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The present invention relates to methods of manufacture of lens transfer structures 

for use as security devices in or on security documents, such as banknotes, 

passports and the like, and other objects of value.

Articles of value, and particularly documents of value such as banknotes, cheques, 

passports, identification documents, certificates and licences, are frequently the 

target of counterfeiters and persons wishing to make fraudulent copies thereof 

and/or changes to any data contained therein. Typically such objects are provided 

with a number of visible security devices for checking the authenticity of the object. 

By “security device” we mean a feature which it is not possible to reproduce 

accurately by taking a visible light copy, e.g. through the use of standardly available 

photocopying or scanning equipment.

One class of security devices are those which produce an optically variable effect, 

meaning that the appearance of the device is different at different angles of view. 

Such devices are particularly effective since direct copies (e.g. photocopies) will not 

produce the optically variable effect and hence can be readily distinguished from 

genuine devices.

A particular class of optically variable effect generating devices are those which 

make use of focussing elements such as lenses. These include moire magnifier 

devices, integral imaging devices and so-called lenticular devices.

Moire magnifier devices (examples of which are described in EP-A-1695121, WO-A- 

94/27254, WO-A-2011/107782 and WO2011/107783) make use of an array of 

focussing elements (such as lenses or mirrors) and a corresponding array of 

microimages, wherein the pitches of the focusing elements and the array of 

microimages and/or their relative locations are mismatched with the array of 

focusing elements such that a magnified version of the microimages is generated 

due to the moire effect. Each microimage is a complete, miniature version of the 

image which is ultimately observed, and the array of focussing elements acts to 

select and magnify a small portion of each underlying microimage, which portions 

are combined by the human eye such that the whole, magnified image is visualised.
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This mechanism is sometimes referred to as “synthetic magnification”. The 

magnified array appears to move relative to the device upon tilting and can be 

configured to appear above or below the surface of the device itself. The degree of 

magnification depends, inter alia, on the degree of pitch mismatch and/or angular 

mismatch between the focussing element array and the microimage array.

Integral imaging devices are similar to moire magnifier devices in that an array of 

microimages is provided under a corresponding array of lenses, each 

microimage being a miniature version of the image to be displayed. However 

here there is no mismatch between the lenses and the microimages. Instead a 

visual effect is created by arranging for each microimage to be a view of the 

same object but from a different viewpoint. When the device is tilted, different 

ones of the images are magnified by the lenses such that the impression of a 

three-dimensional image is given.

“Hybrid” devices also exist which combine features of moire magnification 

devices with those of integral imaging devices. In a “pure” moire magnification 

device, the microimages forming the array will generally be identical to one 

another. Likewise in a “pure” integral imaging device there will be no mismatch 

between the arrays, as described above. A “hybrid” moire magnification I 
integral imaging device utilises an array of microimages which differ slightly from 

one another, showing different views of an object, as in an integral imaging 

device. However, as in a moire magnification device there is a mismatch 

between the focussing element array and the microimage array, resulting in a 

synthetically magnified version of the microimage array, due to the moire effect, 

the magnified microimages having a three-dimensional appearance. Since the 

visual effect is a result of the moire effect, such hybrid devices are considered a 

subset of moire magnification devices for the purposes of the present disclosure. 

In general, therefore, the microimages provided in a moire magnification device 

should be substantially identical in the sense that they are either exactly the 

same as one another (pure moire magnifiers) or show the same object/scene but 

from different viewpoints (hybrid devices).
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Moire magnifiers, integral imaging devices and hybrid devices can all be 

configured to operate in just one dimension (e.g. utilising cylindrical lenses) or in 

two dimensions (e.g. comprising a 2D array of spherical or aspherical lenses).

Lenticular devices on the other hand do not rely upon magnification, synthetic or 

otherwise. An array of focussing elements, typically cylindrical lenses, overlies a 

corresponding array of image sections, or “slices”, each of which depicts only a 

portion of an image which is to be displayed. Image slices from two or more 

different images are interleaved and, when viewed through the focussing 

elements, at each viewing angle, only selected image slices will be directed 

towards the viewer. In this way, different composite images can be viewed at 

different angles. However it should be appreciated that no magnification 

typically takes place and the resulting image which is observed will be of 

substantially the same size as that to which the underlying image slices are 

formed. Some examples of lenticular devices are described in US-A-4892336, 

WO-A-2011/051669, WO-A-2011051670, WO-A-2012/027779 and US-B- 

6856462. More recently, two-dimensional lenticular devices have also been 

developed and examples of these are disclosed in British patent application 

numbers 1313362.4 and 1313363.2. Lenticular devices have the advantage that 

different images can be displayed at different viewing angles, giving rise to the 

possibility of animation and other striking visual effects which are not possible 

using the moire magnifier or integral imaging techniques.

Aspects of the present invention provide improved methods of manufacturing 

security devices, and in particular, those which use arrays of lenses to generate 

an optically variable effect.

A first aspect of the present invention provides a method of forming a lens 

transfer structure comprising: providing a carrier layer; applying a layer of a first 

material over a first surface of the carrier layer, the layer of the first material 

being substantially transparent and having opposed first and second surfaces, 

the second surface being disposed between the carrier layer and the first 

surface; forming a lens relief structure in the first surface of the layer of first 
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material; applying a layer of a second, curable material over the first surface of 

the layer of first material, the second, curable material being substantially 

transparent, having a refractive index different from a refractive index of the first 

material, and having opposing first and second surfaces, the second surface of 

the layer of second, curable material being disposed between the first surface of 

the layer of second, curable material and the layer of first material, and the 

second surface of the layer of second, curable material, conforming to the lens 

relief structure in the first surface of the layer of first material; and curing, at least 

partly, the layer of second, curable material; wherein the carrier layer is 

removable from the layer of first material; and further comprising either: a) 

forming a diffraction relief structure, a reflective relief structure and/or a refractive 

relief structure in the form of an array of refractive facets in the first surface of 

the layer of second curable material; or b) applying an optical spacer layer over 

the first surface of the layer of second curable material, the optical spacer layer 

having opposing first and second surfaces and forming a diffraction relief 

structure, a reflective relief structure and/or a refractive relief structure in the 

form of an array of refractive facets in the first or second surface of the optical 

spacer layer.

One way, known in the art, in which a lens based security device can be 

provided on a security document or article is by application using a lens transfer 

structure. Lens transfer structures known in the art typically comprise an array 

of lenses formed separately from the security device on a carrier layer. The 

carrier layer is later used to apply the lenses to the surface of a security 

document before being removed, leaving behind only the lens array.

Typically, lenses applied using a lens transfer structure are formed of a single 

transparent material having a surface relief which focusses light owing to the 

refractive index difference between the lens material and air. These lenses are 

typically formed in a carrier layer whose surface is the conjugate of the surface 

relief of the array of lenses. The present inventors have found that particular 

benefits are achieved when the lens transfer structure has lenses that are 

instead formed of two materials of different refractive indices, with the lens relief 

hcinr. «raoopt jn the boundary between the two layers. A first advantage of such
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a construction is that the lenses inherently include a protective overcoat which 

protects the lens relief from damage, for example, by abrasion, which would 

impact the way in which the lenses focus light and hence degrade the quality of 

the optically variable effect. A second advantage is that the array of lenses no 

5 longer requires a relief in the uppermost surface, and instead can have a 

substantially flat upper and lower surface, which makes the structure easier to 

remove from a carrier layer, which in turn can prevent warping of the lenses

0 0
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through internal stresses generated upon separation from the carrier layer. 

