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(54) Patterned optical polarising element

(67)  An optical element 1 is provided for micromanipulating the polarisation of light. The element may use
liquid crystal polymers and suitable alignment layers to provide an array of first regions A and second regions
B. The first regions A rotate the polarisation vector of light passing therethrough by first angle 8 whereas the
second regions B rotate the polarisation vector by a different angle v.

A liquid crystal polymer layer (16, Fig.4) may be sandwiched between alignment layer (10, Fig.4) formed
e.g. by spinning polyimide on a glass substrate (11, Fig.4) and rubbing and alignment layer (15, Fig.4) to
provide a required twist angle. The element may be used in a 3D stereoscopic or autostereoscopic display.

Patterned rotator Region A

Input face

~
*

Output face
13

Rotation 8
p 2 |roret

<t>

Linearly polarised/l
light &

v ¥

FIG 1

<1
<«

Region B-}

A > ﬁgla;ionq!

vV LECO90EC 9D



Patterned rotator

1

1

/5

Region A

Input face O,;‘fp”f face
2~ e
A T f A | Rotation 8
>
AN v| ¥ ¥
Linearly polarised FIG 1
light &
$ T %Z()’ Rofalionw
\/
(
Region BJ
Region A
Pa’rfernc—:‘d1 rotator
T T f / Rofta»?ion
v viv ¥
Linearly polarised FIG 2
tight & \
f T \\ Rofja)’rion
v v v

J

Region B




2 /5

Region A
Patterned rotator
T~

+90 degrees

rotation
/ / £

I
/¢ v 63
Linearly polarised
light & \¢ z()ef;qrion
Y

>

<
<>

e

[
Region BJ

Patterned alignment layer
Polymer film o g eve

14 Rubbed polyimide 10
\ A5

— > NVl

Unpolarised
UV fixing light i

=y

Rub direction-]

_ > :




/

5

Micromanipulator

20
\ Region A
22) ) ? ?
A
T
A A A
21 ﬁ¢ v Y
Unpolarised ligh A ¢ A FIG 5
vy
ZBf i ) .
Region BJ

Micromanipulator

20\

74

4
25\'

Unpolarised light

*
26 ¥

<« > ¢ <«—}>

D

> > <>

Region B




& /5

Internal polarisation F1G 7
micro-manipulator ——
20
Glass

3 1\ Linear3p50lariser
A —Hz = 36

> ] ——> V

Unpolarised backlight ] ‘¢—> - Eves

eI

1| es I
H 33
NID) ‘$_—’ Linear polariser
30 / ‘19
Linear polariser 1 Glass

LC

Internal polarisation micro-manipulator

20 Linear polariser
30

Linear polariser

S~
\‘\ 36
40 B
Light
sources § Eyes
41 |
A 34

Linear polariser

FIG 9 Lens / k31




575

Internal polarisation
micromanipulator

20
Glass Region A
31
Mirror \ j
38‘>< ) {

g
/ . .
/] %/. Unpolarised light
7

| : Linear polariser
7 T 35
g 36
Al
/]
? ] Eyes
A T o
/] \ () N 34

/ Region B ( 33

32 1 i ar]

LC Glass Inear polariser

Linear polariser@®@

FIG 8



2306231

OPTICAL ELEMENT, METHOD OF MAKING
AN OPTICAL ELEMENT, AND 3D DISPLAY.

The present invention relates to an optical element, to a method of
making such an optical element, to an optical element made by such a
method, and to a 3D display. Such an element may be used as a

polarisation micro-manipulator, for instance in liquid crystal displays.

Uniform polarisers i.e. polarisers which provide polarisation of light
which is spatially uniform or invariant, are well known. The
conventional method of making such polarisers for operation at visible
wavelengths involve stretching a sheet of polyvinyl alcohol (PVA) and
dipping the sheet into iodine or dye to form a sheet with polarising
properties resulting from the alignment of the light-absorbing iodine or
dye molecules with the stretch direction of the PVA. Although such
polarisers provide very high extinction ratios and are suitable for many
ions, they sufter fioim limiiaiions which prevent or make difficuit
their use in certain applications. For instance, PVA is a water soluble
and fragile material which must be laminated between more robust
layers before use. Consequently, although the PVA film may have a very
small thickness, for instance of about 20 micrometers, the protection
layers substantially add to the overall thickness, typically to about 100
micrometers. Further, iodine has a boiling point of 183 degrees
centigrade, which makes incorporation inside liquid crystal displays
(LCD) difficult because of the temperatures involved during LCD

manufacture.



