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LIQUID CRYSTAL DISPLAYING DEVICE

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and more particularly to a transflective liquid
crystal display device.

[0003] 2. Description of the Related Art

[0004] Today, a transflective liquid crystal display device
provided with both reflective and transflective display capa-
bilities is now being developed. The transflective liquid crys-
tal display device is arranged to reduce the power consump-
tion in a bright environment by turning off its backlight unit
and to allow a user to view an image on the screen in a gloomy
ordark environment by turning on the backlight unit. It means
that the transtlective liquid crystal display is fitted to portable
instruments such as a portable phone and a digital camera to
be used in many kinds of illuminating environments.

[0005] The transflective liquid crystal display device is
required so that a transmissive area and a reflective area are
individually located in each pixel and each area is designed to
have the optimal retardation value. This design can be
achieved by making the reflective area stepped and the thick-
ness of the liquid crystal layer of the reflective area about half
as long as the thickness of the liquid crystal layer of the
transmissive area. Further, to make the optical characteristic
of the transmissive area equal to that of the reflective area, the
transflective liquid crystal display device is also required to
have a retardation film of a A/4 plate (where A is a wavelength
of light).

[0006] The technique of the retardation film has been dis-
closed in JP-A-2003-279956 and JP-A-Hei5-100114. JP-A-
2003-279956 discloses a composition in which a retardation
film is built in a liquid crystal cell. JP-A-Hei5-100114 dis-
closes a composition in which a combination of a A/2 plate
and a 2/4 plate is served as a wide circular polarization plate.
[0007] Further, another technique of building the retarda-
tion film in a reflective TN (Twisted Nematic) system liquid
crystal display device has been disclosed in JP-A-2004-
205801. JP-A-2004-205801 proposes a method of adjusting a
retardation value of a built-in retardar plate according to each
color pixel so that the retardation may be /4 in each wave-
length.

[0008] The transflective liquid crystal display device of an
ECB (Electrically Controlled Birefringence) system, a VA
(Vertical Alignment) system or a TN system is requested to
build the retardar plate in it from viewpoints of reduction of
coloring when displaying a reflected black image, a high
reflective contrast ratio, and thinning. Disadvantageously,
these prior art documents do not disclose a way of building the
retardar plate in a transflective liquid crystal cell and thus do
not bring about a sufficient reflective contrast and so forth.

SUMMARY OF THE INVENTION

[0009] The present invention is made in consideration of
the foregoing disadvantages, and it is an object of the present
invention to provide a transflective liquid crystal display
device of each display system which is arranged to reduce
coloring when displaying a reflected black image, offer ahigh
reflective contrast ratio, and make the overall body thinner
than those of the prior arts.

[0010] Incarrying out the foregoing object, according to an
aspect of the invention, a transflective liquid crystal display
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device includes a first substrate, a second substrate, a liquid
crystal layer laid between the first and the second substrates,
a first polarization plate located on the opposite side of the
first substrate to the side where the liquid crystal layer is
located, a second polarization plate located on the opposite
side of the second substrate to the side where the liquid crystal
layer is located, a plurality of pixels formed between the first
and the second substrates, each of the pixels having a reflec-
tive area and a transmissive area, an in-cell retardar being
located between the second substrate and the liquid crystal
layer, an optical compensation film being located between the
first substrate and the first polarization plate, between the
second substrate and the second polarization plate, or both.
[0011] The “in-cell retardar” termed herein designates a
layer having an optical phase difference and being located in
a liquid crystal cell as will be discussed below with respect to
the embodiments. Further, the “optical compensation film”
termed herein designates a film to be used for compensating
for an optical characteristic of the display device.

[0012] According to the invention, in the foregoing
arrangement, the display device takes an ECB system or a VA
system.

[0013] The “ECB system” termed herein designates a sys-
tem in which the axes of liquid crystal molecules are aligned
substantially horizontally with respect to the first and the
second substrates when no voltage is applied to the liquid
crystal and rotating the liquid crystal molecules vertically
withrespect to the substrates when a certain voltage is applied
thereto. The “VA system” termed herein designates a system
in which the major axes of liquid crystal molecules forming
the liquid crystal layer are aligned substantially vertically
with respect to the first and the second substrates when no
voltage is applied to the liquid crystal and the major axes
thereof are rotated horizontally with respect to the substrates
when a certain voltage is applied thereto.

[0014] Further, in the ECB system, the optical compensa-
tion film uses a polymer liquid crystal film formed of disco-
theque liquid crystal. The alignment of the discotheque liquid
crystal molecules is inclined with respect to the film surface
and is perpendicular to the initial alignment of the liquid
crystal layer located on the side of the optical compensation
film. Moreover, in the VA system, the optical compensation
film is formed as a negative C plate.

[0015] The pixels are grouped into red, green and blue
pixels. The phase difference of the in-cell retardar between
the green pixels and the blue pixels is larger than that in the
red pixels. Further, in this arrangement, the phase difference
ofthe in-cell retardar in the blue pixels is larger than that in the
green pixels.

[0016] Inthe arrangement in which the red, the green and
the blue pixels have their respective phase differences, the
phase difference of the in-cell retardar is adjusted to be a
quarter or less of the wavelength at which the highest trans-
mittance is brought about in each group of the red, the green
and the blue pixels. Further, the in-cell retardar is formed with
a half-tone mask or a gray-scale mask. The thickness of the
in-cell retardar is uniform in the red, the green and the blue
pixels and the birefringence of the in-cell retardar is different
in each group of the red, the green and the blue pixels. More-
over, the planar phase difference among all the optical films
located between the first polarization plate and the first sub-
strate has a value of 50 nm or less. The planar phase difference
among all the optical films located between the second polar-
ization plate and the second plate has a value of 50 nm or less.
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[0017] Further, the in-cell retardar is located only in the
reflective area. In this location, the birefringence of the in-cell
retardar is uniform in the red, the green and the blue pixels.
The thickness of the in-cell retardar is different in each group
of the red, the green and the blue pixels. Moreover, a step is
formed to adjust the thickness of the in-cell retardar and the
step causes the liquid crystal layer of the reflective area to be
thinner than that of the transmissive area.

