Method and device for the exposure of a photosensitive coating

Description

The present invention relates to a method and a device for the exposure of

a photosensitive coating.

Photolithography is one of the most important methods in the
semiconductor industry for structuring a material. Photolithography is

primarily carried out with the aid of masks in the prior art.

Mask production, however, is also the major problem of mask-based
photolithography. A mask has to be produced by very expensive and
time-consuming production processes. Recourse is therefore taken to
electron beam lithography. Furthermore, a plurality of masks have to be
produced for the production of complex functional components. It is not
unusual for the cost for the production of all the masks for only one

microchip to lie in the million euro range.

In the prior art, therefore, an alternative method has been developed in the
past few years, in which a substrate is not exposed over the whole area,
but only in sections with the aid of digitally controlled scanning, e.g. of a
switchable field of mirrors. The mirrors of the mirror field, a so-called
digital micromirror device, DMD, can be programmed individually, in
particular very frequently, and can thus permit the punctual, arbitrarily
approachable structured exposure of a section to be exposed. At the same
time, a relative movement between the substrate and the optical system to

which the DMD belongs is carried out, which permits an exposure of the



entire substrate surface. The prior art is known from WO 2018113917 A1,
2018113918A1, 2019242840A1.

Through the use of a DMD, a photolithographic layer with a pattern, a so-
called layout, can be exposed. At each point at which the layer is
bombarded with the photons of a well-defined wavelength, an indirect or
direct chemical reaction of the photolithographic layer takes place.
Further process steps, in particular the development step, lead to a

solidification of the so-called layout.

In the disclosure, mention is always made of a DMD as an illustrative
example. Instead of the DMD, however, general, in particular
transmissive, structured elements can also be used. Transmissive optical
elements are important chiefly for steppers. They differ from a DMD in
that spatially resolved structuring is brought about not by mirrors, but by,
in particular switchable, apertures. The precise embodiment of such an

element will not be dealt with in greater detail in this publication.

Instead, a DMD is described as an illustrative optical element for the

programmable, spatially resolved exposure.

With the aid of the aforementioned methods, it is already possible today
to produce the most diverse 2D structures, i.e. structures inside a plane, or
in a single layer which varies in height, e.g. as the uppermost layer on a

structure with different topography (2.5D).

Primarily, the structure of 2.5D or 3D structures with complex geometry

changing in the beam direction, in particular roofed concave cavities,



cannot be produced in a single exposure process using devices and

methods of the prior art.

It is very likely possible to produce 2.5D and 3D structures by repeated
use of the known methods. Thus, it would be possible to apply a first
layer on a substrate, to expose and then to develop the latter after
positioning of the image, wherein the substrate is chemically solidified or
dissolved depending on the exposure and polarity of the lacquer, and to
coat the substrate again with a further layer and to expose and develop the
latter again. The steps can be repeated as often as desired, for a

corresponding number of desired layers and therefore stacked layouts.

It is obvious that all the aforementioned process steps have to be carried
out for the development of each layer, which leads to a very great outlay
and therefore to high costs. Furthermore, the probability of errors for
each possible type of error increases with each additional process step. In
particular, the correct lateral position during the exposure is an error-
sensitive step, which can lead to an accumulated loss of quality.

The problem of the present invention, therefore, is to eliminate or
significantly reduce the drawbacks of the prior art. In particular, it aims
to carry out the exposure in a quicker and easier way and to reduce the

errors of all kinds.

The problem is solved with the subject-matter of the coordinated claims.
Advantageous developments of the invention are given in the sub-claims.
All combinations of at least two features given in the description, in the

claims and/or the drawings also fall within the scope of the invention. In
stated value ranges, values lying inside the stated limits are also deemed

to be disclosed as limiting values and can be claimed in any combination.



The invention relates to a method for the exposure of a photosensitive
coating, comprising at least a first photosensitive area and a second
photosensitive area, wherein the first area reacts to photons of a first
wavelength and the second area, in particular overlapping the first area,
reacts to photons of a second wavelength, wherein the first wavelength is
different from the second wavelength, wherein the method comprises the

following steps, in particular in the following sequence:

- exposure of the coating to the photons of the first wavelength,

- exposure of the coating to the photons of the second wavelength.

In the following text, the photosensitive areas are referred to merely as

areas.

The invention further relates to a device for the exposure of a
photosensitive coating, comprising at least a first photosensitive area and
a second photosensitive area, wherein the first photosensitive area reacts
to photons of a first wavelength and the second photosensitive area reacts
to photons of a second wavelength, wherein the first wavelength is
different from the second wavelength, comprising a radiation device for
the exposure of the coating to the photons of the first wavelength and for
the exposure of the coating to the photons of the second wavelength.

The invention further relates to an article, produced with the method

according to the invention and/or the device according to the invention.

The essence of the invention consists in particular in the fact that
individual focusing of the photons on the individual photosensitive area is

not necessary, since both areas have been deposited typically in thin



layers lying very close to one another, within the depth of definition of
the projection. The photons of the respective wavelength can
advantageously radiate through the photosensitive coating, but only
produce a photochemical reaction in the area in which the material reacts

to the photons of the corresponding wavelength.

