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(57) ABSTRACT 

The invention relates to a liquid crystal display device used as 
a display part of an information equipment and a method of 
manufacturing the same, and has an object to provide the 
liquid crystal display device which can obtain excellent dis 
play characteristics without raising the manufacture cost and 
the method of manufacturing the same. The liquid crystal 
display device includes a pair of Substrates disposed to be 
opposite to each other, a liquid crystal sealed between the pair 
of substrates and aligned almost vertically to the substrate 
when a Voltage is not applied, a pair of quarter-wave plates 
respectively disposed at outer sides of the pair of Substrates, a 
pair of polarizing plates respectively disposed at outer sides 
of the pair of quarter-wave plates, and a pixel area including 
a reflection area provided with a reflecting plate having an 
almost flat reflecting Surface and for reflecting light incident 
from one of the Substrates, and a transmission area for causing 
light incident from the other of the substrates to be transmitted 
toward the one of the pair of substrates. 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

0001. This is a divisional of application Ser. No. 10/812, 
828, filed Mar. 30, 2004. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a liquid crystal dis 
play device used as a display part of an information equip 
ment or the like and a method of manufacturing the same, and 
particularly to a transreflective type liquid crystal display 
device used for a low power consumption equipment such as 
a portable information terminal and a method of manufactur 
ing the same. 
0004 2. Description of the Related Art 
0005. In recent years, an active matrix type liquid crystal 
display device including a thin film transistor (TFT) in each 
pixel has been widely used as a display device for any use. 
The liquid crystal display device is classified into a transmis 
sion type, a reflection type and a transreflective type by its 
lighting system. In the transmission type, transmitted light 
from a backlight unit is used for display. In the reflection type, 
reflected light of outside light is used for display. In the 
transreflective type, transmitted light of a backlight unit is 
used for display in a dark place and reflected light of outside 
light is used for display in a bright place. In recent years, as a 
display device for a mobile terminal or a notebook PC, a 
transreflective type (reflective and transmissive) liquid crystal 
display device in which display in both reflective and trans 
missive modes is enabled has been used. 
0006. Here, a conventional liquid crystal display device 
will be described. FIG. 74 shows a sectional structure of a 
reflection type liquid crystal display device disclosed in non 
patent document 1 (set forth below). As shown in FIG. 74, a 
liquid crystal 106 is sealed between a pair of substrates 102 
and 104 disposed to be opposite to each other. The alignment 
state of the liquid crystal 106 is a bend alignment called 
ROCB (Reflective Optically Compensated Birefringence). A 
reflecting electrode 116 having a mirror-like flat reflecting 
surface is formed on the surface of the one substrate 102 at the 
side of the liquid crystal 106. A common electrode 142 made 
of a transparent electrode film is formed on the surface of the 
other substrate 104 at the side of the liquid crystal 106. A 
phase difference film (quarter-wave plate) 120, a polarizing 
plate 122 and an optical path control film 124 are disposed in 
this order at the panel outer side (observer side) of the other 
substrate 104. 
0007. The optical path of incident outside light is bent by 
the optical path control film 124, reaches the reflecting elec 
trode 116, is reflected, and is emitted toward the observer 
side. Since the optical path control film 124 for diffusing and 
transmitting light is provided, the optical path of the light 
reflected at the surface of the optical path control film 124 is 
different from the optical path of the light having been trans 
mitted through the optical path control film 124 and reflected 
at the surface of the reflecting electrode 116. Then, when the 
observer sees the display screen, the display and the outside 
light do not overlap with each other, and a clear display image 
can be observed. 
0008 FIGS. 75A and 75B show a structure of a transre 
flective type liquid crystal display device disclosed in non 
patent document 2 (set forth below). FIG. 75A shows a struc 

Jun. 19, 2008 

ture of approximately one pixel of the transreflective type 
liquid crystal display device, and FIG. 75B shows a sectional 
structure of the transreflective type liquid crystal display 
device cut along line X-X of FIG. 75A. As shown in FIGS. 
75A and 75B, a pixel area is divided into a transmission area 
T and a reflection area R. An insulating material (resin layer) 
130 is formed in the reflection area R of a TFT Substrate 102 
so that the cell thickness of the reflection area R becomes half 
of that of the transmission area T. A reflecting electrode 116 
having an uneven surface is formed on the insulator 130. A 
protrusion 132 for alignment controlling a vertically aligned 
liquid crystal 106 is formed at the centerpart of the transmis 
sion area T of an opposite Substrate 104. A pair of quarter 
wave plates 120 are respectively disposed at the panel outer 
side of the TFT substrate 102 and at the panel outer side of the 
opposite substrate 104. A pair of polarizing plates 122 are 
respectively disposed at the further outer sides of the respec 
tive quarter-wave plates 120. 
0009. Although this liquid crystal display device is the 
same as the liquid crystal display device shown in FIG. 74 in 
that the reflecting electrode 116 is formed on the surface of 
the substrate 102 at the side of the liquid crystal 106, the 
reflecting surface of the reflecting electrode 116 is uneven. 
The incident outside light from the observer side is scattered 
and reflected at the reflecting electrode 116, and is emitted 
toward the observer side. 
0010 FIG. 76A shows a state in which a voltage is not 
applied to the liquid crystal 106, and FIG. 76B shows a state 
where a predetermined Voltage is applied to the liquid crystal 
106. As shown in FIG. 76A, in the state of voltage non 
application, since a liquid crystal molecule is aligned verti 
cally to the substrate surface, the liquid crystal 106 does not 
exert an optical effect on light. When a reflective display is 
performed, the light having been transmitted through the 
polarizing plate 122 is transmitted through the quarter-wave 
plate 120 and is incident on the liquid crystal 106, and after 
the light is reflected at the reflecting electrode 116, it is again 
transmitted through the quarter-wave plate 120. That is, the 
light is transmitted through the quarter-wave plate 120 twice, 
so that its polarization state is rotated by 90°. Accordingly, 
this light is absorbed by the polarizing plate 122. Thus, black 
is displayed in the reflection mode. 
0011 Besides, when a transmissive display is performed, 
light having been transmitted through the polarizing plate 122 
at the side of a backlight unit 188 is transmitted through the 
quarter-wave plate 120, is incident on the liquid crystal 106, 
and is transmitted through the quarter-wave plate 120 at the 
observer side. That is, the light is transmitted through the 
quarter-wave plate 120 twice, so that its polarization state is 
rotated by 90°. Accordingly, this light is absorbed by the 
polarizing plate 122 at the observer side. Thus, black is dis 
played in the transmission mode. 
0012. On the other hand, in the state where the predeter 
mined Voltage is applied, since the liquid crystal molecule is 
inclined with respect to the substrate surface, the liquid crys 
tal 106 exerts a predetermined optical effect on light. As 
shown in FIG. 76B, light having been transmitted through the 
polarizing plate 122 changes its polarization state by the 
liquid crystal 106. Thus, white is displayed in both the reflec 
tion and transmission modes. 

Patent Document 1 JP-A-2000-56326 
Patent Document 2.JP-A-2000-171789 
Patent Document 3 JP-A-2002-2025.11 
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Patent Document 4.JP-A-6-175126 
Patent Document 5 JP-A-7-3 11383 
Patent Document 6.JP-A-11-281972 
Patent Document 7 JP-A-2000-47251 
0013 Non-patent Document 1 Uchida et al. A Bright 
Reflective LCD Using Optically Compensated Birefringence 
Cell with Gray-Scale Capability and Fast Response, SID 96 
DIGEST, p. 618-621 
Non-patent Document 2. Jisaki et al. “Development of 
Transflective LCD for High Contrast and Wide Viewing angle 
by Using Homeotropic Alignment, Asia Display/IDW 01, 
p. 133 
0014. In the structure of the reflection type liquid crystal 
display device as shown in FIG. 74, a use in combination with 
the transmission type has not been realized. This is because in 
the reflection type, on the premise that the light is transmitted 
through the liquid crystal 106 twice, the alignment state of the 
liquid crystal 106 is a hybrid alignment. In the hybrid align 
ment, there is a problem that birefringence is small when it is 
used in the transmission type, and a Sufficient white display 
can not be performed. Besides, when it is used in the trans 
mission type, there is a problem that viewing angle charac 
teristics are low. 
0015. On the other hand, in the transreflective type liquid 
crystal display device shown in FIGS. 75A to 76B, it is 
proposed that the surface of the reflecting electrode 116 is 
formed to be uneven. However, in order to manufacture the 
transreflective type liquid crystal display device having the 
uneven reflecting electrode 116, in addition to a manufacture 
process of a normal transmission type liquid crystal display 
device, a process, such as formation and patterning of a resin 
layer and formation of the reflecting electrode 116, is further 
required. Thus, there arises a problem that the manufacture 
cost of the liquid crystal display device is raised. 

SUMMARY OF THE INVENTION 

0016. An object of the present invention is to provide a 
liquid crystal display device which can obtain excellent dis 
play characteristics without raising the manufacture cost and 
a method of manufacturing the same. 
0017. The above object is achieved by a liquid crystal 
display device including a pair of Substrates disposed to be 
opposite to each other, a liquid crystal sealed between the pair 
of substrates and aligned almost vertically to the substrate 
when a Voltage is not applied, a pair of quarter-wave plates 
respectively disposed at outer sides of the pair of Substrates, a 
pair of polarizing plates respectively disposed at outer sides 
of the pair of quarter-wave plates, and a pixel area including 
a reflection area provided with a reflecting plate having an 
almost flat reflecting Surface and for reflecting light incident 
from one of the pair of substrates, and a transmission area for 
causing light incident from the other of the pair of Substrates 
to be transmitted toward the one of the pair of substrates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIGS. 1A and 1B are views showing a basic struc 
ture of a liquid crystal display device according to a first 
embodiment of the invention; 
0019 FIG. 2 is a view showing a schematic structure of a 
liquid crystal display device according to example 1-1 of the 
first embodiment of the invention; 
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0020 FIG. 3 is a view schematically showing an equiva 
lent circuit of the liquid crystal display device according to 
the example 1-1 of the first embodiment of the invention; 
0021 FIG. 4 is a view showing the structure of the liquid 
crystal display device according to the example 1-1 of the first 
embodiment of the invention; 
0022 FIG. 5 is a view showing a structure of a conven 
tional liquid crystal display device; 
0023 FIG. 6 is a view showing a modified example of the 
structure of the liquid crystal display device according to the 
example 1-1 of the first embodiment of the invention; 
0024 FIG. 7 is a view showing a structure of a liquid 
crystal display device according to example 1-2 of the first 
embodiment of the invention; 
0025 FIG. 8 is a view showing a structure of a conven 
tional liquid crystal display device; 
0026 FIG. 9 is a view showing an arrangement of a polar 
izing plate and the like of the liquid crystal display device 
according to the example 1-2 of the first embodiment of the 
invention; 
0027 FIG. 10 is a block diagram showing a driving 
method of a liquid crystal display device according to 
example 1-3 of the first embodiment of the invention; 
0028 FIG. 11 is a view showing a structure of a liquid 
crystal display device according to example 1-4 of the first 
embodiment of the invention; 
0029 FIG. 12 is a view showing a modified example of the 
structure of the liquid crystal display device according to the 
example 1-4 of the first embodiment of the invention; 
0030 FIG. 13 is a sectional view showing a structure of a 
liquid crystal display device as the premise of a second 
embodiment of the invention; 
0031 FIG. 14 is a sectional view showing a structure of the 
liquid crystal display device as the premise of the second 
embodiment of the invention; 
0032 FIG. 15 is a sectional view showing a structure of a 
liquid crystal display device according to the second embodi 
ment of the invention; 
0033 FIG.16 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0034 FIG.17 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0035 FIG. 18 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0036 FIG. 19 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0037 FIG.20 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0038 FIG.21 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0039 FIG.22 is a sectional view showing a structure of the 
liquid crystal display device according to the second embodi 
ment of the invention; 
0040 FIG. 23 is a view for explaining the liquid crystal 
display device according to the second embodiment of the 
invention; 
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0041 FIG. 24 is a view for explaining the liquid crystal 
display device according to the second embodiment of the 
invention; 
0042 FIG. 25 is a view showing an arrangement of a 
reflecting protrusion of a liquid crystal display device accord 
ing to example 2-1 of the second embodiment of the inven 
tion; 
0043 FIG. 26 is a photograph showing a structure of the 
liquid crystal display device according to the example 2-1 of 
the second embodiment of the invention; 
0044 FIG. 27 is an alignment photograph when white is 
displayed in a reflection mode; 
0045 FIG. 28 is an alignment photograph when white is 
displayed in a transmission mode; 
0046 FIG. 29 is a graph showing a result of measurement 
of reflection characteristics of the liquid crystal display 
device according to the example 2-1 of the second embodi 
ment of the invention; 
0047 FIG. 30 is a graph showing a result of measurement 
of reflection characteristics of the liquid crystal display 
device according to the example 2-1 of the second embodi 
ment of the invention; 
0048 FIG.31 is a graph showing a result of measurement 
of transmission characteristics of the liquid crystal display 
device according to the example 2-1 of the second embodi 
ment of the invention; 
0049 FIG. 32 is a plan view showing a structure of one 
pixel of a conventional liquid crystal display device; 
0050 FIG. 33 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a third 
embodiment of the invention; 
0051 FIG.34 is a sectional view showing a structure of the 
liquid crystal display device according to the third embodi 
ment of the invention; 
0052 FIG. 35 is a view showing an arrangement of a 
polarizing plate and the like of the liquid crystal display 
device according to the third embodiment of the invention; 
0053 FIG. 36 is a plan view showing a structure of one 
pixel in a case where an electrode unit is made of only comb 
electrodes; 
0054 FIG. 37 is a graph of measurement of a rate of 
change in brightness with respect to a variation in width of an 
extension part of a comb electrode: 
0055 FIGS. 38A to 38D are process sectional views (No. 
1) showing a method of manufacturing the liquid crystal 
display device according to the third embodiment of the 
invention; 
0056 FIGS. 39A to 39C are process sectional views (No. 
2) showing the method of manufacturing the liquid crystal 
display device according to the third embodiment of the 
invention; 
0057 FIGS. 40A to 40C are process sectional views (No. 
3) showing the method of manufacturing the liquid crystal 
display device according to the third embodiment of the 
invention; 
0058 FIGS. 41A to 41N are plan views showing shapes of 
electrode units of a liquid crystal display device according to 
a modified example of the third embodiment of the invention; 
0059 FIG. 42 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a fourth 
embodiment of the invention; 
0060 FIG. 43 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a fifth 
embodiment of the invention; 
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0061 FIGS. 44A to 44C are plan views showing shapes of 
electrode units of a liquid crystal display device according to 
a modified example of the fifth embodiment of the invention; 
0062 FIG. 45 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a sixth 
embodiment of the invention; 
0063 FIG. 46 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a seventh 
embodiment of the invention; 
0064 FIG. 47 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to an eighth 
embodiment of the invention; 
0065 FIGS. 48A and 48B are sectional views showing a 
structure of the liquid crystal display device according to the 
eighth embodiment of the invention; 
0.066 FIG. 49 is a view showing an arrangement of a 
polarizing plate and the like of the liquid crystal display 
device according to the eighth embodiment of the invention; 
0067 FIG. 50 is a plan view showing a structure of one 
pixel in a case where the number of reflecting electrode layers 
is changed in the liquid crystal display device according to the 
eighth embodiment of the invention; 
0068 FIG. 51 is a plan view showing a structure of one 
pixel in a case where a reflecting electrode is formed in an area 
where a storage capacitor electrode is formed in the liquid 
crystal display device according to the eighth embodiment of 
the invention; 
0069 FIGS. 52A and 52B are graphs showing a relation 
between the areal ratio of a reflection area and the reflectivity 
in the liquid crystal display device according to the eighth 
embodiment of the invention, and a relation between the areal 
ratio of the reflection area and the transmissivity; 
(0070 FIGS. 53A and 53B are graphs showing a relation 
between the areal ratio of a transmission area and the reflec 
tivity in the liquid crystal display device according to the 
eighth embodiment of the invention, and a relation between 
the areal ratio of the transmission area and the transmissivity; 
(0071 FIGS. 54A to 54D are process sectional views (No. 
1) showing a method of manufacturing the liquid crystal 
display device according to the eighth embodiment of the 
invention; 
(0072 FIGS. 55A to 55C are process sectional views (No. 
2) showing the method of manufacturing the liquid crystal 
display device according to the eighth embodiment of the 
invention; 
0073 FIG. 56 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a ninth 
embodiment of the invention; 
(0074 FIGS. 57A and 57B are plan views showing a struc 
ture of the liquid crystal display device according to the ninth 
embodiment of the invention; 
0075 FIG.58 is a sectional view taken in a direction along 
a gate bus line of a liquid crystal display device according to 
a tenth embodiment of the invention; 
0076 FIG. 59 is a sectional view taken in a direction along 
a gate bus line of a liquid crystal display device according to 
a modified example of the tenth embodiment of the invention; 
0077 FIG. 60 is a sectional view taken in a direction along 
a gate bus line of a liquid crystal display device according to 
an eleventh embodiment of the invention; 
(0078 FIGS. 61A to 61C are process sectional views (No. 
1) showing a method of manufacturing the liquid crystal 
display device according to the eleventh embodiment of the 
invention; 
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0079 FIGS. 62A to 62C are process sectional views (No. 
2) showing the method of manufacturing the liquid crystal 
display device according to the eleventh embodiment of the 
invention; 
0080 FIGS. 63A to 63C are process sectional views (No. 
3) showing the method of manufacturing the liquid crystal 
display device according to the eleventh embodiment of the 
invention; 
0081 FIG. 64 is a sectional view taken in a direction along 
a gate bus line of a liquid crystal display device according to 
a modified example of the eleventh embodiment of the inven 
tion; 
0082 FIG. 65 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a twelfth 
embodiment of the invention; 
0083 FIG. 66 is a sectional view showing a structure of the 
liquid crystal display device according to the twelfth embodi 
ment of the invention; 
I0084 FIGS. 67A to 67D are process sectional views (No. 
1) showing a method of manufacturing the liquid crystal 
display device according to the twelfth embodiment of the 
invention; 
I0085 FIGS. 68A to 68C are process sectional views (No. 
2) showing the method of manufacturing the liquid crystal 
display device according to the twelfth embodiment of the 
invention; 
I0086 FIG. 69 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a thir 
teenth embodiment of the invention; 
0087 FIG.70 is a sectional view showing a structure of the 
liquid crystal display device according to the thirteenth 
embodiment of the invention; 
0088 FIG. 71 is a plan view showing a structure of one 
pixel of a liquid crystal display device according to a four 
teenth embodiment of the invention; 
0089 FIG. 72 is a plan view showing a structure of the 
liquid crystal display device according to the fourteenth 
embodiment of the invention; 
0090 FIGS. 73A and 73B are plan views showing other 
shapes of a branch part of an electrode unit in the liquid 
crystal display device of the invention; 
0091 FIG. 74 is a sectional view showing a structure of a 
conventional liquid crystal display device; 
0092 FIGS. 75A and 75B are views showing a structure of 
a conventional liquid crystal display device; and 
0093 FIGS. 76A and 76B are sectional view showing a 
structure of the conventional liquid crystal display device. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

0094. A liquid crystal display device according to a first 
embodiment of the invention and a method of manufacturing 
the same will be described with reference to FIGS. 1A to 12. 
In this embodiment, excellent points of the two liquid crystal 
display devices already described as the related art are 
extracted and combined, and a method is devised to eliminate 
the necessity of changing a manufacture process of a normal 
transmission type liquid crystal display device. 
0095 FIGS. 1A and 1B are sectional views schematically 
showing a basic structure of a liquid crystal display device 
according to this embodiment. FIG. 1A shows an optical path 
at the time of reflective display, and FIG. 1B shows an optical 
path at the time of transmissive display. As shown in FIGS. 
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1A and 1B, a liquid crystal 6 is sealed between a TFT sub 
strate 2 and an opposite substrate (CF substrate) 4, which are 
disposed to be opposite to each other. An alignment state of 
the liquid crystal 6 is a vertical alignment. The TFT substrate 
2 is formed on a glass Substrate 10, and includes a metal 
reflecting plate 54 having an almost flat reflecting Surface. As 
the reflecting plate 54, an electrode Such as, for example, a 
storage capacitor electrode is used. An insulating film 30 is 
formed on the reflecting plate 54. An almost flat and trans 
parent pixel electrode 16 is formed on the insulating film 30. 
The opposite Substrate 4 includes a transparent common elec 
trode 42 formed on a glass substrate 11. 
0096. A quarter-wave plate51, a polarizing plate 86 and an 
optical path control film (light scattering layer) 52 are dis 
posed in this order at the panel outer side (observerside) of the 
opposite electrode 4. A quarter-wave plate 50 and apolarizing 
plate 87 are disposed in this order at the panel outer side of the 
TFT substrate 2. Polarizing axes of both the polarizing plates 
86 and 87 are orthogonal to each other. A backlight unit 88 is 
disposed at the further outer side of the polarizing plate 87. 
0097. Since a liquid crystal molecule is aligned almost 
Vertically to a Substrate surface in a Voltage non-application 
state, the liquid crystal 6 does not exert an optical effect on 
light. When a reflective display is performed, incident outside 
light is reflected by the reflecting plate 54. Here, the light 
having been transmitted through the polarizing plate 86 is 
transmitted through the quarter-wave plate 51, and is incident 
on the liquid crystal 6, and after the light is reflected at the 
reflecting electrode 16, it is again transmitted through the 
quarter-wave plate 51. That is, the light is transmitted through 
the quarter-wave plate51 twice, so that its polarization state is 
rotated by 90°. Accordingly, this light is absorbed by the 
polarizing plate 86. Thus, black is displayed in the reflection 
mode. 
0.098 Besides, when a transmissive display is performed, 
light having been transmitted through the polarizing plate 87 
at the side of the backlight unit 88 is transmitted through the 
quarter-wave plate 50, is incident on the liquid crystal 6, and 
is transmitted through the quarter-wave plate 51. That is, the 
light is transmitted through the quarter-wave plates 50 and 51 
twice, so that its polarization state is rotated by 90°. Accord 
ingly, this light is absorbed by the polarizing plate 86 at the 
observer side. Thus, black is displayed in the transmission 
mode. 

