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(57) ABSTRACT 

In a liquid crystal display device comprising a ?rst substrate 
101 having a color ?lter, a second substrate 131 and a liquid 
crystal layer disposed therebetWeen, a color ?lter layer 110 
is disposed on a protection ?lm 108 of a thin ?lm transistor 
formed on the ?rst substrate 101 so as to be partitioned by 
a light shielding portion 111, and a common electrode 103 
is disposed thereon. A pixel electrode to be connected to a 
source electrode 107 is disposed through a through hole 
formed in an overcoat layer (interlayer separation ?lm) 112. 
On the ?rst substrate beloW the color ?lter layer 110 are 
provided plural scan signal electrodes, plural video signal 
electrodes crossing the scan signal electrodes in a matrix 
form, plural thin ?lm transistors formed in association With 
the crossing points betWeen the electrodes. Each pixel is 
provided With a common electrode 103 Which is connected 
over plural pixels through a common electrode Wire to 
supply reference potential, and a pixel electrode 114 Which 
is connected to the corresponding thin ?lm transistor and 
disposed so as to confront the common electrode in the pixel 
area. 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an active matrix 
type liquid crystal display device Which thin ?lm transistors 
(TFT) are arranged in a matrix form and these thin ?lm 
transistors are used as sWitching elements. 

[0003] 2. Description of the Related Art 

[0004] An active matrix type TFT (Thin Film Transistor: 
hereinafter abbreviated as “TFT”) liquid crystal display 
device in Which TFTs are formed in a matrix arrangement on 
a glass substrate and these TFTs are used as sWitching 
elements has been developed as a high-quality ?at-face 
display. In a tWisted nematic (hereinafter abbreviated as 
“TN”) type active matrix crystal display device Which has 
been hitherto Widely used, transparent electrodes Which are 
formed on tWo glass substrates so as to confront each other 
are used as electrodes for driving a liquid crystal layer. By 
applying a voltage to liquid crystal molecules Which are 
arranged in parallel to the substrate surface under non 
voltage application state (i.e., “White” display state), the 
direction of the orientation vector of the liquid crystal 
molecules varies from the “White” display state to the 
direction of the electric ?eld in accordance With the applied 
voltage, Whereby the “White” display state is gradually 
varied to a “black” display state. 

[0005] HoWever, the inherent behavior of the liquid crystal 
voltages under voltage-applied state causes a problem that 
the angle of visibility of the TN type liquid crystal display 
device is small. The problem that the angle of visibility is 
small is particularly remarkable in the rise-up direction of 
the liquid crystal molecules under a half tone display state. 

[0006] A technique as disclosed Japanese Laid-open 
Patent Application No. Hei-4-261522 or Japanese Laid-open 
Patent Application No. Hei-6-43461 has been proposed as a 
method of improving the angle-of-visibility characteristic of 
the liquid crystal display device. According to these tech 
niques, a liquid crystal cell in Which liquid crystal molecules 
are homeotropically oriented is created, and it is sandWiched 
betWeen tWo polariZing plates arranged so that the polariZa 
tion axes thereof are perpendicular to each other. As shoWn 
in the draWings of the above publications, a slant electric 
?eld is generated in each pixel by using a common electrode 
having an opening portion to make tWo or more crystal 
liquid domains in each pixel, thereby enhancing the angle 
of-visibility characteristic. In the Japanese Laid-open Patent 
Application No. Hei-4-261522, the slant direction of the 
liquid crystal molecules When the voltage is applied is 
particularly controlled to achieve high contrast. 

[0007] Further, as disclosed in Japanese Laid-open Patent 
Application No. Hei-6-43461, an optical compensator is 
used to enhance the angle-of-visibility characteristic for 
black, as occasion demands. Further, in Japanese Laid-open 
Patent Application No. Hei-6-43461, for not only a homeo 
tropically-oriented type of liquid crystal cell, but also a 
TN-oriented type liquid crystal cell, each pixel is divide into 
tWo or more domains by using slant electric ?eld, thereby 
enhancing the angle-of-visibility characteristic. 
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[0008] Japanese Patent No. Hei-5-505247 proposes an IPS 
(In-Plane-SWitching) type liquid crystal display device in 
Which tWo electrodes are formed on one substrate and a 

voltage is applied across these tWo electrodes to generate 
electric ?eld in parallel to the substrate in order to rotate the 
liquid crystal molecules While keeping the molecules in 
parallel to the substrate. According to this system, the major 
axis of each liquid crystal molecule is prevented from rising 
up With respect to the substrate When the voltage is applied. 
Therefore, the variation of the birefringence of the liquid 
crystal molecules When the direction of the visual angle is 
varied is small, and thus the angle of visibility is large. 

[0009] An IPS type active matrix liquid crystal device in 
Which both of tWo electrodes are provided on one of 
substrates as described above Will be described hereunder. 
The IPS type TFT liquid crystal display device is con 
structed as shoWn in FIGS. 12A and 12B. FIG. 12A is a 
cross-sectional vieW taken along A-A‘ line of a plan vieW of 
FIG. 12B. 

[0010] First, a gate electrode 1202 and a common elec 
trode 1203 are formed of Cr on a glass substrate 1201, and 
then a gate insulating ?lm 1204 of silicon nitride is formed 
so as to cover these electrodes 1202 and 1203. Then, a 
semiconductor ?lm 1205 of amorphous silicon is formed 
through a gate insulating ?lm 1204 on the gate electrode 
1202, and it functions as an active layer of transistors. A 
drain electrode 1206 and a source electrode 1207 are formed 
of molybdenum so as to be superposed over a part of the 
pattern of the semiconductor ?lm 1205, and a protection ?lm 
1208 of silicon nitride is formed so as to cover all the above 
elements. 

