DI FFRACTI ON SURFACES AND METHODS FOR THE MANUFACTURE THEREOF Techni cal
Field T nt invention relates to the production of | | mages
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| ayer havi rsgoragelof émtadaibmensur f ace to provide one or nore diffracted |ight
beans when illum nated by a reading |ight beam said surface including

first surface area portions di Bﬁ“ﬂ“ﬁ STumERventidhea portions, said
th sal | rst '

surface having a base plane w, area portions being spaced from
sai d base pl aneASRIEENY; prpblsEe iy ithe Splenef counterfeit goodhe SoumisHeltingais often
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generally parallel to .t H%ggllﬂ?ne of the diffraction surface, which width is

less than tang WAdGMAERSJS fRPIEYER: ng 1i ght beam and wherein when
i |1 um nat ed, t HEhediHolve pesblems breadizqussedlindntermationgir Applibation PETBAN92400252 .
I mge on an intercepting surface. Preferably, said diffraction surface

woul d have a base plane, with fipk. 8" i ons bei ng spaced from
sai d base pl ane by alogirfeat er di stb?r‘.%‘? ﬁtgﬁqggfﬁﬁéécond area portions. It is

still further (¢ isfthe obiect phthe present invention,te pversomexnyssubstantial lipsatgshe o
be convex. ahb¢é pidbléns.Said first area portions are generally ridges

adj acent to said second area portions. There is further disclosed herein a
met hod of producing a diffractign pattern 30 incJuding a diffraction
grating, the pattern when illu Hﬁﬁﬁﬂvp?gmfcm’@“é'%cogni sabl e i nage on a
sur f acesi nt er ceThieregs tiselosed hereirt @ dayer davingsaidiffrsetiom suifas todproyridenéns beps
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charact eri g0 bdsBPidleith Said first area portions being spaced from said base plane by a
distance different to that of the second area portions, the first area portions also having
20  a width extending generally parallel to the plane of the diffraction surface, which width
is less than the wavelength of the reading light beam, and wherein when illuminated,
the diffraction beam produced will provide a recognisable image on an intercepting

surface.
Preferably, said diffraction surface would have a base plane, with first area
25  portions being spaced from said base plane by a greater distance than said second area
portions. It is still further preferred that said first area portions are curved so as to be
convex. Therefore, said first area portions are generally ridges adjacent to said second
area portions.
There is further disclosed herein a method of producing a diffraction pattern
3o including a diffraction grating, the pattern when illuminated producing a recognisable
image on a surface intercepting the diffracted light, said method including the steps of:
providing a data stream indicative of the image;
processing the data to determine the configuration of said grating and therefore
said pattern, with a characteristic of the processed data corresponding to a physical
35  characteristic of the grating;



2 prowaolbsge3so pl ate having a surface to be deforned to heeceawsoedd gur ati on
corresponding to said pattern; deform ng the plate surface in accordance
with said data so as to produce said configuration; and wherein 5 a
physi cal dinmension of the grating is defer ni ned by said characteristic, and
sai d grating providinga plawe haxing ¢ eirfacgr foade geformedistof have whiotfiguration ght
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first image is produced on a receiving Surface by I'ig I TTrac rom

sai d i r stharetenistie of dbg Brasi@Bond surface portion being configured so that

when il | um nagediding oC Plfle | KNGS 1aS sRHRRU & beOGefoRined BCRAW AJcStiguRasordY
light diffracted.,.f roméas‘al d second portion, the surfaces being contigured so

that sai FOSESBORAIPGIRSAIN PG| (eration of said first i mage so that when
sai d first poddformingathe platesutfad® in apcsrdamueswithesaid davai spadeeb pyoducepsadd fi ed
| i ght be | fr |d first portion to said second portion, the
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grid; and wh 6Tably, the physical dimension is the width of ridges formed on said surface.
There is further disclosed herein a diffraction grating occupying a surface having
a first portion spaced from a second portion, with said first portion being configured so
26 that when illuminated a first image is produced on a receiving surface by light
diffracted from said first surface, said second surface portion being configured so that
when illuminated a second image is produced on said receiving surface by light
diffracted from said second portion, the surfaces being configured so that said second
image is an alteration of said first image so that when said first portions and second
30  portions are illuminated by a specified light beam moving from said first portion to said
second portion, the change occurs in said first image to produce said second image.

There is further disclosed herein a layer having a diffraction surface, said surface
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comprising:
first area portions;
35 second area portions surrounded by and generally separated by the first area
portions so as to produce a grid; and wherein
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Figure 4 i gm&ﬂﬁ@th@ﬁamqr&wm 52IQ rRgFeRiale mage dsing initially #é&%lsfsw‘aﬂpsuq{gsa@
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Figure 5 is _a sc c Il lustration of a close-up view of the optical

sur f acé® of PP 54‘"a PPYHOTs yr f ace to be made up of cells; Figure 6 is
a schematic |IIustrat|on of the optical properties of the first and second
regi ons of Figure 4; 30 Brief-Dgscription of theMramdngs i || ustration of a

orLion of ol prBleriel°ropA bf He Dk inehid] Yl enc OULLBIRER P Sy bP D

made up of so-cal erratlc
single bl o@xmplwgmr@fem¢t<g@ﬁ@cwmmna!MWulgs wherginst r at ion of an

opt i cal sur f acerigirea) i/ Rschbihll: BRRUHGG o 'af s okl P PRiecty &P dhéﬁ%_gf”t

i ght beam ure 10 is a schematic r'llustration of an exa

of a nﬁQen@l‘i&raﬁﬁ?ﬁ‘rﬂﬁt@E TRABIMARE:t he proj ect ed i mges of Figure 9;

