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[ 1 Title of Invention

[ Method for a multiple exposure, microlithography projection exposure in-
[ stallation and a projection system

[
2 Detailed Description of Invention
The invention relates to a method for multiple exposure at least of

[
[
[ one substrate coated with a photosensitive layer, a microlithography pro-
E jection exposure installation for multiple exposure at least of one substrate
¢ coated with a photosensitive layer, and a projection system having an illu-
' minating system and a projection objective.

E The efficiency of projection exposure installations for the microlitho-
[ graphic fabrication of semiconductor components and other finely pat-
E terned devices is substantially determined by the imaging properties of the
[ projection objectives. Moreover, the image quality and the wafer throughput
" that can be achieved with the installation are influenced substantially by
E properties of the illuminating system arranged upstream of the projection
[ objective. Said system must be capable of preparing the light of a primary
E light source, for example a laser, with the highest possible efficiency, and in
. the process of producing as uniform as possible a distribution of intensity in
" an illumination field of the illuminating system.

E Depending on the nature and size of the patterns to be pro-
[ duced on the wafer, suitable exposure parameters can be set on the illumi-
E nating system and/or the projection objective. For example, conventional
( illumination with different degrees of coherence and annular field illumina-
" tion or polar illumination can be set on the illuminating system in order to
E produce an off-axis, oblique illumination. The numerical aperture can be set
[ on the projection objective.

: Given a prescribed wavelength of the primary light source,
E the selection of suitable exposure parameters can serve, inter alia, for im-
[ aglng structures that it would not be possible to image with satisfactory
' quallty by using other exposure parameters because of their small struc-
[ tural sizes. However, a long exposure time is frequently associated with a
E selection of exposure parameters for which such fine structures can be re-
r solved, and so the wafer throughput turns out to be low. Such fine struc-
" tures frequently cannot be correctly resolved given a selection of exposure

[
- parameters for which a higher wafer throughput is achieved, although

U
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structures with larger structural sizes can be.

Since the structures to be produced on the wafer can fre-
quently be subdivided into fine and coarse structures, it can be favorable to
carry out a double exposure of the wafer for which a first set of exposure
parameters is used for imaging the coarse structures, while a second set of
exposure parameters different from the first one is used for imaging the fine
structures. The exposure parameters of the first set can be selected, for
example, such that only a short exposure time is required for imaging the
coarse structures. The exposure parameters of the second set can be op-
timized such that only those structures are imaged that are so fine that they
cannot be imaged with the first set of exposure parameters. Of course,
multiple exposures with more than two exposures are also possible.

In a known type of double exposure, an exposure by means
of an amplitude mask is carried out with a first set of exposure parameters.
It is possible in this way to make use of oblique illumination such as, for
example, annular, dipole or quadrupole illumination in order to increase the
resolution. A second exposure with a second set of exposure parameters is
carried out with the aid of a phase mask. A coherent illumination with a low
degree of coherence ¢ is normally set thereby at the illuminating system.
Such a method is described, for example, in the article entitled “Improving
Resolution in Photolithography with
a Phase-Shifting Mask” by M.D. Levenson, N.S. Viswanathan, R.A. Simson
in {EEE Trans. Electr. Dev., ED-29(12), pp. 1828 - 1836, 1982, and in the
article entitled “Performance Optimization of the Double-Exposure” by
G.N. Vandenberghe, F. Driessen, P.J.van Adrichem, K.G. Ronse, J.Li,
L. Karlaklin in Proc. of the SPIE, Vol. 4562, pp. 394 - 405, 2002. In the
method for multiple exposure that is described there, a first set of exposure
parameters is initially set on the projection system for the first exposure.
Thereafter, a second set of exposure parameters is set on the projection
system for the second exposure, and this requires a reconfiguration of the
projection system. This reconfiguration of the projection system from the
first to the second set of exposure parameters results in a time loss and in

mechanical wear of the parts whose position and/or shape need to be var-
ied in the reconfiguration.
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It is the object of the invention to provide a method for
multiple exposure that permits a high wafer throughput. Moreover, the aim
is 1o provide for the purpose of carrying out such a method a microlithogra-
phy projection exposure installation with which it is possible by comparison
with conventional systems to raise the productivity in conjunction with an at
least unchanged quality and lower costs. In addition, cost effective projec-
tion systems are to be provided that can be used for such a method.

These objects-are achieved by means of a method having the
features of claim 1, a microlithography projection exposure installation hav-
ing the features of claim 12, and a projection system having the features of
claim 28.