[0011] As shoWn in FIG. 12B, 21 one-pixel area is disposed 
betWeen the source electrode 1207 and the draWn-out com 
mon electrode 1203. Thereafter, an orientation ?lm ORI 1 is 
formed on the surface of an active matrix substrate in Which 
a plurality of unit pixels thus constructed are arranged in a 
matrix form. The surface of the orientation ?lm IRI1 is 
subjected to a rubbing treatment. 

[0012] Further, a color ?lter layer 1232 is formed on a 
counter substrate 1231 of glass so as to be partitioned by 
light shielding portions 1233, and a protection ?lm 1234 is 
formed on these elements. An orientation ?lm ORI2 is also 
formed on the surface of the protection ?lm 1234, and the 
surface of the orientation ?lm ORI2 is also subjected to the 
rubbing treatment. 

[0013] The glass substrate 1201 and the counter substrate 
1231 are disposed so that the orientation ?lm ORI1 and the 
orientation ?lm ORI2 are confronted to each other, and 
liquid crystal composition 1240 is disposed betWeen the 
orientation ?lms ORI1 and ORI2. Further, a polariZing plate 
1251 is formed on each of the outer surfaces of the glass 
substrate 1201 and the counter substrate 1231. Each of the 
light shield portions 1233 through Which the color ?lter 
layer 1232 is partitioned is partially disposed on a thin ?lm 
transistor formed of the semiconductor layer 1205. 

[0014] In the active matrix type liquid crystal display 
device thus constructed, When no electric ?eld is applied to 
the liquid crystal composition 1240, liquid crystal molecules 
1241a are kept to be substantially parallel to the extending 
direction of the electrodes, and homogeneously oriented. 
That is, the liquid crystal molecules 1241a are orientated so 
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that the intersecting angle betWeen the direction of the major 
axis (optical axis) of the liquid crystal molecules 1241a and 
the direction of the electric ?eld formed betWeen the source 
electrode 1207 and the draWn-out common electrode 1203 is 
set to a value in the range Which is above 45° and less than 
90°. The glass substrate 1201 and the counter substrate 1231 
arranged so as to confront each other are disposed in parallel 
to the orientation direction of the liquid crystal molecules 
1241a. The permittivity anisotropy of the liquid crystal 
molecules 1241a is set to a positive value. 

[0015] Here, When a voltage is applied to the gate elec 
trode 1202 to sWitch on the thin ?lm transistor (TFT), a 
voltage is applied to the source electrode 1207 to induce 
electric ?eld betWeen the source electrode 1207 and the 
common electrode 503 disposed so as to confront the source 
electrode 1207. The liquid crystal molecules 1241a are 
orientationally turned to liquid crystal molecules 1241b. The 
liquid crystal molecules 1241b are kept to be substantially 
parallel to the direction of the electric ?eld generated 
betWeen the source electrode 1207 and the common elec 
trode 1203 disposed so as to confront the source electrode 
1207. 

[0016] By setting the polariZation transmission axis of the 
polariZing plate 1251 at a predetermined angle, the trans 
mittance of light can be varied by the movement of the liquid 
crystal molecules as described above. 

[0017] As described above, With the IPS type active 
matrix liquid crystal display device, the contrast can be 
given Without any transparent electrode. 

[0018] In the IPS type TFT liquid crystal display device, 
the major axis of the liquid crystal molecules is substantially 
parallel to the ?at surface of the substrate, and it does not rise 
up even When a voltage is applied. Therefore, variation in 
brightness When a vieWing direction is varied is little, and 
thus the visual characteristic is greatly enhanced. 

[0019] Further, a paper (Journal of Applied Physics, Vol. 
45, No. 12(1974) 5466) or Japanese Laid-open Patent Appli 
cation No. Hei-10-186351 discloses such a system that 
liquid crystal molecules having positive permittivity anisot 
ropy are homeotropically oriented perpendicularly to the 
substrate and these molecules are felled and put in parallel 
to the substrate by the electric ?eld directing in parallel to 
the substrate, in addition to an IPS mode. At this time, the 
liquid crystal molecules Which are homeotropically oriented 
due to the direction of the electric ?eld are divided into tWo 
or more areas Which are different in the slant direction of the 
liquid crystal molecules. 

[0020] HoWever, in the IPS system, the color ?lter layer is 
disposed betWeen the liquid crystal layer and the counter 
substrate, and thus the electric ?eld Which Will be formed 
When potential is applied betWeen the source electrode and 
the draWn-out common electrode adversely affects the color 
?lter layer and degrades the display characteristic of the 
active matrix type liquid crystal display device. That is, the 
pigments constituting the color ?lter layer contain sodium 
ions, etc., and thus When electric ?eld is applied to the color 
?lter layer, charges are trapped there and the color ?lter layer 
is charged up. When the color ?lter layer charges up, 
undesired electric ?eld is applied to the liquid crystal 
molecules beloW the charge-up area of the color ?lter layer 
at all times, so that the display characteristic is adversely 
effected. 
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SUMMARY OF THE INVENTION 

[0021] The present invention has been implemented to 
overcome the above problems, and has an object to provide 
a liquid crystal display device Which can suppress occur 
rence of color shade 

[0022] Another object of the present invention is to pro 
vide a manufacturing method Which can easily manufacture 
the liquid crystal display device. 

