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(57) Abstract: The invention relates to a display (1) comprising: - an
image generation unit (2) comprising a light emitter and an auxiliary

printed circuit board (22) on which the light emitter is mounted; - a
control unit (4), configured to control the image generation unit, and

a main printed circuit board (41), distinct from the auxiliary printed
circuit board, the control unit being mounted on main printed circuit
board; - a light sensor (5) adapted to provide to the control unit a signal
representative of a light intensity received by the light sensor; - a light
guide (6) configured to collect a light radiation and to guide the light
radiation to the light sensor. According to the invention, the light sen-
sor is mounted on the main printed circuit board and in that the light
guide is a light pipe.
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« Display »

TECHNICAL FIELD OF THE INVENTION
The invention relates to the technical field of displays.
BACKGROUND INFORMATION AND PRIOR ART

Numerous documents describe head-up displays for vehicles. These
displays allow showing information useful for the driver (speed, status of traffic, etc.)
directly in his field of view. Therefore, they improve the overall safety and security
since the driver does not need to look away from the road to access this information.

In such a display, an image representative of the information to be
displayed is produced by an image generation unit. This image is then projected on
a partially transparent plate located in front of the driver in order to form, from the
point of view of the driver, a virtual image superposed to the environment facing the
vehicle.

In order for the virtual image to be properly viewed, the brightness or
luminosity of the image produced by the image generation unit classically depends
on the luminosity of the environment, i.e. on ambient light. To this end, the display
usually comprises a light sensor mounted on a dedicated printed circuit board which
is located close to an outer surface of the display in order to efficiently collect
external light. A short extended light guide may be installed to enhance light
collection. The electrical signal provided by the light sensor is then conducted by a
wire to a main printed circuit board onto which a control unit, configured to operate
the image generation unit, is mounted. The brightness is then determined as a
function of this electrical signal repetitive of ambient light.

However, implementing this light sensor reduces the compactness of the
display and makes it more complex to integrate into the dashboard of the vehicle.

SUMMARY OF THE INVENTION

In this context, one object of the invention is to provide a display
comprising: an image generation unit comprising a light emitter and an auxiliary
printed circuit board on which the light emitter is mounted; a control unit, configured
to control the image generation unit, and a main printed circuit board, distinct from
the auxiliary printed circuit board, the control unit being mounted on main printed
circuit board;a light sensor adapted to provide to the control unit a signal
representative of a light intensity received by the light sensor; a light guide
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configured to collect a light radiation and to guide the light radiation to the light
sensor. According to the invention the light sensor is mounted on the main printed
circuit board and in that the light guide is a light pipe.

Thanks to the display according to the invention, the light sensor is located
directly on the main printed circuit board. A printed circuit board dedicated to the
light sensor is therefore not necessary, which reduces the complexity of the display.
Advantageously, even though the light sensor might be far from the outer surface of
the display, external light (representative the luminosity of the environment) is
brought to the light sensor by the light pipe which requires little space. The display
according to the invention can therefore be compact.

Moreover, the display according to the invention also requires less steps
to be assembled within the vehicle.

According to an optional and advantageous feature of the invention, the
light pipe is flexible. Thanks to the flexibility of the light pipe, the location of the
external light collection area, or the position of the light pipe itself, can be easily
modified with respect to the display. The display according to the invention can
therefore be designed such as to provide several configurations, in particular of the
location of the external light collection area, for a given position of the main printed
circuit board. The display can thus easily be adapted to take into account spatial
constraints imposed by the vehicle in which it is to be mounted. From another
perspective, the display can be designed such as to fit various vehicles.

Consequently, the installation of the display within the vehicle is simple.

