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(54) DISPLAY UNIT WITH BACKLIGHT DRIVER

(57) The invention is directed to a display unit with
improved backlight unit and a respective lighting unit. The
invention suggests forward voltage equalization with

Zener diode on asymmetric LED chains, especially for
use as backlight for a display.
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Description

[0001] The invention is directed to a display unit with
backlight driver like display units used in a central display
of a vehicle or any other kind of displays requiring a back-
light with backlight driver, and a head-up display unit with
a respective display unit. The backlight preferably is pro-
vided with an LED illumination circuit. The invention sug-
gests forward voltage equalization with Zener diode on
asymmetric LED chains, especially for use as backlight
for a display.
[0002] A lighting unit for a display unit is shown in US
2010/102 733 A1. This document shows an LED light
string. A chain of LEDs is arranged in line with a parallel
arrangement of Zener diode and resistor. It is using a
Zener diode as an overvoltage protection for an LED
string directly connected to AC power. The resistor is
used to limit the LED current and it is calculated based
on LED count and acceptable LED current. A single chain
of LEDs is shown. The present invention refers to an
adaptation of brightness that might be necessary in case
several chains of LEDs are used. The present inventio
also refers to several chains having different number of
LEDs.
[0003] EP 890 894 A1 shows an incandescent bulb
luminance matching LED circuit. It is using a Zener diode
as a bypass to the current set resistor for higher voltages.
The present invention refers to adaptation of the voltage
seen by a backlight driver and has nothing to do with
brightness adaptation since that is already achieved by
the backlight driver current sink.
[0004] US 2015/015 149 A1 is directed to an LED con-
trol method and apparatus. Therein, several LEDs are
arranged in parallel with a Zener diode. This is a classic
scheme for low cost constant current driving of parallel
LEDs with a variable input voltage. It has nothing to do
with LED chain voltage equalization. It just establishes a
constant voltage across multiple LEDs, and a current is
set through each individual resistor. The present inven-
tion is directed to equalization which the inventor found
being necessary only if a backlight driver is used. None
of these documents is targeting voltage equalization be-
tween LED chains, found by the inventor to be required
by a backlight driver mechanism of a constant current
sink.
[0005] There are different methods to adapt the output
of the light sources. For example, the light sources might
be turned on intermittently, or the light sources are driven
with variable power. Both of these control methods may
also be combined, a so-called hybrid dimming. The meth-
od chosen depends, amongst others, on the type of light
source.
[0006] It is desired to find an appropriate and cost-ef-
ficient solution for a display unit output brightness control.
[0007] This is achieved by a display unit according to
claim 1. Such display unit comprises a display for creating
an image to be displayed to a viewer. Further, a backlight
unit with backlight driver for the display and at least one

