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(57) Abstract

A LED module comprising a LED and a rotationally symmetrical, bowl-shaped collimator lens. Said lens comprises 2 hole for
accommodating the LED. The lens also includes a flat surface through which light from the LED passes. The normal to this emergent
surface is substantially parallel to the axis of symmetry of the lens. Said surface comprises a sawtooth-like structure for bending the
outgoing light. LED modules of this type can deflect the outgoing light through a certain angle relative to the axis of symmetry of the lens.

These modules are relatively cheap and compact.
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LED module and luminaire.

The invention relates to a LED module comprising a LED (light-emitting
diode) and a rotationally symmetrical, bowl-shaped collimator lens which is provided with a
recess in which the LED is situated, and which collimator lens is also provided with a flat
surface from which light generated by the LED emerges, the normal to the surface extending
substantially parallel to the axis of symmetry of the lens. The invention also relates to a
luminaire provided with a number of said LED modules.

A LED module of the type mentioned in the opening paragraph is known per
se. For example in the English-language abstract of Japanese patent application JP 61-147.585,
a description is given of such a LED module. This LED module comprises a LED which is
secured onto a substrate and which is positioned in the recess of a bowl-shaped collimator
lens. This lens is rotationally symmetrical in shape and has an associated axis of symmetry.
The position of the LED and the shape of the lens are attuned to each other in such a manner
that a large part of the light generated by the LED is converted via refraction and reflection
into a parallel light beam which leaves the lens via a flat surface. The lens and the substrate are
secured in a metal housing.

The known LED module has an important drawback. The emerging light leaves
the lens in a direction which is substantially parallel to the axis of symmetry of the lens. Under
certain conditions it is desirable for the parallel beam to leave the lens at a certain angle,
viewed relative to the axis of symmetry. This angle must be at least 20°.

It is an object of the invention to obviate said drawback. The invention more
particularly aims at providing a LED module of the above-mentioned type, in which the light
emerges at a specific angle relative to the axis of symmetry of the lens. The proposed LED
module should additionally be compact. Besides, said LED module must have a simple
structure and its manufacture must be inexpensive.

These and other objects of the invention are achieved by a LED module
comprising a LED (light-emitting diode) and a rotationally symmetrical, bowl-shaped
collimator lens which is provided with a recess in which the LED is situated and which
collimator lens is also provided with a flat surface from which light generated by the LED

emerges, the normal to the surface extending substantially parallel to the axis of symmetry of
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the lens, which LED module in accordance with the invention is characterized in that the
surface is provided with a sawtooth-like structure for deflecting the emerging light.

The invention is based on the recognition that such a sawtooth-like structure
offers a good solution to the deflection of the parallel beam leaving the lens. Since the
maximum dimensions of the teeth are very small (below 1 mm), such a sawtooth-like structure
can be provided in a relatively thin layer (thickness below 1 mm). By virtue thereof, also the
maximum dimensions of the LED module remain limited. In comparison to alternative
solutions in which a separate prism is arranged in front of the emergent face of the lens, or the
lens is bevelled, the present solution offers compact, inexpensive LED modules which can be
readily manufactured. This applies in particular if deflection angles of 20° and more must be
obtained.

A preferred embodiment of the invented LED module is characterized in that
the sawtooth-like structure is provided in a separate foil, which is secured to the surface of the
collimator lens. Such foils are commercially available, for example from 3M. The thickness of
these foils is below 1 mm. The foils can be readily secured to the flat surface of the lens,
preferably by means of an adhesive.

Another preferred embodiment of the invented LED module is characterized in
that the sawtooth-like structure is pressed into the surface of the collimator lens. In practice, a
template whose pressing surface is provided with the negative of this structure will be used to
press-in such a sawtooth-like structure. In principle, it is possible to use collimator lenses of
mouldable glass for this purpose. In practice, however, it is more convenient to provide such a
structure in collimator lenses of a thermoplastic synthetic resin while they are subjected to
heat. These lenses can be obtained by means of injection molding. Very good results are
achieved using lenses of polycarbonate.

Yet another preferred embodiment of the invented LED module is characterized
in that the sawtooth-like structure in the surface of the collimator lens is obtained by means of
a replica technique. In this technique, a solution of thermally curable or UV-curable material is
provided on the flat surface of the known lens. Subsequently, a template whose active surface
is provided with the negative of the intended sawtooth-like structure is pressed into this liquid,
whereafter the liquid is cured by exposure to heat or to UV radiation. Subsequently, the
template is removed. This method also enables the entire lens to be manufactured in a single

step. It has been found that particularly (methyl) methacrylate compounds are very suitable for

manufacturing the intended collimator lenses.
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The invention also relates to a luminaire comprising a box-like housing which
accommodates a number of LED modules, each module including a LED and a collimator
lens, said lens being provided with a flat surface from which light generated by the LED
emerges. This luminaire is characterized in that the surface is provided with a sawtooth-like
structure for deflecting the emerging light. Such luminaires are compact and can be readily
and inexpensively manufactured.

