
EP 0 449 893 B1 Description This invention relates to a diffraction grating
device and to a method of forming a diffraction grating, and is especially
but not exclusively concerned with diffraction gratings which may be
employed as security devices, for example, in 5   currency notes and credit
cards. The traditional security device employed to assist in distinguishing
genuine bank notes from counterfeits is a metal foil insert. This device is
not a great challenge to professional counterfeiters and it has been
considered desirable for some time to develop satisfactory security inserts
which are more sophisticated and less easily reproduced than metal foil
strips. Past proposals, some of which have been made with particular regard
to the recent development of longer 10  life currency notes comprising of
plastic laminates, have included diffraction structures such as multiple
film devices, straight line gratings, image holograms, and line gratings
with precisely determined variable depth grooves. None of these proposals
have reached fruition however, because the optically variable patterns
produced could not sustain an acceptable level of structural stability as
the notes became heavily crinkled in day-to-day use. It is one objective of
this invention to overcome this problem in a device of adequate complexity
for use as a currency note security insert. 15      In one aspect, the
invention essentially comprises a significant practical use of the
application of the present inven- tor's theory of generalized curvilinear
diffraction gratings to optical diffraction catastrophes. The theory is
outlined in Optica Acta 1983, Vol. 30 Nos. 3 and 4, and the application to
optical diffraction catastrophes is disclosed in Vol. 30, No. 4, 449 - 464
and in Vol. 32, No. 5, 573 - 593. In particular, it has been realized that
the aforementioned objective can be achieved by imposing a matrix of
diffraction catastrophe pixels on a regular diffraction grating. 20      In
EP-A-0 105 099 there is disclosed a diffraction grating device according to
the preamble of claim 1. Specifically, EP-A-0 105 099 describes a
diffraction grating device comprising a multiplicity of pixellated
diffraction grating portions in which each pixel is an individual
diffraction grating of curvilinear reflective or transmissive lines. The
object of the present invention is to overcome the abovementioned problem
in a device producing optically variable patterns which can sustain an
acceptable level of structural stability. 25       To achieve this, the
diffraction grating device of the invention is characterized by the
features set forth in the char- acterizing part of claim 1. According to
the invention, the grating device when illuminated generates a
two-dimensional optical catastrophe image diffraction pattern whereby the
total image diffraction pattern of the grating is optically variable but
structurally stable. 30       By "image diffraction pattern" in the context
of this specification is meant the optical image observed by the naked eye
focused on the grating when it is illuminated by an arbitrarily extended
diffuse source of finite width such as a fluorescent tube. A pattern is
described herein as "optically variable where it varies, according to the
position of obser- vation and is "structurally stable" if its broad form at
any given position of observation is not materially altered by distortion
of the grating surface. 35       Expressed in mathematical terms, the
reflective/transmissive lines of the grating are advantageously such that
they are defined, in terms of co-ordinates x,y in the plane of the grating,
by the equation S(x,y) = kN where k is a scaling factor, N is an integer
and the function S(x,y) is given by: S(x,y) = W(x,y) + P(x,y) + C(xy)
(1) 40       where S(x,y) is the initial phase function generated by the
grating when illuminated normally by a collimated mon- ochromatic light
wave, W(x,y) is a carrier wave of non-zero order, P(x,y) is a picture or
portrait function which determines the broad shape of the image diffraction
pattern, and is piecewise relatively slowly varying with respect to x and
y, and 45       C(xy) is a periodic lattice function of x, y which varies
relatively rapidly with respect to x and y and whose Hessian is not
identically zero except along certain characteristic lines corresponding to
the caustics in the Fresnel or Fraun- hofer diffraction pattern of the
grating. The Hessian of C(x,y) is a standard complex derivative expressed
as follows: 50 [err] The condition that the Hessian be not identically zero
except along certain characteristic lines is a condition for an optical
catastrophe image diffraction pattern in accordance with the above theory
of generalized curvilinear diffraction patterns. The function C(x,y) may
thus be described as the catastrophe function for the grating. 55       The
right side of equation (1) may include a further summed term F(x,y), being
a focussing term of the form F(xy) 



= [err] are constants chosen to focus the diffracted waves at the required
distance from the grating. 2    EP 0 449 893 B1 The pixels are preferably
less than 1[err] in area, most preferably between 0.25 and 0.75mm2 in area.
The reflec- tive/transmissive lines are advantageously reflective grooves,
e.g. square or sinusoidal cut grooves or a combination of square and
sinusoidal cut grooves, in a metallized surface. The invention may be
employed in a security device wherein the multiplicity of diffraction
grating regions are at least 5   partly separated by a multiplicity of
grating free regions, each grating free region having a dimension which is
at least large enough to be resolved by the human eye, the total grating
free areas not exceeding about 20 to 50% of the total area of the grating.
The presently preferred optimum grating free area is about 30%, but it will
be appreciated thatthis figure is somewhat arbitrary. 10      Each
diffraction grating region may comprise any suitable diffraction grating
structure, including any one of the types of optical diffraction
catastrophies described in greater detail in the papers detailed above. The
grating regions may be arranged at various angles to produce desired
optical effects. Each grating region should be no smaller than the
resolution of the human eye and the maximum size of each grating free
region should be no greater than about 20 to 50% of the total grating area
and optimally about 30% of the total area. 15      By providing a
multiplicity of grating free areas, the image produced has improved
contrast thereby resulting in a perceivable brighter diffraction pattern.