Other advantageous and non-limiting features of the display according to
the invention are:

- the light pipe presents a longitudinal extension and cross-sections perpendicular
to the longitudinal extension, and wherein each cross-section presents a surface
comprised between 20 mm? and 50 mm?;

- the display further comprises a casing provided with an opening, the image
generation unit being located inside the casing, the light pipe comprising an inlet
adapted to collect the light radiation and an outlet opposed to the inlet and facing
the light sensor, the inlet being arranged in the vicinity of the opening;

- the casing comprises an outer surface and the outer surface at least partially
defines an edge of the opening;

- the casing comprises an optical chamber extending from the outer surface to the
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image generation unit for the passage of light emitted by the image generation unit,
and the opening opens out into the optical chamber;
- the display further comprises holding means arranged in the casing and configured
to removably maintain the light pipe with respect to the casing;
- the display, further comprises a holder mounted on the main printed circuit board
and configured to removably maintain the light pipe in front of the light sensor;
- the display further comprises a partially transparent plate configured to reflect light
emitted by the image generation unit towards a user;
- the partially transparent plate is a windshield of an automotive vehicle.

DETAILED DESCRIPTION OF EXAMPLE(S)

The following description, enriched with joint drawings that should be taken
as non-limitative examples, will help understand the invention and figure out how it
can be realized.

In the accompanying drawings:

- Figure 1 is a cross-sectional view along two sections of a perspective
representation of a display according to the invention;

- Figure 2 is a cross-sectional view of a perspective representation of
several parts of the display of the figure 1;

- Figure 3 is a perspective representation of a main printed circuit board of
the display of the figure 1.

A display 1 according to the invention is represented in figure 1. The
display 1 is here a head-up display intended to equip a vehicle and in particular an
automotive vehicle. The display 1 is here adapted to be mounted in the dashboard
of the vehicle, below its windshield.

The display 1 comprises an image generation unit 2 and a casing 3
housing the image generation unit 2.

As shown in figures 2 and 3, the casing 3 is formed by a plurality of walls
31. The walls 31 are preferentially optically opaque and separate an inside of the
casing 3 from an outside of the casing 3. The image generation unit 2 is located in
the inside of the casing 3 and is therefore hidden for a user, from instance the drive
of the vehicle.

The casing 3 more particularly comprises an upper part 32 and a lower
part 33 located under the upper part 32 when the display 1 is installed in the vehicle.

The upper part 33 of the casing 3 also comprises an outer surface 34 opposed to
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the lower part 33. The outer surface 34 delimits, in parts, the outside from the inside
of the casing 3. Here, the outer surface 34 corresponds to a top surface of the
display 1 when the display 1 is installed in the vehicle. The outer surface 34 is
formed by a top wall 31’ of the casing 3. The outer surface 34 therefore extends
facing the windshield. The outer surface 34 may be seen by the user.

The casing 3 also comprises an aperture 35 allowing passage for the
images produced by the image generating unit 2 from the inside to the outside of
the casing 3. Here, the outer surface 34 defines an edge 36 of the aperture 35. In
other words, the aperture 35 is here formed by a through-hole extending from the
outer surface 34. A cover window may be positioned in the vicinity of the aperture
35 such as to close the casing 3, for instance in order to protect the image
generation unit 2 against foreign bodies such as dust. Preferentially, the cover
window does not affect the path of the light emitted by image generation unit 2.

As illustrated in figure 1, the image generation unit 2 comprises a screen
21 of which the optical transmission can be controlled and at least one light emitter,
here a plurality of light emitters. The screen 21 is here a liquid crystal screen with
thin-film transistors. Each light emitter is here a light emitting diode. The light
emitters produce light so as to backlight the rear of the screen 21. The image
generation unit 2 comprises an auxiliary printed circuit board 22 on which the light
emitters are mounted. A first electrical circuit dedicated to power the light emitters
is printed on the auxiliary printed circuit board 22. The image generation unit 2 here
comprises a second electrical circuit adapted to power the screen 21.

A substrate of the auxiliary printed circuit board 22 is here made of an
epoxy resin. The substrate of the auxiliary printed circuit board 22 is for instance an
aluminum insulated metal substrate. The thickness of the auxiliary printed circuit
board 22 is for instance comprises between 1 mm and 2 mm.

The display 1 also comprises a control unit 4 configured to control the
image generation unit 2. The control unit 4 comprises for example at least one
processor and at least one memory. The control unit 4 is in particular programmed
to control the powering of the light emitters and the optical transmission of the screen
21 in order to produce a light beam representative of information to be displayed,
i.e. transmitted, to the user. In other words, the control unit 4 is adapted to power
and send instructions to the first electrical circuit and the second electrical circuit.

