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PCT/ AU95/ 00542 DI FFRACTI ON SURFACES AND METHODS FOR THE MANUFACTURE THERECF
Technical Field The present invention relates to the production of

Proj ect edvo 06@f939 from an optically 5 diffractive surface PCIANS0MIges may
be confirmed either visually or by machine in order to authenticate the
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- inter ceptﬂnﬁﬂgmmqniact ed |i ght resulting fromthe illum nation, said nethod
including 20 the steps of: providing a primary data streamindicative of

t he i mage; processing the pr Bﬁ&kdvoﬁﬂﬂéhfttﬁedﬁﬁéﬂtmme t he configuration of
said grating fgﬁlrrent problem is the sale of counterfeit goods. Counterfeiting is often inhibited
10 by the use of labels and trademarks. However unauthorised use of the labels and
- trademarks is difficult to prevent.
The above problems are discussed in International Application PCT/AU92/00252.

Object of the Invention
It is the object of the present invention to overcome or substantially ameliorate the
15 above problems.

Summary of the Invention
There is disclosed herein A method of producing a diffraction pattern including a
diffraction grating, the pattern when illuminated producing a recognisabie image on a
surface intercepting diffracted’ hght resultmg from the illumination, said method mcludmg
20 the steps of: : :
. providing a primary data stream indicative of the imag'e;
processing the primary data to determine the configuration of said grating and
therefore said pattern, with a characteristic of the processed primary data corresponding
to a physical characteristic of the grating;
25 - providing a plate having a surface to be deformed to have a conﬁguranon
' corresponding to said pattern;
deforming the plate surface in accordance with the processed pnmary data so as to
produce said configuration; and wherein
a physical dimension of the grating is determined by said characteristic.

30 ' - . Brief Description of the Drawings
A preferred form of the present invention will now be described by way of example
with reference to the accompanying drawings wherein: :
Figure 1 is a schematic illustration of an image and a process for producing a
 diffraction grating from an image; |
- Figure 2 is a schematic illustration of data from whxch a diffraction gratmg may be
produced;
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therefore said pattern, with a characteristic of the processed primary data
corresponding to a physical characteristic of the grating; 25

providin Jﬁwméﬁ having a surface to be defornmed to have pgyfQjekbsids ation
correspon 0 .said pattern; deform ng the plate surface 1n accordance
with the processed prlnary data so asjto produce said configuration; and

wherein a p SIC nsi.on of t ti | S determ ned by said
char act eri st gdsasc ematic represent}auor(r:’ofaa dﬁlﬂ RELIODETIING; | i ption of the

Drawi ngs A ;ﬁgﬁre vried sthematisfilluswation of amoptical snfice comptising a\fireeregivaca i bed by

way of % %taﬂdg«gg‘,@g ?ioﬁ l&gcorrpanyl ng draw ngs wherein: Figure
lis a sc gnllustratlon an 1 ndge _and a process for producing a

diffracti on d#‘ﬁ?l & P rsohmatic; illyspration sof 3 close-qup gyiew of thg qptisahsurfece of

i1l us} r Figurs 4ashowirigathé swrfaceho bbnadelisp bf eellsi on grating may be produced;
WO 96/ 07939
PCT/ AU95/ 00S4BHe £.15 2 schematic ‘““s%a“s"é‘hé % PRUGRL BrOpETSs & i Bt 28 87%°Pf act i on

grating reg-lpwfeﬁguqeg,a schematic illustration of an optical surface
conpri sing iF:é‘dré @t 1srd3§ldlﬁﬂan@ iIRRENH 629 'pBﬁxoﬁrB? @céiP oF e ﬁﬂxcaf ﬁﬁﬂc igpn
regi on, gﬁ' 0 g the cglptonl% & eltll Io so—cahedoﬁocks _ lose-Up view O the
opti cal Fzﬁ’cﬁ? ang p of 1 ;
10 " Figure 8 is a schematic 1llustrat10n of a sxngle block of Flgure 7..
Figure 9 is a schemat:c ﬂlustranon of an opncal surface of a type which produces
pro;ected images from an incident light beam, '
Figure 10 is a schematic illustration of an example of a movement animation effect '
in the pro;ected images of Figure 9; _ . -
15 Figure 11 is a schematic illustration of an example of an intensity animation effect
in the projected images of Figure 9; and
Figure 12 is a schematic illustration of a close-up view of a preferred embodiment
of a design for the optical surface ﬂlustrated in Fxgure 9.

Detalled Descnptlon of the Preferred Embodiment
20 In Figure 1(a) there is illustrated an image from which a dnffractxon grating will be
produced so that if the grating is illuminated by a suitable light source the diffracted light
will produce the image on a screen. A solid state laser is an example of a suitable light
source. More particularly, the actual grating itself cannot be conveniently directly viewed
for the purpose of seeing the image. The diffracted image can only be seen via
25  appropriate illumination of the grating in which case the image will b_e_ seen on a screen
receiving the diffracted light from the gratmg
It should be noted that the image of Figure 1(a) includes shaded (1 e. grey scale)
regions. To manufacture the diffraction grating the i image of Figure 1(a); or a rearranged
version of it, as described below, is scanned so as to produce a stream of data indicative -
3o of the image. The stream of data is obtained by dividing the image into a number-of
pixels or elements, and deterrmmng a data value or set of data values indicative of each
pixel or element. The density of pixels in the scanning process is chosen so as to produce
the required image quality in the diffracted images. For example, the image may be '
scanned into a 128 by 128, or 256 by 128, or 512 by 256 array of pixels. The two
35 dimensional fast Fourier Transform can then be used to compute from the stream of data
the diffraction image from which the diffraction grating is produced In general the fast
- Fourier Transform of an arbitrary image consists of two non-zero parts a so-called real
part and a so-called unagmary part. - :

' SUBSTITUTE SHEET (RULE 26)



5 Figure 4 show ng the surface to be nade up of cells; Figure 6 is a
schematic illustration of the optical properties of the first and second
regi ons owolsmgmse 4; Figure 7 is a schematic illustrati on BET/AUH0SADNn of a
cell of the optical surface’.""Of Figure 4 showi ng the cell to be made up of
so-cal l ed bl ocks; 10 ~Figure 8 isg.a schematic illustration of a
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resulting diffraction pattern will be responsible for producing the image. Consequently -
15 much of the incident reading light beam will be diffracted into a conventional diffraction
spot, resulting in relatively little light intensity in the diffracted images. A method of
overcoming this disadvéntage is to modulate the data produced by the Fourier Transform
through the use of a random phase noise array as described below. In the present
invention the random phase noise array must preferably be odd symmetric in two
20 dimensions as described below. - _

- A further improvement to the diffracted images can be made through clipping and
quantisirxg of the data provided by the fast Fourier Transform. The fast Fourier
Transform data may be clipped to a percentage, for example 50%, of the peak calculated
level. The resulting clipped data may then be-quantised into a discrete number of levels

25  within the clipping range. For example, the data produced by the fast Fourier Transform
after clipping could be quantrsed into fifty, or ten discrete levels within this clipping
range.

An example of a specxﬁc sequence of functions, including variations, which may be

.carried out in order to convert an original image into processed Fourier Transform data
30 from which the diffraction surface can be 'produced is as follows. This procedure is
illustrated in the sequence of illustrations of figure 1.

It should be noted that the layouts referred to in the present description are those
which would be generated and observed on a computer screen using a computer graphics
package such as Adobe PhOtoshop (or a similar package). It should also be appreciated

as that the Cartesmn coordinate system, and hence the X and Y axes, used in the following
descnpnons are arbm'ary and are included or referred to only for reasons of clanty of
explanation.

1. The original or mput image is positioned in a rectanzular input image area and
said rectangular input image area is positioned in the upper half plane (positive Y values)
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the diffAEaiR

regions. To manufacture the diffraction grating the inmage of Figure 1(a),
or a rearranged version of it, as described below, is scanned so as to

produce syobvéeos of data indicative 30 of the inmage. ThedEi{wagak dat a
is obtained by dividing the inmage into a nunber of pixels or elenents, and
determ ning a data value or set of datg values indicative of each pi xel or

el enent . g densi t ixels in th sca n ocess is chosen so as to
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be uged td (;Mdcagé %?Jld xﬁﬁrg%‘%&[a%gto regﬁaﬂ.18 atsex‘ﬂﬁsnjéfékl fr c%“I %%ﬁmog}ge ﬁﬁ% whi ch
g&“ﬁr Yp) isghs inpwy 'HBEG arga “fhﬂ"-lg@ﬁ'@#%ﬂ the fnput imagerdo thie casgrtheisf or m
of ansar igeaos ah rakgraft OrIs ishiduld G dpprechitét BRE thedmhlfer e SAPRAINRE 452 part

d /
I%?JT / ,%Ugg)p g‘g’gbggl bﬁ?x’dnﬁﬂft Meﬁ{“ %)el?%%hg%gaﬁe l'ggl}eél ‘H%?PSW p'a’(’ ’ieﬁ‘ﬂfjﬁe (for
exanpl e, difffactedrirgageoThisicgn be understpod in terms ofithe diffracted aptidah powenufromrthe
transf or fnfhed Bﬁnda? %uxlfiden&xﬁg Qﬁ‘iﬁﬁ%ﬂuﬁﬁaﬂ Ef}x’@@%r@ﬁ&bbrg 'o'f e P{Eﬁﬂbﬁ 8hdcal

conponent - | h Fourl er trans IS, rea er r Ed

net hods PBY’e’géﬂ pted dmages gmallsy EWH%{?PNS&F E9é4 dmage pia
di f f nact erkaiconcpatrges ﬂnahp;ﬂomxatdmefmeﬂspdopomn@f tier incidempowiet irk6 @ s’mniler

Prol ot o) BAIGTHL i3 B WhERyROT! 1o Of, e or) ol | moe
i mage, with 3uch lammpﬁhlg@gsa$ digitised. gTheranputmgge jsidivided into a Cartesian array |
and each element, or pixel, in the array is assigned a digitised, or quantised, value according '
to the values (e.g. the grey scale level) of the corresponding pixel of the input image. The -
15 array size is selected to provide the required resolution in the digitised image. |

In the present preferred embodiment of the processing technique-a discrete fast Fourier
Transform is used to determine the diffraction grating data. The nurhber of pixels in the X
and Y directions of the Cartesian digitising array should therefore preferably be a power of
2; for example the digitising array could be a 128 by 64 element array, or a 256 by 128

20 element array, etc. :

The original image should preferably ‘have black (i.e. zero valued) borders of at least
one pixel width all around, although this condition is not mandatory. If non-zero pixels
occur on one or more borders, the imaginary component of the resultant fast Fourier -
Transform will tend away from zero, whereas ideally said imaginary component should be

25  zero. However a small non-zero imaginary component in the fast Fourier Transform output
may still result in a satisfactory diffraction grating. . :

3.  The 'quadrantised' image is produced from the dlgmsed input image. There are
numerous. variations on this quadrantising process, all of which may produce satisfactory
results for all practical purposes. Two such variations are described herein. The first

‘30 variationisa rigorously correct method which however leads to a minor defect in the image
generated by the resulting diffraction grating, while - the second variation is an
approximation which removes the image defect resulting from the first variation. -

_ Quadrantlsmg Method Flrst Vanatnon
@) The ongmal dxgmsed image is mxrrored into the bottom half plane (negauve Y
a5  values) of the Cartesian coordinate svstem thereby producmz an overall digitised image
twice the size of the original dlgmsed input image, as illustrated in figure l(b)
(i) The bottom half plane (negative Y values) image is mirrored about the Y axis
(i.e. left to right and nght to left), as illustrated in ﬁgure 1c).
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rotated i mage) occurring about the specular reflection (zeroth order
diffracted bean) fromsaid diffraction surface and al so | ess strongly about
t.he hi ghewabeforezact i on orders fromsaid 10 diffraction supcgatesiboss2
difficulty with the Fourier-Transformtechni que as‘'used conventionally is
that most of the informati'on in the Fougier Transformis contained in a
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further i B¥Fbtetheright (in the nositive 3¢ directionhgiasthe prioasss dischsdinirtbel gight hapsbi ng
' gnd quantT coliung (8 X t=he1)dof the Mpualﬂﬂdn@mto E@vﬁ@??gﬁ%{éﬁeﬂ v ik eat;ﬁ‘(i)hf/ f gfst
tho. poak 0 pf ekl Bl " vabliEorder. T Brvto baf Siape fouehite Bovatpsant i sed
i nt o ao di isonexed ong pixet down (ip\thd aegfﬁve Y\duteburlon)i incthe brqepssrtgscaﬂimthe :{mrels
CST S ke ot O T U A
range. efudacEigyre 1ghilustarss ﬂnﬁmeuvﬂmg apphe
vari at i onm thehintage rufyﬁgme d(ad)]E iThit method ﬁeﬁﬂ?figrﬁ %lmnuﬁ]ge%ﬁ' ]fix:xgge[ I“xgh gd age
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15 Quadrantising Method: Second Variation
This method is an approximate method designed to remove the 'black line defect’
generated by the first variation above.
The second variation involves steps (i), (u) and (m) ‘above of the first variation,
followed by the following step (iv).
20 ~ (iv) The left half plane (negative X values) of the resulting image is moved one
pixel to the right (in the positive X direction), in the process discarding the right hand
column (at X = -1) of the left half plane and leaving a column of zero value pixels at the
left hand (maximum negative X value) border. The right hand column (maximum X
value) of the image is then copied into the zero filled left hand column (maximum
25  negative X value) of the image. The bottom half plane (negatlve Y values) is moved one
pixel down (in the negative Y direction), in the process dxscardmg the pixels in the bottom
. (maximum negative Y value) row and leaving a row of zero value pixels immediately
below the Y axis (at Y = -1). Figure l(t) illustrates the image obtained from this method

as applied to the image of figure 1(d). This method results in a diffraction surface whlch ~
30  does not generate the abovementioned 'black line defect'.

