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Disclosed is a transmissive and reflective type LCD. In the
LCD, a second substrate faces a first substrate. A liquid
crystal layer is formed between the first substrate and the
second substrate. A first polarizing plate is formed on an
outer surface of the first substrate. A second polarizing plate
is formed on an outer surface of the second substrate. A
backlight is arranged for irradiating incident light onto the
polarizing plate. A transparent transflective film is arranged
between the first polarizing plate and the backlight for
partially reflecting and partially transmitting the incident
light. The transparent transflective film includes at least a
first layer and a second layer, the first and second layers
having different refractivity indexes from each other and are
alternatively stacked. By a restoring process occurring
between the transflective film and the backlight, a predeter-
mined amount of the incident light is transmitted through the
transflective film repeatedly, so that transmissivity and light
efficiency are enhanced.
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TRANSMISSIVE AND REFLECTIVE TYPE LIQUID
CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. patent
application Ser. No. 10/183,143, filed on Jun. 26, 2002, the
contents of which are fully incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display, and more particularly, to a transmissive and reflec-
tive type liquid crystal display in which the display opera-
tion is carried out in reflection mode and transmission mode.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays (LCDs) have become dis-
plays of choice among the various developed flat panel type
displays because they are much slimmer and lighter than
other types of displays. They also require lower driving
voltage and lower power consumption.

[0006] LCD displays are classified as transmission type
which display images using an external light source such as
a backlight, as reflection type which display an image using
natural light, and transmissive and reflective type which
display in a transmission mode using an internal light source
provided in the display itself at indoors or a dark place where
an external light source does not exist and the display
operates in a reflection mode to display images by reflecting
external incident light in a high brightness environment such
as at outdoors.

[0007] LCDs can also be classified depending on the way
they are driven. For example, In the passive matrix type,
pixels in the LCDs are driven using a root-mean-square
(rms) of a difference between voltages applied to signal lines
and scanning lines, while a line addressing in which a signal
voltage is applied to all of the pixels at the same time is
carried out. In the active matrix type, pixels are driven by a
switching element such as a MIM (Metal-insulator-metal)
device or a thin film transistor.

[0008] FIG. 1 is a sectional view of a conventional
transmissive and reflective type L.CD, and shows an active
matrix type LCD using the thin film transistor.

[0009] Referring to FIG. 1, the conventional transmissive
and reflective type LCD includes a first substrate 10, a
second substrate 40 arranged facing the first substrate 10, a
liquid crystal layer 50 formed between the first substrate 10
and the second substrate 40, and a light source, ie., a
backlight assembly 60 disposed at a rear side of the first
substrate 10.

[0010] The first substrate 10 includes a first insulating
substrate 11, a thin film transistor 25 formed on the first
insulating substrate 11, a passivation film 30 having a
contact hole 32 for exposing a part of the thin film transistor
25, a transparent electrode 34, and a reflection electrode 36.
The thin film transistor 25 includes a gate electrode 12, a
gate insulating film 14, an active pattern 16, an ohmic
contact pattern 18, a source electrode 20, and a drain
electrode 22. The transparent electrode 34 functions as a
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pixel electrode for transmitting light that is generated from
the backlight 60 and is then incident through the first
substrate 10. The transparent electrode 34 is connected to the
thin film transistor 25.formed on every unit pixel region on
the first substrate 10. The reflection electrode 36 reflects
external light that is incident through the second substrate 40
and at the same time functions as another pixel electrode.
The transparent electrodes 34 include regions of a transmis-
sion part T and a reflection part R for reflecting the external
light incident through the second substrate 40.

[0011] The second substrate 40 includes a second insulat-
ing substrate 42, a color filter 44 comprised of RGB pixels
for displaying colors while light is transmitted therethrough,
a black matrix 46 for preventing the light from being leaked
between the pixels, and a transparent common electrode 48.

[0012] The liquid crystal layer 50 is made of 90° twisted
nematic (TN) liquid crystal, and has an approximately 0.24
of And which is a product of anisotropy An in refractive
index and thickness d of the liquid crystal layer 50.

[0013] Also, according to an alignment direction of the
liquid crystal molecules, a first polarizing plate 54 and a
second polarizing plate 58 are respectively attached to
external surfaces of the first and second substrates 10 and 40
S0 as to transmit only polarized light in a specific direction.
The first and second polarizing plates 54 and 58 are all linear
polarizers in which each polarizing axis of the first and
second polarizing plates 54 and 58 is orthogonal to each
other.

[0014] Between the first substrate 10 and the first polar-
izing plate 54, and between the second substrate 40 and the
second polarizing plate 58, there are respectively arranged a
first ¥% wavelength phase difference plate 52 and a second %
wavelength phase difference plate 56. Each of the % wave-
length phase difference plates 52 and 56 functions to convert
linearly polarized light to circularly polarized light, or vice
versa by causing a phase difference of % wavelength
between two polarization components that are orthogonal to
each other and are parallel to the optical axes of the %
wavelength phase difference plates 52 and 56.

[0015] Hereinafter, there are respectively described opera-
tions in the reflection mode and the transmission mode in the
conventional transmissive and reflective type LCD shown in
FIG. 1.

[0016] FIGS. 2A and 2B are schematic views for illus-
trating an operation of the conventional LCD in the reflec-
tion mode.

[0017] First, when a pixel voltage is not applied (OFF), as
shown in FIG. 2A, light that is incident from an outside is
transmitted through the second polarizing plate 58, so that
the light is linearly polarized in a direction parallel to the
polarizing axis of the second polarizing plate 58. The
linearly polarized light is transmitted through the second Y%
wavelength phase difference plate 56, so that the linearly
polarized light is converted onto left-handed circularly
polarized light. The left-handed circularly polarized light is
transmitted through the liquid crystal layer 50, so that the
left-handed circularly polarized light is linearly polarized in
a direction vertical to the polarizing axis of the second
polarizing plate 58, and is then incident onto the reflection
electrode 36. The linearly polarized light, which is reflected
by the reflection electrode 36, is transmitted through the
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liquid crystal layer 50, so that the linearly polarized light is
converted onto the left-handed circularly polarized light.
The left-handed circularly polarized light is transmitted
through the second % wavelength phase difference plate 56,
so that the left-handed circularly polarized light is linearly
polarized in a direction parallel to the polarizing axis of the
second polarizing plate 58. And then, the linearly polarized
light is transmitted through the second polarizing plate 58,
so that a white image is displayed.

[0018] When a maximum pixel voltage is applied (ON), as
shown in FIG. 2B, light that is incident externally is
transmitted through the second polarizing plate 58, so that it
is linearly polarized in a direction parallel to the polarizing
axis of the second polarizing plate 58. The linearly polarized
light is transmitted through the second ¥4 wavelength phase
difference plate 56, so that it is converted onto left-handed
circularly polarized light. The left-handed circularly polar-
ized light is transmitted through the liquid crystal layer 50
without variation in the polarization state, and is then
incident onto the reflection electrode 36. The light, which is
incident onto the reflection electrode 36, is reflected by the
reflection electrode 36, so that it is converted to right-handed
circularly polarized light and the converted right-handed
circularly polarized light is transmitted through the liquid
crystal layer 50. Thus, the right-handed circularly polarized
light, which has been passed through the liquid crystal layer
50, is transmitted through the second % wavelength phase
difference plate 56, so that it is linearly polarized in a
direction perpendicular to the polarizing axis of the second
polarizing plate 58. The linearly polarized light is shielded
by the second polarizing plate 58, so that a black image is
displayed.

[0019] FIGS. 3A and 3B are schematic views for illus-
trating an operation mechanism of the transmission mode.