As shown in figure 2, the control unit 4 is mounted on a main printed circuit
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board 41. The main printed circuit board 41 is distinct from the auxiliary printed
circuit board 22. The main printed circuit board 41 is fixed to the to the lower part 33
of the casing 3. Here, the main printed circuit board 41 is located outside of the
casing 3 so that it is easier to connect it to the electronic control unit of the vehicle.
As represented in figure 1, the main printed circuit board 41 is fixed below of a
bottom wall 31” of the casing 3. As a variation, the main printed circuit board is
housed inside the casing. Here, the main printed circuit board 41 also supports
connection means to an electrical control unit of the vehicle and to the auxiliary
printed circuit board 22. The second electrical circuit is for instance mounted on a
flexible printed circuit board assembled on the main printed circuit board 41.

A substrate of the main printed circuit board 41 is here made of an epoxy
resin. The substrate of the main printed circuit board 41 is for instance an aluminum
insulated metal substrate. The thickness of the main printed circuit board 41 is for
instance comprises between 1 mm and 2 mm.

The display 1 also comprises an optical projection assembly adapted to
project the light beam produced by the image generation unit 2 toward a partially
transparent plate. The partially transparent plate is configured to reflect the light
beam, more specifically a portion of it, towards the user, which thus forms a virtual
image in the field of view of the user. The partially transparent plate is located
outside of the casing 3 such as to face the aperture 35. Thanks to the virtual image,
the user, here the driver, can be aware of information (speed, directions, engine
status) carried by the light beam without deviating his eyes from the road.

The partially transparent plate may be a combiner, that is to say a plate
dedicated to reflecting the light beam, located between the windshield and the eyes
of the user. Alternatively, the partially transparent plate may be the windshield itself,
and more particularly a portion thereof.

The terms “upper” and “top” denotes elements of the display 1 that are
located on the same side of the casing 3 as the partially transparent plate whereas
the terms “lower” and “bottom” denotes elements located at the opposite of the
partially transparent plate. When the display 1 is installed in the vehicle, the terms
“upper” and “top” refer to elements of the display 1 that are located towards the top
relatively to an upward vertical direction (as illustrated in the figures) and the terms
“lower” and “bottom” refer to elements that are located towards the bottom relatively

to the upward vertical direction.
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The optical projection assembly comprises here one or more mirrors, such
as fold mirrors positioned on the light path between image generation unit 2 and
aperture 35. The optical projection assembly may also comprise other optical
elements such as optical lenses. The optical assembly is designed to conduct the
light beam to the partially transparent plate and also to shape the light beam, for
example to enlarge it (for instance thanks to fold mirrors or lenses) so that the
display 1 is compact but produces images large enough to be clearly seen by the
user.

The optical assembly specifically guides the light beam produced by the
image generation unit 2 through the aperture 35. More particularly, the upper part
32 of the casing 3 comprises an optical chamber 37 extending from the screen 21
of the image generation unit 2 to the outer surface 36. In other words, the optical
chamber 37 forms a channel connecting the image generation unit 2 to the outside
of the casing 3 and therefore allowing the light beam to reach the partially
transparent plate.

As illustrated in figure 1, the optical chamber 37 is here Z-shaped. The
image generation unit 2 and the aperture 35 are located at both ends of the Z-shape
and fold mirrors are positioned at the two elbows of the Z-shape. As a variation, the
channel may present other shapes, for instance, the optical chamber may extend
along a straight line directly from the opening to the image generation unit.

As shown in figure 3, the display 1 also comprises a light sensor 5 mounted
on the main printed circuit board 41. The light sensor 5 is adapted to deliver an
electrical signal representing the light intensity it receives. The voltage of the
electrical signal is for instance proportional to the light intensity received. The light
sensor 5 is specifically adapted to provide this electrical signal to the control unit 4.
The light sensor 5 being mounted together with the control unit 4 on the main printed
circuit board 41, connecting the light sensor 5 and the control unit 4 is simple. Such
a connection is preferentially printed on the main printed circuit board 41.

The light sensor 5 is disposed so as to receive a light radiation originating
from outside of the display 1, i.e. from the outside of the casing 3, for instance from
the cabin of the vehicle. The light radiation is here representative of an ambient light
or ambient luminosity.

