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Description

Head-up display with high brightness

The present invention is related to a head-up display, in particular to a full color
head-up display with high brightness. The invention is further related to a vehicle

comprising such a head-up display.

A head-up display, also referred to as a HUD, is a display system in which the
viewer can maintain his viewing direction, because the contents to be displayed are
displayed in his field of vision. While such systems, due to their complexity and
costs, were originally mainly used in the aviation sector, they are now also being
used in large scale in the automotive sector, as they allow easy reading of critical
information without the need to change the eye gaze from the road to an in-cabin

instrument cluster.

Head-up displays generally consist of a picture generating unit (PGU), an optical
unit and a mirror unit. The picture generating unit generates the image to be
displayed. The optical unit directs the image to the mirror unit. The mirror unit is a
partially reflecting, translucent pane, which reflects the light in such way that it
reaches the so-called eyebox. The eyebox is an area whose height and width
correspond to a theoretical viewing window. As long as an eye of the viewer is inside
the eyebox, all elements of the virtual image are visible to the eye. If, on the other
hand, the eye is outside the eyebox, the virtual image is only partially or not at all
visible to the viewer. The larger the eyebox is, the less restricted the viewer is in his

choice of sitting position.

The viewer sees the content displayed by the picture generating unit as a virtual
image and at the same time the real world behind the translucent pane. In the
automotive sector, the windscreen often serves as a mirror unit, the curved shape of
which must be taken into account in the representation. However, the mirror unit

may also be a dedicated screen, called combiner. Through the interaction of the
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optical unit and the mirror unit, the virtual image is an enlarged representation of the

image generated by the picture generating unit.

The picture generating unit and the optical unit of a head-up display are typically
arranged in a common housing assembly, which may also include electronic
components necessary for operation of the head-up display. The housing assembly
is sealed with a cover glass and protects the various components from damage as
well as dust or other environmental influences. Furthermore, the housing assembly
helps to simplify mounting of the head-up display in a vehicle, as all necessary

components can be installed in a single production step.

An important requirement for head-up display applications is the necessary
brightness of the virtual image, which needs to be in order of at least 5 000 cd/m?,
but preferably in the range 10 000 to 15 000 cd/m?. Current head-up display
solutions typically comprise a picture generating unit that uses a liquid crystal
display (LCD) for creating the image to be displayed. In view of all the components
that are placed in the optical path of the system, this high brightness requirement
translates to a brightness requirement on the top surface of the display panel that is
about five to ten times larger, i.e. 50 000 to 100 000 cd/m?. Given the typical
transmittance of an LCD panel of around 5 to 6%, this translates to a backlight
requirement in the order of 1 000 000 to 2 000 000 cd/m?. The high brightness
requirements for the display lead to a series of problems when an LCD is used in a

head-up display, which are mainly due to the low transmittance.

A first issue is the high thermal impact due to the heat generated by the backlight
unit and the luminous power dissipated by the absorption in the display panel of
around 95% of the incoming light. Critical aspects in this regard are the clearing
temperature of the liquid crystal and the temperature performance of the polarizers
attached to the liquid crystal panel. If the temperature of the liquid crystal exceeds
the clearing temperature, the liquid crystal may lose its light polarizing properties

and the display becomes transparent.
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A second issue is the high power consumption required for achieving the high
brightness of the backlight, which usually is in the order of 10 W or more for

problematic applications, independent of the actual display content.

In order to solve the two problems mentioned above, a complex thermal
management is required, which limits the flexibility of the technical design of the

head-up display.

It is an object of the present invention to provide an improved solution for a head-up

display with high brightness.

This object is achieved by a head-up display according to claim 1. The dependent
claims include advantageous further developments and improvements of the

present principles as described below.

According to one aspect of the invention, a head-up display comprises:

- a picture generating unit for creating an image to be displayed as a virtual image to
a viewer; and

- an optical unit for projecting the image to be displayed towards an eyebox;
wherein the picture generating unit comprises two or more displays for generating
images covering a limited part of the full color spectrum and an optical means for

combining the generated images at a position of the eyebox.

According to the invention, the generated images are monochromatic or
multicolored images. In the case of monochromatic images, the reproduced colors
cover very narrow bands centered around the primary colors, that is typically around
red, green or blue. In the case of multicolored images, the reproduced colors cover a
wider color band or several narrow bands centered around typically two primary

colors like red and green or green and blue.

