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(57) ABSTRACT

A transflective liquid crystal display panel includes an array
substrate and a color filter substrate. The array substrate
includes a plurality of scanning lines and signal lines
arranged in a matrix, a lower electrode and an upper electrode
in each of pixel regions surrounded by the scanning lines and
the signal lines, and a reflecting plate disposed partly below
each lower electrode, the lower electrode and the upper elec-
trode in each pixel region being disposed facing each other
with an insulating film therebetween, the lower electrodes
being composed of a transparent conductive material, the
upper electrodes each having a plurality of slits. The color
filter substrate includes color filter layer segments arranged in
correspondence to the pixel regions. The plurality of slits in
each upper electrode have first open ends and second closed
ends. Each color filter layer segment for the corresponding
pixel region has a window where the color filter layer segment
does not exist, the window being located at a position above
the corresponding reflecting plate and facing the second
closed ends of the slits.
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY PANEL AND ELECTRONIC

APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to transflective liquid

crystal display panels and electronic apparatuses equipped
with transflective liquid crystal display panels. In particular,
the invention relates to a transflective liquid crystal display
panel of a so-called fringe-field-switching (FFS) mode hav-
ing a high aperture and reduced light leakage, and to an
electronic apparatus equipped with such a transflective liquid

crystal display panel.
[0003] 2. Related Art
[0004] The development of transflective liquid crystal dis-

play panels having both transmissive and reflective properties
has been advancing considerably over the recent years. A
transflective liquid crystal display panel generally has a plu-
rality of pixel regions, each having a transmissive section
equipped with a pixel electrode and a reflective section
equipped with both a pixel electrode and a reflecting plate.
When in a dark environment, a transflective liquid crystal
display panel is configured to turn on a backlight and utilize
the transmissive sections to display an image. On the other
hand, in a lighted environment, a transflective liquid crystal
display panel does not turn on the backlight but instead uti-
lizes external light by using the reflective sections to display
an image.

[0005] The majority of liquid crystal display panels of
related art are of a so-called vertical electric field mode in
which a pair of substrates are each provided with electrodes,
such as a twisted nematic (TN) type or a vertical alignment
(VA) type, but a so-called transverse electric field mode in
which electrodes are provided in only one of a pair of sub-
strates, such as an FFS type, is also known. Examples of an
FFS-mode liquid crystal display panel are disclosed in JP-A-
2002-14363 and JP-A-2002-244158. An FFS-mode liquid
crystal display panel is capable of achieving bright display
due to having a wide viewing angle, high contrast, and high
aperture.

[0006] Regarding FFS-mode liquid crystal display panels,
a transflective type has been developed over the recent years,
examples of which being disclosed in JP-A-2003-344837 and
JP-A-2006-337625. An FFS-mode transflective liquid crystal
display panel of related art will be described with reference to
FIGS. 7 and 8. It should be noted that the layers and compo-
nents in the drawings attached to this specification are shown
with different scales from the original scales such that they
are shown with dimensions recognizable to the viewer. This
means that the layers and components in the drawings are not
necessarily shown in proportion to their actual dimensions.
[0007] FIG.7is a plan view illustrating one of a plurality of
pixels included in an FFS-mode transflective liquid crystal
display panel of related art. FIG. 8 is a schematic cross-
sectional view taken along line VIII-VIII in FIG. 7.

[0008] An FFS-mode transflective liquid crystal display
panel 50 includes an array substrate AR and a color filter
substrate CF. The array substrate AR includes a first transpar-
ent substrate 51, a plurality of scanning lines 52 and common
wire lines 53 arranged parallel to each other on the first
transparent substrate 51, and a plurality of signal lines 54
arranged crosswise to the scanning lines 52 and the common
wire lines 53 on the first transparent substrate 51. The scan-
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ning lines 52 and the common wire lines 53 have their sur-
faces covered with a gate insulating film 55, whereas the
signallines 54 are disposed on the gate insulating film 55. The
gate insulating film 55 has semiconductor layers 56 disposed
thereon in areas corresponding to gate electrodes G of the
scanning lines 52. A source electrode S and a drain electrode
D extending from each of the signal lines 54 are partially
stacked on each semiconductor layer 56. The gate electrode
G, the source electrode S, and the drain electrode D in each
pixel region constitute a thin film transistor (TFT). The entire
surface of the first transparent substrate 51 is covered with a
protective insulating film 57.