Advantageous developments are specified in the dependent
claims. The wording of all the claims is incorporated in the description by
reference.

An inventive method of the type mentioned at the beginning
comprises the following steps: Carrying out a first exposure of the substrate
in accordance with a first set of first exposure parameters. Carrying out at
least one second exposure of the substrate in accordance with a second
set of second exposure parameters, use being made for the first exposuire
of a first projection system, and for the second exposure of a second pro-
jection system spatially separated from the first projection system. The sets
of exposure parameters for the respective exposure can be set in an opti-
mized fashion on the first and second spatially separated projection sys-
tems. [t follows that there is no need to adjust the projection systems during
the muitiple exposure, and so time can be saved, on the one hand, and on
the other hand no wear on movable parts of the projection system can oc-
cur owing to the changeover of the exposure parameters. The sequence of
first and second exposure can be adapted to the requirements of the proc-
ess. The first and the second projection system can advantageously be
arranged in a common microlithography projection exposure installation in
order to carry out the method in a simplified way.

In a development of the method, the first exposure is carried
out with the aid of a first mask, and the second exposure is carried out with

the aid of a second mask different from the first mask. When use is made
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of different masks for two exposures, it is possible, for example, for struc-
tures with a first structural direction to be imaged onto the substrate with
the aid of the first mask, and for structures with a second structural direc-
tion different from the first to be so imaged with the aid of the second mask.

In a development of the method, the first mask is an amplhi-
tude mask and the second mask is a phase mask. Coarse structures can
be imaged with the amplitude mask, which can be designed as a transmis-
sion mask or a reflection mask. Fine structures can be transferred onto the
substrate with the phase mask, which can likewise be operated by trans-
mission or reflection.

In an embodiment of the method, the first set of exposure pa-
rameters includes at least one exposure parameter which is not set or can-
not be set in the case of the second projection system, and/or wherein the
second set of exposure parameters includes at least one exposure pa-
rameter which is not set or cannot be set in the case of the first projection

system. By setting different exposure parameters on the two projection sys-

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

. tems, the latter can be optimized for different types of exposure. The com-
[ plexity of each individual projection system used for the exposure can be
E reduced thereby. Such a reduction in the compiexity of projection systems
( can contribute to reducing costs.

[ In a development of the method, a set of exposure parame-
[

. ters has at least one exposure parameter from the following group: Degree
[ of coherence o of the illumination, annularity of the illumination, polarity of
: the illumination, orientation of the illumination with reference to at least one
[ structural direction of the mask, time profile of the exposure, and wave-
" length of the exposure.

[

[ The degree of coherence ¢ of illumination is denoted as the
[ ratio of the output-side numerical aperture of the illuminating system to the
[

. input-side numerical aperture of a downstream projection objective. In this
" case, small values of & correspond to a largely or completely coherent illu-
[

[ mination, while the coherence decreases the larger o becomes. Annularity
[ is understood as the radial intensity distribution of the iHluminating light in a
E pupil plane. A distinction is made here between different forms of illumina-

[ tion, depending on whether a fraction of the light intensity lies in the vicinity
L
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of the optical axis (axial illumination), or whether a major part is located
further removed therefrom (off-axis illumination). Polarity of the illumination
is understood as the radial symmetry of an off-axis illumination. This can be
a dipole symmetry or a quadrupole symmetry, for example. Such a multipo-
far illumination can have a specific orientation with reference to at least one
structural direction of the mask. This orientation can be selected so as to
achieve an improvement in the imaging quality.

The time profile of the exposure is understood not only as the
exposure time period, but also the time variation in the radiation intensity
during the exposure time period. The wavelength of the illuminating light
can differ from exposure to exposure and/or between the projection sys-
tems, it thereby being possible to achieve an adaptation to the structures to
be imaged.

in a development of the method, the position of the substrate
is set in the case of the second exposure in the second projection system
such that it can be set with an equivalent position of the substrate during
the first exposure in the first projection system with an accuracy which is
low compared with the smallest structural size to be projected. This en-
ables an effective control of the overlay between structures that are imaged
in the first exposure and the second one. Such a control has an advanta-
geous effect on the quality of the structures that can be produced on the
substrate with the aid of the method. The accuracy with which the overlay
control should be carried out for the case of applying a microlithography
projection exposure installation is in the region of a few nanometers. In or-
der to achieve this accuracy, the substrate can be positioned in the projec-
tion system by means of a positioning device aided by measurement.

