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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation application of
U.S. patent application Ser. No. 12/293,221 filed Sep. 16,
2008, which is the U.S. national phase of International Appli-
cation No. PCT/JP2007/052962, filed 19 Feb. 2007, which
designated the U.S. and claims priority to Japan Application
No. 2006-075083 filed 17 Mar. 2006, the entire contents of
each of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The technology disclosed herein relates to a liquid
crystal display device providing color display, and specifi-
cally to a transreflective liquid crystal display device capable
of providing display both in a transmission mode and a reflec-
tion mode.

BACKGROUND ART

[0003] Currently, liquid crystal display devices (hereinaf-
ter, also referred to simply as “LCDs”) are used for various
applications. In general LCDs, one pixel is formed of three
picture elements respectively for providing display in red,
green and blue, which are three primary colors of light, and
thus color display can be provided.

[0004] However, conventional LCDs have a problem that
the range of colors which can be displayed (referred to as the
“color reproduction range”) is narrow. FIG. 18 shows a color
reproduction range of a conventional LCD which provides
display using the three primary colors. FIG. 18 is an xy
chromaticity diagram of an X'YZ color representation system,
in which a triangle having, as apexes, three points corre-
sponding to the three primary colors of red, green and blue
represents the color reproduction range. In the figure, colors
of various objects existent in the natural world which were
found by Pointer are plotted with “x” (see Non-patent Docu-
ment No. 1). As understood from FIG. 18, there are colors of
objects which are not encompassed in the color reproduction
range. An LCD providing display using the three primary
colors cannot display a part of the colors of objects.

[0005] In order to enlarge the color reproduction range of
LCDs, techniques for increasing the number of primary col-
ors usable for display to four or greater have been proposed.
[0006] Forexample, as shown in FIG. 19, Patent Document
1 discloses an LCD 800 in which one pixel P is formed of six
picture elements R, G, B, Ye, C and M respectively for dis-
playing red, green, blue, yellow, cyan and magenta. F1G. 20
shows the color reproduction range of the LCD 800. As
shown in FIG. 20, the color reproduction range represented
by a hexagon having, as apexes, six points corresponding to
six primary colors encompasses substantially all the colors of
objects. In this way, the color reproduction range can be
enlarged by increasing the number of primary colors.

[0007] Patent Document 1 also discloses an LCD in which
one pixel is formed of four picture elements for displaying
red, green blue and yellow, and an LCD in which one pixel is
formed of five picture elements for displaying red, green blue,
yellow and cyan. By using four or more primary colors, an
LCD can enlarge the color reproduction range as compared to
the conventional LCD providing display using the three pri-
mary colors. In this specification, LCDs providing display
using four or more primary colors will be collectively referred
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to as a “multiple primary color liquid crystal display device
(or multiple primary color LCD)”.

[0008] On the other hand, LCDs capable of providing high
quality display both outdoors and indoors have been proposed
(for example, Patent Document 2). Such LCDs are referred to
as “transreflective LCDs” and have a reflection area for pro-
viding display in a reflection mode and a transmission area for
providing display in a transmission mode in one pixel.
[0009] FIG. 21 shows an example of a transreflective LCD.
An LCD 900 shown in FIG. 21 has a pixel defined by three
picture elements R, G and B respectively for displaying red,
green and blue.

[0010] The three picture elements R, G and B each have a
transmission area Tr for providing display in a transmission
mode and a reflection area Rf (hatched in the figure) for
providing display in a reflection mode. Typically, the reflec-
tion area Rf accommodates a reflective electrode formed of a
conductive material having a high light reflectance such as
aluminum or the like. By contrast, the transmission area Tr
accommodates a transmissive electrode formed of a conduc-
tive material having a high light transmittance such as ITO or
the like.

[0011] The area size ratio of the transmission area Tr and
the reflection area Rf is determined based on which mode of
display, i.e., the transmission mode or the reflection mode, is
prioritized and to which degree. As the transmission mode of
display is more prioritized, the area size of the transmission
area Tr is set to be larger; whereas as the reflection mode of
display is more prioritized, the area size of the reflection area
Rfis set to be larger. From the viewpoint of improving the
indoor display quality, the transmission mode of display
needs to be prioritized and the area size of the transmission
area is set to be larger.

[0012] The reflective electrode and the transmissive elec-
trode are switched to each other by a thin film transistor 11
provided in each picture element. The thin film transistor 11
is supplied with a scanning signal from a scanning line 12 and
1s supplied with a video signal from a signal line 13. A storage
capacitance line 14 is provided so as to extend parallel to the
scanning line 12. In an area outside the picture elements, a
lattice-shaped (or stripe-shaped) light shielding layer (re-
ferred to as “black matrix””) BM is provided.

[0013] Thelines and the transistors 11 are formed of a light
shielding material and therefore decrease the ratio of an area
actually contributing to display (referred to as “aperture
ratio”) in a liquid crystal panel. However, in the case where
the line extending across the picture elements (in this
example, the scanning line 12) and the thin film transistors 11
are located within the reflection area Rf as shown in FIG. 21,
the aperture ratio is improved and bright display is realized.
[0014] Patent Document 1: Japanese PCT National-Phase
Laid-Open Patent Publication No. 2004-529396

[0015] Patent Document 2: Japanese Laid-Open Patent
Publication No. 11-101992

[0016] Non-patent Document 1: M. R. Pointer, “The gamut
of real surface colors,” Color Research and Application, Vol.
5,No. 3, pp. 145-155 (1980)

DISCLOSURE
Problems to be Solved

[0017] However, for LCDs in which one pixel is defined by
four or more picture elements such as multiple primary color
LCDs, a structure optimum for a transreflective system has
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notbeen found. As the number of picture elements included in
one pixel increases, the number of lines and thin film transis-
tors also increases and so the aperture ratio decreases. There-
fore, when a structure of a transreflective LCD for providing
display with three primary colors as shown in FIG. 21 is
applied to a multiple primary color LCD as it is, the lumi-
nance decreases. The aperture ratio can be maintained at a
relatively high level by locating the lines extending across the
picture elements or the thin film transistors in the reflection
area. However, when such a structure is adopted, the area size
of the reflection area cannot be made smaller than a certain
level, and accordingly, the area size of the transmission area
cannot be made much larger. Hence, it is difficult to improve
the indoor display quality.

