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(57) ABSTRACT

In an embodiment, a multi-mode LCD comprises pixels, each
comprising sub-pixels, each sub-pixel comprising a first
polarizing layer; a second polarizing layer; a first substrate
layer and an oppositely oriented second substrate layer, the
first and second substrate layers are between the first and
second polarizing layers; aliquid crystal material between the
first and second substrate layers; a first reflective layer that is
adjacent to the first substrate layer and comprises at least one
opening that forms a transmissive part of the sub-pixel and
wherein a remainder of the first reflective layer that forms a
reflective part of the sub-pixel; a first filter of a first color
opposite to and covering the transmissive part with an area
larger than that of the transmissive part; a second filter of a
second color opposite to and partially covering the reflective
part, wherein the second color is different from the first color.
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TRANSFLECTIVE DISPLAY WITH WHITE
TUNING

BENEFIT CLAIM

[0001] This application claims the benefit, under 35 U.S.C.
119(e), of prior provisional application 61/084,023, filed Jul.
28, 2008, prior provisional application 61/084,018, filed Jul.
28, 2008, and prior provisional application 61/091,417, filed
Aug. 24, 2008, the entire contents of which are hereby incor-
porated by reference for all purposes as if fully set forth
herein.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application is related to U.S. patent application
Ser. No. 12/503,793, filed Jul. 15, 2009, the entire contents of
which are hereby incorporated by reference for all purposes
as if fully disclosed herein.

TECHNICAL FIELD

[0003] The present disclosure relates, in general, to a dis-
play. More specifically, the disclosure relates to a multi-mode
Liquid Crystal Display (LCD).

BACKGROUND

[0004] The approaches described in this section are
approaches that could be pursued, but not necessarily
approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated, it should not be
assumed that any of the approaches described in this section
qualify as prior art merely by virtue of their inclusion in this
section.

[0005] Monochromatic liquid crystal displays (LCDs) such
as those used for gasoline pump display digital clock displays
are typically optimized for the middle of the visible light
spectrum. Compared with green, which lies in the middle of
the spectrum, red and blue light do not transmit well. There-
fore, monochromatic LCDs may look greenish even when
displaying black-and-white or grayscale images. In addition,
monochromatic LCDs are unsuitable for display color images
or video.

[0006] Color LCDs may be used to display black-and-
white or grayscale images. Each pixel of the color LCDs
comprises three or more color sub-pixels that can be used to
simulate different shades of gray. However, when used as
monochromatic displays, the resolution of color LCDs is
typically limited by the area of the pixels which is three times
larger or coarser than the area of each sub-pixel. Color arti-
facts may remain visible in certain spots, causing viewers to
see ared or blue tinge around the edges of a supposedly black
or grayscale character.

[0007] Since the light passing through the color filters of
the color sub-pixels is attenuated, color LCDs may use back-
lights in addition to, or instead of, ambient light. As a result,
power consumption of color LCDs, even when used as mono-
chromatic displays, is high in order to achieve an acceptable
resolution.

[0008] LCDs are typically refreshed at 30, 60, or 120
frames per second. At these frame rates, an LCD consumes
much more power than at lower rates. For example, at a
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60-frames-per-second rate, an LCD may consume twice the
power than it would at a 30-frames-per-second rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various embodiments of the present invention will
herein after be described in conjunction with the appended
drawings, provided to illustrate and not to limit the present
invention, wherein like designations denote like elements,
and in which:

[0010] FIG.1isaschematic ofacross section ofasub-pixel
ofa LCD;
[0011] FIG. 2 illustrates the arrangement of threes pixels

(nine sub-pixels) of the LCD;

[0012] FIG. 3 illustrates the functioning of the LCD in a
monochrome reflective mode;

[0013] FIG. 4 illustrates the functioning of the LCD in a
color transmissive mode by using a partial color filtered
approach;

[0014] FIG. 5 illustrates the functioning of the LCD in a
color transmissive mode by using a hybrid field sequential
approach;

[0015] FIG. 6 illustrates the functioning of the LCD in a
color transmissive mode by using a diffractive approach; and

[0016] FIG.7illustrates an example configuration in which

a multi-mode LCD runs at a low field rate without flicker.
DETAILED DESCRIPTION

[0017] 1. General Overview

[0018] Inan embodiment, a multi-mode LCD as described

hereinafter provides better resolution and readability as com-
pared to existing LCDs. In an embodiment, the power usage/
consumption required by the LCD is reduced. In an embodi-
ment, a sunlight readable display in the LCD is provided. In
an embodiment, a roomlight readable display in the LCD is
provided.

[0019] In some embodiments, the multi-mode LCD may
comprise a plurality of pixels along a substantially planar
surface, each pixel comprising a plurality of sub-pixels. A
sub-pixel in the plurality of sub-pixels comprises a first polar-
izing layer with a first polarization axis and a second polar-
izing layer with a second polarization axis. The sub-pixel also
comprises a first substrate layer and a second substrate layer
opposite to the first substrate layer. The sub-pixel further
comprises a first reflective layer adjacent to the first substrate
layer. The first reflective layer may be made of roughened
metal, comprising at least one opening that forms in part a
transmissive part of the sub-pixel. The rest of the first reflec-
tive layer covered by the metal in the sub-pixel forms in part
areflective part of the sub-pixel. In some embodiments, a first
filter of a first color is placed opposite to and covering the
transmissive part with a larger area than an area of the trans-
missive part, while a second filter of a second color is placed
opposite to and partially covering the reflective part. The
second color is different from the first color.

[0020] The multi-mode LCD may further comprise a sec-
ond reflector on one side of the first electrode layer, while the
first reflective layer is on the opposite side of the first elec-
trode layer. This second reflective layer may be made up of
metal, comprising at least one opening that is a part of the
transmissive part of the sub-pixel.

[0021] In an embodiment, the multi-mode LCD further
comprises a light source for illuminating the multi-mode
display. In an embodiment, a spectrum of color is generated
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from the light from the light source (or a back light) using a
diffractive or a micro-optical film.

