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Lighting device

The invention relates to a lighting device comprising a light emitting diode

(LED) and to a method for the production of such a lighting device.

Lighting devices comprising LEDs are rapidly gaining importance for

many applications, and a large variety of designs has been proposed for them. The

WO 2005/109529 Al, which is incorporated into the present application by reference,

describes for example a design in which the LED is embedded in a transparent material

and placed in the focus of a reflective collimator. The production of such a device and of

similar designs is however rather difficult if tolerances shall be kept small. Moreover,

there is a need for lighting devices that allow to generate white emissions.

Based on this background it was an object of the present invention to

provide a lighting device that is comparatively easy to produce, robust and capable to

generate a broad, particularly white emission spectrum.

This objective is achieved by a lighting device according to claim 1 and a

method according to claim 10. Preferred embodiments are disclosed in the dependent

claims.

The lighting device according to the present invention comprises the

following components:

A light source, particularly a blue light source or an UV light

source.

A solid wavelength converter for converting light emitted by the

light source into a different wavelength. The wavelength converter may



particularly comprise a luminescent material that is excited by light coming from

the light source and that re-emits the absorbed energy as light of a different

wavelength. In case not all light coming from the light source is captured and

converted by the converter; the spectrum of the overall emission of the lighting

device will then comprise original light of the light source, which broadens the

spectrum. In case of an UV emitting light source, all the radiation should be

absorbed.

An optical component for redirecting light emitted by the light

source and/or by the converter into a desired direction, for example by reflection

or refraction, wherein the converter is mechanically carried by said optical

component.

In the described lighting device, the converter and the optical component

are combined into one mechanically linked, stable structure. The relative positioning of

these two components is therefore achieved with little tolerances, which facilitates the

further assemblage and yields products of higher accuracy. Also this structure can be

fabricated separately from the total lighting device, allowing an optimal supply chain and

a means to optimize fabrication yield by pre-testing this part.

The lighting device is preferably capable to emit white light, particularly

with a correlated color temperature (CCT) in the range of 2000 to 6000 K. The emission

of a white spectrum is achieved by a proper choice of light source and converter, for

example by the combination of a blue light source with a Lumiramic converter (a

Lumiramic converter is described in US2005/0269582 Al, which is incorporated into the

present application by reference).

The converter may preferably be a ceramic material, e.g. the aforementioned

Lumiramic material.

There are different ways to couple the converter mechanically to the

optical component. In one preferred variant, this is achieved via an intermediate material,

for example a (transparent) glue like epoxy resin. The optical component and the

converter will in this case typically be separate prefabricated structures, which are then

linked by an initially liquid intermediate material that solidifies or cures after its

application.



In another variant, the converter is mechanically coupled to the optical

component by molecular adhesion. This can particularly be achieved by moulding the

plastic material of the optical component around the prefabricated, solid converter.

In a further development of the invention, a transparent filling material

like silicone fills gaps between the light source and the converter. Thus a good optical

coupling can be achieved and remaining tolerances in the positioning of components can

be compensated for.

While the main function of the optical component is to redirect light that

leaves the converter into a preferred direction, it may additionally comprise reflective

surfaces that partially surround the light source and/or the converter. Light that leaves

the light source or the converter in rearward or sideward direction and that would

normally be lost can thus be captured and sent back to contribute to the useful light

output of the device. Alternatively or additionally, light absorbing surfaces and/or

diffusing surfaces might also be included, if the optical application would ask for such

construction.

The design of the optical component depends on the desired application

of the lighting device. Preferably, the optical component comprises a collimating part

that redirects light coming from a focus region into a primary direction parallel to an

optical axis of the device.

The lighting device may further comprise a lens for redirecting emitted

light into a desired direction and for shaping the emitted beam. The lens may be a

separate component or integrated into the optical component.

The light source of the light emitting device may in principle be realized

by any suitable technology. It is preferably a blue or an UV light source. Moreover, it

may favorably be realized by a Light Emitting Diode (LED), which is a solid light source

that is readily available, and/or by Lasers or similar light sources (e.g. VCSELs (Vertical

Cavity Surface Emitting Lasers) or VECSELs (Vertical External Cavity Surface

Emitting Lasers)).

The invention further relates to a method for the production of a lighting

device as it was described above, wherein said method comprises the following steps:

a) Placing a solid wavelength converter as an insert into a mould.



Fixing the converter in the mould poses no problem as its rear surface (facing the

light source in the final lighting device) and its front surface (oriented to the

emission direction of the final lighting device) have to remain free and can thus be

contacted by holders during the molding process. This could also be achieved by

using tape assisted moulding processes.

b) Injection-moulding a material, particularly some plastic material

like epoxy, LCP (Liquid Crystal Polymer), etc., around the insert (i.e. the

converter), wherein said material forms the optical component. Thus a composite

part comprising the converter and the optical component will be generated after

solidification of the injected material. Optionally, the surfaces of the injected

material can be coated with a reflective, diffusive or absorbing layer after

solidification where this is needed.

c) Assembling the aforementioned composite part consisting of the

converter and the optical component with a light source and optionally with

further parts of the lighting device.

