- DI SPLAY DEVI CE The present invention relates to a display device
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hol ographi ¢ optical el enent.. Li gh#5nci-dentonl|t he hol ographi c opti cal
el enent is directed to a si € Vi ew ng zone By ITDVI ng the source of
the li.ght, the position of tIHOLOGRA 2 Tenporal |y
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di spl ay devi ce, conpri si njg?qa hol Qgr.aphi c g eI er’rg havi ng at
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being interleaved In owr earlieppapplitcaticu woesn!0o2I72 oné sdeséribe aecond
set (s) r t
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of a pluralityight edncidents t onl theigéelographic optical element is.
, directed to a single viewing zone. By moving the source of
10 the light, the position of the viewing zone can be moved.
Temporally alternating left and right images are projected
on the screen from alternating positions whereby the images
are viewable one after the other in respective left and

right hand viewing zones.

15 According to the present invention, we provide a
holographic optical _eiement comprising at least two sets of
regions, the region(s) of each set being different from the
region(s) of the other set(s) and being interleaved or
overlapping with adjacent region(s) of the other set(s) and

20 being constructed such that light incident on each set of
regions is directed to a respective one or more of a
plurality of viewing zones.

Each set may cor_nprisé a single region which extends
across a large proportion of the holographic optical

25 element. Typically however, each set of regions comprises
an array of regions.

Typically the regions mak:mg up an array are laterally
offset from each other (e.g. vertically and/or
horizontally). _

30 Each region in an array is typically spaced from and

does not overlap with adjacent regions in the array,

although adjacent regions in the same array may overlap.
~ Also, each set of regions is typically laterally
offset from the other set(s) of regions. The regions

35 within ari array may overlap with regions of other arrays.

_ Typically however, the regions of each array do not overlap

with regions of other arrays. I —
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di ffuse light source; and i nmage generating neans conpri sing a ' .
‘plural i t WQ5/3408ge el enents; wherein the hol ographic PCaVEHERDIz22Nd it
hol ogram regi ons are di sposed. and designed . - such that light diffracted
by the first set of hol ogram 25 regi ons passes through a correspondi ng
first set of image el enents ‘and such 2tohat light diffracted by the

200N SCL et oo YL W WIS 2P AN iy LT RGeSO
present inventRERY30PL \¥exkirakie ar dinguigpndali cetrdpesisi A aa two
hol ographic  qiméRéiscmdl BN tsddly idd) 2thonRyomb0 sets of hol ogram
regions, the region(s)_of the fjrst set being ipter|eaved ., or. .,
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construct €8l suebetémt domprisexitentinterdeavesese’s ofotegégnsns is _
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gener ati ng neafengerigted nguch that each set of regions comprises ja
holographic recording of one or more diffuse light sources.
By m_akirig- a recording of the same light source, or a
10 number of different 1light sources in a plurality of
different positions with respect to the holographic optical
" element, the light incident on the holographic optical
element is directed to a position corresponding with the ‘
position(s) of the diffuse light source(s). Put another
15 way, when each of the sets of regions is illuminated with
light, the diffracted light forms an image of the one or
more diffuse light sources. Typically the image is a real
image although it may also be a virtual image.
Where each set of regions comprises a recording of
20 only one diffuse source, then light incident on the set of
regions will be directed to a single viewing zone. Where
each set of regions comprises a recording of a plurality of
diffuse sources, then light incident on the set of regions
will be directed to a plurality of viewing zones.
25 The holographic optical element is typically a
transmissive element, although it may be reflective.

. The holographic optical element may be formed in any
suitable way, for instance as a surface relief hologram
made e.g. by mouldinq or embossing, or as a volume hologram

30 made in e.g. photopolymer, dichrbmat_ed gelatine or silver

halide.
' Typically the holographic optical element is provided
as part of a display device such as a stereoscopic display
"device. This provides a particularly compact and easily
35 constructed spatially multiplexed two or three dimensional
. display device with holographically generated viewing

'
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extends 10 atimes ‘a |arge proportion of the hol ographic optical

el ement. Typically qgggl%égmeteﬁa a3kpohy’ AQVARE G RYcAYed with) iddgw of
ra

regi ons. e regionS nmaking up an array.are latergll
of fset from @gBeratipgerméang gefining: | gy|R r%‘ﬂﬁ%r %yﬁﬂ??ﬁﬁnt%ﬁc}’i&)?’
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lateral |y 20 ~optiisel fedement oisieralsn (gpcordedyi Wath a ThRLOBARMC
Wi thin an arrayaRy-qahg bl al hPra§dbPNapttRie8! aWAhEYE: the elendntcaidy
however, the regions of each array do no? Qverl a " Wi th regjons_of
ot her arrays. incorporated in a display device, tlEe array of apeg{:ures is
10 arranged to coincide with arrays of alternating image
elements in the display. By arranging the holographic
optical element and the array of image elements in this
way, light passing through the image elements is diffracted
to a respective viewing zone by one of the sets of regions
15 in the holographic optical element. .
In a first example,' the holographic element is placed
adjacent to and in front (i.e. the viewer’s side) of the
LCD.
""The LCD may be backlit from a single source.
20 Alternatively the LCD may be backlit from a number of
' sources grouped so as to be functionally equivalent to a
-'sin'gie source. _
| ‘The source or sources may be moved in order to move
the positions of viewing zones. Alternatively the source
25 may be static and its optical image moves (eg. through the
use of moving mirrors or a variety of other means). In a
further alternative an array of static sources or a single
elongated source with a controllable masking elemert may be
‘provided so that the effective position of the source is
30 moved by switching ‘lights on/off or moving the masking
'~ . element respectively. :

" Typically the LCD display carries a plurality of
interleaved images (for instance in the form of a set of
lateral stripes or in a honeycomb array).

35 " The plurality of images may comprise the same view of
a two-dimensional ‘image if a two dimensional display is
required. In this case the source is preferably a
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plurality of laterally offset sources or a linear source -
so as to overlap the left and right viewing zones thereby
providing a full resolution 2D image to both eyes.
Typically however, the plurality of images comprise
left and right-hand stereoscopic views. The regions of the
holographic optical element typically correspond with the

- array of LCD image elements. The holographic regions

10
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20

corresponding to the left-hand image elements diffract the
light to (and hence render the image visible from) a left-
hand viewing zone and vice-versa for the right-hand image.

Alternatively the holographic optical element may be
placed behind the LCD. In this case, the holographic
optical element may be placed adjacent to the LCD, in which
case the sets of regions will coincide with the array of
the LCDs. However, if the holographic optical element is
spaced from the LCD, then the regions of each set will
typically overlap with regions from the other set, or even
with regions of their own sets. In a limiting case, each
set of regions may comprise a single region extending
across the holographic optical element. However, the
holographic optical element is still recorded and
configured such that light which passes through e.g. the

- left-hand LCD image elements is only directed to the left

25

30

- 35

hand viewing zone, and vice-versa.

The holographic optical element may be constructed in
a number of ways as described more fully in the following
specification. However, common features of the recording
method are that, at some stage in the recording, an image
of a diffuse light source is recorded with the light source
in a plurality of positions with respect to the holographic
plate, each position relating to a respective viewing zone.

The holographic optical. element may be recorded in a
"one step" process in which a diffuse light source is
recorded in a plurality of positions in two exposures.

Typically however, the holographic optical element is
recorded as a transfer hologram from one or more master
hologram plates.



The at |east two sets of regions may nmake up a |l ateral array of
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In addition, the display device may further comprise

a focusing optic which creates a virtual image of the array
15 of image elements and the holographic optical element and

forms real images of the viewing zones. In such a case the

image of the diffuse light source produced by the
holographic optical element might advantagecusly be formed
as a virtual image in the first instance. |

20 A number of embodiments of the invention will now be
described with reference to the accompanying drawings, none
of_which are to scale, in which:-

Figure 1 illustrates a holographic optical element
according to the invention; | '

25 Figure 2 is a perspective view of a holographic
optical element according to the invention constructing a
left hand and right hand viewing zone;

Figure 3 is a schematic view of a first display device
in which the holographic optical element is placed in front

30 of the LCD; | , '

Figure 4 1is :a schematic view of a second display
device in which the holographic optical element is placed
behind the LCD and comprises an array of overlapplng
regions; R : : _ :

35 - - Figure 4A is a schematic view of a display device

" illustrating the effect of varying the separation between
the hologram and the LCD;



suitable way, for instance as a surface relief hol ogram made e.g. by
nmoul di ngvowsaeb®ssi ng, or as a vol une hol ogram 30 madepeTIGBIMN1322

- phot opol yner, dichromated gel atine or silver hal i de.
Typically the hol ographic optical elenent 43 provi ded as part of a
di spl ay device such as a stereoscopic displa device. This provides a
particul arly caonpa gﬁdee t te |y, It i t wo
or three dinensi ongﬁ5 ?Ssd%il%g g\?%c%svme%l ho??)&?%ipﬁcaﬁﬂu geﬁérsgtggd '
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3 apert ngoﬁd\mg:awb&mg oinﬁéyg;mrg;pl ay of -images in real time.
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recording of an arra I"ncor por at ed
in a display deiewing i3ehe omths maaten holqgraphic plate,

Figure 7a illustrates an alternative diffuser
arrangement for the recording of a viewing zone on the

10 master holographic plate; _
' Figure 8 illustrates the recording of a transfer

hologram from the master hologram recorded in Figures 6 and

Figure 9 illustrates the construction of a substrate

15 guided wave transfer hologram from the master hologram
recorded in Figures 6 and 7; : '

Figure 10 illustrates a second example of a substrate
guided wave transfer hologram;

Figure 11 illustrates a display device incorporating

20 the substrate guided wave holographic element illustrated
~in Figure 9 or Figure 10; _

Figure 12 illustrates a further example of a
‘holographic optical element constructed as a substrate
guided wave device; _

25 Figure 13 illustrates a . "one-step" method of
fabricating the holographic optical element; and,

Figure 14 illustrates part of a display device
_incorporating an additional focusing optic; and

Figure 15 illustrates the simultaneous formation of a

30 number of stereoscopic viewing zones. '

The embodiments described allow the display of images
-in two or three dimensions. The display is autostereoscopic
and can display full colour, moving 3D images in real time.
It is based on a two dimensional image bearing medium such

35 as a photographic transparency or an electronic display
such as a Liquid Crystal Display (LCD) used in conjunction
with a novel holographic device and lighting system. In the



10 arranged to coincide with arrays of alternating inage el enent s

I n the dwapdsmswoos By arranging the hol ographic opt iAlcEYspIRt and
the array of image elenments in this way, |ight passing through the

‘image el enents is dlffract ed - to a respective view ng zone by one of
t he sets of regions i'n the hol ograph?c optlcal el enent .
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is dlf_fracted outside of the zone 5. :

‘When a point on the hologram 3 is viewed by an eye 6

it will appear to be bright if a straight line drawn

15 through it and the eye 6 passes through zone 5. Conversely
it will appear dark if a straight line drawn through it and
the eye 6 does not pass through zone 5.

