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In a colour liquid crystal projection display in which three differently-coloured illuminating beams (R, G, B) are incident from
mutually different directions on an LC panel (20) having an array of display elements (40) with a microlens array (21) at the input side
of the panel end of whose elements (42) overlies a respective group of three adjacent display elements in row or delta configuration and
through each of which light of the three colours (R, G, B) is directed at different angles respectively and converged towards respective
ones of the display elements in its associated group, a deflecting element array (25), comprising, for example, microlens element (44) or
microprisms (46) formed in a glass substrate of the panel, is positioned close to the plane of the display elements to deflect the directions of
light of at least two of the three colours from each microlens element (42) to bring the directions of light of the three colours at the output
side of the panel towards a common direction, and preferably substantially parallel to one another. A significant reduction in the amount of
spread of light if the output side is thereby achieved, such that, inter alia, a comparatively small aperture projection lens (30) can be used.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intenational
applications under the PCT.

AT Austria GB United Kingdom MR Mauritania

AU Australia GE Georgia MW Malawi

BB Barbados GN Guinea NE Niger

BE Belgium GR Greece NL Netherlands

BF Burkina Faso HU Hungary NO Norway

BG Bulgaria IE Ireland NZ New Zealand

BJ Benin IT Italy PL Poland

BR Brazil Jp Japan PT Portugal

BY Belarus KE Kenya RO Romania

CA Canada KG Kyrgystan RU Russian Federation
CF Central African Republic KP Democratic Peopie’s Republic SD Sudan

CG Congo of Korea SE Sweden

CH Switzerland KR Republic of Korea SI Slovenia

C1 Cbte d'Ivoire KZ Kazakhstan SK Slovakia

o} Cameroon LI Liechtenstein SN Senecgal

CN China LK Sri Lanka ™ Chad

cs Czechoslovakia LU Luxembourg TG Togo

Ccz Czech Republic LV Latvia TJ Tajikistan

DE Germany MC Monaco TT Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine

ES Spain MG Madagascar us United States of America
FI Finland ML Mali vz Uzbekistan

FR France MN Mongolia VN Viet Nam

GA Gabon




10

15

20

25

WO 96/12373

PCT/IB95/00815

DESCF'®TION
COLOUR LIQUID CRYSTAL PROJECTION DISPLAY SYSTEMS

The present invention relates to a colour liquid crystal projection
display system comprising a liquid crystal panel having a planar array of
display elements for modulating light to produce a display output, a
projection lens for collecting the display output from the panel and
projecting the display output onto a screen, illuminating means for
directing three differently-coloured light illuminating beams onto the
panel such that they are incident on the panel from mutually different
directions, in which the panel is provided with an array of microlens
elements at its input side via which the three different colours of input
light are directed onto respective sets of the display elements in the
array, and in which each microlens element of the array is associated
with a group of three adjacent display elements and input light of one
colour is directed through the microlens element towards one display
element of its associated group and input light of the other two colours
is directed through the microlens element at different angles

respectively towards the other two display elements of the group.

A projection system of this kind is known from EP-A-0465171. In
a described embodiment, a white light source, comprising for example
a metal halide arc lamp, generates a beam of generally parallel white
light which is directed onto a set of three dichroic mirrors whose planes
are arranged at mutually different slant angles. These dichroic mirrors
produce respectively three differently-coloured, red (R), green (G) and
blue (B), beams of light which are directed towards the input side of the
liquid crystal panel such that the three beams overlap at the region of