According to the invention, for generating a full color image two or more
monochromatic or multicolored images are generated by dedicated displays. The

monochromatic or multicolored images are then combined at the position of the
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eyebox, resulting in the desired image. The use of dedicated displays for generating
the different monochromatic or multicolored images has the advantage that the
brightness requirement for each individual display is reduced, as all displays
contribute to the overall brightness. In addition, this approach allows making use of
new high brightness display technologies, which at present are designed for a single
color channel. In the future, these display technologies may also allow for the
combination of two colors on the same substrate. As a result of the described
solution, the system complexity is reduced, as fewer measures for thermal
management are needed. Furthermore, the reduced power consumption offers

more flexibility for designing the head-up display.

In one advantageous embodiment, the displays are MicroLED-displays. In order to
generate high light outputs, it has been proposed to employ a very dense matrix of
individual inorganic micro LEDs (LED: Light Emitting Diode) to form a display array.
Though full color MicroLED-displays are available, very high brightness levels are
best achieved when all micro LEDs of the matrix emit the same color. For
MicroLED-displays also the designations MLED, mLED, and yLED are used. The
technology has demonstrated brightness levels in the order of 2 000 000 cd/m? and
power levels around 30 W per color channel when all pixels were in an
‘ON’-condition. The monochromatic MicroLED-display panels provide high pixel
densities but have relatively small sizes. This make them very attractive for
automotive head-up displays. For generating a multi-color image, at least two such
MicroLED-displays are used. For generating a full-color image, either three such
MicroLED-displays are used. Alternatively, at least one MicroLED-display needs to

be capable of providing two colors.

Using self-emissive MicroLED-displays relaxes the thermal impact, as inorganic
components, i.e. the LEDs, are capable of operating at higher temperatures than
organic based components like the liquid crystal or the polarizer. Furthermore, the
power consumption is reduced to about a tenth of the power consumption of the
standard LCD application. If the image to be displayed is a full white image, the
required brightness on the surface of the MicroLED-display is in the order of

200 000 cd/m?, due to the larger magnification that is required because of the
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smaller display size. Given the maximum achievable brightness of 2 000 000 cd/m?
at full current, the operating current of the MicroLED-display is around five times
smaller than the operating current for full brightness, resulting in a power dissipation
of around 6 W per color channel. However, as most of the time for head-up display
applications only 5 to 10% of the display pixels are turned on at significant
brightness levels, the resulting power requirement of the proposed head-up display

with MicroLED-displays is in the range of 1 to 2 W, all color channels combined.

In one advantageous embodiment, the optical means comprises at least one mirror,
wherein the two or more displays have different orientations relative to this at least
one mirror. Each display is placed at a specific angle relative to the others. The

angles between the display planes are chosen such that the generated images are
properly aligned for multi-color rendition in the eyebox. This approach for combining
the generated images requires a proper relative alignment of the displays. Once the
displays are aligned, they can be aligned as a single unit relative to the mirror, which

simplifies production of the picture generating unit.

In one advantageous embodiment, relative misalignments of the generated images
are compensated for by shifting the generated images on the respective displays.
Despite an initial relative alignment of the display’s small misalignments of the
different color components may still occur. Such misalignments may be
compensated electronically by small shifts in the individual generated images on the
specific displays. This has the advantage that it is not necessary to provide a

possibility for a mechanical alignment of the displays.

In one advantageous embodiment, the head-up display further comprises an
actuator for the at least one mirror for adjusting a position of the virtual image. By
adjusting the orientation of the at least one mirror, it is possible to modify the position
of the virtual image. This allows coping with different user positions with regard to
the eyebox or different user preferences. Preferably, the actuator is motorized and

can be controlled by a control unit.
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In one advantageous embodiment, the optical means comprises a mirror
arrangement comprising a dedicated mirror or a dedicated mirror area for each
display. According to this embodiment, each display faces a dedicated mirror. Each
mirror is placed at specific angle relative to the others. The angles between the
mirror planes are chosen such that the generated images are properly aligned for
multi-color rendition in the eyebox. This approach for combining the generated
images does not require a particularly exact alignment of the displays, as the mirrors
may be used to finely align the generated images such that they are properly

combined in the eyebox.

In one advantageous embodiment, the mirror arrangement comprises actuators for
the mirrors for compensating for relative misalignments of the generated images.
Using actuators for the mirrors simplifies the alignment of the generated images, as
with appropriate actuators the positions of the mirrors can be very precisely
adjusted. Preferably, the actuators are motorized and can be controlled by a control

unit.

