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A transflective liquid crystal display includes a liquid crystal
panel including a first substrate, a second substrate, a liquid
crystal layer, the first and second substrates arranged to face
each other and the liquid crystal layer between the first and
second substrates, a reflection polarizer and an absorption
polarizer at opposing outer sides of the liquid crystal panel,
and a backlight unit at an outer side of the liquid crystal panel
and supplying light to the inside of the liquid crystal panel. A
reflective axis of the reflection polarizer is parallel with a
transmissive axis of the absorption polarizer, the transmissive
axis of the reflection polarizer perpendicularly crosses the
transmissive axis of the absorption polarize, and the liquid
crystal layer includes liquid crystal molecules and a dichroic
dye.
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REFLECTIVE AND TRANSPARENT LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0010214 filed on Feb. 1,2011, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The invention relates to a transflective liquid crystal
display. More particularly, the invention relates to a transflec-
tive liquid crystal display that can improve reflectivity and
transmittance, and prevent gray inversion in reflective and
transmission modes during occurrence of a time difference in
generation of external light.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display as one of flat panel display
devices that are widely used includes two display panels
where field generating electrodes such as a pixel electrode
and a common electrode are formed, and a liquid crystal layer
interposed therebetween, and the liquid crystal display gen-
erates an electric field in the liquid crystal layer by voltages
applied to the field generating electrodes to determine align-
ment of liquid crystal molecules of the liquid crystal layer and
control polarization of incident light, thereby displaying an
image.

[0006] Such aliquid crystal display is classified as a reflec-
tive liquid crystal display and a transmissive liquid crystal
display according to a light source.

[0007] The transmissive liquid crystal display has a struc-
ture in which a panel maintains liquid crystals that function as
electro-optical switches between a pair of substrates, a back-
light is disposed as a light source at the back surface of the
panel, and an image can be viewed from the front of the panel.
The use of the backlight is essential in a backlit liquid crystal
display, but the backlight consumes a large amount of power
so that the transmissive liquid crystal display is inappropriate
to be used as a display of a portable device.

[0008] The reflective liquid crystal display has a structure
in which a reflective plate is disposed at a bottom surface of a
panel and light entering from the front is used as reflective
light so that an image can be viewed from the front. Unlike the
transmissive liquid crystal display, the reflective liquid crystal
display is appropriate to be used as a display of a portable
device because it does not require a backlight supplying light
from the bottom, and thus consumes less power. However, the
reflective liquid crystal display has spatial and temporal limi-
tations because the optical effect of the reflective liquid crys-
tal depends on the peripheral environment.

[0009] Inorderto overcome the drawbacks of the reflective
and transmissive liquid crystal displays, a transflective liquid
crystal display has been proposed. The transflective liquid
crystal display can assure excellent optical characteristics
without spatial and temporal limitations so that it has been
applied to a mobile display.

[0010] However, a technique for realizing a complex mode
in a single cell gap and a technique for applying a dual cell gap
to a single mode have complex process problems and one
pixel is divided into a transmission area and a reflection area
so that the aperture ratio may be decreased, thereby causing
deterioration of optical characteristics of the display.
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[0011] Thus, a transflective liquid crystal display that can
realize a reflection mode using external light and a transmis-
sion mode using a backlight unit in one pixel instead of
dividing the pixel into the transmission area and the reflection
area has been activated studied.

[0012] However, such a transflective liquid crystal display
includes two liquid crystal panels so that reflectivity and
transmittance may be deteriorated, and a time difference may
occur when external light passes through the two liquid crys-
tal layers.

[0013] In addition, when such a transflective liquid crystal
display is realized using one liquid crystal panel, external
light enters when a black gray of a transmission mode is
expressed, and in this case, the gray becomes a white gray in
a reflection mode due to the external light so that a desired
gray cannot be expressed.

[0014] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

BRIEF SUMMARY OF THE INVENTION

[0015] The invention provides a transflective liquid crystal
display that can improve reflectivity and transmittance and
prevent occurrence of a time difference in external light.
[0016] Further, the invention provides a transflective liquid
crystal display that can prevent gray inversion between a
reflection mode and a transmission mode.

[0017] An exemplary embodiment of a transflective liquid
crystal display according to the invention includes a liquid
crystal panel including a first substrate, a second substrate,
and a liquid crystal layer, the first and second substrates
arranged to face each other and the liquid crystal layer
between the first and second substrates, a reflection polarizer
and an absorption polarizer at opposing sides of the liquid
crystal panel, and a backlight unit at an outer side of the liquid
crystal panel and supplying light to the inside of the liquid
crystal panel. A reflective axis of the reflection polarizer is
parallel with a transmissive axis of the absorption polarizer,
the transmissive axis of the reflection polarizer is perpendicu-
lar to the transmissive axis of the absorption polarizer, and the
liquid crystal layer includes liquid crystal molecules and a
dichroic dye.

[0018] In an exemplary embodiment, the liquid crystal
panel includes a plurality of pixels, and may further include a
first pixel electrode in a pixel on the first substrate, a second
pixel electrode in a pixel on the second substrate, and a
common electrode on the first substrate.

[0019] In an exemplary embodiment, the liquid crystal
layer may be arranged in a direction that is parallel with the
reflective axis of the reflection polarizer.

[0020] Inan exemplary embodiment, when a vertical elec-
tric field is formed between the second pixel electrode and the
common electrode in a reflection mode, light having entered
from an outside of the liquid crystal panel may be reflected by
the reflection polarizer and then transmitted through the
absorption polarizer to the outside of the liquid crystal panel.
[0021] In an exemplary embodiment, when a horizontal
electric field is formed between the first pixel electrode and
the common electrode in the transmission mode, light having
entered from the backlight unit may be phase-delayed in the
liquid crystal layer and then transmitted through the absorp-
tion polarizer to an outside of the liquid crystal panel.
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[0022] In an exemplary embodiment, the liquid crystal
layer may be arranged in a direction that is perpendicular to
the reflection polarizer.

[0023] In an exemplary embodiment, when a horizontal
electric field is formed between the first pixel electrode and
the common electrode in a reflection mode, the liquid crystal
layer is arranged in a direction that is parallel with the reflec-
tive axis of the reflection polarizer, and the dichroic dye may
absorb light having entered from the outside of the liquid
crystal panel.

[0024] In an exemplary embodiment, when a vertical elec-
tric field is formed between the second pixel electrode and the
common electrode in the transmission mode, the liquid crys-
tal layer is arranged in a direction that is parallel with the
reflective axis of the reflection polarizer, and the absorption
polarizer may absorb light having entered from the backlight
unit.

[0025] In an exemplary embodiment, when a horizontal
electric field is formed between the first pixel electrode and
the common electrode and a vertical electric field is formed
between the second pixel electrode and the common elec-
trode in a transmission mode, light having entered from the
backlight unit may be phase-delayed in the liquid crystal
layer and then transmitted through the absorption polarizer to
an outside of the liquid crystal panel.

[0026] In an exemplary embodiment, the liquid crystal
layer may be arranged in a direction that is parallel with the
reflective axis of the reflection polarizer in a portion adjacent
to the first substrate, and may be arranged in a direction that is
perpendicular to the reflective polarizer at a portion adjacent
to the second substrate.

[0027] In an exemplary embodiment, when a vertical elec-
tric field is formed between the second pixel electrode and the
common electrode in a reflection mode, light having entered
from an outside of the liquid crystal panel may be reflected by
the reflection polarizer and then transmitted through the
absorption polarizer to the outside of the liquid crystal panel.
[0028] In an exemplary embodiment, when a horizontal
electric field is formed between the first pixel electrode and
the common electrode in a transmission mode, light having
entered from the backlight unit may be phase-delayed in the
liquid crystal layer and then transmitted through the absorp-
tion polarizer to an outside of the liquid crystal panel.
[0029] In an exemplary embodiment, the transflective lig-
uid crystal display may further include first gate lines and first
data lines on the first substrate, a first thin film transistor
connected to the first gate line and the first data line, second
gate lines and second data lines on the second substrate, and
a second thin film transistor connected to the second gate line
and the second data line. The first pixel electrode may be
connected to the first thin film transistor, and the second pixel
electrode may be connected to the second thin film transistor.
[0030] In an exemplary embodiment, the transflective lig-
uid crystal display further includes an auxiliary liquid crystal
panel including third and fourth substrates arranged to face
each other, and an auxiliary crystal display panel between the
third and fourth substrates. The reflection polarizer may be
disposed between the liquid crystal panel and the auxiliary
liquid crystal panel, and the absorption polarizer may be
disposed between the auxiliary liquid crystal panel and the
backlight unit.

