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(57) ABSTRACT 

The liquid crystal display device includes an active matrix 
Substrate, a counter Substrate having a counter electrode, and 
a liquid crystal layer interposed between the active matrix 
Substrate and the counter Substrate. The liquid crystal dis 
play device further includes a plurality of Scanning lines, a 
plurality of Signal lines formed perpendicular to the plurality 
of Scanning lines, Switching elements formed in the vicinity 
of crossings of the plurality of Scanning lines ad the plurality 
of Signal lines, a plurality of pixel electrodes connected to 
the corresponding Signal lines via the Switching elements, 
and a plurality of Supplemental capacitance lines formed in 
parallel with the corresponding Scanning lines, wherein the 
pixel electrodes are formed over the corresponding Scanning 
lines, and divisions of the adjacent pixel electrodes along the 
Signal lines are located above the corresponding Supplemen 
tal capacitance lines. 

16 Claims, 13 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY DEVICE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a liquid crystal display 
device which is used as a display of a computer, a TV Set, 
and the like, for example, and includes Switching elements 
Such as thin film transistors (hereinbelow, referred to as 
TFTS) as addressing elements. 

2. DESCRIPTION OF THE RELATED ART: 

FIG. 11 is an exemplary equivalent circuit of a conven 
tional TFT type liquid crystal display device using TFTs as 
Switching elements. Pixel electrodes 6 are formed in a 
matrix, and TFTS 1 as Switching elements are connected to 
the respective pixel electrodes 6. A gate electrode of each 
TFT1 is connected to a gate line 2 as a Scanning line So that 
the TFT 1 can be driven under control of a gate signal input 
to the gate electrode Via the gate line 2. A Source electrode 
of the TFT 1 is connected to a source line 3 as a signal line 
So that a data (display) Signal can be input to the corre 
sponding pixel electrode 6 via the TFT 1 when the TFT 1 is 
being driven. Such gate lines 2 and Source lines 3 are 
provided perpendicular to each other along the peripheries 
of the pixel electrodes 6 arranged in a matrix. A drain 
electrode of each TFT 1 is connected to the corresponding 
pixel electrode 6 and a Supplemental capacitance (C). A 
counter electrode of the Supplemental capacitance is con 
nected to a common line 4 (hereinbelow, referred to as a C, 
line). Liquid crystal (C) interposed between the pixel 
electrode 6 and a counter electrode 18 is thus driven. 

In order to reduce power consumption of Such an active 
matrix liquid crystal display device, a technique of increas 
ing the aperture ratio of a liquid crystal display device by 
overlapping pixel electrodes with lines via an interlayer 
insulating film is disclosed in Japanese Laid-Open Patent 
Publication No. 6-160900. According to this technique, 
however, the orientation of the liquid crystal is disordered 
due to a failure in rubbing at steps formed by lines and TFTs, 
and crosstalk arises due to a parasitic capacitance generated 
between the interlayer insulating film and the pixel elec 
trodes. Such troubles badly influences the display. The 
above publication neither discloses nor Suggests any means 
for Solving these problems. 

FIG. 12 is a plan view of one pixel portion of an active 
matrix substrate of a liquid crystal display device 600 
proposed by the applicant of the present application in 
Japanese Patent Application No. 7-206367 for solving the 
above problems. 

Referring to FIG. 12, the gate lines 2 and the Source lines 
3 as shown in FIG. 11 are formed on a transparent substrate 
to run perpendicular to each other. The TFT 1 is formed as 
a Switching element in the vicinity of each of the crossings 
of the gate lines 2 and the Source lines 3, and is connected 
to the corresponding pixel electrode 6 through a connection 
line 5 via a contact hole 7 formed through an interlayer 
insulating film (not shown). The connection line 5 overlaps 
a Supplemental capacitance (C) line 4 via a gate insulating 
film (not shown), forming a Supplemental capacitance. The 
pixel electrode 6 overlaps the adjacent gate lines 2 and 
Source lines 3 via the interlayer insulating film. With this 
configuration, the aperture ratio of the resultant liquid crys 
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2 
tal display device improves, and disclination can be Sup 
pressed since the electric field generated by the lines 2 and 
3 is shielded. Moreover, when the gate and source lines 2 
and 3 are formed of a conductive light-shielding material 
Such as metal, they can be used as light-shielding films 
between the pixel electrodes 6. The parasitic capacitance can 
be reduced by increasing the thickness of the interlayer 
insulating film to about 2 um. Conventionally, the vertically 
adjacent pixel electrodes 6 in the Source line direction are 
generally Separated from each other along and above the 
corresponding gate line 2, as shown in FIG. 12 and as 
disclosed in the Japanese Laid-Open Patent Publication No. 
6-160900. 

The active matrix substrate with the above configuration 
is attached to a counter Substrate with a liquid crystal layer 
interposed therebetween, So as to form a liquid crystal 
display device. In order to realize a color display in Such a 
liquid crystal display device, color filters are generally 
formed on the counter Substrate. Ablack matrix is generally 
provided on the color filters formed on the counter substrate 
to prevent color mixing and light leakage. In order to reduce 
production cost, however, omitting Such a black matrix has 
been proposed in the above-mentioned Japanese Patent 
Application No. 7-206367, for example. 
When the black matrix is omitted, the gate and Source 

lines 2 and 3 Serve as the light-shielding films for Spaces 
between the pixel electrodes 6. However, a peripheral region 
Surrounding a display region (the region where the plurality 
of pixel electrodes 6 are formed) of the liquid crystal panel 
is not shielded. In the peripheral region, Shielding of light 
from a backlight is required especially in the case of a black 
display. Otherwise, leakage of light from the backlight from 
the peripheral region will lower the display quality. 
Moreover, this light shielding should preferably be in Such 
a level as to obtain a light transmittance of 0.1% or less, in 
consideration of the contrast ratio of the resultant liquid 
crystal display device. 