the panel and are incident upon the panel from three different
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directions, for example, with a central beam arriving perpendicularly to
the panel and the other two, side, beams being tilted with respect to
the central beam. The panel carries a microlens array adjacent its input
side on the outer surface of one of the glass substrates of the LC panel
so that its distance from the array of display elements is determined by
the thickness of that substrate. Each microlens element in the array
overlies a group of three immediately adjacent LC display elements in
a row of the display element array, or in a delta configuration (spread
over two rows), constituting red (R), green (G) and blue (B) display
elements, and serves to converge and direct light from each of the
three, R, G and B, differently-coloured input light beams through a
respective one of those three display elements. The display elements
modulate the light passing therethrough in accordance with
appropriately applied R, G, B video signals and the modulated light
outputs from all the display elements in the array so illuminated are
collected by a projection lens for projection onto the display screen.
This system has advantages over other known kinds of colour LC
projection systems. In comparison with the kind of system which uses
three separate LC panels each operable with a respective colour light,
the number of components and complexity of the system is, of course,
considerably reduced, although the display element density of the panel
has to be three times as great to provide the same display resolution.
In comparison with conventional colour LC projection systems using a
single LC panel in which colour is obtained by using a red, green and
blue colour microfilter array in association with the display element array
and an illuminating beam of white light, the light output, and hence
brightness, is significantly increased for a given light source as around
two thirds of the input light in the conventional system is absorbed or

reflected by the colour filters.
However the system described in EP-A-0465171 has the
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disadvantage that the light emerging from the output side of the LC
panel has a much larger spread than the input light. Because of the
spreading of the output light from the LC panel and the angles of the
three (R, G, B) beams emerging from the panel with respect to each
other a projection lens having a comparatively large angular (numerical)
aperture is necessary which in addition to being of large size, is
expensive and complicated to manufacture. The spreading of the
output light leads to a further disadvantage in that the viewing screen
should have sufficient light diffusing qualities to make the R, G and B
beams overlap in the viewer’s eye in order to produce a reasonable

quality display.

It is an object of the present invention to provide an improved
projection display system of the above kind.

According to the present invention a projection system of the kind
described in the opening paragraph is characterised in that the panel
includes an array of optical deflecting elements spaced from the
microlens element array close to the plane of the display elements
which deflecting elements deflect the directions of light of at least two
colours from each microlens element to bring the respective directions
of light of the three colours from the associated group of display
elements at the ouput side of the panel towards a common direction.

Preferably, the deflecting element array is arranged to deflect the
direction of at least two of the three light colours from each microlens
element such that the directions of the three light colours at the output
side of the panel are substantially parallel to one another.

The invention overcomes, at least to some extent, the
aforementioned disadvantages. Considering, for example, an
embodiment described in EP-A-0465171 in which each group of display

elements comprises three display elements in a row and the panel is
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illuminated by a central (G) beam directed perpendicular onto the panel
and two side (R,B) beams whose directions are tilted by equal amounts
to either side of the axis of the central beam, the microlens elements
each focus light of the central beam onto the middle display element
of its associated group and light of the two side beams onto the two
other display elements respectively, the angle of incidence of the two
side beams on the microlens array being determined according to the
pitch of the display elements and the focal length of the microlens
element. The consequential light output from each display element is
diverging and the centre lines of the outputs from the two display
elements to either side of the middle display element are tilted with
respect to the centre line of the light output from the middle display
element, thereby resulting in a significant spreading of the output light

emerging from the panel.

By virtue of the operation of the array of optical deflecting
elements, the angles between the directions of the light outputs of all
three display elements in each group are reduced, and preferably close
to zero. Considering, for example, the case where a group of display
elements associated with a microlens element comprises three display
elements in a row, then the directions of the two side beams emerging
from the panel are closer to, and preferably substantially parallel with,
the direction of the central beam. Like the output beams obtained with
the system of EP-A-0465171, they are each still diverging but now the
angles between the two side beams and the central beam at the output
side of the panel are reduced compared with those in the system of EP-
A-0465171, and this means that a projection lens of smaller numerical
aperture can be employed, with considerable savings in both cost and
space. Moreover, because the directions of the output beams are now

closer to, and preferably parallel with one another the requirement for
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the viewing screen to have sufficient diffusing qualities is lessened.
In the case of the groups of display elements comprising three in a row,
as discussed above, the deflecting elements need only deflect two of
the three colours of light, and preferably are arranged to deflect light of
the two display elements to either side of the central display element of
the group. The common direction then corresponds to the direction of
the colour light from the central display element.

in the case where each group of display elements comprises a
delta configuration, the directions of all three colours may be deflected
towards a common direction which common direction does not
correspond to the direction of any one colour of light prior to deflection.
This may be particularly desirable when the deflecting element array
precedes the display element array to ensure that the different colours
of light all pass through their respective display elements at an
appropriate angle for optimum contrast.

