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(57) ABSTRACT

In a liquid crystal display panel having pixels each of which
is constituted of a transmissive display region and a reflec-
tive display region, a numerical aperture is enhanced by
increasing the transmissivity of the transmissive display
region or the reflectance of the reflective display region. In
a liquid crystal display device which has a display region
constituted of a plurality of pixels arranged two-dimension-
ally in the extending direction of scanning signal lines and
in the extending direction of video signal lines, the display

(1) Appl. No.: 11/822,223 region alternately arranges a first pixel row which is formed
by arranging a plurality of first pixels each of which has only
Jed: a transmissive display region in the extending direction of
(22) Filed: Jul. 3, 2007 play reg g
the scanning signal lines and a second pixel row which is
formed by arranging a plurality of second pixels each of
(30) Foreign Application Priority Data which has a reflective display region and a transmissive
display region in the extending direction of the scanning
Aug. 2, 2006 (IP) oo 2006-210976 signal lines in the extending direction of video signal lines.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese application JP2006-210976 filed on Aug. 2, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display panel, and more particularly to a technique which is
effectively applicable to a transflective liquid crystal display
device.

[0004] 2. Description of the Related Art

[0005] Conventionally, as a display device which displays
videos or images, there has been known a liquid crystal
display device which includes a liquid crystal display panel
which seals a liquid crystal material between a pair of
substrates. The liquid crystal display panel is an optical
element which controls brightness of light which is radiated
to a viewer’s side, that is, contrast by changing the orien-
tation of liquid crystal molecules corresponding to a mag-
nitude of an electric field applied to the liquid crystal
material sealed between the pair of substrates thus changing
a rotatory polarization state and a phase difference of light
which passes through the liquid crystal material. Further, the
liquid crystal display panel is roughly classified into three
kinds of liquid crystal display panels, that is, a transmissive
liquid crystal display panel, a reflective liquid crystal display
panel and a transflective liquid crystal display panel in view
of a method which radiates light to the viewer’s side.
[0006] The transmissive liquid crystal display panel is a
display panel which allows light incident on the liquid
crystal display panel from behind the liquid crystal display
panel as viewed from the viewer and allows the light to be
radiated to the viewer’s side. The transmissive liquid crystal
display panel is suitable as a display panel of a liquid crystal
display device used indoors such as a television receiver set,
for example.

[0007] The reflective liquid crystal display panel is a panel
which reflects light incident on the liquid crystal display
panel from a front side of the liquid crystal display panel as
viewed from the viewer and radiates the light to the viewer’s
side. The reflective liquid crystal display panel is suitable as
a display panel of the liquid crystal display device used
outdoors such as a display of a shop, for example.

[0008] The transflective liquid crystal display panel is a
display panel which includes a transmissive display region
which allows light incident on the liquid crystal display
panel from behind the liquid crystal display panel as viewed
from the viewer and allows the light to be radiated to the
viewer’s side and a reflective display region which reflects
light incident on the liquid crystal display panel from a front
side of the liquid crystal display panel as viewed from the
viewer and radiates the light to the viewer’s side. For
example, the transflective liquid crystal display panel is
suitable as a display panel of a liquid crystal display device
which is used indoors as well as outdoors such as a mobile
phone terminal or a PDA (Personal Digital Assistant), for
example.

[0009] Further, the transflective liquid crystal display
panel is a display panel in which one pixel (one dot) of a
displayed video or image is constituted of the transmissive
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display region and the reflective display region. In general,
every pixel within a display region of the liquid crystal
display panel is constituted of the transmissive display
region and the reflective display region.

[0010] Further, with respect to the liquid crystal display
devices of recent years, for example, there has been pro-
posed a display device which divides a display region of a
liquid crystal display panel in two, wherein one display
region is used as a transflective or reflective display region
and another display region is used as a transmissive display
region (for example, see patent document 1).

[0011] Patent Document 1: JP-A-2002-55337
SUMMARY OF THE INVENTION
[0012] The above-mentioned transflective liquid crystal

display panel used as the display of the mobile phone
terminal or the like is configured such that every pixel within
the display region of the liquid crystal display panel is
constituted of the transmissive display region and the reflec-
tive display region. Further, recently, a transflective liquid
crystal display panel which can cope with a color display is
popularly used. For example, in case of a color liquid crystal
display panel adopting an RGB method, one pixel (1 dot) is
constituted of a sub pixel displaying R (red), ad sub pixel
displaying G (green) and a sub pixel displaying B (blue). In
such a transflective color liquid crystal display panel, the
pixels in the display region are configured as shown in FIG.
20 and FIG. 21. FIG. 20 is a schematic plan view showing
the constitution of the pixels around a corner portion of the
display region in the conventional transflective color liquid
crystal display panel, and FIG. 21 is a schematic cross-
sectional view taken along a line F-F' in FIG. 20.

[0013] To observe the conventional transflective color
liquid crystal display panel from a display screen side, for
example, as shown in FIG. 20, quadrangular pixels each of
which has a size LX in the x direction and a size LY in the
y direction are arranged two-dimensionally in the x direction
as well as in the y direction. Here, one pixel region includes
six display regions consisting of a transmissive display
region WT and a reflective display region WR of the sub
pixel displaying R (red), a transmissive display region WT
and a reflective display region WR of the sub pixel display-
ing G (green) and a transmissive display region WT and a
reflective display region WR of the sub pixel displaying B
(blue), for example.

[0014] Here, the transmissive display region WT and the
reflective display region WR of one color is formed as one
sub pixel. For example, the sub pixel displaying G (green),
as shown in FIG. 21, forms a step forming layer MR in the
reflective display region WR such that a distance between a
pixel electrode PX and a common electrode CT in the
reflective display region WR becomes shorter than a dis-
tance between the pixel electrode PX and the common
electrode CT in the transmissive display region WT. That is,
a thickness dr of a liquid crystal layer LC in the reflective
display region WR is set smaller than a thickness dt of the
liquid crystal layer LC in the transmissive display region
WT. Here, a ratio between the thickness dt of the liquid
crystal layer LC in the transmissive display region WT and
the thickness dr of the liquid crystal layer LC in the
reflective display region WR is set to approximately 2:1 thus
making optical path lengths (optical phase differences) of
the respective regions substantially agree with each other.
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Further, the reflective display region WR forms a reflective
electrode RE on the pixel electrode PX, for example.

[0015] Here, in case of the transflective color liquid crystal
display panel having the constitution shown in FIG. 20 and
FIG. 21, a stepped portion is formed in the boundary portion
between the transmissive display region WT and the reflec-
tive display region WR in one sub pixel, and the orientation
of the liquid crystal molecules is disturbed in the stepped
portion. In the same manner, also between two neighboring
pixels in the y direction, a stepped portion is formed in a
boundary portion between the transmissive display region of
one pixel and the reflective display region of another pixel,
and the orientation of the liquid crystal molecule is disturbed
in the stepped portion. Accordingly, when the sub pixel
performs display with a lowest grayscale (brightness) as in
the case of a black display, for example, there arises a
drawback that leaking of light occurs at the stepped portion.
To cope with such a drawback, in the conventional trans-
flective color liquid crystal display panel, for example, as
shown in FIG. 20 and FIG. 21, a light blocking film which
is referred to as a black matrix BM is provided at a position
where the black matrix BM overlaps the stepped portion as
viewed in a plan view thus preventing leaking of light.

[0016] However, with respect to the conventional trans-
flective color liquid crystal display panel, for example, as
shown in FIG. 21, when the step forming layer MR is
formed on the TFT substrate 1 and the black matrix BM is
formed on the counter substrate 2, by taking the positional
displacement of two substrates or the like into consideration,
a width of the black matrix BM is set larger than a width of
a region in which light actually leaks due to the stepped
portion.

[0017] The width of the black matrix BM does not depend
on the size of the pixel and is set to an approximately fixed
value due to the accuracy of alignment of the above-
mentioned two substrates or sizes of scanning signal lines
GL or video signal lines formed on the TFT substrate 1.
Accordingly, for example, when the size of one pixel
becomes small, a rate of the region in which the light is
blocked by the black matrix BM with respect to the size of
the pixel is increased and hence, a numerical aperture is
lowered thus giving rise to a drawback that the transmis-
sivity of the transmissive display region WT and the reflec-
tance of the reflective display region WR become small.

[0018] It is an advantage of the present invention to
provide, in a liquid crystal display panel having pixels each
of which is constituted of a transmissive display region and
a reflective display region, a technique which can increase
the transmissivity of the transmissive display region and the
reflectance of the reflective display region while preventing
lowering of a numerical aperture.

[0019] The above-mentioned and other advantages and
novel features of the present invention will become apparent
from the description of this specification and attached draw-
ings.

[0020] To briefly explain the summary of typical inven-
tions among the inventions disclosed in this specification,
they are as follows.

[0021] (1) The present invention is directed to a liquid
crystal display device including a liquid crystal display
panel which seals a liquid crystal material between a pair of
substrates, the liquid crystal display panel having a display
region which is constituted of a plurality of pixels arranged
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two-dimensionally in the extending direction of scanning
signal lines and in the extending direction of video signal
lines, wherein

[0022] the display region of the liquid crystal display
panel alternately arranges a first pixel row and a second pixel
row thereon in the extending direction of the video signal
lines, the first pixel row arranging a plurality of first pixels
each of which includes only a transmissive display region
which radiates light incident on the liquid crystal display
panel from a back side of the liquid crystal display panel as
viewed from a viewer to a viewer side in parallel in the
extending direction of the scanning signal lines, and the
second pixel row arranging a plurality of second pixels each
of which includes a reflective display region which radiates
light incident on the liquid crystal display panel from a front
side of the liquid crvstal display panel and the transmissive
display region in parallel in the extending direction of the
scanning signal lines.

[0023] (2) In a liquid crystal display device having the
constitution (1), the second pixel is configured such that the
reflective display region and the transmissive display region
are arranged in parallel in the extending direction of the
video signal lines.

[0024] (3) In a liquid crystal display device having the
constitution (1) or (2), a size of the second pixel in the
extending direction of the video signal lines is larger than a
size of the first pixel in the extending direction of the video
signal lines.

[0025] (4) In a liquid crystal display device having any
one of constitutions (1) to (3), an area of the transmissive
display region of the first pixel is approximately equal to an
area of the transmissive display region of the second pixel.
[0026] (5) In a liquid crystal display device having the
constitution (1) or (2), a size of the second pixel in the
extending direction of the video signal lines is equal to a size
of the first pixel in the direction of the video signal lines.
[0027] (6) In a liquid crystal display device having the
constitution (1), (2) or (5), an area of the transmissive
display region of the first pixel differs from an area of the
transmissive display region of the second pixel.

[0028] (7) In a liquid crystal display device having any
one of constitutions (1) to (6), a thickness of the liquid
crystal material in the reflective display region is smaller
than a thickness of the liquid crystal material in the trans-
missive display region.

[0029] (8) In a liquid crystal display device having any
one of constitutions (1) to (7), the liquid crystal display
panel includes the scanning signal lines, the video signal
lines, and pixel electrodes which are arranged with respect
to the plurality of respective pixels on one substrate out of
the pair of substrates, the pixel electrode includes a region
which overlaps the scanning signal line as viewed in a plan
view, and an area of the region where the pixel electrode
overlaps the scanning signal line arranged with respect to the
first pixel and an area of the region where the pixel electrode
overlaps the scanning signal line arranged with respect to the
second pixel differ from each other.

