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CN107636522B ESPACENET Translation

TRANSFLECTIVE LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

The present invention relates to liquid crystal display (hereinafter "LCD") panels, and more
particularly to transflective LCD panels.

BACKGROUND TECHNIQUE

In a transflective LCD panel, ambient light can be reflected by the mirror and its color can be
produced in the reflective portion of the sub-pixels contained in the pixels in the pixel array of
the panel. In contrast, light generated from within the panel can be transmitted through the
filter and its color can be produced in the transmissive portion of the same sub-pixel.
Generally, the color produced by the reflective portion of the sub-pixel may be an unsaturated
color, and the color produced by the transmissive portion of the sub-pixel may be a fully
saturated color. Under low ambient light conditions, the resulting color can be a color with
good optical properties. However, under bright ambient light conditions, the unsaturated color
from the reflective portion of the sub-pixel dominates, and thus the optical properties of the
resulting color are reduced.

In U.S. Patent No. 7,636,076, an additional colorless sub-pixel (referred to as sub-pixel M) is
used to increase the optical properties of the color produced under bright ambient light
conditions. In U.S. Patent No. 7,760,297, additional sub-pixels are also used to increase the
optical properties of the colors produced under bright ambient light conditions. Here, the
additional sub-pixel has a color filter that complements the primary color filter. For example, an
additional sub-pixel may have a cyan color filter.

SUMMARY OF THE INVENTION

According to an embodiment of the present invention, a pixel of a transflective liquid crystal
display panel having a controllable backlight, the pixel includes a sub-pixel array and a color
substrate, the color substrate having a corresponding to the sub-pixel array A color array
comprising a transmissive color and a reflective color. The color substrate transmits light of at
least one wavelength corresponding to the transmitted color in the color array when the
controllable backlight emits a first predetermined light level, and emits a second predetermined
at the controllable backlight The light level reflects light of at least one wavelength
corresponding to the reflected color in the color array from substantially the same area in the
color substrate. The transmission color may be a primary color or a secondary color, and the
reflection color may be a primary color or an intermediate color.

According to a second embodiment of the present invention, a transflective liquid crystal
display includes: a panel divided into a pixel array, each pixel being divided into sub-pixel
arrays, the panel having a top substrate; a liquid crystal layer, The liquid crystal layer is located
behind the top substrate; a color substrate, the color substrate is located behind the liquid
crystal layer; and a controllable backlight system, the controllable backlight system is located
behind the color substrate. The color substrate includes a color array corresponding to the
sub-pixel array, the color array including a transmissive color and a reflective color, the
reflected color being a complementary color of the transmissive color. The transmitted color
may be a primary color or an intermediate color, and the reflective color may be a primary color
or an intermediate color.
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In this second embodiment, the color substrate transmits light of at least one wavelength
corresponding to the transmitted color in the color array when the controllable backlight emits
a first predetermined light level, and The controllable backlight reflects at least one wavelength
of light corresponding to the reflected color in the color array from substantially the same
region in the color substrate when the second predetermined light level is emitted.

In both embodiments, the primary colors may form a top row of the sub-pixel array, and the
intermediate colors may form a bottom row of the sub-pixel array. The order of the primary
colors in the top row of the sub-pixel array may be red, green, and blue, and the order of the
intermediate colors in the bottom row of the sub-pixel array may be magenta, cyan, and yellow.

In an alternative embodiment of the two embodiments of the present invention, at least one of
the primary colors and at least one of the intermediate colors may form a top row of the sub-
pixel array, and the primary colors At least one of the color and at least one of the intermediate
colors may form a bottom row of the sub-pixel array. The order of the primary colors and the
intermediate colors in the top row of the sub-pixel array may be (1) red, cyan, and blue or (2)
magenta, green, and yellow; and the bottom of the sub-pixel array The order of the inter-colors
in the line may be (1) magenta, green, and yellow or (2) red, cyan, and blue.

In a further embodiment of the two embodiments of the invention, the display panel may
include a light sensor that monitors the ambient light level entering the display panel. In various
embodiments of this embodiment, (1) the first predetermined light level may be greater than the
measured ambient light level, and the second predetermined light level may be less than the
measured ambient light level, or ( 2) the first predetermined light level may be substantially
equal to the second predetermined light level, or (3) the first predetermined light level, the
second predetermined light level or the two predetermined light levels may be The measured
ambient light level is between 55% and 105%.