[0018] The transflective liquid crystal display device of
each foregoing display system is arranged to reduce the col-
oring when displaying a reflected black image, offer a high
contrast ratio, and to make its bulk thinner than the conven-
tional liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic sectional view showing a
liquid crystal display device according to a first embodiment
of the present invention,

[0020] FIG. 2 is a sectional view showing an optical com-
pensation film required in the first embodiment;

[0021] FIG. 3 is a sectional view showing a planar structure
of a liquid crystal cell according to in the first embodiment;
[0022] FIG. 4 is a schematic sectional view cut on the A-A'
line shown in FIG. 3;

[0023] FIG. 51is a schematic sectional view cut on the B-B'
line shown in FIG. 3;

[0024] FIG. 6 is a circuit diagram showing equivalent cir-
cuits located in matrix so that those equivalent circuits may
compose a pixel display area included in the first embodi-
ment;

[0025] FIG. 7 is a schematic sectional view cut on the C-C'
line shown in FIG. 3;

[0026] FIG. 8 is a schematic sectional view showing a
liquid crystal display device according to a first embodiment
1B of the present invention;

[0027] FIG. 9 is a schematic sectional view cut on the B-B'
line shown in FIG. 3 according to the first embodiment 1B;
[0028] FIG.10isa schematic sectional view cuton the B-B'
line shown in FIG. 3 according to a second embodiment of the
present invention;

[0029] FIG. 11isa chart showing a transmittance spectrum
of general color filters;

[0030] FIGS. 12A to 12C are schematic views showing the
method of producing an in-cell retardar having a different
phase difference value in each color pixel,

[0031] FIG. 13 is a schematic sectional view showing an
optically compensable in-cell retardar according to the sec-
ond embodiment;

[0032] FIG. 14 is a schematic sectional view showing a
second substrate according to a third embodiment of the
present invention;

[0033] FIG. 15 is a schematic sectional view showing a
liquid crystal display device according to a fourth embodi-
ment of the present invention;

[0034] FIG. 16 is a sectional view showing a planar struc-
ture of a liquid crystal cell according to in the fourth embodi-
ment;

[0035] FIG. 17 is a schematic sectional view cut on the
D-D' line shown in FIG. 14;

[0036] FIG. 18 is a sectional view showing a planar struc-
ture of the liquid crystal cell provided with slits according to
the fourth embodiment;
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[0037] FIG. 19 is a schematic sectional view showing a
liquid crystal display device according to a fifth embodiment
of the present invention;

[0038] FIG. 20 is a schematic sectional view showing a
liquid crystal display device according to a fifth embodiment
of the present invention; and

[0039] FIG. 21 is a schematic sectional view showing a
liquid crystal display according to a sixth embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0040] Hereafter, the best modes of carrying out the inven-
tion will be described.

First Embodiment

[0041] The first embodiment will be described with refer-
ence to the appended drawings.

[0042] The first embodiment concerns with the transflec-
tive liquid crystal display (simply referred to as the transflec-
tive LCD) device of the ECB system. The ECB system trans-
flective LCD device is arranged so that when applying no
voltage the liquid crystal molecules are aligned horizontally
with respect to the substrate but when applying a certain
voltage the liquid crystal the liquid crystal molecules are
rotated vertically with respect to the substrate. This ECB
system transflective LCD uses an optical compensation film
and includes a retardar plate built in a liquid crystal cell
(simply referred to as an in-cell retardar as described above).
In this embodiment, the in-cell retardar is used for arranging
the transflective LCD, so that the ECB system transflective
LCD of this embodiment may be made thinner in bulk than
the conventional LCD.

[0043] FIG. 1 shows a schematic section of the LCD device
according to this embodiment. The LCD device includes a
pair of polarization plates 32a, 325, an optical compensation
film 35, a liquid crystal cell 33, and a backlight unit 34.
[0044] The polarization plate 32a or 324 is formed by a
PVA (Poly Vinyl Alcohol) layer extended with iodine
absorbed thereon and a protective film for protecting the PVA
layer.

[0045] The optical compensation film 35 is a film for opti-
cally compensating for a visual angle. It is preferable to keep
the refractive index distribution of the film 35 continuously
changed with respect to the thickness of the film 35. Con-
cretely, as shown in FIG. 2, on one of the substrates, the
discotheque liquid crystal molecules or the bar-like nematic
liquid crystal molecules are aligned substantially horizon-
tally with respect to the substrate. Preferably, those molecules
are made erected toward the other substrate. In the composi-
tion of FIG. 1 is located one optical compensation film.
Instead, the film may be located on each side of the liquid
crystal cell.

[0046] An external retardar plate 37 (often referred simply
to as an external retardar) is located so that the optical char-
acteristic of the reflective portion is made substantially equal
to that of the transmissive portion. The external retardar is
requested to have a phase difference of about /4. The exter-
nal retardar 37 is formed of polycarbonate or norbornene
resin.

[0047] The retarders 38a and 385 are located so as to form
a large-bandwidth circular polarization plate. Preferably, the
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retarders 38a and 385 are requested to have a phase difference
of about A/2 and are formed by polycarbonate or norbornene
resin.

[0048] The backlight unit 34 is composed of an LED
(Light-Emitting Diode) served as a light source, an optical
waveguide, a diffuser and the like. Preferably, the LED is
requested to have a white color. Instead, it is possible to use
the LED of the three colors RGB. The backlight unit 34 may
beany deviceifitserves to illuminate the liquid crystal cell 33
from the rear surface. The light source and the structure of the
backlight unit 34 are not limited to those shown in F1G. 1. For
example, the use of a CCFL as the light source makes it
possible to achieve the effect of the present invention.
[0049] FIG. 3 shows a section of a planar structure of the
liquid crystal cell 33. Part (a) of FIG. 3 shows a TFT (Thin-
Film Transistor) substrate side, while part (b) of FIG. 3 shows
a CF substrate side.

[0050] On the TFT substrate side, a pixel electrode 12 is
located within an area enclosed by scan lines 10 and signal
lines 11. A reflective electrode 16 is located so as to form a
transmissive area (designated by an arrow T) and a reflective
area (designated by an arrow R) on the pixel area. Further, in
each pixel is located a TFT for controlling a voltage to be
applied to each pixel. To contact a source electrode 15 with
the pixel electrode 12 in the TFT, a contact hole 18 is formed.
On the other hand, on the CF substrate are located a back
matrix 21 and a common electrode 22.

[0051] FIGS. 4 and5 are schematic sections cut on the A-A'
and the B-B' of FIG. 3A. The liquid crystal cell 33 is com-
posed by a liquid crystal layer 31 laid between the first sub-
strate 13 and the second substrate 23.

[0052] The liquid crystal layer 31 is formed by a liquid
crystal composition with a positive dielectric anisotropy in
which a dielectric constant toward the major axes of the liquid
crystal molecules is larger than a dielectric constant toward
the minor axes thereof. The liquid crystal layer 31 is formed
by a liquid crystal material that stays in the nematic phase in
a wide range of temperatures including a room temperature.
The liquid crystal alignment should be the homogeneous
alignment. Further, it is preferable to use the liquid crystal
layer that keeps the transmittance during the holding period
and shows so high an electric resistivity as causing no flicker
in the driving condition in the use of the TFT such as in the
condition that the resolution is QVGA (the number of the
lines being 240) and the driving frequency is 60 Hz. That is,
the electric resistivity of the liquid crystal layer 31 is
requested to have a value of 10*2 Qem? or more, in particular,
10" Qem? or more.