Omitting the formation of a light-shielding film on the 
counter Substrate is an effective way of reducing production 
cost of the liquid crystal display device as described above. 
Therefore, the development of a liquid crystal display device 
where light leakage from the peripheral region Surrounding 
the display region can be prevented without forming a 
light-shielding film on the counter Substrate has been Sought. 
AS a Solution to the above problem, the applicant of the 

present application has formed a light-shielding pattern in 
the peripheral region as shown in FIG. 13. More specifically, 
a liquid crystal display device 700 has a light-shielding 
pattern 30 with a line width of 1 mm to several millimeters 
formed in the peripheral region located between the display 
region and external driving circuits 22 and 23 of an active 
matrix Substrate. With this configuration, light leakage from 
the peripheral region can be Sufficiently reduced. 

FIG. 14 is a layout showing a boundary between the 
display region and the peripheral region. Specifically, an 
outermost one of the pixel electrodes 6 located lowermost of 
the display region shown in FIG. 13 and the portion of the 
light-shielding pattern 30 adjacent to the outermost pixel 
electrode 6 are shown. The light-shielding pattern 30 formed 
in the peripheral region overlaps the Source lines 3 extending 
to the peripheral region. This increases the parasitic capaci 
tance in the peripheral region. Moreover, when the light 
shielding pattern 30 is formed so as to short-circuit with the 
outermost gate line 2 corresponding to the outermost pixel 
electrode 6, the width of the outermost gate line 2 becomes 
1 mm to several millimeters, while that of the other normal 
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gate lines is only Several micrometers to Several tens of 
micrometers. This further increases the parasitic 
capacitance, and the time constant becomes So large due to 
the increased parasitic capacitance that the Outermost gate 
line 2 cannot be driven Sufficiently. In the case of a liquid 
crystal display device with a diagonal of 12 inches, for 
example, the parasitic capacitance may become nearly ten 
times as large as the Supplemental capacitance of the normal 
gate lines 2. This causes problems in both the output 
capacity of the driver and the time constant of the lines. 

In order to avoid the above problems, the light-shielding 
pattern 30 needs to be separated from the outermost gate line 
2. For this separation, a gap 31 should be formed therebe 
tween as shown in FIG. 14. This causes another problem of 
light leakage from this gap. Such light leakage is visually 
recognizable enough to lower the display quality even if the 
gap is a minute slit with a width of Several micrometers to 
about 10 um. It is therefore important to layout the light 
Shielding pattern 30 So as not to form Such a gap 31 in order 
to enhance the display quality. 
An objective of the present invention is to provide a liquid 

crystal display device where production cost can be reduced 
without lowering the display quality. 

SUMMARY OF THE INVENTION 

The liquid crystal display device of this invention includ 
ing an active matrix Substrate, a counter Substrate having a 
counter electrode, and a liquid crystal layer interposed 
between the active matrix Substrate and the counter 
Substrate, further includes: a plurality of Scanning lines, a 
plurality of Signal lines formed perpendicular to the plurality 
of Scanning lines, Switching elements formed in the vicinity 
of crossings of the plurality of Scanning lines and the 
plurality of Signal lines, a plurality of pixel electrodes 
connected to the corresponding signal lines via the Switching 
elements, and a plurality of Supplemental capacitance lines 
formed in parallel with the corresponding Scanning lines, 
wherein the pixel electrodes are formed over the correspond 
ing Scanning lines, and divisions of the adjacent pixel 
electrodes along the Signal lines are located above the 
corresponding Supplemental capacitance lines. 

In one embodiment of the invention, one of the Supple 
mental capacitance lines is located outermost of a display 
region of the active matrix Substrate for the pixel electrode 
which is located at a first peripheral Side of the display 
region, the Supplemental capacitance line being wider than 
the other Supplemental capacitance lines and Serving as a 
light-shielding line. 

In another embodiment of the invention, a counter elec 
trode Signal is directly applied to the Supplemental capaci 
tance line which is located outermost of the display region 
and Serves as the light-shielding line at a plurality of 
positions. 

In still another embodiment of the invention, the liquid 
crystal display device further includes a light-shielding line 
which is formed for the pixel electrode located at a Second 
peripheral side of the display region opposing the first 
peripheral Side, in parallel with the Supplemental capaci 
tance line located outermost of the display region. 

In still another embodiment of the invention, a counter 
electrode Signal is input to the light-shielding line. 

In still another embodiment of the invention, each of the 
Switching elements is formed on a Side of the corresponding 
Scanning line nearer to a Signal Source from which a signal 
is input to the Signal lines. 

In Still another embodiment of the invention, an insulting 
film is formed between the Scanning lines and the pixel 
electrodes, and the thickness of the insulting film is about 2 
tim or more. 
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4 
In still another embodiment of the invention, each of the 

pixel electrodes has a cutout formed above the correspond 
ing Scanning line. 

In still another embodiment of the invention, each of the 
pixel electrodes includes two parts defined by the cutout 
formed above the corresponding Scanning line and a plural 
ity of connection portions connecting the two parts. 

In still another embodiment of the invention, the plurality 
of connection portions are formed at opposite ends of the 
pixel electrode. 

In still another embodiment of the invention, a width of at 
least one of the plurality of connection portions is different 
from a width of the other connection portions. 

Thus, the invention described herein makes possible the 
advantage of providing a liquid crystal display device where 
production cost can be reduced without lowering the display 
quality. 

This and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a plan view of one pixel portion of a liquid 
crystal display device of Example 1 according to the present 
invention. FIG. 1B is a plan view of one pixel portion of 
another liquid crystal display device according to the present 
invention. 

