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7) ABSTRACT

A transflective LCD device improves a light transmittance in
both the transmissive mode and the reflective mode and
improves efficiency in the use of the light regardless of
wavelength. To properly control the ON/OFF-switch of the
blue wavelength band or the red wavelength band, the
transflective LCD device adopts a half wave plate (A/2) and
changes the optic axes of the polarizers and the retardation
film.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2000-20117, filed on Apr. 17, 2000,
under 35 US.C. § 119, the entirety of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a transflec-
tive LCD device that has a high brightness.

[0004] 2. Description of Related Art

[0005] Until now, the cathode-ray tube (CRT) has been
developed for and is used mainly for the display systems.
However, the flat panel display is beginning to make its
appearance due to the requirements of small depth dimen-
sions, undesirably low weight and low voltage power sup-
ply. At present, the thin film transistor-liquid crystal display
(TFT-LCD) with high resolution and small depth dimension
has been developed.

[0006] During operation of the TFT-LCD, when the pixel
is turned ON by the corresponding switching elements, the
pixel transmits light generated from a backlight device. The
switching elements are generally amorphous silicon thin
film transistors (a-Si:H TFTs) which use an amorphous
silicon layer. Advantageously, the amorphous silicon TFTs
can be formed on low cost glass substrates using low
temperature processing.

[0007] In general, the TFT-LCD transmits an image using
light from the backlight device that is positioned under the
TFT-LCD panel. However, the TFT-LCD only employs
3~8% of the incident light generated from the backlight
device, i.e., the inefficient optical modulation.

[0008] Referring to FIGS. 1-5B, a TFT-LCD device that is
manufactured by a conventional method will now be
explained in some detail.

[0009] FIG. 1 is a graph illustrating a light transmittance
respectively measured after light passes through each layer
of a conventional liquid crystal display device. The two
polarizers have a transmittance of 45% and, the two sub-
strates have a transmittance of 94%. The TFT array and the
pixel electrode have a transmittance of 65%, and the color
filter has a transmittance of 27%. Therefore, the typical
transmissive TFT-LCD device has a transmittance of about
7.4% as seen in FIG. 1, which shows a transmittance after
light passes through each layer of the device. For this reason,
the transmissive TFT-LCD device requires a high, initial
brightness, thereby increasing electric power consumption
of the backlight device. A relatively heavy battery is needed
to supply a sufficient power to the backlight of such a device.
Moreover, there still exists a problem that the battery cannot
be used for a long time.

[0010] In order to overcome these problems, a reflective
TFT-LCD has been developed. Since the reflective TFT-
LCD device uses ambient light, it is light and easy to carry.
Also, the reflective TFT-LCD device is superior in aperture
ratio as compared to a transmissive TFT-LCD device.
Namely, since the reflective TFT-LCD substitutes an opaque

1. Field of the Invention
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reflective electrode for a transparent electrode material in the
pixel of the conventional transmissive TFT-LCD, it reflects
the ambient light.

[0011] As described above, since the reflective TFT-LCD
device uses ambient light other than an internal light source
such as a backlight device, battery life can be increased
resulting in longer use times. In other words, the reflective
TFT-LCD device is driven using light reflected from the
reflective electrode. Thus, only the drive circuitry that drives
the liquid crystal uses the battery power in the reflective
TFT-LCD device.

[0012] Additionally, the reflective TFT-L.CD device has a
problem that it is affected by its surroundings. For example,
the brightness of indoors-ambient light differs largely from
that of outdoors-ambient light. Also, even in the same
location, the brightness of ambient light depends on the time
of day (e.g., noon or dusk). Therefore, the reflective TFT-
LCD device cannot be used at night without ambient light.

[0013] Accordingly, there is a need for a transflective
TFT-LCD device that can be used during daytime hours as
well as nighttime because the transflective LCD device can
be changed to either a transmissive mode or a reflective
mode depending on the desired condition of operation.

[0014] FIG. 2 is a schematic cross-sectional view illus-
trating one pixel of the transflective TFT-LCD device
according to the conventional art. As shown, the transflec-
tive TFT-LCD device 51 includes a liquid crystal panel and
a backlight device 70. The liquid crystal display panel
includes lower and upper substrates 50 and 60 and an
interposed liquid crystal layer 80. The upper and lower
substrates 60 and 50 are called a color filter substrate and an
array substrate, respectively.

[0015] The upper substrate 60 has color filters 61. The
lower substrate 50 serves as the array substrate and includes
TFTs (not shown), and transmissive and reflective electrodes
54 and 52 serve as a pixel electrode. The reflective electrode
52 surrounds the transmissive electrode 54 or has a light
transmitting hole 53 having a dimension “AL”. The reflec-
tive electrode 52 includes a conductive material such as
chrome (Cr), aluminum (Al) or tantalum (Ta), which has a
high optical reflectivity, and therefor reflects the ambient
light 74. The transmissive electrode 54, formed in the lLight
transmitting hole 53, transmits the light 72 emitted from the
backlight device 70.

