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It is an object of the invention to enable high efficiency phosphor light
sources to be used to This invention relates to illumination systems
illuminate a liquid crystal display panel by trans- for passive
electro-optic display panels of the kind  mission and yet achieve an
acceptable contrast which can be used to display television pictures for
5   range in the image displayed. According to the example. The panels are
passive in the sense that  invention, there is provided a liquid crystal
display they do not generate light but modulate the bright-  device
comprising a liquid crystal display panel ness of incident illumination to
provide modulated  and an illumination system wherein the panel is light
for each of the picture elements in the picture  placed to transmit light
to a viewing location from a displayed. More particularly the invention
relates to  10  light source of the illumination system, the light an
illumination system for a liquid crystal display  source comprising an
extended area source of panel wherein the panel is placed to transmit light
omnidirectional light, characterised in that the illu- from a light source
to a viewing location.         mination system includes a light guide for
directing Such illumination systems are described in Eu-  light from the
light source into the panel, which ropean  Patent Applications  0,192,023A
and   15  light guide is placed between the source and the 0,193,401A
wherein projection television systems   panel and has transparent input and
output faces using liquid crystal panels are described. Both    adjacent
the source and panel respectively and these systems use high intensity
concentrated light  reflective side walls transverse to the input and
sources and optical systems comprising mirrors     output faces, and which
tapers outwardly in two and lenses to pass light through the panel. Projec-
20  dimensions from the input face to the output face tion lenses are then
used to produce an enlarged   with the input face being smaller in area
than the image on a viewing screen. The light sources are   output face,
such that light entering the panel has therefore usually tungsten filament
lamps of rela-  smaller angular divergence than light entering the tively
low efficiency, requiring relatively high power  light guide from the light
source. Light enters the and producing considerable heat which has to be
25  input face of the tapered guide over a wide range dissipated as in EP
0,192,023A.                    of angles but reflection from the side walls
reduces The present invention is more applicable to    the range of angles
present in the light emerging direct view television apparatus and, with
portability  from the output face. Increasing the ratio of the and power
economy in mind, is concerned with the   output face area to the input face
area is effective use of high efficiency light sources. Such sources   30
in reducing the range of angles, away from the are usually phosphor layers
of extended area emit-  normal to the output face, which is present in the
ting visible light when stimulated by electrons or by  output light.
However, reducing the range of angles ultraviolet radiation generated in a
gas discharge,  also increases the ratio of the length of the light such as
in the well known fluorescent tube. There  guide to the linear dimensions
of the output face. is described in EP-A-0030875 a liquid crystal dis-  35
A material improvement in reduction of the play device having a display
panel which is ar-    relative length is obtained In such an illumination
ranged to transmit light from a light source to a  system characterised in
that the output face com- viewing location and in which the light source is
an  prises a positive lens. The effect of the lens is to array of
fluorescent tubes comprising extended     refract light generally towards
the guide axis, that area sources of omnidirectional light. Light is di-
40  is, to act as a collimating lens. For a given range of rected onto the
panel via an array of lenses with  output angles the length of the guide
can be ma- associated pyramidal diaphragms to prevent light   terially
reduced, leading to a more compact ap- emitted by one source from entering
a lens asso-   paratus. ciated with another source.
The guide may be hollow and may be inter- The light from such a phosphor
layer is emitted   45  nally reflective. Alternatively, the invention may
be into the full hemisphere, the layer appearing equal-  characterised in
that the guide comprises a trans- ly bright at all angles of view of the
layer surface.  parent material of a refractive index higher than Such
light applied directly to a liquid crystal dis-  that of the surrounding
space whereby the side play panel would therefore pass through the panel
walls are reflective by total internal reflection. In in a wide range of
angles. For many types of liquid  50  this event the output face may be
convex toward crystal panel the desired function of modulating the  the
panel thereby forming a positive lens. intensity of the transmitted light
for each picture   The display device in accordance with the in- element in
accordance with a signal, is only ob-   vention may be further
characterised in that the tained with a good range of contrast over a rela-
side walls of the guide are curved in planes trans- tively small range of
light angles, typically  10   ss  verse to the input and output faces. The
shape of degrees, to the normal to the panel. At larger     the side walls
can be chosen either to reduce the angles of incidence of the light, the
contrast range  divergence of the output light or, in conjunction is
unacceptably degraded.                          with the positive lens, to
shorten the guide for a 2   
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Parts of a guide wall may be       Figures 3 and 4 show ray paths in two
examples convex and other parts concave in some possible      of light
guide, designs of guide. To obtain efficient reduction in    Figure 5 shows
a rectangular array of tapered divergence angles and reasonably sharp
cut-off       light guides for use in illuminating an extended angles,
special optical design techniques are em-   5  area liquid crystal display
panel, ployed. These special optical design principles of    Figure 6 shows
an array of guides with feeder the tapered guide of the present invention
are       light guides, identical to those of the non-imaging concentrators
Figure 7 shows the Figure 6 array with part of a of radiation designed, for
example, for use as con-   second layer of feeder light guides, centrators
of solar radiation. The only difference   10  Figure 8 shows an arrangement
for coupling between the guide and the concentrator being the     feeder
light guides to a fluorescent tube, reversed direction of the radiation.