[0018] The technology disclosed herein, made in light of
the above-described problems, has an object of, in a transre-
flective liquid crystal display device in which one pixel is
defined by four or more picture elements, realizing a structure
which provides a high aperture ratio and is suitable for display
for which the transmission mode is prioritized.

Means for Solving the Problems

[0019] Aliquidcrystal display device according to the tech-
nology disclosed herein is a liquid crystal display device,
comprising a plurality of picture elements including a first
picture element, a second picture element, a third picture
element and a fourth picture element for displaying different
colors from one another; in which each of the plurality of
picture elements includes a transmission area for providing
display in a transmission mode and a reflection area for pro-
viding display in a reflection mode. Each of the plurality of
picture elements includes a mesh portion shaped to be mesh-
able with an adjacent picture element: and the reflection area
of each of the plurality of picture elements is located in the
mesh portion. Thus, the above-described objective is
achieved.

[0020] Inoneexample embodiment, the plurality of picture
elements are each L-shaped.

[0021] Inoneexample embodiment, the plurality of picture
elements define a plurality of pixels each including the first
picture element, the second picture element, the third picture
element and the fourth picture element; and the mesh portion
of each of the plurality of picture elements meshes with a
picture element belonging to the same pixel.

[0022] Inoneexample embodiment, the plurality of picture
elements define a plurality of pixels each including the first
picture element, the second picture element, the third picture
element and the fourth picture element; and the mesh portion
of each of the plurality of picture elements meshes with a
picture element belonging to a different pixel.

[0023] In one example embodiment, the first picture ele-
ment is a red picture element for displaying red, the second
picture element is a green picture element for displaying
green, and the third picture element is a blue picture element
for displaying blue.

[0024] Inoneexample embodiment, the fourth picture ele-
ment is a white picture element for displaying white.

[0025] Inoneexample embodiment, among the first picture
element, the second picture element, the third picture element
and the fourth picture element, two picture elements display
colors in a complementary relationship to each other; and the
mesh portions of the two picture elements mesh with each
other.
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[0026] Inoneexample embodiment, the fourth picture ele-
ment is a yellow picture element for displaying yellow.
[0027] In one example embodiment, the mesh portion of
the blue picture element and the mesh portion of the yellow
picture element mesh with each other.

[0028] In one example embodiment, the reflection area of
the blue picture element has a larger area size than an area size
of the reflection area of the yellow picture element.

[0029] In one example embodiment, the red picture ele-
ment, the green picture element, the blue picture element and
the yellow picture element are arranged in a matrix of 2 rows
and 2 columns; and the mesh portion of the red picture ele-
ment, the mesh portion of the green picture element, the mesh
portion of the blue picture element and the mesh portion of the
yellow picture element are arranged to be continuous like a
strip in a row direction.

[0030] In one example embodiment, the mesh portions
arranged to be continuous like a strip are continues in the
order of the mesh portion of the red picture element, the mesh
portion of the green picture element, the mesh portion of the
blue picture element and the mesh portion of the yellow
picture element; or in the order of the mesh portion of the
green picture element, the mesh portion of the red picture
element, the mesh portion of the yellow picture element and
the mesh portion of the blue picture element.

[0031] In one example embodiment, the mesh portions
arranged to be continuous like a strip are continues in the
order of the mesh portion of the red picture element, the mesh
portion of the green picture element, the mesh portion of the
vellow picture element and the mesh portion of the blue
picture element.

[0032] Inone example embodiment, the liquid crystal dis-
play device according to the technology disclosed herein
includes an active matrix substrate including a switching
element provided for each of the plurality of picture elements;
and the switching element is located in the reflection area of
each of the plurality of picture elements.

Effects of the Technology

[0033] According to the technology disclosed herein, a
structure for a transreflective liquid crystal display device in
which one pixel is defined by four or more picture element,
the structure providing a high aperture ratio and being suit-
able for display for which the transmission mode is priori-
tized, can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1isaplanview schematically showing an LCD
100 according to an example embodiment.

[0035] FIGS. 2(a) and (b) are each a plan view schemati-
cally showing an LCD 700 as a comparative example.
[0036] FIG. 3 is a plan view schematically showing the
LCD 700 as a comparative example.

[0037] FIG. 4 is a plan view schematically showing the
LCD 100 according to an example embodiment.

[0038] FIG.5isanxy chromaticity diagram in which white
displayed in a reflection mode is plotted in Examples 1
through 5 in which white balance in the reflection mode
display is adjusted by changing the area size of the reflection
area.

[0039] FIG. 6 is a graph illustrating the spectrum charac-
teristic of a color filter.
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[0040] FIG. 7 is a graph illustrating the wavelength depen-
dency of the intensity of light transmitted through a liquid
crystal layer.

[0041] FIG. 8 is a graph illustrating the spectrum of exter-
nal light (ambient light) used for reflection mode display.
[0042] FIG. 9(a) shows a structure in which a mesh portion
of each picture element meshes with a picture element
belonging to the same pixel, and () shows a structure in
which a mesh portion of each picture element meshes with a
picture element belonging to a different pixel.

[0043] FIG. 10(a) schematically shows a white line dis-
played on ablack background by the structure shown in FIGS.
9(a), and () schematically shows a white line displayed on a
black background by the structure shown in FIG. 9().
[0044] FIG. 11 is a plan view showing an exemplary spe-
cific structure of the LCD 100 according to an example
embodiment of the technology disclosed herein.

[0045] FIG. 12 is across-sectional view showing the exem-
plary specific structure of the LCD 100 according to an
example embodiment of the technology disclosed herein,
taken along line 12A-12A" of FIG. 11.

[0046] FIG. 13 is a plan view showing another exemplary
specific structure of the LCD 100 according to an example
embodiment of the technology disclosed herein.

[0047] FIGS. 14(a) and (b) are each a plan view showing
still another exemplary specific structure of the LCD 100
according to an example embodiment of the technology dis-
closed herein.

