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DESCRIPTION

Print head, upgrade kit for a conventional inkjet printer, printer

and method for printing optical structures

BACKGROUND

The present invention relates to a print head for printing optical structures on a substrate
comprising an ejection device for ejecting at least one droplet of a printing ink towards the

substrate in order to build up the optical structure.

It is common knowledge that products provided with optical structures can be manufactured
in a comparably time-saving and inexpensive way by printing the optical structures directly
on an appropriate substrate. Suchlike imprinted optical structures comprise lenses, mirrors or
retroreflectors, for instance. The substrate can be made of synthetic material or glass.
Furthermore, it is well known to cure the imprinted material by using light irradiation for

reducing the overall printing time.

For Example, PCT patent application WO 2010 / 091 888 A1 discloses a method for
producing optical lenses from a moldable transparent material by depositing the material on
a substrate in a layer that is subsequently cured by a laser or by UV irradiation. The
transparent material is deposited on the substrate by a conventional printing-on-demand

printer, for instance.

In order to provide high quality optical structures with certain optical effects, the three
dimensional geometries and the surface contours of the optical structures have to be
precisely designed according to a given pattern. Even the slightest deviation in the intended
geometry of the optical structures results in significant optical errors. Consequently, the
droplets have to be positioned onto the substrate with high accuracy and curing has to be
performed depending on the present flow behavior of the printing ink.

This is very difficult because the behavior of the just at the moment deposited and still
uncured droplets strongly depends on many factors, like material and surface conditions of
the substrate, composition of the printing ink, atmospheric pressure, temperature, air
moisture, orientation between the printer and the gravitational field and the like.
Disadvantageously, it is not possible to take into account all of these factors previously.

CONFIRMATION COPY
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SUMMARY

An object of the present invention is to provide a print head, an upgrade kit for a conventional
inkjet printer, an inkjet printer and a method for printing optical structures providing the
printing of reproducible high quality optical structures.

The object of the present invention is achieved by a print head for printing optical structures
on a substrate comprising an ejection device for ejecting at least one droplet of printing ink
towards the substrate in order to build up the optical structure, wherein the print head
comprises a measurement means for contactless measuring at least a physical parameter of

the at least one deposited droplet.

According to the present invention, it is thereby advantageously possible to provide a print
head which enables the verification of the imprinted droplets and/or of the formed optical
structure by measuring the at least one physical parameter. Consequently, a feedback is
generated in time by the print head which is based on the actual and real physical conditions
of the deposited droplets. Potential deviations e.g. from the desired geometry are being
identified by the print head in real-time and if necessary can be rectified in further printing
and/or curing steps. In this way, all potential environmental disturbances are automatically
taken into account. Furthermore, a real-time control of the printing process is possible which
reduces the number of rejections and the involved costs. Preferably, a the contactless
measurement is accomplished before, during and/or shortly after depositing a further droplet
of printing ink. In particular, the print head is configured for ejecting further droplets of printing
ink in dependence upon the recently measured physical parameters, so that the detected
deviation from the desired geometry can be compensated.

Preferably, geometric parameters, like the thickness and/or the surface conditions of the at
least one deposited droplet and/or of the layer of multiple deposited droplets are determined,
wherein particularly preferably those geometric parameters of the at least one deposited
droplets are measured which directly influences the optical characteristics of the optical
structure. Preferably, also optical characteristics, like the grade of transmission, the grade of
reflection and/or the coloring of the deposited droplet and/or the layer of multiple deposited
droplets are determined. It is conceivable that not only geometric and/or optical parameters
of the at least one deposited droplet is measured, but also geometric and/or optical
parameters of a subsection or of the whole optical structure is measured by the
measurement means in order to evaluate the overall design. Preferably, the measurement
means are provided near the ejection device on a moving part of the printing head. Optical

structures in the sense of the present invention in particular comprise micro lenses, Fresnel
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structures, optical prisms and the like, which are made of multiple droplets of printing ink
deposited by the printing head. The printing ink preferably comprises a transparent material.
In order to build up the optical structure, the droplets have to be arranged side by side and
one above the other, preferably partly overlapping each other, so that the optical structure
mainly forms a 3D-structure which optically influences light passing the optical structure

and/or the substrate.