The array of optical elements may be disposed between the display
element array and the output side of the panel. Preferably, however,
the array is disposed between the microlens element array and the
display element array. This provides a further advantage in that by’
virtue of bringing the direction of the three colours of light toward a
common direction, for example, by deflecting the colours of light
associated with the two outer display elements of each group such that
that light travels in a direction closer to, or parallel with, the direction
of light for the central display element before that light reaches the
display elements, a more uniform performance is achieved. The angle
of the light travelling through an LC display element plays a part in the
transmissive value and it is desirable for the transmissive value
characteristics of the display elements in this respect to be similar for
all colours. It may also be desirable for all three beams to pass through

the display elements at the angle that give optimum contrast. To this
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end, all three beams could be tilted relative to the panel to achieve the
optimum contrast requirement.

The deflection of the at least two different light colours directed
via a microlens element takes place at a region where they do not
overlap with light colours from adjacent microlens elements and this
means that the array of deflecting elements is positioned at a region
close to the plane of the display elements, where, because of the
focusing action of the microlens elements, light of the three differently
coloured illuminating beams become separated. The deflecting element
array could be positioned close to the plane of the display elements at
a region where the three light colours from a respective microlens
element are partially overlapping. The deflecting element array may be
positioned next to the inner wall of a glass substrate of the LC panel.
Alternatively, the deflecting element array may be incorporated in a
glass substrate of the LC panel.

The deflecting element array preferably comprises a second
microlens element array arranged such that each microlens element of
this second array corresponds to, and is aligned with, a respective
microlens element of the first-mentioned microlens element array and
covers the group of three display elements associated therewith. By
arranging that the focal length of the microlens elements in the second
array is substantially equal to the optical distance between the second
array and the first-mentioned array, then all colours will emerge from
the second microlens element array with much the same range of
angles, that is, the directions of the centre lines of the three colour light
beams at the output side of the LC panel will be substantially paraliel to
one another and the angle of spread of each beam will be substantially
the same. The microlens elements of this second microlens element
array may be of a graded index type which can be formed within a glass

substrate conveniently.
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Alternatively, the deflecting element array may comprise an array
of micro prism elements in which the individual micro-prism elements
deflect the light colours in the desired manner. The microprism
elements may be of a graded index type formed in a glass substrate of
thé panel.

Where each group of display elements comprises three adjacent
display elements in a row, the first-mentioned microlens element array
may comprise spherical microlens elements each covering a group of
three display elements or a series of cylindrical microlens elements
extending parallel to one another, with each element covering a
respective group of three adjacent columns of display elements and with
portions of a cylindrical element being associated with respective
groups. If the deflecting element array also comprises microlens
elements, these elements may consist of either spherical microlens
elements or a series of corresponding cylindrical elements.

In a delta illumination layout in which the groups of display
elements each comprise three display elements arranged in a delta
configuration, the first mentioned microlens element array, and likewise
the deflecting element array if this comprises microlens elements, may

comprise spherical microlens elements arranged in a rectangular or

hexagonal format.

Embodiments of colour liquid crystal projection display systems in
accordance with the invention will now be described, by way of
example, with reference to the accompanying drawings, in which:-

Figure 1 is a schematic diagram of an embodiment of colour LC
projection display system according to the present invention;

Figure 2 is an enlarged schematic cross-sectional view through an
LC panel in one embodiment of the system of Figure 1 showing example

light paths in operation; and
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Figures 3A and 3B are schematic cross-sectional views through a
part of the LC panel in_alternative forms of a second embodiment of the
system of Figure 1.

It should be understood that the Figures are merely schematic and
are not drawn to scale. In particular certain dimensions such as
thicknesses and spacings may have been exaggerated whilst other

dimensions may have been reduced.