[0016] The transflective LCD device 51 is operated as
follows. First, in the reflective mode, the incident light 74
from the outside is reflected from the reflective electrode 52
and is directed toward the upper substrate 60. At this time,
when the electrical signals are applied to the reflective
electrode 52 by the switching elements (not shown), the
arrangement of the liquid crystal layer 80 varies, and thus,
the reflected light of the incident light 74 is colored by the
color filter 61 and is displayed as colored light. Second, in
the transmissive mode, light 72 emitted from the backlight
device 70 passes through the transmissive electrode 54 (or
transmitting hole 53). At this time, when the electrical
signals are applied to the transmissive electrode 54 by the
switching elements (not shown), arrangement of the liquid
crystal layer 80 varies. Thus, the light 72 passing through the
liquid crystal layer 80 is colored by the color filter 61 and
displayed in the form of images with other colored lights.
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[0017] FIG. 3 is a cross-sectional view of the conven-
tional transflective LCD device. In FIG. 3, the color filter is
not depicted because it does not affect the polarization state
of the light. As shown, the conventional transflective LCD
device 110 includes a first substrate 106 (an array substrate)
and a second substrate 204 (a color filter substrate). A liquid
crystal layer 300 that affects the polarization state of the light
according to the applied voltages is interposed between the
first substrate 106 and the second substrate 204.

[0018] On the surface of the first substrate 106 that faces
the second substrate 204, a TFT (not shown), a transparent
conductive electrode 150 (ie., a pixel electrode) and a
reflective electrode 108 (i.e., a pixel electrode) are disposed.
Lower polarizer 102 is disposed on the other surface of the
first substrate 106. Moreover, a lower retardation film (quar-
ter wave plate; QWP) 104 having a phase difference 3/4 is
positioned between the first substrate 106 and the lower
polarizer 102. A backlight device 101 is adjacent to the
lower polarizer 102. The lower polarizer 102, the lower
retardation film 104, the first substrate 106, the transparent
conductive electrode 150, and the reflective electrode 108
are all together referred to as a lower substrate 100.

[0019] On one surface of the second substrate 204 is a
second retardation film, i.e., Quarter Wave Plate (3./4 plate);
referred to hereinafter as a second QWP 206. On the second
QWP 206 is an upper linear polarizer 208. A transparent
conductive common electrode 202 is on the other surface of
the second substrate 204 facing the lower substrate 100. The
common electrode 202, the second substrate 204, the second
QWP 206, and the upper polarizer 208 are all together
referred to as an upper substrate 200.

[0020] The second QWP 206 changes the state of the light.
Namely, the second QWP 206 converts the linearly polar-
ized light into the right- or left-handed circularly polarized
light, and it also converts the right- or left-handed circularly
polarized light into the linearly polarized light of which
polarization direction is 45° or 135°.

[0021] The polarization state of the light of the conven-
tional transflective LCD device described above will be
explained hereinafter in accordance with each layer. FIGS.
4A and 4B illustrate the state of the light from the backlight
device 101 through selected components of the conventional
transflective LCD device 110 of FIG. 3 when in the trans-
missive mode. The conventional transflective LCD device
has a normally white (NW) mode, i.e., the transflective LCD
device displays a white color when a signal voltage is not
applied.

[0022] FIG. 4A shows the state of the light from the
backlight device in the transmissive mode when a signal
voltage is not applied, i.e., when the TFT is turned OFF. The
light from the backlight device enters the lower polarizer
102. In this case, transmissive axis of the lower polarizer is
arranged perpendicular to that of the upper polarizer 208.
Only the portion of the light that is parallel with the
transmissive axis of the lower polarizer 102 passes through
the lower polarizer 102 as linearly polarized light of which
polarization direction is 45°. The resultant linearly polarized
light is converted into left-handed circularly polarized light
as it passes through the first QWP 104. Then, the left-handed
circularly polarized light passes through the first substrate
106 and through the transparent conductive electrode 150
without any phase shift. Next, the left-handed circularly
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polarized light is converted into linearly polarized light of
which polarization direction is 45° as it passes through the
liquid crystal layer 300, this being due to a optical retarda-
tion 3/4 of the liquid crystal layer 300. The linearly polarized
light then passes through the transparent conductive com-
mon electrode 202 and through the second substrate 204. As
the linearly polarized light passes through the second QWP
206, the linearly polarized light is converted into left-handed
circularly polarized light. Only the portion of the left-handed
circularly polarized light that is parallel with the transmis-
sive axis of the upper polarizer 208 passes through the upper
polarizer 208. That is, about 50% of the left-handed circu-
larly polarized light can pass through the upper polarizer
208. As a result, the LCD device produces a dark gray color.

[0023] FIG. 4B shows the state of the light from the
backlight device in the transmissive mode when a signal
voltage is applied, i.e., the TFT is turned ON: The liquid
crystal does not affect the incident light, and thus the
incident light passes through the liquid crystal layer without
any change of polarization state. As depicted in FIG. 4B, the
light from the backlight device 101 enters the lower polar-
izer 102. Only the linearly polarized light of the light of
which polarization direction is 45° can pass through the
lower polarizer 102. The resultant linearly polarized light is
converted into left-handed circularly polarized light as it
passes through the first QWP 104. Then, the left-handed
circularly polarized light passes through the first substrate
106, through the transparent conductive electrode 150, and
through the liquid crystal layer 300 without any polarization
change. The left-handed circularly polarized light also
passes through the common electrode 202 and through the
second substrate 204 without any change of polarization
state. The left-handed circularly polarized light is then
converted into linearly polarized light by the second QWP
206. The polarization direction of this linearly polarized
light is 45°. Therefore, the linearly polarized light is polar-
ized perpendicular to the transmissive axis of the upper
polarizer 208 and does not pass through the upper linear
polarizer 208. Thus, the LCD device produces a black color.

[0024] FIGS. 5A and 5B illustrate the polarization state of
the ambient light through selected components of the con-
ventional transflective LCD device 110 of FIG. 3 when in
the reflective mode.