According to a preferred embodiment of the present invention, the measurement means is
configured for layer thickness measurements and/or for distance measurements. Preferably,
the measurement means are provided for determining the distance between the
measurement means and the at least one deposited droplet. This method allows a
comparatively simple method of determining the geometric parameters, like thickness and/or
surface contour of the imprinted printing ink. It is conceivable that the measurement means
performs reference measurements in between. In the reference measurements the
measurement means measures the distance between the substrate and the measurement
means, so that the thickness of the layer of deposited droplets can simply be calculated from
the mathematical difference between the measured distance between the substrate and the
measurement means (reference measurement) and the distance between the surface of the
layer of deposited droplets and the measurement means. Preferably, the distance is
measured from at least two different locations at the print head in order to increase accuracy.
The optical characteristics, like grade of transmission, grade of reflection and/or coloring are
determined e.g. by comparing the spectrum of the light projected towards the deposited
droplets with the spectrum of the reflected light. Alternatively, the luminous power of the
reflected light is compared to the luminous power of the light radiated by the light source.

Preferably, the measurement means is configured for triangulation measurements. The
wording triangulation measurements in the sense of the present invention principally
comprises a process of determining the location of a point by measuring angles to it from
known points (at the print head) at either ends of a fixed baseline, rather than measuring the
distance to the point directly. Particularly, the print head is configured for performing LASER-
triangulation which is a comparatively precise and reliable method for determining geometry
parameters. But also other contactless measurement methods e.g. based on ultrasonic
waves or other light source can be used for distance measurements and especially for
triangulation measurements in the sense of the present invention. For using LASER-
triangulation measurements, the measurement means comprises at least one LASER source
for projecting a laser spot onto the at least one deposited droplet and at least one receiving
means, preferably a CCD- (Charge Coupled Device) camera for receiving the laser light of
the at least one LASER source after reflection at the deposited droplet. Furthermore, an
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evaluation unit is provided for calculating the geometric parameter from the position of the
laser spot on the deposited droplet and from the known distance between the LASER source
and the receiving means at the print head (in particular the baseline is parallel to the
substrate). In this manner, the angle between the light beam sent out by the LASER and the
reflected corresponding light beam received by the CCD-camera is measured. From this the
distance to the surface of the deposited droplet and in particular the thickness of the layer of
printing ink on the substrate can be calculated.

According to another preferred embodiment, the measurement means is configured for
optical interference measurements. The measurement means comprises e.g. an
interferometer which is capable of performing precision measurements of the thickness
and/or the surface contour of the layer of deposited droplets by using Interferometry.
According to this technique, two or more light waves are analyzed by their superposition, so
that slight phase shifts in the light waves can be detected. Conceivable, a light wave
reflected by the surface of the layer of deposited droplets is superposed with a reference light
wave in order to determine the thickness of the layer, for instance.

According to another preferred embodiment of the present invention, the print head
comprises a curing device for curing the at least one deposited droplet, wherein preferably
the curing device comprises at least one UV-LED (ultraviolet emitting light-emitting diode).
In order to build up the optical structure, the droplets have to be arranged side by side and
one above the other, preferably partly overlapping each other, so that the optical structure
mainly forms a 3D-structure which optically influences light passing the optical structure
and/or the substrate. Consequently, a new droplet deposited on the 3D structures has timely
to be cured to avoid that the new deposited droplet flows off the 3D structure. This aim can
be achieved by using the UV LED as the curing device, because on the one hand the
switching times of UV LED’s are comparably short and on the other hand UV LED’s provide
high radiation power. The curing device is particularly configured for curing the at least one
deposited droplet and/or the optical structure depending on the measured geometric and/or
optical parameters. For example, if a desired shape of the optical structure is obtained, the
curing device is enabled for final hardening the optical structure. Alternatively, if the
measurements show that the shape of the optical structure has to be revised, the deposited
droplets get only partially hardened, so that further droplets can be deposited merging with
the partially hardened droplets in order to achieve the desired geometry.

