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(54) AUTOMOTIVE LUMINOUS DEVICE

(67)  The present invention refers to an automotive
luminous device being (1) intended to provide a lighting
function, wherein the lighting function involves the pro-
jection of a light beam with a colour comprised in a pre-
determined colour range (20). This automotive luminous
device comprises a light source (2) configured to project
alight beam with a colour comprisedin the predetermined
colour range, at least one primary optical part (3, 4, 5)
configured to receive the light of the light source and to

project it outside the luminous device, so that the light
projected by the at least one primary optical part has a
colour not comprised within the predetermined colour
range (20), and a wavelength conversion layer (6) ar-
ranged to modify the colour of the light projected by the
at least one primary optical part so that the final beam
projected by the luminous device has a colour comprised
in the predetermined colour range (20).
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Description
TECHNICAL FIELD

[0001] This invention belongs to the field of electronic
assemblies comprised within the automotive luminous
devices, intended to provide luminous functions to the
vehicles.

STATE OF THE ART

[0002] Automotive lighting market can be considered
one of the most competitive ones and new lighting func-
tionalities are constantly required.

[0003] Colour is a very important feature of a beam
which is projected by a lighting device. National regula-
tions are often very strict about the particular features of
beam colours.

[0004] Each functionality in each country has a partic-
ular colour range which must be fit. LEDs are usually very
carefully tested and chosen to fit this regulation colours.
[0005] However, some optical parts of current head-
lamps (lens, reflectors, bezels...) may sometimes gener-
ate a shift in the colour of the LED, thus causing a final
projected beam which do not comply with the original
intention of the designer.

[0006] This effect is difficult to predict, because until
all the parts are assembled, the combined effects of them
do not show.

[0007] The present invention provides an automotive
luminous device which is able to solve this problem.

DESCRIPTION OF THE INVENTION

[0008] The invention provides an alternative solution
for providing a light beam which complies with the colour
regulations by an automotive luminous device. This au-
tomotive luminous device is intended to provide a lighting
function, wherein the lighting function involves the pro-
jection of a light beam with a colour comprised in a pre-
determined colour range. The automotive luminous de-
vice comprises

a light source comprising a first solid-state substrate
and an additional element, the light source being
configured to project a light beam with a colour dif-
ferent from the one of the light emitted by the first
solid-state substrate, wherein the colour of the light
projected by the light source is comprised in the pre-
determined colour range

atleastone primary optical part configured to receive
the light of the light source and to project it outside
the luminous device, so that the light projected by
the at least one primary optical part has a colour not
comprised within the predetermined colour range

a wavelength conversion layer arranged to modify
the colour of the light projected by the at least one
primary optical part so that the final beam projected
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by the luminous device has a colour comprised in
the predetermined colour range.

[0009] The term "solid state" refers to light emitted by
solid-state electroluminescence, which uses semicon-
ductors to convert electricity into light. Compared to in-
candescent lighting, solid state lighting creates visible
light with reduced heat generation and less energy dis-
sipation. The typically small mass of a solid-state elec-
tronic lighting device provides for greater resistance to
shock and vibration compared to brittle glass tubes/bulbs
and long, thin filamentwires. They also eliminate filament
evaporation, potentially increasing the lifespan of the il-
lumination device. Some examples of these types of light-
ing comprise semiconductor light-emitting diodes
(LEDs), organic light-emitting diodes (OLED), or polymer
light-emitting diodes (PLED) as sources of illumination
rather than electrical filaments, plasma or gas.

[0010] An optical partis an element that has some op-
tical properties to receive a light beam and emit it in a
certain direction and/or shape, as a person skilled in au-
tomotive lighting would construe without any additional
burden. Reflectors, collimators, light guides, projection
lenses, etc., or the combination thereof are some exam-
ples of these optical elements which are useful for trans-
forming the light beams emitted by the light source into
an acceptable light pattern for the functionality chosen
forthe lighting device. All of these optical elements define
a focus, which is the point where the light emitted by the
light source is most effectively transmitted by the optical
element.