[0031] In an exemplary embodiment, the liquid crystal
panel and the auxiliary liquid crystal panel respectively
include a plurality of pixels, and may further include a first
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pixel electrode in a pixel on the first substrate, a first common
electrode on the second substrate, a second pixel electrode in
apixel on the third substrate, and a second common electrode
on the fourth substrate.

[0032] In an exemplary embodiment, the liquid crystal
layer may be arranged in a direction that is perpendicular to
the reflection polarizer, and the auxiliary liquid crystal layer
may be arranged in a direction that is parallel with the reflec-
tion polarizer.

[0033] Inan exemplary embodiment, when a vertical elec-
tric field is formed between the first pixel electrode and the
first common electrode in a reflection mode, the liquid crystal
layer may be arranged in a direction that is parallel with the
reflective axis of the reflection polarizer, and the dichroic dye
may absorb light having entered from an outside of the liquid
crystal panel.

[0034] In an exemplary embodiment, when a vertical elec-
tric field is formed between the first pixel electrode and the
first common electrode in a transmission mode, light having
entered from the backlight unit may be reflected by the reflec-
tion polarizer.

[0035] Inan exemplary embodiment, when a vertical elec-
tric field is formed between the second pixel electrode and the
second common electrode in a transmission mode, light hav-
ing entered from the backlight unit may be phase-delayed in
the auxiliary liquid crystal layer and then transmitted through
the reflection polarizer to an outside of the liquid crystal
panel.

[0036] In an exemplary embodiment, the liquid crystal
layer may be arranged in a direction that is parallel with the
reflective axis of the reflection polarizer, and the auxiliary
liquid crystal layer may be arranged in a direction that is
parallel with the reflection polarizer.

[0037] Inan exemplary embodiment, when a vertical elec-
tric field is formed between the first pixel electrode and the
first common electrode in the reflection mode, light having
entered from an outside of the liquid crystal panel may be
reflected by the reflection polarizer and then transmitted to
the outside of the liquid crystal panel.

[0038] Inan exemplary embodiment, when a vertical elec-
tric field is formed between the first pixel electrode and the
first common electrode in a transmission mode and a vertical
electric field is formed between the second pixel electrode
and the second common electrode, light having entered from
the backlight unit may be phase-delayed in the auxiliary
liquid crystal layer and then transmitted through the reflection
polarizer to the outside of the liquid crystal panel.

[0039] In an exemplary embodiment, the transflective lig-
uid crystal display may further include first gate lines and first
data lines on the first substrate, a first thin film transistor
connected to the first gate line and the first data line, second
gate lines and second data lines on the third substrate, and a
second thin film transistor connected to the second gate line
and the second data line. The first pixel electrode may be
connected to the first thin film transistor. and the second pixel
electrode may be connected to the second thin film transistor.
[0040] Theexemplary embodiments ofthe transflective lig-
uid crystal display described above has the following effects.
[0041] Exemplary embodiments of the transflective liquid
crystal display according to the invention can realize a reflec-
tion mode and a transmission mode with one liquid crystal
panel so that reflectivity and transmittance can be further
improved compared to a conventional liquid crystal display
that realizes a reflection mode and a transmission mode with
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two liquid crystal panels, and can reduce or effectively pre-
vent a time difference from occurring when external light
passes through two liquid crystal layers.

[0042] In addition, exemplary embodiments of the trans-
flective liquid crystal display according to the invention real-
izes both the reflection mode and the transmission mode
using one liquid crystal panel including a dichroic dye that
can absorb external light so that gray inversion between the
reflection mode and the transmission mode can be reduced or
effectively prevented compared to a conventional case in
which the reflection mode and the transmission mode are
realized using two liquid crystal panels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other features of this disclosure will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0044] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a transflective liquid crystal display according
to the invention.

[0045] FIG. 2 and FIG. 3 show a driving mechanism of a
reflection mode of the transflective liquid crystal display of
FIG. 1.

[0046] FIG. 4 and FIG. 5 show a driving mechanism of a
transmission mode of the transflective liquid crystal display
of FIG. 1.

[0047] FIG. 6 is a graph showing transmittance according
to a driving voltage of the transflective liquid crystal display
of FIG. 1 in comparison with a liquid crystal display accord-
ing to a prior art.

[0048] FIG. 7 is a graph showing reflectivity according to a
driving voltage of the transflective liquid crystal display of
FIG.1 in comparison with the liquid crystal display according
to the prior art.

[0049] FIG. 8 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0050] FIG.9 and FIG. 10 show a driving mechanism of a
reflection mode of the transflective liquid crystal display of
FIG. 8.

[0051] FIG. 11 and FIG. 12 show a driving mechanism of a
transmission mode of the transflective liquid crystal display
of FIG. 8.

[0052] FIG. 13 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0053] FIG. 14 and FIG. 15 show a driving mechanism of a
reflection mode of the transflective liquid crystal display of
FIG. 13.

[0054] FIG. 16 and FIG. 17 show a driving mechanism of a
transmission mode of the transflective liquid crystal display
of FIG. 13.

[0055] FIG. 18 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0056] FIG. 19 and FIG. 20 show a driving mechanism of a
reflection mode of the transflective liquid crystal display of
FIG. 18.

[0057] FIG. 21 and FIG. 22 show a driving mechanism of a
transmission mode of the transflective liquid crystal display
of FIG. 18.
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[0058] FIG. 23 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0059] FIG. 24 and FIG. 25 show a driving mechanism of a
reflection mode of the transflective liquid crystal display of
FIG. 23.

[0060] FIG. 26 and FIG. 27 show a driving mechanism of a
transmission mode of the transflective liquid crystal display
of FIG. 23.

DETAILED DESCRIPTION OF THE INVENTION

[0061] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the invention.

[0062] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0063] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0064] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the fig-
ures. For example, if the device in the figures is turned over,
elements described as “lower” relative to other elements or
features would then be oriented “upper” relative to the other
elements or features. Thus, the exemplary term “below” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0065] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0066] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
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as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0067] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0068] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings.

[0069] An exemplary embodiment of a transflective liquid
crystal display according to the invention will now be
described with reference to the accompanying drawings.
[0070] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a transflective liquid crystal display according
to the invention.

[0071] The transflective liquid crystal display includes a
liquid crystal panel including a lower panel including a first
substrate 110, an upper panel including a second substrate
210, and a liquid crystal layer 3 between the lower and upper
panels. The first and second substrates 110 and 210 are
arranged to face each other.

[0072] Although it is not illustrated, first gate lines, first
data lines, and a first thin film transistor connected to the first
gate lines and the first data lines are on the first substrate 110.
In one exemplary embodiment, the first gate lines and the first
data lines cross each other and define a plurality of pixels, but
the invention is not limited thereto. The first thin film transis-
torincludes a first gate electrode 124 on the first substrate 110,
a first gate insulating layer 140 on the first gate electrode 124,
a first semiconductor layer 151 on the first gate insulating
layer 140, a first source electrode 173, and a first drain elec-
trode 175. The first source electrode 173 and the first drain
electrode 175 are at a distance from each other on the first
semiconductor 151, and form a channel therebetween.
[0073] A first passivation layer 180 is on the first source
electrode 173 and the first drain electrode 175, and a first pixel
electrode 191 is in a pixel and on the first passivation layer
180. A common electrode 132 is in a pixel under the first pixel
electrode 191. The first pixel electrode 191 is in the shape of
a plurality of bars connected to each other, and a horizontal
electric field may be formed between the first pixel electrode
191 and the common electrode 132. As used herein, a bar
indicates an elongated shape, having a length substantially
greater than a width.

[0074]  Although it is not illustrated, second gate lines, sec-
ond data lines, and a second thin film transistor connected to
the second gate lines and the second data lines are on the
second substrate 210. In one exemplary embodiment, the
second gate lines and the second data lines cross each other,
defining a plurality of pixels, but the invention is not limited
thereto. The second thin film transistor includes a second gate
electrode 224 on the second substrate 210, a second gate
insulating layer 240 on the second gate electrode 224, a
second semiconductor layer 251 on the second gate insulating
layer 240, a second source electrode 273, and a second drain
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electrode 275. The second source electrode 273 and the sec-
ond drain electrode 275 are at a distance from each other on
the second semiconductor layer 251, and form a channel
therebetween.

