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(54) Switchable holographic apparatus

(57) A switchable holographic device comprises means (2, 4} for generating radiation having a spatially
varying polarisation. A liquid crystal device LCD (8) is arranged to act as a controllable phase plate, having a
predetermined phase shift in one state and substantially no birefringent activity in another state. The LCD (8) is
thus controllable to selectively alter the polarisation of at least some of the radiation passing therethrough or
to have substantially no optical activity. An output polariser (6) receives the radiation from the LCD (8) so that,
depending on the state of the LCD (8), the hologram is replayed or not replayed. The device may be employed

as part of a beam steering apparatus.

N

After LC V:szifch
After LC V=0

_>./-

LC acts as A/2 at 45°for V=0
No refardation for V=Vsyitch

b
/10

output polarizer

]

/S,LC

EYgviiNy.
ANUNYA

A\
R
7

7
A\
7

/&»

/]
7
7
/

W\ 7N\ 7
<\ N\ |7 M

7

AVAN

patterned retarder

N

input polarizer

\‘443 FIG 3

vV 83098¢¢ 99



173

6 orientation for
\ amplitude modulation

S —

orientation for

7‘ 7\ phase modulation
NIN|7
AVAVA
AN

AN

output polarizer

v

AN P N N

NS

N
)
7
7

N\ |7 |7

patterned retarder acting as half
wave plate with twodifferent
optic axes (+/4-22-5°)

FIG 1

———————

input polarizer

LCD(V=0 for /2 plate,V=Vswitch

patterned retarder for no refgrdahon)

~_
AU

input polarizer output polarizer

-
()]
N




Rﬂ ﬂ 2/3

6
After LC V=Vgwitch N — -/

After LC V=0
LC acts as M2 at 45 for V=0
No refardation for V=Vsyitch
L2 /’ output polarizer
/
aa\/"7"?7”§’§7‘7‘7‘ /BILC
NINIARIANIN A
A
7\ N ﬂ 7\ 7\ patterned refarder
ﬁ MAANIN
R .2 FIG 3
input polarizer

NN

L

After LC V=\switch

After LC V=0 /6

LC acts as M2 at 225 for
\rﬁ:?'e’rardaﬂon for V=Vswitch 7\ output polarizer

ARIANINI2A A e

NINIANAININ |7

AN
ﬂ\ MAARIND,
Y

' 12 input polarizer



input fibre
10

12

m

3/3

polarizers

]

6 output fibre
16

~H

'*Q;-»--___E output fibre

14
=

Ul




, 2286058

SWITCHABLE HOLOGRAPHIC APPARATUS

The present invention relates to a switchable holographic apparatus.
Such a device is suitable for use in optical computing, optical data

storage and optical beam steering applications.

D.C.O'Brien, T.D.Wilkinson, R.J.Mears, and W.A.Crossland, in a paper
entitled "Generalised dynamic holographic interconnects using spatial
light modulators", Light modulators and applications, OSA meeting, Palm
Springs, March 1993, disclose a computer generated hologram using a
ferroelectric liquid crystal spatial light modulator (SLM) to provide binary
phase modulation. The SLM is illuminated with a collimated beam of
light, and the light emerging from the SLM is transformed using a lens so
as to replay the hologram. The phase changes provided by the SLM
form the hologram. In order to replay relatively complex holograms, and
especially holograms having irregular dot patterns, each element of the
SLM needs to be addressed in parallel. This may impose severe pin out

requirements on the SLM and result in bulky systems.

Polarisation sensitive photopolymers may be used to form relatively
complex retarder patterns, as reported by M.Schadt, K.Schmitt,
V.Kozinkov and V.Chigrinov "Surface-induced parallel alignment of
liquid crystals by linearly polymerised photopolymers" jap journal of
applied physics. Vol 31(1992) p2155-2164 and D.A. Yakolev, G.V.
“Simonenko, V.M. Kozenkov, V.G. Chigrinov and M. Schadt, "New
Concept to Achieve Color LCDs with Linearly Photopolymerised (LPP)
LCD-Substrates" in a paper presented to Eurodisplay 93, Strasbourg.
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According to a first aspect of the present invention, there is provided a
switchable holographic apparatus, comprising a first polariser having a
spatially varying direction of polarisation, a switchable retarder

switchable between first and second states, and a second polariser, the
switchable retarder being disposed in a radiation path between the first

and second polarisers.

It is thus possible to provide a device in which the radiation exiting from
the second polariser is either substantially uniform or spatially modulated
in accordance with a pattern on the first polariser, depending on whether
the second retarder is in its first or second state. The modulation may be

phase modulation or amplitude modulation.
Advantageously the first polariser is pixellated.

Preferably the first polariser comprises a plane polariser for polarising
electromagnetic radiation along a first direction and a patterned retarder

having a spatially varying retardation.

