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(57)  Alight emitting diode (LED) driver (4) foran LED
backlighting system in a display. The driver includes an
input (22) for receiving a driver signal. A correction unit
applies a non-linear correction to the driver signal to pro-

Apparatus and method for applying a gamma correction

duce a gamma corrected driver signal. The gamma cor-
rection compensates for the non-linear perceptual re-
sponse of the human eye to luminance information. The
LED driver also includes an output (24) for outputting the
gamma corrected driver signal to one or more LEDs (2).
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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates to an apparatus and
method for applying a gamma correction. In particular,
this invention relates to an apparatus and method for
applying a gamma correction to a driver signal in an LED
backlighting system for a display.

[0002] Itis known to provide LED backlighting for dis-
plays such as LCD TVs. Typically, an LED backlighting
system may comprise a large number of LEDs (hun-
dreds, or even thousands), since a single LED can not
provide enough luminance to backlight the whole display.
The LEDs in the system can be arranged towards the
sides of the display (side-lit) or in a matrix behind the
display (direct-lit).

[0003] In advanced backlight systems, a control sys-
tem can be provided to compensate for factors such as
aging effects, colour drift as an effect of temperature, and
uniformity errors (e.g. due to manufacturing variations).
Because of these factors, in the absence of some form
of compensation system, there may be large variations
in luminance output at identical current levels between
the LEDs, resulting in a non-uniformly lit backlight. To
provide a uniformly backlit display, a controller can be
used to reduce or increase the luminance of each indi-
vidual LED in the system. The controller can control the
output luminance of each LED by adjusting a duty cycle
of the driver signal applied to the LED. This is preferable
to adjusting the peak current applied to the LED, since
changes inthe peak current can change the output wave-
length of the LED.

[0004] Due to the large number of LEDs that are typi-
cally employed in an LED backlighting system, and the
need to provide individual control to the LEDs to produce
the desired (e.g. uniform) output, it is clear that a very
large number (several hundred, or even thousands) of
PWM control signals become necessary. Moreover, the
control signals may need to be updated in real time, ac-
cording to the output of the display itself. For example,
when the backlighting system is performing 2D dimming
in order to produce enhanced contrast values, each of
the PWM control signal has to be updated for every video
frame (60 Hz).

[0005] It is known that the human eye responds to
changes in luminance information in a non-linear (in par-
ticular, logarithmic) fashion. For example, at relatively
high light levels, relatively large changes in actual lumi-
nance are required to produce a given change in per-
ceived luminance. On the other hand, atlower light levels,
relatively small changes in actual luminance are required
to produce a given change in perceived luminance. This
non-linearity in the response of the human eye to change
in luminance levels can complicate efforts to produce a
display that appears to the human eye to be uniformly
backilit.
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SUMMARY OF THE INVENTION

[0006] Aspects of the invention are set out in the ac-
companying independent and dependent claims. Com-
binations of features from the dependent claims may be
combined with features of the independent claims as ap-
propriate and not merely as explicitly set out in the claims.
[0007] According to an aspect of the invention, there
is provided a light emitting diode (LED) driver for an LED
backlighting system in a display. The driver includes an
input for receiving adriver signal. The driver alsoincludes
a correction unit for applying a non-linear correction to
the driver signal to produce a gamma corrected driver
signal, wherein the gamma correction compensates for
the non-linear perceptual response of the human eye to
luminance information. The driver furtherincludes an out-
put for outputting the gamma corrected driver signal to
one or more LEDs.

[0008] According to another aspect of the invention,
there is provided a method of applying a gamma correc-
tion to a driver signal in an LED backlighting system for
adisplay. The method includes receiving the driver signal
at an LED driver of the backlighting system. The method
also includes the LED driver applying a non-linear cor-
rection to the driver signal to produce a gamma corrected
driver signal, wherein the gamma correction compen-
sates for the non-linear perceptual response of the hu-
man eye to luminance information. The method further
includes the LED driver outputting the gamma corrected
driver signal to one or more LEDs.