Finally, the substantially flat upper surface of the lens array after transfer to the 

security document renders the security document easier to handle.

The present invention involves the step of applying a first material over a carrier 

layer. This may mean that the first material is applied directly on the surface of the 

carrier layer; however, it is also possible that one or more additional layers will be 

provided between the carrier layer and the layer of first material, which should be 

transparent if intended to be retained over the lenses after transfer of the lens 

structure to a security document or article. In all embodiments, the first material is 

substantially transparent. The term substantially transparent is intended to cover 

any material which allows image formation in at least one wavelength using light 

which passes therethrough. In other words, a transparent material allows light of at 

least one wavelength to pass through without overwhelming absorption or 

scattering. It will be appreciated that a transparent material may appear clear, or 

may appear to carry a colour tint.

The first surface of the first material, i.e. the surface facing away from the carrier 

layer, has formed therein a lens relief structure. A lens relief structure is considered 

to be any surface relief which, in combination with the other layers of the finished 

lens transfer structure, causes focussing of light.

A layer of second, curable material is applied over the first surface of the layer of 

first material. Again, the word “over” is intended to mean that the second material 

may be directly in contact with the first surface of the first material, or, in some 

cases, may be spaced from the first material by one or more layers. The second 

material is a curable material, which means that the material hardens (i.e. becomes 

more viscous and preferably solid) in response to exposure to curing energy which 

may for example comprise heat, radiation (e.g. UV) or an electron beam. The 

hardening involves a chemical reaction such as cross-linking rather than mere 

physical solidification, e.g. as is experienced by most materials upon cooling. The 

low viscosity of the pre-curing state facilitates application of the second material so 

that it conforms to the lens relief structure in the first material. As with the first 

material, the second material is substantially transparent (at least after curing), and 

has a refractive index which is different from that of the first material (at least after 
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curing). The refractive index difference, together with the lens relief between the 

two layers allows the two materials to focus light and thereby act as a lens or lens 

array. Furthermore, the refractive index difference is constant, whereas lens 

transfer structures, as known in the art, which use an lens-air interface to focus light 

rely on a refractive index difference which may vary.

The second, material is cured at least partly, and preferably is substantially fully 

cured. As mentioned above, curing the second material increases the viscosity or 

hardness, and acts to bond the second material with the rest of the lens transfer 

structure. The type of curing performed will depend on the type of material used as 

the second material, but curing typically involves exposure to light or heat. As will 

be described below, typically the curable material is a resin, and curing increases 

the degree of cross-linking within the material.

In all embodiments, the carrier layer is removable from the layer of first material. 

This permits the lens structure formed by the at least first and second materials to 

be transferred, for example, to a security document, for use as a security element.

As mentioned above, it is preferred that the layer of second, curable material is 

applied over the first surface of the layer of first material, in contact with the first 

surface of the layer of first material. In such embodiments, the lens relief structure 

defines the boundary between the two materials.

To facilitate removal of the carrier layer from the rest of the lens transfer structure, 

preferably the method further comprises applying a release layer over the first 

surface of the carrier layer, wherein applying the layer of first material over the first 

surface of the carrier layer comprises applying the layer of first material over the 

release layer such that the release layer is disposed between the carrier layer and 

the layer of first material. By release layer, it is meant a material that provides 

relatively weak adhesion between the layers either side of it. This reduces the force 

required to separate the carrier layer from the rest of the lens transfer structure, and 

hence can reduce internal stresses generated within the first and second materials. 

Suitable release layers include waxes, silicones and blends of wax and acrylics, as 

will be understood by one skilled in the art. While preferable, in alternative 

embodiments, release of the carrier layer may be facilitated in other ways. For 
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example, the carrier layer may be provided with a first surface that is corona treated, 

as is well known in the art.

It is likely that the carrier layer will be removed from the rest of the lens transfer 

structure by peeling. In which case, to ensure that the carrier layer is removed from 

the lens structure when peeling is attempted without damage or removal of any 

other layer, preferably, the lowest peel strength between any two layers between 

and including the carrier layer and the layer of first material is the lowest peel 

strength in the lens transfer structure.

The lenses formed by the layers of first and second material will have a focal length, 

and many optical devices place an object, or objects, in the region of the focal point 

of the lenses to generate the optical effect, and, depending on the focal length of the 

lenses, this can necessitate some degree of optical spacing of the lenses from the 

object. In some embodiments, only the lenses will be intended to be transferred to a 

substrate, such as a security document, and the optical spacing, if needed, will be 

provided by an at least partially transparent area of the substrate. However, 

preferably, the method further comprises applying one or more optical spacer layers 

over the first surface of the layer of second curable material, each optical spacer 

layer having opposing first and second surfaces. These one or more optical spacer 

layers may be substantially transparent and may advantageously bring an outer 

surface of the lens transfer structure closer in line with the focal point or focal plane 

of the device. However, it is also possible that the layer of second material is 

provided with a thickness that provides sufficient optical spacing for the device, and 

leaves the first surface of the layer of second material substantially in line with a 

focal point or focal plane of the device.

In practice, the lenses will typically be viewed, after application, from the side of 

the structure on which the carrier layer had been provided. The lens relief 

structure formed in the layer of first material can therefore be considered the 

conjugate of the relief of the lenses. Preferably, the method comprises either 

forming a lens relief structure in the first surface of the layer of first material 

comprises forming the conjugate of a convex relief structure in the first surface of 

the layer of first material, wherein the first refractive index is higher than the 
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second refractive index; or forming a lens relief structure in the first surface of 

the layer of first material comprises forming the conjugate of a concave relief 

structure in the first surface of the layer of first material, wherein the first 

refractive index is lower than the second refractive index.

As outlined above, some of the most common optical devices are moire 

magnifier devices, integral imaging devices and so-called lenticular devices. 

Typically, these devices make use of a regular array of microlenses, and 

therefore preferably, the lens relief structure defines a regular array of lenses. 

Further, preferably the lens relief structure defines an array of microlenses, for 

example, having a base diameter of less than 250 pm and preferably in the 

range 5-80 pm, more preferably in the range 5-50 pm, and further preferably 5- 

30 pm. These may, for example, be cylindrical lenses, or spherical or aspherical 

lenses.

While it is possible that the lens structure could be configured to be transferred 

to a document or device which has thereon the objects, or image elements, 

intended to cooperate with the lenses, it is preferable that the method further 

comprises forming an array of image elements, overlapping the lens relief 

structure in the first surface of the layer of first material. As described above, the 

image elements may be microimages, suitable for use in a moire magnification 

device or integral imaging device, or may be image sections, suitable for use in a 

lenticular device. Preferably this comprises forming an array of image elements 

on one of the first surface of the layer of second, curable material and the first or 

second surface of one of the one or more optical spacer layers, if provided. 

Further, preferably forming an array of image elements comprises printing an 

array of image elements. However, other methods of forming image elements 

are known.

As mentioned, in some embodiments, the array of image elements comprises an 

array of microimage elements, the array of microimage elements having a pitch 

and/or orientation different from the pitch and/or orientation of an array of lenses 

formed by the lens relief structure such that a magnified version of the 
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microimage elements is displayed as a result of the moire effect. Alternatively, 

the array of image elements may comprise at least a first set of image element 

portions, each image element portion comprising a portion of a first image to be 

displayed and being associated with a respective lens formed by the lens relief 

structure.

