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IMPLEMENTING THE METHOD

(57) A method for producing a light-radiating surface
and a lighting device for implementing the method relate
to lighting technology, specifically to LED lighting devices
which are intended for producing external and internal
lighting. The method for producing a light-radiating sur-
face comprises operations for generating a stream of ra-
diation; establishing the direction of flow of a light-reflect-
ing structure; irradiating luminophore particles forming a
first means for transforming the stream of radiation; and
using a stream of light to irradiate a second means for
transforming the stream of radiation, which means is pro-

METHOD FOR PRODUCING A LIGHT-RADIATING SURFACE AND A LIGHTING DEVICE FOR

duced from an optically transparent material and is
equipped with scattering means. The lighting device
comprises aradiation source in the blue and/or ultraviolet
range of the spectrum; a first means for transforming the
radiation, which means is equipped with luminophore
particles; a light-reflecting structure which can change
the radiation direction; and a second means for trans-
forming the radiation, which means is equipped with light-
scattering elements, is constructed from an optically
transparent material and has a light-radiating surface.
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Description
Field of Invention.

[0001] The invention relates to lighting technology,
specifically to LED lighting devices which are intended
for producing external and internal lighting.

Prior Art.

[0002] To improve ergonomic characteristics, lighting
devices shall not create glaring light, sudden jumps in
brightness of the radiation surface, which may cause a
feeling of discomfort. The mentioned effect results from
a high level of brightness of the radiation source and its
small angular dimensions. Most often this problem is
solved by scattering the radiation using various means
which mostly combine both protective-decorative func-
tions and light scattering functions. The other way of ap-
proaching the mentioned problem is to distribute the pri-
mary radiation over the large light-radiating surface the
surface brightness of which does not cause discomfort
and is sufficient for establishing a standard lighting level.
[0003] There is known a method for producing a large
light-radiating surface, which comprises the generation
of the stream of spherical radiation containing an ultra-
violet component; use of the stream to irradiate the lumi-
nophore layer applied to the internal surface of the ellip-
soidal enclosure made from an optically transparent ma-
terial; transformation of the ultraviolet part to the visible
red light; radiation of the directradiation stream and trans-
formed radiation stream from the external surface of the
enclosure ("Electric light sources" by Z. S. Voznesen-
skaya et al., published in Moscow by the Gosenergoizdat
Publishing House, 1957, p.186).

[0004] The method of prior art has features similar to
those of the invention and describes the manufacture of
mercury-discharge lamps with corrected chromaticity.
The application of luminophore particles to the internal
surface of the enclosure has been dictated by the need
to correct the spectrum of radiation produced by gas dis-
charge. The method of prior art is energy- and labor-
intensive process, besides associated with environmen-
tally hazardous actions when measuring mercury in the
cylinder of the gas-discharge light source.

[0005] There is known a method for producing a large
light-radiating surface, which comprises the generation
of the radiation stream by a plurality of single sources
each of which directs the radiation stream to the space
angle; use of the stream to irradiate the surface element
of the luminescent coating applied to the plate from the
optically transparent material; transformation of the
wavelength of the radiation part by luminophores; radia-
tion of the direct radiation stream and transformed radi-
ation stream from the surface element dS of the plate;
integration of the elementary streams of light from the
whole light-radiating surface S of the plate (RF patent
No. 2301475, IPC H01063/06 issued on June 20, 2007).
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[0006] The method of prior art has been aimed at pro-
ducing a uniform light intensity of the large planar surface.
A light emitting diode (LED) has been used as a single
radiation source in the method of prior art. The LED ra-
diation scattering occurs in the luminophore layer, on
which the area of the irradiated surface dS is determined
by the value of the space angle dQ. After scattering of
the incident radiation the surface brightness of the area
dS remains non-uniform and decreases as the distance
from LED optical axis increases, which results in a non-
uniform luminous exitance of the whole light-radiating
surface S. The precorrection of the radiation source dis-
tribution using a lens involves a rise in the cost of led-
emitting diodes, complication of the lighting device man-
ufacturing and is not always economically feasible.
[0007] There is known an appliance for producing a
large light-radiating surface comprising of a case; a ra-
diation source located inside the case; a plate from an
optically transparent material located in front of the radi-
ation source and provided with a luminophore covering
(RF patent No. 2301475, IPC H01063/06 issued on June
20, 2007).