FIG. 2 is a sectional view of the liquid crystal display 
device of FIG. 1A, taken along line C-C of FIG. 1A. 

FIG. 3 is a plan view of an active matrix substrate of the 
liquid crystal display device according to the present inven 
tion. 

FIG. 4 is a plan view of a pixel portion located outermost 
of a display region of the liquid crystal display device 
according to the present invention. 

FIGS. 5A to 5C are layouts of a light-shielding pattern 
formed along the periphery of the display region of the 
liquid crystal display device according to the present inven 
tion. 

FIG. 6 is a plan view of a pixel portion located outermost 
of the display region of the liquid crystal display device 
according to the present invention. 

FIG. 7 is a plan view of an active matrix substrate of a 
liquid crystal display device of Example 2 according to the 
present invention. 

FIG. 8 is a plan view of one pixel portion of a liquid 
crystal display device of Example 3 according to the present 
invention. 

FIG. 9 is a plan view of one pixel portion of a liquid 
crystal display device of Example 4 according to the present 
invention. 

FIG. 10 is a plan view of one pixel portion of another 
liquid crystal display device of Example 4 according to the 
present invention. 

FIG. 11 is an equivalent circuit of a conventional active 
matrix liquid crystal display device. 

FIG. 12 is a plan view of one pixel portion of a conven 
tional liquid crystal display device. 

FIG. 13 is a view for describing a light-shielding pattern 
formed on an active matrix Substrate. 

FIG. 14 is a view for describing a pixel portion located 
outermost of a display region and an adjacent light-shielding 
pattern of a liquid crystal display device. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described by way of 
examples with reference to the relevant drawings. 

(EXAMPLE 1) 
FIG. 1A is a plan view of one pixel portion 60 of an active 

matrix substrate of a liquid crystal display device 100 of 
Example 1 according to the present invention. 

Referring to FIG. 1A, the active matrix substrate includes 
a plurality of pixel electrodes 6 formed in a matrix, gate lines 
2 as Scanning lines and Source lines 3 as Signal lines formed 
perpendicular to each other, and C lines 4 for forming 
Supplemental capacitance formed in parallel with the gate 
line 2 and perpendicular to the Source lines3. These lines are 
made of light-shielding conductive films Such as tantalum 
and aluminum. 

According to the present invention, each pixel electrode 6 
is formed acroSS the corresponding gate line 2, So that the 
pixel aperture corresponding to the pixel electrode 6 is 
divided into two portions by the gate line 2. The pixel 
electrode 6 is Separated from the adjacent pixel electrodes 6 
above the C lines 4 vertically and above the source lines 3 
horizontally. Thus, all spaces between the pixel electrodes 6 
where no electric field is applied to the corresponding 
portions of liquid crystal are shielded. ATFT 1 is formed at 
each of the crossings of the gate lines 2 and the Source lines 
3 in one of the two aperture portions as a Switching element 
for the pixel electrode 6. A drain electrode of the TFT 1 is 
connected to the pixel electrode 6 via a connection line 5 
through a contact hole 7 formed through an interlayer 
insulating film (not shown). Thus, a Supplemental capaci 
tance for this pixel is formed above the C line 4 located on 
the TFT-Side aperture portion of the pixel (the upper aperture 
portion located above the TFT 1 in FIG. 1A). 

The Supplemental capacitance formation portion of the 
connection line 5 may also be shaped So as to cover the 
entire width of the C, line 4 as the connection line 5a shown 
in FIG. 1B. With this configuration, a large Supplemental 
capacitance can be obtained. With this configuration, a 
parasitic capacitance between the connection line 5 and the 
adjacent pixel electrode 6 is more or less generated. The 
influence of Such a parasitic capacitance, however, can be 
reduced by thickening the interlayer insulating film and 
reducing the overlap of the connection line 5 with the 
adjacent pixel electrode 6. 

FIG. 2 is a sectional view of the liquid crystal display 
device 100 of this example, taken along line C-C of FIG. 
1A. 
A method for fabricating the liquid crystal display device 

100 will be described with reference to FIG. 2. First, the gate 
lines 2, gate electrodes 12, and the C lines 4 shown in FIG. 
1A, which are made of tantalum, aluminum, or the like, are 
Simultaneously formed on a transparent Substrate 10 Such as 
a glass Substrate. A gate insulting film 11 made of Silicon 
nitride, Silicon oxide, or the like is formed over the resultant 
Substrate. Then, a Semiconductor layer 14 made of amor 
phous Silicon, polysilicon, or the like, a channel protection 
layer 16 made of Silicon nitride or the like, and an n+Silicon 
layer which is to be source electrodes 13 and drain elec 
trodes 15 are sequentially formed. 

Thereafter, a transparent conductive film made of ITO or 
the like and a metal film made of tantalum, aluminum, or the 
like are Sequentially formed by Sputtering and patterning 
into a predetermined shape to form the Source lines 3 and the 
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6 
connection lines 5. A photoSensitive acrylic resin with a 
dielectric constant of 3.4 is applied to the resultant Structure 
by Spin coating to form a flat interlayer insulating film 8 with 
a thickness of 3 um, for example. In this example, a polymer 
of methacrylic acid and glycidyl methacrylate was used as a 
base polymer of the photosensitive acrylic resin, and a 
naphthoxydiazido positive photoSensitive agent was used as 
a photoSensitive agent thereof. The resin is then exposed to 
light using a mask of a predetermined pattern and developed 
with an alkaline Solution, So that only the exposed portions 
of the resin are etched away with the alkaline Solution, 
forming the contact holes 7 through the depth of the inter 
layer insulating film 8. 
A transparent conductive film made of ITO or the like is 