The design prin-  Figure 9 shows a cross-section of an alternative ciples
are covered in a book entitled "The optics of  form of fluorescent tube
light source. nonimaging concentrators" by W. T. Welford and       Figure
10 shows an alternative arrangement for R. Winston, Academic Press 1978 in
chapters 4, 5   15    coupling feeder light guides to a fluorescent et
seq., and will not be further referred to here    tube, except to give
examples of guide shapes obtained      Figure 11 shows a front view of part
of an array for various values of the design parameters.       of guides of
hexagonal cross-section, The invention may be further characterised in
Figure 12 shows a side view of a tapered guide that a plurality of
illumination systems are assem-   20    for illuminating one or more
picture elements bled so that the output faces of the light guides are  and
having a light diffusing lens structure and, adjacent to one another to
cover the whole area of    Figure 13 shows light guide illumination for a
an extended liquid crystal display panel. If the     triplet of liquid
crystal elements, each with a output faces are identical to one another
they may   light diffusing lens structure. be arranged in regular rows and
columns. Rectan-  25  Referring to Figure 1, an embodiment compris- gular
output and input faces may be used, though   ing an illumination system
and a liquid crystal other shapes, such as triangular or hexagonal faces
display panel is shown in accordance with the may be used.
invention. A liquid crystal display panel 1 is placed For high efficiency
of conversion of electrical  to transmit light 2 from a light source 3 to a
energy to light, the illumination system may be   30  relatively distant
viewing location, not shown, off to characterised in that the source
comprises a phos-  the left of Figure 1. The panel is shown divided into
phor layer energised to produce light. The phos-   sixteen separate pixels
(picture elements) 4, largely phor layer may be energised by ultra-violet
radi-  for clarity in the drawing. The panel may in prac- ation from a gas
discharge in a fluorescent tube,  tice, at one extreme, comprise an array
of pixels making use of a light source of high brightness and   35  equal
in number to those in a normal television high reliability. For high
efficiency in use of light  picture. At the other extreme, the panel may
com- from the phosphor layer in the case where a plural-  prise a single
pixel, a television picture being as- ity of light guides are used, the
illumination system  sembled from an array of such pixels, each with its
may be characterised in that feeder light guides   own illumination system.
In between these ex- are provided one each for the tapered light guides,
40  tremes the panel may be proportional to provide a each feeder guide
coupling an area of the source   subset of pixels of the whole television
picture, an to the input face of the associated tapered guide.  array of
such panels being assembled to provide To improve viewing conditions the
display de-   all the pixels of the T.V. frame. vice may be characterised
in that a light-diffusing   The light source 3 comprises a fluorescent
screen is placed adjacent to the liquid crystal dis-  45  tube having an
extended area of phosphor ener- play panel on the side remote from the
light guide.  gised by ultra-violet radiation from a mercury gas The light
emerging from the liquid crystal display  discharge in the well known
manner. The phosphor panel is then spread and is visible from a reason-  is
very nearly a Lambertian emitter, that is to say ably wide range of angles.
A displayed television  the phosphor on the inside of the glass envelope 5
picture, for example, can then be seen by several  50  appears equally
bright at all angles of view to the people sitting side-by-side.
surface. The cylindrical envelope of the tube then Embodiments of the
invention will now be de-   appears as a bar of light of uniform brightness
scribed with reference to the accompanying draw-   across its width. Each
point on the phosphor sur- ings in which,
face therefore emits light omnidirectionally. A light Figure 1 shows a
liquid crystal display device in  55  guide 6 is placed between the source
3 and the accordance with the invention,                   panel 1. In this
example the guide 6 may consist of Figure 2 shows a coordinate system used
to      a transparent plastics material, such as polymethyl- describe the
guide wall shape,                   methacrylate (PMMA), and has a
transparent input 3  
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directly in contact with the  area radiation collector (analogous to our
input tube 3 or coupled by a parallel sided guide 8 to the  face). The
collector is either a heat collector in cylindrical surface 9 of the
fluorescent tube. The  which it is desired to produce as high a tempera-
guide 6 has a transparent output face 10 adjacent  ture as possible or is a
photovoltaic collector which the panel and covering the area of panel 1. In
this   5   is desirably of small area in view of the high example the guide
is shown having a square cross-  relative cost of these devices. However
the diver- section. Guide 6 is tapered, the input face 7 being  gence
reducing action of the tapered guide can be smaller in area than the output
face 10. In this   seen from the fact that a ray from the small input
example, the linear dimension of the output face is  face passing down the
guide at an angle to the four times that of the input face so that the
input  10  guide axis will strike a reflective side wall which is face area
is one sixteenth of the output face area.  itself inclined away from the
guide axis because of The walls 11 of the guide are polished smooth and
the designed taper and will therefore be reflected are reflective to light
inside the guide by virtue of  back into the guide at a smaller angle to
the guide the total internal reflection (T.I.R). The refractive  axis than
it had before reflection. In contrast, in a index of PMMA is 1.495 so that
the critical angle  15  parallel sided guide no change of a ray angle for
T.I.R. is 42 degrees, light incident on the walls  magnitude to the guide
axis occurs. One reflection internally at angles to the normal greater than
42  may be sufficient to reduce the divergence to the degrees being totally
reflected back into the guide.  desired extent. The parallel sided guide 8,
used to feed light from   With many types of liquid crystal displays it is
the source to the input face is also polished   20  desirable that the
divergence of the light passing smooth on all its faces and is in optical
contact with  through the liquid crystal layer should be no great- the
input face 7 so that there are no refraction or  er than [err] 15 degrees,
and preferably  10 degrees, reflection effects at the interface. The input
face 9  to obtain a full contrast range. This is a fact well of guide 8
will typically be in touching but not   known from the operation of the
layer in attenuating optical contact with the cylindrical surface of the
25  light passing through it to a controlled extent. tube. The input face 9
is shown curved to fit the     The desired maximum divergence is deter-
cylindrical envelope 5 in the Figure 1 embodiment,  mined by the ratio of
the dimensions of the input but it could equally well be flat.
and output faces. If the light guide is to have the In order to ensure a
sealed interface between the  ideal characteristic of sharp cut-off angles,
the pro- guide and tube to exclude scattering or absorbing   30  file of
the guide is determined in relation to the contaminants, the guide may
optionally be optically  power of the positive lens on the output face.
bonded to the tube. In this case, a proportion of the  Figure 2 shows an XY
coordinate system which will light entering the guide escapes from the
guide at  be used to describe the profiles of some examples first incidence
because it is less than the critical  of guides. In these examples the
profiles are in two angle. A light absorbing jacket, not shown, may   35
parts, the first part extending from X=O at the optionally be provided
around the tapered guide,   input face 7 to X=[err], the second part
extending but not in optical contact with it, to remove stray  from X = Xi
to X = X2 at the output face 10 with a light.