[0053] On the top surface on the liquid crystal layer side of
the first substrate 13, an alignment film 17a and the pixel
electrode 12 are located in this describing sequence. On the
reflective portion, the reflective electrode 16 is located
between the alignment film 17a and the pixel electrode 12.
The reflective electrode 16 may be located under the pixel
electrode 12. When the reflective electrode 16 is located on
the side of the liquid crystal layer with respect to the pixel
electrode 12, the reflective electrode 16 shows a higher reflec-
tance. On the first substrate 13 are located the signal line 11
and an insulating film 14.

[0054] On the liquid crystal side of the second substrate 23
are located red color filters 24a, green color filters 245 and
blue color filters 24c. A black matrix 21 is located between the
pixels or between the transmissive portion and the reflective
portion. On the liquid crystal layer side of the color filters 24

Aug. 21,2008

are located a leveling layer 28, an in-cell retardar 25, a pro-
tective film 27, and further a common electrode 22.

[0055] Further, in the reflective portion, a step portion 26 is
located between the common electrode 22 and the protective
film 27. An alignment film 175 is located on the liquid crystal
side of the common electrode 22.

[0056] The first and the second substrates 13 and 23 are
transparent so that light may be transmitted therethrough. For
example, the first and the second substrates 13 and 23 may be
formed by a glass or polymer film. Preferably, the polymer
film may be formed by plastic or polyether sulphone (referred
to as the PES). However, a gas barrier is requested to be
formed on the surface of the substrate because air is allowed
to pass through the plastic or the PES. The gas batrier is
requested to be formed by silicon nitride.

[0057] Thealignment film 17 has a function of horizontally
aligning the liquid crystal molecules on the surface of the
substrate. It is preferable to use a polyimide system organic
film as the alignment film 17.

[0058] FIG. 6 shows an equivalent circuit of the pixels
composing a display area and located in a matrix manner.
FIG. 7 shows a schematic section on the C-C' of FIG. 3.
[0059] InFIG. 6, the pixel area includes the signal lines 11
and the scan lines 10. The area enclosed by the signal line 11
and the scan line 10 corresponds to the pixel. The signal line
is located substantially perpendicularly to the scan line. The
crossing point therebetween has at leastone TFT 19. The TFT
19 is connected with the contact hole 18, which is connected
with the pixel electrode 12 though not shown in FIG. 4.
Further, at least one storage capacitor is located for one pixel
so as to prevent the held image signal from being leaked out.
[0060] Herein, the description has been expanded with an
example of the active matrix drive in which one TFT 19 is
located for one pixel. This embodiment may achieve the same
effect if it is applied to the passive matrix drive. The TFT 19
takes an inversely staggered structure each channel portion of
which has the storage capacitor 36.

[0061] InFIG. 7, avoltage signal for controlling the liquid
crystal layer 31 is applied onto the signal line 11. A signal for
controlling the TFT 19 is applied onto the scan line 10. The
source electrode 15 is connected with the scan electrode 12
through the contact hole 18. It is preferable to make the signal
line 11, the scan line 10 and the source electrode 15 of a
low-resistive conductive material. For example, the material
may be chrome, tantalum molybdic, tantalum, aluminum,
copper, or the like.

[0062] The pixel electrode 12 is located so as to apply an
electric field onto the liquid crystal layer 31. The pixel elec-
trode 12 is made of a transparent conductive material. For
example, the material may be indium-tin oxide (ITO) or zinc
oxide (ZnQO).

[0063] The reflective electrode 16 is located so as to reflect
the ambient light incident from the side of the second sub-
strate 23. The reflective electrode 16 has an uneven surface in
order to diffuse the incident ambient light. Though this
uneven surface may be formed on only the reflective electrode
16, in this embodiment, as shown in FIG. 1, the uneven
surface is formed on the insulating film 144 and the insulating
film 14a is pasted on the reflective electrode 16. This pasting
results in making the surface of the reflective electrode 16
uneven. Further, the reflective electrode 16 is connected with
the pixel electrode 12 so as to keep the reflective electrode 16
at the same electric potential as the transmissive area. Hence,
thereflective electrode 16 is served as an pixel electrode of the
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transmissive area. The reflective electrode 16 is formed of
highly conductive metal. In particular, it is preferable to make
the reflective electrode 16 of silver or aluminum because the
metal has a high reflectance in a visible area and a high
conductivity.

[0064] The color filter 24 is an array of a red area, a green
area and a blue area through which red light, green light and
blue light may be passed in each pixel respectively. For
example, thiskind of array may be a stripe array, a delta array,
or the like.

[0065] The black matrix 21 is located so as to cut off light
leaked out of the adjacent pixel and a tapered portion of the
step 26 located in the reflective portion. The black matrix 21
1s made of opaque metal such as chrome, tantalum molybdic,
tantalum, aluminum or copper.

[0066] The leveling layer 28 is located so as to level an
uneven surface caused in producing the color filter. It is pref-
erable to form the leveling layer 28 of acrylic resin or the like.
[0067] The in-cell retardar is located so as to make the
optical characteristic of the reflected display closer to that of
the transmissive display. The in-cell retardar 25 is made of
liquid crystal polymer. Hence, the in-cell retardar 25 is higher
in amolecular alignment characteristic than the retardar made
by extending an organic polymer film and thus has the sub-
stantially same molecular alignment characteristic as the lig-
uid crystal layer 31. Therefore, the in-cell retardar 25 has a far
larger An than the outside retardar. It means that by properly
adjusting the molecular structure and the manufacturing con-
dition, it is possible to make An of the in-cell retardar 25 larger
than or equal to that of the liquid crystal layer 31. The thick-
ness of the outside retardar is as long as several tens pm,
which is ten times as long as the thickness of the liquid crystal
layer. However, the use of the liquid crystal polymer mol-
ecules makes it possible to greatly reduce the thickness of the
in-cell retardar 25. As compared with the conventional
arrangement provided with the outside retardar, it is possible
to greatly reduce the thickness of the overall liquid crystal
panel.