[0075] A second passivation layer 280 is on the second
source electrode 273 and the second drain electrode 275, and
a second pixel electrode 291 is in a pixel and on the second
passivation layer 280. A vertical electric field may be formed
between the second pixel electrode 291 and the common
electrode 132.

[0076] The liquid crystal layer 3 includes a mixture of a
plurality of liquid crystal molecules 31 and a dichroic dye 33.
In this case, the liquid crystal layer 3 is arranged in a direction
parallel with the first substrate 110 and the second substrate
210.

[0077] A reflection polarizer 12 and an absorption polarizer
22 are on outer sides of the liquid crystal panel. In further
detail, the reflection polarizer 12 may be attached to an outer
side of the lower panel including the first substrate 110, and
the absorption polarizer 22 may be attached to an outer side of
the upper panel including the second substrate 210.

[0078] A backlight unit 50 is at the outer side of the liquid
crystal panel, that is, the outer side of the lower panel includ-
ing the first substrate 110. The backlight unit 50 is classified
as a direct backlight type or a side backlight type according to
alignment of a light source. The direct type is one in which a
lamp disposed under and overlapping the liquid crystal panel
directly irradiates light to the liquid crystal panel, and the side
type is one in which light is irradiated to the liquid crystal
panel through a light guiding plate. The backlight unit 50
according to the invention may adopt either of the two types.
The backlight unit 50 supplies light to the inner side of the
liquid crystal panel, and the supplied light is transmitted to the
outer side of the liquid crystal panel, that is, the outer side of
the upper panel including the second substrate 210, such that
an image is displayed on a screen of the liquid crystal panel.
[0079] Mechanisms for expressing a black gray and a white
gray in a reflection mode and a transmission mode of the
transflective liquid crystal display of FIG. 1 will be respec-
tively described.

[0080] FIG. 2 and FIG. 3 show a driving mechanism of the
reflection mode of the transflective liquid crystal display of
FIG. 1, and FIG. 4 and FIG. 5 show a driving mechanism of
the transmission mode of the transflective liquid crystal dis-
play of FIG. 1.

[0081] Thereflection polarizer 12 of the transflective liquid
crystal display of FIG. 1 has a reflective axis RA reflecting
light that vibrates in a first direction, and a transmissive axis
TA, transmitting light that vibrates in a second direction that
is substantially perpendicular to the first direction. The
absorption polarizer 22 has a transmissive axis TA, that trans-
mits light vibrating in the first direction. Thus, the reflective
axis RA of the reflection polarizer 12 is parallel with the
transmissive axis TA, of the absorption polarizer 22, and the
transmissive axis TA, of the reflection polarizer 12 is perpen-
dicular to the transmissive axis TA, of the absorption polar-
izer 22.

[0082] The liquid crystal layer 3 is arranged in a direction
that is parallel with the reflective axis RA of the reflection
polarizer 12. Thus, when the light vibrating in the first direc-
tion enters into the liquid crystal layer 3, the light is absorbed
by the dichroic dye 33.

[0083] Referring to FIG. 2, when light vibrating in the first
and second directions enters from the outside in the reflection
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mode, only the light vibrating in the first direction that is
parallel with the transmissive axis TA, of the absorption
polarizer 22 is transmitted through the absorption polarizer
22, and the light vibrating in the second direction is absorbed
by the absorption polarizer 22. In a state in which the electric
field is not formed, the light having passed through the
absorption polarizer 22 passes through the liquid crystal layer
3 without phase variation, and when the light enters into the
liquid crystal layer 3, the light is absorbed by the dichroic dye
33 because it vibrates in the first direction. Thus, when the
electric field is not formed in the reflection mode, a black gray
can be expressed.

[0084] Referring to FIG. 3, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, only the light vibrating in the first direction that is
parallel with the transmissive axis TA, of the absorption
polarizer 22 passes through the absorption polarizer 22, and
the light vibrating in the second direction is absorbed by the
absorption polarizer 22. When a voltage is applied to the
second pixel electrode 291 of FIG. 1 and the common elec-
trode 132 of FIG. 1 and thus a vertical electric field is formed,
the liquid crystal layer 3 is arranged in a direction that is
perpendicular to the reflection polarizer 12 and the absorption
polarizer 22. Thus, the light having passed through the
absorption polarizer 22 can reach the reflection polarizer 12
without being absorbed by the dichroic dye 33.

[0085] Since the light reaching the reflection polarizer 12
vibrates in the first direction that is parallel with the reflective
axis RA of'the reflection polarizer 12, the light is reflected by
the reflection polarizer 12 and thus reaches the absorption
polarizer 22. Since the light reaching the absorption polarizer
22 vibrates in the first direction that is parallel with the trans-
missive axis TA, of the absorption polarizer 22, the light is
transmitted to the outside of the liquid crystal panel through
the absorption polarizer 22. Accordingly, when the vertical
electric field is formed in the reflection mode, a white gray can
be expressed.

[0086] Referringto FIG. 4, in the transmission mode, when
light vibrating in the first and second directions enters from
the backlight unit 50, only the light vibrating in the second
direction parallel with the transmissive axis TA, of the reflec-
tion polarizer 12 is passed through the reflection polarizer 12,
and the light vibrating in the first direction is reflected by the
reflection polarizer 12. In the state in which the electric field
is not formed, the light having passed through the reflection
polarizer 12 can reach the absorption polarizer 22 without
being absorbed by the dichroic dye 33. Since the light reach-
ing the absorption polarizer 22 vibrates in the second direc-
tion that is perpendicular to the transmissive axis TA, of the
absorption polarizer 22, the light is absorbed by the absorp-
tion polarizer 22. Thus, when the electric field is not formed
in the transmission mode, the black gray can be expressed.
[0087] Light enters from the outside in the transmission
mode and thus a gray of the reflection mode is also expressed.
When the black gray is expressed in the transmission mode of
the invention, the black gray is expressed in the reflection
mode so that gray inversion can be reduced or effectively
prevented.

[0088] Referring to FIG. 5, when light vibrating in the first
and second directions enters from the backlight unit 50, only
the light vibrating in the second direction that is parallel with
the transmissive axis TA, of the reflection polarizer 12 is
passed through the reflection polarizer 12, and the light
vibrating in the first direction is reflected by the reflection
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polarizer 12. When a voltage is applied to the pixel electrode
191 of FIG. 1 and the common electrode 132 of FIG. 1 and a
horizontal electric field is formed, the liquid crystal layer 3
rotates and the phase of the light having passed through the
reflection polarizer 12 is changed 90 degrees when passing
the liquid crystal layer 3. Therefore, light having passed
through the liquid crystal layer 3 can reach the absorption
polarizer 22 without being absorbed by the dichroic dye 33.
Since the light reached the absorption polarizer 22 vibrates in
the first direction that is parallel with the transmissive axis
TA, of the absorption polarizer 22, the light is transmitted
through the absorption polarizer 22 to the outside of the liquid
crystal panel. Thus, when the horizontal electric field is
formed in the transmission mode, a white gray can be
expressed.

[0089] When the white gray of the transmission mode is
expressed, the reflection mode also expresses a white mode so
that gray inversion can be reduced or effectively prevented.
[0090] In the exemplary embodiment of the invention,
when a black gray is expressed in the transmission mode, the
reflection mode also expresses a black gray, and when a white
gray is expressed in the transmission mode, the reflection
mode also expresses a white gray. That is, when the transmis-
sion mode expresses a black gray, the black gray can be
further clearly expressed by reducing or effectively prevent-
ing reflection of the light, and when the transmission mode
expresses a white gray, the white gray can be further clearly
expressed by controlling light entering from the outside to be
reflected. The reason for this is that when the dichroic dye 33
is arranged in a direction perpendicular to the reflective axis
RA of the reflection polarizer 12, light entering from the
outside can reach the reflection polarizer 12 without being
absorbed by the dichroic dye 33, but when the dichroic dye 33
is arranged in a direction parallel with the reflective axis RA
of'the reflection polarizer 12, the light cannot reach the reflec-
tion polarizer 12 and thus cannot be reflected to the outside
because it is absorbed by the dichroic dye 33.