The invention will be further described, by way of example only, with
reference to the accompanying drawings, in which: 20      Figures 1 A, 1 B
and 1 C compare the image pattern of a screen printed portrait, a
conventional line grating portrait, and a grating in accordance with the
invention; Figure 2 is a diagrammatic representation of a conventional line
diffraction grating; Figure 3 is a diagrammatic representation of the
grating of Figure 2 modified so as to be a diffraction grating in
accordance with the invention; 25      Figures 4 to 7 compare the
fluorescent tube image diffraction patterns for the gratings of Figures 2
and 3, at different observation positions, the right print in each case
being the pattern for the grating of Figure 2; Figure 8 is a computer
predicted plot of a catastrophe Fresnel diffraction pattern for a typical
pixel of the grating shown in Figure 3; Figure 9 is the computed first
order Fresnel diffraction pattern for the grating of Figure 2; 30
Figure 10 is the corresponding Fresnel diffraction pattern for the grating
of Figure 3; Figure 11 is aschematicdiagram showing the generalfeatures of
the manufacturing process applicable to the above embodiment and the
embodiment of Figure 12; Figure 12A is an enlarged (x 28) graphic
representation of diffraction grating according to another aspect of the
invention, and 35      Figure 12B is a further enlarged (x 40)
representation of portion of the grating of Figure 12A showing the grating
and grating free areas in more detail. Before proceeding to describe a
specific example of a diffraction grating in accordance with the first
aspect of the invention, the manner in which the inventive grating achieves
the aforementioned objective will now be discussed. 40      The dominant
effect of thefunction C(xy) is to break the given portraitfunction P(x,y)
up intoa collection of optically varying multicoloured small picture
elements or pixels in an analogous fashion to the way conventional screen
printing technology converts a static continuous tone colour image into a
collection of multicoloured dots. In more precise language, the effect of
the catastrophe lattice is to frequency modulate the Fourier spectrum of
the picture function in such a way as to induce amplitude modulation of the
image diffraction pattern of the picture function. 45   When a grating
according to the invention is observed directly under an extended source
such as a fluorescent tube this amplitude modulation is manifested by the
intensities of the pixels varying smoothly with changing angle of view. The
rate of variation of the intensity of a given pixel is directly
proportional to the size of the diffraction catastrophe associated with
that pixel. In this sense the pixels may be said to possess a degree of
structural stability because any 



perturbation of the initial wavefront due to crinkling of the grating
surface in the vicinity of the pixel will only cause a 50   change of
intensity in the pixel. This is in contrast to conventional generalized
gratings or image holograms where the local line pattern in areas
equivalent to the size of a pixel is rectilinear and therefore any local
crinkling perturbation will cause the observed image point to "switch off"
completely. Conventional generalized gratings or image holograms are
therefore highly structural unstable since for a given wavelength small
areas of the grating diffract narrow pencil-like beams which are much more
sensitive to perturbations than the expanding beams produced by the pixels
of a grating. 55      The above ideas are illustrated schematically in
Figures 1 A, 1 B and 1 C. Figure 1 A shows why a conventional screen
printed portrait is not optically variable. An incident light beam striking
a typical printed pixel is scattered in all angular directions. The optical
image is therefore static (perfectly structurally stable) and abservable at
any angle of view under any polychromatic light source. To make this
printed portrait opticallyvariablethe pixels must be made to scatter
incoming 3    EP 0 449 893 B1 light specularly into a much narrower range
of scattering angles in orderforthe ye of the observertosee particular
pixels only at certain angles of observation. One known way of doing this
is to convert each small area or pixel into a miniature straight line
diffraction grating. Figure 1 B with a characteristic groove frequency for
each pixel so that at one particular angle of observation the colour map of
the total grating corresponds with the colour map of the required image.