0099. On the other hand, in a state where a predetermined 
Voltage is applied, the liquid crystal molecule is inclined with 
respect to the Substrate Surface. Thus, birefringence as an 
optical effect occurs in the liquid crystal 6, and a polarization 
state of transmitted light is changed. When the reflective 
display is performed, the incident outside light is transmitted 
through the liquid crystal 6, so that its polarization state is 
changed, and the light is transmitted through the polarizing 
plate 86. Thus, white or gray is displayed in the reflection 
mode. When the transmissive display is performed, the inci 
dent light from the backlight unit 88 is also transmitted 
through the liquid crystal 6, so that its polarization state is 
changed, and the light is transmitted through the polarizing 
plate 86. Thus, white or gray is displayed in the transmission 
mode. 

0100. In this embodiment, since an electrode such as a 
storage capacitor electrode formed on the general TFT sub 
strate 2 is used as the reflecting plate 54, there is no addition 
in the manufacture process. Here, in the transmission mode, 
the reflection of the outside light at the reflecting plate 54 at 
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the time when the backlight unit 88 is turned on is not very 
annoying. This is because both the state where black is dis 
played in the transmission mode and the state where black is 
displayed in the reflection mode are the Voltage non-applica 
tion states, and when black is displayed in the transmission 
mode, there is no reflection of the outside light. 
0101. A film for scattering only incident light at an inci 
dent angle in a predetermined range is used as the optical path 
control film 52. For example, the incident light from the sun 
is scattered by the optical path control film 52 and is reflected 
by the reflecting plate 54. The reflected light is used for the 
display and is emitted toward the observer side. By this, for 
example, even in the case of the light source Such as the Sun, 
the display can be performed using the reflected light at the 
reflecting plate 54 while the surface reflection is avoided. 
Incidentally, it is desirable that when the reflected light is 
again transmitted through the optical path control film 52. 
scattering does not occur. 
0102 Hereinafter, a description will be given of specific 
examples. 

Example 1-1 
0103) A liquid crystal display device according to example 
1-1 of this embodiment will be described with reference to 
FIGS. 2 to 6. FIG. 2 shows a schematic structure of the liquid 
crystal display device according to this example. As shown in 
FIG. 2, the liquid crystal display device includes a TFT sub 
strate 2 provided with gate bus lines and drain bus lines 
formed to intersect with each other through an insulating film, 
and a TFT and a pixel electrode formed in each pixel. Besides, 
the liquid crystal display device includes an opposite elec 
trode 4 in which a common electrode and a CF are formed, 
and a liquid crystal (not shown) sealed between both the 
Substrates 2 and 4. 
0104 FIG. 3 schematically shows an equivalent circuit of 
an element formed on the TFT substrate 2. A plurality of gate 
bus lines 12 extending in the horizontal direction of the draw 
ing are formed in parallel with each other on the TFT sub 
strate 2. A plurality of drain bus lines 14 intersecting with the 
gate bus lines 12 through an insulating film and extending in 
the vertical direction of the drawing are formed in parallel 
with each other. Respective areas surrounded by the plurality 
of gate bus lines 12 and the drain bus lines 14 become pixel 
areas. ATFT 20 and a pixel electrode 16 are formed in each of 
the pixel areas disposed in a matrix form. A drain electrode of 
each TFT 20 is connected to the adjacent drain bus line 14, a 
gate electrode is connected to the adjacent gate bus line 12, 
and a source electrode is connected to the pixel electrode 16. 
Storage capacitor bus lines 18 are formed in parallel with the 
gate bus lines at almost the centers of the respective pixel 
aaS. 

0105. Again, in FIG. 2, the TFT substrate 2 is provided 
with a gate bus line driving circuit 80 in which a driver IC for 
driving the plurality of gate bus lines is mounted and a drain 
bus line driving circuit 82 in which a driver IC for driving the 
plurality of drain bus lines is mounted. These driving circuits 
80 and 82 output scanning signals and data signals to prede 
termined gate bus lines or drain bus lines on the basis of 
predetermined signals outputted from a control circuit 84. A 
polarizing plate 87 is disposed on a substrate surface of the 
TFT substrate 2 at the opposite side to an element formation 
surface, and a backlight unit 88 is attached to a surface of the 
polarizing plate 87 at the opposite side to the TFT substrate 2. 
On the other hand, a polarizing plate 86 disposed in crossed 

Jun. 19, 2008 

Nicols with respect to the polarizing plate 87 is bonded to a 
Surface of the opposite electrode 4 at the opposite side to a 
common electrode formation Surface. 

0106 FIG. 4 shows a structure of approximately one pixel 
of the liquid crystal display device according to this example. 
As shown in FIG. 4, the plurality of gate bus lines 12 (two in 
FIG. 4) extending in the horizontal direction of the drawing 
are formed almost in parallel with each other on the TFT 
substrate 2 of the liquid crystal display device. The plurality 
of drain bus lines 14 (two in FIG. 4) extending in the vertical 
direction of the drawing are formed almost in parallel with 
each other to intersect with the gate bus lines 12 through a 
not-shown insulating film. The TFT 20 is formed in the vicin 
ity of each of intersecting positions of the gate bus lines 12 
and the drain bus lines 14. An area Surrounded by the gate bus 
line 12 and the drain bus line 14 is a pixel area. The storage 
capacitor bus line 18 extending almost in parallel with the 
gate bus line 12 is formed to cross almost the center of the 
pixel area. A storage capacitor electrode 19 is formed on the 
storage capacitor bus line 18 in each pixel area. 
0107 The pixel electrode 16 made of a transparent con 
ductive film of, for example, ITO (Indium Tin Oxide) film is 
formed in the pixel area. The pixel electrode 16 includes a 
plurality of electrode units 60 each having a rectangular outer 
periphery and Smaller than the pixel area, an electrode blank 
part (slit) 62 formed between the adjacent electrode units 60, 
and a connection electrode 64 for electrically connecting 
electrode units 60, which are separated by the slit 62, to each 
other. In the structure shown in FIG. 4, twelve electrode units 
60 each having an almost square outer periphery are formed 
in one pixel. A plurality of spaces 66 cut from the respective 
end sides almost in parallel with the gate bus line 12 or the 
drain bus line 14 are formed at the outer periphery of the 
electrode unit 60. On the other hand, a BM 68 for shading 
areas other than the pixel area is formed on the opposite 
electrode. 

0.108 FIG. 5 shows a structure of a conventional liquid 
crystal display device for comparison with this example. Dif 
ferently from the conventional liquid crystal display device 
shown in FIG. 5, the liquid crystal display device of this 
example is characterized in that a BM 68' on a storage capaci 
tor electrode 19 made of the same formation material as a 
source/drain electrode of a TFT 20 (or a storage capacitor bus 
line 18 made of the same formation material as a gate elec 
trode of the TFT 20) is not formed. In the conventional struc 
ture, although the BM 68' is provided to prevent the outside 
light from being reflected by the storage capacitor electrode 
19 (or the storage capacitor bus line 18), in this example, the 
storage capacitor electrode 19 (or the storage capacitor bus 
line 18) is used as the reflecting plate. 
0109 FIG. 6 shows a modified example of the structure of 
the liquid crystal display device according to this example. As 
shown in FIG. 6, in this modified example, the storage capaci 
tor electrode 19 (or the storage capacitor bus line 18) is used 
as the reflecting plate, and further, circular reflecting plates 54 
are separately provided in the pixel area. Each of the reflect 
ing plates 54 is formed of the same formation material as the 
gate electrode or the source/drain electrode of the TFT 20, and 
is disposed to overlap with almost the center of the electrode 
unit 60 when viewed in the direction vertical to the substrate 
surface. Besides, the reflecting plate 54 is electrically in a 
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float state. Although not shown, LUMISTY (trademark) of 
Sumitomo Chemical Co., Ltd. is used as the optical path 
control film 52. 

Example 1-2 
0110. Next, a liquid crystal display device according to 
example 1-2 of this embodiment will be described with ref 
erence to FIGS. 7 to 9. FIG. 7 shows a structure of approxi 
mately one pixel of the liquid crystal display device according 
to this example. FIG. 8 shows a structure of a conventional 
liquid crystal display device for comparison with this 
example. Differently from the conventional liquid crystal 
display device, in this example, a BM 68' on a storage capaci 
tor electrode 19 made of the same formation material as a 
source? drain electrode of a TFT 20 is not formed. Besides, in 
this example, a protrusion 70 for alignment control is pro 
vided at the opposite electrode side. The protrusion 70 is 
disposed almost at the center of an electrode unit 60. Besides, 
the protrusion 70 on the storage capacitor electrode 19 is 
formed to be cross-shaped. By this, alignment division of 
liquid crystal is performed on the storage capacitor electrode 
19 used as the reflecting plate, and the reflective display 
excellent in viewing angle characteristics can be realized. 
0111 FIG. 9 shows an arrangement of a polarizing plate 
and the like of the liquid crystal display device according to 
this example. As shown in FIG. 9, a polarizing plate (for 
example, SEG 1425, AG 150) 86 and a polarizing plate (for 
example, SEG 1425) 87, which are disposed in crossed 
Nicols, are disposed at both sides of a liquid crystal layer 6. A 
quarter-wave plate 51 is disposed between the liquid crystal 
layer 6 and the polarizing plate 86. Besides, a quarter-wave 
plate 50 is disposed between the liquid crystal layer 6 and the 
polarizing plate 87. For example, an ARTON film having an 
in-plane phase difference of 140 nm is used for each of the 
quarter-wave plates 50 and 51. A TAC film 72 having a 
negative phase difference is disposed between the liquid crys 
tal layer 6 and the quarter-wave plate 51 in order to improve 
viewing angle characteristics. Besides, an optical film 74 of 
PCF 350 or the like is disposed at the outer side of the 
polarizing plate 87. Incidentally, an upper part in the drawing 
is the observer side, and a lower part in the drawing is the 
optical source side. 
0112 Anangle between an optical axis (phase-lag axis).91 
of the quarter-wave plate 50 and an absorption axis 90 of the 
polarizing plate 87 is approximately 45°. That is, when light 
emitted from a light Source is transmitted through the polar 
izing plate 87 and the quarter-wave plate 50 in this order, it 
becomes a circularly polarized light. Besides, an angle 
between an optical axis 94 of the quarter-wave plate51 and an 
absorption axis 95 of the polarizing plate 86 is approximately 
45°. The optical axes 91 and 94 of both the quarter-wave 
plates 50 and 51 are almost orthogonal to each other. In order 
to realize the symmetry of viewing angles and to optimize 
viewing angle characteristics in the vertical and horizontal 
directions with respect to the display Screen, the polarizing 
plates 86 and 87 and the quarter-wave plates 50 and 51 are 
disposed as described below. 
0113. The absorption axis 90 of the polarizing plate 87 is 
disposed in the counterclockwise direction of 150° with ref 
erence to the right part of the display Screen. The optical axis 
91 of the quarter-wave plate 50 is disposed in the counter 
clockwise direction of 15° with reference to the right part of 
the display screen. The optical axis 94 of the quarter-wave 
plate 51 is disposed in the counterclockwise direction of 105° 

Jun. 19, 2008 

with reference to the right part of the display screen. The 
absorption axis 95 of the polarizing plate 86 is disposed in the 
counterclockwise direction of 60° with reference to the right 
part of the display Screen. 

Example 1-3 

0114. Next, a liquid crystal display device according to 
example 1-3 of this embodiment will be described with ref 
erence to FIG. 10. In the above examples, the same voltage is 
applied in both the reflection type and the transmission type. 
However, while light is transmitted only once in the transmis 
sion area, light is transmitted twice in the reflection area to go 
and return. Thus, the optical effect in the reflection area is 
twice that in the transmission area, and for example, when 
white is displayed in the transmission area, the reflection area 
takes on a ting of yellow. In the transmission area, since the 
reflection area is concealed by the storage capacitor electrode 
19 and is not seen, there is no problem. However, in the 
reflective display, the phenomenon of taking on a tinge of 
yellow becomes a problem. Thus, in this example, when the 
reflective display is performed, the driving voltage is lowered. 
0115 FIG. 10 is a block diagram showing a driving 
method of the liquid crystal display device according to this 
example. With respect to a changeover between the transmis 
sion type and the reflection type, there is a case where it is 
performed by the user and a case where it is performed in 
synchronization with ON/OFF of the backlight unit, and FIG. 
10 shows both the cases. In the case where the liquid crystal 
display device is used as the transmission type, a maximum 
driving Voltage is made, for example, 5 V equal to a normal 
driving Voltage, and in the case where it is used as the reflec 
tion type, the maximum driving Voltage is made, for example, 
3 V lower than the normal driving voltage. These driving 
Voltages are selected so that when the same gradation is 
displayed. An in the reflection type becomes almost half of An 
in the transmission type. Besides, when only the Voltage 
adjustment is performed, gradation characteristics become 
different between the transmissive display and the reflective 
display. Thus, the relation between the gradation and the 
applied Voltage is suitably adjusted, so that the gradation 
characteristics become the same between the transmissive 
display and the reflective display. 

Example 1-4 

0116. Next, a liquid crystal display device according to 
example 1-4 of this embodiment and a method of manufac 
turing the same will be described with reference to FIG. 11 
and FIG. 12. FIG. 11 shows a structure of a part of a pixel of 
the liquid crystal display device according to this example. As 
shown in FIG. 11, an opening part (contact hole) 76 in which 
a protective film (not shown) is opened is formed in most of 
the portion on a storage capacitor electrode 19 made of a 
lamination film in which films of aluminum (Al) and titanium 
(Ti) are grown in this order. In the opening part 76, the Tilayer 
of the upper layer of the storage capacitor electrode 19 is also 
removed by etching, and the surface of the Al layer of the 
lower layer is exposed as the reflecting Surface. Besides, an 
electrode unit 60 (pixel electrode 16 or a connection electrode 
64 in FIG. 11) formed on the protective film is electrically 
connected to the storage capacitor electrode 19 through the 
opening part 76. 
0117 The storage capacitor electrode 19 and the opening 
part 76 are formed as described below. An Al layer and a Ti 
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layer are grown in this order on an insulating film formed on 
the whole Surface on gate bus lines and storage capacitor bus 
lines, and a lamination film is formed. Next, the lamination 
film is patterned into a specified shape, and the storage 
capacitor electrode 19 is formed. Next, a protective film as an 
insulating layer is formed on the storage capacitor electrode 
19 and on the whole substrate surface. Next, the protective 
film on the storage capacitor electrode 19 is removed to form 
the opening part 76, and Subsequently, the Ti layer exposed 
through the opening part 76 is removed by etching. By this, 
the Al layer of the storage capacitor electrode 19 is exposed. 
Thereafter, a film of ITO is grown and is patterned, so that the 
pixel electrode 16 or the connection electrode 64 in FIG. 11 is 
formed so as to cover, for example, the exposed Al layer. 
0118. According to this example, the surface of the Al 
layer is exposed in most of the storage capacitor electrode 19 
functioning as the reflecting plate. The reflectivity of Al is 
remarkably high as compared with Ti. Thus, the high reflec 
tivity of Al can be used, and high display characteristics can 
be obtained at the time of the reflective display. 
0119) Next, a modified example of the structure of the 
liquid crystal display device according to this example will be 
described. In the structure as shown in FIG. 11, the ITO layer 
and the Al layer are in direct contact with each other. Thus, 
there arises a problem that there is a fear that corrosion due to 
a cell effect occurs. FIG. 12 shows the structure of the liquid 
crystal display device according to this modified example in 
which this problem does not arise. As shown in FIG. 12, in 
this modified example, when viewed in the direction vertical 
to the substrate surface, a reflecting plate 54 is formed which 
does not overlap with an electrode unit 60 made of ITO and a 
connection electrode 64. The reflecting plate 54 is formed of 
the same formation material as the gate electrode of the TFT 
20 or the same formation material as the source? drain elec 
trode. Besides, the reflecting plate 54 is electrically in a float 
state. The reflecting plate 54 is formed in such a manner that 
for example, after the lamination film of the A1 layer and the 
Tilayer is patterned, the Tilayer of the upper layer is removed 
in a process for forming the contact hole on the source elec 
trode of the TFT 20 or on the storage capacitor electrode 19. 
Accordingly, the reflecting surface of the reflecting plate 54 is 
formed of the Allayer. In this modified example, it is possible 
to prevent the ITO layer and the A1 layer from reacting with 
each other. The liquid crystal on the reflecting plate 54 is 
driven by an oblique electric field from the electrode unit 60. 
0120. As described above, according to this embodiment, 
the transreflective type liquid crystal display device which 
can perform the display in both the transmission and reflec 
tion modes can be manufactured by using almost the same 
manufacture process as the transmission type liquid crystal 
display device. By this, the inexpensive transreflective type 
liquid crystal display device can be realized without raising 
the manufacture cost. 

Second Embodiment 

0121 Next, a liquid crystal display device according to a 
second embodiment of the invention will be described with 
reference to FIGS. 13 to 31. A transreflective type (reflective 
and transmissive type) liquid crystal display device performs 
a reflective display using outside light in a bright place, and 
performs a transmissive display using a backlight unit in a 
dark place. In the reflection type liquid crystal display device, 
the display is hard to see in the dark place, and in the trans 
mission type liquid crystal display device, the display is hard 
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to see in the bright place. In the transreflective type liquid 
crystal display device, since an easily viewable display can be 
selected in places different in brightness, it is widely used for 
a portable information terminal and the like. 
I0122. In the reflection type liquid crystal display device, 
when a reflecting film (reflecting electrode) is made to have a 
flat mirror Surface, a display becomes bright in a regular 
reflection area, and a display becomes dark in other areas. 
Thus, the dependency on viewing angles is high and the 
display comes to have a metallic luster. Then, there is known 
a technique in which unevenness having dot-like plane shape 
is formed on the surface of the reflecting film, so that reflected 
light is diffused, and a display having no metallic luster is 
realized (for example, see patent document 4). In the above 
reflection type liquid crystal display device, since the reflect 
ing Surfaces are directed in random directions, in the case 
where light is incident from all directions, it is reflected to the 
observer side at high efficiency, and a bright display can be 
obtained. However, in the case where light is incident from a 
specified direction as in an indoor place, there arises a prob 
lem that the use efficiency of light is low, and the display 
becomes dark. 
I0123. In the transmission type liquid crystal display 
device, there is known a technique in which an alignment 
controlling inclination part is formed on at least one of trans 
parent electrodes by partially upraising or caving a contact 
Surface with a liquid crystal layer, and the alignment of the 
liquid crystal is controlled by the alignment controlling incli 
nation part (for example, see patent document 5). In the above 
transmission type liquid crystal display device, as shown in 
FIGS. 13 and 14, since the alignment direction (indicated by 
an arrow A) of a liquid crystal molecule 8 by an alignment 
controlling inclination part 78 and the alignment direction 
(indicated by an arrow B) of a liquid crystal molecule 8 by an 
electric field distortion become opposite to each other, there 
arises a problem that the alignment of the liquid crystal 6 does 
not become stable, poor alignment occurs, and the transmis 
sivity is lowered. 
0.124. In the transreflective type liquid crystal display 
device, there is known a technique in which a reflection part 
and a transmission part are divided and are constructed in one 
pixel, and the electrode surface of the reflection part is formed 
into a continuous corrugate shape (for example, see patent 
document 6). In the above transreflective type liquid crystal 
display device, in addition to the problem arising in the fore 
going reflection type liquid crystal display device, there arises 
a problem that since the alignment direction of the liquid 
crystal can not be divided in a pixel, viewing angle charac 
teristics especially in the transmission part are lowered. 
0.125. An object of this embodiment is to provide a liquid 
crystal display device which can obtain excellent display 
characteristics in both the transmission and reflection modes. 