The first case is illustrated by eye 6a which
perceives all points on hologram 3 as being bright and the

20 second by eye 6b for which the whole surface will be dark.

This principle applies both in the illustrated case
where the zone 5 is a real image and in a case where the
zone is a virtual image (i.e. when it is an image which
appears to form on the far side of the hologram 3, as

25 viewed by the eye 6.)

The holographic technigues to be described below
permit the reconstruction of image 5 in such a way that the
light distribution is even across its whole ‘area and its
borders can be precisely defined. This is advantageous in

30 autostereoscopic applications as it assists in the

. reduction of crosstalk between left and right views without

the converse problem of creating a dim or blank zone

‘separating the left and right viewing zones.

Considering now the perspective drawing fig.2 (which

35 is not to scale): light rays 2 shine on the spatially
divided hologram 3 which consists of a set of sections 31

the members of which all reconstruct real image 51; and a
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required. In this case the source is preferably a WO 95/34008
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| aterally .of fset sources or a |linear source - so as to overlap the

| eft and right view ng zones thereby providing a-full resolution 2D
| mage to both eyes Typlcally h@mever the plurality of inmages

conpri se nd r.ight - hand tereo e re i ons of the
hol ogr aphi c oﬁﬁ% fae? ng y% ?ymEB pBSd“%PPH 15;5'& U‘r‘é’f %t LCD
i mage el ement xeal IhaghosugramhlW1légbennot1cedCthatﬁﬂhﬁuheqltimadus 5

o1t -hand | Tge CLeaRILE) ) 1660640 UIF space. hhdMindp deaneNgase Lol (e

| mge visible I'éW Ng zon vice-versa ftor the .
ri ght - hand i mk&&y butt up tOABFGhnatheélVlthen¢w#hgﬂeﬁﬁgﬁp(nnﬂ(ﬁﬂenﬂa@hent
‘my be 5 p&@&g@egehhgﬂ t he LCD. In this case, the holographlc

optical elenment nma l'aced adj acent to the LCD, ip whic case the
sets of regions w FM@ 8&BﬁCI A & [RMLH3cs of the hPHEQEEEB3 q¥ﬁih@r, i f
t he hol ogr aphiidlaminazedebgniaysi 2 and conpider! thientwd cexidipldherdyse

regions of eagh agh Yl kpoth of WHYGR HaYy BECLLARI¥LEa" €Y' Hiy {48 e

ot her set, or éven
the same light source 1). Ray 21 is an exemplary member of

10 the set of rays that strike the zones 31 of the hologram 3.
Some of the light_él-is undiffracted and continues on in
the zero order light 7 (which is of little interest here).
The .diffracted light (illustrated by the example ray 41) '
reconstructs the diffuse real image 51. Similarly the ray

15 2r is diffracted by the hologram section 3r reconstructing
the real image 5r.

An eye 61 is positioned such that all straight lines

drawn through the eye 61 to any point on the hologram 3

will pass through the zone 51; eye 61 will consequently see

20 all the sections 31 of the hologram 3 light up, at the same

. time all the sections 3r will remain dark for eye 61 as the
same imagin&ry_line_does not pass though the 2zone 5r
reconstructed by the areas 3r of the hologram 3. The
converse applies in the case of the eye 6r which will see

25 the areas 3r light up and the areas 31 will be dark.

If the eye 61 is a viewer’s left eye and 6r is the

- same viewer’s right eye then each eye sees a different part
of the hologram 3 1light up. Specificaily, eye 61 will
_perceive every member of the set of sections 31 to be

30 ‘bright and every member of the set 3r to be dark. The

converse applies for eye 6r.

~ Up to this point we have' presumed that the
illumination of the hologram 3 by light source 1 has been
: even and there has been nothing to vary the perceived
35 intensity of the light diffracted towards the images 5.

The screen is in effect blank. But the light impinging on
the hologram 3 can be made to pass through a LCD (liquid
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6r will see image R. If the two images L and R are the

components of a stereo pair then a stereoscopic three

dimensional picture can be seen.

Similarly the light may be modulated by placing the
LCD on the other side of the hologram. In this case the
light 2 is first diffracted by the hologram and then passes

‘through the LCD. In this case the hologram and light

combination may be considered a sort of backlight. The

- 1light 41 forming image 61 will pass through certain

sections of the LCD which may be arranged to display image
L, the light 4r passes through other sections displaying
image R. In this way the two eyes 61,6r again see separate
pictures which may combine through sfereopsis to show an
image in three dimensions. o

There are applications which will require the images
51,5r, to form first as virtual images, in particular this

may apply where a display of this sort is used with another

focusing optic which will create a virtual image of the LCD

‘and Hologram. 3 combination and bring the images 5r,51 in
 front of the optic as real images. Such an arrangement is

described in greater detail below. .
We can now describe the nature of a number of

‘embodiments of the invention in greater detail. (We will

describe the case where there are just a pair of images to
be displayed, more can be displayed by appropriate changes.
Similarly we will consider only one light source, though
several may be used. We will consider just one stereo
viewing poéition while knowing that more can be provided

The hol ographi c opti cal

' . " i n.which a diff
i ght source is Egég? g%%mﬂ'f’rhs %%ﬁ;gtﬁfggngﬁl?%\g%ﬁ}(:cg%re'ﬁ‘qurg%u{g €0
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'R it will be clear that eye 61 will see image L while eye



5 ' Anot her common feature of the hol ographic recording
process we¢dsRadesat. sone stage in the process, a mask pCT/GE9SHASPONdI ng

to the array of LCD inage el enents in t he di splay device) is used in
the recordi ng process. The mask { be pl aced adj acent to the
hol ographic plate in the recordlng 8f either the naster hol ogram or
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and may be virtual or real. According to the precise _
geometry these. two sets of apertures HL and HR may or may ‘

5 not overlap. :

15 _ The two images 51; 5r formed respectively by the two
sets o'f.apertui'es HL and HR are evenly illuminated diffuse
areas of 1light and may themselves be considered as

~apertures IL and IR, where IL is reconstructed by set HL
_ and IR by set HR. :

20 Combined with the hologram is a LCD panel which will
display two pictures A & B. The pixels of this LCD may
also be considered as apertures and may be divided into two
sets PL and PR; where the set PL dlsplays picture A and the
set PR plcture B.

25 _ In addition a pair of apertures represent the viewer’s

two eyes. The left eye of the viewer is aperture EL and
the right one is ER. ' The apertures (or images thereof) IL
and IR form at a distance from the hologram 3 and in the-
_ same general region as the eyes EL and ER. Optimum

30 operation of the display may be defined as the case where
light rays can be traced back from EL to the light source
1 such that they pass through aperture IL, all members of
the set of apertures PL and all members of the set of

. apertures HL, but not necessarily in that order. At the

35 same time no rays should be traceable from EL though IR, PR

. and HR to the source 1. Similarly rays traced from ER must
pass through IR, PR and HR and not through IL, PL and HL.
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and ri gky Pﬁﬂﬂ i ew ng zone, Figure 3 is a sc w of a
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of . the right]jliytd 21 first passes through a pixel which is a member of
the set of pixels 91, it then strikes the hologram 3 in the
position of a portion of the hologram 3 which is a member
10 of the set of sections 31, it is then diffracted. The zero
order 7 passes straight through, the 1st order wavefront is
represented as rays of light 41 and reconstructs the image
- of the zone §1. The same applies mutatis mutandis to rays
2r, pixel set 9r, hologram section set 3r, diffracted rays
15 - 4r and image S5r. The hologram 3 and LCD 9 should be
mounted close to each other and such that all the rays
passing through pixels set 91 will reconstruct only image
51 and similarly the rays passing through pixel set 9r
should form only image 5r. This end may be assisted by
20 introducing blank areas in the hologram 3 between the
members of the set 31 and those of 3r.

Moving to fig.4: in this case, also from the viewer’s
position, the hologram 3 is mounted behind the ‘LCD 9. It
should first be noted that the hologram described in

25  relation to fig. 3 can also work in this situation provided

 the optical path length between the holographic surface and

‘the pixels of the LCD is kept small (in practice usually

not greater than about four times the pixel spacing).

Fig.4 does, however, répreSent ‘an improved arrangement

30 which allows for some increase in separation of the
__hologram 3 and the pixels of the LCD 9.

' Light 2 strikes the hologram 3. Where it strikes a

section of the hologram which is a member of the set 31 it

is diffracted in such a way as to pass first through a

35 member of the set of pixels 91 and then on to reconstruct

the image 51. The same applies mutatis mutandis to light

striking an area of the hologram containing a member of the
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illustrated in Figure 4A. Figure 4A shows some light rays
41 traced through the hologram and LCD. If the separation
is relatively small (hologram position 1) the different ‘
members - of the same set 31 will not overlap each other
15 (though in the illustrated case they would overlap members
. of the other set 3r which are omitted from the drawing).
If the separation is increased (hologram position 2) we
find that they overlap on each other as the zones occupied
_ by each member of the set widen.
20 - We will now describe some of +the  practical
characteristics of a display made according to this method.

We have described elsewhere (PCT/GB 93/01709) how the
position - of a viewing zone for a holographic
autostereoscopic display may be moved - by moving the

25 effective position of the light source. This principle may
- be applied here in the following basic ways:

The viewing zone may be moved by- moving the position
of the light source thereby allowing the display to be
controlled so that the viewer may move without loss of

30 stereo effect. If the stereo viewpoints of the displayed
_images are appropriately updated the impression of parallax
can be provided allowing the viewer to look around and even
above and below and closer and further with the parallax of
the image changing accordingly.

35 Separate sources may be provided thereby creating two
or more separate stereo viewing zones so that more than one
person can enjoy the stereo effect at a time. In this case
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Separate sources or an extended source may be provided
to overlap the zones 51 and 5r over each other thereby
allowing both eyes to see all the pixels of the LCD. This
procedure is advantageous as it displays a full resolution
2D image to both eyes thereby allowing conventional two

-dimensional pictures to be used and enjoyed without any
. compromise to their quality - this is particularly helpful
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for all conventicnal 2D uses of such a display. Clearly
with this illumination the autostereoscopic capability is
temporarily disabled. Such capability is easily turned on
and off either automatically or manually. '

An additional conventional diffuse backlight may be
provided, this will be located behind the hologram 3 and
behind the LCD (seen from the viewer position). Such an
arrangement will provide an alternative method of achieving
2D operation. This is most conveniently achieved if the
hologram 3 is made as a Substrate Guided Wave (SGW)
hologram.

