
EP 0 247 665 B1 Description The invention relates to an optical imaging
system comprising a main lens system for conjugating an object plane and an
image plane to each other, which main lens system is telecentric at one
side. 5     Such system may be employed for imaging an object of extremely
fine detail without dimensional errors and is particularly suitable for use
in an apparatus for repeatedly imaging a mask pattern on a substrate, which
apparatus is employed in the fabrication of integrated circuits or ICs.
Such an apparatus, often referred to as "Waferstepper" in the literature,
is described in inter alia the article "Optical aspects of the Silicon
Repeater" in "Philips Technical Review", 41, 1983 + 84, no; 9, pages 10
268-278. This article describes an apparatus for imaging a mask pattern,
for example the pattern of an integrated circuit, repeatedly and to a
reduced scale on the same substrate, the mask pattern and the substrate
being moved relative to each other in two mutually perpendicular directions
in a plane parallel to the substrate plane and the mask plane between two
successive exposures. Integrated circuits are fabricated by means of
diffusing and masking techniques. In this process a plurality of masks
having different mask patterns are successively imaged at the same location
on a semiconductor substrate. Between consecutive imagings at the same
locations the substrate must be subjected to the desired physical and
chemical changes. For this purpose, the substrate must be removed from the
apparatus and, after it has been subjected to the desired process steps; it
should be replaced therein at the same location in order to expose it via a
second mask pattern etc. During this process care 20  must be taken inter
alia that the image of the second mask pattern and of the succeeding mask
patterns are positioned accurately relative to the substrate. Diffusion and
masking techniques can also be employed in the fabrication of other
structures with details having dimensions of the order of micrometres.
Examples of these are structures of integrated optical systems or
conduction and detection patterns of magnetic-domain memories. 25    In
view of the multitude of electronic components per unit area of the
substrate and the resulting small dimensions of these components,
increasingly stringent requirements are imposed on the accuracy with which
integrated circuits are fabricated. Therefore, the repeated imaging of a
mask pattern on a substrate requires the use of a projection lens system of
a very high quality. The known apparatus described in the above article
employs a projection lens system which is telecentric at two sides, i.e. a
system which is 30  telecentric both at the object side or mask side and at
the image side or substrate side. A lens system is telecentric at a
specific side if at this side the plane of the pupil, I.e. the entrance
pupil or the exit pupil, Is situated at infinity. This means that the image
of the actual pupil, which image is formed by the lens elements which at
this side are situated before the actual pupil, is situated at infinity. At
a telecentric side of the lens system the chief ray of a beam, i.e.the ray
passing through the centre of the pupil, is always 35  incident
perpendicularly relative to the object plane or image plane corresponding
to this side. In the known projection apparatus, which comprises a lens
system which is telecentric at both sides and whose object plane coincides
with the plane of the mask pattern and whose image plane coincides with the
substrate surface in the ideal case, a displacement along theoptical axis
of the mask pattern or of the substrate relative to the projection-lens
system will not result in a magnification error. The apparatus for the
repeated imaging of mask patterns, described in said article in "Philips'
Technical Review", 41, no. 9, pages 268-279, has proved to be very suitable
for the repeated information of images with a specific image format and
with minimal details or line widths of the order of one micrometer or
larger. However, there is an increasing demand for integrated circuits
providing more electronic functions. However, such circuits not only cover
a larger surface area but their components have even smaller 45
dimensions. Therefore, there is a growing need for an apparatus which is
capable of making repeated images whose image format is larger and whose
details or line widths are smaller than one micrometer. The projection lens
system for such an apparatus is required to have a very high resolution,
whilst the image field should be comparatively large, for example of a
diameter of the order of 23 mm. Such a lens system, which has recently
become available, is telecentric at the Image side but not at the object
side. 50     When this projection-lens system is employed, a problem which
until now was not serious may play an important part. This problem is that
the performance of the lens system depends on ambient influences. In the
case of varying ambient parameters, specifically air pressure, the relative
refractive indices in the projection-lens system may change to such an
extent that inter alia the magnification of this system changes. Thus, the
need arises to detect the magnification error in order to enable it tobe
corrected. 55    In addition to the magnification error which arises as a
result of deviations in the projection lens system itself, it is also
possible that during imaging of the mask pattern onto the substrate
dimensional errors arise 



which have the same effect as magnification errors. These dimensional
errors may result from dimensional variations in the mask pattern caused by
temperature variations and mask deformations and from thermal 2    EP 0 247
665 B1 expansion of the suspensions of the projection-lens system and the
mask in the exposure apparatus. Moreover, dimensional variations in the
substrate, which also play part in the known apparatus, also exert a
substantial influence on the quality of the mask-pattern image. The problem
of a varying magnification under the influence of ambient conditions may
also occur in 5  other optical systems by means of which regular patterns
must be imaged with a high dimensional accuracy. Usually several
apparatuses of the type intended here for the repeated imaging of a mask
pattern onto a substrate, also referred to as exposure apparatuses, will be
installed in a plant for the fabrication of integrated circuits. It may be
desirable, for example, to carry out the exposures required for the various
10  process steps of a specific substrate by means of different
apparatuses. Also when it is In principle the intention that the individual
exposures of a substrate are carried out by means of the same exposure
apparatus, it should be possible to change to another apparatus If the
first apparatus requires maintenance or has become defective. When a
plurality of exposure apparatuses are used for the same substrate it should
be possible to make the imaging dimensions of these apparatuses equal to
one another. 15     A substantial length of time may elapse between a first
exposure and a subsequent exposure of the same substrate by means of the
same exposure apparatus. In the meantime the magnification of this
apparatus may have changed. It should then be possible to adjust the
magnification of the apparatus to the same value with which the structure
already formed on the substrate has been imaged. In general, the exposure
apparatus should have a possibility of adjusting the magnification in order
to 20  ensure that the image dimensions of the successive images formed on
the substrate by means of the same apparatus or a plurality of apparatuses
are the same. In order to enable such an adjustment to be carried out, it
should be possible to detect a magnification error. It is the object of the
present invention to provide a device for generating a magnification-error
signal, which signal can be used as a control signal in a servo system for
eliminating this magnification error. The 25 device in accordance with the
invention is characterized in that it comprises a magnification error
detection device having a first and a second object grating which are
arranged in the object plane and which  are intended to be imaged via the
main lens system on a first and a second image grating respectively, which
image gratings are arranged in the image plane and have a grating period
proportional to that of the associated object grating, a radiation source
for illuminating the gratings, a first and a second radiation- 30
sensitive detection system respectively arranged in the path of an
illumination beam originating from the first object grating and the first
image grating and in the path of an illumination beam originating from the
second object grating and the second image grating for converting these
beams in two electrical signals and means arranged for achieving time
modulation of the detector signals whose phase differences are
representative of the magnification error. 35     If the magnification with
which the main lens system images the object gratings onto the image
gratings, or vice versa, is correct, the images of the object gratings are
exactly in register with the image gratings. This is not the case if the
magnification is not correct and a moire pattern or dark and bright bands
will apear behind the gragings, the period of this pattern depending on the
degree to which the images of the object grating are in register with the
image gratings. If the magnification changes the frequency of the 40  moire
pattern i.e. the number of bands per unit of length will vary, so that the
bands apparently move relative to the associated stationary
radiation-sensitive detection systems whose radiation-sensitive surfaces
have a width smaller than that of the moire bands. In order to enable the
magnification error to be determined very accurately and independently of
all kinds of possible variations in the measuring system, such as intensity
variations of the radiation source, 45 local reflection or transmission
differences in the gratings, or other optical components, care is taken
that the detector signals are periodic signals which vary in time and whose
phase differences depend on the magnification error. By measuring the phase
differences positional deviations smaller than one period of the grating
can be determined, Phase differences can be determined very accurately by
electronic means, inter alia as a result of the high degree of
interpolation which is possible. 



so     In order to obtain the periodic detector signals the optical system
in accordance with the invention may be characterized further in that the
means for achieving the time modulation of the detector signals are moving
means for moving grating strips of an object grating and grating strips'of
an associated image grating periodically relative to each other in a
direction perpendicular to the longitudinal direction of the grating
strips. 55     Owing to this periodic movement the moire pattern of two
associated gratings will move periodically relative to the detection system
associated with these gratings. After every displacement of the effectively
moving grating over a distance equal to its grating period the signal from
this detection system has passed through a maximum and a minimum. If the
grating period is sufficiently small the detector signal will be 3    EP 0
247 665 B1 substantially sinusoidal. If the period of the moire pattern is
infinitely large, i.e. if the gratings are imaged onto each other with the
correct magnification, the detector signals will be in phase, if the
magnification Is not correct, phase differences between the detector
signals will occur. In order to obtain the periodic movement of the grating
strips of the object grating and the image 5  grating relative to each
other, the optical system may be characterized in that the moving means are
drive means for moving periodically either the pair of object gratings or
the pair of image gratings with respect to the other pair. In this
embodiment it is, in principle, adequate to use only one
radiation-sensitive detector for each grating pair. However, the situation
may occur that the detector signals are in phase although the image 10
gratings are shifted by roughly one whole grating period relative to the
associated grating. In order to mitigate this drawback, the present
embodiments of the invention may be characterized further In that at least
one of the detection systems comprises two detectors a phase difference
between the output signals of these detectors indicating a coarse
magnification error which corresponds to a displacement of the grating
strips of a grating relative to those of a grating imaged thereon by at
least half a grating'period. This step enables a preadjustment of the
magnification to be obtained. Moreover, in the case of a displacement of
the imaged grating relative to an associated grating by, for example, three
quarters of the grating period, the sign of the magnification error can be
determined. A preferred embodiment of the invention, in which two
associated gratings are moved relative to one another, is characterized in
that grating to be moved and the associted radiation-sensitive detection
system 20 together comprise an array of radiation-sensitive detectors,
which array covers m grating periods of the grating imaged thereon and
comprises n detectors for every grating period and in that each detector of
the sequence number i is interconnected to a detector of the sequence
number i +n, where i = 1, 2, 3,... n(m- 1). Said array of detectors
simulating a moving grating and constituting the grating strip moving
means. By applying a special electronic processing of the detector signals
it is possible to simulate a moving 25 grating and eventually two signals
can be obtained whose phase difference depends on the magnification error.
The device in accordance with the invention may operate in the transmission
mode or in the reflection mode. The device which operates with transmitted
radiation is characterized in that the object gratings and the image
gratings are transmission gratings, and in that the radiation source is
arranged at one sides of the 30   main lens system before the gratings
disposed at this side, and the radiation-sensitive detection systems at the
other side of this lens system are arranged behind the gratings disposed at
this other side. The device which operates with reflected radiation is
characterized in that either the image gratings or the object gratings are
reflection gratings and the other gratings are transmission gratings, In
that the radiation-sensitive detection systems are arranged at that side of
the transmission gratings which is remote 35  from the reflection gratings,
and in that In each of the illumination beams a beam splitter is arranged
for separating from the illumination beam a radiation beam which originates
from the reflection grating and which has twice traversed the main lens
system and for directing the second-mentioned beam towards the
radiation-sensitive detection system. In the embodiments described so far
the illumination beams have a comparatively large aperture angle, 40  such
that the sub-beams diffracted in various diffraction orders by the gratings
overlap each other and are not detected separately. Another category of
embodiments have the common characteristic feature that the illumination
beams 