[0025] FIG. 5A shows the state of the ambient light in the
reflective mode when a signal voltage is not applied, i.e., the
TFT is turned OFF. The ambient light illuminates the upper
linear polarizer 208. Only the portion of the ambient lLight
that is parallel with the transmissive axis of the upper
polarizer 208 passes through the upper polarizer 208 as
linearly polarized light (135° from x-axis of reference
frame). The linearly polarized light is changed into right-
handed circularly polarized light by the second QWP 206
which is parallel with x-axis of the reference frame. The
left-handed circularly polarized light passes through the
second substrate 204 and through the common electrode 202
without any polarization change. The right-handed circu-
larly polarized light then passes through the liquid crystal
layer 300 that has optical retardation (defined by (d-An)
hereinafter) A/4 which is parallel with y-axis of reference
frame. The right-handed circularly polarized light is then
converted into linearly polarized light of which polarization
direction is 135° as it passes through the liquid crystal layer
300. The linearly polarized light is then reflected by the



US 2003/0223022 Al

reflective electrode 108. The reflected linearly polarized
light is converted back into a right-handed circularly polar-
ized light as it passes through the liquid crystal layer 300.
The right-handed circularly polarized light is then converted
into a linearly polarized light of which polarization direction
is 135° as it passes through the second QWP 206. The
linearly polarized light is parallel to the transmissive axis of
the upper polarizer 208, and thus passes through the upper
linear polarizer 208. Thus, the LCD device produces light
having a white color.

[0026] FIG. 5B shows the state of the ambient light in the
reflective mode when a signal voltage is applied, ie., the
TFT is turned ON. In the ON-state, the liquid crystal layer
300 does not affect polarization state of the incident light.
Thus, incident light passes through the liquid crystal layer
without any change of polarization state.

[0027] Accordingly, the ambient light that passes through
the upper polarizer 208 as linearly polarized light is con-
verted into right-handed circularly polarized light by the
second QWP 206. The right-handed circularly polarized
light passes through the second substrate 204, through the
common electrode 202, and through the liquid crystal layer
300. The right-handed circularly polarized light is then
reflected by the reflective electrode 108, which causes the
right-handed circularly polarized light to become converted
into left-handed circularly polarized light with a phase shift
of 180° via a mirror effect. The left-handed circularly
polarized light then passes through the liquid crystal layer
300, through the common electrode 202, and through the
second substrate 204. The left-handed circularly polarized
light is then converted into linearly polarized light of having
a polarization direction of 45° as it passes through the
second QWP 206. The linearly polarized light is perpen-
dicular to the transmissive axis of the upper polarizer 208,
and as such does not pass through the upper linear polarizer
208. Thus, the LCD device results in a black color,

[0028] As described above, the conventional transflective
TFT-LCD device has both the reflective mode and the
transmissive mode such that it can be used in anywhere and
anytime of the day. However, referring to FIG. 4A, the LCD
device produces the dark gray color, unlike the FIG. 5A,
although it should display a white color when the signal
voltage is not applied. This is because about 50% of right-
handed circularly light having passed through the second
QWP 206 only can pass through the upper polarizer 208.

[0029] Therefore, since the difference of the brightness
occurs between in the reflective mode and in the transmis-
sive mode when the TFT is turned OFF, the definition and
picture quality of the transflective LCD device are lowered.
Accordingly, the transflective LCD device is designed more
focusing on the reflective mode and cell gaps “d,” (see FIG.
3) of the reflective portion and “d,” (see FIG. 3) of the
transmitting portion are substantially equal. Namely, the
ambient light in the reflective mode passes through the
liquid crystal layer twice due to reflection of the reflective
electrode, while the light from the backlight device in the
transmissive mode passes through the liquid crystal layer
just once. Thus, the transflective LCD device cannot pro-
duce the pure white color when the signal voltage is not
applied.

[0030] Moreover, the design of the conventional transflec-
tive LCD device focuses on the way that the length of cell
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gap and the optic axes of other components depend on the
central wavelength band of the visible light (the green
wavelength band, i.c., 550 nm). Therefore, the conventional
LCD device does not properly control the ON/OFF-switch
of the blue wavelength band or the red wavelength band.
Furthermore, both lower and upper substrates are required in
the conventional LCD device.

[0031] In other words, the transmissive axis of the lower
polarizer is perpendicular to that of the upper polarizer in the
conventional LCD device. Moreover, if the cell gap of the
LCD device is designed focusing on the green wavelength
band (centered at 550 nm), the LCD device precisely trans-
mits or shut off the green wavelength band. However, the
LCD device does not transmits or shut off the other bands
substantially. These limitations cause a decrease in the
switching ability of the LCD device.

SUMMARY OF THE INVENTION

[0032] Accordingly, the present invention is directed to a
transflective LCD device that substantially overcomes one
or more of the problems due to limitations and disadvan-
tages of the related art.

[0033] To overcome the problems described above, the
present invention provides reflective, transmissive and trans-
flective LCD devices. The present invention increases the
brightness and the efficiency in the use of light from a
backlight device.

[0034] Additional features and advantages of the inven-
tion will be set forth in the description that follows, and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0035] Inorder to achieve the above object, a transflective
liquid crystal display (LCD) device of the present invention
includes first and second substrates facing and spaced apart
from each other; a first polarizer formed under the first
substrate; a retardation film and a second polarizer that are
formed in series on the second substrate; a backlight device
being adjacent to the first polarizer; a common electrode on
a surface of the second substrate facing the first substrate; a
pixel electrode formed on the first substrate and correspond-
ing to each pixel, the pixel electrode is divided into a
transmissive portion and a reflective portion; a liquid crystal
layer interposed between the first and second substrates,
wherein a thickness of the liquid crystal layer between the
common electrode and the transmissive portion of the pixel
electrode is more than 1.5 and less than 2.5 times larger than
a thickness of the liquid crystal layer between the common
electrode and the reflective portion of the pixel electrode;
and a slow axis of the retardation film is disposed at an angle
“0” from a transmissive axis of the second polarizer; and a
transmissive axis of the first polarizer is disposed at the
angle “26” from the transmissive axis of the second polar-
izer.

