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Description

[0001] The invention relates to a lighting system pro-
vided with a light-emitting panel comprising

- a front wall, a rear wall situated opposite thereto, and
furthermore, between the front and the rear wall, a
translucent input edge surface for coupling light into
the light-emitting panel,

- while at least a light source is associated with the
input edge surface, and

- while, in operation, light originating from the light
source is incident on the input edge surface and dis-
tributes itself in the light-emitting panel.

[0002] The invention also relates to a display device
provided with said lighting system.
[0003] Such lighting systems are known per se and
are also referred to as edge lighting systems. They are
used inter alia as backlighting systems in (picture) display
devices, for example for TV sets and monitors. Such light-
ing systems are particularly suitable for use as backlights
for non-emissive displays such as liquid crystal display
devices, also referred to as LCD panels, which are used
in (portable) computers or (portable) telephones.
[0004] Said display devices usually comprise a sub-
strate provided with a regular pattern of pixels which are
each controlled by at least one electrode. The display
device utilizes a control circuit for achieving a picture or
a datagraphic display in a relevant field of a (picture)
screen of the (picture) display device. The light originat-
ing from the backlight in an LCD device is modulated by
means of a switch or modulator, various types of liquid
crystal effects being used. In addition, the display may
be based on electrophoretic or electromechanical ef-
fects.
[0005] Such lighting systems are also used as lumi-
naires for general lighting purposes or for shop lighting,
for example shop window lighting or lighting of (transpar-
ent or semitransparent) plates of glass or synthetic resin
on which items, for example jewelry, are displayed. Such
lighting systems are further used as window panes, for
example for causing a glass wall to radiate light under
certain conditions, or to reduce or block out the view
through the window by means of light. A further alterna-
tive application is the use of such lighting systems for
illuminating advertising boards.
[0006] In the lighting systems mentioned in the open-
ing paragraph, the light source used is usually a tubular
low-pressure mercury vapor discharge lamp, for example
one or a plurality of cold-cathode fluorescent lamps
(CCFL), wherein the light emitted by the light source dur-
ing operation is coupled into the light-emitting panel,
which acts as an optical waveguide. This waveguide usu-
ally constitutes a comparatively thin and planar panel
which is manufactured, for example, from synthetic resin
or glass, and in which light is transported through the
optical waveguide under the influence of (total) internal

reflection.
[0007] As an alternative light source, such a lighting
system may also be provided with a plurality of optoe-
lectronic elements, also referred to as electro-optical el-
ements, for example electroluminescent elements, for
example light-emitting diodes (LEDs). These light sourc-
es are usually provided in the vicinity of or tangent to a
light-transmitting edge surface of the light-emitting panel,
in which case light originating from the light source is
incident on the light-transmitting edge surface during op-
eration and distributes itself in the panel.
[0008] A lighting system is known from US-A
5,575,549. Light from a linear light source with a uniform
brightness is coupled into a light-emitting panel, also re-
ferred to as light pipe, via a light incident edge surface.
Part of the light transmitted through said light incident
edge surface is made incident upon inclined surfaces of
conical or polygonal pyramid-shaped so-called concave
portions. Light is coupled out of the light-emitting panel
after the light has been refracted at the concave portions
in the light-conducting member.
[0009] A drawback of the known lighting system is that
the uniformity distribution of the light coupled out of the
light-emitting panel still is relatively poor.
[0010] Document US5640483 discloses a backlighting
system for liquid crystal display (LCD) panels to comprise
at least a light source and a light pipe for receiving the
light generated by the light source to provide the back-
lighting for the LCD panel. The light pipe consists of a
flat front surface facing the LCD panel, a back surface
facing the opposite direction to the LCD panel, and an
end surface adjacent to the light source. The front surface
extends toward the longitudinal direction away from the
light source. The back surface consists of a plurality of
parallel sections in parallel with the front surface, and
connecting sections connecting adjacent parallel sec-
tions. The gap between the parallel section and the front
surface decreases as the distance between the parallel
section and the light source in the longitudinal direction
increases. The system is characterized by the fact that
the connecting sections on the back surface of the light
pipe comprises at least two surfaces inclined to the par-
allel sections forming successive roof-shaped structures
along the direction perpendicular to the longitudinal di-
rection. This geometry increases the angle between the
normal vector of the inclined surfaces and the incident
vector of the incident light, thus reducing the portion of
light editing the inclined surfaces out of the light pipe.
The angle between two adjacent inclined surfaces is be-
tween 60 to 120 degrees.
[0011] Document US5050946 discloses a light pipe
used for backlighting liquid crystal displays has a planar
front surface and a stair-stepped or faceted back surface.
Light is injected from the ends of the light pipe from cold-
or hot-cathode, apertured, fluorescent lamps. The cold-
cathode lamps are preferably insulated to raise their op-
erating temperature. The back surface has a series of
planar portions parallel to the front surface connected by
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facets, which are angled so that the injected light reflects
off the facets and through the front surface. A reflector
having a planar, highly reflective, highly scattering sur-
face or a sawtoothed or grooved upper surface in located
adjacent to and parallel with the light pipe back surface
to reflect light escaping from the back surface back
through the light pipe to exit the front surface. The axis
of grooves is preferably slightly skewed from the facet
axis to reduce moire pattern development. A low-scat-
tering or low-loss diffuser is located adjacent to and par-
allel with the light pipe front surface to reduce moire pat-
tern development. The liquid crystal display is located
over the low scattering diffuser. A separate injector may
be located between the lamp and the light pipe to better
couple the light into the light pipe.
[0012] It is an object of the invention to eliminate the
above disadvantage wholly or partly. According to the
invention, a lighting system of the kind mentioned in the
opening paragraph comprises a rear wall in a first portion
of the light-emitting panel provided with a multiplicity of
steps, and a second portion of the light-emitting panel
widens from the input edge surface in a direction facing
the first portion.
[0013] Since the second portion of the light-emitting
panel widens from the input edge surface towards the
first portion, the light coupled into the light-emitting panel
at the input edge surface cannot leave the light-emitting
panel during its first travel through the light-emitting panel
from the input edge surface towards the first portion. The
angular light distribution of light traveling through such a
wedge-shaped second portion of the light-emitting panel
becomes gradually narrower. Generally speaking, light
is collimated in a light-emitting panel which widens. In a
light-emitting panel based on total internal reflection
(TIR), light not exceeding a limit angle cannot be coupled
out of a light-emitting panel. In the reverse situation, in
which light travels through a light-emitting panel which
narrows, the angular light distribution becomes gradually
greater. Since the light coupled into the light-emitting
panel at the input edge surface during its first travel
through the second portion of the light-emitting panel
cannot leave this second portion of the light-emitting pan-
el, it is promoted that the light during this travel through
the second portion of the light-emitting panel distributes
itself in the light-emitting panel, and also that the light, if
originating from two or more, possibly differently colored
light sources, is satisfactorily mixed. A good distribution
and/or mixing of light promotes the uniformity of the light
issued from the light-emitting panel. The second portion
of the light-emitting panel acts as if it were a light-mixing
chamber for light on its first path through a widening sec-
ond portion of the light-emitting panel. Such a "light-mix-
ing chamber" is usually provided outside the light-emit-
ting panel in known lighting systems, which is why such
light-emitting panels occupy more space than necessary.
By employing a light-emitting panel with a wedge-shaped
second portion according to the invention, the "light-mix-
ing chamber" is integrated into the light-emitting panel

