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(57) ABSTRACT

A liquid crystal display having a plurality of pixels includes
liquid crystal layer disposed between first and second sub-
strates, first and second polarization plates disposed on the
said opposite to the side where the liquid crystal layer is
disposed with respect to the first and second substrates. The
second substrate includes a pixel electrode on the side of the
liquid crystal layer. Each of the plurality of pixels including
a reflection area and a transmission area is different from a
ratio of the common electrode occupying an aperture in the
reflection area in a place of the pixel and the ratio of the
common electrode occupying the aperture in the reflection
area 1s equal to or larger than 0% and smaller than 100%.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display and more particularly to a transflective liquid crystal
display.

[0002] Aliquid crystal display is a non-light-emitting type
display that displays a picture by adjusting an amount of
transmitted light differently from a self-light-emitting type
display represented by a cathode ray tube (CRT) and a
plasma display panel (PDP). The liquid crystal display is
characterized by thinness, light weight and low power
consumption.

[0003] As the liquid crystal display, there are a transmis-
sive liquid crystal display that has a light source (hereinafter
referred to as backlight) disposed at the back thereof and can
adjust an amount of transmitted light from the light source
to display a picture and a reflection liquid crystal display that
utilizes external light such as indoor illumination and sun-
light and makes the external light enter the display from the
surface thereof so that an amount of reflected light of the
external light can be adjusted to display a picture. Further-
more, there is a liquid crystal display (hereinafter referred to
as transflective liquid crystal display) that can be used as a
reflection liquid crystal display in light surroundings and be
used as a transmissive liquid crystal display in dark sur-
roundings. The transflective liquid crystal display has the
reflection type and transmission type display functions and
can put off the backlight in light surroundings to thereby
reduce the power consumption. In addition, the backlight
can be turned on to thereby obtain the visibility in dark
surroundings. That is, the transflective liquid crystal displays
are suitable for liquid crystal displays used in portable
apparatuses such as portable telephones and digital cameras
supposed to be used in various surroundings.

[0004] The transflective liquid crystal display is required
to arrange a transmission area and a reflection area in a pixel
independently and design respective retardations in the
transmission and reflection areas optimally as described in
JP-A-2000-187220. This requirement is achieved by pro-
viding a step in the reflection area and reducing the thickness
of a liquid crystal layer in the reflection area to about half of
that in the transmission layer.

[0005] Further, in the transmissive liquid crystal display of
the vertical alignment (hereinafier abbreviated to VA) sys-
tem, as described in JP-A-2004-38165, the pixel is divided
into two areas to make the two areas have different electro-
optical characteristics, so that the y-shift in case where the
display is observed from the oblique direction is reduced.
The y characteristic is expressed by a numerical value
representing the gradation or gray scale characteristic and
when the numerical value is different in the observation
direction, it is shown that the gradation is different depend-
ing on the observation direction.

SUMMARY OF THE INVENTION

[0006] As described above, the transflective liquid crystal
display can obtain satisfactory visibility in various surround-
ings of illumination. However, in order to optimize the
retardations in the transmission area and the reflection area,
it is necessary to provide the step structure in the reflection
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area. There arises a problem that the step structure reduces
an effective area in the pixel and the contrast ratio or the
aperture ratio is further reduced due to disturbance in
alignment of the liquid crystal caused by the step structure.

[0007] Moreover, in the transmissive liquid crystal display
of the VA system, since the pixel is divided into two parts or
areas for the purpose of reduction in the y-shift to make the
two areas have different electro-optical characteristics, it is
necessary to provide a new pixel capacity or new thin film
transistor (TFT) and accordingly there is a problem that the
aperture ratio is reduced and the cost is increased.

[0008] Tt is an object of the present invention to provide a
liquid crystal display capable of displaying a picture with
high picture quality without complicating pixel structure in
one pixel while suppressing reduction in the aperture ratio.

[0009] In order to solve the above problems, according to
the present invention, the liquid crystal display including a
plurality of pixels, comprises a liquid crystal layer disposed
between first and second substrates, a first polarization plate
disposed on the side opposite to the side where the liquid
crystal layer is disposed with respect to the first substrate,
and a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed with
respect to the second substrate. The second substrate
includes a pixel electrode on the side of the liquid crystal
layer and the first substrate includes a common electrode on
the side of the liquid crystal layer. Each of the plurality of
pixels includes a reflection area and a transmission area. A
ratio of the common electrode occupying an aperture in the
transmission area is different from a ratio of the common
electrode occupying an aperture in the reflection area in a
plane of one pixel and the ratio of the common electrode
occupying the aperture in the reflection area is equal to or
larger than 0% and smaller than 100%.

[0010] Further, in the transflective liquid crystal display
having the same structure as above, the ratio of the pixel
electrode occupying the aperture in the transmission area is
different from the ratio of the pixel electrode occupying the
aperture in the transmission area in the plane of one pixel
and the ratio of the common electrode occupying the aper-
ture in the reflection area is equal to or larger than 0% and
smaller than 100%.

[0011] Moreover, in the transflective liquid crystal display
having the same structure as above, the ratio of the common
electrode occupying the aperture in the transmission area is
different from the ratio of the common electrode occupying
the aperture in the reflection area in the plane of one pixel
and the ratio of the common electrode occupying the aper-
ture in the reflection area is equal to or larger than 0% and
smaller than 100%. The ratio of the pixel electrode occu-
pying the aperture in the transmission area is different from
the ratio of the pixel electrode occupying the aperture in the
reflection area in the plane of one pixel and the ratio of the
pixel electrode occupying the aperture in the reflection area
is equal to or larger than 0% and smaller than 100%.

[0012] Furthermore, according to the present invention,
the liquid crystal display including a plurality of pixels,
comprises a liquid crystal layer disposed between first and
second substrates, a first polarization plate disposed on the
side opposite to the side where the liquid crystal layer is
disposed with respect to the first substrate, and a second
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polarization plate disposed on the side opposite to the side
where the-liquid crystal layer is disposed with respect to the
second substrate. The second substrate includes a pixel
electrode on the side of the liquid crystal layer and the first
substrate includes a common electrode on the side of the
liquid crystal layer. Each of the plurality of pixels includes
a first sub-pixel and a second sub-pixel. The ratio of the
common electrode occupying the aperture in the first sub-
pixel is different from the ratio of the common electrode
occupying the aperture in the second sub-pixel in a plane of
one pixel and the ratio of the common electrode occupying
the aperture in the first sub-pixel is equal to or larger than 0%
and smaller than 100%.

[0013] Further, in the transflective liquid crystal display
having the same structure as above, a ratio of the pixel
electrode occupying an aperture in the first sub-pixel is
different from a ratio of the pixel electrode occupying an
aperture in the second sub-pixel in the plane of one pixel and
the ratio of the pixel electrode occupying the aperture in the
first sub-pixel is equal to or larger than 0% and smaller than
100%.