4, The odd symmetric random phase noise contribution is determined. The
smaller 16 by 16 array of figure 1(g) is used herein to illustrate the method for
determining the random phase noise contribution. The X and Y Cartesian axes of figure
1(g) are included for ease and clarity of explanation, as in the other illustrations of figure -

35 1. The method of construction of a random phase noise array, such as the 16 by 16 array
of figure 1(g), is as follows.

(i) If the digitised input hnage' is a 2p (in the X direction) by 29 (in the Y

direction) image, a 2P-! by 24 array is first generated and positioned into quadrant 1 of a
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- illustrated in the sequence of illustrations of figure 1. It should be

noted that the |ayouts referred to in the present description are those

whi ch wouyg ogfirgdener at ed and observed on a conputer screenpgfyidsgssonPut er
graphi cs package such .as Adobe Photoshop (or a simlar package). It should

al so be appreciated 35 that the Cartesd an coordi nate system -and hence the
X and Y axes, used in the follow ng deScriptions are arbitrary and are

“incl uded G%nqsepéppmoss@m Fher2Pr by Sharrayf isgllapated/a oindempiumtert setnwith.  The
origi nal each pmautn theafay rb&mgonb&dtmshnuemamhﬁﬁi ROt What eIk Hﬁf@@uﬁﬁrea and
a -

d t
a0 T ECLARRILS) WP omigBP By Bhbimtons 9l SR Sert Tulel: PR 2830 vabies
PCT/ AU95/'H&5mdcm-nuufbetss altocated ite thecpixels! imthe cirmy sare allowédntot fangé bewseeredge of

sai d |5rrag§,da§gtaﬁm réﬂié‘se?ft g)gaﬁdd&{léﬁgg da@%?ﬁ?%\aﬁ?fﬁﬁg‘{ﬁmtﬁe sc\é%gggg d the

Y axis of said r{ esli an coor I mage nt o
t wo equaIP‘ﬁ%lF%gadéﬂ“? |and (quadranfise “?H“b%el(a) The black area in figure

1(a) is the |(ﬁpuﬂmmeqﬁa&ﬁnvdan®dmlnﬁﬁlbuﬂﬁfray i€ mifretdd amlownuut ke case

input i meB5e02 I cookdinit i S E AEO R (el 2 grimy e |
hi gher i rangrpixelyg ﬂtemght éouthe p@tgtl\medtra@toah IRWOC&ldECuﬂmghhe gerddilielood i n
t er ms,of ﬁhﬁtﬂh&&éﬁﬁﬁe@tmou qslanmewmgfd d fided F@lﬁﬁn@l Cz.l Vel RCe

bei ng an e§0€]| mat el y fixed proportion of the inc povver SO
t hat rrakl'ﬁig'P UB f r act ed i mges a snall er proportlon of the total imge
pl ane (iii) The resulting top half plane (positive Y values) array is mirrored about the X
axis and the resulting bottom half plane (negative Y values) array shifted one pixel down ‘ |

- (in the negative Y direction), in the process discarding the zero filled bottom (maximum ~—
15 negative Y value) row and leavmg a zero ﬁlled row nnmedrately below the X axis (i.e. at
= -1). '
(iv) The bottom half plane values are negated $o that for example 54° becomes
-54° and 180° becomes -180°, etc.
The simple 16 by 16 random phase array of ﬁgure 1(g) has been constructed as
20  described above. Figure 1(h) illustrates a typical 256 by 256 randorn phase noise array
whxch could be used in con]uncuon Wlth the quadrantised i unages of ﬁgures 1(e) or 1(f) to
generate a diffraction grating. In ﬁgures (g and 1(h) the phase value at each pixel is
represented by a grey scale shade, with a medrum grey shade represenung a zero phase
value, hghter grey shade representmg posmve phase valie and darker grey shade
25  representing negative phase value
It should be noted that the random phase norse data may be varied by using 'seed’
numbers to generate dtfferent random phase noxse data arrays In other words the phase
noise data may be 'seeded’ such that different phase noise data are used in different
_ diffraction grating desrgns In another variation a number of different dlffractton grating
30  designs, resulting from the use of different seeded' phase norse data arrays, may generate
the same or substantially the same diffracted unages Seedmg of the random phase noise
data can also be used to r_educe Or remove any regtons of optical noise which may be
discernible in the diffracted image generated by a diffraction gr_a__ting produced according
1o the present method. By varying the 'seed' number of the phase noise data array any
35 optical noise in the resulting diffracted image can be varied and the image quality thereby
optimised. N
5. The 'real' and ' unaamary .components of the complex fast Fourier Transform
(FFT) input data are generated from the quadrantised image and random phase noise data
array. For each pixel in the array the following computation 1s performed: |
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10 area concentrates this approximately fixed proportion of the incident
power into a smaller area, thereby increasing the diffracted image
intensityWQ9/0793%he input inage is digitised. The i nput i meYATAEsM0sA2ded
into a Cartesian array and-each el enent, or pixel, %n the array is assigned
a digitised, or quantised,: val ue accord;i ng to the vaI ues (e.g. the grey

scal e level) d|n _pi x f the | | mage. The 15 array
size is sel ec?éaérc&g %%(%lg P4 &g ﬁgﬂ‘?er’ég?ﬁ“?ﬁ&?ﬁ?sl n the digitised i mage.
In the pr esenlin%i@ﬂémmpnenmfcﬁﬁfemputo# anipdinpleocsine (thaga) echni que a di screte
fast Fourier &'ﬁ@-@sformls used to determne the diffraction grating data.

The nunber of nd.Y directions_of the Cartesian digitising
‘array shoul d F‘é‘} ST e aEJ'Fee‘? él“é%??“sﬁg imagsatdhat pixeb: for exanple the

di gi tisi ng arthesp = oulud of earslomAMhake/ndisk mmytatana& ¥xelOr @ 256 by 128 20

el enment arrayg et Odir i_ erab have bl

zero val ued) - bor d@‘r s cg)ife atﬁelqea ?Sfbggé’g @%?B'Wed\eﬁd{‘?“‘ﬁ‘ﬁﬁd?m%ﬂ th| s

_condi t i onOBI&CtiYstis t@eRievs § whoily rresl seitxsince thiscisrmone maﬁl)opradnce;el in

borders, piygicalmfetnias ¥ Gl@ﬁ‘i&lBﬁ'Eratﬂfg tﬁbearx‘éﬁm Bﬁ'ﬁe S ey rb né&faf‘af]m m
S

Wil | tend ava fromzero. wh rea al sal I magl nary Qnent oul d
be 25 7 et Mot Wi 5 5 Som et At ety i BcieeuIng R puipw
Fouri ee Tstmnk!flmmbmlpor appryxlmatelly reakenly t | n a sat i sfactory diffraction

grating. 3. ﬁscnc@l%aﬂk%h'zéﬁdmagﬁagﬁc @%&E&%g, ket At %3&5‘?8‘2‘8‘? %&& i nput

_)-

i mage. There are numerous vari ati ons -on
whi ch may™r B de of @?d@?émwr&mqnsmfdﬂpeMmg.pm almmpchepmpms;magvo such

vari at i onQuaﬂmudamr lnibﬁd)dh&ﬁddl nln -Eb&rﬁll fetgel ag&ede%éﬁbbdit firp h\}aﬁaﬁod |(gom,usl y q
by tho. r cRiporaiiRg e PR Bh xbi et Rytel S FoudSis s Talropit B pdPan
appr o mawhthl ﬂWﬂb@Medeemwé §emd vanugm ofcthe quadrantisinyi method dsmar kgprbxmte
vari at i onmethod which may generate significantly non-zero imaginary values in the FFT output.
For example, it has been found in one specific example that the first variation of .the
quadrantising method described above produces a maximum imaginary component value
of 0.00002 for a maximum real component value of 275 (i.e. the imaginary component is
20 zero within computational accuracy) while the second variation of the quadrantising
method (which is an approximate method) described above produces a maximum
imaginary component value of 0.64 for a maximum real component value of 260.
7. The basic diffraction grating data are generated via a complex to real
conversion of the complex FFT output data for each pixel. For each pixél the imaginary
25 component of the complex FFT output (which should in any case be approximately zero)
is discarded and only the real part retained. Figure 1(i) shows basic diffraction grating
data obtained from the quadréntised image of figure 1(f) (i.e. using the second variation
of the quadrantising method). Note that in figure 1(i) the value of the (real-only) basic
diffraction grating data is indicated for each pixel as a grey scale level.
30 8. The basic diffraction grating data is clipped and quantised to produce the
- processed diffraction grating data. The basic diffraction grating data is 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 set of quantising levels.
" The clipping and quantising processes therefore 'distort', or introduce inaccuracies
35 into, the basic diffraction grating data and hence in theory degrade the quality of the
diffracted images generated by the resulting diffraction grating. However in practice the
equipment us_ed to reproduce the physical diffraction surface has certain resolution limits
‘and so if the clipping and quantising processes are matched in an appropriate way to the
resolution of the diffraction surface production equipment the resulting diffraction surface
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Quadrantising Meéthod: First Variation (i) The original digitised inmage is
mrrored into the bottomhal f plane (negative Y 35 values) of the

Cart esi an w0Q6/09M%t e system thereby producing an overal | daiAvsedssznage
twice the size of the original digitised input imge, as illustrated in
figure 1 (b). (ii) The bottom half plapg (negative Y val ues) image is

11 st r at S8 fipuapl) ' tacted s o ot vl Gty Hiaking oo acedine Bt
PCT/ AU95/ diﬁﬂmed Bnaael nesqlutﬁneaﬂdohngmmhamwoqmaw tha tcaseaincthel iabspmoa of yhe

' swapped’ clippi ' %ﬁ% thedss@nsl ated into the opposite quadrants. In
ot her vvords uad ant transl ated into quadrant 3, quadrant 3 is

translated in BQﬁdaﬁ‘f quangisedy datat isothes normalised  wishin e qm&iednlmsand
quadr ast éom:mﬁlyajwbmlemanmupsﬂuﬁdlhﬁ&t nermalibdtfon ¥ P4l€ 0N 0.3 Reapprdafaef