The control unit 4 is configured such that the luminosity, or the intensity, of

the light beam produced by the image generation unit 2 is controlled as a function
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of the electrical signal provided by the light sensor 5. The luminosity of the light
beam can thus be adapted to the ambient luminosity which ensures the visibility of
the virtual image for the user, even when the ambient luminosity varies.

More specifically, the control unit 4 is configured such that the greater the
electrical signal provided by the light sensor 5 is, the greater the luminosity of the
light beam is. To control the luminosity of the light beam, the control unit 4 is
configured to control the power provided to the light emitters. The greater the
electrical signal provided by the light sensor 5 is, the greater power provided to the
light emitters is.

In order for the light sensor 5 to receive the light radiation originating from
outside of the display 1, the display 1 comprises a light guide 6 arranged to collect
the light radiation and to guide it to the light sensor 5. The light guide 6 is more
particularly a light pipe 6. Here, the light pipe 6 extends through the casing 3 from
the upper part 31 of the casing 3 to the main printed circuit bord 41, as illustrated in
figure 2. Advantageously, using a light pipe 6 requires little room to guide the light
radiation to the light sensor 5.

The light pipe 6 comprises an inlet 61 adapted to collect the light radiation
and an outlet 62 opposed to the inlet 61 and facing the light sensor 5. The outlet 62
and the inlet 61 are here opposite end surfaces of the light pipe 6. As shown in figure
3, the outlet 62 faces the light sensor 5, they are close or in contact with each other.
After having been guided by the light pipe 6, the light radiation therefore exists from
the outlet 62 to be received by the light sensor 5. The light radiation is guided from
the inlet 61 to the outlet 62, in particular by complete internal reflection.

The casing 3 comprises an opening 38 traversed by the light radiation. The
inlet 61 of the light pipe 6 is arranged in the vicinity of the opening 38. For instance,
as shown in figure 2, the inlet 61 is flush with the opening 38. The inlet 61 may also
go beyond the opening 38 toward the outside of the casing 3 or, conversely, be set
back from the opening 8 toward the inside of the casing 3.

As represented in figures 1 and 2, the opening 38 is preferentially located
close to the aperture 35 for an efficient collecting of the light radiation.

For instance, the opening 38 opens out into the optical chamber 37, as
represented in figures 1 and 2. The opening 38 more specifically opens out in an
upper region of the optical chamber 37 in the vicinity of the aperture 35.

The opening 38 may also extend from the outer surface 34. For example,
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the outer surface 34 may defines, at least partially, an edge of the opening 38. In
this case, the opening 38 opens out directly to the outside of the casing 3, which
allows the light pipe to be strongly exposed to ambient light.

The light pipe 6 has an elongated shape with an approximately even
section. More specifically, the light pipe 6 presents a longitudinal extension
corresponding to a mean path of the light radiation from the inlet 61 to the outlet 62.
The light pipe 6 thus presents cross-sections perpendicular to the longitudinal
extension, all cross-sections presenting substantiality equal surfaces. The surfaces
of the cross-sections may in particular slightly differ when the light pipe 6 is bend or
presents an elbow. Here, each cross-section has for instance a surface comprised
between 20 mm?2 and 50 mmz2. The light pipe 6 therefore needs little room to be
installed. The cross-sections may for instance be round-shaped, square-shaped, or
hexagonal-shaped.

Preferentially, the light pipe 6 is flexible. This means that the light pipe 6 is
manually bendable such that its shape can be adapted, in particular with respect to
a fixed position of the inlet 61 or of the outlet 62, when assembling the display 1.
The display 1 can therefore provide several configurations, for instance by
presenting several openings. The light pipe 6 may then be placed in one of those
openings depending on the configuration of the dashboard the display 1 is to be
mounted in.

In a general manner, the shape of the light pipe 6 particularly depends on
the respective positions of the opening 38 and of the main printed circuit bord 41.
For instance, in the example illustrated in figures 1 and 2, the light pipe 6 is bent
close to the opening 38 and then extends toward the main printed circuit bord 41 in
a straight line. The light pipe 6 therefore allows redirecting the light radiation.