[0008] The disadvantage of the prior art method is a
non-uniform luminous exitance of the light-radiating sur-
face conditioned by the decrease of brightness as the
distance from the axis of the radiation beam incident on
the irradiated surface increases. In addition, the use of
the plate limits substantially the possible scope of appli-
cation of prior art appliance.

[0009] There is known a patent wherein a light-radiat-
ing appliance comprises a light-emitting diode (LED)
source of light in the ultraviolet range of the spectrum
and a planar body made from an optically transparent
resin and containing dispersed luminophore particles
and light-storing bodies together with light-transmitting
inorganic particles (RF patent No. 2319063, IPC
F21V9/00 issued on June 10, 2006).

[0010] The advantage of the prior art solution is the
use of the radiation source invisible to the observer. As
the disadvantage of this solution the design complexity
of the multi-component panel may be mentioned, the fab-
rication of such a panel constitutes a complex engineer-
ing problem initself, and it will most likely be an expensive
article. In addition, the light intensity of 15.5 cd/m? de-
clared in the description appears as clearly insufficient
for manufacturing lighting devices intended for general
lighting.

[0011] There is known a device for general and spot
lighting, which contains ultraviolet light emitting diodes
located along the axis of the optically transparent tube
to the surface of which a layer of luminophore transform-
ing the nonvisible radiation to the visible light is applied
(Patent No.JP 2002133910, IPC F2158/04, issued on
May 10, 2002).

[0012] The disadvantage of the prior art solution is the
allocation of radiation sources in a narrow enclosed tube,
which limits the selection of the light-radiating surface
form. In addition, it is difficult to withdraw heat from LEDs
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in the tube, whereas LEDs overheating reduces their
light-radiating capacity. Most probably, the prior art as-
sembly is intended to be used with low-power LEDs and
is not capable of creating the light level required for gen-
eral lighting.

[0013] There is known a lighting assembly comprising
a housing, means for connecting with a source of electric
power; a series of light emitting diodes mounted within
the housing and sufficient in output wavelength for exci-
tation of luminophore receptive to an ultra-violet region
of the electromagnetic spectrum; electric power trans-
forming means to convert power into a known voltage for
use by said light emitting diodes; a transparent plate hav-
ing an interior surface area covered with luminophore,
through which a light excited by luminophore and visible
to the naked eye is transmitted (U.S. patent No. 6068383,
IPC E2158/04, issued on May 30,2000).

[0014] The disadvantages of the known analogue are
losses of a light stream which is emitted by the light emit-
ting diodes sideways from the optical axis, as well as a
non-uniform exitance of the light-radiating surface con-
ditioned by a decreasing intensity of the stream of light
incident on the irradiated area as the distance from its
optical axis increases and by a lack of means for smooth-
ing the surface brightness of the light-radiating surface
and the irradiance color.

[0015] The technical results of the invention are in-
creases in uniformity of radiation color and in surface
brightness of the light-radiating surface, enhancement of
processing capabilities for designing lighting devices with
that kind of surface.

[0016] The method for producing a light-radiating sur-
face is characterized by the following essential features:

The method for producing a light-radiating surface
comprising the generation of a stream of radiation
by a light-emitting diode (LED) emitter; establish-
ment of the direction of the radiation stream by a
surface of a light-reflecting structure; irradiation of
luminophore particles forming a first means for trans-
forming the stream of radiation using the established
radiation stream; radiation of a visible stream of light
by luminophore particles; irradiation by a visible
stream of light of the second means for transforming
the stream of radiation, which means is capable of
scattering the stream of light and is produced from
an optically transparent material; radiation of the vis-
ible stream of light from the surface of the second
means for transforming.