[0014] Furthermore, in the transflective liquid crystal dis-
play having the same structure as above, the ratio of the
common electrode occupying the aperture in the first sub-
pixel is different from the ratio of the common electrode
occupying the aperture in the second sub-pixel in the plane
of one pixel and the ratio of the common electrode occu-
pying the aperture in the first sub-pixel is equal to or larger
than 0% and smaller than 100%. The ratio of the pixel
electrode occupying the aperture in the first sub-pixel is
different from the ratio of the pixel electrode occupying the
aperture in the second sub-pixel in the plane of one pixel and
the ratio of the pixel electrode occupying the aperture in the
first sub-pixel is equal to or larger than 0% and smaller than
100%.

[0015] There can be provided the liquid crystal display
capable of displaying a picture with high picture quality
without complicating the pixel structure in one pixel while
suppressing reduction in the aperture ratio.

[0016] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1 is a sectional view showing an embodiment
of a liquid crystal display according to the present invention;

[0018] FIG. 2 is a diagram showing the relation of retar-
dation films and optical axes of polarization plates in FIG.
I

[0019] FIG. 3 is a sectional view showing an embodiment
of a liquid crystal cell in FIG. 1;

[0020] FIG. 4 is an equivalent circuit diagram showing a
pixel display area in FIG. 1;

[0021] FIG.5isaplan view showing an example of a pixel
on a second substrate in FIG. 3;

[0022] FIG. 6 isa plan view showing an example of a pixel
on a first substrate in FIG. 3;
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[0023] FIG. 7 is a plan view showing another example of
a pixel on the first substrate in FIG. 3;

[0024] FIG. 8 is a diagram showing the relation of retar-
dation films and optical axes of polarization plates in FIG.
9

[0025] FIG.9is a sectional view showing another embodi-
ment of a liquid crystal cell in FIG. 1;

[0026] FIG. 10 is a plan view showing an example of a
pixel on a first substrate in FIG. 9,

[0027] FIG. 11 is a plan view showing an example of a
pixel on a second substrate in FIG. 9;

[0028] FIG. 12 is a sectional view showing another
embodiment of the liquid crystal cell in FIG. 1,

[0029] FIG. 13 is a plan view showing an example of a
pixel on a first substrate in FIG. 12;

[0030] FIG. 14 is a plan view showing an example of a
pixel on a second substrate in FIG. 12;

[0031] FIG. 15 is a plan view showing another example of
a pixel on the second substrate in FIG. 12;

[0032] FIG. 16 is a sectional view showing the second
substrate in FIG. 15;

[0033] FIG. 17 is a sectional view showing another
embodiment of a liquid crystal display according to the
present invention;

[0034] FIG. 18 is a sectional view showing an embodi-
ment of a liquid crystal cell in FIG. 17;

[0035] FIG. 19 is a plan view showing an example of a
pixel on a first substrate in FIG. 18;

[0036] FIG. 20 is a plan view showing an example of a
pixel on a second substrate in FIG. 18,

[0037] FIG. 21 is a graph explaining voltage-to-transmis-
sivity characteristics of the embodiment 1 of the present
invention;

[0038] FIGS. 22A and 22B are diagrams explaining align-
ment of liquid crystal of an embodiment 3, of the present
invention;

[0039] FIG. 23 is a graph explaining the voltage-to-trans-
missivity characteristics of the embodiments 1 and 6 of the
present invention;

[0040] FIG. 24 is a graph explaining voltage-to-transmis-
sivity characteristics of an embodiment 7 of the present
invention; and

[0041] FIGS. 25A, 25B and 25C are graphs showing y
characteristics of the liquid crystal display of the embodi-
ment 7 of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0042] Embodiments of the present invention are
described with reference to the accompanying drawings.

Embodmient 1

[0043] The embodiment is now described with reference
to the drawings. A liquid crystal display of the embodiment
constitutes a transflective liquid crystal display of the VA
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system in which liquid crystal molecules are aligned verti-
cally to a substrate upon no application of voltage and
aligned substantially horizontally to the substrate upon
application of voltage and in such a liquid crystal display a
ratio of a common electrode 21 occupying an aperture in a
transmission area is different from that in a reflection area
and the ratio of the common electrode 21 occupying the
aperture in the reflection area is equal to or larger than 0%
and smaller than 100%. By using this liquid crystal display,
the ratio dg/d of the thickness di, of the reflection area and
the thickness d.. of the transmission area can be made equal
to or larger than 0.5 and smaller than or equal to 1.
Consequently, the aperture ratio can be improved and the
cost can be reduced since the production process can be
decreased.

[0044] Further, the ratio of the electrode occupying the
aperture in the reflection area is made smaller than that in the
transmission area. Consequently, a difference can be pro-
duced between effective voltages applied to liquid crystal
layers in the aperture areas in the transmission area and the
reflection area. That is, the effective voltage applied to the
liquid crystal layer in the reflection area can be reduced to
thereby reduce the in-plane retardation of the liquid crystal
layer in the reflection area to half of that in the transmission
area. Accordingly, the step in the reflection area in the above
problems can be eliminated to attain the stepless transflec-
tive liquid crystal display.

[0045] Moreover, since sub-pixels can be structured in the
same manner, the y characteristic can be also improved in the
liquid crystal display of the VA system.

[0046] The aperture described here is defined to be an area
transmitting light for the transmission area and an area
reflecting light for the reflection area in one pixel.

[0047] FIG. 1 is a sectional view showing the liquid
crystal display of the embodiment.

[0048] The liquid crystal display of the embodiment is
constituted by a liquid crystal panel having a pair of polar-
ization plates and a backlight. More particularly, the liquid
crystal panel includes a liquid crystal cell 10 disposed
between first and second polarization plates 11 and 12. First
and second retardation films 13, 14 and a first negative
C-plate 34 are disposed between the first polarization plate
11 and the liquid crystal cell 10. A second negative C-plate
35 and third and fourth retardation films 15, 16 are disposed
between the second polarization plate 12 and the liquid
crystal cell 10. Further, a backlight unit 17 is disposed on the
opposite side to the liquid crystal cell 10 of the second
polarization plate 12.

[0049] The first and second polarization plates 11 and 12
are constituted by a polyvinyl alcohol (hereinafter abbrevi-
ated to PVA) layer formed by making iodine be absorbed
and stretched and a protection film for protecting the PVA
layer. In order to attain normally-closed state, absorption
axes of the first and second polarization plates 11, 12 are
arranged substantially vertically.

[0050] Further, the phase difference between the first and
fourth retardation films 13 and 16 is set to 2 wavelength and
the first and fourth retardation films 13 and 16 are made of
polycarbonate or norbornene resin.

[0051] Furthermore, the phase difference between the sec-
ond and third retardation films 14 and 15 is set to Y%
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wavelength and the second and third retardation films are
made of polycarbonate or norbornene resin.

[0052] The combination of the first and second retardation
films 13, 14 and the combination of the third and fourth
retardation films 15, 16 can attain a broadband Y:-wave-
length plate having small dependence on wavelength.