T S o S A i 5 o

(in the pbasia dxf@a%oaugrwg 4313 can he PRsitiye o pegative aud wdll ruguallyebe digtribukednd
“col um (ajppfoximmately @fmxh&ﬁcél@fibohﬁi&om ane and | eavi ng a col.um of zero

e e bt e ot R b LSS st o7
Y direct i mijimumim mdnhlapnmcmsﬂledfmﬂaﬂdfragmhhmrtucuelvﬂnllentﬁeh&pﬁwt ¢iipped nand num
Pl ow Yﬁeﬁ?@%@?ﬁ%’“‘éﬁ s nbRitatn FP08 98 SfeRhid Rupoel gl"' Y
appl i ed case of a block gratmg deslgn (as descnbed herem), minimum modulanon implies no
etching of a block, while maximum modulation implies maximum etching of a biock.
The quantising levels, whether distributed linearly or non-linearly over the range of ‘
15 clipped basic diffraction grating data, usually represent uniform or linear steps in the
modulation of the f_mal- diffraction grating. It should be appreciated, however, that the
quantising levels may in some. instances correspond in.a nonlinear manner to the
modulation values for the final diffraction grating. Figure 1(j) illustrates processed
diffraction gratmg data (after clipping and quantising) obtamed from the basic diffraction
20  pgrating data of figure 1(i). In this particular case 50 quantising levels have been used. In
figure 1(j) the value of the processed diffraction gratmg data at each pixel is represented
as one of 50 grey scale levels.
Typically it has been found that for an mput image. whlch is dxgmsed into a 256 by
128 pixel array, as in the case of the input image of figure 1(a), good results are obtained
25  from the final diffraction grating when the clipping and quantising are adjusted such that
around 2% to0 5% of the basic diffraction grating data values are clipped and the resulting
clipped data are'quahtised into 50 quantising levels, although it should be appreciated that
other variations may also produce satisfactory results. | | _
. Clipping of the basic diffraction grating data allows more of the values in the
30  processed diffraction grating data array (i.e. the data after quantising) to be different and
 therefore to carry useful information. Noise on the diffracted images is minimised by
. adjusting the clipping and quantising. of the basic: diffraction. grating data so the minimum
number of pixels in the processed diffraction grating data array have the same data value.
Excessive clipping will cause an increase in the number of plxels at the maximum or
3s  minimum (i.e. clipped) data values, while too little clipping will cause stausucal bunching
' of the number of pixels at small data vaiues, with few pixels at the larger values. For
example, with 50 quantising levels optimal clipping will usually result in the number of
identical data values in the processed diffraction grating data array not exeeedihg a few
percent of the total number of data points. Ideally the average value of the proeessed
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to the image of figure 1(d). This nmethod results in a 'black Iine defect'
in the i mage generated fromthe resultlng diffraction surface, as descri bed
bel ow. 15W0 96/07939 : Quadr anti si ng Met hod: SecoRETMEISISAHN Thi s
met hod is an approxi mate nethod designed to renové'tthe 'black |ine defect'
generated by the first varjation above-9The second variation invol ves st eps
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line def eed +108 and 7100 producey amoticdableriftidasaip trIdisewnSie ﬂtfﬁhcfted)hiageﬂ l S

[l ustrate thies %F?E*td&? sodyl¥ chfer@h Bl b it ot SR wiSEied it Ton
The X and figuresd{losandnl (Bx Figuse 1(k)jlinstrates ghe zerethi ordenidifftactes images genegated ar ity
of expl aneylaoa»ffr@c&mh ﬂ% pdageed b measassen&fﬁim%h%ﬁ éam olf fighfe 1{pt hod
of coqgt ' ucghl %Ty 8 %:‘ o{‘ ?h ta Bar]aéeclgpef euda 51;13 % quanusr%ng févels used w%leltﬁgu% ray
1(1) illustrates the diffracted images generated when 4% of the data values are clipped and
50 quantising levels used. Clearly the diffracted images of figure 1(1) are of higher quality
than those of figuré 1(k). _ '
' An alternative to clipping and quantising is to use a non-linear quantising scale to
20  allocate the basic diffraction grating data in a non-linear or non-uniform manner to the
various quantising levels. The quantising levels may represent 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 quantising levels and modulation of the final diffraction
25  grating. Use of a nonlinear scale to allocate the FFT data to the various quantising levels
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,
the non-linear scale acts to equalise the distribution of data values among these quantising
levels - i.e. the non-linear quantising scale may be defined so as to minimise the number
3o of identical data values in the processed diffraction grating data array. _

A diffraction grating surface formed as described herein if illuminated by a suitable
reading light beam will provide on a screen or optical sensor a projected diffracted light
pattern. This diffracted pattern will include a zeroth order pattern comprising the specular

_ reflection of the reading light béam and symmetrically disposed around this specular
3s reflection spot two of the original input images, each of these two images being the other
image rotated through 180°. For example, a diffraction grating formed from the
processed diffraction grating data of figure 1(j) will produce ata viewing screen or optical

sensor a projected zeroth order diffraction image consisting of the specular reflection spot

and a paif- of the original input imagés positioned around the specular reflection spot. as

et
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of figure 1(g), is as follows. (i) 'If the digitised input image is a 2P
(in the X direction) by 2[err] (in the Y direction) imge, a 2P[err] by
2[err] arWaysA®3?irst generated and p05|t|oned into quadreﬂﬁfl&UW%ﬂ WO
96/ 07939 PCT/ AU95/ 00542
_6- Cartesian coor di nate system The 2{®rr] by 2[err] array is allocated a

random nyjfiigfatediein, fighiré Faﬁﬁmﬂ'ﬁ(S'suh e Vaf @Jr{ aﬁ'ﬁaﬁbnﬂc)a'(h%%ﬁd n°fi dom

nb t th d { t
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nunber s dinagesathasl bleen totnmqﬂ XHi a sumlammamerayheamghai briee dfitso ordergsedoni ween O .
 orresportiidly ind SPbAERtactod RRMRINWRTERBE, Girktath BiCREAER WA BT
. The fisr st°fd|’i!Fa?Frl§H4 WM@M@P“"&W@'}M the hxghmréer @%ﬁ&#w@ SBOLY axis into
quadrant 2 ofAst hiesézitietic hiefein, C lgreli Bt Qunesdud Mvadiibrs N dnNithé omeﬁowaﬁ&ant 2

hi f t h t. X d t
br ocess hﬂé@iﬁ?ﬁ&phﬁ@h&@‘fwﬁ 1] Rt & Rt feser” ah @asgcniat by o
| eavi ng asuglevariations ey ﬁrsmnmn@rmcomamgm1md¢scrﬂ:bdaboml um. (iii)
The resul ti ”Q‘hEQH'sth@alnfan@ﬂ g éﬁ&sdrtﬁ#?u\él)”fﬂri‘b%? tholl bt ﬁbésra% gfout

the X axis &l resu anmtt ane (negativ va ues) array
shi f t¥d oH@alf) ipg defeg (ff% 8 idiere imhgs. £ s sw}lt mpage; Heligre deadls
di scar di ngodessedzay described cinbreldtion ©oméigureLdn drid usiagathe Virst' vafihticd) of ome and

| eaving 26k Qidihd 'niétndd "tuk "RElAY edxf&a?ﬁ&?‘%&:ﬁh% Fif*detefate G z&8bth order
diffraction image which has a black line, one pixel wide, running through the centre of '
the image along the Y axis,.as illustrated in figure 1(m). (The central specular refiection
15 spot is not shown in the illustration of ﬁgure 1(m).) In most practxcal situations, this black
line will be visible on well -adju_sted apparatus for viewing such _dl_ffracted images.

The 'black line defect' can be removed by using the abovedescribed second
variation of the quadrantising method. This second variation of the qu'adrantising method
is. an approximate method which does not provide an exactly real-only fast Fourier

20 Transform output data array - ie. the fast Fourier Transform output array has an
imaginary component which is only approximately zero, whereas the abovedescribed first
variation of the quadrantising method u_saa_lly: produces a fast Fourier Transform output
data array which has a zero imaginary: component within the accuracy of the
computational method. However, a diffraction grating designed using the abovedescribed

25  second variation of the quadrantising method will generate a zeroth order diffraction
image which does not have the 'black line defect’, Figure 1(l) is an illustration of a zeroth
order diffraction image generated by a diffraction grating designed from the input image
of figure 1(a) and using the abovedescribed second variation of the quadrantising method.
(The central specular reflection spot is not shown in the illustration of figure 1(1).) The

30  image of figure 1() does not show the 'black line defect' and for most practical situations,
where a sufficiently high resolution digitising array (such as a 256 by 128 or larger array)
is used, any other discrepancies between this image and the 'correct'. diffraction image '
(generated. by a rigbrously correct diffraction grating) will not .be significant.
‘Consequently, the abovedescribed second variation of the quadrantising method may be

3s  preferred in many practxcal situations. , _

As described above, the original rectangular input unaze area should ideally have
black (zero value) borders of at least one pixel width all the way around the input image
area. However, this condition is not mandatory, and if non-zero pixels do occur on one or
more borders, the imaginary component of the resulting fast Fourier Transform output

-i
;-
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Y =-1). (iv) The bottom half plane values are negated, so that for exanple -
54 becones -54 and 180[err] becones -180, etc. The si rrpl e 16 by 16 random
phase arr YO8#M3Yure 1(g) has been constructed as 20 desRCRAUISHOBA2e . :
Figure 1(h) illustrates a typical 256 by 256 random:phase noi se array which
coul d be used in conjunction with the guadrantised i mages of figures 1(e)

or, 1(f) t ¥R tendlavid [ ( e
phas(e 3/al aaﬁgﬁqgaclﬁg i xel yﬂ%eﬁfbegg%? d@ﬁd}xﬁa&%%ﬁéo%ﬁﬂ%%ﬁ@%& Im’ﬁl&lh

nedi um gr g.e TS 10X Y ‘ﬁra&%’nﬂ " Fgpdo aH"ﬂ@‘mPP ha8racguzale physicel

r epr esent dlfg'agml grating. (Howsyer alsmall aod-zery insagiare yorapoidat 2@ sﬁnﬁéﬁﬁﬁfﬁt% ntg
negative al I ase n ata
Ty be. var et # e Wil rchBtafty WiRlaclor? GRPRED, awageand&n fase
noi se Bat 4esspped abovey, d%lﬁacn%smmgrfenmdagc@oms@ thet methed, deseribed direitt  such
that diff el genqmmwmmaeume@a@uﬂd eshcof e diffrﬁ&fo%rﬁrdéi*sf Hefce i e SHpat | N9

dosi gn,  PEadt ¥l 15bu B aleR el BN Foniimuime. S Bresile 3o dekiem 8iciradhon.
‘arrays, rrﬁ&lmgg rﬁ@ﬁhtlbattﬂie variows diffractiont erdedsalahg in tparcmtm: e fz‘em;ntaad ﬂ'mgagrer; o
any 1 601 on ot EoNME PRI R iRl Sty M b I Tl £
i mage geng?r?ﬂnéla SF aea&?lﬁsr a&m‘ﬁ’ﬁndﬂg‘? A8 offes &lué‘&?v&mwsﬂme)fph%sent
met hodl Byerotir gridnfjrst uﬁﬁamfdmﬁbmayqfeeﬁdmsmgaemae%i ﬁ?/ﬁi?elirg &ﬁiérl]ﬁ&t) Qlébll ﬁg oo
Qual i ty t 2‘?’2 S'y&o%? T e e, e 00 il RSBty i BirpBmn 81 T e
conpl ex f geder diffractign mﬁ%smm@m;uchmmmmgmgqemnmwwmm
quadr ant i aﬁ&ammggaaﬁgi iy arBleuK PrABRE ab WeSiQibedirein. In the case of such a block
15 grating the zeroth order diffraction image is surrounded by four first order diffracted
images. The zeroth and first order diffraction images in figure 1(n) are delineated by
dotted rectangles which are included only for clarity of presentation. In this example the
- diffraction grating has been designed such that the image in each diffraction order is a
central diffraction spot surrounded by four arrowheads with the zeroth and first order
20  diffraction patterns joining at the edges of the diffraction images to form a 'seamless’
pattern, as illustrated in figure 1(n). It should be appreciated that using the method
described herein many diffraction grating designs can be produced having the property
that the zeroth and first order diffraction images join smoothly to form a 'seamless' or
continuous pattern. | | |
25 The use of a random phase noise data array, as described above, serves to spread
the diffraction image information more uniformly across the diffraction grating surface,
_ thereby incr‘easing the intensity of the diffracted images relative to the intensity of any
dxffractxon spots produced by the grating.
Fxgure 2(a) depicts schematically one quadrant of a typlcal diffraction grating data
30 array derived without the use of an above described _random phase noise array, while
Figure 2(b) depicts schematically the corresponding quadrant of the diffraction grating
data array derived with use of a random phase noise array. (Figures 2(a) and 2(b) are 64
by 64 data-arrays. By comparing Flgures 2(a) and 2(b) it is apparent that the use of the
random number phase sequence has overcome the above described disadvantage with
35 regard to concentration of the diffraction image information in the _resﬁlting ldif_frac'tion
grating pattern, since in Figure 2(b) the diffraction image information is not concentrated
in any one portion of the grating pattern but is rather distributed across the entire grating
pattern, whereas in Figure 2(a) the diffraction image information is concentrated into a
- limited region of the grating pattern.
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array. For each pixel in the array the foll ow ng conputation is perforned:
WD 96/ 07939 '