[0009] By correcting the driver signal to compensate
for the non-linear perceptual response of the human eye
to luminance information, the actual level of backlighting
applied to a display can be appropriately set according
to an intended perceived level. Moreover, as the correc-
tion is performed in an LED driver of the backlighting
system, (a stage at which the actual driver signal for driv-
ing the LED is determined), output controllers (such as
a display driver) operating upstream of the LED driver
can work in a linear fashion, without needing to include
a gamma corrections in their backlighting calculations.
Since gamma corrected backlighting driver signals typi-
cally require larger word size (e.g. 16 or 12 bit vs. 8 bit),
this in turn reduces the amount of processing power
needed upstream of the LED driver. A simpler, cheaper
processor may therefore be used to implement features
such as the display driver. Additionally, since the driver
signals received by the LED driver are non-gamma cor-
rected, the communications overhead to the LED driver
is reduced. These reductions can significantly reduce the
complexity and cost of a backlighting system, which may
comprise a large number of LED drivers and LEDs.
[0010] Inone embodiment, the gamma corrected driv-
er signal can comprise a pulse width modulated (PWM)
signal. The gamma correction can be applied by adjust-
ing a duty cycle of the pulse width modulated driver sig-
nal.

[0011] In one embodiment, the correction applied to
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the driver signal can be used to correct for further factors,
in addition to compensating for the non-linear perceptual
response of the human eye to luminance information.
For example, the correction values can correct for non-
linear output behaviourin an LED of the LED backlighting
system. Such non-linear output behaviour may arise from
factors such as aging of the LED, temperature dependent
shifts in output intensity, and uniformity errors arising
from variations in the manufacture and assembly of the
LED. In other examples, the correction values can be
operable to correct for non-linear output behaviour in the
display screen itself (e.g. non-linear behaviourin an LCD
sitting in front of the backlighting system).

[0012] The correction unit can, in one example, com-
prise memory for storing gamma correction values for
applying the non-linear correction to the driver signal.
The driver signal itself may act as an address for access-
ing the appropriate memory location in which a value
corresponding to the gamma corrected driver signal is
stored. The memory can, for example, comprise a look-
up table (LUT).

[0013] According to another aspect of the invention,
there is provided an LED backlighting system for a dis-
play. The system includes one or more LEDs. The system
also includes an LED driver of the kind described above,
for driving the one or more LEDs. The system can include
further LEDs and LED drivers, with each driver being
responsible for driving one or more of the LEDs.

[0014] According to a further aspect of the invention,
there is provided apparatus comprising a display driver
for driving the output of a display, and an LED backlight-
ing system of the kind described above. The display driv-
er is operable to send the driver signal to the input of the
LED driver.

[0015] According to another aspect of the invention,
there is provided a display comprising the LED backlight-
ing system of the kind described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the present invention will be
described hereinafter, by way of example only, with ref-
erence to the accompanying drawings in which like ref-
erence signs relate to like elements and in which:

Figure 1 shows an LED backlighting system for a
display, in accordance with an embodiment of the
invention;

Figure 2 shows an LED driver and an LED, in ac-
cordance with an embodiment of the invention; and
Figure 3 shows an LED driver, in accordance with
an embodiment of the invention.

DETAILED DESCRIPTION
[0017] Embodiments of the present invention are de-

scribed in the following with reference to the accompa-
nying drawings.

10

15

20

25

30

35

40

45

50

55

[0018] A firstembodimentof the invention is illustrated
schematically in Figure 1. In accordance with this em-
bodiment, there is provided a backlighting system 10,
which includes one or more light emitting diode (LED)
drivers 4 for driving a plurality of LEDs 2. As illustrated
in Figure 1, the LEDs 2 are connected between a supply
voltage rail 6 and the LED drivers 4. In this example, the
LED drivers 4 are connected by a serial connection 8 to
a controller 12. The controller 12 may, for example, com-
prise a display controller. The display controller may be
responsible for configuring the output of the display, as
well as for determining the appropriate backlighting levels
required for the display on a real time basis. The back-
lighting levels may themselves depend upon the output
of the display at a given moment in time. In an alternative
example, the controller 12 may be dedicated to producing
driver signals for controlling the LED drivers 4, and for
coordinating the relative levels of the LEDs 2 of the back-
lighting system 10. In such examples, the controller 12
may receive control signals from a separate display driv-
er, indicating the appropriate backlighting levels that are
desired at a given moment in time.