In one advantageous embodiment, the actuators are further configured to adjust a
position of the virtual image. By adjusting the orientations of the mirrors, it is likewise
possible to modify the position of the virtual image. This allows coping with different

user positions regarding the eyebox or different user preferences.

In one advantageous embodiment, the head-up display comprises three displays for
generating red, green, and blue monochromatic images. Using three displays, each
generating a primary color, allows generating full color images. Of course, it is
likewise possible to use more than three displays or other color combinations that
are suitable for generating full color images. When three MicroLED-displays are

used, this will result in a power dissipation of around 18 W for a full white image.

In one advantageous embodiment, at least one of the two or more displays is
configured to generate multicolored images. This solution has the advantage that

only two displays are needed generating full color images.
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In one advantageous embodiment, the head-up display further comprises a heat
sink for the displays. Though the solution according to the present invention results
in a reduced power consumption, provision of a heat sink will further improve

thermal management.

According to one aspect of the invention, a vehicle comprises a head-up display
according to the invention for generating an image for a user of the vehicle. The
vehicle may, for example, be a car or an aircraft. Of course, the inventive solution
can also be used in other environments or for other applications, e.g. in trucks,

busses, in railway and public transport, cranes and construction machinery, etc.

Further features of the present invention will become apparent from the following

description and the appended claims in conjunction with the figures.

Figures

Fig. 1 shows a sketch of a state-of-the-art head-up display for a motor vehicle;

Fig. 2 shows a sketch of a head-up display according to the invention;

Fig. 3 schematically depicts a first embodiment of an arrangement of individual
displays for generating monochromatic images and an optical means for
combining the monochromatic images; and

Fig. 4 schematically depicts a second embodiment of an arrangement of individual
displays for generating monochromatic images and an optical means for
combining the monochromatic images.

Detailed description

For a better understanding of the principles of the present invention, embodiments

of the invention will be explained in more detail below with reference to the figures.

Like reference numerals are used in the figures for the same or equivalent elements
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and are not necessarily described again for each figure. It is to be understood that
the invention is not limited to the illustrated embodiments and that the features
described may also be combined or modified without departing from the scope of

the invention as defined in the appended claims.

Fig. 1 shows a sketch of a state-of-the-art head-up display 1 for a motor vehicle. The
head-up display 1 has a picture generating unit 2, an optical unit 3 and a mirror unit
4. A beam SB1 emanates from a liquid crystal display 5 of the picture generating unit
2 and is reflected by a folding mirror 30 onto a curved mirror 31, which reflects it in
the direction of the mirror unit 4. The mirror unit 4 is shown here as a windscreen 40
of the motor vehicle. From there, the SB2 beam is directed towards the eye 50 of an

observer.

The observer sees a virtual image VI, which is located outside the vehicle above the
bonnet or even in front of the vehicle. Due to the interaction of the optical unit 3 and
the mirror unit 4, the virtual image VI is an enlarged representation of the image
displayed by the display 5. Here a symbolic speed limit, the current vehicle speed
and navigation instructions are displayed. As long as the eye 50 is inside the eyebox
10 indicated by a rectangle, all elements of the virtual image VI are visible to the eye
50. If the eye 50 is located outside the eyebox 10, the virtual image VI is only
partially or not at all visible to the viewer. The larger the eyebox 10 is, the less

restricted the viewer is in his choice of the seating position.

The curvature of the curved mirror 31 is adapted to the curvature of the windscreen
40 and ensures that the image distortion is stable over the entire eyebox 10. The
curved mirror 31 is rotatably supported by a bearing 32. By rotating the curved
mirror 31, it is possible to shift the eyebox 10 and thus to adjust the position of the
eyebox 10 to the position of the eye 50. The folding mirror 30 ensures that the
distance travelled by the beam SB1 between the display 5 and the curved mirror 31
is long, while at the same time the optical unit 3 remains compact. The optical unit 3
and the picture generating unit 2 are accommodated in a housing assembly 12 and
separated from the environment by a transparent cover 33. The optical elements of

the optical unit 3 are thus protected, for example, against dust inside the vehicle. An
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optical foil or polarizer 34 can be located on the cover 33. The display 5 is typically
polarized and the mirror unit 4 acts like an analyzer. The purpose of the polarizer, or
glare trap, 34 is to influence the amount of sunlight entering the head-up display. A
light trap 35 serves to securely shield light reflected from the road or to block light
from different sources placed at car height level so that it does not reach the
observer. In addition to sunlight SL, also light from another source of interference 60

might reach the display 5.

