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(57) Abstract: A security device has a lenticular device
comprising an array of lenticular focusing elements (2);
a corresponding array of sets of image strips (1-4), the
sets of image strips having substantially the same peri-
odicity as, or an integral multiple of the periodicity of,
the array of lenticular focusing elements. The image
strips (1-4) are formed and the focusing elements (2)
located relative to the image strips such that at each of a
plurality of viewing angles (A-D), a respective one im-
age strip from each set is viewed in response to incident
light falling on a respective lenticular focusing element.
The image strips (1-4) are constructed such that the
device presents a cyclically repeating sequence of im-
ages as the device is viewed at successive viewing
angles, the image sequence comprising a change in form
of an image between a first form and a second form and
then a reversal of the sequence back to the first form, the
combined image sequences presenting a contiguous vari-
ation in the image form.
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SECURITY DEVICE

The invention relates to a security device, for example for use on articles
of value such as banknotes, cheques, passports, identity cards, certificates of
authenticity, fiscal stamps and other documents for securing value or personal
identity.

Many different optical security devices are known of which the most
common are holograms and other diffractive devices which are often found on
credit cards and the like. Itis also known to provide security devices in the form
of moiré magnifiers as, for example, described in EP-A-1695121 and WO-A-
94/27254. A disadvantage of moiré magnifiers is that the artwork is more
restricted, for instance an animation effect would not be possible with a moiré
magnifier. It has also been known that so-called lenticular devices can be used
as security devices as, for example, described in US-A-4892336. However,
these devices have been difficult to verify by the untrained observer. In the
above approaches there is a need for a very precise register between the
microlenses and printing. In fact, in US-A-4892336 this need for precise register
is put forward as one of the advantages of that invention in that it makes it very
much more difficult to counterfeit such security devices. On the other hand, for a
security device to be useful commercially, genuine devices must be relatively
easy to manufacture since otherwise production costs will be prohibitive.

US-A-4765656 also describes a security device made using a lenticular
screen and in this case the microimages are formed by direct laser writing
through the microlenses which are already in situ in the device. Again, this
approach is not suited to mass production techniques although it does achieve
exact register between the lenses and images.

Further examples of lenticular devices are described in WO-A-
2011/051668, US-A-6016225 and US-B-7359120.

In most lenticular devices, it is a requirement to register the cylindrical
lens array with the underlying sets of image strips. However, with reducing lens
periodicity or pitch, provision of this register becomes increasingly difficult to
maintain during the manufacturing process resulting in a scenario where the two

arrays may no longer have the desired register. This has drawbacks in that it is
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more difficult to control when successive switches occur between images and
also it is not possible accurately to determine which image will be seen at any
particular viewing angle. This is undesirable in the case of a security device.

In accordance with a first aspect of the present invention, we provide a
security device having a lenticular device comprising an array of lenticular
focusing elements; a corresponding array of sets of image strips, the sets of
image strips having substantially the same periodicity as, or an integral multiple
of the periodicity of, the array of lenticular focusing elements, wherein the image
strips are formed and the focusing elements located relative to the image strips
such that at each of a plurality of viewing angles, a respective one image strip
from each set is viewed in response to incident light falling on a respective
lenticular focusing element, the image strips being constructed such that the
device presents a cyclically repeating sequence of images as the device is
viewed at successive viewing angles, the image sequence comprising a change
in form of an image between a first form and a second form and then a reversal
of the sequence back to the first form, the combined image sequences
presenting a contiguous variation in the image form.

In accordance with a second aspect of the present invention, a method of
manufacturing a security device comprises providing a lenticular device
comprising an array of lenticular focusing elements and a corresponding array of
sets of image strips, the sets of image strips having substantially the same
periodicity as, or an integral multiple of the periodicity of, the array of lenticular
focusing elements, wherein the image strips are formed and the focusing
elements located relative to the image strips such that at each of a plurality of
viewing angles, a respective one image strip from each set is viewed in
response to incident light falling on a respective lenticular focusing element, the
image strips being constructed such that the device presents a cyclically
repeating sequence of images as the device is viewed at successive viewing
angles, the image sequence comprising a change in form of an image between a
first form and a second form and then a reversal of the sequence back to the first
form, the combined image sequences presenting a contiguous variation in the

image form.
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We have developed a lenticular device for use as a security device which
does not require registration between the lenticular focusing elements on the
one hand and the sets of image strips on the other thus making it easier to
manufacture but which generates the effect of a cyclic change in form, such as
an expansion and contraction and/or change in shape, of an image. The
snapshot of each set of images is such that the number of steps relating to the
first part of the sequence is preferably equal to the number of steps related to
the second part of the sequence during which the first part is reversed.

In a preferred example the series of contraction steps and the change in
image size between each contraction step mirrors the series of expansion steps
and the change in image size between each expansion step.