[0030] (9) In a liquid crystal display device having any
one of constitutions (1) to (7), the liquid crystal display
panel includes the scanning signal lines, the video signal
lines, pixel electrodes which are arranged with respect to the
plurality of respective pixels, and holding capacitance lines
which are arranged in parallel to the scanning signal lines on
one substrate out of the pair of substrates, the pixel electrode
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includes a region which overlaps the holding capacitance
line as viewed in a plan view, and an area of the region where
the pixel electrode overlaps the holding capacitance line
arranged with respect to the first pixel and an area of the
region where the pixel electrode overlaps the holding
capacitance line arranged with respect to the second pixel
differ from each other.

[0031] (10) In a liquid crystal display device having any
one of constitutions (1) to (9), a signal of positive polarity
and a signal of negative polarity with respect to a potential
of a common electrode are alternately applied to the pixel
electrodes of respective pixels of the liquid crystal display
panel for every other preset number of frames,

[0032] the signal having the same polarity as the polarity
with respect to the potential of the common electrode is
applied to the pixel electrodes of the respective pixels of two
neighboring pixel rows in one frame, and

[0033] the polarity of the signal which is applied to the
pixel electrodes of respective pixels of two pixel rows with
respect to the potential of the common electrode is a polarity
opposite to polarity of a signal which is applied to the pixel
electrodes of respective pixels of two other pixel rows
adjacent to two pixel rows with respect to the potential of the
common electrode.

[0034] (11) The present invention is directed to a liquid
crystal display device including a liquid crystal display
panel which seals a liquid crystal material between a pair of
substrates, the liquid crystal display panel having a display
region which is constituted of a plurality of pixels arranged
two-dimensionally in the extending direction of scanning
signal lines and in the extending direction of video signal
lines, wherein

[0035] the display region of the liquid crystal display
panel is configured such that a plurality of pixel rows each
of which arranges a first pixel having only a transmissive
display region and a second pixel having a reflective display
region and a transmissive display region alternately in
parallel in the extending direction of the scanning signal
lines is arranged in the extending direction of the video
signal lines.

[0036] (12) In a liquid crystal display device having the
constitution (11), the plurality of pixels which is arranged in
parallel in the extending direction of the video signal lines
in the display region of the liquid crystal display panel is
constituted of only the first pixel or only the second pixel
which is arranged in parallel.

[0037] (13) In a liquid crystal display device having the
constitution (11), the plurality of pixels which is arranged in
parallel in the extending direction of the video signal lines
in the display region of the liquid crystal display panel is
constituted of the first pixel and the second pixel which are
alternatively arranged in parallel with each other.

[0038] (14) In a liquid crystal display device having any
one of the constitutions (11) to (13), the second pixel is
configured such that the reflective display region and the
transmissive display region are arranged in parallel in the
extending direction of the video signal lines.

[0039] (15) In a liquid crystal display device having any
one of the constitutions (11) to (14), a thickness of the liquid
crystal material in the reflective display region is smaller
than a thickness of the liquid crystal material in the trans-
missive display region.

[0040] (16) In a liquid crystal display device having any
one of the constitutions (11) to (15), the liquid crystal
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display panel includes the scanning signal lines, the video
signal lines, and pixel electrodes which are arranged with
respect to the plurality of respective pixels on one substrate
out of the pair of substrates, the pixel electrode includes a
region which overlaps the scanning signal line as viewed in
a plan view, and an area of the region where the pixel
electrode overlaps the scanning signal line arranged with
respect to the first pixel and an area of the region where the
pixel electrode overlaps the scanning signal line arranged
with respect to the second pixel differ from each other.
[0041] (17) In a liquid crystal display device having any
one of the constitutions (11) to (15), the liquid crystal
display panel includes the scanning signal lines, the video
signal lines, pixel electrodes which are arranged with respect
to the plurality of respective pixels, and holding capacitance
lines which are arranged in parallel to the scanning signal
lines on one substrate out of the pair of substrates, the pixel
electrode includes a region which overlaps the holding
capacitance line as viewed in a plan view, and an area of the
region where the pixel electrode overlaps the holding
capacitance line arranged with respect to the first pixel and
an area of the region where the pixel electrode overlaps the
holding capacitance line arranged with respect to the second
pixel differ from each other.

[0042] According to the present invention, transmissivity
of the transmissive display region or reflectance of the
reflective display region can be enhanced thus acquiring the
liquid crystal display device having a high numerical aper-
ture.

[0043] In the liquid crystal display device of the present
invention, for example, the first pixel row which arranges
the plurality of first pixels each of which includes only the
transmissive display region in parallel in the extending
direction of the scanning signal lines, and the second pixel
row which arranges the plurality of second pixels each of
which includes the reflective display region and the trans-
missive display region in parallel in the extending direction
of the scanning signal line are alternately arranged in the
extending direction of the video signal lines. Due to such a
constitution, it is possible to reduce a boundary between the
transmissive display region and the reflective display region
whereby a numerical aperture can be increased. Accord-
ingly, for example, when the transmissivity of all transmis-
sive display regions with respect to the display region of the
liquid crystal display panel is set to the corresponding
transmissivity of the conventional liquid crystal display
panel, it is possible to increase the reflectance of all reflec-
tive display regions with respect to the display region of the
liquid crystal display panel compared to the corresponding
reflectance of the conventional liquid crystal display panel.
On the other hand, when the reflectance of all reflective
display regions with respect to the display region of the
liquid crystal display panel is set to the corresponding
reflectance of the conventional liquid crystal display panel,
it is possible to increase the transmissivity of all transmis-
sive display regions with respect to the display region of the
liquid crystal display panel compared to the corresponding
transmissivity of the conventional liquid crystal display
panel.

[0044] Here, it is desirable that the second pixel is con-
figured such that the reflective display region and the
transmissive display region are arranged in parallel in the
extending direction of the video signal lines.
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[0045] Further, a size of the second pixel in the extending
direction of the video signal lines may be larger than a size
of the first pixel in the extending direction of the video signal
lines and a size of the second pixel in the extending direction
of the video signal lines may be equal to a size of the first
pixel in the extending direction of the video signal lines.
[0046] Further, in the liquid crystal display device of the
present invention, although the second pixel may be consti-
tuted of two kinds of display regions constituted of the
reflective display region and the transmissive display region,
particularly, it is possible to obtain a high advantageous
effect by setting the thickness of the liquid crystal material
in the reflective display regions smaller than the thickness of
the liquid crystal material in the transmissive display
regions.

[0047] Further, the liquid crystal display device of the
present invention includes the first pixels each of which has
only the transmissive display region and the second pixels
each of which has the reflective display region and the
transmissive display region, and the first pixel and the
second pixel differ from each other in a shape of the pixel
electrode. Accordingly. in the liquid crystal display device of
the present invention, it is desirable to set the pixel capaci-
tances of the first pixel and the second pixel to a fixed value
by changing holding capacitance of the first pixel and the
holding capacitance of the second pixel. When the holding
capacitances of the first pixel and the second pixel are
formed in a region where the pixel electrode and the
scanning signal line overlap each other in a plan view, the
holding capacitances can be changed by changing an area of
the overlapped region. Further, when the holding capaci-
tance lines are arranged in parallel to the scanning signal
lines and the holding capacitances of the first pixel and the
second pixel are formed in the region where the pixel
electrode and the holding capacitance line overlap each
other in a plan view, it is possible to change the holding
capacitance by changing an area of the overlapped region.
[0048] Further, in the liquid crystal display device, in
general, when signals are applied to the pixel electrode of
respective pixels of the liquid crystal display panel, a signal
of positive polarity and a signal of negative polarity with
respect to a potential of the common electrode are alter-
nately applied to the pixel electrodes of respective pixels for
every other preset number of frames. Accordingly, in the
liquid crystal display device of the present invention, it is
desirable to adopt a so-called 2-line inversion driving in
which the signal having the same polarity as the polarity
with respect to the potential of the common electrode is
applied to the pixel electrodes of the respective pixels of two
neighboring pixel rows in one frame, and the signal which
is applied to the pixel electrodes of respective pixels of two
pixel rows and the signal which is applied to the pixel
electrodes of respective pixels of two other pixel rows
adjacent to two pixel rows are signals which are opposite in
polarity to each other with respect to the potential of the
common electrode. Due to such a constitution, it is possible
to reduce flickers and image retention which are generated
when the polarity of the signal which is applied to each pixel
electrode is inverted.

[0049] Further, in the liquid crystal display device of the
present invention, for example, the plurality of pixel rows in
which the first pixels and the second pixels are arranged
alternately in the extending direction of the scanning signal
lines may be arranged in the extending direction of the video
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signal lines. Here, in the display region of the liquid crystal
display panel, the plurality of pixels which are arranged in
the extending direction of the video signal lines may be
configured such that the only the first pixels or only the
second pixels may be arranged or the first pixels and the
second pixels may be arranged alternately.

[0050] Also in this case, it is desirable that the second
pixel is configured such that the reflective display region and
the transmissive display region are arranged in parallel in the
extending direction of the video signal lines.

[0051] Also in this case, although the second pixel may be
constituted of two kinds of display regions constituted of the
reflective display region and the transmissive display region,
particularly, it is possible to obtain a high advantageous
effect by setting the thickness of the liquid crystal material
in the reflective display regions smaller than the thickness of
the liquid crystal material in the transmissive display
regions.

[0052] Also in this case, it is desirable to set the pixel
capacitances of the first pixel and the second pixel to a fixed
value by changing holding capacitance of the first pixel and
the holding capacitance of the second pixel. When the
holding capacitances of the first pixel and the second pixel
are formed in a region where the pixel electrode and the
scanning signal line overlap each other in a plan view, the
holding capacitances can be changed by changing an area of
the overlapped region. Further, when the holding capaci-
tance lines are arranged in parallel to the scanning signal
lines and the holding capacitances of the first pixel and the
second pixel are formed in the region where the pixel
electrode and the holding capacitance line overlap each
other in a plan view, it is possible to change the overlapped
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a schematic plan view of a liquid crystal
display panel as viewed from a viewer’s side;

[0054] FIG. 2 is a schematic cross-sectional view taken
along a line A-A' in FIG. 1,

[0055] FIG. 3 is an enlarged schematic plan view of a
region AR1 shown in FIG. 1,

[0056] FIG. 4 is a schematic cross-sectional view taken
along a line C-C' in FIG. 3;

[0057] FIG. 5 is a schematic cross-sectional view taken
along a line D-D' in FIG. 3;

[0058] FIG. 6A and FIG. 6B are schematic plan views for
explaining an effect of the liquid crystal display panel of an
embodiment 1;

[0059] FIG. 7A and FIG. 7B are schematic plan views for
explaining an effect of the liquid crystal display panel of the
embodiment 1;

[0060] FIG. 8 is a schematic cross-sectional view for
explaining a first modification of the liquid crystal display
panel of the embodiment 1;

[0061] FIG. 9 is a schematic cross-sectional view for
explaining a second modification of the liquid crystal dis-
play parel of the embodiment 1;

[0062] FIG. 10 is a schematic plan view showing the
schematic constitution of a liquid crystal display panel of an
embodiment 2 according to the present invention;

[0063] FIG. 11A and FIG. 11B are schematic plan views
for explaining an effect of the liquid crystal display panel of
the embodiment 2;
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[0064] FIG. 12A and FIG. 12B are schematic plan views
for explaining an effect of the liquid crystal display panel of
the embodiment 2;

[0065] FIG. 13 is a schematic view for explaining an
example of the first driving method of the liquid crystal
display panel of the present invention;

[0066] FIG. 14 is a schematic view for explaining an
example of the second driving method of the liquid crystal
display panel of the present invention;

[0067] FIG. 15 is a schematic view showing the circuit
constitution of one pixel of the liquid crystal display panel
of the present invention;

[0068] FIG. 16 is a schematic view for explaining a
method for obtaining a pixel capacitance of a first pixel in
the liquid crystal display panel of the present invention;
[0069] FIG. 17 is a schematic view for explaining a
method for obtaining a pixel capacitance of a second pixel
in the liquid crystal display panel of the present invention;
[0070] FIG. 18 is a schematic plan view for explaining a
first modification of the liquid crystal display panel of the
present invention;

[0071] FIG. 19 is a schematic plan view for explaining a
second modification of the liquid crystal display panel of the
present invention;

[0072] FIG. 20 is a schematic plan view showing the
constitutions of pixels arranged around a corner portion of a
display region within the conventional transflective color
liquid crystal display panel; and

[0073] FIG. 21 is a schematic cross-sectional view taken
along a line F-F' in FIG. 20.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0074] Hereinafter, embodiments of the present invention
are explained in detail in conjunction with drawings. Here,
in all drawings for explaining the embodiments, parts having
identical functions are given same numerals and their
repeated explanation is omitted.

