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Description

Technical Field

[0001] The present invention relates to a lighting de-
vice. Such lighting devices can be used as downlights for
illuminating rooms from the ceiling of the room.

Background Art

[0002] For illuminating rooms often so-called down-
lights are used as lighting devices or luminaires. Such
downlights typically aremounted onto or into ceilings and
provide light essentially top down into the room. Down-
lights are known in a variety of shapes. Often downlights
are round luminaires built in a ceiling of a room.
[0003] Typically, downlights compriseaplurality of light
sources, wherein the use of light emitting diodes (LED) is
getting increasingly popular. The light sources are
mounted in a housing which often is closed by an optical
plate or a similar element. The optical plates can be fully
or partially transparent in order to allow the light gener-
ated by the light sources to pass and to exit the luminaire.
[0004] In WO 2011/010247 A2, a lighting system com-
prising a plurality of controllable light emitting elements is
disclosed. The lighting system further comprises a
spreading optical element arranged in front of the plur-
ality of light emitting elements to shape the light emitted
from the lighting elements, and a controller for varying a
light emission angle range of light emitted from the
spreading optical element by controlling each of the
plurality of controllable light emitting elements. This al-
lows the light emitted from the spreading optical element
to be varied without varying any physical parts of the
lightingsystem,because thecontroller nowcontrolseach
of the light emitting elements, by e.g. dimming one or
more of the light emitting elements or by switching one or
more of the light emitting elements off.
[0005] In EP 2 647 904 A1, a transparent cover is
described which has a surface region with a surface
structure on a base surface. The surface structure is
defined by groups of structure elements following a base
line. The structure elements have edge flanks in a cross-
sectionperpendicular to thebase line.Thesurface region
has three sub-areas. The inclination angle of the former
edge flank of the structure element of former group lies in
the former and third sub-areas in an inclination angle
range. An independent claim is included for a lampwith a
light unit.
[0006] For shaping the light in downlights, it is known to
use reflectors or similar optical components. The reflec-
tors are positioned and configured to redirect the light
emitted from the light source such that a desired light
distribution is achieved. For allowing the light redirected
by the reflector and directly emitted from the light sources
towards the optical plate to be mixed, a light mixing
chamber is provided in known luminaires.
[0007] However, even though known downlights allow

to provide a broad variety of light distributions such that
they may suit for many given situations, they typically
require comparably lot of space due to the rather bulky
reflectors and the need of a mixing chamber. Particularly
when it is intended to mount the downlight into a ceiling
the size of the downlight can be crucial. Furthermore, the
use of reflectors or similar optical components in down-
lights makes it difficult to provide irregular or customized
shapessince theshapeof the reflector is important for the
light distribution of the luminaire.
[0008] Therefore, there is a need for a lighting device
suitable as downlight which requires comparably little
space and which allows to be provided in a flexible or
customized shape.