Fig. 2 shows a sketch of a head-up display 1 according to the invention. The
head-up display 1 is similar to the head-up display 1 of Fig. 1, but the liquid crystal
display is replaced by introducing two or more displays 5R, 5G, 5B as a light
generator, each display 5R, 5G, 5B generating a monochromatic or multicolored
image. Preferably, three displays 5R, 5G, 5B are used, each display handling 1
primary color, which allows generating full color images. Alternatively, at least one of
the displays 5R, 5G, 5B is configured to generate multicolored images. In this case,
for generating full color images only two displays are needed. Advantageously, the
displays 5R, 5G, 5B are MicroLED-displays, which for generating monochrome
images can be manufactured as very small, but high-density displays. In the future,
such MicroLED-displays may also be able to combine two colors on the same
substrate. In Fig. 2, the displays 5R, 5G, 5B are arranged one above the other on a
heat sink 11. Of course, they can likewise be arranged side by side. The
monochromatic or multicolored images stemming from the displays 5R, 5G, 5B are
combined at a position of the eyebox by an optical means 6. In Fig. 2, the optical

means 6 replaces the folding mirror of Fig. 1.

Fig. 3 schematically depicts a first embodiment of an arrangement of individual
displays 5R, 5G, 5B for generating monochromatic images and an optical means 6
for combining the monochromatic images. In this embodiment, the optical means 6
comprises a common mirror 7, which is faced by the three displays 5R, 5G, 5B.
Each display 5R, 5G, 5B is placed at a specific angle relative to the others. The
angles between the display planes are chosen such that the monochromatic images
are properly aligned for multi-color rendition in the eyebox. This approach for

combining the monochromatic images requires a proper relative alignment of the
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displays 5R, 5G, 5B. Once the displays 5R, 5G, 5B are aligned, they can be aligned
as a single unit relative to the mirror 7. Relative misalignments of the
monochromatic images are electronically compensated for by shifting the
monochromatic images on the respective displays 5R, 5G, 5B. An actuator 9 is
provided for the mirror 7 for adjusting a position of the virtual image. By adjusting the
orientation of the mirror 7, it is possible to modify the position of the virtual image.
This allows coping with different user positions with regard to the eyebox or different
user preferences. Preferably, the actuator 9 is motorized and can be controlled by a

control unit 13.

Fig. 4 schematically depicts a second embodiment of an arrangement of individual
displays 5R, 5G, 5B for generating monochromatic images and an optical means 6
for combining the monochromatic images. In this embodiment, the optical means 6
comprises a mirror arrangement 8 comprising three dedicated mirrors 7R, 7G, 7B
for the displays 5R, 5G, 5B. Each mirror 7R, 7G, 7B is faced by one of the three
displays 5R, 5G, 5B. The mirrors 7R, 7G, 7B may also be formed as dedicated
areas of a single flexible mirror that may be deformed in dedicated sections. Each
mirror 7R, 7G, 7B is placed at specific angle relative to the others. The angles
between the mirror planes are chosen such that the monochromatic images are
properly aligned for multi-color rendition in the eyebox. This approach for combining
the monochromatic images does not require a particularly exact alignment of the
displays 5R, 5G, 5B, as the mirrors 7R, 7G, 7B may be used to finely align the
monochromatic images such that they are properly combined in the eyebox.
Actuators 9R, 9G, 9B are provided for the mirrors 7R, 7G, 7B for adjusting a position
of the virtual image. By adjusting the orientation of the mirrors 7R, 7G, 7B, it is
possible to modify the position of the virtual image. This allows coping with different
user positions with regard to the eyebox or different user preferences. Preferably,
the actuators 9R, 9G, 9B are motorized and can be controlled by a control unit 13.
The solution depicted in Fig. 4 can also be combined with the approach shown in
Fig. 3. In this case, the displays 5R, 5G, 5B are pre-aligned mechanically, i.e. each
display 5R, 5G, 5B is placed at a specific angle relative to the others. At the same

time, adjustments may be made through the use of dedicated mirrors 7R, 7G, 7B.
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Patent claims

1.