Particularly, the print head is movable relative to the substrate, wherein the print head is
movable in parallel to a plane of the substrate to deposit droplets of the printing ink at a
certain position on the substrate and/or wherein the print head is rotatable relatively to the
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substrate to adjust the ejection direction of the droplets. It is herewith advantageously
possible that the position of the print head relatively to the substrate and therefore also the
positions of the deposited droplets relatively to the substrate are software-controlled.
Preferably, the ejection device is rotatable supported around a pivot axle extending
perpendicular to the conveying direction and parallel to the plane of the substrate, wherein
preferably the print head comprises a stepper motor swiveling the ejection device about the
pivot axle. It is herewith advantageously possible to adjust the position of the deposited
droplet on the substrate relatively to the conveying direction. Thus, multiple droplets can be
deposited on the same position of the substrate one above the other, while the substrate
continually moves along the conveying direction. Preferably, the movement and in particular
the rotation of the ejection is performed depending on the measured geometric and/or optical
parameters. It is herewith advantageously possible that inaccuracies in the shape of the
optical structure can be corrected by correspondingly adjusting the ejection direction and
ejecting further droplets onto the still incorrect optical structure. Another advantage of this
approach is that by adjusting the ejection direction the shape of the deposited droplet on the
substrate can be influenced, as the symmetry or asymmetry of the deposited droplet
depends on the angle between the ejection direction and the plane of the substrate.

According to another preferred embodiment of the present invention, it is preferred that the
curing device comprises at least two UV-LED's emitting light of different wavelength ranges,
wherein the at least two UV-LED's are controlled depending on the measured geometric
and/or optical parameters. It is herewith advantageously possible that one of the two UV-
LED's is provided for only partially hardening the deposited droplet, wherein the other of the
two UV-LED'’s is provided for final hardening of the optical structure not until the
measurements show that the geometry and/or optic of the optical structure is sufficiently
accurate. Furthermore, the curing status of the deposited droplets can be determined by the
measurement means, so that a further curing step is performed when the measurements
show that the printing ink is so far not completely hardened. By this means, the overall curing
time can be optimized. The at least two UV-LED's are provided in such a manner that the
light cones emitted by each of the at least two UV-LED's overlap each other in the area of the
at least one deposited droplet. Thereby, it is advantageously possible to increase the energy
deposition in the area of the deposit printing ink to be cured and consequently to decrease

the overall curing time.

Preferably, a first UV-LED of the at least two UV-LED's is capable of emitting ultraviolet light
of a first wavelength range and a second UV-LED of the at least two UV-LED's is capable of
emitting ultraviolet light of a second wavelength range, wherein the second wavelength range

differs at least partially from the first wavelength. Preferably, the print head comprises at
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least a first and a second ejection device, wherein the first ejection device is capable of
ejecting at least one droplet of a first printing ink and wherein the second ejection device is
capable of ejecting at least one droplet of a second printing ink, wherein the first printing ink
is curable by ultraviolet light of the first wavelength range and wherein the second printing ink
is curable by ultraviolet light of the second wavelength range. It is hereby advantageously
possible to cure different deposited droplets at different times which enable fast printing of
comparatively complex optical structures and to efficiently rectify incorrect optical structures
in dependence of the measurements of the geometric and optical parameters. It is even
conceivable that the second printing ink differs from the first printing ink in at least one
physical parameter, wherein the physical parameters preferably comprises curing time,
curing temperature, curing wavelength, viscosity, transmittance and/or optical transparency.
It is herewith advantageously possible to print certain portions of the optical structures
providing certain optical effects compared to other portions of the optical structures, e.g. by
printing the certain portions with printing ink which provides a certain optical transparency.

Another object of the present invention is an upgrade kit for a conventional inkjet printer for
printing optical structures on a substrate comprising a print head in accordance with the
present invention. Thereby, it is advantageously possible that the print head according to the
present invention can be applied in a conventional inkjet printer in order to upgrade the inkjet
printer for optic printing applications. For example, upgrading the conventional inkjet printer
comprises a step of removing the conventional inkjet printer head of the conventional inkjet
printer and replacing it by the print head according to one of the claims 1 to 13. In addition,
the firmware and/or the software drivers of the inkjet printer are preferably updated in a

further step.