Provision is preferably made such that the coating is exposed by means of
a dynamically controllable unit, in particular by means of a digital
micromirror device, or that the device comprises a dynamically
controllable unit, in particular a digital micromirror unit, for the exposure

of the coating.

Furthermore, provision is preferably made such that the coating is
exposed by means of at least one mask or that the device comprises at

least one mask for the exposure of the coating.

Furthermore, provision is preferably made such that the exposure of the
coating to the photons of the first wavelength produces a photochemical
reaction only in the first area and the exposure of the coating to the
photons of the second wavelength produces a photochemical reaction only

in the second area.

Furthermore, provision is preferably made such that the coating is
exposed or can be exposed in a spatially resolved and/or punctual manner,

particularly by means of beam bundles.

Furthermore, provision is preferably made such that the coating is
exposed by an individually controllable photon source, wherein the

wavelength and/or the dose of the photons is/are or can be adjusted.



Furthermore, provision is preferably made such that the coating is
exposed by positioning a filter in front of a broad-band photon source,
wherein the wavelength and/or the dose of the photons is/are or can be

adjusted.

Furthermore, provision is preferably made such that different depth

regions of the coating react after one another.

Furthermore, provision is preferably made such that the coating has
sensitivities for photons of the same wavelength which vary over a

thickness of the coating.

Furthermore, provision is preferably made such that the coating is a single
layer. The different areas are different layer locations, which have
photosensitivities of differing strength for different or identical
wavelengths of differing strength. It is also conceivable that the different
layer locations to not react in a wavelength sensitive manner, but

sensitive to the intensity of the radiation, i.e. the intensity.

However, provision is still more preferably made such that the first area is
constituted as a first layer and the second area is constituted as a second
layer on the first layer. Any number of further layers can of course be
applied, which form an arbitrary number of further areas, which are
processed in common preferably in a common exposure and development

step.

Furthermore, provision is preferably made such that the coating is

moved/can be moved with respect to the radiation device. In particular, a



mobile support is provided for moving the coating with respect to the

radiation device. The coating can be located on a substrate, wherein the
substrate is in turn located on a substrate holder. The substrate holder is
preferably constituted mobile for the movement of the substrate with the

coating with respect to the radiation device.

The invention describes in particular a method and a device for the, in
particular maskless, 2.5D or 3D exposure of the coating or a layer system,
comprising at least two photosensitive layers lying one above the other at
different depths. This 2.5D or 3D exposure is also referred to in the
subsequent text as a spatial exposure, in order to distinguish it from 2D,
i.e. an exposure in a plane. In particular, a spatial exposure is understood
to mean an exposure in which 2.5D or 3D structures can be produced
directly in a single exposure process. An exposure process is understood
to mean the number of all the process steps between loading of the

substrate onto and removal of the substrate off the device.

The device according to the invention and the method according to the

invention have a number of advantages compared to the prior art.

One advantage with respect to the prior art consists in the possibility of
carrying out the spatial exposure at a very high speed and at the same time
with high precision on account of the absence of numerous adjustment and
intermediate processing steps. In particular, a multiple exposure with
individual masks, which would have to be aligned for each exposure step,
and a multiple exposure and multiple development can be dispensed with.
As a result of this advantage according to the invention, an increase in the

throughput in particular results.



A further advantage consists in the fact that the accuracy of the layout
increases considerably in the individual layers, since the alignment error
is absent which arises on account of mask alignment when a plurality of

individual exposures are carried out.

A further advantage consists in the fact that the structuring depth is
increased via the depth of definition and chemical behaviour of the
lacquer. Structuring depth is understood to mean the region of the coating

in which the chemical reaction due to photon bombardment takes place.

In the prior art, the optical elements for the exposure have to be designed
such that the photons which are used for the exposure are focused in a
focal plane, or that in the shadow-casting principle positioning of the
photosensitive area takes place in the near field of the mask.

According to the invention, focusing of the light on the individual
photosensitive area is advantageously not necessary, or takes place
simultaneously in the context of the depth of definition of the projection,
or can take place by a spacing of the wavelength-dependent focal planes,
said spacing being fixed in the device. The photons of each wavelength
can advantageously radiate through the photosensitive coating, but
produce a photochemical reaction only in the area in which the material

reacts to the photons of the corresponding wavelength.

A further advantage consists in producing overhanging structures on
account of the support material which can be removed in a single work
step. Support material is understood to mean the material which is
located between an overhanging structure, in particular a cover to be

formed, and the substrate.



A further advantage consists in the fact that a highly accurate vertical
structuring possibility, i.e. in the direction of the thickness of the coating,
is produced. Whereas methods and devices in the prior art have to adjust
and control the focusing of the photons in a focal plane, a direct
penetration of the coating with the radiation can take place according to
the invention in a spatially resolved, punctual manner, in particular by
means of beam bundles. Particular attention does not have to be paid

either to the depth of definition or to the focal plane.