[0091] Transmittance and reflectivity of the transflective
liquid crystal display of FIG. 1 will now be described.
[0092] FIG. 6 is a graph showing transmittance according
to a driving voltage of the transflective liquid crystal display
of FIG. 1 in comparison with a liquid crystal display accord-
ing to a conventional art, and FIG. 7 is a graph showing
reflectivity according to the driving voltage of the transflec-
tive liquid crystal display of FIG. 1 in comparison with the
liquid crystal display according to the conventional art.
[0093] In FIG. 6, Conventional art 1 indicates a general
backlit liquid crystal display, and transmittance is measured
using a fringe field switching mode liquid crystal display,
while Conventional art 2 indicates a transflective liquid crys-
tal display formed of two conventional liquid crystal panels.
[0094] Referringto FIG. 6, a transmittance characteristic of
the transflective liquid crystal display of the exemplary
embodiment in FIG. 1 of the invention is similar to that of the
general backlit liquid crystal display, and transmittance of the
transflective liquid crystal display of the exemplary embodi-
ment of FIG. 1 of the invention is higher than that of the
transflective liquid crystal display formed of the two conven-
tional liquid crystal panels.

[0095] In FIG. 7, “conventional art” implies the transflec-
tive liquid crystal display formed of the two conventional
liquid crystal panels.

[0096] Referring to FIG. 7, the transflective liquid crystal
display of the invention has higher reflectivity than a conven-
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tional transflective liquid crystal formed of two liquid crystal
panels. In addition, a difference between reflectivity in the
black gray and reflectivity in the white gray is increased so
that the contrast ratio is also increased.

[0097] Another exemplary embodiment of a transflective
liquid crystal display according to the invention will now be
described with reference to the accompanying drawings.
[0098] FIG. 8 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0099] The transflective liquid crystal display of FIG. 8 is
similar to the transflective liquid crystal display of FIG. 1, and
therefore different parts from the exemplary embodiment of
FIG. 1 will be described.

[0100] Like the transflective liquid crystal display of FIG.
1, the transflective liquid crystal display of FIG. 8 includes the
liquid crystal panel including the lower panel including the
first substrate 110, the upper panel including the second sub-
strate 210, and the liquid crystal layer 3 between the lower and
upper panels. The first and second substrates 110 and 210 are
arranged to face each other.

[0101] However, the liquid crystal layer 3 of FIG. 1 is
arranged in the horizontal direction, but the liquid crystal
layer 3 of FIG. 8 is arranged in a direction that is perpendicu-
lar to the first and second substrates 110 and 210.

[0102] The reflection polarizer 12, the absorption polarizer
22, and the backlight unit 50 are the same as those in the first
exemplary embodiment.

[0103] Mechanisms for expressing a black gray and a white
gray in a reflection mode and a transmission mode of the
transflective liquid crystal display of FIG. 8 will be respec-
tively described.

[0104] FIG.9and FIG. 10 show a driving mechanism of the
reflection mode of the transflective liquid crystal display of
FIG. 8,and FIG. 11 and FIG. 12 show a driving mechanism of
the transmission mode of the transflective liquid crystal dis-
play of FIG. 8.

[0105] The reflection polarizer 12 of the transflective liquid
crystal display of FIG. 8 has a transmissive axis TA, trans-
mitting light that vibrates in a first direction and a reflective
axis RA reflecting light that vibrates in a second direction that
is substantially perpendicular to the first direction. The
absorption polarizer 22 further has a transmissive axis TA,
that transmits light vibrating in the second direction. Thus, the
reflective axis RA of the reflection polarizer 12 is parallel
with the transmissive axis TA, of the absorption polarizer 22,
and the transmissive axis TA; of the reflection polarizer 12 is
perpendicular to the transmissive axis TA, of the absorption
polarizer 22.

[0106] Alignment of the liquid crystal layer 3 of the trans-
flective liquid crystal display of FIG. 8 is different from that
of the liquid crystal layer 3 of the transflective liquid crystal
display of FIG. 1, and is arranged in a direction that is per-
pendicular to the reflection polarizer 12 and the absorption
polarizer 22. Thus, although light vibrating in the first and
second direction enter into the liquid crystal layer 3, the light
is not absorbed by the dichroic dye 33.

[0107] Referring to FIG. 9, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, only the light vibrating in the second direction
that is parallel with the transmissive axis TA, of the absorp-
tion polarizer 22 passes through the absorption polarizer 22,
and the light vibrating in the first direction is absorbed by the
absorption polarizer 22. In the state in which an electric field
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is not formed, the liquid crystal layer 3 is arranged in a
direction that is perpendicular to the absorption polarizer 22,
and the light having passed through the absorption polarizer
22 passes through the liquid crystal layer 3 without phase
variation so that the light can reach the reflection polarizer 12
without being absorbed by the dichroic dye 33. Since the light
having reached the reflection polarizer 12 vibrates in the
second direction that is parallel with the reflective axis RA of
the reflection polarizer 12, that light is reflected by the reflec-
tion polarizer 12 and then reaches the absorption polarizer 22.
Since the light having reached the absorption polarizer 22
vibrates in the second direction that is parallel with the trans-
missive axis TA, of the absorption polarizer 22, the light is
transmitted through the absorption polarizer 22 to the outside
of'the liquid crystal panel. Therefore, when no electric field is
formed in the reflection mode, a white gray can be expressed.

[0108] Referring to FIG. 10, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, only the light vibrating in the second direction
that is parallel with the transmissive axis TA, of the absorp-
tion polarizer 22 passes through the absorption polarizer 22,
and the light vibrating in the first direction is absorbed by the
absorption polarizer 22. When a voltage is applied to a second
pixel electrode 291 of FIG. 8 and a common electrode 132 of
FIG. 8 and thus a vertical electric field is formed, the liquid
crystal layer 3 is arranged in a direction that is parallel with
the reflective axis RA of the reflection polarizer 12. Since the
light having passed through the absorption polarizer 22
passes into the liquid crystal layer 3 without phase variation
and vibrates in the second direction, the light is absorbed by
the dichroic dye 33 when entering into the liquid crystal layer
3. Therefore, when the vertical electric field is formed in the
reflection mode, a black gray can be expressed.

[0109] Referringto FIG. 11, inthe transmission mode, light
vibrating in the first and second directions enters from the
backlight unit 50, only the light vibrating in the first direction
that is parallel with the transmissive axis TA | of the reflection
polarizer 12 passes through the reflection polarizer 12 and the
light vibrating in the second direction is reflected by the
reflection polarizer 12. When a voltage is applied to the first
pixel electrode 191 of FIG. 8 and the common electrode 132
of FIG. 8 and thus a horizontal electric field is formed, and
simultaneously when the voltage is applied to the second
pixel electrode 291 of FIG. 8 and the common electrode 132
of FIG. 8 and thus the vertical electric field is formed ther-
ebetween, the liquid crystal layer 3 rotates and the phase of
the light having passed through the liquid crystal layer 3 is
changed 90 degrees to be parallel with the reflective axis RA
of the reflection polarizer 12. Therefore, the light having
passed through the liquid crystal layer 3 can reach the absorp-
tion polarizer 22 without being absorbed by the dichroic dye
33. Since the light reaching the absorption polarizer 22
vibrates in the second direction that is parallel with the trans-
missive axis TA, of the absorption polarizer 22, the light is
transmitted through the absorption polarizer 22 to the outside
of the liquid crystal panel. Therefore, when the horizontal
electric field and the vertical electric field are formed in the
transmission mode, a white gray can be expressed.

[0110] Referring to FIG. 12, in the transmission mode,
when light vibrating in the first and second directions enters
from the backlight unit 50, only the light vibrating in the first
direction that is parallel with the transmissive axis TA | of the
reflection polarizer 12 passes through the reflection polarizer
12, and the light vibrating in the second direction is reflected
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by the reflection polarizer 12. When the voltage is applied to
the second pixel electrode 291 of FIG. 8 and the common
electrode 132 of FIG. 8 and the vertical electric field is
formed, the liquid crystal layer 3 is arranged in a direction that
is perpendicular parallel with the reflective axis RA of the
reflection polarizer 12. The light having passed through the
reflection polarizer 12 can reach the absorption polarizer 22
without being absorbed by the dichroic dye 33, and the light
vibrates in the first direction that is perpendicular to the trans-
missive axis TA, of the absorption polarizer 22, and therefore
the light is absorbed by the absorption polarizer 22. There-
fore, when the vertical electric field is formed in the trans-
mission mode, a black gray can be expressed.

[0111] When the black gray of the transmission mode is
expressed, the reflection mode also expresses the black gray
so that gray inversion can be reduced or effectively prevented.
[0112] Another exemplary embodiment of a transflective
liquid crystal display according to the invention will now be
described with reference to the accompanying drawings.
[0113] FIG. 13 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0114] The transflective liquid crystal display of FIG. 13 is
similar to the transflective liquid crystal display of FIG. 1, and
therefore different parts from the exemplary embodiment of
FIG. 1 will be described.