The 5   problem with this type of grating device is that because the pixels
diffract the incoming light into narrow beams any slight perturbation or
aberration in the observation conditions, such as a slight crinkling of the
grating surface, will cause the diffracted light from the affected pixels
to miss the eye of the observer and thereby cause rapid degradation of the
expected image. This type of grating may therefore be said to be highly
structurally unstable since the diffracted image is far too sensitive to
perturbations in the observation conditions. A solution to this problem is
the concept behind the 10  invention and is explained schematically, for
the example at hand, in Figure 1 C. The basic idea is to replace the
unstable straight line grating of Figure 1 Bbya pixellated line pattern
which diffracts incoming light intostructurally stable expanding beams of
light. These expanding beams or diffraction catastrophes ensure that the
pixels will still be observable after crinkling of the grating surface as
long as the crinkling angles do not exceed the angular range of the
boundary caustics of the pixel diffraction catastrophes. The observed image
of a grating according to the invention is therefore structurally 15
stable within the boundary caustics and optically variable outside. Because
gratings according to the invention are much less sensitive to crinkling
perturbations than conventional gratings or image holograms they are much
better suited to applications involving flexible surfaces - in particular
as highly secure optically variable labels for currency notes. An exemplary
subclass of diffraction gratings in accordance with the invention is
determined by the following special 20  forms of the functions set forth
above: W(x,y) = y P(x,y) = a[cos(IIx/2)sin(IIy/2) - (2/3)cos(IIx/2) -
(2/3)sin(IIy/2)] F(x,y) = 0 25                                C(xy)=
B[cos(QIIx)cos(QIIy) - (2/3)cos(QIIx) - (2/3)cos(QIIy)]
(3) A particular embodiment of this subclass of grating has been generated
on a computer graphic system and then manufactured by means of electron
beam lithography modified for oblique line writing operations. In this
embodiment, the variables a, B and Q in the above functions are given by:
30                                       a = 0.30, B = 0.666, and Q = 16.0
(4) It will be observed that the carrierfunction W(x,y) and the picture
function P(x,y) are relatively slowly varying functions of x and y while
the periodic lattice catastrophe function C(xy) is a realtively rapidly
varying function of x and y. As already noted, it is this rapidly varying
nature of the function C(x,y) that induces amplitude modulation and
structural stability in the picture function P(x,y) but a consequence is
that very large data files and large amounts of computer time 35   are
required to accurately specify the grating function S(x,y). The explicit
form of the grating function for this embodiment, obtained by iterating the
above expression with S(x,y) = z, where z is the groove index number, is
given by: [err] = z - [err] 



40 (2/3)sin[err] -B [cos([err] (2/3)cos[err] [err] [err] - B[err]
(2/3)cos[err] [err]= z - a[cos[err] 55 (2/3)sin[err] 4    EP 0 449 893 B1
[err] where a= 0.30, B= 0.006 and Q = 16.0 The x - axis ranges between -.75
and +0.75 in steps of 1/(600) while the y - axis ranges between -1.0 and
+1.0 in steps of 1/(7500). The physical dimensions of the grating are
18.75mm in the x direction by 25mm in the y direction. The average line
density of the grating is therefore 600 lines/mm. Each pixel is a 0.78mm
square, giving a total of 768 25   pixels. In plotting the grating an
initial z value of - 1.4 was chosen and incremented in steps of 1/(7500).
The computer program included conditional statements which rejected all y
values less than -1.0 and greater than +1.0. Figure 3 is a computer plot of
the grating of the embodiment, that is according to equations (1), (2) and
(3) and parameter values (4). For purposes of comparison, Figure 2 is a
computer plot of the corresponding conventional line grating, that is one
in which S(xy) + KN and S(x,y) is given by W(x,y) + P(x,y): no function
C(x,y) is included. 30      It is possible to calculate and illustrate by
computer graphics the image diffraction patterns of gratings in accordance
with the invention, utilizing the aforementioned theory of generalized
diffraction gratings. The results for the embodiment of interest are
depicted in Figures 4 to 7 which show how the patterns vary with angular
view and in each case show at the right the image diffraction pattern for
the conventional line grating of Figure 2 and at the left the corresponding
pattern at the same position of observation for the inventive pattern of
Figure 3. 35      All calculations were performed on a computer graphics
system programmed with the main equations of the afore- mentioned theory of
generalized diffraction gratings. By comparing corresponding pairs of
diffraction patterns in Figures 4 to 7, it can be seen how the pixel s of
the inventive grating slowly switch on and off in accordance with the form
of the picture function. In other words the picture function acts as a
control when to start switching on or off at the edges of the colours. The
rate at which the pixels switch on or off is controlled by the size of the
corresponding Fourier space 40   caustics. The larger the caustic, i.e. the
larger the value of the parameter B, the slower the pixel switches on or
off and vice-versa. This is what is meant by diffraction catastrophe
frequency modulation in Fourier space producing amplitude modulation in
real space. A computer plot of a diffraction catastrophe for a typical 0.78
x 0.78mm pixel of the grating of Figure 3 is shown in Figure 8. Figure 9
shows a computed first order Fresnel diffraction pattern of the picture
function grating while Figure 45   10 shows the corresponding diffraction
pattern of the grating of Figure 3. This last figure shows clearly how the
pixel diffraction catastrophes modulate the Fourier spectrum of the picture
function. Because the angular range of each small area of the grating is
now much increased the pixels are now less sensitive to crinkling
perturbations which change the directions of scatter of the diffracted
beams. Figures 8, 9 and 10 also imply an important consequence for the
practical application of gratings according to the so  invention. Because
the pixels diffract the light over a much greater range of solid angles
than a conventional grating the observed energy density reaching the retina
of the eye at a particular angle of view is much less than in the case of
the conventional grating. This means that the requirements on diffraction
efficiencies are more significant for a grating ac- cording tothe invention
than for anyothertype of grating. In particular, if the grating lines are
grooves, the groove depths should be optimized for maximum diffraction
efficiency. For a square wave groove profile this generally means that the
55   groove depth should be about 40 per cent of the average groove
spacing. In the case of the grating of Figure 3, the groove depth should be
about 0.6 micron. 