These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a diagrammatic, sectional view of an embodiment of a known LED

module,
Fig. 2 is a diagrammatic, sectional view of a first embodiment of the LED

module in accordance with the invention,

Fig. 3 is a diagrammatic, sectional view of a second embodiment of the LED

module in accordance with the invention,

Fig. 4 is a diagrammatic, sectional view of a luminaire in accordance with the
invention.

It is noted that in the Figures like reference numerals refer to like parts. It is also
noted that the drawings are not to scale.

Fig. 1 is a diagrammatic, sectional view of the essential parts of a LED module
in accordance with the state of the art. This module comprises a LED (1) (indicated by means
of a dot) which is positioned in a recess (2) of a rotationally symmetrical, bowl-shaped
collimator lens (3). The axis of rotation of lens (3) is indicated by means of an interrupted line
(4). The shape of the curved outside surfaces (5) and (6) of the lens approximates to a certain
degree to the shape of the outside surface of the body of revolution of a parabole. The LED is
positioned in the focus of this approximate parabole. The surfaces (7) and (8) are
predominantly cylindrical and flat, respectively. For clarity, the parts of the LED module

keeping the lens and the LED fixed relative to each other are not shown.

Fig. 1 also diagrammatically shows (by means of arrows) the optical path of a

substantial part of the light generated by the LED (1). This is converted by the lens (3) into a
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parallel beam, either via deflection onto the lens surface (6) or via deflection onto the lens
surface (7) and total reflection at the lens surface (5). The emerging parallel light beam
extends substantially parallel to the axis of symmetry (4) of the lens.

Fig. 2 is a schematic, sectional view of a LED module in accordance with the
invention. This LED module comprises the essential parts of the LED module shown in Fig. 1.
The collimator lens (3) of the module additionally includes a sawtooth-like structure (9) which
is glued in the form of a separate foil (a so-called "image directing film", make 3M) onto
surface (8) of the collimator lens by means of Dymax 625 (make Dymax). It has been found
that by means of this LED module a 30+ deflection of the light beam relative to the normal to
the surface (8) can be achieved. In the present case, the lens was made of polymethyl
methacrylate (PMMA).

Fig. 3 shows another LED module in accordance with the invention. This
module too comprises the essential parts of the module shown in Fig. 1. The collimator lens of
the module additionally comprises a sawtooth-like structure which is provided by means of a
replica technique. In the present case, the lens is made from polymethyl methacrylate. This
Jens enables a 40°-deflection of the light beam relative to the axis of symmetry (4) to be
achieved.

Fig. 4 schematically shows a luminaire in accordance with the invention. Fig. 4-
ais a plan view of said luminaire. Fig. 4-b is a cross-sectional view taken on the lines IV-IV.
The luminaire comprises a box-like housing (11) accommodating 25 LED modules (12).
These modules each include a LED (13) and a collimator lens (14). Each of these lenses has an
axis of symmetry (15) which extend in mutually parallel directions.

The emergent face of each lens is provided with a sawtooth-like structure (16)
for deflecting the emerging light generated by the relevant LED (13). In the present case, this
structure (16) consists of a glued foil (see above) in which a sawtooth-like structure is
provided.

The individual foils of each of the collimator lenses of the luminaire may be
oriented in such a way that the deflected beams are directed parallel to each other. It is
alternatively possible, however, to orient the individual foils in such a manner that another,
desirable illumination pattern is formed. It is also possible to use sawtooth-like structures with
different deflection angle for the different LED modules, as schematically shown in Fig. 4. It

is also possible to use different types of LEDs, so that a desired color and/or intensity pattern

can be obtained.
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CLAIMS:

1. A LED module comprising a LED (light-emitting diode) and a rotationally
symmetrical, bowl-shaped collimator lens which is provided with a recess in which the LED is
situated, and which collimator lens is also provided with a flat surface from which light
generated by the LED emerges, the normal to the surface extending substantially parallel to

the axis of symmetry of the lens, characterized in that the surface is provided with a sawtooth-

like structure for deflecting the emerging light.

2. A LED module as claimed in claim 1, characterized in that the sawtooth-like

structure is provided in a separate foil, which is secured to the surface of the collimator lens.

3. A LED module as claimed in claim 1, characterized in that the sawtooth-like

structure is pressed into the surface of the collimator lens.

4, A LED module as claimed in claim 1, characterized in that the sawtooth-like

structure in the surface of the collimator lens is obtained by means of a replica technique.

5. A luminaire comprising a box-like housing which accommodates a number of
LED modules, each module including a LED and a collimator lens, said lens being provided
with a flat surface from which light generated by the LED emerges, characterized in that the

surface is provided with a sawtooth-like structure for deflecting the emerging light.
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