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DESCRIPTION

[0001] The invention pertains to an apparatus for texturing or patterning discrete substrates by
imprinting a curable lacquer with a flexible stamp and curing the imprinted lacquer while the
flexible stamp is laminated with the curable lacquer on the substrate and subsequently
released resulting in an additional functional textured layer on the discrete substrate. The
function of this additional layer can amongst others vary from a light management layer to a
hydrophobic layer, decorative use or use in biosensors. The invention further pertains to an
apparatus as well as a flexible stamp that imprints the lacquer to texture or pattern the discrete
substrates.

[0002] The use of functional textured layers on devices is an important topic. The smart usage
of such layers can enhance performance, reduce cost or improve the visual appearance of the
product. For example diffusing layers are used in displays, enabling the use of thinner LED
backlight concepts and illuminating the display from the sides. Other new high tech possibilities
are the integration of functional textured layers into solar panels improving their efficiency or
integration in organic light-emitting diode (OLED) lighting panels to extract more light.

[0003] Functional textured layers can be made by use of UV imprinting. In this case the
substrate, or stamp, or both are coated with a lacquer (resin or resist). After pressing the
stamp on the substrate with lacquer in between, the textured lacquer is cured to a solid phase.
The curing method can be thermal or by use of UV light. Already in 1978 this technology was
mentioned in US Patent 4,128,369. Further pioneering work was done by Chou in 1995. He
demonstrated that by use of a rigid stamp sub-25 nm textures could be replicated at high
throughput for mass production (US Patent 5,772,905 or in an article by Stephen Y. Chou,
Peter R. Krauss, Preston J. Renstrom (Appl. Phys. Lett. 67 (1995) 3114-3116)). Later-on the
use of a roller to apply pressure on either a rigid stamp or a bended thin metal sheet to
replicate textures was demonstrated (article Hua Tan, Andrew Gilbertson, Stephen Y. Chou, J.
Vac. Sci. Technol., B 16 (1998) 3926-3928).

[0004] Many institutes and companies continued this work, resulting in different techniques.

In the semiconductor industry plate-to-plate imprinting is applied by using a rigid stamp in
combination with a transfer process, materials and precise positioning as described in US
Patent 6,334,960, US Patent Application 2004/0065976 and US Patent 8,432,548.

The roll-to-roll imprinting technique uses textured rollers in combination with flexible substrates
to texture foils or films in a continuous process as described in e.g. the US Patent 8,027,086.

[0005] The above mentioned plate-to-plate technique is designed for the precise, wafer-scale,
imprinting of small textures (feature size of sub-100nm) on uniform flat wafers with high
position accuracy. But as described in the Chinese Patent Application CN 103235483, this
technology is difficult to scale to a larger area.

By use of the roll-to-roll technology textured foils can be made continuously at high production
speeds. These textured foils can be used as substrates for flexible applications or can be
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laminated onto rigid substrates. However the latter comes at additional cost of an intermediate
adhesive layer to adhere the textured flexible foil to the rigid substrate or product. Therefore a
third new technology is being developed: direct roll-to-plate imprinting. Hereby the functional
textured layer is directly applied on the discrete substrate without the use of a carrier film that
has an additional intermediate adhesive layer of tens to hundreds of microns thickness. In
contrast to the plate-to-plate technology the imprint is made by use of rollers which are
textured or by use of textured foils, also called flexible stamps, winded around rollers.

[0006] In the prior art various types of developed roll-to-plate equipment are described.

[0007] WO 2016/012174 A1 describes a lithographic apparatus comprising: an illumination
system configured to condition a radiation beam; a rotary drive adapted to move a flexible
patterning device along a closed loop trajectory, the closed loop trajectory having a straight
portion and a curved portion, a curvature of the flexible patterning device substantially
corresponding to a curvature of the closed loop trajectory; a substrate table constructed to hold
a substrate; wherein the rotary drive comprises a pulley assembly configured to: engage,
during use, the flexible patterning device, and maintain, during use, a portion of the flexible
patterning device that is situated along the straight portion of the trajectory substantially flat,
the substantially flat portion of the patterning device being configured to impart the radiation
beam with a pattern in its cross-section to form a patterned radiation beam, and; a projection
system configured to project the patterned radiation beam onto a target portion of the
substrate. The embodiments disclosed in WO2016/012174 A1 extend to the application field of
imprint lithography.

[0008] The French Patent 2,893,610 uses a textured roller to replicate the required textures.
Also a removable flexible stamp can be used as disclosed in the US Patent 7,824,516 and US
Patent application 2013/214452. In this case the flexible stamp is wound off and on by use of
two rollers. A third possibility is described in patent US 7,296,519 B2 and patent applications
US 2013/214452 A1 and CN 103235483 which propose to use a shorter flexible stamp as
mold, which is winded around multiple rollers and can be continuously re-used. Such a shorter
flexible stamp can have advantages in the re-usability of the flexible stamp as well as an easier
switch to a different imprint pattern.

[0009] The use of a shorter flexible stamp as mold does require a different stamp handling
compared to the handling of larger stamps wound around an unwinding feed roller and winding
collecting roller. The prior art proposes a setup where the flexible stamp is a closed loop. This
can be a textured sheet of which both ends can be connected and mounted around the two or
more rollers or can be secured along its circumference, as described in patent US 7,296,519
B2. In the prior art the flexible stamp is moved by the rollers, by use of the friction between the
rollers and the flexible stamp. The tension is controlled by controlling the distance of the rollers.

[0010] The drawback of using a flexible stamp to replicate a texture by use of rollers in a roll-
to-plate imprinting method is that it is difficult to control the tension. Variation of tension exerted
on the flexible stamp will affect the dimensions of the stamp and thereby the feature
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distribution or track-pitch of the texture. For plate-to-plate replication, using a rigid stamp, this
is less of an issue. However, a flexible stamp will expand or contract in case of tension
variation, as well as in the case of temperature and humidity variation. For an application
where an exact match of the replication texture with the product is required, such track-pitch
variation will be problematic. An example, but not limited to this application, is the use of
lenticular lenses for 3D application, where the lenses should match with the display pixel array.
Over a display the maximum track-pitch variation without visual impact is 1 track-pitch of the
lenticular array. For a 24 inch display and a 3D lenticular track-pitch of 100 micron, the
maximum variation is 100 micron over a length of 500 mm. This specification is even more
severe for similar displays with higher resolutions and thereby smaller 3D feature sizes.

If a 10 N tension variation is applied on a polycarbonate flexible stamp with lenticular array
texture having a length of 0.5 meter, width of 0.5 meter and thickness of 0.25 mm, the track-
pitch of the lenticulars will vary with around 17 micron over the length of the flexible stamp.
Besides tension variation, also temperature variation and humidity variation have impact on
track-pitch variation. Therefore it is believed that track-pitch variation due to tension variation
should be controlled and minimized. For other applications a sudden tension variation can be
visually disturbing. Therefore, for high-end applications, tension variation of the flexible stamp
while imprinting should be controlled and minimized.