We will now describe one method of making the hologram
3 and indicate some of the many variations on the
technique. We will concentrate on the essentials leaving
out many parts relating to the optical geometries that may
be used and which will be familiar to holographers.

We will first describe the making of a first
generation hologram or Hl. '

Referring to fig.5 (which is a schematic view and is
not to scale) a holographic plate 10 is exposed
simultanecusly to a reference beam 11 (preferably
collimated) and to the object light 191. The required

object light 191 is produced by illuminating a diffuser 12 |

5.
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A second exposure is. then made with the mask 131
replaced with mask 13r (which might be mask 131 translated
by, e.g. its own width) and with mask 16 replaced with mask

15 17 (which might be mask 16 translated e.g. by a distance
corresponding to the pixel spacing of the LCD 8).

It should be understood that the mask 16 is made
specifically for the LCD that will be used in the finished
autostereoscopic display. The set of opague mask areas 16r

20 correspond in position-and spacing to pixel set 9r; the set

of clear areas 161 correspond to pixel set 91. Mask 17 is

 of near identical fabrication where the opaque areas 171

correspond in position and spacing to pixel set 91; the set

of clear mask areas 17r correspond to pixel set 9r. Masks

25 131 and 13r are used to define the respective v:Lew:Lng
' apertures 51 and 5r respectively.

A configuration for the two exposures is shown in
figs. 6 and 7 which are schematic perspective drawings and
are not to scale. They represent the various elements as

30 they would most likely appear on a an optical table - i.e.
with everything turned on its side so the plane containing
“the (horizontal) optical axis will be the same as that
containing the (vertical) optical axis in actual use.

Figs 6 and 7 should be contrasted. After the first

35 exposure shown in fig.6 the mask 131 is replaced with mask
13r (or, which is equivalent, the mask 131 will be
translated downwards by its own width). Similarly the mask
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. The H1l hologram is then used to make an image planed
H2 hologram 3 as illustrated in fig.8:

H1 hologram 10 is replayed with beam 20 which is the
conjugate of the reference beam used in the recording. It
reconstructs a real image composed of:

Real image 24 being the image of the diffuser 12 as
masked by the mask 131l. ' '

Real image 25 being the image of the diffuser 12 as

- masked by the mask 13r.

Real image 22 being the image of the mask 16.
. Real image 23 being the image of the mask 17.
It will be appreciated that the images 22, 23 are
images of opaque, therefor dark, objects. The effect of

. these image 22, 23 is to limit the positions whence the
- images 24,25 may be seen - as will be clear from

considering the recording geometries described above.
In addition there is provided holographic material

-(say plate) 3 comprising a substrate 27 and a suitable

photographically sensitive layer 21. There is also a
reference beam 26 for the plate 3 which in the illustrated
case is diverging but need not be so. The sensitive layer
21 would normally be applied to the face of the substrate
27 placed closest to the real images 22, 23. The optical
distance between the holographic layer 21 and the images
22, 23 should be the same as the optical distance between
the layer 21 and the plane of the pixels 9 of the LCD 8 in
final use. '



sane imagi nary |line does not pass though the zone 5r reconstructed by

t he ar esgo 934668 t he hol ogram 3. The converse appli §rhdpdshgsasase of
the eye .6r which will see 25 the areas 3r light up and the areas 31 w |
be dark. If the eye 61 is a viewer's |left eye and 6r is the
same viewer's right eye then each eye 3Bes a different part of the

hol ogram 3 |i ght pecific rceive eyery
nenber of the sefﬂg?'es%&?gﬁ’ér§€ ’#be’}lrkdgusor?‘ﬂ"fﬁ"%@%\? g? of the
set 3r to beedan&trudhion isconimpsetampliedlflor tye 6rconventlonal Up to

this point éx}éﬁe%éséﬂ@ﬁ& R’ thREn . G t?i'la Bﬁ‘é ﬁ'ce.{n% fediPbgar am 3

by light so as b even a een nothing to vary
t he percei v%hOQSd be mrrexXagt sondngategnf 'empfma%ere%n%m llhethRages 5.

‘The scrgen j$ . hBle;EQﬁ\t 10 aHoulBUibd herdt Gna i eRé ”ﬁtBéeQQi% of the
Ecc)l-l-?%égg} 8 1é§gogram 18 shoxpfg Si'not‘l:h &%%godaclé%-)ixglens:gonal chaa%%tgig{ gg& ay) .
I f the di spse;xsxtlupprlragrrarat eI:y addition aberratiohs aused ibystbe the LCD
lying on st{pighhesiNSF the substrate 27 to the H2 holographic plate
3 may have to be pre-corrected by intfoducing a plate of
10 similar optical properties to the H2 3 and in the same
relative position with respect to the Hl 10 in the
recording of the Hl1l 10. Similar pre-correction techniques _
mi'ght be required to compensate for refraction in the LCD ‘
substrate). :
15 The hologréphic plate 3 is exposed and processed for
good diffraction efficiency with' minimum noise.
Holographic plate 3 may then be used in an autostereoscopic
display. When it is replayed with light source 1 (where in
the described case the angle of incidence of light 2 will
20 illuminate it at roughly the same angle as the angle of
incidence of the reference beam 26) it will reconstruct
images 51, 5r which are themselves images of images 24,25
which in turn are images of diffuser 12 seen through
apertures 131,13r. In this case the LCD '8 is-'disposed.c_lose
25 to the hologram 3 such that images 22,23 (which are images
of masks 16,17) form within or very close to the pixel sets
91,9r . respectively and without 1light forming image 51
_passing through any member of pixel set 9r nor 1light
- forming image 5r passing through any member of pixel set
30 91. o : :
 There is a choice of holographic materials that may be
used in all the -above stageé e.g. silver halide,
dichromated gelatine, photopolymer, °= photo resist,
thermoplastic, the optical arrangements are essentially the
35 same for all suitable materials including, presumably, ones
that are yet to become available. '
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arra ngerrent s As has already been mentioned the described method of

recording the Hologram 3 is only one of many possible

15 methods to achieve the desired effect. There exist one step

methods (whereby the hologram 3 is made directly, without

the need for the step involving Hl1l 10). There also exist

variations when the hologram 3 is to be placed between the

LCD 8 and the viewer (the configuration illustrated in fig.

20 3) in which case an obvious variation is to place the

holographic plate 3 on the other side of the image 22,23

but with the sensitive layer still being disposed closest

"to the image 22,23. Once the basic principles have been

understood a competent holographer would be able to design

25 a range methodologiéal variations with relative ease. The

aforesaid notwithstanding we will now summarise some
variations. and some important design considerations:

"The hologram 3 can be produced by making a first

master hologram with the diffuser in a first position

30 associated with the left viewing zone, and a second master

hologram on a different holographic plate with the diffuser

in a second position associated with the right viewing

zone. The hologram 3 is then recorded as a transfer

hologram from the two master holograms. The first master

35 hologram is recorded as a transfer hologram with a mask of

alternating dark/opague lines masking the transfer hologram

plate. The mask is then moved to uncover a different set of
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detrimental effects of chromatic dispersion. In.e.g. fig.s
10 - it will be noted that the plane of the diffuser aperture .
images 24,25 is inclined with respect to the hologram 3. It
is advantageous to use the angle of inclination known to
holographers as the achromatic angle whereby the spectra of ‘
chromatically dispersed image points overlap each other
15 forming a largely achromatlc 1mage which is sharp in depth
and from side to side. _
There is a variation on this approach (Figure 7a
- refers) where instead of using a homogeneous inclined
diffuser 12 a similar effect may be produced by using a
20 plurality of diffuse lines of light 12a, 12b, 1l2c.etc.
These are disposed so that each line lies in a plane
inclined at the achromatic a_nglé, their length equals the
width of the plane diffuser(s) that would otherwise have
been used. They are advantageously disposed parallel to the
- 25 plane of the hologram and perpendicular to the plane of
incidence of the illuminating lii;ht. When such an
arrangement is illuminated by white light each line is
-chromatically dispersed into spectrum that is inclined at
the achromatic angle, the respective spectra of each of the
30 diffuse lines overlap so as to produce an area where the
_colour mix thereby produced renders a diffuse white
("achromatic") zone functionally identical (under white
light illumination) to the zone produced by a homogeneous
diffuser.
35 The lines 12a.. .12n will have to be diffuse so can be
considered diffuse zones.
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and HL. achleve any of them leads to restriction of the avallable
stereoscopic viewing zone and the introduction of highly
undesirable artifacts such as colour fringing and crosstalk
15 between the left and right channels. A substantial regién
of achromatic response up and down is usually required but
it will be appreciated that the appearance of colour
distortion at the vertical extremes of the viewing zone is
not a significant practical problem. '

20 The use of the achromatic angle is one of several
methods used to deal with the effects of chromatic
dispersion.

- If the H1 10 and H2 3 are made with a diffuser
 aperture 13 arranged at an angle that is not close to the

25 achromatic angle then other means of dealing with chromatic
dispersion must be used (unie_ss, that is, the display is to
be use to display monochromatic images and the light source
-1 has a narrow spectral bandw:.dth) Alternative methods
include: ' '

30 : e Full colour holography using a thick holographic
_recording medium where the Bragg’s angle condition of the
hologram 3 effectively suppresses all but the desired range
of wavelengths. This is practical with both reflection and
transmission versions of the hologram 3.

35 e Reconstruction of hologram 3 with a plurality of
‘narrow spectral bandwidth light sources 1r,1g,1b where the
sources may or may not be disposed so that they each have
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fig.4 which are enlarged details of a section through t he hol ogram 3
~and the LCD 8. (The figures are not to 0 scale.) 5 Fig.3
represents a case where the hol ogram 3 i £%n the viewer's side of the
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_ will often requi__re_ (a) that the aggrég_ate optical power of
10  the hologram 3 and the additional optical element should be
' ~low and (b) the use of an additional optical element (e.q.
an lens or mirror) with positive optical power, in addition
a: louvred screen may also be required between hologram 3 ‘
and the additional diffractive optical element in order to
15 suppress the zero order which might otherwise be visible to
the viewer. _ _ . .
¢ Use of an additional holographic / diffractive
optical element which provides several beams of light
2r,29,2b, focused differently so that the respective red
20 green and blue images of the viewing apertures 5 overlap
with sufficient precision. _ _ _
An interesting variation on a previous configuration
_ is to. complicate the recording process as follows: Three
diffuse lines are used (corresponding to 12a',12b, 12c in
25 fig. 7a), these should be disposed so that from a given
viewing position their respective dispersed images are seen
as red, green and blue - the aggregate _b_e__ing white. As well
as being divided :b'etw_ee__n pixel sets 91, 9r they are also
divided between pixel sub sets 91 red,9l1 green,9l blue and
30 9r red,9r green,9r blue in such a way that the pixels of
| LCD 8 will be d_.i'\}ided providing red, green or blue images
to the left eye and similarly red, green or blue images to
. the right eye. When used in conjunction with a grey scale
LCD addressed much as if it were a colour LCD, then the
35 displayed image will also be in full colour. The colour
rendition will be very similar to that displayed by "full
colour" "rainbow" holograms such as the popular embossed
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PCT/GBQS/OE%%en one stereoscopic viewing zone will be created. It is
10 . possible to make the hologram 3 in such a way as to provide
a plurality of such positions without recourse to multiple
light sources. This requires the recording of a plurality
of diffuse zones for each left and right view. In all other
respects the holographic methods are the same. Figure 15
15 illustrates the end result where light source 1 illuminates
the LCD and hologram combination 3,8. In this case the
hologram 3 has been made with diffusers in three positions
for the 1left viewing zone and in corresponding three
positions for the right viewing zone. In use the images of
20 these diffusers reconstruct to form three separate stereo
. viewing zones where the left and right pair 5la and 5ra
form in one position thereby providing one stereo viewing
position while the other pairs 51b,5rb and 5lc,5rc
simultaneously form two further stereo viewing positions.
25 It will be obvious that the distance and height of each of
stereo viewing positions from the hologram 3 need not be
identical and that any number of such stereo viewing
. positions can be provided.