Embodiment 1

[0075] FIG. 1 to FIG. 5 are schematic views showing the
schematic constitution of a liquid crystal display panel of an
embodiment 1 according to the present invention.

[0076] FIG.1 is a schematic plan view of the liquid crystal
display panel as viewed from a viewer’s side. FIG. 2 is a
schematic cross-sectional view taken along a line A-A' in
FIG. 1. FIG. 3 is an enlarged schematic plan view of a region
AR1 shown in FIG. 1. FIG. 4 is a schematic cross-sectional
view taken along a line C-C' in FIG. 3. FIG. 5 is a schematic
cross-sectional view taken along a line D-D' in FIG. 3.
[0077] Inaliquid crystal display panel of this embodiment
1 is, as shown in FIG. 1 and FIG. 2, a liquid crystal material
3 is sealed between a pair of a TFT substrate 1 and a counter
substrate 2. Here, the TFT substrate land the counter sub-
strate 2 are, for example, adhered to each other by a sealing
material 4 which is annularly provided outside a display
region DA, and the liquid crystal material 3 is sealed into the
inside of a space surrounded by the TFT substrate 1, the
counter substrate 2 and the sealing material 4.

[0078] Further, when the liquid crystal display panel
shown in FIG. 1 adopts an RGB-method color liquid crystal
display panel, to enlarge a region AR1 around a corner
portion on a left and upper side of the display region DA, for
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example, the region AR1 is constituted as shown in FIG. 3.
Here, the x direction and the y direction shown in FIG. 3
agree with the x direction and the y direction shown in FIG.
1.

[0079] Further, in FIG. 3, a plurality of broken lines which
is drawn in the x direction is lines for dividing a plurality of
pixels which is arranged in the y direction for every pixel,
and a plurality of broken lines which is drawn in the y
direction is lines for dividing a plurality of pixels which is
arranged in the x direction for every pixel. That is, in the
liquid crystal display panel of the embodiment 1, a region
shown in FIG. 3 which is surrounded by two neighboring
broken lines drawn in the x direction and two neighboring
broken lines drawn in the y direction constitutes one pixel
(one dot) of a displayed video or image.

[0080] Further, in case of the liquid crystal display panel
of the embodiment 1, in the display region DA, a first pixel
row in which a plurality of pixels (hereinafter, referred to as
first pixels) having a size LX in the x direction and a size
LY1 in the y direction is arranged in the x direction and a
second pixel row in which a plurality of pixels (hereinafter,
referred to as second pixels) having a size LX in the x
direction and a size L'Y2 in the y direction is arranged in the
x direction are alternately arranged in the y direction.
[0081] Here, the first pixel is a pixel which includes only
a transmissive display region WT1 which allows light inci-
dent on the liquid crystal display panel from a back side of
the liquid crystal display panel as viewed from a viewer side
to pass therethrough and radiates the light toward a viewer
side. In case of the RGB-method color liquid crystal display
panel, three transmissive display regions WT1 formed of the
red (R) transmissive display region, the green (G) transmis-
sive display region and the blue (B) transmissive display
region are arranged in one pixel.

[0082] Further, the second pixel is a pixel which includes
a reflective display region WR2 which allows light incident
on the liquid crystal display panel from a front side of the
liquid crystal display panel as viewed from a viewer side to
be reflected thereon and radiates the light toward the viewer
side and a transmissive display region WT2. In case of the
RGB-method color liquid crystal display panel, three reflec-
tive display regions WR2 formed of the red (R) reflective
display region, the green (G) reflective display region and
the blue (B) reflective display region and three transmissive
display regions WT2 formed of the red (R) transmissive
display region, the green (G) transmissive display region
and the blue (B) transmissive display region are arranged in
one pixel.

[0083] Further, in the liquid crystal display panel of the
embodiment 1, on a boundary portion between two neigh-
boring pixels or a boundary portion between two neighbor-
ing display regions, a black matrix BM which prevents light
from being leaked from the respective boundary portions is
formed, for example.

[0084] Next, constitutional examples of the TFT substrate
1 and the counter substrate 2 of the liquid crystal display
panel shown in FIG. 3 are briefly explained.

[0085] In the liquid crystal display panel shown in FIG. 3,
the first pixel is constituted in the same manner as a pixel of
the transmissive color liquid crystal display panel which is
used in general conventionally. That is, the first pixel is
constituted of three sub pixels consisting of a sub pixel
which controls a gray scale of the red (R) transmissive
display region, a sub pixel which controls a gray scale of the
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green (G) transmissive display region and a sub pixel which
controls a gray scale of the blue (B) transmissive display
region.

[0086] Further, the second pixel is constituted in the same
manner as a pixel of the transflective color liquid crystal
display panel which is used in general conventionally. That
is, the second pixel is constituted of three sub pixels con-
sisting of a sub pixel which controls gray scales of red (R)
reflective display region and transmissive display region, a
sub pixel which controls gray scales of green (G) reflective
display region and transmissive display region, and a sub
pixel which controls gray scales of blue (B) reflective
display region and transmissive display region.

[0087] Here, on the TFT substrate 1, scanning signal lines
which extend in the x direction are arranged at the same
positions as the broken lines drawn in the x direction shown
in FIG. 3, for example. Further, on the TFT substrate 1,
video signal lines which extend in the y direction are
arranged at the same positions as the broken lines drawn in
the y direction shown in FIG. 3 and at positions where the
black matrix BM which divides three sub pixels in one pixel
arranged in the x direction is arranged. Further, the region
which is surrounded by two neighboring scanning signal
lines and two neighboring video signal lines corresponds to
one sub pixel region, and a TFT element, a pixel electrode
and the like are arranged in each sub pixel.

[0088] The cross-sectional constitution taken along a line
C-C' in FIG. 3 of the liquid crystal display panel of the
embodiment 1 may be constituted as shown in FIG. 4, for
example. Further, the cross-sectional constitution of the
liquid crystal display panel of the embodiment 1 taken along
a line D-D' in FIG. 3 is constituted as shown in FIG. 5, for
example.

[0089] First of all, for example, the TFT substrate 1
mounts scanning signal lines GL and holding capacitance
lines StL on a surface of the glass substrate SUB1 which
faces the counter substrate 2 in an opposed manner. The
scanning signal lines GL and holding capacitance lines StL
are arranged in regions where the scanning signal lines GL
and holding capacitance lines StL. overlap the black matrix
which divides the pixels arranged in the y direction as
viewed in a plan view and extend in the x direction in FIG.
3

[0090] Further, on the scanning signal lines GL. and the
holding capacitance lines StL., semiconductor layers 3C,
drain electrodes SD1 and source electrodes SD2 are
mounted by way of a first insulation layer PAS1. Here, the
semiconductor layer SC is, for example, made of amorphous
silicon (a-Si), and is arranged at a position where the
semiconductor layer SC and the scanning signal line GL
overlap each other as viewed in a plan view. Further, the TEFT
element is formed of the scanning signal line GL, the
semiconductor layer SC, the first insulation layer PAS1 (gate
insulation film) which is interposed between the scanning
signal line GL and the semiconductor layer SC, the drain
electrode SD1 and the source electrodes SD2.

[0091] In this case, on the first insulation layer PAS1, in
addition to the semiconductor layers SC, the drain electrodes
SD1 and the source electrodes SD2, as shown in FIG. §,
video signal lines DL are mounted. The video signal lines
DL are arranged in regions where the video signal lines DL
overlap the black matrix which divides the sub pixels
arranged in the x direction as viewed in a plan view and
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extend in the y direction in FIG. 3. Further, the drain
electrodes SD1 of the TFT elements are connected to the
video signal lines DL.

[0092] Further, on the video signal lines DL, the semicon-
ductor layers SC, the drain electrodes SD1 and the source
electrodes SD2, pixel electrodes PX are mounted by way of
the second insulation layer PAS2. The pixel electrodes PX
are connected to the source electrodes SD2 via through
holes. In this case, in the reflective display region WR2 of
the second pixel, for example, as shown in FIG. 4, a step
forming layer MR which projects toward a counter-sub-
strate-2 side is formed, and the pixel electrode PX of the
second pixel is mounted on the step forming layer MR in the
reflective display region WR2. Further, in the reflective
display region WR2 of the second pixel, a reflective elec-
trode RE is mounted on the pixel electrode PX. Further,
although not shown in the drawing, an orientation film is
mounted on the pixel electrodes PX and the reflective
electrode RE.

[0093] On the other hand, for example, on a surface of the
glass substrate SUB2 which faces the TFT substrate 1, a
black matrix BM is mounted. The black matrix BM is, for
example, provided for interrupting light leaked from bound-
aries of neighboring pixels and neighboring sub pixels. The
black matrix BM is formed by patterning so as to cover
regions where the scanning signal lines GL and the holding
capacitance lines StL are formed, regions where the video
signal lines DL are formed, and stepped portions of bound-
aries formed between the reflective display regions WR2
and the transmissive display regions WT2 of the second
pixels. Further, on the black matrix BM, color filters CF are
mounted. Color filters CF are provided by forming an R
(red) color filter resist, a G (green) color filter resist and a B
(blue) color filter resist for respective sub pixels.

[0094] Further, on the color filters CF, for example, a
counter electrode CT is mounted by way of an overcoat layer
OC. Further, although not shown in the drawing, an orien-
tation film is mounted on the counter electrode CT.

[0095] In the liquid crystal display panel of the embodi-
ment 1 having such a constitution, by mounting the flat
counter electrode CT on the counter substrate 2 and by
mounting the step forming layers MR on the reflective
display regions WR2 of the TFT substrate 1, a distance dt
between the pixel electrode PX and the counter electrode CT
in the transmissive display regions WT1, WT2 of the first
and second pixels and a distance dr between the reflective
electrode RE and the counter electrodes CT in the reflective
display region WR2 of the second pixel are made different
from each other.

[0096] In aliquid crystal display device having the liquid
crystal display panel of the embodiment 1, for example, as
shown in FIG. 4, the transmissive display regions WT1,
WT2 of the first pixel and second pixels allows light incident
on the liquid crystal display panel from a lower side of the
TFT substrate 1 (for example, light from a backlight not
shown in the drawing) to pass through the liquid crystal
display panel and to be radiated to an upper side (viewer
side) of the counter substrate 2. Further, the reflective
display region WR2 of the second pixel allows light incident
on the liquid crystal display panel from above the counter
substrate 2 (for example, sunlight or an illumination light
from the outside of the liquid crystal display device) to be
reflected using a reflective electrode RE of the TFT substrate
1 and to be radiated to the upper side (viewer side) of the
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counter substrate 2. Accordingly, by adjusting a thickness of
the step forming layer MR of the TFT substrate 1 and
thicknesses of the liquid crystal layer LC (liquid crystal
material 3) in the transmissive display regions WT1, WT2 so
as to set a ratio of the thickness of the liquid crystal layer LC
in the transmissive display region and the thickness of the
liquid crystal layer LC in the reflective display region to
substantially 2:1, it is possible to make an optical path length
of light which passes through the liquid crystal layer LC in
the transmissive display regions WT1, WT2 and an optical
path length of light which passes through the liquid crystal
layer LC in the reflective display region WR2 substantially
agree with each other. By making the above-mentioned
optical path lengths substantially agree with each other, it is
possible to allow the grayscale-brightness characteristics in
the reflective display region WR of the second pixel and the
grayscale-brightness characteristic in the transmissive dis-
play region WI2 to become similar to each other. For
example, it is possible to set both the brightness in the
reflective display region WR2 and the brightness in the
transmissive display region WT2 at a maximum grayscale to
values which approximate maximum values.