[0048] FIGS. 15(a), (b) and (c¢) show the relationship
between the order of arrangement of the reflection areas in the
picture elements and the luminance of the picture elements.
[0049] FIG. 16 is a plan view schematically showing
another LCD 200 according to an example embodiment of the
technology disclosed herein.

[0050] FIG. 17 is a cross-sectional view schematically
showing the exemplary specific structure of the LCD 200
according to an example embodiment of the technology dis-
closed herein, taken along line 17A-17A’ of FIG. 16.

[0051] FIG. 18 shows a color reproduction range of a con-
ventional LCD using three primary colors for display.
[0052] FIG. 19 schematically shows a conventional mul-
tiple color LCD 800.

[0053] FIG. 20 shows a color reproduction range of the
LCD 800.
[0054] FIG. 21 is a plan view schematically showing a

conventional transreflective LCD 900.

DESCRIPTION OF THE REFERENCE

NUMERALS
[0055] 10 Insulating plate
[0056] 11 Thin film transistor (TFT)
[0057] 12 Scanning line
[0058] 13 Signal line
[0059] 14 Storage capacitance line
[0060] 15 Basecoat film
[0061] 16 Semiconductor layer
[0062] 17 Storage capacitance electrode
[0063] 18 Storage capacitance connection line
[0064] 19 Gate insulating film
[0065] 20 Gate electrode
[0066] 21 First interlayer insulating film
[0067] 22 Source electrode
[0068] 23 Drain electrode
[0069] 24 Second interlayer insulating film
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[0070] 25 Picture element electrode
[0071] 254 Transparent electrode
[0072] 25b Reflective electrode
[0073] 26 Alignment film
[0074] 27 Conductive member
[0075] 30 Insulating plate
[0076] 31R, 31G, 31B, 31Ye Color filter
[0077] 32 Transparent dielectric layer
[0078] 33 Counter electrode
[0079] 34 Alignment film
[0080] 35 Projection (rivet)
[0081] 40 Liquid crystal layer
[0082] 100a Active matrix substrate (TFT substrate)
[0083] 10056 Counter substrate
[0084] 100 Liquid crystal display device (LCD)
[0085] R Red picture element
[0086] G Green picture element
[0087] B Blue picture element
[0088] Ye Yellow picture element
[0089] Tr Transmission area
[0090] Rf Reflection area
[0091] BM Black matrix
[0092] CH Contact hole
DETAILED DESCRIPTION
[0093] Hereinafter, example embodiments of the technol-

ogy disclosed herein will be described with reference to the
drawings. The technology disclosed herein is not limited to
the following embodiments.

Embodiment 1

[0094] FIG. 1 schematically shows a liquid crystal display
device (LCD) 100 according to this embodiment. The LCD
100 has a plurality of picture elements including four types of
picture elements respectively for displaying different colors
from each other.

[0095] As shown in FIG. 1, the LCD 100 specifically
includes a red picture element R for displaying red, a green
picture element G for displaying green, a blue picture element
B for displaying blue, and a yellow picture element Ye for
displaying yellow. These four picture elements define one
“pixel”. In this embodiment, the red picture element R, the
green picture element G, the blue picture element B and the
yellow picture element Ye are arranged in a matrix of 2 rows
and 2 columns in one pixel. The LCD 100 uses a larger
number of primary colors for display than a general LCD
which provides display using three primary colors, and there-
fore has a larger color reproduction range.

[0096] Thered picture elementR, the green picture element
G, the blue picture element B and the yellow picture element
Ye each have a transmission area Tr for providing display in
a transmission mode and a reflection area Rf (hatched area in
the figure) for providing display in a reflection mode. In the
transmission area Tr, display is provided using light from an
illumination device (backlight); whereas in the reflection area
Rf, display is provided using ambient light (external light).
[0097] Typically, the reflection area Rf accommodates a
reflective electrode for reflecting light, and the transmission
area Tr accommodates a transparent electrode for transmit-
ting light. The reflective electrode is formed of a conductive
material having a high light reflectance such as aluminum or
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the like. The reflective electrode is formed of a conductive
material having a high light transmittance such as ITO or the
like.

[0098] It is preferable that the reflection area Rf and the
transmission area Trare different in the thickness of the liquid
crystal layer (cell gap). Specifically, it is preferable that the
thickness of the liquid crystal layer is smaller in the reflection
area Rfthan in the transmission area Tr. More specifically, the
thickness of the liquid crystal layer in the reflection area Rf'is
preferably about %% of that in the transmission area Tr. Light
incident on the transmission area Tr from the backlight side
passes through the liquid crystal layer only once, whereas
light incident on the reflection area Rf from the observer side
passes through the liquid crystal layer twice. By making the
cell gap of the reflection area Rf smaller than that of the
transmission area Tr (such a structure is referred to as a
“multi-gap structure”) as described above, the difference in
retardation caused by the difference in the number of times
that light passes through the liquid crystal layer can be
decreased. As a result, the display quality is improved.
[0099] In order to realize the multi-gap structure, at least
one of a pair of substrates facing each other with the liquid
crystal layer located between has a step. The step can be
provided by selectively forming a transparent dielectric layer
on a part of the substrate using a resin or the like.

[0100] The LCD 100 further includes thin film transistors
(TFT) 11 each provided in one picture element, scanning
lines 12 for supplying a scanning signal to the TFTs 11, and
signal lines 13 for supplying a video signal to the TFTs 11.
The TFT 11 acts as a switching element for switching the
picture element electrode (typically, including the reflective
electrode and the transmissive electrode). Herein, for the sake
of convenience, the direction in which the scanning lines 12
extend is referred to as a “row direction” and the direction in
which the signal lines 13 extend is referred to as a “column
direction”.

[0101] The LCD 100 includes storage capacitance lines 14
for forming a storage capacitance. The storage capacitance
lines 14 are formed so as to extend substantially parallel to the
scanning lines 12. In this embodiment, the storage capaci-
tance lines 14 are provided outside the picture elements,
whereas the scanning lines 12 are provided so as to extend
across the picture elements. The scanning lines 12 extending
across the picture elements and the thin film transistors 11 are
located within the reflection area Rf in order to increase the
aperture ratio. In an area outside the picture elements, a light
shielding layer (referred to as “black matrix”) BM is provided
so as to surround each picture element.

