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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a lens, such as
a lens for a lighting device comprising a solid state lighting
element.
[0002] The present invention further relates to a light-
ing device comprising such a lens.
[0003] The present invention yet further relates to a
luminaire comprising such a lighting device.

BACKGROUND OF THE INVENTION

[0004] With a continuously growing population, it is be-
coming increasingly difficult to meet the world’s energy
needs as well as to kerb greenhouse gas emissions such
as carbon dioxide emissions that are considered respon-
sible for global warming phenomena. These concerns
have triggered a drive towards more efficient electricity
use in an attempt to reduce energy consumption.
[0005] One such area of concern is lighting applica-
tions, either in domestic or commercial settings. There
is a clear trend towards the replacement of traditional
incandescent light bulbs, which are notoriously power
hungry, with more energy efficient replacements. Indeed,
in many jurisdictions the production and retailing of in-
candescent light bulbs has been outlawed, thus forcing
consumers to buy energy-efficient alternatives, e.g.
when replacing incandescent light bulbs.
[0006] A particular promising alternative is provided by
lighting devices including solid state lighting (SSL) ele-
ments, which can produce a unit luminous output at a
fraction of the energy cost of incandescent light bulbs.
An example of such a SSL element is a light emitting
diode.
[0007] A problem hampering the penetration of the
consumer markets by such lighting devices is that it is
far from trivial to control the shape of the light output of
such devices, at least in a cost-effective manner. This is
a particular problem when a highly directional light output
is required, e.g. a light bulb having a high degree of col-
limation or small beam angle, e.g. a beam angle of less
than 30°.
[0008] Such beam angles can be controlled by the in-
clusion of collimating lenses into the lighting device. FIG.
1 schematically depicts a cross-section of a prior art col-
limating lens 10 for collimating the luminous output of a
SSL element 20. The collimating lens 10 comprises a
central refractive portion 12 surrounded by a total internal
reflection prism 14 with the SSL element 20 being centred
relative to and opposite the central refractive portion 12.
[0009] Such a collimating lens 10 is known to give good
collimation results, although a drawback of this lens is
that it can become relatively bulky especially when a high
degree of collimation of the luminous output of the SSL
element 20 is required. This is because the amount of
required lens material is inversely related to the beam

angle to be achieved. This can be particularly problematic
in lighting devices requiring multiple SSL elements to
achieve the desired luminous output, as the size of the
collimating lens 10 imposes a physical limit on the
number of SSL element/collimating lens pairs that can
be fitted within the confines of the lighting device. This is
particularly relevant when the lighting devices are light
bulbs.
[0010] In order to address this problem, so-called
doughnut lenses have been proposed such as the dough-
nut lens 30, a cross-section of which is schematically
depicted in FIG. 2, which essentially contains the colli-
mating lens 10 in annular form around an aperture 34 of
the doughnut lens 30. In other words, the collimating lens
10 is centred on a central axis of symmetry 32. Such a
doughnut lens 30 may be used in combination with a
circular pattern of SSL elements 20, with each SSL ele-
ment 20 being centred relative to the central refractive
portion 12 of the collimating lens portion 10 as previously
explained.
[0011] This has the advantage that a single collimating
lens, i.e. the doughnut lens 30, can be used in conjunction
with a plurality of SSL elements 20, which therefore pro-
vides a more compact solution compare to a solution in
which each SSL element 20 is provided with a separate
(circular) collimating lens 10. However, a large volume
occupied by the doughnut lens 30 is occupied by the
aperture 34, i.e. the doughnut lens 30 tends to have a
relatively large aperture 34, which therefore compromis-
es the collimation performance of this lens.
[0012] FIG. 3 schematically depicts a cross-section of
another well-known collimating lens 40, which is a Fres-
nel-type lens comprising a central refractive portion 42
and a plurality of annular prisms 44 around the central
refractive portion 42, which annular prisms tend to in-
crease in size in an outward direction (in a direction from
the central refractive portion 42 towards the outer edge
of the collimating lens 40). As before, the SSL element
20 is centred relative to and opposite the refractive lens
portion 42. An example of such a lens is for instance
disclosed in US 8,220,975 A1. Such Fresnel-type lenses
40 are more compact than the collimating lenses 10 and
allow for a greater area to be used for collimation without
increasing the height of the lens. However, the relatively
large lateral dimensions of Fresnel-type lenses may
make it difficult to form a laterally compact doughnut lens
that still achieves sufficient degrees of collimation.