Another object of the present invention is a printer, preferably an inkjet printer, comprising a
print head in accordance with the present invention.

Another object of the present invention is a method for printing optical structures on a
substrate by using a print head, in particular according to the present invention, comprising
steps of providing the substrate and ejecting at least one droplet of a printing ink towards the
substrate in order to build up the optical structure, wherein a further step of contactless
measuring at least a physical parameter of the at least one deposited droplet is performed.

It is herewith advantageously possible that the physical conditions, in particular the geometric
and/or optical conditions, of the imprinted droplets or of a layer of multiple imprinted droplets
are verified during the printing procedure, preferably in real-time. In this way, a correction of
the surface of the optical structure can be performed in further printing steps when deviations
from the desired shape are measured, for instance.
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According to a preferred embodiment of the present invention, the at least one physical
parameter is measured in real-time measurements. That means that measuring the at least
one physical parameter is performed before and/or during a further droplet of printing ink is
deposited. Preferably, the deposition of the further droplet is performed depending on the
measured physical parameter in order to achieve a desired accurate and verified shape of
the printed optical structure.

Preferably, the distance between the measurement means and the at least one deposited
droplet is determined in the further step. The geometric parameter comprises e.g. thickness
and/or surface contour of the deposited droplet. According to a preferred embodiment, also
optical parameters, like grade of transmission, grade of reflection and/or coloring of the at
least one deposited droplet and/or the optical structure are evaluated in the further step. In
particular, the following printing steps are optimized depending on the geometric and/or
optical parameters in order to achieve a desired accurate shape of the printed optical
structure. Preferably, further steps of depositing droplets of printing ink on the substrate are
performed depending on the measured geometric and optical parameters. For example, the
printing time, the kind of printing ink, the ejection direction of the droplet, the position of the
deposited droplet on the substrate, the quantity of ejected printing ink, the sizes of the
droplets, the number of further droplets are determined depending on the measured
geometric and optical parameters. It is also calculated where on the substrate further
droplets have to be deposited and how much printing ink has to be deposited in order to
optimize the shape of the optical structure, for instance. Furthermore, e.g. the required
printing speed, curing time and/or orientation of the printing head is determined. It is
conceivable that also the kind of printing ink is selected if different printing inks would be
available. In particular, the steps of depositing droplets of printing ink and measuring the
geometric and optical conditions are repeated iteratively until a satisfactory optical structure
is achieved. Preferably, the at least one deposited droplet is cured by using ultraviolet light
emitted from at least one UV-LED, wherein the steps of ejecting the at least one droplet,
measuring the geometric and optical conditions and curing the at least one deposited droplet
are repeated one or more times in order to generate an optimized optical structure.
According to another embodiment of the present invention, it is preferred that triangulation
measurements are performed to measure the geometric and/or optical parameters of the at
least one deposited droplet and/or of the optical structure. Preferably, LASER-triangulation
measurements are performed in the further step, wherein a laser spot is projected onto the at
least one deposited droplet by LASER source of the printing head and laser light reflected by
the at least one deposited droplet is received by receiving means, preferably a CCD-camera,
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of the printing head. For this purpose, the geometric parameter is calculated from the
position of the laser spot on the at least one deposited droplet and the known distance
between the LASER source and the receiving means at the print head. It is herewith
advantageously possible to provide a comparatively exact and reliable control of the printing

procedure.

According to another preferred embodiment of the present invention, the method comprises
a step of moving and preferably rotating the print head to a certain position relatively to the
substrate depending on the measured geometric and optical conditions before ejecting a
further droplet. It is herewith advantageously possible to adjust the position of the deposited
droplet on the substrate. Thus, multiple droplets can be deposited on the same position of
the substrate one above the other, while the substrate continually moves along the
conveying direction. Furthermore, inaccuracies in the shape of the optical structure can be
corrected by correspondingly adjusting the ejection direction and ejecting further droplets
onto the optical structure. Another advantage of this approach is that by adjusting the
ejection direction the shape of the deposited droplet on the substrate can be influenced, as
the symmetry or asymmetry of the deposited droplet depends on the angle between the
ejection direction and the plane of the substrate.