Disclosure of the Invention

[0009] According to the invention this need is settledby
a lighting device as it is defined by the features of in-
dependent claim 1. Preferred embodiments are subject
of the dependent claims.
[0010] In particular, the invention is a lighting device
comprising a plurality of LED light sources and an at least
partially transparent optical arrangement. Each of the
LED light sources is provided with a collimating member
having a main direction of light propagation. The at least
partially transparent optical arrangement is positioned
adjacent to the collimating members such that light gen-
erated by the LED light sources and propagated by the
collimating members into the main direction of light pro-
pagation passes through the optical arrangement. The
optical arrangement has a microstructure with a plurality
of refractive cells configured to shape the light passing
through the optical arrangement. Each of the plurality of
refractive cells has a shoulder angle relative to the main
direction of light propagation. The plurality of refractive
cells has refractive cells with differing shoulder angles.
[0011] The lighting device can also be referred to as
lighting fixture or luminaire. It can particularly be a down-
light.
[0012] Each LED light source can comprise one or
more printed circuit boards (PCB) equipped with one
or more light emitting diodes (LED) and associated elec-
tronic components for running the LED. The LED can
have a rectangular or any other suitable form.
[0013] Themicrostructure can be provided at one face
or side of the optical arrangement whereas the other or
opposite face or side can have essentially no roughness
such as being polished. Such microstructure allows to
flexibly and efficiently define a light distribution of the
lighting device. It can also be economically and accu-
rately manufactured at almost any desired shape.
[0014] Furthermore, the provision of a microstructure
can be beneficial from an aesthetic point of view as it is
discernible only very limitedly or even not at all with the
naked eye. An inconspicuous clean appearance can
thereby beachieved.Also, a "tilting effect" thatmayoccur
with macrostructures can be prevented with the micro-
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structure. In this connection, the term "tilting effect"
means a visual perception of structures or geometries.
In particular, this term can refer to the fact that the
illumination surface image produced changes suddenly,
i.e. abruptly and not smoothly, at a certain visual angles.
[0015] In connection with the optical arrangement, the
term "transparent" can relate in particular to an attenu-
ated or non-attenuated permeability of the light gener-
ated by the LED light sources.
[0016] The term "refractive" in connection with the
refractive cells of themicrostructure relates to the change
in direction of a light wave passing the optical arrange-
ment. Thereby, the light wave can be redirected when
entering the optical arrangement and/or when leaving it.
This is, by changing fromonemedium, e.g. air, to another
medium, e.g. the substrate of the optical arrangement,
and by non-orthogonally hitting the border face between
the two media the light wave changes its direction.
[0017] The refractive cells allow for precisely shaping
the light emittedby the lighting device in abroad variety of
ways. Therefore, a desired light distributing curve (LDC)
can be generated.
[0018] The optical arrangement can be positioned
comparably close to a light emitting side or face of the
collimator members. For example, the distance between
the light emitting face and theoptical arrangement canbe
in a range of about 2mm to about 6mm, of about 3mm to
about 5mm,or it can beabout 4mm.Due to theuse of the
optical arrangement having the microstructure for shap-
ing the light no light mixing chamber is required such that
no space has to be provided for such chamber. Addition-
ally, compared to a reflector or a similar element, the
optical arrangement itself canbecomparably or very thin.
In sum, the provision of the collimator members and the
optical arrangement allows to provide a thin arrangement
compared to known downlights. Thus, the lighting device
according to the invention can be mounted to or into a
ceiling requiring comparably few space. Like this, the
lighting device can also bemounted into comparably thin
ceilings and/or be esthetically reserved.
[0019] In addition to a compact design, the lighting
device can efficiently be shaped as desired. In particular,
when the optical arrangement comprises a light shaping
foil as described below, shaping of the lighting device can
be comparably easy and efficient. Like this, a broad
variety of forms of lighting devices can efficiently be
provided. Also, customization of the lighting device to
the given situation of its application can efficiently be
implemented.
[0020] Further, by the light shaping via the microstruc-
ture having the refractive cells with differing shoulder
angles, de-glaring or glare suppression can efficiently
be implemented. According to known standards such as
DINEN 12464‑1 of theGerman Institute for Standardiza-
tion, the term "glare suppression" can refer to the fact
that, for certain applications of light fixtures or lighting
devices, the light radiated in all lighting angles greater
than 65°, when measured in relation to the vertical line