then formed on the resultant Structure by Sputtering and 
patterned to form the pixel electrodes 6. Thus, each pixel 
electrode 6 is connected via the corresponding contact hole 
7 formed through the interlayer insulating film 8 to the 
corresponding connection line 5 which is in turn connected 
to the drain electrode 15 of the corresponding TFT 1. In this 
example, the plurality of pixel electrodes 6 are separated 
from one another along and above the Source lines 3 and the 
C lines 4. That is, each division d of the pixel electrodes 
6 which are along the gate line 4 is placed above the Source 
lines 3, and each division d of the pixel electrodes 6 which 
are along the Source lines 3 is placed above the C, lines 4. 
The active matrix substrate with the above configuration 

is then attached together with a counter Substrate having red, 
green, and blue color filters 20a and counter electrodes 18 
formed on a transparent Substrate 17 Such as a glass Substrate 
using a Sealing material (not shown). Liquid crystal 25 is 
filled in a Space formed between the two Substrates. Align 
ment films formed on the substrates and polarizing plates are 
used when they are required. 

In the liquid crystal display device 100 of Example 1, as 
shown in FIG. 2, a color filter 20b is formed to overlap the 
color filter 20a on each of the portions of the counter 
substrate corresponding to the channels of the TFTs 1. For 
example, when the color filter 20a is green, the color filter 
20b of red is formed to overlap the color filter 20a So as to 
effect light Shielding by two color overlapping. This makes 
it possible to shield the channels of the TFTs of an inverted 
Stagger type bottom gate Structure and thus to prevent an 
erroneous operation of the TFTS due to light leakage. 

FIG. 3 is a plan view of the active matrix substrate of the 
liquid crystal display device 100 of this example. Referring 
to FIG. 3 a light-shielding pattern 9 is formed along the 
periphery of a display region (region where the plurality of 
pixel electrodes are formed) on the transparent Substrate 10. 
A gate line driving circuit 22 is connected to the gate lines 
2, and a Source line driving circuit 23 is connected to the 
Source lines 3. 

FIG. 4 is a layout of an outermost pixel portion 61 located 
outermost of the display portion. The outermost pixel por 
tion 61 shown in FIG. 3 is located nearest to the Source line 
driving circuit 23. The light-shielding pattern 9 is formed in 
the same patterning Step as that of the gate lines 2 and the 
C lines 4. 

FIGS. 5A to 5C show examples of the light-shielding 
pattern 9, as viewed from the side of the transparent Sub 
strate 10 (see FIG.2). In other words, FIGS. 5A to 5C show 
the back Sides of the examples of the light-shielding pattern 
9, unlike the other plan views (e.g., FIGS. 1A and 4). 

FIG. 5A shows the case where the light-shielding pattern 
9 also serves as the C, line 4 of the outermost pixel portion 
61 located nearest to the source line driving circuit 23. In this 
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case, the C, line 4 of the outermost pixel portion 61 as the 
light-shielding pattern 9 has a width of 1 mm to several 
millimeters, which is larger compared with the width 
millimeters, which is larger compared with the width 
(normally, 10um to 40 um) of the C lines 4 of the pixel 
portions 60 (see FIG. 1A or 1B) other than the outermost 
pixel portions. However, in the case of a driving method 
where signals with the opposite polarities are input to any 
two adjacent Source lines 3, Such as dot inversion driving 
and line inversion driving, no problem relating to the time 
constant arises, Since, in Such a method, a DC signal Such as 
GND and +3V is used as a counter electrode signal input to 
the light-shielding pattern 9. 

The light-shielding pattern 9 may be cut at portions 
thereof overlapped by the source lines 3 to be divided into 
a plurality of portions 9a, as shown in FIG. 5B. In this case, 
the counter electrode signal should be input to each of the 
portions 9a. This configuration reduces the parasitic capaci 
tance between the light-shielding pattern 9 and the Source 
lines 3 and thus reduces the time constant. The light 
shielding pattern 9 with this configuration is therefore 
advantageous for a large-scale liquid crystal display device 
and/or a liquid crystal display device employing a driving 
method where an AC driving Signal is applied to the counter 
electrodes, Such as 1 H inversion (gate line inversion) 
driving and field inversion driving. 

Instead of dividing the light-shielding pattern 9, cutouts 
9b may be formed at portions of the light-shielding pattern 
9 overlapped by the source lines 3, as shown in FIG. 5C. In 
this case, it is not required to apply the counter electrode 
signal to each of the portions 9a as in the case of FIG. 5B. 
This configuration also reduces the parasitic capacitance 
between the light-shielding pattern 9 and the source lines 3 
and thus reduces the time constant. The light-shielding 
pattern 9 with this configuration is therefore effective for a 
large-scale liquid crystal display device and/or a liquid 
crystal display device employing a driving method where an 
AC signal is applied to the counter electrodes. 

Thus, according to the present invention, the C, line 4, 
not the gate line 2, Serves as the light-shielding pattern 9. 
This reduces the influence of the time constant, because the 
counter electrode Signal is leSS influenced by the time 
constant, compared with the gate line Signal, Since the 
counter electrode Signal does not change the polarity for at 
least 1 H period even if it is an AC driving Signal. 

FIG. 6 is a layout of an outermost pixel portion 62 located 
farthest from the source line driving circuit 23 (located 
lowermost of the display region in FIG. 3). For the outer 
most pixel portion 62 located farthest from the Source line 
driving circuit 23, the light-shielding pattern 9 Serves as a 
dummy line. In this case, also, the counter electrode Signal 
is preferably input to the light-shielding pattern 9 so that the 
driving conditions of the pixel electrode 6 of the outermost 
pixel portion 62 are the same as those of the pixel electrodes 
6 of the pixel portions 60 other than the outermost pixel 
portions. The layouts of the light-shielding pattern 9 shown 
in FIGS.5A to 5C may also be used. In FIGS. 5A to 5C, the 
Source lines 3 extend outward from the light-shielding 
pattern 9. The source lines 3 may end within the light 
shielding pattern 9 when these layouts are used for the 
outermost pixel portion 62 located farthest from the Source 
line driving circuit 23. 