[0023] In order to attain the above objects, according to a 
?rst aspect of the present invention, there is provided a 
liquid crystal display device including a transparent ?rst 
substrate and a transparent second substrate, and a liquid 
crystal layer and a color ?lter layer sandWiched betWeen the 
transparent ?rst and second substrates, characteriZed in that 
the color ?lter layer is disposed on the ?rst substrate; the 
liquid crystal layer is disposed betWeen the color-?lter layer 
and the second substrate; a plurality of scan signal elec 
trodes, a plurality of video signal electrodes crossing to the 
scan signal electrodes in a matrix form and a plurality of thin 
?lm transistors formed in association With the respective 
crossing points of the scan signal electrodes and the video 
signal electrodes are provided on the ?rst substrate beloW 
the color ?lter layer; at least one pixel is constructed in each 
of areas surrounded by the plural scan signal electrodes and 
the plural video signal electrodes; each pixel has a common 
electrode Which is commonly connected to plural pixels 
through common electrode Wiring to supply reference poten 
tial to the pixels and a pixel electrode Which is connected to 
the corresponding thin ?lm transistor and disposed so as to 
confront the common electrode in a pixel area; the common 
electrode and the pixel electrode are disposed in different 
layers through an interlayer separation ?lm of transparent 
insulating material; electric ?eld having a component Which 
is dominantly parallel to the ?rst substrate is produced in the 
liquid crystal layer by applying a voltage across the common 
electrode and the pixel electrode; and the liquid crystal 
molecules before the voltage are oriented substantially in 
parallel to the ?rst substrate. 

[0024] According to a second aspect of the present inven 
tion, there is provided a liquid crystal display device includ 
ing a transparent ?rst substrate and a transparent second 
substrate, and a liquid crystal layer and a color ?lter layer 
sandWiched betWeen the transparent ?rst and second sub 
strates, characteriZed in that the color ?lter layer is disposed 
on the ?rst substrate; the liquid crystal layer is disposed 
betWeen the color ?lter layer and the second substrate; a 
plurality of scan signal electrodes, a plurality of video signal 
electrodes crossing to the scan signal electrodes in a matrix 
form and a plurality of thin ?lm transistors formed in 
association With the respective crossing points of the scan 
signal electrodes and the video signal electrodes are pro 
vided on the ?rst substrate beloW the color ?lter layer; at 
least one pixel is constructed in each of areas surrounded by 
the plural scan signal electrodes and the plural video signal 
electrodes; each pixel has a common electrode Which is 
commonly connected to plural pixels through common 
electrode Wiring to supply reference potential to the pixels 
and a pixel electrode Which is connected to the correspond 
ing thin ?lm transistor and disposed so as to confront the 
common electrode in a pixel area; the common electrode and 
the pixel electrode are disposed in different layers through an 
interlayer separation ?lm of transparent insulating material; 
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electric ?eld having a component Which is dominantly 
parallel to the ?rst substrate is produced in the liquid crystal 
layer by applying a voltage across the common electrode 
and the piXel electrode; and the liquid crystal molecules 
before the voltage are oriented substantially vertically to the 
?rst substrate. 

[0025] Accordingly, under the electric ?eld produced by 
applying the voltage across the common electrode and the 
piXel electrode, the liquid crystal in the liquid crystal layer 
is automatically divided into tWo or more areas, and felled 
so as to be parallel to the substrate, so that the electric ?eld 
occurring in the liquid crystal layer has no effect on the color 
?lter layer. 

[0026] In the liquid crystal display device of the present 
invention, at least one of the common electrode and the piXel 
electrode may be formed of a transparent conductive ?lm in 
order to suppress reduction of the opening degree. Further, 
the liquid crystal display device may be designed so that the 
piXel electrode is formed of a transparent conductive ?lm, 
the common electrode is formed of metal such as Cr or the 
like and the light shielding layer for shielding TFT from 
light is formed of the same layer as the common electrode. 

[0027] Further, the liquid crystal display device of the 
present invention has at least one optical compensator 
betWeen the polariZing plate and the liquid crystal cell to 
enhance the angle-of-visibility characteristic. An optically 
negative compensator is preferably used as the compensator 
from the vieWpoint of offsetting the variation of retardation 
When the display device is vieWed from a slant direction 
because the liquid crystal molecules under non-voltage 
application state are homeotropically oriented. The same 
effect can be obtained by forming the compensator of one 
?lm Which is created by a biaXial stretching (orientation) 
method or the like, or by superposing tWo or more one 
aXially stretched (oriented) ?lms on each other and using the 
result as a substantially optically negative one-axial com 
pensator. Further, the initial orientation is set to the vertical 
orientation in principal, hoWever, When the orientation 
direction is displaced to some direction due to characteristics 
of elements, a ?lm having positive optical anisotropy may be 
attached to compensate the displacement. 

[0028] Further, in the liquid crystal display device of the 
present invention, a transparent conductive ?lm may be 
provided to the opposite side to the liquid crystal layer of the 
second substrate to avoid an adverse effect of static elec 
tricity or the like on the display. 

[0029] According to a method of manufacturing a liquid 
crystal display device, an initial orientation is controlled by 
applying a voltage across a common electrode and a piXel 
electrode, and then polymeriZable monomers or olygomers 
Which are miXed in a small amount in liquid crystal are 
polymeriZed to make the initial orientation of the liquid 
crystal further sure. When the initial orientation is con 
trolled, the temperature may be loWered While applying a 
voltage across the common electrode and the piXel electrode 
the liquid crystal layer is made isotropic by heating, or the 
voltage may be merely applied across the common electrode 
and the piXel electrode. Further, the reaction of the mono 
mers may be induced before the liquid crystal layer is made 
isotropic by heating or during the heating. When the initial 
orientation is controlled by applying the voltage across the 
common electrode and the piXel electrode at room tempera 
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ture, the reaction may be induced before the application of 
the voltage or after the application of the voltage. 