leading to a considerable saving in space.
[0014] It is noted that wedge-shaped light-emitting
panels are known per se (see, e.g. the lighting system
known from US-A 5,575,549), but such known wedge-
shaped light-emitting panels are widest at the area of the
edge surface where light is coupled into the light-emitting
panel and narrowest at the opposite end of the light-emit-
ting panel.
[0015] Normally, the second portion would end in a
reflecting edge surface on the side of the light-emitting
panel facing the input edge surface. After reflection the
angular light distribution increases again, in dependence
on the manner in which the reflection takes place. On its
return path through such a light-emitting panel, light will
have a further increasing angular distribution owing to
the fact that the light-emitting panel gradually narrows.
At a certain moment the angular light distribution will have
become so wide that part of it exceeds the limit angle for
total internal reflection, and light will issue from the light-
emitting panel. Normally, upon reflection the light is given
a tilt such as to promote the output of light on its way
back in the direction of the input edge surface. However,
such a tilt given to the reflected light should be such that
the light is coupled out over the whole area of the front
wall of the light-emitting panel to uniformly illuminate the
display device. Under said reflection conditions a bright
band of light is issued from the front wall of the light-
emitting panel in the vicinity of said reflecting edge sur-
face. The brightness of said band of light is substantially
higher than the light emitted from the rest of the front wall
of the light-emitting panel. A solution would be to exclude
this bright band of light from the light contributing to illu-
minating the display device. However such shielding is
space consuming and the system efficiency would be
reduced.
[0016] The inventors have had the insight that the
above-described bright band of light originated from light
coupled out directly after reflection at the reflecting edge
surface. The light coupled out at the bright band of light
is practically the sum of all light coupled in at solid angles
larger than a limit angle, for which the angle after reflec-
tion at the reflecting edge surface is equal to the critical
angle for TIR. According to the measure of the invention
the rear wall in the first portion of the light-emitting panel
is provided with a multiplicity of steps. As a consequence,
the bright band of light is split into many shorter bright
bands of light which are spread over the front wall of the
light-emitting panel. The spatial frequency of the steps
in the first portion of the light-emitting panel can be cho-
sen such that the brightness modulation from the many
small bands of light can no longer be resolved, so that
the brightness is averaged and appears homogeneous.
The averaged, i.e. lower brightness of the bright band of
light can be tuned so as to be equally high as the bright-
ness of the remaining part of the front wall.
[0017] A particularly compact lighting system is ob-
tained through the measure according to the invention,
with a high uniformity of the distribution of the light emitted
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by the lighting system. A more uniform illumination of the
display device is realized thereby, in particular in the case
of (picture) display devices.
[0018] According to the invention a surface of the steps
facing the input edge surface makes an average angle
βav with respect to a normal on a bisecting plane bisecting
the light-emitting panel, wherein the bisecting plane com-
prises a bisecting line in the input edge surface, said
bisecting line being parallel to the front wall and bisecting
the input edge surface.
[0019] The bisecting plane makes an angle with the
front wall of the light-emitting panel and divides the sec-
ond portion of the light-emitting panel in half. The angle
β is responsible for the rotation of the angular intensity
distribution of the returning light such that the light on its
way back is extracted over the entire length of the second
portion of the light guide. Depending on the ratio of the
surface area Ses of the input edge surface and the largest
surface area Str in the light-emitting panel, the form of
the surface of the steps can be chosen to be flat for ratios
Str/Ses ≤ 2.5. Otherwise, the angle β must be varied to
ensure a widening of the angular intensity distribution,
and the form of the step surfaces will be preferably
curved. In the following, values for the average value of
β, βav, will be discussed.
[0020] The invention is characterized in that the aver-
age angle βav is in the range 5˚≤β≤25˚. Two different
embodiments of the light guide ending and reflecting sur-
face can be distinguished. One embodiment includes an
air gap between light guide ending and (diffuse) reflecting
surface. In this case, βav > 5˚for a light guide material
with refraction index n≈1.5 to ensure that light extraction
starts in the beginning of the second portion of the light
guide, where "beginning" means the side opposite to the
input edge surface of the panel. Equally, βav must not be
too large, to ensure that light is still extracted close to the
input edge surface. Simulations have shown that values
for βav > 25˚ are disadvantageous. This can be attributed
to the fact that the portion of light that after reflection is
outside the regime of total internal reflection increases
with increasing values of β. Of course this also relates to
the angular distribution of the light when it is coupled into
the light guide. A smaller angular distribution at this stage
makes larger values of β possible and/or necessary, but
to obtain this narrower distribution a larger thickness of
the light guide at the input edge is required, which again
is disadvantageous.
[0021] A preferred embodiment of the lighting system
according to the invention is characterized in that the
surface of the steps facing the input edge surface com-
prises a specular reflector on a side facing away from
the input edge surface. Such a specular reflector pro-
vides the desired reflection of the light traveling from the
input edge surface and stimulates the coupling out of
light from the light-emitting panel.
[0022] In an alternative embodiment, the steps com-
prise a diffuser on a side facing away from the light-emit-
ting panel, an air gap being maintained between the steps