In still further embodiments of the two embodiments of the present invention, when the first
predetermined light level is greater than the measured ambient light level, the transmitted color
may be a primary color, and the reflected color may be a color Or when the second
predetermined light level is less than the measured ambient light level, the transmitted color
may be an intermediate color, and the reflected color may be a primary color.

DRAWINGS

The foregoing features of the present invention will be more readily understood by reference to
the following detailed description,

Figure 1 is a schematic representation of a transflective LCD panel in accordance with an
embodiment of the present invention.

Figure 2a is a schematic representation of a transflective LCD in a transmitted light mode, in
accordance with an embodiment of the present invention.

Figure 2b is a schematic representation of a transflective LCD in reflected light mode, in
accordance with an embodiment of the present invention.

Figure 3 is a schematic representation of a transflective LCD in transmissive and reflected light
modes, in accordance with an embodiment of the present invention.

Figure 4 is a schematic representation of a pixel array of a transflective LCD in accordance with
an embodiment of the present invention.
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Figure 5 is a schematic representation of a first embodiment of a pixel array of a transflective
LCD shown in Figure 4.

Figure 6 is a schematic representation of a second embodiment of a pixel array of the
transflective LCD shown in Figure 4.

Figure 7a is a perspective view of a pixel array in a transmitted light mode, in accordance with
an embodiment of the present invention.

Figure 7b is a perspective view of a pixel array in reflected light mode, in accordance with an
embodiment of the present invention.

Detailed Ways

Figure 1 is a schematic representation of a transflective LCD panel in accordance with an
embodiment of the present invention. In panel 100, processing unit 102 controls graphics
processing unit 104, and processing unit 102, along with ambient light sensor 106, controls
backlight 108. In operation, ambient light sensor 106 monitors ambient light levels entering
panel 100. As discussed in more detail below, the ambient light sensor 106 signals the
processing unit 102 to turn off the backlight 108 when the ambient light level is illuminated to a
particular level. In this light mode, the color substrates 110a and 110b act as mirrors and
reflect ambient light. As discussed in more detail below, the ambient light sensor 106 signals
the processing unit 102 to turn on the backlight 108 when the ambient light level dims to a
particular level. In this light mode, the color substrates 110a and 110b act as filters and
transmit light emitted from the backlight 108.

In an alternative embodiment, processing unit 102 can signal graphics processing unit 104 and
graphics processing unit 104 can control backlight 108. Alternatively, in another alternative
embodiment, ambient light sensor 106 can transmit its signal to graphics processing unit 104
(rather than processing unit 102), and graphics processing unit 104 can control backlight 108.

As understood by one of ordinary skill in the art, processing unit 102 can be a central
processing unit ("CPU"), a sub-processing unit, or a co-processing unit.

In all light modes, light passes through the liquid crystal layer 112 (which is composed of a
plurality of liquid crystals (not shown)) and passes through the diffusion substrate 114. The
liquid crystal controls the intensity (ie, brightness) of the reflected or transmitted light.

The transflective LCD panel depicted in Figure 1 further includes a pixel array. As shown in
Figure 4, which is a schematic representation of a pixel array in accordance with an
embodiment of the invention, the pixel array (denoted 418) contains a number of pixels
(denoted as 416), and each pixel contains a number of sub-pixels (represented as 410). Color
substrates (eg, 110a and 110b) are arranged according to a sub-pixel array. In other words,
each sub-pixel reflects the reflected color of its color substrate and transmits the transmitted
color of its color substrate.

Figures 2a and 2b, which are each a schematic representation of a transflective LCD according
to an embodiment of the present invention, the transmitted color (denoted as TC) of the color
substrate 210a is different from the reflected color of the color substrate 210a (denoted as RC).
Similarly, the transmission color of the color substrate 210b is different from the reflection color
of the color substrate 210b. For example, the color substrate 210a can transmit red light but
reflect blue light. In contrast, the color substrate 210b can transmit cyan light but reflect red
light. In industry terms, this type of color substrate can be referred to as a dichroic filter, a
dichroic mirror, a dichroic filter/mirror, or an interference filter.
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The color substrate can be composed of a thin transparent spacer (such as glass (eg, borofloat
glass) or a thermoplastic elastomer (such as polycarbonate) that has been coated on at least
one side. As understood by one of ordinary skill in the art, the gasket is coated with a thin layer
of one or more metal oxides (e.g., chromium, silicon, titanium, magnesium, aluminum,
zirconium, etc.). Typically, the gasket is coated in a vacuum chamber at elevated temperatures.
The optical properties of the coating depending on color selection and use can range from
non-reflective to partially reflective to fully reflective. In an alternative embodiment, the color
substrate may also be dyed or painted glass, dyed or painted gelatin, dyed or painted
synthetic polymer, or created or transformed to meet desired optical properties. Any material
composition in which the transmission color of the material can be selected or the reflection
color of the material can be selected.