There are a number of ways of making the H2 3 which

30 are worthy of discussion here.

The case described above and drawn in fig. 8 uses the
well know off axis transmission hologram technique where
the reference beam 26 and reconstructing beam 2 illuminate
i:_he, hologram 3 through free space (notwithstanding the
35 introduction of mirrors or lenses to assist in the optical

performance and / or practical construction of the

display). An alternative is to use a substrate guided wave

-
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' interferes with the object light to create a transmission
. type hologram. Fig. 10 illustrates the same configuration
15 but with the sensitive layer 21 located on the other side
of the substrate 27, such an arrangement -produces a
reflection hologram which, for full colour use, should be
operate in three appropriately chosen wavelengths.
- As well as producing a more compact display the SGW
20 mode can be used to introduce other optical elements which,
if the holographic surface in a mechanically reproduced
version is in the form of a surface relief, allow for very
- economical manufacture and complex optical performance. We
will highlight a few possibilities. ' _
25- - Fig 11 is a perspective view of a SGW transmission
hologram 3 (but can, mutatis mutandis, be in reflection
mode) . The light source 1 is mounted in or adjacent to the
hologram 3 which comprises the holographic surface 21 and
~ a substrate 27 with further optical properties. The light
30 2 emitted by the sourcé 1 passes down through the substrate
27 until it strikes the bottom surface 28 which is curved
and equipped with a reflective coating. The beam 2 is then
reflected, focused and directed towards the holographic
-surface 21 where it is dlffracted formlng wavefronts 4
35 . which forms images 51 and 5r as previously described. It -
- will be appreciated that we have only illustrated certain
rays of light for the purpose of clear illustration. The
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. to be moved providing the ability to track a moving viewer
10 and allowing full resolution 2D operation.

As an alternative to using multiple sources for 2D
compatibility a conventional diffuser backlight can be
provided behind the hologram 3 which will be clearly
visible through the holographic surface 21° and the

15 substrate 27. Such a system can be economic in manufacture
as well as. being robust and compact.

_ Fig 12 illustrates another variation which can be
conveniently (though not necessarily) made as a SGW
hologram. The light 2m emitted by source 1 first passes

20 through an optional focusing optic (e.g. a lens), enters
the substrate 27 and impinges upon an optic 29 on the far
face of the substrate 27. The optic 29 performs at least
the function of directing the 1light 2n such  that  the
redirected light 2p impinges upon the holographic surface

25 21 at the correct angle. In addition to this basic function
the optic 29 can be made as a Holographic Optical Element
(HOE) which effects dispersion compensation when combined
with hologram 21. In the case illustrated the optic 29 can

be a surface relief transmission holographic' optical

30 element which has a reflective coating on its outer

surface. Optic 28 can be used to assist the dispersion
compensation by providing optical power if the hologram 21

in combination with the HOE 29 has no optical power.
(Alternatively the element 29 can be a reflection HOE or

35 indeed a reflective optic which redirects and, optionally,
focuses the light 2n.) - '
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' planeeé rilizn coplesl' are made (i.e. the Eg%tilag gllrgwpggztligned
within the image reconstructed by the H1l) we make a
hologram which can itself be used with the LCD. 1In the

15 . illustrated case the hologram is masked by the masks 16 and
17 in two exposures where the mask is in very close contact
with the sensitive layer and where the position of the
diffuser mask 13 is moved between exposures as described
prev1ously.

20 . There is a another class of one step holograms which
use large focusing optics ~ e.g.large aperture low f/number

lenses ~ to focus a real image of the object to be
recorded, the holographic plate can then be put "inside"
the real image. '

25 ~ Any 3D image provides objective information regarding
the size of the object represented. In an autostereoscopic
display the size of the 'image' is restricted by  the
perceived size of the display. It is advantageous therefor

_ to enlarge the apparent size of the display while retaining
30 the autostereoscopic capability. A method of 'doing this
- with the present basic display will be described, it can be
imagined as a window. which reveals a three dimensional
scene beyond it, just as a large object can be seen through

a tiny window, so the 3D image of the object can be seen

35 full size through the relatively small autostereoscopic
"window" to be described. '
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' element 32 and its focal plane. The simple ray tracing _
10 indicated by dotted lines shows that an enlarged' virtual
" image 33 of the screen 3,8 is formed. This image 33 will be
‘advantageously positioned such that it lies at a similar
distance from the viewer 35 as the three dimensional image
‘'generated by the stereoscopic principles used (thereby
15 minimising any conflict between  stereopsis and
accommodation). The virtual images 31 are focused by the
“optic 32 to form real images 34, conveniently positioned at
the intended viewing position. According to the precise
geometry used the location of the virtual images 31 can be
20 adjusted and, in 'some cases, may be found to be
advantageously formed first as real images which remain
real images when re-focused by optic 32. The images 31 can
also be located at infinity. o
The functioning of such a display can then be
25 understood to be the same as previously described where
each eye will see a different picture and, provided the
‘pictures are a stereo pair, the viewer will see a three
dimensional image beyond the optic 32 as if beyond a
window.The optic 32 can be refractive, reflective or
30 diffractive (In each case the figure would have to be
altered in the appropriate way, though the image would form
in functionally the same way.) ' B
" It is advantageous if the optical properties of the
element are arranged so as to blur the pixels of the LCD.
35 This can be achieve by introducing minimal aberrations such
as those that occur very readily with a Fresnel lens. In
the case of a diffractive element this can be achieved by
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set .of clear areas 161 correspond t0 pixel set 91. Mask 17 is of
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the masklo = focal points creating another way of allowing more than one
viewer to enjoy the_ scene s_imultanfeously. HOEs usually
operate_off_axis which allows for cénvenient and elegant
cons_truc_:tion. They also allow céntrollable ways of ‘
de-pixelating the image (by enlarging.the source of one or
15 more of the beams used to make the HﬁE;)_
If a HOE is used then a number of problems need to be
‘addressed. In particular, assuming thé display is called
“upon to produce full colour images then the problem
chromatic dispersion must be addressed. One solution is to
20 _usé a HOE tuned to three appropriate wavelengths. Another
is to use monochromatic light in three wavelengths provided
by appropriately chosen light sources or by filtration.
According to the way the HOE is made this may mean that
three grey scale autostereoséopic displays 30 would have to
25 be used and may also mean that they need to be located in
different positions optically (which can  be achieved
mechanically, optically with wavelength selective mirrors
or optically with additional diffractive elements)..
The display device may also comﬁrise a system for the
30 independent ;eyetracking. of one o? more vViewers (as
described more fully in our applicgtion_PCT/6893/01709).
"As the viewer(s) move their heads, the light source is
(effectively)'moved.in order to position the viewing zones
correctly.



WD 95/ 34008 - 01322

15 WO 9534088 eptaced By mask JHis s "@J “%EAS BEPGGmsI2

equi val ent, the nask be transl iffPal |y 8o that the
cl ear areas 17‘““1@“‘ mﬂﬁl posi-tigh as that previ ously occupi ed
by the opaque second 5 exposure is then made (either on the
sane hol ographit p°|ate - 10 or oncgagmgond pl ate, mthefollovmngvve
will continue

assure that just. one doubl e .expose 1 ram:i s to
be | COMLSoly. ArhohSuRenhiR ertieAl R 1A FARPRARIRE, A e ERBRA EHO
for the besﬁetsg@ﬁlrég:ndrfs,se:weahﬂeqioms) of ea&’heséfl Bedingg dd ffiexenken used
to make an e ne 3 r.at ed f
H  hol ogramls Q{rjg |g$8é°{}m‘¥f bgg @ ogﬁek ?%E(gs aggnj E%é?g of the
ref erenge beaheuseave@ eheovexiapping With adjacardhnediond sy efathenage

conposed of gthér set%s) Roal béﬂﬁ@ecé’ﬁls@ﬁhé@ed '&%dh”%ﬂ&toiicjﬁte iekbfiﬁuaer 12 as
masked by the mask

Real , 1 mage_ 25 being t | e of
di ffuser 1208Bseach sghREXegions ﬁs‘?(ui%? ed to a respech "eng ?f be| ng
t he i mage oﬁotbeomkpiﬁxafﬂ:y of viae_aiglz"ms.ZB bei ng the i mage of the
ranzgegof oﬁélqueA Pﬁtelf’\gf'lslphg% %%%&ES $$§c%d%%estg2c%%g%2&?mge
22, 2310s twherein each et tqfom'sgwmsceompnses an array of regions.
3. A holographlc optical element according to claim 2
wherein each region in the array is spaced from and does
not overlap -with adjacent regions in the array.:
4. A holographic optical element according to any of the
15 preceding claims, wherein each set of regions comprises a
holographic recording of one or more diffuse light sources
in one or more of a plurality of different positions with
respect to the holographic optical element.:
5. A holographic optical element according to any of the
20 preceding claims wherein each set of regions comprises a
holographic recording masked by an array of apertures.

6. A holographic optical element according to any of the
preceding c_laim_s, wherein each set of regions is adapted to
diffract light incident on the holographic optical element

25 to form an image of one or more diffuse light sources, each.
image comprising the aperture of a respective viewing zone.
7. A holographic optical element according to any of the
preceding‘c:_l.éims . wherein each set of regions is adapted to
- diffract 1igh_£ ‘incident on the holographic optical element
30 to form an image of an array of apertures.
8. A holographic optical element according to claim 6 or
'7, vherein the image is a real image.
9. A holographic optical element according to any of the
preceding claims, wherein the holographic optical element
35 is a surface relief hologram made by e.g. moulding or
embossing, or a volume hologram made in e.g. photopolymer,

dichromated gelatine or silver halide.
en Replaced. -
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processing of &I&ims 5 or 7 wherein the array of apertures coincides with
10 the array of image elements. o .

