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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to a liquid crystal display (LCD), and more particularly, to a transflective
LCD.

BACKGROUND OF THE INVENTION

[0002] Liquid crystal display (LCD) is commonly used as a display device because of its capability of displaying images
with good quality while using little power. LCD devices can be broadly classified into transmissive LCD devices and
reflective LCD devices. In general, a transmissive LCD device has a backlight light source, and displays an image by
controlling an amount of transmitted light from the backlight light source. A reflective LCD device has a reflector for
reflecting light from outside, and displays an image by utilizing the light reflected by the reflector as a display light source.
The reflective LCD device requires no backlight light source, so that it has an advantage over the transmissive LCD
device in terms of reducing the power consumption, the thickness, and the weight of the device. However, the reflective
LCD device has such a shortcoming that the contrast and visibility become deteriorated under a dark condition, since it
uses light in the surroundings as the display light source.
[0003] In order to overcome the foregoing drawbacks, transflective LCD devices that have advantages of both the
transmissive LCD device and the reflective LCD device have been put into practical use. A transflective LCD device has
a transmissive area and a reflective area within a unit pixel. The transmissive area transmits light from a backlight light
source, and uses the backlight light source as a display light source. The reflective area has a reflector, and uses external
light that is reflected by the reflector as a display light source. With the transflective LCD device, it is possible to reduce
the power consumption by putting out the backlight light source and displaying an image with the reflective areas under
a bright condition. Further, it is also possible to display an image even under a dark condition by putting on the backlight
light source and displaying an image with the transmissive areas when the surrounding condition turns dark.
[0004] Conventionally, a transflective LCD device is designed to have a multi-cell gap so as to ensure the lengths of
light transmitting through the transmissive area and of light reflected back by the reflective area to be same. Manufacturing
such a transflective LCD usually requires more masks and more processing steps. Additionally, a traditional transflective
IPS LCD is also designed to include one or more pattern retarders. This will increase the manufacture cost on one hand.
On the other hand, it enlarges the size of the LCD.
[0005] Document US 2008/100764 A1 discloses a transflective LCD having separate electrodes and reflective layer
with the reflective layer provided on an uneven surface for scattering the reflected light.
[0006] US 2004/0056999 A1 discloses another transflective liquid crystal display where the electrodes and the reflective
layer are combined. The reflective layer may be formed on a bump portion of a color filter for scattering reflected light.
US 2005/083462 A1 discloses a pixel device of a transflective liquid crystal display (LCD) having a hybrid alignment
nematic liquid crystal layer driven by a lateral electric field. The pixel device of the transflective LCD includes an upper
panel and a lower panel, in which the lower panel has an upper surface divided into a reflective region covered with a
reflector and a remainder transmission region. US 2009/284693 A1 discloses a liquid crystal display apparatus having
a common electrode and pixel electrodes on an insulation layer. A color filter and other necessary elements such as a
protection film and/or alignment film are stacked on a transparent substrate.
[0007] Therefore, a heretofore unaddressed need exists in the art to address the aforementioned deficiencies and
inadequacies.

SUMMARY OF THE INVENTION

[0008] The above-mentioned object is solved by a transflective liquid crystal display with the features of claim 1.
Advantageous embodiments are subject matter of the dependent claims.
[0009] In an aspect, the present disclosure relates to a further transflective LCD comprising a plurality of pixels. Each
pixel has (a) a first structure comprising a first substrate having a first surface and an opposite, second surface, a first
quarter-wave film formed on the first surface of the first substrate, a first polarization film formed on the first quarter-
wave film, an organic layer having a bump area and a flat area extending from the bump area, formed on the second
surface of the first substrate, and a metal layer formed on the bump area of the organic layer so as to define a reflective
area therewith and a transmissive area adjacent to the reflective area; (b) a second structure comprising a second
substrate having a first surface and an opposite, second surface, a second quarter-wave film formed on the second
surface of the second substrate, a second polarization film formed on the second quarter-wave film, a color filter formed
on the first surface of the second substrate, and a plurality of electrodes formed on the color filter such that at least two
electrodes are positioned in the transmissive area and define a first distance, d1, therebetween, and at least two electrodes
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are positioned in the reflective area and define a second distance, d2, therebetween, wherein d2 > d1, where the first
structure and the second structure are positioned relative to each other to define a cell gap therebetween; and (c) a
liquid crystal layer positioned in the cell gap between the first structure and the second structure. In one embodiment,