[0022] In an embodiment, placing color filters (for
example, the first filter of the first color) over the transmissive
part of a pixel, and different color filters (for example, the
second filter of the second color) over a portion of the reflec-
tive part of the pixel, enables shifting of the monochrome
white-point and a strong readability in ambient light. In an
embodiment, the black matrix mask used typically in color
filter creation is eliminated. Additionally, an embodiment
provides horizontally oriented sub-pixels to improve the reso-
lution of the LCD in the color transmissive mode. Addition-
ally, an embodiment provides vertically oriented sub-pixels
to improve the resolution of the LCD in the color transmissive
mode. Further, an embodiment enables the light to switch
between two colors, while a third color (typically green) is
always on, thereby decreasing the required frame rate of the
LCD when used in the hybrid field sequential approach. In an
embodiment, colors are created from the backlight, thereby
eliminating the need for color filters. In an embodiment, color
filters are used over only the green pixels, thereby eliminating
the need for using additional masks for making the color filter
array.

[0023] In an embodiment, the cross sectional area of the
reflective part of the sub-pixel may be over half of the total
cross sectional area of the entire sub-pixel. For example, the
reflective part may occupy 70% to 100% of the plurality of
pixels. In an embodiment, in the multi-mode LCD, 1% to
50% of the reflective part in a sub-pixel is covered with one or
more color filters.

[0024] Inanembodiment, the transmissive part occupies an
interior part of a cross section of the sub-pixel. In an embodi-
ment, the first and second filters of different colors mentioned
above may be configured to shift from a previous color tinged
white point to a new monochrome colorless white point for
the sub-pixel. In an embodiment, the transmissive part occu-
pies 0% to 30% of the plurality of pixels. In an embodiment,
the one or more color-filters are of different thicknesses. In an
embodiment, the one or more color-filters are of a same
thickness.

[0025] In an embodiment, the multi-mode Liquid Crystal
Display further comprises one or more colorless spacers
placed over the reflective part. In an embodiment, the one or
more colorless spacers are of a same thickness. In an embodi-
ment, the one or more colorless spacers are of different thick-
nesses.

[0026] In an embodiment, the multi-mode Liquid Crystal
Display further comprises a driver circuit to provide pixel
values to a plurality of switching elements, wherein the plu-
rality of switching elements determines the light transmitting
through the transmissive part. In an embodiment, the driver
circuit further comprises a Transistor-Transistor-Logic inter-
face. In an embodiment, the multi-mode Liquid Crystal Dis-
play further comprises a timing control circuit to refresh the
pixel values of the multi-mode Liquid Crystal Display.
[0027] In an embodiment, the multi-mode Liquid Crystal
Display as described herein forms a part of a computer,
including but not limited to a laptop computer, notebook
computer, ebook reader, cell phone, and netbook computer.
[0028] Various embodiments relate to a Liquid Crystal Dis-
play (LCD) that is capable of functioning in multi-mode, a
monochrome reflective mode and a color transmissive mode.
Various modifications to the preferred embodiments and the
generic principles and features described herein will be
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readily apparent to those skilled in the art. Thus, the disclo-
sure is not intended to be limited to the embodiments shown,
but is to be accorded the widest scope consistent with the
principles and features described herein.

[0029]

[0030] FIG.1isaschematic ofacross section ofa sub-pixel
100 of a LCD. Sub-pixel 100 comprises a liquid crystal mate-
rial 104, a sub-pixel electrode (or a first electrode layer) 106
that includes switching elements, a common electrode (or a
second electrode layer) 108, a first reflective layer 160 that is
located on one side of electrode 106, a second reflective layer
150 that is located on the other side of the electrode 106, a
transmissive part 112, first and second substrate layers 114
and 116, spacers 118a and 1185, a first polarization layer 120,
and a second polarization layer 122.

[0031] Inanembodiment, first and second reflective layers
160 and 150 have an opening over the transmissive part 112.
A surface of first reflective layer 160 forms in part a reflective
part 110. A surface of second reflective layer 150 may be used
to reflect light incident from the left-hand side of the surface.
In an embodiment, a light source 102 or an ambient light 124
illuminates sub-pixel 100. Examples of light source 102
include, but are not limited to, Light Emitting Diodes back-
lights (LEDs), Cold-Cathode Fluorescent Lamps backlights
(CCFLs), and the like. Ambient light 124 can be sunlight or
any external source of light. In an embodiment, liquid crystal
material 104, which is an optically active material, rotates the
axis of the polarization of the light from light source 102 or
ambient light 124. Liquid crystal 104 can be a Twisted Nem-
atic (TN), an Electrically Controlled Birefringence (ECB)
and the like. In an embodiment, the rotation of the polariza-
tion orientation of the light is determined by the potential
difference applied between sub-pixel electrode 106, and com-
mon electrode 108. In an embodiment, sub-pixel electrode
106 and common electrode 108 can be made of Indium Tin
Oxide (ITO). Further, each sub-pixel is provided with a sub-
pixel electrode 106, while common electrode 108 is common
to all the sub-pixels and pixels present in the LCD.

[0032] Inanembodiment, reflective part 110 is electrically
conductive and reflects ambient light 124 to illuminate sub-
pixel 100. The first reflective layer 160 is made of metal and
is electrically coupled to sub-pixel electrode 106 thereby
providing the potential difference between reflective part 110
and common electrode 108. Transmissive part 112 transmits
light from light source 102 to illuminate sub-pixel 100. Sub-
strates 114 and 116 enclose liquid crystal material 104, pixel
electrode 106 and common electrode 108. In an embodiment,
sub-pixel electrode 106 is located at substrate 114, and com-
mon electrode 108 is located at substrate 116. Additionally,
substrate 114 and subpixel electrode layer comprises switch-
ing elements (not shown in FIG. 1)In an embodiment, the
switching elements can be Thin Film Transistors (TFTs). In
another embodiment the switching elements can be low tem-
perature polysilicon.