0.126 This embodiment is characterized in that in a tran 
Sreflective type liquid crystal display device, a linear protru 
sion (protrusion column whose plane shape is constituted by 
straight lines) as an alignment controlling structure is pro 
vided on a transparent electrode of one Substrate, and a 
reflecting film is selectively formed on a surface including an 
inclined surface of the linear protrusion. Here, as long as the 
plane shape is formed of the Straight lines, the alignment 
controlling structure may be a frame-like protrusion, not the 
linear protrusion (the same applies to a hollow described 
below). When the vertical alignment is selected as the align 
ment state of liquid crystal, there does not occur Such a state 
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that a liquid crystal anchored on a Substrate interface at the 
time of black display is not Switched and remains. Thus, a 
contrast ratio becomes high, and an easily viewable display 
can be realized. Besides, a linear protrusion is provided on a 
transparent electrode of a Substrate at a backlight unit side and 
a reflecting film is selectively formed on the linear protrusion 
Surface, so that light incident from a front direction and an 
oblique direction can be efficiently reflected toward the 
observer side by using the inclined surface of the linear pro 
trusion. Further, loss of transmissivity can be suppressed to 
the minimum by causing an area above the linear protrusion 
to become a reflection area. Besides, since the thickness of the 
liquid crystallayer is different between the reflection area and 
the transmission area, it becomes possible to match gradation 
characteristics of the reflective display and the transmissive 
display. 
0127. Besides, this embodiment is characterized in that a 
hollow linearly extending on one Substrate is provided, and a 
reflecting film is selectively formed on a surface including an 
inclined surface of the hollow. That is, the alignment direction 
of the liquid crystal is controlled by the hollow instead of the 
linear protrusion. Although the sectional shape and the thick 
ness of the liquid crystal layer in the reflection area become 
opposite to those in the case of the linear protrusion, a similar 
effect to the linear protrusion can be expected. 
0128. Further, this embodiment is characterized in that a 
linear protrusion is provided on a transparent electrode of one 
Substrate, and a reflecting film is selectively formed as an 
under layer of the linear protrusion. FIG. 15 is a sectional 
view of a liquid crystal display device having the above struc 
ture. As shown in FIG. 15, a reflecting film 56 is formed as an 
under layer of a linear protrusion 70. Since the linear protru 
sion 70 acts as a dielectric, an alignment direction (indicated 
by an arrow A) of a liquid crystal molecule 8 by an inclined 
surface of the linear protrusion 70 is coincident with an align 
ment direction of a liquid crystal molecule 8 by an electric 
field distortion, and the alignment of the liquid crystal 6 
becomes more stable. 

0129. Further, this embodiment is characterized in that an 
alignment controlling structure Such as a linear protrusion or 
a hollow is formed to extend in a direction inclined by 45° 
with respect to an end side of a pixel electrode, a direction 
substantially parallel thereto or a direction substantially 
orthogonal thereto. By this, light incident from these direc 
tions can be efficiently reflected toward the observer side. 
0130 Besides, this embodiment is characterized in that a 
reflecting film and a transparent electrode are electrically 
separated from each other. For example, when a Voltage is 
enabled to be applied to only the reflecting film at the time of 
reflective display, and a voltage is enabled to be applied to 
only the transparent electrode at the time of transmissive 
display, an oblique electric field can be generated at a bound 
ary part between a transmission area Tanda reflection area R, 
and the alignment direction of the liquid crystal can be uni 
formly made the direction orthogonal to the boundary part. 
Besides, the reflecting film and the transparent electrode dif 
ferent in ionization tendency can be insulated from each 
other, and deterioration due to electrical corrosion can also be 
prevented. 
0131 FIGS. 16 and 17 are sectional views of liquid crystal 
display devices having the above structure. FIG. 16 shows a 
state where a Voltage is applied to a pixel electrode 16, and a 
voltage is not applied to a reflecting film 56 on a linear 
protrusion 70. FIG. 17 shows a state where a voltage is 
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applied to a reflecting film 56 on a hollow 71 and a voltage is 
not applied to a pixel electrode 16. As shown in FIGS. 16 and 
17, the alignment direction (indicated by an arrow A) of a 
liquid crystal molecule 8 by the inclined surface of the linear 
protrusion 70 or the hollow 71 is coincident with the align 
ment direction (indicated by an arrow B) of a liquid crystal 
molecule 8 by electric field distortion, and the alignment of 
the liquid crystal 6 becomes more stable. 
(0132. Further, this embodiment is characterized in that a 
range of an average inclination angle of an inclined Surface of 
the alignment controlling structure with respect to the Sub 
strate Surface is made not less than approximately 0' and less 
than 20°. FIG. 18 shows a relation between light outgoing in 
the front direction and an average inclination angle 0 of an 
inclined surface of the reflecting film 56. Although the light 
reflected in the front direction by the inclined surface of the 
reflecting film 56 is incident in an oblique direction, the 
incidentangle depends on the inclination angle of the inclined 
surface. The refractive index of a member constituting the 
transreflective type liquid crystal display device is approxi 
mately 1.5, and the maximum incident angle 0c of the light 
incident on the reflecting film 56 becomes approximately 40° 
by Snell's law. Since the incident light is mirror reflected at 
the reflecting film 56, in order to reflect the light incidentatan 
incident angle of from 0 to 40° toward the front direction, it 
is necessary that the inclination angle of the inclined Surface 
is not less than 0° and less than 20°. However, since the 
inclination angle of the inclined surface is continuously 
changed, when the average inclination angle indicating the 
average value of the inclination angle distribution is in this 
range, obliquely incident light can be efficiently reflected in 
the front direction. 

0133. Further, this embodiment is characterized in that 
another alignment controlling structure (third alignment con 
trolling structure) is formed in a gap part of alignment con 
trolling structures extending in parallel with each other on one 
substrate. FIG. 19 is a sectional view of a liquid crystal 
display device having the above structure. As shown in FIG. 
19, when a reflecting film 56 is electrically connected to a 
pixel electrode 16, the reflecting film 56 and the linear pro 
trusion 70 function as a conductive protrusion. In this case, as 
described above, since the alignment direction of the liquid 
crystal molecule 8 by the inclined surface and the alignment 
direction of the liquid crystal molecule 8 by the electric field 
distortion become opposite to each other, the alignment of the 
liquid crystal 6 does not become stable, and poor alignment 
occurs. Then, a slit 62 is formed in the gap part between the 
adjacent linear protrusions 70. By this, an alignment control 
ling force is made to exert in the Substrate plane direction, and 
the liquid crystal alignment on the reflecting film 56 and the 
linear protrusion 70 is aligned in the direction due to the 
electric field distortion. Incidentally, the alignment control 
ling structure in which the reflecting film 56 is not formed on 
the upper layer functions as a dielectric. Thus, the alignment 
direction of the liquid crystal molecule 8 by the inclined 
Surface is coincident with the alignment direction of the liquid 
crystal molecule 8 by the electric field distortion, and the 
alignment of the liquid crystal 6 becomes stable. 
0.134 Besides, this embodiment is characterized in that a 
slit obtained by removing a part of a reflecting film on an 
alignment controlling structure is formed. FIG. 20 is a sec 
tional view of a liquid crystal display device having the above 
structure. As shown in FIG. 20, a reflecting film 56 on an 
almost flat surface of a linear protrusion 70 is removed, and a 
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slit 62 is formed. Further, this embodiment is characterized in 
that another alignment controlling structure (second align 
ment controlling structure) is formed on the other Substrate in 
an area opposite to an alignment controlling structure through 
a liquid crystal. FIG. 21 is a section view of a liquid crystal 
display device having the above structure. As shown in FIG. 
21, a slit 62 is formed on an opposite Substrate 4 in an area 
opposite to a hollow 71. An alignment controlling force is 
made to exert in a substrate vertical direction by the slit 62, 
and liquid crystal alignment on the reflecting film 56 and the 
linear protrusion 70, or on the reflecting film 56 and the 
hollow 71 is made uniform in the direction due to the electric 
field distortion. By this, the alignment of the liquid crystal 6 
becomes stable. 
0135 Further, this embodiment is characterized in that a 
linear protrusion has a convex sectional shape, and is formed 
of a transparent material having a refractive indeX larger than 
liquid crystal. FIG. 22 is a partial sectional view of a liquid 
crystal display device having the above structure. As shown in 
FIG. 22, a reflecting film 56 is formed as an under layer of a 
linear protrusion 70. The linear protrusion 70 has a convex 
(trapezoidal) sectional shape and is formed of a transparent 
resin having a refractive index larger than the liquid crystal 6. 
0.136 FIG.23 is a sectional view of a liquid crystal display 
device in which a linear protrusion 70 has a rectangular sec 
tional shape, and is formed of transparent resin having almost 
the same refractive index as the liquid crystal 6. FIG. 24 is a 
sectional view of a liquid crystal display device in which a 
linear protrusion 70 has a rectangular sectional shape and is 
formed of transparent resin having a refractive index larger 
than the liquid crystal 6. As shown in FIGS. 23 and 24, in the 
case where the sectional shape of the linear protrusion 70 is 
rectangular, irrespective of the refractive index of the forma 
tion material, an incident angle 01 and an outgoing angle 02 
become almost equal to each other, and mirror reflection is 
obtained. On the other hand, as shown in FIG. 22, in the case 
where the linear protrusion 70 has the convex sectional shape 
and is formed of transparent resin having the refractive index 
larger than the liquid crystal 6, an outgoing angle 02 with 
respect to the reflecting film 56 becomes smaller than an 
incident angle 01 with respect to the reflecting film 56. 
Accordingly, light incident from an oblique direction is 
reflected in the front direction. 
0.137 Hereinafter, a description will be given of specific 
examples. 

Example 2-1 
0138 Aliquid crystal display device according to example 
2-1 of this embodiment will be described with reference to 
FIGS. 25 to 31. FIG. 25 shows an arrangement of a reflecting 
protrusion of the liquid crystal display device according to 
this example. FIG. 26 is a photograph showing a structure of 
the liquid crystal display device according to this example. As 
shown in FIGS. 25 and 26, a linear protrusion 70 and a 
reflecting film 56 as its upper layer are formed as the reflect 
ing protrusion on a TFT substrate 2. The linear protrusion 70 
is formed on a pixel electrode 16 by using a resist (made by 
Shipley Far East Ltd.). The sectional shape of the linear 
protrusion 70 is convex, an average inclination angle is 8. 
and a peak height is 1.5um. The linear protrusion 70 is formed 
almost in parallel with or inclined at an angle of 45° with 
respect to an end side of the pixel electrode 16. The reflecting 
film 56 is selectively formed on the linear protrusion 70. The 
reflecting film 56 is electrically independently formed in each 
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pixel and is electrically connected to each pixel electrode 16. 
Besides, a slit 62 is formed in a gap part between the adjacent 
linear protrusions 70. Both the linear protrusion 70 and the slit 
62 are formed on the TFT substrate 2. 

0.139. After the TFT substrate 2 and an opposite substrate 
4 are formed, a vertical alignment film (made of JSR Corpo 
ration) is applied to both the substrates 2 and 4. Thereafter, a 
spacer (made by Sekisui Fine Chemical Co., Ltd.) with a bead 
diameter of 4.5um is scattered, and both the substrates 2 and 
4 are bonded to each other to form a hollow panel. A liquid 
crystal (made by MERCKJAPAN LTD) having a negative 
dielectric anisotropy is injected into the hollow panel, and a 
liquid crystal display component is prepared. A right-handed 
circular polarizing plate (a polarizing plate and a quarter 
wave plate) and a left-handed polarizing plate are bonded to 
both Surfaces of the liquid crystal display component so that 
lag axes of quarter-wave plates are orthogonal to each other, 
and a transreflective type liquid crystal display device is fab 
ricated. Alignment observation is made in both reflection and 
transmission display modes. FIG. 27 is an alignment photo 
graph when white is display in the reflection mode, and FIG. 
28 is an alignment photograph when white is displayed in the 
transmission mode. In the respective display modes, the 
occurrence of poor alignment is not seen. This is because the 
slit 62 is formed in the gap portion of the linear protrusions 70. 
the alignment controlling force exerts in the direction parallel 
to the Substrate, and the alignment direction is stabilized. 
0140 FIGS. 29 and 30 are graphs showing results of mea 
surement of reflection characteristics of the liquid crystal 
display device according to this example. FIG. 29 shows a 
change of reflectivity with respect to a change of a direction 
angle. The horizontal axis indicates the direction angle, and 
the vertical axis indicates the reflectivity. A line A1 indicates 
reflection characteristics of the liquid crystal display device 
according to this example, and a line A2 indicates reflection 
characteristics of a conventional liquid crystal display device 
in which an Al (aluminum) mirror reflecting film is formed. 
Light is incident from a direction of a polar angle of 30°, and 
is received in a direction of a polar angle of 0°. FIG.30 shows 
a change of reflectivity with respect to a change of an incident 
angle (polar angle). The horizontal axis indicates the incident 
angle and the inclination angle of a corresponding inclined 
surface, and the vertical axis indicates the reflectivity. A line 
B1 indicates reflection characteristics when light is incident 
from a direction of a direction angle of 45° to the liquid crystal 
display device according to this example, and a line B2 indi 
cates reflection characteristics when light is incident from a 
direction of a direction angle of 90° to the liquid crystal 
display device according to this example. A line B3 indicates 
reflection characteristics of the conventional liquid crystal 
display device in which the Al mirror reflecting film is 
formed. 

0.141. As shown in FIG. 29, direction angle dependency 
occurs such that when light is incident from a direction of 45°, 
direction of 90° and direction of 135°, the reflectivity 
becomes high. Besides, it has been found that as shown in 
FIG. 30, incident angle dependency occurs such that as the 
incident angle of light becomes small, the reflectivity 
becomes high, and even at a considerably large incident 
angle, light of 15 to 30% is reflected in the front direction. In 
this example, although the reflecting film 56 and the linear 
protrusion 70 are formed almost in parallel with or at an angle 
of 45° with respect to the end side of the pixel electrode 16, 
when the reflecting film 56 and the linear protrusion 70 are 
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formed to be almost orthogonal to the end side of the pixel 
electrode 16, even if light is incident from a direction of 0° 
and a direction of 180°, the reflectivity can be made high. 
0142 FIG.31 is a graph showing a result of measurement 
of transmission characteristics of the liquid crystal display 
device according to this example. The horizontal axis indi 
cates the Voltage, and the vertical axis indicates the transmis 
sivity. A line C1 indicates transmission characteristics of the 
transreflective type liquid crystal display device according to 
this example, and a line C2 indicates transmission character 
istics of a conventional transmission type liquid crystal dis 
play device in which the reflecting film 56 is not formed. 
Light is incident at a polar angle of 180°, and is received at a 
polar angle of 0°. As shown in FIG. 31, in the liquid crystal 
display device according to this example, since the reflecting 
film 56 is formed on the linear protrusion 70, as compared 
with the conventional transmission type liquid crystal display 
device, the transmissivity is lowered by the amount of light 
transmitted through the linear protrusion 70. However, the 
rate of lowering of the transmissivity is slight in the vicinity of 
a saturation Voltage, and the transmission characteristics 
comparable to the transmission type liquid crystal display 
device are obtained. Accordingly, according to this example, 
it is possible to realize the transreflective type (minute reflec 
tion type) liquid crystal display device which can perform a 
reflective display while the lowering of transmission charac 
teristics is suppressed. 

Example 2-2 

0143 Next, a liquid crystal display device according to 
example 2-2 of this embodiment will be described. In this 
example, instead of a part of the protrusion 70, a hollow 71 is 
formed, and a reflecting film 56 and a pixel electrode 16 are 
electrically separated from each other. Besides, a slit 62 is 
formed on an opposite electrode 4 of an area opposite to a gap 
portion between the adjacent protrusions 70 or hollows 71 
through a liquid crystal 6. The liquid crystal display device 
similar to the example 2-1 except for the above is fabricated. 
The hollow 71 is formed using a resist so that a sectional 
shape is concave, an average inclination angle is 8, and a 
peak height difference becomes 1.5um. Besides, a reflecting 
film 56 is formed on the protrusion 70 and the hollow 71 in 
such a manner that the film is electrically separated from the 
pixel electrode 16. Alignment observation is performed in 
both the reflection and transmission display modes. As a 
result, in the transmissive display in the vicinity of the pro 
trusion 70, and in reflective display in the vicinity of the 
hollow 71, similarly to the alignment photographs shown in 
FIGS. 27 and 28, an alignment state without poor alignment 
is obtained. It has been confirmed that by electrically sepa 
rating the reflecting film 56 on the protrusion 70 and the 
hollow 71 from the pixel electrode 16 and separately driving 
them, the alignment direction by the inclined surface of the 
protrusion 70 and the hollow 71 is coincident with the align 
ment direction by electric field distortion, and the alignment 
of the liquid crystal 6 becomes stable. 

Example 2-3 

0144. Next, a liquid crystal display device according to 
example 2-3 of this embodiment will be described. In this 
example, a slit 62 is formed in a reflecting film 56 on a 
protrusion 70. Besides, a slit 62 is formed on an opposite 
Substrate 4 of an area opposite to a gap between the adjacent 
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protrusions 70 through a liquid crystal 6, and a slit 62 is not 
formed on a TFT substrate 2 of a gap portion of the protru 
sions 70. The liquid crystal display device similar to the 
example 2-1 except for the above is fabricated. Alignment 
observation is performed in both the reflection and transmis 
sion display modes. As a result, in the respective display 
modes, similarly to the alignment photographs shown in 
FIGS. 27 and 28, an alignment state without poor alignment 
is obtained. It has been confirmed that since the slit 62 is 
formed in the reflecting film 56 on the protrusion 70, the 
alignment direction by the inclined surface of the protrusion 
70 is coincident with the alignment direction by the electric 
field distortion, and the alignment of the liquid crystal 6 
becomes stable. 

Example 2-4 

0145 Next, a liquid crystal display device according to 
example 2-4 of this embodiment will be described. In this 
embodiment, except that a reflecting film 56 on a hollow 71 is 
electrically connected to a pixel electrode 16, the liquid crys 
tal display device is fabricated similarly to the example 2-2. 
Alignment observation is made in both the reflection and 
transmission display modes. As a result, in the respective 
display modes, similarly to the alignment photographs shown 
in FIGS. 27 and 28, the alignment state without poor align 
ment is obtained. It has been confirmed that since the slit 62 is 
formed on the opposite electrode 4 of the area opposite to the 
hollow 71 through the liquid crystal 6, the alignment direction 
by the inclined surface of the hollow 71 is coincident with the 
alignment direction by the electric field distortion, and the 
alignment of the liquid crystal 6 becomes stable. 

Example 2-5 

0146 Next, a liquid crystal display device according to 
example 2-5 of this embodiment will be described. In this 
example, a protrusion 70 having a convex sectional shape is 
formed using a transparent resin (made by JSR Corporation) 
with a refractive index of 1.7 larger than the refractive index 
of liquid crystal, and a reflecting film 56 is selectively formed 
as an under layer of the protrusion 70. Besides, a slit 62 is 
formed on an opposite substrate 4 in an area opposite to a gap 
portion between the adjacent protrusions 70 through a liquid 
crystal 6, and a slit 62 is not formed on a TFT substrate 2 in the 
gap portion between the protrusions 70. The liquid crystal 
display device similar to the example 2-1 except for the above 
is fabricated. Alignment observation is made in both the 
reflection and transmission display modes. As a result, in the 
respective display modes, similarly to the alignment photo 
graphs shown in FIGS. 27 and 28, the alignment state without 
poor alignment is obtained. The reflecting film 56 is selec 
tively formed as the under layer of the protrusion 70, so that 
the protrusion 70 and the reflecting film 56 function as an 
insulating protrusion. Thus, it has been confirmed that the 
alignment direction by the inclined surface of the protrusion 
70 is coincident with the alignment direction by the electric 
field distortion, and the alignment of the liquid crystal 6 
becomes stable. 

0147 As described above, in the liquid crystal display 
device according to this embodiment, the bright reflective 
display can be realized with little loss of transmissivity, and 
the transmissive display with a wide viewing angle range can 
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be realized. By this, it is possible to realize the liquid crystal 
display device having an easily viewable display in any 
places. 