Alternatively, the spatially varying polarisation of the first polariser may
be provided by regions thereof having different directions of polarisation.
For example, it is known, for example, from Schadt et al referred to
hereinabove, that some linearly polarisable photopolymers are dichroic
within a restricted range of wavelengths. Such a photopolymer can be
used to form a patterned polariser for use with light within that restricted

range of wavelengths.

Preferably the patterned retarder is pixellated. Some or all of the pixels
may be arranged to act as phase plates. Preferably the optical axis of

each pixel is individually controllable.
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Preferably the switchable retarder is a liquid crystal device.

Advantageously the liquid crystal device is pixellated, each pixel of the
liquid crystal device being associated with a plurality of pixels of the first

polariser.

Advantageously, in use, the electromagnetic radiation used is light. In
this context, light includes wavelengths falling within the infra-red,

visible and ultra-violet regions of the spectrum.

According to a second aspect of the present invention, there is provided
an optical beam steering device, comprising spatially modulated
polarising means for providing a spatially modulated source of light
comprising a plurality of regions producing plane polarised light
polarised along one of a first direction and a second direction, an
electrically controllable modulator having controllable birefringence for
selectively controlling the directions of polarisation of the polarised light,
and a polariser arranged to receive light from the modulator and to

transmit components of light polarised along a third direction.

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

reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of an apparatus for forming a fixed phase

or amplitude hologram;

Figure 2 is a side view of an apparatus constituting an embodiment of

the present invention;

Figure 3 is a schematic view of an apparatus for forming a switchable



phase hologram;

Figure 4 is a schematic view of an apparatus for forming a switchable

amplitude hologram; and

Figure 5 is a schematic diagram of an optical beam switcher constituting

an embodiment of the present invention.

The apparatus shown in Figure 1 comprises an a input polariser 2, a
patterned retarder 4 and an output polariser 6. The input polariser
provides linearly polarised light to the patterned retarder 4. In this
example, the light is vertically polarised, as indicated by the arrow 2a.
The patterned retarder 4 comprises a plurality of pixels 4a,4b. Each pixel
acts as a half-wave plate. The fast axis of retardation of each pixel is
indicated by the arrows within each pixel. The pixels 4a have their fast
axis rotated by 22-5° in a clockwise direction with respect to the
direction of polarisation of the polariser 2, whereas the pixels 4b have
their fast axis rotated by 22-5° in an anti-clockwise direction with respect
to the direction of polarisation of the polariser 2. Each half wave plate
introduces a A/2 phase shift between components of light parallel and
perpendicular to the fast axis of the half wave plate. The effect of each
pixel is such that the light exiting each pixel has a polarisation at an
angle with respect to the plane of polarised light incident on each pixel
which is double the angle between the plane of polarisation of the
incident polarised light and the fast axis of each pixel. Thus light
emerging from the retarder 4 is polarised to an angle of +45° with
respect to the input polariser. The direction of polarisation of the output
polariser 6 may be perpendicular with respect to the input polariser 2 in
order to form a phase modulated hologram or at +45° with respect to

the input polariser in order to form an amplitude modulated hologram.
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An electrically controllable holographic device is shown in Figure 2. An
input polariser 2, a patterned retarder 4, and an output polariser 6 are
arranged as described with reference to Figure 1. Additionally a liquid
crystal device 8 is interposed between the patterned retarder 4 and the
output polariser 6. Such an arrangement can be used to produce a
phase hologram when the output polariser 6 is crossed with respect to
the input polariser 2, as shown in Figure 3. As before, the retarder 4
has a plurality of half wave plates having fast axes of retardation at an
angle of +22-5° with the plane of polarisation of the input polariser 2.
The liquid crystal device 8, such as a = cell, exhibits zero birefringence
in the presence of a suitable control voltage. The direction of
polarisation of the light produced after passing through each pixel of the
retarder 4 is unaffected by its passage through the liquid crystal device 8,
i.e. it is still polarised at +45° with respect to the input polariser 2, and
hence at 45° and 135° with respect to the output polariser 6. The
output polariser resolves the light into components parallel to the plane
of polarisation of the polariser. Thus a pattern of phase shifts of 0 and n

radians are formed, and consequently the phase hologram is replayed.