[0097] Further, although the illustration and the detailed
explanation are omitted, on a back surface of the glass
substrate SUB1 of the TFT substrate 1 opposite to a surface
thereof which faces the counter substrate 2 and on a back
surface of the glass substrate SUB2 of the counter substrate
2 opposite to a surface thereof which faces the TFT substrate
1, polarizers and phase different plates are respectively
mounted.

[0098] FIG. 6Ato FIG. 6B and FIG. 7A and FIG. 7B are
schematic plan views for respectively explaining advanta-
geous effects of the liquid crystal display panel of the
embodiment 1. Here, FIG. 6A is a plan view showing one
constitutional example of pixels of a conventional liquid
crystal display panel, and FIG. 6B is a plan view showing
one constitutional example of the pixels of the liquid crystal
display panel of the embodiment 1. Further, FIG. 7A is a
plan view showing another constitutional example of pixels
of the conventional liquid crystal display panel, and FIG. 7B
is a plan view showing another constitutional example of the
pixels of the liquid crystal display panel of the embodiment
1

[0099] In the liquid crystal display panel of the embodi-
ment 1, a first pixel row in which the plurality of first pixels
having only the transmissive display region WT1 are
arranged in the x direction and a second pixel row in which
a plurality of second pixels having the reflective display
region WR2 and the transmissive display region WT2 are
arranged in the x direction are alternately arranged in the y
direction. Accordingly, to explain the advantageous effects
of the liquid crystal display panel of the embodiment 1, by
focusing on two pixels arranged in the y direction, the
relationship among sizes, transmissivities and reflectances
of two pixels is explained.

[0100] First of all, as a conventional liquid crystal display
panel, for example, a transflective color liquid crystal dis-
play panel which is used as a display of a mobile phone or
the like is named, and one example of sizes, transmissivities
and reflectances of two pixels which are arranged in the y
direction is explained. In the conventional transflective color
liquid crystal display panel, for example, when a diagonal
size of a display region is set to 2.4 inches and a display
mode (resolution) is QVGA, 320x240 (pieces) pixels exist
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in the display region. Here, one pixel is, for example, as
shown in FIG. 6A, formed in a square shape in which both
sizes in the x direction and in the y direction are set to 153
um respectively. Further, assuming that a width of the black
matrix BM which divides sub pixels arranged in the x
direction, a width of the black matrix BM which divides two
pixels arranged in the y direction and a width of the black
matrix BM which divides the reflective display region WR
and the transmissive display region WT of the sub pixel of
one color are respectively set to 10 pm, and sizes of the
reflective display regions WR and the transmissive display
regions WT of respective colors in the x direction are set
equal to each other, the reflective display regions WR of the
respective colors have a size of 41 um in the x direction and
have a size of 50 pm in the y direction respectively. Further,
the transmissive display regions WT of the respective colors
have a size of 41 pm in the x direction and have a size of 83
pm in the y direction respectively.

[0101] In the conventional transflective color liquid crys-
tal display panel as shown in FIG. 6A, a numerical aperture
of the reflective display region WR of one pixel, that is, a
rate of the reflective display region WR with respect to one
pixel region is approximately 26.3%. Further, a numerical
aperture of the transmissive display region WT of one pixel,
that is, a rate of the transmissive display region WT with
respect to one pixel region is approximately 43.6%. Further,
in case of the conventional transflective color liquid crystal
display panel, in general, sizes of the reflective display
regions WR and the transmissive display regions WT of all
pixels are equal to each other and hence, also by focusing on
two pixels arranged in the y direction, a numerical aperture
of the reflective display region WR is approximately 26.3%,
and a numerical aperture of the transmissive display region
WT is approximately 43.6%.

[0102] On the other hand, in the liquid crystal display
panel of the embodiment 1, considered is a case in which, for
example, a size of first pixel and a size of the second pixel
are set such that the sizes of two pixels arranged in the y
direction agree with the sizes of two pixels arranged in the
y direction shown in FIG. 6A. Here, the first pixel and the
second pixel arranged in the y direction assume sizes as
shown in FIG. 6B, wherein a size of each pixel in the x
direction is 153 um and a width of the black matrix BM is
10 pm. By allowing numerical apertures of transmissive
display regions WT1, WT2 in two pixels arranged in the y
direction to agree with a numerical aperture of transmissive
display region WT in two pixels arranged in the y direction
in FIG. 6A, the transmissive display region WT1 of each
color of the first pixel and a size of the transmissive display
region WT2 of each color of the second pixel in the x
direction may be set to 41 pm and a size thereof in the y
direction may be set to 83 um respectively, for example. Due
to such size setting, the size of the first pixel in the y
direction becomes 93 pm, the size of the second pixel in the
y direction becomes 213 pum, and the size of the reflective
display region WR2 of the second pixel in the y direction
becomes 110 um.

[0103] In the liquid crystal display panel of the embodi-
ment 1 as shown in FIG. 6B, by focusing on two pixels
arranged in the y direction, the numerical aperture of the
transmissive display regions WT1, WT2 is approximately
43.6% and hence, the numerical aperture is equal to the
numerical aperture of the transmissive display regions WT1,
WT2 of the conventional constitution shown in FIG. 6A. On
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the other hand, the numerical aperture of the reflective
display region WR2 becomes approximately 28.9% and
hence, the numerical aperture of the reflective display region
WR2 is increased by approximately 10% compared to the
numerical aperture of the reflective display region WR of the
constitution shown in FIG. 6A. Further, in the liquid crystal
display panel of the embodiment 1, since sets of the first
pixel and the second pixel which are shown in FIG. 6B are
arranged over that whole area of the display region DA, it
may be possible to estimate that the numerical aperture of
the reflective display region with respect to the whole
display region is increased by approximately 10% compared
to the numerical aperture of the reflective display region of
the conventional constitution.

[0104] Next, as the conventional liquid crystal display
panel, for example, a transflective color liquid crystal dis-
play panel which has a diagonal size of a display region is
set to 2.4 inches and a display mode (resolution) is VGA is
exemplified, and one example of sizes, transmissivities and
reflectances of two pixels which are arranged in the y
direction is shown. When the resolution is VGA, for
example, 640x480 (pieces) pixels exist in the display region.
Accordingly, when a diagonal size of the display region is
set equal to the diagonal size of the display region in the
above-mentioned QVGA transflective color liquid crystal
display panel, a size of one pixel becomes smaller than a size
of one pixel in the above-mentioned QVGA transflective
color liquid crystal display panel. Here, one pixel is, for
example, as shown in FIG. 7A, formed in a square which
sets both sizes in the x direction as well as in the y direction
to 75 um. However, a width of the black matrix BM which
divides sub pixels arranged in the x direction, a width of the
black matrix BM which divides two pixels arranged in the
y direction and a width of the black matrix BM which
divides the reflective display region WR and the transmis-
sive display region WT of the sub pixel of one color are
respectively determined by widths of the scanning signal
line GL and the holding capacitance line StI, and a width of
the image signal line LD or the like which are mounted on
the TFT substrate 1 and hence, the widths of the black
matrixes become 10 pm as in the example shown by FIG.
6A. Here, when the sizes of the reflective display region WR
and the transmissive display region WT of respective colors
in the x direction are set equal to each other, the size of the
reflective display region WR of respective colors in the x
direction becomes 15 pm and the size of the reflective
display region WR of respective colors in the y direction
becomes 20 pm. Further, the size of the transmissive display
region WT of respective colors in the x direction becomes 15
um and the size thereof in the y direction becomes 35 pum.

[0105] In the conventional transflective color liquid crys-
tal display panel as shown in FIG. 7A, a numerical aperture
of the reflective display region WR of one pixel is approxi-
mately 16.0%. Further, a numerical aperture of the trans-
missive display region WT of one pixel is approximately
28.0%. Further, in case of the conventional transflective
color liquid crystal display panel, in general, sizes of the
reflective display regions WR and the transmissive display
regions WT of all pixels are equal to each other and hence,
also by focusing on two pixels arranged in they direction, a
numerical aperture of the reflective display region WR is
approximately 16.0%, and a numerical aperture of the
transmissive display region WT is approximately 28.0%.
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[0106] On the other hand, in the liquid crystal display
panel of the embodiment 1, considered is a case in which, for
example, a size of first pixel and a size of the second pixel
are set such that the sizes of two pixels arranged in the y
direction agree with the sizes of two pixels arranged in the
y direction shown in FIG. 7A. Here, the first pixel and the
second pixel arranged in the y direction assume sizes as
shown in FIG. 7B, wherein a size of each pixel in the x
direction is 75 um and a width of the black matrix BM is 10
um. Here, by allowing a numerical aperture of transmissive
display regions WT1, WT2 in two pixels arranged in the y
direction to agree with a numerical aperture of transmissive
display region WT in two pixels arranged in the y direction
in FIG. 7A, the transmissive display region WT1 of each
color of the first pixel and the transmissive display region
WT2 of each color of the second pixel may have a size in the
x direction of 15 pm and a size in the v direction of 35 pm
respectively, for example. Due to such size setting, the size
of the first pixel in the y direction becomes 45 pm, the size
of the second pixel in the y direction becomes 105 pum, and
the size of the reflective display region WR2 of the second
pixel in the y direction becomes 50 pm.

[0107] In the liquid crystal display panel of the embodi-
ment 1 as shown in FIG. 7B, by focusing on two pixels
arranged in the y direction, the numerical aperture of the
transmissive display regions WT1, WT2 is approximately
28.0% and hence, the numerical aperture is equal to the
numerical aperture of the transmissive display regions WT1,
WT2 of the conventional constitution shown in FIG. 7A. On
the other hand, the numerical aperture of the reflective
display region WR2 becomes approximately 20.0% and
hence, the numerical aperture of the reflective display region
WR2 is increased by approximately 25% compared to the
numerical aperture of the reflective display region WR of the
conventional constitution shown in FIG. 7A. Further, in the
liquid crystal display panel of the embodiment 1, since sets
of the first pixel and the second pixel which are shown in
FIG. 7B are arranged over that whole area of the display
region DA and hence, it may be possible to estimate that the
numerical aperture of the reflective display region with
respect to the whole display region is increased by approxi-
mately 25% compared to the numerical aperture of the
reflective display region of the conventional constitution.

[0108] From the above, the liquid crystal display panel of
the embodiment 1 can make the reflective display region
thereof exhibit the reflectance higher than the reflectance of
the reflective display region of the conventional transflective
liquid crystal display panel while maintaining the transmis-
sivity substantially equal to the transmissivity of the trans-
missive display region of the conventional transflective
liquid crystal display panel. Accordingly, for example, the
liquid crystal display panel of the embodiment can perform
the bright reflective display in the reflective display region
compared to the conventional transflective liquid crystal
display panel while allowing the transmissive display
regions to maintain the transmissive display of the substan-
tially equal brightness as the transmissive display regions of
the conventional liquid crystal display panel.