Third Embodiment 

0148 Next, a liquid crystal display device according to a 
third embodiment of the invention will be described. 
0149. In a vertical alignment type liquid crystal display 
device, a liquid crystal having a negative dielectricanisotropy 
is aligned in the vertical direction by using a vertical align 
ment film when no voltage is applied, and is aligned to be 
inclined when a Voltage is applied. In the vertical alignment 
type liquid crystal display device, since the liquid crystal is 
aligned in the vertical direction when no voltage is applied, 
there are merits that black display quality is excellent, a 
display with high contrast is possible, a viewing angle is wide, 
and a response is quick. 
0150. In the vertical alignment type liquid crystal display 
device, as a method of performing the alignment control of 
liquid crystal, a method is proposed in which a plurality of 
electrode units each Smaller than one pixel are provided in 
one pixel, and these are made pixel electrodes to constitute the 
one pixel. 
0151. For example, patent document 7 discloses a method 
of forming a solid electrode unit Smaller than one pixel in the 
one pixel. 
0152 FIG. 32 is a plan view showing a structure of one 
pixel of a liquid crystal display device disclosed in patent 
document 7. As shown in the drawing, gate bus lines 12 
extending in the horizontal direction in the drawing are 
formed on a TFT substrate almost in parallel with each other 
at predetermined intervals. Further, drain bus lines 14 almost 
Vertically intersecting with the gate bus lines 12 through an 
insulating film and extending in the vertical direction in the 
drawing are formed almost in parallel with each other at 
predetermined intervals. Areas surrounded by the plurality of 
gate bus lines 12 and the drain bus lines 14 are pixel areas. As 
to rage capacitor bus line 18 extending almost in parallel with 
the gate bus line 12 is formed to intersect with almost the 
center of each of the pixel areas. A storage capacitor electrode 
19 is formed on the storage capacitor bus line 18 through an 
insulating film in each of the pixels. 
0153. ATFT 20 is formed in the vicinity of each of inter 
section positions of the gate bus lines 12 and the drain bus 
lines 14. 
0154) A pixel electrode 16 made of a transparent conduc 

tive film is formed in the pixel area. 
0155 The pixel electrode 16 includes a plurality of square 
electrode units 60 each smaller than the pixel area, electrode 
blank parts (slits) 62 formed between the adjacent electrode 
units 60, and connection electrodes 64 for electrically con 
necting the electrode units 60, separated by the slits 62, to 
each other. In FIG. 32, the six electrode units 60 (twelve units 
in total) of three lines in the direction parallel to the gate bus 
line 12 and two lines in the direction parallel to the drain bus 
line 14 are disposed at each of both sides of the storage 
capacitor bus line 18 in the vertical direction in the drawing. 
0156. In the liquid crystal display device shown in FIG.32 
and disclosed in patent document 7, a portion where the 
electrode is not formed is provided in the vicinity of a side or 
a corner of the electrode unit 60, and at the time of voltage 
application, the liquid crystal molecules in the vertical align 
ment to the substrate are inclined in other directions and are 
aligned by the oblique electric field generated in this portion. 
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0157. In the liquid crystal display device disclosed in 
patent document 7, the pattern of the electrode unit 60 is solid 
all over the surface, and only the electric field at the outer 
peripheral part of the electrode unit 60 causes the liquid 
crystal molecules to be inclined and aligned toward the center 
part of the electrode unit 60. Thus, the size of the electrode 
unit 60 which can incline and align the liquid crystal mol 
ecules toward the center part by the oblique electric field of 
the outer peripheral part of the electrode unit 60 is limited. 
Specifically, in the case where the size of the electrode unit 60 
is 50 um or more, the control of a singular point of an align 
ment vector of the liquid crystal molecule becomes difficult. 
Especially, at the outside of the electrode unit 60, since there 
is no means for fixing the singular point, a fluctuation occurs 
in the occurrence position of the singular point. Thus, it 
becomes difficult to uniformly align the liquid crystal mol 
ecules toward the center part of the electrode unit 60 from 
outside, and roughness occurs on the display. Besides, when 
an external force is applied, for example, when the liquid 
crystal panel is pressed by a finger, it becomes difficult to 
return the once broken singular point to the original state. 
0158. On the other hand, when an attempt is made to 
realize a liquid crystal display device having two functions of 
a reflection type and a transmission type, liquid crystal dis 
play devices disclosed in non-patent document 1 and non 
patent document 2 have difficulties as described below. 
0159 First, with respective to the reflection type liquid 
crystal display device disclosed in non-patent document 1 a 
use in combination with the transmission type has not been 
realized. This is because the liquid crystal layer is hybrid 
aligned on the assumption that light is transmitted through the 
liquid crystal layer twice. When the liquid crystal layer of the 
hybrid alignment is used for the transmission type, its bire 
fringence is Small, and a sufficient white display can not be 
realized. Besides, there is a difficulty that viewing angle char 
acteristics are inferior in the transmission type. 
0160 Besides, the transreflective type liquid crystal dis 
play device disclosed in non-patent document 2 includes the 
reflecting electrode having uneven reflecting Surface. In order 
to form the reflecting electrode having the uneven reflecting 
Surface, in addition to the manufacture process of a normal 
transmission type liquid crystal display device, a process, 
Such as formation of a resin layer, patterning of the resin layer 
and formation of the reflecting electrode, is further required. 
Thus, there is a disadvantage that the manufacture cost is 
raised. 

0.161 Besides, in general, in the case where one liquid 
crystal display device is used for both the transmission type 
and the reflection type, the optical paths in the transmission 
area and the reflection area become different from each other. 
In the transmission area, light from a backlight unit provided 
at a lower part of a liquid crystal panel is transmitted from the 
lower part of the liquid crystal panel to the upper part, so that 
the display is realized. That is, in the transmission area, the 
light is transmitted through the liquid crystal layer only once. 
On the other hand, in the reflection area, the light incident 
from the upper part of the liquid crystal panel is reflected at 
the lower part of the liquid crystal panel, and is again trans 
mitted to the upper part of the liquid crystal panel, so that the 
display is realized. That is, in the reflection area, the light is 
transmitted through the liquid crystallayer twice. Thus, in the 
reflection area, as compared with the transmission area, the 
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optical effect by the liquid crystal layer becomes twice, and 
there is a problem that the reflection area takes on a ting of 
yellow. 
0162 An object of this embodiment is to provide a liquid 
crystal display device which can Suppress the occurrence of 
uneven display and can obtain excellent display quality, and a 
method of manufacturing the same. 
0163 Besides, another object of this embodiment is to 
provide a liquid crystal display device which has functions of 
both the transmission type and the reflection type, can be 
manufactured at low cost without increasing a manufacture 
process of the transmission type, and can obtain excellent 
display quality, and a method of manufacturing the same. 
0164. The above object is achieved by a liquid crystal 
display device including a first Substrate which includes a 
plurality of gate bus lines disposed almost in parallel with 
each other, a plurality of drain bus lines disposed almost in 
parallel with each other to intersect with the gate bus lines, a 
plurality of thin film transistors respectively provided at inter 
section parts between the gate bus lines and the drain bus 
lines, and a plurality of pixel electrodes respectively formed 
in pixel areas Surrounded by the gate bus lines and the drain 
bus lines and respectively connected to the plurality of thin 
film transistors, a second Substrate disposed to be opposite to 
the first Substrate and having an opposite electrode opposite to 
the plurality of pixel electrodes, and a liquid crystal layer 
sealed between the first substrate and the second substrate and 
having a negative dielectric anisotropy, and characterized in 
that each of the pixel electrodes includes a plurality of elec 
trode units disposed through slits and electrically connected 
to each other, and each of the electrode units includes a solid 
part, and a plurality of extension parts extending from the 
solid part toward an outer peripheral direction of the electrode 
unit. 

0.165 Besides, the above object is achieved by a liquid 
crystal display device including a first Substrate which 
includes a plurality of gate bus lines disposed almost in par 
allel with each other, a plurality of drain bus lines disposed 
almost in parallel with each other to intersect with the gate bus 
lines, a plurality of thin film transistors respectively provided 
at intersection parts between the gate bus lines and the drain 
bus lines and a plurality of pixel electrodes respectively 
formed in pixel areas Surrounded by the gate bus lines and the 
drain bus lines and respectively connected to the plurality of 
thin film transistors, a second Substrate disposed to be oppo 
site to the first Substrate and having an opposite electrode 
opposite to the plurality of pixel electrodes, and a liquid 
crystal layer sealed between the first substrate and the second 
Substrate and having a negative dielectric anisotropy, and 
characterized in that each of the pixel electrodes includes a 
plurality of electrode units disposed through slits, having 
Solid parts and electrically connected to each other, and the 
first substrate further includes reflecting electrodes formed 
under areas in which the solid parts of all of or a part of the 
plurality of electrode units are formed. 
0166 Besides, the above object is achieved by a liquid 
crystal display device including a first Substrate which 
includes a plurality of gate bus lines disposed almost in par 
allel with each other, a plurality of drain bus lines disposed 
almost in parallel with each other to intersect with the gate bus 
lines, a plurality of thin film transistors respectively provided 
at intersection parts between the gate bus lines and the drain 
bus lines, a plurality of pixel electrodes respectively formed 
in pixel areas Surrounded by the gate bus lines and the drain 
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bus lines and respectively connected to the plurality of thin 
film transistors, and reflecting electrodes partially formed 
under areas where the plurality of pixel electrodes are formed, 
a second substrate disposed to be opposite to the first substrate 
and having an opposite electrode opposite to the plurality of 
pixel electrodes, and a liquid crystal layer sealed between the 
first Substrate and the second Substrate and having negative 
dielectric anisotropy, and characterized in that a thickness of 
the liquid crystal in reflection areas where the reflecting elec 
trodes are formed is thinner than that in other areas. 

0.167 Besides, the above object is achieved by a liquid 
crystal display device including a first Substrate which 
includes a plurality of gate bus lines disposed almost in par 
allel with each other, a plurality of drain bus lines disposed 
almost in parallel with each other to intersect with the gate bus 
lines, a plurality of thin film transistors respectively provided 
at intersection parts between the gate bus lines and the drain 
bus lines, and a plurality of pixel electrodes respectively 
formed in pixel areas Surrounded by the gate bus lines and the 
drain bus lines and respectively connected to the plurality of 
thin film transistors, a second Substrate disposed to be oppo 
site to the first Substrate and having an opposite electrode 
opposite to the plurality of pixel electrodes, and a liquid 
crystal layer sealed between the first substrate and the second 
Substrate and having a negative dielectric anisotropy, and 
characterized in that each of the pixel electrodes includes a 
plurality of electrode units disposed through slits, having 
Solid parts and electrically connected to each other, and the 
first substrate further includes a reflecting electrode formed 
under an area in which the electrode unit is not formed in each 
of the pixel areas. 
0.168. The liquid crystal display device according to this 
embodiment and a method of manufacturing the same will be 
described with reference to FIGS. 33 to 40C. 

0169 First, the liquid crystal display device according to 
this embodiment will be described with reference to FIGS. 33 
to 37. FIG.33 is a plan view showing a structure of one pixel 
of the liquid crystal display device according to this embodi 
ment, FIG.34 is a sectional view taken along line A-A of FIG. 
33, FIG.35 is a view showing an arrangement of a polarizing 
plate and the like of the liquid crystal display device accord 
ing to this embodiment, FIG. 36 is a plan view showing a 
structure of one pixel in a case where an electrode unit is made 
of only a comb electrode, and FIG. 37 is a graph of measure 
ment of a rate of change in brightness with respect to a 
variation in width of an extension part of the comb electrode. 
(0170 FIG.33 shows the structure of one pixel of the liquid 
crystal display device according to this embodiment. As 
shown in the drawing, a plurality of gate bus lines 12 extend 
ing in the horizontal direction in the drawing are formed on a 
TFT substrate 2 in parallel with each other at intervals of for 
example, 300 um (FIG. 33 shows two gate bus lines). A 
plurality of drain bus lines 14 almost vertically intersecting 
with the gate bus lines 12 through an insulating film Such as, 
for example, a silicon oxide film and extending in the vertical 
direction in the drawing are formed in parallel with each other 
at intervals of, for example, 100 Lum (FIG.33 shows two drain 
bus lines). The widths of both the gate bus line 12 and the 
drain bus line 14 are, for example, 7um. Areas Surrounded by 
the plurality of gate bus lines 12 and the drain bus lines 14 are 
pixel areas. A storage capacitor bus line 18 crossing almost 
the center of each of the pixel areas and extending almost in 
parallel with the gate bus line 12 is formed. A storage capaci 
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tor electrode 19 is formed in each pixel on the storage capaci 
tor bus line 18 through an insulating film. 
(0171 ATFT 20 is formed in the vicinity of each of inter 
section positions between the gate bus lines 12 and the drain 
bus lines 14. A drain electrode 36 of the TFT 20 is extended 
from the drain bus line 14, and is formed to be positioned at 
the side of one end side of an active layer formed on the gate 
bus line 12 and a channel protective film formed thereon. On 
the other hand, a source electrode 38 of the TFT 20 is opposite 
to the drain electrode 36 through a predetermined gap, and is 
formed to be positioned at the side of the other end side of the 
active layer and the channel protective film. The drain elec 
trode 36, the active layer and the source electrode 38 are 
formed of, for example, the same semiconductor layer, and 
areas where impurities are injected at high concentration are 
the drain electrode 36 and the source electrode 38. An area 
just under the channel protective film of the gate bus line 12 
functions as a gate electrode of the TFT 20. 
0172 A pixel electrode made of a transparent conductive 
film of for example, ITO (Indium Tin Oxide) is formed in the 
pixel area. 
0173 The pixel electrode 16 includes a plurality of elec 
trode units 60 each having a square outer periphery and 
smaller than the pixel area, electrode blank parts (slits) 62 
formed between the adjacent electrode units 60, and connec 
tion electrodes 64 for electrically connecting the electrode 
units 60, separated by the slits 62, to each other. In FIG. 33. 
the six electrode units 60 (twelve units in total) of three lines 
in the direction parallel to the gate bus line 12 and two lines in 
the direction parallel to the drain bus line 14 are disposed at 
each of both sides of the storage capacitor bus line 18 in the 
vertical direction in the drawing. The plurality of electrode 
units 60 constituting the pixel electrode 16 are formed of the 
same conductive film. 

0174 Each of the electrode units 60 includes an almost 
square solid part 46 having sides almost parallel to or vertical 
to the gate bus line 12 and the drain bus line 14. The length of 
one side of the square solid part 46 is, for example 25um. 
0175 Besides, the electrode unit 60 includes a stem part 
48 branching from the center of each of the sides of the solid 
part 46 and extending almost in parallel with or vertically to 
the gate bus line 12 and the drain bus line 14. The size of the 
stem part 48 is, for example, 5um in length and 5um in width. 
0176 Further, the electrode unit 60 includes a plurality of 
branch parts 49 branching from the solid part 46 and the stem 
part 48 and extending obliquely with respect to the stem part 
48 to form a comb shape, and electrode blank parts (spaces) 
66 between the adjacent branch parts 49. In an area parti 
tioned by the adjacent stem parts 48, the respective branch 
parts 49 branching from the solid part 46 and the stem part 48 
extend almost in the same direction. In FIG.33, the two small 
branch parts 49 branch from the one stem part 48, and the two 
large branch parts 49 are branch from one side of the solid part 
46. That is, in the area partitioned by the adjacent stem parts 
48, the four branch parts 49 extend in the same direction. 
Incidentally, in this specification, a comb portion of the elec 
trode unit 60 in which the stem parts 48 as the extension parts 
and the branch parts 49 as the extension parts are formed 
through the blank parts 66 is called a comb electrode 53. 
0177. An angle between the stem part 48 and the branch 
part 49, in other words, an angle between the side of the outer 
periphery of the electrode unit 60 and the branch part 49 is, for 
example, 45°. The width of the branch part 49 is, for example, 
3um, and the width of the blank part 66 is, for example, 3 um. 
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(0178. The end of each of the branch parts 49 is formed to 
be almost parallel to or vertically to the gate bus line 12 and 
the drain bus line 14, and by this, the outer periphery of the 
electrode unit 60 is almost square. The length of one side of 
the square electrode unit 60 is, for example, 35um. 
0179. As stated above, the square solid part 46 with one 
side having a length of for example, 25um is formed at the 
center part of the electrode unit 60 having the square outer 
periphery with one side of for example, 35um, and the comb 
electrode 53 is formed in an area having a width of 5 um from 
the outer periphery of the electrode unit 60 toward the inside. 
Incidentally, although the width of the area where the comb 
electrode 53 is formed is not limited to this, it is preferable 
that the area where the comb electrode 53 is formed has a 
width of 5 um or more from the outer periphery of the elec 
trode unit 60 toward the inside. This is because when the 
width is smaller than this, it becomes difficult to accurately 
pattern the comb electrode 53. 
0180. The adjacent electrode units 60 are electrically con 
nected to each other by the connection electrode 64 formed to 
be connected to the stem parts 48 positioned at the centers of 
the respective facing sides. As stated above, by providing the 
connection electrode 64 to connect the centers of the respec 
tive facing sides of the adjacent electrode units 60, the singu 
lar point can be certainly fixed. 
0181 Besides, at the lower part of the pixel area in the 
drawing, the drain electrode 36 of the TFT 20 of the pixel area 
adjacent to the lower part is formed to protrude. When the 
pixel electrode 16 is formed to overlap with the drain elec 
trode 36 when viewed in the direction vertical to the substrate 
Surface, a disturbance occurs in the alignment of liquid crystal 
molecules in this area, and there is a possibility that cross talk 
occurs. Thus, it is necessary that the pixel electrode 16 and the 
drain electrode 36 are formed not to overlap with each other. 
Thus, the shape of the outer periphery of the electrode unit 60 
(lower left in FIG. 33) corresponding to this area is formed 
into Such a shape that a part of the square is cut away in 
accordance with the shape of the drain electrode 36. Specifi 
cally, while the shape of the outer periphery of the other 
electrode unit 60 has, for example, a square shape of 35 
umx35um, the shape of the electrode unit 60 in this area has 
Such a shape that a part of the square is cut away so that it is 
spaced from the drain electrode 36 by, for example, 7um. 
0182. The pixel electrode 16 is electrically connected to 
the source electrode 38 through a contact hole formed in an 
insulating film under the solid part 46 of the electrode unit 60 
(upper left in FIG. 33) close to the TFT 20. The shape of the 
contact hole is, for example, a square having one side of 5um. 
Here, it is preferable that the upper part of the conductive film 
of the source electrode 38 in the area where the electrode unit 
60 close to the TFT 20 is formed, is covered with the conduc 
tive film of the pixel electrode 16. This is because when the 
conductive film of the source electrode 38 is positioned in the 
area of the slit 62 of the electrode unit 60, the oblique electric 
field by the slit 62 is not sufficiently generated, and there is a 
fear that the alignment control of liquid crystal in this area 
becomes insufficient. 

0183 Besides, a rectangular contact area 67 is formed in 
the pixel electrode 16 on the storage capacitor electrode 19 
through an insulating film. The contact area 67 is electrically 
connected to the stem part 48 of the adjacent electrode unit 60 
through the connection electrode 64. The pixel electrode 16 is 
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electrically connected to the storage capacitor electrode 19 
through the contact hole formed in the insulating film under 
the contact area 67. 

0184 ABM (Black Matrix) as a light shielding layer for 
shading the end part of the pixel area is formed at the side of 
a CF substrate 4 disposed to be opposite to the TFT substrate 
2. The BM is formed into a lattice having a width of for 
example, 23 Lum. A lattice interval in the extending direction 
of the gate bus line 12 is 100 um, and a lattice interval in the 
extending direction of the drain bus line 14 is 300 um. A CF 
resin layer of one of red (G), green (G) and blue (B) is formed 
in the opening part of the BM. The opposite electrode (com 
mon electrode) made of, for example, ITO is formed on the 
whole surface of the CF resin layer. 
0185 FIG. 34 is a sectional view taken along line A-A of 
FIG. 33. As shown in the drawing, the drain bus lines 14 are 
formed on a glass substrate 10 constituting the TFT substrate 
2. An insulating film 30 is formed on the glass substrate 10 on 
which the drain bus lines 14 are formed. The pixel electrode 
16 is formed on the insulating film 30 between the drain bus 
lines 14. 

0186. On the other hand, the CF substrate 4 disposed to be 
opposite to the TFT substrate 2 includes a glass substrate 11 
and an opposite electrode 42 formed on the surface of the 
glass substrate 11 opposite to the TFT substrate 2. Inciden 
tally, the CF resin layer (not shown) is formed between the 
glass Substrate 11 and the opposite electrode 42. 
0187 Further, as shown in FIGS. 33 and 34, a cylindrical 
protruding structure 73 is provided on the surface opposite to 
the TFT substrate 2 so that it is positioned almost at the center 
of each of the electrode units 60 of the TFT Substrate 2. The 
protruding structure 73 is made of for example, acryl resin, 
and its size is 10 um in diameter and 2 um in height. 
0188 Besides, alignment films (not shown) are formed on 
the facing surfaces of both the substrates 2 and 4. The align 
ment film has a vertical alignment, and causes liquid crystal 
molecules to be aligned in the direction vertical to the sub 
strate surface (alignment film Surface) in a steady state. The 
liquid crystal display device is manufactured by injecting and 
sealing the liquid crystal having a negative dielectric anisot 
ropy into the liquid crystal cell in which both the substrates 2 
and 4 are bonded to each other. 

0189 FIG. 35 shows an arrangement of a polarizing plate 
and the like of the liquid crystal display device according to 
this embodiment. As shown in the drawing, polarizing plates 
86 and 87 disposed crossed Nicols are disposed at both sides 
of a liquid crystal layer 6 made of the liquid crystal cell in 
which the liquid crystal is sealed. A quarter-wave plate 50 is 
disposed between the liquid crystal layer 6 and the polarizing 
plate 87. Besides, a quarter-wave plate 51 is disposed between 
the liquid crystal layer 6 and the polarizing plate 86. As the 
quarter-wave plates 50 and 51, for example, ARTON plates 
(in-plane phase difference is 140 nm) made by JSR Corpora 
tion can be used. A layer having a negative phase difference, 
such as a TAC (triacetylcellulose) film 72, may be disposed 
between the liquid crystal layer 6 and the quarter-wave plate 
51 in order to improve the viewing angle characteristics. 
Incidentally, an upper part in the drawing is an observer side 
and a lower part in the drawing is an optical source side where 
a backlight unit is disposed. A reflection polarizing plate 75 is 
disposed between the polarizing plate 87 and the light source 
side. As the reflection polarizing plate 75, for example, PCF 
350D made by Nitto Denko Co., Ltd. can be used. 
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0190. An angle between the optical axis (lag axis) of the 
quarter-wave plate 50 and the absorption axis of the polariz 
ing plate 87 is approximately 45°. That is, when light emitted 
from a light Source is transmitted through the polarizing plate 
87 and the quarter-wave plate 50 in this order, it becomes a 
circularly polarized light. Besides, an angle between the opti 
cal axis of the quarter-wave plate51 and the absorption axis of 
the polarizing plate 86 is approximately 45°. The optical axes 
of both the quarter-wave plates 50 and 51 are almost orthogo 
nal to each other. In order to realize the symmetry of viewing 
angles and optimize the viewing angle characteristics in the 
vertical and horizontal directions with respect to the display 
screen, the polarizing plates 86 and 87, and the quarter-wave 
plates 50 and 51 are disposed as described below. 
0191 The absorption axis of the polarizing plate 87 is 
disposed in the counterclockwise direction of 150° with ref 
erence to the right part (direction of three o'clock) of the 
display screen. The optical axis of the quarter-wave plate 50 
is disposed in the counterclockwise direction of 15° with 
reference to the right part of the display screen. The optical 
axis of the TAC film 72 and the optical axis of the quarter 
wave plate 51 disposed at the observer side of the liquid 
crystal layer 6 are disposed in the counterclockwise direction 
of 105 with reference to the right part of the display screen. 
The absorption axis of the polarizing plate 86 is disposed in 
the counterclockwise direction of 60° with reference to the 
right part of the display Screen. 
0.192 In this way, the liquid crystal display device accord 
ing to this embodiment is constructed. 
0193 In the liquid crystal display device according to this 
embodiment constructed as described above, when a Voltage 
is applied between the opposite electrode 42 and the pixel 
electrode 16, the liquid crystal is put in an alignment state 
described below. 