In an embodiment of the method, a transfer of the substrate
from the first projection system to the second projection system is carried
out between the first exposure and the second exposure. The two projec-
tion systems need not be moved by the transfer of the substrate. A suitable
transport device can be provided in a microlithography projection exposure
installation for the transfer of the substrate. Alternatively, of course, the
substrate can also remain at the same location in the first exposure and in

the second one if the projection objectives are moved relative to the sub-
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strate.

In a development of the method, during the transfer the sub-
strate is intermediately stored after removal from the first projection system
and before introduction into the second projection system. An intermediate
storage device can be provided for this purpose. The intermediate storage
enables the carrying out of first exposures to be continued even when the
second exposure cannot be carried out directly subsequent to the first ex-
posure. This can prove to be advantageous particularly when the second
exposure requires a longer duration than the first exposure, or when it is
necessary to carry out maintenance work, cleaning work etc. on the second
projection system.

In a development of the method, for an exposure on a projec-
tion system, inputting the substrate into the area of an exposure position,
positioning it in the exposure position with the aid of measurement, expos-
ing it and outputting the substrate from the exposure position are carried
out in this sequence, positioning a first substrate in the first projection sys-
tem with the aid of measurement, and exposing a second substrate in the
second projection system being carried out simultaneously at least tempo-
rarily. The wafer throughput that can be achieved with the method accord-
ing to the invention can be substantially raised by such paraliel working on
two substrates simultaneousty. Moreover, the loading of the light source
can be substantially increased.

In a development of the method, a first polar illumination is
set as exposure parameter for a first exposure, and a second polar illumi-
nation having an orientation different from the first exposure is set as expo-
sure parameter for at least one second exposure. Particularly in the case of
the use of dipole illumination, it is possible thereby for structures with dif-
ferent orientations to be transferred onto the substrate in an especially ad-
vantageous way.

in an embodiment of the method, the first exposure and the
second exposure are performed with the light of the same assigned light
source. It is possible to save costs by using two or more projection systems
with a common light source for carrying out the method. An adjustable opti-

cal deflector for optionally deflecting light to the first projection system or to
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the second one can be provided as distribution device in a
microlithography projection exposure installation. Such a deflector can be
driven quickly, and so the light is available at the projection system at the
desired instant. The deflector can have at least one rotatable and/or dis-
placeable mirror, or an appropriate deflecting prism. The light loss during
the deflection can be kept slight by using such a mirror or prism. As an al-
ternative to a first and second exposure carried out in a temporary separate
fashion with one light source, the first and the second exposure can also
partly overlap temporarily when the light from the light source is split into
two or more component beams by means of a distribution device. It is pos-
sible, as an alternative, for the microlithography projection exposure instal-
lation to be assigned a number of light sources.

An inventive microlithography projection exposure installation
of the type mentioned at the beginning comprises a first projection system,
on which a first set of exposure parameters is set or can be set, and com-
prising at least one second projection system which is spatially separated
from the first projection system and on which a second set of exposure pa-
rameters is set or can be set.

In a development of the microlithography projection exposure
installation, the wavelength at least of one assigned light source is shorter
than 260 nm and is, in particular, 248 nm, 193 nm or 157 nm. The use of
such short wavelengths permits the imaging of particularly fine structures. It
Is possible to use a number of light sources of different wavelengths in a
microlithography projection exposure installation.

In an embodiment of the microlithography projection exposure
installation, the latter has a first and/or a second projection system on
which solely a specialized set of exposure parameters can be set or is set.
Such a projection system can be adapted to the individual requirements of
an exposure process. |t is therefore not necessary that the projection sys-
tem can be optimized for all conceivable conditions of use. This specializa-
tion eliminates a costly equipping of the projection system with movable
and/or displaceable and/or exchangeable optical components for imple-
menting diverse sets of exposure parameters. The operating costs can be

optimized by the use of tailored “slim” projection systems that are optimized
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for specific types of exposure. It is possible to eliminate extensive
special equipment that is available for providing greater variability in the
case of conventional systems. With systems according to the invention,
work sharing/task specialization is possible in accordance with the principle
of assembly line operation.

In a development of the microlithography projection exposure
instalfation, the first and/or the second projection system has an illuminat-
ing system at which solely axial illumination with different degrees of co-
herence can be set. With such specialization of the illuminating system, it is
possible to eliminate optical components for producing off-axis illumination,
for example on axicons.