Referring to Figure 1, the projection system, which may be used
for TV or datagraphic display purposes, comprises a light source 10,
preferably in the form of an arc lamp, which generates white light that
is directed, with the aid of a rear reflector, through a condenser lens 11
to form a generally parallel beam 12 of white light. A set of three
dichroic mirrors 14, 15, 16, slantingly arranged with respect to the
beam 12 at mutually different angles, separates the white light into red,
R, green, G, and blue, B, component beams. Red light, represented by
dashed lines, is reflected from the input surface of the first mirror 14.
Of the transmitted blue and green light, the green light, represented by
solid lines, is reflected from the input surface of the second mirror 15
back through the mirror 14. The transmitted blue light, represented by
the dotted lines, is reflected by the mirror 16 back through both the
mirrors 15 and 14. The three differently coloured, R, G and B light
beams are directed onto an active matrix LC display panel 20 having a
microlens element array 21 at its input side. The light source, dichroic
mirrors and LC panel are arranged relative to one another such that the
three differently coloured, R, G and B, illuminating beams, each of
generally paraliel light, are incident on the LC panel 20 from mutually
different directions. In the example embodiment of Figure 1 then the
green beam is shown for simplicity as arriving substantially

perpendicularly to the plane of the panel 20 and the blue and red beams
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are shown as arriving at an angle, designated a in Figure 1, to either
side of the perpendigular.

The LC panel 20 has a row and column array of individually
drivable LC display elements of conventional form each of which is
cbntrolled via a respective switch device comprising a TFT or a two
terminal, non-linear device such as a thin film diode. The microlens
element array 21 consists of a set of microlens elements, each of which
is aligned with, and overlies, a respective group of three adjacent
display elements, for focusing light from the red, green and blue
illuminating input beams through respective sets of the display
elements, where the light is then modulated according to an applied
video signal.

The projection system as described thus far is similar in many
respects to that described in EP-A-0465171 to which reference is
invited for further description of the general construction and operating
principles of the light source 10, the set of dichroic mirrors 14, 15 and
16, and the LC display panel 20 and its microlens array 21, and whose
disclosure in these respects is incorporated herein by reference.

In operation, the microlens elements of the array 21 each focus
light of the three differently coloured, and differently directed,
iluminating beams into three separate images, each of which is
coincident with a respective display element of its associated group.
The display elements of the panel 20 are driven via their associated
switch devices to modulate their respective light inputs in conventional
fashion by a drive circuit {(not shown) that selects the rows of display
elements of the array in turn and drives the display elements in a
selected row according to the video information in a supplied video
signal, this operation being repeated for successive fields of the video
signal to produce successive display output fields. The display light

output from the panel 20, comprising the individual modulated light
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outputs from the display elements, is collected by a single projection
lens 30 and projected onto a screen 31 where a full colour projected
image is displayed.

The manner in which the R, G and B component beams are guided
through the LC panel 20 differs from that of the system of EP-A-
0465171. This difference results in the light emerging from the panel
20 having a smaller spread which has the advantage, inter alia, of
allowing a projection lens of smaller angular aperture to be used.

In the system of EP-A-0465171, light emerging from the panel has
a much larger spread than the spread of the input light. The microlens
elements of the array each serve to converge the light of each of the
three illuminating beams arriving at mutually different angles, ignoring
for simplicity any divergence of the input light due to, for example, the
finite size of the arc of the light source, and focus this light onto
respective ones of the associated group of three adjacent display
elements. After passing through a focus at each display element the
light emerges as a diverging beam. In the case, for example, in which
one of the three illuminating beams is directed along a central axis
perpendicularly to the panel and the other two, side, beams are directed
onto the panel at equal but opposite angles a with respect to that
central axis, the light emerging from the centre display element of a
group associated with a microlens element then consists of a divergent
beam whose centre line is substantially parallel to the central axis
whereas light emerging from the two outer display elements of the
group consist of diverging side beams whose centre lines are tilted to
either side of the central axis by the angle a. For the display panel
output as a whole, the three differently coloured and modulated output
light beams emerging from the panel as a result of illumination by the
three illuminating beams in combination constitute an output beam