[0009] The protective insulating film 57 is covered with an
interlayer film 58. In the reflective section RA of each pixel
region, the interlayer film 58 has an uneven surface (not
shown). In contrast, in other areas of the pixel region, the
interlayer film 58 has a flat surface. In the reflective section
RA of each pixel region, the interlayer film 58 has disposed
thereon a reflecting plate 60 composed of aluminum or an
aluminum alloy. Furthermore, the reflecting plate 60 and the
interlayer film 58 in each pixel region have disposed thereon
a lower electrode 61 composed of a transparent conductive
material such as indium tin oxide (ITO) or indium zinc oxide
(IZ0O). The lower electrode 61 is electrically connected to the
corresponding common wire line 53 via a contact hole 62
formed in the protective insulating film 57 and gate insulating
film 55 disposed on the common wire line 53. In each pixel
region, the interlayer film 58 and the protective insulating film
57 have a contact hole 63 at a position corresponding to the
drain electrode D, such that the drain electrode D is exposed
through the contact hole 63. Of the total area occupied by the
lower electrode 61 in each pixel region, the area occupied by
the reflecting plate 60 defines the reflective section RA and
the area not occupied by the reflecting plate 60 defines the
transmissive section TA.

[0010] Each lower electrode 61 and the interlayer film 58
are covered with a capacitor insulating film 64 composed of,
for example, silicon nitride or silicon oxide. The capacitor
insulating film 64 covers the wall surface of each contact hole
63 in such a manner that the corresponding drain electrode D
is exposed through the contact hole 63. In each pixel region,
the capacitor insulating film 64 has disposed thereon an upper
electrode 66 composed of a transparent conductive material
such as ITO or IZ0 and having a plurality of parallel slits 65.
The opposite ends of each slit 65 in the upper electrode 66 are
closed ends. The upper electrode 66 is electrically connected
to the drain electrode D via the contact hole 63. The upper
electrode 66 and the slits 65 thereof are covered with an
alignment film (not shown).

[0011] On the other hand, the color filter substrate CF
includes a second transparent substrate 67 on which a black
matrix 68, color filter layer segments 69, and an overcoating
layer 70 are disposed. The overcoating layer 70 covers the
black matrix 68 and the color filter layer segments 69, and
moreover, the overcoating layer 70 has an alignment film (not
shown) disposed thereon. The FFS-mode transflective liquid
crystal display panel 50 is formed by disposing the array
substrate AR and the color filter substrate CF opposite to each
other in a manner such that the upper electrodes 66 of the
array substrate AR and the color filter layer segments 69 of the
color filter substrate CF face each other, and then sealing a
liquid crystal layer 71 between the array substrate AR and the
color filter substrate CF.
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[0012] The transflective liquid crystal display panel 50 of
the related art can perform display with an aperture higher
than that in a vertical electric field mode. However, the liquid
crystal display panels in recent years, particularly, compact
liquid crystal display panels used in, for example, portable
telephones, are becoming more and more highly defined.
Therefore, a liquid crystal display panel having an even
higher aperture and brightness is in great demand. In addition,
in a transflective liquid crystal display panel like the one
described above, a variation in color tone can sometimes
occur between the display mode using the transmissive sec-
tions and the display mode using the reflective sections. For
this reason, a liquid crystal display panel having reduced
variation in display quality and allowing for a uniform display
operation under either display mode is in demand.

SUMMARY

[0013] An advantage of some aspects of the invention is
that a transflective liquid crystal display panel is provided,
which has a higher aperture and brightness, prevents a varia-
tion in color tone from occurring between a display mode
using transmissive sections and a display mode using reflec-
tive sections, and minimizes light leakage and cross talk so as
to prevent the display quality from deteriorating, and that an
electronic apparatus equipped with such a transflective liquid
crystal display panel is provided.

