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1
TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE HAVING PARTICULAR
ANGLES BETWEEN OPTICAL AXES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to a transflective liquid
crystal display (LCD). More particularly, this invention
relates to a transflective liquid crystal display (LCD) with a
single gap type and capable of balancing a color difference
between the reflective and transmissive regions.

2. Description of the Related Art

Due to the characteristics of thin profile and low power
consumption, liquid crystal displays (LCDs) have been
widely used in electronic products, such as portable personal
computers, digital cameras, projectors, etc.

Unlike CRTs (cathode ray tubes) and EL (electrolumines-
cent) devices, LCDs do not emit light themselves, hence,
transmissive LCDs require a backlight module. The back-
light usually consumes 50% or more of the total power
consumed by the LCD device. Therefore, power consump-
tion is increased due to the use of backlight.

For solving the aforementioned problem, a reflective type
LCD is thus developed for people who rely primarily on an
LCD device or use the LCD device outdoors. A reflective
type LCD comprises a reflector, instead of a backlight, to
reflect ambient light. Reflective LCD devices, generally,
include TN (twisted nematic) mode devices and STN (super
twisted nematic) mode devices.

The reflective type LCD has the drawback of low visibil-
ity when ambient light decreases. In contrast, the drawback
of the transmissive type LCD is that the visibility is very low
when the ambient light is very bright. Since the display is
darker than the ambient light, the quality of color reproduc-
tion suffers. In order to improve the image quality of the
display in a brightly lit environment, it is necessary to
enhance the light intensity of the backlight. However,
enhancing the light intensity of the backlight increases
power consumption. Moreover, when the LCD is exposed to
sunlight or another light source, the image quality of the
display decreases considerably. For example, when the
sunlight or another light source is directly incident to the
LCD monitor, it is difficult to view the displayed image due
to reflection.

In order to solve the above problems, both the transmis-
sive type display and the reflective type display are con-
structed as a single LCD, which is a so-called transflective
type LCD. FIG. 1 is a top view of an active array substrate
of a transmissive type LCD, disclosed in U.S. Pat. No.
6,295,109 and issued to Sharp Corp. FIG. 2 is a cross section
cut along the line II-II' of the transmissive type LCD in FIG.
1.

As shown in FIGS. 1 and 2, gate lines 53 and source lines
59a are perpendicular to each other and arranged on a
transparent substrate. Thin film transistors (TFTs) 57 are
respectively disposed in the vicinity of the intersection of
each gate line 53 and each source line 59a¢. The drain
electrode 59c¢ of the TFT 57 is connected to a transmissive
electrode 58a, used as a portion of a pixel electrode, for
providing voltage to the liquid crystal material in the trans-
missive region T. In the reflective region R, an interlayer
insulating layer 60 and a reflective electrode 61 are disposed
on the transmissive electrode 58a. The reflective electrode
61 is connected to the drain electrode 59c¢ via a contact hole
63, and used as a portion of the pixel electrode. Therefore,
when viewing the above described LCD, the transmissive
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region T possesses a considerably high light transmission
ratio, while the reflective region R possesses a considerably
high light reflection ratio.

As shown, the TFT 57 comprises a gate insulating layer
54, a semiconductor layer 55, semiconductor contact layers
56a and 56b, a source electrode 595b, a drain electrode 59¢
and a gate electrode 52. The gate electrode 52 is branched
from the gate line 53.

The light in the transmissive region T will pass through
the liquid crystal layer with a thickness of dt once, while the
light in the reflective region R will pass through the liquid
crystal layer with a thickness of dr twice. In order to match
retardation caused by the liquid crystal layer in the reflective
region R and retardation caused by the liquid crystal layer in
the transmissive region T, a thickness relationship of
dt=2xdr must be satisfied. The thickness dr of the liquid
crystal layer in the reflective region R and the thickness dt
of the liquid crystal layer in the transmissive region T can be
adjusted by varying the thickness of the interlayer insulating
layer 60.

The aforementioned transmissive type LCD has two gaps,
i.e., dt and dr. Although the color difference between the
reflective region R and the transmissive region T is almost
the same, a height difference between the reflective region R
and the transmissive region T hinders formation of an
alignment film by rubbing during the manufacturing pro-
cess.

SUMMARY OF THE INVENTION

According to the foregoing description, an object of this
invention is to provide a transflective liquid crystal display
(LCD) with a single gap. By accurately controlling relative
positions of each optical element in the LCD, color differ-
ence between a reflective region and a transmissive region,
caused by the transflective LCD with a single gap, can be
prevented.

According to the object(s) mentioned above, the present
invention provides a transflective liquid crystal device
capable of balancing a color difference between a reflective
region and a transmissive region. The arrangement condi-
tions of optical elements in the transflective LCD are
described in the following.

