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LIQUID CRYSTAL DISPLAY DEVICE HAVING
AUXILIARY CAPACITIVE ELECTRODE

[0001] This application is a Divisional Application of U.S.
Ser. No. 10/794,276, filed Mar. 4, 2004.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device and particularly to a liquid crystal display
device having a structure in which display quality is
improved by an auxiliary capacitive electrode.

[0004] 2. Description of the Related Art

[0005] For example, in an active matrix type liquid crystal
display device, scanning lines and data lines are formed on
a glass substrate in a X-direction and a Y-direction, respec-
tively. In the vicinity of each intersection of the scanning
lines and the data lines, a thin film transistor connected to
both lines is provided as a switching element. An insulating
film is formed thereon, and on the insulating film, pixel
electrodes are formed to be connected the thin film transis-
tors, which are provided near the intersections, through
contact holes provided to the insulating film, respectively. In
this case, the edge portion of each pixel electrode is over-
lapped with both lines in order to obtain a high aperture
ratio.

[0006] The above-explained liquid crystal display device
is disclosed in, for example, FIGS. 1 and 4 of Unexamined
Japanese Patent Application KOKAI Publication No.
H1-156725.

[0007] However, in the above-structured liquid crystal
display device, since the edge portion of the pixel electrode
is overlapped with the data lines, coupling capacitance
occurs on the overlapped portion. For this reason, there is a
problem in which vertical crosstalk resulting from the cou-
pling capacitance occurs on the overlapped portion to
degrade a display characteristic. In other words, for
example, as illustrated in FIG. 24A, in a case where a black
square 82 is displayed in one pixel 81 with a gray back-
ground, an electrical potential of the pixel 81 is varied as a
drain voltage. Accordingly, as illustrated by reference
numeral 83 of FIG. 24B, the background color of the upper
and lower portions of the square 82 slightly deepens. In this
way, the portion colored in black is pulled to the upper and
lower sides of the square 82, so that the display character-
istic will deteriorate.

[0008] In addition, it is assumed that the contents of
Unexamined Japanese Patent Application KOKAI Publica-
tion No. H1-156725 are incorporated into this specification.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] Accordingly, an object of the present invention is to
provide a liquid crystal display device capable of preventing
occurrence of vertical crosstalk.

[0010] A display device of the present invention includes
a substrate. The display device of the present invention
further includes a plurality of scanning lines formed in
parallel with each other on the substrate in one direction and
a plurality of data lines formed in parallel with each other on
the substrate in orthogonal to the scanning lines. The display
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device of the present invention further includes a thin film
transistor being formed in the vicinity of each intersection of
that scanning lines and that data lines and having a semi-
conductor thin film, a gate electrode connected to one of the
scanning lines, a source electrode, a drain electrode con-
nected to one of the scanning lines. The display device of the
present invention further includes pixel electrodes each
connected to the source electrode of that thin film transistor.
The display device of the present invention further includes
auxiliary capacitive electrodes each having an overlap
region that overlaps with the pixel electrodes and forming an
auxiliary capacitance with the pixel electrodes. The display
device of the present invention further includes a first
insulating film arranged between that auxiliary capacitive
electrodes and that data lines. The display device of the
present invention further includes a second insulting film
arranged between that pixel electrodes and that auxiliary
capacitive electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0012] FIG. 1 is a plan view of a main part of a thin film
transistor panel in a liquid crystal display device shown as
respective layers being seen through according to a first
embodiment of the present invention;

[0013] FIG. 2 is a cross-sectional view taken on the line
1I-1I of FIG. 1;
[0014] FIGS. 3A to 3C are plan views each explaining a

thin film transistor portion illustrated in FIG. 1;

[0015] FIG. 4 is a cross-sectional view of an initial
process at the time of manufacturing a thin film transistor
panel illustrated in FIGS. 1 and 2;

[0016] FIG. 5 is a cross-sectional view of a process
subsequent to FIG. 4;

[0017] FIG. 6 is a cross-sectional view of a process
subsequent to FIG. 5;

[0018] FIG. 7 is a cross-sectional view of a process
subsequent to FIG. 6;

[0019] FIG. 8 is a cross-sectional view of a process
subsequent to FIG. 7,

[0020] FIG. 9 is a plan view of a main part of a thin film
transistor panel in a liquid crystal display device shown as
respective layers being seen through according to a second
embodiment of the present invention;

[0021] FIG. 10 is a cross-sectional view taken on the line
X-X of FIG. 9;
[0022] FIG. 11 is a cross-sectional view taken on the line

XI-XI of FIG. 9;

[0023] FIG. 12 is a cross-sectional view taken on the line
XII-XII of FIG. 9;

[0024] FIGS. 13A to 13C are plan views each explaining
a thin film transistor portion illustrated in FIG. 9;

[0025] FIG. 14 is a plan view of a main part of a thin film
transistor panel in a liquid crystal display device shown as
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respective layers being seen through according to a third
embodiment of the present invention;

[0026] FIG. 15 is a cross-sectional view taken on the line
XV-XV of FIG. 14,

[0027] FIG. 16 is a cross-sectional view of a thin film
transistor panel in a liquid crystal display device according

to a fourth embodiment of the present invention, similar to
FIG 15;

[0028] FIG. 17 is a plan view of a thin film transistor panel
in an active matrix type liquid crystal display device shown
as respective layers being seen through according to a fifth
embodiment of the present invention;

[0029] FIG. 18 is a cross-sectional view taken on the line
XVII-XVIII of FIG. 17,

[0030] FIG.19 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a sixth embodiment of the present invention, similar to FIG.
17,

[0031] FIG. 20 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a seventh embodiment of the present invention, similar to
FIG. 18;

[0032] FIG. 21 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
an eighth embodiment of the present invention, similar to
FIG. 17,

[0033] FIG. 22 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a ninth embodiment of the present invention, similar to FIG
21,

[0034] FIG. 23 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a tenth embodiment of the present invention, similar to FIG.
22; and

[0035] FIGS. 24A and 24B are views explaining the
problem of the conventional liquid crystal display device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0036] FIG. 1 is a plan view of a main part of a thin film
transistor panel in a liquid crystal display device shown as
respective layers being seen through according to a first
embodiment of the present invention. The thin film transistor
panel includes a glass substrate 1. On an upper surface side
of the glass substrate 1, a plurality of scanning lines 2 are
formed in parallel with each other in a horizontal direction
and a plurality of data lines 3 are formed in parallel with
each other in a vertical direction, orthogonal to the scanning
lines 2. In the vicinity of each intersection of scanning lines
2 and data lines 3, a thin film transistor 4 having a double
gate structure, a pixel electrode 5, and an auxiliary capaci-
tive electrode 6 are formed. Here, for the purpose of clari-
fying FIG. 1, an edge portion of each pixel electrode 5 is
hatched with oblique short solid lines.