[0011] During an imprint process there will always be tension applied on the flexible stamp, to
make sure the replication area has a straight, non-bended surface. If this tension is well
controlled and thereby constant, the impact of the applied tension on the imprint texture track-
pitch can be corrected while making the master. Tension variation is often controlled by use of
tension control sensors and by moving one of the rollers outward/inwards, as described in the
patent application SG 184034 A1 or US patent US 8,027,086 B2. The drawback of this kind of
tension control is that this tension control comes with a delay time. Secondly, the tension is
controlled by the surface of the rollers. These rollers steer the movement of the flexible stamp.
However, for good imprint quality which requires flexible stamp conformity with a substrate the
surface of these rollers can be soft. For large area imprinting such steering has the additional
problem that local wrinkling or slipping of the large flexible stamp might occur.

[0012] The problem to overcome by the present invention is to provide an apparatus for
discrete imprinting with a short flexible stamp in such a way that the apparatus enables a linear
movement of the flexible stamp while imprinting, without slipping or wrinkling and with direct
control of the stamp tension without a delay time.

[0013] Said problem is solved by an apparatus for imprinting on a discrete substrate with a
discrete flexible stamp comprising

1. a) at least a first flexible rectangular stamp having a length L, a width W, a stamp area
Astamp, @n onset, and an end, wherein the stamp comprises

o a front surface comprising an imprint texture having an imprint area Ajmprint <
Astamp, Wherein the imprint texture has openings and elevations,

o a rear surface,
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o an onset areal segment and an end areal segment both extending along the
whole width W of the flexible stamp, wherein
= the onset areal segment extends for an onset length Lynset, and

= the end areal segment extends for an end length Lgnq along the length L of

the stamp,
2. b) at least a first clamp which clamps the onset areal segment of the flexible stamp and
at least a second clamp which clamps the end areal segment of the flexible stamp,
3. ¢) afirst roller which is an imprint roller,
4. d) at least one driven belt connected with the first clamp and with the second clamp and
capable of moving the clamped flexible stamp along its length L and with its rear surface
over the imprint roller for an imprinting distance 4 to imprint the imprint texture of the

flexible stamp onto a substrate by contacting the front surface of the flexible stamp and
the substrate with a lacquer in between so that the lacquer is provided with an imprinted
texture replicating an imprinted area A' on the substrate, and wherein the belt is capable
to move the stamp in a moving direction, wherein the moving direction either is an
imprinting direction or a direction opposite to the imprinting direction,

wherein

either the imprint roller is not able to cause its own rotation, but is driven by the stamp which in
turn is driven by the belt which in turn is driven by a belt driving device,

or the imprint roller is driven at the same speed as the belt by a roller driving device which
follows the belt driving device in a master slave configuration.

[0014] The apparatus according to the present invention allows a high accurate imprinting of a
substrate by use of a flexible stamp. The stamp comprises an imprint texture on its front
surface. The apparatus comprises a first roller, which is an imprint roller, wherein the roller
either is not able to cause its own rotation, but is driven by the stamp which in turn is driven by
the belt which in turn is driven by a belt driving device, or the roller is driven at the same speed
as the belt by a roller driving device which follows the belt driving device in a master slave
configuration. Within the scope of the present invention this means, that the belt and not the
roller determines the movement of the flexible stamp and thereby the speed of replication.
Rather, said roller is driven by the at least one flexible stamp which is driven by a belt or by a
loosely driven motor which is following the motor of the belt in a master slave configuration.
And, the at least one driven belt itself is driven by a suitable belt driving device, e.g. by an
electric motor. If the belt, which is connected with the first clamp and with the second clamp
moves the clamped stamp along its length L over the roller, said roller is caused to perform a
passive rotation. So, not the friction between the flexible stamp and a driven roller moves the
stamp over the roller, as it is the case in the imprinting apparatuses of the prior art. Rather, the
driven belt moves the clamped stamp over the roller, which can be mounted with low friction
bearings. Therefore, the apparatus of the present invention does not need a roller that
possesses a surface with sufficient roughness to generate a sufficient frictional force for
moving the stamp over the roller. Rather, the apparatus according to the present invention
allows providing the roller with a smooth surface, and, nevertheless, allows the clamped
flexible stamp to be moved over the roller without local wrinkling or slipping, even if the flexible
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stamp has a large area.

[0015] The connection of the first and of the second clamp with the flexible stamp clamped in
between using a certain distance between the clamps on the belt together with the spatial
arrangement of the roller relative to the clamped stamp allows to apply a certain tension on the
flexible stamp. Said desired tension is maintained during the movement of the stamp in the
course of an imprinting process even if the flexible stamp is moved over the roller. This is,
because, as explained above, the flexible stamp neither wrinkles nor slips on the roller. So, the
apparatus according to the present invention provides a direct control of the stamp tension
during imprinting without a delay time in the control-adjustment loop.

[0016] Said direct control of the stamp tension without a delay time can be even more
improved in a preferred embodiment of the apparatus according to the present invention,
wherein at least the first clamp or at least the second clamp is provided with an integrated
device for further control and adjustment of the flexible stamp tension, while remaining the
operational flexibility of an easy exchange of the flexible stamp.

[0017] Yet another advantage of the apparatus according to the present invention is its
possibility to use two or more flexible stamps at the same time, wherein each of the stamps
may bear a different imprinting texture on its textured surface.

[0018] As mentioned above, the apparatus according to the present invention comprises at
least one driven belt which is connected with the first and with the second clamp, and which is
capable of moving the at least first clamped flexible stamp along its length L.

[0019] Preferably, the at least one belt is driven by a motor. The belt is guided by use of
guiding rails or pulleys. These pulleys or guiding rails are preferably located at the sides of the
at least first roller, which is an imprint roller. If a second roller, third roller or more rollers are
used, the pulley or guiding rails are preferably also located at the sides of these additional
rollers. The belt determines the rotation of the flexible stamp and thereby the speed of
imprinting. The roller can be driven at the same speed as the belt in a master slave
configuration, following the belt. This can for instance be achieved, if the roller is friction-locked
with the pulley. The roller can also be

"non-driven”, i.e., not being able to cause its own rotation, and can be friction-locked with the
flexible stamp, which is mounted by use of clamps on the belt. The roller can also be friction-
unlocked with the flexible stamp.

[0020] In preferred embodiments the apparatus may further comprise a third clamp, a fourth
clamp and even more clamps connected on the same belt, wherein, for example, a first flexible
stamp may be clamped between a first and second clamp, a second flexible stamp may be
clamped between a third and a fourth clamp, and a third flexible stamp may be clamped
between a fifth and a sixth clamp. This reduces the cycle time and allows a higher throughput
during imprinting.

In each of the embodiments mentioned above more than one flexible stamp may be clamped
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between a required number of clamps. This furthermore can increase the throughput of the
apparatus.

[0021] Preferably, the apparatus according to the present invention comprises two, three, or
even more than four belts. In any case, the at least one driven belt serves as a guiding support
for the clamps, preferably such guiding supports are present at both sides of each clamp.

[0022] In a further preferred embodiment the apparatus according to the present invention
comprises a first pair of belts, a second pair of belts or even more pairs of belts, wherein each
of the first, second, third or even more pairs of belts can be steered independently from one
another. For example, one pair of belts may move a clamped flexible stamp through a desired
process step, e.g. through imprinting or through coating with the lacquer, while another pair of
belts with another clamped flexible stamp may stop moving or reverse the moving direction.
This allows for an increase in flexibility, a reduction of the cycle time and an increase of the
throughput of the imprinting process.