Figure 2 is a schematic illustration of data from which a diffraction grating may
be produced;
Figure 3 is a schematic representation of a diffraction grating;
Figure 4 is a schematic illustration of an optical surface comprising a first region,
25  a second region and a so-called transition region;
Figuré 5 is a schematic illustration of a close-up view of the optical surface of
Figure 4 showing the surface to be made up of cells;
Figure 6 is a schematic illustration of the optical properties of the first and second
regions of Figure 4,
30 Figure 7 is a schematic illustration of a portion of a cell of the optical surface of
Figure 4 showing the cell to be made up of so-called blocks;
Figure 8 is a schematic illustration of a single block of Figure 7;
Figure 9 is a schematic illustration of an optical surface of a type which produces
projected images from an incident light beam;
35 Figure 10 is a schematic illustration of an example of a movement animation
effect in the projected images of Figure 9;




4 Figure 11 is a schematic illustration of an exanple of an intensity
animati on effect in the projected inmages of Figure 9; and Figure 12 is a

schenmedyipwsiabisgst rati on of a close-up view of a preferrecanbostioswst of a

design for the optical surface illustrated in Figure 9. 5
Det ai | ed Description of the Preferred Enbodinent In Figure 1(a) there is
illustrated an image fromwhich a diffré&ction grating will be produced so
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i magi nary parf of 1ts Fourier “Iransform and therefore the phase-conponent
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25 component) and a so-called imaginary part (representing the phase component).

An image which is symmetrical about two orthogonal axes, the X and Y axes, has
no variation in the imaginary part of its Fourier Transform and therefore the phase
component of the Fourier Transform can be igndr’ed.,

An image which is not symmetrical about the X and Y axes has a variation in the

30 imaginary part of its Fourier Transform. In the present invention a non-symmetrical -
image can be modified such that the phase component of the Fourier Transform can be
ignored. This modification occurs by taking the original image and forming from it a
symmetrical image by producing mirror images about the X and Y axes. The resulting
image consists of four components mirrored about the X and Y axes and is therefore

35 symmetrical. Figure 1(b) illustrates such a symmetrical image derived from the non-
symmetrical image of Figure 1(a). Consequently this symmetrical image has no




variation in the imaginary part of its Fourier Transform and therefore the
phase C(wggg/%g% of the Fourier Transformcan be ignored. Adifficulty with
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formin Fi govaberofclevels within the¢lippingrapge.t fer sxample; the slateeproducedr byc thesfastg
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di ffract ed opginghimgge.end cervert ieintq prosessed dismirien Transforat dataefrom which the
appr oxi pat efiffrhéricdd gRiidBOfdn B8 pRbdida@ NG fidws. This procedure is illustrated in
simplified form in Figures 1(c) to 1(g), which show the steps involved in processing
data to produce a diffraction grating from the simple image of Figure 1(c). The
original image of Figure 1(c) is made up of a pattern of nine squares shaded with
different grey scale levels. Normally the Origiha] image would be far more complex
30 than the image of Figure 1(c), and could for example be of the type illustrated in Figure
1(a).
1.  The original image is positioned in quadrant 1 of an X-Y Cartesian piane
(Figure 1(c)). It should be appreciated that the smaller the image area as a proportion
of the delineated area in quadrant 1, the brighter (i.e. higher intensity) the resulting
35  diffracted image. This can be understood in terms of the diffracted optical power from
the finished optical surface being an approximately fixed proportion of the incident

optical power. Hence making the diffracted images a smaller proportion of the total



optical power. Hence naking the diffracted i mages a snaller proportion of
t he total 6 image pl ane area concentrates this approxinmately fixed
propomo 98123350 t he incident power into a smaller area, tRET/ADYSO0089 easi ng
the diffracted image intensity. 2. The digitised image is produced. The
original inmage as positioned in quadrant 1 is digitised into a Cartesian
array of a specified size. Each el ement6 in the 5 array is assigned a
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The top half plane (positive Y values) is mirrored about the X axis and the resulting
bottom half plane (negative Y values) pattern is then shifted one pixel in the negative Y
~ direction, .leaving zero pixels in the top row of the bottom half plane as well as in the
30  left hand column of both quadrants 3 and 4. The phase signs in the bottom half plane
are reversed (i.e. positive becomes negative, so that for éxam_ple +180 becomes -180),
so that the phase noise contributions in the bottom half plane range between 0 and -360
degrees (Figure 1(e)). In Figure I(e) various grey scale shades are used to represent
the phase noise value in each pixel with a zero value being represented by a medium
3s  grey shade.
It should be noted that the random number ‘phase noise contribution may be
"seeded” such that different random phase noise data are used in different grating
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diffraction grating data is indicated as a grey scale level.

8.  The basic diffraction grating data is clipped and quantised to compute the

processed diffraction grating data. In other words the basic diffraction grating data is

25 restricted to certain extreme values and any data outside these limits is set at these

extreme values. The resulting clipped data is then quantised within a specified number

of quantising levels. The clipped and quantised data is then normalised within two

specified limits, commonly between O and 1, so that a normalised value of 0.5 is

approximately equivalent to a zero value in the basic diffraction grating data, bearing in

30 mind that the basic diffraction grating data can be positive or negative and will usually

be distributed approximately symmetrically about zero. Whether normalised or not, the

lower clipped value represents minimum modulation in the final diffraction grating,

while the upper clipped value represents maximum modulation in the final diffraction

grating. In the case of a block grating design (as described herein) minimum

35  modulation implies no etching of a block, while maximum modulation implies

maximum etching of a block. The quantising levels, whether distributed linearly or

non-linearly over the range of FFT output values, usuaily represent uniform or linear

steps in the modulation of the final diffraction grating. It should be appreciated,
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25 allocate the FFT output data in a non-linear or non-uniform manner to the various
quantising levels. The quantising levels may repreéent_ linear (i.e. uniform) or non-
linear steps in the modulation of the final diffraction grating. It should be noted that
striking visual effects can be generated in the diffracted images through the use of a

. non-linear relationship between the quanitising levels and modulatuion of the final

30 diffraction grating. Use of a non-linear quantising scale to allocate the FFT data may
be designed to have an effect analogous to clipping and quantising in that, given a
‘maximum number of available quantising levels in the processed diffraction grating
data, it acts to equalise the distribution of data values among these quantising levels.
The non-linear quantising scale is defined in each case so as to reduce the number of

35 identical values in the processed diffraction grating data array.