smooth transition between the two parts at X=[err]. The end 12 of the guide
6 is shown as flat and  The output face 10 can have a substantially spheri-
optically bonded to a plano-convex lens 13, which   40  cal or cylindrical
radius of curvature R. It could also may possibly be of the same material
as the guide,  be compounded of two cylindrical surfaces super- in which
case the guide and lens may be made as    posed with their cylinder axes at
right angles. The one piece. The action of the lens 13 is to provide a
guide is symmetrical about the X axis, each posi- general collimating
effect on divergent light emerg-  tive Y ordinate having an equal negative
Y ordinate. ing from the guide, reducing the length of the   45   Figure 3
shows ray paths in a tapered light guide.
guide having a positive lens 13 on the output face. The action of the
tapered guide in reducing the  The ratio of the linear dimension of the
output face divergence of light entering the small input face,  to the
input face is four to one, as it is in Figure 4 passing down the guide, and
leaving by the large   which shows a guide with a flat output face. In
output face is covered in detail, with the light  50  Figure 3 rays 30, 31
and 32 originate from three direction exactly reversed, in the book by
Welford  points 33, 34 and 35 respectively on the input face and Winston
cited in the preamble of this specifica-  having entered at the critical
angle, that is, as the tion. Therein the action of non-imaging radiation
greatest angle to the axis 39 that is possible for concentrators is
analysed in detail. In these con-  them. These rays are reflected off the
first part of centrators fairly highly collimated radiation, usually  55
the profile and all emerge at approximately 15 direct sunshine, is taken in
over a large area (anal-  degrees to the axis after passing through lens
13. ogous to our output face) and concentrated in a    Rays from any part
of the input face at smaller highly divergent form on a desirably much
smaller  angles to the axis but directed at a wall are re- 4 
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off some part of the wall to   [err] = .84297 [err] = .50218 emerge at 15
degrees or less to the axis, rays 36    [err] = -.040047 [err] = .0023612
and 37 being examples of rays from point 35, ray     [err] = -8.7589x [err]
= 1.7890x[err] 37 being incident on the wall with a larger angle of  [err]
= -1.5248x[err] incidence than ray 36. After passing through lens   5 13
rays 36 and 37 emerge at approximately 15      EXAMPLE 2 degrees to the
axis 39. Any ray from the input face not incident upon a wall is incident
directly on the  An angle reducing light guide similar to Exam- lens 13 and
emerges at an angle of less than 15   ple 1, with maximum output angle of
+/-15 de- degrees on one side or other of the axis 39. For  io  grees in
which the input aperture is 2.5, and the clarity only rays on one side of
the axis are shown,  output aperture is 10.0, but with a much reduced rays
on the other side being a mirror image of    length of 16.65. those shown.
The input face is flat, and the output face is In Figure 4 the rays from
corresponding points  curved with a radius of 8.0 convex to the outside.
have the same units numeral as the rays in Figure  15  The light guide is
made of a material which has a 3. It will be seen that the absence of the
positive  refractive index of 1.495, such as PMMA or an lens on the output
face necessitates a considerably  appropriate glass. longer guide in
relation to the input and output face  The profile of the curved side
surfaces of the dimensions.                                      light
guide is given by the same equation as in There now follows five particular
examples of  20  Example 1, the coefficients being given below. numerically
defined profiles. The first two examples  The profile is in two sections
with a smooth show how the length of the light guide is depen-  transition
at the join. dent on the radius of the curved output face. They   From x =
0 to x = 3.765, the coefficients are have identical input and output
apertures, and are   [err] = 1.25 [err] = .16957 made of the same material.
Dimensions are given   25  [err] = .0027063 [err] = -.0055697 in arbitrary
units, since the guides would be scaled  [err] = .0014544 [err] =
-2.3040x10-4 up or down in size to suit the particular application.  [err]
= 1.5915x[err] From x = 3.765 to x = 14.894, the coefficients EXAMPLE 1
are 30      [err] = .75325 [err] = .49699 An angle reducing light guide
with maximum        [err] = -.050965 [err] = .0055546 output angle of +/-15
degrees in which the input     [err] = -3.4068x [err] = 1.1334x[err]
aperture is 2.5, the output aperture is 10.0, and    [err] = -1.5974x[err]
length is 29.58.                                     The next example shows
how smaller output The input face is flat, and the output face is  35
angles may be obtained and how other materials curved with a radius of 40.0
convex to the outside.  may be used. The dimensions given are smaller to
The light guide is made of a material which has a  indicate that a large
number of very small light refractive index of 1.495, such as PMMA or an
guides may be used with consequent reduction of appropriate glass.
the depth of the system. It is possible to have one The profile of the
curved side surfaces of the   40  light guide for each picture element,
light feed light guide is given by the equation:             arrangements
being shown later. [err]                                 EXAMPLE 3 [err] 45
An angle reducing light guide with maximum where x is the distance along
the axis of the light  output angle of +/-10 degrees in which the input
guide measured from the flat input face, y is the  aperture is 0.1667, the
output aperture is 1.0, and height of the profile above this axis, and
[err] to [err]  length is 2.965. are coefficient as given below.
