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(54) Color display devices with backlights

(57) A color display comprises a backlight (152) and
a display panel (150) for modulating the backlight output.
The backlight comprises portions of four different colors,
wherein the intensity of each color is independently con-
trollable.

The use of four colors enables more efficient color back-
light device to be used in preference to less efficient color
devices. For example, the backlight portions can com-
prise three non-white colors (84,86,82) and white (80).
White light generation (with current technology) is more
efficient than the generation of other colors.
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Description

[0001] This invention relates to color displays with
backlights, for example LCD displays.
[0002] There is a desire to improve picture quality, re-
duce cost and reduce power consumption of LCD-TV
systems. Advanced LED backlights and 2D-(Color)-dim-
ming technology already provide proposed solutions.
[0003] RGBW display panels using white LED back-
lights provide one way to reduce the inefficiency associ-
ated with in-pixel color filters, by having transparent sub-
pixels in addition to the RGB sub-pixels. These transpar-
ent sub-pixels enable bright unsaturated colors to be pro-
duced, but the color reproduction of bright, saturated
colors can be a problem.
[0004] When two colors are scaled differently in bright-
ness and placed next to each other, they will look differ-
ent. This phenomenon is called "simultaneous contrast".
In most RGB-to-RGBW conversion algorithms, colors
such as pure yellow with maximum luminance, (r, g, b)
= (1, 1, 0), are not scaled because any addition of white
would change the saturation. On the other hand, colors
with low saturation can be scaled by adding a suitable
amount of white. For example, the full white (r, g, b) = (1,
1, 1) is scaled by a factor of two with the addition of the
white sub-pixel (r, g, b, w) = (1, 1, 1, 1), thus becoming
twice as bright.
[0005] This means that a sharp boundary between
white and yellow within an image can appear very unnat-
ural. These kinds of boundaries are relatively rare in mov-
ing, natural pictures. However, when they do appear,
colors look extremely unattractive. Among all pure colors,
yellow on white is most severe. That is because yellow
has the highest luminance, very close to full white, com-
bined with the 50% luminance deficit compared to white
on the RGBW display.
[0006] Another alternative to the use of a RGB back-
light and transparent display panel is the use of color field
sequential display technology. These build up a color im-
age in a sequence color-by-color. In-pixel color filtering
can be avoided. However, these are not widely used in
display applications, as color break-up can be a problem,
and fast LCD panels are required to address the multiple
sub-frames.
[0007] Color Field Sequential displays using RGB LED
backlights have been proposed, as a way to avoid the
need for in-pixel color filtering altogether, by providing
colored backlight outputs. This can improve the efficiency
of the display device.
[0008] For the basic color field sequential displays,
light with fixed primary colors such as pure red, green
and blue are used to expose the LCD panel at different
moments in time, synchronous to the addressing of the
color fields by the LCD panel. As there are no color filters
applied in the display panel, the power efficiency is sig-
nificantly increased (factor 3 power savings). Specifically
for saturated colors the aperture of the panel is increased
a lot, as the RGB sub-pixels are now joined into a single

transparent pixel, having factor 3 more aperture (area)
for transmitting the primary colors (factor 3 extra bright-
ness), yet this benefit does not apply for unsaturated
colors such as the display’s white-point.
[0009] With color field sequential displays, the individ-
ual color fields can be locally dimmed for video-data com-
prising areas without bright/unsaturated content (this can
give an average factor 2.5 extra power savings). For vid-
eo-data comprising areas with bright/saturated content,
the saturated colors, e.g. yellow with maximum lumi-
nance, the backlight and video-data are locally driven (r,
g, b) = (1, 1, 0) providing a factor (or area) 1.5 more
brightness than the brightness of the white-point color.
[0010] Thus, when color sequential dimming technol-
ogy is used to drive the color field sequential display,
each of the color-fields can be driven with an adaptively
determined gamut on a local image-content basis. For
example, all fields can be driven locally with the yellow
color to reduce color breakup. This implies that the max-
imum luminance for the yellow color can be much higher
than with a normal color field sequential display. As the
red and green colors are driven simultaneously, the back-
light can be exposed with almost the same yellow color
for each of the color fields (giving up to a factor of 3 extra
brightness).
[0011] Color field sequential technology is not yet
widely used in display applications as a result of the extra
complexity and cost involved (for example the need for
fast LCD panels to address the multiple sub-frames), as
well as problems of color break-up,. However, these is-
sues are being resolved so that color sequential technol-
ogy is of increasing interest.
[0012] There are thus various different ways to arrange
display panels and backlights, but different solutions suf-
fer different problems. This invention aims to provide im-
proved backlight brightness for proper color reproduction
of regions with bright, saturated pixels, as well as regions
with bright unsaturated pixels. In addition, the invention
aims to provide this improvement of overall picture qual-
ity, but also reduce the power consumption and reduce
the cost of the system.
[0013] A further consideration is that the visual output
of the display in response to driving to different colors
should be predictable and consistent with relevant stand-
ards. For example, the sRGB standard indicates the de-
sired relative brightness of different colors, and a display
should provide these outputs in response to driving to
the different colors.
[0014] According to the invention, there is provided a
color display, comprising:

a backlight; and
a display panel for modulating the backlight output,
wherein the backlight comprises portions of four dif-
ferent colors, wherein the intensity of each color is
independently controllable.

[0015] The use of four colors enables a more efficient
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color backlight device to be used in preference to less
efficient color devices. For example, the backlight por-
tions can comprise three non-white colors and white.
White light generation (with current technology) is more
efficient than the generation of other colors.
[0016] The contribution to the maximum output inten-
sity of the backlight from the white portions can be ap-
proximately 50%. The backlight portions can be red,
green, blue and white. The backlight portions can com-
prise LEDs, and the display panel can comprise an LCD
panel. By combining an LCD panel with an RGBW LED
backlight instead of an RGB LED backlight, the efficiency
of the display system is improved, as the power efficiency
is increased. At the same time the cost of these systems
can reduce.
[0017] In one example, the display panel comprises
RGBW pixels. The extra white pixel enables efficient gen-
eration of white output based on the white component of
the backlight. For example, with the white pixel occupying
1/4 of the pixel area, and the white backlight portion hav-
ing the same intensity as the RGB (combined) output,
the output white intensity can be increased by 50%.
[0018] In another example, the display can comprise
a color field sequential display. When the backlight of the
invention is combined with a color field sequential LCD
panel, the power efficiency and cost improves significant-
ly, when matching the color reproduction aspect of the
panel and RGBW backlight system to the sRGB standard
format.
[0019] Preferably, the backlight comprises segments,
wherein the intensity of the four colors within each seg-
ment can be controlled independently of the other seg-
ments. This provides local dimming capability, so that
the efficiency of the display can be improved, and the
control of the backlight can be made dependent on the
image content. 2D dimming is made possible by provid-
ing segments which divide the backlight area into rows
and columns, so that the backlight has the form of a grid
(of coarser resolution that the grid of pixels of the display
panel).
[0020] The local dimming can be used to improve
black-level and increase the temporal and spatial con-
trast, the higher contrast ratio increases the perceived
brightness (Bartleson-Breneman effect).
[0021] The backlight can have local dimming and local
boosting capability, wherein all RGB gamut colors can
be mapped into the display output gamut.
[0022] Local dimming and boosting can be used for
image-content adaptive backlight and video brightness
modulation. More local backlight brightness is provided
for the required proper color reproduction of pixels and
less local backlight brightness is used for the reduction
of power consumption.
[0023] Preferably, the output gamut of the display
matches the sRGB standard. Thus, the invention enables
matching of the properties of LED backlights and LCD
display panels with properties of the standard sRGB for-
mat. An input according the sRGB standard is thus con-

verted into an output gamut of the display such that it
matches the sRGB standard. On standard LCD display
panels, the color spectrum of power efficient white LEDs
and color filter materials are designed to match with the
sRGB color space of the input video data, so compatibility
with the standard simplifies the use of existing display
technology.
[0024] This can be achieved by the invention with op-
timal picture quality, using minimum system resources
and consuming minimum power.
[0025] The invention also provides a method of con-
trolling a display device, comprising:

providing a backlight output as portions of four dif-
ferent colors, and independently controlling the in-
tensity of each color; and
modulating the backlight output using a display pan-
el.