have an aperture angle which is smaller than the diffraction angle at which
the first-order sub-beams are diffracted by the gratings and in that for
each illumination beam there are provided at least two radiation- 45
sensitive detectors, the first detector being arranged in the path of both
the (0, +1)-order sub-beams and one of the (+ 1,0)-and (+ 1,-1)-order
sub-beams, whilst the other detection is arranged in the path of both the
(0,-1)-order sub-beam and one of the (-1,0) and (-1, + 1)-order sub-beams,
the first and the second numeral referring respectively to the first and
the second grating in the radiation path of the.. relevant illumination
beam. 50     The object gratings and the image gratings may have
effectively the same grating period, i.e. the grating period of the image
gratings is equal to that of the object gratings multiplied by M, where M
Is the magnification factor of the main-lens system, for example 1/5 or
1/10. In that case the (0, +1) and (+ 1, 0) order sub-beams and the (0, -1)
and (-1, 0) order sub-beams are utilized for magnification-error
detection.' However, suitably the device is characterized further in that
the period of an object grating is equal to 55  2/M) times that of the
associated image grating and in that the detectors are arranged in the path
of the (+1, -1) and (0, +1) order sub-beams and in the path of the (-1, +1)
and (0, -1) order sub-beams respectively. Irregularities in the grating
structures or the fact that the width of the grating strips is not equal to
that of the intermediate strips can then no longer affect the detector
signals. 4    EP 0 247 665 B1 In order to obtain time-modulated detector
signals the device in which the sub-beams of different diffraction orders
are utilized may be characterized further by a drive means for periodically
moving one of two associated image gratings and object gratings relative to
each other. However, preferably the magnification-error detection device
utilizes other possibilities of time modulat- 5  ing the detector signals,
so that moving an image grating or object grating to and fro is not
necessary. The device is then characterized in that the means for time
modulation of the detector signals comprise a v)/2 plate arranged in the
path of each of the illumination beams in the zero-order subbeam
originating from the first grating where v is an odd number and X is the
wavelength of the radiation used, for converting the state of polarisation
of this subbeam into the orthogonal state relative to the state of
polarisation of the first-order 10  subbeams originating from this grating.
In the most general case of two elliptically polarised beams orthogonal
states of polarisation are to be understood to mean that a. the azimuth of
the polarisation of one beam is rotated through 90  relative to that of the
other beam, b. the ellipticities of the polarisations are identical, and 15
c. the sense of rotation of the polarisations is opposite. In the special
case of two linearly polarised beams the orthogonality means that the
directions of polarisation extend perpendicularly to each other. As a
result of this, it becomes possible to obtain orthogonally polarised beams
in the detection branches of the device, i.e. in those parts of the
radiation paths which are traversed by the illumination 20  beams after
these beams have passed through a pair of associated gratings, which beams
after further processing exhibit a phase difference which depends on the
magnification error. Moreover, it is then also possible to detect a
focussing error and an alignment error. An alignment error is an error in
the alignment of two associated gratings relative to each other. A first
embodiment comprising [err] plates is characterized further in that the
means for time 25  modulation of the detector signals further comprise two
[err] plates and a rotating polarisation analyzer arranged in the path of
each of the illumination beams between the last grating traversed and the
associated detectors. However, suitably the time modulation of the detector
signals is obtained electronically. This is effected in a device which is
characterized further in that the means for time modulation of the detector
signals 30  further comprise - radiation-source means for providing
illumination beams each comprising two components having mutually
perpendicular directions of polarisation and having different radiation
frequencies - four radiation sensitive detectors for each illumination
beam, and - polarisation separating elements arranged in the radiation path
of the subbeams  between thelast 35      gratings traversed and the
detectors. 



In the detection branch the two frequencies of an illumination bream
produce a signal having a beat frequency whose phase depends on a
magnification error. Another embodiment, in which the time modulation of
the detector signals is obtained electronically, is characterized further
in that the means for time modulation of the detector signals further
comprise 40    - radiation source means for providing illumination beams
which are linearly polarised and which direction of polarisation varies
periodically between two mutually perpendicular planes, - four
radiation-sensitive detectors for each illumination beam, - polarisation
separating elements arranged in the radiation path of the subbeams between
the last grating traversed and the detectors. 45    In the foregoing it is
assumed that the[err] plate is arranged in the radiation path between an
image grating and an object grating. In practice, this may imply that this
plate has to be arranged in the main lens system, which may complicate the
design and manufacture of this lens system. This problem is precluded in an
embodiment of the invention which is characterized further In that the
grating period of an object grating is equal to k/M times the grating
period of the associated image grating, where k is a number so  smaller tha
one, and M the magnification of the main lens system, and in that in the
detection branch for each illumination beam in each sub-beam which is
diffracted in a first order by the last grating traversed there are
arranged, in this order: the [err] plate, n being an odd number, a lens
which images the grating plane on an auxiliary grating between said lens
and the detectors, and a polarisation separating element between the
auxiliary grating and the detectors. 65     The invention not only relates
to an optical imaging system comprising a magnification-error detection
device but also to an apparatus for the repeated imaging of a mask pattern
onto a substrate comprising a mask table, a substrate table and a
projection lens system interposed between said tables, in which apparatus
the optical imaging system comprising the magnification-error detection
device may be used 5    EP 0 247 665 B1 advantageously. This apparatus is
characterized further in that the main-lens system  comprises the
projection-lens system and in that the axial position of the mask table is
adjustable relative to the projection- lens system  and the substrate table
by means of the magnification-error signal supplied by the
magnification-error detection device. 5     Suitably, the apparatus is
characterized further in that the radiation source for the
magnification-error detection device is constituted by the radiation source
employed for the repeated imaging of the mask pattern onto the substrate.
The invention will now be described in more detail, by way of example, by
describing its use in an apparatus for the repeated imaging of a mask
pattern onto a substrate. For this reference is made to the 10
accompanying drawings. In the drawings: Fig. 1 shows a known apparatus for
the repeated imaging of a mask pattern onto a substrate, Fig. 2 shows a
first embodiment of a device according to the Invention for measuring
magnification errors in said apparatus, Figs. 3a, 3b and 3c illustrate the
operation of this device, Fig. 4 shows a radiation-sensitive detection
system which may be employed in this device and the intensity pattern of a
grating image formed on this detection system, Fig. 5 shows an example of
an electronic circuit for processing the detector signals from this
detection system, Fig. 6 shows a second embodiment of a device according to
the invention, 20    Figs. 7a and 7b respectively show a plan view and a
side view of a first embodiment of a device utilizing narrow illumination
beams, Fig. 8 shows a detection branch of this device, Figs. 9a and 9b
respectively show a plan view and a side view of a device using narrow
beams having different directions of polarisation, 25    Figs. 10 and 11
show a detection branch of a first and a second embodiment of the device,
Fig. 12 shows a device in which the image gratings effectively have a
different grating period than the object gratings, Fig. 13 shows a
detection branch of this device, and 



Fig. 14 shows a device comprising an electronically simulated grating and
operating with reflected 30    radiation. Fig. 1 shows a known apparatus
for the repeated imaging of a mask pattern onto a substrate. The principal
parts of this apparatus are a projection column, in which a mask pattern C
to be imaged is mounted, and a movable substrate table WT, by means of
which the substrate can be positioned relative to the mask pattern C. 35
The projection column incorporates an illumination system which may
comprise a lamp LA, for example amercury lamp, a mirror EM, an element IN,
also referred to as an integrator, which ensures a homo- geneous radiation
distribution within the projection beam PB, and a condensor lens CO. The
beam PB illuminates the mask pattern C present in the mask MA, which mask
is arranged on a mask table MT. The beam PB passing through the mask
pattern C traverses a projection-lens system PL which is 40 shown only
schematically, which is arranged in the projection column, and which forms
an image of the pattern C on the substrate W. The projection-lens system
has a magnification of, for example, M = 1/10, a numerical apertures N.A. =
0.42, and a diffraction limited image field of a diamter of 23 mm. The
substrate W is arranged on a substrate table WT, which is supported, for
example, on an air cushion.The projection-lens system PL and the substrate
table WT are arranged in a housing HO, which is 45 closed by a base plate
BP, made of for example granite, at the bottom and by the mask table MT at
the top. For aligning the mask and the substrate relative to each other, as
shown in Fig. 1, the mask MA comprises two alignment marks [err] and[err].
Suitably, these marks comprise diffraction gratings, but alternatively they
may comprise other marks such as squares or strips which differ optically
from their so environment. These alignment marks are two dimensional, i.e.
they comprise sub-marks which extend in two mutually perpendicular
directions, the X and the Y direction in Fig. 1. The substrate W, onto
which the pattern C is to be imaged several times adjacent  each other
comprises a plurality of alignment marks, preferably also two dimensional
diffraction gratings, of which two gratings [err] and [err] are shown in
Fig. 1. The marks [err] and [err] are situated outside the areas on the
substrate W where the images of the pattern C 55  are to be formed.
Suitably, the grating marks [err]and[err] are phase gratings and the
grating marks [err] and M2 are amplitude gratings. An apparatus as shown in
Fig. 1, which is suitable for forming images on the substrate whose details
or line widths are smaller than 1 [err], for example equal to 0.7 [err],
comprises a projection lens system PL    EP 0 247 665 B1 which is
telecentric at the image side, i.e. the side of the substrate W, but which
is non-telecentric at the object side, i.e. the side of the mask MA, so
that magnification errors may arise during imaging if no further steps are
taken. These magnification errors can be eliminated by moving the mask
table MT in the direction of the optical axis of the projection-lens system
relative to this system PL and the substrate table WT. For 5  the desired
highly accurate control of this displacement a signal, referred. to as the
magnification-error signal, must be generated which very accurately defines
the magnitude of the deviation between the actual and the desired
magnification and which also indicates the direction of this deviation In
accordance with the invention it is possible to obtain this
magnification-error signal when two gratings arranged at an accurately
defined distance from each other in the mask and two gratings also arranged
at 10  an accurately defined distance from each other in the substrate
itself or in the substrate table are imaged onto one another by means of
the main lens system PL. The magnification-error measurement and, if
necessary, the axial movement of the mask table relative to the lens system
PL and the substrate table, are performed before the repeated imaging of
the mask pattern C is started. How many times this measurement is to be
performed will depend on the variations of the ambient parameters. If one
day substantially no 15  variations are anticipated, it may suffice to
perform one measurement at the beginning of this day, In the case of more
variations the magnification error may be measured, for example, when
mounting each new mask pattern by means of which a large number of
substrates is to be exposed. The magnification-error measurement may also
be performed if it is envisaged that the substrates are subject to changes
or if the substrate already exhibit structures formed by means of another
exposure apparatus. 20        Fig. 2 shows a device in accordance with the
invention In the simplest embodiment, which is preferably used if the
construction of the exposure apparatus allows this. The object gratings
comprise the gratings [err] and [err] in a test mask MAT and the image
gratings comprise the gratings [err] and [err] in the 



substrate table WT. The gratings are represented by short vertical lines.
In reality, the grating strips extend in a direction perpendicular to the
plane of the drawing. The gratings are amplitude gratings or deep phase 25
gratings which behave as amplitude gratings. The projection-lens system is
represented schematically by two lenses [err] and[err]; in reality, this
lens system comprises a large number of lens elements. The optical axis 00'
is indicated in broken lines. The lens system PL images the grating [err]
onto the grating [err] and the grating [err] onto the grating [err]. For
the beam[err]which images [err] on [err]the two marginal rays in addition
to the chief  ray are 30 shown, whilst for the beam bi which images [err]
onto [err] only the chief ray is shown. These beams may form part of a
single broad beam, which is suitably the same beam as the beam PB in Fig.
1, which subsequently images the mask pattern C onto the substrate. This Is
because th  lens system PL is fully corrected for aberrations only for the
specific wavelength, for example 365 nm, of. the exposure  beam PB. When
another wavelength is used for magnification measurements minor deviations
in the grating, images 35  may occur. However, in practice these deviations
are so small that they may be considered to be. constant. As a result of
this, it is possible to correct for the shift of the zero point In the
curve representing the magnification error signal, which shift is caused by
said deviations. A radiation-sensitive detection system [err] and[err]
respectively is  arranged in the path of each of the beams bi and b2
passing through the gratings [err] and [err]. In the present embodiment the
detection 40 systems comprise simple detectors. The detectors are arranged
in the substrate table. If the gratings [err] and [err] are imaged on the
gratings [err] and [err] with the correct magnification M, for example 1/1
0, the periods of the grating images [err] and [err] are equal to those of
the gratings [err] and [err], as is indicated in Fig. 3. The detectors Di
and D2 then receive a specific amount of radiation which is the same for
both detectors if the gratings are aligned correctly relative to one
another. If 45  a magnification error occurs the imaged grating RGi and the
substrate grating WGi are no longer exactly in register with each other, as
is shown in Fig. 3b. This gives rise to a moire pattern, designated [err],
ie. a pattern of light and dark areas which in practice gradually merge
into one another and whose period [err] is substantially larger than the
period and of the gratings [err] and[err]. The magnitude of the period
[err] is determined by the magnification error. If the magnification error
is zero the period of the moire pattern is 50  infinite, as is indicated by
the line [err] in Fig. 3a. In order to enable the magnification error to be
determined the mask gratings and the substrate, gratings are periodically
moved relative to each other in the X-direction. For this purpose, as is
shown schematically in Fig. 2, the substrate table WT may be coupled to a
drive means DR for periodically moving this table in the X-direction. This
drive means may comprise a drive means already present in the exposure
apparatus 55  for bringing the image of the gratings [err] and [err] in
Fig. 1 in register with the gratings[err] and [err] to align the mask and
the substrate relative to one another. The alignment device of the exposure
apparatus cooperates with an interferometer system designated IF in Fig.
1.This interferometer system may also be used for controlling the periodic
movement of the substrate table for the purpose of magnification- error 7
EP 0 247 665 B1 measurement. Owing to the periodic movement of the
substrate grating [err] relative to the imaged mask grating [err] the
amount of radiation incident on the detector [err] and consequently the
signal [err] supplied by this detector will vary periodically. In the case
of sufficiently small grating periods [err]and the detector signal [err] as
a 5 function of the position X of the substrate table WT is substantially
sinusoidal, as is shown in Fig. 3c. The detector D2 also supplies a
periodic signal [err] having the same waveform as the signal [err]. In the
event of a magnification error and, consequently, a moire pattern of finite
period, a phase difference[err] occurs between the signals [err] and[err].
The signals are applied to a phase comparator circuit FC whose output
signal constitutes the magnification- error signal SME . This signal is
utilized for correcting the axial position 10  of the substrate table in
such a way that the signals [err] and [err] are substantially in phase. The
period of the moire pattern is then infinite and the magnification error is
reduced to substantially zero. The phase comparator circuit may be
constructed in a way similar to that used for measuring linear
displacements of an object by means of gratings, as is described in the
article:. "Accurate digital measurement of displacements by optical means"
in "Philips' Technical Review" 30, 1969, no. 6/7, pages 5   149-160. As set
forth in said article, a comparison of the phases of the beams originating
from gratings 