SUMMARY OF THE INVENTION

[0013] The present invention seeks to provide a light-
ing device comprising multiple solid state lighting ele-
ments and a lens that achieves a high degree of collima-
tion.
[0014] The present invention yet further seeks to pro-
vide a luminaire comprising such a lighting device.
[0015] According to an aspect, there is provided a light-
ing device as defined in claim 1. The present invention
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is based on the realization that a lighting device with more
efficient collimating characteristics can be achieved by
providing such a lens with an asymmetric annular colli-
mating structure, in which an inner reflective region and
outer reflective region have a different number of prisms,
e.g. a large donut-like prisms and a plurality of total in-
ternal reflection prisms. Consequently, the volume occu-
pied by such a lens can be more effectively filled with
lens material contributing to the collimation achieved by
the lens, which facilitates the improved collimation effi-
ciency of the lens and provides a more compact lighting
device due to the fact that the ring of SSL elements can
be placed within or close to the cavity defined by the
single prism having the first height and optionally the plu-
rality of prims in case the second height equals the first
height. This ensures that the compact lighting device has
excellent optical efficiency and improved luminous peak
power due to improved collimation characteristics com-
pared to prior art lighting devices.
[0016] Preferably, the solid state lighting elements are
spaced from the light exit surface by a distance not ex-
ceeding the first height such that the luminous distribution
of the SSL elements, which typically exhibits a 180°
spread as is well-known per se, is fully captured by the
lens due to the fact that the SSL elements are aligned
with or within the aforementioned cavity. This therefore
maximizes luminous efficiency.
[0017] The single prism may have a first surface por-
tion arranged to receive light emitted by the solid state
lighting elements and a second curved surface portion
arranged to reflect light received by the first surface por-
tion towards the light exit surface. It has been found that
such a curved reflective surface is particularly suitable
to achieve the desired degree of collimation with a com-
pact prism or facet.
[0018] In an embodiment, the second curved surface
portion is shaped such that at least 50% of the light re-
ceived by the first surface portion is reflected towards the
light exit surface in order to achieve particularly good
optical performance.
[0019] Each of the plurality of prisms may comprise a
first surface portion arranged to receive light emitted by
the solid state lighting elements and a second surface
portion arranged to reflect light received by the first sur-
face portion towards the light exit surface. The prisms for
instance may be Fresnel-type facets. Preferably, the
prisms of said plurality are increasing in height in a di-
rection away from the circular pattern of solid state ele-
ments such that the prism distal to said circular pattern
has said maximum second height. This may promote a
more homogeneous luminous output of the lighting de-
vice due to the fact that the prisms each may collect a
particular range of beam angles emitted by the SSL el-
ements, wherein the height of each prism may be chosen
such that each prism collects approximately the same
amount of light.
[0020] In an embodiment, the inner region consists of
the single prism. This is for instance a suitable embodi-

ment if the lens is to collimate the luminous output of a
relatively small number of SSL elements of the lighting
device, because the refractive region of the lens opposite
which such SSL elements are typically placed in a circular
fashion is located closer to the centre of the lens than to
its edge. This allows for a larger number of prisms in the
outer region of the lens, which therefore improves the
collimation of light directed towards the outer edge of the
lens and exiting the SSL elements under relatively shal-
low angles with the luminous surface of the SSL ele-
ments. Such a lens may be considered a hybrid of a tra-
ditional collimating lens such as the collimating lens 10
and a Fresnel-type lens, e.g. a Fresnel-type lens 40. To
this end, the single prism may have a height exceeding
the height of each prism in the outer reflective region.
The relatively large amount of material in the single prism
facilitates a good degree of collimation by the inner re-
flective region of the lens.
[0021] In an alternative embodiment, the outer region
consists of the single prism. This is for instance a suitable
embodiment if the lens is to collimate the luminous output
of a relatively large number of SSL elements of the light-
ing device, because the refractive region of the lens op-
posite which such SSL elements are typically placed in
a circular fashion is located further away from the centre
of the lens than from its edge, thereby increasing the
radius of the circular pattern of SSL elements and facil-
itating a larger number of SSL elements to be placed in
this circular pattern. This allows for a larger number of
prisms in the inner region of the lens, which therefore
improves the collimation of light directed towards the cen-
tre of the lens and exiting the SSL elements under rela-
tively shallow angles with the luminous surface of the
SSL elements. Again, such a lens may be considered a
hybrid of a traditional collimating lens such as the colli-
mating lens 10 and a Fresnel-type lens, e.g. a Fresnel-
type lens 40. To this end, the single prism may have a
height exceeding the height of each prism in the inner
reflective region. The relatively large amount of material
in the single prism facilitates a good degree of collimation
by the outer reflective region of the lens.
[0022] The single prism and the plurality of prisms pref-
erably are total internal reflection (TIR) prisms to maxi-
mize the luminous efficiency and collimation of the light-
ing device.
[0023] The material may be a polymer such as poly-
carbonate (PC), poly (methyl methacrylate) (PMMA) and
polyethylene terephthalate (PET), as such polymer ma-
terials have excellent optical properties and allow for a
straightforward manufacture of the lens of the lighting
device in a cost-effective manner, e.g. by moulding.
[0024] The light exit surface of the lens may be a
smooth, e.g. flat or curved surface. Alternatively, the light
exit surface may comprise beam shaping elements, e.g.
micro lenses, scattering elements and the like to further
shape the luminous output of the lighting device.
[0025] In an embodiment, the lighting device is a light
bulb. Non-limiting examples of suitable bulb sizes include
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but are not limited to MR11, MR16, GU4, GU5.3, GU6.35,
GU10, AR111, Par20, Par30, Par38, BR30, BR40, R20,
R50 light bulbs and so on.
[0026] In accordance with another aspect of the
present invention, there is provided a luminaire compris-
ing the lighting device according to an embodiment of
the present invention. Such a luminaire may for instance
be a holder of the lighting device or an apparatus into
which the lighting device is integrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the invention are described in
more detail and by way of non-limiting examples with
reference to the accompanying drawings, wherein:

FIG. 1 schematically depicts a cross-section of a pri-
or art collimating lens;
FIG. 2 schematically depicts a cross-section of a pri-
or art doughnut lens;
FIG. 3 schematically depicts a cross-section of a pri-
or art Fresnel-type lens;
FIG. 4 schematically depicts a cross-section of an
aspect of a lighting device including a collimating
lens according to an embodiment of the present in-
vention;
FIG. 5 schematically depicts a cross-section of a
lighting device including a collimating lens according
to an embodiment of the present invention;
FIG. 6 schematically depicts a perspective view of
an aspect of the lighting device of FIG. 5;
FIG. 7 schematically depicts a cross-section of an
aspect of a lighting device including a collimating
lens according to an alternative embodiment of the
present invention;
FIG. 8 schematically depicts a cross-section of a
lighting device including a collimating lens according
to an alternative embodiment of the present inven-
tion;
FIG. 9 schematically depicts a perspective view of
an aspect of the lighting device of FIG. 8;
FIG. 10 depicts a luminous intensity distribution of
the lighting device of FIG. 6 and a prior art lighting
device; and
FIG. 11 depicts a luminous intensity distribution of
the lighting device of FIG. 9 and a prior art lighting
device.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] It should be understood that the Figures are
merely schematic and are not drawn to scale.
[0029] It should also be understood that the same ref-
erence numerals are used throughout the Figures to in-
dicate the same or similar parts.
[0030] In the context of the present application, a prism
is a multi-faceted body or protrusion comprising at least
one surface or facet for refracting incident light towards

at least one other surface or facet for reflecting the re-
fracted light received by the at least one surface in a
desired direction. As is known per se, such a desired
reflection may be achieved by controlling the shape of
these surfaces of facets. In at least some embodiments,
the at least one other surface or facet achieves total in-
ternal reflection. It is noted that such prisms are some-
times also referred to as facets, e.g. when referring to
Fresnel-type lenses and collimators.
[0031] FIG. 4 schematically depicts an aspect of a light-
ing device including a collimating lens according to an
embodiment of the present invention. FIG. 4 schemati-
cally depicts a cross-section of a collimating structure
100 of a lens such as a doughnut lens, which collimating
structure 100 may be shaped as an annulus or ring
around the central region of the lens to form a symmet-
rical doughnut lens having an asymmetrical collimating
portion 100 as will be explained in more detail with the
aid of FIG. 5.
[0032] In the context of the present application, a
doughnut lens may be any lens that has a circular shape
and comprises an annular collimating structure 100
around a central portion of non-zero area. The central
portion may be an aperture of the doughnut lens or may
be formed of a material such as the same material that
also forms the annular collimating structure 100.
[0033] The collimating structure 100 has an inner re-
flective region 110 comprising a first number of reflective
prisms 112, an outer reflective region 130 comprising a
second number of reflective prisms 132 and a refractive
region 120 in between the inner reflective region 110 and
the outer reflective region 130. A light source such as a
solid state lighting (SSL) element 20 is typically placed
opposite the centre of the refractive region 120 such that
the collimating structure 100 collimates the luminous out-
put emanating from the SSL element 20 as indicated by
the single arrows in FIG. 4. The surface of the refractive
region 120 facing the SSL element 20 may have any
suitable shape. In an embodiment, the refractive region
120 has a convex surface facing the SSL element 20
although it should be understood that other surface
shapes may be contemplated, such as for instance a
refractive multi-faceted surface.
[0034] In the context of the present application, where
reference is made to an inner reflective region 110, this
region is located in between a central portion of a dough-
nut lens and the refractive region 120, i.e. proximal to the
symmetry axis 202, whereas where reference is made
to outer reflective region 130, this region is located be-
tween the refractive region 120 and the periphery of such
a doughnut lens, i.e. distal to the symmetry axis 202.
[0035] The inventors have realized that the annular col-
limating structure 100 of a doughnut lens does not have
to be symmetrically shaped in order to obtain good col-
limation results when used in a lighting device 1 compris-
ing a plurality of SSL elements 20, e.g. LEDs. More par-
ticularly, it has been realized that by having a different
number of reflective elements on either side of the re-
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fractive region 120 of such an annular collimating struc-
ture 100, more efficient use of the available volume in
which a doughnut lens including the annular collimating
structure 100 can be made, thereby improving the colli-
mation efficiency of the lens. Specifically, by combining
a region with a single doughnut-like prism and a region
with a plurality of Fresnel-type prisms, a lighting device
1 comprising a compact lens with particularly good col-
limation efficiency can be achieved, thereby providing a
lighting device 1 that can produce collimated light inten-
sities superior to existing SSL element-based lighting de-
vices comprising the same number of SSL elements. In
other words, the lighting device 1 according to embodi-
ments of the present invention may achieve a desired
collimated light intensity with fewer SSL elements than
prior art like devices, thereby improving energy efficiency
and facilitating easier thermal management of the lighting
device 1.
[0036] Furthermore, a lighting device 1 including such
a lens makes it possible for the number of SSL elements
20 to be arranged in a circular pattern in which the spacing
between the SSL elements 20 is optimized. Such opti-
mization may for instance seek to strike a balance be-
tween effective dissipation of the heat generated by the
SSL elements 20, which becomes easier if the SSL ele-
ments 20 are spaced further apart, and avoiding the ap-
pearance of spots in the luminous output of such a lighting
device, which spots may appear if the luminous output
of individual SSL elements 20 is not effectively mixed,
which can be avoided by placing the individual SSL ele-
ments 20 in close vicinity of each other.
[0037] The diameter of the resulting optimized circular
pattern of the SSL elements 20 may be used to define
the location of the refractive region 120 of the annular
collimating structure 100, as the refractive region 120 is
typically placed opposite the SSL elements 20 such that
the SSL elements 20 are centred relative to the refractive
region 120. The thus determined location of the refractive
region 120 may be used to optimize the collimating func-
tion of the inner reflective region 110 as a function of the
available space in between the refractive region 120 and
the central portion of the lens. Such an optimization may
involve defining the shape of reflective prism 112 in the
inner reflective region 110. The thus determined location
of the refractive region 120 may further be used to opti-
mize the collimating function of the outer reflective region
130 as a function of the available space in between the
refractive region 120 and the periphery of the lens. Such
an optimization may involve defining the appropriate
number of reflective prisms 132 in the outer reflective
region 110.
[0038] In FIG. 4, the inner reflective region 110 com-
prises a single reflective prism 112 extending from a light
exit surface 105, whereas the outer reflective region 130
comprises a plurality of reflective prisms 132 extending
from the light exit surface 105. The single reflective prism
112 of the inner reflective region 110 may have a height
h1 (as measured from the light exit surface 105 to the

