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DESCRIPTION _
COLOUR LIQUID CRYSTAL PROJECTION DISPLAY SYSTEMS

‘The present invention relates to a colour liquid crystal projection

display system comprising a liquid crystal panel having an array of_

~ display elements for modulating light to produce a display output,

iluminating means for directing three differently-coloured light
illuminating beams onto the panel such that they are incident on the
panel from mutually different directions, the panel being provided with
a microlens array at its input side for directing .the three different

colours of input light onto respective sets of the display elements in the

~ array, each microlens element overlying a group of three display

elerhents, and a projection lens for collecting the display output from

the panel and projecting the'display output onto a screen.

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 are incident upon the

panel from three different directions, with the central beam arriving

perpendicularly to the panel, and overlap at the region of the panel. The

~-panel carries a microlens afray atits input side. Each microlens element

in the array overlies a group of three immediately adjacent LC display

"~ elements in a row of the display element array, constituting red (R),

-green (G) and blue (B) display elements, and serves to. converge and
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direct light from each of the three, R, G and B, 'diffe'rently-coloured input

light beams through a respective one of those three display elements.

The display elements modulate the iight passing therethrough in

accordance with applied R, G, B video signals. 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 séparate 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 elements in
conjunction with an iilumina_ting beam of white light, the light odtput,
and hence brightness, is significantly increased for a given light source

as around two thirds of the input light in the conventional system is

'abs'orbed or réﬂ.ected'by_the colour filters.

However, the system described in EP-A-0465171 is not without
its own problems and can suffer from the effects of stray light which

lead to a display image with inferior colour purity and colour contrast

.being produced. It is mentioned_ in EP-A-0465171 that problems with

stray light may be caused' by the degree of parallelisation of the
illuminating 'Iight being pqor', so that the illuminating beams are incidgnt

on the panel from directions other than the predetermined directions.

~ In such a case it is suggested that the light from the light source couid

be converged on spots by a condensing lens and unnecessary light cut

~ out using a slit or a pin hole. Besides making the system more complex
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and more expensive, this would require more space and thus be

. unsuitable for a compact pfojection system.

It is. an object of the present invention to provid.e an improved
colour LC projection dispiay system.

According to the present invention, there is provided a colour LC

- projection system of the kind described in the opening paragraph which

-is characterised in that the directions of the three differently-coloured

illuminating beams incident on the panel are selected with respect to

one another and to the mi_crblens elements of the microlens array such

~that at a position spaced from the output side of the panel the three

beams pass respectively through substantially spatially separate areas
and in that filter means are provided at said position for removing at
each area light of a colour other than that of the beam associated with
that area.

The invention results in a display of improved colour pﬁrity and

with higher colour contrast by removing unwanted colour components,

-and primarily those components due to stray light effects, in the panel’s

output before they reach the screen. The invention stems from a
recoghition that, firstly, there are a humber of sources of stray light in
the system. othér than simply stray light resuiting from the non-
parallelity of the light beams inéident on the panel as mentioned in EP-

' A-0465171, and, secondly, that at least most of the stray light can be

removed conveniently on the -outpuf side of the panel by filtering

- provided that the three differently coldured beams at this region are

sufficiently separated. o _
'One. ..sourc'e of stray light is the- light-source itself -and the
dimensions of its light generating region. For example, an arc lamp,

such as a metal halid arc lamp; has a certain size of arc and light that
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originates away from the bright central _portioh of the arc gives rise to
stray light. The microlens elements image this arc on to the display
elements, ideally with the bright portion just underfilling the open area,
i.e. aperture, of the display elements_. Light from the weaker, outér,
regions of the arc can thus easily be imaged on adjacent display.
elements. . '

The structure of the microlens array itself can also lead to stray
light through scattering of light at the joins between the microlens
elements. The surfaces of the lens elements, or the interface between
normal and doped matérial in the cése of gradient index kinds of
microlens arrays, can also scatter Iight. Furthermore, the structure of
the circuitry is on the substrates of the LC panel, for example the row
and column address c_ondu'ctors and, in active matrix type hanels,
switching devices, may also result in light being scattered.