[0102] Inageneral LCD, as shown in FIG. 21, each picture
element is rectangular. By contrast, the picture elements in
the LCD 100 in this embodiment are each [.-shaped, and two
picture elements adjacent to each other in the column direc-
tion mesh with each other. Namely, each picture element has
a portion shaped to be meshable with an adjacent picture
element (referred to as a “mesh portion” in this specification).
The reflection area Rf of each picture element is provided in
the mesh portion thereof.

[0103] In this embodiment, the mesh portion of the red
picture element R and the mesh portion of the green picture
element G mesh with each other, and the mesh portion of the
blue picture element B and the mesh portion of the yellow
picture element Ye mesh with each other. The mesh portion of
the red picture element R, the mesh portion of the green
picture element G, the mesh portion of the blue picture ele-
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ment B and the mesh portion of the yellow picture element Ye
are arranged continuously like a strip in the row direction. The
reflection area Rf of the red picture element R, the reflection
area Rf of the green picture element G, the reflection area Rf
of the blue picture element B and the reflection area Rf of the
yellow picture element Ye are also arranged continuously like
a strip.

[0104] In the LCD 100 as described above, each picture
element has a mesh portion shaped to be meshable with an
adjacent picture element, and the reflection area of each pic-
ture element is located in the mesh portion. Owing to such a
structure, display for which the transmission mode is priori-
tized can be realized while the aperture ratio is kept high. The
reason for this will be described, hereinafter.

[0105] FIG. 2(a) shows an LCD 700 as a comparative
example. The LCD 700 as a comparative example includes a
red picture element R, a green picture element G, a blue
picture element B and a yellow picture element Ye, but each
picture element is rectangular and does not have any mesh
portion.

[0106] In order to realize display for which the transmis-
sion mode is prioritized in the LCD 700, it is necessary to
decrease the area size of the reflection area Rf and thus to
increase the area size of the transmission area Tr. However, in
order to keep the aperture ratio high, the lines, the TFT 11 and
the like need to be provided in the reflection area Rf. Because
there are limitations on the inter-line distances and the size of
the TFTs 11, it is not possible to decrease the area size of the
reflection area Rf infinitely.

[0107] For example, in FIG. 2(5), the width of each reflec-
tion area Rf in the row direction (the direction in which the
scanning lines 12 extend) is decreased in order to forcibly
decrease the area size of the reflection area Rf. In this case,
only a part of the scanning line 12 extending across the picture
element (represented with hatching in the figure) can be
located in the reflection area Rf, and accordingly, the aperture
ratio is decreased.

[0108] By contrast, in the LCD 100 shown in FIG. 1, each
picture element includes a mesh portion shaped to be mesh-
able with an adjacent picture element, and the reflection area
Rf'is located in the mesh portion. In this case, the area size of
the reflection area Rf can be sufficiently decreased while
accommodating the lines extending across the picture ele-
ment and TFT 11. Accordingly, the area size of the transmis-
sion area Tr can be sufficiently increased, and thus the indoor
display quality can be sufficiently improved.

[0109] With the structure shown in FIG. 2(b), the reflection
areas Rf are located like islands. Therefore, when providing
transparent dielectric layers for forming a multiple gap struc-
ture, alignment margins need to be taken into consideration
both in the row direction and the column direction. By con-
trast, with the LCD 100 in this embodiment, the reflection
area Rf is located in each mesh portion, and as a result, the
reflection areas Rf are located continuously like a strip.
Accordingly, the dielectric layers may also be formed con-
tinuously like a strip. Alignment margins do not need to be
taken into consideration in the direction in which the dielec-
tric layers are continuous. Therefore, the aperture ratio of the
reflection areas Rf (reflection aperture ratio) canbe improved.
[0110] Inaddition, the LCD 100 in this embodiment is also
superior on the capability of realizing preferable white bal-
ance both in the transmission mode and the reflection mode.
The reason for this will be described, hereinafter.
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[0111] For providing display with four primary colors of
red, green, blue and additionally yellow, white balance is
likely to be destroyed. As a result, the displayed white color is
yellowish (i.e., the color temperature of white is lowered). In
transmission mode display, preferable white balance can be
realized by adjusting the light source of backlight (specifi-
cally, by using a light source for emitting slightly bluish white
light). In the reflection mode, however, ambient light is used
for display and therefore, white balance cannot be adjusted in
such a manner.

[0112] Thus, itis conceivable to adjust the white balance in
the reflection mode by adjusting the area sizes of the reflec-
tion areas Rf. Specifically, by making the area size of the
reflection area Rf of the blue picture element B larger than the
area size of the reflection area Rf of the yellow picture ele-
ment Ye, the white color in the reflection mode can be pre-
vented from becoming yellowish.

[0113] However, adjusting the white balance in such a man-
ner presents another problem. For example, it is assumed that
from the LCD 700 shown in FIG. 2(b) as a comparative
example, the area size of the reflection area Rf of the blue
picture element B is increased and the area size of the reflec-
tion area Rf of the yellow picture element Ye is decreased.
Then, as shown in FIG. 3, the area size of the transmission
area Tr of the blue picture element B is made smaller than the
area size of the transmission area Tr of the yellow blue picture
element Ye. As a result, the white color in the transmission
mode becomes yellowish. In order to prevent this, it is con-
ceivable to replace the light source of the illumination device
with alight source which emits further bluish light. However,
when the light from the light source becomes more bluish, the
luminance of the backlight is decreased.

[0114] By contrast, with the LCD 100 in this embodiment,
the mesh portions of two picture elements for displaying
colors in a complementary relationship to each other, i.e., the
mesh portion of the blue picture element B and the mesh
portion of the yellow picture element Ye mesh with each
other. Therefore, by adjusting the area sizes of these mesh
portions, as shown in FIG. 4, the area size ratio of the reflec-
tion area Rf of the blue picture element B and the reflection
area Rf of the yellow picture element Ye can be changed
without changing the area size ratio of the transmission area
Tr of the blue picture element B and the transmission area Tr
of the yellow picture element Ye (specifically, the area size of
the reflection area Rf of the blue picture element B can be
made larger than the area size of the reflection area Rf of the
yellow picture element Ye). Therefore, the white balance in
the reflection mode display can be adjusted without destroy-
ing the white balance in the transmission mode display. As a
result, preferable white balance can be realized both in the
transmission mode and the reflection mode.