In an embodiment of the microlithography projection exposure
installation, the first and/or the second projection system has an illuminat-
ing system at which solely coherent, conventional illumination with a de-
gree of coherence ¢ of lower than 0.35 can be set. Such a projection Sys-
tem can be used advantageously in an exposure by means of a phase
mask, since this should be carried out with beams that are incident on the
mask substantially parallel to the optical axis.

In an embodiment of the microlithography projection exposure
installation, the first and/or the second projection system has an illuminat-
ing system at which solely off-axis illumination can be set. Such a projec-
tion system can be used, for example to produce solely a dipole illumina-
tion. Fine structures can be produced on the substrate even in the case of
relatively long wavelengths of the illuminating light by double exposure on
two projection systems in which the dipole illumination of the first and sec-
ond projection system are differently oriented.

In a development of the microlithography projection exposure
installation, the first and/or the second projection system has an illuminat-
ing system which does not comprise an adjustable optical element. Such
an illuminating system can be optimally tailored to a specific exposure
process. The renunciation of adjustable optical elements can effect a re-
duction in cost. Again, no mechanical wear of the components of the illumi-

nating system can occur.

fn an embodiment of the microlithography projection exposure
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installation, the first and/or the second projection systern has an
illuminating system which does not comprise an exchangeable optical ele-
ment. The renunciation of exchangeable optical elements can favorably
affect the imaging quality, since such an exchange is frequently associated
with the introduction of contamination into the illuminating system.

The invention also comprises a projection system of the type
mentioned at the beginning in the case of which solely a coherent, conven-
tional illumination with a degree of coherence o of lower than 0.35 can be
set, and a projection system according to the invention on which solely off-
axis illumination can be set. Such a projection system can be integrated
together with at least a second one in a microlithography projection expo-
sure installation, but it can also be used alone in such an installation. As
regards advantageous developments of such cost effective, specialized
projection systems, reference may be made to statements above in the
context of a microlithography projection exposure installation according to
the invention.

Apart from emerging from the claims, the present and further
features also emerge from the description and the drawings, it being possi-
ble for the individual features to be respectively implemented on their own
or severally in the form of subcombinations in embodiments of the inven-
tion and in other fields, and advantageously being able to constitute em-
bodiments which can be protected per se.

Figure 1 shows an example of a microlithography projection

exposure installation 1 that can be used in the fabrication of semiconductor
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components and other finely structured subassemblies, and that
operates to achieve resolutions of up to fractions of micrometers with light
from the deep ultraviolet region. A KrF excimer laser with an operating
wavelength of approximately 248 nm serves as light source 2. F, lasers
with approximately 157 nm, ArF excimer lasers with a 193 nm operating
wavelength, or mercury-vapor lamps with a 368 .nm or 436 nm operating
wavelength are also possible alternatively as UV light sources.

The laser 2 is connected to a device that prescribes the light
path 3 up to an optical deflector 4. The light path 3 is divided there into two
partial paths. Arranged in the first partial path 19a is a first projection sys-
tem 17 that has a first illuminating system 5 for illuminating a first mask 6,
and a first projection objective 7 for imaging the structure supported by the
first mask 6 onto a substrate to be exposed. Arranged in the second partial
path 19b is a second projection system 18, which has a second illuminating
system 8 for illuminating a second mask 9, and a second projection objec-
tive 10 for imaging the structure supported by the second mask 9 onto a
substrate to be exposed.

Each of the two projection systems 17, 18 further has a
measurement-aided positioning system for setting the position of a wafer
stage 12, 14, fitted below the respective projection system, relative to the
position of the respective mask 8, 9 on the basis of optically detected
measured data. The projection exposure installation 1 also has a control
computer 41 for controlling the entire process taking place in the projection
exposure installtation.

A number of marked positions are provided for the wafer in
the projection exposure installation 1. These positions are assumed suc-
cessively by the wafer when a process such as exposure, measurement or
storing is carried out thereon. An input position 15 serves for bearing the
wafer before introducing it into the projection exposure installation 1. An
exposure position 11 or 13 is assumed by the wafer during exposure on the
first or second projection system, respectively. The wafer can be moved
between the two exposure positions with the aid of a transport device and
be held in the process, if appropriate, by means of an intermediate storage

device 45 in a transfer position 40. The wafer finally assumes an output
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position 16 after being removed from the projection exposure
installation 1,