 The liquid crystal layer comprises liquid crystals in the blue phase. The bump area is protruded relative

to the flat area of the organic layer. The metal layer is non-transparent to light.
[0010] In one embodiment, the first polarization film is corresponding to one of a left-circular polarizer and a right-
circular polarizer, and wherein the second polarization film is the other of the left-circular polarizer and the right-circular
polarizer. In another embodiment, each of the first polarization film and the second polarization film includes a linear
polarizer having a polarization axis, and wherein the first polarization film and the second polarization film are arranged
such that the polarization axis of the first polarization film is perpendicular to that of the second polarization film.
[0011] The transmissive area is adapted for allowing light transmission sequentially through the first structure, the
liquid crystal layer and the second structure, thereby defining a transmissively optical path of light, and wherein the
reflective area is adapted for allowing light entering from the second structure through the liquid crystal layer to reflect
at the metal layer back through the liquid crystal layer to the second structure, thereby defining a reflectively optical path
of light. In one embodiment, the reflectively optical path has a length that is substantially same as that of the transmissively
optical path.
[0012] In yet another aspect, the present disclosure relates to a transflective LCD comprising a plurality of pixels. Each
pixel has a first structure defining a reflective area and a transmissive area adjacent to the reflective area, a second
structure positioned apart from the first structure to define a cell gap therebetween, a liquid crystal layer positioned in
the cell gap between the first structure and the second structure, and a plurality of electrodes formed on the second
structure such that at least two electrodes are positioned in the transmissive area and define a first distance, d1, ther-
ebetween, and at least two electrodes are positioned in the reflective area and define a second distance, d2, therebetween,

wherein d2 > d1, preferably,  In one embodiment, the liquid crystal layer comprises liquid crystals in the

blue phase.
[0013] The transmissive area is adapted for allowing light transmission sequentially through the first structure, the
liquid crystal layer and the second structure, thereby defining a transmissively optical path of light, wherein the reflective
area is adapted for allowing light entering from the second structure through the liquid crystal layer to reflect at the metal
layer back through the liquid crystal layer to the second structure, thereby defining a reflectively optical path of light, and
wherein the reflectively optical path has a length that is substantially same as that of the transmissively optical path.
[0014] In one embodiment, the first structure comprises a first substrate having a first surface and an opposite, second
surface, a first quarter-wave film formed on the first surface of the first substrate, a first polarization film formed on the
first quarter-wave film, an organic layer having a bump area and a flat area extending from the bump area, formed on
the second surface of the first substrate, and a metal layer formed on the bump area of the organic layer to define the
reflective area therewith and the transmissive area adjacent to the reflective area. The bump area is protruded relative
to the flat area of the organic layer. The metal layer is non-transparent to light.
[0015] The second structure comprises a second substrate having a first surface and an opposite, second surface, a
second quarter-wave film formed on the second surface of the second substrate, a second polarization film formed on
the second quarter-wave film, and a color filter formed on the first surface of the second substrate.
[0016] In one embodiment, the first polarization film is corresponding to one of a left-circular polarizer and a right-
circular polarizer, and wherein the second polarization film is the other of the left-circular polarizer and the right-circular
polarizer. In another embodiment, each of the first polarization film and the second polarization film includes a linear
polarizer having a polarization axis, and wherein the first polarization film and the second polarization film are arranged
such that the polarization axis of the first polarization film is perpendicular to that of the second polarization film.
[0017] In an embodiment, the plurality of electrodes is formed on the color filter. These and other aspects of the present
invention will become apparent from the following description of the preferred embodiment taken in conjunction with the
following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings illustrate one or more embodiments of the invention and, together with the written
description, serve to explain the principles of the invention. Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements of an embodiment, and wherein:

Fig. 1 shows schematically a cross-sectional view of a pixel structure of a transflective LCD according to an em-
bodiment not covered by the present invention but interesting for illustrative purposes;
Fig. 2 shows an optical path of light transmitting through the transmissive area of the pixel shown in Fig. 1, (a) in
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an off-state, and (b) in an on-state;
Fig. 3 shows an optical paths of light reflected back by the reflective area of the pixel shown in Fig. 1, (a) in an off-
state, and (b) in an on-state;
Fig. 4 shows schematically a cross-sectional view of a pixel structure of a transflective LCD according to an em-
bodiment of the present invention; and Fig. 5 shows schematically fabricating processes (a)-(e) of reflective bumps
of a pixel structure of a transflective LCD according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Referring to the drawings, like numbers indicate like components throughout the views. As used in the description
herein and throughout the claims that follow, the meaning of "a", "an", and "the" includes plural reference unless the
context clearly dictates otherwise. Also, as used in the description herein and throughout the claims that follow, the
meaning of "in" includes "in" and "on" unless the context clearly dictates otherwise.
[0020] The terms used in this specification generally have their ordinary meanings in the art, within the context of the
invention, and in the specific context where each term is used. Certain terms that are used to describe the invention are
discussed below, or elsewhere in the specification, to provide additional guidance to the practitioner regarding the
description of the invention. The use of examples anywhere in this specification, including examples of any terms
discussed herein, is illustrative only, and in no way limits the scope and meaning of the invention or of any exemplified
term. Likewise, the invention is not limited to various embodiments given in this specification.
[0021] As used herein, the terms "comprising," "including," "having," "containing," and the like are to be understood
to be open-ended, i.e., to mean including but not limited to.
[0022] The description will be made as to the embodiments in conjunction with the accompanying drawings of Figs.1-5.
A transflective LCD is disclosed that utilizes (1) the properties of liquid crystals in the blue phase in which the liquid
crystals are isotropic when no electric field is applied and anisotropic when electric field is applied, (2) the relationship
of the induced birefringence, Δn, and the electric field, E, which is of

Δn=λ*K*E2 (Kerr effect),

(3) circular polarization films (PFs), and (4) the design of electrodes of which the electrode distance (d2) in a reflective

area is larger than that (d1) in a transmissive area, preferably,  

[0023] The transflective LCD comprises a plurality of pixels. Referring to Fig. 1, a pixel 100 is shown schematically
according to a comparative example. The pixel 100 includes a first structure 110, a second structure 120 positioned
apart from the first structure 110 define a cell gap 130 therebetween, and a liquid crystal layer 140 positioned in the cell
gap 130 between the first structure 110 and the second structure 120. Among other things, the liquid crystal layer 140
is preferably formed of liquid crystals in the blue phase. The first structure 110 defines a reflective area 131 and a
transmissive area 132 adjacent to the reflective area 131 of the pixel 100. The transmissive area 132 is adapted for
allowing light transmission sequentially through the first structure 110, the liquid crystal layer 140 and the second structure
120, thereby defining a transmissively optical path of the transmissive light. The reflective area 131 is adapted for allowing
light entering from the second structure 120 through the liquid crystal layer 140 to reflect at the metal layer 114 back
through the liquid crystal layer 140 to the second structure 120, thereby defining a reflectively optical path of the reflective
light.
[0024] Specifically, the first structure 110 includes a first substrate 119 having a first surface 119a and an opposite,
second surface 119b, a first quarter-wave film (QWF) 112 formed on the first surface 119a of the first substrate 110, a
first PF 111 formed on the first QWF 112, an organic layer 113 having a bump area 113a and a flat area 113b extending
from the bump area 113 formed on the second surface 119b of the first substrate 119, a metal layer 114 formed on the
bump area 113a of the organic layer 113 so as to define the reflective area 131 therewith and the transmissive area 132
adjacent to the reflective area 131, and an insulating layer 115 formed on the metal layer 114 and the flat area 113b of
the organic layer 113. The bump area 113a is protruded relative to the flat area 113b of the organic layer 113. The metal
layer is non-transparent to light. The metal layer is formed of aluminum (Al) or the other metal.
[0025] Further, a plurality of electrodes 116 and 117 is formed on the insulating layer 115. Of them, at least two
electrodes 116 are positioned in the transmissive area 132 and at least two electrodes 117 are positioned in the reflective
area 131. The electrodes 116 and 117 are preferably formed of ITO. According to the present invention, the distance
d2 between the at least two electrodes 117 in the reflective area 131 is larger than the distance d1 between the at least
two electrodes 116 in the transmissive area 132, i.e., d2 > d1. The distances d1 and d2 determine the intensity of the
electric field applied to the electrodes, thus the induced birefringence Δn of the liquid crystals of the liquid crystal layer
140, which in turn, determines the length of the reflectively optical path of light reflected back by the reflective area 131
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and the length of the transmissively optical path of light transmitting through the transmissive area. In one embodiment,

