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1. Title of Invention

Color Control of a Backlighting System

2. Detailed Explanation of the Invention

BACKGROUND
[001] A liquid-crystal display (LCD) may be considered a variable light
filter. Liquid crystals are trapped between two sheets of glass and walled off
from one another into image bits called pixels. These crystals twist and
10 untwist to let polarized light through, and filters placed in front of the pixels
create the colors that emerge. Since an LCD only modifies light and does not
create it, the quality of an LCD is dependent on the spectrum of light emerging

into it from the rear, which is hereinafter referred to as backlighting.

[002] A cold-cathode fluorescent lamp (CCFL) is often used for

15 backlighting an LCD. One problem that often occurs with the use of a CCFL
is that a relatively large amount of power is required to operate the CCFL.
Another problem connected with the use of a CCFL is that a CCFL only
produces an approximation of white light, not true white light. Since an LCD
can only make color within the spectrum of the light it receives, a CCFL-based

20 LCD has a color gamut (the extent of the mix of color a display is capable of
producing) smaller than for example, a cathode-ray tube (CRT) or a plasma
display. The CRT and the plasma display use energized phosphors to create

purer colors.

[003] An LED (Light Emitting Diode) array may also be used for
25  backlighting an LCD. One advantage of using an LED array for backlighting
an LCD is that the LED array is capable of generating greater spectral

accuracy than a CCFL. For example, mixing the appropriate amount of light
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from red, green, and blue LEDs will produce white light. In addition, since the
color balance of the white balance can be adjusted (by varying the relative
intensity of the red, green, and blue LEDs), the color balance of an LCD may
be maintained reasonably accurately over the operating life of the LCD.
Another advantage of using an LED array for backlighting is that an LED array

may provide better color saturation.

[004] LEDs are generally not as fragile as CCFLs and as a result are
more durable. Another advantage of using an LED array over CCFLs is that
they usually have a longer functional lifetime. However, there are design
challenges when using an LED array as a backlight for an LCD. Good
uniformity is harder to achieve as the LEDs age with each LED possibly aging
at a different rate. Also, the use of three separate light sources for red, green,
and blue may cause the white point of the display to move as the LEDs age at
different rates.

[005] LEDs used for backlighting an LCD may be driven with DC
voltage through a current limiting resistor. This approach is acceptable for
many applications. When other considerations, (e.g. an extra bright display,
low power consumption, or a backlight that can be controlled over a wide
brightness range), are important, another method is often used.

[006] A Pulse Width Modulation (PWM) method may have several
advantages over the DC voltage method. A first advantage is that a brighter
backlight may be achieved with a PWM method than the DC voltage method
while using the same amount of power. For example, a LED backlight on an
LCD using the DC voltage method LED may require a driving current for this

display of 120ma which produces a typical brightness of 50 NIT (a unit of
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measurement of the intensity of visible light, where 1 NIT is equal to one
candela per square meter). If, instead of using the DC voltage method, a
PWM method is used and five times the current, 600ma, for 1/5 of the time is
used, the average current is the same, 120ma.

[007] The average brightness of the LED would be the same if
measured electronically. The difference is in the brightness perceived. The
human eye has a certain amount of persistence. If exposed to a bright light
the eye will "remember” the light for a short period of time. This allows us to
view a motion picture or TV screen as a steady image when in fact it is
flickering at 24 to 30 times a second. When an LED is flashed on brightly for a
short time and then turned off, the eye "remembers” the light at the high
brightness level. The result is that the perceived brightness of the backlight is
closer to the high pulsed brightness than to the lower average DC brightness.

[008] A PWM method may also be used to give a "normal” looking
brightness level to the LCD but at a lower average current to save power. The
average power may be cut by a factor of 30% to produce a given perceived
brightness level.

[009] The LED backlight brightness may also be varied while using the
DC voltage method by varying the DC current to the LED's, but at low current
the individual LED emitters become visible resulting in an uneven looking
backlight.

[010] Another use of the PWM method is to facilitate a wide range of
brightness control for the LED backlight without an uneven looking backlight.