[0014] According to an aspect of the invention, a transflec-
tive liquid crystal display panel includes an array substrate
and a color filter substrate. The array substrate includes a
plurality of scanning lines and signal lines arranged in a
matrix, a lower electrode and an upper electrode in each of
pixel regions surrounded by the scanning lines and the signal
lines, and a reflecting plate disposed partly below each lower
electrode, the lower electrode and the upper electrode in each
pixel region being disposed facing each other with an insu-
lating film therebetween, the lower electrodes being com-
posed of a transparent conductive material, the upper elec-
trodes each having a plurality of slits. The color filter
substrate includes color filter layer segments arranged in cor-
respondence to the pixel regions. The plurality of slits in each
upper electrode have first open ends and second closed ends.
Each color filter layer segment for the corresponding pixel
region has a window where the color filter layer segment does
not exist, the window being located at a position above the
corresponding reflecting plate and facing the second closed
ends of the slits.

[0015] Accordingly, since the first ends of the plurality of
slits in each upper electrode are open ends, the electric-field
generating range becomes larger, thereby allowing for a dis-
play operation with a high aperture and high brightness.
Moreover, with each color filter layer segment being provided
with a window, a variation in color tone between the display
mode using the reflective sections having reflecting plates and
the display mode using the transmissive sections can be pre-
vented from occurring, thereby achieving uniform display
quality. In addition, each of the windows is formed in an area
that faces the corresponding reflecting plate and that excludes
an area facing the open ends of the slits in the corresponding
upper electrode. This reduces the occurrence of light leakage
or cross talk caused by a transverse electric field generated
near the open ends of the slits, thereby preventing the display
quality from deteriorating by a significant degree. Accord-
ingly, the above aspect of the invention provides a transflec-
tive liquid crystal display panel that has a higher aperture and
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brightness than the transflective liquid crystal display panel of
the related art, achieves uniform color tone, and prevents the
display quality from deteriorating due to, for example, light
leakage.

[0016] In the transflective liquid crystal display panel
according to the above aspect of the invention, it is preferable
that the windows in the color filter layer segments have dif-
ferent areas from each other in accordance with color com-
ponents of the color filter layer segments.

[0017] Accordingly, each window is given an area that is set
based on the color component of the corresponding color
filter layer segment. Therefore, a color filter layer segment for
acolor with high visibility, such as a color filter layer segment
for green color, may be given a window with a large area,
whereas a color filter layer segment for a color with low
visibility, such as a color filter layer segment for blue color,
may be given a window with a small area. In this manner,
uniform color tone can be readily achieved.

[0018] In the transflective liquid crystal display panel
according to the above aspect of the invention, the color filter
substrate may have transparent resin layer segments for cell
gap adjustment, each transparent resin layer segment being
located at a position facing a corresponding one of the reflect-
ing plates.

[0019] Accordingly, with the transparent resin layer seg-
ments, the distance at which external light is affected by
liquid crystal when a display operation is performed by
reflecting the external light can be made substantially the
same as that in a display operation using a light source. This
allows for uniform display quality.

[0020] In the transflective liquid crystal display panel
according to the above aspect of the invention, it is preferable
that the array substrate further include a switching element
for each pixel region, and an interlayer film covering the
switching elements. In this case, the reflecting plates and the
lower electrodes are disposed on the interlayer film.

[0021] Accordingly, with the interlayer film, the areas to be
occupied by the lower electrodes and the upper electrodes can
advantageously be increased, thereby allowing for an even
higher aperture.

[0022] In the transflective liquid crystal display panel
according to the above aspect of the invention, it is preferable
that the windows have corners, all of which are curved.
[0023] Accordingly, the curved corners of the windows
prevent themselves from being a hindrance for the color filter
layer segments during the panel manufacturing process,
thereby preventing delamination of the color filter layer seg-
ments.

[0024] According to another aspect of the invention, an
electronic apparatus is provided, which includes the above-
described transflective liquid crystal display panel.