[0115] Like the transflective liquid crystal display of FIG.
1, the transflective liquid crystal display of FIG. 13 includes
the liquid crystal panel including the lower panel including
the first substrate 110, the upper panel including the second
substrate 210, and the liquid crystal layer 3 between the lower
and upper panels. The first and second substrates 110 and 210
are arranged to face each other.

[0116] Theliquidcrystal layer 3 of FIG. 1 is arranged in the
horizontal direction, but the liquid crystal layer 3 of FIG. 13
is arranged in parallel with the first substrate 110 in a portion
adjacent to the first substrate 110, and arranged in a direction
perpendicular to the second substrate 210 in a portion adja-
cent to the second substrate 210.

[0117] The reflection polarizer 12, the absorption polarizer
22, and the backlight unit 50 are the same as those in the first
exemplary embodiment.

[0118] Mechanisms for expressing a black gray and a white
gray in a reflection mode and a transmission mode of the
transflective liquid crystal display of FIG. 13 will be respec-
tively described.

[0119] FIG. 14 and FIG. 15 show a driving mechanism of
the reflection mode of the transflective liquid crystal display
of FIG. 13, and FIG. 16 and FIG. 17 show a driving mecha-
nism of the transmission mode of the transflective liquid
crystal display of FIG. 13.

[0120] The reflection polarizer 12 of the transflective liquid
crystal display of FIG. 13 has a reflective axis RA reflecting
light that vibrates in a first direction, and a transmissive axis
TA, transmitting light that vibrates in a second direction that
is substantially perpendicular to the first direction. The
absorption polarizer 22 further has a transmissive axis TA,
that transmits light vibrating in the first direction. Thus, the
reflective axis RA of the reflection polarizer 12 is parallel
with the transmissive axis TA, of the absorption polarizer 22,
and the transmissive axis TA, of the reflection polarizer 12 is
perpendicular to the transmissive axis TA, of the absorption
polarizer 22.
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[0121] Theliquid crystal layer 3 is arranged in parallel with
the reflective axis RA of the reflection polarizer 12 in a
portion adjacent to the first substrate 110 of FIG. 13. There-
fore, when the light vibrating in the first direction enters into
the liquid crystal layer 3, the light is absorbed by the dichroic
dye 33. In addition, the liquid crystal layer 3 is arranged in a
direction that is perpendicular to the reflection polarizer 12 in
a portion adjacent to the second substrate 210 of FIG. 13.

[0122] Referring to FIG. 14, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, only the light vibrating in the first direction that is
parallel with the transmissive axis TA, of the absorption
polarizer 22 passes through the absorption polarizer 22, and
the light vibrating in the second direction is absorbed by the
absorption polarizer 22. In the state in which an electric field
is not formed, the light having passed through the absorption
polarizer 22 passes through the liquid crystal layer 3 without
phase variation, and vibrates in the first direction, and thus
when the light enters into the liquid crystal layer 3, the light is
absorbed by the dichroic dye 33. Therefore, when no electric
field is formed in the reflection mode, a black gray can be
expressed.

[0123] Referring to FIG. 15, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, only the light vibrating in the first direction that is
parallel with the transmissive axis TA, of the absorption
polarizer 22 passes through the absorption polarizer 22, and
the light vibrating in the second direction is absorbed by the
absorption polarizer 22. When a voltage is applied to the
second pixel electrode 291 of FIG. 13 and the common elec-
trode 132 of FIG. 13 and thus a vertical electric field is
formed, the liquid crystal layer 3 is arranged in a direction that
is perpendicular to the reflection polarizer 12 and the absorp-
tion polarizer 22. Therefore, the light having passed through
the absorption polarizer 22 can reach the reflection polarizer
12 without being absorbed by the dichroic dye 33. Since the
light reaching the reflection polarizer 12 vibrates in the first
direction that is parallel with the reflective axis RA of the
reflection polarizer 12, the light is reflected by the reflection
polarizer 12 and thus reaches the absorption polarizer 22. The
light having reached the absorption polarizer 22 vibrates in
the first direction that is parallel with the transmissive axis
TA, of the absorption polarizer 22 so that the light is trans-
mitted through the absorption polarizer 22 to the outside of
the liquid crystal panel. Therefore, when the vertical electric
field is formed in the reflection mode, a white gray can be
expressed.

[0124] Referring to FIG. 16, in the transmission mode,
when light vibrating in the first and second directions enters
from the backlight unit 50, only light vibrating in the second
direction that is parallel with the transmissive axis TA| of the
reflection polarizer 12 passes through the reflection polarizer
12, and light vibrating in the first direction is reflected by the
reflection polarizer 12. In the state in which no electric field is
formed, the light having passed through the reflection polar-
izer 12 can reach the absorption polarizer 22 without being
absorbed by the dichroic dye 33. Since the light has reached
the absorption polarizer 22 vibrating in the second direction
that is perpendicular to the transmissive axis TA, of the
absorption polarizer 22, the light is absorbed by the absorp-
tion polarizer 22. Accordingly, when no electric field is
formed in the transmission mode, a black gray can be
expressed.
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[0125] In the transmission mode, light enters from the out-
side, and accordingly, the gray of the reflection mode can also
be expressed. In the transmission mode of the exemplary
embodiment of the invention, the black gray is expressed in
the reflection mode when expressing the black gray in the
transmission mode so that gray inversion can be reduced or
effectively prevented.

[0126] Referringto FIG. 17, when light vibrating in the first
and second directions enters from the backlight unit 50, only
light vibrating in the second direction that is parallel with the
transmissive axis TA, of the reflection polarizer 12 passes
through the reflection polarizer 12, and light vibrating in the
first direction is reflected by the reflection polarizer 12. When
a voltage is applied to the first pixel electrode 191 of FIG. 13
and the common electrode 132 of FIG. 13 and thus a horizon-
tal electric field is formed, the liquid crystal layer 3 rotates and
the phase of the light having passed through the reflection
polarizer 12 is changed 90 degrees. Accordingly, light having
passed through the liquid crystal layer 3 can reach the absorp-
tion polarizer 22 without being absorbed by the dichroic dye
33. The light having reached the absorption polarizer 22
vibrates in the first direction that is parallel with the transmis-
sive axis TA, of the absorption polarizer 22, and therefore the
light is expressed to the outside of the liquid crystal panel.
Accordingly, when the horizontal electric field is formed in
the transmission mode, a white gray can be expressed.
[0127] When expressing the white gray in the transmission
mode, the white gray is also expressed in the reflection mode
so that gray inversion can be reduced or effectively prevented.
[0128] Another transflective liquid crystal display accord-
ing to a fourth exemplary embodiment of the invention will
now be described with reference to the accompanying draw-
ings.

[0129] FIG. 18 is a cross-sectional view of a transflective
liquid crystal display according to the invention.

[0130] The transflective liquid crystal display of FIG. 18
includes the liquid crystal panel including the lower panel
including the first substrate 110, the upper panel including the
second substrate 210, and the liquid crystal layer 3 between
the lower and upper panels. The first and second substrates
110 and 210 are arranged to face each other. The transflective
liquid crystal display further includes an auxiliary liquid crys-
tal panel including a third substrate 310, a fourth substrate
410, and an auxiliary liquid crystal layer 6 between the third
and fourth substrates 310 and 410.

[0131] Although it is not illustrated, first gate lines, first
data lines, and a first thin film transistor are on the first
substrate 110. In one exemplary embodiment, the first gate
lines and the first data lines cross each other and define a
plurality of pixels, but the invention is not limited thereto. The
first thin film transistor includes the first gate electrode 124 on
the first substrate 110, the first gate insulating layer 140 on the
first gate electrode 124, the first semiconductor layer 151 on
the first gate insulating layer 140, the first source electrode
173, and the first drain electrode 175. The first source elec-
trode 173 and the first drain electrode 175 are at a distance
from each other on the first semiconductor layer 151. The first
passivation layer 180 is on the first source electrode 173 and
the first drain electrode 175, and the first pixel electrode 191
is in a pixel and on the first passivation layer 180.

[0132] A first common electrode 270 is on the second sub-
strate 210. Since the first substrate 110 and the second sub-
strate 210 are arranged to face each other, a vertical electric
field may be formed between the first pixel electrode 191 and
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the first common electrode 270 when a voltage is applied to
the first pixel electrode 191 and the first common electrode
270.