By varying the duty cycle (puise duration divided by the pulse period) of the
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controlling PWM waveform, a very wide range of brightness can be achieved

while maintaining a very even appearing backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

[011] Figure 1 is a block diagram illustrating control of a nine-segment
backlighting system.

[012] Figure 2 is a block diagram of an exemplary embodiment of an
apparatus for color control of a backlighting system.

[013] Figure 3 is a flow chart illustrating an exemplary embodiment of a
method for color control of a backlighting system.

[014] Figure 4 is a block diagram of an exemplary embodiment of an

apparatus for color control of a backlighting system

DETAILED DESCRIPTION

[015] The drawings and description, in general, disclose a method and
apparatus for color control of a backlighting system. In one exemplary
embodiment, video data from a video-processor is used to determine which
segments of a backlighting system may be dimmed or brightened. Some of
the advantages of color control of a backlighting system when used with an
LCD display are improved dynamic color and brightness control, an enhanced
picture contrast ratio, and improved power savings.

[016] An enhanced picture contrast ratio may be obtained by dimming

segments of the backlighting system that illuminate a “dark” region of an LCD
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display. Improved power savings may be achieved by dimming one or more
of the segments of the backlighting system whenever necessary.

[017] Figure 1 is a block diagram illustrating control of a nine-segment,
3x3, backlighting system 100. A backlighting system may have any number
of segments. For example, a backlighting system may comprise 16 segments
(4x4), 25 segments (5x5), NxN segments, or MxN segments. Video data 142
for example is sent to a video input 146. The video data 142 used to drive an
LCD display is sent to a microcontrolier 140 via an electrical connection 144.
The microcontroller 140 in this example determines from the video data 142
whether any of the segments, 102-118, may be dimmed. After determining
which segments, 102-118, may be dimmed, the microcontrolier 140 dims the
appropriate segments through contro! of an electrical bus 138. The
microcontrolier 140, through the electrical bus 138, may dim one or more
segments at any given time. In addition, the microcontroller 140, through the
electrical bus 138, may change the color point of one or more segments at
any given time.

[018] In one exemplary embodiment, each segment, 102-118, contains
a light source 210, color sensors 206, and a PWM controller 218.

[019] Figure 2 is a block diagram of an exemplary embodiment of an
apparatus for color control of a backlighting system. Video-processor 204
communicates with microcontroller 240 using electrical connection 244.
Electrical connection 244 may be any suitable serial or parallel connection. In
particular, video-processor 204 provides video data to the microcontrolier 240.
The video data is also used to provide display information for an LCD display

(not shown). Video-processor 204 also communicates with memory device
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202 using electrical connection 220. The type of memory device 202 used
includes but it not limited to EEPROMs, SRAMs, and DRAMs. Electrical
connection 220 may be any suitable serial or parallel connection.

[020] Microcontroller 240 communicates with video-processor 204
using electrical connection 244. Microcontroller 240 also communicates with
memory device 202 using electrical connection 212. Electrical connection
212 may be any suitable serial or parallel connection. One suitable
connection would be an 12C connection, as provided by the 12C-Bus
Specification available from Philips Semiconductors. Microcontroller 240 also
communicates with color sensors 206 using electrical connection 214.
Electrical connection 214 may be any suitable serial or paraliel connection.
One suitable connection would be an 12C connection. Microcontrolier 240
also communicates with PWM controller 218 using electrical connection 216.
Electrical connection 216 may be any suitable serial or parallel connection.

[021] Color sensors 206 communicate with microcontroller 240 using
electrical connection 214. Color sensors 206 measure light 222, radiated
from light source 210. PWM controller 218 communicates with light source
210 using electrical connection 219. Electrical connection 219 may be any
suitable serial or parallel connection. A segment 246 includes color sensors
206, a PWM controller 218, and a light source 210.