[0026] Preferably, the backlight portions comprise
three non-white colors and white, wherein the method
further comprises selecting the desired white component
based on the lowest intensity required by the three colors
depending on an image or image portion to be displayed,
and deriving the required non-white components there-
from, such that the maximum white component is used.
[0027] This method balances the local luminance ratio
of RGB and White LEDs for optimal color rendering, as
well as optimal power efficiency.
[0028] As clipping sub-pixels are prevented, the im-
age-content is not de-saturated and does not reduce the
perceived brightness (Helmholtz-Kohlrausch effect).
[0029] The invention also provides a computer pro-
gram comprising computer program code means adapt-
ed to control a display panel and backlight using the meth-
od of the invention.
[0030] It can be seen that invention can be used to
provide a competitive solution for realistic color repro-
duction on power efficient RGBW LCD display panels,
as well as color field sequential LCD displays.
[0031] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows a cross section of the color space
for an RGB LCD display panel;
Figure 2 shows a cross section of the color space
for an RGBW display panel with white backlight and
four sub-pixels per pixel;
Figure 3 shows a cross section of the color space
for an RGBW panel with RGBW backlight of the in-
vention;
Figure 4 shows a cross section of the color space
for a known color sequential panel;
Figure 5 shows a cross section of the color space
for a color sequential panel using an RGBW back-
light of the invention;
Figure 6 shows in schematic form an RGB LED back-
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light;
Figure 7 shows in schematic form a white LED back-
light;
Figure 8 shows in schematic form an RGBW back-
light of the invention;
Figure 9 shows the so-called L6W pixel layout;
Figure 10 shows an RGB stripe configuration;
Figure 11 shows an alternative representation of
color space;
Figure 12 shows one possible mapping of RGB
space into RGBW space;
Figure 13 shows an RGB to RGBW mapping which
can be used in the system of the invention, and which
makes use of backlight dimming and backlight boost-
ing to save power and backlight boosting to bring
points into range;
Figure 14 shows the effect of this backlight dimming
and boosting on the color space; and
Figure 15 shows schematically the display device of
the invention.

[0032] The color reproduction capabilities of known
systems will first be described before the approach of the
invention is explained in detail.
[0033] Figure 1 shows a cross section of the color
space for an RGB LCD display panel. This shows the
luminance (Y axis) for three colors (blue, white, yellow)
and the evolution of this luminance when moving linearly
between blue and yellow (via white) in the 2D color space
(x,y axis).
[0034] The RGB color primaries determine the (nom-
inal) limitations of the color gamut. The RGB primaries
and luminance ratio preferably match sRGB standard.
Very approximately, the blue component contributes
10% to the white luminance, the green 70% and the red
20%. This ratio is reflected in the low luminance of blue
and the high luminance of yellow (red + green).
[0035] Figure 2 shows a similar cross section of the
color space for an RGBW display panel (i.e. a system
with white backlight and four sub-pixels per pixel).
[0036] There is more brightness for unsaturated colors
(colors near the white output) but less brightness for sat-
urated colors. This can be seen in Figure 2, in which the
blue and yellow luminance has dropped to 75%. An ad-
vanced RGBW rendering algorithm is required to convert
the output to match the sRGB standard (for example).
[0037] The invention provides a backlight having indi-
vidually addressable portions of four different colors (e.g.
three primary colors and white), for example RGBW por-
tions. This will be termed an RGBW backlight in the fol-
lowing.
[0038] Figure 3 shows a cross section of the color
space for an RGBW panel with RGBW backlight of the
invention.
[0039] When compared to a normal LCD system, a
system using an RGBW display panel (with white sub-
pixel having 1/4 of the total pixel area) has the capability
to create a factor 2 more brightness for pixels showing