With the present invention, at least a substantial proportion of all

~ this stray light is removed before it can be projected onto the screen

through arrahging that a position exists where the three differently
coloured beams are separate from one another and by an appropriately
filtering each beam at that pdsition. Because the three intended colour
light beams follow well defined paths; this is relatively easy to achieve.
By suitable arrangement of the system components, appropriately
directed illuminating beams can be provided in convenient manner.
The apérture stop location of the projection lens is a preferred
suitable region for the filter means. With the three beams then passing
through respective different parts of the aperture a three segment
coloured filter can be placed at this position to absorb any light of the
wrong colour at each part. The aperture stop is considered to be the
most desirable place in which the accommodate the filter means in

simple and convenient manner. At this position the beams are more
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well defined than elsewhere.

- The microlens elements of the microlens array each operate, as

.described in EP-A-0465171, to converge and focus light from each of

the three differently coloured illuminating beams onto a respective one
of three display .elements associated with the microlens element (or
three columns of display element in the case of cylindrical microlens
elements being used), so that after passing through the display
elements the individual light outputs from the display elements are
diverging. In the system of EP-A-0465171, the three display elements
concerned are those which underlie the microlens element. In order to

- provide a position where the three output beams are separate from one

another in a convenient manner the angles between the three beams at

- the panel output side can be increased so that they are greater than the

individual beam spreads. In apreferred embodiment of the invention,
this is achieved by arranging that for each microlens element light from
the two illuminating beams to either side of the third illuminating beam
is directed through respective display elements to either side of one
display element through which light frbm the third beam is directed
which are not immediately adjacent to the one display element. Light
from the two side beamé may be directed respectively to the next but
one display eléments on either side of the one display element.
Assuming that one light beam is directed substantially normally onto the

- display panel, light from this beam is directed by one microiens element

: through a display element underlying this microlens element, for

example the nth display element in the row, whereas light from the _
iluminating beams to either side of this one beam is directed
respectively to the (n+ 2)th and (n-2)th display elements. Alternatively,
light from the two side beams may be directed respectively onto the

next but three display elements to either side of the one display
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element, i.e. the (n +4)th and (n-4)th display elements, in a row.

Each microlens element may be arranged to overlie a group of

- three adjacent display elements in a row of display elements or three

- adjacent display elements in a delta arrangement in the case where a

so-called delta array of display elements layout is desired.

The microlens array may comprise an array of semi-cylindrical
microlens elements extending in parallel columnwise of the dlsplay'
element array, as described in EP-A-0465171, or alternatively an array
of spherical, or toroidal, microlens elements.in rectangqlar-or hexagonal
format. Spherical microlens elements would be required for the
aforementioned deita colour display element layout. Spherical, or
toroidal microlens -élemerits, rather than cylindrical elements, are
considered to be.moie preferable as cylindrical microlens elements
would likely waste more .Iight and could also be a further source of stray

light as they focus light only in one dimension.

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

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

Figure 2 is an enlarged schemat«c_cross—section- view through an
LC panel in one embodiment of the system of Fi'gure 1 showing example .
light paths in operation; and -

- Figure 3 is an enlarged schematic cross-section view thrbugh an
LC panel in another embodiment of the system of Figure 1 -shdwing
example light paths in operation.

It should be understood that the Figures are merely schematic and

are not drawn to scale. In particular certain dimensions such as
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thicknesses and spacings may have been éx'aggerated: 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 gé'n'erates 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 of rotation around an imaginary
axis, separates the white light into red, R, gréen, G, and bilue, B,
component beams. Red light, represented by dotted lines, is reflected |
from the input surface of the first mirror 14. Of the transmitted blue
and green light, the green ligitt, represented by sblid lines, is reflected
from the input surface of the second mirror 15 back through the mirror
14. The transmitted blue light, represented by the dashed 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 aré_directed onto
an LC display panel 20 having a microlens array 21 at its input side.