[0030] Further, the method of manufacturing the liquid 
crystal display device according to the present invention, a 
pretilt angle control Which is conformed With a divisional 
shape is beforehand performed on the substrate by a rubbing 
or optical orienting method, thereby making the control of 
the initial orientation extremely sure, and also in order to 
prevent disturbance of this orientation due to application of 
a driving voltage, polymeriZable monomers or olygomers 
Which are miXed in a small amount in liquid crystal are 
polymeriZed, thereby achieving more excellent effect. Still 
further, in the case of the optical orientation, the division can 
be more surely maintained under driving operation by 
polymeriZing the polymeriZable monomers or olygomers 
Which are miXed in a small amount in the liquid crystal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIGS. 1A and 1B are cross-sectional vieW and 
plan vieW shoWing a liquid crystal display device according 
to a ?rst mode of the present invention; 

[0032] FIGS. 2A to 2E are cross-sectional vieWs shoWing 
a manufacturing method of the liquid crystal display device 
according to the ?rst mode; 

[0033] FIGS. 3F and 3G are cross-sectional vieWs shoW 
ing subsequent steps of the manufacturing method of FIGS. 
2A to 2E; 

[0034] FIGS. 4A and 4B are cross-sectional vieW and 
plan vieW shoWing a liquid crystal display according to a 
second mode of the present invention; and 

[0035] FIGS. 5A to 5C are plan vieW and cross-sectional 
vieW shoWing the construction of a liquid crystal display 
device according to a third mode of the present invention; 

[0036] FIGS. 6a to 6E are cross-sectional vieW shoWing a 
method of manufacturing a liquid crystal display device 
according to the third mode; 

[0037] FIGS. 7A to 7C are plan vieW and cross-sectional 
vieW shoWing the construction of a liquid crystal display 
device according to a fourth mode of the present invention; 

[0038] FIGS. 8A to SE are cross-sectional vieWs shoWing 
a method of manufacturing a liquid crystal display device 
according to the fourth mode; 

[0039] FIGS. 9A and 9B are plan vieW and cross-sec 
tional vieW shoWing the construction of a liquid crystal 
display device according to a ?fth mode of the present 
invention; 
[0040] FIGS. 10A to 10C are step diagrams shoWing a 
method of rubbing treatment in the ?fth mode; 

[0041] FIGS. 11A to 11C are step diagrams shoWing 
another method of the rubbing treatment of the ?fth mode; 
and 

[0042] FIGS. 12A and 12B are diagrams shoWing the 
construction of a conventional IPS type TFT liquid crystal 
display device. 

DETAILED DESCRIPTION OF THE 
PREFERRED MODES 

[0043] Preferred modes according to the present invention 
Will be described hereunder With reference to the accompa 
nying draWings. 
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[0044] [First Mode] 
[0045] First, a liquid crystal display device according to a 
?rst mode Will be described With reference to FIGS. 1A and 
1B. FIG. 1A is a cross-sectional vieW of AA‘ line of a plan 
vieW of FIG. 1B. 

[0046] In the liquid crystal display device according to the 
?rst mode, a gate electrode (scan signal electrode) 102 
formed of Cr is disposed on a glass substrate 101, and a gate 
insulating ?lm 104 of silicon nitride is formed so as to cover 
the gate electrode 102. 

[0047] Further, a semiconductor ?lm 105 of amorphous 
silicon is disposed through the gate insulating ?lm 104 on 
the gate electrode 102, and it is designed to function as an 
active layer of a thin ?lm transistor (TFT). Further, a drain 
electrode 106 and a source electrode 107 are formed of 
molybdenum so as to be overlapped With a part of the pattern 
of the semiconductor ?lm 105, and a protection ?lm 108 is 
formed of silicon nitride so as to cover all the above 
elements. As not shoWn, each of the drain electrode 106 and 
the source electrode 107 is overlapped With a part of the 
pattern of the semiconductor ?lm 105 through an amorphous 
silicon ?lm doped With n-type impurities. As shoW in FIG. 
1B, the drain electrode 106 is connected to a data line (video 
signal electrode) 106a. In other Words, the drain electrode 
106 is formed as a part of the data line 106a. 

[0048] In the ?rst mode, a color ?lter layer 110 is disposed 
on the protection ?lm 108 so as to be partitioned by a light 
shielding portion 111. The surfaces of the color ?lter layer 
110 and the light shielding portion 111 are covered by an 
overcoat layer (interlayer separation ?lm) 112. The overcoat 
layer 112 is formed of a transparent insulating material 
Which is hard to charge up. 

[0049] A pixel electrode 114 connected to the source 
electrode 107 through a through hole Which is formed so as 
to penetrate through the protection ?lm 108, the light 
shielding portion 111 and the overcoat layer 112 is disposed 
on the overcoat layer 112. On the plane, a common electrode 
103 draWn out from a common electrode Wire 103a isformed 
so as to confront the pixel electrode 114 in a one-pixel area. 
Here, the common electrode 103 is disposed on the light 
shielding portion 111 so as to be covered by the overcoat 
layer 112. 

[0050] Accordingly, in the ?rst mode, the common elec 
trode 103 is disposed on the color ?lter layer 110 and the 
pixel electrode 114 is disposed on the overcoat layer 112 
Which is formed so as to cover the common electrode 103 

and the color ?lter layer 110. Each pixel is formed in an area 
sandWiched betWeen the pixel electrode 114 and the com 
mon electrode 103. 

[0051] Further, an orientation ?lm 115 is formed on the 
surface of the active matrix substrate in Which the unit pixels 
are arranged in a matrix form as described above, that is, on 
the overcoat layer 112 having the pixel electrode 114 formed 
thereon. The surface of the orientation ?lm 115 is subjected 
to the rubbing treatment. 

[0052] An orientation ?lm 132 is also formed on a counter 
substrate 131 of glass, and the surface of the orientation ?lm 
132 is also subjected to the rubbing treatment. 