PCT/ A5/ Wo4i793¢- Real conponent of FFT input = anplitudeper/aossgess t het a).
| magi nary conponent of FFT input = anplitude x sine (theta) where:
anplitude = value of quadrantised i mage %at t hat p| xel 5 theta = val ue
of random pha e nmse array ap that pixel: .. The_ fast Fourier
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val ueg | nmeérﬁeﬁﬁan wttnatelecﬁeﬁ bea&ﬁrmh phy Hachidece mrﬁatﬁaehmaexomespecdrf ic

exanpl e t hxaagnpie represe Emgv fhe'ph ysrca ‘size o% & mesh in the mesh pattern of a block grating,
or the number and layout of block gratings forrmng the overall drffracnve surface may

producnon of the etched plate. It should be appreciated that the gratmg pattern formed in = —

1s  this way if illuminated by a suitable reading light beam will provide on a screen or optical
sensor a zeroth order diffracted image consisting of a central specular reflection spot
‘surrounded by a pair of the original input images, as illustrated in figure 1(l). (The
‘central specular reflection spot is not shown in figure 1(1).). The illumination would for
example be by way of a laser diode with the output beam of said laser diode suitably

20 configured using a lens arrangement. It should be appreciated that the electron beam
‘lithography machine may be used to record either the posmve or the neganve (i.e. the
inverse) of the processed diffraction grating data.

As described above, any input image may be processed so as to produce a real-only
or approximately real-only processed diffraction grarmg data array for recordmg on an

25 etched plate or in some other manner.

The processed diffraction grating data may be recorded either directly on the plate
or may be recorded as modulation of an underlying diffraction grating. This underlying
diffraction grating could be one of a number of gratmg types and for example could be a

. simple straight line grating. :
30 If the processed diffraction grating data is recorded directly on the plate then the
~ amplitude of the processed data may be represented at each of a number of discrete points
on the plate by the properties of an etched region at that point. In this way the resulting
etched plate when viewed microscopically would consist of an array of columns or pits.
where the properues of each column or pit represent the amphtude of the processed
3 dlffracnon gratxng data at that point on the etched plate. The properties of the etched .
. reglon 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, hexght or depth, and hieight or depth profile of each column or pit. In a simple
implementation the area of each column or pit may represent the amplitude of the
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duadrant i sing method descri bed above produces a maxi mum i magi nary conponent
val ue of 0.00002 for a nmaxi mumreal conponent value of 275 (i.e. the

i.magi nary“&%ﬁ@nt is 20 zero within conputational accur RETJAUMMIB2t he
second variation of the quadrantising method (whigh-s an approxinate

met hod) descri bed above prioduces a maxigum i magi nary conponent val ue of
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data is | I X as a grey scale level
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"processed di fAr preféred g dimgntizafaa Ftating aproducdd f by afetommgyrtﬁé iprgcedsdda i s
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diffracti @Inthél&cflﬁ& Qeél@ﬁ réiﬁ‘éieﬁt ﬂuer '6%”:111: &e&%?ffﬁd@n&{ Fiaﬁﬁlﬁcda{apﬁ' ng_
and qgjant I Si Prcesses .are &a gg an appropria
resol ttio °q’? hel Ifi PIPPEITies Bfthe gich @glﬂ"d!fﬁ‘éfq RIS lbmmce&s%d;f&mm ng
di ffract |gmnw détagsay include the area (parallel to the plane of the plate surface), shape (as
viewed from above the plate surface), position, depth, and depth profile. In a simple
implementation each enclosed area in the mesh pattern may include an etched region
where the area of the etched region represents the amplitude of the processed diffraction
20  grating data at that point. In the case of such a block grating the diffracted image formed
on appropriate illumination of the etched plate will occur around the specular reflection
direction for the illuminating beam as well as around the higher diffraction orders
resulting from the mesh pattern incorporated into the plate.
In Figure 3 there is schematically shown a biock grating 10. The grating 10
25 includes a series of first ridges 11 extending in the direction of the arrow 12 and a series
of second ridges 13 extending in the direction of the arrow 14. Ridges 11 and 13 are
generally arranged at right angles and provide a mesh pattern of enclosed squares or
rectangles. . The enclosed squares or rectangles include recesses 15 with the ridges 11 and
13 being displaced above the level or levels of the recesses 15. The ridges 11 and 13 in
30  cross section are convex and either or both may have a transverse width less than the
wavelength of the reading light beam. Light striking the ridges 11 and 13 is not reflected
in a conventional manner since the transverse widths of the ridges 11 and 13 may 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
as  of the ewched 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_p'rocessed diffraction grating data value at that 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
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properties used to represent the processed diffraction grating data- within each enclosed
area in the mesh pattern of a block grating will typically be determined and etched to an
accuracy of much less than the characteristic dimension.of the block grating - for example
with currently available technology the positioning accuracy of the features on the grating
is 5 to 10 nanometres - i.e. around 0.5% to 1% of the side length of an enclosed square
or rectangle However, these ﬁgures are illustrative only and should not be regarded as
limiting. _ _ _ o .

An alternative technique for recordmg the processed diffraction grating data is as
modulation on an underlying grating. The underlying grating may for example be a
conventional straight line diffraction grating or may instead- be a grating consisting of
curved lines. In this case the amplitude information in the processed Fourier Transform
can be recorded as the widths. of the underlying grating lines at each point on the etched
plate. The images formed on ‘illumination of the etched plate will occur about the
specular reflection direction for the illuminating beam as well as around each of the
diffraction orders which would normally occur for the unmodulated grating.

It should be appreciated that the present invention does not rely on differences in
optical reflectivity or optical transmissivity between the etched and unetched regions of
the optical surface, and that in the preferred embodiméms 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'-ridgés 11 and 13 and the recesses 15, will be uniformly -optically
reflective or transmissive. Th.us' the present invention differs from a number of the
existing methods, such as so-called binary phase holograms, which rely on differences in
reflectivity or transnﬁssi\iity'between treated and untreated regions of the surface.

The etched plate produced using the electron beam lithography machine can be used
subsequently to produce a commércially viable optically diffractive surface. This surface
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15 uniformly optically reflective. It should be appreciated that other methods, such as an
injection moulding method, may be used instead for producing commercially viable
- optical surfaces from the etched plate.
An advantage of using a block grating design, as illustrated in Figure 3, as opposed
to a modulated line grating, as described above, is that the block grating enables more
20 quantising levels to be incorporated into the processing of the Fourier Transform data and
production of the etched plate. This is because in the case of the block grating the
reflective areas have two variable dimensions rather than only one in the case of the line
gratings. If the electron beam lithography machine is capable of n quantising levels in the
case of a line grating the same electron beam lithography machine is capable of n?
25 quantising levels in the case of the equivalent block grating. An increase in the number of
quantising levels leads to an overall improvement in the quality of the diffracted image.
Hence, for example, in the case of a block grating it may be possible to use fifty
quantising levels where less than ten would be possible in the case of the -equivalent line
grating. Indeed a typical configuration for a block grating may involve the use of fifty
30 quantising levels to produce clear stable diffracted images. ' :

- 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). This would be

. 35 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
illuminated and the image projected on the screen and viewed to determine the

l
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around the specular refiection direction for the illuminating beam, thereby making these
images substantially brighter. This also has the further advantage of making the image
grating detail consmerébly more difficult to view via the use of an optical microscope and
therefore also considerably more difficult to copy or counterfen
20 Using the techniques described herein it is possible to.use a very small grating
pattern to produce totally acceptable and recognisable diffracted images. Typically the
grating patterns would occupy a square area having a side length of 0.1lmm to 0.5mm in
_size, although larger or smaller_ grating pétterns_ _may also. be used. Also other
configurations may be employed such as triangular, circular or rectangular. A diffraction
25  surface as used to authenticate a product may be made up of a series of basic grating
patterns repeated across the surface. Each of these grating patterns may be as small as
0.1mm by-0.1mm. If illuminated by a suitably configured and essentially 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
30  object. ' :
~ The optical surfaces described herein are des:gned to. produce specxﬁed dlffracted
images when suitably illuminated, said images being prodnqed -around the various
diffraction orders. - In particular the diffra_t:te_d images produced around the specular
reflection direction - the zero order diffraction images - are of ‘ :erest. In the p_ref_erregl
35  embodiment. illustrated in Figure 3 the optical surface is made wp 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 ridges
11 and 13 and the configuration of the recess 15 are determined as described herein.
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15 The present optical surfaces therefore provide a degree of freedom not available

from imitative optical surfaces recorded using conventional holographic techniques. In
the case of a holographically recorded surface the angular positions of the warious
diffraction orders are specified by the configuration of the recording set-up, and it is not
~ possible to specify the angular positions of a set of holographic projection images

20 independently of the angular positions of the higher order images. In the case of the
optical surfaces described herein the ability to specify the angular sizes and angular
positions of the zero order diffraction images independently of the angular positions of the
higher diffraction orders therefore provides a means to distinguish the optical surfaces
described herein from imitative holographic surfaces.

25 Using the techniques described herein for designing and producing diffractive
optical surfaces, and in particular the so-called block grating technique as illustrated in
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

3o comprises three regions: the first region 101, the second region 102 and the so-called
transition region 103. -

In this preferred embodiment the optical surface 100, including the regions 101, 10..
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

35 .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. Each cell
200 includes an optically diffractive surface design which may preferably be a so-called
b!bck grating design as discussed herein. It should be appreciated, however, that optical
surface designs other than a block grating design may be employed in the present
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direction of the arrow 304 in Figure 6 - comparable with the'side length of the cells 200.
As the beam of light 301 is moved continuously from the first region 101 across the
transition region 103 to the second region 102, the first projected image 300 will
20 transform into the second projected image 302. Preferably, but not necessarily, the
transformauon of the image 300 into the image 302 will be smooth and continuous.
Flgure 7 illustrates schematxcally a close-up v:ew ‘of the optical surface' 100,
showing a' portion of a'cell 200. In the present preferred embodiment each cell 200
includes a so-called block grating design (as described herein), wherein the surface of
25  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, resiilting' in a pit or column, where the properties
(such as area, position and/or depth) of the etched region within the block are specified
_ according to a prescribed method in ordér to produce thie desired optical effect from the
30  optical surface of the cell, which optical effect in the présent invention is the projected
image as shown in Figure 6. For example the specification of the etched region in each
block may be determined usme the method described herein. The dimensions of the
features within each block may be less than the wavelength of the incident light beam 301.
: For example in the case where each block includes an etched pit, the widths of the ridges
'35 surrounding the pit may cormonly be less than the wavelength of the light beam 301.
' In the preferred embodiment illustrated in Figure 7, the block grating within each
cell 200 is made up of a mesh pattern of square enclosed areas or "blocks" 350 with each
block 350 having' specified properties. In Figure 7 the borders of the blocks 350 are.
indicated by dashed lines which are included for illustrative purposes only - in the design
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zero to aptoducet the imagei 300, wirileothe allsaincregionel 02rare idesigned to produce the image
302, as illustrated in Figure 6. , : _
15 The cells 200 in the transition region 103 are designed to undergo a prescribed
transformation from the design of the cells in region 101 to the design of the cells in
region 102. Hence as the beam of light 301 is traversed from the first region 101 across
the transition region 103 to the second region 102, the image produced from the beam of
light 301 will transform from the image 300 to the image 302. The image transformation
20  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 in
25  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 can be identified by a set of coordinates (X,Y) where the (X,Y) cell indicates the
Xt cell from the left and the Ytk cell from the bottom, as illustrated in Figure 5 - X and
Y are therefore the (integer) Cartesian coordinates of the cell. '
30 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 tfansition regioh 103 cells with different X values
- i.e. cells in different columns - are different in such a way that the design of a cell
evolves across the transition region from the design of region 101 to the design of region
102. :
35 This can be expressed more precisely as follows.
Consider a particular block (m,n). The'properties of the (m,n) block will be denoted
P(m,n). These properties may for example include the set of coordinates defining the
"pit" or "column” within the block (m,n) - i.e. the region within the block (m,n) which
has been etched in the process of recording the optical surface 100. '
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data array, alsn &gesrcsvbpﬁd tl?eb ﬁx\ﬁ‘é‘nof ?r&éﬁﬁest ﬁlestpzfn?ﬁgmanon of the properties of the
' (m,n) block across the transition region 103 from the prOpemes Pi(m,n) in the first

region 101 to the properties P2(m,n) in the second region 102.
20 ~_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. -