As mentioned, actual gratings in the form of Figure 3 was constructed by
programming an electron beam lithography system modified for oblique line
writing operations. The grating was written on PGMA electron resist spin
coated onto    EP 0 449 893 B1 a chrome coated glass substrate, and then
processed to produce a gold coated nickel master from which plastic film
replica gratings were pressed. The initial thickness of the unexposed
resist was 0.6 micron while the chrome thickness was 0.1 micron. After
exposure and development and post-baking the groove depths were determined
by interference microscopy to be 0.2 5   micron. The grating is then ion
beam etched to remove the chrome except in areas covered by resist and
washed to remove the residual resist. The chrome mask grating pattern is
then used for contact printing the groove pattern onto a photoresist coated
glass plate to obtain the required depth of 0.6micron. Alternatively the
required groove depth may be obtained by reactive sputter etching a quartz
plate chrome masked by the required grating line pattern. A durable metal
master of this optimized grating is then obtained by vacuum coating the
photoresist master with 200 Angstroms 10  of 99.99% gold and
electro-depositing a thick layer of nickel to act as a support. After
separating from the glass master this gold coated nickel master is bonded
to a brass block and used as a die for hot pressing of plastic film replica
gratings. In orderforthe plastic replicas to retain the optimized
diffraction efficiencies of the master die the temperature and pressure
combinations associated with the hot embossing process should be such that
the replicated groove depths should be as close as possible to the original
0.6 micron groove depth of the 15   metal die. After metallizing with
aluminium and plastic coated for protection, the plastic replicas may be
adhesively attached to currency noted or credit cards. Tests carried out on
the prototype grating confirmed all the theoretical predictions relating to
the concept of the invention. The grating, and a further grating
constructed according to Figure 2, were observed in the normal direction 20
at a distance of 30 centimetres with a fluorescent tube positioned parallel
to the short side of the grating at an angle of 30 degrees to the normal to
the grating. In the case of the grating according to the invention the
colour change from orange to blue is much more gradual, being described in
terms of the reducing size of the red-yellow pixels, than in the case of
the conventional grating. This change takes place by means of a collapsing
centre mechanism whereby the blue grid with its red dots collapses into the
centre of the grating while a greed grid contained red and blue dots moves
25  in from the edge of the grating. This green grid then collapses into
the centre while the final red grid with its blue dots moves in from the
boundary. It is thus appreciated that the grating according to the
invention preserves the optical variability with position of view but
nevertheless exhibits a good degree of structural stability in the sense
that the observed intensity of diffracted light from a particular point on
the grating surface changes smoothly when the grating surface is crinkled
in the vicinity of the observed point. 30      The diffraction grating of
Figure 3 possesses other advantages sought in the choice of the respective
functions and in the values of the variable parameters. There is minimal
chromatic degardation with respect to wear and scrunch induced diffuse
scatter. Each 0.78mm x 0.78mm square pixel generates its own structurally
stable focussed beam: the ability of this focussed beam to penetrate a fog
of diffuse matter is determined by the caustic structure of the beam. The
grating also possesses a high degree of observing power. The observing
power if a generalized grating is defined as 35  the proportion of the
grating surface observed to light up at any given angle of view. Ideally,
one would like to be able to see fairly uniformly distributed diffracted
light over a large range of viewing angles. The square lattice structure of
768 pixels achieves this requirement: as the viewing angle is changed by
rocking the grating under a fluorescent tube parallel to the rocking axis,
which is parallel in turn to the short side of the grating, the pixels
switch on and off and change colour in such a manner that the distribution
of off and on pixels is even across the grating. 40      It will be
appreciated that the complexity of the line pattern and associated
diffraction images exemplified by Figures 3 and 4 - 7 means that gratings
in accordance with the invention are much more difficult to stimulate or
copy holograph- ically than convention gratings or image holograms.
Fabrication of master gratings in accordance with the invention is
presently only possible on an especially modified electron beam lithography
system. The described achievement of amplitude modulation of a given
picture function in real space by diffraction catas- 45  trophe frequency
modulation in Fourier space not only gives the desired structural stability
to the picture function but also has the effect of inducing subtle colour
tone effects into the picture function in a manner analogous to the way in
which conventional colour printing technolgoy generates colour images in
terms of a matrix of coloured dots. This ability 



of the inventive gratings to generate opticallyvariable colourtone effects
has obvious artistic advantages over holograms for credit card
applications. 50      A more sophisticated form of the invention will now
be generally described with reference to the schematic repre- sentations of
the apparatus in Fig. 11. The apparatus required to achieve the described
process will be well-known to persons skilled in the art and is not
therefore described in greater detail in this specification. Reference may
be had to various texts on this subject, including Chapter 20 of "Practical
Display Holography". The steps involved in the diffraction grating
preparing process are generally as follows. 55      First a desired
portrait is scanned by a digitizing camera with a built in photomuitiplier
to record brightness levels in each part of the picture. The resulting data
is stored in the memory of a computer graphics system and processed by a
special purpose interactive software package incorporating the theory of
generalized diffraction gratings referred to above. What this software does
is to provide the grating designer with a set of options for converting the
portrait data 6    EP 0 449 893 B1 intoa grating line pattern embodying the
invention and corresponding data file for electron beam fabrication of the
grating. The first part of the program "screens" the digitized portrait, in
much the same way that conventional colour printing technology converts a
continuous tone image into a matrix of coloured spots of pixels of varying
sizes. The resolution of the screen is the choice of the designer and
obviously the smaller the pixels the larger the resultant data file. The 5
second part of the program converts each pixel of the screened portrait
into a miniature diffraction grating. The rulings of each pixel grating are