which are imaged onto one another enable displacements of said gratings
relative to each other to be determined very accurately and independently
of variations in the measurement system. If a phase difference [err] = e
between [err] and [err] can still be measured accurately by electronic
means. and if the residual magnification error after correction of the
magnification gives rise to a positional error not 20  greater than 0.05
[err]at the edge of the substrate area within which the mask pattern is to
be imaged repeatedly, the following relationship is valid 25 The factor 2
in the right-hand part of this equation results from the fact that said
positional errors have opposite signs for the two substrate gratings. If =
2 [err] the phase difference will be [err] rad. The 30  minimum phase
difference which should be detectable is then approximately [err], which
corresponds to approximately 1/20 of the period of the signals [err] and
[err].This fairly large phase difference can already be detected by means
of gratings which extend over a length corresponding to only a few times
the grating period. The stroke of the periodic substrate-table movement may
then be limited to some tens of [err]. When longer gratings are used it is
possible to detect even smaller phase errors. 35     The desired time
modulation of the detector signal can be obtained by a periodic movement
ofthe substrate gratings relative to the mask grating, but it can also be
obtained by replacing each of the substrate gratings and the associated
detector by an array of radiation sensitive detectors in the form of
photodiodes. The detector array may be arranged in such a way that in one
period of the grating image [err], which image is again assumed to be
sinusoidal on account of the fine detail of the grating structure, there
are for example four photodiodes, as is shown in Fig. 4. The first four
detectors bear the reference numerals 1, 2, 3 and 4 and form a first group.
This group is followed by a second group and further groups of each time
for detectors. For the sake of simplicity only two groups of detectors are
shown in Fig. 4. The detectors of the first group are interconnected to the
corresponding detectors of the second group and those of the next groups.
Corresponding detectors of the groups bear the same reference numerals. 45
Since four detectors fit exactly in one period of the intensity profile of
an imaged grating, the phase difference between the signals from two
successive detectors is [err] rad. Therefore, the detector signals may be
represented by: [err] [err] 50  [err] [err] where the phase term [err] is
caused by a shift of the image of a mask pattern relative to the detectors
resulting from a magnification error, and [err] are direct current terms
which, In principle are equal. Fig. 5 schematically represents the
electronic processing of the  signals from the detector arrays 55
associated with the grating picture [err] and [err] . Each of these arrays
is represented  by only four detectors, so that the output signal of the
detector represents the sum of the output signals of a plurlity of
detectors corresponding to the number of groups. The signals [err] and
[err] are applied to a differential amplifier 10 and the signals [err] and
[err] are applied to a differential amplifier 11, resulting in: 8    EP 247
665 B1 [err]= [err] = [err] =[err]=[err] By means of multipliers 12 and 13
these signals are multiplied by the signal cos [err] and sin [err]
respectively, supplied by an oscillator 15. These multipliers then deliver
the signals: [err] 5  [err] which are applied to the inputs of a
differential amplifier 14, whose output signal is: [err] The signals from
the detectors [err] and 4' representing the detector array associated with
the grating image R2 are processed in the similar way by means of the
elements 10', 11', 12',  13'  14 and 15, 10  resulting in a signal SI's(x)
= 2.1.cos([err]). In the phase comparator circuit FC the phases[err] and
[err] of the signals [err](x) and [err] (x) are compared with each other,
yielding a magnification-error signal [err]. In the embodiment shown in
Fig. 2 each of the detectors [err] and [err] may be replaced by two
detectors. 



The purpose of this will be explained with reference to Fig. 6, which shows
an embodiment which also is  utilizes this step. If it is not desired or
not possible to arrange detectors in the substrate table, the
magnification-error measurement should be effected by means of reflected
radiation instead of transmitted radiation. The embodiments of the
invention to be described hereinafter all operate with reflected radiation.
The image gratings may be formed by gratings on the substrate table. On
such a table it Is always 20 possible to arrange these small gratings
outside the substrate. However, alternatively, the image gratings may be
arranged on the substrate itself. This is preferred if it is anticipated
that, for example, deformations of the substrate will occur or if it is
desired to have the possibility of using different exposure apparatuses In
theprocessing of a substrate. Fig. 6 shows a first embodiment of a
magnification-error detection device employing a reflected 25  radiation.
Again two gratings [err] and [err] are arranged on the mask MA at an
accurately defined distance d fromeach other and two gratings[err] and
[err] are provided in the substrate w' at a distance d' which is exactly
equal to d times the magnification M. for example 1/10, of the
projection-lens system PL The gratings [err] and [err] are amplitude
gratings and, suitably, the gratings [err] and WG2 are also amplitude
gratings. The last-mentioned gratings may also be phase gratings. However,
in that case steps have to be 30  taken to image the phase gratings as
amplitude gratings. For this purpose, as is described in European
PatentApplication no. 0,164,165, polarisation means and beam-splitting
means may be  employed which* ensure that two sub-beams which are shifted
relative to one another by half a grating period are incident on a phase
grating and that the beams reflected by the phase grating are recombined.
If the grating period of the phase gratings is small enough these gratings
cause diffractions at such 35  large angles that a substantial portion of
the radiation falls outside the projection lens system, In that case phase
gratings may be used for magnification-error measurement of the substrate
without a conversion of the phase gratings to amplitude gratings. As is
shown in Fig. 6 an illumination beam [err] having a small aperture angle a
traverses the mask gratings [err]. Suitably, this beam is aimed at the
centre of the entrance pupil IP of the projection lens 40  system  PL,
because this minimizes aberrations caused by this system. The beam [err]
traverses the projection-lens system PL and is incident on the substrate
grating [err]. A part of the radiation of the beam bi is
reflected,traverses the projection lens system again, and is incident on
the grating [err]. A part of the radiation transmitted by this grating is
directed to the detectionsystem [err] via a beam splitter BS, for example a
semitransparent mirror. The auxiliary lens [err] ensures that the grating
[err] is imaged on the 45 radiation-sensitive surface of this detection
system. By means of a second radiation beam[err] of which only the chief
ray is shown for the sake of simplicity, the substrate grating [err] is
imaged on the mask grating [err]. A part of the radiation transmitted by
this grating is received by a detection system [err]. This device operates
in a way similar to that shown in Fig. 2; as a result of the periodic
movement of the substrate in the X-direction periodic detector signals are
generated and by phase comparison of these 50  signals it is ascertained
whether a moire pattern having a noninfinite period occurs. Subsequently,
the magnification is adapted by moving the mask MA relative to the
projection-lens system and relative to the substrate along the optical axis
[err] of this system until the detector signals are in phase. Preferably,
the illumination beams [err] and [err have the same wavelength as the
projection beam PB in Fig. 1. The beams [err] and [err] may be portions of
the projection beam. Since the aperture angle a of the 55  beams [err] and
[err] is small relative to the field angle or angle of view [err] of the
projection-lens system, the detection systems [err] and [err] can be
screened effectively from radiation reflected from the front of the mask
when a diaphragm with a narrow aperture is arranged in the radiation path
behind the two gratings. Such a diaphragm may be formed by the
beam-splitting mirror BS if the reflecting surface of this mirror is small
9    EP 0 247 665 B1 When an imaged substrate mask is shifted relative to a
mask grating as a result of a magnification error over a distance equal to
the period of a mask grating this corresponds to a phase shift of [err] rad
in a detector signal. If it is required that, after detection and
correction, the resulting magnification error is allowed to give rise to a
maximum displacement of 0.05[err] of a line imaged on the substrate and if
the 5  phase difference between the detector signals which can still be
detected accurately is [err], the following requirement should be met: 



[err]  for magnification M = 1/10. Consequently, in the case of a grating
period PR = 20[err], it is required that: [err]. 10 This corresponds to
[err] or 1/20 period of the detector signals. Such a phase difference can
still be measured correctly by electronic means when gratings are used
having a length corresponding to some grating periods. The displacement of
the substrate gratingin the X-direction may be limited to this number of
periods of the substrate gratings, i.e. to some tens of [err]. In
principle, the radiation-sensitive detection systems [err] and [err] may
each comprise one detector. However, suitably these systems each comprise
two detectors [err] and[err]. By phase comparison of the signals from the
detectors [err] and [err] it is possible to determine whether the parts of
the mask grating observed by these dtectors and the substrate gratings
imaged thereon coincide exactly. However, if this is the case it is still
possible that the gratings are displaced by a full grating period relative
to one another. However, in the case of, for example, a centre-to-centre
distance of 60 mm between the gratings 20  [err] and [err] and a distance
of 5 mm between the detectors [err] and [err] such a displacement results
in a phase difference between the signals from the detectors [err] and
[err], which phase difference corresponds to 1/12 of the period of the
signals of the detectors [err]and [err] and can be measured even more
simply than the above-mentioned phase difference of 1/20 period. Thus, said
displacement by a full grating period can be detected by phase comparison
of the signals from the detectors [err] and [err], or from the detectors 25
[err] and [err]. An axial-position error of the mask larger than the depth
of focus of the lens system [err] causes a deviation of the d.c. level of
the detector signal and a deviation in the modulation depth of these
signals. One of these parameters may be utilized for detecting a focussing
error larger than the depth of focus. A focussing error can be eliminated
by moving the substrate in an axial direction relative to the
projection-lens 30 system. The magnification-error measurement by means of
the device shown in Fig. 6 is not affected by a focussing error. As is
known, a radiation beam which is incident on a grating will be split into a
plurality of sub-beams of different diffraction orders by this grating,
namely into a non-diffracted zero-order sub-beam, two first-order sub-beams
which are diffracted at a specific angle determined by the grating period,
two second-ordersub-- 35  beams which are diffracted through twice this
angle, and higher-order sub-beams. If, as is assumed in the description
with reference to Figs. 2 and 6, the beams [err] and [err] have an aperture
angle a which is large relative to the angle at which the sub-beams are
diffracted, the sub-beams of the various diffraction orders will overlap
each other and the sub-beams cannot be detected separately. However, In the
embodiments to be described hereinafter the gratings are ailluminated by
beams which have a substantially smaller aperture angle, for example ten
times as small. In that case the sub-beams can be detected separately, so
that it is possible to generate a focussing-error signal in addition to a
magnification-error signal. Moreover, it is then possible to employ
different methods for generating time-modulated detector signals. Figs. 7a
and 7b respectively show a plan view and a side view of a device utilizing
this possibility. In this device the illumination beams [err] and [err] can
no longer enter the imaging systems via the mask gratings 45 [err] and
[err], because the first passage through these gratings would also give
rise to diffraction orders, so that after diffraction by the substrate
gratings [err]and [err] and further diffraction caused by the secondpassage
through the mask gratings so many different diffraction orders woul occur
that these could not longer be detected separately, For this reason the
beams [err] and [err]] enter the imaging system via a mirror MR, as is
shown In Fig. 7a. This Figure only Illustrates how the beam [err] enters.
The beam [err] which 50  is situated before or behind the plane of the
drawing of Fig. 7a enters via the same mirror MR. As is shown in Fig. 7b,
the beam [err] traverses the projection-lens system [err] and the chief ray
of this beam is perpendicularly  incident on the substrate grating [err] .
The beam reflected by this grating is split into a zero-order sub-beam
[err](0) and two first-order sub-beams [err] (+ 1) and [err] (-1). The
beams of higher diffraction orders may be ignored because their intensity
is low, or they fall largely outside the pupil of the 55  projection lens
system, or they can be filtered out after passage through this lens system.
The radiation reflected by the grating [err] again traverses the lens
system and reaches the mask grating [err]. This grating splits the
zero-order and first-order sub-beams each into a zero-order sub-beam and
two first-order sub-beams. These sub-beams are shown in Fig. 8. In this
Figure [err]' is the image of the grating [err]. It 10    