The present inventors have identified that it would be preferable to provide a 

lens transfer structure that combines the optically variable effect generated by an 

array of lenses with an additional optically variable effect, thereby increasing yet 

further the difficulty of producing a convincing counterfeit. In particularly 

preferable embodiments, the method comprises forming a diffraction relief 

structure in one of the first surface of the layer of second, curable material and 

the first or second surface of one of the one or more optical spacer layers, if 

provided. The diffraction relief structures, such as diffraction gratings, 

holograms, Kinegrams etc. may be provided in a surface close to the focal point 

or focal plane of the lenses, in which case the two optical effects will cooperate, 

or may be provided away from the focal point or plane, in which case they may 

appear superimposed, but nonetheless separate.

It is possible to increase the brightness of the effect produced by a diffraction 

relief structure, and thereby improve the appearance of the eventual device by 

providing the diffraction relief with a coating of a reflection enhancing material. 

Therefore, preferably the method further includes providing a reflection 

enhancing material over the diffraction relief structure. The same interpretation 

of the word over is intended to apply here as above, however it is preferable that 

the reflection enhancing material be provided so it follows the relief structure by 

being provided directly on the diffraction relief structure. Preferably the reflection 

enhancing layer is a substantially transparent high refractive index material, such 

as a metal oxide, and further, preferably the reflection enhancing material has a 

refractive index greater than 1.5, preferably greater than 1.75, more preferably 

greater than 2.0. In all of the above cases, it preferable that the reflection 

enhancing material is provided over the diffraction relief structure using a 

vacuum deposition process.
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A second type of optically variable effect generating structure that may be 

implemented instead of, or as well as, a diffractive relief structure is a reflective 

and/or refractive relief structure. Some embodiments further comprise applying a 

5 reflective and/or refractive relief structure over the first surface of the layer of 

second curable material, and/or forming a reflective and/or refractive relief 

structure in the first surface of the layer of second curable material. A reflective 

or refractive relief structure may be one which has a relief structure that is 

coarser than that of a diffractive structure, for example, having elements with a 

10 width along the repeat direction greater than 10 pm. A reflective or refractive 

structure may be one such as an array of facets which could be different types of 

prisms or pyramidal structures. Reflective elements such as facets can be 

configured to display different intensities (i.e. brightnesses) at different viewing 

angles. Examples of reflective/refractive facets may be found in EP 1047960.

15

In comparative examples, the optically variable effect generating structure may 

be implemented as an iridescent amplitude interference material which displays 

different colours at different viewing angles. Examples of such a material 

include thin-film interference structures, interference pigments, pearlescent 

20 pigments, liquid crystal film and pigments, photonic crystals and the like. Thin 

film interference structures comprise repeating layers of different refractive 

indices; examples can include purely dielectric stacks (metal oxide or polymer) 

or those composed of alternate dielectric and metallic layers. Thin film 

interference structures are also known as Bragg stacks or 1D photonic crystals. 

25 What all of the above examples have in common is the provision of two or more 

closely spaced interfaces, at least one of which partially reflects and partially 

transmits incident light, i.e. the amplitude of the incident light is split. The 

transmitted portion is reflected at the second or subsequent interfaces and 

interferes with the portion reflected from the first or earlier interfaces, leading to 

30 constructive interference of some wavelengths and destructive interference of 

others, and hence a characteristic colour which varies with viewing angle.
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In particularly preferable embodiments, the first material is a first, curable 

material, and forming the lens relief structure in the first surface of the layer of 

first, curable material comprises casting the lens relief structure in the first 

surface of the layer of first, curable material using a casting member whose 

surface has a profile that is the conjugate of the lens relief structure, and curing, 

at least partly, the layer of first, curable material before applying the layer of 

second, curable material. While it is preferable for the first material to be 

curable, other methods of forming a relief structure, for example, embossing of a 

non-curable material may also be used. When using a first material that is 

curable, it is necessary to cure the material, at least partly, before applying the 

second material. This ensures that the first material retains the shape of the 

lens relief structure in its surface, and hence, ensures that the first and second 

materials cooperate to focus light as desired. While the first, curable material 

must be cured in order to retain its shape for application of the second, curable 

material, it need not be fully cured, and in some embodiments, curing, at least 

partly, the layer of second, curable material also cures, at least partly, the layer 

of first curable material. It should be understood here that the first material may 

be cured from its part-cured state to fully cured, or may simply be cured further 

without fully curing. Curing in this way simultaneously cures the first and second 

materials, and, in particular in embodiments in which the second material is in 

contact with the first material, can improve the bonding between the first and 

second material.

In some embodiments, the step of curing at least partly, the layer of second, 

curable material is performed by curing through the one or more optical spacer 

layers. This may comprise applying the second material over the first, applying 

one or more (preferably curable) optical spacer layers over the second material, 

and curing the second material by curing through the one or more optical spacer 

layers. This may, in addition to curing the second curable material, cure at least 

partly the first, curable material and/or the optical spacer layer(s). Curing 

through an optical spacer layer can advantageously help to bond the second 

material to the first and/or the optical spacer layer. The curing of the second 

material through the optical spacer layer may be the only curing step performed 
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on the second material, or may take place in addition to a part cure before the 

application of the optical spacer layer.

It is preferable that the present method is performed in a continuous, in line 

manufacturing process, and hence, preferably, providing the carrier layer 

comprises providing a continuous web of carrier layer material. The lens 

transfer structure may then be formed in discrete regions on the endless web, or, 

preferably, the lens transfer structure may be produced by continuously 

performing the additional method steps, in line, along the endless web.

Preferably, applying the layer of first material over the first surface of the carrier 

layer comprises applying the layer of first material over the first surface of the 

carrier layer using a first casting member. In these embodiments, preferably, 

either the first casting member has a casting surface whose profile is 

substantially flat, and the step of forming the lens relief structure in the first 

surface of the layer of first material comprises forming the lens relief structure in 

the first surface of the layer of first material using a second casting member, the 

second casting member having a casting surface whose profile is a conjugate of 

the lens relief structure; or the first casting member has a casting surface whose 

profile is a conjugate of the lens relief structure, and wherein the layer of first 

material is applied over the first surface of the carrier layer with the lens relief 

structure pre-formed in the first surface of the layer of first material.

Similarly, preferably, applying the layer of second, curable material over the first 

surface of the layer of first material comprises applying the layer of second, 

curable material using a third casting member. In some embodiments, the third 

casting member has a casting surface whose profile is substantially flat. 

Alternatively, in particularly preferable embodiments, the third casting member 

has a surface whose profile is the conjugate of the diffraction relief structure, and 

the layer of second, curable material is applied over the first surface of the layer 

of first material with the diffraction relief structure pre-formed in the first surface 

of the layer of second, curable material.
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In all of the above embodiments which use casting members, it is preferable that 

the first, second and/or third casting members are casting cylinders. This is 

particularly preferable when performing the method on a continuous web of 

carrier material for providing a means of endlessly performing the application 

5 method steps.

According to a second aspect of the invention, there is provided a method of 

using the lens transfer structure formed in accordance with the above comprising 

applying the lens transfer structure over a substrate and removing the carrier 

10 layer. This typically comprises applying the lens transfer structure such that the 

layers of first and second material are between the carrier layer and the 

substrate, before removing the carrier layer, e.g. by peeling it away from the lens 

structure formed by the layers of first and second material. Preferably, the 

substrate is a polymer or paper substrate, and preferably the substrate is a 

15 security article substrate or security document substrate.