In the preferred examples, the first and second forms have the same
shape but are for example of different size (contracted and expanded
respectively) but in other examples, the sequence may involve a change in
shape of the image. For example, the image could change from a circle to a star
and then back to a circle. In this case, there will be a contiguous set of
intermediate images in between the two complimentary shapes

In some cases, the image strips defining the first form of the image at the
end of one sequence also define the first form of the image at the beginning of
the next sequence.

In other cases, the image strips at the beginning and end of each
sequence have half the width of the other image strips.

The reasoning behind the use of a half strip is as follows:

Suppose the animation sequence was purely symmetric i.e. the last
symbol and the first symbol are the same i.e. 1,2,3,2,1

Now for the conventional cyclic option wherein the last strip of the first
sequence is dropped and we revert back to the first element of the next
sequence — then at one viewing angle tilt we will never see that full sequence

Instead in

- a registered scenario we might see: 1,2,3,2

- or in a mis-registered scenario we might see 3.21,2,0r 2,3,2,1
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In the half strip version, strips are provided for the full symmetric scenario 1,

1,2,3,2,1
- therefore in a registered scenario we have 1, 2,3,2,1

- orin a mis-registered scenario we have 3,.21,1,20r2,3,2,1,1

Clearly we see that the missed strip and half strip scenarios perform the
same in the mis-register scenarios — however the half width works better in
scenarios were the array is registered either fortuitously or by design.

The lenticular focusing elements typically comprise cylindrical lenses but
could also comprise micromirrors. The periodicity and therefore maximum base
diameter for the lenticular focussing elements is preferably in the range 5-
200um, more preferably 10-60um and even more preferably 20-40um. The f
number for the lenticular focussing elements is preferably in the range 0.25-16
and more preferably 0.5-2.

The image strips can be simply printed onto the substrate although it is
also possible to define the image strips using a relief structure. This enables
much thinner devices to be constructed which is particularly beneficial when the
security device is used with security documents.

The relief structures can be formed by embossing or cast-curing. Of the
two processes mentioned, cast-curing provides higher fidelity of replication.

A variety of different relief structures can be used as will be described in
more detail below. However, the image strips could simply be created by
embossing/cast-curing the images as diffraction grating areas. Differing parts of
the image could be differentiated by the use of differing pitches or different
orientations of grating. Alternative (and/or additional differentiating) image
structures are anti-reflection structures such as moth-eye (see for example WO-
A-2005/106601), zero-order diffraction structures, stepped surface relief optical
structures known as Aztec structures (see for example WO-A-2005/115119) or
simple scattering structures. For most applications, these structures could be

partially or fully metallised to enhance brightness and contrast.
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Typically, the width of each image strip formed by a relief or by printing is
less than 50 microns, preferably less than 20 microns, most preferably in the
range 1-10 microns. For printed strips the minimal achievable line width will be >
than 1um and more typically 5um or more. The upper limit will remain at 50um
consistent with the maximum lens base diameter and periodicity of 200um.

The security device can be used as a stand alone device but could also
include other devices. For example, the image strips may be provided in a
substrate which is also provided with a holographic structure, separate from the
lenticular device.

Microimages suitable for moiré magnification could be provided on a
substrate with a moiré magnification lens array located over the microimages.
This moiré magnification lens array could be provided in or on the same surface
as the lenticular focusing elements.

The security device may comprise a metallised layer either as part of the
image structures or as an additional layer. Preferably such a layer is selectively
demetallised at a number of locations. In addition the device may further
comprise a layer of resist upon the metallised layer. The metallised layer and/or
the layer of resist are preferably arranged as indicia.

It is also preferred that the device is arranged to be machine-readable.
This may be achieved in a number of ways. For example at least one layer of the
device (optionally as a separate layer) may further comprise machine-readable
material. Preferably the machine-readable material is a magnetic material, such
as magnetite. The machine-readable material may be responsive to an external
stimulus. Furthermore, when the machine-readable material is formed into a
layer, this layer may be transparent.

The security device may be used in many different applications, for
example by attachment to objects of value. Preferably, the security device is
adhered to or substantially contained within a security document. The security
device may therefore be attached to a surface of such a document or it may be
partially embedded within the document. The security device may take various
different forms for use with security documents, these including a security
thread, a security fibre, a security patch, a security strip, a security stripe or a

security foil as non-limiting examples.
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Some examples of security devices and methods according to the
invention will now be described and contrasted with a known device with
reference to the accompanying drawings, in which:-

Figure 1 is a schematic cross-section through a known lenticular device;

Figure 2 is a perspective view from above of a modified form of the
known lenticular device of Figure 1;

Figure 3 illustrates the appearance of the device of Figure 2 at different
tilt angles;

Figure 4 is a schematic cross-section similar to Figure 1 but through a
comparative example;

Figure 5 illustrates the images seen at different viewing angles for the
device of Figure 4;

Figure 6 shows the views of Figure 5 but illustrating the progression of
the animation sequence;

Figure 7 is a view similar to Figure 4 but in which the image strips are not
registered to the lenticular lenses;

Figure 8 is a view similar to Figure 6 but showing the animation sequence
for the Figure 7 example;