[0020] When a pixel voltage is not applied (OFF), as
shown in FIG. 3A, light that is irradiated from a backlight
disposed below the first polarizing plate 54 is incident onto
the first polarizing plate 54, and only light propagating in a
direction parallel to the polarizing axis of the first polarizing
plate 54 is transmitted through the first polarizing plate 54.
At this time, since the polarizing axis of the first polarizing
plate 54 is perpendicular to that of the second polarizing
plate 58, the light that has been passed through the first
polarizing plate 54 is converted onto light linearly polarized
in a direction perpendicular to the polarizing axis of the
second polarizing plate 58. The linearly polarized light is
converted onto a right-handed circularly polarized light by a
first Y-wavelength phase difference plate 52. The right-
handed circularly polarized light is transmitted through a
transparent electrode 34, and is then incident to a liquid
crystal layer 50. The right-handed circularly polarized light
is transmitted through the liquid crystal layer 50, so that it
is linearly polarized in a direction parallel to the polarizing
axis of the second polarizing plate 58. The linearly polarized
light is transmitted through a second Y-wavelength phase
difference plate 56, so that it is converted onto the right-
handed circularly polarized light. At this time, since only a
light component propagating in a direction parallel to the
polarizing axis of the second polarizing plate 58 can be
transmitted through the second polarizing plate 58, only
about 50% of the right-handed circularly polarized light is
transmitted through the second polarizing plate 58. Accord-
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ingly, there is a light loss of about 50%, and an image having
a moderate brightness is displayed.

[0021] Meanwhile, although not shown in the drawings,
an optical path of the incident light becomes different at a
region where a metal layer, such as the gate line, the data
line, or the reflection electrode exists in the transmission
mode. In other words, light that is incident from the back-
light is transmitted through the first polarizing plate 54, so
that it is linearly polarized in a direction parallel to the
polarizing axis of the first polarizing plate 54. The linearly
polarized light is transmitted through the first % wavelength
phase difference plate 52, so that it is right-handed circularly
polarized. The right-handed circularly polarized light is
reflected by metal layers, and become left-handed circularly
polarized. Then, the left-handed circularly polarized light is
transmitted through the first % wavelength phase difference
plate 52, so that it is linearly polarized in a direction parallel
to the polarizing axis of the first polarizing plate 54. Accord-
ingly, the linearly polarized light is absorbed in the first
polarizing plate 54, and does not return to the backlight.
Thus, the light reflected by the metal layers is not repro-
duced and disappears, so that an overall light efficiency is
lowered.

[0022] When a maximum pixel voltage is applied (ON), as
shown in FIG. 3B, light that is irradiated from a backlight
disposed below the first polarizing plate 54 is incident onto
the first polarizing plate 54, so that only light propagating in
a direction parallel to the polarizing axis of the first polar-
izing plate 54 is transmitted through the first polarizing plate
54. The light linearly polarized by the first polarizing plate
54 is converted into a right-handed circularly polarized light
after being transmitted through the first % wavelength phase
difference plate 52. The right-handed circularly polarized
light is transmitted through the transparent electrode 34, and
is then incident onto the liquid crystal layer 50. The right-
handed circularly polarized light is transmitted through the
liquid crystal layer 50 without variation in the polarization
state, and is linearly polarized in a direction orthogonal to
the polarizing axis of the second polarizing plate 58 after
being transmitted through the second % wavelength phase
difference plate 56. Afterwards, the light linearly polarized
in the direction orthogonal to the polarizing axis of the
second polarizing plate 58 is not transmitted to the second
polarizing plate 58, so that a dark image is displayed.

[0023] As described above, since the conventional trans-
missive and reflective type LCD has to be provided with the
wide band % wavelength phase difference plates 52 and 56
covering an overall frequency band of the visible ray, as well
as the first and second polarizing plates 54 and 58 with
respect to each of the first and second substrates 10 and 40,
manufacturing cost is increased as compared with the trans-
mission type LCD. Also, since the polarization characteristic
in the transmission mode causes light loss of about 50%,
there are drawbacks in that a light transmissivity decreases
by about 50% and contrast ratio (C/R) is lowered.

[0024] Further, since And of the liquid crystal layer 50 is
only about 0.24 um which is a half of And (about 0.48 um)
of the conventional transmission type LCD, the cell gap of
the liquid crystal cell should be decreased to a level of about
3 pm, and the refractive anisotropy An of the liquid crystal
also should be decreased. Accordingly, there is a need for a
transmissive and reflective type LCD device and method
which avoids aforementioned problems.
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SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is to solve the
aforementioned problems of the conventional art, and it is an
object of the present invention to provide a transmissive and
reflective type LCD capable of simplifying a structure of a
liquid crystal cell and decreasing light loss in the transmis-
sion mode.

[0026] In one aspect, there is provided a transmissive and
reflective type LCD comprising a first substrate, a second
substrate, a liquid crystal layer, a first polarizing plate, a
second polarizing plate, a backlight, and a transparent trans-
flective film. In the transmissive and reflective type LCD,
the second substrate has an inner surface that is arranged
facing the first substrate, and the liquid crystal layer is
formed between the first substrate and the second substrate.
The first polarizing plate is formed on an outer surface of the
first substrate. The second polarizing plate is formed on an
outer surface of the second substrate, the outer surface being
opposite to the inner surface of the second substrate. The
backlight is arranged for irradiating incident light onto the
first polarizing plate. The transparent transflective film is
arranged between the first polarizing plate and the backlight
for partially reflecting and partially transmitting the incident
light. The transparent transflective film includes at least a
first layer and a second layer having different refractivity
indexes from each other and are alternatively stacked.

[0027] According to another aspect of the invention, there
is provided a transmissive and reflective type LCD for
partially reflecting and transmitting incident light, compris-
ing an LC cell, a first polarizing plate, a second polarizing
plate, a backlight and a transparent transflective film. The
LC cell includes a first substrate, a second substrate having
an inner surface that is arranged to face the first substrate,
and a liquid crystal layer formed between the first substrate
and the second substrate. The first polarizing plate is formed
on an outer surface of the first substrate. The second polar-
izing plate is formed on an outer surface of the second
substrate that oppositely faces the inner surface of the
second substrate. The backlight is arranged at a rear side of
the first polarizing plate. The transparent transflective film is
arranged between the first polarizing plate and the backlight,
and has a plurality of layers in which a first layer and a
second layer having different refractivity indexes from each
other. The transmissive and reflective type LCD has a
reflection light path along which the incident light is incident
onto the LC cell from a front side of the LC cell, is reflected
by the transflective film, and is output through the front side
of the LC cell. And, The transmissive and reflective type
LCD has a transmission light path along which the incident
light is incident onto the LC cell from a rear side of the LC
cell, is transmitted through the transflective film, and is
output through the front side of the LC cell.

[0028] The transmissive and reflective type LCD of the
invention does not require a reflection electrode within LC
cell or a Ya-wavelength phase difference plate on each of the
upper substrate (second substrate) and the lower substrate
(first substrate). Hence, compared with the conventional
transmissive and reflective type LCD, the transmissive and
reflective type LCD of the present invention is simpler and
more easily made.

[0029] Further, it is possible that the transflective film of
partially being transmitted and reflecting incident light per-
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forms both functions of the reflection electrode and the
transparent electrode at the same time, and a recycling
process of light is lastingly generated, so that light loss is not
generated in the transmission mode. Accordingly, compared
with the conventional transmissive and reflective type LCD,
the transmissive and reflective type LCD of the invention
has an enhanced transmissivity. Also, since the transmissive
and reflective type LCD of the invention does not utilize the
Y wavelength phase difference plate, the light that is inci-
dent from the backlight and is then reflected by metal
regions of LC cell is recycled and again used, so that it
becomes possible to enhance an overall light efficiency.