unsaturated colors than the brightness for pixels showing
very saturated colors.
[0040] Figure 3 shows the contribution 30 of the white
LEDs, the overall output 32 and the RGBW output 34 of
Figure 2 for comparison.
[0041] By using the RGB LEDs locally instead of the
more efficient white LEDs, the color-point can be adap-
tively controlled towards the colors which locally need to
be rendered. For example, if in a region a lot of saturated
blue pixels need to be rendered, then locally the blue
LEDs can create more light, yet at the same time the
white LEDs, or more importantly the green and red LEDs,
can be dimmed.
[0042] When in a region a lot of un-saturated pixels
need to be rendered, then locally the white LEDs can
create more light as this is the most efficient light source,
yet at the same time the contribution of the blue, green
and red LEDs, can be dimmed as these light sources are
less efficient in making white light.
[0043] The use of the RGBW backlight with local back-
light dimming control therefore enables efficiency gains,
as the white backlight is used preferentially, with its cor-
responding better efficiency.
[0044] When 50% of the white LED devices of a con-
ventional white backlight are replaced by RGB LED de-
vices with a comparable brightness, for unsaturated
colors the required white backlight is preferably generat-
ed using white LEDs as these are twice as power efficient,
and these contribute 50% of the required maximum
brightness (as shown in Figure 3 the white LEDs contrib-
ute one half of the maximum possible brightness, but this
maximum is 150% of the maximum required brightness
level). The other 50% luminance is contributed by the
RGB LEDs driven R=G=B, consuming approximately
twice the energy of a comparable white LED.
[0045] As local dimming will often reduce the required
backlight luminance levels, most of the time the RGB
LEDs will have only a small contribution to generate the
backlight luminance for unsaturated regions. When driv-
ing all LEDs at maximum, 150% of the required bright-
ness is generated, again as shown in Figure 3.
[0046] For very saturated colors the backlight output
is generated with maximum use of one or two compo-
nents of the RGB LEDs compensating for the lower LED
power efficiency.
[0047] As the transparent sub-pixels also transmit the
backlight color component, twice the transparency can
be achieved for saturated colors. Taking blue for exam-
ple, the blue LED has 25% of the possible output bright-
ness (instead of 33% for an RGB backlight) but the pixel
aperture available is 1/2 (B+W pixel aperture) instead of
1/3 (B pixel aperture only). Thus, also in this case, 150%
of the required brightness can be generated at full satu-
ration.
[0048] White LEDs are not required for extra bright-
ness of saturated colors, as this would de-saturate the
required colors. As the displayed colors of RGB LED pri-
maries are often outside the sRGB color gamut, some
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de-saturation to increase the brightness can be taken as
a small additional benefit.
[0049] As often the required backlight color will not be
fully saturated, white LEDs will be used an addition to
the saturated color component, provided by the RGB
LEDs.
[0050] Thus, in this example, the installed capacity of
LEDs in a backlight for RGBW displays can be split into
50% RGB LEDs and 50% White LEDs (or more particu-
larly a 50% contribution to the total possible output inten-
sity from white LEDs and a 50% contribution to the total
possible output intensity from the RGB LEDs in combi-
nation), providing an optimal match with the sRGB stand-
ard.
[0051] With respect to an RGB LED backlight this leads
to about 25% cost reduction of the backlight (as respec-
tively cheaper or less LED devices are required), as well
as approximately 25% average power reduction. With
respect to a white LED backlight (without Boosting LED
technology) this leads to about the same backlight cost
and power consumption, but now with the support of wide
color gamut.
[0052] The invention is of particular interest for color
sequential display panels. There is less brightness for
unsaturated colors and more brightness for saturated
colors. An advanced Color Sequential Dimming algo-
rithm is required.
[0053] Figure 4 shows a cross section of the color
space for a known advanced color field sequential dis-
play.
[0054] Compared to the basic RGB system of Figure
1 (plot 40), the white can be generated with 3 times the
brightness. The saturated primary color (e.g. blue) has
9 times the brightness.
[0055] When compared to a normal LCD system, a
system using a color filter-less display panel, driven with
color sequential dimming technology has the capability
to create a factor 1.5 more brightness for pixels showing
saturated secondary colors (a color which is simply a
combination of two primaries) and a factor 3 more bright-
ness for pixels showing saturated primary colors than the
brightness for pixels showing unsaturated colors.
[0056] By using dimming backlight technology as rep-
resented by arrows 42, the color profile can be reshaped
to match the sRGB standard (or other desired standard).
[0057] By replacing a part of the RGB LEDs with white
LEDs, locally the unsaturated backlight colors can be
generated much more efficiently, at the cost of maximum
brightness for the saturated colors. For example, if in a
region a lot of unsaturated pixels need to be rendered,
then locally the white LEDs can create this light, yet at
the same time the reduced number of RGB LEDs can
create less saturated light.
[0058] When in a region a lot of un-saturated pixels
need to be rendered, then locally the white LEDs should
create this light, as it is the most efficient light source, yet
at the same time the contribution of the blue, green and
red LEDs, can be dimmed as these light sources are less

