en, ereln e ot hg Agffar ot ﬁsz’( 1
301) according to claim28 or 29, wherein the inmaging system (22; 322) is

tel ecepgric, 31. [ 1). accqrdin one of glains .1-30. wherein a
oot pnmeprperaiSRdl 315 abedrfifE theiEte 22, siferRin B iRehe sPde2:
suppl i ed by32Bpiscvméctedtwithaegard {7yhé Abbérsingedndetiowen a radi ati on
source (43) and the wavefront source (7), and a second beansplitter (47)

following the diffractigon grating (11) deflects the radijation portion
coupl ed0out Apparatast(l; 301pageertingtteclaimg P8 or 29, wherein the imaging system

(22; 322) is telecentric.

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 claim 31
wherein a reference light guide (49) transports the radiation portion
.coupl ed-out fromthe first beanmsplitter (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. Apparatus (101; 201; 401) according to
one of clainms 1-33, wherein the detegtor () includes plural |ight guides
(160; 260; 460). -24 35. Apparatus f or4wavef ront detection with a
diffraction grating (111; 311; 411) through which a wavefront (110) passes

and a 39_caIA§’ gzﬁgg\f? gvd;[%tfﬁg‘ﬂ eté 18n wil®; 419) arranged follow ng the
11
Hactfon gral

A i (111 &mtﬁéﬂght%wﬂ&%é&éh%](m I, 19

is curved af
411). 36. Apassestus (101; 301 401) accordl ng to one of clains 1-35,

Aopar At utsh?%‘fgtl§§ﬁﬁ9£§%§l%é%§ %‘?B‘?Cfﬁélg 4% 519 S0t SRRV R RS 52t et or

(119; 319; toactionl grasingal 1ds 31dakl 1) artl aI |y curved secondary radi ator

sur face (1 gflli 461) arranged bet ween the dlffractl on grating (111; 311,
[

411) and th atio siti sensor (120;..320; )

Appar at us (ti@lgetggtpr dié) gd(?@ &r1§0 ) CPBVQQS%Ji lﬁaagvregmaaléy ﬁOWﬁég§%"éondar y
radi at or sud{fﬁg@ubwgfat& 114811, |4511f)r equency changing. 39. Apparatus
(101; 410) according to clai m 35-38, wherein the detector (119; 419)

i ncludes plural |ight guides (160, 460) on the diffraction grating side,
with tBéir Apgaratast(h61dB30is 401) aocardahgng oviedsf elaimndeds pwhersiphthei cal

segnent . t X X r e etection according to
the prea nbﬁi%égpcﬁr (ﬁ 19 3(1390 %lgé?g”at T} r& lontRY ¥ Mcaf!
37. Apparatus (101; 301; 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 radi ator surface (161; 361; 461).
+41. Apparatus (101; 410) according to one of clains 1-40, wherein the
diffraction grating (111; 411) is arranged on the planar surface region of
a hem sphere (163; 463). - 25 42. Apparatus (101; 410) according to claim
41, wherein the spherical surface region of the hem sphere is constituted
as the secondary radiator surface (1?%; 461). 43. Apparatus (101; 410)
according to claim 37 and according ta-ctaim41l or 42, wherein the |ight
gui de ends on the diffraction grating side are connected by a
frequency-changi ng cenent to the spherical surface region of the

hem 163; 46 4 , 410 di f .cl ai 1- 43,
whor o Bop! urbPaaiSLL 04 41058PERRRT 40 P AT PisER 1R SHlBCaRuTe
di f fract i onregianiofgh¢ hehisphére wppomstituted dslthe sevonddirygadiated surfacks,
wherein the ﬂ)elt.elf‘ﬁ;@r (419) includes plural (460) |ight guides for each

e

wavef ront sourc 07). 46. Apparatus (410) according to claim44 or 45,
wherein the detector (419) includes a spherical secondary radi ator surface

(461) 49r e a?@tﬁ?f(ggTE 416?’%8&%&@ 10 PR ?W%nc{ 444 ﬂlgrgg% Qidith 49 gf! @i m 24
and one of s 1-'46, efer,n the” optic SYS. em(r_ .S a projection
obj ective f&4, wherein; thgdighigy emdsmrb&b‘:sglffr@ﬁn@a\@mmﬂtSId@taé@ti on,

wherein a Veyehéded bysa Breeiiene- ngiﬁ\%\éeﬁ{e@lmttosnelrspﬁeﬁ&l, swfaddte@ibar ogr am
i s produced th the l:\91/<51vef Eggt 469? wth a diffraction grating (1 havi ng
a diffracti ﬂﬁh‘&e‘?%‘&? ﬁ;{Fr( ur ‘espectively in different periodicity
directions and an image of the interferogramis recorded with a

o 2L RIS (410} SELORnMIE I br AU a8 WordfHifaf Rhvichte
sources (20(/) are arranged in front of the diffraction 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.