The input face is flat, and the output face is The profile is in two
sections with a smooth  50  curved with a radius of 2.0 convex to the
outside. transition at the join.                           The light guide
is made of a material which has a From x = 0 to x = 3.987, the coefficients
are  refractive index of 1.57, such as polycarbonate or [err] = 1.25 [err]
= .26724                         an appropriate glass. [err] = .0014813
[err] = -6.1900x[err]                  The profile of the curved side
surfaces of the [err] = 2.0518x[err] = -3.1565x[err]       65  light guide
is given by the equation as before, the [err] = 1.5685x[err]
coefficients being given below. From x = 3.987 to x = 29.268, the
coefficients    The profile is in two sections with a smooth are
transition at the join. 5 
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0.2966, the coefficients are  EXAMPLE 5 [err] = 0.08333 [err]  = .25167
[err] = .031721 [err] = 0.17636                         An angle reducing
light guide similar to Exam- [err] = -1.1428 [err] = 3.4221
pie 2, with nominal output angle of +/-15 degrees, [err] = -3.9087
5   in which the input aperture is 2.5, and the output From x = 0.2966 to x
= 2.901, the coefficients  aperture is 10.0, and with a length of 16.65.
are                                                  The input face is
flat, and the output face is [err] = .060727 [err] = .43015
curved with a radius of 8.0 convex to the outside. [err] = -.36564 [err] =
.24897                      The light guide is made of a material which has
a [err] = -.10125 [err] = .022138                to  refractive index of
1.495, such as PMMA or an [err] = -.0019918
appropriate glass. The next example has similar output angles to     The
profile of the side surfaces of the light Example 3, and also shows how an
output lens of   guide is given by the simplified equation: different
material may be used. The dimensions given are larger to indicate that a
small number of  15  y = [err] + [err] large light guides may be used with
consequent increase in the depth of the system. It is possible  where x is
the distance along the axis of the light to have one light guide for the
whole picture.    guide measured from the flat input face, y is the height
of the profile above this axis, and [err] and [err] EXAMPLE 4
20  are coefficients as given below. The coefficients for the profile are
An angle reducing light guide with maximum        [err] = 1.25 [err] =
.25179. output angle of +/-10 degrees, in which the input    All the light
guides in the examples given have aperture is 33.3, the output aperture is
200, and  been solid transparent bodies, using total internal length is
253.5.                             25  reflection to produce reflective
side walls. To give a The main part of the light guide has flat input
light weight structure, the guides can alternatively and output faces, and
is made of a material which  be hollow shapes with relatively thin walls
coated has a refractive index of 1.495, such as PMMA or  on the inside with
a reflective layer. The input and an appropriate glass. A plano-convex lens
with a  output faces then have no interface surface, except radius of 150
on the convex surface, and made of a   30  when a positive lens is attached
over the output glass or plastic material with refractive index 1.75,
face. is cemented or moulded to the output face.           In the event
that a television picture is dis- The profile of the curved side surfaces
of the  played, the output light divergence of 15 degrees light guide is
given by the equation as before, the  or less may not render the picture
visible over a coefficients being given below.              35  sufficient
range of angles, particularly in the hori- The profile is in two sections
with a smooth  zontal plane, to accommodate a number of viewing transition
at the join.                           persons seated in a row in front of
the picture. A From x = 0 to x = 54.92, the coefficient are  diffusing
screen may then be placed adjacent to [err] = 16.6677 [err] = .16279
the liquid crystal display panel on the side remote [err] = .0054678 [err]
= -1.6460x[err]          40  from the light guide. A simple diffuser such
as a [err] = 4.0225x[err]  = -5.2560x[err]            ground glass surface
may spread the output light in [err] = 2.7652x[err]
the vertical plane, towards the ceiling and floor of From x = 54.92 to x =
232.2, the coefficients  the room where it is not required and with the are
consequence that the brightness of the picture [err] = 9.99533 [err] =
.49150                  45  seen by the viewers in the horizontal plane is
[err] = -.0023410 As = 2.2415x[err]               reduced. A vertically
oriented lenticular lens sys- [err] = -1.1317x[err]  = 2.9714x[err]
tem may be preferable with a separate vertical [err] = -3.1977x[err]
cylindrical lens for each column of picture elements An examination of the
profiles in Example 2   or for a number of columns of picture elements.
shows that they approximate to linear profiles over  50  The angle of light
spread in the horizontal plane most of their length. It is therefore
possible to  can then be controlled with little spread in the design a
light guide which is of much simpler     vertical plane. construction, but
with a performance slightly in-    However, in other application the
limited diver- ferior to a light guide which has the ideal shape.  gence of
light output from the guides may not be a The most noticeable effect will
be that the cut-off of  55  disadvantage and may even be turned to advan-
the output angle will not be so sharp.           tage. In applications
where there is only one view- er, such as the head-up display in a single
seat aircraft cockpit, the limited divergence would be no 
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In bank terminals, cash-points, and  formed into a polished cylindrical
surface to fit the the like, the limited divergence would assist in  glass
envelope 103 of the tube and is butted providing a display restricted to
viewing by the  against it. Except in the area of the tube facing user
only.                                        bundle end 102, the
fluorescent tube has a reflec- Figure 5 shows a rectangular array 50 of 108
5   tive layer 104 to reflect light back into the tube. square output face
tapered light guides 51 ar-    After scattering, some of this reflected
light will ranged in a 12x9 array to cover an extended area  emerge from
the tube opposite bundle end 102 liquid crystal display panel having an
aspect ratio  increasing the quantity of light entering the feeder of 4:3
as required for a television picture. Thus  guides. each guide illuminates
one ninth of the height or  70  Figure 9 shows a cross section of an alter-
about 67 lines of a nominal 625 line picture.     native form of
fluorescent tube light source. The Figure 6 shows a small part of the array
of   envelope 105 of the tube is made of quartz, or Figure 5 with a feeder
light guide arrangement 80  other material transparent to the 365 nm line
of the for feeding each of a column A of tapered guides  mercury gas
discharge. The reflective layer 104 is with light from a common source. A
column of four  15  present in the same position and extent as in the
adjacent guides 81, 82, 83 and 84 are shown fed   Figure 8 tube. However,
there is no phosphor on by a close-packed assembly of four parallel-sided
the inside of the tube opposite the reflective layer, square-section solid
feed guides 85, 86, 87 and 88  only opposite the bundle end 102 at 106.