efficient in making white light.
[0059] Figure 5 shows a cross section of the color
space for a color sequential panel using an RGBW back-
light of the invention.
[0060] The loss in relative brightness for saturated
colors brings the profile 50 in accordance with the shape
of the sRGB profile . Thus, the efficiency improvement
is gained without compromising the desired output gam-
ut.
[0061] In the example of Figure 5, 50% of the RGB
LED devices are replaced by white LED devices with the
same brightness (the same ratio as for the RGBW panel
example above). This again provides an optimal match
with the sRGB standard.
[0062] For very saturated colors the backlight is gen-
erated with maximum use of one or two components of
the RGB LEDs, as these are more power efficient due to
the color-dimming effect, as there will be less cross-color
due to light of the other components leaking through the
LC of the pixels, as well as the fact that the transparent
pixels are transmitting the desired color component at
the highest efficiency since there are no color filters in-
volved. This creates up to a factor 3 extra brightness due
to the aperture benefit. The reduced RGB LED count
causes a reduction of the maximum luminance for satu-
rated colors, reducing the surplus of saturated brightness
to 300% for secondary and 450% for primary colors.
[0063] For unsaturated colors, the required white
backlight is generated with maximum use of the white
LEDs as these are more power efficient, together with
the RGB LEDs driven R=G=B. They provide can provide
300% brightness for unsaturated colors. As local dim-
ming will often reduce the required backlight luminance
levels, most of the time only the white LEDs will generate
the backlight luminance for unsaturated regions.
[0064] With respect to an RGB LED backlight this leads
to about 25% additional cost reduction of the backlight,
as well as around 25% additional power reduction.
[0065] The implementation of the backlight is straight-
forward.
[0066] Figure 6 shows in schematic form an RGB LED
backlight, in which red 60, green 62 and blue 64 LED die
are mounted in a single package. When R,G and B LEDs
are turned on they generate light with a spectrum with
peaks at red, green and blue wavelengths, correspond-
ing to the driving levels of the red, green and blue LEDs,
creating colored or white light. The design should have
some optical crosstalk between the LED packages to
guarantee a uniform luminance exposure of the LCD pan-
el.
[0067] Figure 7 shows in schematic form a white LED
backlight. When LEDs 70 are turned on they generate
light with a spectrum with peaks at blue wavelengths,
and a red, green wavelength distribution corresponding
to the phosphor of these LEDs, creating white light. The
design should have some optical crosstalk between the
LED packages to guarantee a uniform luminance expo-
sure of the LCD panel.
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[0068] Figure 8 shows in schematic form an RGBW
backlight of the invention.
[0069] The backlight comprises individually address-
able portions of three different colors and white. There
are white backlight segments 80 and RGB backlight seg-
ments 82, with the RGB segments having red 84 green
86 and blue 88 LEDs.
[0070] When the R,G and B LEDs are turned on they
generate light with a spectrum with peaks at red, green
and blue wavelengths, corresponding to the driving levels
of the red, green and blue LEDs, creating colored or white
light.
[0071] When white LEDs are turned on they generate
light with a spectrum with peaks at blue wavelengths,
and a red, green wavelength distribution corresponding
to the phosphor of these LEDs, creating white light. In
Figure 8, the ratio is 1:1 of white LEDs luminance to RGB
LED luminance.
[0072] An alternative luminance ratio between RGB
and white as mentioned above can instead be achieved
by distributing RGB and white LED packages in a differ-
ent ratio, preferably evenly spatially distributed. Another
easy way of providing uniform spatial distribution is a
package distribution of 1:1 (such as shown in Figure 8)
but a luminance distribution per package of 2:1. As in this
option the RGB LEDs are not often driving white, they
can have relaxed thermal requirements and therefore
have higher maximum brightness to obtain the desired
2:1 ratio.
[0073] The design should have some optical crosstalk
between the LED packages to guarantee a uniform lu-
minance exposure of the LCD panel for both the RGB
LED packages as well as the white LED packages, which
implies also a uniform distribution of the combined light
sources.
[0074] However, for local dimming applications, the
optical crosstalk needs to have limited range so that local
illumination can be reduced as different backlight seg-
ments can be driven independently. By gaining the relat-
ed video-data, the local LC pixels are at the same time
driven to more transparent levels to compensate for the
reduced brightness of the backlight segments.
[0075] In addition to the physical backlight design, the
invention requires an algorithm which will split the nom-
inal backlight requirement into a RGB as well as a white
component. As the color of the white LED is known and
corresponding to one specific ratio of the red, green and
blue primaries, the most effective implementation is to
calculate the desired amount of white light from the white
LED and subtract this from the nominal required backlight
luminance.
[0076] The remainder part, including the luminance
which is desired from the white LEDs but not delivered
(clipping), is to be generated by the RGB LEDs.
[0077] As the white LEDs are more power efficient than
the RGB LEDs, this is the preferred light source. Hence
all the unsaturated colors should primarily be driven by
the white LEDs. The saturated colors are primarily by the