[0109] Further, in the liquid crystal display panel of the
embodiment 1, an advantageous effect of making the reflec-
tive display region thereof exhibit the reflectance higher than
the reflectance of the reflective display region of the con-
ventional transflective liquid crystal display panel while
maintaining the transmissivity substantially equal to the
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transmissivity of the transmissive display region of the
conventional transflective liquid crystal display panel is
increased with decrease of a size of one pixel.

[0110] Further, although a detailed explanation is omitted,
in the liquid crystal display panel of the embodiment 1, for
example, when the numerical aperture of the reflective
display region by focusing on two pixels arranged in the y
direction is set substantially equal to the numerical aperture
of the reflective display region of the conventional trans-
flective liquid crystal display panel, it is possible to make the
transmissivity of the transmissive display region higher than
the transmissivity of the transmissive display region of the
conventional transflective liquid crystal display panel.
[0111] Here, in general, the transflective liquid crystal
display panel exhibits poor visibility compared to the trans-
missive display. Accordingly, in the liquid crystal display
panel of the embodiment 1, for example, as shown in FIG.
6B or FIG. 7B, it is desirable to set the numerical aperture
of the transmissive display region substantially equal to the
numerical aperture of the transmissive display region of the
conventional transflective liquid crystal display panel and to
set the numerical aperture of the reflective display region
higher than the numerical aperture of the reflective display
region of the conventional transflective liquid crystal display
device.

[0112] Further, in the liquid crystal display panel of the
embodiment 1, it is desirable that an area of the transmissive
display region WT1 of the first pixel and an area of the
transmissive display region WT2 of the second pixel are
substantially equal to each other. Due to such a constitution,
a display of a video or an image on performing the trans-
missive display become uniform. Further, with respect to
areas of the respective transmissive display regions at that
time, it is preferable that the error thereof fall within a range
of 5% and hence, when the areas have the error which falls
within this range, the areas may be assumed as having equal
area. Further, in the liquid crystal display panel of the
embodiment 1, a size LY2 of the second pixel in the y
direction is set larger than a size LY1 of the first pixel in the
y direction so that the area of the transmissive display region
WT1 of the first pixel and the area of the transmissive
display region WT2 of the second pixel become substan-
tially equal.

[0113] FIG. 8 is a schematic cross-sectional view for
explaining a first modification of the liquid crystal display
panel of the embodiment 1. Here, FIG. 8 is a cross-sectional
view corresponding to a cross-section taken along a line
C-C' in FIG. 3.

[0114] In the liquid crystal display panel of the embodi-
ment 1, for example, as shown in FIG. 3 and FIG. 4, the
black matrix BM which is overlapped with a step portion
which divides the second pixel into the reflective display
region WR2 and the transmissive display region W12 as
viewed in a plan view is provided on the counter substrate
2 whereby a light leaked from the step portion is blocked.
However, the liquid crystal display panel of the embodiment
1 is not limited to this and, for example, as shown in FIG.
8, the reflective electrode RE which is mounted on the
reflective display region WR2 of the second pixel may be
allowed to extend to the transmissive display region WT2
side whereby the step portion is covered with the reflective
electrode RE. The reflective electrode RE reflects the light
incident from the counter substrate 2 side and, at the same
time, has a function to block light incident from the TFT
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substrate 1 side and hence, even when the constitution as
shown in FIG. 8 is adopted, it is possible to prevent leakage
of light generated at the step portion.

[0115] FIG. 9 is a schematic cross-sectional view for
explaining a second modification of the liquid crystal dis-
play panel of the embodiment 1. Here, FIG. 9 is a cross-
sectional view corresponding to a cross-section taken along
a line C-C' in FIG. 3.

[0116] In the liquid crystal display panel of the embodi-
ment 1, for example, a step forming layer MR as shown in
FIG. 4 is formed in the reflective display region WR2 of the
TFT substrate 1 thus differentiating a thickness of a liquid
crystal layer LC in the transmissive display regions WT1,
WT2 and a thickness of a liquid crystal layer LC of the
reflective display region WR2. However, the liquid crystal
display panel of the embodiment 1 is not limited to this and,
for example, as shown in FIG. 9, the step forming layer MR
may be formed in the reflective display region WR2 of the
counter substrate 2.

[0117] Further, in the embodiment 1, as one example of
the constitution of a cross-sectional constitution of the liquid
crystal display panel, that is, the constitution of the TFT
substrate 1 or the counter substrate 2. the constitution as
shown in FIG. 4 and FIG. 5 is named. However, the liquid
crystal display panel of the embodiment 1 is not limited to
such a constitution and, as the constitution of the second
pixel, any of various constitutions applied to the conven-
tional transflective liquid crystal display panel may be
adopted.

[0118] FIG. 10 is a schematic plan view showing the
schematic constitution of the liquid crystal display panel of
the embodiment 2 according to the present invention. Here,
FIG. 10 is a plan view showing a region AR1 in FIG. 1 in
an enlarged manner, and the x direction and the y direction
shown in FIG. 10 respectively agree with the x direction and
the y direction shown in FIG. 1.

[0119] The liquid crystal display panel of the embodiment
2 is equal to the liquid crystal display panel of the embodi-
ment 1 with respect to the point that a first pixel row which
1s formed by arranging a plurality of first pixels which have
only transmissive display region WT1 in the x direction and
a second pixel row which is formed by arranging pixels
which have the reflective display region WR2 and the
transmissive display region WT2 in the x direction are
alternately arranged in the y direction.

[0120] However, in the liquid crystal display panel of the
embodiment 2, for example, as shown in FIG. 10, a size LY1
of the first pixel in the y direction and a size Y2 of the
second pixel in the y direction are equal to each other.
Accordingly, the area of the transmissive display region
WT1 of the first pixel differs from the area of the transmis-
sive display region WT2 of the second pixel. Here, for
example, the planar constitution of each pixel as viewed
from the viewer’s side shown in FIG. 10 is substantially
equal to the planar constitution shown in FIG. 3 and only
differs in the size LY1 of the first pixel in the y direction, the
size LY2 of the second pixel in the y direction, a size of the
transmissive display region WT1 of the first pixel in the y
direction, sizes of the reflective display region WR2 and the
transmissive display region W12 of the second pixel in the
y direction. Further, the cross-sectional constitution of the
liquid crystal display panel taken along a line E-E' shown in
FIG. 10 is substantially equal to the cross-sectional consti-
tution shown in F1G. 4 and only differs in the size LY1 of the
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first pixel in the y direction, the size Y2 of the second pixel
in the y direction, a size of the transmissive display region
WT1 of the first pixel in the y direction, sizes of the
reflective display region WR2 and the transmissive display
region WT2 of the second pixel in the y direction. Accord-
ingly, the detailed explanation of the planar constitution and
the cross-sectional constitution of the liquid crystal display
panel of the embodiment 2 is omitted.

[0121] FIG. 11A to FIG. 11B and FIG. 12A and FIG. 12B
are schematic plan views for respectively explaining advan-
tageous effects of the liquid crystal display panel of the
embodiment 2. Here, FIG. 11A is a plan view showing one
constitutional example of pixels of a conventional liquid
crystal display panel, and FIG. 11B is a plan view showing
one constitutional example of the pixels of the liquid crystal
display panel of the embodiment 2. Further, FIG. 12A is a
plan view showing another constitutional example of pixels
of the conventional liquid crystal display panel, and FIG.
12B is a plan view showing another constitutional example
of the pixels of the liquid crystal display panel of the
embodiment 2.

[0122] In the liquid crystal display panel of the embodi-
ment 2 also, a first pixel row in which the plurality of first
pixels having only the transmissive display region WT1 are
arranged in the x direction and a second pixel row in which
a plurality of second pixels having the reflective display
region WR2 and the transmissive display region WT2 are
arranged in the x direction are alternately arranged in the y
direction. Accordingly, to explain the advantageous effects
of the liquid crystal display panel of the embodiment 2 also,
by focusing on two pixels arranged in the y direction, a
relationship of the size, transmissivity and reflectance
between two pixels is explained.

[0123] First of all, as the conventional liquid crystal dis-
play panel, for example, a transflective color liquid crystal
display panel which is used in a display of a mobile phone
terminal or the like is named, and one example of size,
transmissivity and reflectance of two pixels which are
arranged in the y direction is shown. In the conventional
transflective color liquid crystal display panel, for example,
when a diagonal size of a display region is set to 2.4 inch and
a display mode (resolution) is QVGA, 320x240 (pieces)
pixels exist in the display region. Here, one pixel is, for
example, as shown in FIG. 11A, formed in a square which
sets both sizes in the x direction as well as in the y direction
to 153 pum. Further, when a width of the black matrix BM
which divides sub pixels arranged in the x direction, a width
of the black matrix BM which divides two pixels arranged
in the y direction and a width of the black matrix BM which
divides the reflective display region WR and the transmis-
sive display region WT of the sub pixel of one color are
respectively set to 10 pm, and sizes of the reflective display
regions WR and the transmissive display regions WT of
respective colors in the x direction are set equal to each
other, the reflective display regions WR of the respective
colors have a size of 41 pm in the x direction and have a size
of 50 pm in the y direction respectively. Further, the trans-
missive display regions WT of the respective colors have a
size of 41 um in the x direction and have a size of 83 pm in
the y direction respectively.

[0124] In the conventional transflective color liquid crys-
tal display panel as shown in FIG. 11A, a numerical aperture
of the reflective display region WR of one pixel, that is, a
rate of the reflective display region WR with respect to one
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pixel region is approximately 26.3%. Further, a numerical
aperture of the transmissive display region WT of one pixel,
that is, a rate of the transmissive display region WT with
respect to one pixel region is approximately 43.6%. Further,
in case of the conventional transflective color liquid crystal
display panel, in general, sizes of the reflective display
regions WR and the transmissive display regions WT of all
pixels are equal to each other and hence, also by focusing on
two pixels arranged in the y direction, a numerical aperture
of the reflective display region WR is approximately 26.3%,
and a numerical aperture of the transmissive display region
WT is approximately 43.6%.

[0125] On the other hand, in the liquid crystal display
panel of the embodiment 2, considered is a case in which, for
example, a size of first pixel and a size of the second pixel
are set such that the sizes of two pixels arranged in the y
direction agree with the sizes of two pixels arranged in the
y direction shown in FIG. 11A. Here, the first pixel and the
second pixel arranged in the y direction assume sizes as
shown in FIG. 11B, wherein both sizes of each pixel in the
x direction and the in the y direction are respectively 153 pm
and a width of the black matrix BM is 10 pm. Here, at that
time, since the first pixel is constituted of only transmissive
display region WT1 and hence, a size of the transmissive
display region WT1 of each color in the x direction becomes
41 pm and a size thereof in the y-direction becomes 143 pum.
Still further, by allowing a numerical aperture of transmis-
sive display regions WT1, WT2 by focusing on two pixels
arranged in the y direction to agree with a numerical aperture
of transmissive display region WT by focusing on two pixels
arranged in the y direction in FIG. 11A, a size of the
transmissive display region WT?2 of each color of the second
pixel in the y direction may be set to 23 pm. Due to such size
setting, the size of the reflective display region WR2 of the
second pixel in the y direction becomes 110 pm.