[0115] Table 1 and FIG. 5 show examples (Examples 1
through 5) in which the white balance in the reflection mode
display is adjusted by changing the area sizes of the reflection
areas Rf. Table 1 shows the relationship of the area sizes of the
reflection areas Rf of the red picture element R, the green
picture element G, the blue picture element B and the yellow
picture element Ye, with the color temperature and the xy
chromaticity of white displayed in the reflection mode. FIG.
5 is an xy chromaticity diagram in which white displayed in
the reflection mode in Examples 1 through 5 is plotted. Data
shown herein is of an LCD which uses the following for the
reflection mode display: a color filter having the spectrum
characteristic shown in FIG. 6, a liquid crystal layer exhibit-
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ing the wavelength dependency of the transmitted light inten-
sity shownin FIG. 7, and external light (ambient light) having
the spectrum shown in FIG. 8.

TABLE 1

Ex. 1 Ex.2 Ex.3 Ex. 4 Ex.5
Red 1.0 1.0 1.0 1.0 0.8
Green 1.0 1.0 1.0 1.0 1.2
Blue 1.0 1.2 1.3 14 1.3
Yellow 1.0 0.8 0.7 0.6 0.7
Color 3925 5041 6150 8101 7234
temperature
X 0.3905 0.3439 0.3197 0.2962 0.2947
y 0.4038 0.3523 0.3247 0.2975 0.3525
[0116] As shown in Table 1 and FIG. 5, in Example 1, the

area sizes of the reflection areas Rf of the red picture element
R, the green picture element G, the blue picture element B and
the yellow picture element Ye are equal to one another. There-
fore, the color temperature of white is low and white is
slightly yellowish. By contrast, in Examples 2, 3 and 4, the
area size of the reflection area Rf of the blue picture element
B is larger than the area size of the reflection area Rf of the
yellow picture element Ye. Therefore, the color temperature
of white can be made higher. As understood from comparing
Examples 2, 3 and 4, as the area size of the reflection area Rf
of the blue picture element B is made larger with respect to the
area size of the reflection area Rf of the yellow picture ele-
ment Ye, the color temperature of white is raised. As under-
stood from comparing Examples 3 and 5, the color tempera-
ture of white can be further raised by decreasing the area size
of the reflection area Rf of the red picture element R in
addition to making the area size of the reflection area Rf ofthe
blue picture element B larger than the area size of the reflec-
tion area Rf of the yellow picture element Ye.

[0117] Inthisembodiment, as shown in FIG. 9(a), the mesh
portion of each picture element meshes with a picture element
belonging to the same pixel. The technology disclosed herein
is not limited to this. As shown in FIG. 9(b), the mesh portion
of each picture element may mesh with a picture element
belonging to a different pixel.

[0118] In the structure shown in FIG. 9(b), each picture
element is L-shaped and includes a mesh portion. The mesh
portion of each picture element meshes with a picture element
belonging to a different pixel, not with a picture element
belonging to the same pixel. Specifically, the mesh portion of
the red picture element R of a certain pixel meshes with the
green picture element G belonging to a pixel below the certain
pixel, and the mesh portion of the green picture element G of
the certain pixel meshes with the red picture element R
belonging to a pixel above the certain pixel. The mesh portion
of the blue picture element B of the certain pixel meshes with
the yellow picture element Ye belonging to a pixel below the
certain pixel, and the mesh portion of the yellow picture
element Ye of the certain pixel meshes with the blue picture
element B belonging to a pixel above the certain pixel. With
such a structure also, the above-described effect can be pro-
vided.

[0119] In the case where the picture elements are located
such that the mesh portion of each picture element meshes
with a picture element belonging to a different pixel, a white
line on a black background can be displayed in a preferable
manner regardless of the direction in which the line extends.
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[0120] In FIG. 9(a), the picture elements are located such
that the mesh portion of each picture element meshes with a
picture element belonging to the same pixel. In this case, the
reflection areas Rf are arranged so as to be continuous like a
strip in the row direction. Therefore, as shown in FIG. 10(a),
a white line on a black background extending in the row
direction and a white line on the black background extending
in the column direction are displayed as having significantly
different thicknesses.

[0121] By contrast, in FIG. 9(b), the picture elements are
located such that the mesh portion of each picture element
meshes with a picture element belonging to a different pixel.
In this case, in one pixel, the reflection areas Rf are located at
substantially the same distance from the center of the pixel.
Therefore, as shown in FIG. 10(b), a white line on a black
background extending in the row direction and a white line on
the black background extending in the column direction are
displayed as having substantially the same thickness. Thus,
preferable display can be realized regardless of the direction
in which the line extends.

[0122] Next, a more specific structure of the LCD 100 in
this embodiment will be described. FIG. 11 is a plan view
showing an exemplary specific structure of the LCD 100, and
FIG. 12 is across-sectional view taken along line 12A-12A" of
FIG. 11. In FIG. 11, the reflection area Rf of each picture
element is shown without hatching for a clearer appearance.
[0123] The LCD 100 includes an active matrix substrate
(hereinafter, referred to as a “TFT substrate™) 100a including
aTFT 11 provided for each of a plurality of picture elements,
a color filter 1005 facing the TFT substrate 100q, and a liquid
crystal layer 40 provided between these substrates.

[0124] The TFT substrate 1002 has a structure in which
many films are stacked on a transparent insulating plate (e.g.,
a glass plate) 10. Hereinafter, the structure of the TFT sub-
strate 100a will be described more specifically.