0194 In the area of the electrode unit 60 where the comb 
electrode 53 is formed, the liquid crystal molecule is aligned 
in the extension direction of the blank part 66 between the 
branch parts 49 by the comb electrode 53. On the other hand, 
in the area of the centerpart of the electrode unit 60 where the 
Solid part 46 is formed, the liquid crystal molecule is aligned 
in the direction toward the centerpart of the electrode unit 60 
by the oblique electric field of the outer peripheral part of the 
solid part 46 and by the liquid crystal alignment from the 
outside due to the comb electrode 53. That is, the alignment 
division in four directions is roughly realized. 
0.195 One of the main features of the liquid crystal display 
device according to this embodiment is that each of the plu 
rality of electrode units 60 constituting the pixel electrode 16 
of one pixel includes the square solid part 46, the stem part 48 
branching from the center of each of the sides of the solid part 
46 and extending almost in parallel with or vertically to the 
gate bus line 12 and the drain bus line 14, and the plurality of 
branch parts 49 branching from the solid part 46 and the stem 
part 48 and extending obliquely with respect to the stem part 
48 to form the comb shape. 
0196. In the vertical alignment type liquid crystal display 
device, it is conceivable that as a method of performing align 
ment control of the liquid crystal, as shown in FIG. 36, slits 
are provided on almost the whole surface of an electrode unit 
60, a solid part 46 is not provide, and the electrode unit 60 is 
formed of only a comb electrode 53 of stem parts 48 and 
branch parts 49. In this case, as shown in FIG. 36, the elec 
trode unit 60 includes the two stem parts 48 extending almost 
in parallel with or vertically to the gate bus line 12 and the 
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drain bus line 14 and intersecting with each other crosswise. 
Further, the electrode unit 60 includes the plurality of branch 
parts 49 branching from the stem parts 48 and extending 
obliquely with respect to the stem parts 48 to form the comb 
shape, and electrode blank parts 66 between the adjacent 
branch parts 49. In the area partitioned by the adjacent stem 
parts 48, the respective branch parts 49 branching from the 
stem parts 48 extend in almost the same direction. 
0.197 However, as shown in FIG. 36, when the electrode 
unit 60 is patterned, it is difficult to make the widths of the slits 
constant in all areas in terms of process. Besides, at the time 
of patterning, all display area is divided into a plurality of 
areas, and when the patterning of the pixel electrode is per 
formed for each of the divided areas, a variation in slit width 
becomes large at the boundary portion between the divided 
areas. In the case where the variation in the slit width occurs, 
that is, in the case where the variation occurs in the width of 
the stem part 48 and the branch part 49, a difference in 
brightness occurs when a display is actually performed, and 
as a result, uneven display occurs. 
0198 On the other hand, in the liquid crystal display 
device according to this embodiment, the square solid part 46 
is provided at the center of the electrode unit 60, and the stem 
parts 48 and the branch parts 49 branch from the solid part 46. 
Thus, as compared with the case shown in FIG. 36, the ratio 
of the stem parts 48 and the branch parts 49 to the electrode 
unit 60, that is, the ratio of the comb electrode 53 is small. 
Accordingly, it becomes possible to Suppress the occurrence 
of the difference in brightness due to the variation in the 
widths of the stem parts 48 and the branch parts 49, to reduce 
the uneven display, and to obtain excellent display quality. 
0199 Incidentally, in order to sufficiently suppress the 
occurrence of the difference in brightness due to the variation 
in the widths of the stem parts 48 and the branch parts 49, it is 
preferable that the ratio of the square measure of the solid part 
46 to the square measure of the area within the outer periphery 
of the electrode unit 60 is 50% or more. 
0200 FIG. 37 is a graph of measurement of a rate of 
change in brightness with respect to a variation in width of the 
stem part 48 and the branch part 49 (extension part) of the 
comb electrode 53. In FIG. 37, a graph 1 is a graph in the case 
where the ratio of the square measure of the solid part 46 to the 
square measure of the area within the outer periphery of the 
electrode unit 60 is 58%. A graph 2 is a graph in the case 
where the ratio of the square measure of the solid part 46 to the 
square measure of the area within the outer periphery of the 
electrode unit 60 is 50%. A graph 3 is a graph in the case 
where the ratio of the square measure of the solid part 46 to the 
square measure of the area within the outer periphery of the 
electrode unit 60 is 33%. A graph 4 is a graph in the case 
shown in FIG. 36 in which the electrode unit 60 is formed of 
only the comb electrode 53 and the solid part 46 is not pro 
vided. 

0201 From the graphs shown in FIG. 37, it is understood 
that as compared with the case shown in FIG. 36 in which the 
electrode unit 60 is formed of only the comb electrode 53, the 
change in the brightness can be suppressed by providing the 
solid part 46. Further, as described above, it is understood that 
when the ratio of the square measure of the solid part 46 to the 
square measure of the area within the outer periphery of the 
electrode unit 60 is made 50% or more, the change in the 
brightness can be sufficiently Suppressed. 
0202 Besides, in the liquid crystal display device accord 
ing to this embodiment, since the Solid part 46 is provided at 
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the center part of the electrode unit 60, as compared with the 
case shown in FIG.36 in which the electrodeunit 60 is formed 
of only the comb electrode 53, the lengths of the stem part 48 
and the branch part 49 of the comb electrode 53 are short. 
Thus, as compared with the case shown in FIG. 36, the liquid 
crystal display device according to this embodiment can 
improve the response speed of the liquid crystal molecule. 
The reason is as follows. That is, in the case where the length 
of the comb electrode 53 is long as shown in FIG. 36, a liquid 
crystal portion which is hardly influenced by a Surrounding 
oblique electric field is generated at a midway position of the 
comb electrode 53. At this position, it becomes difficult to 
determine whether a direction in which the liquid crystal is 
aligned is a direction toward the center with respect to the 
comb electrode 53, or a direction toward the outer peripheral 
part. On the other hand, as in the liquid crystal display device 
according to this embodiment, when the length of the comb 
electrode 53 is short because the solid part 46 is formed, the 
liquid crystal is apt to be influenced by the Surrounding 
oblique electric field, and the alignment angle at which the 
liquid crystal molecule is aligned becomes easy to determine. 
As a result, the response speed of the liquid crystal molecule 
becomes fast. 

0203 Besides, in the liquid crystal display device accord 
ing to this embodiment, the quarter-wave plates 50 and 51 and 
the polarizing plates 87 and 86 are disposed at the outside of 
both the substrates 2 and 4 in this order. By doing so, as 
compared with the case where only the polarizing plates 87 
and 86 disposed in crossed Nicols are used, the quarter-wave 
plates 50 and 51 whose optical axes are orthogonal to each 
other are disposed, so that the transmissivity of light at the 
time of white display can be improved, and it is possible to 
realize the liquid crystal display device in which the bright 
ness is high and the clear display can be obtained. In the case 
where the quarter-wave plates 50 and 51 are not disposed, a 
dark line is generated at a position of a boundary where the 
domain direction is not divided into four. Besides, in an area 
where the comb electrode 53 does not exist, differently from 
the area where the comb electrode 53 exists, it is difficult to 
give a direction angle in a specific direction. Thus, as com 
pared with the case where the comb electrode 53 exists in the 
whole area, the brightness is lowered. Since all the dark lines 
generated in these portions can be made transparent by dis 
posing the quarter-wave plates 50 and 51, the transmissivity 
can be improved. 
0204 Next, a method of manufacturing the liquid crystal 
display device according to this embodiment will be 
described with reference to FIGS. 38A to 40C. FIGS. 38A to 
40C are process sectional views showing the method of 
manufacturing the liquid crystal display device according to 
this embodiment, and correspond to the section in the direc 
tion along the drain bus line 14 of FIG.33. Incidentally, in the 
following, a description will be given to the method up to the 
formation of the pixel electrode 16 on the glass substrate 10 of 
the TFT Substrate 2. 

0205 First, a gate layer 21 made of an aluminum film is 
formed on the glass Substrate 10 by, for example, a sputtering 
method (see FIG.38A). 
0206 Next, the gate layer 21 is patterned, so that a gate bus 
line 12 and a storage capacitor bus line 18 are formed (see 
FIG. 38B). Incidentally, in FIGS. 38A to 40C, the storage 
capacitor bus line 18 is omitted. 
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0207 Next, an insulating film 22 made of a silicon oxide 
film is formed on the whole surface by, for example, a CVD 
(Chemical Vapor Deposition) method (see FIG.38C). 
0208 Next, a semiconductor layer 23 made of a polysili 
con film is formed on the insulating film 22 by, for example, 
the CVD method (see FIG.38D). 
0209 Next, an impurity is ion implanted into the semicon 
ductor layer 23 other than an area on the gate bus line 12, 
which becomes an active layer 24 (see FIG. 39A). 
0210. Next, the semiconductor layer 23 in which the impu 

rity is ion implanted is patterned, so that a drain bus line 14, a 
drain electrode 36, a source electrode 38 and a storage capaci 
tor electrode 19 are formed (see FIG. 39B). In this way, a TFT 
20 is formed in the vicinity of an intersection position of the 
gate bus line 12 and the drain bus line 14. 
0211 Next, an insulating film 25 made of a silicon oxide 
film is formed on the whole surface by, for example, the CVD 
method (see FIG. 39C). 
0212 Next, the insulating film 25 is selectively etched, so 
that a contact hole 26 reaching the source electrode 38 of the 
TFT 20 is formed (see FIG. 40A). 
0213 Next, a transparent conductive film 27 made of ITO 

is formed on the whole Surface by, for example, the Sputtering 
method (see FIG. 40B). 
0214) Next, the transparent conductive film 27 is pat 
terned, so that an electrode unit 60, a connection electrode 64 
and a contact area 67 are formed (see FIG. 40C). In this way, 
the pixel electrode 16 electrically connected to the source 
electrode 38 through the contact hole 26 is formed on the 
glass substrate 10 of the TFT substrate 2. 
0215. Although not shown, subsequently to this, a process 
similar to a manufacture process of a normal liquid crystal 
display device is performed, so that the liquid crystal display 
device according to this embodiment can be completed. 
0216. As stated above, according to this embodiment, the 
square solid part 46 is provided at the center of the electrode 
unit 60, and the ratio of the comb electrode 53 to the electrode 
unit 60 is small, so that the occurrence of difference in bright 
ness due to the variation in width of the comb electrode 53 is 
Suppressed, and the uneven display can be reduced. By this, 
the liquid crystal display device excellent in display quality 
can be provided. 

Modified Example 

0217. A liquid crystal display device according to a modi 
fied example of this embodiment will be described with ref 
erence to FIGS. 41A to 41N. FIGS. 41A to 41N are plan views 
showing shapes of electrode units in the liquid crystal display 
device according to this modified example. 
0218. In the above, as shown in FIG. 33, although the 
square solid part 46 is provided at the center part of the 
electrode unit 60, the shape of the electrode unit 60 can be 
made to have various shapes other than this. 
0219 For example, as shown in FIG. 41A, the shape of the 
solid part 46 may be made a rhombic shape obtained by 
connecting center points of the respective sides of the outer 
periphery of the electrode unit 60. Incidentally, the rhombic 
solid part 46 may be smaller than that shown in FIG. 41A, and 
its shape may be distorted. 
0220 Besides, as shown in FIG. 41B, the shape of the solid 
part 46 may be made a circular shape. Besides, the shape of 
the Solid part 46 may be made an elliptic shape. 
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0221 Besides, as shown in FIG. 41C, the shape of the solid 
part 46 may be made a convex polygon. Here, the convex 
polygon is the polygon in which all angles are less than 180°. 
0222 Besides, as shown in FIG. 41D, the shape of the 
solid part 46 may be made a cruciform shape wider than the 
stem part 48. 
0223 Besides, as shown in FIG. 41E, the shape of the solid 
part 46 may be made a concave polygon. Here, the concave 
polygon is the polygon in which at least one angle is larger 
than 180°. 
0224 Besides, in the above, although the solid part 46 is 
provided almost the center part of the electrode unit 60, the 
position where the solid part 46 is provided is not limited to 
the center part. 
0225. For example, as shown in FIGS. 41F and 41G, the 
solid part 46 is continuously formed between two opposite 
sides of the outer periphery of the electrode unit 60, and the 
comb electrode 53 may be formed at the other two sides, that 
is, at both sides of the solid part 46 continuously formed 
between the two opposite sides. The direction in which the 
Solid part 46 is continuously formed may be almost parallel to 
the drain bus line 14 or may be parallel to the gate bus line 12. 
0226 Besides, as shown in FIG. 41H, the comb electrode 
53 is formed in an area close to one side of the outer periphery 
of the electrode unit 60, and the other area may be made the 
solid part 46. Incidentally, the liquid crystal display device 
including the electrode unit 60 having the shape shown in 
FIG. 41H will be described in a fourth embodiment. 
0227 Besides, as shown in FIG. 41I, similarly to FIG. 
41D, the shape of the solid part 46 may be made a cruciform 
shape, and the Solid part 46 may be continuously formed 
between two opposite sides of the outer periphery of the 
electrode unit 60 in one direction of the cross. 
0228 Besides, as shown in FIG. 41J, the comb electrode 
53 is formed in a half area of the electrode unit 60, and the 
other half area may be made the solid part 46. 
0229 Besides, as shown in FIG. 41 K, among four areas 
divided by the stem parts 48 extending crosswise from the 
center of the electrode unit 60 toward the center points of the 
outer periphery of the electrode unit 60, one pair of areas 
positioned diagonally are made the Solid part 46, and the 
comb electrode 53 may be formed in each of the other pair of 
areas positioned diagonally. As stated above, the four areas 
are defined in the electrode unit 60 by the cross-shaped 
boundary lines, the comb electrode 53 is formed in at least one 
of the four areas, and the solid part 46 may be formed in the 
other areas. 
0230 Besides, in the above, although the description has 
been given to the case where the electrode unit 60 is divided 
into the four square areas by the stem parts 48 crosswise 
extending from the center of the electrode unit 60 toward the 
center points of the outer periphery of the electrode unit 60, 
the division shape of the electrode unit 60 may be another 
shape. 
0231. For example, as shown in FIG. 41L, the electrode 
unit is divided into four triangular areas by the stem parts 48 
crosswise extending from the center of the electrode unit 60 
toward vertexes of the outer periphery of the electrode unit 60, 
and the square solid part 46 may be provided at the centerpart 
of the electrode unit 60. In this case, the branch parts 49 
branch from the solid part 46 and the stem parts 48, and 
extend obliquely with respect to the stem parts 48 to form the 
comb shape. In the triangular area divided by the adjacent 
stem parts 48, the branch parts 49 branching from the solid 
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part 46 and the stem parts 48 extend in almost the same 
direction. An angle between the stem part 48 and the branch 
part 49 is, for example, approximately 45°, in other words, an 
angle between the side of the outer periphery of the electrode 
unit 60 and the branch part 49 is, for example, approximately 
900. 
0232 Besides, as shown in FIG. 41M, the electrode unit is 
divided into four triangular areas by the stem parts 48 pro 
vided on the diagonal lines of the electrode unit 60 having the 
square outer periphery, and the solid part 46 may be provided 
in one area of them. In this case, in the other triangular areas, 
the branch parts 49 branch from the stem parts 48, and extend 
obliquely with respect to the stem parts 48 to form the comb 
shape. In the triangular area partitioned by the adjacent stem 
parts 48, the branch parts 49 branching from the solid part 46 
and the stem parts 48 extend in almost the same direction. An 
angle between the stem part 48 and the branch part 49 is, for 
example, approximately 45°. 
0233 Besides, as shown in FIG. 41N, the electrode unit is 
divided into four triangular areas by the stem parts 48 pro 
vided on diagonal lines of the electrode unit 60 having the 
square outer periphery, and the solid part 46 may be provided 
in one pair of areas symmetric with respect to the centerpoint 
of the electrode unit 60. In this case, in the other pair of areas 
symmetric with respect to the point, the branch parts 49 
branches from the stem parts 48, and extend obliquely with 
respect to the stem parts 48 to form the comb shape. In the 
triangular area partitioned by the adjacent stem parts 48, the 
branch parts 49 branching from the solid part 46 and the stem 
parts 48 extend in almost the same direction. An angle 
between the stem part 48 and the branch part 49 is, for 
example, approximately 45°. 
0234. As shown in FIGS. 41M and 41N, the four areas are 
defined in the electrode unit 60 by the diagonal lines of the 
outer periphery of the electrode unit 60, the comb electrode 
53 is formed in at least one of the four areas, and the solid part 
46 may be formed in the other area. Incidentally, as shown in 
FIG. 41N, among the four areas, the comb electrodes 53 are 
formed in one pair of areas positioned diagonally and the 
solid parts 46 are formed in the other pair of areas, and the one 
pair of areas in which the comb electrodes 53 are formed may 
become areas including the sides almost parallel to the drain 
bus line 14 of the outer periphery of the electrode unit 60. 
0235 Besides, as shown in FIGS. 41A to 41N, the shape of 
the electrode unit 60 is not limited to those in which the 
branch parts 49 extend almost in parallel with each other in 
the area partitioned by the adjacent stem parts 48. For 
example, in the electrode unit 60, a plurality of extension 
parts (stem parts 48, branch parts 49) branching from the solid 
part 46 may be formed so as to extend in the radial direction 
from the center part of the electrode unit 60 toward the outer 
periphery of the electrode unit 60. 

Fourth Embodiment 

0236. A liquid crystal display device according to a fourth 
embodiment of this invention will be described with refer 
ence to FIG. 42. FIG. 42 is a plan view showing a structure of 
one pixel of the liquid crystal display device according to this 
embodiment. Incidentally, structural elements similar to 
those of the liquid crystal display device of the third embodi 
ment are denoted by the same reference numerals, and their 
description will be omitted or simplified. 
0237. The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
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liquid crystal display device according to the third embodi 
ment except for the shape of an electrode unit 60 constituting 
a pixel electrode 16. A main feature of the liquid crystal 
display device according to this embodiment is that in the 
electrode unit 60, a comb electrode 53 is formed in an area 
close to one side of a square outer periphery at a drain bus line 
14 side, and the other area is a solid part 46. 
0238. In the liquid crystal display device according to this 
embodiment, as shown in FIG. 42, in the electrode unit 60 
having the square outer periphery, the comb electrode 53 
made of a stem part 48 and branch parts 49 is formed in the 
area close to one side, adjacent to the drain bus line 14, of the 
sides of the outer periphery parallel to the drain bus line 14. 
The other area of the electrode unit 60 is the solid part 46. The 
solid part 46 is formed to have a width of for example 28 um 
from the side, farther from the drain bus line 14, of the sides 
of the outer periphery parallel to the drain bus line 14. In this 
case, the area of 80% of the electrode unit 60 having the 
square outer periphery of 35umx35 um is the solid part 46. 
0239. An adjacent electrode unit 60 is electrically con 
nected by a connection electrode 64 formed to be connected 
to the solid part 46. 
0240. In the electrode unit 60 of the liquid crystal display 
device according to this embodiment, the reason why the 
comb electrode 53 is formed in the area close to the one side 
of the square outer periphery at the drain bus line 14 side is as 
follows. 
0241 Similarly to the case of the third embodiment, the 
adjacent electrode unit 60 is disposed to be separated by a slit 
62, and the connection electrode 64 is formed to connect 
center parts of the sides of the outer peripheries of the adja 
cent electrode units 60. 
0242. In the electrode unit 60, at the side where the con 
nection electrode 64 is connected. That is, among the four 
sides of the outer periphery of the electrode unit 60, the 
control of singular points of the three sides to which the 
connection electrodes 64 are connected is Suitably per 
formed. 
0243 The domain of liquid crystal in the vicinity of the 
drain bus line 14 is pulled by the flow of this singular point, 
and an inclinationalignment occurs in an unexpected vertical 
direction. As a result, the balance of alignment division of the 
liquid crystal is lost, roughness of the display occurs, and a 
mark remains in the case where the liquid crystal panel is 
pressed by a finger. 
0244. In the liquid crystal display device according to this 
embodiment, since the area of the comb electrode 53 is pro 
vided along the drain bus line 14, the alignment of the liquid 
crystal at the end part of the drain bus line 14 is clearly divided 
into two areas of an upper direction (in FIG. 42, upper right 
direction/upper left direction) and a lower direction (in FIG. 
42, lower right direction/lower left direction) by this comb 
electrode 53. Since the two alignment areas are provided, the 
domain of the liquid crystal divided into upper and lower parts 
passes through the portion of the stem part 48 without fail. By 
this, it is possible to obtain such effects that the disturbance of 
the domain of the liquid crystal along the drain bus line 14 can 
be prevented, the roughness of the display is Suppressed, and 
a mark does not remain in the case where an outer force is 
applied, for example, the liquid crystal panel is pressed by a 
finger. 
0245 Besides, as compared with the liquid crystal display 
device according to the third embodiment, in the liquid crys 
tal display device according to this embodiment, since the 
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square measure of the solid part 46 in the electrode unit 60 is 
large, the occurrence of brightness difference or uneven dis 
play due to the dimension variation of the comb electrode 53 
can be further effectively suppressed. 