According to a third aspect of the invention, there is provided a security article or 

security document having a lens structure applied using a method according to 

the second aspect of the invention. Here, the term lens structure means the lens 

20 transfer structure of above, after removal of the carrier layer (i.e. after transfer).

A preferable security article is a security thread, strip, foil, insert or patch. A 

preferable security document is a banknote, an identity document, a passport, a 

licence, a certificate, a cheque, a visa or a stamp.

25 The present invention will now be described with reference to the accompanying 

drawings, in which:

Figure 1 shows, schematically, a system suitable for implementing the method 

according to a first comparative example;

30 Figure 2 shows a cross-section of a lens transfer structure formed using the 

method according to the first comparative example;
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Figure 3 shows a cross-section of the lens structure, formed using the method 

according to the first comparative example, after transfer to a security document 

substrate;

Figure 4 shows, schematically, a system suitable for implementing the method 

5 according to a second comparative example;

Figure 5 shows a cross-section of a lens transfer structure formed using the 

method according to the second comparative example;

Figure 6 shows a cross-section of the lens structure, formed using the method 

according to the second comparative example, after transfer to a security 

10 document substrate;

Figure 7A shows, schematically, a system suitable for implementing the method 

according to a first embodiment of the invention, and 7B shows a component of 

the system enlarged;

Figure 8 shows a cross-section of a lens transfer structure formed using the 

15 method according to the first embodiment;

Figure 9 shows a cross-section of the lens structure formed using the method 

according to the first embodiment, after transfer to a security document 

substrate; and

Figure 10 shows a cross-section of a lens structure formed using a method 

20 according to a third comparative example.

A first comparative example of a method according to the present invention will 

now be described in detail with reference to Figure 1. A continuous web of 

carrier material 1 is provided, supported at a number of points along its length by 

25 rollers 10. In the figures, the continuous web of carrier material is shown as 

extending along a substantially straight path for ease of understanding, however, 

it will be appreciated that typically the path the web of carrier material follows will 

change direction, for example, by wrapping part-way around one or more of the 

rollers 10 or by wrapping part-way around one or more of the cylinders 

30 (described below) which has the advantage of increasing the materials contact 

time with the cylinders. In this comparative example, the carrier is polyethylene 

terephthalate (PET), the upper surface of which has been corona treated to 

achieve a desired surface energy and release charcterisitic.
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At a first material application position 11, a first, curable resin 21 is applied to the 

upper surface of the web of carrier material 1 by first material application system 

20. The formulation of suitable resins will be described in greater detail below.

5 The first material application system 20 comprises a first applicator 22 and a first 

cylinder 23 located above the endless web 1. The applicator continuously 

applies a coating of the resin 21 to the continuously rotating cylinder 23. As the 

cylinder rotates, it brings the resin 21 towards the first material application 

position 11, at which the resin is brought into contact with the web of carrier 

10 material 1 as the web is transported along the web direction. The resin is 

transferred on to the upper surface of the carrier material 1, and the web 

continues along, away from the first material application position 11 and towards 

a first casting position 12.

15 At the first casting position 12, the first, curable resin is cast so that a lens relief 

structure is formed in its upper surface. The casting is performed by a rotating 

casting cylinder 41. The casting cylinder has a surface shaped to be the 

conjugate of the desired lens relief structure. In this comparative example, the 

casting cylinder 41 has a surface which comprises an array of hemispheres 

20 arranged and sized to produce a regular, two-dimensional array of concavities in 

the upper surface of the first material 21. As the casting cylinder rotates, it 

continuously forms the lens relief structure in the surface of the moving web of 

carrier material 1. The web of carrier material continues away from the casting 

cylinder 41, having had the lens relief structure pressed into its upper surface, to 

25 a first curing position 13. At the first curing position 13, the upper surface of the 

first, curable material 21 is exposed to light from a first ultraviolet light source 51 

such that the first, curable material is cured, fixing the lens relief structure in its 

upper surface. While in this comparative example, and those described below, 

the curing position is described as downstream of the first casting position 12 for 

30 ease of understanding, the curing position could more preferably be provided at 

the first casting position 12. In such examples, ultraviolet light source 51 may be 

provided in the centre of a transparent casting cylinder (as will be described 

below), or beneath the web of a transparent carrier material and configured to 



17
29

 06
 18

expose the curable material 21 to curing radiation via the transparent carrier 

material while it is in contact with the casting cylinder.

The web of carrier material 1, now having on its upper surface cured material 21,

5 in which is formed a lens relief structure, continues away from the first curing 

position 13, to a second material application position 14. At the second material 

application position 14, a second, curable resin 26 is applied over the upper 

surface of the first material 21 by second material application system 25. The 

second material application system 25 is structured similarly to the first, and 

10 comprises a second applicator 27 and a second cylinder 28 located above the 

web of carrier material 1 and first material 21. The applicator continuously 

applies a coating of resin 26 to the continuously rotating second cylinder 28. As 

the cylinder rotates, it brings the resin 26 towards the second material 

application position 14, at which the resin is brought into contact with the upper 

15 surface of the first material, on the web of carrier material 1, as the web is 

transported along the web direction. The resin is transferred on to the upper 

surface of the first material 21, where, owing to its relatively low viscosity in its 

uncured state, it conforms to the lens relief structure in the upper surface of the 

first material 21. The web continues along, away from the second material 

20 application position 14 and towards a second curing position 15. As mentioned 

above, the second curing position could alternatively be concurrent with the 

second material application position.

At the second curing position 15, the upper surface of the second, curable 

25 material 26 is exposed to light from a second ultraviolet light source 56 such that 

the second, curable material is cured, fixing the shape of the second material 26 

and bonding the second material to the first material 21.

The web of finished lens transfer structure is then conveyed along, away from 

30 the apparatus shown in Figure 1, where it may be processed further, e.g. divided 

into individual lens transfer devices by cutting.
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Figure 2 shows a cross-section through a lens transfer structure formed using 

the above described method. The lens transfer structure comprises a layer of 

carrier material 1, an upper surface of which has been corona treated, as 

described above. On the upper surface of the carrier material is a layer of first 

5 material 21, which is substantially transparent, and has a refractive index of

1.35. The upper surface of the first material 21 is shaped into a lens relief 

structure, which in this comparative example is a regular two-dimensional array 

of concavities suitable for functioning as a two-dimensional array of spherical 

lenses. Over the lens relief structure, i.e. over and in contact with the upper 

10 surface of the first material, is located a layer of second material 26, a lower 

surface of which conforms to the lens relief structure, and an upper surface of 

which is spaced from the lens relief structure and is substantially flat. The 

second material is also substantially transparent, and has a refractive index of

1.55. The refractive index of the second material 26 is higher than that of the first 

15 material 21 such that the second material filling the concavities in the surface of 

the first material acts as an array of spherical, convex lenses, which have a focal 

plane F that is, in this case, located above the upper surface of the second 

material 26.

20 Figure 3 shows the lens structure described above having been transferred onto 

a security article, in this case a security document, however it could equally be 

transferred to any substrate, for example a security element such as a security 

thread.. Transfer of the lens structure may be achieved by placing the upper 

surface of the lens transfer structure, i.e. the substantially flat surface of the 

25 second material 26, in contact with a surface of a substrate 2 of a security 

document, the surface of the substrate being coated with a transparent adhesive 

layer 3 such that the second material 26 adheres to the substrate 2. The carrier 

layer 1 is then peeled away from the lens structure, leaving the lens structure 

formed by layers of the first and second material 21 and 26 on the surface of the 

30 substrate. The carrier layer is removed substantially without distorting the lens 

array provided within the lens structure since the peel strength of the bond 

between the carrier layer 1 and the first material 21 is relatively low, and in 
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particular, is lower than the peel strength of the bond between the first and 

second materials 21 and 26.