[0053] Further, the first and second negative C-plates 34
and 35 are disposed in order to reduce leakage of light when
the display is observed from the oblique direction upon
displaying black. The first and second negative C-plates 34
and 35 can be made of cellulose acylate class such as
cellulose acetate and cellulose acetate butylate, polycarbon-
ate, polyolefin, polystyrene, polyester or the like. Syntheti-
cally considered, cellulose acylate class is desirable and
particularly cellulose acetate is desirable. It is desirable that
the retardations Rth in the thickness direction of the first and
second negative C-plates are substantially equal to each
other. The retardation Rth is defined by the following
expression (1):

where n,, n, and n,, represent refractive indexes in the
major-axis direction of a refractive-index ellipsoid, n, and n,,
refractive indexes in the in-plane direction thereof and n,, a
refractive index in the thickness direction thereof. Further, d
represents thickness of the retardation film.

[0054] The negative C-plates have the in-plane refractive
index that is approximately isotropic and have the smaller
refractive index in the thickness direction as compared with
that in the in-plane direction.

[0055] The backlight unit 17 includes light emitting
diodes (LED) constituting light sources, optical waveguide
and diffuser. The light emitting diodes desirably emits white
light but may be LED emitting three-color light of red, green
and blue (RGB). Further, the backlight unit 17 may be of any
structure as far as it can illuminate the liquid crystal cells
from the back thereof and the light sources and the structure
thereof are not limited to the above. For example, even if
CCFL is used as the light sources, the effects of the present
invention can be attained.

[0056] FIG. 2 is a schematic diagram showing the relation
of retardation films and optical axes of polarization plates
according to the liquid crystal display of the embodiment.

[0057] In order to achieve broadband circular polarization
plates, it is necessary to dispose the retardation films as
shown in FIG. 2.

[0058] Delay phase axes of the first and fourth retardation
films 13 and 16 are substantially orthogonal to each other
and slow axis of the second and third retardation films 14
and 15 are also substantially orthogonal to each other.
Further, the relation of the absorption axes of the first and
second polarization plates 11, 12 and the slow axis of the
first to fourth retardation films is set so that, when the
absorption axis of the first polarization plate 11 is set to 0
degree, the slow axis of the first, second, third and fourth
retardation films 13, 14, 15 and 16 are -105, 15, =75 and -15
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degrees, respectively, and the absorption axis of the second
polarization plate 12 is 90 degrees.

[0059] Further, the arrangement of the retardation films
shown is an example and is not limited to the above
arrangement.

[0060] FIG. 3 is a sectional view showing the liquid
crystal cell 10 of FIG. 1 taken along line A-A' of FIG. 5 and
line of FIG. 6 corresponding to line A-A' of FIG. 5.

[0061] The transflective liquid crystal display of the
embodiment includes a transmission area (T part of FIG. 3)
and a reflection area (R part of FIG. 3) in one pixel. The
liquid crystal cell 10 includes a first substrate 18, a liquid
crystal layer 20 and a second substrate 19. The liquid crystal
layer 20 is disposed between the first and second substrates
18 and 19. The first substrate 18 includes a color filter 23, a
common electrode 21 and a first alignment film 24 on the
side of the liquid crystal layer 20 of the first substrate 18, and
the second substrate 19 includes a pixel electrode 22 and a
second alignment film 25 on the side of the liquid crystal
layer 20 of the second substrate 19. That is, a common
electrode 21, a color filter 23 and a first alignment film 24
are disposed adjacent to the first substrate 18 on the side of
the liquid crystal layer 20 of the first substrate 18, and a pixel
electrode 22 and a second alignment film 25 are disposed
adjacent to the second substrate 19 on the side of the liquid
crystal layer 20 of the second substrate 19. A reflecting plate
26 is disposed in the reflection area on the side of the liquid
crystal layer 20 of the second substrate 19. A protrusion 36
for controlling alignment is disposed on the side of the liquid
crystal layer 20 of the common electrode 21. Further, a light
shielding part or black matrix 37 is disposed on the side of
the liquid crystal layer 20 of the second substrate 19 and a
step 44 is disposed in an area corresponding to the reflection
area on the side of liquid crystal layer 20 of the first substrate
18.

[0062] Further, the first and second substrates 18 and 19
are transparent so that the substrates transmit light and can
be made of glass or high-molecular film, for example. The
high-molecular film is desirably plastic and polyether sul-
phone (hereinafter abbreviated to PES). However, since air
penetrates plastic and PES, it is necessary to form a gas
barrier on the surface of the substrate. The gas barrier is
desirably formed of film of silicon nitride.

[0063] The liquid crystal layer 20 is constituted by a liquid
crystal composition showing the negative dielectric isotropy
having the dielectric constant in the major-axis direction of
the liquid crystal molecules smaller than that in the minor-
axis direction. As liquid crystal material of the liquid crystal
layer 20, material showing the nematic phase in the wide
range containing the room temperature area is used. Further,
material showing the high electrical resistivity with which
the transmission factor is sufficiently held during the hold
time and flicker is not produced in driving conditions using
thin film transistors (TFT), for example in the resolution of
QVGA (the number of lines is 240) and the driving fre-
quency of 60 Hz is used as the liquid crystal material. That
is, the resistivity of the liquid crystal layer 20 is desirably
equal to orlarger than 10"*CQem? and particularly 10"Qcm®.

[0064] The first and second alignment films 24, 25 have
the function for vertically aligning liquid crystal molecules
on the surface of the substrates. The first and second

May 24, 2007

alignment films 24, 25 are desirably made of polyimide
organic film but may be made of SiO vertically evaporated
film, surface active agent or chrome complex.

[0065] The protrusion 36 for controlling alignment is
disposed in order to restrict directions of the liquid crystal
molecules falling down upon application of voltage. It is
necessary to restrict the direction in which the vertically
aligned liquid crystal molecules fall down by voltage. In the
embodiment, the protrusion is used by way of example,
although the measures for controlling alignment are not
limited thereto and an electrode slit, for example, may be
used therefor. The alignment direction of the liquid crystal
molecules in the liquid crystal layer 20 are inclined with
respect to the normal-line direction of the substrate in
accordance with inclination of the protrusion 36 in the
peripheral area of the protrusion 36. The protrusion 36 is
made of acrylic resin, for example, by means of photoetch-
ing. In FIG. 5, two protrusions 36 are formed in one pixel,
although the number of protrusions is not limited thereto and
one or more protrusions may be disposed in one pixel. The
protrusions 36 are desirably disposed at substantially equal
spaces.

[0066] The black matrix 37 is disposed in order to cut off
leakage of light caused by disturbance in alignment of the
liquid crystal in the periphery of the protrusion 36. The black
matrix 37 can be made of opaque material such as metal and
is desirably made of chromium, tantalum-molybdenum,
tantalum, aluminum, copper or the like.

[0067] The color filter 23 includes red, green and blue
areas arranged for each pixel and transmitting red, green and
blue light, respectively. Such arrangement includes striped
arrangement and deltoid arrangement, for example.

[0068] The common electrode 21 is made of transparent
conductive material such as, for example, indium tin oxide
(ITO) and zinc oxide (ZnQ).

[0069] The reflecting plate 26 is disposed in order to
reflect external light incident from the side of the first
substrate 18 upon displaying by reflection. The reflecting
plate 26 has unevenness in order to diffuse the reflected
light.