A more recent technique for making polarisers is disclosed in EP 397263
and is based cn a liquid crystal diacrylate monomer or dimethacrylate
monomer and a dichroic colorant oriented by contact with a rubbed
surface and then polymerised by exposure to ultraviolet radiation.
Polarisers made by this technique retain their orientation characteristics
up to 350 degrees centigrade and survive assembly within a liquid crystal

display.

Patterned polarisers, in which different regions have different directions
of polarisation, are disclosed by E H Land, ).Opt. Moc. Am. 30, 230,
1940 and in JP 63-158525, US 5,327,285, and US 5,235,449. Such
patterned polarisers can be made using the conventional PVA-iodine
technique or more recent techniques, for instance based on
polydiacetylene derivative as disclosed in US 5,235,449. Although
suitable for many uses, for instance in three dimensional (3D)
stereoscopic displays, such patterned polarisers are not ideal because the
polarisation of transmitted light varies spatially. For instance, where it is
required that the light from such a polariser impinge on an anisotropic

An\l;"‘ﬂ ‘\’\IJ ‘L\
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invariance, such a patterned polariser may not be used on its own.

EP 457607 discloses a uniform optical polarisation rotator which rotates
the direction of polarisation of light through a fixed angle i.e. by an angle
which is spatially invariant. Polarisation rotation is achieved by the use
of a uniform twisted nematic liquid crystal polymer film whose thickness
and birefringence are such that guiding of the polarisation state takes
place due to the Mauguin effect across the visible spectrum. Such a
rotator is advantageous compared with typical half wave retarders in that

it is effective over a wider bandwidth. However, the polarisation rotator



disclosed in EP 0 457 607 is not patterned and cannot provide

polarisation selection.

According to a first aspect of the invention, there is provided an optical

element as defined in the appended Claim 1.

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

method as defined in the appended Claim 8.

Preferred embodiments of the invention are defined in the other

appended claims.

It is thus possible to provide an optical element which is capable of use
as a polarisation micromanipulator in which different regions provide
different angles of rotation of polarisation. Such elements are capable of
being used within LCDs and, in particular, can withstand the
temperatures during LCD manufacture. Further, such elements may be

sufficiently thin and may be incorporated within displays so as to reduce

tho o
. L}

art
e Wl

S C ni piciure eieimenis (pixeis) so as 1o reduce
parallax errors. Such elements can function over a relatively wide
bandwidth, for instance over the whole of the visible bandwidth.

Further, it is possible to provide optical elements which can present light
of uniform or spatially invariant polarisation from one side thereof, from
a spatially variant polarisation distribution on the other side thereof, for
instance so that such elements may be used with or in anisotropic optical

devices.

The invention will be further described, by way of example, with

reference to the accompanying drawings, in which:



Figure 1 is a diagrammatic view of an optical element constituting a first

embodiment of the invention;

Figure 2 is a diagrammatic view of an optical element constituting a

second embodiment of the invention;

Figure 3 is diagrammatic view of an optical element constituting a third

embodiment of the invention;

Figure 4 is a diagrammatic cross sectional view illustrating a method of

making an optical element of the type shown in Figure 3;

Figure 5 is a diagrammatic view of an optical element constituting a

fourth embodiment of the invention;

Figure 6 is a diagrammatic view illustrating an alternating mode of
operation of the optical element of Figure 5;
€5 a transimissive 30 stereoscopic dispiay using an

optical element of the type shown in Figure 5;

Figure 8 illustrates a reflective 3D stereoscopic display using an optical
element of the type shown in Figure 5 operating in the mode illustrated

in Figure 6; and

Figure 9 illustrates a 3D autostereoscopic display using an optical

element in the mode illustrated in Figure 6.



The optical element shown in Figure 1 comprises a liquid crystal
polymer patterned polarisation rotator thin film element. The element
comprises a plurality of regions A and B (only one each of which are
shown) arranged as a regular alternating array such that the regions A
and B alternate vértically and horizontally. The rotator 1 has an input
face 2 and an output face 3 and is made from a liquid crystal polymer
which rotates the polarisation direction or vector of linearly potlarised
light 4. Each of the regions A rotates the polarisation vector by an angle

8 whereas each of the regions B rotates the polarisation vector by an

angle y.