extremity of the single reflective prism 112 opposite this
light exit surface) that is greater than the height of any of
the reflective prisms 132 of the outer reflective region
130, i.e., greater than the maximum height h2 of the re-
flective prisms 132 (as measured from the light exit sur-
face 105 to the furthest extremity of any of the reflective
prisms 132 opposite this light exit surface). The additional
material in the single reflective prism 112 facilitates a
greater degree of collimation by the single prism as pre-
viously explained, such that the inner reflective region
110 and the outer reflective region 130 both can achieve
good degrees of collimation, in particular when the avail-
able volume in the outer reflective region 130 is occupied
by a plurality of reflective prisms 132.
[0039] For instance, the inner reflective region 110 may
comprise a reflective prism 112 shaped as a prism of a
collimator such as the collimator 10, whereas the outer
reflective region 130 may comprise a plurality of prisms
132 defining a Fresnel-type collimating structure.
[0040] The single prism 112 typically comprises a first
surface portion 112’ acting as a light entry surface for the
light emitted by the SSL elements 20 and a second sur-
face portion 112" acting as a reflective surface portion
that reflects the light that has entered the single prism
through the light entry surface towards the light exit sur-
face 105 from which the single prism 112 extends. Pref-
erably, the second surface portion 112" is curved, i.e.
convex, in order to optimise collimation characteristics
of the collimating structure 100. The curvature of the sec-
ond surface portion 112" is preferably chosen such that
at least 50% of the light entering the single prism 112
through the first surface portion 112’ is reflected towards
the light exit surface 105.
[0041] In an embodiment, the plurality of prisms 132
in the outer region 130 are increasing in height such that
the prism proximal to the SSL elements 20 has the small-
est height and the prism distal to the SSL elements 20
has the largest height, i.e. maximum height h2. This may
assist a homogeneous luminous output of the lighting
device 1 due to the fact that each prism 132 collects
roughly the same amount of light emitted by the SSL
elements 20 under different beam angles. Each of the
prisms 132 may have a first surface portion 132’ facing
the SSL elements 20 acting as a light entry surface for
the light emitted by the SSL elements 20 and a second
surface portion 132" acting as a reflective surface portion
that reflects the light that has entered the single prism
through the light entry surface towards the light exit sur-
face 105 from which the single prism 112 extends.
[0042] Intermediate region 120, which is located in be-
tween the in the region 110 and the outer region 130
opposite which the SSL elements 20 are located, typically
comprises an intermediate surface 120’ facing the SSL
elements 20, which intermediate surface acts as the light
entry surface for some of the light emitted by the SSL
elements 20. The intermediate region 120 typically is a
refractive region to aid the overall collimation of the light
emitted by the lighting device 1. In an embodiment, the
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intermediate surface 120’ has a curved, preferably a con-
vex, shape to achieve the desired degree of collimation.
The intermediate region 120 has a maximum height h3
that is smaller than the maximum height h1 of the single
prism 112 such that a recess or cavity is formed under
the intermediate region 120 in which the SSL elements
20 may be placed or located to maximize the luminous
efficiency of the lighting device 1 as will be explained in
further detail below.
[0043] FIG. 5 schematically depicts a cross-section of
an aspect of a lighting device 1 comprising a plurality of
SSL elements 20 arranged in a circular pattern and a
doughnut lens 200 comprising an annular collimating
structure 100 as shown in FIG. 4. The annular collimating
structure 100 is centred on symmetry axis 202 and the
central region 204 of the doughnut lens 200, which central
region 204 may be an aperture in the lens 200 or a portion
of material such as the lens material as previously ex-
plained. The SSL elements 20 may be mounted on a
carrier 25, e.g. a printed circuit board or the like.
[0044] In a particularly advantageous embodiment, the
light exit surfaces of the SSL elements 20 are separated
from the light exit surface 105 of the lens 100 by a dis-
tance D that does not exceed and preferably is smaller
than the height h1 of the single prism 112. This ensures
that virtually all light emitted by the SSL elements 20 is
harvested by the lens 100, thereby improving the lumi-
nous efficiency of the lighting device 1, in particular when
the maximum height h2 of the plurality of prisms 132 ap-
proaches the height h1. It should however be understood
that the distance D may exceed the height h1 by a small
amount, e.g. about 10%, for instance if a trade-off is re-
quired between the thermal performance of the lighting
device 1 and its optical efficiency, for instance to prevent
overheating of the doughnut lens 200 and/or the SSL
elements 20. Nevertheless, it should be understood that
it is preferable that this distance D is minimized as much
as possible without compromising thermal performance
of the lighting device 1.
[0045] In an embodiment, the maximum height h2 may
equal the maximum height h1 such that the single prism
112 and the largest of the plurality of prisms 132 may
support the doughnut lens 200 on a receiving surface,
which may be the carrier 25 or another surface of the
lighting device 1.
[0046] In FIG. 4 and 5, the light exit surface 105 is
shown as a smooth, e.g. planar, surface by way of non-
limiting example only. It should be understood that the
light exit surface 105 may further comprise optical ele-
ments, e.g. beam shaping elements such as micro lens-
es, scattering elements or other diffusing elements, and
so on if so desired, for instance to obscure the SSL ele-
ments 20 from direct view.
[0047] FIG. 6 schematically depicts a perspective view
of the lighting device 1 including the doughnut lens 200
and the arrangement of the SSL elements 20 in a circular
pattern relative to the refractive region 120 in between
the inner prism 112 and the outer prisms 132 of the