[0037] In this case, the right and left edges of the pixel
electrode 5 are arranged at the same position as the edges of
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the data lines 3 arranged at right and left sides of the pixel
electrode 5 as seen from the plane, respectively. However,
the right and left edges of the pixel electrode 5 may be
arranged to overlap with the data lines 3. Accordingly, a
region, which is obtained by removing forming regions of
the data lines 3 provided at the right and left sides of the
pixel electrode 5 and a forming region of the thin film
transistor 4 from a forming region of the pixel electrode 5,
is used as a substantial pixel region. This makes it possible
to obtain a high aperture ratio.

[0038] However, in this case, in order to prevent external
light from being incident on the thin film transistors 4, a
black mask is formed on a portion, which corresponds to at
least each of the thin film transistors 4, of a counter panel
(not shown) provided to be opposite to the thin film tran-
sistor panel.

[0039] Each auxiliary capacitive electrode 6 includes a
linear electrode portion 6a placed in parallel with the
scanning line 2, a strip electrode portion 65 placed in parallel
with the left data line 3 of the pixel electrode 5, and a strip
electrode portion 6¢ placed in parallel with the right data line
3 of the pixel electrode 5. In this case, the electrode portion
6a is overlapped with a lower side portion of the pixel
electrode 5. FEach of the electrode portions 65 and 6¢ is
overlapped with the opposing side portions of the pixel
electrodes 5, which are adjacent to each right and left, and
the data line 3 formed therebetween.

[0040] Moreover, though this is explained later, each of
the electrode portions 65 and 6¢ is placed between the pixel
electrodes 5 and the data line 3 in a thickness direction of the
thin film transistor panel, namely, a vertical direction on
paper of FIG. 1. The width of each of the electrodes 65 and
6¢ (a length in a direction parallel to the scanning line 2) is
set to be wider than the width of the data line 3 to some
degree. Accordingly, the data line 3 is entirely covered with
the electrode portion 65 or 6¢, not to oppose to the pixel
electrodes 5 directly, even if there is a positional shift in a
direction parallel to the scanning line 2 in an alignment step.

[0041] Next, a specific structure of the thin film transistor
panel in one pixel will be explained. FIG. 2 is a cross-
sectional view taken on the line II-1I of FIG. 1. On the upper
surface of the glass substrate 1, first and second underlying
insulating films 11 and 12 are formed. A polysilicone thin
film 13 is formed on a predetermined portion of an upper
surface of the second underlying insulating film 12. As
illustrated in FIG. 3A, the polysilicone thin film 13 includ-
ing multiple gate (channel) regions is substantially linearly
formed. At a substantially central portion of the polysilicone
thin film 13, an n-type impurity low concentration region
13a having a low concentration of n-type impurities is
formed. Furthermore, channel regions 134 each having an
intrinsic region are formed at both sides of the n-type
impurity low concentration region 13a. Moreover, n-type
impurity low concentration regions 13¢ are formed at both
sides of the channel regions 1354 that sandwich the n-type
impurity low concentration region 13a. Furthermore, n-type
impurity high concentration regions 13d each having a high
concentration of n-type impurities are formed at both sides
of channel regions 13c¢ that sandwich the n-type impurity
low concentration region 13a and the channel regions 134.

[0042] On the upper surfaces of the second underlying
insulating film 12 and the polysilicone thin film 13, a gate



US 2006/0187397 A1l

insulating film 14 is formed. Two gate electrodes 15 are
formed on predetermined portions of the upper surface of
the gate insulting film 14, so as to cover two channel regions
135 of the polysilicone thin film 13 as illustrated in FIG. 3B.
In this case, two gate electrodes 15 have a common con-
necting portion 15a that connects both electrodes 15 to each
other to form a substantially U-shape island. The island
means an area that is physically and electrically separated
from the other elements, and is used based on the same
definition in the explanation hereinafter. On a predetermined
portion of the upper surface of the gate insulating film 14,
the data line 3 is formed as illustrated in FIG. 3B. A
connecting portion 3a with a large width is formed on a
predetermined portion of the data line 3.

[0043] On the upper surfaces of the gate insulating film 14,
the gate electrodes 15 and the data line 3, an interlayer
insulating film 16 is formed. As illustrated in FIG 3C, a
source F electrode 17 and a drain electrode 18 are formed in
an island shape. The source electrode 17 is connected to one
n-type impurity high concentration region 134 of the poly-
silicone thin film 13 through a contact hole 19 provided to
the interlayer insulating film 16 and the gate insulating film
14.

[0044] One end of the drain electrode 18 is connected to
the other n-type impurity high concentration region 134 of
the polysilicone thin film 13 through a contact hole 20
provided to the interlayer insulating film 16 and the gate
insulating film 14. The other end of the drain electrode 18 is
connected to the connecting portion 3a of the data line 3
through a contact hole 21 provided to the interlayer insu-
lating film 16.

[0045] As illustrated in FIG. 3C, the scanning line 2 is
formed on a predetermined portion of the upper surface of
the interlayer insulating film 16. A connecting portion 2a
formed on a predetermined portion of the scanning line 2 is
connected to the common connecting portion 15a of the gate
electrodes 15 through a contact hole 22 provided to the
interlayer insulating film 16. As illustrated in FIGS. 2 and
3C, the auxiliary capacitive electrode 6 is formed on a
predetermined portion of the upper surface of the interlayer
insulating film 16. In this case, electrode portions 65 and 6¢
of the auxiliary capacitive electrode 6 are formed on the
interlayer insulating film 16, so as to cover the data lines 3.