- 12. A display device according to claim 10 or 11, wherein
the image'generating'means'compriSes a liquid crystal array
and means to illuminate the liquid crystal array, and the

_ image elements comprise one or more bixéls of the liquid
15  crystal array. |
13. A display device according to any of claims 10 to 12,
wherein the holographic optical element lies on the far
side of the array of image elements from the viewing zones.
14. A display device according to claim 13 wherein the
20 - holographic element is spaced from the array of image
elements. ' ' '
15. A display device according to any of claims 10 to 12,
wherein the hblographic optical element lies adjacent to
the array of image elements and on the same side as the
25 viewing zones.
16. A display device according to at least claim 12,

-further comprising méans to vary the illumination of the
liquid crystal array whereby the viewing zones are moved.
17. A display device according to claim 16, wherein the

30 means to vary the illumination comprises means to vary the
position of the source of illumination. -
18. A display device according to any of claims 10 to 17

" wherein the plurality of images comprise a left hand and a
right hand stereoscopic image, each of which is directed to

35 a respective viewing zone wherein the display provides a
stereoscopic image in use.
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“hol ogram 10 shoul dnot—ATFoduce di rrel §'l-ﬂme!-u:ﬁ

he sensitive

PRRE

| ayer. |WOe8E346080nN di by thﬁaLAmE

substrate 27 to thenmgimnﬂmﬂ Ia‘t‘e—\z-:.s-\ ta be
pre-corrected by in ng wa plate of 10 simlar optical properties to
the H2 3 and in the sane relative pdsition with respect to the HL 10

in the cor di of _t he, 10._ SimJ.ar ecrrec on, t echni
m ght be req{f tggﬁgﬁrﬁgnéﬁtvécForacF&rFé‘Pﬁl %T? i wherelgug.g\ﬁ ate).
15 Thbembl epAaptightpl Bard 3insges pesed @uh pdmtsem towards agood

diffraction ﬁﬁ‘féi&ﬁ”&f vibiihg JBAddWHerdly disp \h'??n PFoRAles B! ate 3

may then be I n an autostereosco |s replayed
with |ight sBHPERCICPRAE dinage - SlmFE'Eaﬂﬁg‘EﬁlY)etfp%eat I‘Elw f of

1 nei dencs ofviegmgzpm;itlaﬂs in ldseg nate it at roughly the sane angle as
t he angl e of I nci f the refere vv:II reconsgtruct
i mages 51, 57°whi%h 5§ tg’ e|%‘§s‘f¥+h“§*e’s"% P‘ fé‘ir R%ﬂ'l ﬁr .
turn are inagbementdldfflm o2 sderintshrdudlo 9 orapmdarporakal 18n. aln th| S

case the LCly8g %’fagaw CEQ?Er&?ag 1%6 lgfiyhocfg :fnssuiB gt qigrages

22,23 (which ar formwithin of very cldse to
t he pi xel se?%mPrJ-SlM making R hOlPGrAPRAE FREABALNG| ota helegraphigge 51

passi ng16 hrovn&tanufnaﬁaebroﬁoﬂé >@1fﬁs§e 9Iigntr sldxi:ﬂﬁes in & ?1 ilegage Sr

passi ng through an s a

e e ot horBopantriBHa cofch e TRned no B, resbective viewind 7EN8s0ue

. stages e.g. BlliveA hethdd, according to claim 20 comprising making a

first master holographic recording of a light source in a

first position, and a second master holographic recording
15 on the same or a different holograph:.c plate of the light

source in a second position. : '

22. A method according to claims 20 or 21 further

comprising recording the holographic optical element as a

transfer hologram derived from the master holographic
20 recordings. :

- 23. A method according to any of claims 20 to 22 for
constructing a holographic element eccording to one of
claims 5 or 7, wherein the holographic recording, master
-holographic recordings or transfer hologram is recorded

25 with a mask defining the array of apertures.
24. A method according to any of claims 20 to 23, wherein
the diffuse light source/s are inclined with respect to the
holographic plate at the achromatic angle. '
25. A holographic element according to any of claims 1 to
30 9 or incorporated in a display device according to any of
claims 10 to 19, wherein the element is constructed as a
substrate guided wave device. '
26. A display device according to any of claims 10 to 19
further comprising a focusing optic which creates a virtual
35 image of the array of image elements and the holographic
optical element and forms real images of the viewing zones.
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di chr onat ed gel W photo  resist,
t her mopl sy tical arrangemenps peEe gssentially i,ﬁp,cggmmﬁane for

ﬁ&ﬁgﬁgnﬁﬁ“OWMMMMMMm@W““‘°“S S,

PCT/ (B95/ 01322 17 The H2 3 can
be used as a tooI to re

- f
Optical methdds czﬂ]d&é a§¥&°e ?ﬁgggﬁﬁ?@ %rarltyge tl a&Bﬁy#ﬁgtgrﬁ'
- alternati veI w9 or rmsclwhareah thé hphsrslity af dmagesi hggathlerrmnmtbrﬁgsemy
. also 5 grsecq’o I&I&et}‘%ﬁ%%qaqh%@e_cases the H2 3 woul d be nmade so

that the |nt ference pattern corded in the form of a surface
rel i ef structafre hidispkey devicrimreoriingdvh clain R7%r Mherain Sthijes
becomes g N}k ¥o ERsNgnt@dngate lmltdSBGrd:é difat plitalivy of

3E.t{a.c“evé LT eSGLtES Sherby' bne 1gekd BHCHILEE %‘3’98{‘2%%. ded

\Wave (SGN overlkdmgsach that bothisepes alfr eaadyim gant viesd hokh
descri bed maJ[:Lr}ﬁ)adgeosf, thereby providing a full resolution two-dimensional
display. '
10 29. A display device according to claim 25, wherein the
display device comprises a diffuse backlight.
'30. A display device according to any of claims 10 to 19
or 26 to 29 comprising a plurality of light sources which
illuminate the holographic optical element simultaneously
15 whereby a plurality of viewing poéitions are provided.
31. A holographic optical image according to claim 6 or 7
wherein the image is a virtual image.
32. A display device according to any of claims 10 to 19
or 26 to 31 wherein the image generating means comprises a
20 monochrome (grey scale) LCD whereby colour images are
displayed on the LCD in the form of a plurality of colour
separations where each colour separation is displayed by a
set of pixels and where a set of pixels displaying one
colour separation does not display any part of any other
25 colour separated image. .
33. A display device according to claim 32, wherein the
 LCD is combined with a HOE arranged -such that certain
regions of the HOE are associated just with the pixels
displaying one colour separation and other regions are

30 associated just with the pixels displaying other colour
separations, whereby the wavelengths of light diffracted by
“each set of regions towards the viewer correspond to the
colour of the colour separation displayed by its associated
set of pixels, the whole being arranged so as to display a

35 full colour two dimensional or three dimensional image.
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Tecording the Hologram 3 is only one of many possible 15 met hods to

achi eve Wesinwos ed ef fect. There exist one step met B&ﬂﬁ%&eby t he
hologram 3 is nmade directly, w thout the need for the 'step Invol ving
H1 10). There al so exi st vari affi pgszwhen the hologram3 is to be

pl aced between the LCD 8 and the viewer (the configuration illustrated
infig. 20 3) in which case an obvious variation is to place the

hol ographic plate 3 on the other side of the inage 22,23 but with the
sensitive layer still being disposed:cl osest "to the inmage 22,23. Once
t he basic principles have been under st ood a conpet ent hol ographer
woul d be able to design 25 a range net hodol ogi cal variations with

rel ative ease. The af oresaid notwi thstanding we will now summari se
sone - variations and sone inportant qgsign consi derati ons:

The hol ogram 3 can be produced by maki ng a &{r st master hol ogramw th
the diffuser in a first position 30 associafed with e |l eftgVview ng
zone, and a second naster hol ogram oR a /di fferéﬁjhol ogr&hic plate
with the diffuser in a second positife

associ ated\w th/the right
Vi ewi ng zone. The hologram 3 is the P ded aS'a\F%dﬁgfer

hol ogram from the two master hol ograns// The | mast er 35 hol ogrami s
recorded as a transfer hologramw th A/mask al ternating dark/ opaque
| i nes maski ng the transfer hol ogra 3 ask is th ved th

uncover a different set of\\w\ )
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* WO 95/ 34008 PCT/ GB95/ 01322

18 wo psimeoon t he transfer hol ogram plate and the sescEGBISRIIZRI _
hol ogramis recorded onto the transfe® mgdlPagram pl ate. Hol ogr ans
*operate by diffraction and can produce pronounced chromatic
di spersion. It is inportant to control 5 this effect otherw ge the
performance and/or usability of the display wll be very geverely
conprom sed. The use of a view ng zone fornp® as t& di {fuse i nage
descri bed al |l ows the use of sone sinple hods to ¢ounteract the
ot herw se detrinental effects of chromatif dispersign. {In e.g. fig.8
100 it'wll be noted that the plane of the di|f fuser aperjufle | mages
. 24,25 is inclined with respect YO the norogram 3. | g \advant ageous
to.use the angle of inclinationNnown to hotogMPapher s\as \ he
achromati c angl e whereby the spedjra of chrongtical | y \di spersed i mage
poi nts overlap each other 15 foNuing a largely gechromaticlimae which is
sharp in depth and from side f\0 side. gDe /S a Wari ation
on this approach (Figure 7a refNers) where ingtead of using a
honogeneous i nclined diffuser 1X a simlar ¢gffecy may he proddgced by

using a 20 plurality of diffuse linds_qf 1ight af 12b. 1%c etc
These are disposed so that each line lies in ap

—
3 3
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*inclined at the achromatic angle, their length equals the wi dth of the

pl ane diw09sQ4008) t hat woul d ot herw se have been usedr/GBbSHA32 €
advant ageousl y di sposed parallel t@t/ht P25 pl ane of the hol ogram and

per pendi cul ar to the plane of I ncidence of the illumnating Iight.
When such an arrangenment is illumnated by white ligit each line is
chromatically dispersed into spectrumthat is incl/dned g t he
achromatic angle, the respective spectra of each/of thef 30 di ffuse |ines

an area where the col our {m x /t her eby produced

overlap so as to produ
("agpronatlc" zoge functilongl Iy identical
m na

renders a diffuseg

(under white light ill on) to the Zone produggd by a honbgeneous
di ffuser. 35 The liney 129 ... 12n wilA have to Je diffuse so can be
consi dered di ffuse zones. ¢ 95/ 34008
PCT/ GB95/ 01322 19 The nost
| nportant general point is that tthe grmugeg o dyffuse zones with
appreci abl e wi dt h and hei ght { nustf \beg reconst r ugt\ed alre di stance from
the hol ogram The zones / :
oL §
t - v —
\ —>
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shoul d be %9&#&@ y located in distance fromthe hologram 5 (i.e.
mnimal blurring along the z-axis). They should be cel%i[gsi/ol %#m nat ed
PONE Wi dt h)