having a much larger spread than the input light.
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In the system of Figure 1, the panel 20 further includes an array
of optical deflecting elements 25 which, with regard to a typical group
of three adjacent display elements associated with a microlens element
of the array 21, adjusts the directions of at least two of the light colours
obtained from two display elements to of the group to bring the
directions of the three colours of light from a group at the output side
of the panel towards a common direction, and preferably parallel to one
another. In bringing the directions of the centre lines of the three colour
light beams outputted from the panel closer together and preferably
substantially parallel with one another, the amount of spread of the light
emerging from the panel, is, of course, considerably reduced.

Figure 2, which shows schematically a cross-section through a
typical part of the LC panel 20 in one embodiment of the system and
example light paths therethrough, illustrates the operation and effect of
the deflecting element array 25. The panel 20 comprises two spaced
glass substrates 35 and 36 with twisted nematic LC material disposed
therebetween. The substrates carry address lines and electrodes (not
shown) in conventional fashion defining a row and column array of
display elements, some of which elements from one row are shown
here as simple blocks 40 with the letter R, G or B denoting their
associated colour. The microlens array 21 carried on the outer surface
of the substrate 35 consists of microlens elements 42 each of which is
aligned with a respective group of three adjacent display elements 40
in the row and directly overlies that group, the width of the microlens
element corresponding approximately with the width of the group. In
this embodiment, the microlens element array can comprise spherical
geometry lenses overlying respective groups of display elements or a
series of parallel, cylindrical geometry elements extending columnwise
of the panel, each element covering three adjacent columns of display

elements. Green light of the central illuminating beam arriving at a
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microlens element 42 substantially perpendicularly to the plane of the
substrate 35 is directed onto the central, G, display element 40 of its
underlying group and red and blue light of the two side beams arriving
at that microlens element is directed respectively onto the display
elements immediately to either side of the green, central, display
element, as depicted by the ray paths in Figure 2. The power of the
microlens element 42 is selected so as to converge and focus the three
colours of light into three separate images in the plane of the display
element array, this plane being spaced from the microlens array by the
thickness, d, of the substrate 35. As can be seen from Figure 2, the
centre lines of the two side beams (R, B) in the substrate 35 are tilted

with respect to the centre line of the central beam (G) and at a region

close to, and including, the plane of the display element array become

separate and do not overlap one another.

The optical deflecting element array 25 is arranged so as to
redirect the side beams which emerge from the two outer display
elements of each group and bring the directions of these side beams
more into line with the directional axis of the central beam. To achieve
this desired bending, the deflecting element array 25 is positioned close
to the plane of the display element in the region where the central and
side beams do not overlap. In this embodiment, the deflecting element
array 25 comprises a further microlens element array formed in the
glass of the substrate 35 immediately adjacent its inner surface as
graded index microlens elements and of similar configuration to the
array 21. Each microlens elements 44 of the array corresponds to, and
is aligned with, a respective microlens element 42 of the array 21 and
overlies the three display elements 40 of the group associated with that
element 42.

Each microlens element 44 allows light of the central, G, beam

arriving at its centre to pass through without any significant change to
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its directional axis. The two, R, B, side beams which arrive towards the
opposing edges of the microlens element 44 are deflected in equal but
opposite directions such that the directions of their centre lines at the
output side of the display elements are brought substantially into line
with the direction of the centre line the central G beam, as shown in
Figure 2. The focal length of the microlens elements 44, taking into
consideration the refractive index of the substrate 35, is selected to be
approximately equal to the distance, d, from the microlens element
array 21 so that the three different colours pass through and, emerge
from the display elements with substantially the same range of angles
as also shown in Figure 2.

