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(57) ABSTRACT 

A method of and apparatus for producing a transparent film 
or a transparent layer with a Surface Structure at least on one 
Side and, on the other Side, in register with Said Surface 
Structure, a structural or 2-dimensional pattern, operate with 
at least two rotating rollers and layer application between 
them and curing of a structural layer. By means of a third 
rotating application roller, a further layer can be applied in 
register to the rear Side of the Structural layer and can be 
cured. The rollers and roller nips can be set very accurately 
by suitable devices. The rotation of all the rollers is con 
trolled by a master drive. 
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METHOD OF AND APPARATUS FOR PRODUCING 
A FILM OR A LAYER WITH A SURFACE 

STRUCTURE ON BOTH SIDES 

BACKGROUND OF THE INVENTION 

0001. The invention relates to a method of producing a 
film or a layer with a Surface Structure at least on one side 
of a base film and, on the other Side, in register with Said 
Surface Structure, a structural or two-dimensional pattern, 
which are produced by means of a first roller and a Second 
roller, provided with a circumferential Structure, the rollers 
being driven in approximately equally fast, but opposite 
rotation, and the film or the layer being produced by 
applying a layer of thermoplastic polymer to a film fed to the 
Second roller via the first roller and by irradiating through 
the base film the polymer layer bearing against the circum 
ference of the Second roller in order to cure it, and also 
relates to a Suitable apparatus for Said method. 

0002 The applicant's EP-B 655 032 discloses how an 
anti-copy film is produced from transparent material and 
line- or Strip-shaped Screens in defined offset arrangement 
onto both Surfaces of the film by printing and/or photo 
graphic technology by applying a photoSensitive coating, in 
particular a photoresist coating, to one side of the film, 
exposing it to (UV) light through a mask and developing it 
and Subsequently applying a further photosensitive coating 
to the other side of the film, exposing it to (UV) light through 
a mask and developing it. A particularly good register of the 
line or Strip Screens is achieved in this case if the Second 
photoSensitive coating is exposed through the first, already 
developed coating. 

0003 U.S. Pat. No. 3,241,429 also discloses 3-dimen 
Sional panorama pictures which are provided with paper as 
the base film or directly comprise a layer of plastic lenses, 
an emulsion being printed either onto the paper or onto the 
rear side of the layer of lenses. To obtain register of the 
lenses with the print on the rear Side, incisions or punched 
openings in the film are used, with the aid of which the 
printing operation takes place in register. 

0004 U.S. Pat. No. 4,420,502 discloses an apparatus for 
producing a film with a predetermined, finely defined Sur 
face Structure on one Side, a first, Smooth-Surfaced cylindri 
cal roller and a Second cylindrical roller with a structured 
circumference being driven and a flowable, uncured ther 
mocurable resin material and a transparent film being intro 
duced into the nip between them, and a film or a layer with 
a defined Structure being obtained on the film by Subsequent 
UV curing. The UV curing takes place through the film 
directly on the Second roller. 

0005. A single-layer structured film is obtained, which 
can be used in particular for the purpose of 3-D pictures and 
is also known from U.S. Pat. No. 4,414,316, a description of 
which follows. In it, a flexible, composite film with a 
lenticular Surface comprises in a known way a base film and 
a transparent thermocurable layer, which has lenticular 
forms, the focusing plane of the lenticular forms lying 
substantially at the rear side of the base film. The thermo 
curable layer comprises a thermocurable polymer, which is 
cured by means of UV light. The known film is intended for 
producing 3-dimensional representations or photographs, in 
that the film is laminated onto Stereographic printed images. 
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0006 A film structured on one side is also known from 
WO 94/O1288. In it, cylindrical lenses are provided on one 
Side and Screening Strips may be produced on the rear Side 
by printing, but without Specifying how a fixed relative 
arrangement of the lenses with respect to the position of the 
Screening Strips is technically achieved. A film for anti 
copying purposes cannot be produced on the basis of this 
document. 

0007. It is therefore an object of the present invention to 
Specify methods and apparatuses which make it possible to 
produce economically films or layerS Structured in-register 
on two sides. 

SUMMARY OF THE INVENTION 

0008. The features of the method by which this object is 
achieved by the present invention emerge from claim 1. 
0009. It is surprisingly possible here, after curing the 
Surface Structure layer on one side of the base film to provide 
the other side of the base film with a further layer, likewise 
having a structural or 2-dimensional pattern, and to cure the 
latter through the Surface Structure layer on one side by 
radiation curing, to be precise while the Surface Structure 
layer on one side is still in engagement with the circumfer 
ential structure of the second roller, with the result that an 
absolutely in-register formation of the layer on the rear Side 
of the base film is achieved, meeting the given tolerance of 
the film or layer produced. 
0010. The method further comprises using a film or a 
layer which has as a Surface Structure on one side a multi 
plicity of identical, parallel, elongate lenticular structures, in 
particular of cylindrically arched form, and is provided on 
the other Side with mutually assigned parallel lines or 
grooves or ridges (or “bars”) in register with said structures. 
0011. The film or the layer may also be formed with a 
multiplicity of parallel arcuate lenses as the Surface Struc 
ture. 