While a double exposure is being carried out with the aid of

the microlithography projection exposure installation 1, a wafer coated with
photoresist and which constitutes a substrate that has a photosensitive
layer and is to be exposed is transferred from the input position 15 into the
vicinity of the first exposure position 11. Transport devices (not illustrated
pictorial in the figure) are provided in the projection exposure installation 1
for this transfer and the following ones. In order to position the wafer ex-
actly in the exposure position, the former is moved by means of the meas-
urement-aided positioning device by means of a first wafer stage 12 until it
has assumed the desired position relative to the first projection system 17
to the accuracy of a few nanometers. This positioning is carried out on the
basis of measured data for an alignment system 42. The mask 6 is held by
a holding device which can be moved such that the positioning of the mask
can be coordinated with the positioning of the wafer. The wafer is exposed
with the light that comes from the laser 2 and is directed at the optical de-
flector 4 into the first partial path 19a.
[0043] The adjustable optical deflector 4 can be designed in this
case in an embodiment 4a as shown in plan view in figure 2. This has a
rotatable mirror 20 for beam deflection. in the first position of the mirror 20
shown here, the illuminating light, which traverses the light path 3, is fully
redirected in the first partial path 19a by having its direction deflected by
90° by the mirror. Alternatively, the mirror 20 can be rotated into a second
position that permits the illuminating light to be deflected into the second
partial path 18b. This second position of the mirror 20 is indicated by a dot-
ted line in the figure. The mirror 20 can be driven automatically by means
of the control computer 41 such that the path of the illuminating light can be
switched over quickly between the first partial path 19a and the second
partial path 19b. Automatic measurement of position and angle for the iliu-
minating beam is provided for the purpose of introducing the light precisely
into the two partial paths 19a, 19b.

The adjustable optical deflector 4 can also be implemented in

another embodiment 4b, as shown in plan view in figure 3. This has a dis-
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placeable reflecting prism 21 for beam deflection. The reflecting
prism 21 is designed as an isosceles prism whose sides of equal length are
each provided with a reflecting layer. The illuminating light, which traverses
the light path 3, is redirected in the first position, shown in the figure, of the
mirror 21 in the first partial path 19a by having its direction deflected by 90°
by the reflecting layer. Alternatively, the mirror 21 can be displaced into a
second position, which permits the illuminating light to be deflected into the
second partial path 18b. This position of the reflecting prism 21 is illustrated
by a dotted line in the figure.

As an alternative to the selective beam deflection with an ad-
justable optical deflector, the light can be irradiated into both partial paths
19a, 19b simultaneously with a suitable optical arrangement. This can be
done, for example, by introducing a beam splitter instead of the mirror 20,
or the reflecting prism 21. As an alternative, it is also possible to provide in
the projection exposure installation a number of light sources which are of
different wavelength, if appropriate, and whose light is directed to the pro-
jection systems with suitable distribution devices and split onto the projec-
tion systems.

Upon passage of the light coming from the deflector 4 through
the projection system 17, a structure present on the first mask 6 is trans-
ferred onto the wafer. In the example illustrated here, the first mask 6 is an
amplitude mask designed as transmission mask and in the case of which
structures are applied in chromium on a quartz carrier. The exposure with
the first mask 6 makes only moderate demands on the first projection sys-
tem 17. The numerical aperture of the projection objective can be relatively
small, since the structures to be imaged are very coarse. Despite the de-
cidedly modest demands, it can be indicated to use optical improvements
in the resolution in conjunction with a high numerical aperture for the pur-
pose of exposure. In particular, it is possible thereby to make use of
obliquely incident illumination, that is to say dipote illumination, quadrupole
llumination or annular illumination, for example. The Hluminating system 5
is specialized for the abovenamed exposure parameters. It includes ad-
justable axicon elements for optionally setting off-axis light intensity, as well

as a zoom system for setting the maximum degree of coherence. However,
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it is not possible to set an illumination with a low degree of
coherence 0<0.35.

After the first exposure, the wafer is brought into the second
exposure position 13. It is possible for the wafer to be intermediately stored
during transport from the first exposure position 12 to the second exposure
position 13. An intermediate storage device 45 is provided for this purpose
in the projection exposure instaliation 1. In order to position the wafer in the
second exposure position 13, the latter is moved by means of a measure-
ment-aided positioning device by means of a second wafer stage 14 until it
has assumed its desired position relative to the second projection system
18. In order to ensure exact superimposition of the successively produced
exposure structures, the positioning is carried out with the aid of the meas-
urement-aided positioning system with high accuracy with reference to
proximity position (transverse and parallel to the optical axis), rotary posi-
tion and tilted position. The wafer is subsequently exposed with the light
coming from the laser 2, which is directed into the second partial path 19b
with the aid of the optical deflector. A structure produced by the second
mask 9 is transferred onto the wafer during the exposure.