EP 0 247 665 B1 may occur that the plane in which this grating is imaged
does not coincide with the plane ofthe mask grating: then a focussing error
AZ occurs. Of the large number of sub-beams produced during passage through
the mask grating [err]only four sub-beams are employed which are incident
in pairs on one of the detectors [err] and[err] As is shown in Fig. 8, it
is possible to ensure by means of suitable filters or a 5  suitable
arrangement of the detectors that the detector [err] is hit by, for
example, the sub-beams [err] (+ 1,0) and[err](0, + 1) and the detector
[err] by the sub-beams [err] (-1,0) and [err] (0,-1). When a focussing
error[err] occurs there will be phase difference [err] between the
sub-beams [err] (0) and [err] (+ 1) or[err] (-1) as a result of the
difference in the optical pathlengths traversed by these beams between the
gratings [err] and [err]. In the case of a pathlength difference AW this
phase difference is: 10 [err] It follows from Fig. 8 that 15  [err] For
small angles [err] the following applies: 20
[err] In the case of a periodic displacement of the imaged grating in the
X-direction the signals from the detectors are moreover modulated with a
time frequency 25 [err] [err] 30 where [err] is the velocity in the
X-direction and [err] is the grating period of the image grating [err]. A
magnification error produces an additional phase difference between the
signals from the detectors [err] and [err]. 40     The a.c. signals
supplied by the detectors [err] and [err] may be represented as [err] [err]
45     Fig. 8 relates to the image of the grating [err] formed on the
grating [err]  by the beam [err]. It will be evident that a similar Figure
applies to the imaging of the grating WG2 onto the grating RG2 by means of
the beam [err]. If the latter figure detectors [err] and [err] are arranged
at the locations of the detectors Dio and [err] in Fig. 8, the signals from
the detectors [err] and [err] comply with: 50  [err] [err] In this
expression [err] [err]    EP 0 247 665 B1 The phase term [err] as a result
of the focussing error is given by [err] 5 The grating diffraction angle
[err]complies with 10 i.e. for small angles [err]this angle is RG 20 and,
consequently, 25                                                         RG
The depth of focus s of the projectionlens system PL comlies with: 30 35
where NA is the numerical aperture of the lens system or [err], cf. Fig.
7b. If the angles [err] are small and if [err] 



= [err], where C is a constant smaller than 1, this yields hence 45 [err] A
focussing error equal to one time the depth of focus s results in a phase
different [err] = 2 rad between the signals[err]and [err] and between the
signals[err] and [err]q if C = 1. This means that focussing errors smaller
than the depth of focus of the projection-lens system can be detected. 50
Since the signals [err] and [err]  differ only from one another with
respect to the phase term [err] a phase comparison of these signals in a
phase comparator circuit enables the magnitude and the direction of a
focussing error to be detected. The phase term[err] is determined by the
magnification error. If AX is the distance, which depends on the
magnification error, between the actual position q and the desired position
q in the plane of the mask of 55 the image of a point p on the substrate,
the phase difference[err]between the signals [err] and [err] or between the
signals [err] and [err]is equal to: 12    EP 0 247 665 B1 RG 5  where PRG
is the period of the mask gratings. If a X of 0.5[err] is permissible and
if [err] =20 [err] it should be possible to detect a phase difference
between the detector signals of 10                      [err] which
corresponds to 1/20 of the period of the signals [err] and[err], which
presents no problem. The magnification error can be detected by phase
comparison of the signals [err] and [err] or the signals [err] and [err] in
a phase-comparator circuit. 15    A displacement of the mask in the
Z-direction over a distance [err] gives rise to a displacement of the
grating images in the X-direction of [err] 20 Since [err] = [err], in which
[err] is the distance between the centres of the mask gratings, see Fig. 6,
and Z is the distance between the plane of thepupil and the plane of the
mask, see Fig. 7b, this yields: 25 In the case of a distance [err] = 65 mm
and [err] is 384 mm a displacement [err] =1 [err] results in a displacement
of 0.17[err] of the imaged gratings In the mask plane. In view of the large
depth of focus 30 [err] [err] 35 of the projection lens system, for example
200[err] for an NA = 0.32 and X = 0.4[err], such a focussing error is
negligible. In this projection system the magnification is more critical
than the focussing. In the foregoing it is assumed that the mask gratings
have a grating period equal to 1/M times the grating period of the
substrate gratings. The mask gratings may also have a period which is twice
as large, 40 i.e. a period equal to 2/M times the period of the substrate
gratings. The detector [err] or [err] is then arranged in such a way that
it is hit by the sub-beams [err] and [err] and the sub-beams [err] 1,+1)
and [err] respectively. The advantage of this is that second-order
sub-beams which may be produced by the mask grating if the width of the
grating strips of these gratings is not equal to that of the intermediate
strips, or which may be produced as a result of defomrations of these
gratings,can no longer 45 overlap with the zero-order sub-beam and the
first-order subbeams at the location of the detectors. Such overlaps may
give rise to a slight distortion of the detector signals. Instead of by a
periodic movement of the substrate or the mask the time modulation of the
detector signals can also be obtained by using sub-beams which are
polarised perpendicularly to each other and means for modulating the phase
between said beams. Modulation may be effected at the detector side, i.e.
50  in the detection branch, or at the object side. Fig. 9a is a plan view
and Fig.9b a side view of a device operating with polarised sub-beams.
These Figures differ from Fig. 7a and 7b only in that [err] plates. HWP are
arranged in the radiation path between the substrate gratings [err] and the
mask gratings [err], [err] being the wavelength of the radiation which is
used. The operation of the device employing polarized beams is best
illustrated by means of Fig. 10 which 



55 shows an imaged substrate grating [err]and the associated mask grating
[err] as well as the sub-beams formed by these gratings. The sub-beams bi
[err]  and [err] originating from the substrate grating are linearly
polarised beams whose direction of polarisation, indicated by the arrow 30,
is situated in the plane of the drawing. A [err] plate HWP is arranged in
the path of the zero-order beam [err] (0) to rotate the 13    EP 0 247 665
B1 direction of polarisation of this beam through 90* in the direction
indicated by the arrow 31 which extends perpendicularly to the plane of the
drawing. As a result of this, the sub-beams [err] (+ 1,0) and [err] (0, +
1) are also polarised perpendicularly to each other, which is also the case
with the sub-beams [err] (-1,0) and [err] (0,- 1). In the path of each pair
of sub-beams which are polarised perpendicularly to each other a [err]
plate QWP 6  is arranged in a diagonal position. "Diagonal position" is to
be understood to mean that the optic axis of this plane extends at an angle
of +[err] or [err] to the directions of polarisation 30 and 31. The
directions of the optic axes of the plates [err] and [err] are indicated by
the arrows a and b in Fig. 10. For the sake of simplicity these arrows are
shown in the plane of the drawing; in reality these arrows extend at angles
of [err] and [err] to the plane of the drawing. The [err] plate [err]
converts the beam [err] (+1,0) into a 10  clockwise circularly polarised
beam and the beam [err] into a counter clockwise circularly polarised beam,
as is indicated by the arrows 32 and 33. The[err] plate [err] performs the
same function for the beams bi (-1,0) and [err] (0,-1). As in reality the
two subbeams [err] (+1,0) and [err] (0, +1) and the. sub-beams [err] (-
1,0) and [err] (0,-1) practically coincide, these two oppositely circularly
polarised sub-beams form one linearly polarised sub-beam whose azimuth or
polarisation is determined by the phase difference between these beams.
Before the linearly polarised sub-beams reach their respective detectors
[err] and[err] they traverse a polarisation analyser AN which rotates with
an angular velocity [err], thereby causing the detector signals to be
time-modulated. The rotation of the analyser is indicated by the arrow 34,
which has the same direction as the arrow 32. The signals from the
detectors may now be represented by: 20  [err] [err] Fig. 10 relates to the
image of the grating [err] formed on the grating [err] by means of the beam
[err] . It will be obvious that a similar Figure applies to the image of
the grating WG2 formed on the grating [err] by 25  means of the beam [err].
If in the last-mentioned Figure detectors [err] and [err] are arranged at
the locations of the detectors [err] and [err] in Fig. 10, the signals from
the first-mentioned detectors comply with: [err] [err] 30 In this
expression for the detector signals [err] 35 is again the phase difference
as a result of a focussing error [err], which can again be detected by
phase comparison of, for example, the signals [err] and [err], and which
can be eliminated by moving the substrate in the axial direction relative
to the projection-lens system. 10   The phase term [err]is caused by a
deviation [err] between the actual position [err] and the desired position
q of the image of a point P of the substrate grating on the mask
grating[err]. The phase term[err] is caused by a similar deciation [err] at
the location of the grating [err]. Said deviation may be caused by an
alignment error of a mask grating relative to the associated substrate
grating or by a magnification error. The magnification error can be
detected by comparing the phase term [err] with the phase term[err]. The 45
magnification error can be eliminated by applying the magnification-error
signal thus obtained to a servo system by means of which the mask can be
moved in the axial direction relative to the projection Iens system and
relative to the substrate. After the magnification error has been
eliminated and hence [err] = [err] =[err] the alignment error can be
detected by comparing the value of[err] with a reference value, which is
for example given by the 50  position of the analyser AN. The alignment
error can be eliminated by moving the substrate in the X- direction
relative to the mask. When two-dimensional gratings are used and additional
detectors it is also possible to detect and eliminate an alignment error in
the Y-direction perpendicular to and in the same plane as the X-direction. 