Figure 3 shows the lens structure on a transparent substrate 2, which may for 

5 example be a polymer, such as biaxially oriented polypropylene (BOPP) as used 

in polymer banknotes. On a surface of the substrate 2 opposite to the lens 

structure is located an array of image elements 4 corresponding to the array of 

lenses provided by the lens structure and located substantially in the focal plane 

of the array of lenses, as is well known in the art.

10

Examples of suitable materials for forming the transparent first and second 

layers 21 and 26 will now be provided. For a simple transparent material, just 

one of the material components indicated below could be used, but more 

usually, the material will comprise a mixture (co-polymer or blend) of two or more 

15 of the components listed, in order to achieve not only the required optical 

properties but also desirable mechanical properties. The “high refractive index” 

materials listed below have a refractive index of about 1.55 or more, and the “low 

refractive index” materials about 1.45 or less. It will be appreciated that the 

refractive indices of the materials can be selected by the skilled person to 

20 produce lenses which operate as desired, with a specific focal length. Where 

available, the approximate refractive index (Rl) of each component is indicated 

below. In the above comparative example, both of the materials also comprise a 

curable component and examples of these are provided below. However it is 

noted that in some embodiments of the present invention, the first material is not 

25 curable.

Examples of high refractive index components -

Metal containing acrylates:

30 zirconium acrylate (Sigma Aldrich Cat. No. 686239)



hafnium acrylate (Sigma Aldrich Cat No. R686212)

zirconium carboxyethyl acrylate (Sigma Aldrich Cat. No. 686247) 

hafnium carboxyethyl acrylate (Sigma Aldrich Cat. No. 686220)
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Fluorene acrylates based monomers-

(Miramer is a trade name of Miwon Chemicals, Korea)-

Miramer HR6040

Miramer HR6042

Miramer HR6060

Miramer HR6100

High Rl Nano particulate dispersions -

Unidic EPC-1027 (DIC Corporation, Japan)

SHR 1075 (Miwon Chemicals, Korea)

Sulfur containing acrylate-

Phenylthioethyl acrylate, (Dichem Korea) - Rl 1.560

1-naphthylthio ethyl acrylate (Dichem Korea) - Rl 1.61

Standard acrylates-

Miramer M240 (Bisphenol A ethoxylated acrylate) - Rl 1.537

Miramer M2100 (Phenoxy Benzyl Acrylate) - Rl 1.565

Miramer M1142 (1-Ethoxylated -o-phenylphenol acrylate) - Rl 1.577

Miramer HR2582 (Urethane Acrylate) - Rl-1.595

Miramer HR2200 (Epoxy acrylate) - Rl-1.559

Miramer HR3000 (Urethane acrylate) - Rl 1.571

Miramer HR3200 (Urethane acrylate) - Rl 1.565

Miramer HR3700 (Urethane acrylate) - Rl 1.585

Miramer HR3800 (Urethane acrylate) - Rl 1.573

HR4000 (Urethane acrylate, Rl 1.582)

Examples of low refractive index components:

Fluoro-acrylate monomers from the following-

PDFA - pentadecafluorooctyl acrylate - Rl 1.3390

TFA = 2,2,2-trifluoroethyl acrylate

HFBA- heptafluorobutyl acrylate - Rl 1.3670
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HDFA= 1H,1H,2H,2H-heptadecafluorodecyl acrylate,

HFIPA = hexafluoroisopropy acrylate,

TDFA= 1H,1H,2H,2H-tridecafluorooctyl acrylate

Tetrafluoro-3-(heptafluoropropoxy)propyl acrylate - Rl 1.3460

Tetrafluoro-3-(pentafluoroethoxy)propyl acrylate - Rl 1.3480

Tetrafluoroethylene - Rl 1.3500

Undecafluorohexyl acrylate - Rl 1.3560

Nonafluoropentyl acrylate - Rl 1.3600

Tetrafluoro-3-(trifluoromethoxy)propyl acrylate - Rl 1.3600

Pentafluorovinyl propionate - Rl 1.3640

Trifluorovinyl acetate - Rl 1.3750

Octafluoropentyl acrylate - Rl 1.3800

Methyl 3,3,3-trifluoropropyl siloxane - Rl 1.3830 

Pentafluoropropyl acrylate - Rl 1.3850

1H,1H-Heptafluorobutyl(meth)acrylate,

1H,1H,5H-octafluoropentyl(meth)acrylate, 

2,2,3,4,4,4-Hexafluorobutyl(meth)acrylate, 

perfluorooctylethyl(meth)acrylate, 

trifluoroethyl(meth)acrylate,

trifluoroethyl(meth)acrylate, and 

perfluorooctylethyl(meth)acrylate

Preferred commercially available examples include:

Defensa OP-188 (from DIC Japan)

Defensa OP-3801

Defensa OP- 4002

Defensa OP-4003,

Defensa OP-4004,

Sartomer CN 4002 (from Sartomer)
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Fluorolink® MD 700 (from Solvay Solexis Inc.),

Fluorolink® MD 500, and

Fomblin® MD 40

The high refractive index formulation and the low refractive index formulation 

may each optionally further include one or more components with higher 

functionality (meaning in this case a higher number of acrylic groups in the 

material), to increase the degree of cross-linking, which leads to reduced 

tackiness and improved mechanical properties. Examples of suitable higher 

functional acrylate components include:

trimethylolpropane triacrylate,

pentaerythritol triacrylate,

ethoxylated (3) trimethylolpropane triacrylate,

ethoxylated (3) trimethylolpropane triacrylate, 

propoxylated (3) trimethylolpropane triacrylate, 

ethoxylated (6) trimethylolpropane triacrylate, 

tris(2-hydroxy ethyl) isocyanurate triacrylate, 

dipropylene glycol diacrylate,

propoxylated (3) glyceryl triacrylate,

propoxylated (3) glyceryl triacrylate, 

pentaerythritol tetraacrylate.

A curing agent is also included in both of the formulations. A range of suitable 

photo- and thermo- initiators are commercially available. Photo-polymerisation 

is preferred for the current application due to faster cure, although thermo 

initiation can also be used. Some examples of suitable free radical type photo­

initiators are given below:

1 -phenyl-2-hydroxy-2-methyl-1 -propanone,

2 hydroxy 2-methyl 1-phenyl propan-1-one,

2,2-dimethoxy-1,2-di(phenyl)ethanone
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1- hydroxycyclohexyl phenyl ketone, 

benzophenones,

bis-acyl phosphine oxide (BAPO),

aminoketones,

thioxanthones,

(2,4,6-trimethylbenzoylphenyl phosphinate),

2- Benzyi-2-(dimethylamino)-1-[4-(4-morpholinyl)phenyl]-1-butanone

A preferred example formulation of a high refractive index transparent material 

is:

40 wt% DIC Unidic EPC 1027,

30 wt% Miramer HR 6042,

25 wt% Miramer HR3700.