Furthermore, with the aid of the invention, the height of the spatial
structures can advantageously be controlled more precisely than for
example with greyscale lithography, wherein the exposure is controlled
depth-dependent via the radiation dose. This permits the production of
higher free-standing roof structures which are more true to shape, in

particular of membranes with large cavities lying beneath.

A further advantage consists in the increased lateral resolution, since
previous process steps are no longer carried out. Since there is now only
one continuous exposure process, the exposure can no longer be
negatively influenced by scattering and/or reflection centres of previous

erected structures.

A further advantage consists in the possibility of adjusting the wavelength
and/or the dose in a targeted manner very easily by individually
controllable photon source and/or adjustment of a filter in front of a
broadband photon source. The method according to the invention can thus

be implemented very easily by the device according to the invention.

A further advantage consists in the fact that different structures of each

area can in each case be written by the photons of one wavelength,
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but can also be structured differently in a selective manner by multiple

exposure.

A further advantage for the device according to the invention with DMD
consists primarily in the fact that the baking-out and developments steps
for each individual layer are replaced by a single baking-out and
development step at the end of the exposure. In a coating with n areas
with n>1, n-1 baking-out and developments steps are thus saved, which

leads to an enormous increase in throughput of the process.

Photosensitive coating

The embodiments according to the invention are based in particular on the
fact that, with the aid of a polychromatic photon source, layouts to be
exposed lying above one another are exposed simultaneously and above

all not cumulatively.

In particular, the n layouts lying above one another can be exposed in
such a way that the i-th layer in the i-th area of the coating is exposed by
the mirrors of the i+j*n-th row of the DMD, wherein it is the case that

0<=j<=m, with m=N/n and N is the number of the DMD mirror rows.

In particular, it is also possible to expose layouts lying above one another,
in that a switchover takes place time-wise between the layouts. The DMD
thus projects at least two layouts per unit of time, more precisely partial
sections of the layout, onto the coating.
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To be able to carry out such an exposure, a photosensitive coating is in
particular provided, wherein photons with different wavelengths expose

different depth regions, without acting on the adjacent depth regions.

In a first embodiment according to the invention, the coating consists of a
single layer. This layer comprises, in particular over the depth, changing
physical and/or chemical properties, in particular a different sensitivity to
photons of a certain wavelength. In a first embodiment, the transfer
between the different physical and/or chemical properties as a function of
the depth can be described mathematically by a step function.

Alternatively, the chemical and/or physical properties change
continuously as a function of the depth. In this case, the chemical and/or
physical properties can be described by a constantly differentiable
function. For the purpose of a simplification, all such changes of the
chemical and/or physical properties as a function of the depth are referred

to as gradients.

In particular, it may also be the case that the chemical and physical
properties of the coating are homogeneous and the spatially changing
photosensitivity is determined by the absorption, which is wavelength-
dependent and thickness-dependent. The intensity of a photon flow of
photons of a certain wavelength continuously diminishes as a function of
the penetration depth. As a result of the reduction of the intensity, the
photosensitivity thus also changes. The depth selectivity is thus achieved
by a saturation mechanism - bleaching-out. The radiation leads on the one

hand to the exposure, on the other hand the exposed area thus becomes
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transparent. A front thus arises, as a result of which the radiation "eats
away", so that a 2.5-dimensional terrain can be produced.

In a second embodiment according to the invention, the exposure consists
of a plurality, i.e. at least two, layers. This embodiment is particularly
advantageous, since, by means of coating processes, in particular by
means of centrifugal coating processes, it is particularly straightforward
to produce a plurality of layers, whereof each individual one has a well-
defined physical and/or chemical property with respect to photons of a
specific wavelength. With the material selection, in particular, recourse
can already be taken to different materials from different manufacturers,
which have precisely the chemical and/or physical properties that are
required in order to be able to carry out the method according to the

invention.

In a third embodiment according to the invention, the exposure can be a
combination of the first two embodiments. It would therefore be
conceivable for the coating to consist of a plurality of layers and for at
least one of the layers itself to have a gradient according to the first

embodiment.

In a second particular embodiment according to the invention, solvents
and/or photoinitiators of different layers do not react across layer
boundaries. Such an unfavourable reaction can be reduced to a minimum,
by the fact that the exposure according to the invention takes place as
quickly as possible after the application of the coating.
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In a particular form according to the invention, a stop layer is introduced
between the photosensitive locations, which interrupts the propagation of
the so-called "chemically reinforced” photoreaction between the layers.
This can also be used to achieve a stepped, radiation dose-dependent

exposure with a single wavelength.

In a special embodiment according to the invention, a cross-sensitivity of
the photosensitivity in the layers is created with differing strength.
Cross-sensitivity is understood to mean the photosensitivity of the coating
normal to the irradiation direction. The higher the cross-sensitivity, the
less sharp a point of the coating can be exposed and/or developed. Itis
conceivable for example that a parallel incident beam of photons exposes
a first layer more intensely in the lateral, i.e. horizontal, direction than a

second layer.

The photosensitive coating can be produced from any kind of
photosensitive material, but lacquers, in particular photo-lacquers, are

preferably used.

In a very particularly preferred embodiment, at least one of the following

materials is used.