doughnut lens 200.
[0048] The arrangement shown in FIG. 5 and FIG. 6
is particularly suitable if the lighting device 1 includes a
relatively small number of SSL elements 20 (six SSL el-
ements 20 are shown in FIG. 6 by way of non-limiting
example), such that a circular pattern of the SSL ele-
ments 20 has a small diameter, i.e. is located relatively
close to the central axis 202. As can be seen in FIG. 6
in particular, the asymmetric nature of the annular colli-
mating structure 100 of the doughnut lens 200 allows for
an efficient use of the majority of the surface area of the
doughnut lens 200 for collimating purposes. It can be
immediately recognized that a symmetrical collimator,
i.e. comprising a single inner prism 112 and a single outer
prism being a mirror image of the inner prism 112, would
occupy a much smaller area of the doughnut lens, such
that collimation efficiency would be reduced as will be
demonstrated in more detail below.
[0049] At this point, it is noted that the lighting device
1 typically will comprise many more components, such
as a housing, light exit window, driver circuitry for the
SSL elements 20 and so on. However, these components
may be conventional components that are irrelevant to
the teachings of the present application such that these
components have been omitted from the drawings in the
present application for the sake of clarity.
[0050] However, some lighting devices 1 may require
the integration of a larger number of SSL elements 20,
such that the circular pattern of these SSL elements 20
has a diameter such that the SSL elements 20 are located
closer to the periphery of the doughnut lens than to its
central portion. FIG. 7 schematically depicts a cross-sec-
tion of an annular collimating portion 100 of a lighting
device 1 including a doughnut lens 300 that may be used
in such a scenario. A cross section of the doughnut lens
300 is schematically depicted in FIG. 8. In this embodi-
ment, the inner reflective region 110 comprises the pre-
viously described plurality of reflective prisms 132 and
the outer reflective region 130 comprises the previously
described single reflective prism 112. As before, the sin-
gle reflective prism 112 has a height h1 that is at least
as large as or preferably larger than the height of each
of the reflective prisms 132 (i.e. at least as large or larger
than the maximum height h2) to facilitate a good degree
of collimation in the outer reflective region 130. As before,
a refractive region 120 is located in between the inner
reflective region 110 and the outer reflective region 130,
wherein the refractive region 120 may have an interme-
diate surface 120’ facing the SSL elements 20 that may
have any suitable shape, such as a convex shape as
previously explained. As before, the maximum height h3
of the intermediate region 120 is smaller than the height
h1 of the single prism 112 such that by placement of the
SSL elements 20 in close vicinity to the intermediate sur-
face 120’, the SSL elements 20 may be located within
the doughnut lens 300 in order to maximize luminous
efficiency as previously explained.
[0051] FIG. 8 schematically depicts a cross-section of
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an aspect of a lighting device 1 comprising a plurality of
SSL elements 20 arranged in a circular pattern and a
doughnut lens 300 comprising an annular collimating
structure 100 as shown in FIG. 7. The annular collimating
structure 100 is centred on symmetry axis 202 and the
central region 304 of the doughnut lens 300, which central
region 304 may be an aperture in the lens 300 or a portion
of material such as the lens material as previously ex-
plained. FIG. 9 schematically depicts a perspective view
of the doughnut lens 300 and the arrangement of the SSL
elements 20 in a circular pattern relative to the refractive
region 120 in between the inner prisms 112 and the outer
prism 132 of the doughnut lens 300. The lighting device
1 comprises twenty SSL elements 20 by way of non-
limiting example.
[0052] The arrangement shown in FIG. 8 and FIG. 9
is particularly suitable if the lighting device 1 includes a
relatively large number of SSL elements 20, such that an
optimized circular pattern of the SSL elements 20 has a
relatively large diameter, i.e. is located relatively close to
the periphery of the doughnut lens 300. As can be seen
in FIG. 9 in particular, the asymmetric nature of the an-
nular collimating structure 100 of the doughnut lens 300
allows for an efficient use of the majority of the surface
area of the doughnut lens 300 for collimating purposes.
It can be immediately recognized that a symmetrical col-
limator, i.e. comprising a single outer prism 132 and a
single inner prism being a mirror image of the outer prism
132, would occupy a much smaller area of the doughnut
lens 300, such that collimation efficiency would be re-
duced as will be demonstrated in more detail below.
[0053] FIG. 10 shows the simulated luminous intensity
distribution produced by a lighting device including a con-
ventional doughnut lens and the lighting device 1 includ-
ing the doughnut lens 200 shown in FIG. 6. The luminous
intensity distributions are shown relative to the central
axes of these lenses, e.g. central axis 202 of the dough-
nut lens 200. The conventional doughnut lens has been
created by providing a symmetrical annular collimating
structure in which the Fresnel-type outer collimation re-
gion of the doughnut lens 200 is replaced by the mirror
image of the inner prism 112 as previously explained. It
will be immediately apparent from FIG. 10 that this yields
a conventional doughnut lens comprising a void periph-
eral region, i.e. a region that does not contribute to the
collimation of the light generated by the SSL elements
20 in the circular pattern opposite the refractive region
120. In contrast, in the lighting device 1 including the
doughnut lens 200, such a void region is not present be-
cause the Fresnel-type outer collimation region extends
to the outer edge of the doughnut lens 200.
[0054] As can be seen from the simulated luminous
intensity distributions, the inventive lighting device 1 in-
cluding the doughnut lens 200 produces a more sharply
defined luminous distribution with significantly increased
peak intensity; the peak intensity of the luminous output
produced by the inventive doughnut lens 200 is around
250 lm, whereas the conventional doughnut lens facing