[0068] The in-cell retardar 25 is served to rub the substrate
on which an alignment film is coated. The diacrylic liquid
crystal mixture, dissolved in an organic solvent with a photo
initiator, is coated on the in-cell retardar 25 by means of the
spin coat, the print, or the like. Immediately after the coating,
the mixture is in liquid solution. Then, as the solvent is being
evaporated, the mixture is aligned in the alignment direction
of the retardation alignment film. By radiating a ultraviolet
ray to the coat, acrylic groups of the molecule ends are poly-
merized. In this reaction, oxygen is an inhibitive factor to the
polymerization. However, a sufficient density of the light
reaction starting agent makes the light reaction progressed at
a proper speed. If the in-cell retardar is required to be pat-
terned, the portions to be patterned are hidden from the ultra-
violet radiation with a mask or the like and then developed by
means of an organic solvent so that the in-cell retarders may
be located only on the necessary portions. The foregoing
process results in making it possible to solidify the coat as
roughly keeping the alignment of the liquid crystal layer and
thereby form the retardation layer. Afterwards, the retardation
layer is heated in each step of the process of forming the
alignment film, Since the retardation layer stays at a high
temperature, the retardation value is reduced. The current
retardation value is substantially proportional to the length of
time when the retardation layer stays at a high temperature if
the high temperature is constant. Hence, the initial retardation
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value may be set in consideration of this phenomenon. It is
preferable to make the retardation value of the in-cell retardar
used in this embodiment smaller than A/4. This is because the
phase different left in the liquid crystal is required to be
considered when displaying a black image.

[0069] The protective film 27 is located so as to protect the
liquid crystal layer 31 so that the in-cell retardar 25 is not
leaked into the liquid crystal layer 31. Like the leveling layer
28, it is preferable to make the protective film 27 of acrylic
resin or the like.

[0070] The common electrode 22 is made of a transparent
conductive material. For example, the material may be ITO
(Indium Tin Oxide) or ZnO (Zn Oxide).

[0071] The step 26 is located so as to make the optical
response of the transmissive portion substantially equal to
that of the reflective portion. Preferably, the step 26 is made of
a resist material or the like.

[0072] As to the foregoing description of the first embodi-
ment, the axial locations of the polarization plate, the retardar,
and the liquid crystal alignment and the phase difference
values in the locations are listed in Table 1 according to the
first embodiment A.

TABLE 1

Prior First First Second
At EmbodimentA Embodiment B Embodiment

Polarization 15° 15° 45° 45°
Plate
Retardar 30° 30° — —
Outside 90° — — —
Retardar
In-cell — 90° 90° 90°
Retardar
Liquid 90° 90° 90° 90°
Crystal
Optical 270° 270° 270° 270°
Compensation
Film
Outside 90° 90° — —
Retardar
Retardar 155° 155° — —
Polarization 85° 85° -45° -45°
Plate
TABLE 1B
Prior First First Second

Art  EmbodimentA Embodiment B Embodiment

Polarization — — — —
Plate

Retardar 270 270 — —
Outside 108 — — —
Retardar

In-cell — 110 100
Retardar

Liquid 280 280 280 280
Crystal

Optical -30 -30 -30 -30
Compensation

Film

Outside 150
Retardar

Retardar 270 270 — —
Polarization — — — —
Plate

Per Pixel

* The unit is (nm).
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[0073] Table 1A lists the axial locations and Table 1B
lists the phase difference values. The axial locations
should follow the values listed in Table 1A. However,
they are not limited to those values.

[0074] Inthis embodiment, the retardar of the transflective
ECB-LCD is built in the liquid crystal cell, though it is con-
nected outside in the prior art. Further, the optical compen-
sation film is used in this embodiment. The use of the in-cell
retardar and the optical compensation film makes the trans-
flective ECB-LCD device thinner than the conventional one.

[0075] Further, by patterning the in-cell retardar of the
transmissive portion and removing the outside retardar 37 and
the retardtions 38a and 385 shown in FIG. 1, it is possible to
make the overall LCD device thinner and enhance the trans-
missive contrast ratio. This composition will be described
with reference to FIGS. 8 and 9.

[0076] FIG. 8 shows a schematic section of the LCD device
according to this embodiment. FIG. 9 shows a schematic
section of the transmissive portion. The schematic section of
the reflective portion is the same as that shown in FIG. 4, and
thus the description thereabout is left out.

[0077] The method of patterning the in-cell retardar has
been described above. As another method, when the diacrylic
liquid crystal mixture is coated on the in-cell retardar, the
retardar is heated so that it may be an isotropic layer. In this
state, a ray of light is radiated to only the portions to be
patterned. The portions to which a ray is radiated are solidi-
fied as the isotropic layer. Hence, the phase difference value is
made substantially zero, so that those portions have the same
effective characteristics as the layer formed by the foregoing
patterning method.

[0078] Unlike the composition shown in FIG. 1, the outside
retardar 37 and the retarders 38a and 384 are removed. As
shown in FIG. 8, the LCD is composed of the liquid crystal
cell 33, the pair of polarization plates 324, 325, the optical
compensation film 35, and the backlight unit 34. Further, as
shown in FIG. 9, the in-cell retardar is not located in the
transmissive portion.

[0079] In turn, the description will be oriented to the con-
dition on which the LCD device performs a contrasting dis-
play when the in-cell retardar is patterned. The axial locations
of the polarization plates, the retardar and the liquid crystal
are listed in the Table 1 according to the embodiment 1B. As
is understood from the Table 1, on the transmissive portion,
the retardar except the optical compensation film is not
located. In this embodiment is used the optical compensation
film as shown in FIG. 2. The optical compensation film as
shown in FIG. 2 brings about a quite slight planar phase
difference when observed in the normal direction of the sub-
strate. For example, as to the film as shown in FIG. 2A, in
general, the film has a planar phase difference 0f 20 to 30 nm.
Further, the liquid crystal layer 31 has a phase difference of
about A/2 when no voltage is applied to the liquid crystal and
has only the phase difference left on the surface of the sub-
strate when a far higher voltage than the threshold value is
applied thereto. (Hereafter, this phase difference is called the
residual phase difference.) The axis called a stamp axis shown
inFIG. 2A is located in parallel to the liquid crystal alignment
axis. Hence, a slow axis of the front phase difference of the
optical compensation film is located perpendicularly to the
slow axis of the residual phase difference when a certain
voltage is applied to the liquid crystal. Hence, by applying a
voltage to the liquid crystal so that these two phase differ-
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ences are made equal to each other, the phase differences are
offset with each other and thus the complete black image can
be achieved.

[0080] Further, the optimal in-cell retardar has respective
optimal values. This is because as to the conventional method
and the method of'the first embodiment A, the retardar is used
for keeping the transmission and the reflection compatible
with each other, while as to the embodiment 1B, what is to be
considered is the reflective portion only.

[0081] Inthis embodiment, since the outside retardar 37 of
the transmissive portion and the retardar 38 are removed, the
overall LCD device is made thinner. Further, since the in-cell
retardar 25 is removed from the transmissive portion, the
reduction of a contrast ratio caused by an axial shift or vari-
able phase differences is avoided. Hence, the transmissive
contrast ratio may be improved.