[0025] Accordingly, an electronic apparatus equipped with
the transflective liquid crystal display panel having the above-
described advantages can be provided. In particular, even if
the electronic apparatus containing the transflective liquid
crystal display panel is a compact electronic apparatus, such
as a portable telephone, the transflective liquid crystal display
panel is still capable of performing a display operation with
high display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.
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[0027] FIG.11is a plan view illustrating three of a plurality
of pixels included in an FFS-mode transflective liquid crystal
display panel according to a first embodiment of the inven-
tion, as viewed through a color filter substrate.

[0028] FIG.2isacross-sectional view taken along line TI-1T
in FIG. 1.
[0029] FIG. 3 is a plan view showing a state of color filter

layer segments with respect to pixels in an array substrate
shown in FIG. 1.

[0030] FIG. 4 is a cross-sectional view taken along line
IV-IV in FIG. 3.

[0031] FIG. 5 is a cross-sectional view of an FFS-mode
transflective liquid crystal display panel according to a sec-
ond embodiment of the invention and corresponds to FIG. 2.
[0032] FIG. 6A illustrates a personal computer equipped
with the FFS-mode transflective liquid crystal display panel
according to the invention, and FIG. 6B illustrates a portable
telephone equipped with the FFS-mode transflective liquid
crystal display panel according to the invention.

[0033] FIG.7isa plan view illustrating one of a plurality of
pixels included in an FFS-mode transflective liquid crystal
display panel of related art.

[0034] FIG. 8 is a schematic cross-sectional view taken
along line VIII-VIIT in F1G. 7.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] Embodiments of the invention will now be
described with reference to the drawings. In the following
embodiments, a transflective liquid crystal display panel and
an electronic apparatus for realizing the technical idea of the
invention are directed to an FFS-mode transflective liquid
crystal display panel as an example. However, the following
embodiments are not intended to limit the invention to a
transflective liquid crystal display panel and an electronic
apparatus of such a type, and the invention can be equally
applied to other embodiments included in the scope of the
claims.

[0036] FIG.1 isa plan view illustrating three of a plurality
of pixels included in an FFS-mode transflective liquid crystal
display panel according to a first embodiment of the inven-
tion, as viewed through a color filter substrate. FIG. 2 is a
cross-sectional view taken along line 1T-1T in FIG. 1. FIG. 3 is
aplan view showing a state of color filter layer segments with
respect to pixels in an array substrate shown in FIG. 1. FIG. 4
is a cross-sectional view taken along line IV-1V in FIG. 3.
FIG. 5 is a cross-sectional view of an FFS-mode transflective
liquid crystal display panel according to a second embodi-
ment of the invention and corresponds to FIG. 2. FIG. 6A
illustrates a personal computer equipped with the FFS-mode
transflective liquid crystal display panel according to the
invention. FIG. 6B illustrates a portable telephone equipped
with the FFS-mode transflective liquid crystal display panel
according to the invention.

First Embodiment

[0037] An FFS-mode transflective liquid crystal display
panel 10 according to a first embodiment will be described
with reference to FIGS. 1 and 2. The FFS-mode transflective
liquid crystal display panel 10 according to the first embodi-
ment includes an array substrate AR constituted by a trans-
parent substrate 11 composed of, for example, glass and a
plurality of scanning lines 12 arranged parallel to each other
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on the transparent substrate 11. The scanning lines 12 have a
double-layer wiring structure of, for example, molybdenum/
aluminum (Mo/Al). Along each of these scanning lines 12 is
disposed a common wire line 13 made of the same material as
the scanning lines 12.

[0038] Reflecting plates R composed of aluminum or an
aluminum alloy are formed in areas corresponding to reflec-
tive sections RA to be described hereinafter. The regions
(pixel regions) surrounded by the scanning lines 12 and the
common wiring lines 13 are provided with lower electrodes
14 composed of a transparent conductive material such as
indium tin oxide (ITO) or indium zinc oxide (IZO). Each
lower electrode 14 is disposed over the corresponding com-
mon wiring line 13 and the corresponding reflecting plate R.
The lower electrodes 14 are electrically connected to the
common wiring lines 13 but not to the scanning lines 12 or
gate electrodes G, and serve as common electrodes.