For the transflective LCD panel described herein, the optical properties can include a color
substrate in which the transmitted color is a complementary color of the reflected color. For
example, a color substrate that transmits red may reflect cyan, a color substrate that transmits
magenta may reflect green, a substrate that transmits blue may reflect yellow, and the like.

As shown in Figure 3, is a schematic representation of a transflective LCD according to an
embodiment of the present invention, when the ambient light level approaches the level of light
emitted from the backlight 308, the panel 300 is in a transmitted light mode and reflected light.
The mode operates in both. This reflected light pattern is derived from the optical
characteristics of the color substrates 310a and 310b. Unlike the most conventional
transflective LCD panel having sub-pixels having a transmissive area and a reflective area, the
color substrates 310a and 310b do not have a transmissive area and a reflective area. Rather,
under certain lighting conditions, color substrates 310a and 310b can act simultaneously (or
substantially simultaneously) and act as filters (transmitted light mode) or mirrors (reflections)
from the same (or substantially the same) location on the substrate. Light mode).

In the transflective LCD panel described herein, this transflective mode is of the utmost
importance when the ambient light level is the same or substantially the same as the level of
light emitted from the backlight. As understood by one of ordinary skill in the art, the interaction
occurring between the transmitted and reflected light at this point changes the saturation and/
or wavelength of the displayed color as appropriate. For example, when the transmitted light is
a complementary color of the reflected light, the displayed color will become less saturated (ie,
near grayscale), or when the reflected light exceeds the transmitted light, the displayed color
will be reversed.

As discussed above with respect to Figure 1, ambient light sensor 106 monitors ambient light
levels and controls backlight 108 via processing unit 102 and/or graphics processing unit 104.
Control types can range from two-state control to variable state control. In two-state control,
backlight 108 has two states - on and off. In contrast, in variable state control, backlight 108
can have two states - open or partially open - or can have three states - open, partially open,
or closed.

In two-state control, when backlight 108 is turned on (ie, emitting light), the processed signal
from ambient light sensor 106 turns off backlight 108, and when backlight 108 is turned off, the
processed signal from ambient light sensor 106 The backlight 108 is turned on. Depending on
the device in which the panel 100 is mounted and the use and/or application of the device, the
ambient light sensor 106 can transmit its signal when the ambient light level is the same (or
within a certain percentage) of the level of light emitted from the backlight 108. For example, if
the backlight 108 has an illuminance level of 100, the ambient light sensor 106 can have an
illuminance level of ambient light of 100, an illuminance level of 80 (ie, 80% of the illuminance
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level of the backlight 108), or an illuminance level of 120 (i.e., 120% of the illumination level of
backlight 108) transmits its signal.

When the panel 100 is displaying reflected light (ie, the backlight 108 is off), the ambient light
sensor can transmit its signal to be at the ambient light level and the "rated" level of light
emitted from the backlight 108 (ie, when the backlight 108 is turned on) The backlight 108 is
turned on when the light level is the same (or within a certain percentage). For example, if
backlight 108 has an illumination level of 100 (when turned on), ambient light sensor 106 may
have an illumination level of ambient light of 100, when the illumination level is 80 (ie, 80% of
the illumination level of backlight 108), Or, when the illuminance level is 120 (i.e., 120% of the
illumination level of the backlight 108), its signal is transmitted.

In variable state control, the level of light emitted from backlight 108 varies according to LCD
panel settings, which may be set by the manufacturer and/or by the user. These LCD panel
settings can include, for example, automatic brightness settings and brightness level settings.
In turn, ambient light sensor 106 controls backlight 108 using this “calculated" level of light
emitted from backlight 108. In a similar manner to the two-state control, the ambient light
sensor 106 can transmit its signal when the ambient light level is the same (or within a certain
percentage) of the light emitted from the backlight 108.

In an alternative embodiment, the light reflectance level of panel 100 can be used to control
backlight 108 in the calculations. For example, in two-state control or variable state control, the
light reflectance level can modify the ambient light level at which ambient light sensor 106
sends its signal to control backlight 108.