Figure 9 illustrates the images seen at different viewing angles of an
example of a device according to the invention in the initial or particular
scenario in which the image strips are registered to the lenticular lenses;

Figure 10 is a schematic cross-section through the device used to create
the images of Figure 9;

Figure 11 illustrates the animation sequence on tilting the device shown
in Figure 10;

Figure 12 is a view similar to Figure 10 but in which the image strips are
not registered to the lenticular lenses;

Figure 13 is a view similar to Figure 11 but for the Figure 12 device;

Figure 14a illustrates another example of an image sequence and Figure
14b illustrates the full sequence observed as the device is tilted;

Figure 15 is a schematic cross-section through the device used to form

the image sequence shown in Figure 14;
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Figure 16a illustrates another repeating sequence and Figure 16b the
appearance of that sequence as the device is tilted;

Figure 17 is a view similar to Figure 15 but in which the image strips are
not registered with lenticular lenses;

Figures 18a and 18b are views similar to Figures 16a and 16b
respectively but for the device shown in Figure 17;

Figures 19 and 20 illustrate further examples of image sequences;

Figure 21 illustrates a pumping device image;

Figure 22 is a schematic cross-section through a further example of a
device according to the invention;

Figure 23 illustrates the appearance of the device shown in Figure 22 as
it is tilted;

Figure 24 illustrates a security thread according to the invention;

Figures 25A-25| illustrate different ways of implementing the relief
structure for the image strips;

Figure 26 illustrates the steps involved in a method of manufacturing a
security device according to the invention;

Figures 27a and 27b illustrate schematically cross-sections through two
different lenticular devices for creating complementary sequences;

Figures 28a to 28e illustrate a windowed security thread based on the
Figure 27 example;

Figures 29a and 29b are schematic cross-sections through further
examples of security devices according to the invention in a registered scenario
and an unregistered scenario respectively;

Figures 30a and 30b illustrate the image sequences corresponding to
Figures 29a and 29b respectively; and,

Figures 31 and 32 illustrate an animation sequence and the construction
of a further example of a lenticular device for generating the animation sequence
respectively in which multiple sets of images are provided under each microlens.

A known lenticular device is shown in Figures 1-3. Figure 1 shows a
cross-section through the known lenticular device which is being used to view
images A-G. An array of cylindrical lenses 2 is arranged on a transparent

substrate 4. Alternatively, in this and the following examples, the lenses 2 could
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be formed directly in the substrate 4. Each image is segmented into a number of
strips, for example 10 and under each lens 2 of the lenticular array, directly on
substrate 4, or on or in a transparent layer 3 (as shown), there is provided a set
of image strips corresponding to a particular segmented region of images A-G.
Under the first lens the strips will each correspond to the first segment of images
A-G and under the next lens the strips will each correspond to the second
segment of images A-G and so forth. Each lens 2 is arranged to focus in the
plane of the strips such that only one strip can be viewed from one viewing
position through each lens 2. At any viewing angle, only the strips
corresponding to one of the images (A,B,C etc.) will be seen through the
corresponding lenses. As shown, each strip of image D will be seen from
straight on whereas on tilting a few degrees off-axis the strips from images C or
E will be seen.

The strips are arranged as slices of an image, i.e. the strips A are all
slices from one image, similarly for B, C etc. As a result, as the device is tilted a
series of images will be seen. The images could be related or unrelated. The
simplest device would have two images that would flip between each other as
the device is tilted. Alternatively, the images could be a series of images that
are shifted laterally strip to strip generating a lenticular animation effect so that
the image appears to move. Similarly, the change from image to image could
give rise to more complex animations (parts of the image change in a quasi-
continuous fashion), morphing (one image transforms in small steps to another
image) or zooming (an image gets larger or smaller in steps).

Figure 2 shows the lenticular device in perspective view although for
simplicity only two image strips per lens are shown labelled A,B respectively.
The appearance of the device shown in Figure 2 to the observer is illustrated in
Figure 3. Thus, when the device is arranged with its top tilted forward (view
TTF), the image strips A will be seen defining a star image while when the
device is arranged with its bottom tilted forward (view BTF) then the image strips
B defining a “10” will be seen.

Figures 4-8 illustrate the problems associated with poor registration
between the image strips and lenticular lenses in known devices. Figure 4 shows

a cross-section through a further example of a lenticular device which is being
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used to view images 1-5 at viewing angles or views A-E respectively, with
individual strips of the images being shown. Figure 5 illustrates the images seen
at Views A-E. In this case there are a series of images 1-5 that are shifted
laterally strip to strip generating a lenticular animation effect so that the image
appears to move and in addition the image expands as this movement occurs.
Thus each image 1-5 has the same shape (chevron) but is larger than its
predecessor. The successive images also appear at successive locations to the
right (in the direction of the chevron pointer). This expansion and movement is
represented by the animation steps 1,2,3,4,5. In the Figure 4 example views A-E
correspond directly to animation steps 1-5 as the image strips are registered to
the lenticular lenses.