chain of light sources driven by the backlight driver. It
further comprises an equalisation circuit arranged in se-
ries with one of the chains of light sources, while at least
one other chain is nor provided with an equalisation cir-
cuit. The equalisation circuit comprises a Zener diode
having a Zener Diode reverse voltage that matches the
chain’s forward voltage difference. This has as one ad-
vantage that it makes possible to use asymmetric chains
of light sources which is desirable for certain applications,
especially for the backlight unit of a head-up display sys-
tem. The chains may be asymmetric in that they contain
different numbers of light sources, different types of light
sources, or differ from each other in any other character-
istic that makes them having forward voltages differently
from each other. This circuit according to the invention
protects the backlight driver from overheating by shifting
power caused by a voltage difference between different
chains of LED light sources.
[0008] Advantageously, the equalisation circuit further
comprises a resistor arranged in parallel to the Zener
diode. This allows for low current injection through the
respective chain of light sources without the risk of leav-
ing such chain open. Preferably, LEDs are used as light
sources, as the suggested solution fits well to the char-
acteristic behaviour of LEDs.
[0009] Advantageously the backlight driving unit is pro-
vided to adjust both, the ON time for a chain of light sourc-
es as well as a current amplitude for this chain of light
sources. This has the advantage to make possible hybrid
dimming which provides more flexibility. It allows to
choose an on time frequency so as to avoid frequencies
that give a bad impression to an observer of the virtual
image, for example caused by flickering in case of an on
time frequency that is rather low. It further allows to
choose a current amplitude to be below a critical maxi-
mum current. Driving the light sources with such critical
maximum current or above reduces lifetime of light sourc-
es or even may cause immediate defects. Using these
or other dimming methods in combination is referred to
here as hybrid dimming.
[0010] The backlight driving unit is a constant current
backlight driving unit having a common anode for several
chains of light sources. The backlight driver unit is a com-
monly used component, designed to drive chains of light
sources, wherein the number of light sources of the
chains must be the same for each of the chains. The
equalisation circuit according to the invention allows to
use such commonly use component even with chains of
light sources having different numbers of light sources.
This allows to use efficient components and, at the same
time, reaching a high-quality lighting result.
[0011] A lighting unit according to the invention with
backlight driver and at least two chains of light sources
driven by the backlight driver comprises an equalisation
circuit arranged in series with a chain of light sources,
the different chains having different light source counts.
The equalisation circuit comprises a Zener diode having
a Zener Diode reverse voltage that matches the chain’s
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forward voltage difference. Such lighting unit has similar
advantages as described above with regard to a head-
up display system’s backlight unit. Similar additional fea-
tures as described above lead to similar advantages as
described above, even though these are not mentioned
here in detail.
[0012] A display unit according to the invention prefer-
ably has chains of light sources where each of the chains
of light sources has a forward voltage, and an equalisa-
tion circuit being arranged in series with all chains except
for those of the chains for which the forward voltage
equals the maximum forward voltage of all chains. This
has the advantage that an optimum adaptation of all
chains is reached, while at the same time low power loss
and low risk for the backlight driver come along with high
flexibility for selection of number and/or type of light
sources used for all chains, where all chains might be
designed differently from each other.
[0013] A head-up display unit is preferably provided
with a display unit according to the invention.
[0014] Further features of the present invention will be-
come apparent from the following description and the
appended claims in conjunction with the figures.

Figures

[0015]

Fig. 1 state-of-the-art head-up display unit;
Fig. 2 simplified sketch similar to Fig.1;
Fig. 3 picture generating unit;
Fig. 4 backlight driver;
Fig. 5 circuitry of a display unit according to the inven-

tion;
Fig. 6 asymmetric chains of light sources.

Detailed description

[0016] 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 and are not neces-
sarily described again for each figure. It is to be under-
stood 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.
[0017] As an example, a display unit is described in
the following as being used in a head-up display. Of
course, a display unit according to the invention is also
applicable to other display systems that are not described
here in detail but that are known to a skilled person.
[0018] Fig. 1 shows a sketch of a state-of-the-art head-
up display unit 1 for a motor vehicle. The head-up display
unit 1 has a picture generating unit 10, an optical unit 14
and a mirror unit 2. A beam SB1 emanates from a liquid
crystal display 11 of the picture generating unit 10 and