In the liquid crystal display device 100 of this example, 
the Space (or division) between any two adjacent pixel 
electrodes 6 lined along the source line 3 is located above the 
corresponding C line 4. The light-shielding pattern 9 is 
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therefore formed including the C line 4, not including the 
gate line 2. This allows the Outermost pixel electrodes 6 to 
be driven under the similar conditions to the other pixel 
electrodes 6. Moreover, since the light-shielding pattern 9 is 
not required to be formed Separately from the Outermost line 
(C. line 4), no gap is formed along the periphery of the 
display region and thus the display quality improves by 
preventing the light leakage in the periphery. 

In this example, a thick (e.g., 3 um thick) resin with a low 
dielectric constant (e.g., a dielectric constant of 3.4) is 
formed as the interlayer insulating film 8. This reduces the 
parasitic capacitance between the gate line 2 and the pixel 
electrode 6 and thus reduces the feedthrough. As a result, 
lowering of the display quality and degradation of the liquid 
crystal due to application of a DC component thereto can be 
prevented. The interlayer insulating film 8 with a thickness 
of 3 um was used in this example. However, the interlayer 
insulating film 8 having a thickness of about 2 um or more 
can Sufficiently reduce the influence of the parasitic 
capacitance, though a thicker interlayer insulating film 8 is 
more preferable to further reduce the parasitic capacitance. 
In order to maintain high productivity, however, the thick 
ness should preferably be about 5 um or less. 
A photoSensitive acrylic resin was used, in this example, 

as a material of the interlayer insulating film 8. Other types 
of photosensitive resins and nonphotosensitive resins (e.g., 
JSS-924 and JSS-925manufactured by Japan Synthetic Rub 
ber Co., Ltd.) which have Surface Smoothness may also be 
used. Since the interlayer insulating film 8 is as thick as 
Several micrometers, the transmittance thereof is preferably 
as high as possible. Specifically, a material with a light 
transmittance of about 90% or more for the transmitting 
light wavelength of 400 to 800 nm is preferred. Since the 
human eyes have a luminosity for blue Slightly lower than 
that for green and red, the display quality will not be lowered 
even if the blue light transmittance of the interlayer insu 
lating film 8 is slightly low. 
The formation of the interlayer insulating film 8 which is 

as thick as Several micrometers and has a Smooth Surface 
prevents disordered orientation of the liquid crystal and 
disclination due to the electric field generated by the lines. 
Slant light from a backlight can be effectively utilized by 
overlapping the pixel electrodes with the lines by Several 
micrometers. This increases the contrast and widens the 
Viewing angle. 

For light exposure of a photoSensitive resin, a mercury 
lamp which emits light having a line Spectrum including an 
i line (wavelength:365 nm), an h line (wavelength:405 nm), 
and a g line (wavelength:436 nm) is generally used. As the 
photosensitive resin for the interlayer insulating film 8 in 
this example, therefore, it is preferable to use a resin having 
an absorption peak for the i line which is ultraViolet light 
having the highest energy among the line spectrum. Using 
Such a resin, the contact holes can be processed with high 
precision, and coloring caused by a photoSensitive agent can 
be minimized. Ultraviolet light with a short wavelength 
emitted from an excimer laser may also be used for the light 
eXposure. 

Thus, by using the colorleSS interlayer insulating film, the 
transmittance of the transmission type liquid crystal display 
device increases. This increases the brightness of the liquid 
crystal display device and lowers the amount of light from 
the backlight. As a result, the power consumption is reduced. 

(EXAMPLE 2) 
FIG. 7 is a plan view of an active matrix substrate of a 

liquid crystal display device 200 of Example 2. Referring to 
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FIG. 7, a light-shielding pattern 9 is formed along the 
periphery of the display region (region where a plurality of 
pixel electrodes are formed) on a transparent Substrate 10. A 
gate line driving circuit 22 is connected to gate lines 2, and 
a Source line driving circuit 23 is connected to Source lines 
3. 

The configurations of the pixel portions 60, 61, and 62 
described in Example 1 also apply to this example. 
Specifically, an outermost pixel portion 61 located upper 
most of the display region in FIG. 7 is the same as the 
outermost pixel portion 61 of FIG. 4, where the C line 4 
Serves as the light-shielding pattern 9 and is wider than the 
other lines. A relatively large parasitic capacitance is there 
fore generated between the C line 4 (light-shielding pattern 
9) and the source lines3. When the light-shielding pattern 9 
is of the shape shown in FIG. 5A, in particular, the relatively 
large parasitic capacitance increases the time constant and 
results in Signal delay in the case of a large-scale liquid 
crystal display device and/or a liquid crystal display device 
employing a driving method using an AC Signal as the 
counter electrode Signal, Such as 1 H inversion driving and 
field inversion driving. Therefore, the time constant in Signal 
delay of the Cs line 4 (light-shielding pattern 9) of the 
outermost pixel portion 61 nearest to the Source line driving 
circuit 23 shown in FIG. 3 becomes larger than that of the 
pixel portions 60 other than the Outermost pixel portions. AS 
a result, a driving Signal cannot be Sufficiently applied to the 
portion of the liquid crystal layer corresponding to the 
outermost pixel portion 61. Thus, in the gray Scale display, 
the portion of the liquid crystal layer is observed as bright 
lines in the normally white mode, while it is observed as 
black lines (gray) in the normally black mode. Reducing the 
time constant of the C line 4 (light-shielding pattern 9) of 
the outermost pixel portion 62 is therefore required. In this 
example, the time constant is reduced in the following 

C. 