Figure 6 shows the progression of animation sequence on tilting from
view A to view E for the case where the image strips are registered to the
lenticular lenses. In this case the image is seen to expand sequentially and
contiguously through animation steps 1-5 as the view is changed from A through
to E.

Figure 7 shows a similar cross-section to that shown in Figure 4 but in
this case the image strips are not registered to the lenticular lenses. This could
occur when it is not possible or it is technically challenging to control the
registration and therefore it is not possible to control which part of the animation
sequence is seen at which view. In the example in Figure 7 image 3 is now
seen at view A and image 5 is now seen at view C etc. This results in a non
contiguous or non progressive animation sequence in the final security device
which would serve to confuse the obsever and is thus considered undesirable in
respect of providing a consistent and predictable optically variable effect.  This
is illustrated in Figure 8 where on tilting the device the viewer will typically start
at View A which now corresponds to animation step 3 and then on titling through
View B and C will see a gradual expansion and movement through animation
steps 4 and 5. The problem occurs when progressing from view C to view D as
there is now a sudden jump in image size between animation steps 5 and 1
which doesn’t correlate with the progressive or contiguous changes in the
proceeding and or succeeding animation steps and is thus not desirable when

the authenticator is expecting to see a gradual expansion. Furthermore if it is
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not possible to control the registration, this sudden jump will occur at different
Views for different batches of the security device which leads to confusion in the
mind of the authenticator.

The current invention removes the requirement of registering the image
strips to the lenticular lenses by using an image sequence which exhibits a
typically gradual cyclic variation in form e.g. contraction and expansion effect
and this gradual change is observed irrespective of which animation step is
observed at which view. This will now be illustrated in the following diagrams.

Figure 9 shows a cyclic expansion and contraction animation sequence
suitable for use in the current invention. It can be seen that the contraction steps
mirror the expansion steps in both the number of steps and the change in image
size between them. Thus image 2 is the same shape and size as image 4
(although at a different location).

Figure 10 shows the cross-section of a lenticular device used to view the
animation sequence through four views A to D, each defining the same viewing
angle, and initially the image strips being registered to the lenses 2. One of the
important aspects of this animation sequence is that the same image is used for
the end and start of the animation sequence in this case the image strips used to
represent the first image 1 in the animation sequence. Thus, the single
sequence of images defined by the image strips does not form the complete
sequence of images. This reduces the number of image strips that need to be
provided but also leads to a more effective security device since the repeating
sequence is truly continuous. Thus, if the image strips were of the same width
and defined the complete sequence of images from image 1 back to image 1
then adjacent image sequences would present successive views of image 1.
Thus image 1 would appear for twice as long as the other images as the devices
was tilted which would lead to confusion in the mind of the authenticator.

Figure 11 shows the progression of the sequence of images as the
device of Figure 10 is tilted and viewed from views A-D for the case where the
image strips are registered to the lenticular lenses. In this case the chevron
shape is seen to expand and then contract sequentially or contiguously through

animation steps 1-4 as the view is changed from A through to D and then back
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to A where both the end of the first sequence and start of the next sequence is
observed.

Figure 12 shows a similar cross-section to that shown in Figure 10 but in
this case the image strips are no longer registered to the lenticular lenses 2.
This would occur when it is not possible or it is technically challenging to control
the registration and therefore it is not possible to control which part of the
animation sequence is seen at which view. In the example in Figure 12 image 3
is now seen at view A and image 1 is now seen at view C etc. However unlike
the previous example of Figures 4 to 8 we still maintain a contiguous animation
sequence by which we mean each view is followed by its neighbouring element
in the animation sequence therefore avoiding any undesirable non contiguous
steps or jumps in the animation sequence in the final security device. This is
illustrated in Figure 13 where although the viewer observes a different starting
point in View A, i.e. image 3, he then observes a gradual contraction followed by
expansion back to the initial starting point as he changes from view A through to
view D and then back to View A. The cyclic nature of the animation sequence
and the fact that the start and end of the sequence are represented by the same
image results in a smooth expansion-contraction of the image irrespective of the
registration, i.e. there is no longer a sudden jump in image size when the cycle
restarts. The testable security feature is that on tilting the device the image
initially observed (which will vary in size depending on the registration) is
observed to go through a cyclic contraction-expansion animation where it will
return to its starting size in a smooth manner. As shown in Figure 13 the
animation can also comprise movement along the security device as well as the
contraction and expansion effect.

In all of the examples shown there is one set of image strips (for example
1-4) positioned under a lens such that every step of the sequence is positioned
under one lens. It is also possible to put multiple sets of image strips under a
lens, and this is illustrated in the cross-section of Figure 32 for the animation
sequence shown in Figure 31. The advantage of this being that the observer will
see more repeat cycles as the security device is tilted.

Figure 14 shows an alternative image animation sequence which is

suitable for the current invention. Figure 14a shows the animation sequence
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combining steps 1 through 5 in which the numeral “10” expands and contracts.
In order to make this sequence suitable for use in an unregistered lenticular
device a repeating pattern unit 1-4 is created (Figure 14b) where image 1 now
provides the image for steps 1 and 5 in Figure 14a (step 5 also constituting step
1 of the next sequence).