Thus respectively. Feed guide 85 is straight with a 45  light is only
produced immediately adjacent to the degree face 89 opposite the input face
of guide 81.  20  bundle end, the reflective layer 104 acting to con- Light
90 fed into guide 85 passes by T.I.R. down  centrate ultra-violet radiation
on the phosphor. Light the guide and is reflected, also by T.I.R., by face
absorption losses are therefore much reduced as 89 into the guide. Guide 86
is also initially straight  compared to the Figure 8 tube. The power con-
and is close packed alongside guide 85 to which it  sumption of the Figure
9 tube can therefore be may or may not be bonded in optical contact.  25
reduced for a given phosphor brightness. Spreading of light 90 between the
parallel parts of  Figure 10 shows the feeder guides of Figure 9 the feed
guides may be of assistance in equalising  separated, 98, each being normal
to the phosphor the light inputs to the guides. A solid, mechanically
layer 106 so that the illumination conditions at the robust light feeder
guide assembly may be desir-  guide inputs are more nearly identical. able.
Guide 86 has a swan-neck portion 91 to bring   30  Figure 11 shows a front
view of part of a close- its output end into line with the second guide 82
of  packed array of hexagonal cross-section light the column. Feeder guides
87 and 88 are very      guides. The hexagonal output faces 60 are close-
similar, differing only in being progressively longer  packed, the input
faces 61 being separated but still and having more accentuated swan-neck
portions.   arranged in columns. Thus a feeder guide arrange- Figure 6
shows a second column B of four  35   ment as shown in Figures 6 and 7 can
be used to tapered guides fed by a set of four feeder guides  feed the
hexagonal guides, the only changes being identical to guides 85, 86, 87 and
88. The input  that each feeder guide would be hexagonal in ends of the
eight guides are arranged in a line to  cross-section, and alternate
columns would have face a planar light source.
different length feeder guides. Figure 7 shows the first two guides 92, 93
of a   40  Desirably, it should be possible to display a four guide column
extension to column A of Figure  colour television picture. In this event
each pixel is 6. The respective feeder guides 94 and 95 are     a cluster
of three sub-pixels, red, blue and green. If stacked immediately above and
parallel to guides  the picture is viewed at angles away from the 85 and 86
respectively. The swan-neck portion 96  normal to the panel, the relative
brightnesses of the is provided to lower the guide 94 onto the input  45
three sub-pixels in a pixel should not change as a face of tapered guide
92. The swan-neck portion   function of viewing angle, otherwise the hue of
the 97 not only brings the output end of the feeder   pixel will change as
a function of angle. The ab- guide into line with column A but also lowers
it to  solute brightness of the pixel may well fall off with meet the input
face of tapered guide 93. The      increasing angle of view. It is
important, therefore, feeder guides are preferably in optical contact with,
50  that the horizontal light diffusion polar diagram and could be
mechanically bonded to, their respec-  should be well controlled and equal
for the three tive tapered guides. This avoids an optical interface
sub-pixels of any pixel. Figure 12 shows a tapered where scattering and
loss of light by contaminants  guide 70 illuminating one or more pixels or
sub- might occur and also provides mechanical robust-  pixel panel area 71.
A positive or negative power ness.
55  lens array 72 is provided beyond the panel 71, the Figure 8 shows an
arrangement for coupling a  figure showing the cross-section of a
cylindrical bundle 100 of close-packed feeder guides to a     lens
accepting light from a vertical column of pan- 



fluorescent tube 101. The end 102 of the bundle is  els 71 normal to the
plane of the drawing. The light 7    13                 EP 0 271 956 B1
14 diffusion polar diagram can be controlled via the       are reflective
by total internal reflection. choice of the lens power. Being a lens rather
than a scattering element, there is much lower loss of   4. A liquid
crystal display device as claimed in light by scattering, the light being
directed only      Claim 3, characterised in that the output face is where
it is required.                           5       convex toward the panel
thereby forming a Figure 13 shows a tapered guide 130 feeding a
positive lens (13). single pixel having three sub-pixels 131, 132, 133 with
positive lenticular lenses 134, 135, 136 re-   5. A liquid crystal display
device as claimed in spectively, the sub-pixels being the red, blue and
any one of the preceding claims, characterised green parts of a colour
pixel. Light passing through   10  in that the side walls (11) of the light
guide are each sub-pixel is brought to a focus immediately in     curved in
planes transverse to the input and front of the lens and diverges
thereafter.              output faces (7,10). Returning to the array of
Figure 5 and the feeder guide arrangement of Figures 6 and 7, it is  6. A
liquid crystal display device as claimed in desirable that a single source
of light should illu-  is  any one of the preceding claims, and compris-
minate the whole panel. Ageing of the light source      ing an extended
liquid crystal display panel, will then not produce differences in
brighnesses        characterised in that the device includes a between
pixels. But a column of tapered guides          plurality of said
illumination systems which are could be split into two halves and a
separate feed-     assembled so that the output faces (10) of the er guide
arrangement be provided for the two   20       light guides (6) are
adjacent to one another to halves, each fed from its own light source. A
more      cover the whole area of the extended liquid compact display panel
with fewer assembly prob-         crystal display panel. lems would result.
7. A liquid crystal display device as claimed in Claims
25       Claim 6, characterised in that the output faces (10) are identical
to one another and are ar- 1. A liquid crystal display device comprising a
ranged in regular rows and columns to cover liquid crystal display panel
(1) and an illumina-   the extended display panel. tion system wherein the
panel is placed to transmit light (2) to a viewing location from a   30  8.
A liquid crystal display device as claimed in light source (3) of the
illumination system, the    Claim 7, characterised in that the output faces
light source comprising an extended area            and input faces are
rectangular. source of omnidirectional light, characterised in that the
illumination system  includes a light   9. A liquid crystal display device
as claimed in guide (6) for directing light from the light  35    any one
of Claims 6, 7 or 8, characterised in source into the panel, which light
guide (6) is     that feeder light guides (80) are provided one placed
between the source (3) and the panel         each for the tapered light
guides, each feeder and has transparent input and output faces
guide coupling an area of the source (3) to the (7,10) adjacent the source
and panel respec-        input face of the associated tapered guide. tively
and reflective side walls (11) transverse   40 to the input and output
faces, and which tapers  10. A liquid crystal display device as claimed in
outwardly in two dimensions from the input          any one of the
preceding claims, characterised face (7) to the output face (10) with the
input     in that the light source (3) comprises a phos- face being smaller
in area than the output face,    phor layer energized to produce light.
such that light entering the panel has smaller   45 angular divergence than
light entering the light  11. A liquid crystal display device as claimed in
guide from the light source.                        Claim 10, characterised
in that the phosphor layer is energised by ultra-violet radiation from 2. A
liquid crystal display device as claimed in        a gas discharge in a
fluorescent tube (10). Claim 1, characterised in that the output face   50
(10) of the light guide comprises a positive     12. A liquid crystal
display device as claimed in lens (13).