)

In the simplest embodiment, the function F will be a function of the X coordinate of
the cell only, so that all blocks within a cell will undergo the same functional
25 transformation from the properties of the first region 10_1 to the properties of the second
| region 102.
- To take a spemﬁc example, the funcuon F may be a hnear funcnon of X only,
meaning that the coordinates [x1,x2,y1,y2,D] for the (m,n) block undergo a linear
transformation as X increases across the transition region 103, starting at the coordinate -
so  values for the region 101 and finishing at the coordinate values for the region 102. On the
other hand, the function F may be non-linear. For example, the function F may be such
that most of the variation in the coordinates [x_1 x2,yl,y2,D] for the (m,n) block occurs in
the middle of the transition. region 103, or alternatively at either end of the transition
region 103 with little variation in the middle. '
35 In another embodiment, the function F may depend on X and also on m and n, O
- that different blocks (m,n) within a cell will undergo _d_lf_ferent._f_u_nctlonal transformations
from the properties of the region 101 to the properties of the region 102. For example.
the blocks in the top right hand corner of the cells may undergo a more strongly non-
linear transformation across the transition region 103 than t_he' blocks in the bottom left
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the diffraction image information nore uniformy across the diffraction
grati ng surface, thereby increasing the intensity of the diffracted images
rel ative WO9MM39 nt ensi ty of any diffraction spots producc®CHHUIMWOSE: at | ng.
Figure 2(a) depicts schematically one quadrant of a typical diffraction
grating data 30 array deri-ved w thougithe use of ‘an above descri bed
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- order to generate smooth image divergence and convergence during - the image
transformation process, it may also be important that.the function F is not strongly —

15 varying and does not include strong discontinuities. |

It should be appreclated 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.

20 In this case the optical surface 100 could be made up of basic units or cells as 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

25  image to another as a specified beam of light is traversed across the 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 light is
traversed across the optical surface - i.e. image 1 transforms to unage 2, which
transforms to image 3, and so on. : '

30 - Similarly, it should be appreciated that the image 300 and the image 302 above may
- actually consist of a number of i images, and so the image transformation process described
above may involve muhiple first projected images transforming into the same or a
different namber of second projected images as a beam of light traverses the optical
surface. (The simultaneous production of a number of images from the optical surface 100
3s can be achieved through appropriate design of the cells 200 as described herein). For
example, the first region 101 in Figure 7 may produce several projected images which
may transform and merge into a single projected image produced by the second region

102. o
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5 processed diffraction grating data. In other words the processed
diffraction grating data is etched into the plate by nodul ating the areas,

or -wi dt hswo®g®e3se ot her. property, of the pattern recor dedpOnatésmosdnt e,
sai d nodul ation at a particular point being dependent on the processed

diffraction grating data value at that_ point. |In this case the processed

-22-
diffraction atin ata, may be rearrafnged or reformatted in a form
suitabl e for Usipsg | é“r‘bf”éi‘&%lldsﬁ?“s?d therein | for tdesigning aand produgingpdifiransivei ne.
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pl ate or SCoRMO"Mocessed diffraction grating data ray
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of an undgihatioi%rrti! hih'habd afticd%o shid finagl $86' ditolih 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 surfacé 400 the ellipse 500 rotates in
either a continuous or a discontinuous manner, as illustrated schematically in Figures
20 -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 1mage which may be
produced by the surface 400. -- :
The optical surface 400 could be desngned to produce any image or images 403. For
25  example, the images 403 may be product names or logos wluch totate or translate as the
~ light beam 401 is moved across the surface 400. In another ‘embodiment the images 403
could be unages of people, animals or objects which i 1mages move or change shape as the
light beam 401 is moved across the surface 400. '
Fxgure 11 illustrates another example 600 of the image 403 of anure 9, and an
" 30 intensity animation effect which may be applied to said i image 600. In Figure 11 the image
600 is the word "TEST", although the image 600 could instead be a brand or product
name. The surface 400 may be designed in such a manner that the image 600 is made up
of bright letters (shown in solid shadmg in Figure 11) and dim letters (shown in outline in
Figure 11), with the combination of bnght and dim letters changing as the light beam 401
35  is moved across the surface 400. For example, anures 11(a) to 11(d) illustrate a poss1ble
animation effect as the light beam 401 is moved across the surface 400, with a bright
region appearing to mo\'h_': through the word TEST in the sequence T, E, S, T as
illustrated. The intensity animation illustrated in the images in Figures 11(a) to 11(d) may
repeat as the light beam 401 is moved across the surface 400.
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'diffraction grating could be one of a nunber of grating types and for
exanpl e could be a sinple straight line grating. 30 I f the processed
diffract WH9¢87889 ng data is recorded directly on the pl at RGTAYIS0ORa42
anplitude of the processed data nay be represented at each of a nunber of
discrete points on the plate by the prggperties of an etched region at that

point. In thi tiie ' el che e _whe oscopi.cal |y
~woul d consi st§o acrll I;alr? éég#é% Jn‘%‘ggog TB‘I"?% m\fﬂsé&ex?’ﬁ’én%l? (%ﬁ 5’9 each
col umm orempleyede fFrexample;ahiessusfare 4O may berdesignes-sich dbat 35 the bnam ehlighton
grating dﬁméls ﬁio%rhﬁéro%é‘%u:@item@ &ieccfﬁﬂoﬂ@ "WaQes" UTQight ABY Hidve rBhe ﬁ fiR

et ched re tQ resen sed diffr a ta my

i ncl ude (‘H%Fgﬂnﬁ ﬁ‘?e(%r’tﬂ’ém é’ﬁé:u 31 q?ff lf??ﬂf?&?; ﬂ?ﬁ%ﬂggfagl%l ewed
from esbommemgﬂface of the plate), p03| tion, height or depth, and height
or depth profyl | e e area
of each cql i @*Egﬁm APl (B ruridch W&E?é B R U e

PCT/ AU95/ OF, g¢ lsplag’caégfs’élda ge8U{ar JRRNnsF, Iy ilinstrates in close-up iew aon t he
et ched plmreferred renitiodimens @0 tdfathe Glirfaoes40Qr xlmsﬁraedrmy Figire 9y imsus et i onal

oo rbd fo8 IRG B Br KRS BIORRY fnbficart) &) ﬁgus Bld t Qo' ©

W comm rectan
di ffrtct |amrqgmdi WQI g@%cﬂh sha@es)mblﬂymts souldybeotsed hestqalda thenembaslimertner

descri bedfstratsRVEighreer? thE"ﬁ R belafP401 i@%ohﬁ@ﬁ@d suthiBsl (RO spiR R Bighd PLar
:j: Irg(r:r][ Ingt ¢ gpg%qeylﬁ A Che:dqxﬁ)rﬂ.gttelgletgﬁ]sgg uernsg)rgg %Q g ctene‘loipeﬁgéhaéell ‘%ll ?sCt on
designed to produce diffracted beams 402 and diffracted images 403.

The surface 700 is designed to produce movement and/or intensity animation effects -

15 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 each of the cells
generates one “frame” in the animation sequence of the images 403. For example, the
surface 700 may consist of four different cell types - 703, 704, 705, and 706, with each of
the cell types arranged in columns as illustrated. It should be appreciated that other

20 layouts of the basic cell types 703, 704, 705 and 706 are possible and may be used in
other embodiments to produce additional optical effects.

In one embodiment the surface 700 may be designed to produce the images 500 and
animation effects illustrated in Figure 10, with the cells 703 producing the image
illustrated in Figure 10(a), the cells 704 producing the image illustrated in Figure 10(b),

25  the cells 705 producing the image illustrated in Figure 10(c), and the cells 706 producing
the image illustrated in Figure 10(d). Hence moving the light beam 401 across the surface
in the direction of the arrow 707 will produce the images 500 and animation effects
illustrated in Figure 10. The sequence 703, 704, 705, 706 may be repeated across the
surface 700.

30 In another embodunent the surface 700 may be designed to produce the images 600
and animation effects illustrated in Figure 11, with the cells 703 producing the image
illustrated in Figure 11(a), the cells 704 producing the image illustrated in Figure 11(b),
the cells 705 producing the image illustrated in Figure 11(c), and the cells 706 producing
the image illustrated in Figure 11(d). Hence moving the light beam 401 across the surface

35 700 in the direction of the arrow 707 will produce the images 600 and animation effects
illustrated in Figure 11. The sequence 703, 704, 705, 706 may be repeated across the
surface 700. '

In the preferred embodiment ﬂlustrated in Flgure 12 where the cell types 703, 704,
705 and 706 are arranged in columns, the spot of light 702, whether circular or elhpucal
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around the higher diffraction orders. A preferred enbodi nent of a grating
produced by recording the processed diffraction grating data directly onto
t he et cheWOM68799%i s a so-call ed bl ock grating. A block 10 PGFAUPINPS4Z
produced by generating a mesh pattern on the plate where the mesh pattern
IS made up of encl osed areas such as sgyglares, rect angl es, triangles or sone
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15. The rspelafed BeanOflight across the surface 700 in a direction approximately perpendicular
to the columns of cells, thereby generating the animation frames in sequence at-the
viewing screen 404. It should be apprediated;-ho_wever, that other layouts of cells on the
surface 700 are possible. For example, each frame in the animation sequence could be

20 recorded as a single cell, so that a single row of cells produces an animation effect. An
overall animation sequence could in this way be recorded in a matrix of cells as a series
of such rows of cells. In this way the overall animation sequence could be played back by
moving the spot of light 702 along one row of cells, then along the adjacent row, and so
on until all cells in the matrix have been scanned. It should aiso be appreciated that an

25  animation 'sequence could consist of 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 may both be incorporated into an animation sequence using the

method described herein. It should be appreciated that the animation techniques described

30 in relation to Figures 9, 10, 11 and 12 may also be apphed to produce image
transformations, or so-called morphmg effects.
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30 cross section are convex and either or both may have a transverse wi dth
| ess than the wavel ength of the reading |ight beam Light striking the

ri dges 11WPHOM3% s not reflected in a conventional manner PEI/AESS/Q0842
transverse widths of the ridges 11 and 13 may be | ess than the wavel ength
of the incident light. In this design rzg-hod, nodul ation of the bl ock

grating accor dhegldims QéfniRg Meqavention! afel ds36fidv? grating data is achieved

t hr ough nodul alt [ on f the etched area W thin each block i.e. within
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of 0.45% ndi-c-atpé%"“?‘ﬂ%?W%F%éﬂewwlqaﬁven%theemmspondi ng bl ock shoul d be

40% of the t otpadceksimg: khe priififityd A4t 7€d38etermine the configuration of said grating and