[022] The light source 210 creates a predetermined spectral content.
The spectral content may be “white” for example. White light is commonly
used for backlighting an LCD. LEDs, for example, may be used as a light
source 210 and in particular as a source of white light. A combination of red,

green and blue LEDs, for example, may be used to create white. However,
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other combinations of LEDs with different colors may be used as well. In
addition, one or more white LEDs may be used as a source of white light.
The number and arrangement of LEDs and the color sensors 206 is

determined largely by the light output of the LEDs and the light output needed.

[023] Figure 2 illustrates how a microcontrolier 240 communicates with
a single segment 246. However, as shown in Figure 1, a microcontroller 140
may communicate with one or more segments 102-118.

[024] In a first operative mode (e.g. before video data is displayed on
an LCD display), light 222 from a light source 210 is measured by the color
sensors 206. During the first operative mode, each of the segments 102-118
operates in “closed loop” mode (with optical feedback) to calculate the
optimum duty cycle ratio based on factory calibration data and initial factory-
determined full brightness settings. The calibration data is unique for each of
the segments 102-118 respectively.

[025] In the context of a tri-primary luminary system, duty cycle ratio is
the ratio of duty cycle between red, green, and blue LEDs. Assuming a 12-bit
resolution PWM controller, a duty cycle may range from 0 to 4095 slots (within
a PWM cycle). For example, to obtain a certain white resultant color from a
tri-primary luminary system, the duty cycle for red, green, and blue LEDs is
2000/4095, 3900/4095, and 300/4095 respectively. The duty cycle ratio for
this particular white resultant color would be 2000:3900:300 or 6.67:13:1.

[026] in an exemplary embodiment, color sensors 206 from each of the
segments 102-118 measures light 222 radiated from its own light source 210.

In this exemplary embodiment, the color sensors 206 from each of the



10

20

25

(23) JP 2010-15973 A 2010.1.21

segments 102-118 send information to the microcontroller 240 for the
microcontroller 240 to calculate an optimum duty cycle ratio for each of the
segments 102-118 respectively. The microcontroller 240 then sends the
computed duty cycle ratios for each segment 102-1 18 to the PWM controller
218.

[027] In a second operative mode, with each segment 102-118
operating according to its previously calculated duty cycle ratio in “open loop”
mode (with no optical feedback), the microcontroller 240 communicates with
the color sensors 206 of each segment 102-118 to determine which LED of
each segment 102-118 is operating at the highest brightness. After the
brightest LED for each segment 102-118 is determined, the brightness value
for the brightest LED of each segment 102-118 is stored in the memory
device 202.

[028] After the brightness value for each segment 102-118 is
determined and stored in memory 202, the microcontroller 240 continues to
read the color sensors 206 readings for the brightest LED of each segment
102-118. In this exemplary embodiment, it is assumed that the thermal
characteristics of the brightest LED in each segment 102-118 represents the
thermal characteristics of the other LEDs in that particular segment 102-118.

[029] If the brightness value for the brightest LED of a segment 102-
118 falls below a threshold value, the microcontroller 140 instructs all the
segments 102-118 to switch to “closed loop” mode. While in the closed loop
mode, each segment will compensate the degradation in LED response with a
new set of duty cycle ratios. The new set of duty cycle ratios is sent to the

PWM controllers 218 respectively and to the memory device 202.
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[030] In addition to controlling brightness as described above, an
exemplary embodiment of this intention may also control the color point of the
segments 102-118.

[031] In a third operative mode the video-processor 204 analyses video
data alone or together with the microcontroller 240, to determine which
segments 102-118 should have its brightness scaled down or up. The
brightness of a ssgment may be scaled up if its brightness was scaled down
in a previous cycle. After determining which segments 102-118 should have
its brightness increased or decreased, a scaling index for each segment 102-
118 is stored in the memory device 202. The microcontroller 240 then reads
from the memory device 202 to determine which segments need to be scaled
up or down. After it is determined which segments need to be scaled up or
down, the microprocessor 240 will scale the duty cycle ratio for each these
segments based on the scaling index.

[032] The pre-scaled duty cycle ratios for the target segments are then
read from the segments’ PWM controller 218 by the microcontrolier 240. The
pre-scaled duty cycle ratios are then scaled back based on the scaling index
and written back to the respective PWM controller 218. The PWM controller
218 will not act on the new scaled values until the video processor 204 issues
a synchronize trigger signal to the microcontroller 240.