curved in such a way as to generate bounded expanding beams of light when
alluminated by a collimated source. These bounded expanding beams or
diffraction catastrophes are described by the above mathe- matical
functions which include several free floating parameters. These parameters
enable the grating designer to fix the brightness and stablility of each
pixel, choose the colour and orientation of each pixel, fix the distance
and angle at 10   which the diffracted image has maximum clarity and
finally to choose the light sources that give maximum effect to the
portrait image. Since a typical high resolution grating would be expected
to encompass something like ten thousand pixels the control device for
"filling in" the pixels with the required parameter values would need to
take the form of a light pen or graphics tablet. In order forthe resulting
grating to be strongly resistantto counterfeiting by reflection contact
printing the class of diffraction catastrophes included in the design
program would be restricted to those that generated 15  strong moire
effects when contact printed. The final part of the design program consists
of a set of subroutines for displaying the observed diffraction patterns of
the grating under a range of commonly available light sources and observing
conditions. If an initial design is not satisfactory in some respect the
designer could then go back and modify the design before producing the data
file for EBX fabrication. 20      In another form of the invention, which
is shown schematically in Fig. 12, comprises a series of diffraction
grating areas G are separated by non-grating areas N to provide a greater
degree of contrast in the diffraction pattern thereby resulting in a
perceivably brighter diffraction pattern. The grating areas G may be
defined by straight line gratings or by gratings according to the
embodiment of the invention described above. If desired, at least some of
the grating areas G may be arranged at different angles to change the
viewing angle at which the grating 'switches on' and 'switches off'. 25
The grating areas G should be no smaller than the resolution of the human
eye and the grating free areas should not exceed about 20 to 50% of the
total area of the grating, and optimally about 30% of the total area. The
gratings according to this embodiment are made by the method described in
connection with Fig. 11, with the exception that the grating areas may be
in the form of standard straight line gratins or any other form of grating
if desired. 30 Claims 1. A diffraction grating device comprising
multiplicity of pixellated diffraction grating portions in which each pixel
is an individual diffraction grating of curvilinear reflective or
transmissive lines, 35 characterized in that said reflective/ransmissive
lines of the grating being defined, in terms of co-ordinates x,y in the
plane of the grating, by the equation S(x y) = kN where k is a scaling
factor, N is an integer and the function S(x,y) being given by: 



40                                              S(x,y) = W(x,y) + P(xy) +
C(xy) where S(xy) is the initial phase function generated by the grating
when illuminated normally by a collimated monochromatic light wave, W(x,y)
is carrier wave of non-zero order, P(x,y) is a picture or portrait function
which determines the broad shape of the image diffraction pattern, and is
45          piecewise relatively slowly varying with respect to x and y,
and C(x,y) is a periodic lattice function of x,y which varies relatively
rapidly with respect to x and y and whose Hessian is not identically zero
except along certain characteristic lines corresponding to the caustics in
the Fresnel or Fraunhofer diffraction pattern of the grating, the Hessian
of C(x,y) being defined by: 50                                        [err]
said reflective/transmissive lines thereby being arranged so that said
grating device, when illuminated, gener- ates a two-dimensional optical
catastrophe image diffraction pattern to produce an optically variable but
struc- turally stable image, such that it varies according to the position
of observation while it is not materially altered by distortion of the
grating surface. 55 2. The device of claim 1, characterized in that each
individual diffraction grating is constructed to induce colour tone
effects. 7    EP 0 449 893 B1 into a grating line pattern embodying the
invention and corresponding data file for electron beam fabrication of the
grating. The first part of the program 'screens' the digitized portrait, in
much the same way that conventional colour printing technology converts a
continuous tone image into a matrix of coloured spots of pixels of varying
sizes. The resolution of the screen is the choice of the designer and
obviously the smaller the pixels the larger the resultant data file. The 5
second part of the program converts each pixel of the screened portrait
into a miniature diffraction grating. The rulings of each pixel grating are
curved in such a way as to generate bounded expanding beams of light when
alluminated by a collimated source. These bounded expanding beams or
diffraction catastrophes are described by the above mathe- matical
functions which include several free floating parameters. These parameters
enable the grating designer to fix the brightness and stablility of each
pixel, choose the colour and orientation of each pixel, fix the distance
and angle at 10   which the diffracted image has maximum clarity and
finally to choose the light sources that give maximum effect to the
portrait image. Since a typical high resolution grating would be expected
to encompass something like ten thousand pixels the control device for
"filling in' the pixels with the required parameter values would need to
take the form of a light pen or graphics tablet. In order forthe resulting
grating to be strongly resistant to counterfeiting by reflection contact
printing the class of diffraction catastrophes included in the design
program would be restricted to those that generated 15  strong moire
effects when contact printed. The final part of the design program consists
of a set of subroutines for displaying the observed diffraction patterns of
the grating under a range of commonly available light sources and observing
conditions. If an initial design is not satisfactory in some respect the
designer could then go back and modify the design before producing the data
file for EBX fabrication. 20      In another form of the invention, which
is shown schematically in Fig. 12, comprises a series of diffraction
grating areas G are separated by non-grating areas N to provide a greater
degree of contrast in the diffraction pattern thereby resulting in a
perceivably brighter diffraction pattern. The grating areas G may be
defined by straight line gratings or by gratings according to the
embodiment of the invention described above. If desired, at least some of
the grating areas G may be arranged at different angles to change the
viewing angle at which the grating 'switches on' and 'switches off'. 25
The grating areas G should be no smaller than the resolution of the human
eye and the grating free areas should not exceed about 20 to 50% of
thetotal area of the grating, and optimally about 30% of the total area.