[0017] The alternative form of the method provides the
change in the sequence of transforming the radiation
stream whereby first the wavelength of the LED radiation
stream is transformed, and then the direction of the ra-
diation stream is established by the surface of the light-
reflecting structure. In this last embodiment the change
in the sequence of transforming the LEDs radiation has
no influence on the claimed technical result.
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[0018] The lighting device which implements the meth-
od for producing a light-radiating surface is characterized
by the following essential features:

The lighting device comprising a light source which
includes at least one light-emitting diode (LED) emit-
ter mounted on the board and generating a radiation
stream in the blue and/or ultraviolet range of the
spectrum; a first means formed by luminophore par-
ticles for transforming the stream of radiation; a light-
reflecting structure which can establish the direction
of the radiation stream; a second means for trans-
forming the radiation, which means is equipped with
light-scattering elements, is made from an optically
transparent material and has a light-radiating sur-
face.

[0019] The essential feature of this invention stated as
"a first means for transforming the stream of radiation"
shall be understood to mean a plurality of luminophore
particles the spatial arrangement of which is determined
by the configuration of that part on the surface or in the
volume of which are contained said particles.

[0020] The following features of the invention shall be
pointed out as ampliative and/or specifying ones:

- the composition of luminophore particles of the first
means for transforming the radiation makes it pos-
sible to create a stream of light in the visible-light
spectrum;

- the first means for transforming the radiation in-
cludes luminophore particles having the effect of af-
terglow, which particles not only contribute to
smoothing the stream of light but make it possible to
obtain an additional technical result in the form of
emergency rescue lighting;

- the first means for transforming the radiation stream
is located on the surface and/or in the material of the
optically transparent substrate which is one of the
embodiments of said means.

[0021] The term "substrate" is meant by the applicant
to be understood as a detail of design made from optically
transparent material capable of establishing both rigid
and flexible surfaces;

- the first means for transforming the radiation is lo-
cated on the surface and/or in the material of the
optically transparent substrate which covers the
light-emitting diode (LED) emitter and is the carrier
of the first means for transforming the radiation;

- asubstrate covering the light-emitting diode is made
as a hollow three-dimensional figure, the thickness
of its wall depends on optical properties of the ma-
terial and is determined based on minimum possible
losses ofthe radiation stream and available process-
ing capabilities for its manufacturing, the optimal em-
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bodiment of the substrate shall be in the form of a
hemisphere or paraboloid of rotation;

the surface of the optically transparent substrate is
patterned, which makes it possible to perform a pre-
liminary scattering of the stream of light and contrib-
utes to the improvement of the conditions for obtain-
ing the uniformity of light-radiating surface bright-
ness;

the first means for transforming the radiation stream
is applied to the patterned surface of the substrate,
thus increasing the area for transforming the radia-
tion;

the first means for transforming the radiation stream
is applied to the surface of the optically transparent
planar substrate located at distance h1 (given in mm)
from the light-reflecting structure, this value is taken
in the range of 0 <h1 <40, to smooth the brightness
of adjacent areas of the light spots using both the
superposition and interference of light waves;

the second means for transforming the radiation is
made in the form of the plate inside or on one of the
surfaces of which light-scattering elements are lo-
cated, and this plate serves as a protective element
of the lighting device while scattering the stream of
light and performing the light-radiating function;
surface light-scattering elements are made in the
form of regular relief without sharp edges, for exam-
ple, in the form of hemispheres;

the plate of the second means for transforming the
radiation is located at distance h2 from the first
means for transforming the radiation the carrier of
which is a transparent planar substrate, with h2 not
exceeding 50 mm, and the selection of the distance
based on the specified conditions makes it possible
to smooth the light intensity of the plate surface and
to level differences in the radiation color;

the plate of the second means for transforming is
equipped with luminophore particles and is located
at distance H from the light-reflecting structure, with
H not exceeding 50 mm, and the selection of the
distance based on the specified conditions makes it
possible to smooth the light intensity of the plate sur-
face and to level differences in the radiation color;
the light-reflecting structure is formed by reflectors
provided with a light-scattering surface, each of the
reflectors is located around one of the light-emitting
diode (LED) emitters;

the light-reflecting structure comprises regularly
spaced reflectors the surface of which is recessed
into the board; and the light-emitting diode is located
in said recess and is equipped with the first means
for transforming the radiation, while the second
means for transforming the radiation is made in the
form of the plate mounted at distance H from the
board, with H not exceeding 50 mm;

the surface of the reflectors is made in the form of a
cone, and its guide represents a polygon of n sides,
where 4 <n < o;