[0030] Furthermore, since the optical conditions applied to
the liquid crystal of the conventional transmissive and
reflective type LCD can be identically applied to that of the
transmissive and reflective type LCD of the present inven-
tion, there is no degradation in reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above objects and other advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0032] FIG. 1 is a sectional view of a conventional
transmissive and reflective type LCD;

[0033] FIGS. 2A and 2B are schematic views for illus-
trating a conventional transmissive and reflective type LCD
of FIG. 1 in a reflection mode;

[0034] FIGS. 3A and 3B are schematic views for illus-
trating a transmissive and reflective type LCD of FIG. 1 in
a transmission mode;

[0035] FIG. 4 is a sectional view of a transmissive and
reflective type LCD in accordance with an embodiment of
the present invention;

[0036] FIG. 5 is a schematic view showing a structure of
the transflective film shown in FIG. 4;

[0037] FIGS. 6A and 6B are sectional views for illustrat-
ing a light scattering layer that is applicable to the trans-
missive and reflective type LCD of FIG. 4;

[0038] FIGS. 7A and 7B are schematic views for illus-
trating the transmissive and reflective type LCD of FIG. 4
applied in a reflection mode;

[0039] FIGS. 8A and 8B are schematic views for illus-
trating the transmissive and reflective type LCD of FIG. 4
applied in a transmission mode;

[0040] FIGS. 9A and 9B are schematic views for illus-
trating the transmissive and reflective type LCD of FIG. 4
applied in a reflection mode;

[0041] FIGS. 10A and 10B are schematic views for
illustrating the transmissive and reflective type LCD of FIG.
4 applied in a transmission mode; and

[0042] FIG. 11 is a sectional view of a transmissive and
reflective type LCD in accordance with another embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
[0043] Now, exemplary embodiments of the present
invention will be described in detail with reference to the
annexed drawings.
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[0044] FIG. 4 is a sectional view of a transmissive and
reflective type LCD in accordance with an embodiment of
the present invention.

[0045] Referring to FIG. 4, the transmissive and reflective
type LCD includes a first substrate 110, a second substrate
130 of which an inner surface is arranged facing the first
substrate 110, and a liquid crystal layer 150 formed between
the first substrate 110 and the second substrate 130.

[0046] The first and second substrates 110 and 130 are
preferably manufactured using a glass substrate.

[0047] A first transparent electrode 115 is formed on the
inner surface of the first substrate 110. Preferably, the first
transparent electrode 115 is formed of conductive oxide film
such as indium tin oxide (ITO). Preferably, the first trans-
parent electrode 115 is elongated in a first direction, and
serves as a signal electrode that is repeatedly arranged in a
second direction orthogonal to the first direction.

[0048] A first polarizing plate 155 is disposed on the outer
surface of the first substrate 110. A second polarizing plate
165 is formed on an outer surface of the second substrate
130, opposite the inner surface of the second substrate 130.
The first and second polarizing plates 155 and 165 function
to absorb polarized light and to transmit other polarized
light, thereby allowing incident light to be transmitted in a
specific direction. The first and second polarizing plates 155
and 165 are linear polarizers of which polarizing axes are
arranged to be orthogonal to each other.

[0049] Abacklight 170 is installed at a rear side of the first
polarizing plate 155.

[0050] A second transparent electrode 135 made of con-
ductive oxide film such as ITO is formed on the inner surface
of the second substrate 130 facing the first substrate 110.
Preferably, the second transparent electrode 135 serves as a
scanning electrode that is repeatedly arranged in a second
direction and is elongated in the first direction. In other
words, in a passive matrix type LCD, the first transparent
electrode 115 of the first substrate 110 and the second
transparent electrode 135 of the second substrate 130 are
arranged to be orthogonal to each other such that they are
used as the signal electrode and scanning electrode, respec-
tively.

[0051] The liquid crystal layer 150 is made of 270° super
twisted nematic (STN) liquid crystal. Alternatively, the
liquid crystal layer 150 can be made of 90° twisted nematic
(TN) liquid crystal. One skilled in the art readily appreciates
that the passive matrix type LCD uses STN liquid crystal
while the active matrix type LCD uses TN liquid crystal.

[0052] According to an embodiment of the present
embodiment, the liquid crystal layer 150 has an And of about
0.2 um to about 0.6 um that is a product of a refractive
anisotropy An and a thickness d of the liquid crystal layer
150, preferably about 0.48 ym. The value of about 0.48 um
allows the LCD of the present invention to identically use an
LC optical condition of the conventional transmission type
LCD without modification, thereby preventing the reliability
of the liquid crystal from being lowered.

[0053] A transflective film 160 is disposed between the
first polarizing plate 155 and the backlight 170. The trans-
flective film 160 includes at least two transparent layers
having a different refractivity index from each other. A first
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layer 161 and a second layer 162 are preferably alternatively
stacked as shown in FIG. 5. The transparent transflective
film 160 functions to partially reflect and transmit incident
light. Accordingly, the transmissive and reflective type LCD
in accordance with an embodiment of the invention has a
reflection light path 180 and a transmission light path 185.
In the reflection light path, incident light is incident toward
the second substrate 130, is transmitted through the first
substrate 110, is reflected by the transflective film 160, and
is output through the second substrate 130. In the transmis-
sion light path 185, incident light is incident from the
backlight onto the transflective film 160 and the first sub-
strate 110, and is output through the second substrate 130.

[0054] Hereinafter, the structure and operations of the
transflective film 160 are described.

[0055] Referring to FIG. 5, when it is assumed that the
transflective film 160 has a film thickness direction of z-axis
and a film plane of x-y plane, the transflective film 160
according to an aspect of the present invention is charac-
terized in that the first layer 161 thereof has a refractive
anisotropy within the film plane, e.g., x-y plane, and the
second layer 162 does not have a refractive anisotropy
within the film plane.

[0056] The transflective film 160 has various transmissiv-
ity and reflectivity characteristics depending on polarizing
state and direction of the incident light. For instance, when
it is assumed that a direction parallel to an elongated
direction of the transflective film 160 is x-direction and a
direction perpendicular to the elongated direction is y-di-
rection, each of the first layer 161 having a high refractivity
and refractive anisotropy within the film plane and the
second layer 162 not having refractive anisotropy have three
main refractive indexes of n,, n,, and n, that satisfy the
following relationships (1):

nl,=nl,=nl.;

n2,=n2=n2;

nl=n2 ;

nlg=n2,; and

nlx—n2x|<|n1y—n2y| ).
[0057] (nlx, nly, and nlz denotes a main refractive index

of the first layer in an x-axis, a y-axis, and a z-axis,
respectively, and n2x, n2y, and n2z denotes a main refractive
index of the second layer in an x-axis, a y-axis, and a z-axis,
respectively)

[0058] Thus, if a refractivity difference in the x-direction
between the first layer 161 and the second layer 162 is less
than a refractivity difference in the y-direction between the
first layer 161 and the second layer 162, when a non-
polarized light is incident in the direction perpendicular to
the film plane, i.e., z-direction, a polarization component
polarized parallel to the y-direction is mostly reflected due
to a high difference in the refractivity based on Fresnel’s
equation, but a polarization component polarized parallel to
the x-direction is partially transmitted and reflected due to a
low difference in the refractivity.

[0059] There are disclosed methods for enhancing the
display brightness by using a reflection type polarizing plate
made of dielectric multilayered film having birefringence in
Japanese Patent Laid Open Publication No. 9-506985 and
International Patent Publication No. WO 97/01788. The
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dielectric multilayered film having birefringence has a struc-
ture in which two kinds of polymer layers are alternatively
stacked. One of the two kinds of polymer layers is selected
from a polymer group having a high refractivity and the
other is selected from a polymer group having a low
refractivity.

[0060] Hereinafter, the structure of the dielectric multilay-
ered film is reviewed in an aspect of optical property.

[0061] For instance, when it is assumed that there is the
following relationship between the first layer in which a
material having a high refractivity is elongated, and a second
layer in which a material having a low refractivity is
elongated:

nl=nl,=1.57, n1,=1.86; and
n2,=n2.=n2,=1.57.