[0070] Further, since the reflecting plate 26 is connected to
the pixel electrode 22 in order to set the transmission area
and the reflection area to the same potential, the reflecting
plate 26 can fill the role of the pixel electrode in the
reflection area and is made of metal having high conduc-
tivity. Particularly, the reflecting plate 26 is made of silver or
aluminum having high reflection factor in the visible area
and excellent conductivity.

[0071] The step 44 is made of resist material and is
disposed in order to make the voltage-to-transmissivity
characteristic of the transmission area equal to that of the
reflection area.

[0072] Referring now to FIGS. 4 and 5, the pixel electrode
22 is described.
[0073] FIG. 4 is an equivalent circuit diagram of pixels

arranged into a matrix constituting a pixel display area.
There are signal lines 28 and scanning lines 29 in the pixel
area. The area enclosed by the signal line 28 and the
scanning line 29 constitutes one pixel. The signal lines and
the scanning lines are substantially orthogonal to each other
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and at least one thin film transistor (hereinafter abbreviated
to TFT) is disposed in each of intersections of the signal
lines and the scanning lines. The TFT 30 is connected to a
through-hole 27 and the through-hole 27 is connected to the
pixel electrode 22 although not shown. In addition, at least
one storage capacitor 31 is disposed in one pixel and a pixel
signal held therein is prevented from leaking.

[0074] Further, the active matrix driving method using the
TFT 30 in one pixel is described by way of example,
although even if the passive matrix driving method is used,
the embodiment can attain the same effects.

[0075] The signal line 28 is applied with a voltage signal
for controlling the liquid crystal layer 20 and the scanning
line 29 is applied with a signal for controlling the TFT 30.
The signal line 28 and the scanning line 29 are desirably
made of low-resistance conductive material such as, for
example, chromium, tantalum-molybdenum, tantalum, alu-
minum and copper.

[0076] FIG.5is a plan view showing a pixel on the second
substrate 19.

[0077] The reflection area and the transmission area are
formed in one pixel and the transmission area is further
divided into two parts. In FIG. 5, a second transmission area,
a first transmission area and a reflection area are formed in
order of the description from the side of thin film transistor
(TFT) (side where a source electrode 33 is disposed),
although the order of forming the areas is not limited thereto.
The TFT 30 has the inverse-staggered structure and includes
a channel part having a semiconductor layer 32 and the
through-hole 27 for connecting the pixel electrode 22 and
the source electrode 33.

[0078] The pixel electrode 22 is disposed in order to apply
an electric field to the liquid crystal layer 20 and is made of
transparent conductive material such as, for example,
indium tin oxide (ITO) and zinc oxide (ZnO) in the same
manner as the common electrode.

[0079] Description of the embodiment is directed to the
transflective liquid crystal display of the VA system in which
the liquid crystal molecules are aligned vertically to the
substrate upon no application of voltage and aligned sub-
stantially horizontally to the substrate upon application of
voltage, wherein the ratio of common electrode 21 occupy-
ing the aperture in the transmission area is different from that
in the reflection area and the ratio of the common electrode
21 occupying the aperture in the reflection area is equal to
or larger than 0% and smaller than 100%.

[0080] Consequently, a difference occurs between effec-
tive voltages applied to the liquid crystal layers 20 in the
transmission area and the reflection area. Accordingly,
An_>An, upon application of voltage and the condition that
the voltage-to-transmissivity (reflectivity) characteristics of
the transmission area and the reflection area are coincident
with each other becomes d>d-/2 (particularly, 2An_=An, is
desirable in order to set dg=d-).

[0081] As described above, the effect that the liquid crystal
display capable of displaying a picture with high picture
quality without complicating the pixel structure while sup-
pressing reduction in the aperture ratio can be provided is
attained.
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[0082] Concretely, the structure in which a difference
occurs between effective voltages applied to the liquid
crystal layers 20 in the transmission area and the reflection
area is now described. Such occurrence of the difference can
be attained by using the common electrode 21 as shown in
FIG. 6, for example.

[0083] FIG. 6is a plan view showing one pixel on the first
substrate 18. An inter-digital electrode 41 is formed in the
reflection area of the common electrode 21 shown in FIG. 6.
The electrode formed in the reflection area of the common
electrode 21 is not limited to the inter-digital electrode 41
but it may be a mesh electrode 42 as shown in FIG. 7, for
example.

[0084] FIG. 21 is a graph showing the result of theoretical
calculation for the voltage-to-transmissivity characteristic.
(a) of FIG. 21 represents a curve in case where the ratio of
the common electrode 21 occupying the aperture is 60% and
(b) of FIG. 21 represents a curve in case where the ratio of
the common electrode 21 occupying the aperture is 100%.

[0085] In the case (a) of FIG. 21, threshold voltage and
voltage indicating the half tone are shifted to a high-voltage
side as compared with the case (b) of FIG. 21. This means
that the transmissivity in the case (a) is about 82% of the
transmissivity in the case (b) upon application of 4 V, for
example. In other words, when the case (a) is used for the
common electrode 21 in the reflection area and the case (b)
is used for the common electrode 21 in the transmission
area, the relation of An>An; can be realized upon applica-
tion of voltage. Accordingly, the structure of the embodi-
ment can attain the relation of d/d>0.5.

Embodiment 2

[0086] Another embodiment of a liquid crystal display
according to the present invention is now described.

[0087] Description of the embodiment is directed to the
transflective liquid crystal display of the electrically con-
trolled birefringence (hereinafter abbreviated to ECB) sys-
tem in which the liquid crystal molecules are aligned sub-
stantially horizontally to the substrate upon no application of
voltage and aligned substantially vertically to the substrate
upon application of voltage, wherein the ratio of common
electrode 21 occupying the aperture in the transmission area
is different from that in the reflection area and the ratio of the
common electrode 21 occupying the aperture in the reflec-
tion area is equal to or larger than 0%-and smaller than
100%.

[0088] By using the liquid crystal display of the embodi-
ment, the ratio di/d of the thickness d of the reflection area
and the thickness d. of the transmission area can be set to be
equal to or larger than 0.5 and smaller than or equal to 1.
Consequently, the aperture ratio can be improved and further
the cost can be reduced since the production process can be
decreased.

[0089] The sectional structure of the liquid crystal display
of the embodiment is the same as that of FIG. 1 but the liquid
crystal cell 10 is changed from the VA system to the ECB
system.

[0090] FIG. 8 is a diagram showing the relation of the
optical axes of the retardation films and the polarization
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plates according to the liquid crystal display of the embodi-
ment in the normally closed state.

[0091] In order to achieve the broadband circular polar-
ization plate having small dependence on wavelength, it is
necessary to dispose the retardation films as shown in FIG.
8. Delay phase axes of the first and fourth retardation films
13 and 16 are substantially orthogonal to each other and
delay phase axes of the second and third retardation films 14
and 15 are also substantially orthogonal to each other.
Further, the relation of the absorption axes of the first and
second polarization plates 11 and 12 and the delay phase
axes of the first to fourth retardation films are set so that,
when the absorption axis of the first polarization plate 11 is
set to 0 degree, the delay phase axes of the first, second, third
and fourth retardation films 13, 14, 15 and 16 are -105, 15,
=75 and -15 degrees, respectively, and the absorption axis
of the second polarization plate 12 is -90 degrees.