As shown in FIG. 7, the counter electrode signal 
(Supplemental capacitance signal) is input, via connection 
lines 24, to one of C main lines 4' which also serve as the 
light-shielding pattern 9 (i.e., vertical portions of the light 
shielding pattern 9 formed along the right and left sides of 
the display region). The C lines 4 (not shown in FIG. 7) 
which are connected to the pixels are connected to the C. 
main line 4, So that the counter electrode Signal is input to 
a counter electrode of a Supplemental capacitance electrode 
of each pixel via the corresponding C line 4. 

According to the present invention, the C line 4 of the 
outermost pixel portion Serves as the light-shielding pattern 
9 as described above. The time constant of the C line 4 
(light-shielding pattern 9) of the outermost pixel portion is 
therefore larger than that of the C lines 4 of the other pixel 
portions. In Example 2, the C line 4 (light-shielding pattern 
9) of the outermost pixel portion receives the counter 
electrode signal, not only via the C main line 4", but also 
directly from the source line diving circuit 23. The counter 
electrode signal is input to the C line 4 (light-shielding 
pattern 9) at a plurality of positions via connection lines 25. 

Thus, the increase in the time constant of the C line 4 
(light-shielding pattern 9) of the outermost pixel portion due 
to its large width can be compensated by receiving the 
counter electrode signal at a plurality of positions of the C. 
line 4. This substantially reduces the time constant of the Cs 
line 4 (light-shielding pattern 9), preventing the display 
difference from the other pixel portions, which causes the 
trouble of being observed as bright lines or black lines, and 
thus improving the display quality. 
When a Source Signal is applied to the pixels from one 

side of the display region as shown in FIG. 7, each TFT 1 
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10 
is preferably formed on the Side of the gate line 2 nearer to 
the Source Signal Source (upper side in FIG. 7). 
As for an outermost pixel portion 62 located farthest from 

the source driving circuit 23 (located lowermost of the 
display region in FIG. 7), the counter electrode signal is 
input to the corresponding portion of the light-shielding 
pattern 9 only via the C main line 4" formed along a side of 
the display region. Although the time constant of this portion 
of the light-shielding pattern 9 may increase for the reason 
described above, the time constant of this level does not 
cause the trouble of being observed as bright lines and the 
like, Since the portion of the light-shielding pattern 9 cor 
responding to the outermost pixel portion 62 located low 
ermost of the display region does not generate a Supplemen 
tal capacitance. 

However, the capacitance between the pixel electrode 6 
and the light-shielding pattern 9 cannot be completely 
neglected. Therefore, the counter electrode signal is also 
input to the portion of the light-shielding pattern 9 corre 
sponding to the outermost pixel portion 62, as input to the 
other C lines 4, to ensure good Symmetry with the pixel 
electrode 6 of the adjacent pixel portion 60. Since the line 
width of the light-shielding pattern 9 is larger than the width 
of the C lines 4 and thus the resistance thereof is small, the 
formation of the light-shielding pattern 9 is effective in 
improving the reliability. 

(EXAMPLE 3) 
FIG. 8 is a plan view of one pixel portion 60 of an active 

matrix substrate of a liquid crystal display device 300 of 
Example 3 according to the present invention. The same 
components as those in Examples 1 and 2 are denoted by the 
same reference numerals, and the detailed description 
thereof is omitted here. 

In this example, the shape of pixel electrodes 63 is 
different from that of the pixel electrodes 6 in Examples 1 
and 2. Each of the pixel electrodes 63 in this example is 
formed over the corresponding gate line 2 like the pixel 
electrode 6 in Examples 1 and 2. Unlike the pixel electrode 
6, however, each of the pixel electrodes 63 has cutouts 63a 
formed at portions above the gate line 2. The cutouts 63a are 
formed at the opposite sides of the pixel electrode 63 as 
shown in FIG. 8, forming a connection portion 63b con 
necting two parts of the pixel electrode 63. With Such 
cutouts 63a, the parasitic capacitance between the gate line 
2 and the pixel electrode 63 can be reduced. As a result, the 
feedthrough due to the on/off operation of the Switching 
element (TFT 1) is reduced, and thus the display quality of 
the liquid crystal display device 300 improves. Specifically, 
for example, when a liquid crystal display device with a 
Screen size of 12.1 inches and XGA resolution was fabri 
cated with the width of the gate line 2 of 18 lum, the width 
of the overlap of the pixel electrode with each line of 2 um, 
and the width of the connection electrode 5 of 4 um, the 
feedthrough was reduced to about /4 when the cutouts 63a 
were formed, compared with when the cutouts 63a were not 
formed. 

(EXAMPLE 4) 
FIG. 9 is a plan view of one pixel portion 60 of an active 

matrix substrate of a liquid crystal display device 400 of 
Example 4 according to the present invention. The same 
components as those in Examples 1 to 3 are denoted by the 
Same reference numerals, and the detailed description 
thereof is omitted here. 

In this example, the shape of pixel electrodes 64 is 
different from that of the pixel electrodes 6 in Examples 1 
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and 2. Each of the pixel electrodes 64 in this example is 
formed over the corresponding gate line 2 and has cutouts 
like the pixel electrode 63 in Example 3. While the pixel 
electrode 63 in Example 3 has one connection portion 63b 
in the center to connect two parts of the pixel electrode 63. 
the pixel electrode 64 in this example has a plurality of Such 
connection portions. 