and the diffuser or at least optical contact being prevent-
ed between the light guide and the diffuse reflector. Pref-
erably, the diffuser is made from a diffuse, highly reflect-
ing material copying the shape of the steps of the first
portion of the light-emitting panel. In this case the thick-
ness of the air gap between light-emitting panel and the
diffuser should be carefully controlled. Preferably, the dif-
fuse material has a very short penetration depth (<
0.1mm). The advantage of employing a diffuser is the
very high robustness against light source radiation pat-
tern and input geometries.
[0023] A preferred embodiment of the lighting system
according to the invention is characterized in that the
ratio of the surface area Ses of the input edge surface to
the surface area Str in the light-emitting panel at the tran-
sition between the first portion and the second portion of
the light-emitting panel satisfies the relation 1 < Str/Ses
< 10. Light originating from the light source and coupled
into the second portion of a light-emitting panel has an
angular distribution which varies between approximately
+42˚ and -42˚, for typical light guide materials with a re-
fractive index of approximately 1.5. The lower limit for
the ratio of the cross section Str at the transition between
the first and the second portion, where the light-emitting
panel has the largest thickness, and the surface area Ses
of the input edge surface, is given by the fact that the
light-emitting panel is wedge-shaped in the second por-
tion of the light-emitting panel. The upper limit for the
ratio Str/Ses < 10 is determined by the wish that the light-
emitting panel should not become too thick. In principle,
the dimensions (screen diameter) of, for example, the
display device determine the size (diameter) of the light-
emitting panel. If the input edge surface has a thickness
of 2 mm, then the equation Str/Ses = 10 means that either
the second edge surface or the cross-section of the light-
emitting panel parallel to the input edge surface at the
location of the largest thickness of the light-emitting panel
will have a thickness of 20 mm. The ease of manufacture
of the light-emitting panel is also reduced in the case of
such high ratios.
[0024] Preferably, the ratio Str/Ses satisfies the relation
1.5 < Str/Ses < 4. Light-emitting panels with a Str/Ses ratio
in the preferred range can be readily manufactured in an
(injection) molding process.
[0025] The light source used may be formed by LEDs,
for example white LEDs or different types of LEDs and/or
LEDs of different colors which are combined with one
another. Colors may be mixed in a desired manner
through a suitable use of LEDs, for example for making
white light of a desired color temperature. For this pur-
pose, an embodiment of the lighting system according
to the invention is characterized in that the light source
comprises one white LED or at least two light-emitting
diodes with different light emission wavelengths. Prefer-
ably, the light source comprises three light-emitting di-
odes. Employing a single white LED is advantageous
because the widening portion of the light-emitting panel
is used for the homogenization of the light distribution in
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the light-emitting panel. The LEDs preferably comprise
the combinations of red, green, and blue LEDs known
per se, or, for example, combinations of red, green, blue,
and amber LEDs. LEDs with three light emission wave-
lengths may also be realized by means of two LEDs with
different light emission wavelengths, wherein the LEDs
of one of the types are (partly) provided with a phosphor,
such that the light emission of the LED is converted by
the phosphor into light of a third, desired light emission
wavelength. A combination, known per se, of the red,
green, and blue LEDs renders it possible to realize color
changes independently of the status of the display de-
vice. The use of LEDs has the further advantage that
dynamic lighting possibilities are obtained. For this pur-
pose, a sensor is present at one of the edge surfaces for
measuring the optical properties of the light emitted by
the light source during operation.
[0026] The quantity of light emitted by the LEDs is ad-
justed in that the luminous fluxes of the light-emitting di-
odes are varied. This control of the luminous flux usually
takes place in an energy-efficient manner. Thus the LEDs
can be dimmed without an appreciable loss in efficacy.
Preferably, the intensity of the light emitted by the light-
emitting diodes is variable in response to the illumination
level of a picture to be displayed by the display device
or in response to the level of the ambient light. Preferably,
the color point of a picture displayed by the display device
is determined by the lighting system. An (improved) dy-
namic range (for example contrast) of the picture to be
displayed by the display device is achieved thereby.
[0027] Preferably, each of the light-emitting diodes has
a luminous flux of at least 5lm. Such high values are
particularly useful for high-brightness, large-screen ap-
plications, i.e. with a value of the quotient of the light
emitting panel luminous output and the panel diagonal
of more than 10 lm/inch. LEDs with such a relatively high
output are also referred to as LED power packages. The
use of these high-efficiency, high-output LEDs has the
specific advantage that the number of LEDs required for
a desired, comparatively high light output can be com-
paratively small. This benefits the compact construction
and the efficiency of the lighting system to be manufac-
tured. Further advantages of the use of LEDs are a com-
paratively very long useful life, the comparatively low en-
ergy cost, and the low maintenance cost for a lighting
system with LEDs.
[0028] A considerable length is available for mixing the
various light colors until the desired color mixture has
been reached, for example white light of a predetermined
color temperature, in a lighting system with a light-emit-
ting panel comprising a wedge-shaped portion widening
from the input edge surface, and in which the light cannot
be coupled out during its first travel through the widening
(second) portion of the light-emitting panel. Light-emitting
panels of comparatively large dimensions can be real-
ized in this manner with a light source which comprises
in total, for example, six or even only three (high-output)
light-emitting diodes with different light emission wave-