0012. The surface structure on the other side may also be 
formed by a multiplicity of parallel ridges, in particular of 
rectangular form. 

0013. It is expedient if the lenticular structure on one side 
and the parallel lines, grooves or ridges on the other Side are 
produced after each other in time, in particular immediately 
after each other, and in register with each other. 
0014. The lenses and ridges may advantageously consist 
of a UV-curable polymer, in particular an acrylic resin. It is 
also possible, for reducing transparency, to add to the 
polymer, in particular the acrylic resin, pigment as a filler 
accounting for up to about 30% by weight. 
0015. It is likewise advantageous to provide the ridges 
with optically opacifying layers, in particular to print Said 
layers on. 

0016. The number of such opacifying layers is at least 
two, preferably eight. 

0017. In any event, for applications of the film or layer 
produced for anti-copying purposes-the maximum trans 
parency of the ridges should be about 7%. This ensures that 
the viewing-angle-dependent properties of the anti-copy 
film can be realized. 
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0.018. In order that the legibility of the document is 
ensured, the width of the ridges is chosen Such that they 
cover, and consequently render opaque from an approxi 
mately perpendicular viewing direction, at most about 80% 
of the surface area of the film or of the layer. 
0019. The object is also achieved by claim 12, the appa 
ratus according to the invention. 
0020. In said apparatus there is a third roller, which is 
arranged downstream of the first two rollers, is driven 
equally fast and in the opposite direction to the Second roller 
and is provided with a structural or 2-dimensional pattern on 
the circumference, a further layer being applied by means of 
a further application device to the other side of the base film, 
which has been coated and cured on one Side, and is 
Subsequently cured (on the other side) by means of a 
radiation Source. 

0021. The second roller expediently has as the circum 
ferential Structure a multiplicity of identical parallel, elon 
gate cylindrically lenticular grooves, in particular of cylin 
drically arched form. The grooves may also have an arcuate 
form in cross-section. 

0022. The third roller is expediently formed with a cir 
cumferential Structure comprising a multiplicity of parallel 
grooves, in particular of rectangular form. 
0023 The grooves are produced very exactly and repro 
ducibly. 

0024. The first roller is expediently produced with a 
Smooth circumferential Surface. 

0.025 In practice, at the first roller there is provided a 
contact roller, by means of which the base film for the 
production of a film or a layer is fed to the circumference of 
the first roller. 

0026. The first roller may advantageously serve as a 
master drive roller for controlling the rotational Speed of the 
first and third rollers. 

0027. It is favorable in practice if the second roller is 
designed to be axially adjustable by means of an adjusting 
device, in particular on an eccentric basis, with respect to the 
first and third rollers. Similarly, the third roller may be 
designed to be axially adjustable with respect to the first and 
Second rollers. 

0028. The adjusting device may, in a simple way, Sub 
Stantially comprise a thrust element which is connected to 
the axially adjustable roller and to which an eccentric shaft 
is fastened. 

0029. It is also favorable if the not respectively axially 
adjustable rollers are mounted by means of a Swivelling 
away or drawing away device, for Simple and fast threading 
in of the base film. 

0030) A swivelling mechanism, formed by an eccentric 
mounting, may be favorably used for this. 
0031. A coater with a coating gap may be used as the 
application device for the layer material, and a lifting-off 
device for the coater may likewise be provided for threading 
in the base film. 

0032. Furthermore, it is advantageous in practice if bear 
ing means are used, in which two of the first to third rollers 
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can be set with respect to the other (remaining) roller in their 
parallelism to the other (remaining) roller. 
0033 For driving each of the three rollers, a disc-arma 
ture motor with interposed gear transmission and a 
Sychronism control may advantageously be provided. 
0034. It is very favorable if the application device is a 
curtain coater which has a housing with light Shielding 
devices, the latter including elements made of PTFE. 
0035) Furthermore it is very favorable if the application 
device consists of fine feed regulation elements. These 
elements are piston housings with needles moving trans 
verse the coating area of the roller. 
0036). In practice, a nip setting device may be provided 
for the first nip between the first and second rollers and a 
further nip Setting device may be provided for the Second nip 
between the second and third rollers. 

0037. An unwinding station for the base film is equipped 
with a compensating roller control and is arranged upstream 
of the production device for the film or the layer, in order to 
obtain a constant tape tension which can be Set. 
0038 A further drive station with compensating roller 
control may be advantageously provided downstream of the 
production device in the running direction of the film or the 
layer, in order to be able to Set another Suitable tape tension. 
0039. Furthermore, if the ridges are to be provided with 
opacifying layers for reducing transparency, it is expedient 
to arrange a printing station, for printing onto the ridges on 
the rear side of the base film, downstream of the further drive 
Station in the running direction of the film or the layer. 
0040. If desired, a station for applying an adhesive to the 
film or the layer may expediently also be provided down 
Stream of the printing Station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 shows a diagrammatic representation of the 
apparatuS 