[0023] In a further preferred embodiment the apparatus according to the present invention
comprises at least a first flexible stamp clamped between a first clamp and a second clamp,
wherein the first clamp and the second clamp are connected with a first pair of belts, and
wherein the apparatus further comprises at least a second flexible stamp clamped between a
third clamp and a fourth clamp, wherein the third clamp and the fourth clamp are connected
with a second pair of belts, and wherein the first pair of belts can be steered independently
from the second pair of belts.

[0024] In a further preferred embodiment the apparatus according to the present invention
may comprise a third clamp, a fourth clamp and even more clamps connected on the same
belt, wherein, for example, a first flexible stamp may be clamped between a first and a second
clamp, a second flexible stamp may be clamped between a third and a fourth clamp, and a
third stamp may be clamped between a fifth and a sixth clamp. This reduces the cycle time and
allows a higher throughput during imprinting.

[0025] In a further preferred embodiment the apparatus according to the present invention
comprises at least a first stamp clamped between a first clamp and a second clamp, wherein
the first clamp and the second clamp are connected with a first pair of belts, and wherein the
apparatus further comprises at least a second stamp clamped between a third clamp and a
fourth clamp, wherein the third clamp and the fourth clamp are connected with the same first
pair of belts, and wherein two or more stamps are transported simultaneously.

[0026] In a further preferred embodiment of the apparatus according to the present invention,
wherein at least the second clamp comprises a clamp connector, it is preferred that the clamp
connector pins the clamp on the at least one driven belt by use of clamp connector pin, and the
stamp holder which holds the flexible stamp is preferably a sheet, rail, bar or cylinder on or in
which the stamp is fixed.
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[0027] In a further preferred embodiment of the apparatus according to the present invention
at least the second clamp comprises a connector which pins the clamp on the at least one
driven belt, i.e., a clamp connector, and a flexible stamp holder which holds the flexible stamp.

[0028] In a further preferred embodiment of the apparatus according to the present invention,
wherein at least the second clamp comprises a flexible stamp holder, the clamp holds one or
more flexible stamps, wherein the stamps have the same length and the same or a different
width. If in this preferred embodiment the stamp holder holds two, three or even more flexible
stamps, the different flexible stamps can have the same or a different imprint texture on its
textured surface, or the same or different imprint texture area dimensions. In any case, the
stamp holder allows an easy removal of the one or more flexible stamps.

[0029] In an especially preferred embodiment of the apparatus according to the present
invention the clamp connector comprises an easy mounting part, which ensures easy
placement and removal of the stamp holder on and off the belt, and wherein the mounting part
optionally comprises a clamp base and tension control springs.

[0030] In a further preferred embodiment of the apparatus according to the present invention
the first and/or the second clamp comprises a flexible stamp alignment pin which can adjust
the position of the flexible stamp and the stamp holder relative to the position of the clamp
connector on the belt.

[0031] In a further preferred embodiment of the apparatus according to the present invention
the first and/or the second clamp comprises a stamp holder position alignment pin which
adjusts the distance between the stamp holder and the position of the clamp connector on the
belt, whereby the stamp holder will be moved in perpendicular direction relative to the
movement direction of the belt.

[0032] In a further preferred embodiment of the apparatus according to the present invention,
wherein at least the second clamp comprises a flexible stamp holder, the clamp holds one or
more flexible stamps, wherein the stamps have the same length and the same or a different
width. If in this preferred embodiment the stamp holder holds two, three or even more flexible
stamps, the different flexible stamps can have the same or a different imprint texture on its
textured surface, or the same or different imprint texture area dimensions. In any case, the
stamp holder allows an easy removal of the one or more flexible stamps.

[0033] In a further preferred embodiment of the apparatus according to the present invention
the stamp holder holds one or more flexible stamps, wherein the stamps have the same length
and the same or a different width.

[0034] In a further preferred embodiment of the apparatus according to the present invention
at least the second clamp is provided with an integrated device for control and adjustment of
the flexible stamp tension, and wherein the device comprises a material or component which is
capable to act as a spring, and which controls and adjusts the flexible stamp tension, wherein,
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preferably, the material is a flexible material and the component is a flexible component.

[0035] Preferably, the material which optionally is a flexible material comprises one or more
springs.

[0036] In a preferred embodiment of the apparatus according to the present invention a
tension of the flexible stamp is controllable by adjusting the length of the springs mentioned
above, or by adjusting the distance between the first and second clamp with flexible stamp in
between.

[0037] The one or more springs preferably comprise spiral springs, leaf springs, rotational
springs, or tension springs.

[0038] In an especially preferred embodiment of the apparatus according to the present
invention the one or more springs comprise spiral springs, leaf springs, rotational springs, or
tension springs, and the tension of the flexible stamp is controllable by the tension of the
springs either by adjusting the length of the springs and/or the distance of the clamps and/or
adjusting the spring constant.

[0039] In a further preferred embodiment of the apparatus according to the present invention
the clamp comprises one or more guiding pins in between the stamp holder and a clamp base,
which ensures that the stamp holder with integrated tension control device can only move in
the same or opposite direction as the belt movement.

[0040] In a further preferred embodiment the material comprises one or more rubber sheets.
Said one or more rubber sheets are capable to act as a spring, and are able to control and
adjust the flexible stamp tension variation.

[0041] In a further preferred embodiment of the apparatus according to the present invention
at least the second clamp comprises one or more additional guiding pins, which guide the
movement of the stamp holder in the same or opposite direction as the belt movement.

[0042] In a further preferred embodiment of the apparatus according to the present invention a
distance d., between a mounting opening of a stamp holder and a base of a clamp is below 5

cm, preferably <3 cm, more preferred <2 ¢cm, and most preferred 0 cm.

[0043] In a further preferred embodiment of the apparatus according to the present invention a
distance dgn between the mounting opening of the stamp holder and a pivot position of the

clamp on the belt is below 5 cm, preferably < 3 cm, more preferred < 2 cm, and most preferred
0 cm.

[0044] In a further preferred embodiment of the apparatus according to the present invention
the stamp has
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» an onset areal segment with an onset length Lgnset 2 Loms
wherein L¢, is the minimal length which is required for the mounting of the stamp in the

mounting opening of the stamp holder,
* a middle imprint areal segment with a length Lyigqie 2 Ls,

wherein Lg is a length of the substrate, and
« an end areal segment with an end length Lgng = Lem + a1, wherein r is a radius of the

imprint roller,

and wherein a maximum length of the stamp is L3¢ < Lp, wherein Ly is a length of the belt.

[0045] In another preferred embodiment the apparatus further comprises a substrate arranged
on a carrier, wherein the carrier is driven in a master slave configuration with at least one
driven belt with the flexible stamp mounted by use of a clamp on the belt.

[0046] Preferably, the carrier is arranged with at least one gliding element, so that the carrier is
able to glide along the gliding element. For example, the at least one gliding element may
comprise two rods which bear the carrier, and along which the carrier is able to glide in order
to allow the carrier to be loosely driven in a master slave configuration with the flexible stamp
mounted by use of a clamp on the belt.

[0047] Preferably, the flexible stamp has a supporting flexible stamp base and a textured outer
surface, wherein the flexible stamp base and the textured outer surface can be made of one
and the same material, as for instance - but not limited to - thin metal sheets or plastic sheets
made by a milling or hot embossing process. The flexible stamp can also be made using two or
more materials which have a flexible sheet to form the base, as for instance but not limited to
PET foil, PC foil, PEN foil, PMMA or other acrylic foil, or thin metal sheets, and an adhered
textured organic layer, as for instance but not limited to an acrylate material, a sol-gel material,
an epoxy or second textured plastic foil. Even more layers can be added to enhance
robustness or functionality of the flexible stamp, as for instance an anti-stick layer.