By way of illustration, in one example based on a 256 x 256 FFT data array, the
peak numerical values of +698 and -738 were clipped to +150 and -150 respectively,
thereby clipbing approximately 2% of the total pumber of data points. With' 50 '
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particzd arplptei by imetuigting pthe dareds, oor Wwidths, or some other property, of the pattern
' recorded on the plate, said modulation at a particular point being dependent on the
processed diffraction grating data value at that point. In this case the processed

diffraction grating data may be rearranged or reformatted in a form suitable for
interpretation by the electron beam lithography machine. Other parameter values - for

30 example, representing the physical size of the mesh in the mesh pattern of a block
grating, or the number and layout of block gratings forming the overall diffractive

surface - may also be input, along with the processed diffraction grating data, in order

to enable production of the etched plate. It should be appreciated that the grating

pattern formed in this way if illuminated by a suitable reading light beam will provide

35  on a screen or optical sensor the symmetrically disposed version of the original image -

for example the symmetrical image of Figure 1(b), derived from the original image of

Figure 1(a). The illumination would for example be by way of a laser diode with the

output beam of said laser diode suitably configured using a lens arrangement. It should
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columns or pits, where the properties of- each column or pit represent the amplitude of
25 the processed diffraction grating data at that point on the etched plate. The properties
of the etched region used to represent the processed diffraction grating data may include
area (parallel to the plane of the plate surface), shape (as viewed from above the surface
of the plate), position, height or depth, and height or depth profile of each column or
pit. In a simple implementation the area of each-column or pit may.represent the
3o  amplitude of the processed diffraction grating data at that point on the etched plate. In -
this case the columns or pits may have any cross sectional shape (i.e. the shape when
viewed from above the 'p'l'ate), but for exampie will commonly be square or rectangular
in shape. If‘ the processed diffraction grating data is recorded directly on the plate in
the manner described above then the diffraction image formed on appropriate
35  illumination of the etched plate will occur around the specular reflection direction for
the illuminating beam as well as around the higher diffraction orders.
A preferred embodiment of a grating ' produced by recording the processed
diffraction grating data directly onto the etched plate is a so-called block grating. A
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the ri dges mdy be less than the wavelength of the incident light. In this design method,
modulation of the block grating according to the processed diffraction grating data is
achieved through modulation of the etched area within each block i.e. within each
enclosed area of the mesh pattern. Hence in Figure 3 each of the recesses 15 has been
etched with an area which represents the processed diffraction grating data vaiue at that
30 point. For example, if the processed diffraction grating data has been normalised
between O and 1, then a value of 0.4 indicates that the etched area in the corresponding
block should be 40% of the total block area. In this block grating design type it is
found empirically that adjustment of the depth of the etching process can be used to
optimise the combination of brightness and resolution of the resulting diffracted images.
35 Increasing the etching depth is found to produce brighter diffracted images although
etching too deeply causes over etching at the top surface of the grating (since the walls
of the etched regions are not perfectly perpendicular) which results in a loss of
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In thg prgeespiRdl 58MideS and that in the preferred embodiments of the optical surfaces
described herein the surfaces will be uniformly optically reflective or transmissive. For
example in the preferred embodiment of the surface of Figure 3 the entire optical
surface, including both the ridges 11 and 13 and the recesses 15, will be uniformly
optically reflective or transmissive. Thus the present invention differs from a number
30 of the existing methods, such as so-called binary phase holograms, which rely on
differences in reflectivity or transmissivity between treated and untreated regions of the
diffractive surface. ' '
The etched plate produced using the electron beam lithography machine can be
used subsequently to produce a commercially viable optically diffractive surface. This
35  surface may for example be in the form of a thin foil. The process of producing optical
" foils from the etched plate involves electroplating of the etched plate to produce a
master shim from which embossing shims are copied. The embossing shims are used to
mechanically copy the surface pattern taken from the etched piate into a layer of the foil
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In the above discussed embodiment, the image is described as being projected
onto a screen. In this regard it should be appreciated that light sensors could be
employed to recognise the image. That is, the image could be specifically tailored
(designed) to be particularly suitable for machine readability (machine recognisable).

30 This would be particularly advantageous for high security identification and
authentication applications such as credit cards, personal identification cards and
product security.

The above discussed grating could be applied to any article for the purposes of
determining the authenticity of the article. A grating applied to the article would be