In the low applied voltage state, the liquid crystal device is arranged to
act as a half wave plate having its optic axis at an angle of 45° with
respect to the direction of polarisation of the input polariser. Thus the
optic axis is parallel to one of the directions of polarisation of light from
the pixels 4a, and perpendicular to the direction of polarisation of the
light from the pixels 4b. As noted hereinabove, the action of a half wave
plate is to produce light whose angle with the plane of polarisation of
the incident light is double the angle that the incident light makes with
the optic axis. Thus light from pixels 4a is unaffected, whereas light
from the pixels 4b undergoes a phase shift of = radians, as shown in

Figure 3. The light passing through the liquid crystal device 8 is now
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polarised at an angle of +45° with respect to the direction of
polarisation of the output polariser 6. The polariser 6 resolves the light
into components and transmits the component parallel to the direction of
polarisation of the polariser. The horizontal components of light due to
the pixels 4a and 4b are in phase with each other. Thus there is no
spatially modulated phase shift in the light exiting from the output

polariser 6 and consequently the hologram is not visible.

For the arrangement described hereinabove, a loss of 50% of the light
occurs in both the "hologram on" and "hologram off" states. Other
retarder configurations are possible, but may result in unequal losses in
the on and off states. It is possible to simultaneously encode analogue
amplitude information in addition to binary phase information by varying
the optic axis of the pixels of the patterned retarder away from +22-5°.
The phase hologram can still be controlled as described hereinabove,
although in the off state the inverse of the amplitude modulation is
observable. For example, if the optic axis of a pixel is 40° from the
direction of polarisation of the input polariser, then the amplitude in the
on state is 98%. In the off state, no phase modulation occurs, but

transmission of the pixel is reduced to 2%.

In an alternative arrangement, an electrically or optically addressed
ferroelectric liquid crystal device (FLC) may be substituted for the
patterned retarder 4. The FLC acts as a reprogrammable patterned
retarder. The liquid crystal device 8 is then used to switch the hologram
represented on the FLC on and off, such an arrangement allows faster

switching than is possible by direct addressing of the FLC.

As a further alternative, a FLC may be placed in series with the patterned

retarder 4 and be arranged to act as a patterned switchable retarder, thus
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allowing the switching on and off of sub-holograms formed by the pixels

within a region of the patterned retarder 4.

An amplitude modulated hologram may be formed by the arrangement
illustrated in Figure 4. The output polariser 6 is parallel to the input
polariser 2. Additionally, the liquid crystal device 8 is arranged to act, in
the low voltage state, as a half wave plate, but the optic axis is now at an
angle of 22-5°. As before, the light emerging from the pixels is at +45°.
When the LCD 8 is supplied with a relatively high voltage V. the
LCD does not display birefringence, the polarisation of the light from the
pixels is unaffected, and the vertical component of the light is selected
by the output polariser 6. The vertical component of the light is the
same magnitude for light emanating from pixels 4a and pixels 4b. Thus

the output from the output polariser is of substantially uniform intensity.

When a zero or low voltage is applied to the liquid crystal device, it
functions as a half wave plate. Consequently the light emerging from the
pixels 4b is rotated to be plane polarised parallel to the axis of the input
polariser 2, whereas the light from pixels 4a is rotated to be plane
polarised perpendicular to the axis of the input polariser 2. Thus only
light from the pixels 4b is transmitted by the output polariser 6, and

consequently the amplitude modulation is replayed.

Other arrangements are possible, such as quarter wave patterned
retarders having the fast axes of each type of pixel perpendicular to one
another and the liquid crystal 8 arranged to act as a switchable quarter
wave plate having its fast axis parallel to one of the groups of pixels of
the patterned retarder. The device could have either parallel or crossed
input and output polarisers and the order of the liquid crystal and the

patterned retarder may be interchanged.
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A sequence of such switchable holographic elements may be formed by
placing the devices in series, thereby giving rise to 2" different
holograms, where n is the number of devices, and may typically be 3 or
4. In order to be additive, the devices need to be in close contact, or

alternatively the holograms require relatively long working distances.

Figure 5 shows a beam switching device comprising: an input polariser
2, a patterned retarder 4, a liquid crystal device 8, and an output
polariser 6, as described hereinabove; and an input fibre 10, a lens 12
and first and second output fibres 14 and 16. Light from the input fibre
(at position A) is collected by the lens 12 and imaged towards a point B
at an end of the first output fibre 14. The polarisers 2,6, the patterned
retarder 4 and the liquid crystal device 8 are in the optical path between
the lens 12 and the output fibre 14. When the liquid crystal device is
switched so as to replay the hologram encoded on the patterned retarder
4, the holographic image is arranged to steer the beam away from point
B and towards point C at the end of the second output fibre 16. The
hologram is designed to provide both a beam steering and a focusing
action, i.e. it is an off-centre zone plate. The focal length of the zone
plate may typically be between 1Tmm and 1 metre and may be optimised

for particular wavelengths.

Such a zone plate would be difficult to create using a directly addressed
liquid crystal device, because of the problems of addressing concentric
circles of elements, and also because of the spatial resolution that would

be required for simulating the shortest focal length lenses.