[0053] The glass substrate 101 and the counter substrate 
131 are disposed so that the orientation ?lm 115 and the 
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orientation ?lm 132 are confronted to each other, and a 
liquid crystal composition layer 140 is disposed betWeen the 
counter substrate 131 and the orientation ?lm 115. Apolar 
iZing plate 151 is formed on the outer surface of each of the 
glass substrate 101 and the counter substrate 131. The light 
shielding portion 111 through Which the color ?lter layer 110 
is partitioned is disposed so as to be partially superposed on 
each ?lm transistor formed of the semiconductor ?lm 105. 

[0054] In the TFT liquid crystal device thus constructed, 
When no electric ?eld is applied to the liquid crystal com 
position layer 140, the liquid crystal molecules in the liquid 
crystal composition layer 140 are kept substantially in 
parallel to the extending direction of the electrodes, and 
homogeneously orientated. That is, the liquid crystal mol 
ecules are oriented so that the intersection angle betWeen the 
major axis (optical axis) of the liquid crystal molecules and 
the electric ?eld direction formed betWeen the pixel elec 
trode 114 and the common electrode 103 is set to be above 
45° and less than 90°, for example. The glass substrate 101 
and the counter substrate 131 disposed so as to confront each 
other are in parallel to the orientation direction of the liquid 
crystal molecules. The permittivity anisotropy of the liquid 
crystal molecules is set to a positive value. 

[0055] Here, When a voltage is applied to the gate elec 
trode 102 to sWitch on the thin ?lm transistor (TFT), a 
voltage is applied to the source electrode 107 to induce 
electric ?eld betWeen the pixel electrode 114 and the com 
mon electrode 103 disposed so as to confront the pixel 
electrode 114. The electric ?eld keeps the liquid crystal 
molecules 141 substantially in parallel to the direction of the 
electric ?eld formed betWeen the pixel electrode 114 and the 
common electrode 103. By setting the polariZation trans 
mission axis of the polariZing plate 151 at a predetermined 
angle, the light transmittance can be varied due to the motion 
of the liquid crystal molecules as described above. 

[0056] Next, a method of manufacturing the liquid crystal 
display device according to the ?rst mode Will be brie?y 
described. 

[0057] A Cr ?lm is ?rst formed, and subjected to a 
patterning treatment by using Well-known photolithography 
technique and etching technique, thereby forming the gate 
electrode on the glass substrate 101 as shoWn in FIG. 2A. 

[0058] Subsequently, as shoWn in FIG. 2B, the gate insu 
lating ?lm 104 of silicon nitride is formed on the glass 
substrate 101 (and on the gate electrode 102), and the 
semiconductor ?lm 105 of amorphous silicon is formed on 
the gate electrode 102 through the gate insulating ?lm 104. 
The semiconductor ?lm 105 may be formed by depositing 
amorphous silicon on the gate insulating ?lm 104 and then 
patterning the amorphous silicon ?lm by the Well-known 
photolithography technique and etching technique. 

[0059] Subsequently, the drain electrode 106 and the 
source electrode 107 are formed of molybdenum so as to be 
overlapped With a part of the pattern of the semiconductor 
?lm 105 as shoWn in FIG. 2C. Thereafter, the protection 
?lm 108 is formed on the gate insulating ?lm 104 so as to 
cover the drain electrode 106, the source electrode 107 and 
the semiconductor ?lm 105 as shoWn in FIG. 2D. 

[0060] Subsequently, as shoWn in FIG. 2E, the color ?lter 
layer 110 and the light shielding portion 111 are formed on 
the protection ?lm 108, and then the common electrode 103 
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of aluminum is formed on the light shielding portion 111 by 
the photolithography technique and the etching technique. 
The color ?lter layer 110 is formed of a resin ?lm containing 
red, green or blue dye or pigment. The light shielding 
portion 111 may be formed of a resin ?lm containing black 
dye or pigment. Alternatively, the light shielding portion my 
be formed of metal. 

[0061] The color ?lter layer 110 may be formed by using 
a pigment-dispersed resist in Which pigment having a 
desired optical characteristic such as red or the like is 
dispersed in negative type photosensitive resin containing 
acrylic resin as a base. First, the pigment-dispersed resist is 
coated on the protection ?lm 108 to form a resist ?lm 
thereof. Subsequently, the resist ?lm is exposed to light by 
using a photomask so that the light is selectively irradiated 
to predetermined areas, that is, pixel areas arranged in a 
matrix form. After the exposure step, the result is developed 
With predetermined developing liquid to form a predeter 
mined pattern. These steps are repeated three times for three 
colors of red, green and blue for example, thereby forming 
the color ?lter layer 110. 

[0062] Subsequently, an overcoat layer 112 of transparent 
insulating material is formed on the color ?lter layer 110 and 
the light shielding portion 111 as Well as the common 
electrode 103 as shoWn in FIG. 3F. The overcoat layer 112 
may be formed of thermosetting resin such as acrylic resin 
or the like. Alternatively, photocurable transparent resin may 
be used for the overcoat layer 112. 

[0063] Subsequently, a through hole is formed and then 
the pixel electrode 114 to be connected to the source 
electrode 107 through the through hole is formed on the 
overcoat layer 112 as shoWn in FIG. 3G. 

[0064] Thereafter, the orientation ?lm 115 is formed, and 
then the liquid crystal composition layer 140 is formed. 
Besides, the polariZing plate 151 is formed on one surface of 
the counter substrate 131, and the orientation ?lm 132 is 
formed on the opposite surface of the counter substrate 131 
to the polariZing-plate formed surface. Thereafter, the liquid 
crystal composition layer 140 is hermetically ?lled betWeen 
the glass substrate 101 and the counter substrate 131 through 
a sealing member containing a gap member, thereby com 
pleting the liquid crystal display device as shoWn in FIG. 1. 