[0019] Inoperation, the controller 12 outputs driver sig-
nals via the serial interface 8 for controlling the individual
LED drivers 4. The LED drivers 4 respond to the driver
signals received at respective inputs of the LED drivers
4 via the serial interface 8 by outputting appropriate driver
signals for controlling the LEDs 2 of the backlighting sys-
tem 10 to produce the desired backlighting conditions.
[0020] Typically, thedriversignals provided by the LED
drivers 4 to the LEDs 2 comprise pulse width modulated
(PWM) signals. As already discussed above, using pulse
width modulation to alter the duty cycle of the driver signal
applied to the LEDs allows the perceived brightness of
the LEDs to be varied without varying the peak applied
current, whereby the output spectrum of the LEDs 2 is
not adversely affected in terms of peak output wave-
length.

[0021] In accordance with an embodiment of the in-
vention, the driver signals that are provided by the LED
drivers 4 to the LEDs 2 are gamma corrected. In partic-
ular, the driver signals compensate for the non-linear per-
ceptual response of the human eye to luminance infor-
mation. As discussed above, the human eye does not
respond to luminance information in a linear manner. In-
stead, the human eye has a perceptual response which
is approximately logarithmic in terms of perceived bright-
ness. Thus, at relatively low intensities, relatively small
changes in actual brightness are required to achieve a
desired perceived change by the human eye. However,
at high intensities, relatively large changes in actual in-
tensity are required to produce a desired perceived
change in intensity. The gamma corrected driver signals
outputted by the LED drivers 4 correct for this perceptual
response, whereby the backlighting levels perceived by
the human eye can at least approximate the desired
backlighting levels determined by, for example, the con-
troller 12 and/or a display controller of the display.
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[0022] In accordance with an embodiment of the in-
vention, a gamma correction to compensate for the non-
linear perceptual response of the human eye is per-
formed by the display drivers 4, such that these gamma
corrections do not need to be performed upstream of the
display drivers 4. The allocation of the task of applying
the gamma correction to the LED drivers 4 has a number
of benefits.

[0023] Firstly, itis noted that gamma corrected signals,
which need to cover a wide range of luminance values
(owing to the logarithmic correction that is to be applied),
typically require a larger word length than non-gamma
corrected driver signals. By way of example, whereas a
non-gamma corrected driver signal may require an 8 bit
word, agamma corrected signal may require a 12 oreven
a 16 bit word. The fact that the conversion of the non-
gamma corrected driver signal to a gamma-corrected
driver signal takes place at the LED drivers 4 means that
the controller 12 shown in Figure 1 does not need to use,
for example, 12 or 16 bit calculations in determining the
appropriate control signals to pass to the LED drivers 4.
This means that a simpler, cheaper microprocessor can
be used to implement the controller 12. Additionally, the
signals provided by the controller 12 to the LED drivers
4 via the serial interface 8 are non-gamma corrected and
therefore the serial interface 8 needs only to support the
smaller word length. Thus, the communications over-
head between the controller 12 and the LED drivers 4 is
substantially reduced and, for example, a simpler, cheap-
er serial interface 8 can be employed. This particular ad-
vantage can be particularly significant in a backlighting
system comprising a large number (for example, thou-
sands) of LEDs driven by alarge number of LED drivers 4.
[0024] Figure 2 schematically illustrates an LED driver
4 of the kind shown in Figure 1 in more detail. As shown
in Figure 2, the LED driver 4 includes an input 22 (for
example a serial input) for receiving a driver signal. Typ-
ically, this driver signal may be received by a serial inter-
face 8 from some form of controller 12 as already dis-
cussed above in relation to Figure 1. Also as discussed
above, the LED driver 4 is configured to apply a gamma
correction to the driver signal received via the input 22.
[0025] The driver signal received at the input 22 typi-
cally has a given word length (for example, 8 bit), and to
apply the gamma correction, the LED driver 4 can, in this
example, use the received word to reference memory 20
and retrieve a gamma corrected driver signal having a
different (typically larger) word length. For example, the
driver signal word received at the input 22 may itself form
an address for accessing the memory 20, where the ac-
cessed memory location stores a desired gamma cor-
rected driver signal word. In some examples, the memory
20 may be implemented as a look-up table (LUT). As
described below in relation to Figure 3, the gamma cor-
rected driver signal word can subsequently be used to
produce a driver signal (e.g. a 1 bit PWM signal) to output
to the LED 2 via an output 24 of the LED driver 4. The
outputted PWM driver signal has an appropriate duty cy-
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cle to produce a desired perceived backlighting level for
the LED 2.