[0092] FIG. 9 is another sectional view showing the liquid
crystal cell 10 of FIG. 1 taken along line B-B' of FIG. 11 and
line of FIG. 6 corresponding to line B-B' of FIG. 11.

[0093] The transfective liquid crystal display of the
embodiment includes the transmission area (T part of FIG.
9) and the reflection area (R part of FIG. 9) in one pixel. The
liquid crystal cell 10 includes the first substrate 18, the
second substrate 19 and the liquid crystal layer 20 disposed
between the first and second substrate. The first substrate 18
includes a color filter 23, a common electrode 21 and a first
alignment film 24 on the side of the liquid crystal layer 20
of the first substrate 18, and the second substrate 19 includes
a pixel electrode 22 and a second alignment film 25 on the
side of the liquid crystal layer 20 of the second substrate 19.
That is, a common electrode 21, a color filter 23 and a first
alignment film 24 are disposed adjacent to the first substrate
18 on the side of the liquid crystal layer 20 of the first
substrate 18, and a pixel electrode 22 and a second align-
ment film 25 are disposed adjacent to the second substrate 19
on the side of the liquid crystal layer 20 of the second
substrate 19. The reflecting plate 26 is disposed in the
reflection area on the side of the liquid crystal layer .20 of
the second substrate 19 and the step 44 is disposed in the
reflection area on the side of liquid crystal layer 20 of the
first substrate 18.

[0094] The liquid crystal layer 20 is constituted by a liquid
crystal composition showing the positive dielectric isotropy
having the dielectric constant in the major-axis direction of
the liquid crystal molecules larger than that in the minor-axis
direction. As liquid crystal material thereof, material show-
ing the nematic phase in the wide range containing the room
temperature area is used. Further, material showing the high
electrical resistivity with which the transmission factor is
sufficiently held during the hold time and flicker is not
produced in driving conditions using thin film transistors
(TFT), for example in the resolution of QVGA (the number
of lines is 240) and the driving frequency of 60 Hz is used
as the liquid crystal material. That is, the resistivity of the
liquid crystal layer 20 is desirably equal to or larger than
10 'Qem? and particularly 10 Qem?.

[0095] The alignment state of the liquid crystal layer 20 is
desirably set so that the twist angle is equal to or larger than
0 degree and smaller than or equal to 90 degrees between the
first and second substrates 18 and 19. Further, the liquid
crystal layer 20 is aligned substantially horizontally to the
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substrate but it desirably has a pretilt angle equal to or larger
than 0 degree and smaller than 10 degrees in the vicinity of
interfaces with the first and second substrates 18, 19. The
arrangement of the retardation films shown is an example
and is not limited to the above arrangement.

[0096] In the embodiment, the twist angle of the liquid
crystal layer 20 is desirably 0 degree and the phase differ-
ence of the liquid crystal layer 20 upon no application of
voltage is desirably Y4 wavelength.

[0097] FIG. 10 is a plan view showing one pixel on the
first substrate 18.

[0098] An inter-digital electrode 41 is formed in the
reflection area of the common electrode 21 shown in FIG.
10. In this manner, by using the common electrode 21
constituted by the inter-digital electrode in the reflection
area, an electric field applied to the liquid crystal layer 20 in
the reflection area can be made small as compared with the
transmission area. Accordingly, when voltage is applied, a
difference occurs in retardation in planes of the transmission
and reflection areas. However, since this effect can be
obtained by making the ratio of the area of effective pixel in
the reflection area and the area of the electrode smaller than
that in the transmission area, the shape of the common
electrode 21 in the reflection area is not limited to the
inter-digital shape and a mesh electrode, for example, may
be used as far as the common electrode has the electrode
structure in which electrodes are disposed at regular inter-
vals.

[0099] FIG. 11 is a plan view showing one pixel on the
second substrate 19. The transflective liquid crystal display
is required to have the reflecting plate for reflecting incident
light. Accordingly, as shown in FI1G. 11, the reflecting plate
26 for reflecting incident light is disposed in the reflection
area.

[0100] In the above structure, the ratio of the area for
effective pixel and the area for the common electrode 21 in
the reflection area is made smaller than the ratio of the area
for effective pixel and the area for the common electrode 21
in the transmission area. Consequently, a difference can be
produced between effective voltages applied to liquid crystal
layers 20 in the transmission area and the reflection area.
Accordingly, Anp>Ang upon application of voltage and the
condition that the voltage-to-transmissivity (reflectivity)
characteristics of the transmission area and the reflection
area become dp>d/2 from the expression (1), so that the
aperture ratio can be improved and the cost is reduced since
the production process is decreased.

Embodiment 3

[0101] Another embodiment of a liquid crystal display
according to the present invention is now described.

[0102] The liquid crystal display of the embodiment is
directed to the transflective liquid crystal display of the VA
system in which two-domain alignment is achieved to have
high transmission factor. In the embodiment, the ratio of
common electrode 21 occupying the aperture in the trans-
mission area is different from that in the reflection area and
the ratio of the common electrode 21 occupying the aperture
in the reflection area is equal to or larger than 0% and
smaller than 100% in the same manner as the embodiments
1 and 2. By using this liquid crystal display, the ratio dg/d
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of the thickness d; of the reflection area and the thickness d-.
of the transmission area can be made equal to or larger than
0.5 and smaller than or equal to 1. Consequently, the
aperture ratio can be improved and the cost can be reduced
since the production process can be decreased.

[0103] FIG. 12 is another sectional view of the liquid
crystal cell 10 of FIG. 1 in the transflective liquid crystal
display of the VA system taken along line C-C' of FIG. 14
and line of FIG. 13 corresponding to line C-C' of FIG. 14.
The fundamental structure thereof is the same as that of the
embodiment 1.

[0104] FIG. 13 is a plan view showing one pixel on the
first substrate 18 of FIG. 12. A first electrode slit 39 for
controlling alignment is disposed between the reflection area
and the transmission area. The electrode slit is disposed in
order to restrict directions in which the vertically aligned
liquid crystal molecules fall down by voltage. The common
electrode 21 in the reflection area includes an inter-digital
electrode 41.

[0105] FIG. 14 is a plan view showing one pixel on the
second substrate 19 of FIG. 12. Second electrode slits 40 for
controlling alignment are disposed in the substantially
middle portions of the transmission area and the reflection
area.

[0106] FIGS. 22A and 22B show alignment states of the
liquid crystal molecules in the liquid crystal layer 20 dis-
posed between the pair of substrates of FIG. 12. FIG. 22A
shows an alignment state of the liquid crystal molecules
when a voltage is not applied and FIG. 22B shows another
alignment state of the liquid crystal molecules when a
voltage sufficiently larger than the threshold voltage is
applied. T part of FIG. 22 is supposed as the transmission
area and the ratio of the common electrode 21 occupying the
aperture is 100%. R part of FIG. 22 is supposed as the
reflection area and the ratio of the common electrode 21
occupying the aperture is 60%. At this time, the thickness of
the liquid crystal layer 20 is 3 wm and the common elec-
trodes 21 are disposed at intervals of the sum of the width
of the electrode part equal to 5 wm and the slit between the
electrode parts equal to 4 um in the falling-down direction
of liquid crystal molecules.