The element is made from a film of birefringent material having a
thickness d and a birefringence An. Those regions which rotate the
polarisation vector have a twisted birefringent structure where the total
angle of twist is ¢ and, for incident optical radiation having, an in vacuo
wavelength (or maximum wavelength) A, An.d> > ¢A\/n, which is known
as the Mauguin condition. Polarisation vector rotation is thus performed
by the Mauguin effect and is achieved over a relatively wide bandwidth
or incident linearly polarised radiation wiih the polarisation vector
parallel or perpendicular to the optic axis of the birefringent material at
the face where the radiation enters the material. The Mauguin condition
is satisfied most easily for materials of high birefringence, such as liquid
crystal material. Also, because liquid crystals orientate in a twisted
structure merely by appropriate treatment of alignment surfaces,

fabrication of patterned rotators is relatively simple, as described

hereinafter.

The patterned rotator 1 shown in Figure 2 differs from that shown in

Figure 1 in that each of the regions A rotates the polarisation vector by



an angle of +6 whereas each of the regions B rotates the polarisation
vector by an angle of -8. Such an airangement may be advantageous in
that the operation of the regions A and B is substantially the same so that
unwanted optical differences, such as viewing angle variations, may be

reduced or avoided.

The patterned rotator 1 shown in Figure 3 differs from that shown in
Figures 1 and 2 in that each of the regions A rotates the polarisation
vector by an angle of +90 degrees whereas each of the regions B rotates
the polarisation vector by zero angle i.e. provides no or zero rotation.
The birefringent material in the regions B of this embodiment is thus

untwisted.

The method of making a patterned rotator illustrated in Figure 4 may be
used for any of the rotators 1 shown in Figures 1 to 3 but, by way of
illustration, is shown for the rotator of Figure 3. A patterned alignment
layer 10 is formed on a glass substrate 11 such that the alignment
direction of a region 12 is perpendicular to the plane of Figure 4

reas the alignment direction of 4 region 13 is in the piane of the
drawing. The regions 12 and 13 for forming the regions A and B of the
rotator are arranged in a repeating pattern such that the regions 12 and
13 alternate vertically and horizontally. The patterned alignment layer
10 may be formed by spinning a thin layer of polyimide onto the glass
substrate 11 and rubbing the surface of the layer 10 through a mask to
produce the desired alignment direction patterning. Alternatively, the
layer 10 may be formed as a polymer film which has been illuminated
by linearly polarised light through suitable masking. Such linearly
photopolymerisable (LPP) layers can be made less than 200 nanometres

thick and can be patterned easily using lithographic techniques and



linearly polarised ultraviolet sources, for instance using the techniques
disclosed in M. Schadt et al, "Surface-induced parallel alignment of
liquid crystals by linearly polymerised photopolymers", jpn. J.Appl.Phys.
31, 2155, 1992 and in J.L. West et al, "Polarised UV-exposed polyimide
films for liquid crystal alignment", SID international symposium digest of
technical papers, XXVI, 703, 1995.

A further substrate in the form of a polymer film 14 is provided with a
rubbed polyimide alignment layer 15 having a uniform or spatially
invariant alignment direction. A liquid crystal polymer (LCP) 16 is
sandwiched between the alignment layers 10 and 15, which are oriented
such that the alignment layers have their alignment directions relatively
oriented as desired. In the arrangement shown in Figure 4, the
alignment direction of the layer 15 is parallel to the alignment direction
of the regions 13. The alignment layers 10 and 15 thus provide the
required liquid crystal twist angle therebetween.

Although a uniform alignmeni layer 15 is iljustrated, it is of course
possible to provide a second patterned alignment layer in which

alignment varies spatially.

Once the orientation of the LCP 16 has been achieved, this is
permanently fixed. For instance, in the case of a LCP which can be fixed
by ultraviolet polymerisation or ultraviolet cross linking, this may be
achieved by exposure to ultraviolet light. If a LPP film has been used to
provide one or both of the alignment layers, it may be necessary
temporarily to freeze the liquid crystal alignment by cooling to the glassy

state so as to ensure that any change to the LPP on exposure to



ultraviolet light for fixing the liquid crystal alignment does not affect the
alignment. However, this may not be necessary where the sensitivity of
the LPP to ultraviolet light is sufficiently less than that of the ultraviolet

polymerisable or cross linkable LCP.