[0062] Thus, in case that refractivities of the first and
second layers in the x-direction and the z-direction are
identical and refractivities of the first and second layers in
the y-direction are different from each other, when non-
polarized light is incident in the direction perpendicular to
the film plane, i.e., z-direction, polarization components in
the x-direction are all transmitted, polarization components
in the y-direction are all reflected based on Fresnel’s equa-
tion. A representative example of birefringence dielectric
multilayered films having the above characteristics is DBEF
(Dual brightness enhancement film). The DBEF has a mul-
tilayered structure in which two kinds of films made of
different material are a few hundred layers stacked. In other
words, poly(ethylene naphtalate) layer having a high bire-
fringence and poly(methyl methacrylate) (PMMA) layer are
alternatively stacked to form the DBEF layer. Since naph-
thalene groups of the poly(ethylene naphtalate) layer has a
flat plane structure, when those groups are adjacently placed
to each other, it is easy to stack the poly(ethylene naphtalate)
layer and the DBEF layer, so that the refractivity in the
stacking direction becomes considerably different from
those in other directions. On the contrary, since the PMMA
is an amorphous polymer and is isotropically aligned, the
PMMA has an identical refractivity in all directions.

[0063] The DBEF transmits all x-directional polarization
components and reflects all y-directional polarization com-
ponents, while the transflective film 160 according to an
aspect of the present invention mostly reflects a specific-
directional (for instance, y-directional) polarization compo-
nent, but partially reflects and transmits polarization com-
ponent, which is polarized in a direction (for instance,
x-direction) orthogonal to the specific direction. The trans-
flective film can be made by vertically attaching two aniso-
tropic transflective films having various transmissivity and
reflectivity depending on polarizing state and direction of an
incident light. Alternatively, the transflective film can be
made by attaching an anisotropic transflective film having
various transmissivity and reflectivity depending on polar-
izing state and direction of incident light and a transflective
film having isotropic reflection and transmission character-
istics regardless of polarizing state and direction of incident
light. The two transflective films can be made in an inte-
grally formed structure, or made in a separately formed film
structure.

[0064] Also, according to another preferred aspect of the
invention, the transflective film 160 has isotropic reflection

Mar. 24, 2005

and transmission characteristics regardless of polarizing
state and direction of incident light. For instance, if it is
assumed that a direction parallel to an elongated direction of
the film is in the x-direction and a direction perpendicular to
the elongated direction of the film is in the y-direction, the
first layer 161 having a high refractivity and the second layer
162 having a low refractivity both have a refractive isotropy
within x-y planes of the film, and each of the first and second
layers 161 and 162 have three main refractive indexes of n_,
n,, and n, that satisfy the following relationships:

nlg=nl,=nl,; and

n2=n2,=n2;=nl, 2).
[0065] Thus, in case that the first and second layers 161
and 162 have different refractivity indexes in the z-direction,
when non-polarized light is incident in the direction (i.e.,
z-direction) perpendicular to the film, polarization compo-
nents in the x-direction are partially transmitted and
reflected according to Fresnels’s equation, and polarization
components in the y-direction are partially transmitted and
reflected. At this time, the reflectivity of reflected light can
be adjusted to match with characteristics of the transmissive
and reflective type LCD by controlling the thickness or the
refractivity of the first layer 161 or the second layer 162. In
other words, a reflection characteristic-enhanced transmis-
sive and reflective type LCD enhances the reflectivity,
whereas a transmissive and reflective type LCD in which
transmission characteristic is considered to be an important
issue, lowers the reflectivity to thereby enhance the trans-
missivity.

[0066] As described above, the transflective film 160 of
the present invention can be formed to have an anisotropy
characteristic in which transmissivity and reflectivity of the
film 160 varies with polarizing state and direction of inci-
dent light, or can be formed to have an isotropy character-
istic in which transmissivity and reflectivity of the film 160
do not depend on polarizing state and direction of the
incident light. In any case, it is desirable that the transflective
film 160 has a reflectivity of no less than about 4% with
respect to polarization component in all directions when
light is incident in a direction perpendicular to the film
plane.

[0067] According to an embodiment of the present inven-
tion, the transflective film 160 can be made in an integrally
formed structure together with the first polarizing plate 155,
or made in a separately formed film structure separated from
the first polarizing plate 155. In case that the transflective
film 160 is made in an integrally formed structure together
with the first polarizing plate 155, it is possible to decrease
the thickness of the LC cell, and the LCD has an advantage
in an aspect of manufacturing cost.

[0068] In the above, there is explained a method of form-
ing the transflective film 160 by depositing or coating a
multilayered polymer film on a surface of the first polarizing
plate 155. This method differs from an anti-reflection treat-
ment in the polarizing plate. In other words, in the anti-
reflection treatment, two kinds of transparent films having
different refractivity are repeatedly deposited or coated in a
constant thickness such that destructive interference occurs
by multi-reflection within the multilayered polymer film.
However, to form a transflective film capable of partially
transmitting and partially reflecting incident light, the film
thickness should be adjusted such that constructive interfer-
ence occurs.
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[0069] FIGS. 6A and 6B are sectional views for illustrat-
ing a light scattering layer that is applicable to the trans-
missive and reflective type LCD of FIG. 4;

[0070] Referring to FIGS. 6A and 6B, the transmissive
and reflective type LCD further includes a light scattering
layer 168 formed on the first substrate 110 or the second
substrate 130 to prevent specular reflection and to properly
diffuse a reflected light in various angles. For instance, it is
possible to form the light scattering layer 168 between the
first substrate 110 and the first polarizing plate 155, between
the second substrate 130 and the second polarizing plate
165, or between the first polarizing plate 155 and the
transflective film 160. The light scattering layer 168 can be
made in an integrally formed structure together with the first
polarizing plate 155 or the second polarizing plate 165, or
made in a separate film structure separated from the polar-
izing plates 155 and 1635. Further, the light scattering layer
168 can be made in a form of a plastic film in which
transparent beads are dispersed. Moreover, the light scatter-
ing layer 168 can be made in a state in which beads are
added to an adhesive, which makes it possible to directly
attach the first substrate 110 to the first polarizing plate 155.

[0071] Furthermore, to optimize light efficiency in the
transmissive and reflective type LCD, it is possible to form
aphase difference plate (not shown) on the first substrate 110
or the second substrate 130. For instance, the phase differ-
ence plate is formed in an integrally formed structure
together with polarizing plate or a separate film structure
separated from the polarizing plate between the first sub-
strate 110 and the first polarizing plate 155, or between the
second substrate 130 and the second polarizing plate 165.

[0072] Hereinafter, there is described in detail an opera-
tion mechanism of the transmissive and reflective type LCD
having the above structure.

[0073] FIG. 7A through FIG. 8B are schematic views for
illustrating operations in reflection mode and transmission
mode in the transmissive and reflective type LCD in which
the transflective film 160 is made an integrally formed
structure together with the first polarizing plate 155. Here,
polarization directions of the light are represented on the
basis of a polarizing axis of the second polarizing plate 165,
and a partially reflected light and a partially transmitted light
by a dotted line.