5 wt% Photo-initiators and common surface active additives

A preferred example formulation of a low refractive index transparent material is:

50 wt% Defensa OP-188

30 wt% Viscoat 8F

15 wt% Ethoxylated (3) trimethylolpropane triacrylate,

5 wt% Photo-initiators and additives.

A second comparative example of a method according to the present invention 

will now be described with reference to Figure 4. The system shown in Figure 4 

is largely the same as the system shown in Figure 1, and the differences 

between the two will be focussed on in the following description.

A continuous web of carrier material 1 is provided, supported at a number of 

points along its length by rollers 10. The web of carrier material is provided first 

to a release layer application position 110. At the release layer application 

position 110, a release layer application system 70 applies a release layer 71 to 

the upper surface of the web of carrier material 1. A release layer is a layer of 

material which provides a weak bond between the two materials on either side of 

it, i.e. which allows one layer to be peeled away from another. In this 
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comparative example, the release layer is a layer of wax. The release layer 

application system 70 comprises an applicator 72 and a cylinder 73. The 

applicator continuously applies a coating of the release layer 71 to the 

continuously rotating cylinder 73. As the cylinder rotates, it brings the release 

layer 71 towards the release layer application position 110, at which the release 

layer is brought into contact with the web of carrier material 1 as the web is 

transported along the web direction. The release layer is transferred on to the 

upper surface of the carrier material 1, and the web continues along, away from 

the release layer application position 110 and towards a first material application 

position 12.

At a first material application position 11, a first, curable resin 21 is applied over 

the release layer by first material application system 20 substantially as 

described above with respect to Figure 1, before the web is transported along to 

the first casting position 12.

At the first casting position 12, the first, curable resin is cast so that a lens relief 

structure is formed in its upper surface. In this comparative example, the casting 

is performed by a rotating casting cylinder 141 whose surface comprises an 

array of concavities arranged and sized to produce a regular, two-dimensional 

array of hemispheres in the upper surface of the first material 21. As the casting 

cylinder rotates, it continuously forms the lens relief structure in the surface of 

the moving web of carrier material 1. The web of carrier material continues 

away from the casting cylinder 141, having had the lens relief structure pressed 

into its upper surface, to a first curing position 13. At the curing position 13, the 

upper surface of the first, curable material 21 is exposed to light from a first 

ultraviolet light source 51 such that the first, curable material is partly cured, 

fixing the lens relief structure in its upper surface.

The web of carrier material 1, now having on its upper surface cured material 21, 

in which is formed a lens relief structure, continues away from the first curing 

position 13, to a second material application position 14. At the second material 

application position 14, a second, curable resin 26 is applied over the upper 
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surface of the first material 21 by second material application system 25, 

substantially as described above with respect to Figure 1.

After application of the second material, the web is transported along to a spacer 

layer application position 16. At the spacer layer application position 16, a 

spacer layer application system 135 applies an optical spacer layer 136 over the 

upper surface of the layer of second curable material. The spacer layer 

application system 135 is structured similarly to the first and second material 

application systems 20, 25, and comprises a spacer layer material applicator 

137 and a cylinder 138 located above the web of carrier material 1. The 

applicator continuously applies a coating of resin 136 to the continuously rotating 

cylinder 138. The resin used as the optical spacer layer may be selected from 

the resins described in detail above with respect to the first and second 

materials, and will preferably be selected so as to have the same or similar 

refractive index as the material onto which it is applied, in this case the second, 

curable resin 26, in order to supress interfacial reflections. The resin may or 

may not be a curable resin. The optical spacer layer 136 may, for example, be 

polyethylene terephthalate (PET) or biaxially oriented polypropylene (BOPP). As 

the cylinder 138 rotates, it brings the resin 136 towards the spacer layer 

application position 14, at which the resin is brought into contact with the upper 

surface of the second material, as the web is transported along the web 

direction. The resin 136 is thereby transferred onto the upper surface of the 

second material 26, and the web continues along towards a second curing 

position 15.

At the second curing position 15, the upper surface of the optical spacer layer 

136 is exposed to light from a second ultraviolet light source 56. As the optical 

spacer layer is substantially transparent, the second, curable material is exposed 

to the UV light through the optical spacer layer. The second, curable material is 

thereby cured, fixing the shape of the second material 26 and bonding the 

second material to the first material 21, and to the optical spacer layer 136.
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The web next continues to an image element application position 17, at which an 

array of image elements 4, corresponding to the array of lenses formed by the 

first and second materials 21, 26, is applied to the exposed, upper surface of the 

optical spacer layer. In this comparative example, the image elements 4 are 

5 applied by a printing system 80 which comprises a printer 81. While a printer is 

shown in this comparative example, alternative examples may comprise 

applying the image elements 4 using gravure printing, lithographic printing, 

flexographic printing, offset printing or screen printing and the corresponding 

printing system.

10

The web of finished lens transfer structure is then conveyed along, away from 

the apparatus shown in Figure 1, where it may be processed further, e.g. divided 

into individual lens transfer devices by cutting.

15 Figure 5 shows a cross-section through a lens transfer structure formed using 

the above described method. The lens transfer structure comprises a layer of 

carrier material 1, an upper surface of which has coated in a release layer 71. 

On the upper surface of the release layer is a layer of first material 21, which is 

substantially transparent, and has a refractive index of 1.55. The upper surface

20 of the first material 21 is shaped into a lens relief structure, which in this 

comparative example is a regular two-dimensional array of hemispheres suitable 

for functioning as a two-dimensional array of spherical lenses. Over the lens 

relief structure, i.e. over and in contact with the upper surface of the first 

material, is located a layer of second material, a lower surface of which conforms 

25 to the lens relief structure, and an upper surface of which is spaced from the lens 

relief structure and is substantially flat. The second material is also substantially 

transparent, and has a refractive index of 1.35. The refractive index of the 

second material 26 is lower than that of the first material 21 such that the second 

material filling surrounding the hemispheres in the surface of the first material

30 acts as an array of spherical, concave lenses, which have a focal plane F’ that 

is, in this case, located approximately in line with an upper surface of the optical 

spacer layer 136 provided over the upper surface of the second material 26.

The optical spacer layer 136 is also substantially transparent, and has a 
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refractive index of 1.35. While a refractive index of 1.35 is used here, other 

refractive indexes may be selected, which may be used to alter the location of 

the focal plane of the lenses. On the upper surface of the optical spacer layer 

136, substantially in line with the focal plane of the lenses formed by the first and

5 second materials, is provided an array of image elements. In this case, the array 

of image elements 4 comprises an array of identical indicia whose pitch differs 

slightly from the pitch of the lenses to produce a moire magnification effect, as is 

known in the art.

10 Figure 6 shows the lens structure described above having been transferred onto 

a security document. Transfer of the lens structure may be achieved by placing 

the upper surface of the lens transfer structure, i.e. the surface of the optical 

spacer layer 136 having the image elements formed thereon, in contact with a 

surface of a substrate 2 of a security document, the surface of the substrate

15 being coated with a transparent adhesive layer 3 such that the optical spacer 

layer 136 adheres to the substrate 2. The carrier layer 1 is then peeled away 

from the lens structure, leaving the lens structure formed by layers of the first 

and second material 21 and 26 on the surface of the substrate. The carrier layer 

is removed substantially without distorting the lens array provided within the lens

20 structure since the release layer 71 ensures that the peel strength of the bond 

between the carrier layer 1 and the first material 21 is relatively low, and in 

particular, is lower than the peel strength of the bonds between the first and 

second materials 21 and 26, and the optical spacer layer.