The light source, dichroic mirrors-and LC panel are arrahged relative to

one another such that the three differently coloured illuminating beams,
R, G ahd B, are incident on the LC panel from m‘Utually different
directions with the green beam arriving substantially ,perpendictjlar-lv to
the plane of the panel and with the blue and red beams arriving at an
angle, designa’_ce’d a in Figure 1, to either side of the perpendicular.
The LC panel 20. is of a conventional form and consists of a row

and column array of individually operable LC display elements. The

‘microlens array 21 consists of a set of microlens elements, each

microlens element being aligned with, and overlying, a respective group
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of three adjacent display elements. The microlens array 21 serves to
focus light from the red, green and blue illuminating beams through

respective display elements associated with each microlens element,

and hence respective sets of the display elements, where the hght is
modulated accordmg to an applied video signal.
In operation, the microlens elements each focus light of the three

differently coloured, and differently directed, illuminating beams

obtained by splitting the white light from the light source into three line
images, each of which is coincident with a respective display element.
The display elements of the panel 20 are driven to modulate their

respective light inputs in conventional fashion by an associated drive

- circuit (not_ shown) to which a video signal i's'_.applied by selecting the

rows of display elements of the array in turn and driving the display
elements in a selected row aeéording to the video information in the

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

 outputs of the thus operated display elements, is collected by a single

projedtion fens 30 and projected onto a screen 31 where an image is
displayed. With this system, therefore, only one LC panel and one
projection lens are required to produce a full colour projectioh display.
" The projection system as desbribed thus far is similar in many
respects .to that describe‘d- in EP-A-0465171 to which reference is
invifed 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 fhe LC display panel 20 and its microlens array 21, and whose
disclosure in these respects is incorporated herein by reference.
The projection system of Figure. 1, however, has important
differences over that of EP-A-0465171 which lead to an advantageous
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impro'vement in the colour reproduction and contrast of the display
image obtained. The projection system, as will be 'described in greater
detail with reference to Figures 2 and 3 illustrating two alternative
embodiments, overco'r'n_es': particularly problems due to stray- light which
causes loss of colour purity and contrast;

Stray light can result from a number of sources. One source is the

light which originates away from the central bright regior\ of the arc of

“the light source 10. ldeally, the light source should be a point source

but because the arc Iamp generates an arc of finite Iength the light of
the illuminating beam produced by the condenser lens 11, and
consequently the light of each of the differently coloure’d. iiiumihating
beams directed onto the panel 10, will not be oompletely. paraIIeI in the
system of EP-A-04651 71 each microlens element of the array overlies
a respectlve group of three |mrned|ately adjacent display elements and
images the arc in red, green and blue on those underlying three display
_elemehts respectively. For optimurh effectiveness, the bright part of the |
imaged arc preferably should just underfill the open area of each display
element. | As-a result of doing this, however, and because the three
iluminating bearhs are'not completely parallel but are spreading slightly,

light from the weaker outer portions of the arc can easily be imaged on

‘the display elements to either side of the dispiay element receiving the
bright part of the imaged arc which dlsplay elements are each mtended

to receive only light of a different colour. | _
The structure o_f the miicrolens array 21 can also lead to stray light,
particularly the regions separating adjacent microlens elements from

which light can be scattered, and the surfaces of the microlens

"~ elements, or, in the case of gradient index type microlens, the interface

between normal and doped materlal whlch can also scatter light.

Simllarly, the c:rcurtry carrled on the substrates of the LC panel 10,
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such as the sets of row and column address conductors, and also, in

-the case of an actlve matrlx LC panel, the swrtchmg elements, for

‘example, TFTs, can also cause scattered llght ‘As with the stray light

effects caused by the fmlte arc Iength this scattered light can lead to
display elements recelvmg Ilght of a colour other than that of the
partlcular colour mtended A dlsplay element lntended to operate solely
wrth for example, red Ilght may thus recerve small amounts of blue and
green Ilght as well which, after modulatlon, is collected and pro;ected
onto the screen and this ' wrong colour light |s ‘responsible for the
degradatlon of colour purlty '

In the prolectron system of Flgure 1 _at Ieast most of this stray
light is removed before reachmg the screen so that the drsplay image
has much |mproved colour purrty The manner in whlch this is achieved
results from an appreclatlon of the fact that the "correct" colour light

follows well defmed paths through the system and the recogmtlon that

_rf the paths of the dlfferently coloured "correct" Irght are d|strnctly _

defined at some point be_tween the p_anel and the screen then a
substantial proportion of the stray light of the "wrong" colour can be

removed in a simple and convement manner. To this end, therefore the

_dlrectlons of the three dlfferently coloured light beams relatlve to one

another and to the microlens array are selected such that at a posntlon :
spaced from the output side of the panel the three,_ modulated, beams _