The technology of graded index type microlens element arrays is
well established and it is not thought necessary to describe their
fabrication here in detail. Example fabrication techniques are referred
to in EP-A-0465171. The formation of graded index type microlens
elements 44 in the substrate 35 requires that the glass used for the
substrate be of the appropriate type which allows ion exchange. The
substrate 35 is preferably the passive plate of the panel, that is ,the
substrate which does not carry the switch devices of the display
elements, as this substrate requires less processing during manufacture.
Preferably, because of the reactive nature of the material required for
the substrate 35, the surface of this substrate is covered by a thin,
transparent protection layer prior to the electrode structure being
deposited thereon.

The positioning of the optical deflector element array 25 adjacent
to the input side of the display element array so that the side beams are
bentbefore they enter their respective display elements has a secondary
advantage of more uniform performance as the angles of light through
the LC material, which are instrumental in determining transmission

values, are then substantially the same for all colours.
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Various forms of microlens element are possible for both of the
arrays 21 and 25. If of cylindrical form, the microlens elements 42 and
44 are arranged in parallel strips. |f of spherical, or toroidal, form, the
elements 42 and 44 may be arranged in a hexagonal or square format
ahd adjacent rows may be staggered with respect to each other if
desired. If a delta colour illumination element layout is employed,as
discussed in EP-A-O 465 171, in which red, green and blue display
elements are grouped in a delta configuration, spherical or toroidal,
microlens elements are required.

The optical deflecting element array 25 may comprise elements
other than microlens elements which are suitable for the purpose of
achieving the desired deflection. In an alternative embodiment, a
system of microprisms may be formed in the substrate 35 in close
proximity to the plane of the display elements 40 to perform a similar
function to the microlens elements 44 in bending the side beams in the
required manner.

Figures 3A and 3B illustrate schematically two alternative forms of
such microprism elements, referenced at 46, associated with the groups
of display elements. As is seen from these figures, the central G beam
is allowed to pass through the associated display element of each group
without suffering any deflection, while the directions of the two, R and
B, side beams are deflected by microprism elements in a general similar
manner to that obtained by the previously described microlens
elements. In the embodiment of Figure 3A, the structure of the
microprism elements overlies completely the groups of display elements,
while in the embodiment of Figure 3B the structure of the microprism
elements involves only the two outer display elements of said group.
Both forms comprise slanting, flat-surfaced prisms overlying the outer
display elements of each group. The microprism element array can be

formed in the substrate 35 using graded index technology or by suitably
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sculpturing the surface of the glass substrate 35 to form recesses
defining the microprism element interface surfaces and then filling the
recesses with optically transparent material leaving a flat, outer,
surface.
| Various modifications are possible. For example, the deflecting
element array 25 may instead be positioned in close proximity to the
plane of the display element array adjacent to the output side of the
display elements by forming the array at the inner surface region of the
substrate 36 rather than in the substrate 35, although the advantages
of equalising the angles of light through the display elements would
then be lost. Instead of being incorporated in a glass substrate, the
deflecting element array could be provided on the inner surface of a
glass substrate as a separate component to the substrate.
In the above-described embodiments, the illumination of the panel
20 has been described for simplicity with reference to a central, G,
illuminating beam directed substantially perpendicularly to the panel and
two side beams, R and B, directed at an angle to the central beam.
However, it will be understood that other illuminating arrangements,
using three different -colour beams incident on the pane! from mutually
different directions, can be employed. Thus, the central illuminating
beam may be directed onto the panel at an angle away from the
perpendicular and the direction of the two side beams adjusted
accordingly. This may be achieved simply by tilting the illuminating
beams slightly with respect to the panel 20.. By suitably selecting the
angle at which the central beam is directed onto the panel and
positioning the deflecting element array such that the light of the side
beams is deflected before entering the display elements, it can be
arranged that all three colours of light pass through their respective
display elements at an angle which provides optimised contrast, this

angle being similar, but not necessarily identical, for all display
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elements. With such tilting, it will be appreciated that the microlens
element of the array 21 and their respective associated deflecting
elements of the array 25 need not directly overlie one another but could
be offset with respect to one another, and to the associated group of

display elements.