[0033] A driver circuit 130 sends signals related to sub-
pixel values to the switching elements. In an embodiment,
driver circuit 130 uses low voltage differential signaling
(LVDS) drivers. In another embodiment, a transistor-transis-
tor logic (TTL) interface that senses both increase and
decrease in voltages is used in driver circuit 130. Additionally,
a timing controller 140 encodes the signals related to sub-
pixel values into the signals needed by the diagonal transmis-
sive parts of the sub-pixels. Furthermore, timing controller

2. Structural Overview
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140 has a memory to allow self-refresh of the LCD when the
signals related to the sub-pixels are removed from timing
controller 140.

[0034] In an embodiment, spacers 118a and 1186 are
placed over reflective part 110 to maintain a uniform distance
between substrates 114 and 116. Additionally, sub-pixel 100
comprises first polarizer 120 and second polarizer 122. In an
embodiment, the axes of polarity of first polarizer 120 and
second polarizer 122 are perpendicular to each other. In
another embodiment, the axes of polarity of first polarizer 120
and second polarizer 122 are parallel to each other.

[0035] Sub-pixel 100 is illuminated by light source 102 or
ambient light 124. The intensity of light passing through
sub-pixel 100 is determined by the potential difference
between sub-pixel electrode 106, and common electrode 108.
In an embodiment, liquid crystal material 104 is in a disori-
ented state and the light passing through first polarizer 120 is
blocked by second polarizer 122 when no potential difference
is applied between sub-pixel electrode 106, and common
electrode 108. Liquid crystal material 104 is oriented when
the potential difference is applied between sub-pixel elec-
trode 106, and common electrode 108. The orientation of
liquid crystal material 104 allows the light to pass through
second polarizer 122.

[0036] Inanembodiment, first reflective layer 160 is placed
ononeside of electrode 106, while second reflective layer 150
may be placed on the opposite side of electrode 106. The
second reflective layer 150 may be made of metal, reflecting
or bouncing light 126 (incident from the left-hand side of
FIG. 1) one or more times until the light 126 transmits
through the transmissive part 112 to illuminate sub-pixel 100.
[0037] For the purpose of illustrating a clear example,
straight lines indicate light path segments of lights 112, 124,
126. Each of the light path segments may comprise additional
bending due to diffractions which may occur when lights 112,
124, 126 travel through junctions between media of different
refractive indexes.

[0038] For the purpose of illustrating a clear example, the
sub-pixel 100 is illustrated with two spacers 1184 and 1185.
In various embodiments, two neighboring spacers may be
placed one or more pixels apart, every ten pixels apart, every
twenty pixels apart, every 100 pixels apart, or other distances
apart.

[0039] FIG. 2 illustrates the arrangement of nine sub-pixels
100 of the LCD. Sub-pixel 100 comprises transmissive part
11254 and reflective part 110. In an embodiment, transmissive
parts 112a-c¢ impart red, green and blue color components
respectively to form a color pixel, if the (Red-Green-Blue)
RGB color system is followed. Additionally, transmissive
parts 112a-c can impart different colors such as red, green,
blue and white or other color combinations, if other color
systems are chosen. Furthermore, transmissive part 113a and
114a impart red color, transmissive part 1136 and 1144
impart green color, and transmissive part 113¢ and 114¢
impart blue color to the color pixel. In some embodiments,
color filters 404a-c of different thicknesses can be placed over
transmissive parts 112a-c to decrease or increase the satura-
tion of the color imparted to the color pixel. Saturation is
defined as intensity of a specific gradation of color within the
visible spectrum. Further, a colorless filter 2024 can be placed
over reflective part 110. In various embodiments, the thick-
ness of colorless filter 2024 can vary from zero to the thick-
ness of color filters 404a-c placed over transmissive parts
112a-c.
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[0040] In an embodiment, transmissive parts 112a repre-
sent a subpixel of of one of the three colors of the color pixel.
Similarly, transmissive parts 1125 and 112¢ represent a sub-
pixels of other two colors of the color pixel. In another
embodiment, vertical oriented subpixels can be used that
increase the reflective and transflective resolution by three-
fold in the horizontal direction when compared to the color
transmissive operating mode. In another embodiment, hori-
zontal stripes of subpixels can be used that increase the reflec-
tive and transflective resolution by three-fold in the vertical
direction when compared to the color transmissive mode.
[0041] The amount of light from light source 102 transmit-
ting through each of the transmissive parts 112a-c is deter-
mined by the switching elements (not shown in FIG. 2). The
amount of light transmitting through each transmissive parts
112a-c, in turn, determines the luminance of the color pixel.
Further, the shape of transmissive parts 112a-c and the color
filters 404a-c can be hexagonal, rectangular, octagonal, cir-
cular or so forth. Additionally, the shape of reflective part 110
can be rectangular, circular, octagonal, and the like.

[0042] In some embodiments, additional color filters may
be placed over the reflective parts 110 of sub-pixels 100 in the
pixel 208. These additional color filters may be used to pro-
vide compensating colors that help create a new monochrome
white point for the sub-pixels in the pixel 208 in a monochro-
matic operating mode. With the new monochrome white
point, the sub-pixels of the pixel 208 can be used to represent
various shades of gray, collectively or individually.

[0043] Forexample, acolor filter 206e may be used to cover
an area of the reflective part 110 in the sub-pixel 100 that
includes transmissive part 112a. In some embodiments as
illustrated in FIG. 2, the color filter 206e may cover not only
(1) aportion of the reflective part 110 in the sub-pixel 100 that
contains the transmissive part 112a (which imparts the red
color in the present example), but also (2) a portion of the
reflective part 110 in the sub-pixel 100 that contains the
transmissive part 11256 (which imparts the green color in the
present example). The color filter 206e may be used to impart
the blue color in both the sub-pixels 100 that impart the red
and green colors in the pixel 208.

[0044] Similarly, a color filter 206/ may be used to cover an
area of the reflective part 110 in the sub-pixel 100 that
includes transmissive part 112¢. In some embodiments as
illustrated in FIG. 2, the color filter 206/’ may cover not only
(1) aportion of the reflective part 110 in the sub-pixel 100 that
contains the transmissive part 112¢ (which imparts the blue
color in the present example), but also (2) another portion of
the reflective part 110 in the sub-pixel 100 that contains the
transmissive part 11256 (which imparts the green color in the
present example). The color filter 206/ may be used to impart
the red color in both the sub-pixels 100 that impart the blue
and green colors in the pixel 208.