0042 FIG.2 shows an additional unit which can be fitted 
into the sectional plane A-A of FIG. 1 
0043 FIG. 3 shows the 3-roller arrangement of the 
apparatus on an enlarged Scale 
0044 FIG. 4 shows an adjusting device for the axial 
adjustment of the rollers 
004.5 FIG. 5 shows a drawing off device of the not 
axially adjustable rollers 
0046 FIG. 6 shows a jack screw device for the roller 
adjustment in two planes 
0047 FIG. 7 shows an eccentric adjusting device for the 
roller nip 
0048 FIG. 8 shows a portion of an anti-copy film with 
cylindrically arched lenses and assigned bars with opacify 
ing layers. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0049. An examplary embodiment of an apparatus accord 
ing to the invention is now described with reference to the 
drawings. 
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0050. An unwinding station 5 comprises a film supply 
roll 6 and a cutting and pasting table 7 for cutting the film 
9 and pasting on the beginning of a new roll. This is 
followed by a compensating roller control 8 for Setting and 
maintaining a specific, as constant as possible tape tension 
in the film 9. 

0051. The lateral alignment of the running of the film 9 
is performed by means of an edge control 10. Thereafter, the 
film enters the film or layer production device 11, passes a 
light barrier 12, is deflected by the deflection roller 13 and, 
at a pressure roller 14, reaches the circumference of the 
smooth roller 15, which has a very planar and smooth 
circumference, and which leads the film 9 into the nip 16, 
which is provided between the smooth roller 15 and the 
neighboring roller 17, the latter having a circumferential 
Structure, in particular a lenticular Structure, and which is 
therefore to be referred to as the lenticular structure roller 
17. From this nip 16, the coated film 9, which is to be 
referred to from now on as film 25, is led around the 
circumference of the lenticular Structure roller 17 and passes 
into a further nip 18 between the lenticular structure roller 17 
and a bar structure roller 19, which has a recessed or 
2-dimensional bar Structure on the circumference. After the 
film 25 has also been led around this roller circumference, 
it leaves the production device and passes via a further light 
barrier 12 into the rolling-up winding station 20, which in 
turn includes a compensating roller control 8 and a cutting 
and pasting table 7, as well as a film or layer winding-up 
roller 21. In the production device 11, radiation sources 22 
are arranged at the circumference of the lenticular structure 
roller 17 and the bar structure roller 19. 

0.052 Into the apparatus layout of FIG. 1 there may be 
fitted the following additional unit, represented in FIG. 2, at 
the Sectional plane A-A. 

0053) The film 25 arriving from the light barrier 12 enters 
a drive Station 23, with compensating roller control 8 and a 
drive roller 24 with pressure roller 14. Thereafter, the film 25 
reaches a printing Station 26, which, apart from a printing 
unit 27, includes a radiation Source 22, a compensating roller 
control 8 and an edge control 10. Thereafter, the printed film 
25 reaches an adhering Station 28, if appropriate with a 
laminating Station 29, in which a Screening film is applied to 
the adhesive layer of the film 25. The adhering station 
includes an adhesive application unit 30 and a radiation 
Source 22 and the laminating Station 29 includes an appli 
cation device 31 for the laminating material 32, which is fed 
from a Supply roll 33 via a cutting and pasting device 7 and 
a compensating roller control 8. 

0.054 FIG.3 shows the main apparatus, to be specific the 
three rollers: Smooth roller 15, lenticular structure roller 17 
and bar structure roller 19, illustrating more precisely their 
relative arrangement with respect to one another. The rollers 
15 and 19 are arranged at the angle d of, for example, 45 
with respect to the horizontal diameter D of the roller 17. 
Provided upstream of the roller 15 are the deflection roller 
13 and the pressure roller 14, which feed the film 9 to the 
roller 15. Indicated in the nips 16 and 18 are amounts of 
coating material as well as coaters 34 and 35, which, as 
application devices, apply the material to the film 9, and to 
the film 25, respectively. The coaters 34, 35 are expediently 
curtain coaters with light shielding devices 79, for example 
made of PTFE, if light-curing materials are used. 
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0055 Radiation sources 22 are provided at the circum 
ferences of the rollers 17 and 19. 

0056. It can also be seen at the rollers 15 and 19 that the 
nips 16 and 18 are adjustable by the amounts Aa or Ab, 
respectively, See the later explanation of the nip Setting 
device. In general, Aa is virtually about equal to Ab and 
Substantially corresponds to the thickness of the base film or 
the base layer. Aa, Ab may also be chosen to be unequal to, 
ie. greater than, the film thickness, in order, for example, to 
increase the focusing distance. 
0057. It is also diagrammatically indicated that each of 
the rollers 15 to 19 also have their own drive motor 15A, 
17A and 19A. Each of these motors 15A to 19A is equipped 
with an own gear transmission (not shown), has a very Small 
moment of inertia and an own tachometer. 

0058 All the motors are coupled to one another via an 
electronic Synchronism control. 
0059. In the case of the exemplary embodiment, the 
smooth roller 15 is expediently provided with the master 
function. That is to say that the motor 15A is the master drive 
unit, which dictates the Speed of the machine and, in 
particular, the speeds of the other rollers 17 and 19. 
0060 Also important here is the compensating roller 
control 8, the compensating roller being coupled to a floating 
roller. Moreover, it is expedient to couple the unwinding and 
winding-up Stations, and if appropriate the drive Station 23 
(after the film production device 11), to the master roller 
control. 