(i.e. substantially the sanme brightness across their func
in 4tpeg phorizontal direction (i.e. the

and no significant blurring

di rection per pendi cul ar to the plane of incidence of the illum nating

10 light). The devices described herein allow all these i npor t ant
achi eve any of them

performance criteria to be achieved. Failure to
| eads to restriction of the avail able st ereoscopi c view ng zone and

. the introduction of highly undesighabl e arfifacts such as col our
fringing and crosstal k 15 bet ween t | e f d right channels. A
substanti al region of achromati cRyespony gnd down is usually
required but it will be appreci ad t haf bpear ance of col our
distortion at the vertigyl extremes oRythe v/ g zone i s not a

N Thg dse the achromatic angle is

significant practical problem 20
fects of chromatic

ads used to dhl wi fh \t hg

one of several met Y}
di sper si on. [ fy thg H 10 r":;' H2 3} ar¥g ;/. wi th a. diffuser
aperture 13 arranged at ¥ : AN s no /// the 25 achromatic
angl e then ot her neans of Y chr gmat i c di spersi on nust be
used (unless, that is, the display i N} o ,:',f to display L]
nonochromati c i mages and Y he |ight -:.,4. e 1V#ds a narrow spectral
bandw dth). Alternative ngthods qnc| Upe~ 30 Ful | f£col our
hol ogr aphy uﬁlng a thick Rol ographic ?
Z
7
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4
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recordi ng nmedi um where the Bragg' s angle condition of the hol ogram 3
effectiwﬂ% §%gpresses all but the desired range ofpctiimdkeded hs. This
is praclic {34t h both reflection and transm ssi on versions of the

hol ogram 3. 35 Reconst r ugtf dnfof hologram 3 with a plurality of
narrow spectral bandw dth |ight sources 1r, 1g, |b where the sour ces
may or may not be di sposed so that they each have WO 95/ 34008

PCT/ GB95/ 01322 20 di fferent angles
of incidence arranged so that the reconsupucted i mges 5r, 5g, 5b
-overlap in space with sufficient precision Use of

di spersion conpensation techniques in the 5 epl ay of hologram 3, this
involves the use of at |east one - other diffractive optical elenment
(typically one nade using hol ogr aphi ¢ techhi ques) designed and

di sposed to introcuce equal and opposite chromatic di spgesion. This
arr angenent Wll often require (a) that the aggregate-Optical power of
10 t he hol ogram3 and the additional optical eNenment stfoul d be

3l

3L

2l

hologram position 1

ologram position 2 -
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low and (b) the use of an additional optical element (e.g. an | ens or
mrror) \WORS3}68tive optical power, in addition a | pevEpskoisheen may
.al so be required between hologran136 9 nd the additional diffractive
optical element in order to 15 suppress the zero order which m ght

ot herwi se be visible to ‘the viewer. Use of an additi onal

hol ographic / diffractive optical elenent which provides several beans
of Iight 2r, 2Q£2b focused differently so that the respective red 20
green and bl ue inmaggs of the view ng apertures 5 overlap W th
sufficient precision An interesting variation on a previous
configuration | icate the recording process as follows: Three
diffuse lines are use esponding to 12a,12b, 12c in 25 fig. 7a),

t hese shoul d be di spos that froma given viewi ng position their
respective di spersed i mages| are seen as red, green and blue - the
aggregate being white. |1 as belngnd|V|ded bet n pi xel sets
91, 9r they are also vi ded betmeen p¥kel sub sets 91 red, 91 green, 91

bl ue and 30 r red, 9r diekn, 9r bigge in suth a wgf thaf the pixels of
LCD 8 will be diN i di ng reg, green for bl yff i meyes to the |eft
eye and simJlarly en or b ue |nage to theg .right eye. Wen

used in conjqnctlon | grey s NCD afildyessed nmuch as if it
were a col our LCD, e 35 played i jmag al so be in ful

col our. The col our rig be vg ry 7 8, that displayed by
N ﬂ..‘\ enbossed

"full cQlour™ "rainp

S\ /“

Ll

SUBSTITUTE SHEET (RULE 26)



*WO 95/ 34008 PCT/ GB95/ 01322

21 WOH534008ns in current use. If a reflection hol ogcargnesoiseed
the colour rendition will be nore st%ple in the verti cal di rection.
"This nethod is certainly conplicated bf'iﬂé fact that 6 nmasks (16 red,

16 green, 16 blue, 17 red, 17 5 green and 17 blue) are required but is

nevert hel ess perfectly feasible. In the preceding
descriptions it has been assuned that when the hologram 3 is
illumnated by a single |ight source t hen jone st ereoscopic view ng

"zone wll be created. It is 10 possi ble to mpke the hologram 3 in such a

way as to prowde . a plurality of such posjtions wthout recourse to
mul tiple i ght sources. This requires thg recording of a plurality
of diffuse z for each left and right viewf In_all other respects
t he hol ographic nmethods are the sane. Figure {15 1¥ illustrates the end
result where light source 1 illum nates { he LCD and hol ogram
conbination 3,8. In this case the ‘hol ogrfam 3 has been nade with
diffusers in three positions for the lefft viewing zone and in

correspondi ng three

10
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- positions for the right view ng zone. In use the inmages of 20 t hese

di f fuseeopmeosst ruct to formthree separate stereo PCOT/GBASINg3220NeES
where the left and right pair 5la and 5ra formin one position thereby
provi ding one stereo view ng st HiPn while the other pairs 51b,5rb
and 51c, 5rc simul taneously formtwo further stereo view ng positions.
25 It will be obvious that the distance and hei ght of each of stereo
viewi ng positions fromthe hol ogram 3 need not be i dentical and that
any nunber of such stereo view ng positions can be provided.

There are a nunber of ways of making the H2 3 which 30 are worthy of

di scussi on here. The case descri bed above and drawn in fig. 8
uses the wel | know of f axis transm ssion hol ogramtechni que where

the reference beam 26 and reconstructing beam 2 il}um nate t he

hol ogram 3 t hrough free space (notw thstandi ng theg 35 I nt roduction of
mrrors or lenses to assist in the optical pgrformance and [/ or
practical construction pof the display). An alternative is to use a
substrate gui ded wave WO 95/ 34008 <

PCT/ GB95/ 01322 ) 22 o~

S B

10
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- (SGWN technique where the |Iight beamis guided by the hol ogr am
subst r aWO $534008r equent | y by using the phenonenon ofPCTERIS/0132R er nall
reflection. Two basi c arraggf ats are illustrated in figs. 9 and

5 10. (these drawings are not to s gf. In conparing these to fig.
8 it will be noticed that the reference beam (here represented by just
one ray 26) enters the substrate 27 of hol ogram 3 by way of a -bevelled
edge. (It will be . understood that there are a nunber of other ways of
10 coupling the beam 26 into the substrate including prisns and
diffraction gratings.) The beam then suffers internal reflection and
| npi nges on the sensitive layef 21 where it interferes wth the object
light to create a transm ssion AVIaT=NaTe aa T s Cemimlelabis Lot 2S t he
'sane configuration 15 but Wi t PR e B EP \ C
ot her side of the subst - . Ices a
refl ection hol ogram whi ch, operate in
three appropriately chqg - S producing a
nore conpact di spl ay g r oduce, ot her
optical elenents \n a nﬁﬁhanically
r epr oduced T at I'ow for very

economi cal wil |
hi ghl i ght a Xew possibilities. pe s-ectivqﬁvieM/of a
SGW transm ss\ :
reflection nted in or adjacent to the
‘S
o=
O
N
&
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"hol ogram 3 whi ch conprises the hol ographic surface 21 and a substrate
27 with fWPONE#008ht i cal properties. The light 30 2 enitperiGBysiiBe sour ce

»1 passes down through the substrateqQ/ q# until it strikes the bottom .
surface 28 which is curved and equi pped with-a reflective coating. The
‘beam 2 is then ref\ected, focused and directed towards the hol ographic
surface 21 where it is d\ffracted form ng wavefronts 4 35 whi ch forns

i mges 51 and 5r as previyusly described. It wi |l be appreciated that
we have only illustrated cgrtain rays of light f or the purpose of
clear illustration. The WO 95/ 34008

PCT/ GB95/ 01322 20 23 configuration
shown in fig.11 has a nunber Qf pryctical advantages. It can be nade
as one unit by noul di ng tchni ques wher & the hol ographi c surface 21
can be created as a relief ructure in e noul di ng process. The
light 5 beam 2 can be focused\usi ng the noul\ded structure, both by

the mrrored surface 28 and (whicY is not illustyated) at t he point of
insertion into the substrate 27. A\plural 10y of light sources can be

used to enable the view ng zones 5

24,25 - 21 16

SUBSTITUTE SHEET (RULE 26)



to be nnwp& groviding the ability to track a noving viewer 10 and

al | owi ng 1°P/34088 5| uti on 2D oper ati on. As an al pgy, ggnylgzzt 0 usi.ng
mul tiple sources for 2D conpatibﬁ”}gyza conventional diffuser
backl i ght can be provided behird't'h ol ogram 3 which will be clearly
vi si bl e through the hol ographic surface 21 and the 15 substrate 27. Such
a system can be econom c in manufacture as well as being robust and-
conpact . Fig 12 illustrates another variation which can be
conveniently (though nolN necessarily) nmade as a SGW hol ogram The
light 2memtted by sour§e 1 first passes 20 t hrough an optional focusing
optic (e.g. a lens), entelNs the substrate 27 and inpinges upon an
optic 29 on the far fyce of the substrate 27. The optic 29 perforns at
| east the function of Yirecting the light 2n such that the

redirected |ight 2p inpinges\upo@Qthe hol ographi c surface 25 21 at the
correct angle. In addition to\this}basic function the optic 29 can be
made as a Hol ographi c Optical ) which effects dispersion

conpensati on when conbi ned In the case illustrated
the optic 29 can 1 ssi on hol ographic optical
30 el ement whi ch has . ( i on N\'s outer surface.