It is thus possible to provide a device in which a highly complex
holographic image is pre-recorded on a patterned retarder, and in which

a liquid crystal device is easily and quickly controlled to selectively
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replay the image. Such devices may be combined in series or in parallel
to provide a diverse and complex pattern of holographic images to be

rapidly selected. Such devices may be used as switchable Fourier plane
filters for optical computing applications, optical data storage, and beam

steering for optical disc and telecommunication applications.
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Claims

1. A switchable holographic apparatus, comprising a first polariser
having a spatially varying direction of polarisation, a switchable retarder
switchable between first and second states, and a second polariser, the
switchable retarder being disposed in a radiation path between the first

and second polarisers.

2. An apparatus as claimed in Claim 1, in which the first polariser
comprises a plurality of first pixels having respective directions of

polarisation arranged at a first angle to a first direction.

3. An apparatus as claimed in Claim 2, in which the first polariser
further comprises a plurality of second pixels having respective directions

of polarisation arranged at a second angle to the first direction.

4, An apparatus as claimed in Claim 3, in which the first and second

angles are of equal magnitude and opposite sign.

5. An apparatus as claimed in Claim 1, in which the first polariser
comprises a plane polariser for polarising electromagnetic radiation along
a first direction and a patterned retarder having a spatially varying

retardation.
6. An apparatus as claimed in Claim 5, in which the patterned
retarder comprises a plurality of first pixels having respective optic axes

arranged at a third angle to the first direction.

7. An apparatus as claimed in Claim 6, in which the patterned

<
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retarder further comprises a plurality of second pixels having respective

optic axes arranged at a fourth angle to the first direction.

8. An apparatus as claimed in Claim 7, in which the third and fourth

angles are of equal magnitude and opposite sign.

9.  An apparatus as claimed in any one of Claims 6 to 8, in.-which the

pixels are arranged to act as phase plates.

10.  An apparatus as claimed in any one of the preceding claims, in
which the switchable retarder exhibits substantially no birefringence in

the first state and acts as a phase plate in the second state. .

11.  An apparatus as claimed in Claim 10 in which the switchable

retarder is arranged, when in the second state, to act as a half wave

plate.

12.  An apparatus as claimed in Claim 11 when dependent on Claim 9,

in which the first and second pixels are arranged to act as half wave

plates.

13.  An apparatus as claimed in Claim 12, in which the second
polariser is crossed with respect to the plane polariser, the switchable
retarder has an optic axis at substantially 45 degrees with respect to the

first direction and the apparatus is arranged to replay a phase hologram.

14, An apparatus as claimed in Claim 12, in which the second
polariser is parallel to the plane polariser, the switchable retarder has an
optic axis at substantially 22.5 degrees with respect to the first direction

and the apparatus is arranged to replay an amplitude hologram.
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15. An apparatus as claimed in any one of Claims 12 to 14, in which
the first and second pixels are oriented at an angle of +22.5 degrees and

-22.5 degrees with respect to the first direction, respectively.

16.  An apparatus as claimed in Claim 10 when dependent on Claim 9,
in which the first and second pixels are arranged to act as quarter wave
plates, the optic axes of the first and second pixels are perpendicular to
one another and the second retarder is arranged, when in the second
state, to act as a quarter wave plate having an optic axis substantially

parallel to the optic axis of the first pixels.

17.  An apparatus as claimed in Claim 16, in which the second

polariser is crossed or parallel with the plane polariser.

18.  An apparatus as claimed in any one of Claims 5 to 9, in which

patterned retarder is formed of a photopolymer.

19.  An apparatus as claimed in any one of the preceding claims, in

which the switchable retarder is a liquid crystal device.

20. An apparatus as claimed in Claim 19, in which the switchable

retarder is a ©t cell.

21. An apparatus as claimed in any one of the preceding claims in

which the switchable retarder is pixellated.

22.  An apparatus as claimed in Claim 20 when dependent on Claim 2
or 6, in which each pixel of the switchable retarder is associated with a

plurality of pixels of the first polariser.

L
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23.  An apparatus as claimed in any one of Claims 5 to 9, in which the
patterned retarder is a pixellated ferroelectric liquid crystal device, the

pixels being controllable so as to form a programmable retarder.

24. A beam steering apparatus comprising a switchable holographic

device as claimed in any one of the preceding claims.

25.  An optical beam steering apparatus, comprising spatially
modulated polarising means for providing a spatially modulated source
of light comprising a plurality of regions producing plane polarised light
polarised along one of a first direction and a second direction, an
electrically controllable modulator having controllable birefringence for
selectively controlling the directions of polarisation of the polarised light,
and a polariser arranged to receive light from the modulator and to

transmit components of light polarised along a third direction.

26. An apparatus substantially as hereinbefore described with
reference to and as illustrated in any one of Figures 2 to 5 of the

accompanying drawings.
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