A head-up display (1), the head-up display (1) comprising:

- a picture generating unit (2) for creating an image to be displayed as a virtual
image (VI) to a viewer; and

- an optical unit (3) for projecting the image to be displayed towards an eyebox
(10);

characterized in that the picture generating unit (2) comprises two or more
displays (5R, 5G, 5B) for generating images covering a limited part of the full
color spectrum and an optical means (6) for combining the generated images

at a position of the eyebox (10).

The head-up display (1) according to claim 1, wherein the generated images

are monochromatic or multicolored images.

The head-up display (1) according to claim 1 or 2, wherein the displays (5R,
5G, 5B) are MicroLED-displays.

The head-up display (1) according to any of claims 1 to 3, wherein the optical
means (4) comprises at least one mirror (7, 7R, 7G, 7B), and wherein the two
or more displays (5R, 5G, 5B) have different orientations relative to the at least
one mirror (7, 7R, 7G, 7B).

The head-up display (1) according to claim 4, wherein relative misalignments
of the generated images are compensated for by shifting the generated

images on the respective displays (5R, 5G, 5B).

The head-up display (1) according to claim 4 or 5, further comprising an
actuator (9) for the at least one mirror (7, 7R, 7G, 7B) for adjusting a position of

the virtual image (VI).
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12.
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The head-up display (1) according to any of claims 1 to 3, wherein the optical
means (6) comprises a mirror arrangement (8) comprising a dedicated mirror
(7R, 7G, 7B) or a dedicated mirror area for each display (5R, 5G, 5B).

The head-up display (1) according to claim 7, wherein the mirror arrangement
comprises actuators (9R, 9G, 9B) for the mirrors (7R, 7G, 7B) for

compensating for relative misalignments of the generated images.

The head-up display (1) according to claim 8, wherein the actuators (9R, 9G,

9B) are further configured to adjust a position of the virtual image (VI).

The head-up display (1) according to any of claims 1 to 9, comprising three
displays (5R, 5G, 5B) for generating red, green, and blue monochromatic

images.

The head-up display (1) according to any of claims 1 to 9, wherein at least one
of the two or more displays (5R, 5G, 5B) is configured to generate multicolored

images.

The head-up display (1) according to any of the preceding claims, further

comprising a heat sink (11) for the displays (5R, 5G, 5B).

A vehicle with a head-up display (1) according to any of claims1 to 12 for

generating an image for a user of the vehicle.



I Old

PCT/EP2020/057106

-1/4 -
=

o€~

IIIIIIIIIIIIII

WO 2020/200737




PCT/EP2020/057106

-2/4 -

WO 2020/200737

¢ Old

0g

d

€6 'O6 ™G

L

L




WO 2020/200737 PCT/EP2020/057106

-3/4 -

5R / 5B

FIG. 3



WO 2020/200737 PCT/EP2020/057106

- 444 -

FIG. 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/057106

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO2B27/01 GO2B27/10
ADD.

GO2B27/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GOZ2B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 30 July 2015 (2015-07-30)
figure 1
paragraphs [0002],
[0025], [0036]

[0017],

AL) 23 May 2013 (2013-05-23)
figures 3,5
paragraphs [0022],
[0066], [0129]

[0038],

US 2015/212320 Al (HERVY SEBASTIEN [FR] ET

US 2013/128232 Al (LAINO VALERIO [CH] ET

1-6,8-13

[0018],

1-13

[0039],

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 May 2020

Date of mailing of the international search report

24/06/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gentile, Mathieu

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/057106

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

HERMANN DAVID S: "Automotive Displays -
Trends, Opportunities and Challenges",
2018 25TH INTERNATIONAL WORKSHOP ON
ACTIVE-MATRIX FLATPANEL DISPLAYS AND
DEVICES (AM-FPD), FTFMD,

3 July 2018 (2018-07-03), pages 1-6,
XP033386893,

DOI: 10.23919/AM-FPD.2018.8437433
[retrieved on 2018-08-15]

page 3, section 'MicroLED displays'

3

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/057106
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015212320 Al 30-07-2015  EP 2690483 Al 29-01-2014
JP 2015525903 A 07-09-2015
JP 2018055110 A 05-04-2018
US 2015212320 Al 30-07-2015
WO 2014016329 Al 30-01-2014
US 2013128232 Al 23-05-2013  EP 2147347 Al 27-01-2010
JP 2010527027 A 05-08-2010
KR 20100017383 A 16-02-2010
US 2008272379 Al 06-11-2008
US 2010195184 Al 05-08-2010
US 2013128232 Al 23-05-2013
WO 2008131577 Al 06-11-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