In the second exposure, the mask 9 is a transmission phase mask
that is suitable for imaging fine structures, for example the gate structures
of transistors. The light striking the phase mask 9 is intended to strike the
mask 9 in as parallel a way as possible, for which reason the illuminating
system is optimized for a coherent, conventional illumination with low de-
grees of coherence 0<0.35, and the projection objective 10 has a high nu-
merical aperture. The projection system 18 is therefore specialized for ex-
posure with a phase mask 9. It is therefore impossible to set off-axis illumi-
nation, for example, on said system. The illuminating system therefore has
neither adjustable axicon elements nor a changing device for optical com-
ponents.

After the second exposure, the wafer is transferred from the
second exposure position 13 into an output position 16, the double expo-
sure of the wafer thereby being terminated. The structures produced on the
photosensitive layer of the substrate are subsequently processed in a

process step not illustrated pictorially for the purpose of patterning the sub-
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strate. If appropriate, the wafer is provided thereafter with a new
photosensitive layer such that a further exposure process, for example an-
other process of double exposure, can be undertaken until all structures
required for producing a semiconductor component are produced on the
wafer.

As an alternative to the case illustrated here by way of exam-
ple, the first exposure and the second exposure can also be carried out
with a first and a second amplitude mask different from the first. If the mask
has, for example, fine structures running in two different structural direc-
tions, it is thus possible to set a dipole illumination optimized for the first
structural direction in the first illuminating system, and a second dipole illu-
mination rotated with respect thereto in the second iluminating system.

The embodiment, illustrated by way of example in figure 1, of
a microlithography projection exposure installation according to the inven-
tion can be extended for multiple exposure by providing more than two pro-
jection systems. An integral flushing concept for avoiding contamination in
the installation can be present for smooth running of the exposure. This
can be implemented, for example, by nesting a number of separate flush-
ing systems in one another such that the gas present in the installation be-
comes progressively cleaner from the outside inwards. The projection Sys-
tems 17, 18 can be provided with adjustable correction elements and with
measuring apparatuses that permit each individual projection system to be
coordinated optimally with the production of a specific structure on the sub-
strate.

The path of an individual wafer through the projection expo-
sure installation 1 has been described with the aid of figure 1. Of course,
more than only a single wafer can traverse the projection exposure installa-
tion 1 at any given instant, in order to raise the wafer throughput.

Figure 4 shows a schematic for explaining a development of a
method according to the invention. The ordinate is divided into five sections
which respectively correspond to a position of a wafer in the microlithogra-
phy projection exposure installation 1. The first position is the input position
15 of figure 1, the second position the exposure position 11 of the first pro-

jection system. The transfer position 40 is assigned to the third section.
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The second exposure position 13 of figure 1 is assigned to the fourth
section, and the output position 16 to the fifth section. If a method step is
carried out at one of the five positions of the projection exposure installa-
tion 1, this is illustrated in figure 4 by a box in which the measure carried
out at the position is described. For the input position 15, the output posi-
tion 16 and the transfer position 40, these activities are the input, output
and transfer of a substrate. In the case of the first and second exposure
positions 11, 13, this activity can comprise either a calibration operation
(measurement-aided positioning) or an exposure operation. The temporal
variation in the activities carried out at the individual positions is plotted
along the abscissa.

If the path of an individual substrate is tracked in the projec-
tion exposure installation, this path begins in the first section 15 with an
input operation 30. The substrate is subsequently transferred to the first
exposure position 11, where a measuring operation 31 for exact positioning
and, subsequently, an exposure operation 32 are carried out. The sub-
strate is transferred thereafter in a transfer operation 33 to the transfer po-
sition 40 in the intermediate storage device 45. From there, it is brought
into the second exposure position, where a measuring operation 34 for
measurement-aided positioning and, therefore, an exposure operation 35
are carried out. Finally, the substrate is removed from the projection expo-
sure installation in an output step 36.