0061. It will be appreciated that the speed adaptation of 
the lenticular structure roller 17 and of the bar structure 
roller 19, respectively, to the smooth roller 15 requires a 
particularly accurate matching of Speeds, Since the quality of 
the film is usually adversely affected by any difference in 
Speed. 
0062). In principle, a high torsion resistance is necessary 
between the roller and the associated drive motor. The 
directly coupled gear transmissions and the tachometers, 
which Supply the actual Speed of the rollers, makes it 
possible to achieve very accurate Synchronism control. 
0063. It is possible, for example, to set the lenticular 
structure roller 17 to 1%io (per mil) faster than the master 
drive (roller 15, 15A), which causes a tension in the film 9. 
Thus, a desired tape tension between the rollers 15 to 19 can 
be set and kept constant. If, for example, the roller nip 
distance (a, b) (and consequently the effective roller diam 
eter) changes, this can be compensated by a corresponding 
adaptation of the Synchronism control. 
0064. For setting the roller nips 16 and 18 (nip widths Aa 
and Ab in FIG. 3), the master roller, smooth roller 15, and 
the bar structure roller 19 can be swivelled toward and away 
from each other by means of eccentric adjusting devices, as 
indicated in FIG. 3. 

0065. A suitable eccentric adjusting device 50 is sketched 
diagrammatically in croSS Section and elevation in FIG. 4. 
0066. In this, 15, 19 denote in cross section and elevation 
the roller to be adjusted, 36 denotes the spindle of the roller, 
37, 38 denote the eccentric shafts, 39-41 denote a combi 
nation of intermeshing gear wheels, 42 denotes various 
mountings of the eccentric shafts 37, 38 and gear wheels 
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39-41, AB denotes an axial drive, 43 denotes a pressure 
plate, 44 denotes a coupling, 45 denotes Spring elements, 46 
denotes a housing and 47 denotes axial guide elements. The 
gear wheel 39 can be turned by flaps 48, whereby the two 
gear wheels 40 and 41 and eccentric shafts 37, 38 are 
Synchronously rotated, with the result that the eccentrics 
preSS against the pressure plate 43 and displace the latter 
axially in the directions of the double-headed arrow. The 
prestressing is provided by the Spring elements 45. In this 
way, axial displacements of the order of 0 to 1 mm can be 
achieved with an accuracy of 1-2 um. 
0067 For threading in and cleaning, the nip 16, 18 can be 
opened to 8 mm. By means of Stop plates (not shown), which 
can be mounted on the lengthened roller Spindle by means 
of thrust sleeves, an exact repetition accuracy is ensured. 
The swivelling itself of the rollers 15 and 19 toward and 
away from each other can be accomplished by means of 
Suitable pneumatic cylinders, which also have the effect of 
compensating for tolerances. 
0068 An alternative adjusting device 60 is represented in 
FIG. 5, on the basis of a drawing away of not axially 
adjustable rollers on a linear guide. 

0069. 15 (19) denotes the fixed, thus here not adjustable, 
roller. Its spindle 49 is held in the rotary bearings 51 A, B. 
0070 The other roller 17 which can be drawn away is 
likewise mounted by a spindle 52 injust Such rotary bearings 
51A. A housing 53, which apart from the rotary bearings 51 
A, B also contains Suitable sliding or rolling elements 54, is 
connected to pneumatic cylinders 55. On actuation of the 
pneumatic cylinders 55, the sliding or rolling elements 54 
move on linear guide rails 56 in the directions of the 
double-headed arrow B. The accuracy of about 1-2 um can 
also be achieved here. 

0071. The coaters 34 and 35 are diagrammatically rep 
resented in FIG. 3, on the one hand by the external outline 
(34) and on the other hand (35) by a setting screw for setting 
the amount to be applied. 

0.072 The entire coater 35, which of course extends over 
the entire width of the film 9, can be lifted off the roller 17, 
by means of a Swivelling toward and away device which is 
not shown but is indicated by double-headed arrows C, for 
cleaning and threading in the film 9, and can Subsequently 
be Swivelled toward the roller again. The same also applies 
to the coater 34. The distance of the coater lip from the roller 
can be Suitably Set by means of Screws. 

0.073 All three rollers, smooth roller 15, lenticular struc 
ture roller 17 and bar structure roller 19, are respectively 
able to be set, on their side where the drive motor 15 A, 17 
A, 19A is not present, in two planes for the axial parallelism 
with respect to one another. The Setting must be performed 
accurately in the micrometer range-accurate to about 1 um 
to about 2 um-and is expediently realized by means of the 
following fine-Setting bearing device 90 using jack Screws, 
as shown in FIG. 6. 

0.074 The bearing device 57 is mounted in a cruciform 
manner between 4 setting devices 58 A-D. These respec 
tively comprise a jack foot 59, a screw bolt 61, a holding 
means 62, a threaded bore 63 and a check nut 64. If the 
screw bolt is turned into the threaded bore 63, the bearing 
device 57 moves in the direction of longitudinal movement, 

Apr. 24, 2003 

in other words downward (arrow a) in the case of the upper 
Setting device 58 A and consequently upward in the case of 
58 C, to the left in the case of 58 B and to the right in the 
case of 58 D (see arrows b-d). 
0075) The jack foot 59 thereby presses on the bearing seat 
65. 