[0045] The reflective part of the red sub-pixel 100 has an
area covered by the red color filter 404a and another area
covered by the blue color filter 206e. The net result is that the
red sub-pixel may receive red and blue color contributions
from these areas covered by the color filters 404a and 206e.
The same holds true for the blue sub-pixel. However, the
reflective part of the green sub-pixel 100 has a first area
covered by the green color filter 4045, a second area covered
by the blue color filter 206¢, and a third area covered by the
red color filter 206/. In some embodiments, the first area may
be smaller than either of the second and third areas or vice
versa. In some embodiments, the second and third areas may
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be set to different sizes, in order to create a monochrome
colorless white point. The net resultis that the green sub-pixel
may receive an overall red and blue color contribution from
the color filters 4045, 206e and 206/ 'that can compensate the
green color contribution for the purpose of creating the mono-
chrome colorless white point.

[0046] In some embodiments, as illustrated, these color
filters 206 and 206/ may cover only a portion of the reflective
part 110 in a sub-pixel 100; most of the reflective part 110 in
the sub-pixel 100 may be either covered by colorless filter
2024, or not covered by filters.

[0047] Embodiments may be configured for correcting
other than green tinges. In various embodiments, the area
covered by each of the color filters 404a-c may be the same as,
or larger than, the area of the respective transmissive part
112a-c. For example, the color filter 404a that covers the
transmissive part 1124 may have an area larger than the area
of the transmissive part 112a. The same may hold true for the
color filters 4045 and 404c¢. In these embodiments, the sizes of
the color filters 404 and 206 may be placed or sized in certain
ways to create a monochrome colorless white point.

[0048] Insomeembodiments, areas of sub-pixels 100 in the
pixel 208 may or may not be the same. For example, the area
of a green sub-pixel 100 that comprises the transmissive part
1125 may be configured to be smaller than the areas of a red
or blue sub-pixel 100 that comprises the transmissive part
112a or 112c¢).

[0049] In some embodiments, areas of color filters over
transmissive parts 112a-c in the pixel 208 may or may not be
the same. For example, the area of a green color filter 4045
may be smaller than the areas of a red or blue color filter 404a,
404c.

[0050] Insomeembodiments, areas of color filters over the
reflective part 110 in the pixel 208 may or may not be the
same. For example, the area of the blue color filter 206e may
be larger or smaller than the areas of the red color filter 206/
[0051] Insome embodiments, even though (1) the areas of
sub-pixels 100 may be different, and/or (2) the areas covered
by color filters 404a-c in the pixel 208 may be different,
and/or (3) the areas covered color filters 206¢ and 206/in the
pixel 208 may be different, reflective areas not covered by
color filters in all the sub-pixels of the pixel 208 are substan-
tially the same. As used herein, the term “substantially the
same” refers to a difference within a small percentage. In
some embodiments, reflective areas are substantially the
same if the smallest and the largest of these reflective areas
only differ within a specified range, for example, <=5%.
[0052] 3. Functional Overview

[0053] FIG. 3 illustrates the functioning of sub-pixel 100
(for example, any of the sub-pixels 100 in FIG. 2) in the
monochrome reflective mode. Since the monochrome reflec-
tive embodiment is explained with reference to FIG. 3, only
reflective part 110 is shown in the figure.

[0054] Sub-pixel 100 can be used in the monochrome
reflective mode in the presence of an external source of light.
In an embodiment, ambient light 124 passes through a layer
of filters, and liquid crystal material 104 and is incident on
reflective part 110. The layer of filters may comprise (1)
colorless filter 2024, (2) color filter 404 (for example, 404a of
FIG. 2 when the sub-pixel 100 is the one with the transmissive
part 1124 in FIG. 2) extending from the area opposite to the
transmissive part of the sub-pixel 100 (for example, 1124 of
FIG. 2), and (3) color filter 206 (for example, 206¢ of FIG. 2).
Any, some, or all, of the filters may be used to maintain the
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attenuation and the path difference of ambient light 124 the
same as the attenuation and the path difference of the light in
the color transmissive mode. The colorless color filter 2024
can also be omitted by modifying the design.

[0055] Reflective part 110 of sub-pixel 100 reflects ambient
light 124 to substrate 116. In an embodiment, a potential
difference (v) is applied to sub-pixel electrode 106, which is
electronically coupled to the reflective part 110 and common
electrode 108. Liquid crystal material 104 is oriented,
depending on the potential difference (v). Consequently, the
orientation of liquid crystal material 104 rotates the plane of
ambient light 124, allowing the light to pass through second
polarizer 122. The degree of orientation of liquid crystal
material 104 therefore determines the brightness of sub-pixel
100 and consequently, the luminance of sub-pixel 100.

[0056] In an embodiment, a normally white liquid crystal
embodiment can be employed in sub-pixel 100. In this
embodiment, axes of first polarizer 120 and second polarizer
122 are parallel to each other. The maximum threshold volt-
age is applied across sub-pixel electrode 106, and common
electrode 108 to block the light reflected by reflective part
110. Sub-pixel 100 therefore appears black. Alternatively, a
normally black liquid crystal embodiment can be used. In this
embodiment, axes of first polarizer 120 and second polarizer
122 are perpendicular to each other. The maximum threshold
voltage is applied across sub-pixel electrode 106, and com-
mon electrode 108 to illuminate sub-pixel 100.

[0057] For the purpose of illustrating a clear example, the
reflective part 110 is shown as a smooth straight line. Alter-
natively, the reflective part 110 may have a roughened or
bumpy surface at the micron level or sub-micron levels.