° TOK PMER P-LA900PM
° TOK CR4000

° AZ nLOF2000 series

° Allresist Atlas 46

° Allresist Atlas 46R
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° JSR IX335H
° JSR WPR5100

° JSR THB

Device

The device according to the invention is preferably a maskless exposure
unit with at least one micromirror device (DMD), which has been
extended by a polychromatic photon source.

In a very special embodiment according to the invention, the device
according to the invention comprises a plurality of DMDs, which can thus
expose a plurality of positions of a coating simultaneously. In particular,
a single DMD can be used for each wavelength, or the DMD can be split
up into areas exposed with different wavelengths. The disclosure content

can then be applied individually to each DMD correspondingly.

An alternative device according to the invention is a mask-based exposure
unit, which has been extended with the corresponding polychromatic
photon source. The application of the method according to the invention

is thus also possible for mask-based exposure units.

All the devices according to the invention in particular comprise at least
one polychromatic photon source. The photon source is a part of an
optical system consisting generally of very many optical elements. The

optical system is described in greater detail in the following text.
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Photon source

A photon source is understood in the subsequent text to mean a component
or a group of components, which is/are capable of emitting photons with
at least one specific wavelength. In special embodiments, a single photon

source can be polychromatic.

In a first embodiment according to the invention, the photon source is a
device which emits photons with a polychromatic spectrum, in particular
the mercury lamp. The mercury lamp has a polychromatic spectrum in the
UV region. Filters could for example be provided in the photon source,
which only allow photons of a required wavelength to pass through. By
switching the filters, a switch can be made between the different

wavelengths.

In a second embodiment according to the invention, the photon source is a

number of individual, monochromatic photon sources.

In a special embodiment of the second embodiment according to the
invention, each of the individual monochromatic photon sources is a light-
emitting diode (LED) or a light-emitting diode field (eng.: LED array).
Since each LED or each LED array can always emit only monochromatic
radiation, a plurality of corresponding components with different
wavelengths have to be used. As a result of the possibility of being able
to switch, in particular electronically, the different LEDs or LED arrays,
the use of, in particular mechanical, filters can advantageously be

dispensed with.
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For the sake of completeness, however, the possibility of also being able
to electronically switch single monochromatic photon sources
independently, as well as sources which are wavelength-variable by other
mechanisms, is also referred to as "filters”. Thus, when mention is made
in the text of the filtering of such a single, monochromatic photon source,
this is understood to mean that this one, and only this one, monochromatic
photon source emits photons, whereas all the other monochromatic photon

sources do not emit any photons.

In an illustrative structure, the aforementioned monochromatic photon
sources are implemented as polychromatic photon sources with a different
spectral distribution and are referred to as monochromatic, or as a

different wavelength solely for the purpose of simplification.

Optical systems

The optical system of the device according to the invention is a number of
optical and/or mechanical and/or electrical elements. The optical system

comprises at least one photon source.

Further elements can be

° DMD

° Mirrors

) Lenses

° Prisms

° Apertures

° Masks
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At least one optical element is preferably also located in the secondary
path, i.e. in the optical path, between the DMD and the coating.

Still more preferably, the optical elements are imaging optical elements.

In a very preferred embodiment according to the invention, the optical
elements are ones which are capable of imaging the active structure of the
DMD through a mathematical, in particular affine, transformation onto an
image in the coating. Shearing and scaling transformations in particular
are preferred. Such an optical system has already been mentioned in
publication WO2018113918A1.

Relative movement

The device according to the invention is preferably designed such that a
substrate holder, on which a substrate is arranged which is coated with the
photosensitive coating, can actively move, whereas the optical system is
static. Alternatively, it is possible to design the device such that the
optical system moves whereas the substrate holder is static or that the
optical system and/or the substrate holder can move, or a deflection
arrangement takes place for the lateral movement. In the case of small
exposure areas, or large exposure elements, the lateral movement can also

be dispensed with.

It is therefore preferable that a relative movement between the substrate
holder and the optical system is enabled.
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As a result of the fixing of the substrate on the substrate holder, a precise
relative movement between the substrate and the optical system is

enabled.

Method

The method according to the invention in particular permits the formation
of cavities by means of the structuring of side walls and roofs in the

MEMS and microfluidic area in a single exposure step.

The method according to the invention in particular permits the
simultaneous exposure of redistribution layers and through-contacting,

such as is used in advanced packaging.

The method according to the invention can advantageously be used for

- maskless exposure units, in particular maskless laser exposure units,
- other maskless systems, especially including laser scanners,

- mask-based exposure units, in particular mask aligners, in particular

steppers and scanners with exchangeable or displaceable masks.

In a particular embodiment, the method according to the invention can

also be used for mask-based exposure units.

The method according to the invention is preferably used for maskless

exposure units, in particular for maskless laser exposure units. The
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preferred method according to the invention according to a first
embodiment is described in greater detail below.

In a first process step of the method according to the invention, a
substrate is coated with at least a first photosensitive layer. For this
purpose, the substrate is preferably loaded into a coating device

specifically provided for coatings and is coated there.