[0039] The surface of the transparent substrate 11 having
thereon the scanning lines 12, the common wiring lines 13,
the reflecting plates R, and the lower electrodes 14 is entirely
covered with a gate insulating film 15 composed of a trans-
parent insulative material such as silicon nitride or silicon
oxide. The gate insulating film 15 has thin-film-transistor
(TFT) areas that are covered with semiconductor layer seg-
ments 16 composed of, for example, amorphous silicon (re-
ferred to as “a-Si” hereinafter). An area of each scanning line
12 where a semiconductor layer segment 16 is formed defines
a gate electrode G.

[0040] In each pixel region, the gate insulating film 15 also
has disposed thereon a drain electrode D and a signal line 17
having a source electrode S. The drain electrode D and the
signal line 17 are each defined by a conductive layer having,
for example, a three-layer Mo/Al/Mo structure. The source
electrode S of the signal line 17 and the drain electrode D in
each pixel region both partially overlap the corresponding
semiconductor layer segment 16. Furthermore, the entire sur-
face of the transparent substrate 11 is covered with a protec-
tive insulating film 18 (also known as a passivation film)
composed of a transparent insulative material such as silicon
nitride or silicon oxide. In each pixel region, the protective
insulating film 18 has a contact hole 19 at a position corre-
sponding to the drain electrode D.

[0041] In each pixel region, an upper electrode 21 com-
posedofatransparent conductive material such as ITO or IZO
and having a plurality of slits 20 is formed on the correspond-
ing area of the protective insulating film 18 surrounded by the
neighboring scanning lines 12 and signal lines 17 so as to
form the pattern shown in FIG. 1. The upper electrode 21 is
electrically connected to the drain electrode D via the contact
hole 19. Thus, the upper electrode 21 serves as a pixel elec-
trode. Furthermore, the entire surface of the transparent sub-
strate 11 is covered with a predetermined alignment film (not
shown).

[0042] In each pixel region surrounded by the neighboring
scanning lines 12 and signal lines 17, the upper electrode 21
having the slits 20 forms a comb-like pattern in plan view,
such that one end of each slit 20 adjacent to one of the signal
lines 17 is an open end 20@ whereas the other end of the slit 20
is aclosed end 204. This increases the aperture at the open end
20a side of the upper electrode 21, thereby allowing for
brighter display.

[0043] On the other hand, a color filter substrate CF is
constituted by a transparent substrate 25 composed of, for
example, glass and by a black matrix 26 disposed on the
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transparent substrate 25 so as to cover areas thereof that
correspond to the scanning lines 12, the signal lines 17, and
the TFTs on the array substrate AR. Areas of the transparent
substrate 25 that are surrounded by the black matrix 26 are
provided with color filter layer segments 27R, 27G, 27B (see
FIGS. 3 and 4) for three respective colors, which are red (R),
green (G), and blue (B) colors. Moreover, the black matrix 26
and the color filter layer segments 27R, 27G, 27B are covered
with a protective film 28 composed of, for example, resin.
Furthermore, it is preferable that areas of the transparent
substrate 25 that correspond to reflective sections RA be
disposed thereon transparent resin layer segments 29 for cell
gap adjustment. In addition, the entire surface of the trans-
parent substrate 25 is covered with a predetermined align-
ment film (not shown). According to the transparent resin
layer segments 29, the relationship between a substrate-to-
substrate distance L1 in transmissive sections TA and a sub-
strate-to-substrate distance L2 in the reflective sections RA is
expressed by the following expression (1). The relationship
expressed by the expression (1) allows for uniform retarda-
tion between the transmission sections TA and the reflective
sections RA, thereby eliminating variations in display qual-
ity. The transparent resin layer segments 29 are not an essen-
tial element of the transflective liquid crystal display panel 10
and may be omitted or substituted by the protective film 28
with an adjusted thickness.

L2=(1/2)L1 M

[0044] The FFS-mode transflective liquid crystal display
panel 10 according to the first embodiment is formed by
disposing the array substrate AR and the color filter substrate
CF opposite to each other in a manner such that the upper
electrodes 21 on the array substrate AR and the color filter
layer segments 27R, 27G, 27B on the color filter substrate CF
face each other, and then sealing a liquid crystal layer 30
between the array substrate AR and the color filter substrate
CF.