Claim 11 when dependent on Claim 9, charac- terised in that a part of the
phosphor layer not 3. A liquid crystal display device as claimed in
coupled to a feeder guide is reflective (104) to Claim 1 or Claim 2,
characterised in that the   55  direct light back into the fluorescent tube
and light guide (6) comprises a transparent material    onto a part of the
phosphor layer coupled to a 



of a refractive index higher than that of the       feeder guide.
surrounding space whereby the side walls (11) 8    13                EP 0
271 956 B1                     14 diffusion polar diagram can be controlled
via the      are reflective by total internal reflection. choice of the
lens power. Being a lens rather than a scattering element, there is much
lower loss of  4. A liquid crystal display device as claimed in light by
scattering, the light being directed only     Claim 3, characterised in
that the output face is where it is required.                          5
convex toward the panel thereby forming a Figure 13 shows a tapered guide
130 feeding a       positive lens (13). single pixel having three
sub-pixels 131, 132, 133 with positive lenticular lenses 134, 135, 136 re-
5. A liquid crystal display device as claimed in spectively, the sub-pixels
being the red, blue and     any one of the preceding claims, characterised
green parts of a colour pixel. Light passing through   10  in that the side
walls (11) of the light guide are each sub-pixel is brought to a focus
immediately in    curved in planes transverse to the input and front of the
lens and diverges thereafter.             output faces (7,10). Returning to
the array of Figure 5 and the feeder guide arrangement of Figures 6 and 7,
it is  6. A liquid crystal display device as claimed in desirable that a
single source of light should illu-  15  any one of the preceding claims,
and compris- minate the whole panel. Ageing of the light source     ing an
extended liquid crystal display panel, will then not produce differences in
brighnesses       characterised in that the device includes a between
pixels. But a column of tapered guides         plurality of said
illumination systems which are could be split into two halves and a
separate feed-    assembled so that the output faces (10) of the er guide
arrangement be provided for the two   20      light guides (6) are adjacent
to one another to halves, each fed from its own light source. A more
cover the whole area of the extended liquid compact display panel with
fewer assembly prob-        crystal display panel. lems would result. 7. A
liquid crystal display device as claimed in Claims
25       Claim 6, characterised in that the output faces (10) are identical
to one another and are ar- 1. A liquid crystal display device comprising a
ranged in regular rows and columns to cover liquid crystal display panel
(1) and an illumina-  the extended display panel. tion system wherein the
panel is placed to transmit light (2) to a viewing location from a   30  8.
A liquid crystal display device as claimed in light source (3) of the
illumination system, the   Claim 7, characterised in that the output faces
light source comprising an extended area           and input faces are
rectangular. source of omnidirectional light, characterised in that the
illumination system includes a light   9. A liquid crystal display device
as claimed in guide (6) for directing light from the light  35   any one of
Claims 6, 7 or 8, characterised in source into the panel, which light guide
(6) is     that feeder light guides (80) are provided one placed between
the source (3) and the panel        each for the tapered light guides, each
feeder and has transparent input and output faces         guide coupling an
area of the source (3) to the (7,10) adjacent the source and panel respec-
input face of the associated tapered guide. tively and reflective side
walls (11) transverse   40 to the input and output faces, and which tapers
10. A liquid crystal display device as claimed in outwardly in two
dimensions from the input         any one of the preceding claims,
characterised face (7) to the output face (10) with the input    in that
the light source (3) comprises a phos- face being smaller in area than the
output face,   phor layer energized to produce light. such that light
entering the panel has smaller  45 angular divergence than light entering
the light  11. A liquid crystal display device as claimed in guide from the
light source.                       Claim 10, characterised in that the
phosphor layer is energised by ultra-violet radiation from 2. A liquid
crystal display device as claimed in       a gas discharge in a fluorescent
tube (10). Claim 1, characterised in that the output face   so (10) of the
light guide comprises a positive    12. A liquid crystal display device as
claimed in lens (13).                                         Claim 11 when
dependent on Claim 9, charac- terised in that a part of the phosphor layer
not 3. A liquid crystal display device as claimed in       coupled to a
feeder guide is reflective (104) to Claim 1 or Claim 2, characterised in
that the   55  direct light back into the fluorescent tube and 



light guide (6) comprises a transparent material   onto a part of the
phosphor layer coupled to a of a refractive index higher than that of the
feeder guide. surrounding space whereby the side walls (11) 8    15
EP 0 271 956 B1                    16 13. A liquid crystal display device
as claimed in      index umfalt, der ho5her let als der des umge- Claim 11
when dependent on Claim 9, charac-        benden Raumes, wobel die
SeitenwAnde (11) terised in that an envelope (105) of the fluores-   nach
totaler intemer Reflexion reflektieren. cent tube is transparent to
ultra-violet radiation, in that the phosphor layer (106) is confined to   5
4. Fl~ssigkristallanzeigevorrichtung   nach  An- the area of the tube
envelope facing a feeder      spruch 3, dadurch gekennzeichnet, daB die
guide, and in that a part of the tube envelope     AustdittsflAche zum Feld
konvex ist und somit not facing a feeder guide is reflective, to direct
eine Sammellinse (13) bildet. ultra-violet radiation back into the tube and
onto the phosphor layer.                  10  5.