[033] After receiving the sync trigger signal from the video processor
204, the microcontroller 240 will latch the new scaled duty cycle ratios into the
PWM controllers 218 respectively. After the new scaled duty cycle ratios are
latched into the PWM controllers 218, the selected segments’ brightness is

either increased of decreased.
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[034] Figure 4 is a block diagram of an exemplary embodiment of an
apparatus for color control of a backlighting system. Video-processor 404
communicatés with microcontroller 440 using electrical connection 444.
Electrical connection 444 may be any suitable serial or parallel connection. In
particular, video-processor 404 provides video data to the microcontroller 440.
The video data is also used to provide display information for an LCD display
(not shown). Video-processor 404 also communicates with memory device
402 using electrical connection 420. The type of memory device 402 used
includes but it not limited to EEPROMs, SRAMs, and DRAMSs. Electrical
connection 420 may be any suitable serial or parallel connection.

[035] Microcontroller 440 communicates with video-processor 404
using electrical connection 444. Microcontroller 440 also communicates with
memory device 402 using electrical connection 412. Electrical connection
412 may be any suitable serial or parallel connection. One suitable
connection would be an 12C connection, as provided by the 12C-Bus
Specification available from Philips Semiconductors. One suitable
connection would be an 12C connection. Microcontroller 440 also
communicates with PWM controlier 418 using electrical connection 416.
Electrical connection 416 may be any suitable serial or parallel connection.

[036] Color sensors 406 communicate with PWM controller 440 using
electrical connection 414. Color sensors 406 measure light 422, radiated
from light source 410. PWM controller 418 communicates with light source
410 using electrical connection 419. Electrical connection 419 may be any
suitable serial or parallel connection. A segment 446 includes color sensors

406, a PWM controller 418, and a light source 410.
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[037] The light source 410 creates a predetermined spectral content.
The spectral content may be swhite” for example. White light is commonly
used for backlighting an LCD. LEDs, for example, may be used as a light
source 410 and in particular as a source of white light. A combination of red,
green and blue LEDs, for example, may be used to create white. However,
other combinations of LEDs with different colors may be used as well. In
addition, one or more white LEDs may be used as a source of white light.
The number and arrangement of LEDs and the color sensors 406 is

determined largely by the light output of the LEDs and the light output needed.

[038] Figure 4 illustrates how a microcontroller 440 communicates with
a single segment 446. However, as shown in Figure 1, a microcontroller 140
may communicate with one or more segments 102-118.

[039] In a first operative mode (e.g. before video data is displayed on
an LCD display), light 422 from a light source 410 is measured by the color
sensors 406. During the first operative mode, each of the segments 102-118
operates in “closed loop” mode (with optical feedback) to calculate the
optimum duty cycle ratio based on factory calibration data and initial factory
determined full brightness settings. The calibration data is unique for each of
the segments 102-118 respectively. However, during a full brightness setting
the calibration data is the same for each of the segments 102-118.

[040] In an exemplary embodiment, color sensors 406 from each of the
segments 102-118 measures light radiated from its own light source 410. In

this exemplary embodiment, the color sensors 406 from each of the segments
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102-118 send information to their respective PWM controllers 418 to calculate
an optimum duty cycle ratio for each of the segments 102-118 respectively.

[041] In an exemplary embodiment, the microcontroller 440 transfers
calibration data to all segments 102-118. While in this mode, the PWM
controller 418 for each segment 102-118 calculate their own duty cycle ratio
based on the information sent from their own color sensors 406. The
calculated duty cycle ratio for segments 102-118 is stored in its respective
PWM controlier 418. After storing the calculated duty cycle ratios in their
respective PWM controllei' 418, the microcontroller switches all segments
102-118 into open loop mode.