[0036] To achieve the above object, an LCD device
according to the present invention includes first and second
substrates facing and spaced apart from each other; a first
polarizer formed under the first substrate; a retardation film
and a second polarizer that are formed in series on the
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second substrate; a backlight device being adjacent to the
first polarizer; a liquid crystal layer interposed between the
first and second substrates; a common electrode on a surface
of the second substrate facing the first substrate, the common
electrode is formed of transparent conductive material; and
a pixel electrode formed on the first substrate and corre-
sponding to each pixel, the pixel electrode is formed of
transparent conductive material; wherein a slow axis of the
retardation film is disposed at an angle “8” from a trans-
missive axis of the second polarizer; and wherein a trans-
missive axis of the first polarizer is disposed at the angle
“20” from the transmissive axis of the second polarizer.

[0037] To achieve the above object, an LCD device
according to the present invention includes first and second
substrates facing and spaced apart from each other; a retar-
dation film and a polarizer that are formed in series on the
second substrate; a liquid crystal layer interposed between
the first and second substrates; a common e¢lectrode on a
surface of the second substrate facing the first substrate, the
common electrode is formed of a transparent conductive
material; a pixel electrode formed on the first substrate and
corresponding to each pixel, the pixel electrode is formed of
a conductive material; and a slow axis of the retardation film
is disposed at an angle “8” from a transmissive axis of the
polarizer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which like reference numerals
denote like parts, and in which:

[0039] FIG. 1 is a graph illustrating a relative transmit-
tance respectively measured after light passes through each
layers of a conventional liquid crystal display (LCD) device;

[0040] FIG. 2 is a cross-sectional view illustrating a
typical transflective LCD device;

[0041] FIG. 3 is a cross-sectional view illustrating ele-
ments of the transflective LCD device according to the
conventional art;

[0042] FIGS. 4A and 4B are views illustrating the state of
light from a backlight device passing through components of
the transflective LCD device of FIG. 3 when it is operating
in a transmissive mode;

[0043] FIGS. 5A and 5B are views illustrating the state of
ambient light passing through components of the transflec-
tive LCD device of FIG. 3 when it is operating in a reflective
mode;

[0044] FIG. 6 is a cross-sectional view illustrating ele-
ments of the transflective LCD device according to a pre-
ferred embodiment of the present invention;

[0045] FIG.7 is a graph illustrating the light transmittance
of line VII-VII of FIG. 6 depending on the optical retarda-
tion (d,-An), as it is calculated using the Jones Matrix
formulation;

[0046] FIGS.8A and 8B show the polarization state of the
light from the backlight device in the transmissive mode
depending of whether a signal voltage is applied or not;
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[0047] FIGS. 9A and 9B show a positional relationship of
the LCD device elements of FIG. 6 according to another
embodiment;

[0048] FIGS. 10A to 13B are graphs illustrating a light
transmittance of the transflective LCD device with respect to
wavelengths of the light when applying the voltage to liquid
crystal layer, and respectively show the transmittance with
respect to the value of the angle “0” of FIGS. 9A and 9B.

[0049] FIG. 14 is a cross-sectional view of a transmissive
LCD device according to a preferred embodiment.

[0050] FIG. 15 is a cross-sectional view of a reflective
LCD device according to a preferred embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0051] Reference will now be made in detail to the pre-
ferred embodiment of the present invention, example of
which is illustrated in the accompanying drawings.

[0052] FIG. 6 is a cross-sectional view of a transflective
LCD device according to an embodiment of the present
invention. The color filters are not depicted in FIG. 6
because it does not affect the polarization state of the light.
As shown, the transflective LCD device 401 is widely
divided into a backlight device 700, an array substrate 400,
a liquid crystal layer 600, and a color filter substrate 500.
The liquid crystal layer 600 affecting polarization state of the
light is interposed between the array substrate 400 and the
color filter substrate 500. The backlight device 700 is
arranged under the lower substrate 400 and emits light into
the liquid crystal layer 600.

[0053] The array substrate 400 includes a lower transpar-
ent substrate 430, a lower polarizer 410, a transparent
conductive electrode 440, a passivation layer 430 and a
reflective electrode 460 having a transmitting hole 470. On
the surface of the lower substrate 430, which faces the upper
substrate 500, are disposed a TFT (not shown) and the
transparent conductive electrode 440 (i.e., a pixel electrode).
On the transparent conductive electrode 440 is the passiva-
tion layer 450 that has the transmitting hole 470. On the
passivation layer 450 is the reflective electrode 460 that has
the transmitting hole 470. Thus, the transmitting hole 470
penetrates the reflective electrode 460 (i.c., a pixel electrode)
and passivation layer 450 to the transparent conductive
electrode 440. In this embodiment, the transparent conduc-
tive electrode 440 and the reflective electrode 460 act
together as a pixel electrode. On the other surface of the first
substrate 430 is the lower polarizer 410.