3s  simply illuminated and the image projected on the screen and viewed to determine the
authenticity of the article. Alternatively the image may be projected onto an optical
sensor and machine recognised in order to determine the authenticity of the article.
Only authentic articles would be provided with the grating, as unauthorised
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small as 0.1lmm by 0.1mm. uminated by a suitably configured and essentially
25 monochromatic beam of light the projected diffracted image produced by such a grating
pattern is clear and stable. Such a diffractive surface may be used as described herein
to authenticate an object.
The optical surfaces described herein are designed to produce specified diffracted
images when suitably illuminated, said images being produced around the various
30 diffraction orders. In particular the diffracted images produced around the specular
reflection direction - the zero order diffraction images - are of interest. In the preferred
embodiment illustrated in Figure 3 the optical surface is made up of a regular array of
square or rectangular "cells” defined by the ridges 11 and 13, with each cell including
an approximately square or rectangular recess 15, where in each cell the widths of the
35 ridges 11 and 13 and the configuration of the recess 15 are determined as described
herein. _ . o _
The spacings of the ridges 11 and 13, and hence the dimensions of the "cells", in
the surface design of Figure 3 can be specified independently of the angular sizes and
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orders. Hence opti sur. f.aces, o{ ttg El? db Cri herein can, be dslgned
such t hat to;;gcal sur aces and in particular the so-cailed block gratmg technique as 1llustrate
25  Figure 3, it is possible to generate diffracted images which evolve in a specified manner
from one image to another as a specified incident beam of light is moved across an
optical surface. Figure 4 is a schematic illustration of an optical surface 100. The
surface 100 comprises three regions: the first region 101, the second region 102 and the
so-called transition region 103.
30 In this preferred embodiment the optical surface 100, mcludmg the regions 101,
102 and 103, is made up of basic units or cells. Figure 5 is a schematic illustration of
an area of the surface 100, showing that the surface 100 is made up of the cells 200. In
the present embodiment the cells 200 in the optical surface 100 are all square and all
the same size, although it should be appreciated that other configurations are possible.
as  Each cell 200 includes an optically diffractive surface design which may preferably be a
so-called block grating design as discussed herein. It should be appreciated, however,
that optical surface designs other than a block grating design may be empioyed in the
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showing a portion of a cell 200. In the present preferred embodiment each .cell 200

25 includes a so-called block grating design (as described. herein), wherein the surface of
each of the cells 200 is divided into a mesh pattern of enclosed areas or "blocks",
which blocks may preferably be square or rectangular in shape, or may be some other
shape. Each block includes an etched region, resulting in a pit or column, where the
properties (such as area, position and/or depth) of the etched region within the block

3o are specified according to a prescribed method in order to produce the desired optical
effect from the optical surface of the cell, which optical effect in the present invention
is the projected image as shown in Figure 6. - For example the specification of the
etched region in each block may be determined using the method described herein. The
dimensions of the features within each block may be less than the wavelength of the

35 incident light beam 301. - For example in the case where each block includes an etched
pit, the widths of the ridges surrounding the pn may commonly be less than the
wavelength of the light beam 301. :




produce a first projected i mage 300 when illum nated by an appropriate beam
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2s  transformation will preferably be smooth, and may be direct (i.e. the image 300
transforms directly into the image 302) or may involve passing through a number of
intermediate images unlike either the image 300 or the image 302.
In the present ‘embodiment the transformation from the cells in region 101 to the
cells in region 102 can best be described with the aid of Figures 5 and 7. As illustrated
a0 in Figure 5, in the present embodiment the cells 200 are square and are arranged in a
square layout, although it should be appreciated that other configurations are possible.
Each of the cells cant be identified by a set of coordinates (X,Y) where the (X,Y) cell
indicates the Xt cell from the left and the Yt cell from the bottom, as illustrated in
Figure 5 - X and Y are therefore the (integer) Cartesian coordinates of the cell.
35 In the transition region 103 all cells with the same X value - i.e. all cells in the
same column - are identical. However, in the transition region 103 cells with different
X wvalues - i.e. cells in different columns - are different in such a way that the design of




350 within a cell 200 can be specified by its position within the cell, so
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IRt In other words, the function F defines the transform_au_on of the properties of the

25 (m,n) block across the transition region 103 from the properties P1(m,n) in the first
region 101 to the properties P2(m,n) in the second region 102.

In the present embodiments all cells with the same X ‘value are identical and so
the function F is not a function of Y. In other embodiments, however, this may not be
the case.

30 In the simplest embodiment, the function F will be a funcuon of the X coordinate
of the cell only, so that. all blocks within a cell will undergo the same functional
transformation from the properties of the first region 101  to the properties of the second
region 102. o

To take a specific example, the function F may be. a linear function of X only,

35 meaning that the coordinates [x1,x2,y1,y2,D] for the (m,n) block undergo a linear
transformation as X increases across the transi_tion region 103, starting at the coordinate
values for the region 101 ‘and finishing at the ,cdorc_i_inate values for the region 102. On
the other hand, the function F may be non-linear. For example, the function F may be



Consi der a particular block (mn). The properties of the (mn) block wll
be 5 denoted P(mn). These properties may for exanple include the set of
coor di NS 20 ni ng the "pit" or "colum" within the bl oBKTAPIFPO09 ¢
the region within the block (mn) which has been etched in the process of
recording the optical surface 100. For instance, Figure 8 is a schematic
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Fi gure 7. suchRhgumestSofi thei wartienirdhe¢ kaordinateshixdoi2, AG2, DY for thel @i@F bivgtk

et ched regj o TH 3 e h . he e ed
regi on 3616%%{ %ﬁ\%egfgﬁﬁl%gghé%%g%&é&gg?é%Hg%’ rsgg{t%%g%%%? & ?prﬂ%érb‘%gcéfcg’éo
may t her ef GaRSitiRn Eagion FQ-with Jittle, garigiondnthe sddler r| which define the region
?L et tchihng Wi t 1 dndthe &Amh&?@ahegﬁnit:dﬁéwm@i @%en@'gﬁf)f]aﬂ& tldo nSmdRAtd) $8f