 As a result, both the lengths of the reflectively optical path of light reflected back by the reflective area

131 and the transmissively optical path of light transmitting through the transmissive area are same. According to the
present invention, neither a pattern retarder nor a multi-cell gap needs in the pixel design of the transflective LCD.
[0026] Additionally, the second structure 120 has a second substrate 129 having a first surface 129a and an opposite,
second surface 129b, a second QWF 122 formed on the second surface 129b of the second substrate 129, a second
PF 121 formed on the second QWF 122, and a color filter 123 formed on the first surface 129a of the second substrate 129.
[0027] In one embodiment, the first PF 111 is corresponding to one of a left-circular polarizer and a right-circular
polarizer, and the second PF 121 is the other of the left-circular polarizer and the right-circular polarizer. In another
embodiment, each of the first PF 111 and the second PF 121 includes a linear polarizer. The first PF 111 and the second
PF 121 are orthogonally arranged.
[0028] In one embodiment, the first and second substrates 119 and 129 are made of glass. The first and second PFs
111 and 121, the first and second QWFs 112 and 122, the organic layer 113, the insulating layer 115 and color filter
123 are formed of materials transparent to light beams/waves.
[0029] Figs. 2 and 3 show respectively optical paths of light transmitting through the transmissive area 132 and reflected
back by the reflective area 131 of the pixel 100 shown in Fig. 1. In this exemplary embodiment, the polarization (trans-
mission) axis 111a of the first PF 111 is oriented horizontally, while the polarization axis 121a of the second PF 121 is
oriented vertically. Additionally, the polarization axis 112a of the first QWF 112 is oriented in about 45° relative to the
polarization axis 111a of the first PF 111, and the polarization axis 122a of the second QWF 122 is oriented in about
135° relative to the polarization axis 111a of the first PF 111.
[0030] Fig. 2(a) shows the optical paths of light transmitting through the transmissive area 132 of the pixel 100, where
no electric field is applied in the liquid crystals (cell), and thus the liquid crystals are isotropic, i.e., in an off-state. When
a beam of light 151 passes through the first PF 111, it becomes linearly polarized along the horizontal direction. The
linearly polarized light then passes through the first QWF 112 and becomes left-circularly (or right-circularly) polarized.
The left-circularly (or right-circularly) polarized light passes through the liquid crystals 140 and remains left-circularly (or
right-circularly) polarized. The left-circularly (or right-circularly) polarized light passes through the second QWF 121 and
becomes linearly polarized along the horizontal direction. The linearly polarized light along the horizontal direction travels
to the second PF 121 and is blocked thereof, and thus no light passes through the second PF 121.
[0031] Fig. 2(b) shows the optical paths of light transmitting through the transmissive area 132 of the pixel 100, where
an electric field is applied in the liquid crystals, and thus the liquid crystals are anisotropic, i.e., in an on-state. In this
case, there is a © phase retardation in the liquid crystal cell. When a beam of light 151 passes through the first PF 111,
it becomes linearly polarized along the horizontal direction. The linearly polarized light then passes through the first
QWF 112 and becomes left-circularly (or right-circularly) polarized. The left-circularly (or right-circularly) polarized light
passes through the liquid crystals 140 and becomes right-circularly (or left-circularly) polarized. The right-circularly (or
left-circularly) polarized light passes through the second QWF 121 and becomes linearly polarized along the vertical
direction. The linearly polarized light along the vertical direction travels to and passes through the second PF 121.
[0032] Fig. 3(a) shows the optical paths of light reflected back by the reflective area 131 of the pixel 100, where no
electric field is applied in the liquid crystals, and the liquid crystals are isotropic, i.e., in an off-state. When a beam of
light 152 passes through the second PF 121, it becomes linearly polarized along the horizontal direction. The linearly
polarized light then passes through the second QWF 122 and becomes left-circularly (or right-circularly) polarized. The
left-circularly (or right-circularly) polarized light passes through the liquid crystal cell 140 and remains left-circularly (or
right-circularly) polarized. The left-circularly (or right-circularly) polarized light travels to the reflective metal surface 114
and is reflected back with the polarization changed to be right-circularly (or left-circularly) polarized. The right-circularly