directed downwards, must not exceed a light density of
3000 Candela per square meter (cd/m2).
[0021] The relatively strongglaresuppressionand light
guiding or light shapingmade possible by themicrostruc-
ture may also be non-visible by the eye. Rather, the
optical arrangement can simply visually appear as dif-
fused. This offers many possible applications in design,
for example in architecturally integrated lighting. Various
LDC can be realized with the same aesthetics.
[0022] The microstructure can be provided to the op-
tical arrangement by various techniques. For example,
engravingbymeansof a laser canbeefficient particularly
when a light shaping foil is involved as explained below.
Or, in some embodiments, (injection) molding or UV
replicating the microstructure into the optical arrange-
ment can be efficient.
[0023] Preferably, themain directions of light propaga-
tion of the collimating members of the plurality of LED
light sources are essentially or mostly parallel to each
other. In such embodiment the complete lighting device
can have one main direction of light propagation. Such
orientation of the collimator members allow for efficiently
forming the generated light bymeans of the light shaping
foil.
[0024] Preferably, the lighting device comprises a
housing, wherein the plurality of LED light sources and
the optical arrangement aremounted in the housing such
that they are in fixed position and orientation relative to
each other. The optical arrangement can be mounted to
the housing by being fixed to it, connected to it, or by
being part of the housing, i.e. integral with it. Such a
housing allows for providing support for the components
of the lighting device in order that they are correctly
positioned and oriented relative to each other. Also, such
housing may protect the components of the device and
easy handling of the complete lighting device.
[0025] The refractive cells of the optical arrangement
comprise bases having the same size. Thereby, each
base of the plurality of refractive cells is hexagonal. By
having bases of the same size particularly when being
hexagonal, it can be achieved that essentially the com-
plete optical arrangement or a face thereof is covered by
the refracting cells. Like this, all light passing the foil can
be shaped and distorting effects can be minimized.
[0026] The refractive cells preferably comprise lenses.
The shape of the lensesmay define the varying shoulder
angles. Such lenses allow for providing awell predefined
refraction of the light passing the foil. However, according
to the invention, each of the refractive cells comprises a
dome extending from a ground plane. The ground plane
can be connecting the lower ends of the domes. The
domes can be cone-like bulges, coni, pyramids, tetrahe-
drons, prismatic structures, or frustums thereof. The
domes allow to provide the optical arrangement with a
continuous curvature which can provide for an efficient
manufacture and shaping of the light. Thereby, the do-
mes may be configured such that the foil does not have
any sharpedges or the likewhichmaydisturb proper light
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distribution.
[0027] Preferably, the hexagonal bases of the plurality
of refractive cells are contacting each other such that the
ground plane of the light shaping foil consists of the
hexagonal bases of the plurality of refractive cells. In
particular, the bases can be arranged such that each
side of a hexagon of one cell is one of the sides of a
hexagon of the base of a neighboring cell. Like this, the
complete optical arrangement or a face thereof can effi-
ciently be covered with domes.
[0028] Preferably, different domes have different
heights. By having domes of differing heights on the
same optical arrangement, the light distribution can ap-
propriately be defined and varied. In particular, such
different heights allow for efficiently providing different
shoulder angles.
[0029] According to the invention, the domes extend
from the ground plane towards the LED light sources.
Like this, the domes are directed towards the LED light
sources, which allows for efficiently and accurately re-
fracting the light and, thus, shaping the light passing the
foil.
[0030] The optical arrangement can be a single piece
construction such as a plate or plate-like component.
Such single piece can be directly provided with the mi-
crostructure for appropriately shaping the light. However,
preferably the optical arrangement comprises a carrier
structure and a light shaping foil attached to the carrier
structure, wherein, advantageously, the light shaping foil
has the microstructure configured to shape light passing
through the light shaping foil.
[0031] The term "foil" as used herein can refer to a
relatively large-area thin structure which typically has a
much larger surface in relation to its thickness. For ex-
ample, such structures can have a thickness of 1 milli-
meter (mm) or less and typically less than 0.1 mm. The
associated surface can be virtually any size. For exam-
ple, it can be at least 5 centimeters (cm) by 5 cm. This
gives a ratio of surface to thickness of at least about
25,000 or typically at least about 250,000. The foil can be
made of various different materials. However, foils made
of plastics such as, for example, polycarbonate, poly-
ethylene or polymethyl methacrylate (PMMA) have
proved to be beneficial in many given situations.
[0032] The carrier structure can be any element or
composition suitable for holding or supporting the light
shaping foil. It can comprise any clamping means for
grabbing the foil and/or mounting means for being con-
nected to other parts of the lighting device. In particular, it
can be important that the foil lies in a predefined flat or
stretched arrangement in order to ensure proper light
shaping. For this purpose, the carrier structure can have
strain means configured to strain the foil such that it is
stretched. Preferably, the carrier structure comprises an
at least partially transparent optical element. In such
embodiments the light shaping foil can be arranged at
the optical element. For example, the foil can be adhered
to a flat surface of the optical element. Like this, it can