Fifth Embodiment 

0246 A liquid crystal display device according to a fifth 
embodiment of the invention will be described with reference 
to FIG. 43. FIG. 43 is a plan view showing a structure of one 
pixel of the liquid crystal display device according to this 
embodiment. Incidentally, structural elements similar to 
those of the liquid crystal display device according to the third 
embodiment are denoted by the same reference number, and 
their description will be omitted or simplified. 
0247 The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the third embodi 
ment except for the shape of an electrode unit 60 constituting 
a pixel electrode 16. The liquid crystal display device accord 
ing to this embodiment is different from the liquid crystal 
display device according to the third embodiment in that the 
electrode unit 60 has a rectangular outer periphery. 
0248. As shown in FIG. 43, the pixel electrode 16 in the 
liquid crystal display device according to this embodiment 
has the rectangular outer periphery, and includes a plurality of 
electrode units 60 smaller than the pixel area, a slit 62 formed 
between the adjacent electrode units 60, and a connection 
electrode 64 for electrically connecting the electrode units 60, 
separated by the slit 62, to each other. In FIG. 43, the three 
electrode units 60 (six units in total) of three lines in the 
direction parallel to a gate bus line 12 and one line in the 
direction parallel to a drain bus line 14 are disposed at each of 
both sides of a storage capacitor bus line 18 in the vertical 
direction in the drawing. 
0249. The electrode unit 60 includes an almost rectangular 
solid part 46 having sides almost parallel to or vertical to the 
gate bus line 12 and the drain bus line 14. The width of the 
rectangular Solid part 46 in the direction parallel to the gate 
bus line 12 is, for example, 60 um. Besides, the width of the 
rectangular solid part 46 parallel to the drain bus line 14 is, for 
example, 25um. 
0250 Besides, the electrode unit 60 includes a stem part 
48 branching from the center of each of sides of the solid part 
46 and extending almost in parallel with or vertically to the 
gate bus line 12 and the drain bus line 14. The size of the stem 
part 48 extending almost in parallel with the gate bus line 12 
is, for example, 9 um in length and 5 um in width. The size of 
the stem part 48 extending almost in parallel with the drain 
bus line 14 is, for example, 5um in length and 5um in width. 
0251 Further, the electrode unit 60 includes a plurality of 
branch parts 49 branching from the solid part 46 and the stem 
part 48 and extending obliquely with respect to the stem part 
48 to form a comb shape, and electrode blank parts 66 
between the adjacent branch parts 49. In an area partitioned 
by the adjacent stem parts 48, the branch parts 49 branching 
from the solid part 46 and the stem parts 48 extend in almost 
the same direction. In FIG. 43, the six branch parts 49 extend 
in the same direction in the area partitioned by the adjacent 
stem parts 48. 
0252) An angle between the stem part 48 and the branch 
part 49 is, for example, 45°. The width of the branch part 49 
is, for example, 3 um, and the width of the blank part 66 is, for 
example, 3 um. 
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0253) Similarly to the liquid crystal display device accord 
ing to the third embodiment, the end part of each of the branch 
parts 49 is formed almost in parallel with or vertically to the 
gate bus line 12 and the drain bus line 14, and by this, the outer 
periphery of the electrode unit 60 becomes almost rectangu 
lar. The width of the outer periphery of the electrode unit 60 
in the direction parallel to the gate bus line 12 is, for example, 
78um. Besides, the width in the direction parallel to the drain 
bus line 14 is, for example, 35um. 
0254 The adjacent electrode units 60 are electrically con 
nected to each other by the connection electrode 64 formed to 
be connected to the stem parts 48 positioned at the centers of 
the respective sides of the outer peripheries of the electrode 
units 60. Since the electrode units 60 in only one line is 
provided in the direction parallel to the drain bus line 14, the 
connection electrode 64 is formed only in the direction par 
allel to the drain bus line 14. 

0255 Besides, in the lower part of the pixel area in the 
drawing, a drain electrode 36 of a TFT 20 of a lower adjacent 
pixel area is formed to protrude. From the same reason as the 
case of the third embodiment, the shape of the electrode unit 
60 (at the lower part in FIG. 43) positioned in this area is 
formed into Such a shape that a part of the rectangle corre 
sponding to the shape of the drain electrode 36 is cutaway. 
Specifically, while the shape of the outer periphery of the 
other electrode unit 60 is a rectangular shape of 35umx78um, 
the shape of the outer periphery of the electrode unit 60 in this 
area is such a shape that a part of the rectangle is cut away so 
that it is spaced from the drain electrode by 7 um. 
0256 A main feature of the liquid crystal display device 
according to this embodiment is that the electrode unit 60 
includes the rectangular Solid part 46 having the same long 
axis direction as the rectangular outer periphery. 
0257. In the case where the outer peripheral shape of the 
electrode unit 60 is rectangular, when the square solid part 46 
is merely formed as in the case according to the third embodi 
ment, the a real ratio of the solid part 46 to the electrode unit 
60 becomes small. Thus, it is conceivable that even if the solid 
part 46 is formed, the effect to suppress the change of bright 
ness due to the variation of width of the comb electrode 53 can 
not be sufficiently obtained. On the other hand, in the case 
where almost all area of the electrode unit 60 is made the solid 
part 46, since the outer peripheral shape of the electrode unit 
60 is rectangular, it is conceivable that the control of a singu 
lar point becomes difficult. 
0258. In the liquid crystal display device according to this 
embodiment, in the electrode unit 60 having the rectangular 
outer periphery, the rectangular Solid part 46 having the same 
long axis direction as the outer periphery is formed in con 
formity with the shape of the outer periphery of the rectan 
gular shape. Thus, the change of brightness due to the varia 
tion of width of the comb electrode 53 can be sufficiently 
Suppressed, and the control of the singular point does not 
become difficult. 

0259. Incidentally, also in the liquid crystal display device 
according to this embodiment, similarly to the case of the 
liquid crystal display device according to the third embodi 
ment in which the outer periphery of the electrode unit 60 is 
square, in order to Sufficiently Suppress the occurrence of the 
difference in brightness due to the variation in width of the 
branch part 49, it is preferable that the ratio of the square 
measure of the Solid part 46 to the square measure of the area 
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within the outer periphery of the electrode unit 60 is a prede 
termined value or more, for example, 50% or more. 

Modified Example 

0260 A liquid crystal display device according to a modi 
fied example of the fifth embodiment of the invention will be 
described with reference to FIGS. 44A to 44C. FIGS. 44A to 
44C are plan views showing shapes of electrode units in the 
liquid crystal display device according to this modified 
example. 
0261. In the above, as shown in FIG. 43, although the 
rectangular solid part 46 is provided at the center part of the 
electrode unit 60 having the rectangular outer periphery, simi 
larly to the case according to the modified example of the 
third embodiment shown in FIGS. 41A to 41N, the shape of 
the electrode unit 60 can be made various shapes in addition 
to this. 
0262 For example, the shape of the solid part 46 may be 
made an elliptical shape as shown in FIG. 44A. 
0263 Besides, as shown in FIG. 44B, the shape of the solid 
part 46 may be made a rhombic shape formed by connecting 
the centerpoints of the respective sides of the outer periphery 
of the electrode unit 60. Incidentally, the rhombic solid part 
46 may be smaller than that shown in FIG. 44B, and the shape 
may be distorted. 
0264 Besides, for example, as shown in FIG. 44C, the 
shape of the solid part 46 may be made a band shape reaching 
two opposite sides of the outer periphery of the electrode unit 
60, and the comb electrodes 53 may be formed at the other 
two sides, that is, at both sides of the band-shaped solid part 
46. Incidentally, the liquid crystal display device including 
the electrode unit 60 having the shape shown in FIG. 44C will 
be described in detail in a sixth embodiment. 

Sixth Embodiment 

0265 A liquid crystal display device according to a sixth 
embodiment of the invention will be described with reference 
to FIG. 45. FIG. 45 is a plan view showing a structure of one 
pixel of the liquid crystal display device according to this 
embodiment. Incidentally, structural elements similar to 
those of the liquid crystal display device according to the fifth 
embodiment are denoted by the same reference numerals, and 
their description will be omitted or simplified. 
0266 The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the fifth embodi 
ment except for the shape of an electrode unit 60 constituting 
a pixel electrode 16. A main feature of the liquid crystal 
display device according to this embodiment is that in the 
electrode unit 60, comb electrodes 53 are formed in areas 
close to the two sides of the rectangular outer periphery at the 
drain bus line 14 side, and the other area is a solid part 46. 
0267 As shown in FIG. 45, in the electrode unit 60 having 
the rectangular outer periphery, the comb electrodes 53 each 
made of a stem part 48 and branch parts 49 are formed in the 
areas close to the two sides of the outer periphery parallel to 
the drain bus line 14. In the case where the width of the outer 
periphery of the electrode unit 60 is made, for example, 35 
umx78 um similarly to the liquid crystal display device 
according to the fifth embodiment, the widths of the areas 
where the comb electrodes 53 are formed are respectively, for 
example, 7um from the two sides of the outer periphery of the 
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electrode unit 60 parallel to the drain bus line 14. In this case, 
the width of the solid part 46 in the direction parallel to the 
gate bus line 12 is 64 Lum. 
0268. In the liquid crystal display device according to this 
embodiment, similarly to the liquid crystal display device 
according to the fourth embodiment, since the comb electrode 
53 is formed in the area along the drain bus line 14, by this 
comb electrode 53, the alignment of liquid crystal at the end 
part of the drain bus line 14 is clearly divided into two areas of 
the upper direction (in FIG. 45, upper right direction/upper 
left direction) and the lower direction (in FIG. 45, lower right 
direction/lower left direction). Since the two alignment areas 
are provided as stated above, the domain of the liquid crystal 
divided vertically passes through the portion of the stem part 
48 without fail. By this, it is possible to obtain such effects 
that the disturbance of the domain of the liquid crystal along 
the drain bus line 14 can be prevented, roughness of the 
display is Suppressed, and in the case where outer force is 
applied, for example, the liquid crystal panel is pressed by a 
finger, a mark does not remain. 
0269 Besides, in the liquid crystal display device accord 
ing to this embodiment, as compared with the liquid crystal 
display device according to the fifth embodiment including 
the electrode unit 60 having the rectangular outer periphery, 
since the square measure of the Solid part 46 is large in the 
electrode unit 60, it is possible to further effectively suppress 
the occurrence of brightness difference and uneven display 
due to the size variation of the comb electrode 53. 

Seventh Embodiment 

0270. A liquid crystal display device according to a sev 
enth embodiment of the invention will be described with 
reference to FIG. 46. FIG. 46 is a plan view showing a struc 
ture of one pixel of the liquid crystal display device according 
to this embodiment. Incidentally, structural elements similar 
to those of the liquid crystal display device according to the 
fifth embodimentare denoted by the same reference numerals 
and their description will be omitted or simplified. 
0271 The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the fifth embodi 
ment except for the shape of an electrode unit 60 constituting 
a pixel electrode 16. A main feature of the liquid crystal 
display device according to this embodiment is that an elec 
trode unit 60a is formed on a storage capacitor electrode 19. 
(0272. As shown in FIG. 46, the pixel electrode 16 of the 
liquid crystal display device according to this embodiment 
includes the electrode unit 60a which is formed at the center 
of the pixel area in which the storage capacitor electrode 19 is 
formed, has the rectangular outer periphery, and is Smaller 
than the pixel area, and a plurality of electrode units 60b 
which are formed between the electrode unit 60a and upper 
and lower gate bus lines 12, and each of which has a rectan 
gular outer periphery and is Smaller than the pixel area. The 
electrode units 60a and 60b are separated by a slit 62. Further, 
the pixel electrode 16 includes a connection electrode 64 for 
electrically connecting the electrode units 60a and 60b, sepa 
rated by the slit 62, to each other. In FIG. 46, in the direction 
parallel to the drain bus line 14, there are disposed the one 
electrode unit 60a, and the two (four in total) electrode units 
60b disposed between the electrode unit 60a and the upper 
and lower gate bus line 12. 
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0273. The electrode unit 60a is electrically connected to 
the storage capacitor electrode 19 through a contact hole 
formed in an insulating film under the electrode unit 60a. 
0274 The electrode unit 60a includes a rectangular por 
tion 96 having sides almost parallel to or vertical to the gate 
bus line 12 and the drain bus line 14, and a solid part 46 having 
convex portions 97 protruding from the sides of the rectan 
gular portion 96 parallel to a drain bus line 14 and covering 
the upper sides of both ends of the storage capacitor electrode 
19. 

0275 Besides, the electrode unit 60a includes a stem part 
48 branching from the center of the side of the rectangular 
portion 96 of the solid part 46 parallel to the gate bus line 12 
and extending almost parallel to the drain bus line 14, and the 
size of the stem part 48 is, for example, 5um in length and 5 
um in width. 
0276 Further, the electrode unit 60a includes a plurality of 
branch parts 49 branching from the rectangular portion 96 of 
the solid part 46 and the convex portion 97 and extending 
obliquely with respect to the stem part 48 to form a comb 
shape, and electrode blank parts 66 between the adjacent 
branch parts 49. In an area partitioned by the adjacent stem 
parts 48 and the rectangular portion 96, the respective branch 
parts 49 branching from the solid part 46 extend in almost the 
same direction. 

(0277. On the other hand, the electrode unit 60b includes a 
rectangular solid part 46 having sides almost parallel to or 
vertical to the gate bus line 12 and the drain bus line 14. The 
width of the rectangular solid part 46 of the electrode unit 60b 
in the direction parallel to the gate bus line 12 is, for example, 
60 um. Besides, the width in the direction parallel to the drain 
bus line 14 is, for example, 39 um. 
0278 Besides, the electrode unit 60b includes a stem part 
48 branching from the center of each of the sides of the solid 
part 46 and extending almost in parallel with or vertically to 
the gate bus line 12 and the drain bus line 14. The size of the 
stem part 48 extending almost in parallel with the gate bus line 
12 is, for example, 9 um in length and 5um in width. The size 
of the stem part 48 extending almost in parallel with the drain 
bus line 14 is, for example, 5um in length and 5um in width. 
(0279. Further, the electrodeunit 60b includes aplurality of 
branch parts 49 branching from the solid part 46 and extend 
ing obliquely with respect to the stem part 48 to form a comb 
shape, and electrode blank parts 66 between the adjacent 
branch parts 49. In an area partitioned by the adjacent stem 
parts 48, the branch parts branching from the solid part 46 and 
the stem parts 48 extend in almost the same direction. 
0280. An angle between the stem part 48 and the branch 
part 49 in the electrode units 60a and 60b is, for example, 45°. 
The width of the branch part 49 is, for example, 3 um and the 
width of the branch part 66 is, for example, 3 um. 
0281. The ends of the respective branch parts 49 of the 
electrode units 60a and 60b are formed almost in parallel with 
or vertically to the gate bus line 12 and the drain bus line 14, 
and by this, the outer peripheries of the electrode units 60a 
and 60b are almost rectangular. The width of the outer periph 
ery of the electrode unit 60a in the direction parallel to the 
gate bus line 12 is, for example, 78 um, and the width in the 
direction parallel to the drain bus line 14 is, for example, 64 
um. The width of the outer periphery of the electrode unit 60b 
in the direction parallel to the gate bus line 12 is, for example, 
78um, and the width in the direction parallel to the drain bus 
line 14 is, for example, 49 Lum. 
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0282. The adjacent electrode units 60a and 60b are elec 
trically connected to each other by the connection electrode 
64 formed to be connected to the stem parts 48 positioned at 
the centers of the sides of the rectangular electrode units 60a 
and 60b parallel to the gate bus line 12. 
0283 Besides, in the lower part of the pixel area in the 
drawing, a drain electrode 36 of a TFT 20 of a lower adjacent 
pixel area is formed to protrude. From the same reason as the 
case of the third embodiment, the shape of the electrode unit 
60b (lowermost one in FIG. 46) corresponding to this area is 
formed into Such a shape that a part of the rectangle is cut 
away in conformity with the shape of the drain electrode 36. 
Specifically, while the shape of the outer periphery of the 
other electrode unit 60b is a rectangle of 49 umx78 um, the 
shape of the outer periphery of the electrode unit 60 in this 
area is such a shape that a part of the rectangle is cut away so 
that it is spaced from the drain electrode 36 by 7 Lum. 
0284 As stated above, the electrode unit 60a constituting 
the pixel electrode 16 may be formed on the storage capacitor 
electrode 19 formed in the vicinity of the center of the pixel 
aca. 

0285 Although the shape of the electrode unit 60a formed 
on the storage capacitor electrode 19 is not limited to that 
shown in FIG. 46, it is preferable that the shape satisfies 
following conditions. 
0286 First, it is necessary that the electrode unit 60a 
includes the Solid part to cover all the area on the storage 
capacitor electrode 19. 
0287 Besides, in the area where the storage capacitor 
electrode 19 is formed, the same conductive layer as the gate 
bus line 12 and the drain bus line 14 is formed in a laminate 
state through an insulating film. Thus, light can hardly pass 
through the area where the storage capacitor electrode 19 is 
formed. Accordingly, it is necessary that the electrode unit 
60a includes a Solid part also in an area other than the area on 
the storage capacitor electrode 19. 

Eighth Embodiment 
0288 A liquid crystal display device according to an 
eighth embodiment of the invention and a method of manu 
facturing the same will be described with reference to FIGS. 
47 to 55C. Incidentally, structural elements similar to those of 
the liquid crystal display device according to the fifth embodi 
ment are denoted by the same reference numerals and their 
description will be omitted or simplified. 
0289 First, the liquid crystal display device according to 
this embodiment will be described with reference to FIGS. 47 
to 53B. FIG. 47 is a plan view showing a structure of one pixel 
of the liquid crystal display device according to this embodi 
ment, FIG. 48A is a sectional view taken along line A-A of 
FIG. 47, FIG. 48B is a sectional view taken along line B-B', 
FIG. 49 is a view showing an arrangement of a polarizing 
plate and the like of the liquid crystal display device accord 
ing to this embodiment, FIG. 50 is a plan view showing a 
structure of one pixel in a case where the number of reflecting 
electrode layers is changed in the liquid crystal display device 
according to this embodiment, FIG. 51 is a plan view showing 
a structure of one pixel in a case where a reflecting electrode 
is formed in an area where a storage capacitor electrode is 
formed in the liquid crystal display device according to this 
embodiment, FIGS. 52A and 52B are graphs showing a rela 
tion between the opening rate ofBM and the reflectivity in the 
liquid crystal display device according to this embodiment 
and a relation between the opening rate of BM and the trans 
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missivity, and FIGS. 53A and 53B are graphs showing a 
relation between the areal ratio of a reflection area and the 
reflectivity in the liquid crystal display device according to 
this embodiment and a relation between the areal ratio of the 
reflection area and the transmissivity. 
0290 The liquid crystal display device according to this 
embodiment is the liquid crystal display device having func 
tions of both the transmission type and the reflection type in 
which a reflecting electrode is further provided at the TFT 
Substrate 2 side in the liquid crystal display device according 
to the fifth embodiment. 

0291. As shown in FIG. 47, a pixel electrode 16 similar to 
the liquid crystal display device according to the fifth embodi 
ment is formed inapixel area Surrounded by a gate bus line 12 
and a drain bus line 14. 

0292 ATFT20 is formed in the vicinity of an intersection 
position between the gate bus line 12 and the drain bus line 14 
similarly to the liquid crystal display device of the fifth 
embodiment. Here, a drain electrode 36 and a source elec 
trode 38 are made of a conductive film, for example, a lami 
nation film of an aluminum film and a titanium film, and these 
are formed of the same conductive film. An area just under a 
channel protective film of the gate bus line 12 functions as a 
gate electrode of the TFT 20. 
0293. Further, a reflecting electrode 55 having almost the 
same shape as a Solid part 46 is formed under an electrode unit 
60 to overlap with the solid part 46 through an insulating film. 
The width of the reflecting film 55 in the direction parallel to 
the gate bus line 12 is, for example, 60 Lum. The width in the 
direction parallel to the drain bus line 14 is, for example, 25 
um. Incidentally, the reflecting electrode 55 has only to have 
the shape almost equal to or smaller than the solid part 46 of 
the electrode unit 60 formed thereon. 

0294 The electrodeunit 60 and the reflecting electrode 55 
are electrically connected to each other through a contact hole 
28. The contact hole 28 is formed in a rectangular area of 15 
umx50 um spaced inward from the outer periphery of the 
reflecting electrode 55 by, for example, 5um. 
0295) The reflecting electrode 55 is formed of, for 
example, the same conductive film as the source electrode 38. 
Then, the reflecting electrode 55 (upper one in FIG. 47) in the 
vicinity of the TFT 20 is formed integrally with the source 
electrode 38. By this, the pixel electrode 16 is electrically 
connected to the source electrode 38. 