Optic 28 can be used to
provi di ng optical power
HCE 29 has no optical power
reflection HOE 2 35 i ndg¢ed a refl
optionally,

conpensati on by

ternatively t\he el enent .29 can be a
{ve optfc whi\ch redirects and,

22

24,25

27
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focuses the light 2n.) WD 95/ 34008

PCT/ GB95/%Q 3334008 /G %g are
Jrany further variations on the use o bstrate QUIJ?T ? um nati on of

u
't he hol ogram 3. There wi || 1ai->s/o1b2 cases where equival ent optical
performance can be achieve by conputing the fringe 5 structure of
hol ogram 3 and fabricating it wusing non-optical procedures (E g.
e- bean . As mentioned earlier, the hol ographic optical elenment
3 may be fabricated usNng a "one step” technique. One step met hods
maybe i npl enented in a Runber of ways. A sinple 10 one is illustrated in.
t he acconpanying Figure 3. Instead of first making a master (Hi)

hol ogram from whi ch i mage pl aned H2 copies are made (i.e. the copies
are  positioned wi thin\the i mage reconstructed by the Hl) we make a
hol ogram which can itself b& us2@ with the LCD. In the 15 illustrated
case the hologramis masked t he masks 16 and 17 in tw exposures
where the mask is in very clode cpntact with the sensitive |ayer and
where the position of the

-3

24,25

figlo 27
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diffuser mask 13 is noved between engsures as descri bed previously.
20 woBsgssi s a anot her class of13né k¥ep hol ogr ans pehiciBsorssz USE

| arge focusing optics - e.g.large aperture | ow f/ nunber | enses - to
“focus a real imge of the object to be recorded, the hol ographic plate

can then be ut_"inside" "7 the real inmage. 25 Any 3D i mage

provi des obj ctTMi i nformal on regdy di ng the size of the object

represented. | n al autostg(poscopi G di splay the size of the inage is

restricted by the >hyved silze of the display. It is advantageous

t her ef or to e

30 t he aut ost er egseQp i1 ™NX A nethod of doing this with the
present basic displ dyed, it can be i magi ned as a

wi ndow whi ch reveal scene beyond it, just as a

| ar ge obj ect can be¢ seen f{ 0 ;ﬂag wi ndow, so the 3D inmage of the
obj ect can be seen|35 f O he™~egl ati vely smal

aut ost er eoscopi c " SSGHFTT i bed. - WD 95/ 34008

PCT/ GB95/ 01322

2.1
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+ 25 Fig. 14 refers. 30 is the autostereoscopic display al ready

descri benowss4por ati ng |ight sour CEa }17CD 8 and hptpeBeEM132 The

pl ane of the LCD 8 and Hologram 3 Is i ndi cated. The hol ogram can be
made to provide a real inage 5 of the zone 51 and 55r or, as is the case
in fig. 13, they can be virtual images 31. An optical elenment 32 with
positive optical power is provided and positioned so that the screen
3,8 of the display 30 |ies betweea-tke—epti cal el enent 32 and its
focal plane. The sinple ray tracjng 10 ndi cated by dotted |ines shows
that an enlarged virtual - iyrage 33 pf the screen 3,8 is forned. This
image 33 wll be 2fdvant agequsly posjtioned such that it lies at a
simlar di stance ffomthe ewer 35| as the three dinensional inmage
generated by the stereosgopic pr i used (thereby 15 m ni m si ng

any confljct bet ween er epp\i S and accommodati on). The
virtual imfges 31 are focused b 3 optic 32 to formreal inages 34,
conveni ent | y pQsi t [pned at nt ended vi ewi ng position. According to
t he precise geonerry—wsed the | ogat]jon of the virtual inmages 31 can be
20 adjusted and, in ore— cpses, \npy be found to be .

advant ageously fonmed™TIrst as rE i JES wWhich remain real inmages
when refocused by optic 32. The ¥l can -al so be | ocated at

infinity. The functio ich a display can then be 25
understood to be the sane as preyiousl descrE@ed wher e '

/
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each eye will see a different picture and, provided the pictures are a

stereo i e viewer will see a thr di mensi onaCTiGBagel3dyond t he
optic 3 Q%Bf@ﬁbeyond a Wi Hﬁ&h/fﬁsﬂoptic 32 can be refractive,
reflective or 30 diffractive (In each case the figure would have to be
altered in the appropriate way, though the inmage would form in
functionally the sane way.) "1t is advantageous if the optica
properties of the el enent are arranged so as to blur the pixels of the
LCD. 35 This can be achieve by introducing m ninmal aberrations such

as those that occur very readily with a Fresnel lens. In the case of a
diffractive elenent this can be achi eved by

CLAI M5 1. A display device cqﬁgrising a hol ographi c optical

.el ement having at |east two 5:& ol ogram regi ons, the region(s) of

the first set being interleavedr overlapping 5 wth adjacent region(s)
of the second set(s) and being

16 16r

18
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‘constructed such that light incident on each set of regions i's
diffract 8M08%34868 t 0 construct a respective one or nore  per/@hosifdaural ity
of real or virtual inages of a di{lgl? Ifght source; and | mage
generatlng means conprising a plu t} 10 of image el enents; wherein the
hol ographic elenent and its hol ogram regi ons are di sposed and desi gned
such that |ight diffracted by the first set of hol ogramregi ons passes
t hrough a cof+espordiAgfirsi—set_of igagejelenents
light diffragted by the second set of hol ogram 15

regi ons passes through

a correspondlﬂg second set of inage ewenents. 2. A display
devi ce conpri ¢ ng a hol ographi c opti cal el emrent haying at |east two
sets of hol ogramregions, the reglon(j) of the fir set being
interleaved or ®verlapping 20 wth adjacent region(s) &f the second
set(s) and belng constructed such thatl | i ght inciderft on each set of
regi ons i's dlffracted so as to construct a respective one or nore

of a plurality ofreal or virtual i mages off a diffuse |ifght sour ce;
and i nmage generatlng means conprising a plyrality 25 i mge el enents;
wherein the holographlc optical el enent i andfdt ol ogram regi ons are
di sposed and deS|gned such . that |ight thaving passed through a first
set of imge elenents of the imge gederatlng means is diffracted by
t he first set ofx .hol ogram regi ons and ;such that Iight having 30
passed through a second set of inmage el enerdts of the i mage generating

nmeans is diffracted by the second set of ] hol ogram r egi ons.

S ¢+ S ¢ e ¢ = v cte e ¢ G ¢ = ¢ E— ¢ . ¢ CE ¢ G- — — } I * @A S ¢ GaEs ¢ Guno ¢ 0
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3. A display device according to claiml or 2, wherein t he i mage
gener at i ngowsd4Oe8 conpri ses a liquid crystal array 35 anfefeadsoisS

illuminate the liquid crystal array,]#a $#&ch i mge el enent conprises
‘one or nore pixels of the liquid crystal array.

AVENDED SHEET 28 4. A display
devi ce according to any of the preceding clains, wherein the

hol ographic elenent is spdirad fromthe SEpge generating neans. 5.

A di spl ay device according Ao any of th€ preceding 5 clainms, wherein the
hol ographi c optical elenght lies adj acent to _jgpg i mage generating
nmeans. 6. A display, device accqrding to ap§y of the preceding

claims, further conprisijng neans to vgry the iIIuninating

Src

Sl

fig.15
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"of the inmage generating neans whereby the view ng zo M* @m t he
real or virtual inmages are noved. 7. A displayjde o=y o o)

. claim6, wherein the nmeans to vary the illum nafji gn conpri ses ahs to
“vary the position of a source of illumnation. 84 JUNéﬂ%pl y

devi ce according to any of the preceding 15 cl ai ms \wherein the_ | e

el enents define a |eft hand and a ri dht hand st gredscopl ¢ i mage, ¢ach
of which is directed to a respective.v zon erein the—eé-spl ay
provi des a st ereoscopi ¢ i nage m%&-ﬁgﬂ’-@ A di spl ay device

according to clai mmae/mpresenthadvdntm re\:mitesgltb rmndlspmggs devdasach
orovi des o tiedgitedidd % notodt i AT SRRy (07, T PO
vi ewi ng positions i weur earlieno anpaigptwndﬂopééoaaaar umgietssréﬂpﬁ & the
precedi ngs25 qiEpidPp dﬁa‘&rib@einééfﬁéi-étﬂﬂgaah h@.l&t bﬁtl‘@#f%féﬁi’@s a
vi rtual |mage of the ,arra | mge el engnts an hi
optical el emerft Tié‘FﬁlgyePé"al opgtRe olagraphic vP?\HiFFQ zoﬂ%gme‘g‘écﬁlﬁ mage
bei ng vi ewed ldﬁ.naftédﬂw;ghsangle viewmgtzmpnswinoblmgr thé somges of the
cl ot wher oS Hidhty She PR NG OF TR ROy foledl B4 adber o N9
t wo- di nensi oné&Renpoxally alte_maﬂing‘ Jeifdy andvrighfcinageagare pﬂ'@ﬂeﬁmﬁ
oGEl ™, on, S EERRTRE A el 0T o el ey cherbiia
are viewable onhe after the other in respective left and
right hand viewing zones.
According to a first aspect of the present invention,
we provide '‘a display device comprising a holographic
15 optical element having at least two sets of hologram °
regions, the region(s) of the first set being interleaved
or overlapping with adjacent region(s) of the second set(s)
and being constructed such that light incident on each set
of regions is diffracted so as to construct a respective
20 one or more of a plurality of real or virtual images of a
diffuse light source; and image generating means comprising
a plurality of image elements; wherein the holographic
element and its hologram regions are disposed and designed
such that light diffracted by the first set of hologram
25 regions passes through a corresponding first set of image
elements and such that light diffracted by the second set
of hologram regions passes through a corresponding second
set of image elements.
According to a second aspect of the present invention,

- 30 we provide a display device comprising a holographic
optical element having at least two sets of hologram
regions, the region(s) of the first set being interleaved
or overlapping with adjacent region(s) of the second set(s)
and being constructed such that light incident on each set

35 of regions is diffracted so as to construct a respective
one or more of a plurality of real or virtual images of a
diffuse light source; and image generating means comprising

AMENDED SHEET



overlap such that both eyes of a viewer can view both

AVENDED SHEET B . .29 ¢ .1 mages,

t hereby providing a full resolution two-dinensional . : display,, . . 13.
A di splay device-according to any of the préceding .. tcldinms conpyi’sing a
plurality of Iight sources which 5 i 1lum nate the hol ographic optical

el ement simultaneously whereby a plurdRity of view ng positions are

DO O ot AR e R L Bt g IR st
(grey scal e) i nopeicsheebénagt nend sivd cicbygridn regians aregiisposed and
O sp12720 o o4 TG0 SO V¥ JTEAE naving BabliSc’ Ehibion’aPkiERE Lk O
of image elements of the image generating means is
5 diffracted by the first set of hologram regions and such
that light having passed through a second set of image
elements of the image generating means is diffracted by the
second set of hologram regions.

