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A pixel of a transflective liquid crystal display panel having 
a controllable backlight comprises an array of Sub-pixels and 
a color Substrate with an array of colors corresponding to the 
array of Sub-pixels, the array of colors comprising transmis 
sive colors and reflective colors. The color substrate trans 
mits at least one wavelength of light corresponding to the 
transmissive colors in the array of colors when the control 
lable backlight emits a first predetermined light level and, 
from Substantially the same area in the color Substrate, 
reflects at least one wavelength of light corresponding to the 
reflective colors in the array of colors when the controllable 
backlight emits a second predetermined light level. The 
transmissive colors may be primary or secondary colors, and 
the reflective colors may be primary or secondary colors. 
The primary colors may form the top row of the array of 
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primary colors and at least one of the secondary colors may 
form the bottom row of the array of sub-pixels. 
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TRANSFLECTIVE LIQUID CRYSTAL 
DISPLAY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to liquid crystal display 

(hereinafter “LCD) panels and, more particularly, to trans 
flective LCD panels. 

2. Description of Related Art 
In a transflective LCD panel, ambient light may be 

reflected off a mirror and its color may be produced in the 
reflective portion of a sub-pixel contained within a pixel in 
the panels pixel array. In contrast, light produced from 
within the panel may be transmitted through a filter and its 
color may be produced in the transmissive portion of the 
same sub-pixel. Typically, the color produced by the reflec 
tive portion of the sub-pixel may be a de-saturated color, 
while the color produced by the transmissive portion of the 
sub-pixel may be a fully saturated color. In low ambient light 
conditions, the produced color may be a color with good 
optical properties. In bright ambient light conditions, how 
ever, the de-saturated color from the reflective portion of the 
Sub-pixel dominates and, thereby, diminishes the optical 
properties of the produced color. 

In U.S. Pat. No. 7,636,076, an additional color-less sub 
pixel, referred to as sub-pixel M, is used to increase the 
optical properties of the produced color in bright ambient 
light conditions. In U.S. Pat. No. 7,760,297, an additional 
Sub-pixel is also used to increase the optical properties of the 
produced color in bright ambient light conditions. Here, the 
additional sub-pixel has a color filter that complements the 
primary color filters. For example, the additional sub-pixel 
may have a cyan color filter. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with one embodiment of the invention, a 
pixel of a transflective liquid crystal display panel having a 
controllable backlight comprises an array of Sub-pixels and 
a color Substrate with an array of colors corresponding to the 
array of Sub-pixels, the array of colors comprising transmis 
sive colors and reflective colors. The color substrate trans 
mits at least one wavelength of light corresponding to the 
transmissive colors in the array of colors when the control 
lable backlight emits a first predetermined light level and, 
from Substantially the same area in the color Substrate, 
reflects at least one wavelength of light corresponding to the 
reflective colors in the array of colors when the controllable 
backlight emits a second predetermined light level. The 
transmissive colors may be primary or secondary colors, and 
the reflective colors may be primary or secondary colors. 

In accordance with a second embodiment of the inven 
tion, a transflective liquid crystal display comprises a panel 
divided into an array of pixels, each pixel divided into an 
array of Sub-pixels, the panel having a top Substrate, a liquid 
crystal layer located behind the top substrate, a color sub 
strate located behind the liquid crystal layer, and a control 
lable backlight system located behind the color substrate. 
The color Substrate comprises an array of colors correspond 
ing to the array of Sub-pixels, the array of colors comprising 
transmissive colors and reflective colors, the reflective col 
ors being the complement of the transmissive colors. The 
transmissive colors may be primary or secondary colors, and 
the reflective colors may be primary or secondary colors. 

In this second embodiment, the color Substrate transmits 
at least one wavelength of light corresponding to the trans 
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2 
missive colors in the array of colors when the controllable 
backlight emits a first predetermined light level and, from 
substantially the same area in the color substrate, reflects at 
least one wavelength of light corresponding to the reflective 
colors in the array of colors when the controllable backlight 
emits a second predetermined light level. 

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

In an alternate embodiment for both embodiments of the 
invention, at least one of the primary colors and at least one 
of the secondary colors may form the top row of the array 
of Sub-pixels, and at least one of the primary colors and at 
least one of the secondary colors may form the bottom row 
of the array of sub-pixels. The order of the primary and 
secondary colors in the top row of the array of sub-pixels 
may be either (1) red, magenta and blue or (2) cyan, green 
and yellow and the order of the secondary colors in the 
bottom row of the array of sub-pixels may be either (1) cyan, 
green and yellow or (2) red, magenta and blue. 