[0126] In the liquid crystal display panel of the embodi-
ment 2 as shown in FIG. 11B, by focusing on two pixels
arranged in the y direction, the numerical aperture of the
transmissive display regions WT1, WT2 is approximately
43.6% and hence, the numerical aperture is equal to the
numerical aperture of the transmissive display regions WT1,
WT2 of the conventional constitution shown in FIG. 11A.
On the other hand, the numerical aperture of the reflective
display region WR2 becomes approximately 28.9% and
hence, the numerical aperture of the reflective display region
WR2 is increased by approximately 10% compared to the
numerical aperture of the reflective display region WR of the
constitution shown in FIG. 11A. Further, in the liquid crystal
display panel of the embodiment 2, since sets of the first
pixel and the second pixel which are shown in FIG. 11B are
arranged over that whole area of the display region DA and
hence, it may be possible to estimate that the numerical
aperture of the reflective display region with respect to the
whole display region is increased by approximately 10%
compared to the numerical aperture of the reflective display
region of the conventional constitution.

[0127] Next, as the conventional liquid crystal display
panel, for example, a transflective color liquid crystal dis-
play parel which has a diagonal size of a display region is
set to 2.4 inch and a display mode (resolution) is VGA is
exemplified, and one example of size, transmissivity and
reflectance of two pixels which are arranged in the y
direction is shown. When the resolution is VGA, 640x480
(pieces) pixels exist in the display region. Accordingly,
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when a diagonal size of the display region is set equal to the
diagonal size of the display region in the above-mentioned
QVGA transflective color liquid crystal display panel, a size
of one pixel becomes smaller than a size of one pixel in the
above-mentioned QVGA transflective color liquid crystal
display panel. Here, one pixel is, for example, as shown in
FIG. 12A, formed in a square which sets both sizes in the x
direction as well as in the y direction to 75 pm. However, a
width of the black matrix BM which divides sub pixels
arranged in the x direction, a width of the black matrix BM
which divides two pixels arranged in the y direction and a
width of the black matrix BM which divides the reflective
display region WR and the transmissive display region WT
of the sub pixel of one color are respectively determined by
widths of the scanning signal line GL and the holding
capacitance line StL, a width of the image signal line DL or
the like and hence, the widths of the black matrixes become
10 um as in the example shown by FIG. 11A. Here, when the
sizes of the reflection region WR and the transmissive
display region WT of respective colors in the x direction are
set equal to each other, the size of the reflective display
region WR of respective colors in the x direction becomes
15 um and the size thereof in the y direction becomes 20 pm.
Further, the size of the transmissive display region WT of
respective colors in the x direction becomes 15 um and the
size thereof in the y direction becomes 35 pm respectively.

[0128] In the conventional transflective color liquid crys-
tal display panel as shown in FIG. 12A, a numerical aperture
of the reflective display region WR of one pixel is approxi-
mately 16.0%. Further, a numerical aperture of the trans-
missive display region WT of one pixel is approximately
28.0%. Further, in case of the conventional transflective
color liquid crystal display panel, in general, sizes of the
reflective display regions WR and the transmissive display
regions WT of all pixels are equal to each other and hence,
also by focusing on two pixels arranged in the y direction,
a numerical aperture of the reflective display region WR is
approximately 16.0%, and a numerical aperture of the
transmissive display region WT is approximately 28.0%.
[0129] On the other hand, here considered is a case in
which, in the liquid crystal display panel of the embodiment
2, for example, the sizes of the first pixel and the second
pixel are set to agree with the sizes of two pixels which are
arranged in the y direction shown in FIG. 12A. Here, with
respect to the first pixel and the second pixel in the y
direction, as shown in FIG. 12B, the size in the x direction
and the size in the y direction of each pixel are respectively
75 um, and a width of the black matrix BM is 10 pm. Here,
the first pixel is constituted of only transmissive display
regions WT1 and hence, with respect to the transmissive
display regions WT1 of respective colors, the size in the x
direction becomes 15 pm and the size in the y direction
becomes 65 um. Still further, to make numerical apertures of
the transmissive display regions WT1, WT2 arranged in the
y direction agree with the numerical apertures of the trans-
missive display regions WT by focusing on two pixels
arranged in the y direction, shown in FIG. 12A, the sizes in
the y direction of the respective transmissive display regions
WT2 of each color of the second pixel may be set to 5 um.
By setting the sizes of the transmissive display regions WT
in this manner, the size in the y direction of the reflective
display regions WR2 of the second pixel is 50 pm.

[0130] In the liquid crystal display panel of the embodi-
ment 2 shown in FIG. 12B, to focus on two pixels in the y
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direction, numerical apertures of the transmissive display
regions WT1, WT2 are approximately 28.0% and have the
same constitution as the conventional constitution shown in
FIG. 12A. On the other hand, the numerical aperture of the
reflective display regions WR2 becomes approximately
20.0% and is increased by approximately 25.0% compared
to the numerical aperture of the reflective display regions
WR of conventional constitution shown in FIG. 12A. Fur-
ther, in the case of the liquid crystal display panel of the
embodiment 2, the sets each of which is formed of the first
pixel and the second pixel shown in FIG. 12B are arranged
over the whole area of the display region DA and hence, it
is estimated that the numerical aperture of the reflective
display regions as viewed in the whole display region is
increased by approximately 25.0% compared with the
numerical aperture of the reflective display regions of the
conventional liquid crystal display panel.

[0131] As described above, the liquid crystal display panel
of the second embodiment can also obtain the same advan-
tageous effects as the liquid crystal display panel of the
embodiment 1. For example, while allowing the transmis-
sive display regions to maintain the transmissive display of
the substantially equal brightness as the transmissive display
regions of the conventional liquid crystal display panel, the
liquid crystal display panel of the second embodiment can
perform the bright reflective display in the reflective display
regions compared to reflective display regions of the con-
ventional liquid crystal display panel.

[0132] Further, also in the liquid crystal display panel of
the embodiment 2, the smaller the size of one pixel, an
advantageous effect can be increased that while maintaining
the transmissivity of the transmissive display regions sub-
stantially equal to the transmissivity of the transmissive
display regions of the conventional transflective liquid crys-
tal display panel, the reflectance of the reflective display
region can be increased compared to the reflectance of the
reflective display region of the conventional transflective
liquid crystal display panel.

[0133] FIG. 13 is a schematic view for explaining one
example of a first driving method of the liquid crystal
display panel of the present invention. FIG. 14 is a schematic
view for explaining one example of a second driving method
of the liquid crystal display panel of the present invention.
[0134] In the conventional liquid crystal display panel,
when a gray scale signal is applied to each pixel electrode of
the respective pixel, in general, the polarity of the pixel
electrode with respect to a potential of the common elec-
trode is inverted for every preset number of frames. That is,
when the polarity is inverted for every frame, to the pixel
electrode to which the signal having the potential higher
than the potential of the common electrode (referred to as
positive polarity) is applied in one frame, the signal having
the potential lower than the potential of the common elec-
trode (referred to as negative polarity) is applied in another
frame. In a conventional liquid crystal display panel, by
inverting the polarities of the pixels in this manner. flickers
and image retention can be prevented.

[0135] As the driving method which inverts the polarities
of the pixel electrodes, for example, there has been known
a driving method which is referred to as line inversion
driving. FIG. 13 shows the polarities of the respective pixels
for performing the line inversion driving of the liquid crystal
display panel in the embodiment 1 or the embodiment 2. In
FIG. 13, a case in which 64 pixels are formed with 8 pixels
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arranged in the x direction and 8 pixels arranged in the y
direction is exemplified. In FIG. 13, each square corre-
sponds to the pixel, wherein the squares indicated by “+” are
pixels to which a signal of positive polarity is applied, and
the squares indicated by “~" are pixels to which a signal of
negative polarity is applied. Further, in FIG. 13, L (1), L,
(D), Ls (T), L, (T) are first pixel rows in which only the first
pixels each having only the transmissive display region
WT1 are arranged, while L, (T, R), L, (T, R), L (T, R), L
(T, R) are second pixel rows in which the second pixels each
having the reflective display region WR2 and the transmis-
sive display region WT2 are arranged.

[0136] In performing the line inversion driving of the
liquid crystal display panel in the embodiment 1 or the
embodiment 2, for example, when a video or an image
during a certain frame period is displayed, as shown in an
upper side of FIG. 13, a signal of positive polarity is applied
to the pixel electrodes PX of the pixels of the respective
pixel rows of L; (T), L; (T), L5 (1), L, (T), and a signal of
negative polarity is applied to the pixel electrodes PX of the
pixels of the respective pixel rows of L, (T, R), L, (T, R), L
(T, R), Lg (T, R).

[0137] Then, for example, when a video or an image of a
next frame period is displayed, the polarity is inverted. That
is, a signal of negative polarity is applied to the pixels to
which the signal of positive polarity is applied in the
previous frame, and a signal of positive polarity is applied
to the pixels to which the signal of negative polarity is
applied in the previous frame. That is, as shown in a lower
side of FIG. 13, the signal of negative polarity is applied to
the pixel electrodes PX of the pixels of the respective pixel
rows of L, (T), Ly (T), Ls (T), L, (T), and the signal of
positive polarity is applied to the pixel electrodes PX of the
pixels of the respective pixel rows of L, (T,R), L, (T,R). L¢
(TR), L; (T,R).

[0138] In the conventional liquid crystal display panel,
since the constitutions of the pixels of each pixel row are
equal, by changing over a pattern shown in an upper side of
FIG. 13 and a pattern shown in a lower side of FIG. 13 for
every preset number of frames, it is possible to prevent
flickers and image retention.

[0139] However, in case of the liquid crystal display panel
of the embodiment 1 or the embodiment 2, the first pixel
rows in which only the first pixels each having only the
transmissive display region WT1 are arranged in the x
direction and second pixel rows in which the second pixels
each having the reflective display region WR2 and the
transmissive display region W12 are arranged in the x
direction are alternately arranged in the y direction. Accord-
ingly, when the line inversion driving is applied to the liquid
crystal display panel, the signal of the same polarity is
applied to the pixel electrodes PX of the respective first pixel
rows. To explain this line inversion driving in conjunction
with the example shown in FIG. 13, the first pixel rows are
L, (D), L;(T),Ls (1), L, (T), and when the signal of positive
polarity is applied to the respective pixels of L, (T), the
signal of positive polarity is also applied to the pixels of the
remaining respective first pixel rows. In the same manner,
the signal of same polarity (negative polarity) is also applied
to the pixels of the respective remaining second pixel rows.
[0140] In this manner, when the line inversion driving of
the liquid crystal display panel of the embodiment 1 or the
embodiment 2 is performed, to focus on the display during
one frame, the polarities of the first pixels and the second
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pixels are biased. Although the biasing of the polarities
causes no problem so long as a transmissive display is
mainly performed, there arises a following drawback when
a reflective display is mainly performed.

[0141] For example, in a place under sunlight, the reflec-
tive display regions WR2 of the second pixels mainly
contribute to the display. However, the polarities of the
reflective display regions WR2 all become the positive
polarity in a certain frame and become the negative polarity
in the next frame. Accordingly, for example, a DC voltage
component is applied to the pixel electrodes due to the
influence of a jump voltage or the like thus giving rise to a
possibility of the generation of flickers or image retention
when the polarities are inverted.

[0142] Accordingly, in driving the liquid crystal display
panel of the embodiment 1 or the embodiment 2, it is
desirable to perform the line inversion driving in which two
neighboring pixel rows constitute a set as shown in FIG. 14
(2-line inversion driving). In FIG. 14, a case in which 64
pixels are formed with 8 pixels arranged in the x direction
and 8 pixels arranged in the y direction is exemplified. In
FIG. 14, each square corresponds to the pixel, wherein the
squares indicated by “+” are pixels to which a signal of
positive polarity is applied, and the squares indicated by “-”
are pixels to which a signal of negative polarity is applied.
Further, in FIG. 14, L, (T), L, (T), L5 (D), L, (T) are first
pixel rows in which only the first pixels each having only the
transmissive display region WT1 are arranged, while L,
(T,R), L, (T,R), Ly (T,R), Lg (T,R) are second pixel rows in
which the second pixels each having the reflective display
region WR2 and the transmissive display region WT2 are
arranged.