In two-state control or variable state control, the process of controlling backlight 108 may be
performed by processing unit 102 or graphics processing unit 104. In an alternative
embodiment of the invention, the process may be performed by ambient light sensor 106. As
noted above, processing unit 102 can be a central processing unit ("CPU"), a sub-processing
unit, or a co-processing unit.

As discussed above with respect to Figures 1-4, the transflective LCD panel described herein
includes a pixel array. As shown in Figure 5, which is a schematic representation of an
embodiment of a pixel array (represented by 518) comprising a plurality of pixels (represented
by 516), each of the plurality of pixels being contained in three columns and An array of six
sub-pixels aligned in two rows (represented by 510). The corresponding color substrates of the
sub-pixels are the primary colors (red, green, blue) and the intermediate colors (cyan, magenta,
yellow). In this embodiment for pixel 516, the primary color sub-pixels form the top row of the
sub-pixel array, and the intermediate color sub-pixels form the bottom row of the sub-pixel
array. In an alternative embodiment for pixel 516, the dichromatic sub-pixels form the top row
of the sub-pixel array, and the primary color sub-pixels form the bottom row of the sub-pixel
array.

In Figure 6, is a schematic representation of an alternative embodiment of a pixel array
(represented by 618) containing a plurality of pixels (represented by 616a and 616b), each of
the plurality of pixels being contained in three columns and An array of six sub-pixels aligned in
two rows (represented by 610). In pixel 616a, the top row of the sub-pixel array is formed by
two primary color sub-pixels adjacent to one color-colored sub-pixel, and the bottom row of
the sub-pixel array is formed by two intermediate color sub-pixels adjacent to one primary
color sub-pixel. In contrast, in pixel 616b, the top row of the sub-pixel array is formed by two
inter-color sub-pixels adjacent to one primary color sub-pixel, and the bottom row of the sub-
pixel array is composed of two primary chromons adjacent to one inter-color sub-pixel Pixel
formation. In this embodiment for pixel array 618, pixel 616a forms an odd column of pixel
array 618, and pixel 616b forms an even column of pixel array 618. In an alternative
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embodiment for pixel array 618, pixel 616a forms an odd column of pixel array 618, and pixel
616b forms an even column of pixel array 618.

Figure 7a shows a perspective view of the pixel array depicted in Figure 6 in a transmitted light
mode. In this embodiment, backlight 708 is turned on (ie, it is emitting light) and the
transmitted color is generated from primary color sub-pixels 710a, 710c, and 710e (which
transmit red, blue, and green, respectively). In a further embodiment, the dichroic sub-pixels
710b, 710d, and 710f (which transmit magenta, cyan, and yellow, respectively) can also be
used, and thus produce a brighter, more saturated color.

Figure 7b shows a perspective view of the pixel array depicted in Figure 6 in a reflected light
mode. In this embodiment, backlight 708 is turned off (ie, it does not emit light), and the
reflected color is generated from intermediate color sub-pixels 710b, 710d, and 710f, which
reflect green, red, and blue, respectively. In a further embodiment, primary color sub-pixels
710a, 710c, and 710e (which reflect cyan, magenta, and yellow, respectively) may also be
used, and thus produce a brighter, more saturated color.

The pixel arrays described herein may need to be controlled via a six color signal instead of a
standard three color signal. As understood by one of ordinary skill in the art, the standard
tricolor signal output by the graphics processing unit can be easily converted to a six-color
signal, or the graphics processing unit can be easily converted for outputting a six-color signal.

Although various exemplary embodiments of the invention have been disclosed, it will be
apparent to those skilled in the art . The appended claims are intended to cover these and
other obvious modifications.

CLAIMS

1. A pixel of a transflective liquid crystal display panel, the display panel having a controllable
backlight, the pixel comprising:

a sub-pixel array;

a color substrate having an array of colors corresponding to the sub-pixel array, the color array
comprising a transmissive color and a reflective color, the reflected color being a
complementary color of the transmissive color, the color substrate being The controllable
backlight transmits at least one wavelength of light corresponding to the transmitted color in
the color array when the first predetermined light level is emitted, and from the controllable
backlight when the second predetermined light level is emitted A substantially identical region
in the color substrate reflects light of at least one wavelength corresponding to the reflected
color in the color array;

wherein the transmission color is a primary color or an intermediate color, and the reflected
color is a primary color or an intermediate color.

2. The pixel of claim 1 wherein the primary colors form a top row of the sub-pixel array and the
inter-color forms a bottom row of the sub-pixel array.