[0133] The liquid crystal layer 3 includes a mixture of a
plurality of the liquid crystal molecules 31 and the dichroic
dye 33. In this case, the liquid crystal layer 3 is arranged in a
direction perpendicular to the first substrate 110 and the sec-
ond substrate 210.

[0134] Although it is not shown, second gate lines, second
data lines, and a second thin film transistor connected to the
second gate line and the second data line are on the third
substrate 310 of the auxiliary liquid crystal panel. In one
exemplary embodiment, the second gate lines and the second
data lines cross each other and define a plurality of pixels, but
the invention is not limited thereto. The second thin film
transistor includes the second gate electrode 224 on the third
substrate 310, the second gate insulating layer 240 on the
second gate electrode 224, the second semiconductor layer
251 on the second gate insulating layer 240, the second source
electrode 273, and the second drain electrode 275. The second
source electrode 273 and the second drain electrode 275 are at
a distance from each other on the second semiconductor layer
251. The second passivation layer 280 is on the second source
electrode 273 and the second drain electrode 275, and the
second pixel electrode 291 is in a pixel and on the second
passivation layer 280.

[0135] A second common electrode 470 is on the fourth
substrate 410 of the auxiliary liquid crystal panel. Since the
third substrate 310 is arranged to face the fourth substrate
410, a vertical electric field may be formed between the
second pixel electrode 291 and the second common electrode
470 when a voltage is applied to the second pixel electrode
291 and the second common electrode 470.

[0136] The auxiliary liquid crystal layer 6 is arranged in a
direction that is parallel with the third substrate 310 and the
fourth substrate 410.

[0137] Thereflection polarizer 12 and the absorption polar-
izer 22 are formed on outer sides of the liquid crystal panel
and the auxiliary liquid crystal panel. In further detail, the
reflection polarizer 12 may be attached between the liquid
crystal panel and the auxiliary liquid crystal panel, that is,
directly between the first substrate 110 and the fourth sub-
strate 410. Further, the absorption polarizer 22 may be
attached to an outer side of the auxiliary liquid crystal panel,
that is, directly on an outer side of the third substrate 310.

[0138] The backlight unit 50 is at the outer side of the
auxiliary liquid crystal panel, that is, the outer side of the third
substrate 310. In this case, the absorption polarizer 22 is
disposed between the third substrate 310 of the auxiliary
liquid crystal panel and the backlight unit 50. The backlight
unit 50 supplies light to the inside of the auxiliary liquid
crystal panel, and the supplied light emits to the outer side of
the auxiliary liquid crystal panel, more particularly, to an
outer side of the fourth substrate 410, and then enters to the
inner side of the liquid crystal panel, more particularly, to an
inner side of the first substrate 110. The light supplied to the
inner side of the liquid crystal panel is emitted to the outer
side of the liquid crystal panel. More particularly, the light is
emitted to the outer side of the second substrate 210 and
expressed in the screen of the transflective liquid crystal dis-
play.
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[0139] Mechanisms for expressing a black gray and a white
gray in a reflection mode and a transmission mode of the
transflective liquid crystal display of FIG. 18 will be respec-
tively described.

[0140] FIG. 19 and FIG. 20 show a driving mechanism of
the reflection mode of the transflective liquid crystal display
of FIG. 18, and FIG. 21 and FIG. 22 show a driving mecha-
nism of the transmission mode of the transflective liquid
crystal display of FIG. 18.

[0141] The reflection polarizer 12 of the transflective liquid
crystal display of FIG. 18 has a reflective axis RA reflecting
light that vibrates in a first direction, and a transmissive axis
TA, transmitting light that vibrates in a second direction that
is substantially perpendicular to the first direction. The
absorption polarizer 22 further has a transmissive axis TA,
that transmits light vibrating in the first direction. Thus, the
reflective axis RA of the reflection polarizer 12 is parallel
with the transmissive axis TA, of the absorption polarizer 22,
and the transmissive axis TA, of the reflection polarizer 12 is
perpendicular to the transmissive axis TA, of the absorption
polarizer 22.

[0142] The liquid crystal panel 3 is arranged in a direction
that is perpendicular to the reflection polarizer 12, and the
auxiliary liquid crystal layer 6 of the auxiliary liquid crystal
panel is arranged in a direction that is parallel with the reflec-
tion polarizer 12.

[0143] Referring to FIG. 19, in a reflection mode, when
light vibrating in first and second directions enters from the
outside, light entering into the liquid crystal panel passes
through the liquid crystal layer 3 without phase variation in
the state in which no electric field is formed either in the liquid
crystal panel or in the auxiliary liquid crystal panel. In this
case, since the liquid crystal layer 3 is arranged in the direc-
tion that is perpendicular to the reflection polarizer 12, the
light vibrating in the first and second directions can reach the
reflection polarizer 12 without being absorbed by the dichroic
dye 33.

[0144] Among the light reaching the reflection polarizer
12, light vibrating in the second direction that is parallel with
the transmissive axis TA, of the reflection polarizer 12 passes
through the reflection polarizer 12 and then reaches the
absorption polarizer 22, and the light vibrates in the direction
that is perpendicular to the transmissive axis TA, of the
absorption polarizer 22 and therefore it is absorbed by the
absorption polarizer 22. Among the light reaching the reflec-
tion polarizer 12, light vibrating in the first direction that is
parallel with the reflective axis RA of the reflection polarizer
12 is reflected by the reflection polarizer 12 and thus
expressed to the outside of the liquid crystal panel. Accord-
ingly, when no electric field is formed in the liquid crystal
panel and the auxiliary liquid crystal panel, a white gray can
be expressed.

[0145] Referring to FIG. 20, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside and a voltage is applied to a first pixel electrode
191 of FIG. 18 and a common electrode 270 of FIG. 18 of the
liquid crystal panel and thus a vertical electric field is formed,
the liquid crystal layer 3 is arranged in a direction that is
parallel with the reflective axis RA of the reflection polarizer
12 so that light vibrating in the first direction that is parallel
with the dichroic dye 33 is absorbed by the dichroic dye 33,
and light vibrating in the second direction that is parallel with
the transmissive axis TA of the reflection polarizer 12 passes
through the reflection polarizer 12.

Aug. 2,2012

[0146] Inthe auxiliary liquid crystal panel, the light having
passed through the reflection polarizer 12 reaches the absorp-
tion polarizer 22 without phase variation in the state in which
no electric field is formed, and the light vibrates in a direction
that is perpendicular to the transmissive axis TA, of the
absorption polarizer 22 and therefore it is absorbed by the
absorption polarizer 22. Accordingly, when a vertical electric
field is formed in the liquid crystal panel in the reflection
mode, a black gray can be expressed.

[0147] Referring to FIG. 21, in a transmission mode, when
light vibrating in the first and second directions enters from
the backlight unit 50, only light vibrating in the first direction
that is parallel with the transmissive axis TA, of the absorp-
tion polarizer 22 passes through the absorption polarizer 22,
and light vibrating in the second direction is absorbed by the
absorption polarizer 22. In the state in which no electric field
is formed in the auxiliary liquid crystal panel, the light having
passed through the absorption polarizer 22 passes through the
auxiliary liquid crystal layer 6 without phase variation and
then reaches the reflection polarizer 12. Since the light reach-
ing the reflection polarizer 12 is vibrating in the first direction
that is parallel with the reflective axis RA of the reflection
polarizer 12, the light is reflected by the reflection polarizer
12 and thus the light cannot enter into the liquid crystal panel.
Accordingly, in the transmission mode, when no electric field
is formed in the auxiliary liquid crystal panel, a black gray can
be expressed.