periodicity direction by an integral multiple of the corresponding grating
period, -26 49. Process according to claim48, wherein the wavefront source
(8) or the diffraction grating (11) is displaced by an integral multiple
of the corre- sponding grating period during the imge recording tine of
the detector. 50. Process according to claim48, wherein plural
interferograns are recorded during the displacenent of the wavefront
source (8) or the diffraction grating (11) by an integral nultiple of the
correspondi ng grating period, and th 6p1ura| i nterferograminages are used
for wavefront detection. 51. Process for wavefront detection, wherein a
wavefront is produced by a wavefront source (8), an interferogramis
produced with the wavefront and with a diffractio rating (11) having a
di f f r 2894 ngPFsess aceordingdolaim &y adherem (he wayefront spurce ) orathei ¢ y

(1151 g siraaceon gialng (11515 2placed B drbintegral HUIMPIS oftho eort-at | ng
cor r espondi %bor&ﬁggi %&%&Wﬁ?ﬁkﬁin@h@e ipgasﬁﬂylch%dli% é@e?f)g}ea‘ﬁ‘?tpgtq;et ect ed,
the displacenent step is repeated, and the interferograns detected in the
ndi vi i et _ L on.
52. Pr %Q-Zs39%(2%3?%’?@%8%@2%&%%&&%%#%?ﬁﬂ%%@‘ TR BURInS e ARGEAELD", |
di f fract i ondyringithg displpcement of the scaviefrentdiousee (Shovithe difirasfionect ori al
accor di ng Lﬁséﬁiﬁ D 5y ahIREAPAIAPIEOF Pﬁ%?ﬁgﬁ%&ﬁngﬁgf@fg"%ﬁl ok of
t he wavef r othe Blap mt@ré?rfaﬁranhgnag% ?%Wf%fﬁ ‘brr‘éﬁalvﬁéom LeCl1o g | er t han

or equal to half of the corresponding grating period. 54. Arrangenent (502;
002) 1o ShGlaN P\ IRBY g kB S) AR, OPL et Lve (505, e05) and bith
(507, 607) savaveframssgiroduatd pya wayeftordsouece (&)7
an interferogram is produced with the wavefront and with a diffraction
grating (11) having a diffracting periodic structure respectively in different
periodicity 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



I nto/out of the object plane of the projection objective (505, 605). 55.
Arrangenent (502; 602) for mcrolithography with a projection objective
.(505; 605) and with an apparatus according to one of clainms 1-47, wherein
the diffraction grating (511; 611) can be operationally brought/renoved

I nto/out of the object plane of the projection objective (505; 605). 56.
Arrangenent (602) for mcrolithography according to claimb54 or 55,

wherein the projection objective (GOSbglncludes at | east one opti cal

el enent (673, 675, 677), and associ at€dwith at | east one of the optical
elenments (673, 675, 677) of the projection objective (605) is an operating

el ement (Q?ﬁo/&ﬁ%ftﬁg@b]%ﬁnﬂgg@ig? gﬁo ﬁirﬁ@b tﬂi%r(tsogsmfs)the opti cal

el enent (673, 675, 677 |s contfol [ abl e by neans
of the apparatus (601) for wavefront detectlon 57. Arrangenent (602) for

i cr ol 5 hogAaringeatear(@02g 60Q) dorimictslitholgeash vsath amy&cﬁcm obfeshive
conpares si fo r gat tion
and corresp |’3§§ ﬁ?@t@%%%épﬁa?#ﬁsgg{;@lﬁg% 6f ?IM I @Z V@f& 687)
whi ch cor r etheodidfractionrgratingi(5dd; bddgicay bﬁ@}p@mmallydjrought/memoe'@dl on
obj ective ( t $ ls (689) for
t he control ﬁﬁé) 3{};{(}:1% mfﬁgﬁtmggyﬁ%ﬁld&@“ﬁ% (3053 698?
56.  Arrangement (602) for microlithography according to claim 54 or 55,

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).