efficiently be achieved that the foil is stretched and cor-
rectly oriented. The light propagated by the collimating
members is then passing the foil as well as the optical
element. The optical element can be a plate or plate-like
component. It can be a clear plate, for example, or a
similar element. with the microstructure. Like this, many
desired shapesof optical arrangements can efficiently be
implemented.
[0033] Thereby, the light shaping foil is attached to a
surface of the optical element oriented towards the plur-
ality of LED light sources.A surfaceof the optical element
opposite to the surface with the foil can form an outer
surface of the lighting device. Like this, the light shaping
foil can be inside the lighting device, the foil can be
protected and the outer surface can easily be cleaned
or the like.
[0034] More generally, the microstructure is oriented
towards the plurality of LED light sources. Such arrange-
ment of the microstructure allows for providing an effi-
cient light shaping, for providing a desired aesthetics
since the outer surface of the optical arrangement can
be flat, and for protecting the microstructure.
[0035] Thereby, preferably a gaseous medium is ar-
rangedbetween the collimatingmembersof theLED light
sources and the optical arrangement, wherein the optical
arrangement has a higher refracting index than the gas-
eous medium. The gaseous medium can particularly be
air.
[0036] Air has a refractive index of about 1. The portion
of the optical arrangement having the microstructure
such as the foil can be produced from a material having
a refractive index in a range of about 1.3 to about 1.7,
such as from a plastic like a polycarbonate. Alternative
plastics can be, for example, polyethylene or polymethyl
methacrylate (PMMA) having a refractive index in the
same range. In this context, the term "refractive index" is
understood to be an optical material property which in-
dicates the factor bywhich thewavelength and the phase
speed of light in a material are less than in a vacuum. By
having such refractive indexes, the foil allows a specifi-
cally efficient light shaping, particularly when having a
microstructure as mentioned above.
[0037] Preferably, the plurality of LED light sources
with the collimating members are configured to propa-
gate light in various directions being different from the
main direction of light propagation by a maximum of 30°.
Thereby, each of the plurality of LED light sources and its
associated collimatormember preferably is configured to
propagate light in directions distributed such that a lumi-
nous flux in a range of 0° to 15° is bigger than a luminous
flux in a range of 15° to 30°. In course of developing
variants of the lighting device it has turned out that for any
application and, more specifically, for generating many
advantageous LDC, it is beneficial when the collimator
members do allow a certain deviation from the provision
of perfectly parallel unidirectional light propagation.
Thereby, whereas a certain collimation is desired for
achieving an accurate and efficient shaping by the foil,
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light direction distribution as mentioned above has
proved to be beneficial in many applications.
[0038] Preferably, the plurality of LED light sources are
rotated towards each other. Thereby, the plurality of LED
light sources preferably is mounted in one plane, which
can be formed by a printed circuit board (PCB) to which
the LED are mounted. Like this, a homogeneous overall
light distribution and LDC generation can be achieved.

Brief Description of the Drawings

[0039] The lighting device according to the invention
are described in more detail below by way of an exemp-
lary embodiment and with reference to the attached
drawings, in which:

Fig. 1 shows schematic view of an embodiment of a
lighting device according to the invention;

Fig. 2 shows a detail view of the emission of the
lighting device of Fig. 1;

Fig. 3 shows a perspective view of a light shaping foil
of an optical arrangement of the lighting device of
Fig. 1;

Fig. 4 shows a top view of the light shaping foil of Fig.
3;

Fig. 5showsasideviewof the light shaping foil ofFig.
3; and

Fig. 6 shows detail A of Fig. 5.

Description of Embodiments

[0040] In the following description certain terms are
used for reasons of convenience and are not intended to
limit the invention. The terms "right", "left", "up", "down",
"under" and "above" refer to directions in the figures. The
terminology comprises the explicitly mentioned terms as
well as their derivationsand termswithasimilarmeaning.
Also, spatially relative terms, such as "beneath", "below",
"lower", "above", "upper", "proximal", "distal", and the
like, may be used to describe one element’s or feature’s
relationship to another element or feature as illustrated in
the figures. These spatially relative terms are intended to
encompass different positions and orientations of the
devices in use or operation in addition to the position
and orientation shown in the figures. For example, if a
device in the figures is turned over, elements described
as "below" or "beneath" other elements or featureswould
then be "above" or "over" the other elements or features.
Thus, the exemplary term "below" can encompass both
positions and orientations of above and below. The de-
vicesmaybeotherwiseoriented (rotated90degreesor at
other orientations), and the spatially relative descriptors
used herein interpreted accordingly. Likewise, descrip-