are 'Iargely separated and pass respectively'through substantially

separate spatlal areas at that posutron, and colour filter means, as

indicated for example at 40 in Figure 1, are dlsposed at that position
which, with regard to each of the areas, allows onIy lrght of the correct
colour to pass therethrough Thus, the filter means, which can

comprise a simple three segment red, green and blue, coloured filter,

‘absorbs any stray Ilght of the wrong. colour from the red green and blue

SUBSTITUTE SHEET (RULE 26)
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output beams from the panel 20.
By virtue of the beams passing through substantially separate

areas at a position spaced from the-putput side of the panel, the

projection system of Fig’ure_ 1 differs significantly from that of EP-A-

- 0465171 in which, after passing through the panel, the three

ilumination beams are such that, while their centre lines are still at an
angle to each other, they have a spread, i.e. divergence, introduced by
the microlens elements which means that the three colours parﬂy
oveflap. This is in addition to the spreading as a consequen'ce of the
finite size of the arc. Because of the overlapping nature of the
spreading beams, filtering cannot be used to remove stray light.

It would not be feasible to try to create a position where the three

' beams are spatially separate which makes selective -colour filtering .

possible by just selecting, for example, the size of the light source, the

focal length of the microlens elements, the distance between the

- microlens elements and the display elements, and the display elements’

sbacing and open areas. Instead, the geometry, particularly of the
beams, is altered. ' ,
Two embodiments of the projection system demonstrating
alternative ways of achieving this objective will be described with -
referénce to Figures 2 and 3 which each show schematically a cross-
section through a part of the LC panel and light paths therethrough. In
both cases, the important c'Onsideration,_ bearing in mind that the
microlens elements introduce an additional spread, is to increase the
angles between the three coloufs ‘emerging from the panel so that they
becdme substantially separate. For a given display element spacing and

display element to microlens element distance using the geometry of the

- system of EP-A-0465171 the angle:between the beams would appear

to be fixed and if adjacent microlens:elements touch each other, that is,
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the individual elements are not spaced from one another to any

~ significant extent, this angle is smaller than the individual beam spreads.
.The desired objective of separating the beams is achieved by arranging

that the two side beams, that is, the beams to either side of the beam

arriving perpendicul_arly; to the plane of the panel, do not go through the
display elements immediately adjacent the centre beam display element
but thrbugh the next display elements, (Figure 2), or even further away,
{Figure 3), instead. | |

Figure 2 shows a cross-section through a typical part of the LC
panel 20 "The panel 20 comprises two spaced substrates 35 and 36

~ with twisted nematic LC material disposed therebetween which carry

respectively sets of electrodes (not shown) defining a row and column

'arrév 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 in the
row and directly overlies that group, the width of the microlens element
corfesponding approximately with the width of the group. Green light
arriving at a microlens element 42 substanﬁally perpendicularly to the
pléne of the substrate 35 is focused by that element onto the central,
G, display element 40 of its underlying group as depicted by the ray

'paths in Figure 2. Instead of the red and blue light arriving at that

microlens element being focused on the display elements immediately
next to, on either side of, the green, cgn_tral, display element, as in the
system of EP-A-0465171, the red and blue light is focused respectively
on the next but one display elements to either side of that central,

green, display element. Assuming, for example, that the mth microlens

- element of the array overlies the (n-1)th, nth, and (n+ 1)th. display
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- elementsin thé i*'c":i"w, then the green light is diiét:ted onto the nth display

element in the Tow by the mth microlens element 42, and the red and

"blue side beams arriving at that mth microlens elements are directed

respectively to the (n+ 2)th display element and (n-2)th display element
respectively. (The paths of the red and blue light through the mth
microlens element are not actually shown in Figure 2 for reasons of -
clarity). Red and biue light is directed onto the (n-1)th and (n+ 1)th
display elements immediately to either side of the dentral; ntH, display
element, i.e. by the (m-1)th and (m+ 1)th microlens elements to either
side of the aforementioned, mth; microlens element, as is depicted by
the ray paths in Figure 2.. The appropriate colour light is directed onto
each of the other diéblay elements in the row by the microlens elements

in similar fashion. Other rows of display elements are illuminated in the

‘'same manner. ' .