[0058] FIG. 4 illustrates the functioning of the LCD in the
color transmissive mode by using a partial color filtered
approach. Since the color transmissive embodiment is being
explained, only transmissive parts of the sub-pixel: 112a-¢
are shown in FIG. 4. On substrate 116, color filters 404a, 4045
and 404¢ are respectively placed in transmissive sub-pixel
parts 112a, 1126 and 112¢, as shown in FIG. 4. Sub-pixel
parts 112a, 1125 and 112¢ refer to the sub-pixel optical value.
Part 112a has optical contributions from part 102, 402, 120,
114,1064a, 104, 404a 108, 116 and 122. Part 1125 has optical
contributions from part 102, 402, 120, 114, 1065, 104, 4045,
108, 116, and 122. Part 112¢ has optical contributions from
part 102, 402. 120, 114, 106¢, 104, 404c, 108, 116, and 122.
Color filters 404a, 4045, and 404c¢ are also spread partially
over (or extending out to a part of) the reflective area of the
sub-pixel. In various embodiments, the color filters cover any
amount that is less than half the reflective area of the pixel (for
example, 0% to 50% of the area) and in one particular
embodiment the color filters cover about 0% of the area, and
in another particular embodiement they cover 6% to 10% of
the area, and in yet another particular embodiment they cover
14% to 15% of the area.

[0059] Light source 102 is a backlight source producing
light 402 that can be collimated by using a collimating light
guide or lens. In an embodiment, light 402, coming from light
source 102, is passed through first polarizer 120. This aligns
the plane of light 402 in a particular plane. In an embodiment,
the plane of light 402 is aligned in the horizontal direction.
Additionally, second polarizer 122 has an axis of polarization
in the vertical direction. Transmissive parts 112a-c transmit
light 402. In an embodiment, each of transmissive parts
112a-c has an individual switching element. The switching
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element controls the intensity of light 402 passing through the
corresponding transmissive part.

[0060] Further, light 402, after transmitting through trans-
missive parts 112a-c, passes through liquid crystal material
104. Transmissive parts 112a, 1125, and 112¢ are provided
with sub-pixel electrodes 106a-c respectively. The potential
differences applied between sub-pixel electrode 106a-c, and
common electrode 108 determine the orientation of liquid
crystal material 104. The orientation ofliquid crystal material
104, in turn, determines the intensity of light 402 incident on
each color filter 404a-c.

[0061] Inanembodiment,a green color filter 404a is placed
mostly or completely over transmissive part 112a and may
also be placed partially the reflective portion 110 (shown in
FIG. 2 and 3), a blue color filter 4045 is placed mostly or
completely over transmissive part 1126 and may also be
placed partially over the reflective portion 110 (shown in FIG.
2 and 3) and a red color filter 404¢ is placed mostly or
completely over transmissive part 112¢ and may also be par-
tially over the reflective part 110 (shown in FIG. 2 and 3).
Each of color filters 404a-c imparts the corresponding color
to the color pixel. The colors imparted by color filters 404a-c
determine the chrominance value of the color pixel. Chromi-
nance contains the color information such as hue and satura-
tion for a pixel. Further, if there is ambient light 124, the light
reflected by reflective part 110 (shown in FIG. 2 and 3)
provides luminance to the color pixel and imparts a mono-
chrome adjustment to the white reflectance of the pixel which
can compensate for the greenish look of the LC mode. This
luminance therefore increases the resolution in the color
transmissive mode. Luminance is a measure of the brightness
of a pixel.

[0062] As illustrated in FIG. 4, the transmissive parts
112a-c may have different cross sectional areas (which nor-
mal directions are the horizontal direction in FIG. 4). For
example, the green transmissive part 1125 may have a smaller
area than those of the red and blue transmissive part 112a and
112¢, as the green light may transmit more efficiently in the
sub-pixel 100 than the lights of other colors. The cross sec-
tional areas for transmissive parts 112a-c as illustrated in FIG.
4 here, and FIG. 5 and FIG. 6 below, may or may not be
different in various embodiments.

[0063] FIG. 5 illustrates the functioning of the LCD in the
color transmissive mode by using a hybrid field sequential
approach, in accordance with various embodiments. Since
the color transmissive embodiment is being explained, only
transmissive parts 112a-c are shown in FIG. 5. In an embodi-
ment, light source 102 comprises strips of LEDs such as LED
group 1, LED group 2 and so on (not shown). In an embodi-
ment, the LEDs that are arranged horizontally are grouped
together, one LED group below the other, to illuminate the
LCD. Alternatively, the LEDs that are arranged vertically can
be grouped.

[0064] The LEDs groups are illuminated in a sequential
manner. The frequency of illumination of an LED group can
be between 30 frames to 540 frames per second. In an
embodiment, each LED group comprises red LEDs 506a,
white LEDs 5065 and blue LEDs 506c¢. Further, red LEDs
506a and white LEDs 50656 of LED group 1 are on from time
t=0 to t=5 and red LEDs 5064 and white LEDs 5065 of LED
group 2 are on from time t=1 to t=6. Similarly, all the red and
white LEDs of other LED groups function in a sequential
manner. In an embodiment, each LED group illuminates a
horizontal row of pixels of the LCD, in case the LED groups

Jan. 28, 2010

are arranged vertically. Similarly blue LEDs 506¢ and white
LEDs 5065 of LED group 1 are on from time t=5 to t=10, and
blue LEDs 506¢ and white LEDs 5065 of LED group 2 are on
from time t=6 to t=11. Similarly, all the blue and white LEDs
ofother LED groups are on in a sequential manner. Red LEDs
506a, white LEDs 5065 and blue LEDs 5065 are arranged so
that red LEDs 5064 and blue LEDs 5065 illuminate transmis-
sive parts 112a and 112¢ and white LEDs 5065 illuminate
transmissive part 11254. In another embodiment, the LED
groups may comprise red, green and blue LEDs. Red, green
and blue LEDs are so arranged that green LEDs illuminate
transmissive part 1126 and red and blue LEDs illuminate
transmissive parts 112a and 112¢, respectively.