0296 FIGS. 48A and 48B show the sectional structure of 
the area where the electrode unit 60 and the reflecting elec 
trode 55 are formed. As shown in the drawings, the reflecting 
electrode 55 made of a lamination film of, for example, an 
aluminum film 29 and a titanium film 31 is formed on an 
insulating film 22 formed on a glass substrate 10 on which the 
gate bus line 12 and the like are formed. An insulating film 25 
is formed on the insulating film 22 and the reflecting electrode 
55. The contact hole 28 reaching the aluminum film 29 is 
formed in the insulating film 25 and the titanium film 31. The 
electrode unit 60 is formed on the insulating film 25 in which 
the contact hole 28 is formed. The electrode unit 60 is formed 
so that the positions of the reflecting electrode 55 thereunder 
and the Solid part 46 are aligned, and the center portion of the 
solid part 46 is electrically connected to the aluminum film 29 
of the reflecting electrode 55 through the contact hole 28. The 
electrode units 60 formed on the reflecting electrodes 55 in 
this way are electrically connected to each other by the con 
nection electrode 64 as shown in FIGS. 47 and 48B. 
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0297 FIG. 49 shows the arrangement of the polarizing 
plate and the like of the liquid crystal display device accord 
ing to this embodiment. As shown in the drawing, in the liquid 
crystal display device according to this embodiment, in addi 
tion to the arrangement of the polarizing plate of the liquid 
crystal display device according to the third embodiment 
shown in FIG.35, an optical path control film 79 as an optical 
scattering layer is disposed on a polarizing plate 86 at the 
observation side. The optical path control film 79 is the film 
for scattering light in a specified direction. 
0298. In this way, the liquid crystal display device accord 
ing to this embodiment is constructed. 
0299 Next, the operation of the liquid crystal display 
device according to this embodiment will be described. 
0300. In the state where a voltage is not applied between 
the pixel electrode 16 and the opposite electrode 42, liquid 
crystal molecules are aligned almost vertically to the Sub 
strate surface. 
0301 First, in the case where outside light is incident on 
the pixel area in the state where a Voltage is not applied 
between the pixel electrode 16 and the opposite electrode 42, 
the light is reflected by the reflecting electrode 55 formed in 
the reflection area. With respect to the reflected light, since the 
liquid crystal molecules are vertically aligned, its polarization 
state is not changed, and the light is absorbed by the polariz 
ing plate 86 at the observer side. In this way, a black display 
is realized. 
0302) Next, in the case where a backlight is turned on in 
the state where a Voltage is not applied between the pixel 
electrode 16 and the opposite electrode 42, light from the 
backlight unit having been transmitted through the polarizing 
plate 87 formed on the back surface of the liquid crystal panel 
is transmitted through a transparent area where the reflecting 
electrode 55 is not formed. Here, with respect to the light from 
the backlight unit, since the liquid crystal molecules are ver 
tically aligned, its polarization state is not changed, and the 
light is absorbed by the polarizing plate 86 at the observer 
side. In this way, a black display is realized. 
0303. On the other hand, when a voltage is applied 
between the pixel electrode 16 and the opposite electrode 42, 
the liquid crystal molecules are obliquely aligned, cause bire 
fringence as an optical effect, and change the polarization 
state of the light. 
0304. In the case where the outside light is incident on the 
pixel area in the state where the voltage is applied between the 
pixel electrode 16 and the opposite electrode 42, with respect 
to the light reflected by the reflecting electrode, since its 
polarization state is changed, the light is transmitted through 
the polarizing plate 86 at the observer side. In this way, a 
display from gray to white is realized. 
0305 Here, in the liquid crystal display device according 
to this embodiment, the film for scattering the light incident at 
a predetermined angle is used for the optical path control film 
79 as the optical scattering layer. By this optical path control 
film 79, for example, incident light from the sun is scattered 
similarly to the liquid crystal display device disclosed in 
non-patent document 1, and the light reflected by the reflect 
ing electrode 55 and reaching the observer can be used for the 
display. By this, even in the case of the light Source Such as the 
sun, the surface reflection is avoided, and the reflected light 
from the reflecting electrode 55 can be observed as the dis 
play. 
0306 Besides, in the case where the backlight is turned on 
in the state where the voltage is applied between the pixel 
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electrode 16 and the opposite electrode 42, also with respect 
to the incident light from the backlight unit, its polarization 
state is changed and the light is transmitted through the polar 
izing plate 86 at the observer side. In this way, a display of 
gray to white is realized. 
0307 Incidentally, in the case where the backlight is 
turned on in the transmission type, there is little influence on 
the display quality by the reflection of the outside light. This 
is because both the black display in the transmission type and 
the black display in the reflection type are realized at the time 
of Voltage non-application, and at the time of the black dis 
play in the transmission type, there is no reflection from the 
outside light. 
0308 The liquid crystal display device according to this 
embodiment is characterized in that the reflecting electrode 
55 is formed of the same conductive film as the source elec 
trode 38 formed on the TFT substrate 2. By this, since the 
reflecting electrode 55 can also be simultaneously formed in 
the step of forming the source electrode 38, the liquid crystal 
display device having the functions of both the reflection type 
and the transmission type can be manufactured without 
increasing the number of steps of the manufacture process of 
the transmission type liquid crystal display device. 
0309 Incidentally, in the case shown in FIG. 47, although 
the reflecting electrode 55 is provided under all the electrode 
units 60 in one pixel, the reflecting electrode 55 may not be 
provided under all the electrode units 60. By changing the 
number of areas where the reflecting electrode 55 is provided 
and the areas, the reflectivity and transmissivity of the liquid 
crystal panel can be changed. 
0310. For example, as shown in FIG. 50, the reflecting 
electrode 55 is provided under the upper electrode unit 60 in 
the drawing with respect to the storage capacitor busline 18, 
and the reflecting electrode 55 may not be provided under the 
lower electrode unit 60 in the drawing. In this case, as com 
pared with the case where the reflecting electrode 55 is pro 
vided under all the electrode units 60 of one pixel as shown in 
FIG. 47, since the number of the reflecting electrodes 55 is 
halved, the transmissivity of the liquid crystal panel is 
increased, and the reflectivity is decreased. 
0311. In order to effectively use an area in one pixel and to 
reduce the waste of a reflection area and a transmission area, 
for example, it is effective to form the reflecting electrode 55 
under conditions as set forth below. 
0312 First, it is necessary to electrically connect the 
source electrode 38 and the pixel electrode 16 without fail. 
Then, the reflecting electrode 55 is formed under the elec 
trode unit 60 directly electrically connected to the source 
electrode 38. 
0313 Besides, in the case where the storage capacitor 
electrode 19 is formed, the area where the storage capacitor 
electrode 19 is formed can not become the area through which 
light is transmitted. Thus, the reflecting electrode 55 is 
formed in the area where the storage capacitor electrode 19 is 
formed. 
0314 By forming the reflecting electrode 55 to satisfy 
Such conditions, the area in one pixel can be effectively used. 
0315 FIG. 51 is a plan view showing the structure of one 
pixel in the case where the reflecting electrode 55 is formed in 
an area where the storage capacitor electrode 19 is formed. In 
this case, for example, the pixel electrode 16 is made the same 
as that of the liquid crystal display device according to the 
seventh embodiment in which the electrode unit 60a is 
formed on the storage capacitor electrode 19. The reflecting 
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electrode 55 having almost the same shape as the solid part 46 
is formed under this electrode unit 60a to overlap with the 
solid part 46 through the insulating film. The electrode unit 
60a and the reflecting electrode 55 formed thereunder are 
electrically connected to each other through the contact hole 
28. 
0316 Besides, under the electrode unit 60b in the vicinity 
of the upper TFT 20 in FIG. 51, the reflecting electrode 55 
having almost the same shape as the Solid part 46 is formed to 
overlap with the solid part 46 through the insulating film. The 
reflecting electrode 55 formed under the electrode unit 60b in 
the vicinity of the TFT 20 is formed integrally with the source 
electrode 38. The electrodeunit 60b in the vicinity of the TFT 
20 and the reflecting electrode 55 formed thereunder are 
electrically connected to each other through the contact hole 
28, and by this, the electrode unit 60b in the vicinity of the 
TFT20 and the source electrode 38 are electrically connected 
to each other. 
0317. The reflecting electrode 55 is not formed under the 
electrode unit 60b between the electrode unit 60b electrically 
connected to the source electrode 38 through the contact hole 
28 and the electrode unit 60a on the storage capacitor elec 
trode 19. Besides, in the drawing, the reflecting electrode 55 
is not formed under two electrode units 60a below the storage 
capacitor electrode bus line 18. 
0318. As described above, by changing the number of 
areas where the reflecting electrode 55 is formed and the 
areas, the reflectivity and transmissivity of the liquid crystal 
panel can be changed. That is, desired reflectivity and trans 
missivity can be set by Suitably setting, in the pixel area, the 
areal ratio of the reflection area where the reflecting electrode 
55 is formed in the pixel area and the areal ratio of the 
transmission area where the reflecting electrode 55 is not 
formed. 
0319 For example, in the area of the opening part 98 of the 
BM for shading the end part of the pixel area, the relations of 
the areal ratio of the reflection area with respect to the trans 
missivity and the reflectivity become as indicated by graphs 
shown in FIGS. 52A and 52B. FIG.52A is the graph showing 
the relation of the areal ratio of the reflection area with respect 
to the reflectivity, and FIG. 52B is the graph showing the 
relation of the areal ratio of the reflection area with respect to 
the transmissivity. 
0320 From the graphs shown in FIGS. 52A and 52B, it is 
understood that for example, in order to obtain the reflectivity 
of 5% or more and the transmissivity of 5% or more, the areal 
ratio of the reflection area in the area of the opening part 98 of 
the BM for shading the end part of the pixel area has only to 
be set in a range of 10 to 25%. 
0321 Besides, the relations of the areal ratio of the trans 
mission area in the area of the opening part 98 of the BM for 
shading the end part of the pixel area with respect to the 
reflectivity and the transmissivity become as indicated by 
graphs shown in FIGS. 53A and 53B. FIG. 53A is the graph 
showing the relation of the areal ratio of the transmission area 
with respect to the reflectivity, and FIG. 53B is the graph 
showing the relation of the areal ratio of the transmission area 
with respect to the transmissivity. 
0322. From the graphs shown in FIGS. 53A and 53B, it is 
understood that for example, in order to obtain the reflectivity 
of 5% or more and the transmissivity of 5% or more, the areal 
ratio of the transmission area in the area of the opening part 98 
of the BM for shading the end of the pixel area has only to be 
set in a range of 50 to 90%. 
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0323) Next, a method of manufacturing the liquid crystal 
display device according to this embodiment will be 
described with reference to FIGS. 54A to 55C. FIGS. 54A to 
55C are process sectional views showing the method of 
manufacturing the liquid crystal display device according to 
this embodiment, and correspond to the section in the direc 
tion along the drain bus line 14 of FIG. 47. Incidentally, in the 
following, a description will be given to the method up to the 
formation of the pixel electrode 16 on the glass substrate 10 of 
the TFT Substrate 2. 
0324 First, similarly to the case of the third embodiment, 
a gate bus line 12 and a storage capacitor bus line 18 are 
formed on the glass substrate 10. 
0325 Next, an aluminum film 29 is formed by, for 
example, a sputter method through a not-shown insulating 
film on the glass substrate 10 on which the gate bus line 12 and 
the like are formed (see FIG. 54A). 
0326. Next, a titanium film 31 is formed on the aluminum 
film 29 by, for example, the sputtering method (see FIG. 
54B). 
0327 Next, the titanium film 31 and the aluminum film 29 
are patterned, so that a reflecting electrode 55 is formed (see 
FIG. 54C). At this time, a drain bus line 14, a drain electrode 
36, a source electrode 38 and a storage capacitor electrode 19 
are formed at the same time. In this way, the reflecting elec 
trode 55 is formed of the same conductive film as the drain bus 
line 14, the drain electrode 36, the source electrode 38 and the 
storage capacitor electrode 19. 
0328 Next, an insulating film 25 made of a silicon oxide 
film is formed on the whole surface by, for example, a CVD 
method (see FIG. 54D). 
0329. Next, the insulating film 25 and the titanium film 31 
are selectively etched, so that a contact hole 28 reaching the 
aluminum film 29 of the reflecting electrode 55 is formed (see 
FIG.55A). 
0330. Next, a transparent conductive film 27 made of ITO 

is formed on the whole Surface by, for example, the Sputtering 
method (see FIG.55B). 
0331 Next, the transparent conductive film 27 is pat 
terned, so that an electrode unit 60, a connection electrode 64 
and a contact area 67 are formed (see FIG.55C). In this way, 
the pixel electrode 16 is formed on the glass substrate 10 of 
the TFT Substrate 2. 
0332 Then, although not shown, a process similar to a 
manufacture process of a normal liquid crystal display device 
is performed Subsequently to this, so that the liquid crystal 
display device according to this embodiment can be com 
pleted. 
0333 As stated above, according to this embodiment, 
since the reflecting electrode 55 can be formed at the same 
time in the process of forming the source electrode 38 and the 
like, the liquid crystal display device having the functions of 
both the reflection type and the transmission type can be 
manufactured without increasing the number of steps of the 
manufacture process of the transmission type liquid crystal 
display device. 

Ninth Embodiment 

0334. A liquid crystal display device according to a ninth 
embodiment of the invention will be described with reference 
to FIGS.56 to 57B. FIG.56 is a plan view showing a structure 
of one pixel of the liquid crystal display device according to 
this embodiment, FIG. 57A is a sectional view taken along 
line A-A of FIG. 56, and FIG. 57B is a sectional view taken 
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along line B-B'. Incidentally, structural elements similar to 
those of the liquid crystal display device according to the 
eighth embodiment are denoted by the same reference numer 
als, and their description will be omitted or simplified. 
0335. In the liquid crystal display device according to the 
eighth embodiment, the electrode units 60 constituting the 
pixel electrode 16 are electrically connected to each other by 
the connection electrode 64 formed in the same layer as an 
electrode unit 60. 
0336 A main feature of the liquid crystal display device 
according to this embodiment is that a connection electrode 
64 is not formed in the same layer as an electrode unit 60, and 
a connection electrode 57 is formed in the same layer as a 
reflecting electrode 55, and the reflecting electrodes 55 are 
electrically connected to each other. By this, the electrode 
units 60 electrically connected to the reflecting electrodes 55 
through contact holes 28 are electrically connected to each 
other. 
0337 That is, as shown in FIG. 56, although the electrode 
unit 60 similar to that of the liquid crystal display device 
according to the eighth embodiment shown in FIG. 47 is 
formed in the pixel area, the connection electrode 64 for 
electrically connecting these is not formed. 
0338. On the other hand, as shown in FIGS. 57A and 57B, 
the reflecting electrode 55 made of a lamination film of an 
aluminum film 29 and a titanium film 31 is formed through an 
insulating film 25 under the electrode unit 60. The insulating 
film is made of for example, acryl resin, and its thickness is 
2 um. The electrode unit 60 is electrically connected to the 
aluminum film 29 of the reflecting electrode 55 through the 
contact hole 28. 
0339. Further, as shown in FIG. 57B, the reflecting elec 
trodes 55 are electrically connected to each other by the 
connection electrode 57 made of the same layer as the alumi 
num film 29 of the reflecting electrode 55. The insulating film 
25 is formed on the connection electrode 57. In this way, the 
reflecting electrodes 55 are electrically connected to each 
other through the connection electrode 57, so that the elec 
trode units 60 electrically connected to the reflecting elec 
trodes 55 through the contact holes 28 are electrically con 
nected to each other. 
0340. In the liquid crystal display device according to this 
embodiment, the connection electrode 57 for electrically con 
necting the electrode units 60 to each other is covered with the 
insulating film 25 made of a thick resin or the like, and is not 
exposed at the liquid crystal side. Thus, the movement of a 
singular point due to the existence of the connection electrode 
57 is Suppressed. Accordingly, even if the protruding struc 
ture 73 is not provided at the CF substrate 4 side like the liquid 
crystal display device according to the eighth embodiment, it 
becomes possible to stabilize the occurrence of the singular 
point. By this, a process of forming the protruding structure 
73 on the CF substrate 4 side can be omitted, and the liquid 
crystal display device can be manufactured using the simpler 
manufacture process and at low cost. 

Tenth Embodiment 

0341. A liquid crystal display device according to a tenth 
embodiment of the invention will be described with reference 
to FIG. 58. FIG. 58 is a sectional view of the liquid crystal 
display device according to this embodiment taken in a direc 
tion along a gate bus line. Incidentally, structural elements 
similar to those of the liquid crystal display device according 
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to the eighth embodiment are denoted by the same reference 
numerals and their description will be omitted or simplified. 
0342. The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the eighth embodi 
ment. A main feature of the liquid crystal display device 
according to this embodiment is that a bank-shaped structure 
having almost the same size as a reflecting electrode 55 is 
formed at a CF substrate 4 side and at almost the same posi 
tion as the reflecting electrode 55 formed on a TFT substrate 
2. 

0343. That is, as shown in FIG. 58, a bank-shaped struc 
ture 69 having almost the same size as the reflecting electrode 
55 is formed on an opposite electrode 42 formed on a surface 
of the CF substrate 4 opposite to the TFT substrate 2 at almost 
the same position as the reflecting electrode 55. The width of 
the bank-shaped structure 69 in the direction parallel to the 
gate bus line 12 is, for example, 60 Lum. Besides, the width in 
the direction parallel to the drain bus line 14 is, for example, 
25 um. The thickness of the bank-shaped structure 69 is 
almost half of a cell gap between the CF substrate 4 and the 
TFT Substrate 2. 

0344 As stated above, in the liquid crystal display device 
according to this embodiment, the bank-shaped structure 69 
having almost the same size as the reflecting electrode 55 is 
formed on the CF substrate 4 side at almost the same position 
as the reflecting electrode 55 formed on the TFT substrate 2. 
By this bank-shaped structure 69, similarly to the liquid crys 
tal display device according to the eighth embodiment in 
which the protruding structure 73 is formed. 
0345 Further, in the liquid crystal display device accord 
ing to this embodiment, by the bank-shaped structure 69, the 
thickness of the liquid crystal layer in the reflection area is 
almost half of that in the other area. Thus, when light incident 
on the reflection area where the reflecting electrode 55 is 
formed is incident from the observer side, is reflected by the 
reflecting electrode 55, and is emitted toward the observer 
side, the light is transmitted through the liquid crystal having 
almost the same thickness as the liquid crystal through which 
light from a backlight unit is transmitted in a transmission 
area where the reflecting electrode 55 is not formed. By this, 
coloring in the reflection area can be reduced. 

Modified Example 

0346 A liquid crystal display device according to a modi 
fied example of the tenth embodiment of the invention will be 
described with reference to FIG. 59. FIG. 59 is a sectional 
view of the liquid crystal display device according to this 
modified example taken in a direction along a gate bus line. 
0347 In the liquid crystal display device according to this 
modified example, a protruding structure 73 is further pro 
vided on a bank-shaped structure 69. The protruding structure 
73 in the liquid crystal display device according to this modi 
fied example is similar to the protruding structure 73 in the 
liquid crystal display device according to the fifth embodi 
ment, and is formed on the bank-shaped structure 69 so that it 
is positioned almost at the center of the electrode unit 60. 
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0348. As stated above, also by providing the bank-shaped 
structure 69 and the protruding structure 73 on the CF sub 
strate 4 side, and coloring in the reflection area can be 
reduced. 

Eleventh Embodiment 

0349 Aliquid crystal display device according to an elev 
enth embodiment of the invention and a method of manufac 
turing the same will be described with reference to FIGS. 60 
to 63C. Incidentally, structural elements similar to those of 
the liquid crystal display device according to the eighth 
embodiment are denoted by the same reference numerals and 
their description will be omitted or simplified. 
0350 First, the liquid crystal display device according to 
this embodiment will be described with reference to FIG. 60. 
FIG. 60 is a sectional view of the liquid crystal display device 
according to this embodiment taken in a direction alonga gate 
bus line. 

0351. The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the eighth embodi 
ment. In the liquid crystal display device according to this 
embodiment, a bank-shaped structure 65 having almost the 
same size as a reflecting electrode 55 and having a plane 
shape is formed under the reflecting electrode 55. That is, a 
main feature is that the reflecting electrode 55 and an elec 
trode unit 60 are formed on an upper surface and a side surface 
of the bank-shaped structure 65 formed at a TFT substrate 2 
side. 

0352. As shown in FIG. 60, the bank-shaped structure 65 
is formed on an insulating film 22 formed on a glass Substrate 
10 on which a gate bus line 12 and the like are formed. The 
reflecting electrode 55 made of a lamination film of an alu 
minum film 29 and a titanium film 31 is formed in an area 
including the upper Surface and the side Surface of the bank 
shaped structure 65. The electrode unit 60 is formed on the 
reflecting electrode 55 through an insulating film 25. The 
electrode unit 60 is electrically connected to the aluminum 
film 29 of the reflecting electrode 55 through a contact hole 28 
at the upper surface of the bank-shaped structure 65. 
0353 As stated above, in the liquid crystal display device 
according to this embodiment, the bank-shaped structure 65 
having almost the same size as the reflecting electrode 55 is 
formed under the reflecting electrode 55. By this bank-shaped 
structure 65, similarly to the liquid crystal display device 
according to the tenth embodiment in which the bank-shaped 
structure 69 is formed at the CF substrate 4 side. 

0354 Further, in the liquid crystal display device accord 
ing to this embodiment, similarly to the liquid crystal display 
device according to the tenth embodiment, since the thickness 
of the liquid crystal layer in the reflection area where the 
reflecting electrode 55 is formed, is almost half of that in the 
other area by the bank-shaped structure 65, coloring in the 
reflection area can be reduced. 