When a number of substrates are present simuttaneously in
the projection exposure installation, the abovedescribed process cycle can
proceed simultanecusly at a number of substrates in a fashion offset in
time. Of course, this requires a certain time offset in relation to the above-
described process cycle 30, 31, 32, 33, 34, 35. A number of such process
cycles running in parallel are illustrated in figure 4. An optimized process
cycle can be achieved, for example, by intermediately storing a wafer dur-
ing the transfer from one wafer stage to the next, while the preceding wafer
is calibrated by the preceding projection system for determining position,
and the subsequent wafer is exposed beneath the downstream projection
system. The phases of calibration and exposure of the wafer are thereby

decoupled so that the laser light source 2 is optimally loaded.
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A high level of utilization of the projection exposure
installation, and thus a high wafer throughput can be achieved owing to the
running in parallel. The time required for each process step is selected
identically in figure 4 in order to simplify the illustration, but it goes without
saying that different process steps require a different time duration in the
normal case. The result is the creation of a method for successive expo-

sure of wafers by at least two specialized projection systems 17, 18 in a
projection platform 1.

3 Detailed Description of Drawings

figure 1 shows a schematic overview of an embodiment
of a microlithography projection exposure installation accord-
ing to the invention,

figure 2 shows a schematic plan view of a further em-
bodiment of an optical deflector,

figure 3 shows a schematic plan view of a further em-
bodiment of an optical deflector, and

figure 4 shows a schematic for explaining a development
of a method according to the invention for multiple exposure.
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1. Method for multiple exposure at least of one substrate coated with a
photosensitive layer, having the following steps:

carrying out a first exposure of the substrate in accordance with a first set
of first exposure parameters;

carrying out at least one second exposure of the substrate in accordance
with a second set of second exposure parameters;

use being made for the first exposure of a first projection system, and for
the second exposure of a second projection system spatially separated

from the first projection system.

2. Method according to Claim 1, wherein the first exposure is carried
out with the aid of a first mask, and the second exposure is carried out with
the aid of a second mask different from the first mask.

3. Method according to Claim 2, wherein the first mask is an amplitude
mask and the second mask is a phase mask.

4. Method according to one of the preceding claims, wherein the first
set of exposure parameters includes at least one exposure parameter
which is not set or cannot be set in the case of the second projection Sys-
tem, and/or wherein the second set of exposure parameters includes at
least one exposure parameter which is not set or cannot be set in the case
of the first projection system.

5. Method according to one of the preceding claims, wherein a set of

exposure parameters includes at least one exposure parameter from the

following group:

- degree of coherence o of the illumination

- annularity of the illumination

- polarity of the illumination

- orientation of the illumination with reference to at least one structural
direction of the mask
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- time profile of the exposure

- wavelength of the exposure.

6. Method according to one of the preceding claims, wherein a position
of the substrate is set in the case of the second exposure in the second
projection system such that it can be set with an equivalent position of the
substrate during the first exposure in the first projection system with an ac-

curacy which is low compared with a structurat size to be projected.

7. Method according to one of the preceding claims, wherein a transfer
of the substrate from the first projection system to the second projection

system is carried out between the first exposure and the second exposure.

8. Method according to Claim 7, wherein during the transfer the sub-
strate is intermediately stored after removal from the first projection system

and before introduction into the second projection system.

9. Method according to one of the preceding claims, wherein, for an
exposure on a projection system, inputting the substrate into the area of an
exposure position, positioning it in the exposure position with the aid of
measurement, exposing it and outputting the substrate from the exposure
position are carried out in this sequence, positioning a first substrate in the
first projection system with the aid of measurement, and exposing a second
substrate in the second projection system being carried out simultaneously
at least temporarily.

10.  Method according to one of the preceding ctaims, wherein a first po-
lar illumination is set as exposure parameter for a first exposure, and a
second polar illumination having an orientation different from the first expo-

sure is set as exposure parameter for at least one second exposure.

11.  Method according to one of the preceding claims, wherein the first
exposure and the second exposure are performed with the light of the

same assigned light source, the first exposure and the second exposure



(33) JP 2005-268781 A 2005.9.29

preferably  being carried out separately in time.

12.  Microlithography projection exposure instailation (1) for multiple ex-
posure at least of one substrate coated with a photosensitive layer, com-
prising a first projection system (17), on which a first set of exposure pa-
rameters is set or can be set, and at least one second projection system
(18) which is spatially separated from the first projection system (17) and
on which a second set of exposure parameters is set or can be set.

13.  Microlithography projection exposure installation according to
Claim 12, wherein the first projection system (17) is a first specialized pro-
jection system (17) on which it is possible to set a first set of exposure pa-
rameters which cannot be completely set in the case of the second projec-
tion system (18), and/or the second projection system (18) is a second
specialized projection system (18) on which it is possible to set a second
set of exposure parameters which cannot be completely set in the case of

the first projection system (17).