[0026] Figure 3 illustrates in further detail an example
of an LED driver 4 of the kind described above in relation
to Figures 1 and 2.

[0027] Asshownin Figure 3, the LED driver 4 includes
a serial input 22 for receiving driver signals from a con-
troller 12 of the kind shown in Figure 1. The driver signals
are indicative of the backlighting levels that are desired
from the LED or LEDs to which the LED driver 4 is con-
nected. As described herein, the LED driver 4 processes
the received driver signal by applying a gamma correc-
tion and then producing an appropriate driver signal to
output to the LEDs themselves for producing the desired
perceived backlighting levels.

[0028] The driver signal received by the input 22 is
applied to the memory 20 via a connection 32. The mem-
ory 20 can take the form of some kind of random access
memory (RAM). As described above, the memory 20 can
in some examples, take the form of a look-up table. As
illustrated by the graph 30 shown in Figure 3, the LED
driver 4 applies a non-linear gamma correction to com-
pensate for the non-linear perceptual response of the
human eye. The memory 20 can respond to the received
driver signal by outputting a gamma corrected driver sig-
nal word via connection 36. Typically, the connection 36
can accommodate a longer word length than the connec-
tion 32, since the word size of the gamma corrected driver
signal is typically larger than the word size of the non-
gamma corrected driver signal. The connection 36 deliv-
ers the gamma corrected driver signal word to an output
stage 24 of the LED driver 4.

[0029] Inoneembodiment, the contents of the memory
20 can be pre-loaded with correction values for applying
the gamma correction to the driver signal. The pre-load-
ing can, in some examples, take place during manufac-
ture. In other examples, the pre-loading can occur at
start-up (e.g. when the display is switched on or awak-
ened from a sleep mode). In the example in Figure 3, it
is shown that a pre-loading connection 34 can be provid-
ed between the input 22 and the memory 20, for perform-
ing the pre-loading action. The pre-loading connection
can accommodate the longer word length of the gamma
corrected driver signal. In operation, the gamma correc-
tion values are received at the input 22 via the serial
interface 8, and are passed to the memory 20 via the pre-
loading connection 34. In other examples, the pre-load-
ing connection 34 can be omitted, and the correction val-
ues can be pre-loaded into the memory 20 via the con-
nection 32. However, this would either require that some
form of protocol is provided to handle the uploading, since
the connection 32 is typically not configured to accom-
modate word lengths longer than those of the non-gam-
ma corrected driver signals.

[0030] Inthis example, the output 24 of the LED driver
4 can take the form of a pulse width modulated (PWM
driver) driver. The PWM driver of the output 24 converts
the gamma corrected driver signal word into a single bit
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PWM output for direct application to the LED or LEDs for
which the LED driver 4 is responsible. It is noted that
although a connection 36 able to accommodate the long-
er gamma corrected driver signal word length may still
be required, this connection is localised to the LED driver
4, and therefore does not significantly impact upon the
communications overhead within the backlighting sys-
tem 10.