10

15

20

25

30

35

40

45

50

55

- the guide of the reflectors is made in the form of an
equilateral tetragon, or a hexagon, or a circle, what
is the most convenient embodiment of the light-re-
flecting structure from a technological point of view;

- light-emitting diode (LED) emitters are grouped to-
gether as linear clusters equipped with linear reflec-
tors which form a light-scattering structure, and the
linear embodiment of clusters makes it possible to
increase possible embodiments of the invention and
to improve the ease of manufacture;

- the linear reflector has a trapezoidal, parabolic or
semicircular profile, what is the most convenient em-
bodiment of the light-reflecting structure from a tech-
nological point of view when the light-emitting diode
(LED) emitters are arranged in the form of linear clus-
ters.

[0022] The invention is illustrated by the following
drawings that demonstrate the method for producing a
light-radiating surface and embodiments of the method
in particular lighting devices:

Fig. 1 is a schematic view illustrating the method for
producing a light-radiating surface when the first
means for transforming the radiation is located on
the planar optically transparent substrate;

Fig. 2 is a schematic view illustrating the method for
producing a light-radiating surface when the first
means for transforming the radiation is located in the
three-dimensional optically transparent enclosure;

Fig. 3 is a fragmented top plan view of the lighting
device, the schematic view of which is shown in Fig.
1, wherein a light-reflecting structure is formed by
reflectors in the form of a tetrahedral equilateral pyr-
amid;

Fig. 4 is a fragmented top plan view of the lighting
device, the schematic view of which is shown in Fig.
2, wherein a light-reflecting structure is formed by
reflectors in the form of a right circular cone;

Fig. 5 is a top plan view of the lighting device with
linear clusters of light-emitting diodes and a light-
reflecting structure in the form of linear reflectors;

Fig. 6 is a top plan view of the lighting device with a
linear cluster of light-emitting diodes in the three-di-
mensional substrate and a light-reflecting structure
in the form of linear reflectors;

Fig. 7 is a side view of an embodiment of the lighting
device which comprises reflectors located in the re-
cesses of the board around light-emitting diode
(LED) emitters.
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Brief Description of Drawings.

[0023] The lighting device (Fig.1) comprises a light-
emitting diode (LED) emitter 1 located on the board 2, a
light-reflecting structure 3, a planar substrate 4 located
at distance h1 from the light-reflecting structure 3 and
equipped with the first means for transforming the radi-
ation in the form of luminophore particles 5 applied to the
surface of the substrate 4, the second means for trans-
forming the radiation in the form of the plate 6 located at
distance h2 from the planar substrate and equipped with
a patterned surface 7.

[0024] The lighting device (Fig.2) comprises a light-
emitting diode (LED) emitter 1 located on the board 2;
the first means for transforming the radiation in the form
of luminophore particles 5 (not shown in Fig.2) contained
in the material of the three-dimensional substrate 8 which
covers the light-emitting diode source 1; a light-reflecting
structure 3; the second means for transforming the radi-
ation in the form of the plate 6 located at distance H from
the light-reflecting structure 3 equipped with a patterned
surface 7.

[0025] The lighting device (Fig.3) which implements
the method for producing a light-radiating surface accord-
ing to the schematic view in Fig. 1 comprises a light-
emitting diode (LED) emitter 1, for example, in the form
of semiconductor chips mounted on the board 2. Located
along the stream of radiation being transformed, a light-
reflecting structure 3 which includes reflectors 9 at each
group of radiation sources 1; an optically transparent sub-
strate 4 equipped with the first means for transforming
the radiation in the form of luminophore particles (not
shown in Fig.5); a light-scattering plate 6 having a light-
radiating surface 7 provided with a regular relief.