[0011] The wavelength conversion layers are only in
charge of providing the suitable colour for the lighting
functionality, but do not provide the luminous flux neces-
sary to fulfil the regulations. The light power is provided
by the light sources, not by the wavelength conversion
layer. However, the wavelength conversion layer may
introduce some power losses when converting the light
to a different wavelength, depending on the nature of the
chosen layer.

[0012] With this arrangement, the light which is finally
emitted by the luminous device is comprised within the
colour range defined by the corresponding regulations.
Depending on each country and for each lighting func-
tion, a colour range is defined and, despite the light emit-
ted by the light source may be within the acceptable
range, when this light is altered by the optical parts, the
colour of the whole lighting device may be outside this
acceptable range. The wavelength conversion layer is
deposited to correct the final colour and putting it back
into the acceptable range.

[0013] Insome particular embodiments, the solid-state
substrate is configured to emit light in a blue, deep blue
or ultraviolet wavelength.

[0014] These are the colours which are more common-
ly used in automotive functions, due to their luminous
power.

[0015] In some particular embodiments, the additional
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elementis a phosphor, which is arranged on the first sol-
id-state substrate.

[0016] In the case of a white light source, a blue solid-
state substrate and a yellow phosphor is a solution which
is currently employed. The present invention finds a par-
ticular synergy with this type of light sources.

[0017] In some particular embodiments, the additional
element is a second solid-state substrate configured to
emit in a red wavelength and third solid-state substrate
configured to emit in a green wavelength.

[0018] A different embodiment, but also compatible
with the present invention is the use of a RBG LED, with
three solid-state substrates, which are used to provide a
suitable colour.

[0019] In some particular embodiments, the predeter-
mined colour range is defined in the CIE 1931 chroma-
ticity diagram by the following segments

x = 0.31,y e (0.283, 0.348)
x € (0.31,0.453), y = 0.15 + 0.64.x
x € (0.453,0.5), y = 0.44

x = 0.5,y € (0.382, 0.44)

x € (0.443,0.5), y = 0.382

x € (0.31,0.443), y = 0.05 + 0.75-x

[0020] This region corresponds to white colour, which
is required by many lighting and signalling functions.
[0021] In some particular embodiments, the wave-
length conversion layer comprises quantum dots.
[0022] A quantum dot is an electronic structure ob-
tained out of a semiconductor nanocrystal, with a size
such that their electrons and holes are confined in all
three spatial dimensions. Depending on the particular
sizes of the quantum dots, they emit light in a particular
wavelength (bandgap) when they are excited, eitherelec-
trically or luminescently. As a consequence, "red" quan-
tum dots would be quantum dots which emit light in the
red bandgap when excited, "green" quantum dots would
be quantum dots which emit light in the green bandgap
when excited, etc. However, when they are not excited,
they may not be visible. This is because quantum dots
are deposited in a nanometric layer using a thin film dep-
osition technology. By controlling the amount and density
of the quantum dots, this layer could be not visible when
not excited either by an electric or by a luminescent stim-
ulator.

[0023] These quantum dots are an advantageous so-
lution since they provide flexibility in the design of the
automotive lighting devices, which in this case is required
because the car manufacturer does not know to which
direction is the final colour biased, so a dynamic and cus-
tomized response is required for each situation.

[0024] In some particular embodiments, the quantum
dots are deposited on a substrate layer.

[0025] This substrate layer may be deposited in the
interior or exterior of the optical element, to modify the
colour that each portion of this lightguide projects to the
exterior.
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[0026] In some particular embodiments, the quantum
dots are configured to be excited by blue light.

[0027] Blue light is preferred due to its high energy
peak, since the quantum dots are excited by any light
which has an energy level equal or higher than the band-
gap of the quantum dots.

[0028] In some particular embodiments, the automo-
tive luminous device further comprises a transparent
plastic cover and wherein the wavelength conversion lay-
er is deposited on the transparent plastic cover.