0076 Apart from an eccentric adjusting device 50 in 
FIG. 4, an eccentric adjusting unit 70, represented in FIG. 
7, can also be used for setting the roller nips 16 and 18 (FIG. 
1). 
0077. The unit 70 comprises a stationary housing 66, to 
which a thrust sleeve 67 is fixedly screwed. A plate 68 is 
connected via the thrust sleeve 67 to the roller 15 (19), 
represented in the Swivelled away position as a dash-dotted 
circle 69 and at the top left as a dash-dotted circle fragment 
71, and is coupled to the lifting cylinder 72. 
0078. On the plate 68 are thrust bolts 73 A and 73 B, 
which interact with adjustable stops 74 A and 74 B. If the 
lifting cylinder 72 extends (in the direction of the lifting 
cylinder 72 indicated by dashed lines), the roller 15 (19) 
rotates together with the plate 68 in the clockwise direction, 
with the result that the roller is moved into its Swivelled 
away position (circle segment 71), to be precise to Such an 
extent that the thrust bolt 73 A bears against the adjustable 
stop 74 A. (The setting of the stop 74A, 74 B can be fixed 
by means of the check nut 75.) 
0079 If the nip is then measured on the left-hand and 
right-hand Side of the rollers by means of feeler gauges, the 
nip width can be corrected if there are any deviations by 
adjusting the stop 74 A, 74 B. The bearing means 81 to 84 
may likewise be designed as axial parallelism precision 
setting devices, like the devices 58 A-58D in FIG. 6. 
0080. The method to be carried out with the present 
apparatus Substantially comprises first of all creating the 
lenticular structure by coating (for example by means of a 
curtain coating process), curing the lenticular structure by 
thermocuring or radiation curing and then, without the 
lenticular structure having left the structure roller (lenticular 
structure roller 17), coating the rear side of the film with a 
raised or 2-dimensional bar Structure which is perpendicu 
larly opposite the lenses and is in register with the lenticular 
Structure, and curing Said bar Structure, in particular by the 
Same coating and curing method and in particular using the 
Same curable polymer materials. 
0081. The coating material, for example a photoresist 
material, for example ZM-2483 R from Morton Interna 
tional Inc., USA or Craigcoat 1051 X from Craig Adhesives 
al Coatings Co., USA, is metered in a coater which can be 
closed with respect to the at least one metering device. A 
film, in particular made of polyethyleneterephthalate (PET) 
runs between the Smooth roller 15 and the lenticular struc 
ture roller 17, wrapping around each through 180, on over 
a third roller (bar structure roller 19), by means of which a 
rearside Structure or a 2-dimensional pattern is applied to the 
rear side of the film. Both coaters are expediently of the 
same design. As indicated in FIG. 3, the coater 34, 35 
comprises a vat with light shielding devices 79 made of 
polymer film material, in particular as a Sealed termination 
with respect to the roller 17, 19. 
0082) Small nip distances are used during operation, ie. 
the Smooth roller 15 is pressed only lightly against the 
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lenticular structure roller 17, the photoSensitive resin mate 
rial, for example photoresist is released via the coater to the 
metering device and passes onto the film, is taken along by 
the latter and passes under the relief cavities of the circum 
ferential structure of the roller 17 or else, if the roller 19 is 
designed as a Structure roller, under the relief cavities of the 
roller 19. After a predetermined angle of roller wrap of about 
130-170, based on the 45 arrangement of the rollers 15 and 
19 with respect to the roller 17, the resin material layer is 
dried by means of radiation through the transparent film. 
There may be a plurality of radiation Sources 22, in order to 
obtain low residence times in the radiation region, in order 
that it is possible to operate at high film transporting Speeds. 
0083) The nip setting devices 50 and 70 and also the axial 
parallelism Setting bearing device 90 are examples of a 
technical configuration of Such Setting means in the range of 
about 1 to about 2 mm. Other equivalent and equally 
accurate means can also be used for these purposes. 
0084. In this application, reference is made at one and the 
Same time to a film and a layer; this has the following 
meaning. 