In a further embodiment of both embodiments of the 
invention, the display panel may include a light sensor, the 
light sensor monitoring the level of ambient light entering 
the display panel. In various embodiments of this embodi 
ment, (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 both predetermined light levels 
may be between 55 percent and 105 percent of the measured 
ambient light level. 

In a still further embodiment of both embodiments of the 
invention, the transmissive colors may be primary colors 
and the reflective colors may be secondary colors when the 
first predetermined light level is greater than the measured 
ambient light level, or the transmissive colors may be 
secondary colors and the reflective colors may be primary 
colors when the second predetermined light level is less than 
the measured ambient light level. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The foregoing features of the invention will be more 
readily understood by reference to the following detailed 
description, taken with reference to the accompanying draw 
ings, in which: 

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

FIG. 2a is a schematic representation of a transflective 
LCD, in accordance with an embodiment of the invention, in 
transmissive light mode. 

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

FIG. 3 is a schematic representation of a transflective 
LCD, in accordance with an embodiment of the invention, in 
transmissive and reflective light mode. 
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FIG. 4 is a schematic representation of a pixel array, in 
accordance with an embodiment of the invention, of a 
transflective LCD. 

FIG. 5 is a schematic representation of a first embodiment 
for the pixel array of the transflective LCD shown in FIG. 4. 

FIG. 6 is a schematic representation of a second embodi 
ment for the pixel array of the transflective LCD shown in 
FIG. 4. 

FIG. 7a is a perspective view of a pixel array, in accor 
dance with an embodiment of the invention, in transmissive 
light mode. 

FIG. 7b is a perspective view of a pixel array, in accor 
dance with an embodiment of the invention, in reflective 
light mode. 

DETAILED DESCRIPTION OF THE 
INVENTION 

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

In an alternative embodiment, processing unit 102 may 
signal graphic-processing unit 104 and graphic-processing 
unit 104 may control backlight 108. Or, in another alterna 
tive embodiment, ambient light sensor 106 may send its 
signal to graphic-processing unit 104 (rather than processing 
unit 102) and graphic-processing unit 104 may control 
backlight 108. 
As a person of ordinary skill in art understands, process 

ing unit 102 may be a central processing unit (“CPU”), a 
Sub-processing unit, or a co-processing unit. 

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

The transflective LCD panel described in FIG. 1 further 
comprises a pixel array. As shown in FIG. 4, which is a 
schematic representation of a pixel array in accordance with 
an embodiment of the invention, the pixel array (denoted as 
418) contains numerous pixels (denoted as 416), and each 
pixel contains numerous sub-pixels (denoted as 410). The 
color substrates (for example, 110a and 110b) are arrayed in 
correspondence to the array of Sub-pixels. In other words, 
each sub-pixel reflects the reflective color of its color 
Substrate and transmits the transmissive color of its color 
substrate. 
As shown in FIGS. 2a and 2b, which are schematic 

representations of a transflective LCD in accordance with an 
embodiment of the invention, the transmissive color of color 
substrate 210a (denoted as TC) is different than the reflective 
color of color substrate 210a (denoted as RC). Similarly, the 
transmissive color of color substrate 210b is different than 
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4 
the reflective color of color substrate 210b. For example, 
color substrate 210a may transmit red light, but reflect cyan 
light. In contrast, color Substrate 210b may transmit cyan 
light, but reflect red light. In industry parlance, this type of 
color substrate may be referred to as a dichroic filter, 
dichroic mirror, dichroic filter/mirror, or an interference 
filter. 
The color Substrates may be composed of a thin, trans 

parent spacer—such as glass (for example, borofloat glass) 
or thermoplastic elastomers (such as polycarbonate)—that 
has been coated on at least one side. As understood by a 
person of ordinary skill in the art, the spacer is coated with 
one or more thin layers of metal oxides—such as chromium, 
silicon, titanium, magnesium, aluminum, Zirconium, etc. 
Typically, the coating is applied to the spacer in a vacuum 
chamber under high temperature. The optic properties of the 
coatings, depending on color choices and usage, may range 
from no reflectivity, to partial reflectivity, to full reflectivity. 
In an alternate embodiment, the color Substrates may also be 
composed of glass that is dyed or lacquered, gelatin that is 
dyed or lacquered, synthetic polymers that are dyed or 
lacquered, or any material that is created or transformed to 
meet the required optic properties in which either the 
transmissive color of the material may be selected or the 
reflective color of the material may be selected. 