Preferably, the steps of moving the print head, ejecting the at least one droplet and curing
the at least one deposited droplet are repeated one or more times in order to generate the
optical structure. In a preferred embodiment the print head contains a plurality of different
ejecting devices, wherein each ejecting device ejects different and/or equal printing inks and
wherein the ejection of the ejecting devices occurs simultaneously and/or subsequently.

According to another embodiment of the present invention, it is preferred that the method
comprises a step of printing a visible picture onto the substrate by the print head, preferably
before, during or after the optical structure is printed onto the substrate. The printed picture
comprises, in particular, a motif, specified optical effects being generated by the optical
structure when the motif is observed. In particular, the optical structure is adjusted to the
motif in such a way that only the optical appearance of partial areas of the motif is
correspondingly modified by the optical structure. The motif can be produced by means of
transparent or non-transparent printing ink according to choice. The picture represents, for
example, the picture of a landscape, an object, a photo, a lettering or similar. Logos or
alphanumeric symbols, which can be used for advertising or information purposes, are also
possible as motifs. These symbols can be made detectable either by the optical structure or
by corresponding colouring. A light-directing and glare-reducing device can be especially
advantageously implemented so that the lower light-directing elements direct incident light
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strongly upward in a bundled form, whereas the upper light-directing elements direct incident
light into the depth of the room in a flatly bundled form, so that an even distribution of
scattered light in the room is generated. Targeted projection of a coloured logo, symbol or
writing is also possible. This formation can then be provided, for example, on a
corresponding window pane or similar. According to a preferred embodiment of the present
invention, it is provided that the substrate comprising the imprinted optical structure and/or
the imprinted picture comprises a billboard, a poster, a decorative surface, a cladding
element, a facade cladding, a brochure or periodical page, a cover sheet, a picture, a
packaging (e.g. a food packaging), a label, a house number, a window image, a screen, a
lampshade, a diffusing screen, an adhesive label, a plate, a computer screen and/or similar.

These and other characteristics, features and advantages of the present invention will
become apparent from the following detailed description, taken in conjunction with the
accompanying drawings, which illustrate, by way of example, the principlés of the invention.
The description is given for the sake of example only, without limiting the scope of the
invention. The reference figures quoted below refer to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 schematically show a print head according to an exemplary first embodiment

of the present invention.

Figure 3 schematically shows a print head according to an exemplary second embodiment of

DETAILED DESCRIPTION

The present invention will be described with respect to particular embodiments and with
reference to certain drawings but the invention is not limited thereto but only by the claims.
The drawings described are only schematic and are non-limiting. In the drawings, the size of

some of the elements may be exaggerated and not drawn on scale for illustrative purposes.

Where an indefinite or definite article is used when referring to a singular noun, e.g. “a’, “an”,

“the”, this includes a plural of that noun unless something else is specifically stated.

Furthermore, the terms first, second, third and the like in the description and in the claims are

used for distinguishing between similar elements and not necessarily for describing a
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sequential or chronological order. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and that the embodiments of the invention
described herein are capable of operation in other sequences than described of illustrated

herein.

Figures 1 and 2 schematically show an example a print head 1 according to an exemplary
first embodiment of the present invention.