Figure 15 shows the cross-section of a lenticular device used to view the
animation sequence through four views A to D in Figure 14b for the case where
the image strips are registered to the lenticular lenses. Figure 16b shows the
progression of animation sequence of images views A-D (Figure 16a) for such a
registered scenario. In this case the image of the numeral “10” is seen to
expand and then contract sequentially through animation steps 1-4 as it moves
up the security device as the view is changed from A through to D and then back
to A where both the end of the first sequence and start of the next sequence is
observed.

Figure 17 shows a similar cross-section to that shown in Figure 15 but in
this case the image strips are not registered to the lenticular lenses 2. This
would occur when it is not possible or it is technically challenging to control the
registration and therefore it is not possible to control which part of the animation
sequence is seen at which view. In the example in Figure 17 image 3 is now
seen at view A and image 1 is now seen at view C etc. However unlike the
example of Figures 4 to 8 this does not result in an undesirable animation
sequence in the final security device i.e. each successive view features the
successive neighbouring image element within the animation cycle and to this
extent we maintain a contiguous animation — there are no jumps or
discontinuities in the visual sequence. The overall sequence is illustrated in
Figure 18a. Although the viewer observes a different starting point in View A
(Figure 18b), image 3 which represents the fully expanded image, he then
observes a gradual contraction followed by expansion back to the initial starting
point as he changes from view A through to view D and then back to View A.

Figure 19 and 20 show two further examples of animation sequences,
showing a combination of movement and contraction/expansion, which could be

used in the current invention.
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It is not necessary that the animation sequence involves movement and
Figure 21 shows an alternative image animation sequence where there is solely
an expansion and contraction step within the same area on the security device
of images representing numeral “10”. In this case there are four animation steps
1-4 creating an expanding and contracting numeral “10”. This type of device will
be described as a pumping device.

Figure 22 shows a cross-section for a lenticular device used to view the
animation sequence in Figure 21 and illustrated schematically in Figure 23
through four views A to D for the case where the image strips are not registered
to the lenticular lenses, i.e. image 1 does not correspond to view A so that the
first image is not the smallest image. In the example in Figure 21 image 3 is
now seen at view A and image 1 is now seen at view C etc.

Whilst the examples described provide a simple way for an observer to
validate the device by noting a cyclic expansion-contraction animation, in a
further example the security device could provide two viewing sequences which
show related but different expansion-contraction cycles between two devices.
For example, the two viewing sequencies could show directly opposite
contraction/expansion cycles, i.e. one is expanding while the other is contracting.
Alternatively the two viewing sequencies could expand-contract in the same
direction but be out of step with each other. This provides a very valuable
device in view of its ease of verification and the fact that the feature being
verified, which is the known relationship between the two devices, does not
require exact registration between the image strips and the focussing elements.
Figure 27a shows the cross-section of a lenticular device which creates two
different but related animation sequences (image sequence 1 and image
sequence 2) in which the animation sequence for image area 1 is shifted by one
strip element to create the animation sequence in image area 2. Typically, the
same lenticular lenses 2 will be used for each image area but with the different
arrangement of image strips 1-4. This makes it easier to compare the two image
sequences. However, it would also be possible to use two different lenticular
devices.

Figure 28a shows the example of a windowed security thread where the

image strips forming the different but related animation sequences are
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periodically repeated along the long axis of the thread or strip such that image
sequence 1 and image sequence 2 are viewable in alternate windows of the
security document. As with previous embodiments the image sequences are
seen on tilting the device. Figures 28b and 28c¢ shows image sequence 1 and 2
through four views A-D. The animation is solely an expansion/contraction effect
as described in relation to Figure 23. It can be seen that image sequence 1 has
been shifted by one animation step relative to image sequence 2. This is
achieved by breaking the strip sequence at the boundary between the two image
sequences such that for a respective view the strip sequence for image
sequence 2 is one strip ahead of the strip sequence for image sequence 1. For
example from view C animation step 1 will be visible in image sequence 2 and
animation step 4 is visible in image sequence 2.

The related sequences shown in Figures 28b and 28c are for illustration
only and in practice the animation sequences could be out of step by more than
one image strip or the sequences could animate in the opposite manner. Figure
27b shows the cross-section of a lenticular device which creates two different
sequences in which the animation sequence for image area 1 is directly the
opposite of the animation sequence for image area 2, i.e. one is expanding while
the other is contracting. Figures 28d and 28e shows image sequence 1 and 2
through four views A-D for the lenticular device in Figure 27. For example from
view C animation step 3 (representing the fully expanded image) will be visible in
image sequence 1 and animation step 1 (representing the fully contracted
image) is visible in image sequence 2.