Second Embodiment

[0082] Inturn, the description will be oriented to the LCD
device according to another embodiment.

[0083] The second embodiment concerns with the trans-
flective ECB-LCD device that uses the in-cell retardar and
thus is not required to have the outside retardar, in which
device as to the phase difference values of the retardar built in
the reflective portion, the values of the blue and the green are
equal to each other but the value of the red is different there-
from or the values of the blue, the green and the red are
different from one another. Further, the phase difference val-
ues of the retarders built in the color pixels do not have the
relation of A/4. The second embodiment makes it possible to
improve the reflected color when displaying a black image
and to improve the reflective contrast ratio.

[0084] Thesectional structure of the LCD device according
to the second embodiment is the same as that shown in FIG.
8. The schematic sectional structure of the transmissive por-
tion is the same as that shown in FIG. 9. The different respect
between the first embodiment and the second one will be
described with reference to FIG. 10. FIG. 10 shows a sche-
matic section of the reflective portion, which corresponds
with the composition shown in FIG. 4 according to the first
embodiment. The composition shown in FIG. 10 is different
from that shown in FIG. 4 in a respect that an in-cell retardar
25r located on a red pixel area (at a location corresponding
with the red color filter 247), an in-cell retardar 25g located on
a green pixel area (at a location corresponding with the green
color filter 24g), and an in-cell retardar 2556 located on a blue
pixel area (at a location corresponding with the blue color
filter 24b) have their respective phase difference values.
[0085] In general, the color filter to be used for the trans-
flective LCD often provides a hole formed therein if the color
filter belongs to the reflective portion. This hole is formed to
enhance the reflectance. This hole is served to lower the color
reproducibility of the reflective portion but enhance the
reflectance. However, since the present embodiment is
arranged to make the phase difference value of the in-cell
retardar for each color pixel optimal, the use of the color filter
with the hole opened therein makes it possible to lower the
display quality when displaying a black image. Hence, as to
the red color filter 247, the green color filter 24g and the blue
color filter 245 vsed in this embodiment, to enhance the
reflectance as obtaining an excellent black image, it is pref-
erable not to form a hole in the reflective portion. However, if
the same color filter as the color filter of the transmissive
portion with a high color reproducibility is used for the reflec-
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tive portion, it is not possible to obtain a sufficiently high
reflectance. In order to solve this problem, therefore, it is
necessary to make the thickness of the color filter of the
reflective portion different from that of the transmissive por-
tion. That is, The color filter of the reflective portion is
required to be thinner than that of the transmissive portion.
[0086] Conventionally, when the outside retardar is used,
for example, if a 1/4 plate is located, it has been impossible to
meet the condition of A/4 as to all the RGB pixels. Hence, by
independently controlling the phase difference values of two
or all of the RGB pixels, it is possible to meet the ideal
condition as to two or all of the color pixels. The axial loca-
tions and the phase difference values of the retardar plate are
listed in the second embodiment of Table 1. Herein, to opti-
mize two of the RGB pixels, it is preferable to make the green
pixels equal to the blue pixels and optimize the red pixels
only. The grounds will be described below with reference to
FIG. 11.

[0087] FIG. 11 shows the transmission spectrums of the
general color filters. In the chart of FIG. 11, an axis of ordinate
denotes a transmittance and an axis of abscissas denotes a
wavelength, and the spectrums for the red, the green and the
blue are depicted. As is understood from FIG. 11, the blue
color filter has a peak around 450 nm, while the red color filter
passes almost of the light of 600 nm or more therethrough.
Hence, it is presumed that the red color filter has a greater
light leakage with the standard of the green pixel. It means
that it is preferable to independently control the phase differ-
ence value of the red pixel.

[0088] To make sure of the effect of this embodiment, the
reflective characteristic was theoretically measured. Letting
An of the liquid crystal be 0.07 and Ae be 7, it was designed
that the phase difference of the liquid crystal was about 140
nm when no voltage is applied. (An=0.07 (for the wavelength
of 550 nm) and a cell gap is 2.0 um.) In this condition,
considering the phase difference value of the in-cell retardar
of each color pixel, it is preferable that R, 5 is about 136 nm
for the wavelength of 650 nm and R, ; and Ry, ;; are about
112 nm for the wavelength of 550 nm. If the blue pixel is
independently controlled, it is preferable that R, 5 is about
95 nm for the wavelength of 450 nm. Herein, R, », R, s and
R, 5 denote the phase difference values of the in-cell retard-
ers 25 located for the red, the green and the blue pixels
respectively. These values are not A/4 for each wavelength. In
this condition, the reflecting contrast ratio was calculated. As
compared with the condition of the embodiment 1B, for opti-
mizing two pixels, the reflecting contrast ratio was improved
double and for optimizing three pixels, the reflecting contrast
ratio was improved quadruple.

[0089] The method for forming the in-cell retardar to be
used in this embodiment will be described with reference to
FIGS. 12A to 12C. Since FIGS. 12A to 12C are the explana-
tory views of the method of forming the in-cell retardar 25 on
the second substrate 23, the color filter 24 and the like are not
shown therein. At first, an alignment film 39 for the in-cell
retardar is coated and rubbed on the second substrate 23. This
alignment film 39 is used for aligning the diacrylic liquid
crystal mixture on which the retardar is formed. On the coated
film 39, the diacrylic liquid crystal mixture is coated by
means of the spin-coating or the printing means as shown in
FIG. 12A. Immediately after the mixture is coated, the mix-
ture stays in the solution state. The mixture is aligned in the
aligning direction of the alignment film 39 as evaporating the
solvent. By radiating a ultraviolet ray to the film-coated sub-
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strate, the acrylic groups of the ends of the molecules are
polymerized. When radiating the ray, with a halftone mask or
a grayscale mask or as changing the light intensity according
to a portion, the radiating intensity of the ultraviolet ray is
changed according to a portion as shown in FIG. 12B. As a
result, in the portion where the ray is radiated at a high
intensity, the liquid crystal molecules are completely
coupled, while in the portion where the ray is radiated at a
relatively low intensity, the liquid crystal molecules may not
be coupled. Since a certain degree of coupling is executed
over the surface, all of the portions are left in the organic
development. However, after being heated, the aligning state
of the portion where the radiation is low is more scattered than
the aligning state of the portion where the radiation is high as
shown in F1G. 12C because the coupling of the acrylic groups
in the former portion is incomplete. As such, by changing the
radiation intensity, it is possible to control the birefringence
of the in-cell retardar and thus to control the phase difference
value for each color pixel. This method does not need the heat
process when radiating the ray and needs only one radiation.
Hence, the steps of the process are not increased more. Fur-
ther, the retardation layer is formed to keep its thickness
constant.