Instead of by means of a rotating polariser in the detection branch the
time modulation of the detector 55  signals is preferably effected by
utilising incoming beams [err] and [err] which comprise two components
which are polarised perpendicularly relative to each other and which have
different frequencies or time-varying phases. A first possibility to
achieve is the use of a Zeeman laser as described in the article
"Displacement measurement with a laser interferometer" in "Philips'
Technical Review", Vol. 30, no. 6-7, pages 160-166. 14    EP 0 247 665 B1
Such a laser produces a beam comprising two oppositely circularly polarised
beam components having different radiation frequencies [err] and [err]. In
the detection branch a beat frequency [err]= [err] is produced, whose phase
depends on the magnitude to be measured. Fig. 11 shows the various
directions of polarisation and frequencies of the sub-beams associated
'with 5  the sub-strate-grating image [err] and the mask grating [err].
Each of the sub-beams [err](0),[err] (-1) and [err] - (+1) issuing from the
substrate grating [err], not shown, comprise two beam components having
mutually perpendicular directions of polarisation, indicated by the arrows
30 and 31. The beam component having the direction of polarisation 30 has a
radiation frequency [err] and the beam component having the direction of
polarisation 31 has a radiation frequency[err]. In thepath of the
zero-order sub-beam [err] (0). a [err]plate 10  HWP is arranged, which
plate rotates the directions of polarisation of the beam components through
[err] relative to those of the corresponding components in the
sub-beams[err] (+1) and[err] (-). Therefore, the directions of polarisation
of the beam components of the frequencies [err] and [err] of the sub-beams
[err] (0, + 1) and [err] (0,-1) selected for detection are rotated through
[err] relative to the directions of polarisation of the corresponding
components of the sub-beams [err] (+ 1,`) and [err] (-1,0). 15    In order
to enable the different directions of polarisation to be spatially
separated, polarisation analysers may be used which are situated in two
mutually perpendicular positions, in which the directions of the optic axes
correspond to the two directions of polarisation of the sub-beams.
However,preferably use is made of polarisation-separating elements such as
polarisation-separating prisms or Wollaston prisms. In Fig. 11 these
Wollaston prisms bear the reference numerals 40 and 40' and the optic axes
of these prisms bear the 20 numerals 41 and 42. These prisms split each of
the sub-beams In two sub-beam components having mutuall perpendicular
directions of polarisation. In the present embodiment four detectors [err]
and [err] are provided for each illumination beam [err] and [err]. On each
of the detectors [err] and [err] both the sub- beam [err] (+1,0) and the
sub-beam [err] 0, + 1) are incident and on the detectors [err] and [err]
both the sub- beams[err] (0,-1) and the sub-beam bi (-1,0) are incident. 26
In Fig. 11 the angles at which the sub-beams are reflected by the Wollaston
prisms and the focussing error AZ are shown to an enlarged scale but in
reality these angles [err] are much smaller. For the image of the substrate
grating[err] formed on the mask grating RG2 by means of the beam b2 a
Figure similar to Fig. 11 applies, four detectors [err] and [err] again
being arranged at the locations of the detectors [err] and [err] in Fig.
11. In the device shown in Fig. 11 the sub-beams [err](+1,-1), [err](0,+1)
and 30 the sub-beam [err] (-1, + 1) [err] (0,-1) may also be used for
detection instead of the aforementioned sub-beams, in the same way as in
the device shown in Figs. 8 and 10. The time-dependent output signals from
the detectors [err]and [err] may be represented  by: [err] = [err] 35 [err]
=[err] [err] = [err] [err] = [err] Substituting[err] by [err]in this
expression yields the detector signals[err] and [err]. From the 40  signals
[err] and [err] the same information can be derived as is described with
reference to Fig. 10. Instead of a Zeeman laser it is possible to use a
radiation source supplying a linearly polarised beam. A modulator MO, for
example an elasto-optical modulator, should then be arranged In the path of
this beam, as is indicated in Fig. 9a. Care is taken that the direction of
polarisation of the beam [err] makes an angle of 45  [err] with the optic
axis of the modulator. If the modulator is energised with aperiodic signal
cos([err]) the birefringence [err] of the modulator changes in conformity
with [err] = [err]. The beam [err] issuing from the modulator then has two
components having mutually perpendicular directions of polarisation and
exhibiting a phase difference which is time-modulated in conformity
with[err]. In the same way as is shown in 



Fig. 11, the sub-beams formed from this beam after traversing the gratings
[err] and [err], are separated in so  conformity with their directions of
polarisation and are incident on four detectors. The output signals of
these detectors are now: [err] [err] 55  [err] [err] Substitution of
[err],1 by [err],2 again yields the signals [err] to [err]. Again the
signals [err] and [err] 15    EP 0 247 665 B1 [err] contain the same
information as the corresponding signals obtained by means of the device
shown in Fig. 11. A modification of the embodiment which is related to the
embodiments described with reference to Figs. 9, 10 and 11 will now be
described with reference to Figs. 12 and 13. This device has the advantage
5  that the [err] plate HWP need no longer be arranged between the
substrate and the mask, so that in the design of the projection-lens system
no allowance has to be made for this plate and that for the magnification
measurement the coupling mirror MR in Fig. 9a need no longer be arranged in
the path of the projection beam PB. However, it is now necessary that the
radiation source produces a beam of high intensity and that the elements,
to be described hereinafter, in the detectionbranch can be positioned with
10  high accuracy. In the device shown in Figs. 12 and 13 the mask gratings
have a smaller period that 1/M times the period of the substrate gratings.
The angle at which the first-order sub-beams are diffracted by a mask
grating are then larger than the angle at which the substrate grating
diffracts the first-order sub-beams. The grating periods are selected in
such a way that the sub-beams [err] (+1) and bi (-1) formed by the
substrate 5  grating [err can just pass through the pupil PU of the
projection-lens system PL. The first-order sub-beams [err] (+ 1) and[err]
(-1) produced upon the first passage through the mask grating[err]can then
no longer pass through the projection-lens system. Therefore, the substrate
gratings are only illuminated by the zero-order beams [err] (0) and
[err](0) of the illumination beams [err] and [err] which are incident on
the mask gratings [err] and RG2 from the left. The beams [err] (0)
and[err](0) are again split into a zero-order sub-beam and two first- 20
order sub-beams by the substrate gratings [err] and [err], so that after
the passage through the mask gratings[err] and [err] each beam[err] again
has the same number of diffraction orders as in the devices shown in Figs.
8, 10 and 11. Fig. 13 shows the sub-beams [err](0,+1), [err](+1,0) and
[err](-1,0) and [err](0-1) employed for detection. This Figure also shows
the additional elements used in the detection branch. Again the zero-order
sub-beam [err] (0) and the first-order sub-beams [err] (+ 1) and [err](-1)
originate from the 26  substrate grating, not shown and are diffracted at
an angle [err]. Each of these sub-beams has two components with directions
of polarisation which are perpendicular to each other and with different
radiation frequencies [err] and [err] if a Zeeman laser is used as the
radiation source. Again it is possible to employ a combination of a
radiation source emitting a linearly polarised beam and an elastooptic
modulator. The direction of polarisation of each sub-beam then varies
periodically in time. The mask grating [err] splits 30 each of said beams
into a zero-order sub-beam and two first-order sub-beams. Since the period
of the mask grating is k/M times the period of the substrate grating, k
being smaller than 1, for example 1/3, the diffraction angle [err] of the
mask grating is 1/k times the diffraction angle of the substrate grating.
In order to provide a better overalp of the sub-beams [err] (0,+1) and
[err](+1,0) and the sub-beams [err] (0,-1) and b (-1,0), deflection
elements, for example wedges WE, WE', may be arranged in the path of these
beams.In order 35   to ensure that only the desired sub-beams reach the
detectors [err] and [err] a filter Fl is provided, which filter stops the
sub-beams [err] (-1,-1), b(+1,-1), [err] (0,0), [err] (-1,+1) and [err] (+
1 +1). The plane of the mask grating [err] is imaged in the plane of an
axiliary grating AG by means of a lens [err]. The grating period of this
grating is adapted to the period of the interference pattern which is
formed at the location of this grating by the interfering sub-beams, which
make specific angles with one another. The grating period of this auxiliary
grating should be such that the diffraction angle[err]' is equal to the
angle (k' - 1).[err]between the beams [err] (0, + 1) and [err] (+ 1,0).
This grating period is given by: M [err] 



where [err] is the magnification of the lens[err]and k' = 1/k. Now a [err]
plate HWP is arranged behind the mask grating [err] and only in the path of
the sub-beam [err] (0, + 1) and [err] (0,-1). This plate has the same 50
function as the[err] plate in the device shown in Figs. 9, 10 and 11.
Between the auxiliary grating AG and the detectors a
polarisation-separating element, for example a Wollaston prism WP is
arranged, which prism spatially separates the beam components having
mutually perpendicular directions of polarisation, so that these components
can be received by separate detectors in the same way as in the device
shown in Fig. 1 1. 55     The detector signals[err] and [err] are similar
to the corresponding signals obtained In the device shown in Fig. 11. The
time modulation of the detector signals for the device shown in Fig. 2 and
described with reference to Figs. 4 and 5 may also be employed in a device
utilising reflected radiation. Fig. 14 shows such a device. 16    EP 0 247
665 B1 This device does not employ mask gratings and polarisation means nor
does it utilise movements of the gratings relative to each other. The
substrate gratings[err] and [err] are illuminated by the beams [err] and
[err] via windows [err] and [err] in the mask. The sub-beams of different
diffraction orders reflected by the substrate gratings traverse the
projection-lens system PL and image the gratings on the window. Semitran- 5
sparent mirrors [err] and [err] are arranged in the paths of the beams
[err] and [err] to direct a part of the radiation reflected by the
substrate gratings towards an array of radiation-sensitive detectors
[err]and [err] The lenses [err] and [err] and the lenses [err] and[err]
respectively image the substrate gratings [err] and[err] on the associated
detector array. Filters SF, [err] are arranged between these lenses and
transmit only the desired diffraction orders. The detector arrays have the
same construction and the signale from the io  detectors are processed in
the sam way as described with reference to Figs. 2, 4 and 5. The fact that
the invention has been described when utilized in an apparatus for the
repeated exposure of a substrate via a mask pattern does not Imply that it
is limited thereto. The magnification-error detection in accordance with
the invention may be employed In systems in which very fine details should
be imaged.. with a high dimensional accuracy and in which ambient
parameters can influence the imaging quality and In 15  systems in which
different patterns have to be imaged onto one another. Claims 1. An optical
imaging system comprising a main lens system (PL) for conjugating an object
plane. (MAW) 20     and an image plane (W,MA) to each other, which main
lens system (PL) is telecentric at one side, characterized in that it
comprises a magnification error detection device having a first [err] and a
second object grating (RG2, WG2) which are arranged in the object plane
(MA, W) and which are intended to be imaged via the main lens system (PL)
on a first ([err]) and a second image grating (WG2, RG2) respectively,
which image gratings are arranged in the image plane ([err]) and have a 25
grating period proportional to that of the associated object grating, a
radiation source (LA) for illuminating the gratings, a first and a second
radiation-sensitive detection [err] system respectively arranged in the
path of an illumination beam ([err]) originating from the first object
grating ([err]) and the first image grating ([err] ) and in the path of an
illumination beam ([err]) originating from the second object grating
([err]) and the second image grating ([err]), for 30     converting these
beams in two electrical signals ([err]) and means arranged for achieving
time modulation of the detector signals ([err]), whose phase differences
are representative of the magnification error. 2. An optical imaging system
as claimed in Claim 1, characterized further in that the means for
achieving 35     the time modulation of the detector signals are moving
means for moving grating strips of an object grating ([err]) and grating
strips of an associated image grating ([err] RG2) periodically relative to
each other in a direction perpendicular to the longitudinal direction of
the grating strips. 40  3. An optical imaging system as claimed in Claim 2,
characterized further in that the moving means are drive means (DR) for
moving periodically either the pair of object gratings ([err]) or the pair
of image gratings ([err]) with respect to the other pair. 4. An optical
imaging system as claimed in claim 3, characterized further in that at
least one of the 46     detection systems comprises two detectors ([err]),
a phase difference 