is reflected by a folding mirror 21 onto a curved mirror
22, which reflects it in the direction of the mirror unit 2.
The mirror unit 2 is shown here as a windscreen 20 of
the motor vehicle. From there, the beam SB2 is directed
towards the eye 3 of an observer.
[0019] The observer sees a virtual image VB, which is
located outside the vehicle above the bonnet or even in
front of the vehicle. Due to the interaction of the optical
unit 14 and the mirror unit 2, the virtual image VB is an
enlarged representation of the image displayed by the
display 11. Here a symbolic speed limit, the current ve-
hicle speed and navigation instructions are displayed. As
long as the eye 3 is inside a so-called eyebox 4 indicated
by a rectangle, all elements of the virtual image VB are
visible to the eye 3. If the eye 3 is located outside the
eyebox 4, the virtual image VB is only partially or not at
all visible to the viewer. The larger the eyebox 4 is, the
less restricted the viewer is in his choice of the seating
position.
[0020] The curvature of the curved mirror 22 is adapted
to the curvature of the windscreen 20 and ensures that
the image distortion is stable over the entire eyebox 4.
The curved mirror 22 is rotatably supported by a bearing
221. By rotating the curved mirror 22, it is possible to shift
the eyebox 4 and thus to adjust the position of the eyebox
4 to the position of the eye 3. The folding mirror 21 en-
sures that the distance travelled by the beam SB1 be-
tween the display 11 and the curved mirror 22 is long,
while, at the same time, the optical unit 14 remains com-
pact. The optical unit 14 and the picture generating unit
10 are accommodated in a housing assembly 15 and
separated from the environment by a transparent cover
23. The optical elements of the optical unit 14 are thus
protected, for example, against dust inside the vehicle.
An optical foil or polarizer 24 can be located on the cover
23. The display 11 typically emits polarized light and the
mirror unit 2 acts like an analyser. The purpose of the
polarizer, or glare trap, 24 is to influence the amount of
sunlight entering the head-up display. A light trap 25
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 coming from the sun 5, also light from an-
other source of interference might reach the display 11.
[0021] Fig. 2 shows a simplified sketch similar to Fig.1.
Here, only a single mirror, folding mirror 21, is shown for
simplicity. A Head-up Display, also referred to as HUD,
is used to place information in the field of view of the user
in such a way as to appear integrated in the surrounding
environment. The intention is to provide the information
in a way that does not require the user to significantly
change the eye gaze direction and/or focus distance.
HUDs are of particular importance in avionics and the
automotive fields where they allow the vehicle’s operator
to glance important aspects of the trip without taking the
eyes away from the path ahead. For this purpose, state
of the art HUDs are required to deliver this information
clearly discernible, independent of the ambient light level.
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This translates in high brightness requirements in excess
of 10,000 cd/m2 or even 15,000 cd/m2 for the virtual im-
age produced by the HUD. One of the preferred archi-
tectures for HUDs, as depicted in the figure, comprises
an image generating unit 10, an intermediate mirror, the
folding mirror 21, and a transparent HUD screen, the mir-
ror unit 2. As a note, this diagram should be understood
as one of the possible embodiments and should not be
regarded as restrictive to the present invention.
[0022] The picture generating unit 10 is responsible for
producing the symbols that shall be visible to the end
user. The optical system from the depicted embodiment,
consisting of the folding mirror 21 and the HUD screen,
mirror unit 2, is designed in such a way as to produce a
virtual image VB from the images generated by the gen-
erator unit 10 that are magnified and seen at a certain
distance in front of the mirror unit 2. As a note, the mirror
unit 2 is formed with the aid of an optically clear medium
in order to not impede the visibility of the end user’s en-
vironment. This mirror unit 2 may be a dedicated com-
ponent, typically called combiner, or it may be formed as
a region on the vehicle’s windshield.
[0023] Fig. 3 shows the picture generating unit 10 in a
simplified diagrammatic view. A light source 13 illumi-
nates, via a light control structure 16, a liquid crystal dis-
play 11 on which an image is displayed. A transmissive
liquid crystal display 11, also referred to as LCD, is shown
here. However, also other display technologies known
to the skilled person, such as other transmissive displays
that require a backlight driver may be applied here as
well.
[0024] Fig. 4 shows a known head-up display unit 1
with backlight driver BL. The backlight driver BL is con-
nected to an input voltage VIN of the power supply. Input
current IIN flows to input In of the backlight driver BL. At
an anode An of the backlight driver BL output voltage
VOUT to drive a light source LS is provided. Output current
IOUT flows through the light source LS and back to cath-
ode input Cat of the backlight driver BL. The current reg-
ulation together with highest possible efficiency of the
backlight driver BL is achieved by adjusting the output
voltage VOUT permanently so that the current sink from
Cathode Cat maintains its minimum headroom voltage
required to properly work. If several additional light sourc-
es shall be used, these can all be connected to the same
anode An with output current IOUT sinked by the backlight
driver BL, but use different cathodes Catn with respective
currents ILED1, ... ILEDn, not shown here. In case of mul-
tiple chains CHn connected, which is not shown here,
the chain CHx with the highest forward voltage VFWx =
VFWmax of all chains CHn will establish the output volt-
age Vout so that on its cathode Catx it will have the min-
imum headroom voltage, and the rest of the chains CHn
will have the headroom plus the respective voltage dif-
ference. If this voltage difference is increased, e.g. by
means of different LED count or different LED parame-
ters, more power dissipation will occur on the backlight
driver BL which will eventually cause a thermal shutdown.