[0090] As described above, the arrangement of this
embodiment makes it possible to enhance the reflecting con-
trast ratio though the outside retardr is not used and to thin the
overall structure more. Further, since the retardar is not
located in the transmissive portion, it is possible to prevent the
lowering of the transmissive contrast ratio caused by the
retardar-based factors such as axial shift or a variety of phase
difference values. Further, with the halftone mask or the
grayscale mask, the phase difference value can be controlled
without having to increase the steps of the process in number
and form the step in the retardar.

[0091] Further, when forming the in-cell retardar, the selec-
tive use of a material therefore makes it possible to continu-
ously change the refractive index distribution of the retardar
in the thickness direction of the retardar. As this result, the
optical characteristic of the reflected light can be improved.
At this time, the front phase difference of the in-cell retardar
25 is different in each color pixel. Further, in FIG. 13, the
liquid crystal is shown as bar-like nematic liquid crystal.
Instead, it may take the form ofthe discotheque liquid crystal.
[0092] The retardar shown in FIG. 13 may be formed by

using such a material as aligning the liquid crystal molecules
on the air interface.

Third Embodiment

[0093] Inturn, the description will be oriented to the LCD
device according to another embodiment of the present inven-
tion.

[0094] This embodiment is arranged to control the phase
difference value of the in-cell retardar based on not the bire-
fringence but the thickness. This embodiment arranged to
execute the thickness-based control offers the same effect as
the second embodiment.

[0095] The different respect between this third embodi-
ment and the second embodiment will be described below
with reference to FIG. 14. FIG. 14 is a section showing the
second substrate 23 to be used for the third embodiment.
Since FIG. 14 is an explanatory view of the form of the in-cell
retardar 25, the color filter 24 and the like are not shown
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therein. The step 40 used for the in-cell retardar is located on
the second substrate 23 so as to properly adjust the thickness
of the in-cell retardar 25.

[0096] Tt is preferable that the step 40 is formed by an
organic insulating film, for example. To form the step, the
etching may becarried out by radiating a ray to the coated film
with the proper portions being hidden by the grayscale mask
or the halftone mask. Or, the other etching may be carried out
by radiating a ray to the portions to be etched. Further, the step
40 may be served as the step 26.

[0097] As described above, like the second embodiment,
the arrangement of the third embodiment makes it possible to
enhance the reflecting contrast ratio though the outside retar-
dar is not used and to thin the overall structure more.

Fourth Embodiment

[0098] In turn, the description will be oriented to the LCD
device according to another embodiment of the invention.
[0099] The fourth embodiment concerns with the VA sys-
tem transflective LCD device arranged so that the liquid crys-
tal molecules are aligned vertically with respect to the sub-
strate when no voltage is applied to the liquid crystal and
rotated horizontally with respect to the substrate when a cer-
tain voltage is applied thereto. This VA system transflective
LCD device uses the optical compensation film and includes
the retardar built inside the liquid crystal cell. This embodi-
ment is arranged to build the retardar in the transflective
VA-LCD. Hence, the structure of this embodiment is made
thinner than that of the prior art.

[0100] The different respect between this embodiment and
the first embodiment will be described below with reference
to FIGS. 15 to 19. FIG. 15 shows a schematic section of the
LCD device according to this fourth embodiment. The LCD
device includes a pair of polarization plates 32a and 325, a
pair of optical compensation films 35a4 and 35b, a liquid
crystal cell 33, and a backlight unit 34.

[0101] The optical compensation films 35a and 355 are
served as the films for optically compensating for a visual
angle. These films are located so as to reduce light leakage
caused when observing a black image on the display in the
oblique direction. It is preferable that the optical compensa-
tion films 35a and 356 are formed as negative C plates each
having a substantially isotropic refractive index on the plane
and a smaller refractive index in the thickness direction than
the refractive index on the plane. The material of the optical
compensation film 35 may be a polycarbonate, polyolefin,
polystyrene, polyester cellulose, or a cellulose acylate family
such as cellulose acetate or cellulose acetate butyrate. From a
total view point, it is preferable to use the cellulose acylate
family, in particular, the cellulose acetate, for the material of
the film 35. The films 354 and 355 located vertically have the
substantially same retardar R, in the thickness direction. The
retardar R, should be about 100 nm. The retardar R, is
defined by the following expression (1);

[Expression 1]

i

+ay 5
)

Rl‘h:(

wherein n,, n, and n, denote refractive indexes on the major
axis of the refractive ellipsoid, in particular, n, and ny denote
refractive indexes on the plane and n_ denotes a refractive
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index in the thickness direction, and d denotes a thickness of
the retardar (herein, the negative C plate).

[0102] FIGS. 16 to 18 are sections of the planar structure of
the liquid crystal cell 33. In particular, FIG. 17 is a schematic
section cut on the D to D' and FIG. 19 is a schematic section
cutonthe E to E'.

[0103] The VA system LCD device is required to have a
projection and a slit to be used for controlling the alignment.
FIG. 16 shows the structure in which the projection 29 is
formed and F1G. 18 shows the structure in which the slit 30 is
formed.

[0104] The projection 29 is located so as to regulate the
orientation of the liquid crystal molecules fallen down when
an electric field is applied to the liquid crystal layer. It is
necessary to regulate the orientation in which the vertically
aligned liquid crystal molecules are fallen down when a volt-
age is applied thereto. Herein, as an example, the projection is
used for regulating the orientation. Instead of it, an electrode
slit may be used as shown in FIG. 19. In the peripheral portion
of the projection 29, the aligning orientation of the liquid
crystal molecules of the liquid crystal layer 31 is inclined
toward the normal of the substrate according to an inclination
of the edge of the projection 29. The projection 29 is formed
of acrylic resin, for example. By photo-etching the acrylic
resin, it is possible to form the projection 29.

[0105] The liquid crystal layer 31 is formed of a liquid
crystal mixture showing a negative dielectric anisotropy, con-
cretely, in which the dielectric constant on the major axis of
the liquid crystal molecules is smaller than that on the minor
axis thereof. The liquid crystal layer 31 uses as its material the
liquid crystal that keeps its state in the nematic phase in the
wide temperature range including a room temperature. Fur-
ther, the liquid crystal layer 31 also uses as its material the
liquid crystal that keeps a sufficiently high transmittance and
such a high resistivity as not bringing about flickers in the
TFT-based driving condition in which the resolution is
QVGA (the number of lines being 240) and the driving fre-
quency is 60 Hz. That is, it is preferable that the resistivity of
the liquid erystal layer 31 is 10" Qem? or more, in particular,
10" Qem? or more.