3. The pixel of claim 1, wherein at least one of the primary colors and at least one of the

intermediate colors form a top row of the sub-pixel array, and at least one of the primary colors
At least one of the inter-colors forms a bottom row of the sub-pixel array.
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4. The pixel of claim 2, wherein the order of the primary colors in the top row of the sub-pixel
array is red, green, and blue, and the inter-color in the bottom row of the sub-pixel array The
order is cyan, magenta, and yellow.

5. The pixel of claim 3, wherein the order of the primary color and the intermediate color in a
top row of the sub-pixel array is red, magenta, and blue or cyan, green, and yellow; and the
sub- The order of the primary colors and the intermediate colors in the bottom row of the pixel
array is cyan, green, and yellow or red, magenta, and blue.

6. The pixel of claim 1 wherein the display panel further comprises a light sensor that measures
ambient light levels entering the display panel.

7. The pixel of claim 6 wherein the first predetermined light level is greater than the measured
ambient light level and the second predetermined light level is less than the measured ambient
light level.

8. The pixel of claim 1 wherein said first predetermined light level is substantially equal to said
second predetermined light level.

9. The pixel of claim 6 wherein the first predetermined light level, the second predetermined
light level, or the two predetermined light levels are between 55% and 105% of the measured
ambient light level.

10. A liquid crystal display panel comprising a plurality of pixels, wherein at least one of the
pixels is the pixel of claim 1.

11. A transflective liquid crystal display comprising:

a panel, the panel being divided into a pixel array, each pixel being divided into sub-pixel
arrays, the panel having a top substrate;

a liquid crystal layer, the liquid crystal layer being located behind the top substrate;

a color substrate, the color substrate being located behind the liquid crystal layer, the color
substrate comprising an array of colors corresponding to the sub-pixel array, the color array
comprising a transmissive color and a reflective color, the reflective color being a
complementary color of a transmitted color, wherein the transmitted color is a primary color or
an intermediate color, and the reflected color is a primary color or an intermediate color;

a controllable backlight system, the controllable backlight system being located behind the
color substrate;

wherein the color substrate transmits light of at least one wavelength corresponding to the
transmitted color in the color array when the controllable backlight emits a first predetermined
light level, and emits a second predetermined at the controllable backlight The light level
reflects light of at least one wavelength corresponding to the reflected color in the color array
from substantially the same area in the color substrate.

12. The transflective liquid crystal display of claim 11, wherein the primary colors form a top
row of the sub-pixel array, and the intermediate color forms a bottom row of the sub-pixel
array.

13. The transflective liquid crystal display of claim 11, wherein at least one of the primary
colors and at least one of the intermediate colors form a top row of the sub-pixel array, and in
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the primary color at least one of the at least one of the intermediate colors forms a bottom row
of the sub-pixel array.

14. The transflective liquid crystal display according to claim 12, wherein the order of the
primary colors in the top row of the sub-pixel array is red, green, and blue, and in the bottom
row of the sub-pixel array The order of the intermediate colors is cyan, magenta, and yellow.

15. The transflective liquid crystal display according to claim 13, wherein the order of the
primary color and the intermediate color in a top row of the sub-pixel array is red, magenta,
and blue or cyan, green, and yellow And the order of the primary colors and the intermediate
colors in the bottom row of the sub-pixel array is cyan, green, and yellow or red, magenta, and
blue.

16. A pixel of a transflective liquid crystal display panel, the display panel having a controllable
backlight, the pixel comprising:

a sub-pixel array;

a color substrate having an array of colors corresponding to the sub-pixel array, the color array
comprising a transmissive color and a reflective color, the reflected color being a
complementary color of the transmissive color, the color substrate being The controllable
backlight transmits at least one wavelength of light corresponding to the transmitted color in
the color array when the first predetermined light level is emitted, and from the controllable
backlight when the second predetermined light level is emitted A substantially identical region
in the color substrate reflects light of at least one wavelength corresponding to the reflected
color in the color array.

17. The pixel of claim 16 wherein the display panel further comprises a light sensor that
measures ambient light levels entering the display panel.

18. The pixel of claim 17, wherein when the first predetermined light level is greater than the
measured ambient light level, the transmitted color is a primary color and the reflected color is
an intermediate color.

19. The pixel of claim 17, wherein when the second predetermined light level is less than the
measured ambient light level, the transmitted color is a meta color and the reflected color is a
primary color.

20. A liquid crystal display panel comprising a plurality of pixels, wherein at least one of the
pixels is a pixel according to claim 16.
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