The twist angle of the liquid crystal is between about 40°
and about 80°, and the retardation (Anxd), - (i.c., the phase
difference) of the liquid crystal is between about 200 and
300 nm.

The optical axes of the first alignment film, the first
quarter wavelength (A/4) plate, the first half-wavelength
(M2) plate, and the first polarization plate, which are
arranged downwards above the liquid crystal layer near the
viewing side, have the following relationships. An angle
(B.,,) between a rubbing direction of the first alignment film
and a transmissive axis of the first polarization plate is -20°
to -60°. An angle (8,,) between the transmissive axis of the
first polarization plate and a retardation axis of the first
half-wavelength (/2) plate is 60° to 110°. An angle between
the retardation axis of the first half-wavelength (A/2) plate
and a retardation axis of the first quarter wavelength (A/4)
plate is 30° to 100°.

The optical axes of the second alignment film, the second
quarter wavelength (A/4) plate, the second half-wavelength
(M2) plate, and the second polarization plate, which are
arranged downwards under the liquid crystal layer near the
backlight side, have the following relationships. An angle
(B siows) between a rubbing direction of the second alignment
film and a transmissive axis of the second polarization plate
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is =20° to 20°. An angle (8,,,,,) between the transmissive
axis of the second polarization plate and a retardation axis of
the second half-wavelength (h/2) plate is =30° to 20°. An
angle between the retardation axis of the second half-
wavelength (A/2) plate and a retardation axis of the second
quarter wavelength (A/4) plate is 30° to 80°.

The retardation (i.c., the phase difference) conditions of
the first half-wavelength (A/2) plate and the first quarter
wavelength (A/4) plate near the viewing side are as follows.
The retardation of the first and the second half-wavelength
(M2) plates is between about 220 nm and about 280 nm. The
retardation of the first and the second quarter wavelength
(A/4) plates is between about 110 nm and about 150 nm.

In the above transflective LCD, a reflective electrode and
a transparent electrode can be further arranged on the same
plane between the second alignment film and the second
quarter wavelength (A/4) plate.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the invention is hereinafter
described with reference to the accompanying drawings in
which:

FIG. 1 is a top view of a conventional active array
substrate of a transmissive type LCD;

FIG. 2 is a cross section cut along the line II-I' of the
transmissive type LCD in FIG. 1;

FIG. 3A shows a transmissive mode and a reflective mode
of a transflective type LCD with a single gap without
applying voltage to the liquid crystal layer according to one
embodiment of the present invention.

FIG. 3B shows a transmissive mode and a reflective mode
of a transflective type LCD with a single gap with applying
voltage to the liquid crystal layer according to one embodi-
ment of the present invention.

FIG. 4 schematically shows relative positions of optical
elements of the LCD in Example 1.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 3A and 3B are cross sections of a transflective LCD
with a single gap. In FIGS. 3A and 3B, only one pixel area
is depicted, and each pixel area includes a transmissive
region T and a reflective region R.

At the viewing side of the transflective LCD, a half-
wavelength (A/2) plate 12 and a quarter wavelength (A/4)
plate 14 are included between an upper substrate 16 and an
upper polarization plate 20. Additionally, opposite the view-
ing side of the transflective LCD, a half-wavelength (3/2)
plate 34 and a quarter wavelength (A/4) plate 32 are also
included between a lower substrate 30 and a lower polar-
ization plate 36.

A reflective electrode 26R with a high reflection coeffi-
cient, whose material can be aluminum (Al), or tantalum
(Ta), is arranged in a reflective region R on the lower
substrate 30. A transmissive electrode 26T with a high
transmission coefficient, whose material can be indium tin
oxide (ITO), is arranged in a transmissive region T on the
lower substrate 30. The reflective electrode 26R and the
transmissive electrode 26T form a pixel electrode. Accord-
ing to the present invention, the reflective electrode 26R and
the transmissive electrode 26T are arranged on the same
plane and provide the advantage of forming an alignment
film 24.
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An interlayer insulating layer 28, for covering a thin film
transistor (TFT, not shown), a gate line (not shown) and a
source (not shown), etc., are further included between the
lower substrate 30 and the pixel electrode including the
reflective electrode 26R and the transmissive electrode 26T.
In addition, a transparent counter electrode 18 is arranged on
the surface of the upper substrate 16. A liquid electrode layer
22 is disposed between the counter electrode 18 and the
pixel electrode including the reflective electrode 26R and the
transmissive electrode 26T.

Furthermore, alignment films 24 and 20 are respectively
arranged on the pixel electrode (the reflective electrode 26R
and the transmissive electrode 26T) and the counter elec-
trode 18 for aligning liquid crystal molecules in the liquid
crystal layer 22.

A backlight 40 is arranged on the surface of the polar-
ization plate 36 away from the lower substrate 30.