lengths. In an alternative embodiment a single LED suf-
fices. In the known lighting system, a light-mixing cham-
ber of considerable dimensions is usually necessary for
such a limited number of LEDs in order to achieve that
the light is sufficiently distributed and, in the case of mul-
tiple LEDs, mixed in the light-emitting panel so as to pro-
vide a uniform and homogeneous coupling-out of light
from the light-emitting panel in the direction of the (pic-
ture) display device.
[0029] In a further preferred embodiment, the lighting
system comprises control electronics for changing the
luminous flux of the light source. The desired lighting ef-
fects are achieved by means of suitable control electron-
ics, and the uniformity of the emitted light is improved.
White light is also obtained through a suitable combina-
tion of LEDs, for which the control electronics provide the
possibility of adjusting the desired color temperature.
[0030] A particularly compact lighting system is ob-
tained through the measure according to the invention,
with a high uniformity of the distribution of the light emitted
by the lighting system. A more uniform illumination of the
display device is realized thereby in particular in the case
of (picture) display devices.
[0031] The invention will now be explained in more de-
tail with reference to a number of embodiments and a
drawing, in which:

Fig. 1A is a perspective view of a display device com-
prising an embodiment of the lighting system accord-
ing to the invention;
Fig. 1B is a cross-sectional view of a detail of the
lighting system as shown in Figure 1A;
Fig. 2A shows the light emitted from a wedge-shaped
light-emitting panel with a single step which upon
reflection at the surface of the step is outside the
regime of total internal reflection;
Fig. 2B shows the light emitted from a wedge-shaped
light-emitting panel which upon reflection at the sur-
face of the steps is outside the regime of total internal
reflection in a panel with a number of steps which
are not spaced apart, β taking alternately positive
and negative values;
Fig. 2C shows the light which upon reflection at the
surface of the steps is outside the regime of total
internal reflection and subsequently is emitted from
a wedge-shaped light-emitting panel according to
the invention with a number of steps which are at a
certain distance with respect to each other, and
Fig. 3 shows the uniformity distribution of the light
emitted by a front wall of a light-emitting panel ac-
cording to the invention with a single step at various
values of the angle β.

[0032] The Figures are purely diagrammatic and not
drawn true to scale. Some dimensions are particularly
strongly exaggerated for reasons of clarity. Equivalent
components have been given the same reference nu-
merals in the Figures whenever possible.
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[0033] Figure 1A shows very schematically a perspec-
tive view of a display device comprising an embodiment
of the lighting system according to the invention. The
lighting system comprises a light-emitting panel 1 of a
light-transmitting material. The light-emitting panel 1 is
manufactured, for example, from a synthetic resin, from
acryl, from polycarbonate, from pmma, for example per-
spex, or from glass. Light is transported through the light-
emitting panel 1 during operation, utilizing total internal
reflection (TIR). The light-emitting panel 1 has a front wall
2 and a rear wall 3 opposite thereto. An input edge sur-
face 4 is provided between the front wall 2 and the rear
wall 3 of the light-emitting panel 1. In the example of
Figure 1A, the input edge surface 4 is at an angle between
80 and 100˚ with respect to the front wall 2 of the light-
emitting panel 1. The input edge surface 4 is light-trans-
mitting. The lighting system comprises a light source 6,
6’, ... for example a number of light-emitting diodes
(LEDs). In the situation shown in Figure 1, light originating
from the light source 6, 6’, ... is incident on the input edge
surface 4 of the light-emitting panel 1 during operation,
which light distributes itself in the light-emitting panel 1.
Reflector means (not shown in Figure 1A) may be pro-
vided between the light source 6, 6’, ... and the input edge
surface 4 to guide the light of the e.g. LEDs into the light-
emitting panel 1. In an alternative embodiment the LEDs
are provided inside the light-emitting panel. To this end
the light-emitting panel may be provided with an inden-
tation the shape of which is substantially complementary
to the shape of the light source. In this case the inden-
tation functions as the input edge surface. According to
the measure of the invention, the rear wall 3 in a first
portion 12 of the light-emitting panel 1 is provided with a
multiplicity of steps 13, 13’, ... (see also Figure 1B). In
addition, a second portion 22 of the light-emitting panel
1 widens from the input edge surface 4.
[0034] Light is coupled into the light-emitting panel 1
at the thin end (input edge surface 4) of second portion
22 of the light-emitting panel 1 and propagates towards
the first portion 12 of the light-emitting panel 1. In the
example of Figure 1A, light-emitting panel 1 reaches its
largest cross section Str at the transition between the first
and the second portion. This transition is indicated in Fig-
ure 1A by means of an imaginary plane with reference
numeral 122. In the first portion 12, light is reflected at
surfaces 17 of the steps 13, 13’, ..., said surfaces 17 fac-
ing the input edge surface 4. After reflection, the light can
be coupled out of the light-emitting panel 1.
[0035] As a rule of thu–mb, the height hst of a step is
preferably in the range 0.1 ≤ hst ≤ 0.5 mm; the last step,
closest to the front wall, may be chosen thicker (e.g. 2
mm) for mechanical reasons, the angle β of that particular
step being reduced accordingly. In addition, the distance
dst between two steps is in the range 0.1 ≤ dst ≤ 10 mm.
[0036] The spatial frequency of the steps in the first
portion of the light-emitting panel can be chosen such
that the brightness modulation from the many small
bands of light can no longer be resolved, so that the