The gratings according to this embodiment are made by the method described
in connection with Fig. 11, with the exception that the grating areas may
be in the form of standard straight line gratins or any other form of
grating if desired. 30 Claims 1. A diffraction grating device comprising
multiplicity of pixellated diffraction grating portions in which each pixel
is an 



individual diffraction grating of curvilinear reflective or transmissive
lines, 35 characterized in that said reflective/transmissive lines of the
grating being defined, in terms of co-ordinates x,y in the plane of the
grating, by the equation S(x,y) = kN where k is a scaling factor, N is an
integer and the function S(x,y) being given by: 40
S(xy) = W(xy) + P(x,y) + C(xy) where S(x,y) is the initial phase function
generated by the grating when illuminated normally by a collimated
monochromatic light wave, W(x,y) is carrier wave of non-zero order, P(x,y)
is a picture or portrait function which determines the broad shape of the
image diffraction pattern, and is 45          piecewise relatively slowly
varying with respect to x and y, and C(x,y) is a periodic lattice function
of x,ywhich varies relatively rapidlywith respect toxand y and whose
Hessian is not identically zero except along certain characteristic lines
corresponding to the caustics in the Fresnel or Fraunhofer diffraction
pattern of the grating, the Hessian of C(x,y) being defined by: 50
[err] said reflective/transmissive lines thereby being arranged so that
said grating device, when illuminated, gener- ates a two-dimensional
optical catastrophe image diffraction pattern to produce an optically
variable but struc- turally stable image, such that it varies according to
the position of observation while it is not materially altered by
distortion of the grating surface. 55 2. The device of claim 1,
characterized in that each individual diffraction grating is constructed to
induce colour tone effects. 7                   *  C      L   M   S  *
EP 0 449 893 B1 3. The device of claim 1 or 2, characterized in that the
right side of the equation or the function S(x,y) includes a focussing term
of the form F(x,y) = [err] wherein [err] are constants chosen tofocus the
diffracted waves at the required distance from the grating. 5   4. The
device of any preceding claim, characterized in that each said pixel is
less than 1 mm2 in area. 5. The device of claim 4, characterized in that
said pixels are between 0.25 and [err] in area. 6. The device of any
preceding claim, characterized in that one or more of the individual
diffraction gratings are con- 10      structed to produce strong moire
effects when contact printed. 7. A security device having improved contrast
properties comprising a diffraction grating device according to any pre-
ceding claim, characterised in that said individual gratings are at least
partly separated by a multiplicity of grating free regions, each grating
free region having a dimension which is at least large enough to be
resolved by the human 15      eye, the grating free regions not exceeding
about 20 to 50 % of the total area of the grating. 8. The device of claim
7, characterized in that said grating free regions do not exceed about 30%
of the total area of the grating. 20   9. A method of forming a diffraction
grating, characterized in comprising: scanning an optically invariable
image to form a matrix of pixellated portions of image, and producing from
said pixellated portions a pixellated diffraction grating device according
to any one of claims 1 to 6. 10. The method of claim 9, characterized in
furthercomprising selecting parametersforeach individual diffraction
grating 25      from one or more of brightness, stability, colour,
orientation, distance and angle at which the optically variable image has
maximum clarity and the light source giving maximum effect to the optically
variable image. 11. The methodof claim 9 or 10, characterized
infurthercomprisingconstructing one ormore of said individual diffraction
gratings in a manner which produces strong moire effects when contact
printed. 30 12. The method of any one of claims 9 to 11, characterized in
further comprising forming each individual diffraction grating so that they
are at least partly separated from each other bya multiplicity of grating
free regions not exceeding about 20 to 50% of the total area of the
grating. 



35   13. The method of claim 12, charactering in that said grating free
regions do not exceed about 30% of the total area of the grating.