R,G or B LEDs.
[0078] An example of procedure for rendering RGBW
backlight is as follows:

1. Determine RGB color dimming values for the red
green and blue backlight components. The method
can be equivalent to the algorithms used for local
color dimming (histogram analysis).
2. Determine the minimum value of the local RGB
segment. For example, RGBmin value of color for
(RGB: 0.4, 0.2, 0.8) = 0.2, related to the green LED
primary.
3. Calculate the amount of white light, corresponding
to the color of the white LED to provide the color
component required for the RGBmin value. For ex-
ample, the white LED is driven with value 0.2.
4. Subtract the luminance provided by the white LED
from the RGB luminance values. For example the
Red LED is driven with 0.4 - 0.2 = 0.2; Green LED
is driven with 0.2 - 0.2 = 0.0; Blue LED is driven with
0.8 - 0.2 = 0.6.

[0079] This analysis assume normalised backlight lu-
minance levels, so that for example RGB: 0.4, 0.2, 0.8
corresponds to RGBW: 0.2, 0.0, 0.6, 0.2.
[0080] To enable RGBW rendering with an optimal Pic-
ture Quality using a White LED backlight, extra luminance
is required for the source images containing bright satu-
rated colors (compared to a traditional RGB panel). As
it is known that there is only a small statistical chance on
having bright and saturated pixels in average input video-
data, for RGBW displays it will be very attractive to use
the Boosting LED technology and allow for a cost-effec-
tive implementation LED backlight implementation, as
less LEDs are required.
[0081] Besides the local dimming technology, which
on average increases the contrast and reduces power
consumption, the RGBW rendered images on average
allow for extra dimming of the backlight, saving more
power and increasing the contrast, depending on the sat-
urated and bright image content.
[0082] A control process can be used to provide opti-
mal use of the driving range of the individual LEDs, to
provide local dimming and boosting of the backlight. The
LEDs should not be driven beyond their maximum spec-
ified temperature, as they will start degrading a lot faster
once driven for a long time at a much higher temperature.
[0083] For local dimming or boosting, the backlight por-
tions are independently addressable. One backlight seg-
ment can correspond to an area of hundreds or thou-
sands of display pixels, so that the local dimming or
boosting is not on a per-pixel basis, but is on a per-image-
segment basis. Indeed, as the backlight segments need
to merge to provide a uniform output, the control of the
backlight portions can be in groups of segments.
[0084] The backlight portions (normally called seg-
ments) in a local dimming backlight typically range in
number from 8 (1 D or edge lit systems) to 1024 (for full
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2 Megapixel full HD display panel). Each LED segment
may itself typically comprises between 1 and 64 LEDs.
[0085] The local dimming is not essential to the inven-
tion, and the selection of the brightness for the RGB and
white LEDs can be on the basis of a full image.
[0086] For the RGBW panel implementation (of Figure
3) there are various RGBW pixel layouts.
[0087] Figure 9 shows the so-called L6W pixel layout,
in which 9 pixels are represented a regular pattern of 9*2
sub-pixels. This has the same virtual resolution as a RGB
stripe configuration (Figure 10), but has a 10% larger
sub-pixel aperture and 33% less column drivers. Other
RGBW (and RGBY, RGBC, RGBM) pixel structures can
be used.
[0088] Known RGBW display panels can be combined
with any backlight type. However, the real benefits be-
come more apparent for local dimming backlight sys-
tems. These are also preferred for use with the RGBW
backlights of the invention.
[0089] The overall power efficiency of an LCD-TV dis-
play system is highly dependent on the power-efficiency
of the light-source of the backlight and its dimming ca-
pabilities.
[0090] Traditional CCFL backlight lamps are very pow-
er efficient, but have limited local-dimming capabilities.
White LEDs have about the same power efficiency as
CCFL, their big advantage in a backlight system is local
dimming, proving up to a factor 2 relative power savings.
This combines very well with the main requirements of
the RGBW display panel, power efficiency. RGB LEDs
have a poor power efficiency compared to CCFL, their
big advantage in a backlight system is local color dim-
ming, proving up to a factor 2.5 relative power savings.
[0091] This only compensates for their low power effi-
ciency. The extra transmission due to the RGBW display
panel can make the system more power efficient, yet it
will remain expensive.
[0092] When the RGBW backlight of the invention is
used in combination with color sequential dimming, the
overall power-efficiency makes such a system econom-
ically attractive.
[0093] Power efficiency is not only a society trend,
stimulated by energy-labels like ’Energy Star’ but is will
also be enforced by law, like the ’Californian Energy
Council’ and ’European Union energy label’. There is a
demand for energy efficient LCD-TVs, and hence also
for energy efficient backlight systems. This will drive the
market to using RGBW displays.
[0094] As the input images generated by TV and com-
puter systems are sRGB (EBU / ATSC) compliant, these
images must be rendered accordingly. For (spatial and
temporal) RGBW displays this implies that the relative
brightness artefact needs to be compensated for.
1D dimming (i.e. control of the backlight output for the
full display area) can provide efficiency improvements,
but these are much greater with 2D local dimming.
2D local dimming is most effective at locations other than
where bright saturated colors occur. The statistical dis-