tions of movement along and around various axes in-
clude various special device positions and orientations.
[0041] To avoid repetition in the figures and the de-
scriptions of the various aspects and illustrative embodi-
ments, it should be understood that many features are
common to many aspects and embodiments. Omission
of an aspect from a description or figure does not imply
that the aspect is missing from embodiments that incor-
porate that aspect. Instead, the aspect may have been
omitted for clarity and to avoid prolix description. In this
context, the following applies to the rest of this descrip-
tion: If, in order to clarify the drawings, a figure contains
reference signs which are not explained in the directly
associated part of the description, then it is referred to
previous or following description sections. Further, for
reason of lucidity, if in a drawing not all features of a part
are provided with reference signs it is referred to other
drawings showing the same part. Like numbers in two or
more figures represent the same or similar elements.
[0042] Fig. 1 shows a downlight 1 as an embodiment of
a lighting device according to the invention. The down-
light 1 comprises a housing 5, a plurality of LED light
sources 2 and a transparent clear plate 6 as optical
element of a carrier structure of an optical arrangement.
The housing 5 has a horizontal top wall 51 and side walls
52 perpendicularly extending from the top wall 51. The
housing 5 is configured to be embedded into a ceiling or
into a panel construction mounted to the ceiling. At the
bottom the housing 5 is open.
[0043] Theplurality of LED light sources 2 is positioned
inside und fixed to the housing 5. It comprises a printed
circuit board (PCB) 22 to which plural LED 21 are
mounted in one single plane. The LED 21 are rotated
towards each other in order to generate an inhomoge-
neous light generation. Each LED 21 is provided with a
collimator 3 as collimating member. In particular, each
collimator 3 is positioned at one of the LED 21 such that
essentially all light generated by the LED 21 passes the
associated collimator 3. Each collimator 3 has an upper
light collecting side 31 and a lower light emitting side 32.
[0044] The clear plate 6 ismounted to the sidewalls 52
of the housing 5 such that it forms a flat bottom boundary
of the lighting device 1. The optical arrangement com-
prises a light shaping foil 4, which is attached to the top
surface of the clear plate 6. More specifically, the foil 4 is
adhered to thediffusorplate6such thatextendsalong the
essentially complete top surface.
[0045] As can be best seen in Fig. 2, each collimator 3
collects the light generated by its associated LED 21,
collimates the light and downwardly emits it. Thereby, it
generates a main direction of light propagation 33 which
extends vertically down. More specifically, the light is
propagated by the collimators 3 in various directions
being different from the main direction of light propaga-
tion by a maximum of 30° such that a luminous flux in a
range of 0° to 15° is bigger than a luminous flux in a range
of 15° to 30°.
[0046] The clear plate 6 is positioned adjacent to the
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collimators such that the light generated by the LED 31
and propagated by the collimators 3 passes through the
light shaping foil 4 and the clear plate 6. In between the
collimators 3 and the light shaping foil 4 a slim gapof air is
arranged. As depicted in Fig. 3, the foil 4 has a micro-
structure 41 configured to shape light passing through
the optical arrangement. In particular, the microstructure
41 of the foil 4 has a plurality of domes 43 as refractive
cells 42 of the microstructure 41.
[0047] As can be best seen in Fig. 4, the domes 43 of
themicrostructure41have identical hexagonal bases42.
The hexagonal shape of the bases 42 allow for continu-
ously providing the refractive cells 42 all over the com-
plete foil 4. As best visible in Fig. 5 the domes 43 extend
from a ground plane 44 vertically upwards towards the
LED light source 2.
[0048] Turning to Fig. 6, it can be seen that the domes
43 have differing heights 431. In particular, the micro-
structure 41 comprises three types of domes 43 having a
first height 431i, a second height 431ii and a third height
431iii, respectively. More specifically, the first height 431i
is larger than the second height 431ii which is larger than
the third height 431iii.
[0049] Shoulders of the domes 43 and the main direc-
tion of light propagation 33 define a shoulder angle α of
the respective dome 43. More specifically, relative to the
main direction of light propagation 33 the domes43of the
first height 431i defineafirst shoulder angleαi, the domes
of the secondheight 431ii defineasecond shoulder angle
and the domes 43 of the third height 431iii define a third
shoulder angle αiii. Thus, by providing themicrostructure
41 with domes 43 with identical bases 42 but differing
heights 431, different shoulder anglesα can efficiently be
formed.
[0050] This description and the accompanying draw-
ings that illustrate aspects and embodiments of the pre-
sent invention should not be taken as limiting-the claims
defining the protected invention. In otherwords, while the
invention has been illustrated and described in detail in
the drawings and foregoing description, such illustration
and description are to be considered illustrative or ex-
emplary and not restrictive. Various mechanical, compo-
sitional, structural, electrical, and operational changes
may be made without departing from the scope of this
description and the claims. In some instances, well-
known circuits, structures and techniques have not been
shown in detail in order not to obscure the invention.
Thus, it will be understood that changes and modifica-
tions may be made by those of ordinary skill within the
scope of the following claims.
[0051] The disclosure also covers all further features
shown in the Figs. individually although they may not
have been described in the afore or following description.
Also, single alternatives of the embodiments described in
the figures and the description and single alternatives of
features thereof can be disclaimed from the subject
matter of the invention or from disclosed subject matter.
The disclosure comprises subject matter consisting of

the features defined in the claims or the exemplary em-
bodiments as well as subject matter comprising said
features.
[0052] Furthermore, in the claims the word "compris-
ing" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality. A
single unit or step may fulfil the functions of several
features recited in the claims. The mere fact that certain
measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. The terms "es-
sentially", "about", "approximately" and the like in con-
nectionwith an attribute or a value particularly also define
exactly the attribute or exactly the value, respectively.
The term "about" in the context of a given numerate value
or range refers toavalueor range that is, e.g.,within20%,
within 10%, within 5%, or within 2% of the given value or
range. Components described as coupled or connected
may be electrically or mechanically directly coupled, or
they may be indirectly coupled via one or more inter-
mediate components. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. A lighting device (1) comprising