[0029] The wavelength conversion layer may be de-
posited in any location between the light source and the
exterior of the lighting device. However, the deposition
in the transparent plastic cover is advantageous, since
it may be done with a slight intervention on the already
assembled device.

[0030] In some particular embodiments, the light
source is intended to contribute to a driving beam head-
lamp, a passing beam headlamp, a daytime running
lamp, a position lamp or an interior lighting lamp.
[0031] These lighting functions usually employ a white
light, which is very sensitive to the modifications caused
by the optical parts. For this reason, the invention is es-
pecially useful for these lighting functions.

[0032] In some particular embodiments, the primary
optical parts comprise at least one of a reflector, a diffu-
sor, a collimator, a lens or a bezel.

[0033] These optical parts are usually employed in
headlamps. The aim of each part may be a mixture of
optical and aesthetical, but in any case, they may affect
to the colour of the beam which is projected outside the
headlamp.

[0034] In a further inventive aspect, the invention pro-
vides a method for manufacturing an automotive lighting
device according to the firstinventive aspect, the method
comprising the steps of

providing a light source comprising a solid-state sub-
strate and an additional element, the light source be-
ing configured to project a light beam with a colour
comprised in the predetermined colour range;
providing at least one primary optical part arranged
to receive the light of the light source and to project
it outside the luminous device,

checking the colour of the light projected by the at
least one primary optical part choosing and assem-
bling a wavelength conversion layer arranged to
modify the colour of the light projected by the at least
one primary optical part so that the final beam pro-
jected by the luminous device has a colour com-
prised in the predetermined colour range.

[0035] With such a method, there is no need to disas-
semble the lighting device to change the BIN of the LED
which is distorted by the optical elements. With a single
operation of a deposition, the colour may be corrected
so that the lighting device may operate without any major
problem.
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[0036] Unless otherwise defined, all terms (including
technical and scientific terms) used herein are to be in-
terpreted as is customary in the art. It will be further un-
derstood that terms in common usage should also be
interpreted as is customary in the relevant art and not in
an idealised or overly formal sense unless expressly so
defined herein.

[0037] In this text, the term "comprises" and its deriva-
tions (such as "comprising", etc.) should not be under-
stood in an excluding sense, that is, these terms should
not be interpreted as excluding the possibility that what
is described and defined may include further elements,
steps, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Tocomplete the description and in order to pro-
vide for a better understanding of the invention, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate an embodiment of the
invention, which should not be interpreted as restricting
the scope of the invention, but just as an example of how
the invention can be carried out. The drawings comprise
the following figures:

Figure 1 shows an automotive luminous device ac-
cording to the state of the art.

Figure 2 shows a CIE 1931 chromaticity diagram,
which is used in some countries to determine valid
ranges for colours in different lighting and signalling
functions.

Figure 3 shows an automotive luminous device ac-
cording to one embodiment of the present invention.

[0039] In these figures, the following reference num-
bers have been used:

Headlamp

LED group

Reflector

Bezel

Outer lens

Quantum dot layer

20  Acceptable zone of the chromaticity diagram for
white colour

51 Headlamp of the state of the art

52  LED group in the headlamp of the state of the art

53 Reflector in the headlamp of the state of the art

54  Bezel in the headlamp of the state of the art

55  Outer lens in the headlamp of the state of the art

56  First point

57  Second point

OO WN -

DETAILED DESCRIPTION OF THE INVENTION

[0040] The example embodiments are described in
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sufficient detail to enable those of ordinary skill in the art
to embody and implement the systems and processes
herein described. It is important to understand that em-
bodiments can be provided in many alternate forms and
should not be construed as limited to the examples set
forth herein.