[0031] Thus far, it is been described that the gamma
correction applied by the LED drivers 4 compensates for
the non-linear perceptual response of the human eye to
luminance information. However, the gamma correction
may also compensate for other factors. For example, the
correction may also compensate for known non-linear
outputbehaviourinthe LEDs 2 of the backlighting system
10. These non-linearities may, for example, arise from
manufacturing variations. Additionally, the gamma cor-
rection may also compensate for factors associated with
features of the display screen other than the backlighting
system. Such features may, for example, correspond to
the portions of the display screen that actually produce
the display output, such as the LCD which sits in front of
the backlighting system.

[0032] Accordingly, there has been described a light
emitting diode (LED) driver for an LED backlighting sys-
teminadisplay. The driverincludes an input for receiving
a driver signal. A correction unit applies a non-linear cor-
rection to the driver signal to produce a gamma corrected
driver signal. The gamma correction compensates for
the non-linear perceptual response of the human eye to
luminance information. The LED driver also includes an
output for outputting the gamma corrected driver signal.
[0033] Although particular embodiments of the inven-
tion have been described, it will be appreciated that many
modifications/additions and/or substitutions may be
made within the scope of the claimed invention.

Claims

1. Alight emitting diode (LED) driver for an LED back-
lighting system in a display, the driver comprising:

an input for receiving a driver signal;

a correction unit for applying a non-linear cor-
rection to the driver signal to produce a gamma
corrected driver signal, wherein the gamma cor-
rection compensates for the non-linear percep-
tual response of the human eye to luminance
information; and

an output for outputting the gamma corrected
driver signal to one or more LEDs.

2. The LED driver of claim 1, wherein the gamma cor-
rected driver signal comprises a pulse width modu-

lated (PWM) signal.

3. The LED driver of claim 2, wherein the gamma cor-
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rection adjusts a duty cycle of the pulse width mod-
ulated driver signal.

4. The LED driver of any preceding claim, wherein the
gamma correction further corrects for non-linear out-
put behaviour in the display.

5. The LED driver of any preceding claim, wherein the
gamma correction further corrects for non-linear out-
put behaviour in one or more LEDs of the LED back-
lighting system.

6. The LED driver of any preceding claim, wherein cor-
rection unit comprises memory for storing gamma
correction values for applying the non-linear correc-
tion to the driver signal.

7. The LED driver of claim 6, wherein the memory com-
prises a look-up table (LUT).

8. An LED backlighting system for a display, compris-
ing:

one or more LEDs; and
an LED driver according to claim 7, for driving
the one or more LEDs.

9. Apparatus comprising a display driver for driving the
output of a display, and the LED backlighting system
of claim 8, wherein the display driver is operable to
send the driver signal to the input of the LED driver.

10. A display comprising the apparatus of claim 9.

11. A method of applying a gamma correction to a driver
signal in an LED backlighting system for a display,
the method comprising:

receiving the driver signal at an LED driver of
the backlighting system;

the LED driver applying a non-linear correction
to the driver signal to produce a gamma correct-
ed driver signal, wherein the gamma correction
compensates for the non-linear perceptual re-
sponse of the human eye to luminance informa-
tion; and

the LED driver outputting the gamma corrected
driver signal to one or more LEDs.

12. The method of claim 11, wherein the gamma cor-
rected driver signal comprises a pulse width modu-
lated (PWM) signal.

13. The method of claim 12, wherein applying the non-
linear correction to the driver signal adjusts a duty

cycle of the pulse width modulated driver signal.

14. The method of any of claims 11 to 13, wherein ap-
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plying a non-linear correction to the driver signal fur-
ther comprises correcting for non-linear output be-
haviour in an LED of the LED backlighting system.

The method of any of claims 11 to 14, wherein ap-
plying the non-linear correction to the driver signal
comprises accessing a memory holding gamma cor-
rection values.
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