[0054] The color filter substrate 500 includes a transparent
common electrode 510, an upper transparent substrate 520,
a half wave plate (HWP; %/2) 530 and an upper polarizer
540. On one surface of the upper transparent substrate 520
is the HWP 530. On the HWP 530 is the upper linear
polarizer 540. The common electrode 510 is formed on the
other surface of the second substrate 520 facing the array
substrate 400. Also, the HWP 530 acts as a retarder and
causes phase difference of /2. The passivation layer 450 is
formed in order to make different cell gaps between the pixel
electrode (440 and 460) and the common electrode 510.
Namely, a first cell gap “d;” is defined in the interval
between the reflective electrode 460 and the common elec-
trode 510, i.e., a reflective portion. Moreover, a second cell
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gap “d,” is defined in the interval between the transparent
electrode 440 and the transparent common electrode 510,
i.e., a transmitting portion. As shown, the passivation layer
450 of the array substrate 400 is formed in order to make a
difference between the cell gaps “d;” and “d,”. Thus, the
thickness of the liquid crystal layer 600, i.e., the cell gaps,
is different. Preferably, the second cell gap “d,” is twice as
long as the first cell gap “d;” (ie., d,=2d,). Although an
alignment film is not depicted in FIG. 6, it can be formed
between the liquid crystal layer 600 and the common and
pixel electrodes.

[0055] FIG. 7 is a graph illustrating the light transmittance
along line VII-VII of FIG. 6 depending on the optical
retardation (d,-An), as it is calculated using the Jones Matrix
formulation. If the first cell gap “An-d,” is designed to be 3./4
(2=550 nm), the second cell gap “d,” is equal to the first cell
gap “d;” (d,=d;) in a portion “A” while the second cell gap
“d,” is twice as large as the first cell gap “d;” (d,=2d;)in a
portion “B”. Namely, as shown in FIG. 7, the transmittance
is theoretically 100% in the portion “B” in which the
thickness of the second cell gap “d,” is twice as large as that
of the first cell gap “d;”.

[0056] Referring back to FIG. 4A, the light after passing
through the second QWP 206 is the left-handed circularly
polarized light in the transmissive mode of the conventional
transflective LCD device. Thus, about 50% of the right-
handed circularly polarized light that is parallel with the
transmissive axis of the upper polarizer 208 can pass
through the upper polarizer 208.

[0057] However, according to the principles of the present
invention, the light passing through the retardation film
(HWP) 530 (see FIG. 6) is converted into linearly polarized
light. Referring to FIG. 6, the liquid crystal layer 600 acts
like the quarter wave plate, which has a phase difference of
2/4, in an OFF-state in the reflective portion. As a result, if
the second cell gap “d,” is twice as large as the first cell gap
“d,”, the liquid crystal layer 600 has a phase difference of
2/2 in the transmitting portion when the TFT is turned OFF.
For more a detailed explanation, the relation between the
cell gap and the optical retardation of the liquid crystal layer
can be calculated by the following equations.

Anrds=MA4 (in the reflective mode) [€))

d,=2d,

And,=M2 (in the transmissive mode) b2
[0058] FIG. 8A shows the polarization state of the light

from the backlight device in the transmissive mode when a
signal voltage is not applied, i.e., the TFT is turned OFF. The
light from the backlight device enters the lower polarizer
410. Only the portion of the light that is parallel with the
transmissive axis of the lower polarizer 410 passes through
the lower polarizer 410 as linearly polarized light of which
polarization direction is 45° from x-axis of reference frame.
The resultant linearly polarized light passes through the
lower transparent substrate 430 and through the transparent
conductive electrode 440 (i.c., the pixel electrode). Then, the
linearly polarized light is converted into another linearly
polarized light having polarization direction of 135° from
the x-axis of the reference frame as it passes through the
liquid crystal layer 600. This results from the liquid crystal
layer 600 having the optical retardation A/2. The linearly
polarized light then passes through the transparent common
electrode 510 and through the upper transparent substrate
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520. As the linearly polarized light passes through the HWP
530 that has the optical retardation A/2, the linearly polarized
light having polarization direction of 135° from the x-axis of
the reference frame is converted into linearly polarized light
of which polarization direction is 45° from x-axis of refer-
ence frame. This linearly polarized light is polarized per-
pendicular to the transmissive axis of the upper polarizer
540, and therefore, does not pass through the upper linear
polarizer 540. Thus, the LCD device produces a black color.
Namely, the transflective LCD device according to the
principles of the present invention has a normally black
(NB) mode, ie., the transflective LCD device displays a
black color when a signal voltage is not applied.

[0059] FIG. 8B shows the polarization state of the light
from the backlight device in the transmissive mode when a
signal voltage is applied, i.c., the TFT is turned ON. The
light from the backlight device enters the lower polarizer
410. Only the portion of the light that is parallel with the
transmissive axis of the lower polarizer 410 passes through
the lower polarizer 410 as linearly polarized light of which
polarization direction is 45° from x-axis of reference frame.
The resultant linearly polarized light passes through the
lower transparent substrate 430, through the transparent
conductive electrode 440 (ie., the pixel electrode), and
through the transmitting hole 470. When the linearly polar-
ized light passes through the liquid crystal layer 600, it is not
converted and polarized any more because the liquid crystal
layer 600 ideally does not have the optical retardation in the
ON-state. The linearly polarized light having polarization
direction of 45° then passes through the transparent common
electrode 510 and through the upper transparent substrate
520. As the linearly polarized light passes through the HWP
530 that has the optical retardation of A/2, the linearly
polarized light having polarization direction of 45° from the
x-axis of the reference frame is converted into linearly
polarized light of which polarization direction is 135° from
x-axis of reference frame. The linearly polarized light is
polarized parallel with the transmissive axis of the upper
polarizer 540, and thus passes through the upper linear
polarizer 540. Thus, the LCD device produces a white color.