[0106] The alignment film 17 has a function of vertically
aligning the liquid crystal molecules on the surface of the
substrate. Preferably, the alignment film 17 should be formed
of a polyimide system organic material. An SiO vertical
evaporated film, a surface active agent, or a chrome complex
may be used for forming the alignment film 17.

[0107] The transflective VA-LCD device according to this
fourth embodiment is arranged to built the outside retardar,
which has been conventionally located on the side of the
display portion, in the liquid crystal cell and thus makes it
possible to thin the overall structure more than that of the
conventional transflective VA-LCD device.

Fifth Embodiment

[0108] Inturn, the description will be oriented to the LCD
device according to another embodiment of the invention.

[0109] This embodiment concerns with the transflective
VA-LCD device that makes the color change of the reflected
light smaller by using the in-cell retardar without having to
use the A/2 plate having been conventionally required. This
transflective VA-LCD device is arranged to use the corre-
sponding value with each color pixel for the phase difference
value of the in-cell retardar. This arrangement makes it pos-
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sible to reduce the coloring degree of the reflected light and to
thin the overall body more than that of the fourth embodi-
ment.

[0110] The different respect between this fifth embodiment
and the fourth embodiment will be described with reference
to FIG. 20. FIG. 20 shows a schematic section of the LCD
device according to the fifth embodiment. The LCD device
includes a pair of polarization plates 32a and 325, a pair of
optical compensation films 354 and 355, a liquid crystal cell
33, an outside retardar 37, and a backlight unit 34.

[0111] The section of the planar structure of the liquid
crystal cell is likewise to that shown in FIGS. 16 and 18. The
sectional structure of the liquid crystal cell corresponds to the
structure shown in FIG. 17 or 19 from which the in-cell
retardar 25 is removed.

[0112] Like the second embodiment, this fifth embodiment
is arranged to locate the in-cell retardar having a phase dif-
ference value for each color pixel. This arrangement makes it
possible to improve the color of the reflected light when
displaying a black image, thereby being able to improve the
reflecting contrast ratio. Tables 2A and 2B list the axial loca-
tions and the phase difference values of the retardar of the
prior art, the fourth embodiment and the fifth embodiment.

TABLE 2A
Fourth Fifth
Prior Art Embodiment Embodiment
Polarization 0° 0° 0
Plate
Retardar -105° -105° —
Outside 15° — —
Retardar
Optical 0° 0° 0°
Compensation
Film
In-cell — -15° 45°
Retardar
Liquid Vertical Vertical Vertical
Crystal
Optical 0° 0° 0°
Compensation
Film
Outside -75° -75° -45°
Retardar
Retardar -15° -15° —
Polarization -90° -90° -90°
Plate
TABLE 2B
Fourth Fifth
Prior Art Embodiment Embodiment
Polarization — — —
Plate
Retardar 270 270 —
Outside 138 — —
Retardar
Optical 0 0 0
Compensation
Film
In-cell — 138 Per Pixel
Retardar
Liquid 0 0 0
Crystal
Optical 0 0 0
Compensation
Film
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TABLE 2B-continued

Fourth Fifth
Prior Art Embodiment Embodiment
Outside 138 138 138
Retardar
Retardar 270 270 —
Polarization — — —
Plate

* The unit is (nm).

[0113] To make sure of the effect of this fifth embodiment,
the reflective characteristic was theoretically calculated. Tt
was assumed that An of the liquid crystal is 0.105 and Ae
thereof is —4.8. The LCD device was designed so that the R,
of the liquid crystal is about 175 nm when no voltage is
applied to the liquid crystal (And=0.105 (for the wavelength
of 550 nm) and a cell gap=1.67 um). In this designing condi-
tion, it is preferable that each pixel has the following phase
difference value of the in-cell retardar. That is, R, has a
value of about 157 nm for a wavelength of 650 nm, R, - has
a value of about 132 nm for a wavelength of 550 nm, and
R has avalue of about 450 nm for a wavelength of 450 nm.
In this condition, the reflecting contrast ratio was calculated.
As aresult, as compared with that of the fourth embodiment,
the reflecting contrast ratio of this fifth embodiment was
enhanced triple.

[0114] As described above, the LCD device arranged
according to this embodiment makes it possible to enhance
the reflecting contrast ratio without using the outside retardar
and thereby to thin the overall structure more.

Sixth Embodiment

[0115] Inturn, the description will be oriented to the LCD
device according to another embodiment of the present inven-
tion.

[0116] This sixth embodiment concerns with the TN sys-
tem transflective LCD device that aligns the liquid crystal
molecules substantially in parallel to the substrate when no
voltage is applied to the liquid crystal and keeps twisted at the
initial alignment of the liquid crystal and then rotates the
liquid crystal molecules vertically with respect to the sub-
strate when a voltage is applied to the liquid crystal. This
transflective LCD device is arranged to use the optical com-
pensation film and build the retardar in the liquid crystal cell
so that each color pixel may have the corresponding phase
difference value of the in-cell retardar. The transflective TN-
LCD to which this sixth embodiment is applied makes it
possible to thin the overall body so that the retardar may be
built in the liquid crystal cell and thereby to enhance the
transmissive contrast ratio as compared with the conventional
transflective TN system LCD device that has been used the
outside retardar.

[0117] The different respect between this sixth embodi-
ment and the first embodiment will be described with refer-
ence to FIG. 21. FIG. 21 shows a schematic section of the
LCD device according to this sixth embodiment. The LCD
device includes a pair of polarization plates 32a and 325, a
pair of optical compensation films 35a and 35b, a liquid
crystal cell 33, and a backlight unit 34.

[0118] Theliquid crystallayer 31 is aligned twistedly about
90 degrees. This alignment can be achieved by rubbing the
alignment films located on the first substrate 13 and the sec-
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ond substrate 23 so as to make these alignment films crossed
at right angles. To determine the twisting direction, a chiral
material may be added to the liquid crystal.

[0119] Theabsorption axes of the pair of polarization plates
32a and 235 are located in a manner to be crossed at right
angles. Further, the slow axis of the in-cell retardar and the
absorption axis of the polarization plate are located in a man-
ner to be crossed at about 45 degrees.

[0120] Itis preferable that the pair of optical compensation
films 35a and 35b are the same as those described with respect
to the first or the second embodiment. The axis shown in FIG.
2 is located in parallel to the absorption axis of the polariza-
tion plate closer to the axis shown in FIG. 2.

[0121] Like the second embodiment, the LCD device
according to this sixth embodiment is arranged to locate the
in-cell retardar having the corresponding phase difference
value with each color pixel. This arrangement makes it pos-
sible to improve the color of the reflected light when display-
ing a black image and thereby to enhance the reflecting con-
trast ratio.