e etched,reqi as represen e paraneter D. In s a )
confi gdr at P8h fiﬁ@rﬁFod’Zgﬁlﬁses(“bg}n H’}Imm ?h&el?S W‘ﬁmﬂ“dﬁ‘igSc @iﬁ%ﬂn&oﬁg}cgpnal
sinmply oI trinssformmatidns ftors the prdpeiies df ehe( mgidnt lIDlOGrr the r@hﬁ%b_kcbfblm region
appreci ate QuE, cases. i tional infkor ion, such as
he. dopt h Pt hemesd,dBk ks R ns B0 Figh Pand S of 8 DS o witetes &
speci f yi ngmoteestponghe non-tises2(transforoiatiph across the thdnsition régioni63 Xhamthedladkst he
cells incr bRt ' I fal |
pr oper t [ esp g?ﬁ&‘a%‘f*‘?ﬁéﬁ? E?ﬂf* OF e G, ) (epehfid B i Tuncsln Fp the block
t ransf B meldPBAISTS g ande D Aso Bt 4% onFthe refl) colpmnprumbes; ¥nmay ibe benefigial in
properti esgdféfdfing)a partichRr lopltA effed? ik GaRIfEFNEg ffor (B BRdde S0 fd/ et inRige -
Thi s can bfq?gxpressed mat hematically as: [err] I n other words, the function
F defines transformation of the properties of the 25 (mn) bl ock

across the trafhé finction Fomay eithé Ber @ costirmops &petion of niad(be 41 inkdget fenctioh st

or esont eniheat o ealel VAIES BF (b€ iiitic” HoeSs U8 Nafidllhs "R, B cay B

t he fursct itake onj diserote walfiem wwhichnim theypresent odelseniptionbardi imteges valueswd0eil, 2 hi s

may not beyth : &S € ' f ion F
Wi ?/I be aesf’u'r'fgi P%?\l&oﬁ?ﬁ%m%lc%g@ (!ibeats %h t ﬁgy?gpﬁg%eﬁ%lu%%%h%xg
bl ocks wit hi n Whether the | function Fydepends semreX fapke taroalse Qo am amdr Pt should om

L 5L°?8§fé$§a‘?gf§k§’°§é’”‘? 24 R0prauddd sholt PoRingRAirfothatibn fom FROBAG.
ool o 300 o, it s 65 o8 1he, PRS0 it Dougiel roR e Botton 101 acHes e )

bl ock 2endetraysition segizaw 103rtarthé cegion 1021 Ihsay benmecessamystoane asmntleat figesivai on
201 o 20% (S HsHA ShndCui BB YRS Syl B B Yo 0
t he funct itbe image30Belmorder ity gemerasmaentia ipags, divexgencmand convergeage daring 19
the image transformation process, it may also be important that the function F is not
strongly varying and does not include strong discontinuities.
25 It should be appreciated that variations are possible on the preferred embodiments
of Figures 4 to 8.

For example, it may be important to provide a projected image which consists of
both a fixed image component and a "transforming” image component as described
above. In this case the optical surface 100 could be made up of basic units or cells as

30  described above, but with each cell comprising two separate sub-cells: a first sub-cell
being the same in all cells and so producing a fixed or constant projected image from
anywhere on the optical surface; and a second sub-cell being designed according to the
principles described herein and therefore producing an image which transforms from
one specified image to another as a specified beam of light is traversed across the

35  optical surface.

The image transformation process described herein can readily be repeated across
a surface to enable multiple successive projected image transformations as a beam of



such that nost of the variation in the coordinates [err] for the (mn)
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25 the animation effects may be continuous or discontinuous.

Figure 10 illustrates an example 500 of the image 403 of Figure 9, and a
movement animation effect which may be applied to said image 500 through
appropriate design of the surface 400. In this case the image 500 is an ellipse. The
surface 400 may be designed such that as the light beam 401 is moved across the

30 surface 400 the ellipse 500 rotates in ei_ther a continuous or a discontinuous manner, as
illustrated schematically in Figures 10(a) to 10(d). The animation illustrated in the
images in Figures 10(a) to 10(d) may repeat as the light beam 401 is moved across the
surface 400. It should be appreciated that the ellipse 500 illustrated in Figure 10 is only
one example of an image \iv_hich may be produced by the surface 400.

35 The optical surface 400 could be designed to produce any image or images 403.
For example, the images 403 may be product names or logos which rotate or translate
as the light beam: 401 is moved across the surface 400. In another embodiment the




20 light is traversed across the optical surface - i.e. image 1 transforns
to image 2, which transforns to imge 3, and so on. Simlarl it shoul d be
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of a nunmber -of imges, and so the inage transformati on process 5
descri bed above may involve nmultiple fi Lot proj ected i mages transforn ng
into the same or _a different nunmber of Second prg&j’é‘ct ed images as a beam of
i %Bt tr?\;_@pg@s 492@8&5& Ee a!lmafa% pgd@wlgm@niaélgmrt ?;c& sWWbdg?gfsﬁ nn@erehar
nunper o chﬂ@a ¢ @41tHel18zh Bédrh 301 $¢/novéPa 1ha BulSceq(U, eve roug
appropriate %&‘%nﬂ{:l hg cells. 200 as d%ggri b d.herei@. Ii;or eﬁin&’de, t he
first region TO8YF _1’3\5_?@‘6%%‘9%?’9&'&9}% .\Pgr F“ﬁ?%?é &b Fgpredoand i ch
may t& ansfimensignanimatige elffelr:‘t)whlchlhm_gy depappiied tte daidnimgzze P50 UacFighye @ hahe g
second_re " esi.gni an
o1 oduc? ng Liegs 08 is U §ord (TESTE AhAEh BE Sk S0 UERA rgtell 138 130 8
di f fract earﬁdmgggmagil‘b? S&%ﬁpl@? mmbtrré?ﬁtlgmdgzuch amangen that therimago &%ﬁs ects
as a speci wi 14
surface. Fi é%ﬁ? gﬂl)s,ag lgcherrr&x‘al I C Wﬁfgts?‘g@gn.%’%slggtjﬁﬁgﬁslgﬁflége 04"616
desi gned iﬁ@ﬁ#gg{; (I:aésrsekli); ?gha?ﬁlhmawrgﬂ; ?gg and Jimpclgtters Fhenging @s fthe o