[0026] The lighting device (Fig.4) which implements
the method for producing a light-radiating surface accord-
ing to the schematic view in Fig. 2 comprises light-emit-
ting diode (LED) emitters (not shown in Fig.4) mounted
on the board (not shown in Fig.4)and located along the
stream of radiation being transformed: an optically trans-
parent three dimensional substrate 8 equipped with lu-
minophore particles (not shown in Fig.4); a light-scatter-
ing structure 3 equipped with reflectors 9 for each three
dimensional substrate 8; a light-scattering plate 6 having
a light-radiating surface 7 provided with a regular relief.
[0027] The lighting device (Fig.5) which implements
the method for producing a light-radiating surface accord-
ing to the schematic view in Fig. 1 comprises light-emit-
ting diode (LED) emitters 1 which are grouped together
as linear clusters mounted on the board 2 and are pro-
vided with a light-scattering structure 3 equipped with
linear reflectors 9 which are located along the respective
linear clusters of light-emitting diode (LED) emitters 1.
[0028] Further along the stream of radiation there are:
an optically transparent substrate 4 with luminophore
particles (not shown in Fig.5) which covers light emitting
diode clusters 1 and a light-scattering plate 6 with a light-
radiating surface 7 provided with a regular relief.
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[0029] The lighting device (Fig.6) which implements
the method for producing a light-radiating surface shown
according to the schematic view in Fig. 2 comprises light-
emitting diode (LED) emitters (not shownin Fig.6) located
on the boards (not shown in Fig.6)in the cavity of the
optically transparent three dimensional substrate 8 which
includes the first means for transforming the radiation of
the enclosure (the luminophore particles)(not shown in
Fig.6). The group of said three dimensional substrates 8
is located in line and provided with linear reflectors 9 of
the light-reflecting structure 3 which are mounted along
therespective line of three dimensional substrates 8. Fur-
ther along the stream of radiation reflected from the sur-
face of reflectors 9 there is a light-scattering plate 6 hav-
ing a light-radiating surface 7 and provided with a regular
relief.

[0030] Two more embodiments of the lighting device
thatimplement the method for producing a light-radiating
surface are shown in Fig.7 and Fig.8.

[0031] In Fig.7 the light-reflecting structure 3 includes
regularly spaced reflectors 9, the surface of each of the
reflectors is recessed into the board 2; the first means
for transforming the radiation (the luminophore particles)
5 located inside or on the surface of the planar substrate
4 which is located at distance h1 not more than 40 mm
from the surface of the light-reflecting structure 3. The
second means for transforming the radiation in the form
of the light-scattering plate 6 is located at distance h2
from the planar substrate 4, with h2 not exceeding 50 mm.
[0032] In Fig.8 the light-reflecting structure 3 includes
regularly spaced reflectors 9, the surface of each of the
reflectors is recessed into the board 2; the radiation
source surrounded by the first means for transforming
the radiation (the luminophore particles)is located on the
board 2 in the recess of the reflector 9, and the second
means for transforming the radiation in the form of the
plate 6 is mounted at distance H from the light-reflecting
structure 3, with the value H not exceeding 50 mm.

Industrial Applicability

[0033] Parts and assemblies for the lighting device
may be manufactured using the known methods. The
information provided in the description is sufficient for
understanding the principle of operation and design of
devices which implement the methods for producing a
light-radiating surface.

Claims

1. The method for producing a light-radiating surface
comprising the generation of the radiation by at least
one light-emitting diode (LED) emitter, located on
the board; establishment of the radiation direction
by a surface of a light-reflecting structure; irradiation
of the first means for transforming the radiation,
which means is produced in the form of luminophore
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particles; radiation of a visible stream of light by lu-
minophore particles; scattering of the stream of light
from luminophore by the second means for trans-
forming the radiation, which means is produced from
an optically transparent material; radiation of the
stream of light from the surface of the second means
for transforming the radiation.

The method for producing a light-radiating surface
comprising: the generation of the radiation stream
by at least one light-emitting diode (LED) emitter,
located on the board; irradiation of the first means
for transforming the radiation, which means is pro-
duced in the form of luminophore particles; radiation
of a visible stream of light by luminophore particles;
establishment of the direction of the radiation stream
by a surface of a light-reflecting structure; scattering
of the stream of light reflected from a light-reflecting
structure by the second means for transforming the
radiation, which means is produced from an optically
transparent material; radiation of the scattered
stream of light from the surface of the second means
for transforming the radiation.