In the previous examples of the invention, the image strips defining the
first image in a sequence, image 1, have also defined the last image in the
preceding sequence. An alternative approach is shown in Figure 29a. In this
approach, the end most image strips have half the width of the other image
strips (image strips 1 and 5 in Figure 29a) and define the same image form. The
effect of this is that as the device is tilted and the view E is reached (Figure 30a)
this view will only be seen over half the viewing angle as compared with the
viewing angles B, C, D which as before are equal. However, since the next
image strip 1 is also half width, this will also be seen over half the angle as

compared with views B-D with the result that the smallest image will be seen



WO 2012/153106 PCT/GB2012/050963

10

15

20

25

30

15

over the same angle as the other images and hence the viewer will see a
continuous variation in the image form as he tilts the device at a steady rate. In
this example, the image is a numeral “10” which varies in size through the
sequence.

Figure 29b illustrates the same arrangement of image strips but
unregistered with the lenticular lenses 2. The appearance of this sequence is as
shown in Figure 30b and again the total angle through which the smallest
version of numeral “10” is visible corresponding to view C and view D is equal to
the total angle of each of views A, B and E.

In all the examples, the cylindrical microlenses 2 and image strip sets
typically have a repeat distance in the range 5-200um, more preferably 10-60um
and even more preferably 20-40um. They are typically formed by UV cast-cure
replication or thermal embossing. The number of image strips in each image
strip set is preferably in the range 4-30.

In the examples above, the image strips are printed by gravure or other
suitable printing method onto the underside of the substrate 4 either directly or
on to an intermediate layer 3. The image strips will have typical widths less than
50 microns, preferably less than 20 microns, most preferably in the range 1-10
microns. For the situation where the strips are directly printed then it is
anticipated that the minimum line width will be 10um, exceptionally 5um and very
exceptionally Tum.

Typical thicknesses of security devices according to the invention are 2-
100 microns, more preferably 20-50microns with lens curvature and focal length
adjusted to have a focal plane coincident with the plane of the image strips.

The devices shown in Figures 5-23 and 27 can be used as a stand alone
device such as a label affixed to a security document or the like but could also
form an integral part of a security document, with the substrate of the lenticular
device corresponding to the substrate of the document. The device would
therefore need to be located in or on a transparent portion or window of the
substrate such as a banknote.

Figure 24 illustrates another example of a security device according to

the invention. This is in the form of a security thread 41 having three lenticular
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pumping devices 42 in the form shown in Figure 23 and two holographic devices
48 embossed into a substrate of the thread 41.

As the security thread 41 is tilted, the holographic generating structures
48 will replay respective holograms in a conventional manner. As can be seen,
the lenticular devices 42 are defined such that when the security thread 41 is
tilted about its elongate axis, the star will proceed through a cyclic expansion-
contraction sequence as discussed in relation to Figure 23.

In these examples, the substrate 4 is typically a transparent polymeric
material, for example bi-axial PET or polypropylene.

As explained above, typically the image strips are printed onto the
substrate. However, the image strips can also be formed as a relief structure
and a variety of different relief structures suitable for this are shown in Figure 25.

Thus, Figure 25A illustrates image regions of the strips (IM) in the form of
embossed or recessed lines while the non-embossed lines correspond to the
non-imaged regions of the strips (NI) Figure 25B illustrates image regions of the
strips in the form of debossed lines or bumps.

In another approach, the relief structures can be in the form of diffraction
gratings (Figure 25C) or moth-eye/fine pitch gratings (Figure 25D).

The recesses or bumps of Figures 25A and 25B can be further provided
with gratings as shown in Figures 25E and 25F respectively.

Figure 25G illustrates the use of a simple scattering structure providing
an achromatic effect.

Further, as explained above, in some cases the recesses 70 of Figure
25A could be provided with an ink or the debossed regions or bumps 110 could
be provided with an ink. The latter is shown in Figure 25H where ink layers 100
are provided on bumps 110.

Figure 25l illustrates the use of an Aztec structure.

Additionally, image and non-image areas could be defined by
combinations of different elements types, e.g. the image areas could be formed
from moth-eye structures whilst the non-image areas could be formed from a
grating. Or even the image and non-image areas could be formed by gratings of

different pitch or orientation.
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The height or depth of the bumps/recesses is preferably in the range 0.5-
10um and more preferably in the range 1-5um. The width of the image strip and
therefore the width of the bumps or recesses will be dependent on the type of
optical effect required but for a smooth animation effect it is preferable to have
as many views as possible typically at least three but ideally as many as 30, in
this case the width of the image strips (and associated bumps or recesses)
should be in the range 0.1 - 10um.

In other examples (not shown), one or more of the holographic generating
structures 48 in Figure 24 could be replaced by moiré magnification structures
which could be either 2D or 1D structures. 2D moiré magnification structures
are described in more detail in EP-A-1695121 and WO-A-94/27254.

An example of a method for manufacturing devices in which the image
strips are provided as a relief will now be described with reference to Figure 26.
In step 1, a carrier layer 240 is coated with cast-cure or thermoforming
transparent resin layer 260 (step 1) corresponding to the layer 3 in previous
examples.