In a b 8 ifdvedestiid ¢ Butfiee é , Fig@res11{d'® 11(d
di ffract egﬁ_‘g ans 402.. .said %rff‘%ed beﬁgg 402 oduci ngeri magﬁ@ 403( en
i nt er dipt PSR hEOSSE Aoiiuation,efieq &5 i Tl healiydll, 5 moved, acrsh e gk o
t o presen¥00awithianknight rdgien fappeaving tamdveshmugh dre ¥6rd TESTen the sequenceT,

e _ | \ e vord o%: 5
ST oce 405 PP ds yRusBARN; THE NG drhaBt hineladl i el B0 BT Fightes 11
ani mat i on tef 1l mayi epeaias she lightdeam 40ds imaygd aconsg thessurface #0Qi dent | ght
beam 401 i s My gRuAE HeSppriGared r:ﬁﬁcxﬁoéeoecmg%ﬁ iﬁféhﬂﬁ‘ hﬁﬁhﬁfoh%fre%tmxf N

o footS | ATPIRYSRma bR CXIPIeF e, HEFISEADOBAY e ciEna WG Bt S beam o6
Conge o510 Seamchimnes B Teli0) ke s wveroapUmESholes,
o Sai o | Higues Sh fmts, 38 Mt dene, Seuf o0 PuSks Toih. WheR B8 aifadfy
case the image4BICould baanglimagse. The surface 400 may be designed such that
oS L O U B e RO S0 PSE R BB
schemaei c glementhorrpigelsdaid jayt 4 atregulay mponerhFigare A2 dilusirates| inslosatupdview 2 he
PSS |FpRm S TR e SRSty DSERG 15 v
1 Dot r ot Surthee Rt caade i of Rikels T0h i BBty . Sare.eid s ylistaatedh e appuidebe
7 oduce apkomea tha dslpa s 4o e nd s st
may be. pr SRR duRReed el (et Bt 4D} 45 S HRuen Sotf e BB BBt o
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Each pixel 701 is designed to produce diffracted beams 402 and diffracted images 403.
The surface 700 is designed to produce movement and/or intensity animation
effects in the images 403 (as described in relation to Figures 10 and 11) as the light
beam 401 is moved across the surface 700. In the embodiment illustrated in Figure 12
30  each of the pixels generates one “frame” in the animation sequence of the images 403,
For example, the surface 700 may consist of four different pixel types - 703, 704, 705,
and 706, with each of the pixel types arranged in columns as illustrated. It should be
appreciated that other layouts of the basic pixel types 703, 704, 705 and 706 are
possible and may be used in other embodiments to produce additional optical effects.
35 In one embodiment the surface 700 may be designed to produce the images 500
and animation effects illustrated in Figure 10, with the pixels 703 producing the image
illustrated in Figure 10(a), the pixels 704 producing the image illustrated in Figure
10(b), the pixels 705 producing the image illustrated in Figure 10(c), and the pixels 706




21 i mages 403 coul d be iﬁages of people, animals or objects which inmages

nove or change shape as the light beam 401 is noved across the surface 400.
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an intensity aninmation effect which nay be applied to said i nage 600. In
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pi xel s | &4 | r ' 12 illustrates in close-up view

a prefer%@’%%@niﬁgw&@ggﬁ&ﬁé@moo itlustrated in Figure 9. In

Fi gure 12 t helnsthefpreferredembodiment illpstestedyin Fignre 02 wherel thei pixeh types i3, e
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ani mat i onimegee fom the vanious paet typtd vill e geaertedhindequence ta praduce @ smapi es 10

and 11) a?."-lrnP | beam 401 is noved across the surface 700. In the
enbodi ment | ﬁﬂﬁs#g%{t'ed'i n Figure 12 30 each of the pixels generates one

"fram® in t hdengeithesudacesiQ iaperporatest the animation seqeence-in thexfarmiof a series
surface 7804i/eac kelé: isfthe 's@fthceD! ' & . y and
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25  produced by moving a specified beam of light across the surface 700 in a direction
approximately perpendicular to the columns of pixels, thereby generating the animation
frames in sequence at the viewing screen 404. It should be appreciated, however, that
other layouts of pixels on the surface 700 are possible. For example, each frame in the
animation sequence could be recorded as a single. pixel, so that a single row of pixels
30 produces an animation effect. An overall animation sequence could in this way be
recorded in a matrix of pixels as a series of such rows of pixels. In this way the overall -
animation sequence could be played back by moving the spot of light 702 along one
row of pixels, then along the adjacent row, and so on until all pixels in the matrix have
been scanned. It should also be appreciated that an animation sequence could consist of
35 as many frames as desired - for example a 30 frame sequence, or a. 300 frame
sequence, or a 3000 frame sequence, may be recorded in the surface 700. It should
also be appreciated that the above described movement and intensity animation effects



and animation effects illustrated in Figure 10, with the pixels 703
producing the image illustrated in Figure 10(a), the pixels 704 producing
the i mag®¥9928¥¥rated in Figure 10(b), the pixels 705 pr odW’AHi’{’)W@”\ mage
illustrated in Figure 10(c), and the pixels 706 22 producing the inmage
illustrated in Figure 10(d). Hence noving,the |ight" beam 401 across the

surface in the direction of the arrow 707" wi || produce the i nages 500 and
ani mati on empchothibe incorparated; interiaguanimation Saquence Rsinge theo sethiwi def@ibed 706
may be repegdrggh. across the surface 700. 5 I n anot her enbodi nent the

surface 700 may be designed to produce the i mages 600 and ani mati on effects
illustrated in Figure 11, with the pixels 703 produci ng the inage
illustrated in Figure 11(a), the pixels 704 producing the image illustrated
in Figure 11(b), the pixels 705 producing the image illustrated in Figure
11(c), and the pixels 706 producing the image illustrated in Figure 11(d).
Hence noving the light 10 beam 401 across the surface 700 in the direction

of the arrow 707 will produce the i mages 600 and ani mati on effects
illustrated in Figure 11. The sequence 703, 704, 705, 706 may be repeated
across the surface 700. In the preferred enbodinent illustrated in Figure