0085. A film is always intended to mean a film which is 
provided at least on one side with a layer, as Specified by the 
above method of application. 
0086) However, it is also possible in principle to produce 
a Self-Supporting layer by the method described by means of 
the apparatus described and to cure it directly by means of 
radiation and then apply a further Structural or 2-dimen 
sional layer to it by means of the roller 19. 
0.087 For the purposes of the present invention, radiation 
is taken to mean radiation generated by all electromagnetic 
Sources, also including UV radiation, IR radiation and 
corpuscular radiation (for example electron beams). Suitable 
as materials for producing the layer of lenticular structure 
and the layer of bar structure are photoresist materials, 
known in the form of negative resists and positive resists. 
0088. These materials differ functionally in that the nega 
tive resist cures at the exposed locations and the positive 
resist becomes better Soluble, in other words can be washed 
out, at the exposed locations. 
0089 Negatively operating photoresists are generally 
based on photopolymerizable mixtures which, apart from a 
polymeric binder, contain a photopolymerizable compound 
with a photoinitiator. Such mixtures contain, for example, 
partially cyclized polyisoprene as the polymerizable com 
pound and a diazide compound as the light Sensitive bifunc 
tional crosslinking agent (photoinitiator). Also known are 
partially cyclized polybutadiene as the polymerizable com 
pound and diazides (see above). 
0090 Positively operating photoresists are conventional 
Systems comprising a photoinsensitive alkaline-Soluble 
matrix based on Novolaks and a photoSensitive component, 
which acts as a solubility inhibitor and is converted by 
exposure into alkaline-Soluble products, with the result that 
the entire exposed regions are Soluble in the alkaline devel 
oping Solvent. 
0.091 Also known as resists for the short-wave UV range 
are, for example, polymethylmethacrylate, copolymers of 
methylmethacrylate and indenone as well as of methyl 
methacrylate and 3-oximino-2-butanone as the photoactive 
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component. Likewise known are two-component Systems of 
a polymethylmethacrylatecomethacrylic acid matrix and 
o-nitrobenzylene esters, for example esters of cholic acid, as 
solubility inhibitors. 
0092 Suitable photoresist materials may be selected and 
used with advantage for the purpose of the invention, if 
appropriate using Suitable transparent adhesives or adhesion 
promoters. 

0093. Other suitable resin materials with Suitable photo 
initiators can also be used for the purposes of the present 
invention. It is important here that the curing process pro 
ceeds in a relatively short time and that little or no Subse 
quent Work, ie. developing, drying etc., is necessary. 
0094. An anti-copy film produced by the method and the 
apparatus described above is explained below with reference 
to the representation in FIG. 8. 
0095. An anti-copy film 80 comprises in cross section 
(diagrammatically represented) a layer of lenses 76, a base 
film 77 and a layer of bars 78. The layer of lenses 76 
comprises raised individual lenses U, which have, for 
example, a cylindrically arched form (L). The layer of bars 
comprises raised bars B, which have, for instance, a cuboidal 
form (rectangular form in croSS Section). Provided in 
between is the base film 77, which serves as a Substrate for 
the layers 76 and 78 and is formed in the commercially usual 
way with a very uniform thickness and preferably consists of 
polyester, for example polyethyleneterephthalate (PET). The 
thickness tolerances of commercially available 100 um films 
lie in the range of about t1 um. In principle, films with a 
thickness of about 10 um to about 125 um can be expedi 
ently used. 

0096) The layer of lenses 76 and the layer of bars 78 may 
be produced as embossed or coated layerS from thermoplas 
tic and thermocurable materials with the respective lens-arch 
or cuboidal structure. Because of the necessary register of 
each lens arch with each cuboidal bar, it is more favorable 
to produce firstly the lens-arch Structure and then to produce 
the bars optically through the finished lens arches (in a way 
similar to in EP-B 655 032), best of all by a curing process 
by means of optical radiation. 
0097. It is advantageous firstly to produce the lens-arch 
Structure, by using pourable polymers which are thermo 
plastic and radiation curable, for example photoresists Such 
as acrylic resin, with additives curing by UV light, and 
Subsequent curing, for example by means of UV or laser 
light, and to produce the cuboidal bar Structure in enforced 
register with Said lens arch Structure with the same or similar 
radiation curing materials. Production may take place con 
tinuously in webs, in other words over correspondingly 
Surface-structured rollers with extremely high accuracy. 

0098. In FIG. 8, the middle lens arch L is provided with 
a center line M and has an aperture angle 20 of about 60. 
The base length is denoted by d and is determined by the 
number of lens arches per unit of length, which may range 
from about 50 to about 800 lens arches per cm and in the 
example lies around 100/cm. With the angle 0 and the 
length d/, the height h is obtained arithmetically. 
0099. The bars B are of approximately rectangular form 
in croSS Section and have a minimum thickness b of about 4 
tim, without possible printed layers, and of preferably about 
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5 to about 10 um with printed layers DR, which have twice 
the thickness c. The center line M of lens arch L and bar B 
Symbolizes the ideal relative arrangement with respect to 
each other, which, however, cannot be achieved in practice. 
Therefore, the deviating center lines M1 and M2 have been 
drawn in alongside the line M to the right and left; the 
distance from M represents the Symmetry tolerance devia 
tion Al, it being intended for Al to mean only the displace 
ment of the bar B by the bar width 1 to the right or left, as 
shown by dashed lines. This symmetry tolerance deviation 
Al is to be, according to the invention, at most about +15%, 
in particular about +3 to about +5%, of the bar width l, if the 
properties of the anti-copy film are to be retained. The bar 
width l is to be chosen in principle Such that at most about 
80% of the surface area of the document not to be copied is 
Screened, in order that it is still ensured that the document is 
legible for people in spite of the anti-copy film applied to it. 
0100. The anti-copy film described is designed for pre 
venting copying by means of copiers with an aperture angle 
in the range from about 20 to about 50, the aperture angle 
being the greatest aperture angle of the optical System of the 
respective copier. 
0101 Small aperture angles, that is more in the central 
region of the document, are not critical. The greatest aper 
ture angles cover the edge region of the document and are 
therefore also critical in the Sense of preventing copying. In 
practice, a photocopier of the Ricoh FT 5535 type, with a 
maximum aperture angle of about 44, was taken as a basis 
for the example in FIG. 8. 
0102) In FIG. 8, a double printed layer DR has been 
applied to the bar thickness b, Since it has been found to be 
advantageous to print two thinner layers one after the other 
rather than one thicker layer on its own. 
0103) This printed layer DR may be applied, for example, 
in the printing station 26 in FIG. 2. 
0104. The materials of the layers for the lens arches Land 
the bars B is in each case a material which is as transparent 
as possible (including after curing), as also in case of the 
base film 77, in order to utilize the optical properties of the 
film as well as possible. 
0105 The base film made of polyester has the advantages 
of being optically transparent, economical and dimension 
ally stable. Also coming into consideration would be, for 
example, a poly Sulfone film, in particular because of its 
higher refractive indeX than polyester, but it is uneconomical 
because of its much higher costs. The greater refractive 
indeX allows a Smaller bar width l with an unchanged 
aperture angle or a greater aperture angle of the copier with 
an unchanged bar width 1. 
0106 With a raised formation of the bars B as the coated 
layer, a minimum thickness of about 3 um is necessary, as 
described above. 