The coating preferably takes place with the aid of centrifugal coating. If
the photosensitive coating is a coating of the first embodiment, i.e. a
coating which has a single layer, the following second process step of the

coating of further layers can be skipped.

A pre-requisite for this is that the single coating has at least two areas, so

that the different layouts to be exposed can be sufficiently resolved.

In a second process step of the first method according to the invention,
the substrate is coated with at least a second photosensitive layer. The
coating of the second photosensitive layer preferably takes place in the
same coating device. The coating device is thus preferably provided with
at least two complete coating means, in particular tubes or nozzles, in
order to prevent mixing of the lacquer of differing sensitivity. According
to the invention, the method is not restricted to this second photosensitive
layer. If the device according to the invention comprises a photon source
which can emit the photons with n wavelengths separable from one
another optically, it may also be sensible according to the invention to
produce n photosensitive layers above one another which can be exposed
independently of one another. The method according to the invention is
described below chiefly on the basis of two layers. The extension to n

layers applies analogously.
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In a special embodiment according to the invention, the second process
step is not necessary, insofar as the wavelength sensitivity of the first
deposited layer changes as a function of the location in the thickness

direction.

In a third process step of the first method according to the invention, the
coated substrate is loaded into a device according to the invention and a
relative movement between the substrate and the optical system to a first

position takes place.

In a fourth process step of the first method according to the invention,
the mirrors of the DMD is switched into a first configuration in the first
position. In particular to speed up the process, the switching of the
mirrors of the DMD into the first configuration can already have taken

place during the relative movement according to the third process step.

In a fifth process step of the first method according to the invention, the
mirrors of the DVD, which are located in the first configuration, are
irradiated in the first position by the photon source with the photons of a
first wavelength. The first layout to be produced with the DMD is
projected into the first photosensitive area. An adjustment of a focal

point is advantageously not required.

The photons with the first wavelength advantageously radiate through all
the areas present. Since, according to the invention, only some, in
particular only one, of the areas of the coating are, however,
photosensitive for the photons of the first wavelength, only some, in
particular only one, of the areas of the coating are changed

photochemically.
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In a sixth process step of the first method according to the invention, the
mirrors of the DVD are switched into a second configuration in the first

position.

In a seven process step of the first method according to the invention, the
mirrors of the DMD, which are located on the second configuration, are
irradiated in the first position by the photon source with the photons of a
second wavelength. The second layout to be produced by the DMD is
projected into a second area.

Advantageously, an adjustment of the focal point into the second area is
not necessary. The photons with the second wavelength radiate through
all the areas present. Since, however, only some areas, in particular only
one area, is/are photosensitive for the photons of the second wavelength,
only some areas, in particular only one area, are changed

photochemically.

If there are more than two photosensitive areas, process steps six to seven
have to be correspondingly repeated with other configurations for the

mirrors of the DMDs and with different wavelengths.

In an eighth process step of the first method according to the invention,
the relative movement between the substrate and the optical system takes

place to a second position.

Process steps four to eight are repeated until such time as the entire area

to be processed has been exposed.
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In a ninth process step of the first method according to the invention, the
unloading of the substrate and the development of the coating on the
substrate take place. The development advantageously has to be carried

out only once.

The aforementioned process steps do not necessarily all have to take place
in this sequence. Some of the aforementioned process steps are
advantageously carried out simultaneously. In particular, the relative
movement, the exposure and the switching of the DMD take place
simultaneously or at least so fast that it is no longer necessary or possible

to consider the process steps as being separate from one another.

In particular, this simultaneity leads to a correspondingly high throughput
and to a high level of efficiency. The transfer between some of the

process steps is at least seamless.

Apart from the possibility of using the method according to the invention
for a maskless exposure unit with a DMD, the method according to a

second embodiment can also be used for mask exposure units.

The first three process steps of the second method according to the
invention are identical to the first three process steps of the first method

according to the invention.

In a fourth process step of the second method according to the invention,
the substrate is aligned relative to a first mask in a mask exposure unit.
The substrate is preferably brought into an end position and fixed. The

first mask then moves relative to the substrate. The alignment takes place
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preferably on the basis of alignment marks between the first mask and the

substrate.

In a fifth process step of the second method according to the invention,
the full-area exposure of the coating takes place through the first mask
with the photons of the first wavelength.

In a sixth process step of the second method according to the invention,

the first mask is replaced by a second mask.

In a seventh process step of the second method according to the
invention, the substrate is aligned relative to the second mask in the mask
exposure unit. The substrate preferably remains in its fixed end position.
The second mask then preferably moves relative to the substrate. The
alignment preferably takes place on the basis of alignment marks between

the second mask and the substrate.

In an eighth process step of the second method according to the invention,
the full-area exposure of the coating takes place through the second mask

with the photons of the second wavelength.

Process steps six to eight can be repeated for other masks and

wavelengths, insofar as the coating is designed for other exposures.

In a ninth process step of the second method according to the invention,
the unloading of the substrate takes place.
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In a tenth process step of the second method according to the invention,
the development of the coating on the substrate takes place. The

development advantageously has to be carried out only once.