Sets of four image strips, labelled 1-4, and comprising different diffractive
surface relief structures are then simultaneously formed by embossing into the
exposed surfaces of the resin layer 260 (step 2). These strips correspond to
animation steps 1-4 in any of the proceeding examples. Any number of image
strips and therefore animation steps can be used but in practice at least three is
necessary to create a movement effect and more preferably between 4 and 30.

The use of different grating structures for the image regions provides a
visual contrast between the different views due to the different diffractive colour
effects and therefore in the final device the image will change colour as it moves.
This difference is not essential and the image regions could be defined by the
same diffractive grating structure.

A reflection coating layer is then provided over the grating surface relief
structure (step 3). This reflection coating can be a metallisation or a high
refractive index layer. The use of high refractive index materials, typically
inorganic, are well known in the art and described in US4856857. Typical
examples of materials suitable for the high refractive index layer include zinc

sulphide, titanium dioxide and zirconium dioxide. Replacing the vapour
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deposited metal reflection enhancing layer with a transparent hri layer is
particularly beneficial when the security device of the current invention is applied
over transparent regions (typically known as apertures or windows) of secure
documents.

The other side of the carrier layer 240 is then coated with a cast-cure or
thermoforming transparent resin 210 (step 4) and then a set of cylindrical lenses
200 are embossed into the layer 210 (step 5) so as to be in register with the
strips A and B. Of course, in other cases registration between the lenses 200
and strips A and B is not necessary, as previously explained.

In the examples described above, cylindrical lenses have been used as
the lenticular focusing elements. It should be understood, however, that they
could be replaced by micromirrors.

The security device of the current invention can be made machine
readable by the introduction of detectable materials in any of the layers or by the
introduction of separate machine-readable layers. Detectable materials that
react to an external stimulus include but are not limited to fluorescent,
phosphorescent, infrared absorbing, thermochromic, photochromic, magnetic,
electrochromic, conductive and piezochromic materials.

The security device of the current invention may also comprise additional
security features such as any desired printed images, metallic layers which may
be opaque, semitransparent or screened. Such metallic layers may contain
negative or positive indicia created by known demetallisation processes.

Additional optically variable materials can be included in the security
device such as thin film interference elements, liquid crystal material and
photonic crystal materials. Such materials may be in the form of filmic layers or
as pigmented materials suitable for application by printing.

The presence of a metallic layer can be used to conceal the presence of
a machine readable dark magnetic layer. The presence of a magnetic layer
under a metallic layer is well known in security threads and for example is
described in WO03061980, EP0516790, W09825236, and W09928852. When
a magnetic material is incorporated into the device the magnetic material can be
applied in any design but common examples include the use of magnetic

tramlines or the use of magnetic blocks to form a coded structure. Suitable
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magnetic materials include iron oxide pigments (Fe;Os; or Fe;O,), barium or
strontium ferrites, iron, nickel, cobalt and alloys of these. In this context the term
“alloy” includes materials such as Nickel:Cobalt, Iron:Aluminium:Nickel:Cobalt
and the like. Flake Nickel materials can be used; in addition Iron flake materials
are suitable. Typical nickel flakes have lateral dimensions in the range 5-50
microns and a thickness less than 2 microns. Typical iron flakes have lateral
dimensions in the range 10-30 microns and a thickness less than 2 microns.

In an alternative machine-readable embodiment a transparent magnetic
layer can be incorporated at any position within the device structure. Suitable
transparent magnetic layers containing a distribution of particles of a magnetic
material of a size and distributed in a concentration at which the magnetic layer
remains transparent are described in WO03091953 and WO03091952.

In a further example the security device of the current invention may be
incorporated in a security document such that the device is incorporated in a
transparent region of the document. The security document may have a
substrate formed from any conventional material including paper and polymer.
Techniques are known in the art for forming transparent regions in each of these
types of substrate. For example, WO8300659 describes a polymer banknote
formed from a transparent substrate comprising an opacifying coating on both
sides of the substrate. The opacifying coating is omitted in localised regions on
both sides of the substrate to form a transparent region.

If the security device of the current invention is to be used on a secure
document formed from a transparent substrate such as a polymer banknote then
the device may be formed separately from the secure document and adhered or
transferred to the secure document using known techniques. Alternatively the
device could be incorporated into the secure document formed from a
transparent substrate by using the transparent substrate as an integral part of
the security device. For example the lenticular focussing elements could be
formed in or applied onto one side of the secure substrate by directly embossing
cylindrical lenses into the substrate or coating the substrate with a cast-cure or
thermoforming resin and then casting or embossing a set of cylindrical lenses

into this layer. Likewise the image strips could be formed in or applied onto the
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opposite side of the secure substrate using printing or any of the structures
referred to in relation to Figure 25.
EP1141480 describes a method of making a transparent region in a
paper substrate. Other methods for forming transparent regions in paper
5 substrates are described in EP0723501, EP0724519, EP1398174 and
WO003054297.
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CLAIMS

1. A security device having a lenticular device comprising an array of
lenticular focusing elements; a corresponding array of sets of image strips, the
sets of image strips having substantially the same periodicity as, or an integral
multiple of the periodicity of, the array of lenticular focusing elements, wherein
the image strips are formed and the focusing elements located relative to the
image strips such that at each of a plurality of viewing angles, a respective one
image strip from each set is viewed in response to incident light falling on a
respective lenticular focusing element, the image strips being constructed such
that the device presents a cyclically repeating sequence of images as the device
is viewed at successive viewing angles, the image sequence comprising a
change in form of an image between a first form and a second form and then a
reversal of the sequence back to the first form, the combined image sequences
presenting a contiguous variation in the image form.