[0065] As described above, according to the ?rst mode, 
electric ?eld is formed betWeen the pixel electrode 114 
disposed on the color ?lter layer 110 and the common 
electrode 103 disposed so as to confront the pixel electrode 
114, Whereby the liquid crystal molecules 141 disposed on 
the above electrodes are driven. 

[0066] Therefore, according to the ?rst mode, the color 
?lter layer 110 and the liquid crystal composition layer 140 
are disposed so as to sandWich the pixel electrode 114 and 
the common electrode 103 therebetWeen. Accordingly, the 
electric ?eld Which is induced by the pixel electrode 114 and 
the common electrode 103 to move the liquid crystal mol 
ecules 141 has no effect on the color ?lter layer 110. 

[0067] Above the common electrode 103, the liquid crys 
tal composition layer 140 is formed on the overcoat layer 
112, hoWever, the overcoat layer 112 is little charged up. 

[0068] As described above, according to the ?rst mode, it 
is prevented from applying undesired electric ?eld to the 
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liquid crystal composition layer 140 from the upper and 
loWer sides, so that the deterioration of the display charac 
teristic can be suppressed unlike the prior art. 

[0069] Further, the pixel electrode 114 and the common 
electrode 103 and the common electrode Wire 103a are 
formed through the overcoat layer 112, and the pixel elec 
trode 114 and the common electrode Wire 103a are pre 
vented from coming into contact With each other. 

[0070] [Second Mode 2] 
[0071] First, a liquid crystal display device according to a 
second mode of the present invention Will be described With 
reference to FIGS. 4A and 4B. FIG. 4A is a cross-sectional 
vieW of BB‘ line of FIG. 4B. 

[0072] In the liquid crystal display device of the second 
mode, a gate electrode 402 of Cr is disposed on a glass 
substrate 401, and a gate insulating ?lm 404 of silicon 
nitride so as to cover the gate electrode 402. 

[0073] A semiconductor ?lm 405 of amorphous silicon is 
disposed on the gate electrode 402 through the gate insu 
lating ?lm 404, and it functions as an active layer of the thin 
?lm transistor. 

[0074] A drain electrode 406 and a source electrode 407 
are formed of molybdenum so as to be overlapped With a 
part of the pattern of the semiconductor ?lm 405, and a 
protection ?lm 408 of silicon nitride is formed so as to cover 
all the above electrodes. As not shoWn, each of the drain 
electrode 406 and the source electrode 407 is overlapped 
With a part of the pattern of the semiconductor ?lm 405 
through an amorphous silicon ?lm doped With n-type impu 
rities. As shoWn in FIG. 4B, the drain electrode 406 is 
connected to a data line 406a. The above structure is the 
same as the ?rst mode. 

[0075] In the second mode, the color ?lter layer 410 is 
disposed on the protection ?lm 408, and the color ?lter layer 
410 is covered by the overcoat layer 412. The overcoat layer 
412 is formed of transparent material such as acrylic resin or 
the like Which is hard to charge up. 

[0076] A pixel electrode 414 is disposed on the overcoat 
layer 412 so as to be connected to a draW-out electrode 407a 
draWn out from the source electrode 407. Tie pixel electrode 
414 is connected to the draW-out electrode 407a through a 
through hole Which penetrates through the protection ?lm 
408, and the overcoat layer 412. The pixel electrode 414 is 
formed of a transparent electrode of ITO (In2O3:Sn), and it 
is disposed at the center of a one-pixel area so as to divide 
the one-pixel area into substantially equal tWo parts. 

[0077] Further, the common electrode Wire 403 is formed 
so as to surround the one-pixel area. The common electrode 
Wire 403 is disposed on the color ?lter layer 410 so as to be 
covered by the overcoat layer 412. VieWed from the upper 
side, the common electrode Wire 403 is disposed so as to 
hide the drain electrode 406, the data line 406a, the source 
electrode 407 and the gate electrode 402 disposed as the 
loWer layers of the common electrode Wire 403 and the TFTs 
constructed by the above elements, Whereby the common 
electrode Wire 403 also serves as a light shielding layer. 

[0078] An orientation ?lm 415 is formed on the surface of 
the active matrix substrate in Which the unit pixels thus 
constructed are arranged in a matrix form, that is, on the 
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overcoat layer having the pixel electrode 414 formed 
thereon. The surface of the orientation ?lm 415 is subjected 
to the rubbing treatment. 

[0079] In addition, an orientation ?lm 432 is formed on a 
counter substrate 41 of glass, and the surface of the orien 
tation ?lm 432 is subjected to the rubbing treatment. The 
glass substrate 401 and the counter substrate 431 are dis 
posed so that the orientation ?lm 415 and the orientation ?lm 
432 are confronted to each other, and a liquid crystal 
composition layer 440 is disposed betWeen the orientation 
?lm 415 and the orientation ?lm 432. Further, a polarizing 
plate 451 is formed on the outer surface of each of the glass 
substrate 401 and the counter substrate 431. 

[0080] As described above, in the second mode, as in the 
case of the ?rst mode, the common electrode Wire 403 is 
disposed on the color ?lter layer 410, and the pixel electrode 
414 is disposed on the overcoat layer 412 Which is formed 
so as to cover the common electrode Wire 403 and the color 
?lter layer 410. In this case, the common electrode Wire 403 
also serves as a common electrode as in the case of the ?rst 

mode. Further, in the second mode, each pixel is constructed 
by an area surrounded by the common electrode Wire 403 
formed in a grid shape, and the pixel electrode 414 is 
disposed so as to pass through the center portion of the area 
and partition the area into equal tWo parts. 