For balancing a color difference between the reflective
region R and the transmissive region T of the transflective
LCD with a single gap, the aforementioned optical elements
have to satisfy following conditions according to the present
inventors® elaborate research.

A twist angle of the above liquid crystal layer 22 is about
40° to about 80°, and a retardation (Anxd), . (i.e., a phase
difference) of the liquid crystal layer 22 is about 0.2 to 0.3
um. The twist angle can be controlled by the rubbing
directions of the upper alignment film 20 and the lower
alignment film 24.

An angle f,,, between a rubbing direction of the upper
alignment film 20 and a transmission axis of the upper
polarization plate 10 near the upper substrate 16 is set
between -20° and -60°.

An angle {3, between a rubbing direction of the lower
alignment film 24 and a transmission axis of the lower
polarization plate 36 near the upper substrate 16 is set
between -20° and 20°.

An angle 6,, between a transmission axis of the upper
polarization plate 10 and a retardation axis of the upper
half-wavelength (/2) plate 12 is set between -60° and 110°.

An angle 0, . between a transmission axis of the lower
polarization plate 36 and a retardation axis of the lower
half-wavelength (A/2) plate 34 is set between —-30° and 20°.

An angle between a retardation axis of the upper half-
wavelength (A/2) plate 12 and a retardation axis of the upper
quarter wavelength (A/4) plate 14 is set between 30° and
100°.

An angle between a retardation axis of the lower half-
wavelength (A/2) plate 34 and a retardation axis of the lower
quarter wavelength (A/4) plate 32 is set between 30° and 80°.

According to the above constraints for the optical ele-
ments, a transflective LCD with a single gap can be made for
balancing the color difference between the reflective region
R and the transmissive region T. In addition, conditions of
following parameters for the aforementioned optical ele-
ments can be further controlled.

The retardation of the upper A/2 plate 12 is 220 nm to 280
nm.

The retardation of the lower A/2 plate 34 is 220 nm to 280
nm.

The retardation of the upper A/4 plate 14 is 110 nm to 150
nm.

The retardation of the lower A/4 plate 32 is 110 nm to 150
nm.

The manner of display in the single gap transflective LCD
will be described in conjunction with FIGS. 3A and 3B.

FIG. 3A shows a transmissive mode and a reflective mode
of a transmissive type LCD with single gap without applying
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voltages to the liquid crystal layer 22 according to the
present invention. At the reflective region R, the ambient
light is incident and passes through the polarization plate 10,
the /2 plate 12, the 2./4 plate 14 and the liquid crystal layer
22 sequentially. After being reflected by the reflective elec-
rode 26R, the reflected light passes through the liquid
crystal layer 22, the A/4 plate 14, the A/2 plate 12, and the
polarization plate 10 sequentially. At the transmissive region
T, the light from the backlight 40 passes through the
polarization plate 36, the A/2 plate 34, the A/4 plate 32, the
liquid crystal layer 22, the 3/4 plate 14, the A/2 plate 12, and
the polarization plate 10 sequentially. Therefore, the pixel
becomes bright.

FIG. 3B shows a transmissive mode and a reflective mode
of a transmissive type LCD with a single gap with voltage
applied to the liquid crystal layer 22 according to the present
invention. At the reflective region R, the ambient light is
incident and passes through the polarization plate 10, the 2/2
plate 12, the /4 plate 14 and the liquid crystal layer 22
sequentially. After reflected by the reflective electrode 26R,
the reflected light passes through the liquid crystal layer 22,
the /4 plate 14 and the A/2 plate 12 sequentially, and then
becomes a linearly polarized light. However, in this situa-
tion, since the linear polarization angle of the linearly
polarized light is not parallel with the transmissive axis of
the polarization plate 10, the linearly polarized light will be
absorbed by the polarization plate 10. At the transmissive
region T, the light from the backlight 40 passes through the
polarization plate 36, the A/2 plate 34, the A/4 plate 32, the
liquid crystal layer 22, the A/4 plate 14 and the 2/2 plate 12
sequentially, and then becomes a linearly polarized light.
However, in this situation, since the linear polarization angle
of the linearly polarized light is not parallel with the trans-
missive axis of the polarization plate 10, the linearly polar-
ized light will be absorbed by the polarization plate 10.
Therefore, the pixel becomes dark.

EXAMPLE 1

Example 1 is described in detail according to FIG. 4. In
Example 1, the twist angle of the liquid crystal layer 22 is
50°, the thickness d of the liquid crystal layer 22 is 35 um,
An of the liquid crystal molecules of the liquid crystal layer
22 is n_-n,=0.064, wherein n, is the refraction index of the
liquid crystal molecules with respect to the extraordinary
light and n_ is the refraction index of the liquid crystal
molecules with respect to the ordinary light. The retardation
(Anxd), .. of the liquid crystal cell is 0.064x0.35 um=224
nm.