For the transflective LCD panel described herein, the 
optic properties might include color Substrates in which the 
transmissive color is the complement of the reflective color. 
For example, a color Substrate that transmits red might 
reflect cyan, a color substrate that transmits magenta might 
reflect green, a color Substrate that transmits blue might 
reflect yellow, etc. 
As shown in FIG. 3, which is a schematic representation 

of a transflective LCD in accordance with an embodiment of 
the invention, as the level of ambient light approaches the 
level of light emitted from backlight 308, panel 300 is 
operating in both transmissive and reflective light mode. 
This transflective light mode stems from the optic properties 
of color substrates 310a and 310b. Unlike most conventional 
transflective LCD panels, which have sub-pixels with trans 
missive and reflective regions, color substrates 310a and 
310b do not have transmissive and reflective regions. Rather, 
under certain lighting conditions, color Substrates 310a and 
310b may be acting as a filter (transmissive light mode) and 
a mirror (reflective light mode) at the same, or substantially 
the same, moment in time and from the same, or Substan 
tially the same, place on the Substrate. 

In the transflective LCD panel described herein, this 
transflective light mode is foremost when the level of the 
ambient light is the same as, or Substantially the same as, the 
level of the light emitted from the backlight. As understood 
by a person of ordinary skill in the art, the interaction 
occurring between the transmitted light and the reflected 
light at this point in time changes the saturation and/or the 
wavelength of the displayed colors. For example, when the 
transmitted light is the complement of the reflected light, the 
displayed colors will become less saturated—that is, 
approach gray-scale—or, when the reflected light exceeds 
the transmitted lights, the display colors will be inverted. 
As discussed above in regard to FIG. 1, ambient light 

sensor 106 monitors the level of ambient light and, via 
processing unit 102 and/or graphic-processing unit 104. 
controls backlight 108. The type of control may range from 
two-state control to variable-state control. In two-state con 
trol, backlight 108 has two states—on and off. In contrast, in 
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variable-state control, backlight 108 may have two states— 
on and partial on-or may have three states—on, partial on, 
and off. 

In two-state control, when backlight 108 is on (that is, 
emitting light), the processed signal from ambient light 
sensor 106 turns backlight 108 off, and when backlight 108 
is off, the processed signal from ambient light sensor 106 
turns backlight 108 on. Depending on the device in which 
panel 100 is installed, as well as the device's usage and/or 
application, ambient light sensor 106 may send its signal 
when the level of ambient light is the same as, or within 
some percent of the level of light emitted from backlight 
108. For example, if backlight 108 has a lux level of 100, 
then ambient light sensor 106 may send its signal when the 
lux level of ambient light is 100, when the lux level is 80 
(that is, 80% of the lux level of backlight 108), or when the 
lux level is 120 (that is, 120% of the lux level of backlight 
108). 
When panel 100 is displaying reflective light (that is, 

backlight 108 is off), ambient light sensor may send its 
signal to turn on backlight 108 when the level of ambient 
light is the same as, or within some percent of the “rated 
level of light emitted from backlight 108 (that is, the level 
of light when backlight 108 is turned on). For example, if 
backlight 108 has a lux level of 100 (when turned on), then 
ambient light sensor 106 may send its signal when the lux 
level of ambient light is 100, when the lux level is 80 (that 
is, 80% of the lux level of backlight 108), or when the lux 
level is 120 (that is, 120% of the lux level of backlight 108). 

In variable-state control, the level of light emitted from 
backlight 108 varies in accordance with the LCD panel 
settings, which may be set by the manufacturer and/or by the 
user. These LCD panel settings may include, for example, 
the auto-brightness setting and the brightness level setting. 
In turn, ambient light sensor 106 uses this "calculated' level 
of light emitted from backlight 108 to control backlight 108. 
In a manner similar to two-state control, ambient light sensor 
106 may send its signal when the level of ambient light is the 
same as, or within some percent of the "calculated' level of 
light emitted from backlight 108. 