In order to minimise the thickness of the rotator, for instance so as to
avoid cross talk between neighbouring pixels when the rotator is used
within a LCD, the polymer film and the alignment layer 15 may be
removed after fixing of the alignment of the LCP 16. The resulting free
surface of the LCP 16 is then suitable for processing substantially in the
usual way for LCD fabrication and the glass substrate 11 may form one

of the substrates of the display.

By adding anisotropic dye molecules to the polarisation rotators
described hereinbefore, it is possible to produce a combined polarisation
micromanipulator and such a device is illustrated in Figure 5. In
particular, the micromanipulator 20 of Figure 5 differs from that of Figure
3 by performing patterned rotation and polarisation of incoming
unpolarised light. The miciomanipuiaior 20 of Figure 5 may be made by
the method illustrated in Figure 4 merely by adding the anisotropic dye
molecules to the LCP 16 before sandwiching between the alignment

layers 10 and 15.

Vertically polarised light 21 incident on each of the regions A and B is
absorbed. Horizontally polarised light 22 incident on each of the
regions A passes through the region and is rotated through an angle
determined by the twist of the LCP, for instance by 90 degrees as shown
in Figure 5. Horizontally polarised light 23 incident on each of the

regions B is transmitted without rotation of the polarisation vector. Thus,



the regions A and B transmit light of orthogonal polarisations although
the polarisation state of the transmitted incident light is horizontal for all

of the regions.

Figure 6 shows the result of illuminating the micromanipulator 20 in the
opposite direction compared with that illustrated in Figure 5. In this
case, vertically polarised incident light 24 passes through each of the
regions A but has the rotation vector rotated by 90 degrees whereas
horizontally polarised light 25 is absorbed. For each of the regions B,
vertically polarised light 26 is absorbed whereas horizontally polarised
light 27 passes through the region without rotation of the polarisation
vector. Thus, output light from the micromanipulator 20 with light
passing in the direction shown in Figure 6 is of uniform polarisation but

corresponds to orthogonally polarised input light.

It is possible to fabricate the micromanipulator 20 for use across the
whole visible spectrum. For instance, with a guest-host dyed liquid
crystal diacrylate monomer with a 2% black dye concentration, it is
pOssibie to achieve acceptable polarisaiion exiinciion ratios. in
particular, at a wavelength of 550 nanometres, a birefringence of 0.2, a
layer thickness of 24.7 micrometers and an order parameter of 0.7, the
ratio of horizontally polarised light passing through the regions A and B
of the micromanipulator 20 shown in Figure 6 is 1:959 and for vertical
polarisation is 569:1. Matched transmission for orthogonal polarisations
may be obtained by adding dye to the patterned structure shown in
Figure 2. In particular, for the example given above and for rotation
angles 6 = +45 degrees, the ratio of the emergent orthogonal
polarisations is 872:1 irrespective of whether the incident polarisation is

vertical or horizontal.
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The micromanipulator 20 may be made in essentially the same way as
the patterned rotators 1 as illustrated in Figure 4. However, to avoid
absorption by the dye molecules of the ultraviolet light used for curing
the LCP, the ultraviolet light may be linearly polarised and oriented
orthogonal to the absorbing direction of the dye molecules, for instance
horizontally polarised (polarisation vector perpendicular to the plane of
the drawing) in Figure 4. This is most easily achieved by illuminating
through the uniform alignment layer 15 (when present). Guiding of the
ultraviolet light due to the Mauguin effect ensures that the whole

structure of the LCP is fixed.

If the micromanipulator 20 is to be used inside a LCD, a diffusion barrier
layer similar to that used for LCD dye colour filters may be necessary,
although the dye molecules are essentially locked into the LCP matrix by

the ultraviolet fixing.

Figure 7 illustrates use of the micromanipulator 20 of Figure 5 with an

anisotropic device to form a transmissive 3D stereoscopic display. The

v At sl aba e IO N
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he glass subsirate 11 forms one surface

~r

of the display which further comprises an input linear polariser 30, a
further glass substrate 31, and a liquid crystal layer 32. The liquid crystal
layer 32 includes suitable alignment layers and electrode arrangements
(not shown) such that the layer 32 is pixellated with the pixels being
aligned with the regions of the micromanipulator 20. The pixels of the
liquid crystal layer 32 aligned with the regions A of the
micromanipulator 20 display a left eye image of a stereoscopic pair
whereas the pixels aligned with the regions B display the right eye

image.
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In use, a source of unpolarised backlight illuminates the display through
the lincar polariser 30. The pixels of the liquid crystal layer 32 modulate
the transmitted light. The regions A of the micromanipulator 20 rotate
the polarisation of output light from the layer 32 such that it is polarised
in the plane of Figure 7 whereas the regions B provide no rotation so
that the polarisation vector of light passing therethrough is perpendicular

to the plane of Figure 7.

