
Device and Method for Reducing a Wedge Error Description        Embodiments of the present
invention relate to a device for opposite alignment of a first surface of a first substrate with a second
surface of a second substrate with a gap between the first and the second surfaces and a
corresponding method.        In the semiconductor industry, there are a host of devices and methods in
which a calibration of two surfaces to one another is of great importance. The surfaces are generally
structured surfaces whose structures must be aligned to one another. In all methods that undertake
these calibrations, it would be desirable for errors in alignment, especially wedge errors, therefore
deviations in the angular position of the two surfaces that are to be aligned oppositely, to be minimized
or largely precluded. Ideally, the surfaces of the substrates are to be aligned exactly parallel to one
another in one end position, therefore, for example, in embossing a microlens or in producing a mask
in the lithography method. In the example of microsystems engineering, in particular the production of
microlenses that must become smaller and at the same time more accurate as optical lenses and due
to the miniaturization pressure in the semiconductor industry, the aforementioned errors have an
especially drastic effect.        Furthermore, it is especially important that the optical axis of the
microlens does not have any alignment errors that are caused especially by wedge errors. Microlenses
are often stacked on  top of one another so that the wedge errors are correspondingly exacerbated
and the image quality suffers accordingly. 



Furthermore, efforts are aimed at minimizing the scrap in the mass production of m cro enses.       The
aforementioned wedge error arises due to mis-positioning of the embossing substrates to one another
or of the retaining systems to one another that accommodate the embossing substrates in the end
position in which the embossing material is cured and that is decisive for the production of the
components to be embossed, especially microlenses.       The wedge error has been reduced in the
past by parallel alignment of the retaining system that is as accurate as possible before the retaining
systems approach by the gap between the surfaces of the substrates being aligned parallel before the
actual embossing process in which the substrates are moved toward one another in the direction of
translation.       Embodiments of the present invention describe a device and a method with which
alignment errors in the alignment of two spaced substrates can be minimized, as a result of which the
quality of the products to be produced increases and the production costs are drastically reduced.
According to a first aspect, there is provided a device for opposite alignment of a first surface of a first
substrate with a second surface of a second substrate with a gap between the first and the second
surfaces with the following features: a first retaining system for retaining the first substrate on a first
retaining surface, a second retaining system for retaining the second substrate on a second retaining
surface, approach means for causing the first surface to approach the second surface in one direction
of translation as far as into one end position, characterized in that there are means for reducing a
wedge error between the first and second surfaces during the approach of the first surface to the
second surface including an in situ measurement during the approach of the substrates.       According
to a second aspect, there is provided a method for opposite alignment of a first surface of a first
substrate with a second surface of a second substrate with a gap between the first and the second
surfaces, wherein a wedge en-or between the first and the second surfaces is reduced during the
approach of the first surface to the second surface including an in situ measurement during the
approach of the substrates. 



All combinations of at least two of the features indicated in the specification, the claims and/or Figure I
also fall within the framework of the invention. At the indicated value ranges, values within the
above-mentioned limits will also be disclosed as boundary values and will be claimed in any
combination.       An embodiment of the present invention is based on the idea of undertaking a
reduction of alignment errors, especially of a wedge error, alignment errors between two substrates,
not before the substrates' approach into  the end position, but during the approach and until reaching
the end position. Introduction of a measurement system between the substrates to be aligned can
accordingly be abandoned according to an embodiment of the invention. The gaps or the angular
position of the first to the second substrate or of the first retaining system and the second retaining
system during the approach of the substrates are measured according to an embodiment of the
invention from outside the working space that is formed between the first and second surfaces so that
an in-situ measurement during the approach of the substrates is enabled up to completion of the
product that is to be produced with the device, especially a microlens field or a mask.       Inasmuch as
an embossing material that is to be embossed by the first and second substrates is introduced into the
intermediate space, alignment according to an embodiment of the invention takes place after the
embossing material is moved into the intermediate space or after the embossing material is moved
onto the first or second substrate that is designed as a carrier substrate. It is especially advantageous
if the reduction of the wedge error takes place shortly before or upon reaching the end position since
errors due to further movements of the first and/or second substrate can thus be essentially precluded.
According to one advantageous embodiment of the invention, it is provided that the means for
reducing the wedge error can be used continuously, especially uninterruptedly, during the approach,
especially until reaching the end position. The embodiment of the invention in conjunction with
nanoimprint methods is especially advantageous inasmuch as on the first surface and/or the second
surface, there are embossing structures for embossing of an embossing material between the first and
second surfaces. According to another advantageous embodiment of the invention, it is provided that
the 