[0107] The structure of the embodiment constitutes the
two-domain structure in each of the reflection and the
transmission areas. The tilt angle from the normal-line
direction of the substrate of the liquid crystal molecules is
different in accordance with electric field in the transmission
area (T part of FIG. 22B) and the reflection area (R part of
FIG. 22B). Hence, the relation of An>Any, is realized upon
application of voltage. Accordingly, the relation of dy>d/2
can be achieved by the structure of the embodiment. Further,
since the protrusion 36 for controlling alignment is not
required, the liquid crystal display having high aperture ratio
and high transmission factor can be attained.

Embodiment 4

[0108] Another embodiment of the second substrate of the
liquid crystal display according to the present invention is
now described.

[0109] In the transflective liquid crystal display of the
embodiment, the ratio of the pixel electrode 22 occupying
the aperture in the transmission area is different from that in

May 24, 2007

the reflection area and the ratio of the pixel electrode 22
occupying the aperture in the reflection area is equal to or
larger than 0% and smaller than 100%. By using this
structure, the ratio dg/d of the thickness dy of the reflection
area and the thickness d. of the transmission area can be
made equal to or larger than 0.5 and smaller than or equal to
1. Consequently, the aperture ratio can be improved and the
cost can be reduced since the production process can be
decreased.

[0110] The embodiment is different from the embodiment
2 in that the structure of the common electrode 21 and the
pixel electrode 22 is changed and other fundamental struc-
ture is the same as that of the embodiment 2.

[0111] Inthe embodiments 1 to 3, the ratio of the common
electrode 21 occupying the aperture in the transmission area
is different from that in the reflection area and the ratio of the
common electrode 21 occupying the aperture in the reflec-
tion area is made equal to or larger than 0% and smaller than
100%, so that the ratio dgp/d; of the thickness d; of the
reflection area and the thickness d of the transmission area
can be made equal to or larger than 0.5 and smaller than or
equal to 1. The same effects can be attained even when the
ratio of the pixel electrode 22 occupying the aperture in the
transmission area is different from that in the reflection area
and the ratio of the pixel electrode occupying the aperture in
the reflection area is made equal to or larger than 0% and
smaller than 100%. At this time, the common electrode can
be made to be allover.

[0112] FIG. 15 is a plan view showing one pixel on the
second substrate 19. The reflecting plate 26 is disposed in the
reflection area on the side of the liquid crystal layer 20 of the
second substrate 19. The pixel electrode 22 in the reflection
area in which the reflecting plate 26 is disposed includes the
inter-digital electrode 41.

[0113] FIG. 16 is a sectional view showing the second
substrate 19 taken along line D-D' of FIG. 15. The reflecting
plate 26 is disposed in the reflection area (R part of FIG. 16)
of the second substrate 19. An insulating layer 43 is disposed
between the second substrate 19 and the pixel electrode 22.

[0114] The insulating layer 43 is disposed between the
pixel electrode 22 and the reflecting plate 26 in order to
insulate the pixel electrode 22 and the reflecting plate 26.
The insulating plate 43 is desirably made of insulating
material having excellent transparency and particularly
polyimide organic film or silicon nitride film is desirable.

[0115] In the embodiment, the ratio of the pixel electrode
22 occupying the aperture in the transmission area is dif-
ferent from that in the reflection area and the ratio of the
pixel electrode 22 occupying the aperture in the reflection
area is made equal to or larger than 0% and smaller than
100%, so that the same effects as the embodiment 2 can be
obtained. Further, in the embodiments 1 to 3, it is necessary
to align the electrode in the reflection area of the first
substrate 18 with the reflecting plate 26 disposed on the
second substrate 19. However, in the embodiment 4, since it
is not necessary, the yield can be improved. Even in the
embodiments 1 and 3, the structure of the common electrode
21 and the pixel electrode 22 can be changed to thereby
attain the same effects.
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Embodiment 5

[0116] The embodiment includes the pixel electrode 22
having the structure changed differently from that of the
embodiment 4. Other fundamental structure is the same as
that of the embodiment 4.

[0117] The reflecting plate 26 used in the transflective
liquid crystal display of the embodiment is made of insu-
lating material and particularly is desirably made of dielec-
tric multi-layer film.

[0118] By making the reflecting plate 26 of insulating
material as described above, the insulating layer disposed in
order to insulate the pixel electrode 22 and the reflecting
plate 26 can be eliminated as compared with the case where
the reflecting plate 26 is used so as not to made the reflecting
plate of insulating material as in the embodiment 4.

[0119] Accordingly, the production process of the liquid
crystal display can be decreased and the cost thereof can be
reduced while attaining the same effects as the embodiment
4.

Embodiment 6

[0120] The transflective liquid crystal display of the
embodiment includes the structure in which the ratio of the
pixel electrode 22 occupying the aperture in the transmission
area is different from that in the reflection area and the ratio
of the pixel electrode 22 occupying the aperture in the
reflection area is equal to or larger than 0% and smaller than
100% as described in the embodiments 4 and 5 in addition
to the structure in which the ratio of the common electrode
21 occupying the aperture in the transmission area is dif-
ferent from that in the reflection area and the ratio of
common electrode 21 occupying the aperture in the reflec-
tion area is equal to or larger than 0% and smaller than 100%
as described in the embodiments 1 to 3.

[0121] As described above, in the embodiment, both the
ratios of the common electrode 21 and the pixel electrode 22
occupying the aperture in the reflection area can be made
equal to or larger than 0% and smaller than 100% to thereby
decrease the production process of the liquid crystal display
and reduce the cost. This can be attained by changing the
pixel electrode 22 described in the embodiment 2 into the
pixel electrode 22 shown in FIG. 15.

[0122] FIG. 23 shows theoretically calculated results of
the voltage-to-transmissivity characteristics in the ratios of
the common electrode 21 and the pixel electrode 22 occu-
pying the aperture in the reflection area.

[0123] In FIG. 23, (a) represents the case where the ratio
of the common electrode 21 occupying the aperture is 60%,
(b) the case where it is 100% and (c) the case where the
ratios of the common electrode 21 and the pixel electrode 22
occupying the aperture are each 60%.

[0124] In this case, the threshold voltage and the voltage
showing the half tone are shifted to the side of high voltage
in order of (b), (a) and (c). This means that the transmissivity
in case of (c) is reduced to about 56% to that of the case (b)
upon application of 4 V, for example. That is, when the case
(c) is applied to the common electrode 21 in the reflection
area and the case (b) to the common electrode 21 in the
transmission area, the relation of An >An; can be realized
upon application of voltage.

[0125] Accordingly, the structure of the embodiment can
achieve the relation of dg/d>0.5 and improvement of the
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aperture ratio and reduction of the cost by decrease of the
production process can be attained.

Embodiment 7

[0126] Another embodiment of the liquid crystal display
according to the present invention is described with refer-
ence to the drawings.