(or left-circularly) polarized light passes through the liquid crystal cell 140 and remains right-circularly (or left-circularly)
polarized, which in turn, passes through the second QWF 122 and becomes linearly polarized along the vertical direction.
The linearly polarized light along the vertical direction travels to the second PF 121 and is blocked thereof, and thus no
light passes through the second PF 121.
[0033] Fig. 3(b) shows the optical paths of light reflected back by the reflective area 131 of the pixel 100, where electric
field is applied in the liquid crystals, and the liquid crystals are anisotropic, i.e., in an on-state. When a beam of light 152
passes through the second PF 121, it becomes linearly polarized along the horizontal direction. The linearly polarized
light then passes through the second QWF 122 and becomes left-circularly (or right-circularly) polarized. The left-circularly
(or right-circularly) polarized light passes through the liquid crystal cell 140 and linearly polarized. The linearly polarized
light travels to the reflective metal surface 114 and is reflected back with the linear polarization. The linearly polarized
light passes through the liquid crystal cell 140 and becomes left-circularly (or right-circularly) polarized, which in turn,
passes through the second QWF 122 and becomes linearly polarized along the horizontal direction. The linearly polarized
light along the horizontal direction travels to and passes through the second PF 121.
[0034] In the exemplary embodiment, both the lengths of the reflectively optical path of light 152 reflected back by the
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reflective area 131 and the transmissively optical path of light 151 transmitting through the transmissive area 132 are
same when the liquid crystals are in the on-state. Accordingly, the V-T curves in both the reflective area 131 and the
transmissive area 132 of the pixel 100 are same.
[0035] Referring now to Fig. 4, a pixel 400 usable for the transflective LCD is shown according to an embodiment of
the present invention. The pixel 400 includes a first structure 410, a second structure 420 positioned apart from the first
structure 410 define a cell gap 430 therebetween, and a liquid crystal layer 440 positioned in the cell gap 430 between
the first structure 410 and the second structure 420. Preferably, the liquid crystal layer 440 is formed of liquid crystals
in the blue phase. The first structure 410 defines a reflective area 431 and a transmissive area 432 adjacent to the
reflective area 431 of the pixel 400. The transmissive area 432 is adapted for allowing light transmission sequentially
through the first structure 410, the liquid crystal layer 440 and the second structure 420, thereby defining a transmissively
optical path of the transmissive light. The reflective area 431 is adapted for allowing light entering from the second
structure 420 through the liquid crystal layer 440 to reflect at the metal layer 414 back through the liquid crystal layer
440 to the second structure 420, thereby defining a reflectively optical path of the reflective light.
[0036] As shown in Fig. 4, the first structure 410 includes a first substrate 419 having a first surface 419a and an
opposite, second surface 419b, a first quarter-wave film (QWF) 412 formed on the first surface 419a of the first substrate
410, a first PF 411 formed on the first QWF 412, an organic layer 413 having a bump area 413a and a flat area 413b
extending from the bump area 413 formed on the second surface 419b of the first substrate 419, and a metal layer 414
formed on the bump area 413a of the organic layer 413 so as to define the reflective area 431 therewith and the
transmissive area 432 adjacent to the reflective area 431. The bump area 413a is protruded relative to the flat area 413b
of the organic layer 413. The metal layer is non-transparent to light. The metal layer is formed of alumina (A1) or the
other metal.
[0037] Additionally, the second structure 420 has a second substrate 429 having a first surface 429a and an opposite,
second surface 429b, a second QWF 422 formed on the second surface 429b of the second substrate 429, a second
PF 421 formed on the second QWF 422, and a color filter 423 formed on the first surface 429a of the second substrate
429. The plurality of electrodes 416 and 417 is formed on the color filter 423. Of them, at least two electrodes 416 are
positioned in the transmissive area 432 and at least two electrodes 417 are positioned in the reflective area 431. According
to the present invention, the distance d2 between the at least two electrodes 417 in the reflective area 431 is larger than
the distance d1 between the at least two electrodes 416 in the transmissive area 432, i.e., d2 > d1. Preferably,