tribution of average video-data has a strong preference
for unsaturated colors above saturated colors, enabling
a significant power saving, specifically when these seg-
ments are rather small.
[0095] The use of backlight boosting can also improve
efficiency and cost to provide a power-efficient and cost-
efficient solution. A higher power efficiency for saturated
colors is achieved by changing the white-point color of
the backlight, by driving relative more current trough the
RGB LEDs. A saturated color of the backlight can be very
efficient, as it can pass through a sub-pixel with color-
filter as well as through the white sub-pixel.
[0096] Figure 11 shows an alternative 2 dimensional
representation of the 3 dimensional color space. It only
shows two primaries (red and green) as it is projected
along the blue primary axis. Corresponding diagrams can
be used to represent blue-green and blue-red. A color
made from the two primaries being plotted is a location
in the graph. The dashed (y=x) line represents grey, the
angle at the origin (black) represent the saturation and
the distance away from this point is indicative of the
brightness. An RGB panel with white backlight can gen-
erate color points in a square area. The addition of a
white primary in the panel stretches the possible output
gamut as shown.
[0097] Figure 12 shows one mapping of RGB space
(the square) into RGBW space. If the intention is to scale
the brightness of all colors, then some colors become
out of range of the RGBW space, such as color point
120. These colors can be clipped back into the available
color space at the cost of some Picture Quality.
[0098] Figure 13 shows RGB to RGBW mapping which
makes use of backlight dimming to save power and back-
light boosting to bring points into range.
[0099] This enables mapping of the RGB square to a
larger (i.e. brighter) square 132. The other area 134 that
was in the RGBW gamut is used to save backlight power
with backlight dimming, and backlight boosting is used
to recover the areas 136. In this case Picture Quality is
not compromised.
[0100] The combination of local dimming and RGBW
backlight is a combination which improves the perform-
ances and power efficiency of LCD-TV with various panel
technologies.
[0101] Figure 14 shows the effect of this backlight dim-
ming 140 and boosting 142 on the color space, and en-
ables the luminance of the image to be mapped to sRGB
color space.
[0102] Figure 15 shows schematically the display de-
vice of the invention, comprising a display panel 150, the
backlight 152 and a controller 154 for controlling the panel
and backlight. The controller implements the method of
the invention using software. Thus a computer program
is run or implemented by the controller for controlling the
display panel and the backlight to provide the desired
output color gamut. As shown, schematically, the back-
light is arranged as segments, and these are independ-
ently controllable to enable local backlight dimming
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and/or boosting to be employed. They may each com-
prise a single set of RGBW LEDs (1 per color) or group
of multiple LEDs per color (e.g. up to around 64 of each
color).
[0103] A backlight may comprise White LEDs, RGB
LEDs, or a combination of both. The ratio of intensity of
the RGB LED part of the backlight relative to the White
LED part of the backlight is preferably 1:1. However, this
is not essential. For example a ratio between 0.7:0.3 and