For example, as shown in FIG. 9, a cutout 64a is formed 
in the center of the portion of the pixel electrode 64 located 
above the corresponding gate line 2, forming two connection 
portions 64b at the opposite ends. Since Such connection 
portions 64b are narrow, they tend to be disconnected due to 
minor failure of patterning and existence of dust. Having 
two connection Sections 64b, however, reduces the prob 
ability of total disconnection compared with the case of 
having only one connection portion. The probability of total 
disconnection further reduces when the distance between the 
two connection portions is long. 

Forming the connection portions 64b at the opposite ends 
of the pixel electrode 64 reduces the parasitic capacitance 
between the gate line 2 and the pixel electrode 64, compared 
with the case where the connection portions 64b with the 
Same widths are formed in the middle. ASSume, for example, 
that the two parts of the pixel electrode 64 are connected by 
two connection portions 64b each having a width of 4 um 
and that the overlap of the pixel portions 64 with each line 
is 2 um. When such two connection portions 64b are formed 
in the middle, a parasitic capacitance is generated between 
the gate line 2 and the pixel electrode 64 over the area of the 
gate width:X4 limx2. On the contrary, when the connection 
portions 64b are formed at the opposite ends, the area where 
a parasitic capacitance is generated is the gate width:X2 
limx2, which is a half of the case where they are formed in 
the middle. This is because 2 um of the width of each of the 
connection portions 64b, 4 lum, Overlaps the Source line 3. 

Thus, in this example, disconnection of the pixel elec 
trodes 64 can be prevented by the above redundant structure 
of a plurality of the connection portions 64b, and the 
parasitic capacitance between the gate line 2 and the pixel 
electrode 64 can be reduced AS a result, the feedthrough due 
to the on/off operation of the switching elements (TFTS 1) 
can be reduced, improving the display quality of the liquid 
crystal display device 400. 

FIG. 10 shows a liquid crystal display device 500 as a 
modified example according to the present invention, where 
a plurality of connection portions 65b with different widths 
are formed for connecting two parts of a pixel electrode 65. 

In general, when an underlying layer of the pixel electrode 
65 has a defect due to a damage or a foreign Substance 
attached thereto, the portion of the pixel electrode 65 cor 
responding to Such a defective portion tends to be easily 
disconnected. This is because a Solution for wet etching or 
a gas for day etching Seeps into Such a defective portion at 
etching for forming the pixel electrodes 65, thus causing 
overetching. Such disconnection can be prevented by form 
ing the connection portions 65b with different widths at the 
opposite ends, in particular, by forming a wider connection 
portion 65b (indicated by Ain FIG. 10) at one end. With this 
configuration, even if the other narrower connection portion 
65b (indicated by B in FIG. 10) is disconnected, the total 
disconnection (separation of the two parts of the pixel 
electrode 65) can be prevented since the connection via the 
wider connection portion 65b is available. In this case, 
compared with the case where both connection portions 65b 
are made wide, the parasitic capacitance and thus the 
feedthrough can be reduced more effectively. Thus, lowering 
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12 
of the display quality of the liquid crystal display device 
500, as well as degradation of the liquid crystal due to 
application of a DC component thereto, can be prevented. 

In the above examples, the portions of the light-shielding 
pattern 9 perpendicular to the Source lines 3 (i.e., portions of 
the light-shielding pattern 9 along the upper and lower sides 
of the display region shown in FIG. 3 or 7) were described. 
The layouts of FIGS. 5A to 5C can also be used for the 
portions of the light-shielding pattern 9 perpendicular to the 
gate lines 2 (i.e., portions of the light-shielding pattern 9 
along the right and left Sides of the display region shown in 
FIG. 3 or 7), and the same effect can be obtained. 
The arrangement of the C lines 4 is not restricted to that 

described in the above examples, but the present invention 
is also applicable to the configuration where the C lines are 
formed in parallel with the source lines 3 and the pixel 
electrodes 6 are separated from one another along the 
portions located above the gate lines 2 and the C lines. In 
Such a case, also, the same effect can be obtained. 

Thus, in the liquid crystal display device according to the 
present invention, the peripheral region Surrounding the 
display region can be shielded by use of the C line. 
Accordingly, Since no light-shielding film is required on the 
counter Substrate, production cost is reduced. Lowering of 
the display quality of the liquid crystal display device can be 
Suppressed by reducing the influence of the time constant of 
the line used for light shielding (light-shielding pattern). 
A signal can be directly Supplied from an external driving 

circuit to the C line (light-shielding pattern) for light 
Shielding of the peripheral region. This reduces the influence 
of the time constant of the C line Serving as the light 
Shielding pattern, and thus Suppresses the lowering of the 
display quality. 
The same signal as that input to the C lines located in the 

middle of the display region is also input to the portion of the 
light-shielding pattern adjacent to the outermost pixel elec 
trode located farthest from the external driving circuit. AS a 
result, the Symmetry between the Outermost pixel electrodes 
and the other pixel electrodes improves, thereby improving 
the display quality. 
The thickness of the interlayer insulating film formed 

between the Scanning line (gate line) and the pixel electrode 
is made as large as 2 um or more. With this configuration, 
the parasitic capacitance between the Scanning line and the 
pixel electrode and thus the feedthrough can be reduced. 
Thus, lowering of the display quality and degradation of the 
liquid crystal due to application of a DC component thereto 
can be prevented. 
A cutout is formed for the pixel electrode at a portion 

thereof located above the corresponding Scanning line. With 
this configuration, the parasitic capacitance between the 
Scanning line and the pixel electrode and thus the 
feedthrough can be reduced. Thus, lowering of the display 
quality and degradation of the liquid crystal due to applica 
tion of a DC component thereto can be prevented. 
A cutout is formed for the pixel electrode at a portion 

thereof located above the corresponding Scanning line and a 
plurality of connection portions for connecting two parts of 
the pixel electrode defined by the cutout are formed. With 
this configuration, generation of pixel defect due to discon 
nection of the pixel electrode can be reduced. 
The connection portions may be formed at the opposite 

ends of the pixel electrode. With this configuration, the 
parasitic capacitance between the pixel electrode and the 
Scanning line and thus the feedthrough can be further 
reduced. Thus, lowering of the display quality and degra 
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dation of the liquid crystal due to application of a DC 
component thereto can be prevented. 