[0045] The color filter layer segments 27R, 27G, 27B
formed on the color filter substrate CF will be described
below in detail with reference to FIGS. 3 and 4. To provide
better understanding of FIG. 3, various wire lines formed on
the array substrate AR are not shown except for the scanning
lines 12 and the signal lines 17, and the color filter layer
segments 27R, 27G, 27B are indicated as shaded areas with a
grid pattern.

[0046] As shown in FIG. 3, the color filter layer segments
27R, 27G, 27B are arranged in the form of stripes in areas
defined by the signal lines 17. The color filter layer segments
27R, 27G, 27B do not necessarily be in such a stripe arrange-
ment, and may alternatively be disposed in, for example, a
delta arrangement or mosaic arrangement. Fach of the color
filter layer segments 27R, 27G, 27B has a window 31 with a
predetermined area. Specifically, the window 31 is positioned
in an area of the color filter layer segment that corresponds to
the reflective section RA and that faces the closed ends 205 of
the slits 20 in the corresponding upper electrode 21. Referring
to F1G. 4, the windows 31 are filled with the protective film 28
composed of resin in place of the color filter layer segments
27R, 27G, 27B. As an alternative to the protective film 28
embedded in the windows 31, the windows 31 may be filled
with, for example. a colorless filter layer.

[0047] With these windows 31, a variation in color tone
between the display mode using the transmissive sections TA
and the display mode using the reflective sections RA can be
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prevented from occurring. Specifically, when performing a
display operation using the reflective sections RA, the exter-
nal light enters the transflective liquid crystal display panel 10
through the display surface thereof, is reflected by the reflect-
ing plates R, and then exits the display surface. This means
that the light passes through the color filter substrate CF twice
in total. Supposedly, if the color filter layer segments 27R,
27G, 278 are entirely provided over the reflective sections
RA, the color tone under the display mode using the reflective
sections RA will be darker compared to that under the display
mode using the transmissive sections TA, causing a variation
in color tone depending on the display modes. In contrast,
with the windows 31 being provided in the reflective sections
RA where the color filter layer segments 27R, 27G, 27B are
not formed as in the invention, the color tone under the dis-
play mode using the reflective sections RA becomes lighter
and thus becomes substantially the same as the color tone
under the display mode using the transmissive sections TA.
Regarding the color filter layer segments 27R, 27G, 27B,
since the visibilities of the color components to the user vary,
a color filter layer segment for a color with high visibility,
such as the color filter layer segment 27G for the green (G)
color, is preferably given a window 31 with a relatively large
area, whereas a color filter layer segment for a color with low
visibility, such as the color filter layer segment 27B for the
blue (B) color, is preferably given a window 31 with a rela-
tively small area.

[0048] As described above, in the transflective liquid crys-
tal display panel 10 according to the first embodiment, each
upper electrode 21 has slits 20 with open ends 20a. These
open ends 20a of the slits 20 are susceptible to transverse
electric field generated between the nearby scanning line 12
or signal line 17 and a neighboring pixel region, which can
lead to an occurrence of light leakage or cross talk. Supposing
that the color filter layer segments 27R, 27G, 27B are not
provided at positions facing the open ends 20a, the light
leakage becomes even greater, which can be problematic in
terms of display quality. Consequently, as shown in FIG. 3,
the windows 31 in the first embodiment of the invention are
provided in areas excluding the positions facing the open ends
20a of the slits 20, such as positions facing the closed ends
204 of the slits 20. With this configuration, even if light
leakage does occur at the open ends 20a of the slits 20, the
light is colored by the color filter layer segments 27R, 27G,
27B before being emitted from the display screen. This pre-
vents the display quality from deteriorating by a significant
degree.