[0038] In one embodiment, the first PF 411 is corresponding to one of a left-circular polarizer and a right-circular
polarizer, and the second PF 421 is the other of the left-circular polarizer and the right-circular polarizer. In another
embodiment, each of the first PF 411 and the second PF 421 includes a linear polarizer. The first PF 411 and the second
PF 421 are orthogonally arranged.
[0039] In the fabrication of the pixel 100 or 400, the organic bumps are formed after array TFT process, such as GE,
AS, SD and BP. The electrode ITO is formed after the bump process (before or after the A1 layer is formed, A1 also
can be used as an electrode).
[0040] Fig. 5 shows schematically fabricating processes of reflective bumps of a pixel structure according to one
embodiment of the present invention. The process is as follows: at first, a thick organic layer 513 is coated on a glass
substrate 519, as shown in Fig. 5(a). Then, the exposure and developing processes are sequentially applied to the
organic layer 513 so as to fabricate an organic structure 513c with different heights, as shown in Figs. 5(b) and 5(c).
The organic structure 513c is baked, reflowed and smoothed to form an organic bump 513a having the tape about 10°,
as shown in Fig. 5(d). As shown in Fig. 5(e), a reflective metal such as A1 is then sputtered on the bump 513a to form
a reflective layer/surface 514 thereon.
[0041] The foregoing description of the exemplary embodiments has been presented only for the purposes of illustration
and description and is not intended to be exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and variations are possible in light of the above teaching.
[0042] The embodiments were chosen and described in order to explain the principles of the invention and their
practical application so as to activate others skilled in the art to utilize the invention and various embodiments and with
various modifications as are suited to the particular use contemplated. Accordingly, the scope of the present invention
is defined by the appended claims rather than the foregoing description and the exemplary embodiments described
therein.

Claims

1. A transflective liquid crystal display (LCD) comprising a plurality of pixels (400), each pixel (400) comprising:
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(a) a first structure (410) defining a reflective area (431) and a transmissive area (432) adjacent to the reflective
area (431),
wherein the first structure (410) comprises:

a first substrate (119) having a first surface (419a) and an opposite, second surface (419b);
a first quarter-wave film (412) formed on the first surface (119a) of the first substrate (419);
a first polarization film (411) formed on the first quarter-wave film (412);
an organic layer (413) having a bump area (413a) and a flat area (413b) extending from the bump area
(413a), formed on the second surface (419b) of the first substrate (419); and
a metal layer (414) formed on the bump area (413a) of the organic layer (413) to define the reflective area
(431) therewith and the transmissive area (432) adjacent to the reflective area (431);

(b) a second structure (420) positioned apart from the first structure (410) to define a cell gap (430) therebetween,
wherein the second structure (420) comprises:

a second substrate (429) having a first surface (429a) and an opposite, second surface (429b);
a second quarter-wave film (422) formed on the second surface (429b) of the second substrate (429);
a second polarization film (421) formed on the second quarter-wave film (422); and
a color filter (423) formed on the first surface (429a) of the second substrate (429);

(c) a liquid crystal layer positioned in the cell gap between the first structure and the second structure; and
(d) a plurality of electrodes (426, 427) formed on the color filter (423) such that at least two electrodes are
positioned in the transmissive area (432) and define a first distance (d1) therebetween, and at least two electrodes
are positioned in the reflective area (431) and define a second distance (d2) therebetween, wherein the second
distance (d2) is larger than the first distance (d1).

2. The transflective LCD of claim 1, wherein the liquid crystal layer (440) comprises liquid crystals in the blue phase.

3. The transflective LCD of claim 1, wherein the second distance (d2) is  times of the first distance (d1).

4. The transflective LCD of claim 1, wherein the bump area (413a) is protruded relative to the flat area (413b) of the
organic layer (413).