the same number and type of SSL elements 20 as the
doughnut lens 200 produces a peak intensity of around
180 lm. This clearly demonstrates that the asymmetric
annular collimating region 100 of the doughnut lens 200
significantly increases collimation efficiency compared
to conventional doughnut lenses having a symmetrical
collimating region.
[0055] FIG. 11 shows the simulated luminous intensity
distribution produced by a lighting device including a con-
ventional doughnut lens and the inventive lighting device
1 including the doughnut lens 300 shown in FIG. 9. The
luminous intensity distributions are shown relative to the
central axes of these lenses, e.g. central axis 202 of the
doughnut lens 300. The conventional doughnut lens has
been created by providing a symmetrical annular colli-
mating structure in which the Fresnel-type inner collima-
tion region of the doughnut lens 300 is replaced by the
mirror image of the outer prism 112 as previously ex-
plained. It will be immediately apparent from FIG. 11 that
this yields a conventional doughnut lens comprising a
large central aperture that does not contribute to the col-
limating function of the lens. In contrast, in the doughnut
lens 300, such a large aperture is not present because
the Fresnel-type outer collimation region extends to the
outer edge of the doughnut lens 200.
[0056] As can be seen from the simulated luminous
intensity distributions, the inventive lighting device 1 in-
cluding the doughnut lens 300 produces a more sharply
defined luminous distribution with significantly increased
peak intensity; the peak intensity of the luminous output
produced by the inventive doughnut lens 300 is around
155 lm, whereas the conventional doughnut lens facing
the same SSL elements 20 as the doughnut lens 300
produces a peak intensity of around 135 lm. This clearly
demonstrates that the asymmetric annular collimating re-
gion 100 of the doughnut lens 300 of the lighting device
1 significantly increases collimation efficiency compared
to conventional doughnut lenses having a symmetrical
collimating region with a (relatively large) central aper-
ture.
[0057] It is noted for the sake of completeness that the
lower peak intensity produced by the doughnut lens 300
compared to the doughnut lens 200 can be explained by
the fact that in the doughnut lens 300 the SSL elements
20 are located further away from the centre of the lens,
which is known per se to reduce the collimation efficiency
of a doughnut lens.
[0058] The doughnut lenses in the lighting device 1
according to embodiments of the present invention such
as the doughnut lenses 200 and 300 may be made of
any suitable material. Any material may be used that has
a refractive index such that the inner region 110 and the
outer region 130 of the lens exhibit reflective behaviour
and the intermediate region 120 exhibits refractive be-
haviour. A polymer having favourable optical properties
may be particularly suitable, as it allows for a straightfor-
ward manufacturing of the doughnut lenses 200 and 300,
e.g. by moulding. Non-limiting examples of suitable pol-
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ymers include PC, PMMA and PET although other ex-
amples will be apparent to the skilled person.
[0059] In an embodiment, the lighting device 1 may be
a light bulb. The shape and size of the light bulb is not
particularly limited and any suitable shape and size may
be contemplated. Non-limiting examples of such suitable
sizes include MR11, MR16, GU4, GU5.3, GU6.35, GU10,
AR111, Par20, Par30, Par38, BR30, BR40, R20, R50
light bulbs and so on. Such a lighting device benefits from
producing a luminous output having increased collima-
tion, as has been demonstrated with the aid of the sim-
ulations presented in FIG 10 and 11.
[0060] Such a lighting device may be advantageously
integrated into a luminaire to provide a luminaire bene-
fiting from being able to produce a luminous output having
increased collimation. Any suitable type of luminaire may
be contemplated, such as a ceiling down lighter, an ar-
mature, a freestanding luminaire, an electronic device
including a lighting device, e.g. a cooker hood, fridge,
microwave oven, and so on.
[0061] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. The invention can be implemented by
means of hardware comprising several distinct elements.
In the device claim enumerating several means, several
of these means can be embodied by one and the same
item of hardware. 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.

Claims

1. A lighting device (1) including:

a lens (200, 300) comprising an annular colli-
mating structure (100) having a central axis of
symmetry (202), said structure comprising a
light exit surface (105) and an intermediate re-
gion (120) in between an inner region (110) prox-
imal to said axis and an outer region (130) distal
to said axis, wherein one of the inner region and
outer region consists of a single prism (112) ex-
tending from the light exit surface by a first height
(h1) and the other of the inner region and outer
region comprises a plurality of prisms (132) ex-
tending from the light exit surface by a maximum
second height (h2), wherein the first height is at
least the maximum second height and the inter-

mediate region has an intermediate region sur-
face (120’) separated from the light exit surface
by a maximum further height (h3) that is smaller
than the first height; and
a plurality of solid state lighting elements (20)
arranged in a circular pattern on a carrier surface
(25) such that the solid state lighting elements
are aligned with and facing the intermediate re-
gion surface (120’); and
wherein the annular collimating structure is
made of a material having a refractive index
such that the intermediate region is a refractive
region and the single prism and the plurality of
prisms each reflect light emitted by the solid
state lighting elements towards the light exit sur-
face.

2. The lighting device of claim 1, wherein the solid state
lighting elements (20) are spaced from the light exit
surface (105) by a distance (D) not exceeding the
first height (h1).

3. The lighting device (1) of claim 1 or 2, wherein the
single prism (112) has a first surface portion (112’)
arranged to receive light emitted by the solid state
lighting elements (20) and a second curved surface
portion (112") arranged to reflect light received by
the first surface portion towards the light exit surface
(105).