Figure 1 illustrates a print head 1 having an ejecting device 4, measuring means 7 and a
curing device 8 at its bottom side. The ejecting device 4 comprises an ejecting nozzle for
ejecting droplets of a liquid polymer-based printing ink provided in an inner chamber 12 of
the print head 1 (not shown in figure 1). The ejecting device 4 is applicable for ejecting the
droplets onto a substrate 3 (not shown in figure 1) in order to build up an optical structure 2
like optical lenses, optical prism and/or Fresnel structures on the substrate 3. The substrate 3
is preferably made of a transparent synthetic film material or a glass plane, wherein the
printing ink is transparent ink curable by ultraviolet light. The measuring means 7 is provided
for contactless measuring geometric and optical parameters of the deposited droplet 5 or the
optical structure 2 build up by the deposited droplets 5. LASER triangulation measurements
are used as measuring technique. For this purpose, the measurement means 7 comprise a
LASER source 7’ and a CCD camera 7" spaced apart from each other. The nozzle is located
between the LASER source 7’ and the CCD camera 7”. The LASER source 7’ is provided for
projecting laser light towards the deposited droplet 5 which is reflected by the surface of the
deposited droplets 5 towards the CCD camera 7”. The CCD camera 7” measures the
position and in particular the incidence angle of the reflected laser light. The light path 6 of
the laser light is schematically illustrated in figure 2 as a dotted line. The distance between
the print head 1 and the surface of the deposited droplet 5 is calculated subsequently from
the measured incidence angle of the reflected laser light and the known fixed distance
(ilustrated as baseline 18 in figure 2) between the LASER source 7' and the CCD camera 7"
on the bottom of the print head 1. The three dimensional surface contour of the deposited
droplets 5 and the optical structure 2 can be determined by performing multiple triangulation
measurements in different positions of the printing head 1 or under diverse angles.
Subsequent printing steps are performed depending on the determined surface contour in
order to build up a certain optical structure 2.

The curing device 8 comprises two UV-LED's (ultraviolet emitting light-emitting diode) for
curing the deposited droplet 5, wherein the nozzle is located between these two UV-LED's.
The steps of depositing droplets of printing ink, at least partially curing the deposited droplet
5 and measuring the surface contour of the optical structure 2 build up by multiple deposited
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droplets 5 are repeated iteratively until a desired shape of an optical structure 2 is achieved.
Afterwards, a step of finally curing the optical structure 2 is accomplished. The print head 1
fits into a conventional inkjet printer (not shown in figure 1), so that a conventional inkjet
printer can be upgraded for printing optical structures 2 simply by replacing the conventional
print head by the print head 1 according to the present invention. Preferably, the print head 1
shown in figure 1 is a part of an inkjet printer and/or is a part of an upgrade kit for a

conventional inkjet printer.

Figure 2 shows a cross-sectional view of the print head 1 illustrated in figure 1. The print
head 1 uses a piezoelectric material 9 in the ink-filled chamber 12 behind the nozzle of the
ejecting device 4. When a voltage is applied to the piezoelectric material 9, the piezoelectric
material 9 changes its shape (see doted curve 10), which generate a pressure pulse 11 in
the liquid printing ink in the chamber 12 forcing a droplet of the printing ink 4 from the nozzle
towards the substrate 3 along the ejection direction 14 (the ejection direction 14 is directed
perpendicular to the plane of the substrate 3 in the present example). In the present
example, the droplet is deposited onto other previously printed droplets 5 in order to build up
the optical structure 2. Subsequently, the UV-LED's are enabled, so that the deposited
droplet 5 is at least partially cured due to irradiation with ultraviolet light from the UV-LED's.
The light cones of the UV-LED's overlaps each other substantially only in the area of the
droplet 5 which has to be cured. Afterwards, the surface contour of the deposited droplets 5
and of the optical structure 2 is measured by the measurement means 7 using LASER
triangular measurements. The measured geometric or optical parameters, in particular data
on the surface contour are compared software-controlled to the desired shape of the optical
structure 2 which has to be build up. Depending on the differences between the actual
surface contour and the desired theoretical surface contour, further droplets of printing ink
are ejected towards the substrate 3 in order to gradually approximate the actual shape of the
surface contour to the desired shape. The steps of depositing droplets of printing ink, partially
curing the deposited droplets and measuring the geometric characteristics are repeated
iteratively until a satisfactory optical structure 2 is achieved. In this process, the printing
parameters like printing time, kind of printing ink, ejection direction of the droplet, position of
the deposited droplet 5 relatively to the substrate 3, quantity of ejected printing ink, size of
the ejected droplet, total number of further droplets and/or the like are adjusted in
dependency of the measured geometric and/or optical parameters in each iterative loop. If
the desired shape is achieved, a final curing step with increased curing power is
accomplished for finally hardening the whole optical structure 2. As exemplary shown in
figure 2, the optical structure 2 comprises an optical prism in the present example.
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During the printing procedure, the substrate 3 moves along a conveying direction 13 through
the printer. It is conceivable that furthermore a picture, like a motif, lettering, logo or the like,
is printed onto the substrate 3 by the same print head 1, wherein the printing of the picture is
performed before, during or after printing the optical structure 2. The step of printing the
picture is accomplished by depositing conventional colored printing ink onto the substrate 3,
wherein the printing head 1 comprises an additional printing ink tank (not shown in figure 2)
storing the conventional colored printing ink and an additional ejection device (not shown in
figure 2) for ejecting the conventional colored printing ink from the additional printing ink tank
to the substrate 3.