means for reducing the wedge error comprise especially spectroscopically working measurement
means for measuring the angular position between the first substrate and the second substrate during
the approach of the first surface to the second surface. By measuring the angular position of the first
and second surfaces to one another during the approach of the first surface to the second surface or
vice versa as far as the end position, it is possible to act accordingly on the first substrate and/or the
second substrate or the first retaining system and/or the second retaining system by the means for
reducing the wedge error in order to align the first and second surfaces in parallel so that in the ideal
case, there is no longer a wedge error, especially when the end position is reached.        Here, it is
especially advantageous if the measurement means have several, especially at least three, sensors
especially installed in the first and/or second retaining system each underneath the first and/or second
retaining surface for measuring the gaps of the first surface and of the second surface to the
respective sensor in the direction of translation, and especially the gaps of a first support surface of the
first substrate facing away fi-om the first surface and a second support surface of the second substrate
facing away from the second surface. By integrating the sensors, especially space-saving and reliable
detection of the angular position of the retaining surfaces or the surfaces in situ is possible.
Advantageously, in one embodiment of the invention, it is furthermore provided that the means for
reducing the wedge error comprise driving means for changing the angular position of the first
substrate to the second substrate, especially of the first surface to the second surface, the driving
means being located on the first and/or second retaining system. The driving means are especially
motors for each retaining system that for at least one of the retaining systems make available at least
two, especially three, degrees of rotational freedom, whose axes of rotation are perpendicular to one
another and that can tilt the retaining system arbitrarily to the direction of translation.       According to
another advantageous embodiment of the invention, it is provided that the means for reducing the
wedge error have an active control means for controlling the reduction of the wedge error, especially
for detecting measurement values of the measurement means and for corresponding triggering of the
driving means. The active control system based on the measurement values of the measurement
means, therefore the gaps between the sensors and the individual surfaces that are relevant according
to an embodiment of the invention (surfaces/support surfaces), provides for automatic readjustment of
the corresponding driving means, so that parallel alignment of the first surface to the second surface is
ensured at any instant.        The method according to the invention - according to one embodiment - is
characterized by the following steps, especially in the sequence cited below: 



Fixing the first substrate with its retaining surface on the first retaining system and fixing the second
substrate with its retaining surface on the second retaining system, Aligning the first substrate to the
second substrate transversely to the direction of translation, Applying an embossing structure to the
first surface of the first substrate and applying a carrier material to the second surface of the second
substrate, Causing the first substrate to approach the second substrate by translational movement of
the first retaining system in the direction of the second retaining system, and Measuring the gaps
between the first and second substrates and each sensor of the second retaining system during the
approach of the first substrate to the second substrate  and as soon as the first substrate is in the
sensor detection region; Evaluating the measured values and computing the angular position of the
first substrate to the second substrate by the control system and control of driving means for reducing
the wedge error between the first substrate and the second substrate by the driving means being
triggered accordingly and the first substrate or the first retaining system being rotated accordingly
relative to the substrate or the second retaining system.        Other advantages, features and details of
the invention will become apparent from the following description of the figure of one preferred
embodiment of the invention. 