Patentansprflche 40 1. Diffraktionsgitter-Vorrichtung mit mehreren
gepixelten Diffraktionsgitter-Teilen, in denen jeder Pixel ein
individuelles Diffraktionsgitter aus krummen, reflektierenden oder
durchlAssigen Linien ist, dadurch gakennzeichnet, dass die
reflektierenden/durchl&ssigen Linien dabei so angeordnet sind, dass 45
die Diffraktionsgitter-Einrichtung, wenn sie beleuchtet wird, ein
zweidimensionales optisches katastrophen Bild-Diff raktionsmuster erzeugt,
um so ein dptisch variables, aber in seiner Struktur stabiles Bild zu
erzeugen, derart, dass es sich entsprechend der Beobachtungsposition
verAndert, wAhrend es durch Verzerrung der Git- teroberflache nicht
wesentlich verAndert wird, dass die reflektierendenldurchlAssigen Linien
des Gitter, als Funktion der Koordinaten x, y in der Gitterebene 50
durch die Gleichung S(x,y) = kN bestimmt sind, wobei k ein Massstab-Faktor
ist, N sine ganze Zahl ist und die Funktion S(x,y) gegeben ist durch: S
(x,y) = W(xy) + P(xzy) + C(xy) wobei S(x,y) die ursprOngliche
Phasenfunktion ist, welche vom Gitter erzeugt wird, wenn es senkrecht mit
einer parallel gerichteten monochromatischen Lichtwelle beleuchtet wird, 56
W(xy) ist sine TrAgerwelle nicht-nullter Ordnung, P(x,y) ist sine Bild-
odor Portrit-Funktion, welche die Breite des Diffraktionsbild-Musters
bestimmt und sich stfckweise, relativ langsam bezoglich x und y verindert
und C(xy) ist sine periodische Gitterfunktion von x,y die sich bezfglich x
und y relativ schnell verAndert und deren 8                    I 1lilill
1ill IIIuf 1111611 111111    EP 0 449 893 B1 UmhOllende nicht gleich null
ist, ausser entlang gewiasen charakteristischen Linien, welche den
kaustischen Linien in den Fresnelschen oder Frauenhofer'schen
Diffraktionsmustern des Gitters entsprechen, wobei die Umhfllende von
C(x,y) definiert ist durch: (8I C(xsyIx 1.1C(x~yy8y ]-[8 C(xy)ISxSy]2 2.
Vorrichtung nach Anspruch 1 dadurch gekennzeichnet, dass jedes individuelle
Diffraktionsgitter ausgebildet ist, Farbtoneffekte zu erzeugen. 10  3.
Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die rechte
Seie der Gleichung oder der Funk- tion S(x,y) ein Fokussierglied der Form
F(x,y) = b1x2 + b2y2 enthalt, worin b1 und b2 Konstanten sind, die so
gewAhit sind, dass die gebougten Wellen im gewfnschten Abstand vom Gitter
fokussiert werden. 4. Vorrichtung nach einem dervorhergehenden AnsprOche,
dadurch gekennzeichnet, dass jederder Pixel eine Fliche 15      von weniger
als 1 mm2 aufweist. 5. Vorrichtung nach Anspruch 4, dadurch gekennzeichnet,
dass die Pixel eine Flache zwischen 0.25 und 0.75 mm2 aufweisen. 20   6.
Vorrichtung nach irgend einem der vorhergehenden AnsprOche, dadurch
gekennzeichnet, dass ein oder mehrere Diffraktionsgitter ausgebildet sind,
starke MoTre-Effekte zu erzeugen, wenn ale kontaktkopiert werden. 7.
Sicherheitseinrichtung mit einer Vorrichtung mit verbesserten
Kontrasteigenschaften, mit einem Diffraktionsgitter nach irgend einem der
vorhergehenden AnsprOche, dadurch gekennzeichnet, dass die einzelnen Gitter
wenigstens 25      teilweise durch mehrere gitterfreie Bereiche getrennt
sind, wobei jeder gitterfreie Bereich Abmessungen hat, die wenigstens gross
genug sind, dass aie vom menschlichen Auge aufgelost werden konnen und die
gitterfreien Berei- che nicht grosser als 20 bis 50% der gesamten
Gitterfiiche sind. 8. Einrichtung nach Anspruch 7, dadurch gekennzeichnet,
dass die gitterfreien Bereiche etwa 30% der gesamten 30      Gitterflache
nicht Oberschreften. 9. Verfahren zum Herstellen eines Diffraktionsgitters
welches umfasst: Abtasten eines optisch unveranderlichen Bildes, um eine
Matrix von gepixelten Bildteilen zu bilden und 35          Herstellen eines
gepixelten Diffraktionsgitters nach einem der AnsprOche 1 bis 6, von diesen
gepixelten Teilen. 10. Verfahren nach Anspruch 9, dadurch gakennzeichnet,
dass eas weiter umfasst fOr jedes der einzelnen Diffraktionsgitter, das
Auswahlen sines oder mehrerer von den Parametem Helligkeit, 



40          Stabilitat, Farbe, Orientierung, Distanz und Winkel, bei denen
das optisch veranderliche Bild eine maximale Klarheit aufweist und die
Lichtquelle dem optisch verinderbaren Bild eine maximale Wirkung gibt. 11.
Verfahren nach Anspruch 9 oder 10, dadurch gekennzeichnet, dass es weiter
das Herstellen von einem oder meh- reren Diffraktionsgittem umfasst, die
starke MoTre-Effekte srzeugen, wenn aie kontaktkopiert werden. 45 12.