[0048] Preferably, the flexible stamp exhibits a textured surface with a textured surface area
TSA, wherein TSA is equal to or larger than the required imprinted area A’ on the substrate.

[0049] With the apparatus according to the present invention an imprinting process can be
performed, wherein the lacquer may either be coated onto the substrate, also called panel, or
on the front surface of the flexible stamp comprising the imprint texture. These substrates or
panels can be sub-assemblies as for instance glass, plastic or metal substrates or can be
finished devices such as displays, lighting or solar panels.

[0050] Subsequently, the substrate is imprinted (also called replicated or textured) by
contacting the front surface of the flexible stamp and the substrate with lacquer in between.

The lacquer is capable of being cured to retain the imprinted pattern.

[0051] In the course of the present invention the term "lacquer” means a substance that can
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be coated onto a substrate and textured (imprinted) by methods known to those skilled in the
art. Such lacquers are also referred to as coatings, resins, resists and the like. The lacquer
usually comprises monomers, oligomers, with possibly added photo-initiators and crosslinking
acrylate groups. Other possible materials are - but not limited to - curable sol-gels and epoxies.
These curing processes are also known and encompass thermal curing, curing by UV light,
chemically induced curing and other methods known per se.

[0052] Therefore, the apparatus according to the present invention preferably comprises a
curing device, which for example is capable to perform thermal curing, curing by UV light, or
chemically induced curing. The curing device serves to cure the imprinted lacquer to retain the
imprinted pattern.

[0053] After curing the flexible stamp is released from the substrate and the inverse texture
remains on the substrate.

[0054] Coating of the lacquer can be done in various ways, such as - but not limited to -
dispensing, ink-jet printing, screen printing, jetting, spraying, slot-die coating or roll-coating the
lacquer onto the substrate or onto the flexible stamp.

[0055] Preferably, the apparatus according to the present invention comprises an extra curing
device for pre-curing the lacquer, before imprinting is performed, for example in order to
increase the viscosity of the lacquer to a desired value. Said extra curing device is capable to
perform thermal pre-curing, pre-curing by UV light, or chemically induced pre-curing for a
desired pre-curing extend.

[0056] In the following further preferred embodiments of the apparatus according to the
present invention are described and illustrated by figures.

[0057] Figure 1A shows a preferred embodiment of a roll-to-plate imprint apparatus according
to the present invention in which a flexible stamp of limited size is hold by use of two clamps.

[0058] In this apparatus a substrate 101 will be imprinted. This substrate is supported by use
of a carrier 102. In Figure 1A this carrier 102 is a gliding substrate table. Other support means
can be used like for instance - but not limited to -

a conveyor belt or transport rollers. This carrier 102 can glide underneath of the imprint roller
108A, by use of two gliding devices 103. If the carrier 102 with substrate is moved to the right,
as shown in Figure 1A by the arrow depicting the imprint direction, the substrate 101 will be
imprinted. The substrate 101 is imprinted by use of a textured foil 104. As shown in the Figure
1A this textured foil 104 acts as a flexible stamp, which is therefore called flexible stamp. The
flexible stamp 104 has a supporting flexible stamp base and a patterned front surface 104A,
also referred to as "the imprint texture" or "the imprint pattern”. This imprint texture 104A
comprises a functional area which for the ones skilled in the art is known as relief pattern. This
relief patterned front surface 104A is the negative (or inverse) texture of the desired texture on
the substrate. The flexible stamp base 104 and the textured front surface 104A can be made
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of one and the same material, as for instance - but not limited to - thin metal sheets or plastic
sheets made by a milling or hot embossing process. The flexible stamp 104 can also be made
using two or more materials which have a flexible sheet as base, like for instance but not
limited to PET foil, PC foil or PEN foil, PMMA or other acrylic foil, and an adhered textured
organic layer 104A, like for instance but not limited to an acrylate material, a sol-gel material,
an epoxy, silicone material as for instance PDMS or second textured plastic foil. Even more
layers can be added to enhance robustness or functionality of the flexible stamp 104, as for
instance an anti-stick layer. In Figure 1A the imprint pattern area 104A is smaller than the area
of the flexible stamp base, i.e., smaller than the area of the stamp 104. However, it is also
possible that the full area of flexible stamp base 104, i.e. the full area of the stamp 104 has a
relief pattern 104A.

[0059] Preferably, the flexible stamp 104 exhibits a Young's Modulus between 0.1 Giga Pascal
(GPa) and 10 Giga Pascal (GPa), especially preferred between 0.5 Giga Pascal (GPa) and 5
Giga Pascal (GPa). The Young's Modulus was measured according to ASTM E111.

[0060] This flexible stamp 104 is hold in place by use of a first clamp 105A and a second
clamp 105B, as shown in Figure 1A. Clamp 105A is the front clamp, in which the onset areal
segment of the flexible stamp in respect to the imprint direction is mounted. The end areal
segment of the flexible stamp is mounted in clamp 105B. The clamps are mounted on the belt
106. The material of the belt 106 can be for example, but not limited to, polyurethane with
stainless steel tension members. Although one or more belts are in principle possible, it is
mostly preferred to use two belts 106, as guiding supports for each of the clamps 105A and
105B, preferably at both sides of the said clamps. In Figure 1A the belts 106 are guided by
guiding elements 107 which are located at the sides of the rollers 108. These guiding elements
107 can be pulleys, as shown in Figure 1A. The belt 106 can be driven by one of the pulleys
107 or by use of an additional motor, placed in between the rollers. The rotation speed of the
belt can be between 0.05 m/min to over 30 m/min. The tension of the belt can be controlled by
moving the pulley inwards or outwards. Preferably the speed is between 0.5 m/min and 15
m/min. In Figure 1A four rollers 108 are shown. But it is also possible to use two, three or
more than four rollers. The four rollers 108 shown in Figure 1A will guide the clamped flexible
stamp 104. The imprint roller 108A is the roller by which the actual imprinting process will take
place. The roller 108B is the roller by which the delamination of the flexible stamp from the
substrate 101 with cured textured lacquer will take place. The rollers 108 can be made of a
rigid material as for instance but not limited to, stainless steel, but preferably the rollers are
made of a more elastic material as for instance, but not limited to, polychloroprene,
polyurethane or EPDM with a shore-A hardness of between 10 and 100, preferably between
shore A-hardness of between 20 to 60.

[0061] The rollers 108 are "not driven", i.e., the rollers 108 are not able to cause their own
motion and are free to rotate in any direction, but are driven by the stamp 104 which in turn is
driven by the belt 106 which in turn is driven by a belt driving device, or the rollers 108 are
driven at the same speed as the belt by a roller driving device which follows the belt driving
device in a master-slave configuration. So, the belt 106 is driven. The carrier 102 is driven in a
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master slave configuration with the belt 106. During imprinting the belt 106 with clamps 105A
and 105B and flexible stamp 104 will be in contact with the substrate 101 and curable lacquer
109 in between. Therefore, during imprinting, the carrier 102 with substrate 101 will follow the
driven belt 106 in a master slave configuration. The diameter of the rollers 108 and pulleys 107
are similar, in such a case that during imprinting the imprint roller 108A will be in contact with
the flexible stamp 104 and can press the flexible stamp 104 on the substrate 101.