[0025] Fig. 5 shows circuitry of a head-up display unit
1 according to the invention. As mentioned with regard
to the previous drawing, the backlight driver BL has n
Cathodes Cat1, ... Catn, each connected to a respective
chain CH1, ... , CHn of light sources. Respective electric
currents ILED1, ... ILEDN flow through chains CH1,...,CHn.
There are respective forward voltages VFWn for the
chains CHn. Each chain CH1, ..., CHn of light sources
comprises a number NLS1, ... , NLSn of light sources.
This number is indicated for each chain in the drawing.
At least one of the numbers NLSx differs from the other
numbers NLS1, ... , NLS(x-1), NLS(x+1), ... , NLSn, thus
the chains CH1, ..., CHx, ..., CHn of light sources are
asymmetric. An equalisation circuit 12-n is shown for all
chains CHn except for chain CH1. It is assumed in this
example that chain CH1 has the highest forward voltage ,
namely that VFW1 = VFWmax = max{VFW1, VFW2, ... ,
VFWx, ..., VFWn}. In general, similar equalisation circuits
12-n shall be provided for chains CHn that have a lower
forward voltage VFWn than the chain having the highest
forward voltage VFWmax, but those are not all shown
here for simplicity. The chain CHn with the highest for-
ward voltage VFWmax, here chain CH1, does not need
equalisation. If there are several chains CHn having the
same highest forward voltage VFWmax, the all of these
do not require equalisation. The equalisation circuit 12-
n comprises a Zener diode Zn in parallel arrangement
with a resistor Rn. The reverse voltage VREVn of the Zener
diode Zn matches the forward voltage of the light sources
of the respective chain CHn. Preferably, these light
sources are light emitting diodes. The solution according
to the invention provides for boost output voltage rise
until it can ensure at least minimum backlight driver head-
room voltage as specified in its datasheet for the highest
forward voltage chain.
[0026] Fig. 6 shows an exemplary arrangement of
asymmetric chains CH1,...,CH4 of light sources LEDn,m.
Chain CH1 as shown here consists of three light sources
LED1,1, LED1,2 and LED1,3. Chain CH3 also has three
light sources, the other two chains have four light sources
each. The light sources LEDn,m are flat light emitting
diodes and are thus not shown with a symbol but with an
indication of their physical shape. For this particular ex-
ample, an equalization circuit 12-1, 12-3 is required for
chains CH1 and CH3 to match the forward voltages
VFW2 and VFW4 of chain CH2 and chain CH4, respec-
tively, which both equal the maximum forward voltage
VFWmax in this example.
[0027] As light source often LED (Light Emitting Di-
odes) are used. LED forward voltage equalization in
backlight drivers BL for displays is usually done by series
resistors calculated for the target forward current. Anoth-
er option is not to equalize them and to leave the equal-
ization for the LED driver to perform.
[0028] In case of a series resistor, the resistor would
have to dissipate the whole LED power which could
sometimes exceed 1 Watt. A series resistor solution can
be precisely calculated only for a certain LED current,
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which prevents usage of hybrid dimming (adjusting both
LED ON time and LED current amplitude). This option is
suitable only for constant current driving that is not ad-
justed after production, which limits the brightness cali-
bration via current adjustment. The option of not equal-
izing the LED total forward voltage would simply shift the
power dissipation of the missing LED to the backlight
driver, which usually cannot sustain such high power in
case of high current LED driving.
[0029] The solution according to the invention seeks
to shift power dissipation away from a backlight driver
and to allow LED current adjustment for both calibration
and hybrid dimming.
[0030] Considering the constant current backlight driv-
er BL with multiple chains CH1,...,CHn topology, the an-
ode voltage VOUT is common to all LED chains
CH1,...,CHn and adjusted so that the backlight driver BL
will have the smallest power dissipation on the current
sinks. Due to this topology, it is necessary to have the
same amount of LEDs per chain, or at least a similar
voltage, if the solution according to the invention would
not be used. Forward voltage equalization on asymmetric
LED chains CH1,...,CHn can be done with a Zener diode
Zn with reverse voltage like LED forward voltage. Taking
white LED’ s as an example with typical 3V forward volt-
age, a Zener diode Zn with 3V reverse voltage at LED
current used should be used. This simple solution works
best if the LED forward current is always enough so that
the Zener diode Zn is conducting (minimum reverse cur-
rent for breakdown is achieved).
[0031] Since most of the backlight drivers BL use low
current injection through each LED chain to detect open
chains or the application requires low LED current oper-
ation, it might be possible that a Zener diode Zn would
not conduct, leaving the chain open. This situation is
avoided according to the invention by using a resistor Rn
in parallel with the Zener diode Zn. The resistor Rn is
preferably also used to spread the power dissipation
evenly, therefore it is important to calculate its value. Giv-
ing the fact that the resistor Rn is placed in parallel, the
voltage across the resistor Rn is always matching the
Zener diode’s Zn reverse voltage so that its power will
be P=V2/R (power dissipation formula combined with
Ohm’s law). The recommended resistor value can be cal-
culated based on its maximum allowed power dissipa-
tion: 