between the output signals of these detectors indicating a coarser
magnification error which cor- responds to a displacement of the grating
strips of a grating ([err]) relative to those of a grating ([err]) imaged
thereon by at least half a grating period. 50  5. An optical imaging system
as claimed in Claim 2, characterized further in that a grating ([err]) to
be moved and the associated radiation-sensitive detection system ([err])
together comprise an. array of radiation-sensitive detectors (1, 2, 3, 4;
1, 2', 3', 4), which array covers m grating periods of the grating ([err])
imaged thereon and comprises n detectors for every grating period and in
that each detector of the sequence number i is interconnected to a detector
of.the sequence number I + n, where 55     i = 1.2,3, ... n(m-1), said
array of detectors simulating a moving grating and constituting the grating
strips moving means. 17    EP 0 247 665 B1                      *    C    L
M   S   * This device does not employ mask gratings and polarisation means
nor does it utilise movements of the gratings relative to each other. The
substrate gratings [err] and ;[err] are illuminated by the beams [err] and
b2 via windows [err] and [err] in the mask. The sub-beams of different
diffraction orders reflected by the substrate gratings traverse the
projection-lens system PL and image the gratings on the window. Semitran- s
sparent mirrors [err] and[err] are arranged in the paths of the beams [err]
and [err] to direct a part of the radiation reflected by the substrate
gratings towards an array of radiation-sensitive detectors [err] and [err].
The lenses [err] and[err] and the lenses [err] and [err] respectively image
the substrate gratings [err] and [err] on the associated detector array.
Filters SF, [err] are arranged between these lenses and transmit only the
desired diffraction orders. The detector arrays have the same construction
and the signals from the 10  detectors are processed in the sam way as
described with reference to Figs. 2, 4 and 5. The fact that the invention
has been described when utilized in an apparatus for the repeated exposure
of a substrate via a mask pattern does not imply that it is limited
thereto. The magnification-error detection in accordance with the invention
may be employed in systems in which very fine details should be imaged with
a high dimensional accuracy and In which ambient parameters can influence
the imaging quality and In 15  systems in which different patterns have to
be imaged onto one another. Claims 1. An optical imaging system comprising
a main lens system (PL) for conjugating an object plane (MA,W) 20     and
an image plane (W,MA) to each other, which main lens system (PL) is
telecentric at one side, characterized in that it comprises a magnification
error detection device having a first ([err]) and a second object grating
([err]) which are arranged in the object plane (MA, W) and which are
intended to be imaged via the main lens system (PL) on a first ([err]) and
a second image grating ([err]) respectively, which image gratings are
arranged in the image plane (W, MA) and have a 25     grating period
proportional to that of the associated object grating, a radiation source
(LA) for illuminating the gratings, a first and a second
radiation-sensitive detection ([err]) system respectively arranged in the
path of an illumination beam ([err]) originating from the first object
grating ([err]) and the first image grating ([err]) and in the path of an
illumination beam ([err]) originating from the second object grating (RG2,
WG2) and the second image grating (WG2, RG2), for 30     converting these
beams in two electrical signals ([err]) and means arranged for achieving
time modulation of the detector signals ([err]), whose phase differences
are representative of the magnification error. 2. An optical imaging system
as claimed in Claim 1, characterized further in that the means for
achieving 35     the time modulation of the detector signals are moving
means for moving grating strips of an object grating ([err]) and grating
strips of an associated image grating ([err] RG2) periodically relative to
each other in a direction perpendicular to the longitudinal direction of
the grating strips. 40  3  An optical imaging system as claimed in Claim 2,
characterized further in that the moving means are drive means (DR) for
moving periodically either the pair of object gratings ([err]) or the pair
of image gratings ([err]) with respect to the other pair. 4. An optical
imaging system as claimed in claim 3, characterized further in that at
least one of the 45     detection systems comprises two detectors ([err]),
a phase difference between the output signals of these detectors indicating
a coarser magnification error which cor- 



responds to a displacement of the grating strips of a grating ([err])
relative to those of a grating ([err]) imaged thereon by at least half a
grating period. 50  5. An optical imaging system as claimed in Claim 2,
characterized further in that a grating ([err]) to be moved and the
associated radiation-sensitive detection system ([err]) together comprise
an array of radiation-sensitive detectors (1, 2, 3, 4; 1, 2', 3', 4), which
array covers m grating periods of the grating ([err]) imaged thereon and
comprises n detectors for every grating period and in that each detector of
the sequence number i is interconnected to a detector of the sequence
number i + n, where 55     i = 1,2,3, ... n(m-1), said array of detectors
simulating a moving grating and constituting the grating strips moving
means. 17    EP 0 247 665 B1                                      *   C   L
M   S    * 6. An optical imaging system as claimed in claim 1, 2, 3, 4 or
5, characterized further in that the object gratings ([err]) and the image
gratings ([err]) are transmission gratings and in that the radiation source
(LA) is arranged at one side of the main lens system (PL) before the
gratings ([err] RG2) situated at this side, and the radiation-sensitive
detection systems ([err]) at the other side of 5      this lens system (PL)
are arranged behind the gratings ([err]) disposed at this other side. 7. An
optical imaging system as claimed in claim 1, 2, 3, 4 or 5, characterized
further In that either the image gratings ([err]) or the object gratings
([err]) are reflection gratings and the other gratings are transmission
gratings, in that the radiation-sensitive detection systems. [err]) are 10
arranged at that side of the transmission gratings ([err]) which is remote
from the reflection gratings ([err]), and in that in each of the
illumination beams ([err]) a beam splitter (BS,BS') is arranged for
separating from the illumination beam a radiation beam which originates
from the. reflection grating ([err]) and which has twice traversed the main
lens system (PL) and for directing the second-mentioned beam towards the
radiation-sensitive detection system ([err]). 8. An optical imaging system
as claimed in claim 1 characterized further in that the illumination beams
([err]) have an aperture angle (a) which is smaller than the diffraction
angle ([err]) at which the first-order. sub-beams ([err](-1),[err](+ 1),
b2(-1), b2(+ 1)) are diffracted by the gratings ([err]) and:in that for
each illumination beam ([err], b2) there are provided at least two
radiation-sensitive detectors ([err] 20      [err]). the first detector
([err]) being arranged in the path of both the (0, + 1)-order sub-beams and
one of the (+ 1,0) and (+ 1,-1) order sub-beams, whilst the other detector
([err]) is arranged in the path of both the (0,-1) order sub-beam and one
of the (-1,0) and (-1,+ 1) order sub-beams, the first and the second
numeral referring respectively to the first ([err]) and the second grating
([err]) in the radiation path of the relevant illumination beam ([err]). 26
9. An optical imaging system as claimed in claim 8, characterized further
in that the period of an object grating ([err]) is equal to 2/M times that
of the associated image grating ([err]), where M is the magnification of
the main lens system, and in that the detectors ([err]) are  arranged in
that path of the (+1,-1) and (0,+1) order sub-beams and in the path of the
(-1,+1) and (0,-1)order sub-beams 30     respectively. 10. An optical
imaging system as claimed in claim 8 or.9, characterized further by a drive
means, (DR) for periodically moving one of two associated object gratings
([err]) and image gratings [err]) relative to each other. 11. An optical
imaging system as claimed in Claim 8 or 9, characterized further in that
the means for time modulation of the detector signals ([err]) comprise a
[err] plate (HWP) arranged in the path of each of the illumination beams
([err]) in the zero-order subbeam [err] originating from the first grating
([err], [err]) where v is an odd number and X is the wavelength of the
radiation used, for converting the state 10  of polarisation of this
subbeam [err] (o)) into the orthogonal state relative to the state of
polarisation of the first-order subbeams ([err] (+ 1), [err] (-1))
originating from this grating. 12. An optical imaging system as claimed in
Claim 11, characterized further in that the means for time modulation of
the detector signals ([err]) further comprise two [err] plates ([err]) and
a 45     rotating polarisation analyzer (AN) arranged in the path of each
of the illumination beams ([err]) between the last grating traversed and
the associated detectors ([err]). 13. An optical imaging system as claimed
in Claim 11, characterized further in that the means for time 



modulation of the detector signals further comprise 50        -
radiation-source means for providing illumination  beams ([err]) each
comprising two compo- nents having mutually perpendicular directions of
polarisation (30, 31) and having different radiation frequencies ([err]) -
four radiation sensitive detectors ([err]) for  each illumination beam, and
55        - polarisation separating elements (40,40') arranged in the
radiation path of the subbeams between the last gratings ([err]) traversed
and the detectors ([err]). 18    14. An optical imaging system as claimed
in Claim 11, characterized further in that the means for time modulation of
the detector signals ([err]) further comprise - radiation source means for
providing illumination beams ([err]) which are linearly polarised and which
direction of polarisation varies periodically between two mutually
perpendicular planes, 5        - four radiation-sensitive detectors ([err])
for each illumination beam, - polarisation separating elements (40,40')
arranged in the radiation path of the subbeams between the last grating
[err] traversed and.the detectors ([err]). 15. An optical imaging system as
claimed in Claim 13 or 14, characterized in that the grating period of an
10     object grating ([err]) is equal to k/M times the grating period of
the associated image grating ([err]) where k is a number smaller than one,
and M is the magnification of the main lens system and in that in the
detection branch for each illumination beam in each subbeam ([err](0, +1),
[err](0,-1) which is diffracted in a first order by the last grating
([err]) traversed there are arranged, in this order: the n.X/2 plate (HWP),
n being an odd number, a lens ([err]) which images the grating ([err])
plane on an 15     auxiliary grating (AG) between said lens (4) and the
detectors ([err]) and a polarisation- separating element (WP) between the
auxiliary grating (AG) and the detectors ([err]). 16. An apparatus for the
repeated imaging of a mask pattern (C) onto a substrate (W), comprising a
mask table (MT), a substrate table (WT) and a projection-lens system (PL)
interposed between said tables, 20     characterized by an optical imaging
system comprising a magnification-error detection device as described in
any one of the preceding claims, the main-lens system comprising the
projecting lens system (PL) and the axial position of the mask table (MT)
being adjustable relative to the projection- lens system (PL) and the
substrate table (WT) by means of magnification-error signal (SME) supplied
by the magnification-error detection device. 25 17. An apparatus as claimed
in claim  16, characterized further in that the radiation source for the
magnification-error detection device is constituted by the radiation source
(LA) employed: for the repeated imaging of the mask pattern onto the
substrate. 30 PatentansprUche 1. Optisches Abbildungssystem mit elnem
Hauptlinsensystem (PL), um eine Objektebenee (MA, W) und eine Bildebene (W,
MA) einander zuzuordnen,- wobei das Hauptlinsensystem  (PL). an einer Seite
telezentrisch ist, dadurch gekennzelchnet, daB es elne
Vergr6Berungsfehler-Detektionsvorrichtung mit .'   5     einem ersten (RG1
i WGi) und einem zweiten Objektgifter (RG2, WG2), die in der.Objektebene
(MA W),: liegen und Ober das Hauptlinsensystem (PL) auf ein erstes (WGi,
RGi) bzw. zweites (WG2- RG2)- Bildgitter abgebildet werden sollen, die in
der Bildebene (W, MA) liegen und eine Gitterperiode proportional zu der des
zugeh6rigen Objektgitters haben, umfaBt.sowie eine Strahlungsquelle (LA)
zur Beleuchtung der Gitter, ein erstes und ein zweites, im Weg eines von
dem ersten Objektgitter :(RGl, 40     WG1) und von dem ersten Bildgitter
(WGi, RGi) stammenden Beleuchtungsstrahlenbandels (bi) bzw. im Weg eines
von dem zweiten Objektgitter (RG2, WG2) und von dem zweiten Bildgitter
(WG2i RG2) stammenden Beleuchtungsstrahlenb~ndels (b2) angeordnetes
strahlungsempfindliches: Detektionssy- stem (Di, D2; D1o, Di,; D20, D2,)
zum Umwandeln dieser StrahlenbUndel in zwei elektrische Signale (Si, B2)
sowie Mittel zur Zeitmodulation der Detektorsignale (Si, S2), wobei die
Phasendifferenzen der 45     Detektorsignale fUr den Vergr&Berungsfehler
reprasentativ sind. 2. Optisches Abbildungssystem nach Ansprich 1,
welterhin dadurch gekennzeichnet, daB die Mittel zur. Zeitmodulation der
Detektorsignale Bewegungemittel zur periodischen Bewegung von
Gitterstreifen eines Objektgltters (RGi, WG1, RG2, WG2) und Gitterstrelfen
eines zugehorigen Blidgitters (WGt, RGi, 