[042] In a second operative mode, with each segment 102-118
operating according to its previously calculated duty cycle ratio in “open loop”
mode (with no optical feedback), the microcontroller 440 communicates with
the color sensors 406 of each segment 102-1 18 to determine which LED of
each segment 102-118 is operating at the highest brightness. After the
brightest LED for each segment 102-118 is determined, the brightness value
for the brightest LED of each segment 102-118 is stored in the memory
device 402.

[043] After the brightness value for each segment 102-118 is
determined and stored in memory 402, the microcontrolier 440 continues to
read the color sensors 406 readings for the brightest LED of each segment
102-118. In this exemplary embodiment, it is assumed that the thermal
characteristics of the brightest LED in each segment 102-118 represents the

thermal characteristics of the other LEDs in that particular segment 102-118.
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[044] If the brightness value for the brightest LED of a segment 102-
118 falls below a threshold value, the microcontroller 440 instruct all the
segments 102-118 to switch to “closed loop’ mode. While in the closed loop
mode, each segment will compensate the degradation in LED response with a
new set of duty cycle ratios.

[045] In addition to controlling brightness as described above, an
exemplary embodiment of this intention may also control the color point of the
segments 102-118.

[046] In a third operative mode the video-processor 404 analyses video
data alone or together with the microcontrolier 440, to determine which
segments 102-118 should have its brightness scaled down or up. The
brightness of a segment may be scaled up if its brightness was scaled down
in a previous cycle. After determining which segments 102-118 should have
its brightness increased or decreased, a scaling index for each segment 102-
118 is stored in the memory device 402. The microcontrolier 440 then reads
from the memory device 402 to determine which segments need to be scaled
up or down. Afteritis determined which segments need to be scaled up or
down, the microprocessor 440 will scale the duty cycle ratio for each these
segments based on the scaling index.

[047] The pre-scaled duty cycle ratios for the target segments are then
read from the segments’ PWM controller 41 8 by the microcontrolier 440. The
pre-scaled duty cycle ratios are then scaled back based on the scaling index
and written back to the respective PWM controller 418. The PWM controlier
418 will not act on the new scaled values until the video processor 404 issues

a synchronize trigger signal to the microcontroller 440.
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[048] After receiving the sync trigger signal from the video processor
404, the microcontroller 440 will latch the new scaled duty cycle ratios into the
PWM controllers 418 respectively. After the new scaled duty cycle ratios are
latched into the PWM controller 418, the selected segments’ brightness are
either increased of decreased.

[049] Figure 3 is a flow chart illustrating an exemplary embodiment of a
method for color control of a backlighting system 300. Box 302 describes
activating a source of white light for each segment of the backlighting system
200 during a first operative mode. In one exemplary embodiment, activating a
source of white light for each segment includes 1) calculating optimum duty
cycle ratios for each segment 108-118 based on factory calibration data and
feedback from the color sensors 4086, and 2) sending the optimum duty cycle
ratios to the PWM controliers 218 of each segment 102-118.

[050] After activating a source of white light for each segment, 246, of
the backlighting system, 200, during a first operative mode, the source of
white light for each segment, 246, of the backlighting system, 200, is
maintained during a second operative mode. Box 304 describes monitoring
the source of white light for each segment, 246, of the backlighting system
200 during the second operative mode. In one exemplary embodiment the
source of white light for each segment 246 of the backlighting system 200 is
monitored on each cycle of the microcontroller 240 by measuring the intensity
value of the LED with the highest intensity for each segment 246.

[051] As illustrated in boxes 306 and 308, if the intensity of an LED
with the highest intensity for each segment 246 is below a threshold, the duty

cycle ratio for these segments is corrected. During the second mode of
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operation when the duty cycle ratio for these segments is corrected, the
system operates in open loop mode.

[052] As illustrated in box 306, if the intensity of an LED with the
highest intensity for each segment is not below a threshold, the duty cycle
ratio does not need to be recalculated. Instead video data is loaded into a
video processor 204 as illustrated in box 310.

[053] During the third operative mode, video data is loaded into video
processor 204. The video processor 204 alone or the video processor 204
and the microcontroller 240 together determine which segments need to be
scaled up or down. After it is determined which segments should be scaled
up or down, a scaling index is célculated for each of the selected segments.
This is illustrated in box 312.