." To this end, the directions of the red and blue illuminating beams
a're'appropriately angled by equal amounts to opposite sides of the
pérpendicular to the panel, corresponding to the direction of the green
illurhinating beam. As.can be seen from Figure 2, the red, green and

biue modulated outputs from fhe'pahel 20 are still spreading but,

| importantly, the angles between the three colours, as determined by the

directions of their centre lines, are much greater than those in the
system of EP-A-0465171 so that at a distance away from the panel the
rec_l, gréen 'a'nd'_bl'ue o'utput' beams becbme substantially separate and
overlap only to a very small extent. ‘At a region spaced from the output
side of the panel 20, thé.refofe," thé;: three beams pass through
substantially separate and distinct areas, in a plane parallel to the panel,
with ohly very slight overlap between the green ard blue beams and the
green and red beams, thereby permitting a three segment colour filter

to be positioned at that'region to absorb most of the unwanted colours
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and allow rhainly light of the correct colour to pass at each of these
sybsténtial_ly éeparate areas, and consequently reducing unwanted l.i'ght
of the wrong colour being projected onto the scfee_n__. The aperture stop
Ioca_tibn_in the projection lens is partic'ularly cb’nvenien_t position for the
segmental colour 'filter._ A three segment _.colo.ur_ filter, shown
schematically at 40 in Figure 1, can __be. accommodated in a simple and
easy manner at t_he apertui'e stop Iocaiion.

In the embodiment of Figure 3, in which the same réference
numerals are used to den_o_te_ :lik_e parts, the arfangement of the
microlens elements in relation to the display'_elernents is the same as

before and the green illumi'natf_lr;lg beam again is directed substantially

_ perpendicularly to the plane of the_':pane'l 20 The red and blue

iluminating beams are also difected at substantially equal angles to
either side of the axis of the green beam. However, in this
embodiment, the red and blue illuminating beams are now directed at

" increased angles to the perpendicular so that, for a given microlens

element 42, green light is still directed onto the central display element

40 of the underlying_ grbup of three display elements but the red and

blue side beams are focused by that microlens element respectively
onto the nexf but three display elements to é_ither side of that central
display element. Thus, assuming the mth microlens element of the
array overlies the (n-1)th, nth _and' {n+1th display'elements, the green

beam is focused by the mth microlens element onto the nth display

‘element, and the red and blu_g side beams are _focused_ by that mth

microlens element onto respectively the (n+4)th and (n-4)th display
elements. Blue and red light ié directed onto rgspectively the display
elements immediately tb either side of the centrai, nth, display element,
ie. the (n+1)th and (n-1)th display elements by the (m-1)th and

{(m+ 1)th microlens elements as depicted by'the ray paths shown in

SUBSTITUTE SHEET (RULE 26)
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Figure 3. The ;pb_r'bpri.ate colour light is dirécted onto each of the other
display elementsin the row by the mic'rol_ens elements in similar fashion.
'i'he_other rows of displa_y elements are illuminated in the same manner.

In this embodimenf, therefore, the angles between the red, green
and blue modulated output beams from the panel 20, as defined by their |
centre Iineé, are now greater than _the individual beam spreads.
Compared with the .embodimenlt of Figure 2, the angles are larger so
that at a distahce from the panel 20 the red, green and blue output
beams are completely separate, occﬁpying distinct spatial areas in a
plane parallel to the panel 20. A three segment filter, indicated at 40
in Figure 1, and again arranged at the aperture stop of the projection
lens then ab_sbrbs unwanted bolours and allows only light of the correct
colour to pass at e.ch' of these separate areas, thereby preventing
unwanted light of the wrong colour be'ing' projected onto the screén.

With compact arc lamps and typical display element sizes and
substrate thicknesses, the total angular spread of the output beams in
both embodiments cén be made quite small. The aperture of the
projection len's 30is def_ermined by this angular spread. |

A brief mathematical explanaiion of the optical design criteria for
the projection systems of Figﬁres 1. 2 and 3 will now be given.

In Figure 1, the thréé dichroic fnirrors_ 14, 15 and 16 are ai‘ranged

with a small angle a/2 between them, so the centre lines of the R, G

and B illumination beams after _re'flection'are_ at an angle a to each other.