PCT/ AU95/ : : t i k grating design type it is Tgound
enpi ri cal ﬁ@ea?ﬁéﬁg"i% 'pgé%ﬁn’e‘rﬁtﬂoaf B{agaec?ééﬁﬁf ﬁggfc it esé?‘iﬂﬁ%’%&% £egePandiBe used
to optini §%atﬂl$¥51%%ﬁ£¢fﬂ%¥9ﬂlﬁw of fthergrating;ness and resol ution of the resulting
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at the's OFS??O patern; grating (since the walls of the etched
regions are ndefopaingabe platpsurface da acdordancevivithlthe prockised ipfimary 828 s6fas to

resol uti onRypd I WoTaggal ed i mages. Hence there is an optinmum
etching d Bdt)c?c%mgiﬁgﬁ 1.S %@F%ﬁ‘{n{evgé’%{ythe properties of the etching process.

a physical dimension of the grating is determined by said characteristic.
2. The method of claim 1. wherein said grating includes a plurality of surface
15 portions from which light is diffracted to form said image, said surface portions being
distributed over the plate surface so as not to be substantially concentrated.
3. The method of claim 1 or 2, wherein the step of processing the primary data
includes obtaining a Fourier Transform of the primary data stream.
4.  The method of claim 3, wherein said Fourier Transform is a fast Fourier
20  Transform. | _
5.  The method of any of claims 1 to 4, wherein data of said primary data stream
is digitised.
6. The method of claim 5, wherein processing the primary data stream by a .
Fourier Transform includes introducing a random number phase sequence to the primary
25 data.
7.  The method of claim 5 or 6, wherein the processed primary data stream is
clipped. :
8.  The method of any one of claims 1 or 7, wherein said step of providing the
primary data stream includes the following steps:
30 providing an initial image; ' .
producing an initial data stream indicative of the image: .
processing said initial data stream to provide said primary data stream, and wherein
said primary data stream is indicative of an image having four segments separated by
Cartesian X, -Y axes, each segment being approximately half of said initial image, with
35 the segments being arranged so that the X, Y and -X, Y segments could provide a
complete initial image, and the X, -Y and -X, -Y could show a complete image, and
wherein the -X, Y segment is a reproduction of the X, -Y segment rotated about the Z
axis, the X, Y segment is a reproduction of the -X, -Y segment also rotated about the Z
axis, and the X, -Y and -X, -Y segments if interchanged would provide said initial image.
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By way of illustration, the spacings between adjacent ridges in a block
grating of the 10 type illustrated in Figure 3 which is intended for use
wi th redwosspredel ght will typically be in the range 0.5 nmPCTAVSSHS42
mcron, while the ridges 11 and 13 will typically have widths in at |east
sonme portions of the bI ock grating whigh are much less than the wavel ength
- . of the light use ffracted,i.m roduced. by the. rat
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underlying gqati frfe m-Eﬁﬁ')dlUT‘iﬁf loMé Bicigin@l 1 (0101 BVhekéih sfid WitaBLbEsuace is a
conventi onal stralg | in dlffractl‘geggé én% or, ﬁ%‘:&l tead eagratlng
consi st i PSS sEace Epm Which copigs aps maqe, it i lon in the
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formed on il occur about the specul ar
reflection dis%lécﬁﬂ'@#' fSBFfa‘tehé? F‘Fqsﬁmlﬂyt uAdorsdy, opticaliye reflective, o5 RRIfQIARY) of

the diffg ﬁédl Rraas@masivewhi ch woul d normal Iy occur for the unnodul at ed ‘
grating. shoul d be appreciated that the pr esent invention does not rely

on di fferences in 30 optical reflectivity or optical transmssivity
bet ween the etched and unetched regions of the optical surface, and that in
the preferred enbodi nents of the optical surfaces :
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described herein the surfaces will be uniformy optically reflective or
transm ssiwe.9somizoexanple in the preferred enbodi ment of thecpAtdsagss20f
Figure 3 the entire optical surface. including both the ridges 11 and 13
and the recesses 15, will be uniformy optically 35 reflective or
transm ssive. Thus the present |nvep;épn differs froma nunber of the
exi sting nethods, such as so- caIIed binary phase hol ograns, which rely on
di ff erences in'reflect|V|ty or transm ssivity between treated and untreated
regions of the surface. The etched pl ate produced using the el ectron beam

| i t hography machi ne can be used subsequently to produce a comrercially
viable-optically diffractive surface. This surface WD 96/ 07939

PCT/ AU95/ 00542 nay for exanple be in the formof a thin foil. The process
of producing optical foils fromthe etched plate preferably involves

el ectroplating of the etched plate to produce a master shimfrom which
enbossi ng shins are copi ed. The enbossing shins are used to nmechanically
copy the surface pattern taken fromthe etched plate into a | ayer of the
foil 5 which is then coated to provide nmechanical protection for the fine
enbossed structure. The essential point is that the enbossed |ayer within
the foil is uniformy optically reflective or transm ssive, since the
embossed surface either begins with the desired optical reflection or
transm ssion characteristic or is, aftgr enbossing, coated with a | ayer of
uniformoptical reflectivity or transnmissivity. Suitable illum nation of
the foil results Bhn 10 production of the diffracted imge as fromthe
etched plate. HenCe the optical surfac;s in the present invéhtion do not
rely on differences in optical reflectijvity or transmssivity

Figure 1(a)
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bet ween the etched and unetched regions of the surface. For exanple in the
case of thwopsmeigs red enbodi nent of Figure 3 produced in a gsil Vv
reflective foil form the entire optical diffraction surfaé@hkpﬁépgaan ,
both the ridges 11 and 13 and the recesses 15, are 15 wuniformy optically
reflective. It should be appreciatedztaat ot her nethods, such as an

I njection noul di ng net hod, nay be uSeé i'nstead for producing conmmercially
vi abl e optical surfaces fromthe etched plate. An advantage of using a

bl ock grating design, as illustrated in Figure 3, as opposed to a nodul at ed
line grating, as described above, is that the block grating enables nore 20
guantising levels to be incorporated into the processing of the Fourier
Transform data and production of the etched plate. This is because in the
case of the block grating the reflective areas have two vari abl e di nensions
rather than only one in the case of the line gratings. If the electron beam
| i t hography nmachine is capable of n antising levels in the case of a line
.grating the same el ectron beam lithogtfaphy nmachine is capable of n2 25
guanti si ng Ieve?§ in the case of the qquival ent bl ock gratLpg. An i ncrease
in the nunber of quantising levels |edds to an overall inprovenent in the
quality of the diffracted i nage. Hencg, for exanple, in the case of a block
grating-it may u _ n 2 B-r e | ess t han
ten woul d be po RS e ‘ e ing. Indeed a
typi cal confi gu e R Sk, o 1k ’ . e of fifty 30
quanti sing | evelyss : b - ARG In the above
di scussed enbod B Si - ed onto a
screen. In this s RS ] S Egensors could be
enpl oyed to recqs ‘ i specifically
tailored (desi gy eadability
(machi ne recogni

-

Figure 1(b)
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35 particul arly advantageous for high security identification and
~authent i cavoogro@pp! i cati ons such as credit cards, personal I‘(’%‘ﬁgﬁds}(ohﬁ tion
cards and product security. The above di scussed grating coul € applied to
any article for the purposes of determning the authenticity of the
rarticle. A grating applied to the argygée woul d be illum nated and the

i mage projected on the screen and viewed to determ ne the WO 96/ 07939
PCT/ AU95/ 00542 -16- authenticity of the article. Alternatively the inage
may be projected onto an optical sensor and nachine recognised in order to
determ ne the authenticity of the article. Only authentic articles would be
provided with the grating, as unauthorised reproduction of the grating
woul d be inpossible without access to the above di scussed net hod of
producing 5 the grating. In nmany instances it is beneficial to scale the
size of the diffraction inmage and the spacing of the diffraction inmage
according to the requirenents of the application. This can be done in a
strai ghtforward manner by scaling théYgrating pattern produced as descri bed
above. In gener reducing the size off the grating pattern will produce

| arger 10 and re wi dely spaced i mages while increasing §he size of the
grating pattern will produce smaller re closely spaced i mages. The

rel ati onshi p be R : - gsi ze and

spaci ngs of the nal diffraction
theory. A parti ai

W -

L d e oF

Figure 1(c)
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the first order diffraction patterns can be renoved conpletely Thi s has

t he advanwwges/@b3el5 concentratlng all of the diffracted k #@%? t he
so-called "zero order" diffracted i mages around the specul ar re? % on
direction for the illum nating beam thereby naking these images
substantially brighter. This also hgsthe further advantage of meking the

i mge grating detail considerably - ndr difficult to view via the use of an
optical mcroscope and therefore also considerably nore difficult to copy
or counterfeit. 20 Usi ng the techniques described herein it is
possible to use a very small grating pattern to produce totally acceptable
and recogni sable diffracted i nages. Typically the grating patterns woul d
occupy a square area having a side length of 0.1nmmto O0.5mmin size,

al t hough I arger or smaller grating patterns may al so be used. Al so other
configurations may be enployed such as triangular, circular or rectangul ar.
A diffraction 25 surface as used tosguthenticate a product nmay be nade up
of a series of basic grating pattern;?repeated across the surface. Each of
these grating patterns may be as smalf as 0.1mmby O0.1mm [f illum nated by
a suitably conf;bured and essentlally nmonochr omati c bean1o[ l'ight the
projected diffracted i nage produced bb such a gratlng pattern is clear and
stable. Such a o I iy Bl herein to

aut henti cate angs herein are
designed to pra y illum nated,
sai d i mages bei ders. In
particul ar the ir reflection
direction - the &4 est. In the
preferred 35 ¢ : L o : = surface is —
made up of a re ~ A —r defined by the
ri dges 11 and

Figure 1(d)
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approxi mately square or rectangul ar recess 15, where in each cell the

wi dt hs of isdges 11 and 13 and the configuration of th are
determ nedwggag‘*egggri bed herein. WO 96/ 07939 ePél%&%%o}é

PCT/ AUQ5/ 00542 -17- The spacings of the ridges 11 and 13, and hence the

di nrensions of the "cells", in the su 2?§e design of Figure 3 can be

speci fied i ndependently of the angul i zes. and angul ar positions of the
zero order diffraction imges produced by the surface of Figure 3. In other
~words, a nunber of different surface designs of the type illustrated in

Fi gure 5 3 coul d be devel oped to produce essentially the sane zero order
diffraction images, with the various surface designs differing in the
spacings of the ridges 11 and 13 (and also in the configurations of the
recesses 15). The angul ar positions of the higher diffraction orders
produced by the surface design of Figure 3 depend on the spacings of the
ridges 11 and 13, with smaller spaciiMs 10 producing | arger diffraction
angles for the higher diffraction orders. Hence optical surfaces of the
‘type described erein can be designed such that the angul ar, sizes and
angul ar positieRs of the zero order diffraction inmages arelspecified

I ndependently of the angul ar positions of the higher diffraction orders
produced by sug SOE o T : . B aces therefore
provi de a degré ‘ i cal surfaces
recorded using -

Figure 1(e)
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the case of a hol ographically recorded surface the angul ar positions of the
vari ous diwlgdsmedspon orders are specified by the confrgurat*eﬁ
recording set-up, and it is not possible to specify the an p05|t|ons
of a set of holographic projection inmages 20 |ndependently of the angul ar
positions of the higher order |nage 4 n the case of the optical surfaces
descri bed herein the ability to specr?y t he angul ar sizes and angul ar
positions of the zero order diffraction inmages independently of the angul ar
posi.tions of the higher diffraction orders therefore provides a neans to

di stinguish the optical surfaces described herein fromimtative

hol ographi ¢ surfaces. 25 Usi ng the techni ques described herein for
desi gning and producing diffractive optical surfaces, and in particular the
so-call ed block grating technique as illustrated in Figure 3, it is

possible to generate diffracted i mages which evolve in a specified manner
fromone image to another as a specifjed incident beamof light is noved

across an optical surface. Figure 4 Js a schematic illustration of an
‘optical surface 100. The surface 100 conprises three regions: the
first region ygl, t he second region ﬂoz and the so- caIIed{transrtlon regi on