[0127] Description of the embodiment is directed to the
liquid crystal display of the VA system having two sub-
pixels in one pixel, wherein the ratios of the common
electrode 21, the pixel electrode 22 or both of them occu-
pying the aperture in one sub-pixel and in the other sub-pixel
are different from each other and the ratio of the common
electrode 21, the pixel electrode 22 or both of them occu-
pying the aperture in one sub-pixel is equal to or larger than
0% and smaller than 100%.

[0128] The liquid crystal display of the VA system of the
embodiment can reduce shift in the y characteristic in case
where the display is observed from the front thereof and the
vy characteristic in case where the display is observed from
the oblique direction.

[0129] FIG. 17 is a sectional view of the liquid crystal
display of the embodiment.

[0130] The transmissive liquid crystal display of the
embodiment has two sub-pixels (hereinafter referred to as
sub-pixel A and sub-pixel B) in one pixel. The liquid crystal
display of the embodiment includes first and second polar-
ization plates 11, 12 and liquid crystal cell 10 disposed
between the pair of polarization plates 11, 12. A first
negative C-plate 34 is disposed between the first polarization
plate 11 and the liquid crystal cell 10. A second negative
C-plate 35 is disposed between the second polarization plate
12 and the liquid crystal cell 10. In addition, a backlight unit
17 is disposed adjacent to the second polarization plate 12 on
the opposite side to the liquid crystal cell 10 of the second
polarization plate 12.

[0131] FIG. 18 is a sectional view showing the liquid
crystal cell 10 of FIG. 17 taken along line E-E' of FIG. 20
and line of FIG. 19 corresponding to line E-E' of FIG. 20.

[0132] The liquid crystal cell 10 includes a pair of first
substrate 18 and second substrate 19. Liquid crystal layer 20
is disposed between the first and second substrates 18, 19.
Color filter 23, common electrode 21 and first alignment film
24 are disposed on the side of the liquid crystal layer 20 of
the first substrate 18. In other words, the color filter 23, the
common electrode 21 and the first alignment film 24 are
disposed between the first substrate 18 and the liquid crystal
layer 20. Pixel electrode 22 and second alignment film 25
are disposed on the side of the liquid crystal layer 20 of the
second substrate 19. Further, protrusions 36 for controlling
alignment are disposed on the first alignment film 24 on the
side where the common electrode 21 is disposed and on the
side close to the liquid crystal layer 20 of the first alignment
film 24. Black matrixes 37 are disposed on the second
alignment film 25 on the side where the second substrate 19
is disposed and on the side close to the liquid crystal layer
20 of the second alignment film 25 in parts corresponding to
the protrusions 36.

[0133] The protrusions for controlling alignment are dis-
posed in the vicinity of the middle of the pixel, although
since the liquid crystal displays of the VA system of the
embodiment can obtain effects in all respects, the electrode
slit structure, for example, may be used to control alignment
of liquid crystal molecules.
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[0134] FIG. 19 is a plan view showing one pixel on the
first substrate 18 of FIG. 18.

[0135] The sub-pixel A of the common electrode 21 shown
in FIG. 19 is formed into an allover electrode (electrode
having all the aperture in the sub-pixel covered by the
electrode) and the sub-pixel B is formed into an inter-digital
electrode (electrode having spaces formed at regular inter-
vals). The common electrode 21 as shown in FIG. 19 is used
to produce a difference in retardation upon application of
voltage in the sub-pixels A and B. This effects can be
attained by setting the ratio of the common electrode 21
occupying the aperture in the sub-pixel A to be 100% and
setting the ratio of the common electrode 21 occupying the
aperture in the sub-pixel B to be equal to or larger than 0%
and smaller than 100%. At this time, even if the ratio of the
pixel electrode 22 is changed instead of the common elec-
trode 21, the same effects can be attained. The shape of the
common electrode 21 in the sub-pixel B is not limited to the
inter-digital shape but it may be mesh, for example.

[0136] FIG. 20 is a plan view showing one pixel on the
second substrate 19 of FIG. 18.

[0137] Black matrixes 37 are disposed in the vicinity of
the middles of the sub-pixels A and B in a corresponding
manner to the protrusions 36 for controlling alignment.

[0138] FIG. 24 shows theoretically calculated results of
the voltage-to-transmissivity characteristics in the structure
of the embodiment. (a) of FIG. 24 represents the result in
case where the embodiment is adopted and the ratio of the
common electrode 21 occupying the aperture is set to 50%
as an example. (b) of FIG. 24 represents the result in case
where the conventional electrode structure (the ratio of the
common electrode 21 occupying the aperture is 100%) is
used.

[0139] When the result represented by (a) of FIG. 24 is
compared with the result represented by (b) of FIG. 24, the
voltage in case where the transmissivity is 50% of a maxi-
mum value is about 3.0 V for the former case and it is about
3.7 V for the latter case. It is understood from the relation of
the results represented by (a) and (b) of FIG. 24 that different
electro-optical characteristics in the sub-pixels A and B can
be attained by the structure of the embodiment.

[0140] FIGS. 25A, 25B and 25C are graphs showing
gradation-to-relative brightness characteristics, that is, so-
called y characteristics on every condition.

[0141] FIG. 25A shows the y characteristic on the condi-
tion for (a) of FIG. 24, FIG. 25B shows the y characteristic
on the condition for (b) of FIG. 24, and FIG. 25C shows the
v characteristic on the condition that the structure of the
embodiment is used and the conditions for (a) and (b) of
FIG. 24 are used for the sub-pixels A and B, respectively.
The y characteristics were measured on three conditions
including the condition that observation was made from the
front of the substrate, the condition that observation was
made from the direction that is parallel to the absorption axis
of the first polarization plate 11 and inclined at the angle of
60 degrees to the normal-line direction of the substrate and
the condition that observation was made from the direction
rotated by 45 degrees clockwise from the absorption axis of
the first polarization plate 11 and inclined at the angle of 60
degrees to the normal-line direction of the substrate. The y
shift is reduced in FIG. 25C as compared with FIGS. 25A
and 25B.

[0142] As described above, in the embodiment, the ratio of
the common electrode 21 occupying the aperture is set to be
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equal to or larger than 0% and smaller than 100% to improve
shift in the y characteristics when observation is made from
the front and when observation is made from the inclined
direction.

Embodiment 8

[0143] Description of the embodiment is directed to the
liquid crystal display of the VA system having two sub-
pixels in one pixel and using a circular polarization plate
instead of the ordinary polarization plate, wherein the ratios
of the common electrode 21, the pixel electrode 22 or both
of them occupying the aperture in one sub-pixel and in the
other sub-pixel are different from each other and the ratio of
the common electrode 21, the pixel electrode 22 or both of
them occupying the aperture in one sub-pixel is equal to or
larger than 0% and smaller than 100%.

[0144] The liquid crystal display of the VA system using
the circular polarization plate can reduce shift in the y
characteristics when observation is made from the front and
when observation is made from the inclined direction.

[0145] The embodiment is different from the embodiment
7 in that the structure of the retardation film is changed. The
transmissive liquid crystal display of the embodiment has
the same structure as that of the liquid crystal display shown
in FIG. 1.