[0062] Prior to the imprinting process the substrate 101, which may be a glass substrate, or
the flexible stamp 104 or both are coated with the imprint lacquer 109. In Figure 1A the flexible
stamp 104 is coated with the imprint lacquer 109 by use of dispensing means 110. As already
mentioned, other techniques can be used for coating. Note that Figure 1A is a schematic
drawing. In real operation the lacquer will be coated on the imprint texture area 104A.
Optionally, the lacquer 109 after having been dispensed on the stamp 104 may be pre-cured.

[0063] After coating and possibly pre-curing of the imprint lacquer 109 the imprint process
starts as shown in Figure 1B, which top down contains Figure 1B(1), Figure 1B(2), Figure
1B(3), Figure 1B(4), and Figure 1B(5). At the start of the imprint process the flexible stamp
104 with imprint texture 104A and imprint lacquer 109 on top is brought in contact with the
substrate 101. The movement of the stamp 104 is steered by the pulleys 107 and the belt 106
on which the flexible stamp 104 is mounted by use of clamps 105A and 105B. By sliding the
substrate 101 underneath of the imprint roller 108A, as shown in Figure 1B(1), the flexible
stamp 104 is laminated on the substrate 101 with imprint lacquer 109 in between. The imprint
lacquer 109 in between the flexible stamp 104 with imprint texture 104A and substrate 101 is
hardened by UV light source 111, resulting in cured texture 112, also named imprinted area A',
as shown in Figure 1B(2). In the Figure 1B the position of the UV light source 111 is placed in
between the imprint roller 108A and the roller 108B above the substrate. The UV light source
111 can also be placed in one of the two rollers 108A and 108B. In the case of a transparent
substrate 101 and a UV-transparent carrier 102 the UV light source 111 can also be placed
underneath of the carrier 102. This can have the advantage of the ability to use a non-
transparent mold for the flexible stamp 104, as for instance a thin metal sheet. After solidifying
of the imprint lacquer 109, the flexible stamp 104 has to be delaminated from the substrate
101, leaving the cured texture 112 on the substrate 101. This is obtained because the cured
texture 112 has better adherence to the substrate 101 than the flexible stamp 104. After
delamination of the cured texture 112, the inverse relief texture, compared to the imprint
texture 104A, will remain at the substrate 101 and the flexible stamp 104 can be re-used. For
delamination, as shown in Figure 1B(3), it is most easy to further rotate the belt 106 and
separate the flexible stamp 104 from the cured texture 112 on substrate 101 by use of the
delamination roller 108B. A different option is to roll the belt 106 backwards as shown in Figure
1B(4). In this case the roller 108A is used for reversed delamination. This alternative process
can have the advantage that the clamp, with upstanding edges, does not have to pass the
coater. Another advantage is that the second roller for delamination is not needed. This will
reduce costs of the apparatus as shown in Figure 1B(5).

[0064] In Figure 1A and Figure 1B a roll-to-plate imprint apparatus is shown, using two belts
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106 having two clamps 105A and 105B carrying a flexible stamp 104. A drawback of the
proposed imprint equipment as shown in Figure 1A is that the process time is determined by a
sequence of two steps. First the stamp 104 is coated by dispensing means 110, subsequently
the flexible stamp 104 is used for imprinting underneath of the imprint roller 108A. To increase
the throughput several modification to the apparatus are proposed, as shown in Figure 2A, 2B
and 2C.

[0065] The throughput is increased if more substrates are imprinted by the same time unit.
This can be realized by tiling substrates 101 and using a wider flexible stamp 104. In this case
also the guiding imprint roller 108A should be wider. An example is that one wide flexible stamp
104 with a double imprint texture area 104A is used to imprint two substrates laying side by
side. Flexibility is gained with two clamps 105A and 105B which hold two or more flexible
stamps 104 with same length as shown in Figure 2A. The imprint texture 104A of both flexible
stamps 104 can be the same or different. The means of coating 110 can be adjusted, if a
different imprint lacquer 109 is required for one of the two imprint textures 104A.

[0066] Figure 2B shows a preferred embodiment, showing an apparatus using a first flexible
stamp 104 clamped between first clamp 105A and second clamp 105B, and a second flexible
stamp clamped between a third and a fourth clamp. Both first and second clamps 105A and
105B and the third and fourth clamp are mounted on and steered by the same belt 106.
Throughput is gained, because the coating by dispensing means 110 of the second flexible
stamp and imprinting steps of the first flexible stamp 104 underneath imprint roller 108A are
not sequential, but can be applied simultaneously. This proposed setup will work best if the
coating step and the imprinting step have the same and continuous speed of the belt 106. If
the rotation of the belt 106 has to be stopped it is preferred that the second flexible stamp is
not imprinting. Either the coating procedure and/or the clamp position can be optimized to
enable double or triple imprinting in one belt cycle, using the same apparatus.

[0067] Figure 2C shows a preferred embodiment, showing an apparatus using more clamps
which are mounted and steered by two different belts, which are both independently driven. As
shown in Figure 2C the belts are guided by different pulleys 107A and 107B. Throughput is
gained, because the coating by dispensing means 110 and imprinting steps underneath imprint
roller 108A are not sequential, but can be applied simultaneously, because of the same
reasons as already explained in Figure 2B. Moreover because a first pair of inner belts moves
the first clamped stamp 104 over the rollers, and a second pair of outer belts is used to move
the second clamped stamp over the rollers, and because the inner pair of belts can be steered
independent from the outer pair of belts, the coating and imprinting steps are not necessarily
interdependent. For example, the first pair of belts can stop for coating the first clamped stamp
104, while the second pair of belts can continue imprinting the second clamped stamp.

[0068] The tension exerted on the flexible stamp will determine the length and width of the
stamp while imprinting. Therefore, tension variation will result in a varying track-pitch of the
relief pattern. For instance the track-pitch of a lenticular array will vary or a pyramid or lens
shape will become broader/smaller. In both cases the tension variation has also an impact on
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the height of these textures. Furthermore, the overall texture image will be distorted due to the
stamp length and width change. The tension exerted on the flexible stamp can change for
different reasons. Among others, root causes are:

« Un-roundness of the pulleys 107 or rollers 108, resulting of a varying distance between
both clamps 105A and 105B;

= Forces on the flexible stamp 104 that arises, when a rigid clamp 105 passes a roller 108;

« Temperature or humidity variation;

[0069] The impact of tension variation on the length of the flexible stamp 104 can be
calculated with the formula: AL = LO * 1/E * o In this formula AL is the deformation of the
flexible stamp 104 due to the applied load, LO is the original length of the flexible stamp, E is
the modulus of elasticity and ois the stress on the flexible stamp 104. This stress is defined as
the ratio of applied load (or force) to the cross-sectional area of the flexible stamp (width *
thickness of the flexible stamp). If tension is applied on the stamp, also the width of the flexible
stamp will change. The change in the width of the flexible stamp can be calculated using the
Poisson's ratio.

[0070] The design of the clamps, the design of the flexible stamp and/or the design of the
apparatus can be optimized to reduce the tension variation. In the following different
modifications are discussed which can be applied separately or which can be applied together
into the apparatus according to the present invention.