[0074] First, when a pixel voltage is not applied (OFF) in
the reflection mode, as shown in FIG. 7A, light that is
incident from an outside is transmitted through the second
polarizing plate 165, so that the light is linearly polarized in
a direction parallel to the polarizing axis of the second
polarizing plate 165. The linearly polarized light is trans-
mitted through the liquid crystal layer 150 and the first
transparent electrode 115, so that the linearly polarized light
is linearly polarized in a direction perpendicular to the
polarizing axis of the second polarizing plate 165 and is then
incident onto the transflective film 160 made an integrally
formed structure together with the first polarizing plate 155.
At this time, since the polarizing axis of the first polarizing
plate 155 is orthogonal to that of the second polarizing plate
165, the light that is incident onto the first polarizing plate
155 is parallel to the polarizing axis of the first polarizing
plate 155. Accordingly, the light linearly polarized in the
direction parallel to the polarizing axis of the first polarizing
plate 155 is partially transmitted through the transflective
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film 160 and is partially reflected by the transflective film
160. In other words, in case that the transflective film 160
has the refractivity characteristic of the relationship (1), a
polarization component, which is polarized in the x-direc-
tion parallel to the elongated direction of the transflective
film 160, in the lights that are incident onto the transflective
film 160 is partially transmitted and reflected, whereas a
polarization component which is polarized in the direction
perpendicular to the elongated direction is mostly reflected.
Further, in case that the transflective film 160 has the
refractive characteristic of the relationship (2), in the lights
that are incident onto the transflective film 160, the polar-
ization components which is polarized in the x- and y-di-
rections are partially transmitted and partially reflected.

[0075] Thus, the linearly polarized light reflected by the
transflective film 160 is transmitted through the first trans-
parent electrode 115 and the liquid crystal layer 150, so that
it is linearly polarized in the direction parallel to the polar-
izing axis of the second polarizing plate 165. Afterwards, the
light is transmitted through the second polarizing plate 165,
so that a white image is displayed. Also, the lights that have
been transmitted through the transflective film 160 are
restored between the transflective film 160 and the backlight
170, and the restored lights repeatedly carry out a procedure
of a partial reflection and a partial transmission. As a
consequence, light loss is eliminated and reflectivity and
light efficiency are enhanced.

[0076] When a maximum pixel voltage is applied (ON) in
the reflection mode, as shown in FIG. 7B, light that is
incident from an outside is transmitted through the second
polarizing plate 165, so that the light is linearly polarized in
a direction parallel to the polarizing axis of the second
polarizing plate 165. Afterwards, the linearly polarized light
is transmitted through the liquid crystal layer 150 without a
variation in the polarizing state, and is then incident onto the
transflective film 160 integrally formed with the first polar-
izing plate 155. At this time, since the linearly polarized light
is perpendicular to the polarizing axis of the first polarizing
plate 155, the light is all absorbed in the first polarizing plate
155. Thus, the linearly polarized light is not reflected by the
transflective film 160, so that a black image is displayed.

[0077] When a pixel voltage is not applied (OFF) in the
transmission mode, as shown in FIG. 8A, light that is
irradiated from the backlight 170 is incident onto the trans-
flective film 160 integrally formed with the first polarizing
plate 155. In case that the transflective film 160 has the
refractive characteristic of the relationship (1), a polarization
component, which is polarized parallel to the x-direction in
the lights that are parallel to the polarizing axis of the first
polarizing plate 155, is partially transmitted and reflected,
whereas a polarization component which is polarized par-
allel to the y-direction is mostly reflected. Also, in case that
the transflective film 160 has the refractive characteristic of
the relationship (2), lights which are parallel to the polariz-
ing axis of the first polarizing plate 155 are partially trans-
mitted and partially reflected because all polarization com-
ponents which are polarized in the x-direction and
y-direction is partially transmitted and reflected.

[0078] Thus, the light that has been transmitted through
the transflective film 160 and the first polarizing plate 155
becomes a linearly polarized light having a propagating
direction parallel to the polarizing axis of the first polarizing
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plate 155. The linearly polarized light is transmitted through
the first transparent electrode 115 and the liquid crystal 150,
so that it is linearly polarized in a direction parallel to the
polarizing axis of the second polarizing plate 165. Accord-
ingly, the light linearly polarized in the direction parallel to
the polarizing axis of the second polarizing plate 165 is
transmitted through the second polarizing plate 165, so that
a white image is displayed. Also, light reflected by the
transflective film 160 is restored between the backlight 170
and the transflective film 160, and then repeats to carry out
the above steps. Thus, polarization components parallel to
the x-direction or polarization components parallel to the x-
and y-directions are continuously transmitted through the
transflective film 160 and are used, so that light loss is
eliminated and transmissivity and light efficiency are
enhanced.

[0079] When a maximum pixel voltage is applied (ON) in
the transmission mode, as shown in FIG. 8B, light that is
irradiated from the backlight 170 is incident onto the trans-
flective film 160 integrally formed with the first polarizing
plate 155, so that the light parallel to the polarizing axis of
the first polarizing plate 155 is partially transmitted and
reflected. The light that has been transmitted through the
transflective film 160 and the first polarizing plate 155, is
converted onto light lineally polarized in the direction
parallel to the polarizing axis of the first polarizing plate
155, i.e., in the direction perpendicular to the polarizing axis
of the second polarizing plate 165. The linearly polarized
light is transmitted through the first transparent electrode
115 and the liquid crystal layer 150 without a variation in the
polarizing state. Accordingly, the light linearly polarized in
the direction perpendicular to the polarizing axis of the
second polarizing plate 165 is not transmitted through the
second polarizing plate 165, so that a black image is
displayed.

[0080] FIG. 9A through FIG. 10B are schematic views
for illustrating the transmission mode and the reflection
mode of a transmissive and reflective type LCD in which the
transflective film 160 is separated from the first polarizing
plate 155 and is made in a film structure. Here, polarization
directions of the light are represented on the basis of a
polarizing axis of the second polarizing plate 165, and
partially reflected light and partially transmitted light by a
dotted line.

[0081] First when a pixel voltage is not applied (OFF) in
the reflection mode, as shown in FIG. 9A, light that is
incident from an outside is transmitted through the second
polarizing plate 165, so that the light is linearly polarized in
a direction parallel to the polarizing axis of the second
polarizing plate 165. The linearly polarized light is trans-
mitted through the liquid crystal layer 150 and the first
transparent electrode 115, so that the linearly polarized light
is linearly polarized in a direction perpendicular to the
polarizing axis of the second polarizing plate 165 and is then
incident onto the first polarizing plate 155. At this time, since
the polarizing axis of the first polarizing plate 155 is
orthogonal to that of the second polarizing plate 165, the
light that has been linearly polarized in a direction perpen-
dicular to the polarizing axis of the second polarizing plate
155 is transmitted through the first polarizing plate 155 and
is then incident onto the transflective film 160. In case that
the transflective film 160 has the refractivity characteristic
defined in equation (1), a polarization component, which is
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polarized in the x-direction parallel to the elongated direc-
tion of the transflective film 160, light rays directed incident
to the transflective film 160 is partially transmitted and
reflected, whereas a polarization component, which is polar-
ized in the y-direction perpendicular to the elongated direc-
tion, is mostly reflected. Further, in case that the transflective
film 160 has the refractive characteristic of the relationship
(2), light rays that are incident to the transflective film 160,
the polarization components polarized in the x- and y-di-
rections are partially transmitted and partially reflected.

[0082] Thus, since the linearly polarized light reflected by
the transflective film 160 is parallel to the polarizing axis of
the first polarizing plate 155, it is transmitted through the
first polarizing plate 155, and is incident onto the liquid
crystal layer 150 via the transparent electrode 115. The
linearly polarized light is transmitted through the liquid
crystal layer 150, whereby it is linearly polarized in the
direction parallel to the polarizing axis of the second polar-
izing plate 165. Afterwards, the light is transmitted through
the second polarizing plate 165, so that a white image is
displayed. Also, the light rays that have been transmitted
through the transflective film 160 are restored between the
transflective film 160 and the backlight 170, and the restored
light repeatedly carry out a procedure of a partial reflection
and a partial transmission. As a consequence, light loss is
eliminated and reflectivity and light efficiency are enhanced.