0355 Next, a method of manufacturing the liquid crystal 
display device according to this embodiment will be 
described with reference to FIGS. 61A to 63C. FIGS. 61A to 
63C are process sectional views showing the method of 
manufacturing the liquid crystal display device according to 
this embodiment. Incidentally, in the following, a description 
will be given to the method up to the formation of the pixel 
electrode 16 on the glass substrate 10 of the TFT substrate 2. 
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0356. First, similarly to the case of the third embodiment, 
a gate bus line 12 and a storage capacitor bus line 18 are 
formed on the glass substrate 10. 
0357 Next, a resin layer 32 made of acryl resin, novolac 
resin or the like is formed on the glass substrate 10 on which 
the gate bus line 12 and the like are formed through a not 
shown insulating film (see FIG. 61A). 
0358 Next, the resin layer 32 is patterned, so that a bank 
shaped structure 65 is formed (see FIG. 61B). 
0359 Next, an aluminum film 29 is formed on the whole 
surface by, for example, a sputtering method (see FIG. 61C). 
0360 Next, a titanium film 31 is formed on the aluminum 
film 29 by, for example, the sputtering method (see FIG. 
62A). 
0361 Next, the titanium film 31 and the aluminum film 29 
are patterned, so that a reflecting electrode 55 is formed on an 
upper Surface and a side Surface of the bank-shaped structure 
65 (see FIG. 62B). At this time, a drain bus line 14, a drain 
electrode 36, a source electrode 38 and a storage capacitor 
electrode 19 are formed at the same time. In this way, the 
reflecting electrode 55 is formed of the same conductive film 
as the drain bus line 14, the drain electrode 36, the source 
electrode 38 and the storage capacitor electrode 19. 
0362 Next, an insulating film 25 made of a silicon oxide 
film is formed on the whole surface by, for example, a CVD 
method (see FIG. 62C). 
0363 Next, the insulating film 25 and the titanium film 31 
are selectively etched, so that a contact hole 28 reaching the 
aluminum film 29 of the reflecting electrode 55 is formed (see 
FIG. 63A). 
0364 Next, a transparent conductive film 27 made of ITO 

is formed on the whole Surface by, for example, the Sputtering 
method (see FIG. 63B). 
0365 Next, the transparent conductive film 27 is pat 
terned, so that an electrode unit 60, a connection electrode 64 
and a contact area 67 are formed (see FIG. 63C). In this way, 
the pixel electrode 16 is formed on the glass substrate 10 of 
the TFT Substrate 2. 
0366. Then, although not shown, subsequently to this, a 
similar process to a manufacture process of a normal liquid 
crystal display device is performed, so that the liquid crystal 
display device according to this embodiment can be com 
pleted. 

Modified Example 
0367. A liquid crystal display device according to a modi 
fied example of the eleventh embodiment of the invention will 
be described with reference to FIG. 64. FIG. 64 is a sectional 
view of the liquid crystal display device according to this 
modified example taken in a direction along a gate bus line. 
0368. In the liquid crystal display device according to this 
modified example, as shown in FIG. 64, similarly to the liquid 
crystal display device according to the fifth embodiment, a 
protruding structure 73 is provided on an opposite electrode 
42 formed on a surface of a CF substrate 4 opposite to a TFT 
substrate 2. 

Twelfth Embodiment 

0369 A liquid crystal display device according to a 
twelfth embodiment of the invention and a method of manu 
facturing the same will be described with reference to FIGS. 
65 to 68C. Incidentally, structural elements similar to those of 
the liquid crystal display device according to the eighth 
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embodiment are denoted by the same reference numerals and 
their description will be omitted or simplified. 
0370 First, the liquid crystal display device according to 
this embodiment will be described with reference to FIGS. 65 
and 66. FIG. 65 is a plan view showing a structure of one pixel 
of the liquid crystal display device according to this embodi 
ment, and FIG. 66 is a sectional view taken along line B-B' of 
FIG. 65. 

0371. The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the eighth embodi 
ment except for an area where reflecting electrodes 55 are 
formed. 
0372. In the liquid crystal display device according to this 
embodiment, as shown in FIG. 65, the reflecting electrodes 55 
are formed in an area where a slit 62 between electrode units 
60 is formed. Similarly to the liquid crystal display device 
according to the eighth embodiment, the reflecting electrodes 
55 are made of the same conductive film as a source electrode 
38. 

0373 The width of the reflecting electrode 55 is slightly 
smaller than the width of the slit 62 so that the electrode unit 
60 does not overlap with the reflecting electrode 55 prefer 
ably. For example, the width of the slit 62 is 8 um, and the 
width of the reflecting electrode 55 is 6 um. 
0374. On the other hand, the reflecting electrode 55 is not 
formed under a connection electrode 64 formed in the same 
layer as the electrode unit 60 and for electrically connecting 
the electrode units 60. 
0375. As shown in FIG. 66, the reflecting electrodes 55 are 
formed on an insulating film 22 formed on a glass Substrate 10 
on which a gate bus line 12 and the like are formed. An 
insulating film 25 is formed on the reflecting electrodes 55 
and the insulating film 22, and the electrode unit 60 is formed 
on the insulating film 25. 
0376. Thereflecting electrodes 55 in the area where the slit 
62 is formed are electrically separated from each other, and 
are in an electrically floating state. 
0377. A main feature of the liquid crystal display device 
according to this embodiment is that the reflecting electrodes 
55 are formed in the area where the slit 62 between the 
electrode units 60 is formed, and the reflecting electrodes 55 
are not electrically connected to each other, but are in the 
floating state where they are electrically separated. 
0378. By forming the reflecting electrodes 55 as stated 
above, differently from an applied Voltage in a transmission 
area where the electrode unit 60 is formed, an effective volt 
age applied to liquid crystal molecules on the reflecting elec 
trodes 55 is caused from only electric field around the elec 
trode unit 60. Thus, the voltage applied to the liquid crystal 
molecules on the reflecting electrodes 55 becomes low. 
Accordingly, the optical effect due to the liquid crystal is 
Suppressed in the reflection area, and even in the case where 
the thickness of the liquid crystal layer in the reflection area is 
made the same as the thickness in the transmission area, 
coloring in the reflection area can be reduced. 
0379 Next, a method of manufacturing the liquid crystal 
display device according to this embodiment will be 
described with reference to FIGS. 67A to 68C. FIGS. 67A to 
68C are process sectional views showing the method of 
manufacturing the liquid crystal display device according to 
this embodiment, and correspond to the section in the direc 
tion along the drain bus line 14 of FIG. 65. Incidentally, in the 
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following, a description will be given to the method up to the 
formation of the pixel electrode 16 on the glass substrate 10 of 
the TFT Substrate 2. 
0380 First, similarly to the case of the third embodiment, 
a gate bus line 12 and a storage capacitor bus line 18 are 
formed on the glass substrate 10. 
0381 Next, an aluminum film 29 is formed on the glass 
substrate 10 on which the gate bus line 12 and the like are 
formed though a not-shown insulating film by, for example, a 
sputtering method (see FIG. 67A). 
0382 Next, a titanium film 31 is formed on the aluminum 
film 29 by, for example, the sputtering method (see FIG. 
67B). 
0383. Next, the titanium film 31 and the aluminum film 29 
are patterned, so that a reflecting electrode 55 is formed (see 
FIG. 67C). At this time, a drain bus line 14, a drain electrode 
36, a source electrode 38 and a storage capacitor electrode 19 
are formed at the same time. In this way, the reflecting elec 
trode 55 is formed of the same conductive film as the drain bus 
line 14, the drain electrode 36, the source electrode 38 and the 
storage capacitor electrode 19. 
0384 Next, an insulating film 25 made of a silicon oxide 
film is formed on the whole surface by, for example, a CVD 
method (see FIG. 67D). 
0385) Next, the insulating film 25 and the titanium film 31 
are patterned so that an opening part 33 reaching the alumi 
num film 29 of the reflecting electrode 55 is formed (see FIG. 
68A). 
0386 Next, a transparent conductive film 27 made of ITO 

is formed on the whole Surface by, for example, the Sputtering 
method (see FIG. 68B). 
0387 Next, the transparent conductive film 27 is pat 
terned, so that an electrode unit 60, a connection electrode 64 
and a contact area 67 are formed (see FIG. 68C). In this way, 
the pixel electrode 16 is formed on the glass substrate 10 of 
the TFT Substrate 2. 
0388 Although not shown, subsequently to this, a process 
similar to a manufacture process of a normal liquid crystal 
display device is performed so that the liquid crystal display 
device according to this embodiment can be completed. 

Thirteenth Embodiment 

0389. A liquid crystal display device according to a thir 
teenth embodiment of the invention will be described with 
reference to FIGS. 69 and 70. FIG. 69 is a plan view showing 
a structure of one pixel of the liquid crystal display device 
according to this embodiment, and FIG.70 is a sectional view 
taken along line A-A of FIG. 69. Incidentally, structural 
elements similar to those of the liquid crystal display device 
according to the third and the eighth embodiments are 
denoted by the same reference numerals, and their description 
will be omitted or simplified. 
0390 The liquid crystal display device according to this 
embodiment includes a pixel electrode 16 similar to the liquid 
crystal display device according to the third embodiment, and 
a reflecting electrode 55 is formed in an area where a slit 62 is 
formed between electrode units 60 constituting the pixel elec 
trode 16 similarly to the liquid crystal display device accord 
ing to the twelfth embodiment. 
0391 That is, as shown in FIGS. 69 and 70, the reflecting 
electrode 55 is formed in the area where the slit 62 between 
the plurality of electrode units 60 disposed in the direction 
parallel to a gate bus line 12 and the direction parallel to a 
drain bus line 14 is formed. 
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0392. In the liquid crystal display device according to this 
embodiment, as compared with the liquid crystal display 
device according to the twelfth embodiment, since the area of 
the slit 62 formed between the electrode units 60 is large, the 
square measure of the reflecting electrode 55 is also large. 

Fourteenth Embodiment 

0393 A liquid crystal display device according to a four 
teenth embodiment of the invention will be described with 
reference to FIGS. 71 and 72. FIG.71 is a plan view showing 
a structure of one pixel of the liquid crystal display device 
according to this embodiment, and FIG.72 is a sectional view 
taken along line A-A of FIG. 71. Incidentally, structural 
elements similar to those of the liquid crystal display device 
according to the twelfth embodiment are denoted by the same 
reference numerals and their description will be omitted or 
simplified. 
0394 The basic structure of the liquid crystal display 
device according to this embodiment is almost the same as the 
liquid crystal display device according to the twelfth embodi 
ment. In the liquid crystal display device according to this 
embodiment, as shown in FIG. 71, as compared with the 
liquid crystal display device according to the twelfth embodi 
ment, an electrode unit 60 is formed to be small. For example, 
the width of the outer periphery of the electrode unit 60 in the 
direction parallel to the gate bus line 12 is, for example, 66 
um. Besides, the width in the direction parallel to the drain 
bus line 14 is, for example, 33 um. 
0395. Since the electrode unit 60 is formed to be small as 
stated above, the electrode unit 60 is not formed in an area 99 
having a predetermined width from a side, parallel to a drain 
bus line 14, of an opening part 98 of a BM for shading an end 
part of a pixel area. For example, the electrode unit 60 is not 
formed in the area 99 having a width of 6 um from the side, 
parallel to the drain bus line 14, of the opening part 98 of the 
BM. 

0396. As shown in FIGS. 71 and 72, in the liquid crystal 
display device according to this embodiment, the reflecting 
electrode 55 is formed in not only the area where the slit 62 
between the electrode units 60 is formed, but also the area 99 
having the predetermined width from the side, parallel to the 
drain bus line 14, of the opening part 98 of the BM, where the 
electrode unit 60 is not formed. 

0397 As stated above, also by forming the reflecting elec 
trode 55 in the area around the electrode unit 60, similarly to 
the liquid crystal display device according to the twelfth 
embodiment, the effective voltage applied to the liquid crystal 
molecules on the reflecting electrode 55 is caused by only the 
electric field around the electrode unit 60. Thus, the voltage 
applied to the liquid crystal molecules on the reflecting elec 
trode 55 becomes small. By this, the optical effect due to the 
liquid crystal is suppressed in the reflection area, and coloring 
in the reflection area can be reduced. 

0398 As described above, according to the third to the 
fourteenth embodiments, the pixel electrode 16 includes the 
plurality of electrode units 60 disposed through the slit and 
electrically connected to each other, and each of the electrode 
units 60 includes the solid part 46 and the plurality of exten 
sion parts extending in the outer peripheral direction of the 
electrode unit 60 from the solid part 46, so that the occurrence 
of brightness difference due to the variation of width of the 
extension parts is Suppressed, the uneven display can be 
reduced, and the excellent display quality can be obtained. 
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0399 Besides, according to the eighth to the fourteenth 
embodiments, since the reflecting electrode 55 is formed by 
patterning the same conductive film as the bus lines 12, 14 and 
18 formed on the substrate or the electrode of the TFT 20, the 
liquid crystal display device having the functions of both the 
reflection type and the transmission type can be manufactured 
at low cost without increasing the number of steps of the 
manufacture process of the transmission type liquid crystal 
display device. 
0400 Besides, according to the tenth and the eleventh 
embodiments, in the reflection area where the reflecting elec 
trode 55 is formed, since the thickness of the liquid crystal 
layer is thinner than that in the other area, coloring in the 
reflection area can be reduced. 

Modified Embodiment 

0401 The invention is not limited to the above embodi 
ments, but can be variously modified. 
0402 For example, in the above embodiments, although 
the description has been given to the case where the end parts 
of the respective branch parts 49 of the electrode unit 60 are 
formed almost in parallel with or vertically to the gate bus line 
12 and the drain bus line 14, and the outer periphery of the 
electrode unit 60 is almost square or rectangular, the shape of 
the end parts of the respective branch parts 49 are not limited 
to these. For example, as shown in FIG. 73A, the end part of 
the branch part 49 may be formed to be vertical to the exten 
sion direction. Besides, as shown in FIG. 73B, the branch part 
49 may be made to have such a shape that the width becomes 
gradually thin from the root part connected to the solid part 46 
or the stem part 48 to the tip part. 
0403 Besides, in the above embodiments, although the 
description has been given to the case where the branch part 
49 extends obliquely so that the angle between the stem part 
48 and the branch part 49, in other words, the angle between 
the side of the outer periphery of the electrode unit 60 and the 
branch part 49 becomes 45°, the extension direction of the 
branch part 49 is not limited to the case as stated above. The 
extension direction of the branch part 49 has only to have an 
angle of 0 to 90° with respect to one side of the outer periph 
ery of the electrode unit 60. Similarly, although the descrip 
tion has been given to the case where the side of the outer 
periphery of the electrode unit 60 and the stem part 48 is 90°, 
the extension direction of the stem part 48 has only to have an 
angle of 0 to 90° with respect to one side of the outer periph 
ery of the electrode unit 60. That is, the extension direction of 
the comb electrode 53 has only to have an angle of 0 to 90° 
with respect to one side of the outer periphery of the electrode 
unit 60. 
0404 Besides, in the above embodiments, although the 
description has been given to the case where the electrode 
units 60 having almost the same shape are disposed in the 
pixel, area, a plurality of electrode units 60 different from 
each other in shape may be combined and disposed. 
0405 Besides, in the above embodiments, although the 
description has been given to the case of the electrode unit 60 
having the square or rectangular outer periphery, the shape of 
the outer periphery of the electrode unit 60 is not limited to 
these. For example, the shape of the outer periphery of the 
electrode unit 60 may be a convex polygon, and at this time, 
the solid part 46 may have the side almost parallel to the side 
of the outer periphery of the electrode unit 60. 
0406 Besides, in the above embodiments, although the 
description has been given to the case where the number of the 
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electrode units 60 in one pixel is 12, 6 or 5, the number of the 
electrode units 60 in one pixel is not limited to these. A 
predetermined number of electrode units 60 can be suitably 
formed in accordance with the size of the pixel area. 
0407 Besides, in the above embodiment, although the 
description has been given to the case where the pixel elec 
trode 16 is made the transparent electrode made of ITO, the 
material of the pixel electrode 16 is not limited to ITO. 
Besides, in the third to the seventh embodiments, the pixel 
electrode 16 may be formed of a conductive film having 
optical reflectivity Such as aluminum, and the reflection type 
liquid crystal display device may be constructed. 
0408 Besides, in the above embodiments, although the 
description has been given to the case where the TFT 20 is 
formed as an active element for driving the liquid crystallayer 
6, the active element is not limited to the TFT 20. For 
example, an MIM (Metal Insulator Metal) transistor or the 
like may be used as the active element. Here, in the case where 
the reflecting electrode 55 is formed as in the case of the 
eighth to the fourteenth embodiments, the reflecting electrode 
55 may be formed by the same conductive film as the elec 
trode of the active element. 
04.09 Besides, in the above embodiments, although the 
description has been given to the liquid crystal display device 
where the CF is formed on the CF substrate 4 disposed to be 
opposite to the TFT substrate 2, the invention is not limited to 
this, but can be applied to a so-called CF-on-TFT structure 
liquid crystal display device in which the CF is formed on the 
TFT Substrate 2. 
0410 Besides, in the eighth to the fourteenth embodi 
ments, although the description has been given to the case 
where the reflecting electrode 55 is formed of the same con 
ductive film as the source electrode 38 or the like, the con 
ductive film forming the reflecting electrode 55 is not limited 
to this. The reflecting electrode 55 may beformed of the same 
conductive film as any one of the gate bus line 12, the drain 
bus line 14, the drain electrode 36 of the TFT 20 and the 
source electrode 38 thereof. Besides, the reflecting electrode 
55 may be formed of a conductive film different from these. 
0411 Besides, in the eighth to the fourteenth embodi 
ments, although the description has been given to the case 
where the shape of the electrode unit 60 is similar to that of 
any one of the liquid crystal display devices according to the 
third to the seventh embodiments, the shape of the electrode 
unit 60 is not limited to these. 
0412 Besides, in the tenth and the eleventh embodiments, 
by providing the bank-shaped structures 69 and 65, in the 
reflection area where the reflecting electrode 55 is formed, the 
thickness of the liquid crystal layer is made thinner than that 
in the other area, however, the shape of the structure for 
thinning the liquid crystal layer is not limited to the bank 
shape. 
0413. As described above, according to the present inven 
tion, it is possible to realize the liquid crystal display device 
which can obtain excellent display characteristics without 
raising manufacture cost. 
What is claimed is: 
1. A liquid crystal display device, comprising: 
a pair of Substrates disposed to be opposite to each other, 
a liquid crystal sealed between the pair of substrates and 

aligned almost vertically to the Substrate when a Voltage 
is not applied; 

a pair of quarter-wave plates respectively disposed at outer 
sides of the pair of substrates; 
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a pair of polarizing plates respectively disposed at outer 
sides of the pair of quarter-wave plates; and 

a pixel area including a reflection area provided with a 
reflecting plate having a reflecting Surface and for 
reflecting light incident from one of the pair of sub 
strates, and a transmission area for causing light incident 
from the other of the pair of substrates to be transmitted 
toward the one of the pair of substrates. 

2. A liquid crystal display device according to claim 1, 
further comprising an optical scattering layer disposed at an 
outer side of the one of the pair of substrates. 

3. A liquid crystal display device according to claim 2, 
wherein the optical scattering layer scatters only light inci 
dent at an incident angle in a specified range. 

4. A liquid crystal display device according to claim 1, 
wherein the reflecting plate is formed of a same formation 
material as an electrode of a thin film transistor formed in the 
pixel area. 

5. A liquid crystal display device according to claim 1, 
wherein the reflecting plate is one electrode of a storage 
capacitor or source/drain formed in the pixel area. 

6. A liquid crystal display device according to claim 1, 
wherein the reflecting plate is disposed to overlap with a pixel 
electrode formed in the pixel area when viewed in a direction 
vertical to a substrate surface. 

7. A liquid crystal display device according to claim 6. 
wherein the reflecting plate is electrically connected to the 
pixel electrode. 

8. A liquid crystal display device according to claim 6. 
wherein the reflecting plate is electrically separated from the 
pixel electrode. 

9. A liquid crystal display device according to claim 1, 
wherein the reflecting plate is disposed not to overlap with a 
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pixel electrode formed in the pixel area when viewed in a 
direction vertical to a substrate surface. 

10. A liquid crystal display device according to claim 1, 
wherein at least a part of the reflecting surface is formed of 
aluminum. 

11. A liquid crystal display device according to claim 10, 
wherein the reflecting plate includes a conductive layer made 
of a material other than aluminum, and an aluminum layer 
which is formed as an under layer of the conductive layer and 
whose Surface is exposed in an area where the conductive 
and/or the insulating layer is removed. 

12. A liquid crystal display device according to claim 11, 
wherein a transparent electrode is formed to cover the alumi 
num layer. 

13. A liquid crystal display device according to claim 11, 
wherein the conductive layer is a titanium layer. 

14. A method of manufacturing a liquid crystal display 
device, comprising the steps of: 

forming an aluminum layer and a conductive layer made of 
a material other than aluminum in this order; 

patterning the conductive layer and the aluminum layer, 
forming an insulating layer on the patterned conductive 

layer; and 
removing the insulating layer on the conductive layer to 

form an opening part, removing the conductive layer 
exposed through the opening part to expose the alumi 
num layer, and forming a reflecting Surface of a reflect 
ing plate. 

15. A method of manufacturing a liquid crystal display 
device according to claim 14, further comprising a step of 
forming a transparent electrode covering the aluminum layer. 

c c c c c 