14, Microlithography projection exposure installation according to

Claim 12 or 13, wherein at least one exposure parameter from the following

group:

- degree of coherence o of the illumination

- annularity of the illumination

- polarity of the illumination

- orientation of the illumination with reference to at ieast one structural
direction of the mask

- time profile of the exposure

- wavelength of the exposure
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[ is set or can be set on the first and/or on the second projection system (17,
[18).

[

[
[15.  Microlithography projection exposure installation according to one of

E Claims 12 to 14, wherein the first projection system (17) and the second

[ projection system (18) each have a positioning device for positioning the
L
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" substrate  with the aid of measurement such that the position
E (13) of the substrate in the second projection system (18) relative to an
" equivalent position (11} of the substrate in the first projection system (17)
E can be set with an accuracy which is low compared with the smallest struc-
[ tural size to be projected.

E

t 16.  Microlithography projection exposure installation according to one of
" Claims 12 to 15, wherein at least one transport device is provided for trans-
E ferring the substrate from the first projection system (17) to the second pro-
E jection system (18).

[

1 17. Microlithography projection exposure installation according to
E Claim 18, wherein the transport device is assigned an intermediate storage

[ device for intermediate storage of the substrate.

[

[

r 18.  Microlithography projection exposure installation according to one of
' Claims 12 to 17, wherein the same light source (2) is assigned to the first

[
. projection system (17) and to the second projection system (18).

[
E 19. Microlithography projection exposure installation according to
[ Claim 18, wherein arranged in a light path downstream of the light source
E (2} as distribution device is an adjustable optical deflector (4; 4a; 4b) for
[ optionally deflecting light to the first projection system (17) or to the second
E projection system (18).

[

[20. Microlithography projection exposure installation according fo
E Claim 19, wherein the adjustable optical deflector (4; 4a; 4b) has at least

[ one rotatable and/or displaceable mirror (20; 21).
[

[
[21.  Microlithography projection exposure installation according to one of

ECIaims 12 to 20, wherein the wavelength at least of one assigned light
[ source (2) is shorter than 260 nm and is, in particular, 248 nm, 193 nm or
" 157 nm.

L
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22.  Microlithography  projection exposure installation according to
one of Claims 12 to 21, wherein solely a specialized set of expesure pa-
rameters can be set on the first projection system (17) and/or on the sec-
ond projection system (18).

23.  Microlithography projection exposure installation according to
Claim 22, wherein the first projection system (17) and/or the second projec-
tion system (18) has an illuminating system (5, 8) at which solely axial illu-
mination with different degrees of coherence can be set.

24.  Microlithography projection exposure installation according to
Claim 22 or 23, wherein the first projection system (17) and/or the second
projection system (18) has an illuminating system (5, 8) at which solely co-
herent, conventional illumination with a degree of coherence o of lower
than 0.35 can be set.

25.  Microlithography projection exposure installation according to one of
Claims 22 to 24, wherein the first projection system (17} and/or the second
projection system (18) has an illuminating system (5, 8) at which solely off-
axis Hlumination can be set.

26.  Microlithography projection exposure installation according to one of
Claims 22 to 25, wherein the first projection system (17) and/or the second

projection system (18) has an illuminating system (5, 8) which does not
comprise an adjustable optical element.

27.  Microlithography projection exposure installation according to one of
Claims 22 to 26, wherein the first projection system (17) and/or the second

projection system (18) has an illuminating system (5, 8) which does not
comprise an exchangeable optical element.

28.  Projection system (17, 18) having an illuminating system (5,8)and a
projection objective (7, 10) wherein it is possible to set on the illuminating

system (5, 8) solely a coherent, conventional illumination with a degree of
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[ coherence o of lower than 0.35,
[

[
[ 29. Projection system (17, 18) having an flluminating system (5, 8) and a
[

. Projection objective (7, 10) wherein solely off-axis illumination can be set

[ on the illuminating system (5, 8).
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1. Abstract

In a method for multiple exposure at least of one substrate coated with a photosensi-
tive layer, a first exposure is carried out in accordance with a first set of exposure
parameters on a first projection system (17), and a second exposure is carried out in
accordance with a second set of exposure parameters on a second projection system
(18) spatially separated from the first projection system (17). The projection systems
are integrated in a common projection exposure installation (1). The first exposure
can be carried out, for example, with an amplitude mask (6), the second exposure
with a phase mask (9). The use of a number of projection systems enables multiple

exposure that is performed in parallel and is therefore timesaving.

2. Representative Drawings
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