[0046] On the upper surfaces of the interlayer insulating
film 16, the source electrode 17 and the like, an overcoat film
23 is formed. On a predetermined portion of the upper
surface of the overcoat film 23, the pixel electrode 5 is
formed. The pixel electrode 5 is connected to the source
electrode 17 through a contact hole 24 provided to the
overcoat film 23.

[0047] Two divided gate electrodes 15 formed on the gate
insulating film 14 cover the polysilicone thin film 13 to
oppose to two channel regions 135 of the polysilicone thin
film 13, respectively. In this way, the thin film transistor 4
having the double gate structure is structured by the poly-
silicone thin film 13, the gate insulating film 14, the gate
electrodes 15, the source electrode 17, and the drain elec-
trode 18.

[0048] An explanation will be next given of an example of
a method for manufacturing the thin film transistor panel
having the aforementioned structure. First of all, as illus-
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trated in FIG. 4, on the upper surface of the glass substrate
1, the first underlying insulating film 11 of silicon nitride, the
second underlying insulating film 12 of silicon oxide, and an
amorphous silicon thin film 31 are continuously formed by
a plasma CVD (Chemical Vapor Deposition) method. Next,
the amorphous silicon thin film 31 is crystallized by irra-
diation of excimer lasers to form a polysilicone thin film 32.

[0049] Next, as illustrated in FIG. 5, on the upper surface
of the polysilicone thin film 32, there is formed resist pattern
33 having openings 33a formed on portions corresponding
to the forming regions of the n-type impurity high concen-
tration region 134 as illustrated in FIG. 2. Next, the resist
pattern 33 is used as a mask and n-type impurities are
injected threreonto with a high concentration. Thereafter, the
resist pattern 33 is peeled from the polysilicone thin film 32.

[0050] Next, the polysilicone thin film 32 is patterned to
form the polysilicone thin film 13 on a predetermined
portion of the upper surface of the second underlying
insulating film 12 as illustrated in FIG. 6. Sequentially, on
the upper surfaces of the second underlying insulating film
12 and the polysilicone thin film 13, the gate insulating film
14 of silicon oxide is formed by a plasma CVD method.
Next, on the upper surface of the gate insulating film 14, a
metallic film of Al and the like is formed by a sputtering
method. Then, by patterning the formed metallic film, the
gate electrodes 15 having the common connecting portion
15a and the data line 3 having the connecting portion 3q, as
illustrated in FIG. 3B, are formed.

[0051] Next, as illustrated in FIG. 7, two gate electrodes
15 and the data line 3 are used as a mask and n-type
impurities are injected with a low concentration. As a result,
the n-type impurity low concentration region 13a is formed
on a region of the polysilicone thin film 13, which corre-
sponds to a portion between two gate electrodes 15. Fur-
thermore, channel regions 135 each having an intrinsic
region are formed on regions directly below two gate
electrodes 15. Moreover, n-type impurity low concentration
regions 13¢ are formed at both sides of the channel regions
135, and n-type impurity high concentration regions 134 are
formed at both sides of the n-type impurity low concentra-
tion regions 13¢. Next, in a nitrogen gas atmosphere, anneal
processing is performed at temperature of about 500° C. for
about one hour. As a result, the injected impurities are
activated.

[0052] As illustrated in FIG. 8, on the upper surfaces of
the gate insulating film 14, the gate electrodes 15 and the
data line 3, the interlayer insulating film 16 of silicon nitride
is formed by a plasma CVD method. Next, openings 19 and
20 are formed to the interlayer insulating film 16 and the
gate insulating film 14, so as to reach the high n-type
impurity concentration regions 134 of the polysilicone thin
film 13. Moreover, an opening 21 is formed to the interlayer
insulating film 16, so as to reach the connecting portion 3a
of the data line 3. Furthermore, as illustrated in FIGS. 3B
and 3C, an opening 22 is formed to the interlayer insulating
film 16, so as to reach the common connection portion 15
of two gate electrodes 15. Next, an Al film and a Cr film (or
Mo film) for ITO contact are successively formed in the
openings 19,20, 21 and 22 and on the upper surface of the
interlayer insulating film 16 by a sputtering method. As a
result, a metal film 34 is formed.

[0053] After that, by patterning the metal film 34, the
source electrode 17, the drain electrode 18, the scanning line
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2 with the connecting portion 24, and the auxiliary capaci-
tive electrode 6 are respectively formed on predetermined
portions of the upper surface of the interlayer insulating film
16, as illustrated in FIGS. 2 and 3. Under this condition, the
source electrode 17 is connected to one n-type impurity high
concentration region 134 of the polysilicone thin film 13
through the contact hole 19. Moreover, one end of the drain
electrode 18 is connected to the other n-type impurity high
concentration region 13d of the polysilicone thin film 13
through the contact hole 20. Furthermore, the other end of
the drain electrode 18 is connected to the connecting portion
3a of the data line 3 through the contact hole 21. Also, the
connecting portion 2a of the scanning line 2 is connected to
the common connecting portion 154 of two gate electrodes
15 through the contact hole 22.

[0054] Next, on the upper surfaces of the interlayer insu-
lating film 16, the source electrode 17 and the like, the
overcoat film 23 of silicon nitride is formed by a plasma
CVD method. Next, a contact hole 24 is formed on a
predetermined portion of the overcoat film 23, so as to reach
the source electrode 17. Sequentially, an ITO film is formed
on the upper surface of the overcoat film 23 by a sputtering
method. Then, the formed ITO film is patterned to form the
pixel electrode 5 connected to the source electrode 7 through
the contact hole 24. Thus, the thin film transistor panel as
illustrated in FIGS. 1 and 2 can be obtained.