[0071] Figure 3A shows a further preferred embodiment of the apparatus according to the
present invention, wherein a clamp of the apparatus is schematically drawn. Figure 3A shows
a flexible stamp 104, which is mounted in a clamp 105. The clamp 105 can be the front clamp
105A or back clamp 105B as shown in Figure 1A. This clamp 105 consists of different parts;

[0072] The connector 207 of clamp 105, i.e., the clamp connector 207, pins the clamp 105 by
use of belt connector pin 210 on the belt 106. This clamp connector 207 can be permanently
fixed on the belt 106. Alternatively, the clamp connector 207 can be designed to enable easy
mounting and removal of the stamp holder 206 from the belt 106. The belt connector pin 210
can be a screw or any other connecting pin. The position of this belt connector pin 210 will be
the pivot point of the clamp 105 while passing a roller, if one pin is used to connect the clamp
on the belt. Therefore the position of this belt connector pin 210 relative to the clamp holder
206 will determine how the clamp 105 and flexible stamp 104 rotate around a roller 108. The
stamp holder 206 will hold the flexible stamp 104. This stamp holder 206 can be any holder
holding the flexible stamp 104. As an example - but not limited to - the stamp holder 206 can
be a sheet, rail, bar or cylinder on or in which the flexible stamp 104 is mounted.

[0073] In a preferred embodiment the distance between the stamp holder 206 and the clamp
connector 207 can be adjusted. By adjusting this distance, the position of the stamp holder 206
will be moved perpendicular to the rotation direction of the belt 106. This can be done by use
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of a stamp holder position alignment pin 211. As an example, but not limited to, this stamp
holder position alignment pin 211 can be a screw or screw thread possibly in combination with
guiders. By adjusting the position of the stamp holder 206, the position of the stamp 104
relative to the substrate 101 is altered. This will enable a fine-tuning of the position of the cured
texture 112 on the substrate 101 in vertical direction, along the width of the substrate 101.

[0074] There are different ways to mount the flexible stamp 104 in the stamp holder 206. An
example is to provide a stamp mounting opening 205 in which the onset areal segment or the
end areal segment of the flexible stamp 104 can slide, and wherein said segment of the stamp
104 can be clamped with for instance screws 204.

[0075] Another method is to make the stamp holder 206 of two parts which are pressed
together with a stamp in between. This stamp holder 206 can hold one flexible stamp 104. The
width of a flexible stamp 104 can vary. The clamp 105 can also hold two or more flexible
stamps 104 with same or different width and which all have the same length compared to each
other. Moreover with a simple holding mechanism, as for instance a screw or a clamp 204, the
mounting or change of a flexible stamp 104 will take minimal time. Moreover, this stamp holder
206 can have alignment features to position the flexible stamp 104.

[0076] The basic clamp design as shown in Figure 3A will enable the use of small stamps
together with a simple stamp exchange. However this basic clamp design does not have
tension control.

[0077] Figure 3B shows a clamp 105 with tension control. In this case a clamp base 208 is
added as well as tension control springs 209. The clamp base 208 is used for robustness and
stiffness of the clamp 105. If further stamp tension control is required by the apparatus
according to the present invention, it is proposed that the clamp base 208 and stamp holder
206 are connected by use of tension control springs 209. This can be one or more springs, like
for instance - but not limited to - spiral, leaf springs, rotational springs, tension springs or any
other flexible material acting as a spring 209 like for instance - but not limited to - rubber
sheets or perforated rubber sheets. Preferably the tension of the springs 209 can be controlled
to compensate for differences in length of the flexible stamp 104.

[0078] As show in Figure 4A the tension can be manually adjusted by use of a screw 303
which can alter the length of the tension control springs 209. Other possibilities to control are
for instance, but not limited to, the winding/unwinding of the spring 209, by altering the position
of the clamp connector 207 with belt connector pin 210 on the belt 106 or by adjusting the
spring constant. The applied tension can be offline or inline determined with use of a force
meter.

[0079] Because a spring array 209 might bend to all directions, for instance downwards or
aside, an additional guiding pin 304 can be added, which ensures that the stamp holder 206
can only move in the same or opposite direction as the belt 106 movement. It is important to
guide this pin in a low friction bearing in order to prevent slip-stick effects.
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[0080] Figure 4A shows a preferred embodiment in which the clamp connector 207 is
designed to enable easy mounting as well as easy removal of the stamp holder 206 from or on
the belt 106. If a clamp base 208 and tension control springs 209 are integrated in the clamp, it
is preferred that the clamp base 208 and tension control springs 209 are mounted and
removed together with the stamp holder 206 from the belt 106. As an example, but not limited
to, the clamp connector 207 can hold the clamp base 208 and thereby the stamp holder 206
by use of clamps 207A as shown in Figure 4A. These clamps 207A can be moved aside for
easy mounting and removal of the clamp base 208 and the stamp holder 206, holding the
stamp. In another example, but not limited to, the clamp connector 207 is spilt in two parts, of
which one is fixed on the belt and the other part is permanently fixed on the stamp holder 206
or stamp base 208. Both parts of the clamp connector 207 can be connected by sliding one
part underneath a hook mounted on the other part.

[0081] With the stamp holder position alignment pin 211 the distance of the stamp holder 206
to the clamp connector 207 can be controlled. If a clamp base 208 and tension control springs
209 are integrated in the clamp 105, as shown in Figure 4A, the position of the stamp holder
210 can also be altered by altering the distance of the clamp base 208 to the clamp connector
207 by use of the stamp holder position alignment pin 211. In both cases the position of the
stamp holder 206 is altered perpendicular to the rotation direction of the belt 106. In this
manner, the position of the flexible stamp 104 relative to the substrate 101 and thereby the
position of the imprint area Ajmprint on the substrate 101 can be optimized.

[0082] There are different possibilities to connect a stamp holder 206, holding the flexible
stamp 104, to the belt 106 with a tension control spring 209 in between. Among other options,
an example is to place the springs 209 in between of the clamp connector 207 and the belt 106
as shown in Figure 4B. In this case the stamp holder 206 and clamp base 208 can be the
same.

[0083] To further control the stamp tension, both the front clamp 105A and back clamp 105B,
as shown in Figure 1A, can have tension control springs 209 as shown in Figure 3B. From
both the front clamp 105A and back clamp 105B the tension control of the back clamp 105B is
most effective. After curing the first part of the texture 104A, at the first contact between the
substrate 101 and flexible stamp 104 with curable lacquer 109 in between, the tension control
of the front clamp 105A will not be effective anymore. Moreover, due to varying lengths of the
springs in the front clamp 105A the imprinting start position is less well defined. Therefore it is
preferred that the front clamp 105A has the basic clamp design as shown in Figure 3A, and
does not have tension control springs as shown in Figure 3B.

[0084] Figure 5 illustrates the effect of the weight of clamp 105B on the tension of the flexible
stamp. Depending on the position of the back clamp 105B and/or front clamp 105A during
imprinting, the weight of the clamp 105 can have an impact on tension variation which is
exerted to the flexible stamp 104.
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[0085] As shown in Figure 5, if the clamp 105B is rotated from horizontal position to vertical
position, the forces acting on the flexible stamp 104 will change. In horizontal position, as
shown on the left side of Figure 5, the tension control spring 209 will pull the flexible stamp
holder 206 of the back clamp 105B with a force of for instance 100 N. If the same back clamp
105B is rotated to vertical position, as shown on the right side of Figure 5, the spring 209 will
pull with the same force of 100 N. However, gravity will pull the flexible stamp holder 206
downwards along the field lines of gravity. For a flexible stamp holder 206 with a weight of 3
kilogram, the tension on the flexible stamp will be reduced with 30 N. Depending on the
dimensions of the flexible stamp 104, a tension variation of 30 N is applied to the flexible stamp
104 while imprinting, and said tension variation will affect the quality of the imprint texture. To
reduce this impact, the weight of the flexible stamp holder 206 should be minimal. As an
example, the weight of a clamp 105 is preferably below 5 kg for a clamp 105 with a width of
600 mm.