The light pipe 6 is made of a transparent material. For instance, the light
pipe 6 is made of polycarbonate or poly(methyl methacrylate) and preferably of a
resin based silicon.

The display 1 is particularly suited when the partially transparent plate is
the windshield itself since such a head-up display required longer projections
distances and the light pipe 6 specifically allows to carry the light radiation to the
main printed circuit board even though it is located further away from the outer
surface 34.

As shown in figure 1, the display 1 comprises holding means 7 fixed to the
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casing 3 and configured to removably maintain the light pipe 6. The holding means
7 for instance comprise a first tube of which an inside section is adapted to receive
an end of the light pipe 6, the end terminating by the inlet 61, as represented in
figure 1 The first tube is for instance fixed to the casing 3 such as to extend the
opening 38 toward the inside of the casing 3. Said end of the light pipe 6 is then
slotted in the first tube. The holding means may also comprise snap hooks.

As shown in figure 3, the display 1 also comprises a holder 8 mounted on
the main printed circuit board 41. The holder 8 is configured to removably hold the
light pipe 6, and more particularly the other end of the light pipe 6 terminating by the
outlet 62, in front of the light sensor 5. The holder 8 for instance comprises a second
tube of which an inside section is adapted to receive said end of the light pipe 6 as
represented in figure 3. The second tube is for instance fixed to the main printed
circuit board 41 such as to surround the light sensor 5. Said end of the light pipe 6
is then slotted in the second tube. The holder may also comprise snap hooks.

By way of variation, the light pipe may be hold with respect to the casing
by central portions of the light pipe, that is to say at distance of its ends.
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CLAIMS

[Claim 1] Display (1) comprising:
- an image generation unit (2) comprising a light emitter and an auxiliary printed
circuit board (22) on which the light emitter is mounted;
- a control unit (4), configured to control the image generation unit (2), and a main
printed circuit board (41), distinct from the auxiliary printed circuit board (22), the
control unit (4) being mounted on main printed circuit board (41);
- a light sensor (5) adapted to provide to the control unit (4) a signal representative
of a light intensity received by the light sensor (5);
- a light guide (6) configured to collect a light radiation and to guide the light radiation
to the light sensor (5);
characterized in that the light sensor (5) is mounted on the main printed circuit board
(41) and in that the light guide (6) is a light pipe (6).

[Claim 2] Display (1) according to claim 1, wherein the light pipe (6) is
flexible.

[Claim 3] Display (1) according to claim 1 or 2, wherein the light pipe (6)
presents a longitudinal extension and cross-sections perpendicular to the
longitudinal extension, and wherein each cross-section presents a surface

comprised between 20 mm?2 and 50 mm2.

[Claim 4] Display (1) according to any one of claims 1 to 3, further
comprising a casing (3) provided with an opening (38), the image generation unit (2)
being located inside the casing (3), the light pipe (6) comprising an inlet (61) adapted
to collect the light radiation and an outlet (62) opposed to the inlet (61) and facing
the light sensor (5), the inlet (61) being arranged in the vicinity of the opening (38).

[Claim 5] Display (1) according to claim 4, wherein the casing (3)
comprises an outer surface (34) and wherein the outer surface (34) at least partially

defines an edge of the opening (38).

[Claim 6] Display (1) according to claim 4, wherein the casing (3)
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comprises an optical chamber (37) extending from the outer surface (34) to the
image generation unit (2) for the passage of light emitted by the image generation
unit (2), and wherein the opening (38) opens out into the optical chamber (37).

[Claim 7] Display (1) according to any one of claims 4 to 6, further
comprising holding means (7) arranged in the casing (3) and configured to
removably maintain the light pipe (6) with respect to the casing (3).

[Claim 8] Display (1) according to any one of claims 1 to 7, further
comprising a holder (8) mounted on the main printed circuit board (41) and
configured to removably maintain the light pipe (6) in front of the light sensor (5).

[Claim 9] Display (1) according to any one of claims 1 to 8, further
comprising a partially transparent plate configured to reflect light emitted by the

image generation unit (2) towards a user.

[Claim 10] Display (1) according to claim 10, wherein the partially
transparent plate is a windshield of an automotive vehicle.
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