Figure 3 schematically shows a print head 1 according to an exemplary second embodiment
of the present invention. The second embodiment is substantially similar to the first
embodiment illustrated in figures 1 and 2, wherein the print head 1 is provided rotatable
about a pivot axle 15 along a swivelling direction 17. The pivot axle 15 extends perpendicular
to the conveying direction 13 of the substrate 3 and parallel to the plane of the substrate 3.
Therefore, the illustrated four ejection devices 4 are rotatable in such a manner that the
ejection directions 14 of the ejected droplets are movable relatively to the conveying direction
13 of the substrate 3. Preferably the print head 1 comprises a stepper motor (not shown in
figure 3) swiveling the print head 1 together with the ejection devices 4 about the pivot axle
15 in order to adjust the position and the shape of the deposited droplets 5 relatively to the
substrate 3 along the conveying direction 13 depending on the measured geometric and/or
optical parameters of the deposited droplets 5. Thus, multiple droplets can be deposited on
the same position of the substrate 3 and inaccuracies in the shape of the optical structure 2
measured by the measuring means 7 can be corrected even if the substrate 3 keep on
moving along the conveying direction 13 with constant velocity. The print head 1 comprise a
data cable 16 for connecting the print head 1 with an external computer (not shown).
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PATENT CLAIMS

1. Print head (1) for printing optical structures (2) on a substrate (3) comprising an
ejection device (4) for ejecting at least one droplet of printing ink towards the
substrate (3) in order to build up the optical structure (2), characterized in that the
print head (1) comprises a measurement means (7) for contactless measuring at least
one physical parameter of the at least one deposited droplet (5).

2. Print head (1) according to claim 1, characterized in that the measurement means (7)
is configured for real-time measurements of the at least one physical parameter, in
particular the measurement means (7) is configured for measuring the at least one
physical parameter before, during and/or after depositing a further droplet of printing

ink.

3. Print head (1) according to one of the preceding claims, characterized in that the
measurement means (7) is configured for measuring at least one geometric
parameter of the at least one deposited droplet, wherein the geometric parameter
preferably comprises thickness and/or surface contour of a layer of deposited
droplets (5).

4. Print head (1) according to one of the preceding claims, characterized in that the
measurement means (7) is configured for determining an optical parameter of the at
least one deposited droplets, wherein the optical parameter preferably comprises
grade of transmission, grade of reflection and/or coloring of the layer of deposited
droplets (5).

5. Print head (1) according to one of the preceding claims, characterized in that the
measurement means (7) is configured for layer thickness measurements and/or for

distance measurements.

6. Print head (1) according to one of the preceding claims, characterized in that the
measurement means (7) is configured for ultrasonic measurements, optical
interference measurements and/or optical triangulation measurements, preferably
LASER- (Light Amplification by Stimulated Emission of Radiation) triangulation

measurements.
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Print head (1) according to claim 6, characterized in that the measurement means (7)
comprises at least one LASER source (7’) for projecting a laser spot onto the at least
one deposited droplet (5) and at least one receiving means, preferably a CCD-
(Charge Coupled Device) camera (7"), for receiving the laser light of the at least one
LASER source (7’) reflected by the at least one deposited droplet (5).

Print head (1) according to claim 7, characterized in that the measurement means (7)
comprises an evaluation unit for calculating the geometric parameter of the at least
one deposited droplet (5) from the position of the laser spot on the at least one
deposited droplet (5) and from the known distance between the LASER source (7’)
and the receiving means (7").