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

In either two-state control or variable-state control, the 
process of controlling backlight 108 may be performed by 
processing unit 102 or graphic-processing unit 104. In an 
alternate embodiment of the invention, the process may be 
performed by ambient light sensor 106. As noted above, 
processing unit 102 may be a central processing unit 
(“CPU”), a Sub-processing unit, or a co-processing unit. 
As discussed above in regard to FIGS. 1 and 4, the 

transflective LCD panel described herein comprises a pixel 
array. As shown in FIG. 5, which is a schematic represen 
tation of an embodiment for the pixel array, the pixel array 
(denoted by 518) contains numerous pixels (denoted by 
516), each of which contains an array of six sub-pixels 
(denoted by 510) aligned in three columns and two rows. 
The corresponding color substrates for the sub-pixels are the 
primary colors (red, green, blue) and the secondary 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 secondary color Sub-pixels form the 
bottom row of the sub-pixel array. In an alternate embodi 
ment for the pixel 516, the secondary color sub-pixels form 
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6 
the top row of the sub-pixel array, and the primary color 
sub-pixels form the bottom row of the sub-pixel array. 

In FIG. 6, which is a schematic representation of an 
alternate embodiment for the pixel array, the pixel array 
(denoted by 618) contains numerous pixels (denoted by 
616a and 616b), each of which contains an array of six 
sub-pixels (denoted by 610) aligned in three columns and 
two rows. In pixel 616a, the top row of the sub-pixel array 
is formed by two primary color sub-pixels bordering one 
secondary color sub-pixel, and the bottom row of the sub 
pixel array is formed by two secondary color Sub-pixels 
bordering one primary color Sub-pixel. In contrast, in pixel 
616b, the top row of the sub-pixel array is formed by two 
secondary color Sub-pixels bordering one primary color 
sub-pixel, and the bottom row of the sub-pixel array is 
formed by two primary color sub-pixels bordering one 
secondary color sub-pixel. In this embodiment for pixel 
array 618, pixel 616.a forms the odd-numbered columns of 
pixel array 618, and pixel 616b forms the even-numbered 
columns of pixel array 618. In an alternate embodiment for 
pixel array 618, pixel 616.a forms the odd-numbered col 
umns of pixel array 618, and pixel 616b forms the even 
numbered columns of pixel array 618. 

FIG. 7a shows a perspective view of the pixel array 
described in FIG. 6 in transmissive light mode. In this 
embodiment, backlight 708 is on, that is, 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, secondary 
color sub-pixels 710b, 710d and 710? (which transmit 
magenta, cyan and yellow, respectively) also may be used 
and, thereby, produce brighter, more saturated colors. 

FIG. 7b shows a perspective view of the pixel array 
described in FIG. 6 in reflective light mode. In this embodi 
ment, backlight 708 is off, that is, it is not emitting light, and 
the reflected color is generated from secondary 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, yellow 
and magenta, respectively) also may be used and, thereby, 
produce brighter, more saturated colors. 
The pixel arrays described herein may need to be con 

trolled via a six-color signal (rather than the standard 
three-color signal). As understood by a person of ordinary 
skill in the art, the standard three-color signal output by a 
graphic-processing unit may be readily converted into the 
six-color signal, or the graphic-processing unit may be 
readily converted to output the six-color signal. 

Although various exemplary embodiments of the inven 
tion have been disclosed, it should be apparent to those 
skilled in the art that various changes and modifications can 
be made which will achieve some of the advantages of the 
invention without departing from the true scope of the 
invention. The appended claims are intended to cover these 
and other obvious modifications. 

I claim: 
1. A pixel of a transflective liquid crystal display panel, 

the display panel having a controllable backlight, compris 
1ng: 

an array of Sub-pixels; 
a color Substrate with an array of colors corresponding to 

the array of Sub-pixels, the array of colors comprising 
transmissive colors and reflective colors, the reflective 
colors being the complement of the transmissive colors, 
the color Substrate transmitting at least one wavelength 
of light corresponding to the transmissive colors in the 
array of colors when the controllable backlight emits a 
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first predetermined light level and, from substantially 
the same area in the color substrate, reflecting at least 
one wavelength of light corresponding to the reflective 
colors in the array of colors when the controllable 
backlight emits a second predetermined light level; and 

wherein the transmissive colors are primary or secondary 
colors and the reflective colors are primary or second 
ary colors. 