brightness is averaged and appears homogeneous.
Therefore, a preferred embodiment of the lighting system
according to the invention is characterized in that the
number of steps is in the range from 25 to 100.
[0037] A preferred embodiment of the lighting system
according to the invention is characterized in that the
length lfp of the first portion as compared to the length lfw
of the front wall is in the range 0.05 ≤lfp/lfw≤ 0.6. By se-
lecting a ratio lfp/lfw in the given range, a further improve-
ment of the uniformity distribution of the light coupled out
of the light-emitting panel is achieved.
[0038] Preferably, the ratio of the surface area Ses of
the input edge surface 4 to the surface area Str in the
light-emitting panel at the imaginary transition plane 122
between the first portion 12 and the second portion 22
of the light-emitting panel 1 satisfies the relation 1 <
Str/Ses < 10. Particularly preferred is a ratio Str/Ses sat-
isfying the relation 1.5 < Str/Ses < 4. Light-emitting panels
in which the Str/Ses ratio lies within the preferred range
can be readily manufactured in an (injection) molding
process. A particularly suitable ratio is Str/Ses ≈ 2. For
example, a suitable thickness of the input edge surface
4 is 3 mm, which means that for Str/Ses = 2 the largest
thickness of the light-emitting panel 1 is 6 mm. An alter-
native suitable thickness for the input edge surface 4 is
1 mm, which means that the largest thickness of the light-
emitting panel 1 is 2 mm in the case of Str/Ses = 2.
[0039] Since the second portion 22 of the light-emitting
panel 1 widens from the input edge surface 4, light cannot
leave the light-emitting panel 1 during its first travel
through the widening second portion 22. It is thus pro-
moted that the light in its first travel through the second
portion 22 of the light-emitting panel 1 distributes itself
and is mixed in the light-emitting panel 1. A good distri-
bution and/or mixing of light promotes the uniformity and
the homogeneity of the light coupled out of the light-emit-
ting panel 1. The second portion 22 of light-emitting panel
1, as shown in Figure 1A, acts as it were as a light-mixing
chamber for light during its first travel through a widening
light-emitting panel. According to the measure of the in-
vention, the light-mixing chamber is as it were integrated
into the light-emitting panel, which leads to a considera-
ble saving in space. A particularly compact lighting sys-
tem is obtained through the measure according to the
invention, with a high uniformity of the distribution of the
light emitted by the lighting system.
[0040] In Figure 1A, the length lfp of the first portion 12
is indicated as well as the length lfw of the front wall 2.
Preferably, the ratio is in the range 0.05 ≤lfp/lfw≤ 0.6. If,
by way of example, the length lfw of the front wall 2 is
approximately 300 mm, the length lfp of the first portion
12 is approximately 30 mm, i.e. lfp/lfw≈0.1. Preferably,
the number of steps 13, 13’, ... lie in the range from 25
to 100. In the example given (lfp ≈ 30 mm), a particularly
advantageous number of steps is 50. Preferably, the
height hst of a step 13, 13’, ... (see Figure 1B) is in the
range 0.1≤hst≤0.5 mm. A light-emitting panel 1 with such
steps can be easily manufactured.
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[0041] In the example of Figure 1A, a diffuser is pro-
vided behind the steps 13, 13’, ... while an air gap 33 is
maintained between the steps 13, 13’, ... and the diffuser
32. In the example of Figure 1A, the diffuser 32 is a block
with a shape complementary to that of the steps 13,
13’, ... of the first portion 12 of the light-emitting panel 1.
Preferably, the diffuser 32 is made from a diffuse, highly
reflecting material, for instance Teflon, diffusely reflecting
aluminum or a coating containing highly reflecting parti-
cles such as halophosphates, calcium pyrophosphate,
strontium pyrophosphate and titanium dioxide or e.g. an
expanded polytetrafluoroethylene coating. Such coat-
ings, which show a long penetration depth, can be used
as a thin layer (0.1 mm) in combination with a specular
reflector layer arranged therebehind to achieve higher
reflectivity. Likewise, the white powders could be applied
onto the light guide, the approximately spherical grains
assuring that there is virtually no optical contact between
powder layer and light guide, and a solid specular reflec-
tor positioned therebehind to keep the powder in place.
Preferably, the diffuse material has a very short penetra-
tion depth (< 0.1 mm). Likewise, the air gap has to be
small (< 0.1 mm) and controlled in thickness over the
edge height (preferably 6 0.025 mm). In an alternative
embodiment of the lighting system the surface of the
steps facing the input edge surface comprises a specular
reflector on a side facing away from the input edge sur-
face (not shown in Figure 1A).
[0042] The light-emitting panel 1, during operation,
emits light in the direction of a display device for example
a liquid crystal display (LCD) device 20 via a translucent
diffuser 8 in order to further homogenize the light issued
from the light-emitting panel 1. The assembly of the light
source 6, 6’, ..., the light-emitting panel 1, and the LCD
device 20, whether or not accommodated in a housing
(not shown in Figure 1A), forms a display device for dis-
playing, for example, (video)images. The light-emitting
panel 1 may further be provided with a sensor (not shown
in Figure 1A) for measuring the optical properties of the
light. This sensor is coupled to control electronics (not
shown in Figure 1A) for suitably adapting the luminous
flux of the light source 6, 6’,.... A feedback mechanism
can be realized by means of the sensor and the control
electronics for influencing the quality and the quantity of
the light coupled out of the light-emitting panel.
[0043] In an alternative embodiment, the front wall 2
is provided with a light redirecting foil.
[0044] Preferably, the light source 6, 6’, ... comprises
one white LED or at least two light-emitting diodes with
different light emission wavelengths. Preferably, the light
source comprises three light-emitting diodes with a blue,
a green, and a red light emission wavelength. The source
brightness of a LED is usually many times higher than
that of a fluorescent tube. Furthermore, the coupling ef-
ficiency of light into the panel with the use of LEDs is
greater than with the use of fluorescent tubes. The use
of LEDs as a light source has the advantage that the
LEDs may lie against panels made from synthetic resin.