103. In this preferred enbodi ment thg optical surface 100, including the
regions 101, 10EEE . . - s s s. Figure 5is a
schematic |Iqu~~' ng that the
-surface 100 is§ nt enbodi ment
the cells 200 E all the same

si ze, al though§ ations are
possi bl e. Eac urface design

whi ch may prefg di scussed -
herein. It sho}§ face designs
other than a bj

csent

Figure 1(f)



WD 96/ 07939

PCT/ AUQ5/ wapéd79388- i nvention. Typically, but not necessarpépmavdinpsee! | s
200 will have a side length in the range 0.1 to 0.5mm Typically the bl ocks
in the block grating would have a side length (width) of 0.3 to about 2.0
‘times the wavel ength of the readingj/aht beam Preferably the w dth woul d
be. 5 0.5to 1.5 tines the wavelength. Figure 6 illustrates schematically
the optical properties of the first and second regions 101 and 102 of the
optical surface 100. The first region 101 is designed to produce a first
projected i mage 300 when illum nated by an appropriate beam of |ight 301,
"while the second region 102 is designed to produce a second projected i mage
302 10 when simlarly illum nated. The projected i nrages 300 and 302 nay be
projected onto a view ng screen for visual verification or onto an optical .
sensor for machine verification. In Figure 6 the i mages 300 and 302 are
shown projected onto a view ng screeﬁ?go3. The i nmages 300 and 302 nay be
any inmages and will depend on the desfgns of the optical surfaces 101 and
102 respectively. The light beam 301 §ill preferably be a specified 15
beam of | aser ght. At the optical surface the beam will pdeferably
produce a spot of Ilght haV|ng a dlneh5|on in the direction of
transformation § . e R the arrow 304
in Figure 6 - 100. As the beam
of light 301 isis . across the

Figure 1(g)
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transition region 103 to the second region 102, the first projected i nmage
300 wi Il RIPoogwmeesforminto the second projected i mage 302Tcehﬁﬁ§bﬁﬁiy1 but
not necessarily, the transformation of the inmage 300 into the 1 nage 302
wi Il be snooth and continuous. Figure 7 illustrates schematically a
close-up view of the optical surfaceg} g, showi ng a portion of a cell 200.
In . the present preferred enbodi nent each cell 200 includes a so-called

bl ock grating design (as described herein), wherein the surface of 25 each
of the cells 200 is divided into a nesh pattern of encl osed areas or
"bfocks", which blocks may preferably be square or rectangular in shape, or
may be some ot her shape. Each bl ock includes an etched region, resulting in-
a pit or colum, where the properties (such as area, position and/or depth)
of the etched region within the bl ock are specified according to a

prescri bed method in order to produce the desired optical effect fromthe
30 optical surface of ‘the cell, mhi&h optical effect in the present
invention is the projected image as ghown in Figure 6. For exanple the
specification of the etched region in each bl ock nay be determ ned using

t he met hod de§§yibed herein. The di ngnsi ons of the featureq wi thin each

bl ock may be l'ess than the wavel engtt] of the incident |ight beam 301. For
exanple in the , ' T R R e t he wi dt hs of
the ridges 35 % ¥n the wavel ength
of the light bgs ed in Figure 7,
t he bl ock gratE&% pattern of
square encloseq; ving specified
properties. |ng di cated by
dashed |ines ly - in the
desi gn

Figure 1(h)



WD 96/ 07939

PCT/AU95A985§@EB%9- shown in Figure 7 there is no physicabq?%yﬁmm&g each
bl ock 350. Each bl ock 350 within a cell 200 can be specifie y Its
position within the cell, so that for exanple the (mn) block within a
particular cell is the nierr] block9;§?n1the |l eft and n[err] block fromthe
bottomw thin that cell. To use nore precise termnology, each block w thin
a cell can be 5 specified in a Cartesian coordi nate systemby its
(integer) x and y coordinates mand n respectively within that cell, using
the lower left hand’corner of the cell as the origin of the coordinate
system Hence the . (mn) block within one cell has corresponding (m) bl ocks
within all other cells. It should be appreciated that other cell shapes and
ot her bl ock shapes could be used instead of the square cell and bl ock
shapes consi dered here. 10 In the present enbodinment all cells 200
within the first region 101 of the optical surface 100 are identical, and
all cells within the second region 102 are identical but different fromthe
cells in the first region 101. The cells in region 101 are designed to
produce the image 300, while the cells in region 102 are designed to .
produce the iSreER - : WRETne cells 200
in the transi g e d
transfornmati o e design of
the cells in ersed from
the first red econd regi on
102, the inmg rmfromthe
i mage 300 to e w preferably
be snooth, amgks : . et NG oCt |y | Nt O

Figure 1(i)
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‘the immage 302) or may involve passing through a nunber of internediate

| mages unkwdigs/eosdrer the image 300 or the image 302. In th :
enbodi ment the t%ﬁnsforn&tion fromthe cells in region 101$F§h§%§8%%?ls in
regi on 102 can best be described with the aid of Figures 5 and 7. As
illustrated in 25 Figure 5, in the @; ent' enbodi nent the cells 200 are
square and are arranged in a square * yﬁﬁt, al t hough it shoul'd be _
appreci ated that other configurations are possible. Each of the cells can
be identified by a set of coordinates (X Y) where the (X, Y) cell indicates
the Xerr] cell fromthe left and the Y[err] cell fromthe bottom as
Illustrated in Figure 5 - X and Y are therefore the (integer) Cartesian

coordi nates of the cell. 30 In the transition region 103 all cells
with the sane X value - i.e. all cells in the sane colum - are identi cal
However, in the transition region 103 cells with different X values - i.e.

cells in different colums - are different in such a way that the design of
a cell evolves across the transition region fromthe design of region 101

'to the design of region 102. 35 This can be expressed nore precisely
as foll ows. Coggicfleimamtibldietbedi-Qolo M0 -Ihe Droverties, gf the (mn)

. Ny N N ) e e ‘,s SBE , i N (,“ : gl
block will be HisaeEoplasecs : ’ o ‘“?ﬂanﬁga.nclude t he
set of coordin‘ﬁg,;;‘ﬁ R O S Tiar e faick (mn) -
i Bt N O o S T TR o :
i.e. the reg|o~W::‘xx4\ “ R R e : the.process

P Nl

of recording t

Figure 1(j)

SUBSTITUTE SHEET (Rule 26)



-20- For instance, Figure 8 is a schematic illustration of a typical block
360 whi cho R eigeone of the blocks 350 in Figure 7. |In Fi gpidfatosigosd2s
assuned that the bl ock 360 includes an etched region, or "pit", 361, and
that both the bl ock.360 and the etched region 361 within the block 360 are
square or rectangul ar. The bl ock 368 ??% therefore be specified 5 by the
coordi nates [x1,x2,yl,y2,D0 which d } the region of etching wthin the
bl ock 360, as illustrated, along with the depth of the etched region as
represented by the paraneter D. In such a configuration the properties
P(mn) of the (mn) block may consist sinply of the coordinates
[x1,x2,y1l,y2,D0 for the (m) block. It should be appreciated, however,
that in sone cases additional information, such as the depth profile of the
etched 10 region, nmay al so need to be i ncl uded in speci fying the
properties P(mn) of the (mn) block. As the X value of the cells i ncr eases
in traversing the transition region 103, the properties P(mn) of the (mn)
bl ocks within the cells undergo a transfornmation fromthe properties
"P1(mn) in the region 101 to t he propertles P2(nn) in the. region 102 15
‘according to 3 I bematically

as: F {P1(m n)gs i nes the
transf or mati o ransition
regi on 103 fr ges ko the
properties P2 psent
enbodi nent s al o the
function F is B, this may

not be the cag

Figure 1(k)
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In the sinplest enbodinent, the function F will be a function of the X
coordinate of the cell only, so that all blocks within a nder go
t he sane Wﬂﬁﬁ’ﬁ%’hal 25 transformation fromthe properties 01‘ qyﬁ('h'?g
Tegion 101 to the properties of the second region 102. To take a speC|f|c
exanple, the function F may be a linear function of X only, neaning that
the coordinates [xl,x2,yl,y2, D forlr%t?f’@ (mn) block undergo a |inear
transformation as X i ncreases across the transition region 103, starting at
the coordinate 30 values for the region 101 and finishing at the

coordi nate values for the region 102. On the other hand, the function F may
be non-linear. For exanple, the function F may be such that nost of the
variation in the coordinates [xl.x2,yl,y2,D for the (mn) .block occurs in
the mddle of the transition region 103, or alternatively at either end of

the transition region 103 with little variation in the mddle. 35 I n
anot her enbodi nent, the function F may depend on X and al so on mand n, so
that different blocks (mn) within a cell will undergo different functi onal

-transformations fron1the propertles of the region 101 to the properties of
the regi on 10ges : e orner of the
cells may und'“'” ' #ross the
transition re 96/ 07939
PCT/ AU95/ 0054 he function
F on the bloc

Figure 1(l)
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as well as on the cell colum nunber X may be beneficial in generating a
particul a effect in transformng fromthe inmage 3 mage
302. The ][“l’,l(?l)g&tll-’g% F may either be a continuous function orQQT; q{?w&d

i nteger function 5 (i.e. for integer values of the varlables) However ,
the vari-ables X, mand n can only tﬁﬁf g% di screte values which in the
-present description are integer val s¥% 1, 2, 3, ...). Hence the
function F will be "sanpled" only at discrete values of X, mand n. \Wether
the function F depends on X only or also on mand n, it should preferably
be chosen so as to produce a snooth | ooking transformation fromthe inmage
300 to the 10 inmage 302 as the beam 301 is traversed fromthe region 101
across the transition region 103 to the region 102. It nmay be necessary to
use a non-linear function F to produce a snooth and conti nuous | ooki ng
transformation fromthe image 300 to the image 302. In order to generate
snoot h i mage ‘di vergence and convergence during the image transformation
process, it may also be inportant that.the function F is not strongly 15
varying and does not |nclude strong di scontinuities. It should be

appreci at ed t‘tr ments of
Figures 4 to { 0j ect ed

i mage whi ch cf sform ng"

| mage conponelg surface
100 coul d be L but with
each cell co ei ng the
same in all cq d i nage from
anywhere on t == 5i gned
according to cing an

| mge which t

Figure 1(m)
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25 image to another as a specified beamof light is traversed across the
optical syhlogpsze The i mage transformation process describ sﬁ.}oﬂsﬁan
readily be repeated across a surface to enable nultiple successive:
projected image tansformati ons as a beamof light is traversed across the
optical surface - i.e. image 1 traniforns to image 2, which transforns to
I mage 3, and so on. 30 Simla ﬂﬁ?zit shoul d be appreciated that the
i mage 300 and the image 302 above may actually consi st of a nunber of
i mages, and so the inmage transformation process descri bed above may invol ve
multiple first projected images transformng into the sane or a different
nunber of second projected i mages as a beamof |ight traverses the optical
surface. (The simnultaneous production of a nunber of inages fromthe
optical surface 100 35 can be achieved through appropriate design of the
cells 200 as described herein). For exanple, the first region 101 in Figure
-7 may produce several projected i nages which nmay transformand nerge into a .
single projected inmage produced by the second regi on 102. SUBSTI TUTE SHEET
"(RULE 26) [HEsuEEE— S : R t ‘ S
PCT/ AU95/ (
pr oduci ng
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6ptical surface. Figure 9 is a schematic i1lustration of an optical surface
400 designed 5 such that a specified beamof |ight 401 incident on the
surface 40M0P60W3%pecified manner results in.the producti orPCIAURSOB2 noOr e
diffracted beans 402, said diffracted beans 402 produci ng i mages 403 when