In the embodiments described above with reference to Figures 2,
3A and 3B, each group of display elements comprises three adjacent
display elements in a line. However, for a delta colour illumination
layout in which each group comprises display elements from two
adjacent rows, as mentioned in EP-A-O 455 171, requiring spherical
microlenses for the array 21, the directions of the three illuminating
beams are selected accordingly and in this case there is not, as such,
a central illuminating beam. If used the microprism elements of the
array 25 would then each comprise three flat surfaces arranged in
pyramidal form.

Further although the above described embodiments use an active
matrix LC display panel, it will, of course, be appreciated that the panel
could instead be a simple passive, multiplexed matrix, display panel.
Also, means for generating and directing the three illuminating beams
on to the LC panel at mutually different angles other than the described
arrangement may be employed, as discussed in EP-A-0465171. For
example, three separate, red, green and blue, light sources could be
used.

From reading the present disclosure, other modifications will be
apparent to persons skilled in the art. Such modifications may involve
other features which are already known in the field of colour liquid
crystal projection display systems and which may be used instead of or

in addition to features already described herein.
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CLAIMS

1. A colour liquid crystal projection display system comprising
a liquid crystal panel having a planar array of display elements for
modulating light to produce a display output, a projection lens for
cbllecting the display output from the panel and projecting the display
output onto a screen, illuminating means for directing three differently-
coloured light illuminating beams onto the panel such that they are
incident on the panel from mutually different directions, in which the
panel is provided with an array of microlens elements at its input side
via which the three different colours of input light are directed onto
respective sets of the display elements in the array, and in which each
microlens element of the array is associated with a group of three
adjacent display elements and input light of one colour is directed
through the microlens element towards one display element of its
associated group and input light of the other two colours is directed
through the microlens element at different angles respectively towards
the other two display elements of the group, characterised in that the
panel includes an array of optical deflecting elements spaced from the
microlens element array close to the plane of the display elements
which deflecting elements deflect the directions of light of at least two
of the three colours from each microlens element to bring the respective
directions of light of the three colours from the associated group of

display elements at the output side of the panel towards a common

direction.

2. A colour liquid crystal projection display system according
to Claim 1, characterised in that the array of deflecting elements is

disposed between the display element array and the microlens element

array.
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3. A colour liquid crystal projection display system according
to Claim 1 or Claim 2_, characterised in that the deflecting element array
is arranged to deflect the directions of light of at least two of the three
colours from each microlens element such that the directions of light of
the three colours at the output side of the panel are substantially parallel

to one another.

4. A colour liquid crystal projection system according to any
one of the preceding claims, characterised in that each group of display
elements comprises three adjacent display elements in a row and in that
light of the two colours associated respectively with the display
elements to either side of the central display element in a group are
deflected by the deflecting element array such that they are directed
along respective axes substantially parallel to the directional axis of

light of the colour associated with the central display element.

5. A colour liquid crystal projection display system according
to any one of Claims 1 to 3, characterised in that each group of display
elements comprises three adjacent display elements arranged in a delta
configuration and in that the light of the three colours from each
microlens element are each deflected by the deflecting element array

such that they are directed along substantially parallel axes.

6. A colour liquid crystal projection display system according
to any one of the preceding claims, characterised in that the deflecting
element array comprises a second microlens element array in which
each microlens element corresponds to, and is aligned with, a
respective microlens element of the first-mentioned microlens element
array and covers the group of three display elements associated with

the microlens element of the first-mentioned array.
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7. A colour liquid crystal projection display system according
to Claim 6, characterised in that the focal length of each microlens
element in the second array is substantially equal to the optical distance

between the second array and the first-mentioned microlens element

array.

8. A colour liquid crystal projection display system according
to any one of Claims 1 to 5, characterised in that the optical element

array comprises an array of microprism elements.

9. A colour liquid crystal projection display system according
to any one of the preceding claims, characterised in that the deflecting
element array is incorporated in a glass substrate of the liquid crystal

panel.

10. A colour liquid crystal projection display system according
to any one of claims 1 to 8, characterised in that the deflecting element

array is provided on the inner surface of a glass substrate of the liquid

crystal panel.
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