[0055] In the liquid crystal display device having the
above-obtained thin film transistor panel, the electrode por-
tions 65 and 6¢ of the auxiliary capacitive electrode 6 each
having a larger width than that of the data line 3 are formed
between the edge portions of the pixel electrodes 5 and the
data lines 3. For this reason, the electrode portions 65 and 6¢
can prevent the coupling capacitance from occurring
between the edge portions of the pixel electrodes 5 and the
data lines 3. Accordingly, it is possible to prevent occurrence
of vertical crosstalk and achieve a high display characteris-
tic.

[0056] The aforementioned manufacturing method
includes first to fifth processes. The first process forms the
data line 3 and the island gate electrodes 15 on the gate
insulating film 14. The second process forms the contact
holes 19 and 20 through the interlayer insulating film 16 and
the gate insulating film 14. The third process forms the
scanning line 2, the auxiliary capacitive electrode 6, the
island source electrode 17 and the island drain electrode 18
on the interlayer insulating film 16. The fourth process forms
the contact hole 24 to the overcoat film 23. The fifth process
forms the pixel electrode 5 on the overcoat film 23. While,
for example, a manufacturing method for the display device
illustrated in FIGS. 1 and 4 of the above-described Unex-
amined Japanese Patent Application KOKAI Publication
No. H1-156725 includes first to fifth processes. The first
process forms a scanning line and a gate electrode on a gate
insulating film. The second process forms a contact hole
passing through an interlayer insulating film and the gate
insulating film, so as to reach one source and drain regions.
The third process forms a data line on the interlayer insu-
lating film. The fourth process forms a contact hole passing
through an overcoat film, the interlayer insulating film and
the gate insulating film, so as to reach the other source and
drain regions. The fifth process forms a pixel electrode on
the overcoat film. Accordingly, even if the gate electrode 15,
the source electrode 17 and the drain electrode 18 are formed
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in an island shape in the above-mentioned manufacturing
method, the number of manufacturing processes does not
increase.

Second Embodiment

[0057] FIG. 9 is a plan view of a main part of a thin film
transistor panel in a liquid crystal display device shown as
respective layers being seen through according to a second
embodiment of the present invention. In this case, the edge
portion of each pixel electrode 5 is also hatched with oblique
short solid lines for the purpose of clarifying FIG. 9. The
point, which is largely different from the case shown in
FIGS. 1 and 2, relates to a thin film transistor structure
having a double gate structure. Though the detailed expla-
nation is set forth below, in each pixel of the thin film
transistor panel of the second embodiment. a polysilicone
thin film is flat and U-shaped and a gate electrode is linearly
formed to bridge the opposing portions of the U-shaped
polysilicone thin film. Similar to the first embodiment, the
gate electrode and a scanning line are connected to each
other through a contact hole formed to an interlayer insu-
lating film. However, in this case, the width of the scanning
line can be set to the same or less than the width of the gate
electrode. This makes it possible to improve the aperture
ratio as compared with the double gate structure where the
divided portions of the U-shaped gate electrode projects
from the scanning line.

[0058] The specific structure of the thin film transistor
panel in one pixel will be now explained. FIG. 10 is a
cross-sectional view taken on the line X-X of FIG. 9, FIG.
11 is a cross-sectional view taken on the line XI-XI of FIG.
9, and FIG. 12 is a cross sectional view taken on the line
XII-XII of FIG. 9. The first and second underlying insulat-
ing films 11 and 12 are formed on the upper surface of the
glass substrate 1. The polysilicone thin film 13 is formed on
a predetermined portion of the upper surface of the second
underlying insulating film 12. As illustrated in FIG. 13A, the
polysilicone thin film 13 is substantially U-shaped and
symmetrical with a vertical center line, and includes mul-
tiple gate (channel) regions. At a substantially central por-
tion of each of a pair of side bars, the channel region 135
having an intrinsic region is formed. Moreover, the n-type
impurity low concentration regions 13¢ are formed at both
sides of the channel region 135. Furthermore, the n-type
impurity high concentration regions 134 are formed at both
sides of the n-type impurity low concentration regions 13c.

[0059] On the upper surfaces of the second underlying
insulating film 12 and the polysilicone thin film 13, the gate
insulating film 14 is formed. One linear gate electrode 15 is
formed in an island shape on a predetermined portion of the
upper surface of the gate insulting film 14, so as to cover two
channel regions 13b of the polysilicone thin film 13 as
illustrated in FIG. 13B. In this case, connecting portions 156
are provided at both ends of the gate electrode 15. On a
predetermined portion of the upper surface of the gate
insulating film 14, the data line 3 is formed as illustrated in
FIG. 13B. The connecting portion 3a with a large width is
formed on a predetermined portion of the data line 3.

[0060] On the upper surfaces of the gate insulating film 14,
the gate electrode 15 and the data line 3, the interlayer
insulating film 16 is formed. As illustrated in FIG. 13C, the
source electrode 17 and the drain electrode 18 are formed on
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predetermined portions of the upper surface of the interlayer
insulating film 16 in an island shape, respectively. The
source electrode 17 is connected to one n-type impurity high
concentration region 134 of the polysilicone thin film 13
through the contact hole 19 provided to the interlayer
insulating film 16 and the gate insulating film 14.

[0061] One end of the drain electrode 18 is connected to
the other n-type impurity high concentration region 134 of
the polysilicone thin film 13 through the contact hole 20
provided to the interlayer insulating film 16 and the gate
insulating film 14. The other end of the drain electrode 18 is
connected to thee connecting portion 3a of the data line 3
through the contact hole 21 provided to the interlayer
insulating film 16.

[0062] On a predetermined portion of the upper surface of
the interlayer insulating film 16, the scanning line 2 is
formed as illustrated in FIG. 13C. In this case, the scanning
line 2 has a narrow width portion 26 provided above a
portion of the gate electrode 15, which is sandwiched by the
connecting portions 15b. The narrow width portion 25 is set
to be narrower than the sandwiched portion. This structure
is made to surely prevent the scanning line 2 from sticking
out of the gate electrode 15 of lower layer in the width
direction as seen from the plane, thereby an electric field is
surely prevented from acting on the channel region. Both
side portions of the narrow width portion 25 of the scanning
line 2 are connected to the connecting portions 155 of the
gate electrode 15 through the contact holes 22 provided to
the interlayer insulating film 16. Accordingly, the narrow
width portion 26 of the scanning line 2 may be omitted. On
a predetermined portion of the upper surface of the inter-
layer insulating film 16, substantially the same auxiliary
capacitive electrode 6 as the first embodiment is formed.