I ntercepted by the surfaces 404. The surfaces 404 may be screens designed
to-present said i nages 403 for visuallsiyggpection or may be optical sensors
desi gned to enabl e machine recognition of said imges 403. 10 The
surface 400 is designed with varying surface properties which cause
animation effects in one or nore of the images 403 as the incident I¢ght
beam 401 is noved across the surface 400. The anlnﬁglon effects nay

exanpl e be nmovenment effects in the images 403 or i@ensity gajmati onkd

effects in the i mages 403. Furtfernore tne ani maton ef f ect KOmay be an
continuous or discontinuous. 1 Figure 10 il/l'ysgratescan exanp2 500
of the inmge 403 of Fi.gure 9, wnw; a novenent anlnat Bn effect whi cOmay be
applied to said i mage 500 thquncnapproprlate desi gnYof the surface 400. In
this case the inmage 500 is anﬁﬁﬁzw;se The surfade 400, may be desi gned such
that as the |ight beam 401 |squj4.gacross t he surface 200 the el lipse 500
rotates in either a continuo ~M w'%wolscontlnuous manne as illustrated
schematically in Figures 20 JQU@M”'“'lo(d) The anlnatllﬁillustrated in
the images in Figures 10(a) Mﬁﬁ@%}g@,p ny repeat fas the |ight beam 401 is
moved across the surface 40ﬂ.£mh¢%&%&ﬁﬁ»be appr éci ated thay the ellipse 500
illustrated in Figure 10 |35"%ﬁ4ﬁw Gy pl e of/ an i mage €h may be
produced by the surface 400»'4“%“@(%"“765urfa e 400 coul d designed to
produce any irmage or |nages“ﬂ’ V“‘##%éﬁﬁ'xanpv t he i mages \4@3 may be

QN i
Q' 'j '0."’! Y
product nanes or | ogos Wh'”wimhwﬁaﬁa
moved across the surfacet4ww2&djdnm5wﬁ

by'slaﬁe as the light beam 401 i s
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coul d be i mages of people, animals or objects which i rages nove or change
shape as the |light beam 401 is noved across the surface 400. Figure 11
illustratWO%sMM3her exanple 600 of the inmage 403 of Fi gur PCTABIOHZ 30
intensity animation effect whi.ch nay be applied to said i nage 600. In
Figure 11 the inmage 600 is the word "TEST", although the imge 600 coul d
i nstead be a brand or product nane.1élte2 surface 400 nmay be designed in such
a manner that the inmage 600 is nade up of bright letters (shown in solid
shading in Figure 11) and dimletters (shown in outline in Figure 11), wth
t he conbination of bright and dimletters changing as the |ight®™eam 401 35
is noved across the surface 400. For exanple, & gures 11(a) to li(d)
illustrate a possible j eN i ght beam 401 i sflooved
across the surface 400 2 bright region phpearing &p nove Dbrough the
word TEST in the sequ -T=5 S, T as illustryted. The intens(Py _
animation illustrate iﬁrﬂf‘lgrggss in Figures 13(a) to 11(d) repeat as
the |ight beam 401 is{ﬁeﬁ’:@_ x&sothe surfate 408. gSUBSTI TUTE SHEET (RULE
' 26) WD 96/ 07939 L£L=Z=— S< |
PCT/ AUQ5/ 00542 -23- It —Be-appreciateqg that ngre conplex intensity
ani mati on effects may 9’ - For exanple, the 's& face 400 may be
desi gned such that -agSfh i ght 401 i s noved \across the surface
400, one or nore "wae G;b move it hrough thé igage 403 along a
= Fier e the/"diffracted IN®ge 403 could
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5 be any image. In one preferred enbodi ment the surface 400 may be nmade up
of diffractive elenents or cells laid out in a regular manner. Figure 12
illustrat ¥ 2%6/078%se-up view a preferred enbodi nent 700 of PChvAU9sIodsaze 400
illustrated in Figure 9. In Figure 12 the surface 700 is nade up of cells
701 laid out in a square grid as illustrated. It should be 10 appreciated
that other cell shapes and | ayouts cpp}gh be used instead. In the enbodi nent
illustrated in Figure 12 the |light beam 401 is configured such that the
spot of light 702 at the surface 4 has approxi mately the sanme di nensions
as"a cell 701. Each cell 701 is designed to produce diffracted beans 402
and diffracted i mages 403. The sur e 700 is designed to produce novenent
and/or intensity ani mation effects@5 in the i mages 403 (as described in
relation to Figures 10 and 11) as tke |ight beam 401 is noved across the
surface 700. In the enbodinent ill& rated in Figure 12 each of the cells
generates one "frame" im-the ani mafjon sequencewf the inmages 403. For
exanpl e, the surface 700, may consist of four difTerent cell types - 703,
" 704, 705, and 706, with gach of the cell types akranged in columms as
Illustrated. It should be appreciated that other | ayouts of the basic
cell types 703, 704, 70 nd 706 are possible and\nay be used in other
- enbodi nents to produce additional optical effectp.\ In one enbodi nent the
surface 700 may be desigped to produce the i magep $00 and ani mati on effects
i Tustrated in Filmmm e e i e i mage
illustrated in Fi R - | i mage illustrated
in. Figure 10(b), , . ; - | lustrated in
Figure 10(c), and : - st rated in Figure
10(d). Hence novi : : S e in the direction
of the arrow 707 i3 n effects

<
-~

L ey

*—-——__

‘gt M
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illustrated in Figure 10. The sequence 703, 704, 705, 706 may be repeated
across the surface 700. 30 I n anot her enbodi nent the surface 700 may
be desi gnw@ %8793 oduce t he i mages 600 and ani mati on ef f ectBCI/AUS084% ed i n
Figure 11, with the cells 703 producing the inmage illustrated in Figure
11(a), the cells 704 producing the inmage illustrated in Figure 11(b), the
cells 705 producing the inmage illusigatzed in Figure 11(c), and the cells
706 producing the image illustrated in Figure 11(d). Hence noving the |ight
beam 401 across the surface 35 700 in the direction of the arrow 707 wi ||
‘produce the i nages 600 and anlnatlﬂﬁ ef flect 5o4 1 | uptrajg@d inj Figure 11. The
sequence 703, 704, 705, 706 ce 700. In the
preferred enbodi nent illustratied in Figyre 12 whefe the cell types 703,
704, 705 and 706 are arranged g 702, whet her
circular or elliptical, WO
PCT/ AU95/ 00542 -24- will pref
colums (i.e. in the directio
“or sonewhat |arger than the di
The spot of light 702 will pr
the colums - i.e. perpendicu
is 5 conparable with or larg
direction. Were the spot of
of the ellipse wll vreferablylbe - E I

100

icular to the
nparable with
me direction.

e direction of
ow 707 - which
Ils in the sane
| the long axis

FIGURE 4

Y-2

FIGURE 5
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parallel to the direction of the colums and said |long axis nmay be
significantly |longer than the dinension of the cells in the sane direction.
In this Ww¥P26M8938i f f erent diffracted i mages from the vari oBET/AEH3/00842es

wi |l be generated in sequence to produce a snmooth 10 animation effect.
Hence the surface 700 incorporates the animtion sequence i'n the formof a
series of diffractive cells recordetgpazz oss the surface, where each cel
produces a "frame" in the animation sequence. By generating these "frames"
in sequence, the desired animation effect is produced at the view ng screen
404. In Figure 12 each franme is recorded as a 15 colum of cells, and the
animation effect in the diffracted i mages is produced by noving a specified
beam of |ight across the surface 70P.dn a dlrectlo&xppprOX|nately

perpendi cular to the colums of cel}s, thereby generating the ani mation
frames in sequence at the V|emnng sEreen 404 It Shoul d be appreciated,
however, that othegpd ayQ fAce 700 are possible.  For
.exanple, each frang f\be 20 recorded as a
single cell, so th an ani mation effect. An
overall animation s orded in a matrix of
cells as a series of such TOW "|s way the overall animtion
sequence coul d be played back by no spot of |ight 702 al ong one row
of cells, then along the adjacent r§ so-on until all cells in the
matri x have been scanned. It should be appreciated that an 25

ani mati on sequence could consist o et OF - €Xanpl e
a 30 franme sequence, or a 300 f sequence, nay
be recorded in the surface ated that the

above descri bed nnvenent,-'“ S may both be -
i ncorporated into an.aﬁlnatlon,séquence usTng t he, mSthod described herei n.
It should be appresLaLed—Lha#LLhe—anhnétheﬁ—Peﬁhn|ques descri bed
_ . Figure 6(a)
M
304
301 302

101 ‘ 103 : 102 : Figure 6(b)
304
FIGURE 6
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30 inrelation to Figures 9, 10, 11 and 12 may al so be applied to produce
i mage transformations, or so-called 'nmorphing', effects. SUBSTI TUTE SHEET
(RULE 26) wo 968»3#96/ 07939 PCT/AU95/00542

‘PCT/ AU95/ 00542 -25- The cl ains deflnlng the invention are as follows: 1.

A nmet hod of producing a diffraction pattern including a diffraction

grating, the pattern when illum nategyjoducing a recogni sable inmage on a
surface intercepting diffracted |ight resultlng fromthe illumnation, said
met hod i ncluding the steps of: 5 providing a primary data stream

i ndi cative of the inmage; processinQS(%e
configuration of said grating and t
characteristic of the processed p
characteristic of the grating;i &\
deformed to have a configuratilog
deform ng the plate surface in o]
so as to produce said confi guid<-o-

-the grating is determ ned by siaf foh

primry da&@nto determ ne the
fore said pattern, with a
ata cor espondlng.to a physi cal
having a surface to be
MY to saidppattern;
e processqﬁ primary data
-&-physi calf di mensi on of
ret hod of claim
portions from
bortions being

FIGURE 7
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di stributed over the plate surface so as not to be substantially
concentrated. 3. The nethod of claiml or 2, wherein the step of-

processi ngWoI9e0T89 mary dat a i ncl udes obtaining a Fourier Trromsivwsmosdz t he
primary data stream 4. The met hod of claim3, wherein said Fourier
Transformis a fast Fourier 20 Transform 5. The nethod of any of clains
1 to 4, wherein data of said primarydagsa streamis digitised. 6. The

nmet hod of claimb5, wherein processing the primary data stream by a Fourier
Transform includes introducing a random nunber phase sequence to the
primary 25 dat @g3 7. The nmethod of claim5 or 6, wherei gyt he processed
primary data streaynis clipped. 8  The nethod of any one ¢f clains 1 or 7,
wherein said step & providing the priggty data streaming udes the
fol | owi ng~stEp 303 providing ag rnitial inmags—pn i ainiti al
dat a streamohnin FSEENEESN t Te~Lage: pfocessi Nl TRErR _del adtt ream t o
provi de said prinmary™ ream and erein salg y data streamis

i ndi cative of an i mage W 3, four segigents sepgy py Cartesian X, -Y
axes, each segnent bei ng apg (mately ghal f of g initial image, with 35
t he segnments being arranged S| tWat thd X YA -X, Y segnents could
provide a conplete initial inagesapd #he and -X, -Y could show a
conpl ete i nage, and wherein th

- SO EREREEESSNESEPSPron of the X
Y segnent rot at \\\\\\\\\\\\\\\\QQ\\\\ \Q\\\\\Q\§§\\\\\\\\o S a %¥%production of
) NN

O
Q

the -X -¥ segml & MMM
FIGURE 9 _
404 o | 404
500 ~
500 —
10(a) ' ~10(b)
404 " 1404
500 ~ 500
10c) T 10(d)
FIGURE 10
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axis, and the X, -Y and X -Y segnents if interchanged woul d provide said

initial inage. WO 96/ 07939

PCT/ AUO5/ WO4@79396- 9. The nethod of claim8, wherein sai dP¢HAUIMOMZmge is
divided into a nunber of pixels or cells which are used to provide said
initial data stream 10. The nethod of any .one of clains 1 to 9 when :
appended-to claim 3, wherein said pragy@zy data is further processed so that
data indicative of the X=-1 colum of 5 pixels is discarded, and that the
other -X columms are displaced in the positive X direction by one pixel,

and the maxi num ¥—ew—-of—ptxets *Q?gi scar
displaced in the|direction of the (Y axis y one pixel. 11
any one of oai 1 to 10, wherein saigmpiffraction surface
surface from whi ¢tscopi es are made| and sa t hod i ncl udes

10 provi di rjg ti% fafe to whijch=g= id
Is to be applied; appl copy to said fullt flgce;
said further surflace is substantially unif

- uniformy optical{ly transnissive.

‘ -Y rows

The net hod of

S a nmster

the steps of: .
mast er surface
and wherein

rmy optically reffl ective or

11(a) 11(b)

404

- 600 < . 600 ~ |

404 —

11(e) 11(d)

FIGURE 11
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