Further advantages, features and details of the invention emerge from the
following description of preferred examples of embodiment and with the

aid of the drawings. In the figures:

Figure 1a shows a first process step of a first method according to the

invention,

Figure 1b  shows a second process step of the first method according to

the invention,

Figure 1c  shows a third process step of the first method according to

the invention,

Figure 1d shows a fourth and fifth process step of the first method

according to the invention,

Figure 1e shows a sixth and seventh process step of the first method

according to the invention,

Figure 1f  shows an eighth process step of the first method according to

the invention,

Figure 2a  shows a third and fourth process step of a second method

according to the invention,

Figure 2b  shows a fifth process step of the second method according to

the invention,

Figure 2c  shows a sixth, seventh and eighth process step of the second
method according to the invention,
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Identical components and components having the same function are

denoted with the same reference numbers in the figures.

The figures are not true to scale. In particular, photosensitive layers 3a,
3b and optical system 4 with all its elements are not represented true to
scale compared to substrate 1.

The inventive principle is illustrated by way of example in the simplest
and most efficient way, in that each area is represented as a single,
deposited layer. In the following figures la-1f, the method according to
the invention is thus described on the basis of a coating 3, which consists
of two photosensitive layers 3a and 3b, which represent the areas which
react with differing intensity to the photons of different wavelengths. The
person skilled in the art recognises that the two layers 3a and 3b can also
be regarded more generally as areas, which for example are part of a
single layer, which would then be equivalent to the coating. In this case,
the application of two layers in figures 1a-1b would have to be thought of

as being replaced by the application of a single layer.

Figure 1a shows a first process step of a first method according to the
invention, wherein a substrate 1 is coated, by means of a first single
coating element 2a of a coating system 2, preferably a tube or a nozzle,
with a first photosensitive layer 3a. Photosensitive layer 3a thus
corresponds here to a first area of the coating. The coating preferably
takes place by means of a centrifugal coating unit. Photosensitive layer
3a is then distributed over the substrate surface of substrate 1, as
represented in figure 1, by a rotation of substrate 1 about an axis of its
centre. Any other kind of coating process can be used in order to apply
photosensitive layer 3a on substrate 1. Photosensitive layer 3a is
sensitive for a first type of photon with a first wavelength.
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Figure 1b shows a second process step of the first method according to
the invention, wherein a substrate 1 is coated, by means of a second single
coating element 2a of a coating system 2, preferably a tube or a nozzle,
with a second photosensitive layer 3b. Photosensitive layer 3b thus
corresponds here to a second area of the coating. The coating preferably
takes place by means of a centrifugal coating unit. Photosensitive layer
3b is then distributed over the surface of first photosensitive layer 3a, as
represented in figure 1b, by a rotation of substrate 1 about an axis of its
centre. Any other kind of coating process can be used in order to apply
photosensitive layer 3b on the surface of photosensitive layer 3a.
Photosensitive layer 3b is sensitive for a second type of photon with a
second wavelength. The two photosensitive layers 3a and 3b form a
coating 3. It is conceivable to add further photosensitive layers to coating
3. However, in order to keep the figures as simple as possible, the

method according to the invention is described only on the basis of a layer

system 3 with two photosensitive layers 3a, 3b.

Since photosensitive layers 3a, 3b have other physical and/or chemical
properties, in particular with regard to their sensitivity to the wavelength
of incident photons, it is particularly advantageous for the materials, from
which photosensitive layers 3a, 3b consist, to be deposited by two single
coating elements 2a, 2b separated from one another. It is also conceivable

that coating system 2 comprises only a single coating element.

Figure 1c shows a third process step of the first method according to the
invention, wherein substrate 1 is positioned beneath an optical system 4 at
a first position. The relative movement between substrate 1 and optical
system 4 is represented in the further figures such that substrate 1 moves
relative to optical system 4 regarded as static. Optical system 4 in
particular comprises a photon source 5, consisting of at least two single

photon sources 5a, 5b. Single photon sources 5a, 5b are the graphic
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representation for the origins of photons with different wavelengths.
Single photon sources 5a, 5b do not necessarily have to be two different
components or groups of components. It would be conceivable, for
example, for photon source 5 to be a mercury radiation source. Since
mercury can emit photons with different wavelengths, a mercury radiation
source would also consist of a plurality of, in particular at least two,
single photon sources 5a, 5b. Photon source 5 according to the invention
or optical system 6 comprise filters 6a, 6b, with the aid of which it can be
decided which photons of which single photon sources 5a, 5b are used for
the exposure. The filters are not necessarily to be interpreted as
independent components or groups of components. When use is made of
single photon sources 5a, 5b, which are constituted by LEDs or LED
arrays, no mechanical, electrical or optical filters are required, since the
switching-on or switching-off of the LEDs can directly control the photon
flow of a corresponding single proton source 5a, 5b. In this connection,
filtering of the photons of a single photon source 5a, 5b is understood to
mean the switching-off of photon sources 5a, 5b. Filters 6a, 6b are
preferably constituted as independent components or groups of
components and switched electronically and/or optically and/or
mechanically, when underlying photon source 5 comprises at least one
single photon source 5a, 5b, which cannot be switched or cannot be
switched quickly enough, or which is itself polychromatic. Photon source
5, which consists of a mercury radiation source, must therefore comprise
filters 6a, 6b, in order to be able to exactly separate from one another two

emission lines of the polychromatic mercury spectrum.