Flssigkristallanzeigevorrichtung nach einem der vorhergehenden AnsprUche,
dadurch ge- 14. A liquid crystal display device as claimed in
kennzeichnet, daB die Seitenwande (11) der any one of the preceding claims,
characterised     LichtfUhrung in Ebenen gekrrmmt sind, die in that a
light-diffusing screen is placed adja-   quer zu den Eintritts- und
Austrittflachen (7, cent to the liquid crystal display panel on the   is
10) verlaufen. side remote from the light guide. 6.
Fllssigkristallanzeigevorrichtung nach. elnem 15. A liquid crystal display
device as claimed in      der vorhergehenden Ansprache, und die ein Claim
14, characterised in that the light diffus-  ausgedehntes
FlUssigkristallanzeigefeld  um- ing screen comprises a cylindrical lens
array   20  faft, dadurch gekennzeichnet, daB die Vorrich- (72;
134,135,136).                                 tung eine Mehrzahl der
genannten Beleuch- tungssysteme umfaft, die so zusammengebaut
PatentansprUche                                        sind, daB die
Austrittsflachen (10) der Lichtffh- rungen (6) nebeneinander liegen, urn
den go- 1. Fl~ssigkristallanzeigevorrichtung  mit  einern  25  samten
Bereich des ausgedehnten Flissigkri- Fllssigkristallanzeigefeld  (1)  und
einem        stallanzeigefeldes abzudecken. Bleuchtungssystem, in dem das
Feld so ange- ordnet ist, daB Licht (2) von elner Lichtquelle  7.
Fltssigkristllanzeigevorrichtung nach Anspruch (3) des Beleuchtungssystems
zu, einem An-          6, dadurch gekennzeichnet, daB die Austritts-
sichtsort geleitet wird, wobel die Lichtquelle  3o  fl~chen (10)
miteinander identisch sind und in einen ausgedehnten Bereich aus
ungerichte-         regelmiBigen Reihen und Spalten angeordnet tem  Licht
umfaft, dadurch gekennzeichnet,         sind, um das ausgedehnte
Anzeigefeld abzu- daB das Beleuchtungssystem  eine UchtfUh-
decken. rung (6) zur Lenkung des Lichtes von der Lichtquelle auf das Feld
umfaBt, wobei die  35  8. Fllssigkristallanzeigevorrichtung   nach  An-
Lichtfthrung (6) zwischen der Quelle (3) und       spruch 7, dadurch
gekennzeichnet, daB die dem  Feld angeordnet ist und durchsichtige
Austrittsflachen und Eintrittsflachen rechtwin- Eintritts- und
Austrittsflachen (7, 10) neben der  klig sind. Quelle bzw. dem Feld
aufweist und reflektie- rende Seitenwande (11) quer zu den Eintritts-  40
FlUssigkristallanzeigevorrichtung  nach einem und Austrittsflachen
verlaufen, und die nach       der AnsprUche 6, 7 oder 8. dadurch gekenn-
auBen in zwei Dimensionen von der Eintrittsfla-    zeichnet, daB
SpeiselichfUhrungen (80) jeweils che (7) zur Austrittsflache (10)
kegelformig zu-   far die kegelf5rmigen Lichtfflhrungen vorhan- IRuft,
wobel die Eintrittsflache flachenmaBig      den sind, wobei jede
Speiseflhrung einen Be- kleiner als die Austrittsflache ist, so daB das in
45  reich der Lichtquelle (3) mit der Eintrittsfl~che das Feld eintretende
Licht eine kielnere Win-      der zugeh6rigen kegelf6rmigen FUhrung ver-
kelablenkung aufweist als das Licht, das in die    bindet. Uch#ffhrung von
der Uchtquelle aus eintritt. 10. FlRssigklistallanzeigevorrichtung nach
einem 2. Flflssigkristallanzeigevorichtung   nach  An-  so  der
vorhergehenden Anspr~che, dadurch go- spruch 1, dadurch gekennzeichnet, daB
die          kennzeichnet, daB die Lichtquelle (3) eine zur Austrittsflche
(10) der Ucht[Uhrung eine Sam-     Erzeugung von Licht erregte
Phosphorschicht mellinse (13) umfafit.                             uWfaRt.
3  Fl~ssigkristallanzeigevorrichtung   nach  An-  5S  11.
FlUsslgkristallanzeigevorrichtung   nach  An- 



spruch 1 oder nach Anspruch 2, dadurch ge-         spruch 10, dadurch
gekennzeichnst, daBl die kennzeichnet, daB die Lichtffhrung (6) ein
Phosphorschicht durch ultraviolette Strahlung durchsichtiges Material mit
einem Brechungs-       von einer Gasentladung in einer Leuchtstoff-    17
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S rohre (10) erregt wird.                             Ia lumiere penetrant
dans le panneau presente une divergence angulaire moindre que la lu- 12.
Fl~ssigkristallanzeigevorrichtung   nach  An-       miere p~netrant dans le
guide de lumiere & spruch 11, soweit abhangig von Anspruch 9,
partir de la source lumineuse. Y      dadurch gekennzeichnet, daB eln Teil
der   5 Phosphorschicht, der nicht mit einer Speise-     2. Dispositif
d'affichage a cristaux liquides selon f0hrung verbunden ist, reflektierend
(104) ist,     la revendication 1, caracterise on ce quo la urn Licht
zurUck in die Leuchtstoffrohre und        face de sortie (10) du guide de
lumibre corn- auf einen Teil der mit einer Speisef0hrung          prend une
lentille positive (13). verbundenen Phosphorschicht zu werfen.      10 3.
Dispositif d'affichage a cristaux liquides selon 13.