[0081] In the TFT liquid crystal display device thus con 
structed, When no electric ?eld is applied to the liquid crystal 
composition layer 440, the liquid crystal molecules in the 
liquid crystal composition layer 440 are kept substantially in 
parallel to the extending direction of these electrodes. That 
is, the liquid crystal molecules are disposed so that the 
intersecting angle betWeen the direction of the major axis 
(optical axis) of the liquid crystal molecules and the direc 
tion of the electric ?eld formed betWeen the pixel electrode 
414 and the common electrode Wire 403 is set to be above 
45 degrees and less than 90 degrees. The orientation direc 
tion of the glass substrate 401 and the counter substrate 431 
disposed so as to confront each other is set to be parallel to 
the orientation direction of the liquid crystal molecules. The 
permittivity anisotropy of the liquid crystal molecules is set 
to a positive value. 

[0082] Here, When a voltage is applied to the gate elec 
trode 402 to sWitch on the thin ?lm transistor (TFT), the 
voltage is applied to the source electrode 407 to induce the 
electric ?eld betWeen the pixel electrode and the common 
electrode Wire 403 disposed so as to confront the pixel 
electrode 414. The electric ?eld keeps the liquid crystal 
molecules 441 substantially in parallel to the direction of the 
electric ?eld formed betWeen the pixel electrode 414 and the 
common electrode Wire 403. By disposing the polariZation 
transmission axis of the polariZing plates 451 at a predeter 
mined angle, the light transmittance can be varied due to the 
motion of the liquid crystal molecules as described above. 

[0083] As described above, in the second mode, the elec 
tric ?eld is formed betWeen the pixel electrode 414 disposed 
on the color ?lter layer 410 and the common electrode Wire 
403 disposed so as to confront the pixel electrode 414, 
thereby driving the liquid crystal molecules 441 disposed on 
these electrodes. 

[0084] That is, in the second mode, the color ?lter layer 
410 and the liquid crystal composition layer 440 are dis 
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posed so as to sandWich the pixel electrode 414 and the 
common electrode Wire 403 therebetWeen. Accordingly, the 
electric ?eld Which is formed by the pixel electrode 414 and 
the common electrode Wire 403 to move the liquid crystal 
molecules 441 has no effect on the color ?lter layer 410. 

[0085] Above the common electrode Wire 403, the liquid 
crystal composition layer 440 is formed on the overcoat 
layer 412, hoWever, the overcoat layer 412 is little charged 
up. 

[0086] As described above, according to the second mode, 
it can be prevented that undesired electric ?eld is applied to 
the liquid crystal composition layer 440 from the upper and 
loWer sides at all times. Therefore, unlike the prior art, the 
deterioration of the display characteristic can be suppressed. 

[0087] The pixel electrode 414 and the common electrode 
Wire 403 are formed through the overcoat layer 412, so that 
the pixel electrode 414 and the common electrode Wire 403 
are prevented from coming into contact With each other. 
According to the second mode, the common electrode Wire 
403 serves as a light shielding layer, so that the manufac 
turing process of the color ?lter layer can be simpli?ed. 

[0088] According to the ?rst and second modes, a pair of 
common electrode and pixel electrode are provided for one 
pixel, hoWever, the present invention is not limited to the 
above modes. Plural pairs of common electrodes and pixel 
electrodes may be provided in each pixel area. For example, 
the electrodes may be designed in a comb-shape and dis 
posed so as to confront each other. With this structure, the 
distance betWeen the pixel electrode and the common elec 
trode can be shortened even When each pixel is large, and 
thus the voltage applied to drive the liquid crystal can be 
reduced. 

[0089] [Third Mode] 
[0090] Next, a liquid crystal display device according to a 
third mode of the present invention Will be described With 
reference to FIGS. 5A to SC. FIG. 5A is a plan vieW 
shoWing some pixels of the liquid crystal display device, and 
FIGS. 5B and 5C are cross-sectional vieWs taken along 
A-A‘ line and B-B‘ line of FIG. 5A. 

[0091] The liquid crystal display device of the third mode 
is the same as the ?rst mode in that a gate electrode 505 is 
formed on a glass substrate 501, a thin ?lm transistor 
comprising a drain electrode 506 and a source electrode 507 
is formed through a gate insulating ?lm 504, and a passi 
vation ?lm 512 is formed on the thin ?lm transistor. Further, 
a color ?lter layer 517 is formed on the passivation ?lm 512, 
and a ?rst overcoat layer 513 is formed so as to cover the 
color ?lter layer 513. The overcoat layer 513 is formed of a 
transparent insulating ?lm Which is hard to be charged up. 

[0092] On the ?rst overcoat layer 513 is disposed a pixel 
electrode 508 connected to the source electrode 507 through 
a through hole Which is formed so as to penetrate through the 
passivation ?lm 512 and the ?rst overcoat layer 513. 

[0093] Asecond overcoat layer 514 is further formed so as 
to cover all the above elements, and a common electrode 509 
draWn out through a common electrode Wire is formed on 
the second overcoat layer 514. Here, in order to enable the 
electric ?eld betWeen the common electrode 509 and the 
pixel electrode to be applied to the liquid crystal layer 515, 
the second overcoat layer 513 is preferably made thin so as 
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to have a thickness of about 0.1 to 1 pm, and further it may 
be formed of a material having a high permittivity (dielectric 
constant). 
[0094] Accordingly, in the third mode, the pixel electrode 
508 is provided on the ?rst overcoat 513 disposed on the 
color ?lter 517, and the common electrode 509 is disposed 
on the second overcoat layer Which is formed so as to cover 
the above elements. The gap betWeen the pixel electrode 508 
and the common electrode 509 forms one pixel. The com 
mon electrode 509 is disposed on the Wire and TFT, and it 
serves as a light shielding member as in the case of the 
second mode. 