[0125] First, a basecoat film 15 is formed so as to cover
substantially the entirety of the insulating plate 10. Semicon-
ductor layers 16 forming the TFTs 11, storage capacitance
electrodes 17 each forming a storage capacitance, and storage
capacitance connection lines 18 for electrically connecting
the semiconductor layers 16 and the storage capacitance elec-
trodes 17 are provided on the basecoat film 15. The semicon-
ductor layers 16, the storage capacitance electrodes 17 and
the storage capacitance connection lines 18 are formed of
one, same semiconductor film.

[0126] A gateinsulating film 19 is formed so as to cover the
semiconductor layers 16, the storage capacitance electrodes
17 and the storage capacitance connection lines 18. The scan-
ning lines 12, storage capacitance lines 14 and gate electrodes
20 extending from the scanning lines 12 are provided on the
gate insulating film 19. The storage capacitance lines 14 face
the storage capacitance electrodes 17 with the gate insulating
film 19 provided therebetween. Each storage capacitance line
14, the corresponding storage capacitance electrode 17 and
the gate insulating film 19 located therebetween form a stor-
age capacitance Cs. In FIG. 11, the storage capacitances for
the red picture element R, the green picture element G, the
blue picture element B and the yellow picture element Ye are
respectively represented as Cs(R), Cs(G), Cs(B) and Cs(Ye).
[0127] A first interlayer insulating film (e.g., an inorganic
insulating film) 21 is formed so as to cover the scanning lines
12 and the like. The signal lines 13, source electrodes 22 and
drain electrodes 23 are formed on the first interlayer insulat-
ing film 21. Each source electrode 22 and the corresponding
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drain electrode 23 are connected to the corresponding semi-
conductor layer 16 via a contact hole CH formed in the gate
insulating film 19 and the first interlayer insulating film 21. As
understood from FIG. 11 and FIG. 12, the drain electrodes 23
of two vertically adjacent picture elements extend parallel but
are not collinear to one another.

[0128] A second interlayer insulating film (e.g., a transpar-
ent resin film) 24 is formed so as to cover the signal lines 13
and the like. Picture element electrodes 25 each including a
transparent electrode 254 and a reflective electrode 2556 are
formed on the second interlayer insulating film 24. Fach
picture element electrode 25 is connected to the correspond-
ing drain electrode 23 via a contact hole CH formed in the
second interlayer insulating film 24. An alignment film 26 is
formed so as to cover the picture element electrodes 25.
[0129] Thecolor filter substrate 1005 includes a transparent
insulating plate (e.g., a glass plate) 30, and a red color filter
31R, a green color filter 31G, a blue color filter 31B, a yellow
color filter 31Ye and a black matrix BM formed on the trans-
parent insulating plate 30. On these color filters and the black
matrix BM, a transparent dielectric layer (e.g., a transparent
resin layer) 32 is selectively formed only in the reflection
areas Rf. A counter electrode 33 and an alignment film 34 are
provided so as to cover the transparent dielectric layer 32.
[0130] As theliquid crystal layer 40, various display modes
of liquid crystal layer can be used. The transparent dielectric
layer 32 selectively formed in the reflection area Rf forms a
step in the color filter 1005. Because of this, the thickness of
the liquid crystal layer 40 in the reflection area Rf and the
thickness of the liquid crystal layer 40 in the transmission area
Tr are different.

[0131] The LCD 100 having the structure shown in FIGS.
11 and 12 may be produced by any of various known produc-
tion methods.

[0132] Thus, as shown at least in FIG. 11, an upper or
second scanning line 12 is located between at least a part of a
first picture element (e.g., the green picture element G) and
the lower or first scanning line 12. Similarly, the first or lower
scanning line 12 is located between at least part of a second
picture element (e.g., the red picture element R) and the upper
or second scanning line 12. Moreover, eachofthe TFTs 11 are
located in the mesh portion.

[0133] FIG. 11 shows four picture elements and two scan-
ning lines. The TFTs 11 for the two picture elements shown
above (specifically, the green picture element G and the yel-
low picture element Ye) are connected to the lower scanning
line 12, whereas the TFTs 11 for the two picture elements
shown below (specifically, the red picture element R and the
blue picture element B) are connected to the upper scanning
line 12.

[0134] Incontrastto FIG. 11, as showninFIG. 13, the TFTs
11 for the green picture element G and the yellow picture
element Ye shown above may be connected to the upper
scanning line 12, and the TFTs 11 for the red picture element
R and the blue picture element B shown below may be con-
nected to the lower scanning line 12.

[0135] With either structure, it is preferable that the storage
capacitance connection line 18 for each picture element is
located so as to extend below, not the scanning line 12 for
driving this picture element, the scanning line 12 for driving
the adjacent picture element, as shown in FIGS. 11 and 13.
For example, regarding the red picture element R in FIG. 11,
the storage capacitance connection line 18 for this red picture
element R is located so as to extend below the scanning line
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12 for driving the green picture element G (lower scanning
line in the figure), not the scanning line 12 for driving the red
picture element R (upper scanning line in the figure).

[0136] At a portion where the storage capacitance connec-
tion line 18 and the scanning line 12 cross each other, a
parasitic capacitance is formed. Where the storage capaci-
tance connection line 18 of each picture element extends
below the scanning line 12 for driving this picture element,
the parasitic capacitance causes a pull-in potential in a gate-
off state, which influences the optimum counter electrode
potential. For this reason, it is preferable that the storage
capacitance connection line 18 of each picture element is
located so as to extend below the scanning line 12 for driving
the adjacent picture element.

[0137] With the structure shown in FIG. 13, in order to
locate the storage capacitance connection line 18 of each
picture element so as to extend below the scanning line 12 for
driving an adjacent picture element, the storage capacitance is
formed in the adjacent picture element. Specifically, the stor-
age capacitance Cs(R) for the red picture element R is formed
in the green picture element G, and the storage capacitance
Cs(B) for the blue picture element B is formed in the yellow
picture element Ye. The storage capacitance Cs(G) for the
green picture element G is formed in the red picture element
R, and the storage capacitance Cs(Ye) for the yellow picture
element Ye is formed in the blue picture element B.