[0065] Inanembodiment, light502 from light source 102 is
passed through first polarizer 120. First polarizer 120 aligns
the plane of light 502 in a particular plane. In an embodiment,
the plane of light 502 is aligned in a horizontal direction.
Additionally, second polarizer 122 has the axis of polariza-
tion in the vertical direction. Transmissive parts 112a-c trans-
mit light 502. In an embodiment, each of transmissive parts
112a-c¢ has an individual switching element. Further, switch-
ing elements control the intensity of light passing through
each of transmissive parts 112a-¢, thereby controlling the
intensity of the color component. Further, light 502, after
passing through transmissive parts 112a-c, passes through
liquid crystal material 104. Each of transmissive parts 112a-c¢
has its own sub-pixel electrode 106a-c respectively. The
potential differences applied between sub-pixel electrodes
106a-c, and common electrode 108 determines the orienta-
tion of liquid crystal material 104. In the embodiment in
which red, white, and blue LEDs are used, the orientation of
liquid crystal material 104, in turn, determines the intensity of
light 502 incident on a green color filter 504, and transparent
spacers 508a and 5085.

[0066] Theintensity oflight 502 passing though green filter
504, and transparent spacers 508a and 5085 determines the
chrominance value of the color pixel. In an embodiment,
green color filter 504, is placed corresponding to transmissive
part 1125. Transmissive part 112a and 112¢ do not have a
color filter. Alternatively, transmissive parts 112a and 112¢
can use transparent spacers 508a and 5085 respectively.
Green color filter 504, transparent spacers 508a and 5085 are
located on substrate 116. In another embodiment, magenta
color filters can be placed over transparent spacers 508a and
5085. In an embodiment, during time t=0 to t=5, when red
LED 506a and white LED 5065 are on, transmissive parts
1124 and 112¢ are red and green filter 504 imparts a green
color to transmissive part 1125. Similarly, during time t=6 to
t=11, when blue LED 506¢ and white LEDs 5065 are on,
transmissive parts 1124 and 112¢ are blue, and green filter
504 imparts a green color to transmissive part 1125. The color
imparted to the color pixel is formed by the combination of
colors from transmissive parts 112a-c. Further, if ambient
light 124 is available, the light reflected by reflective part 110
(shown in FIGS. 2 and 3) provides luminance to the color
pixel. This luminance therefore increases the resolution in the
color transmissive mode.

[0067] FIG. 6 illustrates the functioning of the LCD in the
color transmissive mode by using a diffractive approach.
Since the color transmissive embodiment is being explained,
only transmissive parts 112a-c are shown in FIG. 6. Light
source 102 can be a standard backlight source. In an embodi-
ment, light 602 from light source 102 is split into a green
component 602a, a blue component 6025 and a red compo-
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nent 602¢ by using a diffraction grating 604. Alternatively,
light 602 can be split into a spectrum of colors with a different
part of the spectrum going through each of transmissive parts
112a-c using a micro-optical structure. In an embodiment, the
micro-optical structure is a flat film optical structure with
small lensets that can be stamped or imparted into the film.
Green component 602a, blue component 6025 and red com-
ponent 602¢ are directed to transmissive parts 112a, 1125 and
112¢, respectively, using diffraction grating 604.

[0068] Further, the components of light 602 are passed
through first polarizer 120. This aligns the plane of light
components 602a-c in a particular plane. In an embodiment,
the plane of light components 602a-c is aligned in the hori-
zontal direction. Additionally, second polarizer 122 has its
axis of polarization in the vertical direction. Transmissive
parts 112a-c allow light components 602a-c to be transmitted
through them. In an embodiment, each of transmissive parts
112a-c¢ has an individual switching element. Switching ele-
ments control the intensity of light passing through each of
transmissive parts 112a-c, thereby controlling the intensity of
the color component. Further, light components 602a-c, after
passing through transmissive parts 112a-c, passes through
liquid crystal material 104. Transmissive parts 112a, 1125
and 112¢ respectively have pixel electrodes 1064, 1065 and
106¢. The potential differences applied between pixel elec-
trodes 106a-c, and common electrode 108 determines the
orientation of liquid crystal material 104. The orientation of
liquid crystal material 104, in turn, determines the intensity of
light components 602a-c passing through second polarizer
122. The intensity of color components passing through sec-
ond polarizer 122 in turn decides the chrominance of the color
pixel. Further, if ambient light is available, the light reflected
by reflective part 110 (shown in FIGS. 2 and 3) provides
luminance to the color pixel. This luminance therefore
increases the resolution in the color transmissive mode.

[0069] As presented herein, the presence of ambient light
enhances the luminance of the color pixel in the color trans-
missive mode. Therefore, each pixel has both luminance and
chrominance. This increases the resolution of the LCD. Con-
sequently, the number of pixels required for a particular reso-
lution is lower than in prior known LCDs, thereby decreasing
the power consumption of the LCD. Further, a Transistor-
Transistor Logic (TTL) based interface can be used that low-
ers the power consumption of the LCD as compared to the
power consumed by the interfaces used in prior known LCDs.
Additionally, because the timing controller stores the signals
related to pixel values, the LCD is optimized for using the self
refresh property, thereby decreasing the power consumption.
In various embodiments, thinner color filters which transmit
less saturated color and more light can be used. Hence, vari-
ous embodiments facilitate the process of reducing the power
consumption, as compared to prior known LCDs.

[0070] Further, in an embodiment (described in FIG. 5),
green or white color light is always visible on sub-pixel 100,
and only the red and blue color lights are switched. Therefore,
a lower frame rate may be used as compared to the frame rate
of prior known field sequential displays.

[0071] 4. Driving Signal Techniques

[0072] Insomeembodiments, a pixel in a multi-mode LCD
as described herein can be used in the color transmissive
mode in the same manner as a standard color pixel. For
example, three sub-pixels in the pixel 208 (FIG. 2) of the
multi-mode LCD can be electronically driven by a multi-bit
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signal representing a RGB value (for example, a 24-bit signal)
to produce the specified red, green, and blue component col-
ors in the pixel.

[0073] Insome embodiments, a pixel in a multi-mode LCD
as described herein can be used as a black-and-white pixel in
a black-and-white reflective mode. In some embodiments,
three sub-pixels in a pixel of the multi-mode LCD can be
individually, or alternatively collectively, electronically
driven by a single 1-bit signal to produce either black or white
in the sub-pixels. In some embodiments, each of the sub-
pixels in a pixel of the multi-mode LCD can be individually
electronically driven by a different 1-bit signal to produce
either black or white in each sub-pixel. In these embodiments,
power consumption is drastically reduced by (1) using 1-bit
signals as compared with the multi-bit signals in the color
transmissive mode and/or (2) using ambient light as a main
source of the light. In addition, in the black-and-white reflec-
tive modes where each sub-pixel can be individually driven
by a different bit value and each sub-pixel is an independent
unit of display, the resolution of the LCD in these operating
modes can be made as high as three times the resolution of the
LCD operating in other modes in which a pixel is used as an
independent unit of display.