[0146] The transmissive liquid crystal display of the VA
system using the circular polarization plate instead of the
ordinary polarization plate can reduce shift in the y charac-
teristics when observation is made from the front and when
observation is made from the inclined direction in the same
manner as the embodiment 7. Even the transflective liquid
crystal display using the circular polarization plate instead of
the ordinary polarization plate can attain the same effects.

[0147] 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 including a plurality of pixels,
comprising:
a first substrate;

a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a reflection area
and a transmission area;

a ratio of the common electrode occupying an aperture in
the transmission area being different from a ratio of the
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common electrode occupying an aperture in the reflec-
tion area in a plane of one pixel;

the ratio of the common electrode occupying the aperture
in the reflection area being equal to or larger than 0%
and smaller than 100%.
2. A liquid crystal display including a plurality of pixels,
comprising:

a first substrate;
a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a reflection area
and a transmission area;

a ratio of the pixel electrode occupying an aperture in the
transmission area being different from a ratio of the
pixel electrode occupying an aperture in the reflection
area in a plane of one pixel;

the ratio of the common electrode occupying the aperture
in the reflection area being equal to or larger than 0%
and smaller than 100%.
3. A liquid crystal display including a plurality of pixels,
comprising:

a first substrate;
a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a reflection area
and a transmission area;

a ratio of the common electrode occupying an aperture in
the transmission area being different from a ratio of the
common electrode occupying an aperture in the reflec-
tion area in a plane of one pixel,
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the ratio of the common electrode occupying the aperture
in the reflection area being equal to or larger than 0%
and smaller than 100%;

a ratio of the pixel electrode occupying the aperture in the
transmission area being different from a ratio of the
pixel electrode occupying the aperture in the reflection
area in a plane of one pixel,

the ratio of the pixel electrode occupying the aperture in
the reflection area being equal to or larger than 0% and
smaller than 100%.
4. A liquid crystal display including a plurality of pixels,
comprising:

a first substrate;
a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a first sub-pixel
and a second sub-pixel;

a ratio of the common electrode occupying an aperture in
the first sub-pixel being different from a ratio of the
common electrode occupying an aperture in the second
sub-pixel in a plane of one pixel;

the ratio of the common electrode occupying the aperture
in the first sub-pixel being equal to or larger than 0%
and smaller than 100%.
5. A liquid crystal display including a plurality of pixels,
comprising:

a first substrate;
a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a first sub-pixel
and a second sub-pixel;
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a ratio of the pixel electrode occupying an aperture in the
first sub-pixel being different from a ratio of the pixel
electrode occupying an aperture in the second sub-pixel
in a plane of one pixel;

the ratio of the pixel electrode occupying the aperture in
the first sub-pixel being equal to or larger than 0% and
smaller than 100%.
6. A liquid crystal display including a plurality of pixels,
comptrising:

a first substrate;
a second substrate;

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

a first polarization plate disposed on the side opposite to
the side where the liquid crystal layer is disposed with
respect to the first substrate; and

a second polarization plate disposed on the side opposite
to the side where the liquid crystal layer is disposed
with respect to the second substrate;

the second substrate including a pixel electrode on the
side of the liquid crystal layer;

the first substrate including a common electrode on the
side of the liquid crystal layer;

each of the plurality of pixels including a first sub-pixel
and a second sub-pixel;

a ratio of the common electrode occupying an aperture in
the first sub-pixel being different from a ratio of the
common electrode occupying an aperture in the second
sub-pixel in a plane of one pixel;

the ratio of the common electrode occupying the aperture
in the first sub-pixel being equal to or larger than 0%
and smaller than 100%;

a ratio of the pixel electrode occupying an aperture in the
first sub-pixel being different from a ratio of the pixel
electrode occupying an aperture in the second sub-pixel
in a plane of one pixel;

the ratio of the pixel electrode occupying the aperture in
the first sub-pixel being equal to or larger than 0% and
smaller than 100%.

7. A liquid crystal display according to claim 1, wherein
the liquid crystal layer includes liquid crystal molecules
having the major axes which are aligned substantially ver-
tically to the first and second substrates when voltage is not
applied.

8. A liquid crystal display according to claim 1, wherein
the liquid crystal layer includes liquid crystal molecules
having the major axes which are aligned substantially hori-
zontally to the first and second substrates when voltage is not
applied, and

a pretilt angle of the liquid crystal layer is equal to or
larger than O degree and smaller than 10 degrees,

a twist angle of the liquid crystal molecules between the
first and second substrates being equal to or larger than

0 degree and smaller than 90 degrees.
9. A liquid crystal display according to claim 1, compris-
ing signal lines and scanning lines disposed on the second
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substrate and thin film transistors disposed at places where
the signal lines and the scanning lines intersect each other.

10. A liquid crystal display according to claim 1, com-
prising a color filter disposed on the side where the liquid
crystal layer is disposed with respect to the first substrate.

11. A liquid crystal display according to claim 1, wherein
the first substrate or the second substrate or both of them are
made of high-molecular material.

12. A liquid crystal display according to claim 1, com-
prising one or more retardation films disposed between the
first substrate and the first polarization plate and between the
second substrate and the second polarization plate.

13. Aliquid crystal display according to claim 12, wherein
the retardation films have a phase difference of ¥ wave-
length.

14. Aliquid crystal display according to claim 12, wherein
the retardation films includes a first retardation film having
a phase difference of ¥ wavelength and a second retardation
film having Y2 wavelength, and

the first retardation film is disposed between the liquid
crystal layer and the second retardation film,

the second retardation film being disposed between the
first polarization plate or the second polarization plate
and the first retardation film.
15. Aliquid crystal display according to claim 12, wherein
the retardation films include a negative C-plate.

16. A liquid crystal display according to claim 1, com-
prising a reflecting plate disposed in the reflection area and

an insulating layer disposed between the common elec-

trode or the pixel electrode and the reflecting plate.

17. Aliquid crystal display according to claim 16, wherein
the reflecting plate is made of nonconductive material.

18. A liquid crystal display according to claim 1, wherein
the pixel electrode and/or the common electrode in the
reflection area comprises an inter-digital electrode.

19. A liquid crystal display according to claim 1, wherein
the pixel electrode and/or the common electrode in the
reflection area comprises an inter-digital electrode, and

comprising one or more slits disposed substantially par-
allel to the longitudinal direction of the inter-digital
electrode.

20. A liquid crystal display according to claim 4, wherein
the pixel electrode and/or the common electrode in the first
sub-pixel comprises an inter-digital electrode.

21. A liquid crystal display according to claim 4, wherein
the pixel electrode and/or the common electrode in the first
sub-pixel comprises an inter-digital electrode, and

comprising one or more slits disposed substantially par-
allel to the longitudinal direction of the inter-digital
electrode.

22. A liquid crystal display according to claim 3, wherein
the ratio of the common electrode and the pixel electrode
occupying the aperture in the transmission area is 100% and

the ratio of the common electrode and the pixel electrode
occupying the aperture in the reflection area is equal to
or larger than 40% and smaller than 60%.
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