In the next two figures, the principal of the exposure is described in a
more illustrative manner with the aid of layouts 10a, 10b. Either positive
and/or negative lacquer can be used for individual photosensitive layers
5a, 5b. The examples are described on the basis of negative lacquers, i.e.

the materials of photosensitive layers 3a, 3b, which are hit by photons,
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crosslink at these points and remain in place after corresponding baking-
out and/or development steps. These points are represented as black

areas.

Figure 1d shows a fourth and fifth process step of the first method
according to the invention, wherein the mirrors of DMD 7 are switched
into a first configuration. Furthermore, filter 6a is opened and filter 6b is
closed. Only the photons of a first wavelength of first, single photon
source 5a can be projected onto DMD 7. DMD 7 then carried out a
spatially resolved filtering of the photon flow by means of its individual
mirrors and projects desired layout section 10a as secondary beam 8a into
coating 3. A chemical or physical reaction of the photons with the
molecules thus occurs exclusively in first photosensitive layer 3, i.e. only
inside depth region 9a, due to the wavelength of the first type of proton.
In contrast with the prior art, no focusing of the photon flow onto first
depth region 9a of first photosensitive layer 3a has to be carried out with
the method according to the invention. The photons of the first
wavelength penetrate second photosensitive 3b, without producing a
chemical and/or physical reaction there, which leads to an exposure of

second depth region 9b.

The enlarged representation shows a layout section 10a projected by DMD
7 into photosensitive layer 3a. The individual mirrors of DMD 7 have
been switched in such a way that only the peripheral, i.e. the lateral
mirrors of the DMD, have exposed the photons into photosensitive layer
3a. An edge-shaped area, which is later to form the walls of a cavity 11,

has thus been exposed.

Figure 1e shows a sixth and seventh process step of the first method
according to the invention, wherein the mirrors of DMD 7 are switched
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into a second configuration. Furthermore, filter 6b is opened and filter 6a
is closed. Only the photons of a second wavelength of second, single
photon source 5b can be projected onto DMD 7. DMD 7 then carries out a
spatially resolved filtering of the photon flow by means of its individual
mirrors and projects desired layout section 10b, which differs in general
from the layout section from figure 4, as secondary beam 8b into coating
3. A chemical or physical reaction of the photons with the molecules thus
occurs exclusively in second photosensitive layer 3b, i.e. only inside
depth region 9b, due to the wavelength of the first type of proton. In
contrast with the prior art, no focusing of the photon flow onto second
depth region 9b of second photosensitive layer 3b has to be carried out
with the method according to the invention. The photons of the second
wavelength generally also reach first photosensitive 3a, without producing
a chemical and/or physical reaction there, which leads to an exposure of

second depth region 9a.

The enlarged representation shows a layout section 10b projected by DMD
7 into photosensitive layer 3b. The individual mirrors of DMD 7 have
been switched in such a way that almost all the mirrors have projected the
photons with a second wavelength into photosensitive layer 3b. Only
some mirrors, with which the exposure can be carried out in the upper
left-hand and lower right-hand area, have been switched in such a way
that the photons have not been projected into photosensitive layer 3b.
Areas according to the invention were thus able to be created, which after
the subsequent baking-out and/or development steps will form entrances
in a cover 12 in order to connect the outside world with cavity 11 (see

previous figure).

Figure 1f shows an eighth process step of the first method according to

the invention, wherein a relative movement between substrate 1 and
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optical system 4 to a second position takes place. The process steps from
figures 1d-1f can be repeated for an arbitrary number of positions.

After these process steps, further process steps take place, in particular
the development of coating system 3. Advantageously, only a single
development step is required.

The impression could arise from the figures that the method according to
the invention is a step-and-repeat process, with the aid of which at least
one three-dimensional structure, consisting of cavity 11, a cover 13 and
entrances 12, is to be produced at one or more points in layer system 3 on
substrate 1. Although the method according to the invention would very
probably be suitable for positioning optical system 4 relative to substrate
1 at a first position to produce one such three-dimensional structure there,
in order thereafter to carry out a plurality of further relative movements to
a plurality of further positions to produce further three-dimensional

structures, much more can be brought about with it.

Especially when the three-dimensional structures to be produced are
larger than the exposure grid of DMD 7 itself, the three-dimensional
structures have to be exposed during the relative movement between
optical system 4 and substrate 1 by continuous programming of the
mirrors of the DMD during the relative movement. The use of a photon
source 5 and layer system 3 should be considered especially from the
standpoint of such a continuous relative movement and a continuous

switching process of the mirrors of DMD 7.

An alternative method according to the invention, which is based on a

mask technology, is described in the following.
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Figures la to 1b can also be used for the second method according to the

invention and will not be represented again.