[0049] Tt is preferable that the windows 31 formed in the
color filter layer segments 27R, 27G, 27B are each defined by
anotch cut out from one edge of the color filter layer segment
27R, 27G, 27B. It is more preferable that the corners of each
window 31 are chamfered into a circular arc shape. With the
windows 31 being defined by notches cut out from one edge
of the color filter layer segments 27R, 27G, 27B, a simplified
mask pattern can used for when the color filter layer segments
27R, 27G, 27B are to be formed by, for example, the known
photolithography technique. In addition, the chamfered arc-
shaped corners of the windows 31 prevent delamination of the
color filter layer segments 27R, 27G, 27B in the steps follow-
ing the step for forming the color filter layer segments 27R,
27G, 27B in a panel manufacturing process.

Second Embodiment

[0050] An FFS-mode transflective liquid crystal display
panel 10A according to a second embodiment will now be
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described with reference to FIG. 5. In the transflective liquid
crystal display panel 10A according to the second embodi-
ment, the structure of the color filter substrate CF and a part of
the structure of the array substrate AR are the same as those in
the transflective liquid crystal display panel 10 according to
the first embodiment. The components in the transflective
liquid crystal display panel 10A according to the second
embodiment that are the same as those in the transflective
liquid crystal display panel 10 according to the first embodi-
ment are given the same reference numerals, and the descrip-
tions of those components will not be repeated. The following
description will only be directed to the array substrate AR
having a structure partially different from that in the trans-
flective liquid crystal display panel 10 according to the first
embodiment.

[0051] The array substrate AR in the transflective liquid
crystal display panel 10A according to the second embodi-
ment is constituted by a transparent substrate 11 composed of,
for example, glass and a plurality of scanning lines 12 and a
plurality of common wire lines 13 arranged parallel to each
other on the transparent substrate 11. The surface of the
transparent substrate 11 having thereon the scanning lines 12
and the common wire lines 13 is entirely covered with a gate
insulating film 15. The gate insulating film 15 has TFT areas
that are covered with semiconductor layer segments 16. An
area of each scanning line 12 where a semiconductor layer
segment 16 is formed defines a gate electrode G.

[0052] Ineach pixel region, the gate insulating film 15 also
has disposed thereon a drain electrode D and a signal line 17
having a source electrode S. The drain electrode D and the
electrode S in each pixel region both partially overlap the
corresponding semiconductor layer segment 16. Further-
more, the entire surface of the transparent substrate 11 is
covered with a protective insulating film 18, and the protec-
tive insulating film 18 has disposed thereon an interlayer film
33 composed of a transparent insulative material. In the
reflective section RA of each pixel, the interlayer film 33 has
an uneven surface (not shown). In contrast, in other areas of
each pixel including the transmissive section TA, the inter-
layer film 33 has a flat surface.

[0053] The gate insulating film 15, the protective insulating
film 18, and the interlayer film 33, which partially cover the
common wire lines 13, are provided with contact holes 32. In
the reflective section RA of each pixel, the interlayer film 33
has a reflecting plate R disposed thereon. Furthermore, in
each pixel, the reflecting plate R and the interlayer film 33
have disposed thereon a lower electrode 14. The lower elec-
trode 14 is electrically connected to the corresponding com-
mon wire line 13 via the corresponding contact hole 32.
Accordingly, the lower electrode 14 in each pixel serves as a
common electrode. In each pixel region, the interlayer film 33
and the protective insulating film 18 have a contact hole 19 at
a position corresponding to the drain electrode D, such that
the drain electrode D is exposed through the contact hole 19.
[0054] Each lower electrode 14 and the interlayer film 33
are covered with a capacitor insulating film 34 composed of a
transparent insulative material such as silicon nitride or sili-
con oxide. The capacitor insulating film 34 covers the wall
surface of each contact hole 19 in such a manner that the
corresponding drain electrode D is exposed through the con-
tacthole 19. The capacitor insulating film 34 is provided for
the adjustment of the distance between the lower electrode 14
and the upper electrode 21 in each pixel region. In each pixel
region, the upper electrode 21 having the plurality of slits 20
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and forming a comb-like pattern in plan view is disposed on
the capacitor insulating film 34. The upper electrode 21 is
electrically connected to the drain electrode D via the contact
hole 19. Thus, the upper electrode 21 serves as a pixel elec-
trode. Furthermore, the entire surface of the transparent sub-
strate 11 is covered with a predetermined alignment film (not
shown).