5. The transflective LCD of claim 1, wherein the metal layer (414) is non-transparent to light.

6. The transflective LCD of claim 1, wherein the first polarization film (411) is one of a left-circular polarizer and a right-
circular polarizer, and wherein the second polarization film (421) is the other of the left-circular polarizer and the
right-circular polarizer.

7. The transflective LCD of claim 1, wherein each of the first polarization film (411) and the second polarization film
(421) includes a linear polarizer having a polarization axis, and wherein the first polarization film (411) and the
second polarization film (421) are arranged such that the polarization axis of the first polarization film (411) is
perpendicular to that of the second polarization film (421).

8. The transflective LCD of claim 1, wherein the reflectively optical path has a length that is substantially same as that
of the transmissively optical path.

Patentansprüche

1. Transflektive Flüssigkristallanzeige (LCD) umfassend eine Vielzahl von Bildpunkten (400), wobei jeder Bildpunkt
(400) umfasst:

a) eine erste Struktur (410), die eine reflektierende Fläche (431) und benachbart zur reflektierenden Fläche
(431) eine transmittierende Fläche (432) definiert,
wobei die erste Struktur (410) umfasst:
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ein erstes Substrat (119) mit einer ersten Oberfläche (419a) und einer gegenüberliegenden zweiten Ober-
fläche (419b),
einen ersten Viertelwellenfilm (412), der auf der ersten Oberfläche (419e) des ersten Substrats (419) aus-
gebildet ist,
einen ersten Polarisationsfilm (411), der auf dem ersten Viertelwellenfilm (412) ausgebildet ist,
eine organische Schicht (413), die eine unebene Fläche (413a) und eine ebene Fläche (413b) aufweist,
die sich von der unebenen Fläche (413a) aus erstreckt, und wobei die organische Schicht (413) auf der
zweiten Oberfläche (419a) des ersten Substrats (419) ausgebildet ist und
eine Metallschicht (414), die auf der unebenen Fläche (413a) der organischen Schicht (413) ausgebildet
ist, um damit die reflektierende Fläche (431) und benachbart zur reflektierenden Fläche (431) die transmit-
tierende Fläche (432) zu definieren,

b) eine zweite Struktur (420), die zur ersten Struktur (410) beabstandet ausgebildet ist, um dazwischen eine
Zellenlücke (430) zu bilden, wobei die zweie Struktur (420) umfasst:

ein zweites Substrat (429) mit einer erste Oberfläche (429a) und einer gegenüberliegenden zweiten Ober-
fläche (429b),
einen zweiten Viertelwellenfilm (422), der auf der zweiten Oberfläche (429b) des zweiten Substrats (429)
ausgebildet ist,
einen zweiten Polarisationsfilm (421), der auf dem zweiten Viertelwellenfilm (422) ausgebildet ist, und
einen Farbfilter (423), der auf der ersten Oberfläche (429a) des zweiten Substrats (429) ausgebildet ist,

c) eine Flüssigkristallschicht, die in der Zellenlücke zwischen der ersten Struktur und der zweiten Struktur
ausgebildet ist, und
d) eine Vielzahl von Elektroden (426, 427), die derart auf dem Farbfilter (423) ausgebildet ist, dass mindestens
zwei Elektroden in der transmittierenden Fläche (432) angeordnet sind und zwischen sich eine erste Distanz
(d1) definieren, und mindestens zwei Elektroden in der reflektierenden Fläche (431) angeordnet sind und zwi-
schen sich eine zweite Distanz (d2) definieren, wobei die zweite Distanz (d2) größer als die erste Distanz (d1) ist.

2. Transflektive LCD nach Anspruch 1, wobei die Flüssigkristallschicht (440) Flüssigkristalle in der blauen Phase
aufweist.

3. Transflektive LCD nach Anspruch 1, wobei die zweite Distanz (d2) das  fache der ersten Distanz (d1) beträgt.

4. Transflektive LCD nach Anspruch 1, wobei die unebene Fläche (413a) relativ zur ebenen Fläche (413b) der orga-
nischen Schicht (413) hervorsteht.