[0138] Asshown in FIG. 13, where the storage capacitance
connection line 18 extends across another picture element, a
capacitance is formed between the picture elements. There-
fore, after a signal is written in a picture element, pull-in
occurs by the influence of the potential change in the adjacent
picture element, and the voltage transmittance characteristic
is shifted. As aresult, a difference in the voltage transmittance
characteristic is made between the two picture elements
shown above (the green picture element G and the yellow
picture element Ye) and the two picture elements shown
below (the red picture element R and the blue picture element
B).

[0139] Such a problem can be alleviated by setting y for
each of the red picture element R, the green picture element
G, the blue picture element B and the yellow picture element
Ye independently.

[0140] Even with the structure shown in FIG. 11, the inter-
picture element capacitance may be dispersed among the
picture elements to cause a difference in the voltage transmit-
tance characteristic. In such a case also, y may be set for each
of the red picture element R, the green picture element G, the
blue picture element B and the yellow picture element Ye
independently.

[0141] In the above examples, as shown in FIG. 1 and the
like, the mesh portions arranged like a strip are continuous in
the order of the mesh portion of the red picture element R, the
mesh portion of the green picture element G, the mesh portion
of the blue picture element B and the mesh portion of the
yellow picture element Ye. Thus, the reflection areas Rf are
continuous in the order of red, green, blue and yellow in each
picture element. The order of the mesh portions and the
reflection areas Rf is not limited to this.

[0142] For example, as shown in FIGS. 14(a) and (b), the
mesh portions may be continuous in the order of the mesh
portion of the red picture element R, the mesh portion of the
green picture element G, the mesh portion of the yellow
picture element Ye and the mesh portion of the blue picture
element B, and thus the reflection areas Rf of the picture
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elements may be continuous in the order of red, green, yellow
and blue in each picture element.

[0143] In general, among the red picture element R, the
green picture element G, the blue picture element B and the
yellow picture element Ye, the red picture element R and the
blue picture element B have a relatively low luminance,
whereas the green picture element G and the yellow picture
element Ye have a relatively high luminance. Therefore,
where the reflection areas Rf are continuous in the order of
red, green, blue and yellow in a picture element, the reflection
areas Rf having a low luminance and the reflection areas Rf
having a high luminance are alternately located as schemati-
cally shown in FIG. 15(a). Hence, a single-color image can be
displayed uniformly.

[0144] By contrast, where the reflection areas Rf are con-
tinuous in the order of red, green, yellow and blue in a picture
element, the reflection areas Rf having a high luminance are
located at the center of the pixel as schematically shown in
FIG. 15(b). Hence, when a white line on a black background
or ablack line on awhite background is displayed, the line can
be prevented from being edged with a different color.

[0145] The mesh portions may be arranged in the order of
the mesh portion of the green picture element G, the mesh
portion of the red picture element R, the mesh portion of the
yellow picture element Ye and the mesh portion of the blue
picture element B. With such an order, the reflection areas Rf
are continuous in the order of green, red, yellow and blue ina
picture element. Therefore, the reflection areas Rf having a
low luminance and the reflection areas Rf having a high
luminance are alternately located as schematically shown in
FIG. 15(c). In this case also, the effect of displaying a single-
color image uniformly can be provided.

Embodiment 2

[0146] With reference to FIGS. 16 and 17, an LCD 200
according to this embodiment will be described. FIG. 16 is a
plan view schematically showing the LCD 200, and FIG. 17
is a cross-sectional view taken along line 17A-17A' of FIG.
16. Hereinafter, the LCD 200 will be described mainly
regarding differences from the LCD 100 in Embodiment 1.
[0147] The LCD 200 according to this embodiment pro-
vides display in a CPA (Continuous Pinwheel Alignment)
mode. In the CPA mode, an opening or a cut-out portion is
provided in one of the electrodes facing each other with a
vertical alignment type liquid crystal layer located therebe-
tween. An oblique electric field generated at edges of the
opening or the cut-out portion is used to radially orient liquid
crystal molecules. Owing to this, high quality display with a
wide viewing angle is realized. The CPA mode is disclosed in,
for example, Japanese Laid-Open Patent Publications Nos.
2003-43525 and 2002-202511.

[0148] Thepictureelementelectrodes 25 providedina TFT
substrate 200a of the LCD 200 each have an opening and/or
cut-out portion (neither is shown). When a voltage is applied
between the picture element electrode 25 and a counter elec-
trode 33, an oblique electric field is generated at edges of the
opening or cut-out portion. The oblique electric field controls
the direction in which liquid crystal molecules in the liquid
crystal layer 40 are tilted when a voltage is applied. There-
fore, in the liquid crystal layer 40, a plurality of areas in which
the liquid crystal molecules are radially oriented are formed.
Each of'the areas thus formed is referred to as a “liquid crystal
domain”™.
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[0149] In this embodiment, projections (rivets) 35 for sta-
bilizing the orientation of the liquid crystal domains are
formed in the counter substrate 2005. The projections 35 are
each provided at a position substantially corresponding to the
center of the liquid crystal domain formed when a voltage is
applied. The projections 35 are formed of, for example, a
transparent resin.

[0150] In the LCD 100 shown in FIG. 11, the storage
capacitance connection line 18 extending from the storage
capacitance electrode 17 is directly connected to the semi-
conductor layer 16, and the storage capacitance connection
line 18 extends across the picture element from the storage
capacitance electrode 17 to the semiconductor layer 16.
[0151] By contrast, in this embodiment, the storage capaci-
tance connection line 18 is connected to the semiconductor
layer 16 via a conductive member 27, formed of the same
conductive film as the source electrode 22 and the drain
electrode 23, and the picture element electrode 25 and the
drain electrode 23. The storage capacitance connection line
18 is formed on the conductive member 27 in a contact hole
CH formed at a position overlapping the projection 35, and
the conductive member 27 is connected to the picture element
electrode 25 in a contact hole CH formed at a position over-
lapping the projection 35.