[0083] When a maximum pixel voltage is applied (ON) in
the reflection mode as shown in FIG. 9B, light that is
incident from an outside is transmitted through the second
polarizing plate 165, so that the light is linearly polarized in
a direction parallel to the polarizing axis of the second
polarizing plate 165. Afterwards, the linearly polarized light
is transmitted through the liquid crystal layer 150 without a
variation in the polarizing state, and is then incident onto the
first polarizing plate 155. At this time, since the linearly
polarized light is perpendicular to the polarizing axis of the
first polarizing plate 155, the light is all absorbed in the first
polarizing plate 155. Thus, since the linearly polarized light
is not reflected by the transflective film 160, a black image
is displayed.

[0084] When a pixel voltage is not applied (OFF) in the
transmission mode, as shown in FIG. 10A, light that is
irradiated from the backlight 170 is incident onto the trans-
flective film 160, so that the light is partially transmitted and
reflected. In case that the transflective film 160 has the
refractive characteristic of the relationship (1), polarization
components, which is polarized in the x-direction parallel to
the elongated direction of the transflective film 160 in the
lights that have been incident onto the transflective film 160
is partially transmitted and reflected, whereas polarization
components, which is polarized in the y-direction perpen-
dicular to the elongated direction, are mostly reflected. Also,
in case that the transflective film 160 has the refractive
characteristic of the relationship (2), polarization compo-
nents, which is polarized in the x- and y-directions, in the
lights that have been incident onto the transflective film 160
are partially transmitted and reflected.

[0085] Thus, the light that has been transmitted through
the transflective film 160 and the first polarizing plate 155 is
linearly polarized in a direction parallel to the polarizing
axis of the first polarizing plate 155. Afterwards, the linearly
polarized light is transmitted through the first transparent
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electrode 115 and the liquid crystal 150, so that it is linearly
polarized in a direction parallel to the polarizing axis of the
second polarizing plate 165. Accordingly, the light linearly
polarized in the direction parallel to the polarizing axis of the
second polarizing plate 165 is transmitted through the sec-
ond polarizing plate 165, so that a white image is displayed.
Also, light reflected by the transflective film 160 is restored
between the backlight 170 and the transflective film 160, and
then repeats to carry out the above steps. Thus, polarization
components polarized parallel to the x-direction or polar-
ization components polarized parallel to the x- and y-direc-
tions continuously is transmitted through the transflective
film 160 and are used, so that light loss is eliminated and
transmissivity and light efficiency are enhanced.

[0086] When a maximum pixel voltage is applied (ON) in
the transmission mode, as shown in FIG. 10B, light that is
irradiated from the backlight 170 is incident onto the trans-
flective film 160, so that the incident light is partially
transmitted through the transflective film 160 and is partially
reflected by the transflective film 160. The light that has been
transmitted through the transflective film 160 is transmitted
through the first polarizing plate 155, so that it is converted
onto light lineally polarized parallel to the polarizing axis of
the first polarizing plate 155, i.e., a direction perpendicular
to the polarizing axis of the second polarizing plate 165.
Afterwards, the linearly polarized light is transmitted
through the first transparent electrode 115 and the liquid
crystal layer 150 without a variation in the polarizing state.
Accordingly, the light linearly polarized in the direction
perpendicular to the polarizing axis of the second polarizing
plate 165 cannot be transmitted through the second polar-
izing plate 165, so that a black image is displayed.

[0087] FIG. 11 is a sectional view of a transmissive and
reflective type LCD in accordance with another embodiment
of the present invention.

[0088] Referring to FIG. 11, a transmissive and reflective
type LCD includes a first substrate 200, a second substrate
250 arranged facing the first substrate 200, a liquid crystal
layer 260 formed between the first substrate 200 and the
second substrate 250, and a backlight 270 arranged at a rear
side of the first substrate 200,

[0089] The first substrate 200 includes a first insulating
substrate 210. A plurality of gate lines (not shown) and a
plurality of data lines (not shown) are formed on the first
insulating substrate 210 in a matrix configuration. A pixel
electrode 234 and a thin film transistor 225 are formed at a
region defined by a pair of gate line and a pair of data lines.
The second substrate 250 includes a second insulating
substrate 252, a color filter 254 of RGB pixels, for display-
ing colors while light is transmitted therethrough, a black
matrix 256 for preventing light from being leaked between
pixels, and a transparent common electrode 258.

[0090] A thin film transistor 225 includes a gate electrode
212 formed on the first insulating substrate 210, a gate
insulating film 214 formed on the gate electrode 212 and the
first insulating substrate 210, an active pattern 216 and an
ohmic contact pattern 218 both formed on the gate insulating
film 214 on the gate electrode 212, and source and drain
electrodes 220 and 222 formed apart from each other on the
ohmic contact pattern 218. A passivation film 230 made of
organic or inorganic substance is formed on the first insu-
lating substrate 210 including the thin film transistor 225. A
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contact hole 232 penetrating the passivation film 230 is
formed in the passivation film 230 to expose the drain
electrode 222. The pixel electrode 234 is made of transpar-
ent conductive oxide such as ITO (Indium tin oxide).

[0091] The liquid crystal layer 260 is made of 90° twisted
nematic (TN) liquid crystal, and has a And of about 0.2 um
to about 0.6 um that is a product of a refractive anisotropy
An and a thickness d of the liquid crystal layer 260,
preferably about 0.48 um. Thus, the value on the refractivity
anisotropy allows the LCD of the present invention to use
the LC optical condition of the conventional transmission
type LCD without any modification, thereby preventing the
reliability of the liquid crystal from being lowered.

[0092] Depending on alignment direction of the liquid
crystal layer 260, first and second polarizing plates 262 and
266 for transmitting only light propagating in a specific
direction are respectively attached on outer surfaces of the
first and second substrates 210 and 252. Preferably, the first
and second polarizing plates 262 and 266 are linear polar-
izers of which polarizing axes are arranged perpendicular to
each other.

[0093] The gate electrode 212 of the thin film transistor
225 is connected to the gate line, the source electrode 220 is
connected to the data line, and the drain electrode 222 is
connected to the pixel electrode 234 through the contact hole
232. Accordingly, as a scanning voltage is applied to the gate
electrode 212, a signal voltage flowing through the data line
is applied to the drain electrode 222 through the active
pattern 216 from the source electrode 220. If the signal
voltage is applied to the drain electrode 222, there is
generated a voltage difference between the pixel electrode
234 connected to the drain electrode 222 and the common
electrode 258 of the second substrate 252. As a consequence,
molecular arrangement of the liquid crystal layer 260
injected between the pixel electrode 234 and the common
electrode 258 wvaries, and thereby light transmissivity
through the liquid crystal layer 260 varies. Thus, the thin
film transistor 225 performs the role as switching element
for turning on or turning off pixels of the LC cell.

[0094] According to an embodiment of the present inven-
tion, a transflective film 264 is formed between the first
polarizing plate 262 and the backlight 270. The transflective
film 264 is formed of a plurality of transparent layers in
which first and second layers (not shown) having different
refractivity are alternatively stacked. As described in the
above embodiment, the transflective film 264 functions to
partially transmit and reflect the incident light. In other
words, the transflective film 264 can be formed in a structure
having anisotropy characteristic in which degrees of the
transmissivity and the reflectivity vary with polarizing state
and direction of the incident light, or in a structure having
isotropy characteristic in which degrees of the transmissivity
and the reflectivity do not vary with polarizing state and
direction of the incident light. In any cases, it is desirable
that the transflective film 264 is formed to have about 4% or
more in the reflectivity with respect to polarization compo-
nents in all directions. The transflective film 264 is formed
in an integrally formed structure with the first polarizing
plate 262 or in a structure separated from the first polarizing
plate 262.