An observer wears analysing spectacles comprising a linear polariser 33
in front of the left eye 34 and a linear polariser 35 in front of the right
eye 36. The linear polarisers 33 and 35 have orthogonal polarisation
directions such that the polariser 33 transmits light polarised in the plane
of Figure 7, i.e. from the regions A, while blocking the orthogonally
polarised light from the regions B whereas the polariser 35 passes light
polarised perpendicularly to the plane of Figure 7, i.e. from the regions
B, but substantially blocks light from the regions A. Thus, the left and
right eyes 34 and 36 of the observer see the left and right eye images,
respectively, whereas light from the right and left eye images,
respectively, is atienuaied by the poiarisers 33 and 35, respectively, so as

to be imperceptible.

The 3D stereoscopic display shown in Figure 8 differs from that shown
in Figure 7 in that it operates in the reflective mode using unpolarised
ambient light. A mirror 38 is disposed behind the linear polariser 30 and
the micromanipulator 20 is disposed with the orientation illustrated in

Figure 6.

The regions A block light polarised perpendicular to the plane of the

drawing while rotating light polarised parallel to the plane of the
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drawing. The regions B block light polarised in the plane of the drawing
while passing light polarised perpcndicular to the plane of the drawing

without rotation. Thus, light entering the liquid crystal layer 32 from the
micromanipulator 20 is uniformly polarised perpendicular to the plane of

the drawing.

With the adjacent pixels of the layer 32 in a first state, light passing
through the layer 32 is rotated by 90 degrees, is passed through the
linear polariser 30, is reflected by the mirror 38, and passes back through
the polariser 30 and the layer 32 with rotation of the polarisation vector.
Thus, these pixels appear bright. Pixels in the other state pass the light
without rotation of the polarisation vector. Such light is absorbed by the
linear polariser 30, The regions A rotate the polarisation vector by 90
degrees whereas the regions B pass the light without rotation of the
polarisation vector. Thus, light from the regions A is polarised such that
it passes through the linear polariser 35 to the right eye 36 of an
observer whereas orthogonally polarised light from the regions B is
blocked by the polariser 35. Similarly, light from the regions B passes
hrough the polariser 33 (o the eve 34 of the observer whereas
orthogonally polarised light from the regions A is blocked by the

polariser 33.

Figure 9 illustrates a transmissive 3D autostereoscopic display of a type
disclosed in British Patent Application No. 9425607.0. The display of
Figure 9 comprises the glass substrate 11, the micromanipulator 20, the
liquid crystal layer 32, the glass substrate 31, and the linear polariser 30
as shown in Figure 7 but with light passing through this arrangement in
the opposite direction. Light sources 40 and 41 are disposed behind

linear polarisers 42 and 43, respectively, with orthogonal polarisation



13

directions. A lens 44 images light from the sources 40 and 41 through
the display arrangement at viewing windows for the left and right eyes
34 and 36, respectively. The regions A of the micromanipulator 20 pass
light from the light source 40 and the linear polariser 42 while
substantially blocking light from the light source 41 and linear polariser
43. Conversely, the regions B of the micromanipulator 20 pass light
from the light source 41 and the linear polariser 43 while blocking light
from the light source 40 and the linear polariser 42. The regions A
rotate the polarisation vector of the light from the light source 40 and the
linear polariser 42 so that light entering the liquid crystal layer 32 has a
constant polarisation vector. The pixels adjacent the regions A of the
micromanipulator 20 display a left eye image whereas the regions B
display a right eye image. When the eyes 34 and 36 of an observer are
located in the left and right viewing windows, respectively, the observer
sees a 3D image without having to wear any viewing aids, such as the
polarising spectacles comprising the linear polarisers 33 and 35 shown in

Figures 7 and 8.

in the accompanying drawings have
regions A and B of the same size and shape arranged in a regular
pattern, any other desired arrangement may be provided. Thus, the
regions A and B can be of different shapes and sizes and may be

arranged in any desired pattern in accordance with the application.