so     WG2, RG2) relativ zueinander in elner zu der Langsrichtung der
.Gitterstreifen senkrechten Richtung sind. 3. Optisches Abbildungssystem
nach Anspruch 2, weiterhin dadurch gekennzeichnet, daB die :Bewegungs-
mittel Antriebsmittel (DR) sind, um entweder das Paar Objektgitter (RGai,
RG2) oder das Paar Bildgitter 55     (WGi, WG2) in bezug auf das andere
Paar periodisch zu bewegen. 4. Optisches Abbildungssystem nach Anspruch 3,
weiterhin dadurch gekennzeichnet,.. daB mindestens. eines der
Detektionssysteme zwei Detektoren (Dio, Dll, D12, Da. ,Dv, D22, Dna, P24)
enthalt, wobei    eine Phasendifferenz zwischen den Ausgangssignalen dieser
Detektoren einen gr6beren Ver~g W5e- rungsfehler anzeigt, der einer
Verlagerung der Gitterstreifen eines Gitters (RGo, WG,, RG2: WG2) relativ
zu denen eines darauf abgebildeten Gitters (WGi, RGI, WG2, RG2) umr
mindestens: elne halbe Gitterperiode entspricht. 5. Optisches
Abbildungssystem nach Anspruch 5, weiterhin dadurch gekennzeichnet,: daB
.ein zu bewe- gendes Gitter (WGi, WG2) und das zugehdrige
strahlungsempfindliche Detektionssystem (Di, D2) zusammen durch eine
Reihenanordnung aus strahlungsempfindlichen Detektoren (1, 2, 3, 4; 1', 2',
3', 4') gebildet sind, wobei sich die genannte Reihenanordnung Ober m
Gitterperioden des darauf 10     abgebildeten Gitters (RG1, RG2) erstreckt
und n Detektoren fUr jede Gitterperlode enthlit, und daB jeder Detektor der
laufenden Nummer 1 mit einem Detektor der laufenden Nummer i + n:verbunden
ist; mit i = 1, 2, 3, ...n(m-1), wobel die Detektor-Reihenanordnung ein
bewegendes Gitter simuliert und die Gitterstreifenbewegungsmittel bildet.
6. Optisches Abbildungssystem nach Anspruch 1, 2, 3, 4 oder 5, weiterhin
dadurch gekennzeichnet;'daB die Objektgitter (RG,, RG2) und die Bildgitter
(WGI, WG2) Transmissionsgitter sind, daB die Strah- lungsquelle (LA) auf
einer Seite des Hauptlinsensystems (PL), vor den an dieser Seite liegenden
Gittem (RG,, RG2) angeordnet ist und daB die strablungsempfindlichen
Detekltonssysteme (Di ,D2) auf der anderen Seite dieses Linsensystems (PL),
hinter den sich an dieser anderen Seite befindlichen Gittern 20     (WGi,
WG2) angeordnet sind. 7. Optisches Abbildungssystem nach Anspruch 1, 2, 3,
4 oder 5, weiterhin dadurch gekennzeichnet,:daB entweder die Bildgitter
(WGi, WG2) oder die Objektgitter (RG,, RG2) Reflexionsgitter und die
anderen Gitter Transmissionsgitter sind, daB die strablungsempfindlichen
Detektionssysteme (D1,:D2) an der von 25     den Reflexionsgittern (WGi,
WG2) abgewandten Seite der Transmissionsgitter (RGi, RG2) angeordnet sind,
und daB in jedem der BeleuchtungsstrahlenbUndel (bi,. b2) ein Strahiteller:
(BS, BS') angeordnet ist, um ein von dem Reflexionsgitter (WGI, WG2)
stammendes StrahlunggbUndeli das das Hauptlinsen- system (PL) zweimal
durchquert hat, von dem Beleuchtungsstrahlenblndel zu trennen, und umr das
von dem Reflexionsgitter stammende StrahlungsbUndel auf das
strahlungsempfindlichen Detektionssystemp 30     (DI, D2) zu richten. 8.
Optisches Abbildungssystem nach Anspruch 1, weiterhin dadurch
gekennzeichnet, daB die Beleuch- tungsstrahlenbUndel (bi, b2) einen
Offnungswinkel (a) habenj der kleiner als der; Beugungswinkel (8) 1st,
unter dem die Teilbtindel erster Ordnung (bi(-1), bi(+11), b2(-1), b2(+ 1))
von den Gittern (RGi, RG2). gebougt werden und daB fUr jedes
BeleuchtungsstrahlenbUnde:(bi, b2) mindestens .zwei strahlungs-T.
empfindliche Detektoren (Dio, Dii, DI2, Di a) vorhanden sind, wobei der
erste Detektor'(D0o) im Weg sowohl des TeilbUndels der Ordnung (0, + 1) als
auch eines der TeilbUndel der Ordnung: (1, 0) und. der Ordnung (+ 1, -1)
angeordnet ist, w~hrend der andere Detektor (Di 1) im Weg sowohl des
TeilbUndels der Ordnung (0, -1) als auch eanes der TeilbUndel der Ordnung
(-1, 0) und der Ordnung (-1, v      +1) arigeordnet ist, wobei sich die
erste und die zweite Ziffer auf das erste (WGi, WG2) bzw. das zweite (RGI,
RG2) im Weg des entsprechenden Beleuchtungsstrahlenbtlndels (bi, .b2)
liegende Gitter beziehen. 9. Optisches Abbildungssystem nach Anspruch 8,
weiterhin dadurch gekennzeichnet, daB die Periode 45     eines
Objektgitters (WGi, WG2) 2/M-mal so groB wie die des zugeh6rigen
Blidgitters (RGi, RG2) ist, wobei M die VergroBerung des Hauptlinsensystems
ist, und daB die Detektoren (Di0, DI,) im Weg der Teilblndel der Ordnungen
(+1, -1) und (0, +1) bzw. im Wag der TeilbUndel der Ordnungen (-1 +1) bzw.
(0, -1) liegen. 50  10. Optisches Abbildungssystem nach Anspruch 8 oder 9,
weiterhin gekennzeichnat durch ein Antriebsmit- tel (DR) zur periodischen
Bewegung eines von zwei zueinander geh6renden Obejktgittern (WGi .W.G2) und
Bildgittern (RG,, RG2) relativ zueinander. 



11. Optisches Abbildungssystem nach Anspruch 8 oder 9, .weiterhin dadurch
gekennzeichnet,: daB. die -. 65     Mittel zur Zeitmodulation der
Detektorsignale (SI, S2) ein im Weg jedes der BeleuchtungsstrahlenbWn- del
(bi, b2) in dem von dem ersten Gifter (RGi, RG2) stammenden TeilbUndel
nuilter Ordnung (bi (0)) angeordnetes v'12-Pldttchen (HWP) enthalten,.wobel
v elne ungerade Zahl und:  die Wellenlangeder. verwendeten Strahlung ist,
um den Polarisationszustand dieses Teilbfndels (bi (0)) in den zum
Polarisa- 20    EP 0 247 665 B1         *   C    L   M   S     *
tionszustand der von diesem Gitter stammenden TeilbUndel erster Ordnung (bi
(+ 1), b (-1 )) orthogona- len Polarisationszustand umzusetzen. 12.
Optisches Abbildungssystem nach Anspruch 11, weiterhin dadurch
gekennzeichnet, daB die Mittel zur 5      Zeitmodulation der
Detektorsignale (Si, S2) auBerdem jeweils zwei 1/4-PlIttchen (QWPi, QWP2)
und einen rotierenden Polarisationsanalysator (AN) enthalten, die in dem
Weg jedes der. Beleuchtungsstrah- lenbUndel (bi, b2) zwischen dem zuletzt
durchquerten Gitter und den zugehorigen Detektoren (,i,:: DI 1) angeordnet
sind. 10  13. Optisches Abbildungssystem nach Anspruch 11, weiterhin
dadurch gekennzeichnet, daB- die Mittel zur Zeitmodulation der
Detektorsignale auBerdem folgendes umfassen: - Strahlungsquellenmittel zum
Verschaffen von BeleuchtungsstrahlenbUndeln (15, b2), die Jsweils zwei
Komponenten mit zueinander senkrechten Polarisationsrichtungen (30, 31) ynd
unterschiedli- chen Strahlungsfrequenzen (<i, 2) haben, 15       - vier
strahlungsempfindliche Detektoren (D2o, D21, D22, D28) far jedes
BeleuchtungsstrahlenbUndel- und - Elemente zur Polarisationstrennung (40,
40%), die in dem Strahlungsweg der Teilbandel zwischen dem zuletzt
durchquerten Gitter (RG i, RG2) und den Detektoren (D21i 321, D22, D23)
angeordnet sind. 20 14. Optisches Abbildungssystem nach Anspruch 11,
weiterhin dadurch gekennzeichnet, daB die Mittel zur Zeitmodulation der
Detektorsignale (Si, 82) auBerdem folgendes umfassen: -
Strahlungsquellenmittel zum Verschaffen von BeleuchtungsstrahlenbUndeln
(bli, b2), die linear, polarislert sind und deren Polarlsationsrichtung
periodisch zwischen zwel zueinander senkrechten 25          Ebenen
wechselt, - vier strahlungsempfindliche Detektoren (D20, D21, D22, 1D2) fir
jedes BeleuchtungsstrahlerbUn- del, - Elemente zur Polarisationstrennung
(40, 40%), die in dem Strahlungsweg der TeilbUndel zwischen dem zuletzt
durchquerten Gitter (RG,, RG2) und den Detektoren (132o, D21,:122, D28)
angeordnet .30         sind. 15. Optisches Abbildungssystem nach Anspruch
13 odor 14, weiterhin dadurch gekennzelchnet, daB die Gitterperiode eines
Objektgitters (WGi, WG2) kWM-mal so groB wle die Gitterperiode.des
zugeh6rlgen. Bildgitters (RG,, RG2) ist, wobei k eine Zahl kWeiner als Eins
und M die Vergroeerung des Hauptlinsen- 35     systems ist, und daB in dem
Detektionszweig fUr jades BeleuchtungsstrahlenbUndel in jedem. Teilbtln-
del (bi(O, +1), bl(O, -1)), das von dem zuletzt durchquerten Gitter (RGI)
in einer ersten Ordnung gebeugt wird, folgendes in dieser Reihenfolge
angeordnet lst: das n* )2-PlAttchen (HWP),.mlt n ungeradzahlig, eine LUnse
(4), die die Ebene des Gitters (RGi) auf ein zwischen dieser Linse (14) und
den Detektoren (D2c, D21, D22, D23) liegendes Hilfsgitter (AG) abbildet,
und emn zwlschen dam 40     Hilfsgitter (AG) und den Detektoren (1320, 132,
D221 D28).liegendes Element zur Polarisationstrennung (WP). 16. Apparat fMr
die wiederholte Abbildung eines Maskenmusters (C) auf ein Substrat (W), mit
einem Maskentisch (MT), einem Substrattisch (WT) und einem sich zwischen
diesen Tischen befinderiden 45     Projektionslinsensystem  (PL),
gekennzeichnet durch ein optisches Abbildungssystem  mit einer
Vergrolerungsfohler-Detektionsvorrichtung, wie in einem der vorhergehenden
Ansprtche beschrieben, wobei das Hauptlinsensystem das
Projeklonslinsensystem (P1) enthalt und die axiale Position des
Maskentisches (MT) mit Hiltf sines von dsr
VsrgroBerungefehlsr-Dstsktonsvorrichtung golioferten
Vergr8Berungsfehlersignals (SME) relativ zum Projektlonslinsensystem (PL)
einstellbar ist. 50 