[0055] As described above, an interlayer film is interposed
between the protective insulating film 18 and the reflecting
plate R and lower electrode 14 of the array substrate AR in
each pixel region, so that the lower electrode 14 and the upper
electrode 21 can be formed over a larger area. Accordingly,
the electric-field generating range in the second embodiment
is larger than that in the first embodiment, thereby allowing
for brighter display with a higher aperture.

[0056] Although the transflective liquid crystal display
panel 10A according to the second embodiment described
above s directed to an example where the lower electrodes 14
serve as common electrodes and the upper electrodes 21 serve
as pixel electrodes, the invention is not limited to such a
configuration. For example, an alternative configuration is
permissible in which the upper electrodes 21 serve as com-
mon electrodes by being connected to the common wire lines
13 and the lower electrodes 14 serve as pixel electrodes by
being connected to the drain electrodes D.

[0057] As described above, in the transflective liquid crys-
tal display panels 10 and 10A according to the first and second
embodiments, a higher aperture is achieved by forming the
upper electrodes 21 in a comb-like pattern. Moreover, the
windows 31 provided in areas of the color filter layer seg-
ments 27R, 27G, 27B that partially face the reflective sections
RA allow for uniform color tone. Since each window 31 is
formed in an area excluding an area facing the open ends 20a
ofthesslits 20 in the upper electrode 21, the display quality can
be prevented from deteriorating due to, for example, light
leakage.

[0058] The FFS-mode transflective liquid crystal display
panels 10 and 10A according to the exemplary embodiments
of the invention have been described above. Such an FFS-
mode transflective liquid crystal display panel according to
the invention can be used in an electronic apparatus, such as
a personal computer, a portable telephone, or a personal digi-
tal assistant. FIG. 6A illustrates an example where a FFS-
mode transflective liquid crystal display panel 41 is used in a
personal computer 40. FIG. 6B illustrates an example where
a FFS-mode transflective liquid crystal display panel 46 is
used in a portable telephone 45. Since the basic configura-
tions of such a personal computer 40 and portable telephone
45 are already known to those skilled in the art, detailed
descriptions thereof will be omitted here.

What is claimed is:

1. A transflective liquid crystal display panel comprising:

an array substrate including a plurality of scanning lines
and signal lines arranged in a matrix, a lower electrode
and an upper electrode in each of pixel regions sur-
rounded by the scanning lines and the signal lines, and a
reflecting plate disposed partly below each lower elec-
trode, the lower electrode and the upper electrode in
each pixel region being disposed facing each other with
an insulating film therebetween, the lower electrodes
being composed of a transparent conductive material,
the upper electrodes each having a plurality of slits; and

a color filter substrate including color filter layer segments
arranged corresponding to the pixel regions,
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wherein the plurality of slits in each upper electrode have
first open ends and second closed ends, and

wherein each color filter layer segment for the correspond-
ing pixel region has a window where the color filter layer
segment does not exist, the window being located at a
position above the corresponding reflecting plate and
facing the second closed ends of the slits.

2. The transflective liquid crystal display panel according
to claim 1, wherein the windows in the color filter layer
segments have different areas from each other in accordance
with color components of the color filter layer segments.

3. The transflective liquid crystal display panel according

to claim 1, wherein the color filter substrate has transparent
resin layer segment for cell gap adjustment, each transparent

Mar. 5, 2009

resin layer segment being located at a position facing a cor-
responding one of the reflecting plates.

4. The transflective liquid crystal display panel according
to claim 1, wherein the array substrate further includes a
switching element for each pixel region, and an interlayer
film covering the switching elements, and

wherein the reflecting plates and the lower electrodes are

disposed on the interlayer film.

5. The transflective liquid crystal display panel according
to claim 1, wherein the windows have corners, all of which are
curved.

6. An electronic apparatus comprising a transflective liquid
crystal display panel according to claim 1.

* ok ok sk ok
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