LEDs transmit hardly any heat in the direction of the light-
emitting panel 1, nor do they generate detrimental (UV)
radiation. The use of LEDs, in addition, has the advan-
tage that no means need be applied for coupling the light
originating from the LEDs into the panel. The LEDs in
the lighting system may comprise suitably chosen clus-
ters of blue, green, and red LEDs, or suitable alternative
combinations of single-color or dual-color LEDs, or a plu-
rality of white LEDs with high luminous flux.
[0045] The LEDs used in a large-screen, high-bright-
ness lighting system, characterized by a value of the quo-
tient of the light emitting panel luminous output and the
panel diagonal of more than 10 lm/inch, are preferably
LEDs which each have an optical power of at least 50
mW. LEDs with such a high output are also referred to
as LED power packages. Examples of power LEDs are
LEDs of the "Luxeon™" type (Lumileds), of which the lu-
minous flux per LED is 35 lm for red, 30 lm for green, 8
lm for blue, and 40 lm for amber LEDs. In alternative
embodiments, yellow, amber, cyan, magenta, and/or
purple LEDs are used which have a comparatively high
light output (whether or not with the aid of two spectral
light emission wavelengths). It is also possible to use a
plurality of white LEDs of high luminous flux. In further
alternative embodiments, red LEDs may be used in com-
bination with blue LEDs which are provided with a phos-
phor, such that the latter emit in two spectral bands, i.e.
a blue and a green band.
[0046] Preferably, the LEDs are mounted on a (metal-
core) printed circuit board (not shown in Figure 1A).
When power LEDs are provided on such a (metal-core)
printed circuit board (PCB), the heat generated by the
LEDs can be readily removed by the PCB through ther-
mal conduction. An interesting embodiment of the light-
ing system is furthermore one in which the (metal-core)
printed circuit board is in contact with the housing of the
display device via a thermally conducting connection.
[0047] Figure 1B shows a cross-sectional view of a
detail of the lighting system as shown in Figure 1A. In
the first portion 12, a surface 17 of the steps 13, 13’, ...
facing the input edge surface 4 makes an angle β ≥5˚
with respect to a normal 25 on a bisecting plane 20 bi-
secting the light-emitting panel 1. The bisecting plane 20
makes an angle with the front wall 2 of the light-emitting
panel 1 and divides the second portion 22 of the light-
emitting panel 1 in half. To this end, the bisecting plane
20 comprises a bisecting line 21 in the input edge surface
4, said bisecting line 21 being parallel to the front wall 2
and bisecting the input edge surface 4. According to the
invention the average angle βav is in the range 5 ≤ βav ≤
25˚. Particularly preferred is an average angle βav of ap-
proximately 15˚-19˚.
[0048] Figure 2A shows very schematically the light in
a wedge-shaped light-emitting panel 101 with a front wall
102 and a rear wall 103 and with a single step 113 ("sin-
gle-facet back reflector"). It can be seen that at the edge
of the front wall 102 facing away from the light source
(not shown in Figure 2A) a bright band of light is formed.
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The brightness of said band of light is substantially higher
(factor of two or more) than the light emitted at the rest
of the front wall 102 of the light-emitting panel 101. A
solution would be to exclude this bright band of light from
the light contributing to illuminating the display device.
However, making this part of the front wall 102 not "avail-
able" is disadvantageous. Such a shielding is space con-
suming, which is a problem if the light-emitting panel 101
is applied as backlight for display devices, in particular
for (laptop) LCD backlighting. In addition, the system ef-
ficiency would be reduced (depending on the geometry
this may be by more than 10%) which is particularly im-
portant in the case of (laptop) display devices.
[0049] Figure 2B shows very schematically the light
emitted in a wedge-shaped light-emitting panel 201 with
a front wall 202 and a rear wall 203 and with a number
of steps 213 with no distance between the steps 213
("multi-facet back reflector"). The situation is improved
with respect to the situation in Figure 2A. Multiple bright
bands of light are created. However, the bright bands of
light occur still relatively close to the edge of the front
wall 202 facing away from the light source (not shown in
Figure 2B).
[0050] Figure 2C shows very schematically the light in
a wedge-shaped light-emitting panel 1 with a front wall
2 and a rear wall 3 and, according to the invention, with
a number of steps 13, 13’, ... spaced with respect to each
other ("stretched multi-facet back reflector") (see also
Figure 1A and 1B). The bright bands of light are distrib-
uted over a relatively large part of the front wall 2 of the
light-emitting panel 1.
[0051] Figure 3 shows the uniformity distribution of the
light emitted by a front wall 2 of a light-emitting panel 1
according to the invention for a one-step facet at various
values of the angle β (see Figures 1A and 1B). The length
of the front wall 2 in this example is 250 mm. The ratio
of the surface area Ses of the input edge surface 4 to the
surface area Str in the light-emitting panel at the imagi-
nary transition plane 122 between the first portion 12 and
the second portion 22 of the light-emitting panel 1 in the
example of Figure 3 is Str/Ses = 2. The light source is
located on the side of the light-emitting panel 1 where
x=0 mm. For values of the angle β ≤10˚ it can be seen
that too much light is emitted at the beginning of the light-
emitting panel 1 (i.e. at x ≤ 100 mm) resulting in a too
low light level emitted by the remainder of the front wall
2 (i.e. at x > 100 mm). For values of the angle 22 ≤ β ≤
15˚ it can be seen that the light distribution is relatively
flat, but relatively much light is emitted at the end of the
light-emitting panel 1 (i.e. at x > 225 mm). For values of
the angle β of approximately 17˚, the stretched multi facet
solution of this invention can spread the bright band at
the end of the light emitting panel and combine that with
a relatively flat light distribution over the entire front wall.
[0052] It will be obvious that many modifications are
possible to those skilled in the art within the scope of the
invention as defined by the appended claims. The scope
of protection of the invention is not limited to the embod-

iments given. Reference numerals in the claims do not
limit the scope of protection thereof. The use of the verb
"comprise" and its conjugations does not exclude the
presence of elements other than those specified in the
claims. The use of the indefinite article "a" or "an" pre-
ceding an element does not exclude the presence of a
plurality of such elements.