2. The pixel according to claim 1, wherein the primary 
colors form the top row of the array of sub-pixels, and the 
secondary colors form the bottom row of the array of 
Sub-pixels. 

3. The pixel according to claim 1, wherein at least one of 
the primary colors and at least one of the secondary colors 
form the top row of the array of sub-pixels, and at least one 
of the primary colors and at least one of the secondary colors 
form the bottom row of the array of sub-pixels. 

4. The pixel according to claim 2, wherein the order of the 
primary colors in the top row of the array of sub-pixels is 
red, green and blue, and the order of the secondary colors in 
the bottom row of the array of sub-pixels is cyan, magenta 
and yellow. 

5. The pixel according to claim3, wherein the order of the 
primary and secondary colors in the top row of the array of 
Sub-pixels is either red, magenta and blue or cyan, green and 
yellow; and the order of the primary and secondary colors in 
the bottom row of the array of sub-pixels is either cyan, 
green and yellow or red, magenta and blue. 

6. The pixel according to claim 1, wherein the display 
panel further comprises a light sensor, the light sensor 
measuring the level of ambient light entering the display 
panel. 

7. The pixel according to claim 6, wherein the first 
predetermined light level is greater than the measured ambi 
ent light level and the second predetermined light level is 
less than the measured ambient light level. 

8. The pixel according to claim 1, wherein the first 
predetermined light level is substantially equal to the second 
predetermined light level. 

9. The pixel according to claim 6, wherein the first 
predetermined light level, the second predetermined light 
level, or both predetermined light levels are between 55 
percent and 105 percent 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 divided into an array of pixels, each pixel divided 

into an array of sub-pixels, the panel having a top 
Substrate; 

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

the color substrate comprising an array of colors cor 
responding to the array of sub-pixels, the array of 
colors comprising transmissive colors and reflective 
colors, the reflective colors being the complement of 
the transmissive colors, wherein the transmissive colors 
are primary or secondary colors, and the reflective 
colors are primary or secondary colors; 

a controllable backlight system located behind the color 
Substrate; and 
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8 
the color substrate transmitting at least one wavelength of 

light corresponding to the transmissive colors in the 
array of colors when the controllable backlight emits a 
first predetermined light level and, from substantially 
the same area in the color substrate, reflecting at least 
one wavelength of light corresponding to the reflective 
colors in the array of colors when the controllable 
backlight emits a second predetermined light level. 

12. The panel according to claim 11, wherein the primary 
colors form the top row of the array of sub-pixels, and the 
secondary colors form the bottom row of the array of 
Sub-pixels. 

13. The panel according to claim 11, wherein at least one 
of the primary colors and at least one of the secondary colors 
form the top row of the array of sub-pixels, and at least one 
of the primary colors and at least one of the secondary colors 
form the bottom row of the array of sub-pixels. 

14. The panel according to claim 12, wherein the order of 
the primary colors in the top row of the array of sub-pixels 
is red, green and blue, and the order of the secondary colors 
in the bottom row of the array of sub-pixels is cyan, magenta 
and yellow. 

15. The panel according to claim 13, wherein the order of 
the primary and secondary colors in the top row of the array 
of Sub-pixels is either red, magenta and blue or cyan, green 
and yellow; and the order of the primary and secondary 
colors in the bottom row of the array of sub-pixels is either 
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, compris 
ing: 

an array of sub-pixels; 
a color substrate with an array of colors corresponding to 

the array of sub-pixels, the array of colors comprising 
transmissive colors and reflective colors, the reflective 
colors being the complement of the transmissive colors, 
the color substrate transmitting at least one wavelength 
of light corresponding to the transmissive colors in the 
array of colors when the controllable backlight emits a 
first predetermined light level and, from substantially 
the same area in the color substrate, reflecting at least 
one wavelength of light corresponding to the reflective 
colors in the array of colors when the controllable 
backlight emits a second predetermined light level. 

17. The pixel according to claim 16, wherein the display 
panel further comprises a light sensor, the light sensor 
measuring the level of ambient light entering the display 
panel. 

18. The pixel according to claim 17, wherein the trans 
missive colors are primary colors and the reflective colors 
are secondary colors when the first predetermined light level 
is greater than the measured ambient light level. 

19. The panel according to claim 17, wherein the trans 
missive colors are secondary colors and the reflective colors 
are primary colors when the second predetermined light 
level is less than the measured ambient light level. 

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