For optical elements of the type shown in Figures 1 to 3 which do not
include the polarisation function, incident light should be polarised with
the polarisation vector parallel or perpendicular to the LCP director. In
these circumstances, the element functions as a pure rotator of wide

bandwidth. Other orientations of the polarisation vector with respect to
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the LCP director alignment will result in the element displaying retarding
effects sc that the full advantage of wide optical bandwidth rotation will

not be achieved.

It is thus possible to provide an optical element which may be used with
an anisotropic optical device whose functionality depends upon the
polarisation state of the light with which it is illuminated. The use of a
thin film optical element which can micro-manipulate the polarisation
state of light can improve or extend the applications of such anisotropic

devices.
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CLAIMS

1. An optical element comprising a layer of birefringent material
having a thickness d and birefringence An, the layer comprising at least
one first region and at least one second region, the or each of at least
one of the first and second regions comprising twisted birefringent
material having a twist angle ¢ such that An.d> >¢A/r, where A is the
wavelength in vacuum of optical radiation, so that the or each first region
provides a first fixed angle of rotation of polarisation of light and the or
each second region provides a second fixed angle of rotation of

polarisation of light, the second angle being different from the first angle.

2. An element as claimed in Claim 1, in which the second angle is

substantially equal to zero.

3. An element as claimed in Claim 1 or 2, in which the first angle

is substantially equal to 90 degrees.

iement as claimed in Claim 1, in which the first angie is

>
m

A
equal to +6 degrees and the second angle is substantially equal to -8

degrees.

5. An element as claimed in any one of the preceding claims, in

which the birefringent material is a liquid crystal polymer.

6. An element as claimed in Claim 5, in which the liquid crystal

polymer includes an anisotropic dye.
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7. An optical element substantially as hereinbefore described with

reference to and as illustrated in the accompanying drawings.

8. A method of making an optical element, comprising forming a
layer of birefringent material having a thickness d and a birefringence An,
the layer comprising at least one first region and at least one second
region, and providing in the birefringent material of the or each of at
least one of the first and second regions a twist angle ¢ such that

An.d> > ¢A/n, where A is the wavelength in vacuum of optical radiation,
so that the or each first region provides a first fixed angle of rotation of
polarisation of light and the or each second region provides a second
fixed angle of rotation of polarisation of light, the second angle being

different from the first angle.

9. A method as claimed in Claim 8, comprising disposing a liquid

crystal between first and second alignment layers.

10. A method as claimed in Claim 9, in which the first alignment
layer nas a uniform aiignment direction and the second aiignment iayer

has a spatially varying alignment direction.

11. A method as claimed in Claim 9 or 10, comprising fixing the

alignment of the liquid crystal.

12. A method as claimed in Claim 11, comprising removing at least
one of the first and second alignment layers after fixing the alignment of

the liquid crystal.
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13. A method as claimed in any one of Claims 9 to 12, in which at
least cre of the first and second alignment layers is a linearly

photopolymerisable layer.

14. A method as claimed in Claim 13, in which, before disposing
the liquid crystal between the first and second alignment layers, the or
each linearly photopolymerisable layer is exposed to linearly polarised

light.

15. A method as claimed in Claim 14, in which the linearly

polarised light is linearly polarised ultraviolet light.

16. A method as claimed in any one of Claims 13 to 15, when
dependent on Claim 11, in which the fixing of the liquid crystal

alignment is performed by exposure to light.

17. A method as claimed in Claim 16, in which the exposure to

light comprises exposure to ultraviolet light.

18. A method as claimed in Claim 16 or 17, in which the liquid

crystal is cooled so as to freeze the alignment thereof before the fixing.

19. A method as claimed in any one of Claims 9 to 18, in which

the liquid crystal includes an anisotropic dye.

20. A method as claimed in Claim 19 when dependent on Claim 16
or 17, in which the fixing of the liquid crystal alignment is performed by
exposure to light polarised substantially perpendicularly to the direction

of dye molecules of the anisotropic dye.
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21. A method of making an optical element substantially as

hereinbefore described with rcference to the accompanying drawings.

22. An optical element made by a method as claimed in any one of
Claims 8 to 21.
23. A 3D display including an optical element as claimed in any

one of Claims 1 to 7 and 22.
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