17. Apparat nach Anspruch 16i weiterhin dadurch gekennzeichnet, daB die
Strahlungsquelle flr die VergrdBerungsfohler-Detektionsvorrichtung von der
far die wiederholte Abbildung des. Maskenmusters auf das Substrat
verwendeten Strahlungsquelle (LA) gebildet wird. 56 Revendications 1.
Systbme de formation d'image optique comportant un systeme de lentilles
principale (PL) pour obtenir: d'un plan d'objet (MA,W) un plan d'im.age
WMA) conjugy6, ledit. systame de lentilles (PL) Otant 21    telecentrique
d'un c6t6, caracteris6 en ce qu'il comporte un dispositif de detection
d'erreur de grossissement presentant un premier reseau d'objet (RGI, WG6)
et ur deuxieme.reseau d'objet (RG2, . WG2) disposes dans le plan d'objet
(MA, W) et congus pour Otre projetes & travers le systeme de lentilles
principal (P1) sur un premier reseau d'image (WG, , RGi) et sur un deuxieme
reseau d'image 5      (WG2, RG2) disposes dans le plan drimage (W. MA):et
presentent une periode de reseau proportonnel- le A celle du reseau d'objet
associM, une source de rayonnement (LA) pour eclairer les rdseaux; un-
premier et un deuxieme systeme de detection sensible au rayonnement (Di,
D2; D1o, Dii;.:D20, D21) dispose dans le trajet d'un faisceau d'eclairage
(bi) sortant du premier r~seau d'objet (RiG, WGi) et du premier reseau
d'image (WG., RGI) ainsi que dans le trajet d'un faisceau d'4clairage (b2)
sortant du lO     deuxieme reseau d'objet (RG2, WG2) et du deuxieme reseau
d'image (WG2, RG2) pour convertirces faisceaux en deux signaux electriques
(Si, 82) ainsi que des moyens congus pour effectuer une modulation dans le
temps des signaux de detecteur (Si, S2) dont les differences de phase sont
repr6sentatives pour lFerreur de grossissement. 29  Systeme de formation
dOimage optique selon la revendication 1, encore caractsrise en ce que. les
moyens pour effectuer la modulation par impulsions dans le temps des
signaux deo d~tecteur constituent des moyens amovibles pour le deplacement
mutuel periodique des bandes de r6seau d'un reseau d'objet (RG,, WG1, RG2,
WG2) ainsi que des bandes de r6seau d'un r~seau d'image associ4 (WG,, RG1,
WG2, RG2), dans un sons perpendiculaire   l Ia direction longitudinala des
bandes de 20     reseau. & 3  Systbme de formation d'image optique selon la
revendication 2, encore caracteris en. ce que les moyens amovibles
constituent des moyens d'entraihement (DR) pour effectuer un . deplacoment
p6riodique et mutuel soit de la palre de r6seaux d'objet (RGi, RG2),vsolt
de la palre deo reseaux 25     d'image (WGi, WG2). 4. Systeme de formation
d'image optique selon la revendication 3, encore caracterise en ce qu'au
moins Pun des systemes de d6tection comports deux detecteurs (Dio, Dt, D12,
D, , D21, D222 D23i 1D24), une difference de phase entre les signaux de
sortie. de ces detecteurs indiquant une erreurwde grcssisse- 30     ment
severe correspondant & un deplacement des bandes do r6seau d'un premier
reseau (RG1, WGi RG2, WG2) par rapport h I'image d'un deuxieme reseau (WG
i. RGi, WG2j RG2).projeties sur les r~seaux, le deplacement 4tant au moins
6gale a une demi-periode de r;seau. 5. Systeme de formation d'image optique
selon la revendication 2, encore caract6ris ohn ce qu'un r6seau- 935    a
deplacer (WG1, WG2) et le systeme de. detection sensible au .rayonnement
associe (Di, 2D2) constituent ensemble une rangee de detecteurs sensibles
au rayonnement (1, 2j 3, 4; 1',,2'i 3',.4'), ladite rangee couvrant m
periodes de reseau du reseau (RG,, RG2) projete:sur les d~tecteurs et
comportant n detecteurs pour chaque periode de reseau et en ce que chaque
detecteur ayant le numero de rangee i est reli6 h un detecteur ayant le
numero de rang6e i + n, oO i = 1, 2, 3, ...n(m-1), 10 W   ladite rangee.de
detecteurs simulant un reseau mobile et constituant les moyens de
deplacement de bandes de r~seau. 6. Systeme de formation d'image optique
selon la revendication 1, 2, 3, 4 ou 5, encore caracteris6 en ce que les
reseaux d'objet (RGI, RG2) et les reseaux d'image (WGI, WG2)
constituent.des reseaux de 45     transmission et en ce quo la source de
rayonnement (LA) est disposee de l'un des deux c8t6s du systeme de
lentilles principal (PL) devant les reseaux (RG,, RG2) disposes de ce c8te,
et que les systemes de d6tection sensibles au rayonnement (DI, D2) sont
disposes de l'autre c8te de ce systeme *do lentilles (PL), derriere les
reseaux (WGi, WG2) dispos6s de cot autre c8te. so  7. Systeme de formation
d'image optique selon la revendication 1, 2, 3, 4 ou 5, encore caracteirse
en ce que soit les r~seaux d'image (WG1, WG2) soit les reseaux d'objet
(RGi, R62) constituent des reseaux de reflechissement (RG1, RG2) et quo les
autres r6seaux constituent des reseaux de.transmission, en 



ce que les systemes de d~toction sensibles au rayonnement (DI, D2) sont
:disposds du c8t6 des r~seaux de transmission (RGi, RG2) qui est situe A
I'oppos6 des rdseaux de r~fl6chissement (WGi., 65     WG2), et on ce que
dans chacun des faisceaux d'eclairage (bi, b2) est dispose un diviseur de
faisceau (BS, BS') pour separer du faisceau d'dclairage un faisceau do
rayonnement qui sort du reseau de refl~chissement (WGi, WG2) et qui a
traverse deux fois le systeme de lentilles. principal (PL) ot pour diriger
le faisceau mentionn6 en second lieu vers le systeme de detection sensible
au. rayonnement 22    EP 0 247 665 B1 (Di, D2). 8. Systeme de formation
d'image optique selon la revendication 1, encore caract6ris6 en ce quo les
faisceaux d'eclairage (b,, b2) pr~sentent un angle d'ouverture (a) qui est
infnrieur a l'angle. de *  5   diffraction (0) auquel sont diffract6s les
sous-faisceaux de premier ordre (bi (-1), bl (+.1 1) b2(-1), b2( +1)) par
les r6seaux (RGi, RG2) Ot en ce quo pour .chaque faisceau d'eclairage (bi.,
b2) il eot: prevu au moins deux detecteurs sensibles au rayonnrement (P1 o,
Dii, DI2, Die), lo premier detecteur (Dio) etant dispose dans le trajet du
sous-faisceau de l'ordre (0, +1) aussi bien quo dans leltrajet do l'un des
sous-faisceaux de l'ordre (+1, 0) et de l'ordre (+1, -1), alors quo l'autre
d~tecteur (Dii) eot dispose. 10     dans le trajot du sous-faisceau de
l'ordre (0, -1) aussi bien quo dans le trajet de l'un des sous-faisceaux de
l'ordre (-1, 0) et de l'ordre (-1, +1), le premier ou le deuxibme numero
se. refrant au premier r6seau (WGi, WG2) ou au deuxieme reseau (RGi, RG2)
dispos6 dans le.trajot de rayonnement du faisceau d'eclairage correspondant
(bi, b2). 75  9. Systbme de formation d'image optique solon la
revendication 8, encore caract6rise en. ce quo !a * f        periode d'un
reseau d'objet (WGi, WG2) est egale a 2/M fois celle du reseau d'lmage
assoclo (R(3i,. RG2) o0 M repr6sente le grossissement du systeme de
lentilles principal et en ce que les d.tdcteurs (Dio, DIi) sont disposes
dans le trajet des sous-faisceaux des ordres (+1, -1) et (0, +1) ou dans le
trajet des sous-faisceaux des ordres (-1, + 1) et (0j -1). 20 10. Systeme
de formation d'image optique solon la revendication 8 ou 9, encore
caract6risd par des- moyens d'entraMnement (DR) pour le deplacement
periodique et mutuel de lun de deux r~seaux d'objet (WGi, WG2) et du reseau
d'image (RGi, RG2) associes. 25  11. Systeme de formation d'image optique
solon la revendication 8 ou 9, encore caracterise en ce que les moyons pour
la modulation dans le temps des signaux de detecteur (SI, 82) comportent
une plaque vW2 (HWP) disposee dans le trajot de chacun des faisceaux
d'eclairage (bi, b2), dans le sous-faisceau d'ordre z~ro (bi(o)) sortant du
premier reseau (RGi, RG2) ou v est un nombre impair et oO X est la longueur
d'onde du rayonnoment utilie6, pour convertir l'etat do polarisation de ce
sous-faisceaux-(bi - 30     (O)) en un etat orthogonal par rapport a l'etat
de polarisation des sous-faisceaux de premier ordre (bi - (+ 1), bi (-1))
sortant de ce reseau. 12. Systbme de formation d'image optique solon la
revendication 11, encore caract~rie on .ce quonle . moyens pour la
modulation dans le temps des signaux de detecteur (Si, 82) comportent
enoutre deux 35     plaques X14 (QWP1, QWP2) et un analyseur de
polarisation (AN) rotatif dispose dans le trajet do chacun: des faisceaux
d'eclairage (bi, b2), entre le dernior reseau traverse et les detecteurs
associes (Dio, Dii1). 13. Systeme de formation d'image optique sclon la
revendication 11, encore caracterise en co que les 40     moyens pour la
modulation dans le temps des signaux de d6tecteur comportent en outre - des
moyens de source de rayonnement pour fournir des faisceaux d'6clairage (bi,
b2) compor- tant chacun deux composantes prdsentant des directions de
polarisation mutuellement porpendi- culaires (30, 31) et des frequences de
rayonnement differentes (!i, w2), - quatre d~tecteurs sensibles au
rayonnement (D20, D2,, D22, D29) destinrs pour chaque faisceau 45
d'eclairage et - des elements s6parateurs de polarisation (40, 40')
disposes dans le trajet de rayonnoment des sous-faisceaux entre les demiers
rdseaux traversds (RGi, R62) et les d6tectOurs (D20, D21, D22, D23). so 14.
Systeme de formation d'image optique sclon la revendication 11, encore
caract6ris6 en co quo les moyens pour la modulation dans le temps des
signaux de detecteur (SI, $2) comportont on outro' 



- des moyens de source de rayonnement pour fournir des faisceaux
didclairage (bi,  b2) polarisds lineairement et dont la direction de
polarisation varie periodiquement entre deux plans mutuelle- ment
perpendiculaires, 55        - quatre d~tecteurs sonsibles au rayonnement
(020, D21, D22, D29) pour chaque faisceau d'eclalra- go, - des elements
s6parateurs de polarisation (40, 40') dispos~s dans le trajet do
rayonnement des sous-faisceaux entre le demier r~seau (RGi, RG2) travors6
et lee detecteurs (D20., 021j,:D22, 0.29). 23    EP 0 247 665 B1
*    C  L  M  S    * 15. Systbme de formation d'image optique selon la
revendication 13 ou 14, caracterise en ce que la.: . periode de reseau d'un
reseau d'objet (WGi, WG%) est egale It WM fois la periode de reseau du
r6seau d'image associ6 (RGi, RG2), od k est un nombre infbrieur A un et od
M represente le grossissement du systeme de lentilles principal,-et en ce
que, dans la branche:de d6tection pour chaque faisceau 5      d'eclairage
sont dispos6s dans chaque sous-faisceau (bi (0, +1), b1 (0, -1) qui est
diffracte dans un premier ordre par le dernier rdseau traverse (RG,), dans
cet ordre de succession: la plaque n.X12 (HWP), n 6tant un nombre impair,
une lentille (14) qui projette le plan de r6seau (RGi) sur un r~seau
auxiliaire (AG) situe entre ladite lentille (14) et les d6tecteurs (1D20,
D21, D22, 1323), ainsi qu'un 6l6ment separateur de polarlsation (WP) situe
entre le reseau auxiliaire (AG) et les d~tecteurs.(D2g., D21, P922, 10
D23)- 16. Dispositif congu pour la photo-repetition directe d'une
configuration de masque (0) sur un substrat (W), comportant une table de
masque (MT), une table de substrat (WT) ainsi qu'un systeme de lentilles de
projection (PL) lnterpose entre lesdites tables, caracterisX par un
dispositif de formation d'image 3     comportant un dispositif de detection
d'erreur de grossissement comme d6crdt dans .I'une* ides revendications
prdc6dentes, le sustbme de lentillesprincipal comportant le systeme:de
lentilles de projection principal (PL) et la position axiale de la table de
masque (MT) 6tant: ajustable relativement au systbme de lentilles de
projection (PL) et la table de substrat (WT) par l'intermedlalre d'un
signal d'erreur de. grossissement (SME) fourni par le dispositif de
detection d'erreurs de grossissement. 20 17. Dispositif selon la
revendication 16, caracteris6 encore en ce que la source de rayonnement
congue pour le dispositif de detection d'erreur de grossissement est
constltuee par la source de rayonnement (LA) utilisee pour la
photo-repeition directe d'images de. Ia configuration de masque sur le
substrat,' 26 30 Qv;35
-.:..: : 45 50 24    