[0060] Although the reflective mode is not depicted in the
drawings, the LCD device 1s completely dark when the TFT
is turned OFF, and absolutely bright when the TFT is turned
ON.

[0061] As mentioned before, the optical retardation of the
HWP is 3./2 (3.=550 nm), the optical retardation of the liquid
crystal layer is 2/2 (A=550 nm) in the transmissive mode,
and the optical retardation of the liquid crystal layer is A4
(2=550 nm) in the reflective mode. However, these optical
retardations are ideal values. Namely, when fabricating the
LCD device in practice, these optical retardations vary
within the scope of the way that does not largely affect the
optical effect and efficiency of the LCD device. For example,
referring back to FIG. 7, the optical retardation of the liquid
crystal layer in the transmissive mode is not precisely h/2 (at
%=550 nm), i.e., 275 nm. Namely, when the optical retar-
dation ranges from 250 nm to 300 nm, the decrease of the
transmittance is less than 3% of the maximum value. This
decreased transmittance is an allowable value in practice. In
view of aforementioned example, the optical retardation of
the liquid crystal layer in the reflective mode ranges from
110 nm to 160 nm instead of the precise optical retardation
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of 3/4 (at =550 nm), i.e., 137.5 nom. From these examples,
the optical retardation of the HWP ranges from 250 nm to
300 nm.

[0062] The embodiment described above is just one exem-
plary and explanatory in the case of a homogeneous align-
ment layer LCD device. However, if an LCD device
included homeotropic alignment layers, the homeotropic
alignment layer LCD device produces the opposite results
from the above-mentioned homogeneous alignment layer
LCD device. Namely, even though the homeotropic align-
ment layer LCD device has the aforementioned structure and
configuration, the homeotropic alignment layer LCD device
produces a white state when the TFT is turned OFF and the
LCD device produces a black state when the TFT is turned
ON. Moreover, a negative type liquid crystal that has a
negative dielectric constant is required for the homeotropic
alignment layer LCD device.

[0063] As described above, the present invention adopts
the HWP instead of the pair of QWPs. In contrast, the
conventional art uses two QWPs in the upper and lower
substrates, respectively. However, the present invention only
uses one HWP in the upper substrate. Thus, the structure of
the present invention reduces the number of components in
the LCD device, thereby decreasing manufacturing cost.

[0064] Another embodiment of the present invention will
now be explained hereinafter. By re-arranging the optical
directions of elements of the LCD device, the transflective
LCD device can achieve high efficiency in switching broad-
band wavelengths of the light.

[0065] FIGS. 9A and 9B show a positional relationship of
the LCD device elements of FIG. 6 according to another
embodiment. FIG. 9A shows a positional relationship of the
elements of FIG. 6 in the transmissive mode, and FIG. 9B
shows a positional relationship in the reflective mode.

[0066] Referring to FIG. 9A, a transmissive axis of the
upper polarizer 540 is parallel with the y-axis. The slow axis
of the HWP 330 is disposed at an angle “6” from that of the
upper polarizer 540. The transmissive axis of the lower
polarizer 410 is disposed at the angle “26” from that of the
upper polarizer 540. The orientation direction of the liquid
crystal, which determines the arrangement of the liquid
crystal molecules, is 45° from the transmissive axis of the
lower polarizer 410.

[0067] FIG. 9B shows a positional relationship of the axes
of the LCD device elements in the reflective mode. As
shown, the transmissive axis of the lower polarizer 410 is
not depicted due to the fact that the lower polarizer 410 does
not affect the state of the light in the reflective mode. The
transmissive axis of the upper polarizer 540 is parallel with
the y-axis and the slow axis of the HWP 530 is disposed at
the angle “6” from that of the upper polarizer 540. Thus, the
orientation direction of the liquid crystal is “45°+6” from the
slow axis of the HWP 530.

[0068] As aforementioned and referring to FIGS. 9A and
9B, the transmissive axis of the upper polarizer 540 is not
perpendicular to that of the lower polarizer 410. Namely, the
angle “208” represents the angle between the transmissive
axis of the upper polarizer and that of the lower polarizer.

[0069] FIGS. 10A to 13B are graphs illustrating a light
transmittance of the transflective LCD device with respect to
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wavelengths of the light when applying the voltage to liquid
crystal layer, and respectively show the transmittance with
respect to the value of the angle “6” of FIGS. 9A and 9B.
Namely, the graphs show the switching ability of the trans-
flective LCD device according to the angle “6” that is given
0°, 10°, 12.5° and 17.5° while applying voltages.

[0070] Referring to FIGS. 10A to 13B, the angle “07,
which is the slow axis angle of the HWP, varies considerably
from 0° to 17.5°. Each line in the graphs represents a
gradient when the voltage is applied and varies from OV to
5V. When the angle “0” is 10°, i.e., the slow axis angle of
the HWP as shown in FIGS. 11A and 11B, the transmissive
axis angle of the lower polarizer 410 is 20° from the
transmissive axis of the upper polarizer and the liquid crystal
has the orientation direction 55° from the slow axis of the
HWP. At this time, the switching ability of the transflective
LCD device is most stable in the reflective mode. Namely,
the switching ability to the broad-band wavelengths in the
reflective mode tends to be stable when the angle “6”
increases from 0° to 10°. However, the switching ability to
the broad-band wavelengths except the green wavelength
band (centered at 550 nm) tends to decline when the angle
“0” increases from 12.5° to 17.5°, and thus the transmittance
decreases.