Figure 2a shows a third and fourth process step of a second method
according to the invention, wherein a substrate 1 with a coating 3 is
loaded into a mask exposure unit. The mask exposure unit again
comprises an optical system 4°, which is designed for a surface exposure.
In particular, optical elements such as a mirror, preferably a cold mirror
14, can be provided, which reflect the photons in the direction of
substrate 1. The device comprises a photon source 5 with at least two
single photon sources 5a, 5b, as well as filters 6a, 6b. Information
concerning single photon sources 5a, 5b and filters 6a, 6b from the

previous text sections applies analogously.

Figure 2b shows a fifth process step of the second method according to
the invention, wherein a first mask 15a with first apertures 16a is inserted
between optical system 4’ and substrate 1. First mask 15a is aligned in
particular relative to substrate 1, preferably by means of alignment marks
(not shown). Filter 6a (not shown) is opened or removed or else second
filter 6b is closed. Photons with a first wavelength thus exit from first
single photon source 5a and are projected through apertures 16a of first
mask 15a onto coating 3. Since only first photosensitive layer 3a of layer
system 3 is sensitive for the photons of the first wavelength of first single
photon source 5a, the chemical and/or physical reactions take place only
in first exposed depth regions 9a, although the photons also penetrate
second photosensitive layer 3b.

Figure 2c shows a sixth, seventh and eighth process step of a second
method according to the invention, wherein first mask 15a (not shown) is

first exchanged for second mask 15b. Second mask 15b comprises second
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apertures 16b. Second mask 15b is aligned in particular relative to
substrate 1, preferably by means of alignment marks (not shown).

According to the invention, filter 6b (not shown) is kept opened or
removed or else second filter 6a is kept closed. Photons with a second
wavelength thus exit from second single photon source 5b and are
projected through apertures 16b of second mask 15b onto coating 3. Since
only second photosensitive layer 3b of layer system 3 is sensitive for the
photons of the second wavelength of second single photon source 5b, the
chemical and/or physical reactions also take place only in second exposed
depth regions 9b, although the photons also reach first photosensitive

layer 3a.

Following these process steps, further process steps, in particular the
development of coating system 3, take place. Advantageously, only a

single development step is required.



1

2

2a, 2b

3

3a, 3b
4, 4’

3)

5a, 5b
6a, 6b

.

8a, 8b
9a, 9b
10a, 10b
11

12

13

14

15a, 15b
16a, 16b

-33-

List of reference numbers
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Claims

A method for exposure of a photosensitive coating (3), comprising
at least a first photosensitive area (3a) and a second photosensitive
area (3b), wherein the first area (3a) reacts to photons of a first
wavelength and the second area (3b) reacts to photons of a second
wavelength, wherein the first wavelength is different from the
second wavelength, wherein the method comprises the following

steps, in particular in the following sequence:
- exposure of the coating (3) to the photons of the first wavelength,

- exposure of the coating (3) to the photons of the second

wavelength.

The method according to claim 1, wherein the coating (3) is
exposed by means of a dynamically controllable unit, in particular

by means of a digital micromirror unit (7).

The method according to at least one of the preceding claims,
wherein the coating (3) is exposed by means of at least one mask
(15a, 15b).

The method according to at least one of the preceding claims,
wherein the exposure of the coating (3) to the photons of the first
wavelength produces a photochemical reaction only in the first area
(3a) and the exposure of the coating (3) to the photons of the
second wavelength produces a photochemical reaction only in the

second area (3Db).
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The method according to at least one of the preceding claims,
wherein the coating (3) is exposed in a spatially resolved and/or

punctual manner, particularly by means of beam bundles.

The method according to at least one of the preceding claims,
wherein the coating (3) is exposed by an individually controllable
photon source (5), wherein the wavelength and/or the dose of the

photons is/are adjusted.

The method according to at least one of the preceding claims,

wherein the coating (3) is exposed by positioning a filter (6a, 6b) in

front of a broad-band photon source (5), wherein the wavelength

and/or the dose is/are adjusted.

The method according to at least one of the preceding claims,
wherein different depth regions of the coating (3) react after one

another.

The method according to at least one of the preceding claims,
wherein the coating (3) has sensitivities for photons of the same

wavelength which vary over a thickness of the coating (3).

The method according to at least one of the preceding claims,
wherein the first area (3a) is constituted as a first layer and the

second area (3b) is constituted as a second layer on the first layer.
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A device for the exposure of a photosensitive coating (3),
comprising at least a first photosensitive area (3a) and a second
photosensitive area (3b), wherein the first photosensitive area (3a)
reacts to photons of a first wavelength and the second
photosensitive area (3b) reacts to photons of a second wavelength,
wherein the first wavelength is different from the second
wavelength, comprising a radiation device (5) for the exposure of
the coating (3) to the photons of the first wavelength and for the
exposure of the coating (3) to the photons of the second

wavelength.

The device according to claim 11, comprising a dynamically
controllable unit, in particular a digital micromirror unit (7), for the
exposure of the coating (3).

The device according to at least one of the preceding claims,
comprising at least one mask (15a, 15b) for the exposure of the
coating (3).

The device according to at least one of the preceding claims,
comprising a mobile support for moving the coating (3) with respect
to the radiation device (5).

An article produced with a method and/or a device according to at

least one of the preceding claims.



