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A lighting device for a motor vehicle

Description

The present invention concerns a lighting device for a motor vehicle, in particular a
headlamp for a motor vehicle, according to the preamble of claim 1.

High-resolution headlamp projection modules according to the state of the art use a
large number of optically relevant components, which have to be adjusted to each
other. These are, for example, light influencing means serving as imaging elements,
such as a digital micro-mirror device (DMD) or an LCoS (Liquid Crystal on Silicon) or
LC display, as well as illumination optics for illuminating the imaging element. The im-
aging element can specifically reflect or shadow or deflect individual pixels or groups
of pixels of light in such a way that it emerges at |least partially from the lighting device.
Furthermore, decoupling optics are usually used to image an active surface of the light

influencing means into the traffic area.

A lighting device of the type mentioned above is known from DE 10 2018 115 045 A1.
The lighting device described therein may be designed as a high-resolution headlamp.
The lighting device comprises two monolithic components made of a transparent ma-
terial, one of which serves as illumination optics and the other as decoupling optics.
The lighting device also includes a digital micro-mirror device which serves as an im-
aging element and is located between the first monolithic component and the second

monolithic component.

The purpose of the present invention is to create a lighting device of the aforemen-
tioned kind, which has a smaller number of optical components.

This is achieved, in accordance with the invention, by means of a lighting device of the
aforementioned kind with the characterizing features of claim 1. The subclaims con-

cern preferred forms of the invention.
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Claim 1 provides that the light influencing means being arranged outside the optical
component in such a way that light emanating from the illumination optics emerges
from the optical component, impinges on the active surface of the light influencing
means, is reflected or deflected by the latter and then re-enters into the optical com-
ponent. In contrast to the state of the art, this reduces the adjustment effort for the
lighting device. In particular, a high-resolution headlamp projection module with a

smaller number of components can be realized.

The light influencing means may be in direct or indirect contact with an outside of the
optical component, in particular in direct or indirect contact with a refractive surface of
the optical component, through which light can exit from the optical component and
enter the optical component. It is possible that a connecting layer, for example made
of liquid silicone rubber (LSR), is arranged between the outside of the optical compo-
nent and the light influencing means. Light losses can be reduced by the connecting

layer.

It may be provided that the light influencing means are designed as a digital micro-
mirror device or as an LCoS or as an LC display, or that the light influencing means
comprise a digital micro-mirror device or an LCoS or an LC display The light influenc-
ing means may be designed to reflect portions of the light emitted from the optical
component back to the optical component. An example of this is a reflective LC dis-

play.

It is possible for the illumination optics to comprise a reflector having a single uninter-
rupted mirror surface or a plurality of mirror elements. For example, the reflector may
have a concave curved base surface. Preferably, the reflector can be formed by a re-
flecting surface of the optical component, which can in particular have at least one
reflecting layer applied to the outside of the component. The optical component can be
compactly dimensioned by folding the beam path inside the optical component as a
result of the reflection.
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The lighting device preferably comprises decoupling optics through which the light
emitted by the influencing means emerges from the lighting device during operation of
the lighting device. It may be provided that the decoupling optics are integrated into
the optical component, in particular are realized by a refractive exit surface of the opti-
cal component. The exit surface can be aspherically curved and/or designed as a free-
form surface. By the formation of the decoupling optics on or in the optical component,
the number of parts of the lighting device to be adjusted to each other is further re-
duced. This is the first time that a combination of illumination optics, an imaging ele-
ment and decoupling optics has been combined on or in a single prefabricated com-
ponent, eliminating the need to adjust several optically relevant components to each
other in headlamp finishing.

It is possible that the optical component is a monolithic component consisting of glass
or polycarbonate (PC), for example. A prefabricated monolithic or one-piece compo-
nent is robust and compact.

It may be provided that at least one light source is a laser light source, especially a
semiconductor laser, or a light-emitting diode. It is also possible to use several semi-
conductor lasers or several light-emitting diodes or to combine at least one semicon-

ductor with at least one light-emitting diode.

The invention is explained in more detail below on the basis of the attached drawings.
And shows

Fig. 1 a schematic view of an example of a lighting device according to the inven-

tion.

The illustrated example of a lighting device comprises a light source 1, which is de-
signed in particular as a semiconductor laser or light-emitting diode. It is possible to
provide more than one semiconductor laser and/or more than one light-emitting diode.
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The lighting device also includes a monolithic component 2 made of glass or polycar-
bonate, for example. The optical component 2 has a refractive entry surface 3 through
which the light 4 emitted by light source 1 can enter the optical component 2.

On the side of optical component 2 opposite the entry surface 3, a reflector 5 is ar-
ranged, which is formed in particular as a facetted reflecting region with a plurality of
mirror elements 6. However, it is possible to provide the reflector 5 with a single, unin-

terrupted mirror surface.