FlUssigkristallanzeigevorrichtung   nach   An-      la revendication 1 ou
2. caracterise en ce quo spruch 11, soweit abhangig von Anspruch 9,
le guide de lumibre (6) comprend une matibre dadurch gekennzeichnet, daB
eine HUlle (105)        transparente d'un indice de refraction supe- der
Leuchtstoffr6hre fOr ultraviolette Strahlung   is  rieur a celui do
l'espace onvironnant, los parois durchsichtig ist, daB die Phosphorschicht
(106)     laterales (11) etant reflechissantes par reflexion auf den
Bereich der RohrenhOlle begrenzt ist,       interne totale. der auf eine
Speisef(Ihrung gerichtet ist, und daB ein Teil der RohrenhOlle, der nicht
auf      4. Dispositif d'affichage A cristaux liquides solon elne
SpeisefUhrung gerichtet ist, reflektierend   20  la revendication 3,
caracterisi on ce quo la ist. um  ultraviolette Strahlung zurOck in die
face de sortie est convexe vers le panneau. de Rohre und auf die
Phosphorschicht zu werfen.        manibre a former une lentille positive
(13). 14. FlOssigkristallanzeigovorrichtung  nach einem   5. Dispositif
d'affichage a cristaux liquides solon der vorhergehenden AnsprOche, dadurch
go-   25      I'une quelconque des revendications prec6den- kennzeichnet,
daB ein Streuschirm neben dem         tes, caract~risd en ce quo les parois
laterales FlUssigkristallanzeigefeld an der der Lichtffh-     (11) du guide
de lumibre sont incurvees dans rung entfernten Seite angeordnet lst.
des plans transversaux aux faces d'entree et de sortie (7, 10). 15.
FlUssigkristallanzeigevorrichtung   nach   An-  30 spruch 14, dadurch
gekennzeichnet, daB der       6. Dispositif d'affichage & cristaux liquides
solon Streuschirm eine zylinderformige Linsenmatrix       l'une quelconque
des revendications preceden- (72, 134,135,136) umfaBt.
tes et comprenant un panneau d'affichage & cristaux liquides etendu,
caract6ris6 on ce quo Revendlcatlons                                 35
le dispositif comprend une pluralite desdits systemes d'eclairage qui sont
assembles, de -  1. Dispositif d'affichage a cristaux liquides corn-
telle sorte quo les faces de sortie (10) des prenant un panneau d'affichage
& cristaux li-       guides de lumiere (6) soient adjacentes les quides (1)
et un systbme d'4clairage dans le-       unes aux autres pour couvrir la
surface totale quel le panneau est plac6 de manibre a tran-   40   du
panneau d'affichage a cristaux liquides smettre de la lumibre (2) A un
point d'observa-     etendu. tion a partir d'une source lumineuse (3) du
systbme d'eclairage, la source lumineuse corn-   7. Dispositif d'affichage
a cristaux liquides solon prenant une source de lumiere omrnidirection-
la revendication 6, caracteris6 en co quo les nelle de grande surface,
caracterise en ce quo   45  faces de sortie (10) sont identiques les unes
le systbme d'eclairage comprend un guide de         aux autres et sont
agencees solon des lignes lumibre (6) pour diriger la lumiere de la source
et des colonnes regulieres pour couvrir le pan- lumineuse dans le panneau,
ce guide de lu-          neau d'affichage etendu. mibre (6) etant place
entre la source (3) et le panneau et ayant des faces d'entree et de   50
S. Dispositif d'affichage A cristaux liquides solon sortie (7, 10)
transparentes adjacentes I la        la revendication 7, caractdris  en ce
quo les source et au panneau, respectivement, et des        faces de sortie
et les faces d'entree sont rec- parois laterales reflechissantes (11)
transversa-   tangulaires. les aux faces d'entree et de sortie, et allant
en s'dvasant vers l'exterieur dans deux dimen-   S5  9. Disposifif
d'affichage a cristaux liquides selon 



sions de la face d'entr~e (7) vers la face de       l'une quelconque des
revendications 6, 7 ou 8, sortie (10), la face d'entree ayant une surface
caract*rWs4 en ce quo des guides de lumiere plus petite quo la face de
sortie, de sorto quo     alimentateurs (80) sont prevus a raison d'un 10
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11111 111111 * C   L  M   S * pour chacun des guides de lumibre 6vasds
respectifs, chaque guide alimentateur couplant une surface de la source (3)
a la face d'entrde du guide 6vas4 associe. ~~~~~~~~~~~~~~~~5 10. Dispositif
d'affichage h cristaux liquides selon l'une quelconque des revendications
pr6c~den- tes, caract6ris4 en ce que la source lumineuse (3) comprend une
couche luminescente exci- tde pour produire de la lumibre.          10 11.
Dispositif d'affichage & cristaux liquides selon Ia revendication 10,
caract~ris9 en ce que la couche luminescente est excit~e par un rayon-
nement ultraviolet provenant d'une d~charge   1s dans un gaz dans un tube
fluorescent (10). 12. Dispositif d'affichage & cristaux liquides solon la
revendication 11, dans la mesure oO elle d~pend de la revendication 9,
caract~ris4 en   20 ce qu'une partie de la couche luminescente non couploe
a un guide alimentateur est rdf14- chissante (104) pour renvoyer la lumibre
dans le tube fluorescent et sur une partie de la couche de mat~riau
luminescent couploe a un   25 guide alimentateur. 1& Dispositif d'affichage
& cristaux liquides selon la revendication 11, dans la mesure oO elle
depend de la revendication 9, caract~ris4 en   3o ce qu'une enveloppe (105)
du tube fluorescent est transparente au rayonnement ultraviolet, que la
couche de matdriau luminescent (108) est confin~e A la surface de
l'enveloppe du tube en regard d'un guide alimentateur et  35 qu'une partbe
de l'enveloppe du tube qui n'est pas en regard d'un guide alimentateur est
rd- fl6chissante pour renvoyer le rayonnement ul- traviolet dans le tube et
sur la couche de matdriau luminescent.                     40 14.
Dispositif d'affichage a cristaux liquides solon l'une quelconque des
revendications pr~ceden- tes, caracteris4 en ce qu'un dcran diffusant la
lumibre est place au voisinage du panneau   45 d'affichage A cristaux
liquides du cote oppos4 au guide de lumibre. 15. Dispositif d'affichage a
cristaux liquides salon la revendication 14, caractdris6 en ce quo   so
I'cran diffusant la lumiere comprend un r6- seau de lentilles cylindriques
(72; 134, 135, 136). 55 11    