The lighting device comprising at least one light-
emitting diode (LED) emitter mounted on the board;
a first means for transforming the radiation formed
by luminophore patrticles; a light-reflecting structure
which can establish the direction of the radiation; a
second means for transforming the radiation, which
means is equipped with light-scattering elements, is
produced from an optically transparent material and
has a light-radiating surface.

The lighting device comprising at least one light-
emitting diode (LED) emitter mounted on the board
and generating a radiation stream in the blue and/or
ultraviolet range of the spectrum; a light-reflecting
structure which can establish the direction of the ra-
diation; a first means for transforming the radiation
formed by luminophore particles; a second means
for transforming the radiation, which means is
equipped with light-scattering elements, is produced
froman optically transparent material and has a light-
radiating surface.

The lighting device as claimed in claim 3 or claim 4
characterized in that the composition of lumino-
phore particles of the first means for transforming
the radiation makes it possible to create a stream of
light in the visible-light spectrum.

The lighting device as claimed in claim 5 character-
ized in that the composition of luminophore particles
includes additionally luminophore with the effect of
afterglow.

The lighting device as claimed in claim 3 or claim 4
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10.

1.

12.

13.

14.

15.

16.

17.

characterized in that luminophore particles are lo-
cated in the material and/or on the surface of the
optically transparent substrate.

The lighting device as claimed in claim 3 character-
ized in that luminophore particles are located in the
material and/or on the surface of the optically trans-
parent substrate produced in the form of the enclo-
sure which covers a light-emitting diode (LED) emit-
ter.

The lighting device as claimed in claim 4 character-
ized in that luminophore particles are located in the
material and/or on the surface of the optically trans-
parent substrate produced in the form of the sheet.

The lighting device as claimed in claim 8 character-
ized in that the enclosure is made as a hollow three-
dimensional figure, for example, in the form of a hem-
isphere or paraboloid of rotation.

The lighting device as claimed in claim 7 character-
ized inthat the substrate is provided with a patterned
surface.

The lighting device as claimed in claim 11 charac-
terized in that luminophore particles are applied to
the patterned surface of the surface.

The lighting device as claimed in claim 9 character-
ized in that the substrate is located at distance h1
(in mm) from the surface of the light-reflecting struc-
ture, the distance not exceeding 40 mm.

The lighting device as claimed in claim 3 or claim 4
characterized in that the second means for trans-
forming the radiation is made in the form of the plate
from an optically transparent material inside or on
the surface of which light-scattering elements are
located.

The lighting device as claimed in claim 3 character-
ized in that the second means for transforming the
radiation is made in the form of the plate mounted
at distance H (in mm) from the light-reflecting struc-
ture, with H not exceeding 50 mm.

The lighting device as claimed in claim 4 character-
ized in that the second means for transforming the
radiation made in the form of the plate which is lo-
cated at distance h2 from the substrate in the form
of a sheet equipped with the first means for trans-
forming the radiation, with h2 not exceeding 50 mm.

The lighting device as claimed in claim 3 or claim 4
characterized in that the light-reflecting structure
is formed by reflectors equipped with a light-scatter-
ing surface, each of the reflectors is in line with one
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19.

20.

21.
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of the light-emitting diode (LED) emitters.

The lighting device as claimed in claim 4 character-
ized in that the light-reflecting structure comprises
regularly spaced reflectors, the surface of which is
recessed into the board; and the second means for
transforming the radiation made in the form of the
plate which is equipped with luminophore particles
and mounted at distance h3 from the board, the dis-
tance not exceeding 50 mm.

The lighting device as claimed in claim 17 charac-
terized in that the surface of the reflectors is made
in the form of a cone, and its guide represents a
polygon of n sides, where 4 < n < .

The lighting device as claimed in claim 19 charac-
terized in that the guide of the reflectors is made in
the form of an equilateral tetragon, or a hexagon, or
acircle.

The lighting device as claimed in claim 3 character-
ized in that light-emitting diode (LED) emitters are
grouped together as linear clusters, each of which
is provided with a common linear reflector.

The lighting device as claimed in claim 21 charac-
terized in that the linear reflector has a trapezoidal,
parabolic or semicircular profile.
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