The described production method has two main advantages: First, a

mechanically robust linkage between the converter and the optical component is

achieved with minimal dimensional tolerances, and secondly said linkage can readily be

produced simultaneously to the injection moulding of the optical component that would

have to be done anyway.

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

elucidated with reference to the embodiment(s) described hereinafter. These

embodiments will be described by way of example with the help of the accompanying

drawings in which:

Figure 1 shows schematically a cross section through a first embodiment

of a lighting device according to the present invention wherein a ceramic

converter is glued to an optical component;

Figure 2 shows schematically a cross section through a second

embodiment of a lighting device according to the present invention wherein the



optical component is molded around the ceramic converter.

Reference numbers in the Figures that differ by 100 refer to identical or

similar components.

LED lighting devices are increasingly used due to their advantageous

features like high efficiency and adjustable color temperature. LEDs are however

different from conventional light bulbs in a number of ways. This means that luminaire

manufacturers, such as automotive lighting set makers, have to learn to master new

technology to be able to work with LEDs. Moreover, since the product lifetime of the

LEDs is short and there is hardly any standardization, a substantial amount of

development effort and time is needed for every new product. These problems could be

ameliorated by the use of LED modules: LEDs dressed up with some functionality in

order to have a well-defined mechanical, electrical, optical and thermal interface to the

rest of the system. While the LEDs inside may change, the interfaces can be made to

conform to certain standards.

Moreover, it can be important to "manipulate" the light emitted by an

LED lighting device at the micro-level. This means that, e.g., collimation and cut-off (for

the case of front lighting applications) are done very close to the light source. This has

advantages for such items like etendue. In the further text the term "micro-optic

element" will be used for the associated optical elements at micro-level.

White light can be generated with LEDs in two ways: with a combination

of Red-, Green- and Blue LEDs or with a Yellow Phosphor covered Blue- or UV LED.

In the latter case, the Phosphor can be replaced with a transparent or translucent

ceramic. In the designs that will be proposed in the following, such ceramic converters

will be used to extract the light out of the LEDs, particularly so-called Lumiramic tiles.

Lumiramic tiles are ceramic phosphor converter plates which convert the blue light of a

blue LED into another color, e.g., yellow or red, and show advantages over conventional

Phosphor. The combination of a Lumiramic tile with the primary optics (collimator)

allows to make a more efficient system in less production steps, wherein there is a

preference to have color conversion happening very close to the LED. Moreover, the tile



will preferably have the same size as the LED in order to maintain etendue.

The basic idea of the proposed designs is now to combine an optical

component or a micro-optics part with a ceramic converter plate. This serves multiple

purposes:

- Both elements (micro-optic element and ceramic converter plate)

are still used.

Problems associated with the usual attachment of a ceramic

converter plate on top of an LED are avoided (such attachment is typically

achieved with a refractive index-matching optical material, which is often a

silicone like material that hardly gives strength, so possibly resulting in weak

vibration behavior).

The combined micro-optic element and the ceramic converter

plate can be made as a half-fabricate, making the final assembly of the optical part

easier and allowing to pre-test that half-fabricate.

- The micro-optic element can be made such that it helps to prevent

some disadvantages of ceramic converter plates, such as the side-emission

from the plate (i.e. the micro-optic element could capture and reflect the

side-emitted light into the desired direction).

Also the combined micro-optic element and ceramic converter

plate can be designed in such way that both the converter plate and the

LED are protected from environmental effects and from misuse during

further handling in assembly.

In the usual arrangement of LED chips and primary optics or

micro-optic elements there are often a misalignment and optical losses caused by

accuracy problems. Gaps cause optical losses: not all the flux from the LEDs is

captured and/or the surface area from which the light comes is increased, leading

to a lower brightness. Connecting different parts physically gives the possibility

to eliminate some of these gaps.

Figure 1 shows in this respect a first embodiment of a lighting device 1

according to the aforementioned concepts. Central element of this lighting device is a

blue emitting LED 2 which is placed on a substrate 3 like a ceramic insulating substrate



equipped with metal tracks, or any other suitable substrate type. The LED is surrounded

by an optical component 10 ("micro-optic") which serves in its upper, shaped part as a

collimator for directing light emitted by the device in the main direction of the optical

axis A. To this end, the optical component 10 comprises lateral reflective surfaces 11.

The lighting device 1 further comprises a Lumiramic tile as a wavelength

converting element 6 . The converter 6 absorbs a part of the light emitted by the LED

and re-emits it with a different (longer) wavelength. Thus the overall spectrum emitted

by lighting device 1 is broadened, and particularly a white emission can be achieved.