[0143] In performing the 2-line inversion driving of the
liquid crystal display panel, for example, when a video or an
image during a certain frame period is displayed, as shown
in an upper side of FIG. 14, a signal of positive polarity is
applied to the pixel electrodes PX of the pixels of the
respective pixel rows of L, (T), L, (T,R), Ly (T), L (T.R),
and a signal of negative polarity is applied to the pixel
electrodes PX of the pixels of the respective pixel rows of L
(D). Ly (T, R), Ly (T), Ly (T, R).

[0144] Then, for example, when a video or an image of a
next frame period is displayed, the polarity is inverted. That
is, a signal of negative polarity is applied to the pixels to
which the signal of positive polarity is applied in the
previous frame, and a signal of positive polarity is applied
to the pixels to which the signal of negative polarity is
applied in the previous frame. That is, as shown in a lower
side of FIG. 14, the signal of negative polarity is applied to
the pixel electrodes PX of the pixels of the respective pixel
rows of L, (T), L, (T,R), L5 (T), L¢ (T,R), and the signal of
positive polarity is applied to the pixel electrodes PX of the
pixels of the respective pixel rows of L; (T), L, (T.R), L, (T),
Lg (T,R).

[0145] Due to such 2-line inversion driving, for example,
in displaying a video or an image in a certain frame period,
both the polarities of two neighboring first pixel rows and
the polarities of two neighboring second pixel rows take
polarities opposite to each other and hence, the biasing of the
polarities can be prevented. Accordingly, it is possible to
prevent the generation of flickers or image retention when
the polarities of the reflective display regions are inverted.
[0146] Further, in displaying a video or an image on the
liquid crystal display panel, it may be possible to change
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over the line inversion driving shown in FIG. 13 and the
2-line inversion driving shown in FIG. 14 when necessary.
As a changeover method, for example, the changeover of
driving is interlocked with lighting/extinguishing of a back-
light such that the line inversion driving shown in FIG. 13
is performed when the backlight is turned on and the 2-line
inversion driving shown in FIG. 14 is performed when the
backlight is turned off.

Embodiment 4

[0147] FIG. 15 is a schematic view showing the circuit
constitution of one pixel of the liquid crystal display panel
of the present invention.

[0148] Although the liquid crystal display panel described
in the embodiment 1 or the embodiment 2 includes two
kinds of pixels having constitutions different from each
other, that is, the first pixels each of which includes only the
transmissive display region WT1 and the second pixels each
of which includes the reflective display region WR2 and the
transmissive display region WT2, both pixels have the
circuit constitution shown in FIG. 15. That is, a gate of a
TFT element which is arranged with respect to each pixel is
connected to one of a plurality of scanning signal lines GL,
and a drain of the TFT element is connected to one of a
plurality of video signal lines DL. Further, a source of the
TFT element is connected to a pixel electrode PX arranged
with respect to each pixel. Here, a liquid crystal capacitance
C,. is formed between a pixel electrode PX and a counter
electrode CT which faces the pixel electrode PX with a
liquid crystal layer LC therebetween. and a holding capaci-
tance C,, is formed between the pixel electrode PX and a
holding capacitance line StI, which partially overlaps the
pixel electrode PX by way of a first insulation layer PAS1
and a second insulation layer PAS2. Here, the liquid crystal
capacitance C,, is expressed by a following equation (1) and
the holding capacitance C, is expressed by a following
equation (2). Here, a pixel capacitance C,,  of each pixel is
expressed as a combined capacitance of the liquid crystal
capacitance C,_ and the holding capacitance C_, as shown in
the following equation (3).

Cri=CyElSi/dy) (equation 1)

(O SNSHAW M) (equation 2)

UG, =1IC+1/C,,

[0149] Here, in the equations (1) and (2), €, is a dielectric
constant in a vacuum. Further, in the equation (1), €, is a
relative dielectric constant of liquid crystal layer LC, S, is
an area of a liquid crystal layer LC when viewed in a plan
view, and d,_ is a thickness of the liquid crystal layer LC.
Further, in the equation (2), €, is a relative dielectric
constant of an insulation layer PAS between the pixel
electrode PX and the holding capacitance line StL, S_, is an
area of the insulation layer PAS when viewed in a plan view,
and d_, is a thickness of the insulation layer PAS.

[0150] In the conventional transflective liquid crystal dis-
play panel, for example, as shown in FIG. 20 and FIG. 21,
the respective pixels (sub pixels) have the same constitution
and the pixel electrodes PX also have the same shape.
Accordingly, the respective pixels have the same liquid
crystal capacitance and hence, it is possible to set the pixel
capacitances of the respective pixels to a fixed value by
fixing the holding capacitances of the respective pixels to a
fixed value.

(equation 3)
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[0151] However, in the liquid crystal display panel of the
embodiment 1 or the embodiment 2, the pixel electrode PX
of the sub pixel of the first pixel and the pixel electrode PX
of the sub pixel of the second pixel differ from each other in
shape and hence, usually, a value of the liquid crystal
capacitance C,_, of the first pixel and a value of the liquid
crystal capacitance C,_, of the second pixel differ from each
other. Accordingly, when the holding capacitances of the
respective pixels are set to a fixed value as in the case of the
conventional transflective liquid crystal display panel, the
pixel capacitance of the first pixel and the pixel capacitance
of the second pixel which are expressed by the equation (3)
assume values different from each other thus giving rise to
a high possibility that the display irregularities occur.
[0152] To overcome such a drawback, in the liquid crystal
display panel of the embodiment 1 or the embodiment 2, it
is desirable to change the values of the holding capacitance
C,,, of the first pixel and the holding capacitance C_,, of the
second pixel based on the difference between the liquid
crystal capacitance C,_; of the first pixel and the liquid
crystal capacitance C,., of the second pixel such that the
pixel capacitance C,,,; of the first pixel and the pixel
capacitance C,,, of the second pixel become substantially
equal to each other.

[0153] FIG. 16 is a schematic view for explaining the
manner of acquiring the pixel capacitance of the first pixel
of the liquid crystal display panel of the present invention.
FIG. 17 is a schematic view for explaining the manner of
acquiring the pixel capacitance of the second pixel of the
liquid crystal display panel of the present invention.
[0154] With respect to the pixel having only the transmis-
sive display region WT1 such as the first pixel, to schemati-
cally explain by taking out the pixel electrode PX, the
common electrode CT and the holding capacitance line StL
which are relevant to the formation of the liquid crystal
capacitance C,, and the holding capacitance C_,, the rela-
tionship shown in FIG. 16 is established. Here, assume that
the pixel electrode PX and the common electrode CT are
arranged parallel to each other, the thickness of the liquid
crystal layer LC which is interposed between both electrodes
is set as d,_;, and the area of a region where both electrodes
overlap each other in a plan view (area of the liquid crystal
layer LC interposed between both electrodes as viewed in a
plan view) is set as S,.,. Further, assume that the pixel
electrode PX and the holding capacitance line St are
arranged parallel to each other, the thickness of the insula-
tion layer PAS which is interposed between the pixel elec-
trode PX and the holding capacitance line StL is set as d.,;,
and the area of a region where the pixel electrode PX and the
holding capacitance line StL overlap each other in a plan
view is set as S,,. Still further, assume that the dielectric
constant in a vacuum is €, the relative dielectric constant
of the liquid crystal layer LC as €,., and the relative
dielectric constant of the insulation layer interposed between
the pixel electrode PX and the holding capacitance line StL
as €, the liquid crystal capacitance C,,,, the holding
capacitance C,, and the pixel capacitance C,,,, are respec-
tively expressed by following equations (4) to (6).

Cre1=CoCrelS1e1 /o1 (equation 4)

Con=Co € Ser/ds1) (equaticn 5)
1/Cpix:1/C,cl+1/CS,1

[0155] Further, with respect to the pixel having the reflec-
tive display region WR2 and the transmissive display region

(equaticn 6)
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WT2 such as the second pixel, to schematically explain by
taking out the pixel electrode PX, the common electrode CT
and the holding capacitance line StL. which are relevant to
the formation of the liquid crystal capacitance C,_, and the
holding capacitance C_,,, the relationship shown in FIG. 17
is established. Here, assume that the pixel electrode PX and
the common electrode CT are arranged parallel to each other
in the reflective display region WR2 and the transmissive
display region WT2, and a distance between the pixel
electrode PX and the common electrode CT in the reflective
display region WR2 is set shorter than a distance between
the pixel electrode PX and the common electrode CT in the
transmissive display region WT2. Further, with respect to
the thickness of the liquid crystal layer LC which is inter-
posed between both electrodes, the thickness of the liquid
crystal layer LC in the reflective display region WR2 is set
as d,_,, and the thickness of the liquid crystal layer LC in the
transmissive display region W12 is set as d,,,. Further, with
respect to the area of a region where both electrodes overlap
each other in a plan view (area of the liquid crystal layer LC
interposed between both electrodes as viewed in a plan
view), the area of a region where both electrodes overlap
each other in the reflective display region WR2 is set as S, _,,
and the area of a region where both electrodes overlap each
other in the transmissive display region WT2 is set as S,_,,.
Further, assume that the pixel electrode PX and the holding
capacitance line StL are arranged parallel to each other, the
thickness of the insulation layer PAS which is interposed
between the pixel electrode PX and the holding capacitance
line StL is set as d_,,, and the area of a region where the pixel
electrode PX and the holding capacitance line StL. overlap
each other in a plan view is set as S,,. Here, assume that the
holding capacitance line StL overlaps the pixel electrode PX
in the transmissive display region W12 as viewed in a plan
view. Still further, assume that the dielectric constant in a
vacuum is €,, the relative dielectric constant of the liquid
crystal layer LC is €,_, and the relative dielectric constant of
the insulation layer PAS interposed between the pixel elec-
trode PX and the holding capacitance line StL is €, the
liquid crystal capacitance C,,, in the reflective display
region WR2, the liquid crystal capacitance C,,, in the
transmissive display region W12, the liquid crystal capaci-
tance C,_, of the sub pixel of the second pixel, the holding
capacitance C,, and the pixel capacitance C,,,, in the sub
pixel of the second pixel are respectively expressed by
following equations (7) to (11).

Cr2=Co St/ Miear) (equation 7)

CroamCoC1lSicdear) (equation 8)

Cre2=Cr2rtCiozs (equation 9)

CoCoCelSsn/dr) (equation 10)

1/Cpin=1/Cpt1/Cy

[0156] In the liquid crystal display panel of the embodi-
ment 1 or the embodiment 2, the liquid crystal capacitance
C,,, of the first pixel and the liquid crystal capacitance C,_,
of the second pixel are determined based on the size of the
pixel of the liquid crystal display panel and the thickness of
the liquid crystal layer LC and hence, it is difficult to obtain
the relationship C,,,,,~C,.., by adjusting these liquid crystal
capacitances. Accordingly, to obtain the relationship
C,;1=C 10, 1t 15 desirable to adjust the values of the holding

‘pixl pix2

(equation 11)
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capacitance C,,, of the first pixel and the holding capacitance
C,,, of the second pixel. Although various methods are
considered to change values of the holding capacitance C,,;
of the first pixel and the holding capacitance C, of the
second pixel, the easiest way is to change an overlapping
area of the pixel electrode PX and the holding capacitance
line StL as viewed in a plan view. To change an overlapping
area of the pixel electrode PX and the holding capacitance
line St[ as viewed in a plan view, the size of the pixel
electrode PX or the size (width) of the holding capacitance
line StI may be changed.