2. A security device according to claim 1, wherein the image strips defining
the first form of the image at the end of one sequence also define the first form
of the image at the beginning of the next sequence.

3. A security device according to claim 1, wherein the image strips at the
beginning and end of each sequence have half the width of the other image
strips.

4. A device according to any of the preceding claims, wherein the cyclically
repeating image sequence comprises an expansion of an image followed by a
contraction.

5. A device according to any of claims 1 to 3, wherein the cyclically
repeating image sequence comprises a change in shape of an image from a first
shape to a second shape and then back to the first shape.

6. A device according to any of claims 1 to 3, wherein the cyclically
repeating image sequence comprises a combination of an expansion in size of
an image together with a change in shape of that image followed by a
contraction of the image and a change in shape of the image back to the original

image size and shape.
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7. A device according to any of the preceding claims, wherein the image
strips define at least one intermediate image from between the first form and the
second form and between the second form and the first form.

8. A device according to any of the preceding claims, wherein the array of
lenticular focusing elements is not registered with the array of sets of image
strips.

9. A security device according to any of the preceding claims, wherein the
image strips are defined by inks.

10. A security device according to any of claims 1 to 8, wherein the image
strips are defined by a relief structure.

11. A security device according to claim 10, wherein the relief structure is
embossed into, or cast onto, a substrate.

12. A security device according to claim 10 or claim 11, wherein the relief
structure comprises diffractive grating structures.

13. A security device according to any of the preceding claims, wherein the
width of each image strip is less than 50 microns, preferably less than 20
microns, most preferably in the range 1 -10 microns.

14. A security device according to any of the preceding claims, wherein more
than one set of image strips is provided in correspondence with each focusing
element.

15. A security device according to any of the preceding claims, wherein the
lenticular focusing elements comprise cylindrical lenses or micromirrors.

16. A security device according to any of the preceding claims, wherein the
lenticular focusing element array and the sets of image strips have a periodicity
in the range 5-200 microns, preferably 10-60 microns, most preferably 20-40
microns.

17. A security device according to any of the preceding claims, wherein the f
number for the lenticular focussing elements is in the range 0.25-16 and,
preferably 0.5-2.

18. A security device according to any of the preceding claims, wherein the
lenticular focusing elements have been formed by a process of thermal

embossing or cast-cure replication.
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19. A security device according to any of the preceding claims, wherein the
image strips are provided in a substrate which is also provided with a
holographic structure, separate from the lenticular device.

20. A security device according to any of the preceding claims, wherein the
image strips are provided in a substrate which is also provided with microimages
suitable for moiré magnification, the security device further comprising a moiré
magnification lens array located over the microimages.

21. A security device according to claim 20, wherein the moiré magnification
lens array is provided in or on the same surface as the lenticular focusing
elements.

22. A security device according to any of the preceding claims, the device
including a layer incorporating a machine-readable material, such as magnetic
material, preferably magnetite.

23. An article provided with a security device according to any of the
preceding claims.

24.  An article according to claim 23, wherein the article is selected from
banknotes, cheques, passports, identity cards, certificates of authenticity, fiscal
stamps and other documents for securing value or personal identity.

25.  An article according to claim 24, wherein the article comprises a substrate
with a transparent portion on opposite sides of which the lenticular focusing
elements and image strips respectively are provided.

26. A method of manufacturing a security device, the method comprising
providing a lenticular device comprising an array of lenticular focusing elements
and a corresponding array of sets of image strips, the sets of image strips having
substantially the same periodicity as, or an integral multiple of the periodicity of,
the array of lenticular focusing elements, wherein the image strips are formed
and the focusing elements located relative to the image strips such that at each
of a plurality of viewing angles, a respective one image strip from each set is
viewed in response to incident light falling on a respective lenticular focusing
element, the image strips being constructed such that the device presents a
cyclically repeating sequence of images as the device is viewed at successive
viewing angles, the image sequence comprising a change in form of an image

between a first form and a second form and then a reversal of the sequence



WO 2012/153106 PCT/GB2012/050963

24

back to the first form, the combined image sequences presenting a contiguous
variation in the image form.
27. A method according to claim 26, wherein the image strips are printed
onto a substrate of the security device.

5 28. A method according to claim 26, wherein the image strips are defined by
a relief structure embossed or cast-cured into a substrate of the security device.
29. A method according to any of claims 26 to 28 for manufacturing a security

device according to any of claims 1 to 22.
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