The rubbing direction 20z of the alignment film 20 above
the liquid crystal layer 22 and a horizontal reference line H
forms an angle of -115°, and the rubbing direction 20z is
from the upside down to the left side. The rubbing direction
24a of the alignment film 24 under the liquid crystal layer 22
and the horizontal reference line H forms an angle of 115°,
and the rubbing direction 24« is from the downside up to the
left side.

The angle between the horizontal reference line H and the
retardation axis 14a of the A/4 plate 14 above the liquid
crystal layer 22 is 90°, and the angle between the horizontal
reference line H and the retardation axis 324 of the A/4 plate
32 under the liquid crystal layer 22 is 27°.

In addition, the retardation of the upper /4 plate 14 is 120
nm, and the retardation of the lower A/4 plate 32 is 140 nm.

The angle between the horizontal reference line H and the
retardation axis 12« of the upper A/2 plate 12 is 30°, and the
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6

angle between the horizontal reference line H and the
retardation axis 344 of the lower A/2 plate 34 is 90°.

Therefore, the angle 0,, (ic., the angle between the
transmissive axis 10a and the retardation axis 12a) is 75°.
The angle 8, (ie., the angle between the transmissive
axis 36a and the retardation 34q) is 75°.

The retardation of the upper A/2 plate 12 is 265 nm, and
the retardation of the lower A/2 plate 34 is 270 nm.

The angle between the horizontal reference line H and the
transmissive axis 10a of the upper polarization plate 10 is
105°, and the angle between the horizontal reference line H
and the transmissive axis 36a of the lower polarization plate
36 is 106°.

Therefore, the angle f,, (ic., the angle between the
rubbing direction 20z and the transmission axis 10a) is —40°.
The angle B, (i.e., the angle between the rubbing direc-
tion 24a and the transmission axis 364) is 9°.

The LCD constructed under above conditions of the
aforementioned optical elements has a reflection rate of 41%
and a reflective contrast ratio of 34.

The foregoing description of the preferred embodiments
of this invention has been presented for purposes of illus-
tration and description. Obvious modifications or variations
are possible in light of the above teaching. The embodiments
were chosen and described to provide the best illustration of
the principles of this invention and its practical application
to thereby enable those skilled in the art to utilize the
invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated. All
such modifications and variations are within the scope of the
present invention as determined by the appended claims
when interpreted in accordance with the breadth to which
they are fairly, legally, and equitably entitled.

What is claimed is:

1. A transflective liquid crystal display device capable of
balancing color difference between a reflective region and a
transmissive region, comprising;

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first and the

second substrates;

a first polarization plate arranged on the first substrate and
opposite to the liquid crystal layer;

a second polarization plate ranged on the second substrate
and opposite to the liquid crystal layer;

a first half-wavelength, (3/2) plate arranged between the
first polarization plate and the liquid crystal layer;

a first quarter wavelength (A/4) plate arranged between
the first half-wavelength plate and the liquid crystal
layer;

a first alignment film arranged between the first quarter
wavelength plate and the liquid crystal layer;

a second half-wavelength (A/2) plate arranged between
the second polarization plate and the liquid crystal
layer;

a second quaffer wavelength (A/4) plate arranged between
the second half-wavelength plate and the liquid crystal
layer;

a second alignment film arranged between the second
quarter wavelength plate and the liquid crystal layer;

a reflective electrode and a transparent electrode arranged
in-plane between the second alignment film and the
second substrate; and

a backlight arranged on a surface of the second polariza-
tion plate and opposite to the second substrate,

wherein
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a twist angle of the liquid crystal is 40° to 80°, a
retardation (Anxd), .. of the liquid crystal is 200 to 300
nm,
an angle (B,,) between a rubbing direction of the first

alignment film and a transmissive axis of the first s

polarization plate is =20° to =60°,

an angle (B,,,,) between a rubbing direction of the
second alignment film and a transmissive axis of the
second polarization plate is =20° to 20°,

an angle (9,,,) between the transmissive axis of the first 10

polarization plate and a retardation axis of the first
half-wavelength (1/2) plate is 60° to 110°,

an angle (8,,,,) between the transmissive axis of the
second polarization plate and a retardation axis of the
second half-wavelength (A/2) plate is -30° to 20°,

8

an angle between the retardation axis of the first half-
wavelength (A/2) plate and a retardation axis of the first
quarter wavelength (A/4) plate is 30° to 100°, and

an angle between the retardation axis of the second
half-wavelength (A/2) plate and a retardation axis of the
second quarter wavelength (A/4) plate is 30° to 80°.

2. The transflective liquid crystal display device of claim

1, wherein a retardation of the first and the second half-
wavelength (A/2) plates is 220 nm to 280 nm.

3. The transflective liquid crystal display device of claim

1, wherein a retardation of the first and the second quarter
wavelength (M/4) plates is 110 nm to 150 nm.
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