[0152] The storage capacitance connection line 18 is
formed of a semiconductor film and so has a low light trans-
mittance (e.g., about 50%). In this embodiment, the storage
capacitance connection line 18 only needs to extend to a
position overlapping the projection 35. Therefore, the reduc-
tion in the light transmittance caused by the storage capaci-
tance connection line 18 can be suppressed, and brighter
display can be realized. The liquid crystal layer in an area
overlapping the projection 35 does not much contribute to
display (having a low light transmittance) anyways. There-
fore, the reduction in the transmittance caused by a contact
hole formed in this area does not present any problem.
[0153] In Embodiments 1 and 2 described above, the tech-
nology disclosed herein has been described with multiple
primary color LCDs in which display is provided using four
or more primary colors. The technology disclosed herein is
not limited to multiple primary color LCDs, and is widely
usable for transreflective LCDs in which one pixel is defined
by four or more picture elements.

[0154] For example, the technology disclosed herein is
usable for an LCD in which one pixel is defined by four
picture elements, i.e., a red picture element for displaying red,
a green picture element for displaying green, a blue picture
element for displaying blue and a white picture element for
displaying white. Where the three picture elements for dis-
playing the three primary colors are combined with a white
picture element for displaying white, the luminance of each
pixel is increased and still brighter display can be realized.

INDUSTRIAL APPLICABILITY

[0155] According to the technology disclosed herein, a
structure for a transreflective liquid crystal display device in
which one pixel is defined by four or more picture elements,
the structure providing provides a high aperture ratio and
being is suitable for display for which the transmission mode
is prioritized, can be realized.

[0156] The technology disclosefd herein is preferably
usable for a transreflective liquid crystal display device in
which one pixel is defined by four or more picture elements
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and also for a multiple primary color liquid crystal display
device providing display using four or more primary colors.

1. A liquid crystal display device comprising:

plural picture elements including a first picture element

and a second picture element;

plural switching elements including a first switching ele-

ment electrically connected to the first picture element
and a second switching element electrically connected
to the second picture element;

plural scanning lines including a first scanning line electri-

cally connected to the first switching element and a
second scanning line electrically connected to the sec-
ond switching element;

wherein the second scanning line is located between at

least part of the first picture element and the first scan-
ning line; and

wherein the first scanning line is located between at least

part of the second picture element and the second scan-
ning line.
2. The liquid crystal display device of claim 1, wherein the
second scanning line is located between a majority of the first
picture element and the first scanning line, and the first scan-
ning line is located between a majority of the second picture
element and the second scanning line.
3. The liquid crystal display device of claim 1, further
comprising:
plural storage capacitance lines including a first storage
capacitance line forming a capacitance with the first
picture element and a second storage capacitance line
forming a capacitance with the second picture element;

wherein the first scanning line and the second scanning line
are located between the first storage capacitance line and
the second storage capacitance line.

4. The liquid crystal display device of claim 1, further
comprising:

an insulating layer located between the plural picture ele-

ments and the plural switching elements ;

wherein the first switching element includes a first drain

electrode and the second switching element includes a
second drain electrode; and

wherein the insulating layer includes at least two contact

holes configured to facilitate electrical connection of the
first picture element to the first drain electrode and the
second picture element to the second drain electrode.

5. The liquid crystal display device of claim 1, wherein the
first drain electrode and the second drain electrode extend
parallel but not collinear to each other.

6. The liquid crystal display device of claim 1, wherein the
first picture element and the second picture element display
different colors from one another.

7. The liquid crystal display device of claim 1, wherein the
plural picture elements include a third picture element and a
fourth picture element each for displaying different colors.

8. The liquid crystal display device of claim 1, wherein
each of the plural picture elements includes a protruding
portion shaped to be meshable with an adjacent picture ele-
ment.

9. The liquid crystal display device of claim 1, wherein
each of the plural picture elements includes a transmission
area for providing display in a transmission mode and a
reflection area for providing display in a reflection mode.

10. The liquid crystal display device of claim 1, wherein
each of the plural picture elements includes a mesh portion
shaped to be meshable with an adjacent picture element.
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11. The liquid crystal display device of claim 10, wherein
the plural picture elements are each L-shaped.

12. The liquid crystal display device of claim 10, wherein
the plural picture elements define plural pixels each including
the first picture element, the second picture element, a third
picture element and a fourth picture element.

13. The liquid crystal display device of claim 12, wherein
the mesh portion of each of the plural picture elements
meshes with a picture element belonging to a same pixel.

14. The liquid crystal display device of claim 12, wherein
the mesh portion of each of the plural picture elements
meshes with a picture element belonging to a different pixel.

15. The liquid crystal display device of claim 12, wherein
the first picture element is a red picture element for displaying
red, the second picture element is a green picture element for
displaying green, and the third picture element is a blue
picture element for displaying blue.

16. The liquid crystal display device of claim 15, wherein
the fourth picture element is a white picture element for
displaying white.

17. The liquid crystal display device of claim 12, wherein
among the first picture element, the second picture element,
the third picture element and the fourth picture element, two
picture elements display colors in a complementary relation-
ship to each other; and the mesh portions of the two picture
elements mesh with each other.

18. The liquid crystal display device of claim 15, wherein
the fourth picture element is a yellow picture element for
displaying yellow.
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19. The liquid crystal display device of claim 18, wherein
the mesh portion of the blue picture element and the mesh
portion of the yellow picture element mesh with each other.

20. The liquid crystal display device of claim 18, wherein
the red picture element, the green picture element, the blue
picture element and the yellow picture element are arranged
in a matrix of 2 rows and 2 columns; and the mesh portion of
the red picture element, the mesh portion of the green picture
element, the mesh portion of the blue picture element and the
mesh portion ofthe yellow picture element are arranged to be
continuous like a strip in a row direction.

21. The liquid crystal display device of claim 20, wherein
the mesh portions arranged to be continuous like a strip are
continuous in the order of the mesh portion of the red picture
element, the mesh portion of the green picture element, the
mesh portion of the blue picture element and the mesh portion
of the yellow picture element; or in the order of the mesh
portion of the green picture element, the mesh portion of the
red picture element, the mesh portion of the yellow picture
element and the mesh portion of the blue picture element.

22. The liquid crystal display device of claim 20, wherein
the mesh portions arranged to be continuous like a strip are
continues in the order of the mesh portion of the red picture
element, the mesh portion of the green picture element, the
mesh portion of the yellow picture element and the mesh
portion of the blue picture element.
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