[0095] Further, to prevent specular reflection and properly
diffuse reflected lights in several directions, the transmissive
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and reflective type LCD in accordance with the present
embodiment can further include a light scattering layer (not
shown) on cither the first substrate 200 or the second
substrate 250. For instance, the light scattering layer can be
formed between the first substrate 200 and the first polar-
izing plate 262, between the second substrate 250 and the
second polarizing plate 266, or between the first polarizing
plate 262 and the transflective film 264. The light scattering
layer is formed in an integrally formed structure with the
first polarizing plate 262 or the second polarizing plate 266,
or in a structure separated from the first polarizing plate 262
or the second polarizing plate 266. Also, the light scattering
layer can be made by mixing adhesive and beads.

[0096] Moreover, to optimize light efficiency in the trans-
missive and reflective type LCD of the present embodiment,
a phase differential plate (not shown) can be further formed
on either the first substrate 200 or the second substrate 250.
For instance, the phase differential plate is formed between
the first substrate 200 and the first polarizing plate 262 or
between the second substrate 250 and the second polarizing
plate 266. Also, the phase difference plate 1s formed in an
integrally formed structure with the first polarizing plate 262
or the second polarizing plate 266, or in a structure separated
from the first polarizing plate 262 or the second polarizing
plate 266.

[0097] According to the transmissive and reflective type
LCD of the present embodiment, a reflection electrode is not
formed within the LC cell, but the transflective film 264
substitutes for the reflection electrode, and performs the role
of the reflection electrode. Accordingly, light that is incident
toward the second substrate 232 from an outside has a
reflection light path 280 in which the light is transmitted
through the first substrate 210, is reflected by the transflec-
tive film 264, and is output through the second substrate 252.
Also, light that is incident toward the first substrate 200 from
the backlight 270 has a transmission light path 285 in which
the light is transmitted through the transflective film 264 and
then is output through the second substrate 250.

[0098] The transmissive and reflective type LCD shown in
FIG. 11 has the same operation mechanism in the reflection
mode and the transmission mode as those described with
reference to FIG. 7A through FIG. 10B. In other words, by
using the transflective film 264 which partially transmits and
reflects the incident light, light loss is not generated in the
reflection mode and the transmission mode, so that it is
possible to enhance both of the reflectivity and transmissiv-
ity. Also, compared with the conventional transmissive and
reflective type LCD of FIG. 1, the transmissive and reflec-
tive type LCD of the present invention does not require a
Yi-wavelength phase difference plate on the lower substrate,
1.e., the first substrate 210. Further, light that is incident from
the backlight 270 and is reflected from regions where a metal
layer, such as the gate line or data line, exists within the L.C
cell, are restored between the transflective film 264 and the
backlight 270 and the restored lights are used, so that it
increases overall light efficiency.

[0099] As described above, according to a preferred
embodiment of the present invention, between the first
polarizing plate attached on the outer surface of the lower
substrate (i.e., first substrate) and the backlight is formed an
anisotropy transflective film having an optical characteristic
in which light components in a specific direction are
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strongly reflected and polarization components in a direction
perpendicular to the specific direction are partially transmit-
ted and reflected depending on polarizing state and direction
of an incident light, or an isotropy transflective film having
an optical characteristic in which light components are
partially transmitted and reflected regardless of polarizing
state and direction of the incident light. As a result, by a
restoring process of light occurring between the transflective
film and the backlight, the restored light is transmitted
through the transflective film repeatedly, so that transmis-
sivity and light efficiency are enhanced.

[0100] Further, the transmissive and reflective type LCD
according to a preferred embodiment of the present inven-
tion does not require a reflection electrode within LC cell or
a Y-wavelength phase difference plate on each of the upper
substrate (second substrate) and the lower substrate (first
substrate). Accordingly, compared with the conventional
transmissive and reflective type LCD, the transmissive and
reflective type LCD of the present invention is simpler and
can be more easily made.

[0101] Furthermore, since the optical conditions applied to
the liquid crystal of the conventional transmissive and
reflective type LCD can be identically applied to that of the
transmissive and reflective type LCD of the present inven-
tion, there is no degradation in reliability.

[0102] While the present invention has been described in
detail, it should be understood that various changes, substi-
tutions and alterations can be made hereto without departing
from the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:
1. A transmissive and reflective type LCD comprising:

an array substrate;

a counter substrate having an inner surface facing the
array substrate;

a liquid crystal layer formed between the array substrate
and the counter substrate;

a first polarizing plate formed on an outer surface of the
array substrate;

a second polarizing plate formed on an outer surface of
the counter substrate;

a backlight for irradiating incident light onto the first
polarizing plate; and

a transflective film arranged between the first polarizing
plate and the backlight, the transflective film reflecting
a first polarization component of the incident light in a
first direction, and partially reflecting and transmitting
asecond polarization component of the incident light in
a second direction.

2. The transmissive and reflective type LCD of claim 1,
wherein the transflective film includes at least a first layer
and a second layer, the first and second layers having
different refractivity indexes from each other and are alter-
natively stacked.

3. The transmissive and reflective type LCD of claim 1,
wherein the transflective film is integrally formed with the
first polarizing plate.
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4. The transmissive and reflective type LCD of claim 1,
wherein the transflective film is separately formed from the
first polarizing plate.

5. The transmissive and reflective type LCD of claim 1,
wherein the transflective film includes at least a first layer
and a second layer, and the first layer of the transflective film
has a refractive anisotropy and the second layer of the
transflective film does not have the refractive anisotropy
within a plane thereof.

6. The transmissive and reflective type LCD of claim 1,
wherein the transflective film has anisotropy characteristics
with transmissivity and reflectivity depending on polarizing
state and direction of the incident light.

7. The transmissive and reflective type LCD of claim 6,
wherein the transflective film includes at least a first layer
and a second layer, and each of the first layer and the second
layer has three main refractive indexes of n_, n,, and n, with
the following relationships: )

nl,=nl=nl;
n2=n2=n2;
nl=n2;

nlg=n2; and

Il ~n2|<|nl-n2,,

wherein the transflective film has a thickness direction of
z-axis and a film plane of x-y plane, wherein nlx, nly,
and n1z denotes a main refractive index of the first layer
in an x-axis, y-axis, and z-axis, respectively, and n2x,
n2y, and n2z denotes a main refractive index of the
second layer in an x-axis, y-axis, and z-axis, respec-
tively.

8. The transmissive and reflective type LCD of claim 1,
wherein the transflective film comprises at least two trans-
flective films having a varying transmissivity and reflectivity
depending on polarizing state and direction of the incident
light, the two transflective films being disposed one on top
of the other.

9. The transmissive and reflective type LCD of claim 1,
wherein the transflective film comprises a first transflective
film and a second transflective film vertically aligned with
each other, the first transflective film having a transmissivity
and a reflectivity that vary according to polarizing state and
direction of the incident light, and the second transflective
film having isotropic transmission and reflection character-
istics independent of the polarizing state and the direction of
the incident light.

10. The transmissive and reflective type LCD of claim 1,
wherein the transflective film has a reflectivity of no less
than about 4% with respect to any direction of polarization
components when the incident light is incident onto the
transflective film with an angle perpendicular to a surface
thereof.

11. The transmissive and reflective type LCD of claim 1,
further comprising a light scattering layer formed on the
array substrate or the counter substrate.

12. The transmissive and reflective type LCD of claim 11,
wherein the light scattering layer is formed between the
array substrate and the first polarizing plate, between the
counter substrate and the second polarizing plate, or
between the first polarizing plate and the transflective film.

13. The transmissive and reflective type LCD of claim 1,
further comprising a phase difference plate formed on the
array substrate or the counter substrate.
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14. The transmissive and reflective type LCD of claim 13,
wherein the phase difference plate is formed between the
array substrate and the first polarizing plate, or between the
counter substrate and the second polarizing plate.

15. The transmissive and reflective type LCD of claim 1,
wherein the liquid crystal layer has a And of about 0.2 um
to about 0.6 um that is a product of a refractive anisotropy
An and a thickness d of the liquid crystal layer.