25 A first embodiment of a method according to the present invention will now be 

described with reference to Figure 7.

A continuous web of carrier material 1 is provided, supported at a number of 

points along its length by rollers 10, the web of carrier material having an upper 

30 surface that has been corona treated, as described above.

The web of carrier material is provided first to a first material application position 

11, at which a first, curable resin 21 is applied to the upper surface of the web of 

carrier material 1 by first material application system 220. First material 
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application system 220 differs from those described previously in that the 

cylinder forming part of the application system is a, hollow, transparent casting 

cylinder 223. The surface of the casting cylinder 223 is shaped to be the 

conjugate of the desired lens relief structure. In this embodiment, the casting 

cylinder 223 has a surface which comprises an array of hemispheres arranged 

and sized to produce a regular, two-dimensional array of concavities in the 

surface of the first material 21. The first material applicator 22 applies material 

directly to the surface of the casting cylinder, such that the first material 

conforms to the surface of the casting cylinder 223. In this embodiment, the 

material is not continuously applied over the cylinder 223, as has been described 

before, and instead, gaps are provided in the first material so that a plurality of 

spaced structures are applied to the endless web, rather than a single, endless 

structure. It will be appreciated that the application of first material could also be 

performed continuously, as has been described before, and similarly, this 

selective application of first material could also be applied in the first and second 

embodiments.

Once the first material has been applied to the surface of the hollow, transparent 

casting cylinder 223, the cylinder, which continues to rotate, brings the material 

to the first material application position 11, at which it is brought into contact with 

the endless web of carrier material 1. At the first material application position 11, 

the first, curable material 21 is exposed to light from a first ultraviolet light source 

224 located inside the transparent casting cylinder 223 so that the first, curable 

material is cured, fixing the lens relief structure in its upper surface and aiding in 

bonding the first curable material to the surface of the carrier layer 1. The first 

material, now cured, is removed from the surface of the casting cylinder 223 as 

the cylinder continues to rotate and the web is transported along the web 

direction.

The web continues towards a second material application position 14, at which 

the second material 26 is applied over the first 21 by a second material 

application system 225. The second material application system is similar to the 

first, and comprises a second material applicator 27, a hollow, transparent 
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casting cylinder 228 and a second ultraviolet light source 229. The second 

material applicator 27 selectively applies the second material 26 to the surface of 

the cylinder 228. The cylinder 228 has a surface which is configured to form a 

diffractive structure in the surface of the second material 26 which does not 

contact the surface of the first material 21. As shown in Figure 7B, the surface 

of the cylinder has a corrugated appearance, the parallel ridges and furrows 

casting its conjugate in the upper surface of the second material 26. As the 

cylinder rotates, the second material is brought into contact with the upper 

surface of the first material at the second material application position 14, where 

it conforms to the shape of the lens relief structure. At the second material 

application position 14, the second, curable material 26 is exposed to light from 

a second ultraviolet light source 229 located inside the transparent casting 

cylinder 228 so that the second, curable material is cured, fixing the diffraction 

relief in the upper surface, as well as the conformed lens relief in the lower 

surface, and also bonding the second material 26 to the first material 21. Curing 

of the second, curable material 26 will also further cure the first material 21, if the 

first curable material is only part cured.

In order to improve the appearance of the diffraction relief structure, a 

substantially transparent high refractive index (HRI) coating, or reflection 

enhancing coating, is applied to upper surface of the layer of second material 26. 

This application may be performed continuously, in line, while the lens transfer 

structure is supported by the endless carrier material. However, typically a HRI 

layer is applied using a vacuum deposition process. Therefore, in this 

embodiment, after application of the second material 26, the web is conveyed 

along, away from the apparatus shown in Figure 7A, where it is divided by 

means not shown, so it can be subject to vacuum deposition of a HRI layer in a 

vacuum deposition chamber, as is well known in the art. Suitable HRI layers are 

well known in the art, and include, for example, zinc sulphide (ZnS), zirconium 

dioxide (ZrO2) or metal oxides such as zinc oxide (ZnO), titanium dioxide (TiO2), 

aluminium oxide (AI2O3) etc.
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Figure 8 shows a cross-section through a lens transfer structure formed using 

the above described method. The lens transfer structure comprises a layer of 

carrier material 1, an upper surface of which has been corona treated, as 

described above. On the upper surface of the carrier material is a layer of first 

material 21, whose properties are as described above with respect to Figure 2. 

The upper surface of the first material 21 is shaped into a lens relief structure, 

which in this embodiment is a regular two-dimensional array of concavities 

suitable for functioning as a two-dimensional array of spherical lenses. Over the 

lens relief structure, i.e. over and in contact with the upper surface of the first 

material, is located a layer of second material 26, a lower surface of which 

conforms to the lens relief structure, and an upper surface of which is spaced 

from the lens relief structure and has formed therein a diffraction relief structure. 

The second material is also as described above with respect to Figure 2. The 

upper surface of the layer of second material 26 is coated with a HRI layer 31, 

which improves the replay brightness of the diffractive optical effect produced by 

the diffraction relief structure.

Figure 9 shows the lens structure described above having been transferred onto 

a security document. In this case, transfer of the lens structure may be achieved 

by placing the upper surface of the lens transfer structure, i.e. the HRI layer 31, 

in contact with a surface of a substrate 2 of a security document, the surface of 

the substrate being coated with a transparent adhesive layer 3 such that the HRI 

layer 31 adheres to the substrate 2. The carrier layer 1 is then peeled away 

from the lens structure, leaving the lens structure formed by layers of the first 

and second material 21 and 26, and the HRI layer 31, on the surface of the 

substrate.

Figure 9 shows the lens structure on a transparent substrate 2, which may for 

example be a polymer, as used in polymer banknotes. As discussed in relation 

to the first embodiment, on a surface of the substrate 2 opposite to the lens 

structure is located an array of image elements 4 corresponding to the array of 

lenses provided by the lens structure and located substantially in the focal plane 

of the array of lenses, as is well known in the art. In this example, a viewer 
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observing the security element produced by the lens transfer structure will see the 
optically variable effect produced by the lenses in cooperation with the image 
elements 4, as well as a diffractive optical effect produced by the diffraction relief 
structure formed by the second material 26 in cooperation with the HRI layer 31. In 
this embodiment, because the diffraction relief structure is away from the focal plane 
of the lenses, which lies substantially in the plane of the image elements, the optical 
effect produced by the diffraction relief structure will be substantially undistorted by 
the array of lenses.