- Pr_max is the maximum allowed power dissipation
on the parallel resistor

- Vz_max is the maximum Zener voltage at its peak
current

- R is the resistor value to be calculated

[0032] Even if the Zener diode Zn does not have
enough reverse current to conduct, the resistor Rn will

allow current flow. If the resistor Rn is designed for max-
imum power, at small LED current the voltage drop will
not be equal to one LED forward voltage, but for this low
power, the backlight driver BL can afford this increase in
power dissipation which will be smaller than high current
power dissipation.
[0033] Advantages of the inventive solution are,
amongst others:

- More efficient power distribution for the missing LED.
- Possibility of changing LED current during runtime.
- Current calibration and hybrid dimming are allowed

with this solution.
- LED Backlight driver short circuit detection can be

precisely detected even for a single shorted LED.

[0034] The solution according to the invention can be
used on any constant current backlight drivers with com-
mon anode for all lighting applications that have asym-
metric LED count per chain.
[0035] In Fig.5, the backlight driver BL with multiple
chains with asymmetric LED count NLS per chain is rep-
resented together with an equalization circuit 12. The fig-
ure shows a backlight driver BL with integrated current
sink and adaptive boost control, a Zener diode Zn with
reverse breakdown voltage VREVn similar to the respec-
tive LED forward voltage, as well as a balancing and pro-
tection resistor Rn, with resistor value R=Vz_max2/Pr_max
where Vz_max is the maximum Zener voltage and Pr_max
is the maximum allowed power dissipation on the resistor
Rn.
[0036] Based on thermal performance, the parallel re-
sistor Rn with the Zener diode Zn can be calculated to
different values depending on the application use case.
By modifying resistor Rn value, a proper power distribu-
tion balancing can be performed between Zener diode
Zn and resistor Rn so that proper thermal behaviour is
achieved.

Claims

1. Display unit with a display (11), a backlight unit (13),
a backlight driver (BL) and at least two chains (CH1,
CH2, ... , CHn) of light sources (LS,LSn) driven by
the backlight driver (BL); and an equalisation circuit
(12,12-n) arranged in series with at least one of the
chains (CH1, CH2, ... , CHn) of light sources
(LS,LSn), the equalisation circuit (12) comprising a
Zener diode (Zn) having a Zener Diode reverse volt-
age (VREVn) matching the chain’s (CH1, CH2, ... ,
CHn) forward voltage (VFW1, ... , VFWn).

2. Display unit according to claim 1, the equalisation
circuit (12) further comprising a resistor (Rn) ar-
ranged in parallel to the Zener diode (Zn).

3. Display unit according to one of the preceding
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claims, wherein the backlight driving unit (BL) is pro-
vided to adjust both, an ON time as well as a current
amplitude for a chain (CH1, CH2, ... , CHn) of light
sources (LS,LSn).

4. Display unit according to one of the preceding
claims, wherein the backlight driving unit (BL) is a
constant current backlight driving unit (BL) having a
common anode (An) for several chains
(CH1,CH2,...,CHn) of light sources (LS,LSn), the
number (NLS1 ,...,NLSn) of light sources (LS,LSn)
of at least one of the chains (CH1, CH2, ... , CHn)
being different from the number (NLS1,...,NLSn) of
light sources (LS,LSn) of at least one other of the
chains (CH1, CH2, ... , CHn).

5. Display unit according to one of the preceding
claims, each of the chains (CHn) of light sources
(LSn) having a forward voltage (VFWn), and an
equalisation circuit (12-n) being arranged in series
with all chains (CHn) except for those of the chains
(CHn) for which the forward voltage (VFWn) equals
the maximum forward voltage (VFWmax).

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

- a mirror (21,22);
- a picture generating unit (10) for creating an
image to be displayed as a virtual image (VB)
to a viewer; and
- a display unit according to any of the preceding
claims.
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