0107. It is, however, quite conceivable to design the roller 
19 as a printing roller and to form printed layers of about 
0.5-1 um thickness in bar form or in other forms, but in a 
fixed, geometrical and optical relative arrangement with 
respect to a layer of lenses on the other Side of the film or 
the layer. 
0108 Such 2-dimensional formations can be used in 3-D 
representations and other optical indicia, Security markings, 
etc. 
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0109) If actinic radiation sources are used as light 
Sources, it is of course favorable, as mentioned Several times 
above, also to choose the printing inkS and adhesive mate 
rials correspondingly, in order to be able to use the same 
radiation Sources for all the application and curing or drying 
processes, in order to obtain an optimum production flow 
without great residence times. 
0110. The great advantage of the 3-roller contact method 
and the apparatus described is, in particular, that the film or 
the layer is taken along in contact with each pair of rollers 
at every point in time of the coating and of production. 
0111. The invention described relates to advantageous 
methods of and apparatuses for producing a transparent film 
or a transparent layer with a Surface Structure at least on one 
Side and, on the other Side, in register with Said Surface 
Structure, a structural or 2-dimensional pattern, which oper 
ate with at least two rotating rollers and layer application 
between them and curing of a structural layer. By means of 
a third rotating application roller, a further layer can be 
applied in register to the rear Side of the Structural layer and 
can be cured. The rollers and roller nipS can be set very 
accurately by suitable devices. The rotation of all the rollers 
is controlled by a master drive. 

We claim: 
1. A method of producing a film or a layer with a Surface 

Structure at least on one side of a base film and, on the other 
Side, in register with Said Surface Structure, a structural or 
two-dimensional pattern, which are produced by means of a 
first roller and a Second roller, provided with a circumfer 
ential Structure, the rollers being driven in approximately 
equally fast, but opposite rotation, and the film or the layer 
being produced by applying a layer of thermoplastic poly 
mer to a film fed to the second roller via the first roller, in 
which method there is a third roller, which is arranged 
downstream of the Second roller, is driven approximately 
equally fast and in the opposite direction to the Second roller 
and is likewise provided with a structural or 2-dimensional 
pattern, and in which method a further layer of thermoplas 
tic, radiation-curable polymer material is applied to the other 
side of the base film, which has been fed to the third roller 
via the Second roller and was already coated at least on one 
Side, and in which method the polymer layer on the outer, 
other side of the base film is radiation cured. 

2. A method as claimed in claim 1, in which there is a film 
or a layer which has as a Surface Structure on one side a 
multiplicity of identical, parallel, elongate lenticular struc 
tures, in particular of cylindrically arched form, and is 
provided on the other Side with mutually assigned parallel 
lines or grooves or ridges in register with Said Structures. 

3. A method as claimed in claim 1, in which there is a film 
or a layer which has as a Surface Structure a multiplicity of 
parallel arcuate lenses. 

4. A method as claimed in claim 1 or 2, in which there is 
a film or a layer which has as the Surface Structure on the 
other side a multiplicity of parallel ridges, in particular of 
rectangular form. 

5. A method as claimed in claim 2, wherein the lenticular 
Structure on one side and the parallel lines, grooves or ridges 
on the other Side are produced after each other in time, in 
particular immediately after each other, and in register with 
each other. 
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6. A method as claimed in claim 2 or 4, wherein the lenses 
and ridges consist of a UV-curable polymer, in particular an 
acrylic resin. 

7. A method as claimed in claim 6, wherein the polymer, 
in particular the acrylic resin, contains up to 30% by weight 
of pigments for reducing transparency. 

8. A method as claimed in claims 1 and 4, wherein the 
ridges are provided with optically opacifying layers, in 
particular Said layers are printed on. 

9. A method as claimed in claim 8, wherein the at least 
two, preferably eight, optically opacifying layers are printed 
onto the ridges. 