[0041] Accordingly, while embodiment can be modified
in various ways and take on various alternative forms,
specific embodiments thereof are shown in the drawings
and described in detail below as examples. There is no
intent to limit to the particular forms disclosed. On the
contrary, all modifications, equivalents, and alternatives
falling within the scope of the appended claims should
be included. Elements of the example embodiments are
consistently denoted by the same reference numerals
throughout the drawings and detailed description where
appropriate.

[0042] Figure 1 shows an automotive luminous device
51 according to the state of the art.

[0043] This automotive luminous device comprises a
LED group 52, a reflector 53, a bezel 54 and an outer
lens 55.

[0044] The LED group emits light in a white colour,
which is suitable for contributing to the passing beam
lamp function. However, due to the interposition of the
reflector 53, the bezel 54 and the outer lens 55, the dif-
fraction and reflection effects cause that the light which
is finally projected outside the luminous device 51 does
not comply with the national regulations.

[0045] Figure 2 shows a CIE 1931 chromaticity dia-
gram, which is used in some countries to determine valid
ranges for colours in different lighting and signalling func-
tions. This diagram uses x and y coordinates, so that
each particular colour is defined by these two coordi-
nates.

[0046] In this diagram, for example, the "white colour",
as defined in some national regulations for passing beam
lamp, is defined by a zone 20 delimited by the following
segments:

x =0.31,y e (0.283, 0.348)
x € (0.31,0.453), y = 0.15 + 0.64-x
x € (0.453, 0.5), y = 0.44

x = 0.5,y € (0.382, 0.44)

x € (0.443, 0.5), y = 0.382

x € (0.31,0.443), y = 0.05 + 0.75x

[0047] Any particular tone of white within this region
would be acceptable as "white colour" to comply with the
regulations in some countries.

[0048] The colour emitted by the LED group of the pre-
vious figure is marked with a first point 56 in this diagram.
This colour is comprised within the acceptable zone 20.
However, due to the effect of the interposition of the dif-
ferent optical elements, the real colour which is projected
by the headlamp of Figure 1 is marked with a second
point 57, which is outside the acceptable zone 20.
[0049] This would cause problems in the homologation
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of the headlamp of Figure 1.

[0050] To solve this problem, a lighting device 1 ac-
cording to the invention is presented in Figure 3.
[0051] This automotive luminous device also compris-
es a LED group 2, a reflector 3, a bezel 4 and an outer
lens 5.

[0052] The LED group 2 comprises a plurality of LEDs,
each LED having a solid-state substrate, which emits in
a blue wavelength, and a yellow phosphor, configured to
add a different wavelength to the light emitted by the sol-
id-state substrate, so that the light emitted by the LED is
white.

[0053] In different embodiments, another type of LED,
such as a RGB LED, with a blue substrate, a green sub-
strate and a red substrate, may be used instead of the
classic blue+phosphor LED.

[0054] Hence, the LED group 2 emits light in a white
colour, which is comprised within the acceptable range
of Figure 2. However, due to the interposition of the re-
flector 3, the bezel 4 and the outer lens 5, the diffraction
and reflection effects cause that the light which would be
finally projected outside the luminous device 1 would not
comply with the national regulations. Since in this exam-
ple, the luminous device of this Figure 3 comprises the
same LED group and the same optical elements of the
device of Figure 1, the light emitted by the device of Figure
3 (without the quantum dot layer that will be presented
below) would correspond to the second point 57 of Figure
2.

[0055] To solve this problem, the difference of the
present invention compared with the headlamp shown in
Figure 1 is the deposition of a quantum dot layer 6 on a
region of the outer lens.

[0056] This quantum dot layer 6 comprises a plurality
of quantum dots which are configured to be excited by
blue light emitted by the solid-state substrate of the LEDs.
These quantum dots are carefully chosen to add a dif-
ferent wavelength to the one provided by the LED group,
so that the light which is finally projected outside the light-
ing device (which would be the sum of the light emitted
by the solid-state substrate, the correction of the phos-
phor, the effects of the optical parts and the correction
of the quantum dot layer) corresponds to a value within
the acceptable range 20 of Figure 2.