Figure 10 shows a cross-section through an alternative lens transfer structure, not 
according to the invention, comprising a secondary optically variable effect 
generating structure, which may be formed with modification to the above described 
systems and methods. The lens transfer structure is substantially as described 
above with respect to Figure 2, and comprises a carrier layer 1, layer of first material 
21 and layer of second material 26. An additional optically variable effect generating 
structure is provided by a plurality of stacked layers 32a-d, which act as a thin film 
interference structure, provided on the upper surface of the layer of second material 
26. The layers 32a-d are formed of either a first or second resin, the first and third 
layers 32a, 32c being a first resin, and the second and fourth layers being a second 
resin. The layers may alternatively be dielectric layers, e.g. metal oxide layers or 
metal and metal oxide combinations. The first and second resins may be provided 
by a material application system, similar to those described above comprising 
material applicators and cylinders. To function as an interference structure, the first 
and second resins are substantially transparent and have different refractive indices. 
When the security element provided by the lens transfer structure is observed, the 
boundary of the second material with the first layer 32a partially reflects and partially 
transmits incident light, i.e. the amplitude of the incident light is split. The 
transmitted portion is then either reflected or transmitted at the boundary with the 
second layer 32b, and so on for the boundaries provided by the third and fourth 
layers 32c, 32d. The light reflected by the boundaries interferes with the portion 
reflected from the earlier boundaries, leading to constructive interference of some 
wavelengths and destructive interference of others, and hence a characteristic 
colour which varies
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with viewing angle is displayed in addition to the optically variable effect provided 

by the lenses.
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CLAIMS

1. A method of forming a lens transfer structure comprising:

providing a carrier layer;

applying a layer of a first material over a first surface of the carrier layer, the 

layer of the first material being substantially transparent and having opposed first 

and second surfaces, the second surface being disposed between the carrier 

layer and the first surface;

forming a lens relief structure in the first surface of the layer of first material;

applying a layer of a second, curable material over the first surface of the 

layer of first material, the second, curable material being substantially 

transparent, having a refractive index different from a refractive index of the first 

material, and having opposing first and second surfaces, the second surface of 

the layer of second, curable material being disposed between the first surface of 

the layer of second, curable material and the layer of first material, and the 

second surface of the layer of second, curable material, conforming to the lens 

relief structure in the first surface of the layer of first material; and

curing, at least partly, the layer of second, curable material;

wherein the carrier layer is removable from the layer of first material; and 

further comprising either:

a) forming a diffraction relief structure, a reflective relief structure or a 

refractive relief structure in the form of an array of refractive facets in the first 

surface of the layer of second curable material; or

b) applying an optical spacer layer over the first surface of the layer of 

second curable material, the optical spacer layer having opposing first and 

second surfaces, and forming a diffraction relief structure, a reflective relief 

structure or a refractive relief structure in the form of an array of refractive facets 

in the first or second surface of the optical spacer layer.

2. A method according to claim 1, wherein the layer of second, curable material 

is applied over the first surface of the layer of first material, in contact with the 

first surface of the layer of first material.
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3. A method according to claim 1 or claim 2, further comprising applying a 

release layer over the first surface of the carrier layer, wherein applying the 

layer of first material over the first surface of the carrier layer comprises 

applying the layer of first material over the release layer such that the release 

layer is disposed between the carrier layer and the layer of first material.

4. A method according to any of the preceding claims, wherein the lowest peel 

strength between any two layers between and including the carrier layer and 

the layer of first material is the lowest peel strength in the lens transfer 

structure.

5. A method according to any of the preceding claims, further comprising 

applying one or more optical spacer layers over the first surface of the layer 

of second curable material, each optical spacer layer having opposing first 

and second surfaces.

6. A method according to any of the preceding claims, wherein either

forming a lens relief structure in the first surface of the layer of first material 

comprises forming the conjugate of a convex relief structure in the first surface of 

the layer of first material, wherein the first refractive index is higher than the 

second refractive index; or

forming a lens relief structure in the first surface of the layer of first material 

comprises forming the conjugate of a concave relief structure in the first surface 

of the layer of first material, wherein the first refractive index is lower than the 

second refractive index.

7. A method according to any of the preceding claims, wherein the lens relief 

structure defines a regular array of lenses.

8. A method according to any of the preceding claims, wherein the lens relief 

structure defines an array of microlenses.
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9. A method according to any of the preceding claims, further comprising 

forming an array of image elements, overlapping the lens relief structure in 

the first surface of the layer of first material.

10. A method according to claim 9, wherein forming an array of image elements 

comprises forming an array of image elements on one of the first surface of 

the layer of second, curable material and the first or second surface of one of 

the one or more optical spacer layers, if provided.

11. A method according to claim 9 or claim 10, wherein forming an array of 

image elements comprises printing an array of image elements.

12. A method according to any of claims 9 to 11, wherein the array of image 

elements comprises at least a first set of image element portions, each 

image element portion comprising a portion of a first image to be displayed 

and being associated with a respective lens formed by the lens relief 

structure.

13. A method according to any of claims 9 to 11, wherein the array of image 

elements comprises an array of microimage elements, the array of 

microimage elements having a pitch and/or orientation different from the 

pitch and/or orientation of an array of lenses formed by the lens relief 

structure such that a magnified version of the microimage elements is 

displayed as a result of the moire effect.

14. A method according to any of the preceding claims, further comprising 

providing a reflection enhancing material over the diffraction relief structure.

15. A method according to claim 14, wherein the reflection enhancing material is 

a substantially transparent high refractive index material, such as a metal 

oxide.

16. A method according to claim 15, wherein the reflection enhancing material 

has a refractive index greater than 1.5, preferably greater than 1.75, more 

preferably greater than 2.0.
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17. A method according to any of claims or claim , wherein providing a reflection 

enhancing material over the diffraction relief structure is performed using a 

vacuum deposition process.

18. A method according to any of the preceding claims, wherein the first material 

is a first, curable material, and wherein forming the lens relief structure in the 

first surface of the layer of first, curable material comprises casting the lens 

relief structure in the first surface of the layer of first, curable material using a 

casting member whose surface has a profile that is the conjugate of the lens 

relief structure, and curing, at least partly, the layer of first, curable material 

before applying the layer of second, curable material.

19. A method according to claim 18, wherein curing, at least partly, the layer of 

second, curable material also cures, at least partly, the layer of first curable 

material.

20. A method according to at least claim 5, wherein the step of curing at least 

partly, the layer of second, curable material is performed by curing through 

the one or more optical spacer layers.

21. A method according to any of the preceding claims, wherein providing the 

carrier layer comprises providing a continuous web of carrier layer material.

22. A method according to any of the preceding claims, wherein applying the 

layer of first material over the first surface of the carrier layer comprises 

applying the layer of first material over the first surface of the carrier layer 

using a first casting member.

23. A method according to claim 22, wherein either

the first casting member has a casting surface whose profile is substantially 

flat, and the step of forming the lens relief structure in the first surface of the 

layer of first material comprises forming the lens relief structure in the first 

surface of the layer of first material using a second casting member, the second 
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casting member having a casting surface whose profile is a conjugate of the lens 

relief structure; or

the first casting member has a casting surface whose profile is a conjugate of 

the lens relief structure, and wherein the layer of first material is applied over the 

first surface of the carrier layer with the lens relief structure pre-formed in the first 

surface of the layer of first material.

24. A method according to any of the preceding claims, wherein applying the 

layer of second, curable material over the first surface of the layer of first 

material comprises applying the layer of second, curable material using a 

third casting member.

25. A method according to claim 24, wherein the third casting member has a 

casting surface whose profile is substantially flat.

26. A method according to claim 24, wherein the third casting member has a 

surface whose profile is the conjugate of the diffraction relief structure, and 

wherein the layer of second, curable material is applied over the first surface 

of the layer of first material with the diffraction relief structure pre-formed in 

the first surface of the layer of second, curable material.

27. A method according to any of claims 22 to 26, wherein the first, second 

and/or third casting members are casting cylinders.

28. A method of using a lens transfer structure formed in accordance with any of 

claims 1 to 27, comprising applying the lens transfer structure over a 

substrate and removing the carrier layer.

29. A method according to claim 28, wherein the substrate is a polymer or paper 

substrate.

30. A method according to claim 28 or 29, wherein the substrate is a security 

article substrate or a security document substrate.