Each set may comprise a single region which extends

10 across a large proportion of the holographic optical
element. Typically however, each set of regions comprises
an array of regions.

" Typically the regions making up an array are laterally
offset from each other (e.g. vertically and/or

15 horizontally).

Each region in an array is typically spaced from and
does not overlap with adjacent regions in the array,
although adjacent regions in the same array may overlap.

Also, each set of regions is typically laterally

20 offset from the other set(s) of regions. The regions
within an array may overlap with regions of other arrays.
Typically however, the regions of each array do not overlap
with regions of other arrays.

REPLACEMENT SHEET
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‘col our separation is displayed by a set of pixels apg—where———-—-a-.set
pi xel s di spl ayi ng one col our separation does not REBLA@E@&%HhSHEET
any other col our—separated-image—15 15. A di spl ay fgeévitce—accord nB

arranged such

of
of
to

T | I i R L

. the pixels displa

eparati%ﬁ and ot her ar e

associated just with the pixels displaékﬂg;ég ot h¢r col our separatipns,

wher eby the wavel engths of |ight

t ed by €ach Ser of—Tegrons

towards the vilwer A dispdayesimoricce ocomprisingr af hohegraphic sptical on

SiRass RV HE10RE Tud P of Thitig W el

so as to display a full colour two di mensiona

di spl ayed

I mage.

16cegion ) £f §hei Eirsk satibeingoinkprdeavrd oF Q¥arlapping

clai ms whey ei iypashadghceht’ e@gddh (6)"HE SehedbetidritY Sét(s) ah@9iB¥Eng
17. A display device according,to,claimil mﬂ;reln each. 3 region in
array is space‘EP‘fer%rﬁ)é)(fé'é:S‘ ﬁb?to{ll%?%pg‘cl °NF 9P SRR BRE ?gé?ﬂq’%‘”ﬁ

array.

: : l8is Al frdatedieao s dur @atisiyuct ayrespadiel s aresliom more
TR e ERRLGY, CIOLINE SOPHE AL fceqne Y

of one or nore 'd

i ght sources | y

t he
t he

I ng
of

di ff erent posisowreeiiand rimage (generating mreans epnpnisingta @lura ikt .

10

15

20

25
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of image elements; wherein the holographic element and its
hologram regions are disposed and designed such that light
diffracted by the first set of hologram regions passes

through a corresponding first set of image elements and

such that light diffracted by the second set of hologram
regions passes through a corresponding second set of image
elements.

2. A display device comprising a holographic optical
element having at least two sets of hologram regions, the
region(s) of the first set being interleaved or overlapping
with adjacent region(s) of the second set(s) and being
constructed such that light incident on each set of regions
is diffracted so as to construct a respective one or more
of a plurality of real or virtual images of a diffuse light
source; and image generating means comprising a plurality
of image elements; wherein the holographic optical element
and its hologram regions are disposed and designed such
that 1light having passed | through a first set of image
elements of the image generating means is diffracted by the
first set of hologram regions and such that light having
passed through a second set of image elements of the image
generating means is diffracted by the second set of
hologram regions. o

3. A display device according to claim 1 or 2, wherein
the image generating means comprisés a liquid crystal array
and means to illuminate the liquid crystal arfay, and each
image element comprises one or more pixels of the liquid
crystal array.
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30 19. A di
| i ght source/s
{ he achromatic
di spl ay device

hol ogr aphi cal optical elenent is constructed as a s

devi ce. 21.
di spl ay device

according to an%-of #né

conprises a hol

S €Vi ce accor to claim18, wher t AERME]
PLey 2R ' \Mgect to !the hol %@%@WM Al

are | necds \ \
angl ( #Y %5 hol ographic recordi
acco g to dhy of the preceding cl

A di spl ay device accordi ng28o cl ai m 20,

[¢)

conprises a_diffuse backlight, 10 22. “A-ttsptay—deyiee
15pagy deyice acqordinduke cPAYe St G BFECEGIRg
Claips| cwherein ars diolpgriphid @l ement fadepacedyfronttle

23. A display device according

fgﬁg:}iysgpgt ﬁg p%%%%%irégxﬁggtﬁg‘fﬁﬁé{?é%erei n each set of regions is adapted

to diffract -
an i mage ofgan
claim?22 or 23,
plurality of

10

15

20

5. i ght displdyndevicehaac¢mimtinghte apyi «ff thenpnecedingr m

elisiar! AGEiLthe noidbrabilonBtita 613060 Hhed
adjacent to the image generaging means.

6. A display. device according to any of the preceding
claims, further comprising means to vary the illumination
of the image generating means whereby the viewing 2zones
formed by the real or virtual images are moved.

7. A display device according to claim 6, wherein the
means to vary the illumination comprises means to vary the
position of a source of illumination.

8. A display device according to any of the preceding
claims wherein the image elements define a left hand and a
right hand stereoscopic image, each of which is directed to
a respective viewing zone wherein the display provides a
stereoscopic image in use.

9. A display device according to claim 8 wherein the left
and right hand images are each directed towards a plurality
of viewing 2zones whereby the display provides a
stereoscopic image simultaneously from a plurality of

- viewing positions in use.

25

30

'35

10. A display device according to any of the preceding
claims further comprising a focusing optic which creates a
virtual image of the array of image elements and the
holographic optical element and forms real images of the
viewing zones, each image being viewed in use through a
respective one of the real images of the viewing zones.
11. A display device according to any of the preceding
claims, wherein the plurality of images together comprise
a two-dimensional image.

12. A display device according to claim 11, wherein the
device comprises an elongate light source or a plurality of
light sources whereby the left and right viewing zones
overlap such that both eyes of a viewer can view both

AMENDED SHEET



20 | mage el enents. 25. A hol ographi c optical 2 RET/ TP QU j; to
any of the - preceding clains, wherein the hol OQBE "L@Em’{gf %CQQ&E 1ll'quent

is a surface reli g by e.g. noul di ngjor enbossli-r’lg or a
~ vol unme hol ogram,nﬁmm]mﬂmmlw polymer, 25 i thonﬁﬂeﬂ)@@%ti nefor
silver halide. * VD 95/ 34008 *
PCT/ GB95/ 01322 27. A display devi@@ according to any of clajnms 10
to 17, 19 or 26 whereipn the iral it I M ‘W;e
a two- di nensi orﬁ?aqe'r%'g aer eby W‘Pﬁlm sapé&gfld’é%?‘giu"éﬁe ek nab7,
wherein the 5 dilpldaye conprises an elongate |ight source or a plurality of
| i ght sources re t I ght. vi.ew 0 gverl a ch
t hat. both eyesvgl;f' aq‘Yvi%%igndé?g%éb%°¥d§wg?%h%e§§t ﬁgrgﬁ? %ﬁﬁoﬂfﬁ? a.
full resol uti orckadmsli comprdsing a plurdakity 1©f 24ghtA souptes ddhdate
accordi ng cl & 1wtk Q&Fé [ ' r’g)‘i:ﬂI |dfpise
¥ o aﬁ’&‘s &édlgﬁrcaephiéi ﬂ%ﬂ%&&ﬂ(ﬁ clalns )‘g%éij[%l 19

backl i ght . 30. A d according to any

whereby a plpuraalz.ty of viewing positions are provided.

14. A disi:layﬁ device according to any of the preceding
claims, wherein the image generating means comprises a
monochrome (grey scale) image generating means whereby

10 colour images are displayed on the image generating means
in the form of a plurality of colour separations where each
colour separation is displayed by a set of pixels and where
a set of pixels displaying one colour separation does not
display any part of any other colour separated image.

15 15. A display device according to claim 14, wherein the -
image generating means is combined with a HOE arranged such
that certain regions of the HOE are associated just with
the pixels displaying one colour separation and other
regions are associated just with the pixels displaying

20 other colour separations, whereby the wavelengths of light
diffracted by each set of regions towards the viewer
correspond to the colour of the colour separation displayed
by its associated set of pixels, the whole being arranged
so as to display a full colour two dimensional or three

25 dimensional image.

16. A display device according to any of the preceding
claims wherein each set of regions comprises an array of
regions. _

17. A display device according to claim 16 wherein each

30 region in the array is spaced from and does not overlap
with adjacent regions in the array.

18. A display device according to any of the preceding
claims, wherein each set of regions comprises a holographic
‘recording of one or more diffuse light sources in one or

35 more of a plurality of different positions with respect to

the holographic optical element.

AMENDED SHEET



“or 26 to 29 conprising a plurality of |ight source i JJ NT?HE i nat e
the hol ographic opti cal el enent S|nultaneously 15 - Sttt ity of
¢ View ng positions 31. A hol ograJh cCo tlcal i
“according to cl ai wﬁlﬂ“ﬂ"ﬂ"mﬁmmm ein the i mge i \AfUUNI“‘)%ra
32. A display devicé atcdrdi®ng®to”any of clains 10 t 19 Qr to 31
wherein the i mage generating neans conpr|§ﬁs a 20 nmonochrone (gre
scale) LCD whereby colour irnages are don the | Chia~t eform

of a plurality®df dbleisplay de'ébﬁ?aﬁpﬁﬁEdmgr °e$é-ﬁ1€'oll@ur %’tﬂl
di spl ayed by adxffuséenghtps&ah'&eaed aMeer inell Hedd o&xahxebapébtplwuﬂga One

col our separat,i doe ot art .of ot her | qur
separated i rra Of %‘;}gc qtﬂi"spepl éff ceacé’&: ag%llrﬁ; taéxg&eal mgngmh@%l n
t he LCD |l$oboqnbapiuicvure¢madﬂ@. arranged such that certain regi ons

of the HOg ar @SS%'a&s 1&gshe%%g e dHasH ged"; ? o tﬁ-}f*eﬂgpxo edind "’

separation and” ot hef assSoCl Pl Xe
di spl ayi ng ot elabms ourw ereinefhent hodograpbicayl tﬁEtmﬂ)I eajenenti 1is ght

diffracted by constP@éfedCisOd £D8&ONSd di&d v | QaLceor respond to the
COl U Of Lo SR oh AERal A SeTes” alotathal kb, SIS UL mmern e eiho
di mensi onal ordisprey ddeebee ocomprises.a diffuse backlight.

10 22. A display device according to any of the preceding
claims wherein each set of regions comprises a holographic
recording which has been made using a mask comprising an
array of apertures.

23. A display device according to any of the preceding

15 claims, wherein each set of regions is adapted to diffract °
light incident on the holographic optical element to form
an image of an array of apertures.

24. A display device according to claim 22 or 23, wherein
the array of apertures coincides with the plurality of

20 image elements.

25. A holographic optical element according to any of the
preceding claims, wherein the holographic optical element
is a surface relief hologram made by e.g. moulding or
embossing, or a volume hologram made in e.g. photopolymer,
25 dichromated gelatine or silver halide.
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