16. The transmissive and reflective type LCD of claim 1,
wherein a transmitting direction of the incident light at the
first polarizing plate is the same direction as a partially
reflecting and transmitting direction of the incident light at
the transflective film.

17. A transmissive and reflective type LCD for partially
reflecting and transmitting incident light, comprising;

an LC cell including an array substrate, a counter sub-
strate having an inner surface that is arranged to face
the array substrate, and a liquid crystal layer formed
between the array substrate and the counter substrate;

a first polarizing plate formed on an outer surface of the
array substrate;

a second polarizing plate formed on an outer surface of
the array substrate;

a backlight arranged at a rear side of the first polarizing
plate; and

a transparent transflective film arranged between the first
polarizing plate and the backlight and having a plurality
of layers in which a first layer and a second layer have
different refractivity indexes from each other, the trans-
flective film reflecting a first polarization component of
the incident light in a first direction, and partially
reflecting and transmitting a second polarization com-
ponent of the incident light in a second direction,

wherein the transmissive and reflective type LCD has a
reflection light path along which the incident light is
incident onto the LC cell from a front side of the LC
cell, is reflected by the transflective film, and is output
through the front side of the LC cell, and a transmission
light path along which the incident light is incident onto
the LC cell from a rear side of the LC cell, is trans-
mitted through the transflective film, and is output
through the front side of the LC cell.

18. The transmissive and reflective type LCD of claim 17,
wherein the first layer of the transflective film has refractive
anisotropy and the second layer of the transflective film does
not have refractive anisotropy.

19. The transmissive and reflective type LCD of claim 17,
wherein the transflective film has anisotropy characteristics
of varying transmissivity and reflectivity depending on
polarizing state and direction of the incident light.

20. The transmissive and reflective type LCD of claim 19,
wherein each of the first layer and the second layer has three
main refractive indexes of n,, n, and n, with the following
relationships:

nlg=nl,=nly;
n2,=n2,=n2;
nl=n2.;

nlg=n2,; and

1 -n2|<|nl-n2),
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wherein the transflective film has a thickness direction of
z-axis and a film plane of x-y plane, wherein nlx, nly,
and nlz denotes a main refractive index of the first layer
in an x-axis, y-axis, and z-axis, respectively, and n2x,
02y, and n2z denotes a main refractive index of the
second layer in an x-axis, y-axis, and z-axis, respec-
tively.

21. The transmissive and reflective type LCD of claim 17,
wherein a transmitting direction of the incident light at the
first polarizing plate is the same direction as a partially
reflecting and transmitting direction of the incident light at
the transflective film.

22. The transmissive and reflective type LCD of claim 17,
wherein the transflective film comprises two transflective
films having a varying transmissivity and reflectivity
depending on polarizing state and direction of incident light,
the two transflective films being vertically aligned with each
other.

23. The transmissive and reflective type LCD of claim 17,
wherein the transflective film comprises a first transflective
film and a second transflective film disposed to each other,
the first transflective film having a transmissivity and a
reflectivity that varies dependently upon polarizing state and
direction of incident light, and the second transflective film
having isotropic transmission and reflection characteristics
independent of polarizing state and direction of incident
light.

24. The transmissive and reflective type LCD of claim 17,
when the incident light is incident onto the transflective film
with an angle perpendicular to a plane thereof, wherein the
transflective film has a reflectivity of no less than about 4%
with respect to all directions of polarization components.

25. The transmissive and reflective type LCD of claim 17,
further comprising a light scattering layer formed on the
array substrate or the counter substrate.

26. A transmissive and reflective type LCD comprising;

an array substrate on which a first transparent electrode is
formed;

a counter substrate of which an inner surface is arranged
facing the array substrate, the inner surface of the
counter substrate having a second transparent electrode
thereon;

a liquid erystal layer formed between the array substrate
and the counter substrate;

a first polarizing plate formed on an outer surface of the
array substrate;

a second polarizing plate formed on an outer surface of
the counter substrate, opposite the inner surface of the
counter substrate;

a backlight arranged at a rear side of the first polarizing
plate; and

a transparent transflective film arranged between the first
polarizing plate and the backlight, the transflective film

11
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reflecting a first polarization component of incident
light in a first direction, and partially reflecting and
transmitting a second polarization of the incident light
in a second direction.

27. The transmissive and reflective type LCD of claim 26,
wherein the transparent transflective film includes at least a
first layer and a second layer, the first and second layers
having different refractivity indexes from each other and
being alternatively stacked.

28. The transmissive and reflective type LCD of claim 26,
wherein the first transparent electrode is a signal electrode
and the second transparent electrode is a scanning electrode.

29. The transmissive and reflective type LCD of claim 26,
wherein a transmitting direction of the incident light at the
first polarizing plate is the same direction as a partially
reflecting the transmitting direction of the incident light at
the transflective film.

30. A transmissive and reflective type LCD comprising:

an array substrate on which a switching element and a
transparent pixel electrode connected to the switching
element are formed,;

a counter substrate of which an inner surface is arranged
facing the array substrate, the inner surface of the
counter substrate having a transparent common elec-
trode thereon;

a liquid crystal layer formed between the array substrate
and the counter substrate;

a first polarizing plate formed on an outer surface of the
array substrate;

a second polarizing plate formed on an outer surface of
the counter substrate, opposite the inner surface of the
counter substrate;

a backlight arranged at a rear side of the first polarizing
plate; and

a transparent transflective film arranged between the first
polarizing plate and the backlight, said transparent
transflective film having a plurality of layers in which
a first layer and a second layer having different refrac-
tivity indexes from each other are alternatively stacked,
the transparent transflective film reflecting a first polar-
ization component of incident light in a first direction,
and partially reflecting and transmitting a second polar-
ization component of the incident light in a second
direction.

31. The transmissive and reflective type LCD of claim 30,

wherein the switching element is a thin film transistor.

32. The transmissive and reflective type LCD of claim 30,
wherein a transmitting direction of the incident light at the
first polarizing plate is the same direction as a partially
reflecting and transmitting direction of the incident light at
the transflective film.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR

H AT 3R
ShEREESE

BEG®)

BHARSERELRR

US20050062914A1 BRI

US10/985780

JANG YONG KYU
£ GUEL

JANG YONG-KYU
22 GUEL

=EDISPLAY CO., LTD.

JANG YONG KYU
KIM HYUNG GUEL

JANG, YONG-KYU
KIM, HYUNG-GUEL

GO02F1/1335 G02F1/13357

patsnap

2005-03-24

2004-11-10

GO02F1/133536 G02F1/133555 G02F2001/133567 G02F2001/133545 G02F1/133615

1020010080714 2001-12-18 KR

US7929082

Espacenet USPTO

DNFT —HEHMRFELCD, #ELCDH , FE-ERE@E—ER. #
F-ERNE-ERCBERRREE. F—RIRREKES —E2RH5
RE L, AE-ERMONKRE LEKRE Z—RRR. REBHFELRFAS
KRHFBRRS Lo BRF¥BEFXRIBRREEE —RIFRNEX2E , A
THORHMBoBEH AT, BAXEXRBEBEELE-BRNE
R, F-ENF-REARLTENFHR  FAXBHER, BY
EESREBENE X B RENRESE  MEEBNAH KR EEHEF
HERSR , NTREEHRMIKR,

0

185~

feis

N —

7Y, (741744 14 ~165
| L]
| | \ ~135
[ a1 b [— [ R -
[~ > e >
s o - ) ~~150
o o (@] o
-0 0 0 .
T | [T ~115
\/ <110
) ~155 .

160

PEPTIT

IEEAREREEREE



https://share-analytics.zhihuiya.com/view/50cfecf2-e6e9-4f7c-a835-50574926850e
https://worldwide.espacenet.com/patent/search/family/019717182/publication/US2005062914A1?q=US2005062914A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050062914%22.PGNR.&OS=DN/20050062914&RS=DN/20050062914