[0057] The method of the present invention therefore
comprises

providing a lighting device which, despite having a
LED group which emits lightin an acceptable colour,
would not be homologated, due to the distortion ef-
fect caused by the optical parts

check the preliminary colour of the light emitted by
this device

define an ad-hoc quantum dot layer as a function of
this preliminary colour

installing the quantum dot layerin the lighting device,
in the light path of the light emitted by the LED group
and projected by the optical elements.
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[0058] With this method, a successful correction is
achieved without a major disassemble of the lighting de-
vice.

Claims

1. Automotive luminous device (1) being intended to
provide a lighting function, wherein the lighting func-
tion involves the projection of a light beam with a
colour comprised in a predetermined colour range
(20), the automotive luminous device (1) comprising

a light source (2) comprising a first solid-state
substrate and an additional element, the light
source being configured to project a light beam
with a colour different from the one of the light
emitted by the first solid-state substrate, wherein
the colour of the light projected by the light
source is comprised in the predetermined colour
range (20)

at least one primary optical part (3, 4, 5) config-
ured to receive the light of the light source (2)
and to project it outside the luminous device (1),
so that the light projected by the at least one
primary optical part has a colour not comprised
within the predetermined colour range

a wavelength conversion layer (6) arranged to
modify the colour of the light projected by the at
least one primary optical part (3, 4, 5) so that
the final beam projected by the luminous device
has a colour comprised in the predetermined
colour range.

2. Automotive luminous device according to claim 1,
wherein the first solid-state substrate is configured
to emit light in a blue, deep blue or ultraviolet wave-
length.

3. Automotive luminous device according to claim 2,
wherein the additional element is a phosphor, which
is arranged on the first solid-state substrate.

4. Automotive luminous device according to claim 2,
wherein the additional element is a second solid-
state substrate configured to emit in a red wave-
length and third solid-state substrate configured to
emit in a green wavelength.

5. Automotive luminous device according to any of the
preceding claims, wherein the predetermined colour
range (20) is defined in the CIE 1931 chromaticity
diagram by the following segments

x=0.31,y e (0.283, 0.348)
x € (0.31,0.453), y = 0.15 + 0.64-x
x € (0.453,0.5), y = 0.44
x = 0.5,y € (0.382, 0.44)
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x € (0.443,0.5), y = 0.382
x € (0.31,0.443), y = 0.05 + 0.75-

Automotive luminous device according to any of the
preceding claims, wherein the wavelength conver-
sion layer (6) comprises quantum dots.

Automotive luminous device according to claim 6,
wherein the quantum dots are deposited on a sub-
strate layer.

Automotive luminous device according to any of
claims 6 or 7, wherein the quantum dots are config-
ured to be excited by blue light.

Automotive luminous device according to any of the
preceding claims, further comprising a transparent
plastic cover and wherein the wavelength conver-
sion layeris deposited on the transparent plastic cov-
er.

Automotive luminous device according to any of the
preceding claims, wherein the light source is intend-
ed to contribute to a driving beam headlamp, a pass-
ing beam headlamp, a daytime running lamp, a po-
sition lamp or interior lighting lamps.

Automotive luminous device according to any of the
preceding claims, wherein the primary optical parts
comprise at least one of a reflector, a diffusor, a col-
limator, a lens or a bezel.

Method for manufacturing an automotive lighting de-
vice according to any of the preceding claims, the
method comprising the steps of

providing a light source (2) comprising a solid-
state substrate and an additional element, the
light source being configured to project a light
beam with a colour comprised in the predeter-
mined colour range (20);

providing at least one primary optical part (3, 4,
5)arranged to receive the light of the light source
and to project it outside the luminous device,
checking the colour of the light projected by the
at least one primary optical part

choosing and assembling a wavelength conver-
sion layer arranged to modify the colour of the
light projected by the at least one primary optical
part so that the final beam projected by the lu-
minous device has a colour comprised in the
predetermined colour range (20).
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