Claims

1. A lighting system provided with a light-emitting panel
(1) comprising

- a front wall (2), a rear wall (3) situated opposite
thereto, and furthermore, between the front and
the rear wall (2, 3), a translucent input edge sur-
face (4) for coupling light into the light-emitting
panel (1),
- while at least a light source (6, 6’) is associated
with the input edge surface (4), and
- while, in operation, light originating from the
light source (6, 6’) is incident on the input edge
surface (4) and distributes itself in the light-emit-
ting panel (1), wherein
- the rear wall (3) in a first portion (12) of the
light-emitting panel (1) is provided with a multi-
plicity of steps (13, 13’), and
- a second portion (22) of the light-emitting panel
(1) widens from the input edge surface (4) in a
direction facing the first portion (12)
- a surface (17) of the steps (13, 13’) facing the
input edge surface (4) makes an average angle
βav with respect to a normal (25) on a bisecting
plane (20) bisecting the light-emitting panel (1),
wherein the bisecting plane (20) comprises a
bisecting line (21) in the input edge surface (4),
said bisecting line (21) being parallel to the front
wall (2) and bisecting the input edge surface (4),
characterized in that the average angle βav is
in the range 5˚ ≤ βav ≤ 25˚.

2. A lighting system as claimed in claim 1, character-
ized in that the surface (17) of the steps (13, 13’)
facing the input edge surface (4) comprises a spec-
ular reflector (31) on a side facing away from the
input edge surface (4).

3. A lighting system as claimed in claim 1, character-
ized in that the steps (13, 13’, ...) comprise a diffuser
(32) on a side facing away from the light-emitting
panel (1) while an air gap (33) is maintained between
the steps (13, 13’) and the diffuser (32).

4. A lighting system as claimed in claim 1, character-
ized in that the height hst of a step (13, 13’) is in the
range 0.1 ≤ hst ≤ 0.5 mm.
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5. A lighting system as claimed in claim 1, character-
ized in that the distance dst between two steps (13,
13’) is in the range 0.1 ≤ dst ≤ 10 mm.

6. A lighting system as claimed in claim 1, character-
ized in that the number of steps (13, 13’) is in the
range from 25 to 100.

7. A lighting system as claimed in claim 1, character-
ized in that the length lfp of the first portion (12) as
compared to the length lfw of the front wall (2) is in
the range 0.05 ≤lfp/lfw≤ 0.6.

8. A lighting system as claimed in claim 1, character-
ized in that the ratio of the surface area Ses of the
input edge surface (4) to the surface area Str in the
light-emitting panel (1) at the transition between the
first portion (12) and the second portion (22) of the
light-emitting panel (1) satisfies the relation 1 <
Str/Ses < 10.

9. A lighting system as claimed in claim 8, character-
ized in that the ratio is 1.5 < Str/Ses < 4.

10. A lighting system as claimed in claim 1, character-
ized in that the front wall (2) is provided with a trans-
lucent diffuser (8).

11. A lighting system as claimed in claim 1, character-
ized in that the front wall (2) is provided with a light
redirecting foil.

12. A lighting system as claimed in claim 1, character-
ized in that the light source (6, 6’) comprises at least
one white LED or at least two light-emitting diodes
with different light emission wavelengths.

13. A lighting system as claimed in claim 12, character-
ized in that each of the light-emitting diodes has a
luminous flux of at least 5 lm.

14. A display device provided with a lighting system as
claimed in claim 1.

15. A display device as claimed in claim 14, which dis-
play device comprises a liquid crystal display (50)

Patentansprüche

1. Beleuchtungssystem mit einem Licht emittierenden
Panel (1) mit

- einer Vorderwand (2), einer dieser gegenüber-
liegenden Rückwand (3) sowie weiterhin einer
lichtdurchlässigen Eintrittsrandfläche (4) zwi-
schen der Vorderwand und der Rückwand (2,
3), um Licht in das Licht emittierende Panel (1)

einzukoppeln,
- wobei zumindest eine Lichtquelle (6, 6’) der
Eintrittsrandfläche (4) zugeordnet ist, und
- wobei von der Lichtquelle (6, 6’) ausgehendes
Licht bei Betrieb auf die Eintrittsrandfläche (4)
auffällt und sich selbst in dem Licht emittieren-
den Panel (1) verteilt, wobei
- die Rückwand (3) in einem ersten Abschnitt
(12) des Licht emittierenden Panels (1) mit einer
Vielzahl von Stufen (13, 13’) versehen ist und
- ein zweiter Abschnitt (22) des Licht emittieren-
den Panels (1) von der Eintrittsrandfläche (4) in
einer dem ersten Abschnitt (12) zugewandten
Richtung breiter wird,
- wobei eineOberfläche (17)der Stufen (13, 13’),
die der Eintrittsrandfläche (4) zugewandt ist, ei-
nen Durchschnittswinkel βav zu einer Normalen
(25) auf einer das Licht emittierende Panel (1)
halbierenden Halbierungsebene (20) bildet, wo-
bei die Halbierungsebene (20) eine Halbie-
rungslinie (21) in der Eintrittsrandfläche (4) um-
fasst, wobei sich die Halbierungslinie (21) par-
allel zu der Vorderwand (2) befindet und die Ein-
trittsrandfläche (4) halbiert,
dadurch gekennzeichnet, dass der Durch-
schnittswinkel βav im Bereich von 5˚ ≤ βav ≤ 25˚
liegt.

2. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die der Eintrittsrandfläche
(4) zugewandte Oberfläche (17) der Stufen (13, 13’)
auf einer von der Eintrittsrandfläche (4) abgewand-
ten Seite einen Spiegelreflektor (31) umfasst.

3. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Stufen (13, 13’) auf einer
von dem Licht emittierenden Panel (1) abgewandten
Seite einen Diffusor (32) umfassen, wobei zwischen
den Stufen (13, 13’) und dem Diffusor (32) ein Luft-
spalt (33) beibehalten wird.

4. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Höhe hst einer Stufe (13,
13’) im Bereich von 0,1 ≤ hst ≤ 0,5 mm liegt.

5. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass der Abstand dst zwischen
zwei Stufen (13, 13’) im Bereich von 0,1 ≤ dst ≤ 10
mm liegt.

6. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Anzahl von Stufen (13,
13’) im Bereich von 25 bis 100 liegt.

7. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Länge lfp des ersten Ab-
schnitts (12) im Vergleich zu der Länge lfw der Vor-
derwand (2) im Bereich von 0,05 ≤ lfp/lfw ≤ 0,6 liegt.
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8. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass das Verhältnis des Oberflä-
chenbereichs Ses der Eintrittsrandfläche (4) zu dem
Oberflächenbereich Str in dem Licht emittierenden
Panel (1) an dem Übergang zwischen dem ersten
Abschnitt (12) und dem zweiten Abschnitt (22) des
Licht emittierenden Panels (1) der Relation 1 <
Str/Ses < 10 entspricht.

9. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass das Verhältnis 1,5 < Str/Ses
< 4 ist.

10. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Vorderwand (2) mit ei-
nem lichtdurchlässigen Diffusor (8) versehen ist.

11. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Vorderwand (2) mit einer
Licht zurückleitenden Folie versehen ist.

12. Beleuchtungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass die Lichtquelle (6, 6’) min-
destens eine weiße LED oder mindestens zwei Licht
emittierende Dioden mit unterschiedlichen Lichte-
missionswellenlängen umfasst.

13. Beleuchtungssystem nach Anspruch 12, dadurch
gekennzeichnet, dass jede der Licht emittierenden
Dioden eine Lichtausbeute von mindestens 5 lm auf-
weist.

14. Anzeigeeinrichtung, die mit einem Beleuchtungssy-
stem nach Anspruch 1 versehen ist.

15. Anzeigeeinrichtung nach Anspruch 14, die eine
Flüssigkristallanzeige (50) umfasst.

Revendications

1. Système d’éclairage pourvu d’un panneau émetteur
de lumière (1) comprenant :

- une paroi avant (2), une paroi arrière (3) op-
posée à la paroi avant, et en outre, entre la paroi
avant (2) et la paroi arrière (3), une surface de
bord d’entrée translucide (4) pour coupler la lu-
mière dans le panneau émetteur de lumière (1),
- alors qu’au moins une source lumineuse (6,
6’) est associée à la surface de bord d’entrée
(4), et
- alors que, en fonctionnement, la lumière pro-
venant de la source lumineuse (6, 6’) est inci-
dente sur la surface de bord d’entrée (4) et se
distribue dans le panneau émetteur de lumière
(1),
dans lequel

- la paroi arrière (3) dans une première partie
(12) du panneau émetteur de lumière (1) est
pourvue d’une multiplicité de marches (13, 13’),
et
- une seconde partie (22) du panneau émetteur
de lumière (1) s’élargit de la surface de bord
d’entrée (4) dans une direction faisant face à la
première partie (12),
- une surface (17) des marches (13, 13’) faisant
face à la surface de bord d’entrée (4) a un angle
moyen βav par rapport à une normale (25) sur
un plan de bissection (20) divisant le panneau
émetteur de lumière (1) en deux parties égales,
dans lequel le plan de bissection (20) comprend
une ligne de bissection (21) dans la surface de
bord d’entrée (4), ladite ligne de bissection (21)
étant parallèle à la paroi avant (2) et divisant la
surface de bord d’entrée (4) en deux parties éga-
les,
caractérisé en ce que l’angle moyen βav est
dans la plage de 5˚ ≤ βav ≤ 25˚.

2. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la surface (17) des marches
(13, 13’) faisant face à la surface de bord d’entrée
(4) comprend un réflecteur spéculaire (31) sur un
côté faisant face à l’opposé de la surface de bord
d’entrée (4).

3. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que les marches (13, 13’, ...) com-
prennent un diffuseur (32) sur un côté faisant face
à l’opposé du panneau émetteur de lumière (1) alors
qu’un entrefer (33) est maintenu entre les marches
(13, 13’) et le diffuseur (32).

4. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la hauteur hst d’une marche
(13, 13’) est dans la plage de 0,1 ≤ hst ≤ 0,5 mm.

5. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la distance dst entre deux mar-
ches (13, 13’) est dans la plage de 0,1 ≤ dst ≤ 10 mm.

6. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que le nombre de marches (13, 13’)
est dans la plage de 25 à 100.

7. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la longueur lfp de la première
partie (12) par rapport à la longueur lfw de la paroi
avant (2) est dans la plage de 0,05 ≤ lfp/lfw ≤ 0,6.

8. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que le rapport de l’aire de surface
Ses de la surface de bord d’entrée (4) sur l’aire de
surface Str du panneau émetteur de lumière (1) à la
transition entre la première partie (12) et la seconde
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partie (22) du panneau émetteur de lumière (1) res-
pecte la relation 1 < Str/Ses < 10.

9. Système d’éclairage selon la revendication 8, ca-
ractérisé en ce que le rapport est de 1,5 < Str/Ses
< 4.

10. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la paroi avant (2) est pourvue
d’un diffuseur translucide (8).

11. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la paroi avant (2) est pourvue
d’une feuille de redirection de lumière.

12. Système d’éclairage selon la revendication 1, ca-
ractérisé en ce que la source lumineuse (6, 6’) com-
prend au moins une LED blanche ou au moins deux
diodes électroluminescentes avec différentes lon-
gueurs d’onde d’émission de lumière.

13. Système d’éclairage selon la revendication 12, ca-
ractérisé en ce que chacune des diodes électrolu-
minescentes a un flux lumineux d’au moins 5 lm.

14. Dispositif d’affichage pourvu d’un système d’éclai-
rage selon la revendication 1.

15. Dispositif d’affichage selon la revendication 14, le-
quel dispositif d’affichage comprend un affichage à
cristaux liquides (50).
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