12 where the pixel types 703, 704, 705 and 706 are arranged in colums, the
spot of light 702, whether circular or 15 elliptical, will preferably have
a di nmensi on perpendicular to the colums (i.e. in the direction of the
arrow 707) which is conparable with or sonewhat |arger than the di mension
of the pixels in the sane direction. In this way the different diffracted

i mges fromthe various pixel types will be generated in sequence to
produce a snooth animation effect. 20 Hence the surface 700

i ncorporates the ani mati on sequence in the formof a series of diffractive
pi xel s recorded across the surface, where each pixel produces a "franme" in
the ani mati on sequence. By generating these "franes" in sequence, the
desired animation effect is produced at the viewi ng screen 404. In Figure
12 each frane is recorded as a columm of pixels, and the ani mation effect
inthe diffracted inmages is 25 produced by noving a specified beam of

|l ight across the surface 700 in a direction approxi mately perpendicular to
the col umms of pixels, thereby generating the animation franes in sequence
at the view ng screen 404. It should be appreciated, however, that other

| ayouts of pixels on the surface 700 are possible. For exanple, each frane
in the ani mati on sequence could be recorded as a single pixel, so that a
single row of pixels 30 produces an aninmation effect. An overall aninmation
sequence could in this way be recorded in a matrix of pixels as a series of
such rows of pixels. In this way the overall animation sequence could be

pl ayed back by noving the spot of |ight 702 al ong one



row of pixels, then along the adjac nuntil all pixels in
the matri x have been scanned. It shﬁnlmmms“nmgHmeci ated that an

ani matwows/s3seience coul d consi st of 385 cas nenysfranmes RETARS5/0@9 - f or
exanpl e a 30 frame sequence, or a 300 frame sequence, or a 3000 frane
sequence, nmay be recorded in the surface 700. It should al so be appreciated
that the above described novenent’' and 2¢htensity ani mation effects 23 may
both be incorporated into an ani nmat iCoAIMsequence using the nethod described
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sides of the pecopgh ﬁz&aopaaﬁx qrbrtfe&ﬁé}e&vgaﬁﬂﬁrsﬁma ﬂ&iﬁ?ﬁ@i&%rcﬂecﬁb’ fne of

claims 1 tq 4 wherel nh the surface is substantially ‘unitormy opti cal
reflectl\lStGrCOBM‘F"ForMy optically transm ssive. 20 6. A net hod of

produgi ng a c4.ff rped i rmtdlﬁmnu Bcorug Rbereinlishillr fet afsa Soriohs dre triﬂges

pattern en illum pat roducm are ni.sab g pn_a, sut

i nt ercep\t,\%e o cﬁ“?‘fl ﬁﬂ"@da’l'ef“g?ﬂ ?‘Hog‘ cf ’ﬁ%‘%ﬁ THECT (T o?n

provi di ngopposizd sides ofcthensecoidaata pﬂrtloﬂ thdnebemme processing the data to

det ermine thes confy OpLal b AnPlons 3 4iadhelt’ 9%, Afkerbihehe B face is substantially
uniformly optically reflective or uniformly optically transmissive.

20 6. A method of 'p_roducing a diffraction pattern including a diffraction grating,
the pattern when illuminated producing a recognisable image on a surface intercepting
the diffracted light, said method including the steps of:

providing a data stream indicative of the image;
processing the data to determine the configuration of said grating and. therefore

25 = said pattern, with a characteristic of the processed data corresponding to a physical

characteristic of the grating; '

providing a plate having a surface to be deformed to have a configuration
¢orresponding to said pattern;

deforming the plate surface in accordance with said data so as to produce said

30 configuration; and wherein

a physical dimension of the grating is determined by said characteristic, and said
grating includes a plurality of surface portions from which the light is diffracted to
form said image, said surface portions being distributed over the plate surface so as not
10 be substantially concentrated.

35 7. The method of claim 6 wherein the step of processing the data includes
obtaining a Fourier Transform of the data stream.

8. The method of claim 7 wherein said Fourier Transform is a fast Fourier
Transform.




25 said pattern, with a characteri S{j ssed dat a
corresponding _to a physical char actedmmmﬂulmumgﬂnl ng, _providing a

pl ate hm%gﬁs urface to be deformed*othave éo-nf*i--gura?ﬁ’%f‘f“@éﬂ”?‘@gpondi ng
to said pattern; deformng the plate surface in accordance with said data
So as to produce said 30 configuration,_and wherein a physical dinension
of the grating is determ ned by said cha?%cteristic, and said grating

i ncl udes a pl uPal i The srethad efelainy 3 rari & rrcherein saidhimage ihdividedHntol s mambén efct ed

to form sapleisBidemerts Whidh dréGRed RS proVitft dafi dia dirsdnf | DUt ed over the plate
surface so" as not &ﬁ@blgp%ggstan Lally concentrated. 35 7. The
r

met hod of cl ai #06 hef §laip ¢ & 105cs Fiharrt HBe urface f| said splate is
obt ai ni ng gutseintialy uiifomsly wpticslly tefRcied or Giifcraily oftically thusfilistved of clai m