[0074] Insome embodiments, a pixel in a multi-mode LCD
as described herein can be used as a gray pixel (for example,
in a 2-bit-, 4-bit-, or 6-bit-gray-level reflective mode). In
some embodiments, three sub-pixels in a pixel of the multi-
mode LCD can be collectively electronically driven by a
single multi-bit signal to produce a shade of gray in the pixel.
In some embodiments, each of the sub-pixels in a pixel of the
multi-mode LCD can be individually electronically driven by
a different multi-bit signal to produce a shade of gray in each
sub-pixel. Similar to the black-and-white operating mode, in
these embodiments of different gray-level reflective modes,
power consumption may be drastically reduced by (1) using
signals of a lower number of bits as compared with the multi-
bit signals in the color transmissive mode and/or (2) using
ambient light as a main source of the light. In addition, in the
gray-level operating modes where each sub-pixel can be indi-
vidually driven by a different bit value and each sub-pixel is
an independent unit of display, the resolution of the LCD in
these operating modes can be made as high as three times the
resolution of the LCD in other operating modes in which a
pixel is used as an independent unit of display.

[0075] Insomeembodiments, a signal may be encoded into
the video signal that instructs a display driver what operating
mode and what corresponding resolution to drive. A separate
line may be used to inform the display to go into a low-power
mode.

[0076] 5. Low Field Rate Operations

[0077] Insome embodiments, a low field rate may be used
to reduce power consumption. In some embodiments, the
driver IC for the multi-mode LCD may run with a slow liquid
crystal and may comprise electronics that allow the electric
charge to be held longer at a pixel. In some embodiments,
metal layers 110, 150 of FIG. 1 and electrode layer 106
(which may be an oxide layer) may operate as additional
capacitors to hold the electric charge.

[0078] Insomeembodiments, alayerofliquid crystal mate-
rial 104 having a high value of An, termed a thick L.C material,
may be used. For example, LC material with An=0.25 may be
used. Such a thick liquid crystal may switch states with a low
field rate, and may have a high voltage holding ratio and long
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life even at the slow switching frequency. In one embodiment,
the 5 CB liquid crystal material commercially available from
Merck may be used.

[0079] FIG.7 illustrates an example configuration in which
a multi-mode LCD (706) runs at a low field rate without
flicker. A chipset 702 that contains a CPU (or a controller) 708
may output a first timing control signal 712 to timing control
logic 710 in a LCD driver IC 704. The timing control logic
710 in turn may output a second timing control signal 704 to
the multi-mode LCD 706. In some embodiments, the chipset
702 may, but is not limited to, be a standard chipset that can be
used to drive different types of LCD displays including the
multi-mode LCD 706 as described herein.

[0080] In some embodiments, the driver IC 704 is inter-
posed between the chipset 702 and the multi-mode LCD 706,
and may contain specific logic to drive the multi-mode LCD
in different operating modes. The first timing control signal
712 may have a first frequency such as 30 hz, while the second
timing control signal 714 may have a second frequency in
relation to the first frequency in a given operating mode of the
multi-mode LCD. In some embodiments, the second fre-
quency may be configured or controlled to be one half of the
first frequency in the reflective mode. As a result, the second
timing control signal 714 received by the multi-mode display
706 may be a smaller frequency than that for a standard LCD
display in that mode. In some embodiments, the second fre-
quency is regulated by the timing control logic 7 10 to have
different relationships with the first frequency depending on
the operating modes of the multi-mode LCD 706. For
example, in the color transmissive mode, the second fre-
quency may be the same as the first frequency.

[0081] In some embodiments, a pixel such as pixel 208 of
FIG. 2 may be formed substantially as a square while the
sub-pixels 100 may be formed as rectangles that are arranged
such that the short sides of the rectangles are adjacent. In these
embodiments, a sub-pixel 100 is said to be oriented in the
direction of the long side of its rectangle form. In some
embodiments, the multi-mode LCD is substantially in the
form of a rectangle. The sub-pixels in the LCD may be ori-
ented along the long side of the LCD rectangle or the short
side of the LCD rectangle.

[0082] Forexample, if the multi-mode LCD is used mainly
for e-reader applications, then the multi-mode LCD may be
used in the portrait mode with the long side in the vertical (or
up) direction. The sub-pixels 100 may be configured to orient
in the long side direction of the multi-mode display. On the
other hand, if the multi-mode LCD is used for various differ-
ent applications such as video, reading, internet, and game,
then the multi-mode LCD may be used in the landscape mode
with the long side in the horizontal direction. The sub-pixels
100 may be configured to orient in the short side direction of
the multi-mode display. Thus, the orientation of the sub-
pixels in the multi-mode LCD display may be set in such a
way as to enhance the readability and resolution of the con-
tents in its main uses.

[0083]

[0084] While the preferred embodiments of the invention
have been illustrated and described, it will be clear that the
invention is not limited to these embodiments only. Numer-
ous modifications, changes, variations, substitutions and
equivalents will be apparent to those skilled in the art without
departing from the spirit and scope of the invention, as
described in the claims.

6. Extensions and Variations
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What is claimed is:

1. A multi-mode liquid crystal display comprising a plu-
rality of pixels, each pixel comprising a plurality of sub-
pixels, a sub-pixel in the plurality of sub-pixels comprising:

a first polarizing layer with a first polarization axis;

a second polarizing layer with a second polarization axis;

a first substrate layer and a second substrate layer opposite
to the first substrate layer, wherein the first substrate
layer and the second substrate layer are interposed
between the first polarizing layer and the second polar-
izing layer;

a liquid crystal material between the first substrate layer
and the second substrate layer;

a first reflective layer adjacent to the first substrate layer,
wherein the first reflective layer comprises at least one
opening that forms in part a transmissive part of the
sub-pixel and wherein a remainder of the first reflective
layer forms in part a reflective part of the sub-pixel;

a first filter of a first color opposite to and covering the
transmissive part with a larger area than an area of the
transmissive part; and

a second filter of a second color opposite to and partially
covering the reflective part, wherein the second color is
different from the first color.