[0063] On the upper surfaces of the interlayer insulating
film 16, the source electrode 17 and the like, the overcoat
film 23 is formed. On a predetermined portion of the upper
surface of the overcoat film 23, the pixel electrode 5 is
formed. The pixel electrode 5 is connected to the source
electrode 17 through the contact hole 24 provided to the
overcoat film 23.

[0064] In this way, the thin film transistor 4 having the
double gate structure is structured by the polysilicone thin
film 13 having two channel regions 135, the gate insulating
film 14, the gate electrode 15, the source electrode 17, and
the drain electrode 18.

[0065] In addition, the thin film transistor panel manufac-
turing method of the second embodiment is substantially the
same as the first embodiment, and the explanation is omit-
ted. As mentioned above, in the thin film transistor panel of
the second embodiment, the linear and island-shaped gate
electrode 15 formed on the gate insulating film 14 and the
scanning line 2 formed on the interlayer insulating film 16
are overlapped with each other as seen from the plane. This
makes it possible to reduce the plane arranging space of the
gate electrode 15 in the direction perpendicular to the
scanning line 2. As a result, a much higher aperture ratio can
be achieved.

Third Embodiment

[0066] In order to increase an auxiliary capacitance that is
formed of the auxiliary capacitive electrode 6 and the pixel
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electrode 5, the following method can be used. Namely, in
the process of forming the gate electrode 15 on the gate
insulating film 14, an auxiliary capacitive electrode of the
lower layer is formed on a region overlapping with the
polysilicone thin film 13 and the pixel electrode 5, simul-
taneously, and the auxiliary capacitive electrode of the lower
layer is connected to the auxiliary capacitive electrode 6 of
the first and second embodiments. The third embodiment
shows a thin film transistor panel in the above-manufactured
liquid crystal display device. FIG. 14 is a plan view of a
main part of the thin film transistor panel in the liquid crystal
display device shown as respective layers being seen
through according to the third embodiment of the present
invention, and FIG. 15 is a cross-sectional view taken on the
line XV-XV of FIG. 14. In this thin film transistor panel, on
the interlayer insulating film 16, there is formed an electrode
portion 6d drawn from the electrode portion 6a of the
auxiliary capacitive electrode 6 in a direction opposite to the
drawing directions of electrode portions 65 and 6¢, and
corresponding to the lower side portion of the pixel elec-
trode 5. Moreover, on a region of the gate insulating film 14,
which corresponds to the forming regions of the electrode
portion 64 and the source electrode 17, an island electrode
portion 6e is formed.

[0067] The electrode portion 64 is connected to the elec-
trode portion 6e through a contact hole provided to a
predetermined portion of the interlayer insulating film 16.
The above-described structure is different from the structure
shown in FIGS. 1 and 2.

[0068] In such a case, as auxiliary capacitances, there are
further formed an auxiliary capacitance Csl between the
electrode portion 64 and the upper pixel electrode 5, an
auxiliary capacitance Cs2 between the electrode portion 6e
and the upper pixel electrode 5, an auxiliary capacitance Cs3
between the electrode portion 64 and the upper source
electrode 17, and an auxiliary capacitance Cs4 between the
electrode portion 6e and the lower n-type impurity high
concentration region 13d. Accordingly, more auxiliary
capacitances can be ensured.

Fourth Embodiment

[0069] FIG. 16 is a cross-sectional view of a thin film
transistor panel in a liquid crystal display device according
to a fourth embodiment of the present invention, similar to
FIG. 15. In this thin film transistor panel, the point different
from the case shown in FIG. 15 is that a relative thicker
flatting film 26 formed of polyimide: resin, epoxy resin or
the like is used in place of the overcoat film 23 formed of
silicon nitride. In this case, since the flatting film 26 is
relatively thicker, a normal auxiliary capacitance Cs0
between the auxiliary capacitive electrode 6 and the pixel
electrode 5 shown in FIG. 1 becomes small. However, since
the auxiliary capacitances Csl, Cs2, Cs3, and Cs4 are
formed in addition to this as mentioned above, necessary
auxiliary capacitance can be fully ensured.

Fifth Embodiment

[0070] First to fourth embodiments showed the top gate
type thin film transistor. However, the present invention can
be applied to a bottom gate type thin film transistor. More-
over, if the auxiliary capacitive electrode is formed on only
the portion overlapping with the data line, a much higher
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aperture ratio can be achieved. Fifth embodiment shows a
thin film transistor panel in such an active matrix type liquid
crystal display device. FIG. 17 is a plan view of the thin film
transistor panel shown as respective layers being seen
through. This thin film transistor panel includes a glass
substrate 101. On the upper surface side of the glass sub-
strate 101, scanning lines 102 and data lines 103 are formed
in such a manner as the manner set forth in the first
embodiment. Then, in the vicinity of each intersection of
scanning lines 102 and data lines 103, a thin film transistor
104 and a pixel electrode 105 are formed. Moreover, aux-
iliary capacitive electrodes 106 are formed to be parallel
with the data lines 103, respectively.

[0071] In this case, right and left side portions of the pixel
electrode 105 are overlapped with the auxiliary capacitive
electrodes 106 arranged at the right and left sides of the pixel
electrode 105. Accordingly, a region, which is obtained by
removing forming regions of the auxiliary capacitive elec-
trodes 106 arranged at the right and left sides of the pixel
electrode. 105 and a forming region of the thin film tran-
sistor 104 from a forming region of the pixel electrode 105,
is used as a substantial pixel region. However, in order to
prevent external light from being incident on the thin film
transistors 104, black masks are formed on portions, which
correspond to at least the thin film transistors 104, of a
counter panel (not shown) provided to be opposite to the thin
film transistor panel.