5. Transflektive LCD nach Anspruch 1, wobei die Metallschicht (414) lichtundurchlässig ist.

6. Transflektive LCD nach Anspruch 1, wobei der erste Polarisationsfilm (411) ein linkszirkulärer Polarisator oder ein
rechtszirkulärer Polarisator ist, und wobei der zweite Polarisationsfilm (421) der jeweils andere des linkszirkulären
Polarisators und des rechtszirkulären Polarisators ist.

7. Transflektive LCD nach Anspruch 1, wobei jeder des ersten Polarisationsfilms (411) und des zweiten Polarisations-
films (421) einen linearen Polarisator mit einer Polarisationsachse umfasst, und wobei der erste Polarisationsfilm
(411) und der zweite Polarisationsfilm (421) derart angeordnet sind, dass die Polarisationsachse des ersten Pola-
risationsfilms (411) senkrecht zur Polarisationsachse des zweiten Polarisationsfilms (421) orientiert ist.

8. Transflektive LCD nach Anspruch 1, wobei der reflektierende optische Pfad eine Länge aufweist, die substantiell
gleich der des transmittierenden optischen Pfads ist.

Revendications

1. Affichage à cristaux liquides transflectif (LCD) comprenant une pluralité de pixels (400), chaque pixel (400)
comprenant :
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(a) une première structure (410) qui défini une zone réflectrice (431) et une zone transmittrice (432) adjacente
à la zone réflectrice (431), la première structure (410) comprenant :

un premier substrat (119) qui a une première surface (419a) et une seconde surface opposée (419b) ;
un premier film quart d’onde (412) formé sur la première surface (119a) du premier substrat (419) ;
un premier film de polarisation (411) formé sur le premier film quart d’onde (412) ;
une couche organique (413) qui a une zone à bosse (413a) et une zone plate (413b) qui s’étend à partir
de la zone à bosse (413a) formée sur la seconde surface (419b) du premier substrat (419) et
une couche de métal (414) formée sur la zone à bosse (413a) de la couche organique (413) pour définir
la zone réflectrice (431) avec celle-ci et la zone transmittrice (432) adjacente à la zone réflectrice (431) ;

(b) une seconde structure (420) positionnée à l’écart de la première structure (410) pour définir une épaisseur
de cellule (439) entre elles, la seconde structure (420) comprenant :

un second substrat (429) qui a une première surface (429a) et une seconde surface opposée (429b) ;
un second film quart d’onde (422) formé sur la seconde surface (429b) du second substrat (429) ;
un second film de polarisation (421) formé sur le second film quart d’onde (422) et
un filtre de couleur (423) formé sur la première surface (429a) du second substrat (429) ;

(c) une couche de cristaux liquides positionnée dans l’épaisseur de cellule entre la première structure et la
seconde structure et
(d) une pluralité d’électrodes (426, 427) formées sur le filtre de couleur (423) de telle manière qu’au moins deux
électrodes sont positionnées dans la zone transmittrice (432) et définissent une première distance (d1) entre
elles et au moins deux électrodes sont positionnées dans la zone réflectrice (431) et définissent une seconde
distance (d2) entre elles, la seconde distance (d2) étant plus grande que la première distance (d1).

2. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, la couche de cristaux liquides (440) com-
prenant des cristaux liquides dans la phase bleue.

3. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, la seconde distance (d2) étant √2 fois de la
première distance (d1).

4. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, la zone à bosse (413a) faisant saillie par
rapport à la zone plate (413b) de la couche organique (413).

5. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, la couche de métal (414) étant non trans-
parente à la lumière.

6. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, le premier film de polarisation (411) étant
soit un polariseur circulaire à gauche, soit un polariseur circulaire à droite et le second film de polarisation (421)
étant l’autre polariseur, le polariseur circulaire à gauche ou le polariseur circulaire à droite.

7. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, chacun des films de polarisation, le premier
film de polarisation (411) et le second film de polarisation (421), comprenant un polariseur linéaire qui a un axe de
polarisation et le premier film de polarisation (411) et le second film de polarisation (421) étant arrangés de telle
manière que l’axe de polarisation du premier film de polarisation (411) soit perpendiculaire à celui du second film
de polarisation (421).

8. Affichage à cristaux liquides transflectif (LCD) selon la revendication 1, le trajet optique sur le plan réflectif ayant
une longueur qui est substantiellement la même que celle du trajet optique sur le plan transmissif.
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