[054] After calculating a scaled duty cycle ratio for selected segments
based on the loaded video data, the microcontroller 240 transfers the scaled
duty cycle ratios to the PWM controllers 218 of the respective segments 102-
118. The PWM controllers 218 then drive the light sources 210 of their
respective segments 102-118 based on the scaled duty cycle ratios. This is
illustrated in box 314. Scaling down a segment dims that particular segment.
Scaling a duty cycle ratio only changes the intensity of the white light
generated; it does not change the spectral content of the white light.

[055] An advantage of reducing the intensity of a particular segment is
that a higher contrast ratio may be achieved in the backlighting system 200.
Another advantage of reducing the intensity of a particular segment is that

power used by the backlighting system 200 is reduced.
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[056] After the PWM controller 218 drives the light source 210 based
on the scaled duty cycle ratios, the microcontroller 240 returns to monitoring
an intensity value of an LED with the highest intensity for each segment, 246,
of the backlighting system, 200, at each clock cycle of the microcontroller 240.

[057] Various computer readable or executable code or electronically
executable instructions may be used to create an exemplary embodiment of
the method of color control in a backlighting system 200. These may be
implemented in any suitable manner, such as software, firmware, hard-wired
electronic circuits, or as the programming in a gate array, etc. Software may
be programmed in any programming language, such as machine language,
assembly language, or high-level languages such as C or C++. The computer
programs may be interpreted or compiled.

[058] Computer readable or executable code or electronically
executable instructions may be tangibly embodied on any computer-readable
storage medium or in any electronic circuitry for use by or in connection with
any instruction-executing device, such a general purpose processor, software
emulator, application-specific circuit, a circuit made of logic gates, etc. that
can access or embody, and execute, the code or instructions.

[059] Methods described and claimed herein may be performed by the
execution of computer readable or executable code or electronically
executable instructions, tangibly embodied on any computer-readable storage
medium or in any electronic circuitry as described above.

[060] A storage medium for tangibly embodying computer readable or
executable code or electronically executable instructions includes any means

that can store the code or instructions for use by or in connection with the



10

15

20

25

(32) JP 2010-15973 A 2010.1.21

instruction-executing device. For example, the storage medium may include
(but is not limited to) any electronic, magnetic, optical, or other storage device.
The storage medium may even comprise an electronic circuit, with the code or
instructions represented by the design of the electronic circuit. Specific
examples include magnetic or optical disks, both fixed and removable,
semiconductor memory devices such as a memory card and read-only
memories (ROMs), including programmable and erasable ROMs, non-volatile
memories (NMMs), optical fibers, etc. Storage media for tangibly embodying
code or instructions also include printed media such as computer printouts on
paper which may be optically scanned to retrieve the code or instructions,
which may in turn be parsed, compiled, assembled, stored and executed by
an instruction-executing device.

[061] The above-described embodiments of the present invention
have been directed to use with an LCD. However, embodiments intended for
other applications can also be constructed. For example, color control is of
extreme interest in applications such as lighting of cosmetic counters, and
food outlets.

[062] The foregoing description has been presented for purposes of
illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and other modifications and variations
may be possible in light of the above teachings. The exemplary embodiments
were chosen and described in order to best explain the applicable principles
and their practical application to thereby enable others skilled in the art to best
utilize various embodiments and various modifications as are suited to the

particular use contemplated. It is intended that the appended claims be

construed to include other alternative embodiments except insofar as limited

by the prior art.
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CLAIMS

What is claimed is:

1) A method of color control in a backlighting system comprising a plurality of
light sources, a plurality of color sensors, a plurality of PWM controllers and a
video input for receiving video data, said method comprising:

activating the plurality of light sources during a first operative mode to
produce white light;

controlling the plurality of light sources during a second operative mode

to produce the white light.

2) The method of claim 1 further comprising:
changing the intensity of the white light during a third operative mode,
wherein changing the intensity of the white light is based in part on the

video data during the third operative mode.