[0086] Figure 6A shows a further preferred embodiment of the apparatus according to the
present invention, wherein the clamp 105B is rotated around roller 108A. The minimum width
of the clamps 105A and 105B is determined by the distance of the two belts 106 which are
shown in Figure 1A. The length and the height of the clamp 105B should be minimized to limit
the impact on the stamp tension variation once the clamp 105B is rotated around the roller
108A. As shown in Figure 6A the tension on the flexible stamp 104 will be altered during
imprinting once the clamp 105B is rotated around roller 108A. Note that the same effect is
present if the front clamp 105A is rotated around roller 108B, according to Figure 1A. To limit
this effect, it is proposed to have limited clamp dimensions. The tension variation due to a
clamp 105 rotating around a roller 108 is determined by the distance between the stamp
mounting opening 205 in the stamp holder 206 and the pivot point of the clamp on the belt
which is the position of the belt connector pin 210, if using one connector pin. This distance
should be minimal, preferably zero. For the clamp design this preference can be split in two
dimensions as shown in Figure 6B:

e The vertical distance dg, between the stamp mounting opening 205 in the clamp holder
206 and the base of the clamp 105: The base of the clamp is the side of clamp which is
in contact with the belt. In a rough calculation the flexible stamp will expand 50 micron, if
the distance of the mounting of the stamp 205 to the base of the clamp, d¢y, is 1 cm for
an expanding stamp with a length of 1 meter. To limit the impact for precise applications
the distance dgis proposed to be preferably below 2 cm, most preferable 0 cm.

* The horizontal distance d., between the stamp mounting opening 205 in the clamp
holder 206 and the pivot point of the belt, which is the same location as that of the
connector pin 210, if one pin is used. The impact of a distance d¢ on tension variation, if
a clamp rotates around a roller, does depend on different variables as the diameter of
the roller, the position of the clamp moving around the roller, and the length of the stamp
which will be expanded. A distance d¢j, of 2 cm between the pivot point of the clamp 210
and the stamp mounting opening 205 can result in an expansion over 1 mm for a roller
with a radius of 110 mm. For precise applications this tension variation is too large. It is
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proposed that the horizontal distance dg, between the pivot position 210 of the clamp

and the stamp mounting opening 205 on the clamp is preferably below 1 cm, most
preferable 0 cm.

[0087] Figure 7 shows a further preferred embodiment of the apparatus according to the
present invention, wherein the clamps 105A and 105B do not pass a roller while imprinting.
Most easy is to keep the clamps in horizontal position, as shown in Figure 7A and Figure 7B.
In this case, the forces on the stamp due to gravity are kept constant. A further preferred
embodiment of the apparatus setup according to the present invention is shown in Figure 7C,
where the back clamp 105B is placed at a vertically angle. Note that the movement of the
clamps can be at other angles than shown in Figure 7C. The condition is that the angle of
clamp movement is constant. The different embodiments depicted in Figures 7A, 7B and 7C
show at the left side, i.e., in Figure 7A(1), Figure 7B(1), and Figure 7C(1) the flexible stamp
setup before imprinting, and at the right side, i.e., in Figure 7A(2), Figure 7B(2), and Figure
7C(2) the flexible stamp set up after imprinting, just after passing the UV bar 111. In all these
cases the forces on the stamp due to gravity are kept constant during imprinting, minimizing
tension variations.

[0088] Figure 7A shows a further preferred embodiment of the apparatus according to the
present invention, wherein 2 rollers 108A and 108B are used and both clamps 105A and 105B
move in horizontal direction while imprinting the substrate 101.

[0089] Figure 7B shows a further preferred embodiment of the apparatus according to the
present invention, wherein 4 rollers are used and both clamps 105A and 105B move in
horizontal direction while imprinting the substrate 101.

[0090] Figure 7C illustrates a further preferred embodiment of the apparatus according to the
present invention, wherein the imprinting of substrate 101 is done while back clamp 105B
moves in vertical direction, as shown in Figures 7C(1) and 7C(2). This preferred apparatus
and flexible stamp design results in a shorter flexible stamp length L. However, to enable the
vertical movement without passing a roller, the vertical d., distance of the upper roller 108 and

imprint roller 108A has to be larger than compared to Figure 7B, resulting in a larger
apparatus and in principle a larger cycle time. This can be compensated for by repositioning
the rollers.

[0091] In the apparatus according to the present invention more rollers than four rollers can be
used. The amount of rollers will have impact on the throughput. The preferred requirement
minimizing tension variation is to keep the angle of clamp movement constant during
imprinting. With this constraint a clamp should not pass a roller while imprinting. This
requirement gives a constraint on the imprint apparatus as well as on the length of the flexible
stamp 104. The multiple rollers should preferably be positioned in such a way that a clamp will
not pass a roller while imprinting. In this preferred case the minimum roller distance between
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the imprint roller 108A and delamination roller 108B is defined by the length Lg; of the substrate
table 101, the length L. of the clamp 105A, which is positioned in front of the substrate table,
and the radius r of the roller 108A and 108B. A minimum roller distance d, between the center
of imprint roller 108A and the center of roller 108B, amounts = (L. + Lgi). The same vertical

distance between the rollers is required in the case, wherein more rollers are used: dn, = (L¢ +
Ls1)-

[0092] The choice of a specific apparatus design will have impact on the design of the flexible
stamp. As shown in Figure 2B, the length L of the stamp 104 will be larger than the length of
the imprint pattern 112, which is replicated at the substrate 101. To obtain a replicated imprint
texture 112 on a substrate, a stamp 104 with textured surface area 104A is required, whereby
the textured surface area 104A has the same or larger areal dimensions as the imprint texture
112. The substrate 101 will have same or larger dimensions as the imprint texture 112. The
substrate table 103 will have same or larger dimensions as the substrate 101. The flexible
stamp 104 with textured surface area 104A will have to be larger as the substrate table 103.
An onset areal segment with minimal length L is required for the mounting of the stamp 104

in the mounting opening 205 of the stamp holder 206 of the front clamps 105A as shown in
Figure 4A. At the backside an end areal segment is needed for the mounting of the stamp in
the mounting opening 205 of the stamp holder 206 of the back clamps 105B. Moreover an

additional length of %4*r is required to fulfill the requirement that the clamp 105 does not pass a

roller 108 while imprinting. This results in a total minimum length L of the stamp of L= 2*Lcy +
Lgt + Y*r. In the case, wherein the clamp will remain in horizontal position while imprinting as

shown in Figure 7A and 7B, the stamp minimum length will be larger L = 2*L¢m, + Lgt + %2'r.

The maximum length of the stamp is determined by the length of the belt 106.