[0072] Each auxiliary capacitive electrode 106 is over-
lapped with the data line 103. Moreover, though this is
explained later, each of the auxiliary capacitive electrodes
106 is formed between the data line 103 and the pixel
electrodes 105 in a thickness direction of the thin film
transistor panel, namely, a vertical direction on paper of
FIG. 17. Then, the width of each auxiliary capacitive
electrode 106 (a length in a direction parallel to the scanning
line 102) is set to be wider than the width of the data line
103. Accordingly, the data line 3 is entirely covered with the
auxiliary capacitive electrode 106 not to oppose to the pixel
electrodes 105 directly even if there is a positional shift in
a direction parallel to the scanning line 102.

[0073] Moreover, cach auxiliary capacitive electrode 106
is formed over almost the entire area of the arranging region
of the data line 103. Thereby, even if the position of the
auxiliary capacitive electrode 106 is shifted to the pixel
electrode 105 in a direction petpendicular to the scanning
line 102 in an alignment step, the auxiliary capacitive
electrode 106 is overlapped with the pixel electrode 105
without fail. Accordingly, variations in the auxiliary capaci-
tance caused by the positional shift are surely prevented.

[0074] Next, the specific structure of the thin film transis-
tor panel will be explained. FIG. 18 is a cross-sectional view
taken on the line XVIII-XVIII of FIG. 17. On the upper
surface of the glass substrate 101, the scanning line 102
(FIG. 17) including a gate electrode 102a formed of chro-
mium and molybdenum is formed. On the upper surfaces of
the glass substrate 101, the gate electrode 102a¢ and the
scanning line 102, a gate insulating film 51 of silicon nitride
is formed.

[0075] On the gate insulating film 51, a semiconductor
thin film 113 made of intrinsic amorphous silicon is formed
so as to cover the gate electrode 1024. On a predetermined
portion of the upper surface of the semiconductor thin film
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113, a channel protective film 52 made of silicon nitride is
formed so as to overlap with the gate electrode 102a.

[0076] On the upper surface of the semiconductor thin film
113 and the both side portions of the upper surface of the
channel protective film 52, there are formed Ohmic contact
layers 53 and 54 of n-type amorphous silicon. On the upper
surfaces of the Ohmic contact layers 53 and 54, there are
formed a source electrode 57 and a drain electrode 58 of
chromium and molybdenum, respectively.

[0077] Then, the thin film transistor 104 is formed by the
gate electrode 102a, the gate insulating film 51, the semi-
conductor thin film 113, the channel protective film 52, the
Ohmic contact layers 53 and 54, the source electrode 57 and
the drain electrode 58.

[0078] On the upper surface of the gate insulating film 51,
the data line 103 is formed. In this case, the data line 103 has
a structure including three layers of intrinsic amorphous
silicon 1034, n-type amorphous silicon 1035 and a metallic
layer 103¢ formed of chromium and molybdenum. Then, the
intrinsic amorphous silicon 1034, the n-type amorphous
silicon 1035 and the metallic layer 103¢ are connected to the
semiconductor thin film 113, the Ohmic contact layer 54 and
the drain electrode 58, respectively.

[0079] Onthe upper surfaces of the gate insulating film 51,
the thin film transistor 104 and the data line 103, there is
formed an interlayer insulating film 59 of silicon nitride. On
the upper surface of the interlayer insulating film 59, the
auxiliary capacitive electrode 106 of chromium and molyb-
denum is formed so as to cover the data line 103.

[0080] On the upper surfaces of the interlayer insulating
film 59 and the auxiliary capacitive electrode 106, an
overcoat film 123 of silicon nitride is formed. A contact hole
61 is formed to the interlayer insulating film 59 and the
overcoat film 123, so as to reach the source electrode 57. On
the upper surface of the overcoat film 123, the pixel elec-
trode 105 of transparent conductive material such as ITO or
7n0 is formed so as to be connected to the source electrode
57 through the contact hole 61.

[0081] Then, in the active matrix type liquid crystal dis-
play device including the above-structured thin film transis-
tor panel, the auxiliary capacitive electrode 106 having a
width larger than the data line 103 are formed between the
data line 103 and the pixel electrodes 105. For this reason,
the auxiliary capacitive electrode 106 can prevent occur-
rence of coupling capacitance between the data line 103 and
the pixel electrodes 105. Accordingly, this makes it possible
to prevent occurrence of vertical crosstalk and achieve a
high display characteristic.

[0082] Moreover, as illustrated in FIG. 17, the vicinity of
each intersection of the scanning lines 102 and data lines 103
can be shielded by the auxiliary capacitive electrode 106.
This makes it possible to largely increase the aperture ratio
as compared with the case in which the corresponding
vicinity is shielded by a black mask which is formed on the
counter panel by a processing with relatively poor precision.

[0083] Moreover, as illustrated in FIG. 17, only the left
and right side portions of the pixel electrode 105 are
overlapped with the auxiliary capacitive electrodes 106
arranged at the right and left sides of the pixel electrode 105.
This makes it possible to largely increase the aperture ratio
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as compared with the case in which the U-shape auxiliary
capacitive electrode having two extended portions extending
along the right and left side portions of the pixel electrode
105 are overlapped with three side portions of the pixel
electrode 105.

Sixth Embodiment

[0084] FIG.19 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a sixth embodiment of the present invention, similar to FIG.
17. In FIG. 19, the point different form the case shown in
FIG. 17 is that i he upper side portion of the pixel electrode
105 is extended and overlapped with the scanning line 102.
In this case, to surely prevent the upper side portion of the
pixel electrode 105 from interfering with the thin film
transistor (not shown) in the previous line after passing over
the scanning line 102, the width of the scanning line 102 is
set to be larger than the case shown in FIG. 17 to some
degree.

[0085] In this way, according to the sixth embodiment, the
upper side portion of the pixel electrode 105 is extended and
overlapped with the scanning line 102. This eliminates a gap
(light leak portion), which exists between the upper side
portion of the pixel electrode 105 and the scanning line 102
as shown in FIG. 17. Accordingly, there is no need to shield
the gap by a black mask provided on the counter panel and
the aperture ratio can be largely increased as compared with
the case of shielding by the black mask.