7 wherein said,Foukler ansformis ast .Fouri er. Tr.ansform . 25 9. The
Tothod B o ai My Bhe ,%&@P@W ong 8&1?&8%7#8%9.’\77"&&%}% {"o°as%%‘é‘rs"8f‘m

pi xel s or isldigitised whi ch are used to provide said data stream 10. The

met hod of cl aim7, Ly f | I | .
Substanti al 1y ot t Shepibetod B0 Sfaf" kbl BoCesting At dald Bl By g Fourier

t ransni ssi ¥eansfprm includeg mtrofneinge: 1apdors Mumber phase sequenee fsthe datp. 10, wherein
data of said dasta Théadthd® oficldill $8Gbr 12 whERinBEdRes Y tfe! édtﬁnslrgamwrae' n

processi ng_t he ta strea _Fourier. Transform i ncl udes introducing a
rando_m”hungewlﬂhég@gséga%&h@st&mﬁg @5daa. 13, The met hod of claim 11l or 12,
Wlnere! n prﬁcezungl‘hﬁm@m&m 'fsmyemad c?ﬂﬂﬁmib 6to 13f:,Qvllﬁdreih ingadiﬁﬁ'ilﬁéﬁhlsﬁﬁfawi%S
clipping the_data. . e nethod of any one of. clai 0 i rei,n
said di ffrﬁd??sg?{ acg Jromow. lcﬁacsqpéqs g page, gnd; %%@Pdcm5 ‘H‘}!WBS??&H’@,
and sai d netepodf:f urt her includes the steps of: providing further surface to

whi ch a copy o i r | & .t |Li ed. . Lhg the
copy to furt he?r@;ﬂ}]ﬂ%@ﬁ; egﬁgﬁu\?\;]é;?ﬁ‘?}rlﬁcgz% cg)pP S)rf t§ ﬁgrﬂlfs‘sgerrfség%cei g tg Sgg%%%ﬁal |y
uni for vy opt i applyipgithe cenyt tovfurtber surfacer and/whereitcal |y transmi ssive. 15. The

met hod of any eng fafthe} Sirflcebist leﬁﬂ;nﬁwrlﬁhﬂnﬂ}eoﬁﬁtﬁﬂ? OefIBEtRN & EifSAAY

data stream incl udes providing symmetrical 1 nmages of the recogni sable
i mage, theo@‘GFahEﬁﬂmﬁsE’S} i mages being symmetrical about two perpendicul ar

axes. 16. The &t hTHe adetitithofodty e ofl claiffis 6ltol Dt, Mhersifiehestep 9fpfovadiap said
produci ng data stream includes providing symmetrical images of the recognisable image, the
20  symmetrical images being symmetrical about two perpendicular axes.
16. The method of any one of claims 1 to 15, wherein said step of producing
' said data stream includes quantising the data stream.
17. A method of producing a diffraction pattern including a diffraction grating,
the pattern when illuminated producing a recognisable image on a surface intercepting
25 the diffracted light, said method including the steps of:
providing a data stream indicative of the image;
processing the data to determine the configuration of said grating and therefore
said pattern, with a characteristic of the processed data corresponding to a physical
characteristic of the grating; '
30 providing a plate having a surface to be deformed to have a configuration
corresponding to said pattern;
deforming the plate surface in accordance with said data so as to produce said
configuration; and wherein '
said configuration includes first area portions and second area portions, with the
35  width of said first area portions bieng less than the wavelength of light.
18. The method of claim 17, wherein said configuration includes ridges having
a width, with said physical dimension being said width.
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intercepting 25 the diffracted light, said nethod includi ng the steps of:
providing a data streamindicative of e image; processing the data to
determ ne the configuration of sai d grating and therefore said pattern,
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i 11 uni%nat ed 22&ec HOR gEAtng Eﬁd’n?uroFaBle‘by
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di ffract ;slon rati rpgbr%&dﬁdgs?‘nf&%gnépurtﬂ i ncl udi ng oné _or nore
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second porti Offrst SreR ﬂuﬁﬁ successive changes in the inmage as the surface
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first porti orSc5oRd,aLea; ROFtioRS SHFRO ¥rand, & 15t APy
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22, The layer of claim 21, wherein the parallel adjacent first area portions are
spaced about 0.5 to about 1.5 times the wavelength of light.

23. The layer of claim 21 or 22, wherein said surface has a base plane with said

25 ﬁrst area portions being spaced from said base plane by a distance different to that of
said second area portions. _

24. The layer of claim 23 wherein sand first area portions have a dimension
extending generally parallel to the plane of the diffraction surface, which first area.
dimension is less than the wavelength of light. . '

30 25. The layer of claim 24, wherein said first area pomons are spaced from said
base plane by a greater distance than said second area portions, and said layer is
generally planar. '

26. The layer of claun 24 or 25, wherein said first area portions are curved 50
as to be convex.

35 27. The layerl of any one of claims 19 to 26, wherein the surface is substantially
uniformly optically reflective or uniformly optically transmissive.

28. A diffraction grating occupying a surface having a first portion spaced from
a second portion, said first portion being configured so that when illuminated a first




20 so that correspondi ng portions ﬁ"llﬂfi cent first area portions
are spaced about 0.3 to about 2.0 mmmm" IMch of_a rﬁad(ipg% l'ight.
22. TheWORPRAIWF clai m 21, wherein the‘pafallel® adjacent FFTAPH4

portions are spaced about 0.5 to about 1.5 tinmes the wavel ength of |ight.
23. The layer of claim2l1 or 22, whereigysaid surface has a base plane with

id 25 first ti bei . id. b . .
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a second pakitseoond Bwdgd aisaist beaor appooaches said sesofid pomtion. so t hat when

illumnated a first 27 image i s produced on a receiving surface by |ight
diffraﬁted fromsaid first portion, said second portion being configured so
t hat en illumnated a second image i s produced on said receiving surface
by light diffracted fromsaid second portion; and wherein said surface has
an internediate portion configured so that when illum nated by a |ight beam
5 nmoving from a first portion illumnating said first portion to a
second portion illumnating said second portion, an internediate inmage is

produced on said receiving surface, by light diffracted fromsaid
internediate portion, said internmediate image being initially a
transformation of said first inmage which changes to a transformation of
sai d second i mage as sai d beam approaches said second portion. 10