aplurality of LED light sources (2) eachprovided
with a collimating member (3) having a main
direction of light propagation (33), and
an at least partially transparent optical arrange-
ment (4, 6) positionedadjacent to the collimating
members (3) such that light generated by the
LED light sources (2) and propagated by the
collimating members (3) into the main direction
of light propagation (33) passes through the
optical arrangement (4, 6), wherein
the optical arrangement (4, 6) has a microstruc-
ture (41) with a plurality of refractive cells (43)
configured to shape the light passing through
the optical arrangement (4, 6), characterized in
that
each of the plurality of refractive cells (43) has a
shoulder angle (α) relative to the main direction
of light propagation (33)
the plurality of refractive cells (43) has refractive
cells (43) with differing shoulder angles (α), and
the plurality of refractive cells (43) comprise
bases (42) having the same size being hexago-
nal, wherein
each of the refractive cells (43) comprises a
dome (43) extending from a ground plane (44)
wherein the domes (43) extend from the ground
plane (44) towards the LED light sources (2).

2. The lighting device (1) of claim 1, wherein the main
directions of light propagation of the collimating
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members (3) of the plurality of LED light sources (2)
are essentially parallel to each other.

3. The lighting device (1) of claim 1, wherein the hex-
agonal bases (42) of the plurality of refractive cells
(43) are contacting each other such that the ground
plane (44) of the light shaping foil (4) consists of the
hexagonal bases (42) of the plurality of refractive
cells (43).

4. The lighting device (1) of claim 1 or 3, wherein
different domes (43) of the domes (43) have different
heights (431).

5. The lighting device (1) of any one of the preceding
claims, wherein the refractive cells (43) comprise
lenses.

6. The lighting device (1) of any one of the preceding
claims, comprising a housing (5) wherein the plur-
ality of LED light sources (2) and the optical arrange-
ment (4, 6) are mounted in the housing (5) such that
they are in fixed position and orientation relative to
each other.

7. The lighting device (1) of any one of the preceding
claims, wherein the optical arrangement (4, 6) com-
prises a carrier structure (6) and a light shaping foil
(4) attached to the carrier structure (6).

8. The lighting device (1) of any one of the preceding
claims, wherein the light shaping foil (4) has the
microstructure (41) configured to shape light passing
through the light shaping foil (4).

9. The lighting device (1) of claim 7 or 8, wherein the
carrier structure (6) comprises an at least partially
transparent optical element.

10. The lighting device (1) of any one of the preceding
claims, wherein the microstructure (41) is oriented
towards the plurality of LED light sources (2), where-
in, preferably, a gaseous medium is arranged be-
tween the collimating members (3) of the LED light
sources (2) and the light shaping foil (4), and the light
shaping foil (4) has a higher refracting index than the
gaseous medium.

11. The lighting device (1) of any one of the preceding
claims, wherein the plurality of LED light sources (2)
with the collimating members (3) are configured to
propagate light in various directions being different
from themain direction of light propagation (33) by a
maximumof 30°,wherein eachof the plurality of LED
light sources (2) and its associated collimator mem-
ber preferably is configured to propagate light in
directions distributed such that a luminous flux in a
range of 0° to 15° is bigger than a luminous flux in a

range of 15° to 30°.

12. The lighting device (1) of any one of the preceding
claims, wherein the plurality of LED light sources (2)
are rotated towards each other.