10. A method as claimed in one or more of claims 6 to 9, 
wherein the maximum transparency of the ridges is about 
7%. 

11. A method as claimed in claims 1 and 4, wherein the 
width of the ridges is chosen Such that the same cover and 
render opaque at most about 80% of the surface area of the 
film or of the layer. 

12. Apparatus for producing a film or a layer with a 
Surface Structure at least on one side of a base film and, on 
the other Side, in register with Said Surface Structure, a 
Structural or 2-dimensional pattern, by means of a first roller 
and a Second roller, provided with a circumferential Struc 
ture, which rollers are driven in approximately equally fast, 
but opposite rotation, and by means of an application device 
for a layer of thermoplastic polymer to be applied to the base 
film fed to the second roller via the first roller and by means 
of a radiation Source for curing through the film the polymer 
layer bearing against the circumference of the Second roller, 
wherein the second roller is followed downstream by a third 
roller, which is also driven approximately equally fast and in 
the opposite direction to the Second roller and is likewise 
provided with a structural or 2-dimensional pattern, and by 
means of an application device for a further layer of ther 
moplastic, radiation-curable polymer material to be applied 
to the other side of the film, which has been fed to the third 
roller via the Second roller and was already coated at least on 
one side, and by means of a radiation Source for curing the 
polymer layer on the outer other side of the base film. 

13. Apparatus as claimed in claim 12, in which there is a 
film or a layer which has as a Surface Structure on one side 
a multiplicity of identical, parallel, elongate lenticular struc 
tures, in particular of cylindrically arched form, and is 
provided on the other Side with mutually assigned parallel 
lines, grooves or ridges in register with Said structures. 

14. Apparatus as claimed in claim 12, wherein the Second 
roller has a Surface Structure with a multiplicity of identical, 
parallel arcuate grooves. 

15. Apparatus as claimed in claim 12 or 14, wherein the 
first roller has a Smooth Surface. 

16. Apparatus as claimed in claim 12 or claims 12 to 15, 
wherein the third roller has as a Surface Structure a multi 
plicity of parallel grooves, in particular of rectangular form. 

17. Apparatus as claimed in claim 15, in which there is at 
the first roller a contact roller, by means of which the base 
film for the production of a film or a layer is fed to the 
circumference of the first roller. 

18. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 17, wherein the first roller serves as a master 
drive roller, for controlling the rotational Speed of the Second 
and third rollers. 

19. Apparatus as claimed in one or more of claims 12 to 
18, wherein the Second roller is designed to be axially 
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adjustable by means of an adjusting device, in particular an 
eccentric adjusting device, with respect to the first and third 
rollers. 

20. Apparatus as claimed in claim 19, wherein the adjust 
ing device Substantially comprises a thrust element which is 
connected to the axially adjustable roller and with which an 
eccentric shaft is in contact (FIG. 4). 

21. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 20, wherein the not respectively axially adjust 
able rollers are mounted by means of a Swivelling away or 
drawing away device (FIG. 5) for threading in the base film. 

22. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 21, wherein the application device is a coater 
with at least one metering device, and a lifting-off device is 
provided for threading in the carrier film. 

23. Apparatus as claimed in claim 21, wherein the Swiv 
elling mechanism comprises an eccentric mounting. 

24. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 23, in which there are bearing means, in which 
two of the first to third rollers can be set with respect to the 
other roller in their axial parallelism to the respectively other 
roller. 

25. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 24, wherein, for driving each of the three 
rollers, there is provided a drive motor with an interposed 
gear transmission and an electronic Synchronism control. 

26. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 25, wherein the application device is a curtain 
coater which has a housing with light Shielding devices, the 
latter including elements made of polytetrafluoroethylene. 

27. Apparatus as claimed in claim 12 and one ore more of 
claims 13 to 25, wherein the application device consists of 
fine feed regulation elements which have a housing with 
light Shielding devices, the latter including elements made of 
polytetraflouroethylene. 

28. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 27, wherein a nip Setting device for the first nip 
between the first roller and the second roller and a further nip 
Setting device for the Second nip between the Second and 
third rollers are provided. 

29. Apparatus as claimed in claim 12 and one or more of 
claims 13 to 28, wherein an unwinding Station for the base 
film with compensating roller control is provided upstream 
of the production device of the film or the layer. 

30. Apparatus as claimed in claim 28, wherein a further 
drive station with compensating roller control (8) is pro 
vided downstream of the production device of the film or the 
layer in the running direction of the film or the layer. 

31. Apparatus as claimed in claims 28 and 29, wherein a 
printing Station for printing onto the ridges on the other Side 
of the film or the layer is provided downstream of the further 
drive Station in the running direction of the film or the layer. 

32. Apparatus as claimed in claims 28 and 29, wherein a 
Station for applying an adhesive to the film or the layer is 
provided downstream of the printing Station in the running 
direction. 

33. Apparatus as claimed in claims 28, 29 and 32 wherein 
a laminating Station for laminating a Screening film onto the 
adhesive layer of the film or the layer is arranged down 
Stream of the adhering Station in the running direction. 

34. Apparatus as claimed in claim 31 co 32 or 33, wherein 
the winding-up Station for the film or the layer is provided 
downstream of the printing Station or adhering Station or 
laminating Station. 