[0157] In this manner, by adjusting the values of the
holding capacitance C,,, of the first pixel and the holding
capacitance C_,, of the second pixel for making the pixel
capacitance C,,,, of the first pixel and the pixel capacitance
C,.» of the second pixel substantially equal to each other, it
is possible to prevent the irregularities of image quality
attributed to the fluctuation of the pixel capacitance, for
example.

[0158] Here, in the embodiment 4, the case in which the
holding capacitance is formed between the holding capaci-
tance line St arranged in parallel to the scanning signal line
GL and the pixel electrode PX is exemplified. However, it is
needless to say that this embodiment is not limited to such
a case and the holding capacitance may be formed between
the scanning signal line GL and the pixel electrode PX. In
this case, by changing an area of a region where the scanning
signal line GL and the pixel electrode PX overlap each other
in a plan view, the values of the holding capacitance C, of
the first pixel and the holding capacitance C_,, of the second
pixel may be adjusted.

[0159] Although the present invention has been explained
specifically based on the embodiments, it is needless to say
that the present invention is not limited to the above-
mentioned embodiments and various modifications are con-
ceivable without departing from the gist of the present
invention.

[0160] For example, in the liquid crystal display panel of
the embodiment 1 or the embodiment 2, the first pixel row
in which the first pixels are arranged in the x direction and
the second pixel row in which the second pixels are arranged
in the x direction are alternately arranged in the y direction.
However, the liquid crystal display panel of the present
invention is not limited to such arrangement of the pixels.
For example, to focus on a plurality of pixels which are
arranged in the certain direction, even when the first pixel
and the second pixel are alternately arranged, it is considered
that the liquid crystal display panel of the present invention
can obtain the substantially equal advantageous effects.
Hereinafter, modifications of the liquid crystal display panel
of the present invention on the arrangement of the first pixels
and the second pixels is simply explained.

[0161] FIG. 18 is a schematic plan view for explaining the
first modification of the liquid crystal display panel accord-
ing to the present invention. FIG. 19 is a schematic plan
view for explaining the second modification of liquid crystal
display panel according to the present invention. Here, FIG.
18 and FIG. 19 are schematic plan views which describe a
region AR1 shown in FIG. 1 in an enlarged manner.
[0162] In the liquid crystal display panel of the embodi-
ment 1 or the embodiment 2, the first pixel row in which the
first pixels are arranged in the x direction and the second
pixel row in which the second pixels are arranged in the x
direction are alternately arranged in the y direction. Further,
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in the embodiment 1 and the embodiment 2, the extending
directions of the scanning signal lines GL and the holding
capacitance lines StL are arranged in the x direction and the
extending direction of the video signal lines DL is arranged
in the y direction. However, an essential point of the display
panel of this embodiment lies in that to focus on two
neighboring pixels, one pixel is constituted of a pixel which
has only the transmissive display region and another pixel is
constituted of the pixel which has the reflective display
region and the transmissive display region. Due to such a
constitution, for example, it is possible to increase the
display quality of the reflective display region compared to
the display quality of the reflective display region of the
conventional liquid crystal display panel while allowing the
transmissive display region to maintain the display quality
substantially equal to the display quality of the transmissive
display region of the conventional transflective liquid crystal
display panel.

[0163] Accordingly, in the liquid crystal display panel of
the present invention, for example, as shown in FIG. 18, the
first pixel row in which a plurality of first pixels are arranged
in the y direction and the second pixel row in which a
plurality of second pixels are arranged in the y direction may
be alternately arranged in the x direction. Here, it is desirable
that both the first pixel and the second pixel have a size LX
in the x direction and a size LY in the y direction. In this
case, the x direction is the extending direction of the
scanning signal line GL and the holding capacitance line
StL, and they direction is the extending direction of the
video signal line DL. Also in the arrangement shown in FIG.
18, to focus on two neighboring pixels in the x direction, the
combination of the first pixel which has only the transmis-
sive display region and the second pixel which has the
reflective display region and the transmissive display region
is provided and hence, the liquid crystal display panel of this
modification is considered to obtain the substantial equal
advantageous effects as the liquid crystal display panel of the
embodiment 1 or the embodiment 2.

[0164] Further, in the liquid crystal display panel of the
embodiment 1 or the embodiment 2, or the liquid crystal
display panel shown in FIG. 18, to focus on two neighboring
pixels in either one of the x direction or they direction, the
combination of the first pixel and the second pixel is
provided, while to focus on two neighboring pixels in
another direction, the combination of the first pixels or the
combination of the second pixels is provided. However, the
present invention is not limited to such arrangement. For
example, as shown in FIG. 19, the first pixel and the second
pixel may be arranged in a staggered manner.

[0165] In case of the liquid crystal display panel shown in
FIG. 19, to focus on a plurality of pixels which are arranged
in the x direction, the fist pixel and the second pixel are
alternately arranged. Further, also to focus on a plurality of
pixels arranged in the y direction, the first pixel and the
second pixel are alternately arranged. In this manner, also to
focus on two neighboring pixels, in either one of the x
direction or the y direction, the arrangement which adopts
the combination of the first pixel and the second pixel is
considered to obtain the substantially equal advantageous
effects as the liquid crystal display panel of the embodiment
1 or the embodiment 2.

What is claimed is:
1. Aliquid crystal display device including a liquid crystal
display panel which seals a liquid crystal material between
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a pair of substrates, the liquid crystal display panel having
a display region which is constituted of a plurality of pixels
arranged two-dimensionally in the extending direction of
scanning signal lines and in the extending direction of video
signal lines, wherein

the display region of the liquid crystal display panel

alternately arranges a first pixel row and a second pixel
row thereon in the extending direction of the video
signal lines, the first pixel row arranging a plurality of
first pixels each of which includes only a transmissive
display region which radiates light incident on the
liquid crystal display panel from a back side of the
liquid crystal display panel as viewed from a viewer to
a viewer side in parallel in the extending direction of
the scanning signal lines, and the second pixel row
arranging a plurality of second pixels each of which
includes a reflective display region which radiates light
incident on the liquid crystal display panel from a front
side of the liquid crystal display panel and the trans-
missive display region in parallel in the extending
direction of the scanning signal lines.

2. A liquid crystal display device according to claim 1,
wherein the second pixel is configured such that the reflec-
tive display region and the transmissive display region are
arranged in parallel in the extending direction of the video
signal lines.

3. A liquid crystal display device according to claim 1,
wherein a size of the second pixel in the extending direction
of the video signal lines is larger than a size of the first pixel
in the extending direction of the video signal lines.

4. A liquid crystal display device according to claim 1,
wherein an area of the transmissive display region of the first
pixel is approximately equal to an area of the transmissive
display region of the second pixel.

5. A liquid crystal display device according to claim 1,
wherein a size of the second pixel in the extending direction
of the video signal lines is equal to a size of the first pixel
in the extending direction of the video signal lines.

6. A liquid crystal display device according to claim 1,
wherein an area of the transmissive display region of the first
pixel differs from an area of the transmissive display region
of the second pixel.

7. A liquid crystal display device according to claim 1,
wherein a thickness of the liquid crystal material in the
reflective display region is smaller than a thickness of the
liquid crystal material in the transmissive display region.

8. A liquid crystal display device according to claim 1,
wherein the liquid crystal display panel includes the scan-
ning signal lines, the video signal lines, and pixel electrodes
which are arranged with respect to the plurality of respective
pixels on one substrate out of the pair of substrates, the pixel
electrode includes a region which overlaps the scanning
signal line as viewed in a plan view, and an area of the region
where the pixel electrode overlaps the scanning signal line
arranged with respect to the first pixel and an area of the
region where the pixel electrode overlaps the scanning
signal line arranged with respect to the second pixel differ
from each other.

9. A liquid crystal display device according to claim 1,
wherein the liquid crystal display panel includes the scan-
ning signal lines, the video signal lines, pixel electrodes
which are arranged with respect to the plurality of respective
pixels, and holding capacitance lines which are arranged in
parallel to the scanning signal lines on one substrate out of
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the pair of substrates, the pixel electrode includes a region
which overlaps the holding capacitance line as viewed in a
plan view, and an area of the region where the pixel
electrode overlaps the holding capacitance line arranged
with respect to the first pixel and an area of the region where
the pixel electrode overlaps the holding capacitance line of
the pixel electrode arranged with respect to the second pixel
differ from each other.

10. A liquid crystal display device according to claim 1,
wherein a signal of positive polarity and a signal of negative
polarity with respect to a potential of a common electrode
are alternately applied to the pixel electrodes of respective
pixels of the liquid crystal display panel for every other
preset number of frames,

the signal having the same polarity as the polarity with

respect to the potential of the common electrode is
applied to the pixel electrodes of the respective pixels
of two neighboring pixel rows in one frame, and

the polarity of the signal which is applied to the pixel

electrodes of respective pixels of two pixel rows with
respect to the potential of the common electrode is a
polarity opposite to polarity of a signal which is applied
to the pixel electrodes of respective pixels of two other
pixel rows adjacent to two pixel rows with respect to
the potential of the common electrode.

11. A liquid crystal display device including a liquid
crystal display panel which seals a liquid crystal material
between a pair of substrates, the liquid crystal display panel
having a display region which is constituted of a plurality of
pixels arranged two-dimensionally in the extending direc-
tion of scanning signal lines and in the extending direction
of video signal lines, wherein

the display region of the liquid crystal display panel is

configured such that a plurality of pixel rows each of
which arranges a first pixel having only a transmissive
display region and a second pixel having a reflective
display region and a transmissive display region alter-
nately in parallel in the extending direction of the
scanning signal lines is arranged in the extending
direction of the video signal lines.

12. A liquid crystal display device according to claim 11,
wherein the plurality of pixels which is arranged in parallel
in the extending direction of the video signal lines in the
display region of the liquid crystal display panel is consti-
tuted of only the first pixel or only the second pixel which
is arranged in parallel.
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13. A liquid crystal display device according to claim 11,
wherein the plurality of pixels which is arranged in parallel
in the extending direction of the video signal lines in the
display region of the liquid crystal display panel is consti-
tuted of the first pixel and the second pixel which are
alternatively arranged in parallel with each other.

14. A liquid crystal display device according to claim 11,
wherein the second pixel is configured such that the reflec-
tive display region and the transmissive display region are
arranged in parallel in the extending direction of the video
signal lines.

15. A liquid crystal display device according to claim 11,
wherein a thickness of the liquid crystal material in the
reflective display region is smaller than a thickness of the
liquid crystal material in the transmissive display region.

16. A liquid crystal display device according to claim 11,
wherein the liquid crystal display panel includes the scan-
ning signal lines, the video signal lines, and pixel electrodes
which are arranged with respect to the plurality of respective
pixels on one substrate out of the pair of substrates, the pixel
electrode includes a region which overlaps the scanning
signal line as viewed in a plan view, and an area of the region
where the pixel electrode overlaps the scanning signal line
arranged with respect to the first pixel and an area of the
region where the pixel electrode overlaps the scanning
signal line arranged with respect to the second pixel differ
from each other.

17. A liquid crystal display device according to claim 11,
wherein the liquid crystal display panel includes the scan-
ning signal lines, the video signal lines, pixel electrodes
which are arranged with respect to the plurality of respective
pixels, and holding capacitance lines which are arranged in
parallel to the scanning signal lines on one substrate out of
the pair of substrates, the pixel electrode includes a region
which overlaps the holding capacitance line as viewed in a
plan view, and an area of the region where the pixel
electrode overlaps the holding capacitance line arranged
with respect to the first pixel and an area of the region where
the pixel electrode overlaps the holding capacitance line
arranged with respect to the second pixel differ from each
other.
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