0.3:0.7 can be used. With the backlight fully on, the white
LEDs may typically contribute 50% to the total output
light intensity.
[0104] The preferred example is an RGBW arrange-
ment of backlight. However, the invention could be im-
plemented using different phosphor based LEDs, having
alternative spectrum and white-point.
[0105] Alternatively, the invention could be implement-
ed in a color subtraction display with Cyan Magenta and
Yellow backlight colors with the additional white. The ex-
act color point of the individual colors is not relevant to
the invention, it will be apparent that the colors should
be selected so that a desired output gamut can be ob-
tained.
[0106] Various modifications will be apparent to those
skilled in the art.

Claims

1. A color display, comprising:

a backlight (152); and
a display panel (150) for modulating the back-
light output,
wherein the backlight comprises portions
(80,84,86,88) of four different colors, wherein
the intensity of each color is independently con-
trollable.

2. A display as claimed in claim 1, wherein the backlight
portions comprise three non-white colors (84,86,88)
and white (80).

3. A display as claimed in claim 2, wherein the contri-
bution to the maximum output intensity of the back-
light from the white portions (80) is approximately
50%.

4. A display as claimed in claim 2 or 3, wherein the
backlight portions (80,84,86,88) are red, green, blue
and white.

5. A display as claimed in any preceding claim, wherein
the backlight portions (80,84,86,88) comprise LEDs.

6. A display as claimed in any preceding claim, wherein
the display panel (150) comprises an LCD panel.

7. A display as claimed in any preceding claim, wherein
the display panel (150) comprises RGBW pixels.

8. A display as claimed in any one of claims 1 to 5,
comprising a color field sequential display and the
display panel has no color filtering.

9. A display as claimed in any preceding claim, wherein
the backlight comprises segments, wherein the in-
tensity of the four colors within each segment can
be controlled independently of the other segments.

10. A display as claimed in claim 9, the backlight has
local dimming and local boosting capability, wherein
all RGB gamut colors can be mapped into the display
output gamut.

11. A display as claimed in any preceding claim, com-
prising means for converting an input according the
sRGB standard into an output gamut of the display
such that it matches the sRGB standard.

12. A method of controlling a display device, comprising:

providing a backlight output as portions of four
different colors, and independently controlling
the intensity of each color; and
modulating the backlight output using a display
panel.

13. A method as claimed in claim 12, wherein the back-
light portions comprise three non-white colors and
white, wherein the method further comprises select-
ing the desired white component based on the lowest
intensity required by the three colors depending on
an image or image portion to be displayed, and de-
riving the required non-white components therefrom,
such that the maximum white component is used.

14. A computer program comprising computer program
code means adapted to control a display panel and
backlight using the method of claim 12 or 13 when
said program is run on a display device controller.

15. A computer program as claimed in claim 14, embod-
ied on a computer readable medium.
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