Verfahren nach einem der Ansprfche 9 bis 11, dadurch gekennzeichnet, dass
die einzelnen Difflraktionsgitter so gebildet sind, dass ase wenigstens
teliweise voneinander durch mehrere diffraktionsgitterfreie Bereiche
getrennt sind, die 20 bis 50% des gesamten Gitterbereichs nicht
Oberschreiten. 50   13. Verfahren nach Anspruch 12, dadurch gekennzeichnet,
dass die gitterfreien Bereiche etwa 30% der gesamnten Gitterflache nicht
Oberachreiten. Revendloatlons 55 1. Un dispositif de reseau de diffraction
comprenant une multiplicite de portions de r6seau de diffraction sous forme
de pixels dans lesquelles chaque pixel est un reseau de diffraction
individuel de lignes de reflexion ou de transmis- sion curvilignes, 9
I II       N11111I III!! 111111    EP 0 449 893 B1 caracterise en co que
lesdites lignes de reflexionltransmission du r6seau sont definies, en
termes de coordonn6ees xy dans l plan du reseau, par l'equation S(x,y) =
kN, dans laquelle k est un facteur d'echelle, N est un ontier et la
fonction S (x,y) 6tant donn6e par: 5
S(x,y) = W(x,y) + P(x,y) + C(x,y) dans laquelle S(x,y) ost la fonction de
phase initiale cr4e par le r6seau quand il est illumine normalement par une
onde lumineuse collimatee monochromatique, W(x,y) ost une onde porteuse
d'ordre diffdrent de zero, P(x,y) eat une fonction d'image ou de portrait
qui determine la forme large du modble de diffraction de l'image 10
et varie piece par pibce relativement lentement en fonction de x et de y,
et C(x,y) est une fonction p6riodique du reseau de x,y qui varie
relativement rapidement en fonction de x et de y et dont le Hessian n'est
pas identiquement nul sauf le long de cortaines lignes caract6ristiques
correspondant aux caustiques dans le modble de diffraction du reseau de
Fresnol ou de Fraunhofer, le Hessian de C(x,y) 6tant defini par: iS
la2C(xy)/ax ]. a2 C(x2yay ] - [a2C(x.y)axay]2 lesdites lignes de
r6flexion/transmission etantde cefait disposees do sorts que ledit
dispositif de reseau, quand il est illumine, cr4e un modble de diffraction
d'image optique catastrophe, a deux dimensions, pour produire une image
optiquement variable mais stable d'un point de vue structural, de sorts
qu'elle varie en fonction de 20         la position de l'observation tandis
qu'elle n'est pas materiellement modifiee par une distorsion de la surface
du reseau. 2. Le dispositif de la revendication 1, caracteris6 on co quo
chaque reseau de diffraction individuol est construit pour induire des
effets de ton d'une coulour. 25 3. Le dispositif de la revendication 1 ou
2, caracterise on ce quo Is cOte droit de l'equation ou de la fonction
S(xOy) comprend un terms de focalisation de la forme F(x,y) = bjx2 + b2y2,
dans laquelle b1 et b2 sont des constantes choisies pour focaliser les
ondes diffractees a la distance requise du reseau. 30   4. Le dispositif de
l'une quelconque des revendications precedentes, caracterise on ce quo
chacun desdits pixels est inferieur A 1 mm2 de surface. 5. Le dispositif de
la revendication 4, caractdrise en ce que lesdits pixels ont entre 0,25 et
0,75 mm2 de surface. 35   6. Ledispositif de l'unequelconque des
revendications pr6c6dentes, caract6rie6en ceque un ou plusiours des reseaux
de diffraction individuels sont construits pour produire des moir6s forts
lors d'une impression par contact. 7. Un dispositif de securit4 presentant
des proprietes de contrasts ameliorees compronant un dispositif de reseau
de difflraction conformement A lune quelconque des revendications
precedentes, caracterise en ce que lesdits reseaux 



40      individuols sont au moins partiellement separes par une
multiplicite de regions depourvues de reseau, chaque region depourvue de
r6eseau ayant une dimension qui est au moins suffisamment grande pour etre
rdsolue par l'ooil humain, les regions depourvues de reseau n'excddant pas
environ 20 a 50% de la surface totals du reseau. 8. Le dispositif de la
revendication 7, caracterise en co quo lesdites regions depourvues de
reseau nexcbdent pas 45      environ 30% de la surface totals du r6seau. 9.
Un proc6de de formation d'un reseau de diffraction, caract6ris6 on co qu'il
comprend: l'exploration d'une image optiquement invariable pour former une
matrice de portions d'image sous forms de pixels et la production, A partir
desdites portions sous forms de pixels d'un dispositif de reseau de
diffraction sous forms de pixels conformement 50      a l'une quelconque
des revendications 1 A 6. 10. Le procede de larevendication 9, caracterise
once qu'il comprend en outre la s6lection de paramhtres pour chaque rdseau
de diffraction individual A partir d'un ou de plusiours parmi brillance,
stabilit6, couleur, orientation, distance et angle, au niveau desquels
'image optiquement variable a une clarte maximale et la source de lumiere
donnant 55      un effet maximal A I'image optiquement variable. 11. Le
procedd de la revendication 9ou 10, caracterise en cequ'ilcomprend on outre
la construction d'un ou de plusieurs deedits reseaux de diffraction
individuels d'une manibre qui produHt des moires forts lors d'une
impression par con- 10 1011111111111111111111111111111 *   C   L   N   S
*    EP 0 449 893 B1 tact. 12. Le proc6d6 de l'uno quelconque des
revendications 9 a 11, caracterise en ce qu'il comprend on outre la
formation de chaque reseau de diffraction individusl de sorte qu'ils sont
au moins partiellement separes les uns des autres 5       par une
multiplicHe de regions d6pourvues de reseau noexcedant pas environ 20 a 50%
de la surface totals du r6seau. 13. Le proced6 de la revendication 12,
caracterise on ce quo lesdites regions depourvues de r6seau n'excedent pas
environ 30% de la surface totals du reseau. 10 20 25 30 35 40 Q 45 50 55 11
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