Referring tb_ Figures 2 and 3, the 'light beams are refractéd_ by the
curved surfaces of the microlens elements 42. However, at the centre
of any microlens element the surface is parallel to the substrate 35 of

the panel 20 sb’ the light that passes through at this_ poiht is only

‘deviated due to the refracti_ve index difference. [f n is the refractive

index of the substrate material, Snell’s refraction law can be applied,

SUBSTITUTE SHEET (RULE 26)
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~ giving an angle B between the centrelines of the green beams and each

of the two, red and blue, side beams inside the'substtate, where n.sin8
= sina. If t is the thickness of the substrate 35 together with the
microlens elément, and d ‘is ='the | spacing of the indivldual display
elements and if the two side beams are dlrected by a microlens element
onto the two dlsplay elements |mmed|ately to either side of the central,

green, dlsplay e‘Iement'of the underlylng-group_ of three display elements
as in the case of EP-A-0465171', then the angle between the beams
must satisfy the relation tan 8 = d/t. Thus fer a given thickness of
substrate and a given display element spacing, the angle 8, and hence
the angle @, is uniquely determined. If however the two side beams
pass through the next but one display elements, as in Figure 2, then tan
B = 2d/t. Passing through the third display element is not viable in a
three _colour‘syste‘rn, but pssing'th'reu'gh the fourth display element, as - -

_ in Figure 3 would give tan 8 = 4d/t.

The thickness of the substrate and the dnsplay element spacing
have to satlsfy another relation which depends on the spread of the

light about the centreline in the beam of any _one colour. This in turn is

" determined by the size of the light source and the effective focal length,

f, of the collection optics (11 in Flgure 1). If the iength of the arc of the
light source, in the plane of Figure 1, is x, and if the light beam
emerging from the collection optics is substantially collimated, then the

'angular spread, y, in the beam is given by y = *tan'[x/2f]. After

refraction at the microlens _element surface, the angular spread, %4,
inside the substrate is' given by n.sin6 = sin y. Again considering the
centre part of the microlens element, and,' for simplicity, the centre,
gfeen, beam, this light must not spread out further than one 'display
element. Preferably the light must be with‘in the open erea, a‘,. of the

display element so the relation a/2t>tan & is obtained. There are
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slightly more cgﬁ_rﬁpléx relations for the off-c_,eritfei beams. Thus there is

a maximum substrate thickness that can be tolerated with any given

.display element spacing and anguiar spread.

The power of the microlens elerhent’, which is détermined by its

radius of curvature, (or refractive index profile in the case of gradient

index lenses), is used to control the rays which are not at the centre of

- the microlens element. In particular, the rays at the extreme of the

microlens elements must pass through some part of the correct display
element. If all of the beam spread tolerance, +4d, has been used, then
the power of the microlens element should be such that the extreme
rays are refracted to cross the centreline at the centre of the display
element. This means that the focal length, f’, of the microlens elements
is approximately equal to t/n. For this condition to apply to all three

beams implies that the microlens elements have a flat image. This is

~unlikely to be the case, so a compromise focal surface is needed that

departs slightly from the above simple 'relati_on. Assuming the individual

- microlens elements touch each other and therefore have a width

substantially equal to _fhree display element spacings; then to a first
approximation the angular spread, ¢, in the central beam passing
through the liquid crystal cell is given by +[tan{3d/2t) + J). The side
beams will have this spread offset by the angle 8. If the light beam
emerging from the collection optics, 11, is not substanti_ally collimated,

" the above equations need to be modified slightly, but the overall result -

can be found that the-light source is approximately imaged on to the

- display elements, with-a magnification small enough that the image falls

inside a display element.
- The maximum angle, ¢, for the centre colour is _[tan“(3d/2t) + 4.
The minimum angle for the side colour is B - [tan''(3d/2t) + 6]. Even if

é is almost zero, € is greater than g8 if adjacent display elements are
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used for the three colours, so over half of the beams would overlap. If

every other display element is considered, as in the case of Figure 2,¢

.could easily be less than 8, so less than half the beams would overlap.