[0095] The third mode is similar to the ?rst mode in that 
the orientation ?lms are formed on the surface of the active 
matrix substrate on Which the unit pixels designed as 
described above are disposed in a matrix arrangement and 
on the surface of the counter substrate, both the substrates 
are subjected to rubbing treatment in a predetermined direc 
tion and the liquid crystal is driven by using laterally 
directing electric ?eld occurring betWeen the pixel electrode 
and the common electrode disposed on the active matrix 
substrate to thereby vary the light transmissivity. The liquid 
crystal layer 515 is sandWiched betWeen the counter sub 
strate 516 and the second overcoat layer 514. 

[0096] Next, a method of manufacturing the liquid crystal 
display device according to the third mode described above 
Will be brie?y described. 

[0097] As in the case of the ?rst mode, as shoWn in FIG. 
6A, a thin ?lm transistor is formed on the glass substrate, the 
passivation ?lm 512 for protecting the thin ?lm transistor 
and the glass substrate is deposited, and then a color ?lter is 
formed by using pigment-dispersed type photosensitive 
acrylic resin or the like. 

[0098] Subsequently, as shoWn in FIG. 6B, the ?rst over 
coat layer is formed by using transparent photosensitive 
acrylic resin or the like, a through hole 518 is formed in the 
?rst overcoat layer and at the same time a through hole is 
formed on the passivation ?lm 512. 

[0099] Subsequently, as shoWn in FIG. 6C, the pixel 
electrode 508 to be connected to the source electrode 508 
through the through hole 518 is formed on the ?rst overcoat 
layer by using ITO or the like. 

[0100] Subsequently, as shoWn in FIG. 6D, the second 
overcoat layer is formed. When the second overcoat ?lm is 
formed of a photosensitive organic ?lm by using a coating 
method or the like, the through hole 508 is ?attened, and 
both of the pixel electrode and the common electrode can be 
prevented from being short-circuited to each other. There 
fore, this method is preferable. 

[0101] Thereafter, as shoWn in FIG. 6E, the common 
electrode 509 is formed of chrome/molybdenum or the like. 

[0102] As described above, according to the third mode, 
undesired electric ?eld is prevented from being applied to 
the liquid crystal layer 515 from the upper and loWer sides 
at all times, and thus the device of the third mode has such 
a structure that the display deterioration hardly occurs unlike 
the prior art. Further, since the through hole on the ?rst 
overcoat layer is ?attened by the second overcoat layer, the 
short-circuit betWeen the pixel electrode and the common 
electrode can be prevented. 
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[0103] [Fourth Model] 
[0104] Next, the liquid crystal display device according to 
the fourth mode of the present invention Will be described 
With reference to FIG. 7. FIG. 7A is a plan vieW shoWing 
some pixel of the liquid crystal display device, and FIGS. 
7B and 7C are cross-sectional vieWs taken along A-A‘ line 
and B-B‘ line of FIG. 7A, respectively. 

[0105] In the liquid crystal display device according to the 
fourth mode of the present invention, the manufacturing 
processing thereof is the same as the ?rst mode in that a gate 
electrode 705 is formed on a TFT glass substrate, a thin ?lm 
transistor comprising a drain electrode 706 and a source 
electrode 707 is formed through a gate insulating ?lm 704, 
and a passivation ?lm 712 is formed on the thin ?lm 
transistor. A color ?lter layer 717 is formed on the passiva 
tion ?lm 712, and a ?rst overcoat layer 713 is formed so as 
to cover the color ?lter layer 717. The overcoat layer 713 is 
formed of a transparent insulting material Which is hardly 
charged up. A common electrode 709 draWn out through a 
common electrode Wire is formed on the passivation ?lm 
712 and the ?rst overcoat layer 713. Further, a second 
overcoat layer 714 is formed so as to cover the above 
elements, and a pixel electrode to be connected to the source 
electrode 707 through a through hole penetrating through the 
second overcoat layer is disposed. 

[0106] Here, in order to enable the electric ?eld betWeen 
the common electrode and the pixel electrode from being 
applied to the liquid crystal layer 715, it is preferable that the 
second overcoat layer is made thin so as to have a thickness 
of about 0.1 to 1 pm and formed of a material having a high 
permittivity. 

[0107] Accordingly, in the fourth mode, the common 
electrode 709 is disposed on the ?rst overcoat 713 on the 
color ?lter 717, and the pixel electrode 708 is disposed on 
the second overcoat layer formed so as to cover the ?rst 
overcoat 713 and the common electrode 709. The area 
sandWiched betWeen the pixel electrode 709 and the com 
mon electrode 709 forms one pixel. The common electrode 
709 is disposed on the Wire and TFT, and it serves as a light 
shielding member as in the case of the second mode. 

[0108] The fourth mode is similar to the ?rst mode in that 
the orientation ?lms are formed on the surface of the active 
matrix substrate on Which the unit pixels designed as 
described above are disposed in a matrix arrangement and 
on the surface of the counter substrate, both the substrates 
are subjected to rubbing treatment in a predetermined direc 
tion and the liquid crystal is driven by using laterally 
directing electric ?eld occurring betWeen the pixel electrode 
and the common electrode disposed on the active matrix 
substrate to thereby vary the light transmissivity. The liquid 
crystal layer 715 is sandWiched betWeen the counter sub 
strate 716 and the second overcoat layer 714. 

[0109] Next, a method of manufacturing the liquid crystal 
display device according to the fourth mode described above 
Will be brie?y described. 

[0110] As in the case of the ?rst mode, as shoWn in FIG. 
8A, a thin ?lm transistor is formed on the glass substrate 
710, the passivation ?lm 712 for protecting the thin ?lm 
transistor and the glass substrate is deposited, and then a 
color ?lter is formed by using pigment-dispersed type pho 
tosensitive acrylic resin or the like. 


