Figure 1 shows a cross-sectional view of the device according to the invention for reducing a wedge
error.        Figure 1 shows a first retaining system of a device for opposite alignment of a first surface
2o of a first substrate 2 with a second surface 5o of a second substrate 5 with a gap between the first
surface 2o and the second surface 5o, the second substrate 5 being fixed on a second retaining
surface 6o of a second retaining system 6. The fixing of the first substrate 2 on the first retaining
system 1 and the fixing of the second substrate 5 on the second retaining system 6 take place, for
example, by applying a negative pressure to one retaining surface la of the first retaining system 1 or
retaining surface 6a of the second retaining system 6.        An embossing structure 3 is placed on the
surface 2o and is used to emboss an embossing material 4 that has been applied to the surface 5o.
The embossing material 4 is, for example, a polymer that during embossing assumes the contour of
the embossing structure 3, namely in one end position in which the embossing structure 3 dips into the
embossing material 4 in order to  produce a plurality of exactly dimensioned products, here
microlenses, according to the contour of the embossing structure 3. A microlens field is embossed out
of the embossing material and cured by the illustrated arrangement so that several microlenses can be
produced later from the microlens field.        For embossing purposes, the first substrate 2 is first
aligned parallel and flush opposite the second substrate 5, a wedge en-or prevailing - shown
exaggerated in Figure 1 - represented by the broken lines that represent the angular position of the
first substrate 2 and of the second substrate 5. The wedge error can result from a slanted position of
the first retaining system 1 or of the second retaining system 6 relative to one another and/or opposite
one direction of translation T as well as non-uniform thickness of the first substrate 2 and/or of the
second substrate 5 or a combination of the aforementioned causes.       The first retaining system 1
can be moved by a translation drive that is not shown in the direction of translation T toward the
second retaining system 6, also called approach means for causing the first surface 2o to approach
the second surface 5o. The translation drive can be, for example, a robotic arm that is not shown and
that grips the first retaining system 1. The second retaining system 6 can be made fixed as a chuck in
the device. Reversal of the motion of the two retaining systems is conceivable according to the
invention. 



During the approach of the first substrate 2 or of the embossing structure 3 to the second substrate 5
or to the embossing material 4, the means for reducing the wedge error are, among others, several
sensors 8 distributed in sensor chambers 7 of the second retaining system 6. The sensors 8 are
desigied as spectroscopic sensors such that each sensor 8 emits a light beam, via whose reflections
and the spectroscopy of the reflected light, the gaps of the first surface 2o and the  second surface 5o
that are located in the light beam to the sensor 8 can be measured. By finding the difference of the
gaps - in the detection region of the respective sensor 8 - at any instant of the approach of the first
substrate 2 in the direction of the second substrate 5, the gap can be measured at different locations
so that by corresponding control of the driving means, a corresponding rotation of the first retaining
system 1 and thus of the first substrate 2 or a tilting of the first retaining system 1 is produced.       The
sensors 8 work especially with white light spectroscopy, and accordingly the second substrate 5 at
least in the region of the sensor chambers 7 is transparent to light radiation and/or UV radiation.
Inasmuch as the first substrate 2 is also transparent to light radiation and/or UV radiation, the gap from
the sensor 8 to one support surface 2a of the first substrate on the retaining side la can also be
measured by the sensors. Likewise, the gap from one support surface 5a of the second substrate 5 on
the retaining side 6a can be measured so that the thicknesses of the substrates 2, 5 can be measured
in the regions in which the beam paths of the sensors 8 mn.       Thus, both an error in the movement
of the first retaining system 1 in the direction of translation land also a faulty initial alignment and errors
of thicknesses of the first substrate 2 or of the second substrate 5 or unevenness of the retaining
surfaces I a, 6a can be compensated while the first surface 2o approaches the second surface 5o.
To further optimize the spectroscopic measurement and to increase the accuracy of measurement, in
one advantageous embodiment of the invention, it is provided that the embossing structure 3 and the
embossing material 4 are located outside the beam path of the sensors 8. Thus, mis-evaluations of the
spectroscopy are avoided, and the accuracy of the determination of the gaps by the spectroscopy of
the sensors is increased.  



The configuration according to the invention thus solves the problem of non-uniform embossing of a
microlens field as a result of wedge errors between the embossing surfaces or surfaces of the first
substrate 2 and of the second substrate 5 by using an optical path system consisting of several
transmitter-receiver modules, specifically the sensors 8 with which the gap of the first substrate 2
designed as an embossing die to the surface 5o of the second substrate 5 designed as a support
wafer is actively measured and at the same time during the approach of the embossing structure 3 by
tilting or rotating; the first retaining system 1 is readjusted such that the surface 2o is aligned parallel to
the surface 5o, in the ideal case without wedge error.       The advantages of the invention lie in a
higher yield of microlenses within the icrolens field since a lens quality that remains the same can be
ensured along the entire support wafer. The higher yield of lenses with negligible errors in the optical
axis of the lenses clearly deliver economic and technical advantages, especially in the coupling of
several microlenses on top of one another. In addition to the economic advantages of the decreasing
article price, the higher yield, moreover, delivers the technical advantage of a higher image qual tY.
Device and Method for Reducing a Wedge Error List of Reference Symbols First retaining system
Retaining surface 2First substrate 