[0086] Moreover, since the upper side portion of the pixel
electrode 105 is extended and overlapped with the scanning
line 102, the electric field between the upper side portion of
the pixel electrode 105 and the scanning line 102 more
increases. As a result, the liquid crystal disposed between the
upper side portion of the pixel electrode 105 and the counter
panel is strongly restricted by off-potential of the scanning
line 102 overlapping with the upper side portion of the pixel
electrode 105, so that disclination lessens as compared with
the case shown in FIG. 17. This makes it possible to reduce
the black mask, which is formed on the counter panel to hide
disclination, to some degree and increase the aperture ratio.

Seventh Embodiment

[0087] FIG. 20 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a seventh embodiment of the present invention, similar to
FIG. 19. In FIG. 20, the auxiliary capacitive electrode 106
placed at the left side of the pixel electrode 105 has a first
extending portion 1064 extending in parallel with the scan-
ning line 102. The first extending portion 106a extends right
from a portion in the vicinity of the thin film transistor 104.
At the upper side of the gate electrode 102¢ of the thin film
transistor 104, the first extending portion 106a is overlapped
with the left portion of the lower side portion of the pixel
electrode 105. Moreover, the auxiliary capacitive electrode
106 placed at the right side of the pixel electrode 105 has a
second extending portion 1064 extending in parallel with the
scanning line 102. The second extending portion 1065
extends left from a portion in the vicinity of the scanning
line 102. The second extending portion 1065 is overlapped
with the right portion of the lower side portion of the pixel
electrode 105, the scanning line 102, and the right portion of
the upper side portion of the adjacent pixel electrode 105A.
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The above-explained structure is different from the structure
shown in FIG. 19. In this case, a connecting portion
(namely, a contact hole 61 in FIG. 18) between the source
electrode 57 of the thin film transistor 104 and the pixel
electrode 105 is formed at a position that avoids the second
extending portion 1065.

[0088] In this way, in the seventh embodiment, the first
extending portion 106a extended from the left auxiliary
capacitive electrode 106 is placed between the gate electrode
102q of the thin film transistor 104 and the left portion of the
lower side portion of the pixel electrode 105. Moreover, the
second extending portion 1064 extended from the right
auxiliary capacitive electrode 106 is placed between the
right portion of the lower side portion of the pixel electrode
105 and the scanning line 102. This makes it possible to
reduce a coupling capacitance (Cgs) between the pixel
electrode 105 and the gate electrode 102a and between the
pixel electrode 105 and the scanning line 102. This means
that variations in the pixel potential (field through voltage
AV) influenced by variations of the coupling capacitance can
be controlled with a small auxiliary capacitance at the time
of AC drive. This enables to improve flicker that adversely
affects the display quality and burning that adversely affects
reliability.

[0089] Moreover, a gap between the right portion of the
lower side portion of the pixel electrode 105 and the
scanning line 102 is covered with the second extending
portion 1065 to make it possible to eliminate a light leak
from the gap. Accordingly, there is no need to shield the gap
by a black mask provided on the counter panel and the
aperture ratio can be largely increased as compared with the
case of shielding by the black mask.

Eighth Embodiment

[0090] FIG. 21 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
an eighth embodiment of the present invention, similar to
FIG. 1. In FIG. 21, the auxiliary capacitive electrodes 106
at right and left sides of the pixel electrode 105 are formed
together with connecting portions 106¢ which are formed in
the vicinity of the scanning lines 102, so as to be entirely
connected with each other via the connecting portions 106¢.
Each connecting portion 106¢ is overlapped with the lower
side portion of the pixel electrode. 105 and the upper side
portion of the adjacent pixel electrode 105A. The above-
explained structure is different from the structure shown in
FIG. 17. In this case, a connecting portion (namely, the
contact hole 61 in FIG. 18) between the source electrode 57
of the thin film transistor 104 and the pixel electrode 105 is
formed at a position that avoids the connecting portion 106¢.

[0091] In this way, in the eighth embodiment, each con-
necting portion 106¢ is overlapped with the lower side
portion of the pixel electrode 105 and the upper side portion
of the adjacent pixel electrode 105A. This makes it possible
to cover all regions except the central portion (transparent
pixel) of the pixel electrode 105 with the auxiliary capacitive
electrodes 106 including the connecting portions 106¢.
Accordingly, there is no need to provide a black mask for
preventing a light leak on the counter panel and a consid-
erably high aperture ratio can be achieved.

[0092] Moreover, in the thin film transistor 104 having the
semiconductor thin film 113 (FIG. 18) formed of intrinsic



US 2006/0187397 A1l

amorphous silicon, the light leak easily occurs. However,
since each thin film transistor 104 (except a part of the
source electrode 57) can be completely covered with the
connecting portion 106¢, considerably high light leak con-
trol can be obtained.

[0093] Furthermore, since the auxiliary capacitive elec-
trodes 106 provided at right and left sides of the pixel
electrode 105 are connected to each other by the connecting
portions 106¢, the auxiliary capacitive electrodes 106
including the connecting portions 106¢ are arrayed in a
lattice. Accordingly, even if a break occurs anywhere in the
auxiliary capacitive electrodes 106 including the connecting
portions 106¢, a current path can be ensured and a degree of
risk that failure will occur by the break can be considerably
reduced.

[0094] Moreover, in the case where the auxiliary capaci-
tive electrodes 106 including the connecting portions 106¢
are arrayed in a lattice, the resistance value of the auxiliary
capacitive electrodes 106 is small as compared with the case
in which the auxiliary capacitive electrodes 106 are shaped
stripe as illustrated in, for example, FIG. 17. This reduces a
time constant, so that the liquid crystal responds quickly. In
addition, though this is not illustrated, the auxiliary capaci-
tive electrodes 106 are connected to counter electrodes
formed on the opposing panel and driven in synchronization
with the counter electrodes. Moreover, in order to correct
Jumping voltage AV at the time of AC drive, the counter
electrodes are driven in synchronization with 1 H signal or
1V signal. For this reason, the resistance value is reduced to
lessen the time constant, so that the liquid crystal responds
quickly.