The connection portions may have different widths, with 
one of the connection portions being wide, So as to prevent 
total disconnection due to overetching and the like. This 
reduces the parasitic capacity and thus the feedthrough, 
compared with the case where all the disconnection portions 
are made wide. Thus, lowering of the display quality and 
degradation of the liquid crystal due to application of a DC 
component thereto can be prevented. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the Scope and Spirit of this invention. Accordingly, it is 
not intended that the Scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 
What is claimed is: 
1. A liquid crystal display device comprising an active 

matrix Substrate, a counter Substrate having a counter 
electrode, and a liquid crystal layer interposed between the 
active matrix Substrate and the counter Substrate, the active 
matrix Substrate including: 

a plurality of Scanning lines, 
a plurality of Signal lines formed perpendicular to the 

plurality of Scanning lines, 
Switching elements formed in a vicinity of crossings of 

the plurality of Scanning lines and the plurality of Signal 
lines, 

a plurality of pixel electrodes connected to corresponding 
ones of the Signal lines via the Switching elements, and 

a plurality of Supplemental capacitance lines formed in 
parallel with corresponding ones of the Scanning lines, 
wherein at least SOme of the pixel electrodes are formed 
over to be in an overlapping relationship with the 
corresponding Scanning lines, and divisions of the 
adjacent pixel electrodes along the signal lines are at 
least One edge of the at least Some of the pixel elec 
trodes is located above in an Overlapping relationship 
parallel to corresponding ones of the Supplemental 
capacitance lines. 

2. A liquid crystal display device according to claim 1, 
wherein one of the Supplemental capacitance lines is located 
outermost of a display region of the active matrix Substrate 
for the pixel electrode which is located at a first peripheral 
Side of the display region, the Supplemental capacitance line 
being wider than the other Supplemental capacitance lines 
and Serving as a light-shielding line. 

3. A liquid crystal display device according to claim 2, 
wherein a counter electrode Signal is directly applied to the 
Supplemental capacitance line which is located outermost of 
the display region and Serves as the light-shielding line at a 
plurality of positions. 

4. A liquid crystal display device according to claim 2, 
further comprising a light-shielding line which is formed for 
the pixel electrode located at a Second peripheral side of the 
display region opposing the first peripheral Side, in parallel 
with the Supplemental capacitance line located outermost of 
the display region. 

5. A liquid crystal display device according to claim 4, 
wherein a counter electrode Signal is input to the light 
Shielding line. 
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6. A liquid crystal display device according to claim 1, 

wherein each of the Switching elements is formed on a Side 
of the corresponding Scanning line nearer to a signal Source 
from which a signal is input to the Signal lines. 

7. A liquid crystal display device according to claim 1, 
wherein an insulting insulating film is formed between the 
Scanning lines and the pixel electrodes, and the thickness of 
the insulating film is about 2 um or more. 

8. A liquid crystal display device according to claim 1, 
wherein each of the pixel electrodes has a cutout formed 
above in an Overlapping relationship parallel to the cor 
responding Scanning line. 

9. A liquid crystal display device according to claim 8, 
wherein each of the pixel electrodes includes two parts 
defined by the cutout formed above in an overlapping 
relationship parallel to the corresponding Scanning line and 
a plurality of connection portions connecting the two parts. 

10. A liquid crystal display device according to claim 9, 
wherein the plurality of connection portions are formed at 
opposite ends of the pixel electrode. 

11. A liquid crystal display device according to claim 9, 
wherein a width of at least one of the plurality of connection 
portions is different from a width of the other connection 
portions. 

12. A liquid crystal display device comprising an active 
matrix SubStrate, a counter SubStrate having a counter 
electrode, and a liquid crystal layer interposed between the 
active matrix Substrate and the counter Substrate, the active 
matrix substrate including: 

a plurality of Scanning lines, 
a plurality of Signal lines formed perpendicular to the 

plurality of Scanning lines, 
Switching elements formed in a vicinity of crossings of the 

plurality of Scanning lines and the plurality of Signal 
lines; 

a plurality of pixel electrodes connected to corresponding 
Ones of the Signal lines via the Switching elements, and 

a plurality of Supplemental capacitance lines formed in 
parallel with corresponding Ones of the Scanning lines, 

wherein the pixel electrodes are formed in an overlapping 
relation with the corresponding Scanning lines, and a 
cutout is formed for at least One of the pixel electrodes 
at a portion thereof in an Overlapping relationship 
parallel to the corresponding Scanning line. 

13. A liquid crystal display device according to claim 12, 
wherein a pixel aperture corresponding to each of the 
plurality of pixel electrodes is divided into two portions by 
the respective Scanning line. 

14. A liquid crystal display device according to claim 12, 
wherein each of the pixel electrodes includes two parts 
defined by the cutout formed in an overlapping relationship 
parallel to the corresponding Scanning line and a plurality 
Of connection portions connecting the two parts. 

15. A liquid crystal display device according to claim 14, 
wherein the plurality of connection portions are formed at 
Opposite ends of the pixel electrode. 

16. A liquid crystal display device according to claim 14, 
wherein a width of at least One of the plurality of connection 
portions is different from a width of the Other connection 
portions. 