4. The lighting device (1) of claim 3, wherein the second
curved surface portion (112") is shaped such that at
least 50% of the light received by the first surface
portion is reflected towards the light exit surface
(105).

5. The lighting device (1) of any of claims 1-4, wherein
each of the plurality of prisms (132) comprises a first
surface portion (132’) arranged to receive light emit-
ted by the solid state lighting elements (20) and a
second surface portion (132") arranged to reflect
light received by the first surface portion towards the
light exit surface (105).

6. The lighting device (1) of any of claims 1-5, wherein
the prisms (132) of said plurality are increasing in
height in a direction away from the circular pattern
of solid state elements (20) such that the prism distal
to said circular pattern has said maximum second
height (h2).

7. The lighting device (1) of any of claims 1-5, wherein
the intermediate region surface (120’) is a convex
surface.

8. The lighting device (1) of any of claims 1-7, wherein
the inner region (110) consists of the single prism
(112).
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9. The lighting device (1) of any of claims 1-7, wherein
the outer region (130) consists of the single prism
(112).

10. The lighting device (1) of any of claims 1-9, wherein
the single prism (112) and the plurality of prisms
(132) are total internal reflection prisms.

11. The lighting device (1) of any of claims 1-10, wherein
the material is a polymer material.

12. The lighting device (1) of claim 11, wherein the pol-
ymer material is selected from polycarbonate, poly
(methyl methacrylate) and polyethylene terephtha-
late.

13. The lighting device of any of claims 1-12, wherein
the light exit surface (105) includes beam shaping
elements.

14. The lighting device (1) of any of claims 1-13, wherein
the lighting device is a light bulb.

15. A luminaire comprising the lighting device (1) of any
of claims 1-14.

Patentansprüche

1. Beleuchtungsvorrichtung (1), umfassend:

eine Linse (200, 300), umfassend eine ringför-
mige Kollimationsstruktur (100) mit einer zen-
tralen Symmetrieachse (202), wobei die Struk-
tur eine Lichtaustrittsfläche (105) und einen Zwi-
schenbereich (120) zwischen einem inneren
Bereich (110) proximal zu der Achse und einem
äußeren Bereich (130) distal zu der Achse um-
fasst, wobei der innere Bereich oder der äußere
Bereich aus einem einzelnen Prisma (112) be-
steht, das sich von der Lichtaustrittsfläche aus
um eine erste Höhe (h1) erstreckt, und der an-
dere, der innere oder der äußere Bereich, meh-
rere Prismen (132) umfasst, die sich von der
Lichtaustrittsfläche aus um eine maximale zwei-
te Höhe (h2) erstrecken, wobei die erste Höhe
zumindest die maximale zweite Höhe ausmacht
und der Zwischenbereich eine Zwischenbe-
reichfläche (120’) aufweist, die von der Lichtaus-
trittsfläche um eine maximale weitere Höhe (h3)
getrennt ist, die kleiner als die erste Höhe ist;
sowie
mehrere Festkörperbeleuchtungselemente
(20), die in einem kreisförmigen Muster auf einer
Trägerfläche (25) so angeordnet sind, dass die
Festkörperbeleuchtungselemente zu der Zwi-
schenbereichfläche (120’) ausgerichtet und die-
ser zugewandt sind; und

wobei die ringförmige Kollimationsstruktur aus
einem Material mit einem Brechungsindex da-
hingehend gefertigt ist, dass der Zwischenbe-
reich ein refraktiver Bereich ist und das einzelne
Prisma und die mehreren Prismen jeweils von
den Festkörperbeleuchtungselementen emit-
tiertes Licht zu der Lichtaustrittsfläche hin reflek-
tieren.

2. Beleuchtungsvorrichtung nach Anspruch 1, wobei
die Festkörperbeleuchtungselemente (20) von der
Lichtaustrittsfläche (105) um eine die erste Höhe
(h1) nicht überschreitende Distanz (D) beabstandet
sind.

3. Beleuchtungsvorrichtung nach Anspruch 1 oder 2,
wobei das einzelne Prisma (112) einen ersten Ober-
flächenabschnitt (112’), der so angeordnet ist, dass
er von den Festkörperbeleuchtungselementen (20)
emittiertes Licht empfängt, sowie einen zweiten, ge-
krümmten Oberflächenabschnitt (112") aufweist, der
so eingerichtet ist, dass er von dem ersten Oberflä-
chenabschnitt empfangenes Licht zu der Lichtaus-
trittsfläche (105) hin reflektiert.

4. Beleuchtungsvorrichtung (1) nach Anspruch 3, wo-
bei der zweite, gekrümmte Oberflächenabschnitt
(112") so geformt ist, dass mindestens 50% des von
dem ersten Oberflächenabschnitt empfangenen
Lichts zu der Lichtaustrittsfläche (105) hin reflektiert
wird.

5. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-4, wobei jedes der mehreren Prismen
(132) einen ersten Oberflächenabschnitt (132’), der
so angeordnet ist, dass er von den Festkörpeerbe-
leuchtungselementen (20) emittiertes Licht emp-
fängt, sowie einen zweiten Oberflächenabschnitt
(132"), der so angeordnet ist, dass er von dem ersten
Oberflächenabschnitt empfangenes Licht zu der
Lichtaustrittsfläche (105) hin reflektiert, umfasst.

6. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-5, wobei die Prismen (132) der mehreren
Prismen in einer Richtung von dem kreisförmigen
Muster der Festkörperelemente (20) weg in der Hö-
he so zunehmen, dass das Prisma distal zu dem
kreisförmigen Muster besagte maximale zweite Hö-
he (h2) aufweist.

7. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-5, wobei die Zwischenbereichfläche
(120’) eine konvexe Oberfläche ist.

8. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-7, wobei der innere Bereich (110) aus dem
einzelnen Prisma (112) besteht.
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9. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-7, wobei der äußere Bereich (130) aus
dem einzelnen Prisma (112) besteht.

10. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-9, wobei das einzelne Prisma (112) und
die mehreren Prismen (132) Prismen mit innerer To-
talreflexion sind.

11. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-10, wobei das Material ein Polymermate-
rial ist.

12. Beleuchtungsvorrichtung (1) nach Anspruch 11, wo-
bi das Polymermaterial aus Polycarbonat, Poly(me-
thylmethacrylat) und Polyethylenterephthalat aus-
gewählt wird.

13. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-12, wobei die Lichtaustrittsfläche (105)
Strahlformungselemente enthält.

14. Beleuchtungsvorrichtung (1) nach einem der An-
sprüche 1-13, wobei die Beleuchtungsvorrichtung
eine Glühbirne ist.

15. Leuchte mit der Beleuchtungsvorrichtung (1) nach
einem der Ansprüche 1-14.

Revendications

1. Dispositif d’éclairage (1) incluant :

une lentille (200, 300) comprenant une structure
de collimation annulaire (100) ayant un axe cen-
tral de symétrie (202), ladite structure compre-
nant une surface de sortie de lumière (105) et
une région intermédiaire (120) entre une région
intérieure (110) proximale audit axe et une ré-
gion extérieure (130) distale dudit axe, dans le-
quel l’une parmi la région intérieure et la région
extérieure est constituée d’un prisme unique
(112) s’étendant depuis la surface de sortie de
lumière d’une première hauteur (h1) et l’autre
parmi la région intérieure et la région extérieure
comprend une pluralité de prismes (132) s’éten-
dant depuis la surface de sortie de lumière d’une
seconde hauteur maximale (h2), dans lequel la
première hauteur est au moins la deuxième hau-
teur maximale et la région intermédiaire a une
surface de région intermédiaire (120’) séparée
de la surface de sortie de lumière d’une autre
hauteur maximale (h3) qui est inférieure à la pre-
mière hauteur ; et
une pluralité d’éléments d’éclairage à semi-con-
ducteurs (20) agencés selon un motif circulaire
sur une surface porteuse (25) de telle sorte que

les éléments d’éclairage à semi-conducteurs
sont alignés sur la surface de région intermé-
diaire (120’) et font face à celle-ci ;
dans lequel la structure de collimation annulaire
est composée d’un matériau présentant un in-
dice de réfraction de telle sorte que la région
intermédiaire est une région de réfraction et le
prisme unique et la pluralité de prismes réflé-
chissent chacun la lumière émise par les élé-
ments d’éclairage à semi-conducteurs vers la
surface de sortie de lumière.

2. Dispositif d’éclairage selon la revendication 1, dans
lequel les éléments d’éclairage à semi-conducteurs
(20) sont espacés de la surface de sortie de lumière
(105) d’une distance (D) ne dépassant pas la pre-
mière hauteur (h1).

3. Dispositif d’éclairage (1) selon la revendication 1 ou
2, dans lequel le prisme unique (112) comporte une
première partie de surface (112’) agencée pour re-
cevoir la lumière émise par les éléments d’éclairage
à semi-conducteurs (20) et une seconde partie de
surface incurvée (112") agencée pour réfléchir la lu-
mière reçue par la première partie de surface vers
la surface de sortie de lumière (105).

4. Dispositif d’éclairage (1) selon la revendication 3,
dans lequel la seconde partie de surface incurvée
(112") est façonnée de telle sorte qu’au moins 50 %
de la lumière reçue par la première partie de surface
est réfléchie vers la surface de sortie de lumière
(105).

5. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-4, dans lequel chaque prisme de
la pluralité de prismes (132) comprend une première
partie de surface (132’) agencée pour recevoir la lu-
mière émise par les éléments d’éclairage à semi-
conducteurs (20) et une seconde partie de surface
(132") agencée pour réfléchir la lumière reçue par
la première partie de surface vers la surface de sortie
de lumière (105).

6. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-5, dans lequel les prismes (132) de
ladite pluralité augmentent en hauteur dans une di-
rection s’éloignant du motif circulaire d’éléments à
semi-conducteurs (20) de telle sorte que le prisme
distal dudit motif circulaire a ladite deuxième hauteur
maximale (h2).

7. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-5, dans lequel la surface de région
intermédiaire (120’) est une surface convexe.

8. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-7, dans lequel la région intérieure

17 18 



EP 3 105 501 B1

11

5

10

15

20

25

30

35

40

45

50

55

(110) est constituée du prisme unique (112).

9. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-7, dans lequel la région extérieure
(130) est constituée du prisme unique (112).

10. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-9, dans lequel le prisme unique
(112) et la pluralité de prismes (132) sont des pris-
mes à réflexion interne totale.

11. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-10, dans lequel le matériau est un
matériau polymère.

12. Dispositif d’éclairage (1) selon la revendication 11,
dans lequel le matériau polymère est sélectionné
parmi le polycarbonate, le poly(méthacrylate de mé-
thyle) et le polyéthylène téréphtalate.

13. Dispositif d’éclairage selon l’une quelconque des re-
vendications 1-12, dans lequel la surface de sortie
de lumière (105) inclut des éléments de façonnage
de faisceau.

14. Dispositif d’éclairage (1) selon l’une quelconque des
revendications 1-13, dans lequel le dispositif d’éclai-
rage est une ampoule.

15. Luminaire comprenant le dispositif d’éclairage (1)
selon l’une quelconque des revendications 1-14.
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