13. The lighting device (1) of claim 12, wherein the
plurality of LED light sources (2) is mounted in one
plane.

Patentansprüche

1. Beleuchtungsvorrichtung (1), umfassend:

eine Mehrzahl von LED-Lichtquellen (2), die
jeweils mit einem Kollimatorelement (3), das
eine Hauptrichtung der Lichtausbreitung (33)
aufweist, versehen sind, und
eine mindestens teilweise transparente opti-
sche Anordnung (4, 6), die benachbart zu den
Kollimatorelementen (3) positioniert ist, derart,
dass Licht, das durch die LED-Lichtquellen (2)
erzeugt wird und durch die Kollimatorelemente
(3) in der Hauptrichtung der Lichtausbreitung
(33) ausgebreitet wird, durch die optische An-
ordnung (4, 6) hindurchtritt,
wobei die optische Anordnung (4, 6) eineMikro-
struktur (41) mit einer Mehrzahl von lichtbrech-
endenZellen (43) aufweist, die konfiguriert sind,
umdas Licht, das durch die optischeAnordnung
(4, 6) hindurchtritt, zu formen,
dadurch gekennzeichnet, dass
jede der Mehrzahl von lichtbrechenden Zellen
(43) einen Schulterwinkel (α) bezüglich der
Hauptrichtung der Lichtausbreitung (33) auf-
weist,
die Mehrzahl von lichtbrechenden Zellen (43)
lichtbrechende Zellen (43) mit unterschiedli-
chen Schulterwinkeln (α) aufweist, und
die Mehrzahl von lichtbrechenden Zellen (43)
Grundflächen (42) gleicher Größe aufweisen,
die hexagonal sind, umfassen, wobei
jede der lichtbrechenden Zellen (43) eine Kup-
pel (43) aufweist, die sich voneinerGrundebene
(44) erstreckt, wobei sich die Kuppeln (43) von
der Grundebene (44) zu den LED-Lichtquellen
(2) hin erstrecken.

2. Beleuchtungsvorrichtung (1) nach Anspruch 1, wo-
bei die Hauptrichtungen der Lichtausbreitung der
Kollimatorelemente (3) derMehrzahl von LED-Licht-
quellen (2) im Wesentlichen parallel zueinander
sind.

3. Beleuchtungsvorrichtung (1) nach Anspruch 1, wo-
bei die hexagonalen Grundflächen (42) der Mehr-
zahl von lichtbrechenden Zellen (43) einander be-
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rühren, derart, dass die Grundebene (44) der Licht-
formungsfolie (4) aus den hexagonalen Grundflä-
chen (42) der Mehrzahl von lichtbrechenden Zellen
(43) besteht.

4. Beleuchtungsvorrichtung (1) nach Anspruch 1 oder
3, wobei unterschiedliche Kuppeln (43) der Kuppeln
(43) unterschiedliche Höhen (431) aufweisen.

5. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, wobei die lichtbrechenden
Zellen (43) Linsen umfassen.

6. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, umfassend ein Gehäuse
(5), wobei die Mehrzahl von LED-Lichtquellen (2)
und die optische Anordnung (4, 6) in dem Gehäuse
(5) montiert, derart, dass sie in einer festen Position
und Ausrichtung relativ zueinander sind.

7. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, wobei die optische Anord-
nung (4, 6) eine Trägerstruktur (6) und eine Licht-
formungsfolie (4), die an der Trägerstruktur (6) an-
gebracht ist, umfasst.

8. Beleuchtungsvorrichtung (1) nach einem der vor-
stehendenAnsprüche, wobei die Lichtformungsfolie
(4) die Mikrostruktur (41) aufweist, die konfiguriert
ist, um Licht, das durch die Lichtformungsfolie (4)
hindurchtritt, zu formen.

9. Beleuchtungsvorrichtung (1) nach Anspruch 7 oder
8, wobei die Trägerstruktur (6) ein mindestens teil-
weise transparentes optisches Element umfasst.

10. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, wobei die Mikrostruktur
(41) zu der Mehrzahl von LED-Lichtquellen (2) hin
ausgerichtet ist, wobei vorzugsweise ein gasförmi-
ges Medium zwischen den Kollimatorelementen (3)
der LED-Lichtquellen (2) und der Lichtformungsfolie
(4) angeordnet ist, und die Lichtformungsfolie (4)
einen höheren Lichtbrechungsindex als das gasför-
mige Medium aufweist.

11. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, wobei die Mehrzahl von
LED-Lichtquellen (2) mit den Kollimatorelementen
(3) konfiguriert sind, um Licht in verschiedene Rich-
tungen auszubreiten, die sich von der Hauptrichtung
der Lichtausbreitung (33) um maximal 30° unter-
scheiden, wobei jede der Mehrzahl von LED-Licht-
quellen (2) und ihr zugehöriges Kollimatorelement
vorzugsweise konfiguriert sind, um Licht in Richtun-
gen auszubreiten, die derart verteilt sind, dass ein
Lichtstrom in einemBereich von0° bis 15° größer als
ein Lichtstrom in einem Bereich von 15° bis 30° ist.

12. Beleuchtungsvorrichtung (1) nach einem der vor-
stehenden Ansprüche, wobei die Mehrzahl von
LED-Lichtquellen (2) zueinander hin rotiert sind.

13. Beleuchtungsvorrichtung (1) nach Anspruch 12, wo-
bei die Mehrzahl von LED-Lichtquellen (2) in einer
Ebene montiert sind.