[0093] This preferred embodiment is shown in Figure 8(1) and Figure 8(2). The flexible stamp
104 can be partly textured with the required imprint area 104A or fully covered with the inverse
of the required imprint texture as shown in Figure 8(2). If the flexible stamp is only partly
textured, the position of the textured area TSA on the stamp is defined, having a minimum

onset segment Ly, for mounting of the clamp and a minimum end areal segment L¢m, + Ya™r for

mounting of the back clamp and preventing the clamp to be rotating around a roller while
imprinting, as shown in Figure 8(1).
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Patentkrav

1. Apparat til at preege pa et diskret substrat med et diskret fleksibelt stempel

omfattende
a) mindst et fagrste fleksibelt rektangulzert stempel (104), der har en

5 laengde L, en bredde W, et stempelomrade Astamp, €n ansats, og en ende,

hvor stemplet omfatter
- en forreste overflade omfattende en praegningstekstur (104A), der har et
pragningsomrade Aimprint < Astamp, hvor pragningstekstur (104A) har
abninger og forhgjninger,

10 - en bagerste overflade,

- et ansatsomradesegment og et endeomradesegment, der bade straekker
sig langs hele bredden W af det fleksible stempel, hvor

- ansatsomradesegmentet straekker sig over en ansatslaengde Lonset, 0g

- endeomradesegmentet straekker sig over en endelangde Lend langs

15 laengden L af stemplet,

b) mindst en fgrste klemme (105A), som klemmer ansatsomradesegmentet
af det fleksible stempel (104) og mindst en anden klemme (105B), som
klemmer endeomradesegmentet af det fleksible stempel (104),

¢) en fgrste rulle (108A), som er en praagningsrulle,

20 d) mindst en drivrem (106) forbundet med den forste klemme (105A) og
med den anden klemme (105B) og i stand til at bevaege det klemmede
fleksible stempel (104) langs dets lzengde L og med dets bagerste
overflade over praegningsrullen (108A) over en
praagningsafstand Iq4 for at preege praegningsteksturen (104A) af det

25 fleksible stempel (104) pa et substrat (101) ved at bringe den forreste
overflade af det fleksible stempel (104) og substratet (101) i kontakt med
en lak (109) derimellem, sa lakken (109) tilvejebringes med en praeget
tekstur, der replikerer et praeget omrade A' pa substratet (101), og hvor
remmen (106) er i stand til at bevaege stemplet (104) i en bevaegende

30 retning,
hvor den bevaegende retning enten er en praegningsretning eller en retning
modstaende til praegningsretningen,

hvor
enten praegningsrullen (108A) ikke er i stand til at forarsage sin egen rotation,
35 men drives af stemplet (104), som skiftevis drives af remmen (106), som skiftevis
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drives af en remdriftsindretning,
eller praegningsrullen (108A) drives ved den samme hastighed som remmen (106)
ved hjalp af en rulledriftsindretning, som fglger remmdriftsindretningen i en

master-slave-konfiguration.

2. Apparat ifglge krav 1, hvor apparatet omfatter mindst et fogrste fleksibelt
stempel (104) klemmet mellem en fgrste klemme (105A) og en anden klemme
(105B), hvor den farste klemme (105A) og den anden klemme (105B) er
forbundne med et fgrste par af remme (106), og hvor apparatet yderligere
omfatter mindst et andet fleksibelt stempel klemmet mellem en tredje klemme og
en fjerde klemme, hvor den tredje klemme og den fjerde klemme er forbundne
med et andet par af remme, og hvor det fgrste par af remme kan styres
uafhaengigt af det andet par af remme.

3. Apparat ifglge et hvilket som helst af de foregaende krav 1 til 2, hvor apparatet
omfatter mindst et forste stempel (104) klemt mellem en fgrste klemme (105A)
og en anden klemme (105B), hvor den fgrste klemme og den anden klemme er
forbundne med et fgrste par af remme (106), og hvor apparatet yderligere
omfatter mindst et andet stempel klemt mellem en tredje klemme og en fjerde
klemme, hvor den tredje klemme og den fjerde klemme er forbundne med det
samme fgrste par af remme (106), og hvor to eller flere stempler transporteres
samtidigt.

4. Apparat ifolge et hvilket som helst af de foregaende krav 1 til 3, hvor mindst
den anden klemme (105) omfatter et forbindelseselement (207), som fastggr
klemmen (105) pa den mindst ene drivrem (106), og en fleksibel stempelholder
(206), som holder det fleksibelt stempel (104).

5. Apparat ifglge krav 4, hvor klemmeforbindelseselementet (207) omfatter en
nem monteringsdel, som sikrer nem placering og fjernelse af stempelholderen

(206) pa og af remmen.

6. Apparat ifglge krav 5, hvor den fgrste og/eller den anden klemme (105A),
(105B) omfatter en stempelholderpositionsudretningsstift (211), som justerer
afstanden mellem stempelholderen (206) og positionen af
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klemmeforbindelseselementet (207) pa remmen (106), hvorved stempelholderen
(206) beveeges i vinkelret retning i forhold til beveegelsesretningen af remmen
(106).

7. Apparat ifglge et hvilket som helst af de foregaende krav 1 til 6, hvor
stempelholderen (206) holder et eller flere fleksible stempler (104), hvor
stemplerne (104) har den samme laengde og den samme eller en forskellig
bredde.

8. Apparat ifglge et hvilket som helst af de foregdende krav 1 til 7, hvor mindst
den anden klemme (105B) tilvejebringes med en integreret indretning til styring
og indstilling af den fleksible stempelspaending, og hvor indretningen omfatter et
materiale eller en komponent, som er i stand til at fungere som en fjeder, og som

styrer og justerer den fleksible stempelspaending.

9. Apparat ifglge krav 8, hvor materialet omfatter et eller flere fjedre (209).

10. Apparat ifglge krav 9, hvor de en eller flere fjedre (209) omfatter spiralfjedre,
bladfjedre, rotationsfjedre eller spaendingsfjedre, og hvor spaendingen af det
fleksible stempel (104) er styrbar ved hjeelp af spaendingen af fjedrene (209)
enten ved at justere laengden af fjedrene (209) og/eller afstanden af klemmerne
og/eller ved at justere fjederkonstanten.

11. Apparat ifglge krav 8, hvor materialet omfatter et eller flere gummiplader.

12. Apparat ifglge et hvilket som helst af de foregdende krav 1 til 11, hvor mindst
den anden klemme (105B) omfatter et eller flere yderligere fgringsstifter (304),
som fgrer bevaegelsen af stempelholderen (206) i den samme eller modstaende

retning som rembevasgelsen.

13. Apparat ifglge et hvilket som helst af de foregdende krav 1 til 12, hvor en
afstand dev mellem en monteringsabning af en stempelholder og en base af en

klemme er under 5 cm.
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14. Apparat ifglge et hvilket som helst af de foregdende krav 1 til 13, hvor en
afstand dch mellem monteringsabningen af stempelholderen og en drejeposition af

klemmen pa remmen er under 5 cm.

15. Apparat ifglge et hvilket som helst af de foregdende krav 1 til 14, hvor
stemplet har

- et ansatsomradesegment med en ansatslaengde Lonset = Lcm,

hvor Lem er den minimale laengde, som er ngdvendig for monteringen af

stemplet i monteringsdbningen af stempelholderen,

- et midterpraegningsomradesegment med en laengde Lmiddie = Ls,

hvor Ls er en laengde af substratet, og

- et endeomradesegment med en endelaengde Lend = Lem + Ya-r,

hvor r er en radius af praegningsrullen,

og hvor en maksimal laengde af stemplet er Lmax < Lb, hvor Lo er en laeengde

af remmen.
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