3) The method of claim 1 further comprising:
changing a color point of the white light during a third operative mode;
wherein changing the color point of the white light is based in part on

the video data during the third operative mode.

4) The method of claim 1 wherein the plurality of light sources comprise at

least one red LED, at least one green LED, and at least one blue LED.
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5) The method of claim 1 wherein the plurality of light sources comprises at

least one white LED.

6) The method of claim 4 further comprising:

measuring a spectral content from the plurality of light sources during
the first operative mode;

calculating a first duty cycle ratio for the segment based on the spectral
content from the plurality of light sources and factory calibration data during
the first operative mode;

sending the first duty cycle ratio for the segment to a PWM controller in

the segment during the first operative mode.

7) The method of claim 4 wherein controlling the white light for the segment of
the backlighting system during the second operative mode comprises:
determining a brightest LED;
calculating a second duty cycle ratio for the segment if the brightest

LED is below a predetermined value.
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8) The method of claim 2 wherein changing the intensity of the white light for
the segment of the backlighting system during a third operative mode
comprises:

determining a scaling index for the plurality of light sources;

calculating a third duty cycle ratio based on the scaling index;

wherein the third duty cycle ratio is transferred to the PWM controller

during the third operative mode.

9) The method of claim 8 further comprising driving the plurality of light
sources with the third duty cycle ratio when a sync trigger signal is

communicated to the segment.

10) An apparatus for color control in a backlighting system comprising:

an input for receiving video data;

at least one segment comprising at least one light source, a PWM
controller, and one or more color sensors;

wherein the one or more color sensors are localized to receive light
emitted by the at least one light source;

wherein the PWM controller is electrically connected to the at least one
light source and the one or more color sensors;

wherein the at least one light source is activated during a first operative

mode to produce white light;
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wherein a spectral content of the white light is controlled during a

second operative mode.

11) The apparatus of claim 10 wherein an intensity of the white light is

changed based on the video data during a third operative mode.

12) The apparatus of claim 10 wherein a color point of the white light is

changed based on the video data during a third operative mode.

13) The apparatus of claim 11 wherein the at least one light source comprises

at least one red LED, at least one green LED, and at least one blue LED.

14) The apparatus of claim 10 wherein the at least one light source

comprises at least one white LED.

15) The apparatus of claim 13 wherein a duty cycle ratio for the at least one
red LED, the at least one green LED, and the at least one blue LED is
calculated based on the spectral content measured from the at least one red
LED, the at least one green LED, and the at least one blue LED during a first

operative mode.

16) The apparatus of claim 15 wherein the calculated duty cycle ratio for the
at least one red LED, the at least one green LED, and the at least one blue

LED is transferred to the PWM controller during the first operative mode.
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17) The apparatus of claim 13 wherein controlling the spectral content of the
white light during the second operative mode comprises:

determining a brightest LED;

calculating a second duty cycle ratio for the segment if the brightest

LED is below a predetermined value.

18) The apparatus of claim 13 wherein changing the intensity of the white light
during a third operative mode based on the video data comprises:
determining a scaling index for the at least one light source;
calculating a third duty cycle ratio based on the scaling index;
wherein the third duty cycle ratio is transferred to the PWM controller

during the third operative mode.

19) The method of claim 18 further comprising driving the at least one light
source with the third duty cycle ratio when a sync trigger signal is

communicated to the segment.
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20) An apparatus for color control in a backlighting system comprising:
at least one computer readable medium; and
a computer readable program code stored on said at least one
computer readable medium, said computer readable program code
comprising;
code for activating a plurality of light sources during a first
operative mode to produce white light;
code for controlling the plurality of light sources during a
second operative mode to produce light;
code for reducing the intensity of the white light during a
third operative mode wherein reducing the intensity of white

light is based in part on video data.

1. Abstract

In an embodiment, the invention provides a method of color control in a
backlighting system comprising a plurality of light sources, a plurality of color
sensbrs, a plurality of PWM controllers, and a video input for receiving video
data. The plurality of light sources is activated during a first operative mode to
produce white light. The plurality of light sources is controlied during a

second operative mode to produce white light.
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