[0122] To make sure of the effect of this sixth embodiment,
the reflective characteristic was theoretically calculated. It
was assumed that An of the liquid crystal is 0.095 and Ae
thereof is 5.2. The LCD device was designed so that the
retardar value of the liquid crystal of the reflective portion is
about 200 nm when no voltage is applied to the liquid crystal
(And=0.009 (for a wavelength of 550 nm) and a cell gap=2.02
pm). In this condition, it is preferable that the in-cell retardar
of each color pixel has the corresponding phase difference
value. That is, Ry, » has a value of about 151.4 for a wave-
length of 650 nm, R, ; has a value of about 138.0 nm for a
wavelength of 550 nm, and R, ; has a value of about 115.4
nm for a wavelength of 450 nm. In this condition, the reflect-
ing contrast ratio was calculated. As compared with the case
that the in-cell retardar keeps its retardar value constant, the
reflecting contrast ratio was improved triple.

[0123] As described above, the LCD device arranged
according to the sixth embodiment makes it possible to
enhance the reflecting contrast ratio without having to use the
outside retardar for the reflective portion and thereby to thin
the overall body more.

[0124] Tt should be further understood by those skilled in
the art that although the foregoing description has been made
on embodiments of the invention, the invention is not limited
thereto and various changes and modifications may be made
without departing from the spirit of the invention and the
scope of the appended claims.

1. A liquid crystal display device being arranged as a trans-

flective system comprising:

a first substrate;

a second substrate;

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

a first polarization plate located on the opposite side of the
first substrate to the side on which the liquid crystal layer
1s located,;

a second polarization plate located on the opposite side of
the second substrate to the side on which the liquid
crystal layer is located;

aplurality of pixels formed between the first and the second
substrates, each of the pixels having a reflective area and
a transmissive area;

an in-cell retardar located between the second substrate
and the liquid crystal layer; and
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an optical compensation film located between the first sub-
strate and the first polarization plate or between the
second substrate and the second polarization plate or
both.

2. The liquid crystal display device as claimed in claim 1
being arranged as an ECB system.

3. The liquid crystal display device as claimed in claim 2,
wherein the optical compensation film is composed of a poly-
mer liquid crystal film formed of discotheque liquid crystal
and the aligning direction of the discotheque liquid crystal is
inclined with respect to the surface of the film and is crossed
with the initial aligning direction of the liquid crystal layer of
the side where the optical compensation film is located at
right angles.

4. The liquid crystal display device as claimed in claim 3,
wherein the plurality of pixels are arranged to have red, green
and blue pixels and the in-cell retardar located for the green or
the blue pixel has a larger phase difference value than the
in-cell retardar located for the red pixel.

5. The liquid crystal display device as claimed in claim 4,
wherein the in-cell retardar located for the blue pixel is a
larger phase difference value than the in-cell retardar located
for the green pixel.

6. The liquid crystal display device as claimed in claim 4,
wherein a phase difference value of the in-cell retardar is
quarter or less time as large as a wavelength at which the
highest transmittance is brought about in each of the red, the
green and the blue pixels.

7. The liquid crystal display device as claimed in claim 4,
wherein the in-cell retardar is made with a halftone mask or a
gray scale mask.

8. The liquid crystal display device as claimed in claim 4,
wherein the in-cell retardar has a uniform thickness in each of
the red, the green and the blue pixels and has a different
birefringence in each of the red, the green and the blue pixels.

9. The liquid crystal display device as claimed in claim 4,
wherein the planar phase difference among all the optical
films located between the first polarization plate and the first
substrate is 50 nm or less.

10. The liquid crystal display device as claimed in claim 4,
wherein the planar phase difference among all the optical
films located between the second polarization plate and the
second substrate is 50 nm or less.

11. The liquid crystal display device as claimed in claim 4,
wherein the in-cell retardar is located only on the reflective
area of each of the pixels.

12. The liquid crystal display device as claimed in claim 4,
wherein the in-cell retardar has a uniform birefringence in
each of the red, the green and the blue pixels and has a
difference thickness in each of the red, the green and the blue
pixels.

13. The liquid crystal display device as claimed in claim
12, further comprising a step portion for adjusting the thick-
ness of the in-cell retardar so that the step portion allows the
liquid crystal layer for the transmissive area to be thinner than
the liquid crystal layer for the reflective area.

14. The liquid crystal display device as claimed in claim 4,
wherein the optical compensation film is composed of'a poly-
mer liquid crystal film formed of discotheque liquid crystal
and the aligning direction of the discotheque liquid crystal is
inclined with respect to the surface of the film and is crossed
with the initial aligning direction of the liquid crystal layer of
the side where the optical compensation film is located.
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15. The liquid crystal display device as claimed in claim 1
being arranged as a VA system.

16. The liquid crystal display device as claimed in claim
15, wherein the optical compensation film is a negative C
plate.

17. The liquid crystal display device as claimed in claim
16, wherein the plurality of pixels are arranged to have red,
green and blue pixels, and the in-cell retardar located for the
green or the blue pixel has a larger phase difference value than
the in-cell retardar located for the red pixel.

18. The liquid crystal display device as claimed in claim
17, wherein the in-cell retardar located for the blue pixel has
a larger phase difference value than the in-cell retardar
located for the green pixel.

19. The liquid crystal display device as claimed in claim
17, wherein a phase difference value of the in-cell retardar is
quarter or less time as large as a wavelength at which the
highest transmittance is brought about in each of the red, the
green and the blue pixels.

20. The liquid crystal display device as claimed in claim
17, wherein the in-cell retardar has a uniform thickness in
each of the red, the green and the blue pixels and has a
different birefringence in each of the red, the green and the
blue pixels.
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21. The liquid crystal display device as claimed in claim
17, wherein the planar phase difference among all the optical
films located between the first polarization plate and the first
substrate is 50 nm or less.

22. The liquid crystal display device as claimed in claim
17, wherein the planar phase difference among all the optical
films located between the second polarization plate and the
second substrate is 50 nm or less.

23. The liquid crystal display device as claimed in claim
17, wherein the in-cell retardar is located only on the reflec-
tive area of each of the pixels.

24. The liquid crystal display device as claimed in claim
17, wherein the in-cell retardar has a uniform birefringence in
each of the red, the green and the blue pixels and has a
difference thickness in each of the red, the green and the blue
pixels.

25. The liquid crystal display device as claimed in claim
24, further comprising a step portion for adjusting the thick-
ness of the in-cell retardar so that the step portion allows the
liquid crystal layer for the transmissive area to be thinner than
the liquid crystal layer for the reflective area.
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