Print head (1) according to one of the preceding claims, characterized in that the print
head (1) is configured for ejecting further droplets of printing ink in dependence upon
the measured physical parameter.

Print head (1) according to one of the preceding claims, characterized in that the print
head (1) comprises a curing device (8) for curing the at least one deposited droplet
(5), wherein preferably the curing device (8) comprises at least one UV-LED
(Ultraviolet Light Emitting Diode).

Print heads (1) according to claim 9, characterized in that the curing device (8) is
configured for curing the at least one deposited droplet (5) and/or the optical structure
(2) depending on the measured geometric and/or optical parameters.

Print head (1) according to one of the preceding claims, characterized in that the
curing device (5) comprises at least two UV-LED's emitting light of different
wavelength ranges, wherein the at least two UV-LED's are controlled depending on
the measured geometric and/or optical parameters.

Upgrade kit for a conventional inkjet printer for printing optical structures (2) on a
substrate (3) comprising a print head (1) according to one of the claims 1 to 12.

Printer comprising a print head (1) according to one of the claims 1 to 12.
Method for printing optical structures (2) on a substrate (3) by using a print head (1),

in particular according to one the claims 1 to 12, comprising steps of providing the
substrate (3) and ejecting at least one droplet of a printing ink (4) towards the
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substrate (3) in order to build up the optical structure (2), characterized in that a
further step of contactless measuring at least one physical parameter of the at least
one deposited droplet (5) is performed.

Method according to claim 15, characterized in that real-time measurements of the at
least one physical parameter are performed in the further step in such a manner that
the at least one physical parameter is measured before and/or during a further droplet

of printing ink is deposited.

Method according to one of the claims 15 or 16, characterized in that at least a
geometric parameters of the at least one deposited droplet (5) is measured in the
further step, wherein preferably a thickness and/or a surface contour of a layer of
deposited droplets (5) is determined in the further step.

Method according to one of the claims 15 to 17, characterized in that an optical
parameter of the at least on deposited droplet (5) is determined in the further step,
wherein preferably a grade of transmission, a grade of reflection and/or a coloring of

the layer of deposited droplets (5) is determined in the further step.

Method according to one of the claims 15 or 18, characterized in that further steps of
depositing droplets of printing ink on the substrate are performed depending on the at
least one physical parameter, preferably the printing time, the kind of printing ink, the
ejection direction of the droplet, the position of the deposited droplet on the substrate,
the quantity of ejected printing ink, the sizes of the droplets, the number of further
droplets are determined depending on the at least one physical parameter.

Method according to one of the clams 15 to 19, characterized in that layer thickness
measurements and/or distance measurements are performed in the further step.

Method according to one of the claims 15 to 20, characterized in that ultrasonic
measurements, optical interference measurements and/or optical triangulation
measurements are performed in the further step, wherein preferably triangulation
measurements are performed in the further step.

Method according to claim 21, characterized in that LASER-triangulation
measurements are performed in the further step, wherein a laser spot is projected

onto the at least one deposited droplet (5) by a LASER source (7°) of the printing
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head (1) and laser light reflected by the at least one deposited droplet (5) is received

by a receiving means (7"), preferably a CCD-camera of the printing head (1).

23. Method according to claim 22, characterized in that the at least one physical
parameter of the at least one deposited droplet (5) are calculated by evaluating the
position of the laser spot on the at least one deposited droplet (5) and the known
distance between the LASER source (7') and the receiving means (7).

24. Method according to one of the claims 15 to 23, characterized in that the at least one
deposited droplet (5) is cured by a curing device (8), wherein preferably light of
different wavelength ranges is emitted by two different light sources.

25. Method according to claim 24, characterized in that the at least one deposited droplet
(5) and/or the optical structure (2) is cured depending on the at least one physical
parameter, in particular the power of the curing device is determined depending on
the at least one physical parameter and/or a certain light source is used depending
on the at least one physical parameter.

26. Method according to one of the claims 15 to 25, characterized in that the method
comprises a step of moving and preferably rotating the print head (1) to a certain
position relatively to the substrate (3) depending on the at least one physical
parameter which has been measured before ejecting a further droplet.
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