2aSupport surface 2oSurface 3Embossing structure Embossing material 5Second substrate
5aSupport surface 5oSurface 



6Second retaining system 6aRetaining surface 7Sensor chamber 8Sensor Direction of translation
Device and Method for Reducing a Wedge Error 



Claims        1. Device for opposite alignment of a first surface (2o) of a first substrate (2) with a second
surface (5o) of a second substrate (5) with a gap between the first and the second surfaces (2o, 5o)
with the following features: A first retaining system (1) for retaining the first substrate (2) on a first
retaining surface (la), A second retaining system (6) for retaining the second substrate (5) on a second
retaining surface (6a), Approach means for causing the first surface (2o) to approach the second
surface (5o) in one direction of translation (T) as far as into one end position, characterized in that
there are means for reducing a wedge error between the first and second surfaces (2o, 5o) during the
approach of the first surface (2o) to the second surface (5o) including an in situ measurement during
the approach of the substrates (2, 5). 



2. Device according to Claim 1, wherein the means to reduce the wedge error can be used
continuously, especially uninterruptedly, during the approach, especially until reaching the end
position.       3. Device according to one of the preceding claims, wherein on the first surface (2o)
and/or the second surface (5o), there are embossing structures (3) for embossing of an embossing
material (4) between the first and second surfaces (2o, 5o).         4. Device according to one of the
preceding claims, wherein the means for the approach are made to cause a translational movement of
the first and second retaining systems (1, 6) in the direction of translation (D transversely to the
retaining surfaces (la, 6a).        5. Device according to one of the preceding claims, wherein the means
for reducing the wedge error comprise especially spectroscopically working measurement means for
measuring the angular position in the first substrate and the second substrate during the approach of
the first surface (2o) to the second surface (So).       6. Device according to Claim 5, wherein the
measurement means have several, especially at least three, sensors (8) installed in particular in the
first and/or second retaining system (1, 6), each underneath the first andfor second retaining surface
(1a, 6a) for measuring the gaps of the first surface (2o) and of the second surface (5o) to the
respective sensor (8) in the direction of translation (T), and especially the gaps of a first support
surface (2a) of the first substrate (2) facirtg away from the first surface (2o) and a second support
surface (5a) of the second substrate (5) facing away from the second surface (5o).      7. Device
according to one of the preceding claims, wherein the means for reducing the wedge error comprise
driving means for changing the angular position of the first substrate (2) to the second substrate (5),
especially of the first surface (2o) to the second surface (5o), the driving means being located on the
first and/or second retaining system (1, 6) . 



8. Device according to one of the preceding claims, wherein the means for reducing the wedge error
comprise an active control system for controlling the reduction of the wedge error, especially for
detecting the measurement values of the measurement means and for corresponding triggering of the
driving means.       9. Method for opposite alignment of a first surface of a first substrate with a second
surface of a second substrate with a gap between the first and the second surfaces, wherein a wedge
error between the first and the second surfaces is reduced during the approach of the first surface to
the second surface including an in situ measurement during the approach of the substrates (2, 5).
Device and Method for Reducing a Wedge En-or Abstract      This invention relates to a device for
opposite alignment of a first surface (20) of a first substrate (2) with a second surface (50) of a second
substrate (5) with a gap between the first and the second surfaces (2o, 5o) with the following features: 



- A first retaining system (1) for retaining the first substrate (2) on a first retaining surface (1 a), A
second retaining system (6) for retaining the second substrate (5) on a second retaining surface (6a), -
Approach means for causing the first surface (2a) to approach the second surface (5a) in one direction
of translation (T) as far as into one end position, characterized in that there are means for reducing a
wedge error between the first and second surfaces (20, 5o) during the approach of the first surface
(20) to the second surface (5o).      This invention furthermore relates to a method for opposite
alignment of a first surface of a first substrate with a second surface of a second substrate with a gap
between the first and the second surfaces, characterized in that a wedge error between the first and
the second surfaces is reduced during the approach of the first surface to the second surface.  



In this regard, see Figure 1. 