The reflector 5 is formed by a reflecting surface of optical component 2, which may in
particular have at least one reflecting layer applied to the outside of optical component
2. The reflecting surface forming the reflector 5 can be curved, in particular concave

curved, or plane.

The refractive entry surface 3 and the reflector 5 form illumination optics from which
the light 4 emitted by the light source 1 is directed onto the light influencing means 9
described below in detail.

The reflector 5 is inclined in such a way that the light 4 is reflected by the reflector 5
onto a refractive surface 7 of optical component 2 different from the entry surface 3.
On the outside of this refractive surface 7, the light influencing means 9 are coupled.
The coupling of the light influencing means 9 is realized via a connecting layer 8,
which is arranged between the refractive surface 7 and the light influencing means 9.

The connecting layer can, for example, consist of liquid silicone rubber (LSR).

The light influencing means 9 serve as an imaging element and can be designed, for
example, as a digital micro-mirror device (DMD) or as an LCoS (Liquid Crystal on Sili-
con) or as an LC display. An active surface of the light influencing means 9 is de-
signed in such a way that it reflects parts of the light 4 emitted from the refractive sur-
face 7 back to the refractive surface 7.
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Through the refractive surface 7, the parts of the light 4 reflected by the active surface
of the light influencing means 9 are coupled back into optical component 2. A refrac-
tive exit surface 10 of the optical component 2 is arranged on the side of the optical
component 2 opposite to the surface 7, which serves as decoupling optics. The exit
surface 10, for example, can be aspherically shaped and/or designed as a free-form
surface. The exit surface 10 images the active surface of the light influencing means 9
into a projection plane 11 in the traffic space.
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Patent Claims

1. A Lighting device for a motor vehicle, in particular a headlamp for a motor
vehicle, comprising

- atleast one light source (1) from which light (4) is emitted during opera-
tion of the lighting device,

- an optical component (2) into which the light (4) emanating from the at
least one light source (1) enters,

- light influencing means (9) having an active surface for selectively influ-
encing individual pixels or groups of pixels of the light (4), the light influ-
encing means (9) reflecting or deflecting light (4) incident thereon in
such a way that it emerges at least partially from the lighting device,

- illumination optics, which are formed on or in the optical component (2),
and the light (4) being reflected or deflected by the illumination optics
during operation of the lighting device onto the active surface of the light
influencing means (9),

characterized in that the light influencing means (9) being arranged out-

side the optical component (2) in such a way that light (4) emanating from

the illumination optics emerges from the optical component (2), impinges on
the active surface of the light influencing means (9), is reflected or deflected

by the latter and then re-enters into the optical component (2).

2. The lighting device according to claim 1, characterized in that the light in-
fluencing means (9) are in direct or indirect contact with an outside of the
optical component (2), in particular in direct or indirect contact with a refrac-
tive surface (7) of the optical component (2), through which light (4) can exit
from the optical component (2) and enter the optical component (2).

3. The lighting device according to claim 2, characterized in that a connect-

ing layer (8), for example made of liquid silicone rubber (LSR), being ar-



WO 2020/114631 PCT/EP2019/059757

10.

ranged between the outside of the optical component (2) and the light influ-

encing means (9).

The lighting device according to one of claims 1 to 3, characterized in that
the light influencing means (9) are designed as a digital micro-mirror device
or as an LCoS or as an LC display, or that the light influencing means (9)
comprise a digital micro-mirror device or an LCoS or an LC display.

The lighting device according to one of claims 1 to 4, characterized in that
the illumination optics comprise a reflector (5) having a single uninterrupted

mirror surface or a plurality of mirror elements.

The lighting device according to claim 5, characterized in that the reflector
(5) has a concave curved base surface.

The lighting device according to one of claims 5 or 6, characterized in that
the reflector (5) is formed by a reflecting surface of the optical component
(2), which can in particular have at least one reflecting layer applied to the
outside of the optical component (2).

The lighting device according to one of claims 1 to 7, characterized in that
the lighting device comprises decoupling optics through which the light (4)
emitted by the light influencing means (9) emerges from the lighting device

during operation of the lighting device.

The lighting device according to claim 8, characterized in that the decou-
pling optics are integrated into the optical component (2), in particular are

realized by a refractive exit surface (10) of the optical component (2).

The lighting device according to claim 9, characterized in that the exit sur-
face (10) being aspherically curved and/or being designed as a free-form

surface.
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11.

12.

13.

The lighting device according to one of claims 1 to 10, characterized in
that the optical component (2) is a monolithic component.

The lighting device according to one of claims 1 to 11, characterized in
that the optical component (2) consists of glass or polycarbonates (PC).

The lighting device according to one of claims 1 to 12, characterized in
that the at least one light source (1) is a laser light source, in particular a
semiconductor laser, or a light-emitting diode.
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