[0148] In this case, a voltage is applied to the first pixel
electrode 191 of FIG. 18 and the first common electrode 270
of FIG. 18 in the liquid crystal panel and thus a vertical
electric field is formed, and the liquid crystal layer 3 is
arranged in a direction that is parallel with the reflective axis
RA of the reflection polarizer 12. Therefore, light entering
from the outside cannot be emitted to the outside in the
reflection mode so that a black gray can be expressed. That is,
when expressing the black gray in the transmission mode, the
black gray is also expressed in the reflection mode when the
vertical electric field is formed in the liquid crystal panel so
that gray inversion can be reduced or effectively prevented.
[0149] Referring to FIG. 22, in the transmission mode,
when light vibrating in the first and second directions enters
from the backlight unit 50, only light vibrating in the first
direction that is parallel with the transmissive axis TA, of the
absorption polarizer 22 passes through the absorption polar-
izer 22 and light vibrating in the second direction is absorbed
by the absorption polarizer 22. When a voltage is applied to a
second electrode 291 of FIG. 18 and a second common elec-
trode 470 of FIG. 18 of the auxiliary liquid crystal panel and
thus a vertical electric field is formed, the auxiliary liquid
crystal layer 6 rotates and the light having passed through the
auxiliary liquid crystal layer 6 is changed 90 degrees. Thus,
the light having passed through the auxiliary liquid crystal
layer 6 vibrates in the second direction that is parallel with the
transmissive axis TA of the reflection polarizer 12, and there-
fore the light can pass through the reflection polarizer 12.
[0150] Inthe state in which no electric field is formed in the
liquid crystal panel, the light having passed through the
reflection polarizer 12 passes through the liquid crystal layer
3 without phase variation, and the liquid crystal layer 3 is
arranged in a direction that is perpendicular to the reflection
polarizer 12 so that the light vibrating in the second direction
is expressed to the outside of the liquid crystal panel without
being absorbed by the dichroic dye 33. Accordingly, when an
electric field is not formed in the liquid crystal panel and a
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vertical electric field is formed in the auxiliary liquid crystal
panel in the transmission mode, a white gray can be
expressed.

[0151] When a white gray is expressed in the transmission
mode, the white gray is also expressed in the reflection mode
so that gray inversion can be reduced or effectively prevented.
[0152] Another exemplary embodiment of a transflective
liquid crystal display according to the invention will now be
described with reference to the accompanying drawings.
[0153] FIG. 23 is a cross-sectional view of another exem-
plary embodiment of a transflective liquid crystal display
according to the invention.

[0154] The transflective liquid crystal display of FIG. 23 is
similar to the transflective liquid crystal display of FIG. 18,
and therefore different parts from the exemplary embodiment
in FIG. 18 will be described.

[0155] Like the transflective liquid crystal display in FIG.
18, the transflective liquid crystal display of FIG. 23 includes
the liquid crystal panel including the first substrate 110, the
second substrate 210, and the liquid crystal layer 3 between
the first and second substrates 110 and 210, and the auxiliary
crystal display panel including the third substrate 310, the
fourth substrate 410, and the auxiliary liquid crystal layer 6
between the third and fourth substrates 310 and 410. The first
and second substrates 110 and 210 are arranged to face each
other, and the third and fourth substrates 310 and 410 are
arranged to face each other.

[0156] However, the liquid crystal layer 3 is arranged in the
vertical direction in FIG. 18, but the liquid crystal layer 3 in
FIG. 23 is arranged in a direction that is parallel with the first
and second substrates 110 and 210.

[0157] The auxiliary liquid crystal layer 6, the reflection
polarizer 12, the absorption polarizer 22, and the backlight
unit 50 are the same as those of FIG. 18.

[0158] Mechanisms for expressing a black gray and a white
gray in a reflection mode and a transmission mode of the
transflective liquid crystal display of FIG. 23 will be respec-
tively described.

[0159] FIG. 24 and FIG. 25 show a driving mechanism of
the reflection mode of the transflective liquid crystal display
of FIG. 23, and FIG. 26 and FIG. 27 show a driving mecha-
nism of the transmission mode of the transflective liquid
crystal display of FIG. 23.

[0160] The reflection polarizer 12 of the transflective liquid
crystal display of FIG. 23 has a reflective axis RA reflecting
light that vibrates in a first direction, and a transmissive axis
TA, transmitting light that vibrates in a second direction that
is substantially perpendicular to the first direction. The
absorption polarizer 22 further has a transmissive axis TA,
that transmits light vibrating in the first direction. Thus, the
reflective axis RA of the reflection polarizer 12 is parallel
with the transmissive axis TA, of the absorption polarizer 22,
and the transmissive axis TA, of the reflection polarizer 12 is
perpendicular to the transmissive axis TA, of the absorption
polarizer 22.

[0161] The liquid crystal panel 3 is arranged in a direction
that is parallel with to the reflection polarizer 12, and the
auxiliary liquid crystal layer 6 of the auxiliary liquid crystal
panel is arranged in a direction that is parallel with the reflec-
tion polarizer 12.

[0162] Referring to FIG. 24, light vibrating in the first and
second directions enters from the outside in the reflection
mode, and light having entered into the liquid crystal panel
passes through the liquid crystal layer 3 without phase varia-
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tion in the state in which no electric field is formed in the
liquid crystal panel and the auxiliary liquid crystal panel. In
this case, since the liquid crystal layer 3 is arranged in a
direction that is parallel with the reflective axis RA of the
reflection polarizer 12, light vibrating in the first direction that
is parallel with the dichroic dye 33 is absorbed by the dichroic
dye 33 and light vibrating in the second direction that is
parallel with the transmissive axis TA of the reflection polar-
izer 12 passes through the reflection polarizer 12. The light
having passed through the reflection polarizer 12 reaches the
absorption polarizer 22 without phase variation, and the light
vibrates in a direction that is perpendicular to the transmissive
axis TA, of the absorption polarizer 22 so that the light is
absorbed by the absorption polarizer 22. Accordingly, a black
gray can be expressed in the reflection mode when no electric
field is formed in the liquid crystal panel and the auxiliary
liquid crystal panel.

[0163] Referring to FIG. 25, in the reflection mode, when
light vibrating in the first and second directions enters from
the outside, a voltage is applied to a first pixel electrode 191
of FIG. 23 and a first common electrode 270 of FIG. 23 of the
liquid crystal panel and a vertical electric field is formed, and
the liquid crystal layer 3 is arranged in a direction perpen-
dicular to the reflection polarizer 12 so that the light vibrating
in the first and second directions can reach the reflection
polarizer 12 without being absorbed by the dichroic dye 33.
Among the light reaching the reflection polarizer 12, light
vibrating in the second direction that is parallel with a trans-
missive axis TA, of the reflection polarizer 12 passes through
the reflection polarizer 12 in the state in which no electric field
is formed in the auxiliary liquid crystal panel and then reaches
the absorption polarizer 22. Since the light reaching the
absorption polarizer 22 vibrates in the second direction that is
perpendicular to a transmissive axis TA, of the absorption
polarizer 22, the light is absorbed by the absorption polarizer
22. Among the light reaching the reflection polarizer 12, light
vibrating in the first direction that is parallel with a reflective
axis RA of the reflection polarizer 12 is reflected by the
reflection polarizer 12 and then expressed to the outside of the
liquid crystal panel. Accordingly, when a vertical field is
formed in the liquid crystal panel in the reflection mode, a
white gray can be expressed.

[0164] Referring to FIG. 26, in a transmission mode, when
light vibrating in the first and second directions enters from
the backlight unit 50, only light vibrating in the first direction
that is parallel with the transmissive axis TA2 of the absorp-
tion polarizer 22 passes through the absorption polarizer 22,
and light vibrating in the second direction is absorbed by the
absorption polarizer 22. In the state in which no electric field
is formed in the auxiliary liquid crystal panel, the light having
passed through the absorption polarizer 22 passes through the
auxiliary liquid crystal layer 6 without phase variation and
then reaches the reflection polarizer 12. Since the light reach-
ing the reflection polarizer 12 vibrates in the first direction
that is parallel with the reflective axis RA of the reflection
polarizer 12, the light is reflected by the reflection polarizer
12 so that the light cannot enter into the liquid crystal panel.
Accordingly, when no electric field is formed in the auxiliary
crystal display panel in the transmission mode, a black gray
can be expressed.

[0165] When expressing the black gray in the transmission
mode, the black gray is also expressed in the reflection mode
if no electric field is formed in the liquid crystal panel so that
gray inversion can be reduced or effectively prevented.



US 2012/0194763 Al

[0166] Referring to FIG. 27, in the transmission mode,
when light vibrating in the first and second directions enters
from the backlight unit 50, only light vibrating in the first
direction that is parallel with the transmissive axis TA, of the
absorption polarizer 22 passes through the absorption polar-
izer 22, and light vibrating in the second direction is absorbed
by the absorption polarizer 22. When a voltage is applied to a
second electrode 291 of FIG. 23 and a second common elec-
trode 470 of FIG. 23 in the auxiliary liquid crystal panel and
a vertical electric field is formed, the auxiliary liquid crystal
layer 6 rotates and the phase of the light having passed
through the absorption polarizer 22 is changed 90 degrees.
Thus, since the light having passed through the auxiliary
liquid crystal layer 6 vibrates in the second direction that is
parallel with the transmissive axis TA; of the reflection polar-
izer 12, the light passes through the reflection polarizer 12.
[0167] When a voltage is applied to a first pixel electrode
191 of FIG. 23 and a common electrode 270 of FIG. 23 in the
liquid crystal panel and thus a vertical electric field is formed,
the liquid crystal layer 3 is arranged in a direction that is
perpendicular to the reflection polarizer 12 and thus light is
expressed to the outside of the liquid crystal panel without
being absorbed by the dichroic dye 33. Accordingly, a white
gray can be expressed in the transmission mode when a ver-
tical electric field is formed in the liquid crystal panel and the
auxiliary liquid crystal panel.