[0071] In addition, in the transmissive mode, the switch-
ing ability to the blue wavelength band (centered at 430 nm)
becomes increasing when the angle “6” increases from 0° to
17.5°. The switching ability in the transmissive mode of the
transflective LCD device is most stable when the angle “8”
is 17.5°

[0072] As described above, the most stable and efficient
value of the angle “0” is different in both the reflective and
transmissive modes of the transflective LCD device. How-
ever, for the purpose of satisfying both the reflective and
transmissive mode, the angle “0” is approximately about
12.5°. This re-arrangement of the optical directions of the
LCD device elements is not exclusively used in the first
embodiment. Namely, this re-arrangement can be used in a
reflective LCD device or in a transmissive LCD device,
respectively. If the transmissive LCD device adopts the
re-arrangement described above, the angle “6” is benefi-
cially about 17.5°. If the reflective LCD device adopts this
re-arrangement described above, the angle “6” is approxi-
mately 10°.

[0073] FIG. 14 s a cross-sectional view of a transmissive
LCD device according to a preferred embodiment. The color
filters are not depicted in FIG. 14 because it does not affect
the polarization state of the light. As shown, the transmissive
LCD device 402 is widely divided into a backlight device
700, an array substrate 400, a liquid crystal layer 600, and
a color filter substrate 500. The liquid crystal layer 600 is
interposed between the array substrate 400 and the color
filter substrate 500. The backlight device 700 is arranged
under the lower substrate 400 and emits light into the liquid
crystal layer 600.

[0074] The array substrate 400 includes a lower transpar-
ent substrate 430, a lower polarizer 410 and a transparent
conductive electrode 440. On the surface of the lower
substrate 430, which faces the upper substrate 500, are a
TFT (not shown) and the transparent conductive electrode
440 as a pixel electrode. An alignment layer can be on the
transparent conductive electrode 440. On the other surface
of the first substrate 430 is the lower polarizer 410.
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[0075] The color filter substrate 500 includes a transparent
common electrode 510, an upper transparent substrate 520,
a half wave plate (HWP; 3/2) 530 and an upper polarizer
540. On one surface of the upper transparent substrate 520
is the HWP 530 as a retardation film. On the HWP 530 is the
upper linear polarizer 540. The common electrode 510 is
formed on the other surface of the second substrate 520
facing the array substrate 400. An alignment film can be
formed on the common electrode 510. The above-mentioned
half wave film (HWP) 530 substitutes for the pair of
retardation films of the conventional LCD device. Also, the
HWP 530 acts as a retarder and causes phase difference of
112,

[0076] FIG. 15 is a cross-sectional view of a reflective
LCD device according to a preferred embodiment. The color
filters are not depicted in FIG. 15 because it does not affect
the polarization state of the light. As shown, the reflective
LCD device 403 is widely divided into an array substrate
400, a liquid crystal layer 600, and a color filter substrate
500. The liquid crystal layer 600 is interposed between the
array substrate 400 and the color filter substrate 500.

[0077] The array substrate 400 includes a lower transpar-
ent substrate 430 and a reflective electrode 460. On the
surface of the lower substrate 430, which faces the upper
substrate 500, are a TFT (not shown) and the reflective
electrode 460 as a pixel electrode. An alignment layer can be
formed on the reflective electrode 460 although not
depicted.

[0078] The color filter substrate 500 includes a transparent
common electrode 510, an upper transparent substrate 520,
a half wave plate (HWP; %/2) 530 and an upper polarizer
540. On one surface of the upper transparent substrate 520
is the HWP 530. On the HWP 530 is the upper linear
polarizer 540. The common electrode 510 is formed on the
other surface of the second substrate 320 facing the array
substrate 400. The above-mentioned half wave film (HWP)
530 substitutes for the pair of retardation films of the
conventional LCD device. And the HWP 530 acts as a
retarder and causes phase difference of A/2. Although not
explicitly shown, an alignment layer can be formed on the
common electrode 510.

[0079] As depicted and mentioned hereinbefore, the effi-
ciency in the use of the light from the backlight device is
maximized in the transmissive mode when fabricating the
transflective LCD device that is designed greater focusing in
the reflective mode according to an embodiment of the
present invention. Moreover, it is another advantage that the
transflective LCD device according to an embodiment of the
present invention can uniformly control the broad-band
wavelengths of the visible ray.

[0080] While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art that
the foregoing and other changes in form and details may be
made therein without departing from the spirit and scope of
the invention.

What is claimed is:
1. A transflective liquid crystal display (LCD) device,
comprising:

first and second substrates facing and spaced apart from
each other;
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a first polarizer formed under the first substrate;

a retardation film and a second polarizer that are formed
in series on the second substrate;

a backlight device being adjacent to the first polarizer;

a common electrode on a surface of the second substrate
facing the first substrate;

a pixel electrode formed on the first substrate and corre-
sponding to each pixel, the pixel electrode is divided
into a transmissive portion and a reflective portion;

a liquid crystal layer interposed between the first and
second substrates, wherein a thickness of the liquid
crystal layer between the common electrode and the
transmissive portion of the pixel electrode is more than
1.5 and less than 2.5 times larger than a thickness of the
liquid crystal layer between the common electrode and
the reflective portion of the pixel electrode; and

wherein a slow axis of the retardation film is disposed at
an angle “6” from a transmissive axis of the second
polarizer; and

wherein a transmissive axis of the first polarizer is dis-
posed at the angle “26” from the transmissive axis of
the second polarizer.

2. The transflective LCD device according to claim 1,
further comprising alignment layers formed between the
liquid crystal layer and the first and second substrates.