The converter 6 is rigidly coupled to the optical component 10 by

droplets or a continuous rim of a glue material 5.

The interstice between the LED 2, the converter 6, and the optical

component 10 is filled with a transparent filling material 4, for example silicone. Thus a

tight optical coupling is achieved and optical losses are minimized.

The optical component 10 further comprises reflective surfaces 11, 12

and 13 that surround the sides of the converter 6 and the LED 2, respectively. These

surfaces should have a specular reflection and help to minimize light losses by redirecting

sideward emissions back into the LED or the converter.

Figure 2 shows an alternative embodiment of a lighting device 101

according to the present invention, wherein similar components as in Figure 1 have the

same reference numbers increased by 100.

As above, the lighting device 101 comprises an LED 102 on a

substrate 103 (in this case with an intermediate submount 105), a ceramic converter 106

(e.g. Lumiramic), and an optical component 110 comprising a collimator part with

reflective surfaces 111. Moreover, the optical component 110 comprises reflective

surfaces 112 surrounding the converter 106 to minimize light losses to the sides.

In contrast to Figure 1, the optical component 110 of the lighting

device 101 has a direct mechanical contact to the converter 106. The optical

component 110 is produced by injection moulding, wherein the ceramic converter 106 is

put in the mould so that it can be "over molded" (insert molded Lumiramic part). This

eliminates the physical gaps between collimator 110 and converter 106. This assembly

can then be mechanically attached to other parts of the module.



The collimator function of the optical component 110 is used for an

etendue critical optical system. Depending upon the wanted degree of collimation, the

length of the collimator can however become unrealistically large. By combining a small

collimator with a lens, the length of the set up can be kept within limits. The small

collimator is then called the primary optics and the lens the secondary optics.

To protect the system of thermo-mechanical stresses, a silicone

pillow 104 can be disposed between the LED 102 and the converter 106 to give the

system some expansion room.

The following functionalities of an LED lighting device can be taken care

of by a single injection-molded part of the kind shown in Figures 1 and 2 :

the optical functionality, with one or more sides of a reflective

collimator cup;

the out-coupling functionality, provided by a Lumiramic tile that

is connected to the LED substrate via silicon.

Building up a light-source module in the shown way allows to decrease

the number of parts of the module, to optimize the light extraction of the LED chip, and

to simplify the assembly of it. A possible application of the described designs is

automotive front lighting, but other application areas in general lighting are of course

also possible.

Finally it is pointed out that in the present application the term

"comprising" does not exclude other elements or steps, that "a" or "an" does not exclude

a plurality, and that a single processor or other unit may fulfill the functions of several

means. The invention resides in each and every novel characteristic feature and each and

every combination of characteristic features. Moreover, reference signs in the claims

shall not be construed as limiting their scope.



CLAIMS:

1. A lighting device (1, 101), comprising

a light source (2, 102);

a solid wavelength converter (6, 106) for converting light emitted

by the light source into a different wavelength;

- an optical component (10, 110) for redirecting light emitted by

the light source (2, 102) and/or by the converter (6, 106) into a desired

direction (A), wherein the converter (6, 106) is mechanically carried by said

optical component (10, 110).

2 . The lighting device (1, 101) according to claim 1,

characterized in that it is adapted to emit white light.

3 . The lighting device (1, 101) according to claim 1,

characterized in that the converter (6, 106) is a ceramic.

4 . The lighting device (1, 101) according to claim 1,

characterized in that the converter (6, 106) is mechanically coupled to the

optical component (10, 110) via an intermediate material, preferably a glue (5).

5 . The lighting device (1, 101) according to claim 1,

characterized in that the converter (6, 106) is mechanically coupled (2,

102) to the optical component (10, 110) by molecular adhesion.

6 . The lighting device (1, 101) according to claim 1,



characterized in that a transparent filling material, particularly silicone (4,

104), fills gaps between the light source (2, 102) and the converter (6, 106).

7 . The lighting device (1, 101) according to claim 1,

characterized in that the optical component (10, 110) comprises

reflective, diffusive and/or absorbing surfaces (12, 13, 112) partially surrounding the

light source (2, 102) and/or the converter (6, 106).

8. The lighting device (1, 101) according to claim 1,

characterized in that it comprises a lens.

9 . The lighting device (1, 101) according to claim 1,

characterized the light source comprises a blue light source, an UV light

source, a Light Emitting Diode, a Laser, a VCSEL and/or a VECSEL.

10. A method for the production of a lighting device (1, 101) according to

claim 1 comprising the following steps:

a) placing a solid wavelength converter (6, 106) as an insert into a

mould;

b) injection-moulding a material around the insert (6, 106), wherein

said material forms the optical component (10, 110) of the lighting device;

c) assembling the composite part obtained in step b) with a light

source (2, 102) and optionally with further parts.
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