2. The multi-mode liquid crystal display according to claim

1, wherein a first side of the display is on a first side of the
second substrate layer and wherein the first reflective layer is
on a second, different side of the second substrate layer,
further comprising a light source that provides light at a
second, opposite side of the display through the at least one
opening in the first reflective layer.

3. The multi-mode liquid crystal display according to claim
2, further comprising a diffractive grating or a micro-optical
film configured to disperse light from the light of the light
source into a spectrum of color.

4. The multi-mode liquid crystal display according to claim
1, wherein a cross sectional area of the reflective part of the
sub-pixel is over half of a total cross sectional area of the
sub-pixel.

5. The multi-mode liquid crystal display according to claim
1, wherein the second filter of the second color extends over
and partially covers an area of a different sub-pixel.

6. The multi-mode liquid crystal display according to claim
1, further comprising a third filter of a third color opposite to
and partially covering a different area of the reflective part of
the sub-pixel, wherein the third color is different from both
the first color and the second color.

7. The multi-mode liquid crystal display according to claim
1, wherein reflective areas not covered by color filters in all
sub-pixels of a pixel are substantially the same.

8. The multi-mode liquid crystal display according to claim
1, wherein the first reflective layer comprises a metal.

9. The multi-mode liquid crystal display according to claim
1, further comprising a first electrode layer adjacent to the
first substrate layer and a second electrode layer adjacent to
the second substrate layer, wherein the liquid crystal material
is interposed between the first electrode layer and second
electrode layer.

10. The multi-mode liquid crystal display according to
claim 9, wherein the first electrode layer is an oxide layer.

11. The multi-mode liquid crystal display according to
claim 1, further comprising a second reflective layer on one
side of the first electrode layer while the first reflective layer
is on an opposite side of the first electrode layer, wherein the
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second reflective layer comprises at least one opening that is
a part of the transmissive part of the sub-pixel.

12. The multi-mode liquid crystal display according to
claim 1, wherein the first and second color filters are config-
ured to shift a monochrome white point for the sub-pixel.

13. The multi-mode liquid crystal display according to
claim 1, wherein the transmissive part occupies an interior
part of a cross section of the sub-pixel.

14. The multi-mode liquid crystal display according to
claim 1, wherein the first and second color-filters are of dif-
ferent thicknesses.

15. The multi-mode liquid crystal display according to
claim 1, wherein the first and second color-filters are of a
same thickness.

16. The multi-mode liquid crystal display according to
claim 1, further comprising one or more colorless spacers
over the reflective part.

17. The multi-mode liquid crystal display according to
claim 16, wherein the one or more colorless spacers are of a
same thickness.

18. The multi-mode liquid crystal display according to
claim 16, wherein the one or more colorless spacers are of
different thicknesses.

19. The multi-mode liquid crystal display according to
claim 1, further comprising a driver circuit configured to
provide pixel driving signals to a plurality of switching ele-
ments, wherein the plurality of switching elements deter-
mines an intensity of light transmitting through the transmis-
sive part.

20. The multi-mode liquid crystal display according to
claim 19, wherein the driver circuit further comprises a Tran-
sistor-Transistor-Logic interface.

21. The multi-mode liquid crystal display according to
claim 19, further comprising a timing control circuit config-
ured to refresh the pixel values of the multi-mode liquid
crystal display.

22. The multi-mode liquid crystal display according to
claim 1, wherein 1% to 50% of the reflective part has a color
filter.

23. A computer, comprising:

one or more processors;

a multi-mode liquid crystal display coupled to the one or
more processors and comprising a plurality of pixels,
each pixel comprising a plurality of sub-pixels, a sub-
pixel in the plurality of sub-pixels comprising:

a first polarizing layer with a first polarization axis;

a second polarizing layer with a second polarization
axis;

a first substrate layer and a second substrate layer oppo-
site to the first substrate layer, wherein the first sub-
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strate layer and the second substrate layer are inter-
posed between the first polarizing layer and the
second polarizing layer;

a liquid crystal material between the first substrate layer
and the second substrate layer;

a first reflective layer adjacent to the first substrate layer,
wherein the first reflective layer comprises at least one
opening that forms in part a transmissive part of the
sub-pixel and wherein a remainder of the first reflec-
tive layer forms in part a reflective part of the sub-
pixel;

a first filter of a first color opposite to and covering the
transmissive part with a larger area than an area of the
transmissive part; and

a second filter of a second color opposite to and partially
covering the reflective part, wherein the second color
is different from the first color.

24. The computer according to claim 23, wherein a first
side of the display is on a first side of the second substrate
layer and wherein the first reflective layer is on a second,
different side of the second substrate layer, further compris-
ing a light source that provides light at a second, opposite side
of the display through the at least one opening in the first
reflective layer.

25. The computer according to claim 23, wherein reflective
areas not covered by color filters in all sub-pixels of a pixel are
substantially the same.

26. The computer according to claim 23, wherein the first
reflective layer comprises a metal.

27. The computer according to claim 23, further compris-
ing a second reflective layer on one side of the first electrode
layer while the first reflective layer is on an opposite side of
the first electrode layer, wherein the second reflective layer
comprises at least one opening that is a part of the transmis-
sive part of the sub-pixel.

28. The computer according to claim 23, further compris-
ing a second reflective layer adjacent to the first reflective
layer on an opposite side of the first substrate layer, wherein
the second reflective layer comprises at least one opening that
is a part of the transmissive part of the sub-pixel.

29. The computer according to claim 23, further compris-
ing one or more colorless spacers over the reflective part.

30. The computer according to claim 23, further compris-
ing a driver circuit configured to provide pixel driving signals
to a plurality of switching elements, wherein the plurality of
switching elements determines an intensity of light transmit-
ting through the transmissive part.
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