3. The transflective LCD device according to claim 1,
wherein the common electrode is transparent.

4. The transflective LCD device according to claim 1,
wherein molecules of the liquid crystal layer are arranged in
a horizontal direction when a voltage is not applied to the
common and pixel electrodes.

5. The transflective LCD device according to claim 4,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “20+45°” from the transmissive axis of
the second polarizer.

6. The transflective LCD device according to claim 4,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the transmissive portion
of the pixel electrode ranges from 250 nm to 300 nm.

7. The transflective LCD device according to claim 4,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the reflective portion of
the pixel electrode ranges from 110 nm to 160 nm.

8. The transflective LCD device according to claim 1,
wherein molecules of the liquid crystal layer are arranged in
a vertical direction when a voltage is not applied to the
common and pixel electrodes.

9. The transflective LCD device according to claim 8,
wherein the molecules of the liquid crystal layer are
arranged in a horizontal direction when the voltage is
applied to the common and pixel electrodes.

10. The transflective LCD device according to claim 8,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “26+45°” from the transmissive axis of
the second polarizer.

11. The transflective LCD device according to claim 8,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the transmissive portion
of the pixel electrode ranges from 250 nm to 300 nm.

12. The transflective LCD device according to claim 8,
wherein an optical retardation of the liquid crystal layer
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between the common electrode and the reflective portion of
the pixel electrode ranges from 110 nm to 160 nm.

13. The transflective LCD device according to claim 1,
wherein an optical retardation of the retardation film ranges
from 250 nm to 300 nm.

14. The transflective LCD device according to claim 1,
wherein the angle “0” ranges from 10° to 15°.

15. The transmissive LCD device, comprising:

first and second substrates facing and spaced apart from
¢ach other;

a first polarizer formed under the first substrate;

a retardation film and a second polarizer that are formed
in series on the second substrate;

a backlight device being adjacent to the first polarizer;

a liquid crystal layer interposed between the first and
second substrates;

a common electrode on a surface of the second substrate
facing the first substrate, the common electrode is
formed of transparent conductive material;

wherein a slow axis of the retardation film is disposed at
an angle “6” from a transmissive axis of the second
polarizer; and

wherein a transmissive axis of the first polarizer is dis-
posed at the angle “20” from the transmissive axis of
the second polarizer.

16. The transmissive LCD device according to claim 15,
further comprising alignment layers formed between the
liquid crystal layer and the first and second substrates.

17. The transmissive LCD device according to claim 15,
wherein molecules of the liquid crystal layer are arranged in
a horizontal direction when a voltage is not applied to the
common and pixel electrodes.

18. The transmissive LCD device according to claim 17,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “20+45°” from the transmissive axis of
the second polarizer.

19. The transmissive LCD device according to claim 17,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the pixel electrode
ranges from 250 nm to 300 nm.

20. The transmissive LCD device according to claim 15,
wherein molecules of the liquid crystal layer are arranged in
a vertical direction when a voltage is not applied to the
common and pixel electrodes.

21. The transmissive LCD device according to claim 20,
wherein the molecules of the liquid crystal layer are
arranged in a horizontal direction when the voltage is
applied to the common and pixel electrodes.

22. The transmissive LCD device according to claim 20,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “20+45°” from the transmissive axis of
the second polarizer.

23. The transmissive LCD device according to claim 20,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the pixel electrode
ranges from 250 nm to 300 nm.
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24. The transmissive LCD device according to claim 15,
wherein an optical retardation of the retardation film ranges
from 250 nm to 300 nm.

25. The transmissive LCD device according to claim 15,
wherein the angle “0” ranges from 10° to 17.5°.

26. The reflective LCD device, comprising;

first and second substrates facing and spaced apart from
each other;

a retardation film and a polarizer that are formed in series
on the second substrate;

a liquid crystal layer interposed between the first and
second substrates;

a common electrode on a surface of the second substrate
facing the first substrate, the common electrode is
formed of a transparent conductive material;

a pixel electrode formed on the first substrate and corre-
sponding to each pixel, the pixel electrode is formed of
a conductive material; and

wherein a slow axis of the retardation film is disposed at

an angle “6” from a transmissive axis of the polarizer.

27. The reflective LCD device according to claim 26,
further comprising alignment layers formed between the
liquid crystal layer and the first and second substrates.

28. The reflective LCD device according to claim 26,
wherein molecules of the liquid crystal layer are arranged in
a horizontal direction when a voltage is not applied to the
common and pixel electrodes.

29. The reflective LCD device according to claim 28,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “26+45°” from the transmissive axis of
the polarizer.

30. The reflective LCD device according to claim 28,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the pixel electrode
ranges from 110 nm to 160 nm.

31. The reflective LCD device according to claim 26,
wherein molecules of the liquid crystal layer are arranged in
a vertical direction when a voltage is not applied to the
common and pixel electrodes.

32. The reflective LCD device according to claim 31,
wherein the molecules of the liquid crystal layer are
arranged in a horizontal direction when the voltage is
applied to the common and pixel electrodes.

33. The reflective LCD device according to claim 31,
wherein an orientation direction of the liquid crystal layer is
disposed at an angle “26+45°” from the transmissive axis of
the polarizer.

34. The reflective LCD device according to claim 31,
wherein an optical retardation of the liquid crystal layer
between the common electrode and the pixel electrode
ranges from 10 nm to 160 nm.

35. The reflective LCD device according to claim 26,
wherein an optical retardation of the retardation film ranges
from 250 nm to 300 nm.

36. The reflective LCD device according to claim 26,
wherein the angle “0” ranges from 10° to 15°.
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