By going to every fourth display, as in the case of Figure 3, the beams
would never overlap if 6 were within the limit given above. The angles
B and € are inversely proportional to the,'comb_ine'd substrate and lens
thickness, t. It is therefore desirable to maximise t, while maintaining
the inequality a/2t>tan é. This implies that the limiting case is a value

- for t such that the image of the light sourée-just-underfills the open area |

of a single display element. A small arc size compact lamp is therefore
desirable. If in the projection lens 30 a straightforward condenser lens,
as shown adjacent the output side of the panel 20 in Figuré 1, is used
at a Numerical Aperture (NA) of 0.7, and the panel 20 has a diagonal
of, say, 75mm, then a 1mm arc length would give a beam divergence
of y = £0.5bo, If th'e. open part of the display element has a
dimension, a, of 40y, then the substrate thickness could be up to 3mm. -
Assuming a 50y centre to centre spacing, d, of the display elements, 8
= 7.6cand € = 1.40.. '

It will be appreciated that various modifications to the projection
system are possible. The light source could be a metal halide or xenon

arc lamp but other light sources, for example, a halogen iamp, can be

- used as mentioned in EP-A-0465171. Also, it is not necessary to use

a single white light source together With a set of dichroic mirrors to

provide the three illuminating beams. Instead, separate, red, green and '

blue light sources may be employed, as is also ‘mentioned in EP_—A- .
0465171.

The LC panel 20 is preferably an. active matrix panel using TFTs or
two terminal non-linear devices as switching elements although a simple

multiplexed panel could be used.
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Various different kinds of microlens ar_r_ays"produced by different .
fabrication techniques can be used, as discussed in EP-A-0465171. In
the above described embodiments, a microlens array having_ semi-

~ cylindrical microlens elements extending in parallél columnwise can be
used whiéh requires that the columns 6f display elements comprise
respective colours. Sphé.rical microlens elements arranged in rectangular
or héxagonal formats may be used, each lens element overlying a group
of three adjacent elements. Spherical lens element aliow either three in
line or a so-called delta array lay-outs of colour display elements to be
used. _

From readirig fhe 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 inste_ad of or

in addition to features already described herein.
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CLAIMS (AR U R [l

1.  Acolour liquid crystal projection display system comhrising "
a liquid crystal panel having a row and column array of display elements
for modulat'ing light to produce a display output, illuminating means for
directing three differently-coloured light illum’i'nating beams onto the
panel such that they are incident on fh‘e panel from mutually different
directions, the panel being provided with a microlens array at its input
side for directing the three diffefent' ‘colours of input light onto

respective sets of the display elements in the array, each microlens

element overlying a group of three display elements, and a pro_jection-
lens for collecting the display output from the panel and projecting the
display output onto a screen, characterised i.n that the directions of the
three differently-cdloufed illuminating beams incident on the panél are
selected with respect to one another and to the microlens elements of
the microlens array such that.at a position spaced from the_outbut side
of the panel the three beams pass respectively through substantially
spatially separate areas and in that filter means are provided at said
position fbr removing at each area light of a colour other than that of

the beam assobiated ‘with that area.

2. Acoiourliquid crystal projection display system according to

Claim 1, characterised in that the three beams pass respectively through

substantially spatially sepérate areas in the aperture stop of the
projecﬁon lens and in that the filter means is arranged in the region of

the aperture stop..

3. A colour liquid crystal projection display system according
to Claim 1 or Claim 2, characterised in that each microiens element

directs light from the two illuminating beams to either side of the third
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iIIumina_ting.bea.'__m"-:',fh:'rOUQh respective display eléments to either side of

. onedisplay element through which light from the third illuminating beam

is directed which respective display elements are not immediately

adjacent that oné display element.

4, A colour liquid crystal projection display system according to
Claim 3, characterised in that light from the two illuminating beams to

either side of the third illuminating beam is directed respectively to the

" next but one dis'pla'y elements on eithef side of said one display

element.

5. Acolour liquid crystal projection display system according to

Claim 3, characterised in that light from the two illuminating beams to

" either side of the third il_luminating beam is directed reépectively to the

next but three display elements to either side of said one display
element. . -

6. A colour liquid crystal projection display system according to

'any one of Claims 3 to 5, characterised in that the microlens elements

of the array each overlie a respective group of three adjacent display

elements in a row of display elements.

7.  Acolourliquid crystal projection display system according to
any one of Claims 3 to 5, characterised in that the microlens elements
of the array each overlie a respective group of three adjacent display

elements in a delta arrangement.

8. A colour liquid crystal projection display system according to

any one of the preceding claims, characterised in that the illuminating
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means ¢comprises a white light'source and a set of dichroic mirrors for
splitting the white light into three different colour components to

produce said three differently-coloured illuminating beams.