[0168] When a white gray is expressed in the transmission
mode, the white gray is also expressed in the reflection mode
so that gray inversion can be reduced or effectively prevented.
[0169] The transflective liquid crystal displays of FIGS. 18
to 22 and 23 to 27 are exemplary embodiments in which the
transflective liquid crystal displays of FIGS.1to 5,8 to 12 and
13 to 17 can be realized using two liquid crystal panels.
[0170] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A transflective liquid crystal display comprising:

a liquid crystal panel including a first substrate, a second
substrate, and a liquid crystal layer, the first and second
substrates face each other, and the liquid crystal layer is
between the first and second substrates;

a reflection polarizer and an absorption polarizer at oppos-
ing outer sides of the liquid crystal panel; and

a backlight unit at an outer side of the liquid crystal panel,
and supplying light to an inside of the liquid crystal
panel,

wherein

a reflective axis of the reflection polarizer is parallel with a
transmissive axis of the absorption polarizer,

a transmissive axis of the reflection polarizer is perpen-
dicular to the transmissive axis of the absorption polar-
izer, and

the liquid crystal layer includes liquid crystal molecules
and a dichroic dye.

2. The transflective liquid crystal display of claim 1,
wherein the liquid crystal panel comprises a plurality of pix-
els, and further comprises:

a first pixel electrode in a pixel on the first substrate;

a second pixel electrode in a pixel on the second substrate;

and

a common electrode on the first substrate.
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3. The transflective liquid crystal display of claim 2,
wherein the liquid crystal layer is arranged in a direction
which is parallel with the reflective axis of the reflection
polarizer.

4. The transflective liquid crystal display of claim 3,
wherein when a vertical electric field is formed between the
second pixel electrode and the common electrode in a reflec-
tion mode, light having entered from an outside of the liquid
crystal panel is reflected by the reflection polarizer and then
transmitted through the absorption polarizer to the outside of
the liquid crystal panel.

5. The transflective liquid crystal display of claim 3,
wherein when a horizontal electric field is formed between
the first pixel electrode and the common electrode in a trans-
mission mode, light having entered from the backlight unit is
phase-delayed in the liquid crystal layer and then transmitted
through the absorption polarizer to an outside of the liquid
crystal panel.

6. The transflective liquid crystal display of claim 2,
wherein the liquid crystal layer is arranged in a direction
which is perpendicular to the reflection polarizer.

7. The transflective liquid crystal display of claim 6,
wherein when a horizontal electric field is formed between
the first pixel electrode and the common electrode in a reflec-
tion mode, the liquid crystal layer is arranged in a direction
which is parallel with the reflective axis of the reflection
polarizer, and the dichroic dye absorbs light having entered
from the outside of the liquid crystal panel.

8. The transflective liquid crystal display of claim 6,
wherein, when a vertical electric field is formed between the
second pixel electrode and the common electrode in a trans-
mission mode, the liquid crystal layer is arranged in a direc-
tion which is parallel with the reflective axis of the reflection
polarizer, and the absorption polarizer absorbs light having
entered from the backlight unit.

9. The transflective liquid crystal display of claim 6,
wherein,

when a horizontal electric field is formed between the first
pixel electrode and the common electrode, and a vertical
electric field is formed between the second pixel elec-
trode and the common electrode in a transmission mode,

light having entered from the backlight unit is phase-de-
layed in the liquid crystal layer and then transmitted
through the absorption polarizer to an outside of the
liquid crystal panel.

10. The transflective liquid crystal display of claim 2,
wherein the liquid crystal layer is arranged in a direction
which is parallel with the reflective axis of the reflection
polarizer in a portion adjacent to the first substrate, and
arranged in a direction which is perpendicular to the reflective
polarizer at a portion adjacent to the second substrate.

11. The transflective liquid crystal display of claim 10,
wherein, when a vertical electric field is formed between the
second pixel electrode and the common electrode in a reflec-
tion mode, light having entered from an outside of the liquid
crystal panel is reflected by the reflection polarizer and then
transmitted through the absorption polarizer to the outside of
the liquid crystal panel.

12. The transflective liquid crystal display of claim 10,
wherein, when a horizontal electric field is formed between
the first pixel electrode and the common electrode in a trans-
mission mode, light having entered from the backlight unit is
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phase-delayed in the liquid crystal layer and then transmitted
through the absorption polarizer to an outside of the liquid
crystal panel.

13. The transflective liquid crystal display of claim 2, fur-
ther comprising:

first gate lines and first data lines on the first substrate;

a first thin film transistor connected to the first gate line and

the first data line;

second gate lines and second data lines on the second

substrate; and

a second thin film transistor connected to the second gate

line and the second data line, and

the first pixel electrode is connected to the first thin film

transistor, and the second pixel electrode is connected to
the second thin film transistor.

14. The transflective liquid crystal display of claim 1, fur-
ther comprising an auxiliary liquid crystal panel including
third and fourth substrates arranged to face each other and an
auxiliary liquid crystal layer between the third and fourth
substrates,

wherein

the reflection polarizer is between the liquid crystal panel

and the auxiliary liquid crystal panel, and

the absorption polarizer is between the auxiliary liquid

crystal panel and the backlight unit.

15. The transflective liquid crystal display of claim 14,
wherein the liquid crystal panel and the auxiliary liquid crys-
tal panel respectively comprise a plurality of pixels, and fur-
ther comprise:

a first pixel electrode in a pixel on the first substrate;

a first common electrode on the second substrate;

a second pixel electrode in a pixel on the third substrate;

and

a second common electrode on the fourth substrate.

16. The transflective liquid crystal display of claim 15,
wherein

the liquid crystal layer is arranged in a direction which is

perpendicular to the reflection polarizer, and

the auxiliary liquid crystal layer is arranged in a direction

which is parallel with the reflection polarizer.

17. The transflective liquid crystal display of claim 16,
wherein when a vertical electric field is formed between the
first pixel electrode and the first common electrode in a reflec-
tion mode, the liquid crystal layer is arranged in a direction
which is parallel with the reflective axis of the reflection
polarizer. and the dichroic dye absorbs light having entered
from an outside of the liquid crystal panel.

18. The transflective liquid crystal display of claim 16,
wherein when a vertical electric field is formed between the
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first pixel electrode and the first common electrode in a trans-
mission mode, light having entered from the backlight unit is
reflected by the reflection polarizer.

19. The transflective liquid crystal display of claim 16,
wherein when a vertical electric field is formed between the
second pixel electrode and the second common electrode in a
transmission mode, light having entered from the backlight
unit is phase-delayed in the auxiliary liquid crystal layer and
then transmitted through the reflection polarizer and to an
outside of the liquid crystal panel.

20. The transflective liquid crystal display of claim 15,
wherein

the liquid crystal layer is arranged in a direction which is

parallel with the reflective axis of the reflection polar-
izer, and

the auxiliary liquid crystal layer is arranged in a direction

which is parallel with the reflection polarizer.

21. The transflective liquid crystal display of claim 20,
wherein, when a vertical electric field is formed between the
first pixel electrode and the first common electrode in a reflec-
tion mode, light having entered from an outside of the liquid
crystal panel is reflected by the reflection polarizer and then
transmitted to the outside of the liquid crystal panel.

22. The transflective liquid crystal display of claim 20,
wherein

when a vertical electric field is formed between the first

pixel electrode and the first common electrode in a trans-
mission mode, and a vertical electric field is formed
between the second pixel electrode and the second com-
mon electrode,

light having entered from the backlight unit is phase-de-

layed in the auxiliary liquid crystal layer and then trans-
mitted through the reflection polarizer to an outside of
the liquid crystal panel.

23. The transflective liquid crystal display of claim 15,
further comprising:

first gate lines and first data lines on the first substrate;

a first thin film transistor connected to the first gate line and

the first data line;

second gate lines and second data lines on the third sub-

strate; and

a second thin film transistor connected to the second gate

line and the second data line,

wherein the first pixel electrode is connected to the first thin

film transistor and the second pixel electrode is con-
nected to the second thin film transistor.
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