Revendications

1. Dispositif d’éclairage (1) comprenant

une pluralité de sources lumineuses à DEL (2)
dotées chacune d’un élément de collimation (3)
présentant une direction principale de propaga-
tion de la lumière (33), et
un dispositif optique (4, 6) au moins partielle-
ment transparent, positionné à côté des élé-
ments de collimation (3), de telle sorte que la
lumière générée par les sources lumineuses à
DEL (2) et propagée par les éléments de colli-
mation (3) dans la direction principale de pro-
pagation de la lumière (33) passe à travers le
dispositif optique (4, 6),
dans lequel le dispositif optique (4, 6) présente
une microstructure (41) avec une pluralité de
cellules de réfraction (43) configurées pour fa-
çonner la lumière passant à travers le dispositif
optique (4, 6), caractérisé en ce que
chacune de la pluralité de cellules de réfraction
(43) présente un angle d’épaulement (α) par
rapport à la direction principale de propagation
de la lumière (33)
la pluralité de cellules de réfraction (43) pré-
sente des cellules de réfraction (43) avec diffé-
rents angles d’épaulement (α), et
la pluralité de cellules de réfraction (43)
comprend des bases (42) hexagonales de mê-
me taille, dans lequel
chacune des cellules de réfraction (43)
comprend un dôme (43) s’étendant à partir
d’un plan de sol (44), dans lequel les dômes
(43) s’étendent du plan de sol (44) vers les
sources lumineuses à DEL (2).

2. Dispositif d’éclairage (1) selon la revendication 1,
dans lequel les directions principales depropagation
de la lumière des éléments de collimation (3) de la
pluralité de sources lumineuses à DEL (2) sont es-
sentiellement parallèles les unes aux autres.

3. Dispositif d’éclairage (1) selon la revendication 1,
dans lequel les bases hexagonales (42) de la plura-
lité de cellules de réfraction (43) sont en contact les
unes avec les autres de telle sorte que le plan de sol
(44) de la feuille de mise en forme de la lumière (4)
est constitué des bases hexagonales (42) de la
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pluralité de cellules de réfraction (43).

4. Dispositif d’éclairage (1) selon la revendication 1 ou
3, dans lequel différents dômes (43) des dômes (43)
présentent des hauteurs différentes (431).

5. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel les cellules
de réfraction (43) comprennent des lentilles.

6. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes comprenant un boîtier
(5) dans lequel la pluralité de sources lumineuses à
DEL (2) et le dispositif optique (4, 6) sont montés
dans le boîtier (5) de telle sorte qu’ils sont dans une
position et une orientation fixes l’un par rapport à
l’autre.

7. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel le dispositif
optique (4, 6) comprendunestructureporteuse (6) et
une feuille de façonnage de la lumière (4) fixée à la
structure porteuse (6).

8. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel la feuille de
façonnage de la lumière (4) présente la microstruc-
ture (41) configurée pour façonner la lumière pas-
sant à travers la feuille façonnage de la lumière (4).

9. Dispositif d’éclairage (1) selon la revendication 7 ou
8, dans lequel la structure porteuse (6) comprend un
élément optique aumoins partiellement transparent.

10. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel la micro-
structure (41)estorientéevers lapluralitédesources
lumineuses à DEL (2), dans lequel, de préférence,
un milieu gazeux est agencé entre les éléments de
collimation (3) des sources lumineuses à DEL (2) et
la feuille de façonnage de la lumière (4), et la feuille
de façonnage de la lumière (4) présente un indice de
réfraction plus élevé que le milieu gazeux.

11. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel la pluralité
de sources lumineuses à DEL (2) avec les éléments
de collimation (3) sont configurés pour propager la
lumièredansdiversesdirectionsdifférant de la direc-
tion principale de propagation de la lumière (33) d’un
maximumde30°, dans lequel chacunede lapluralité
de sources lumineuses à DEL (2) et son élément de
collimation associé est de préférence configuré pour
propager la lumière dans des directions réparties de
telle sortequ’unflux lumineuxdansuneplagede0 °à
15 ° est plus grand qu’un flux lumineux dans une
plage de 15 ° à 30 °.

12. Dispositif d’éclairage (1) selon l’une quelconque des
revendications précédentes, dans lequel la pluralité
de sources lumineusesàDEL (2) sont tournées l’une
vers l’autre.

13. Dispositif d’éclairage (1) selon la revendication 12,
dans lequel la pluralité de sources lumineusesàDEL
(2) sont montées dans un plan.
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