Ninth Embodiment

[0095] FIG. 22 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a ninth embodiment of the present invention, similar to FIG.
21. In FIG. 22, the point different from the case shown in
FIG. 21 is that the connecting portions 106¢ of the auxiliary
capacitive electrodes 106 are formed to be overlapped with
the scanning lines 102 and not to be overlapped with the
pixel electrodes 105. As a result, a part of the pixel electrode
105 directly opposes to the scanning line 102 via the
insulating films. Namely, in FIG. 22, each of the connecting
portions 106¢ of the auxiliary capacitive electrodes 106 is
shaped to be overlapped with the upper portion of each
scanning line 102. Moreover, in each region where dots are
written, the scanning line 102 opposes to the pixel electrode
105 via the gate insulating film 51, the interlayer insulating
film 59 and the overcoat film 123 (FIG. 18). Namely, in each
region where the dots are written, the connecting portion
106¢ of the auxiliary capacitive electrodes 106 is not pro-
vided between the scanning line 102 and the pixel electrode
105.

[0096] In this way, according to the ninth embodiment,
since the scanning line 102 is overlapped with only the part
of the pixel electrode 105 via only the insulating films
instead of the connecting portion 106¢ of the auxiliary
capacitive electrode 106, the electric field between the pixel
electrode 105 and the scanning line 102 more increases. As
a result, the liquid crystal disposed between the part of the
pixel electrode 105 and the counter panel is strongly
restricted by off-potential of the scanning line 102 overlap-

Aug. 24,2006

ping with the upper side portion of the pixel electrode 105,
so that disclination lessens. This makes it possible to reduce
the black mask, which is formed on the counter panel to hide
disclination, to some degree and increase the aperture ratio.

Tenth Embodiment

[0097] FIG. 23 is a plan view of a thin film transistor panel
shown as respective layers being seen through according to
a tenth embodiment of the present invention, similar to FIG.
22. In FIG. 23, the point different from the case shown in
FIG. 22 is that a transparent auxiliary capacitive electrode
106A, which is formed of transparent conductive material
stuich as ITO or ZnQ, is provided as a lower conductive layer
directly below each auxiliary capacitive electrode 106 which
is formed on the interlayer insulating film 59 (FIG. 18) and
includes the connecting portion 106¢

[0098] In this case, in a region corresponding to the right
and left side portions and the lower side portion of the pixel
electrode 105, the transparent auxiliary capacitive electrode
106A is formed up to a slightly inner position than the
auxiliary capacitive electrodes 106 including the coupling
portions 106¢. Moreover, the transparent auxiliary capaci-
tive electrode 106A is not formed on the connecting portion
between the source electrode 57 of the thin film transistor
104 and the pixel electrode 105 (namely, contact hole 61 in
FIG. 18) and the region corresponding to the vicinity
thereof. Furthermore, the auxiliary capacitive electrode 106
including the connecting portions 106¢ is formed of shield-
ing metal of chromium and molybdenum and the like that
are electrically contactable with the transparent auxiliary
capacitive electrode 106A of transparent conductive mate-
rial such as ITO or ZnO.

[0099] In this way, according to the tenth embodiment, in
the region corresponding to the right and left side portions
and the lower side portion of the pixel electrode 105, the
transparent auxiliary capacitive electrode 106 A is formed up
to the slightly inner position than the auxiliary capacitive
electrode 106 including the coupling portions 106¢. For this
reason, the auxiliary capacitive portion is also formed by an
overlapping portion of a part of the transparent auxiliary
capacitive electrode 106A which is placed in the inner
position than the auxiliary capacitive electrode 106 and the
pixel electrode 105. Moreover, since the transparent auxil-
iary capacitive electrode 106A is formed of the transparent
conductive material such as ITO or ZnO, no influence is
exerted upon the aperture ratio. The size and shape of the
transparent auxiliary capacitive electrode 106A are appro-
priately selected to make it possible to adjust the auxiliary
capacitance without exerting an influence upon the aperture
ratio.

[0100] In addition, with reference to FIG. 18, it can be
explained that the transparent auxiliary capacitive electrode
106A may be formed on the upper surface of the interlayer
insulating film 59 including the auxiliary capacitive elec-
trode 106. Moreover, the transparent auxiliary capacitive
electrode 106A may be formed on the upper surface of an
upper interlayer insulating film (not shown) formed on the
upper surfaces of the interlayer insulating film 59 and the
auxiliary capacitive electrode 106, so that the transparent
auxiliary capacitive electrode 106A is connected to the
auxiliary capacitive electrode 106 through a contact hole
formed to the upper interlayer insulating film. Furthermore,
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the transparent auxiliary capacitive electrode 106A may be
formed under the upper interlayer insulating film and the
auxiliary capacitive electrode 106 may be formed on the
upper interlayer insulting film, so that the transparent aux-
iliary capacitive electrode 106A is connected to the auxiliary
capacitive electrode 106 through the contact hole formed to
the upper interlayer insulating film.

[0101] As explained above, according to the present
invention, the part of the auxiliary capacitive electrode is
formed between the pixel electrodes and the data line via the
insulating films. This makes it possible to prevent occur-
rence of the coupling capacitance between the pixel elec-
trodes and the data line. Accordingly, it is possible to prevent
occurrence of the vertical crosstalk.

[0102] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.

[0103] This application is based on Japanese Patent Appli-
cation No. 2003-61440 filed on Mar. 7, 2003 and Japanese
Patent Application No. 2003-137232 filed on May 15, 2003
and including specification, claims, drawings and summary.
The disclosure of the above Japanese Patent Application is
incorporated herein by reference in its entirety.

What is claimed is:
1. A liquid crystal display device comprising:

a substrate;

a plurality of scanning lines formed in parallel with each
other on an upper side of said substrate in one direction;

a plurality of data lines formed in parallel with each other
and orthogonal to said scanning lines on said upper side
of said substrate;

a thin film transistor formed in a vicinity of each inter-
section of said scanning lines and said data lines and
having a semiconductor thin film, a gate electrode
connected to one of said scanning lines, a gate insula-
tion film disposed between said semiconductor thin
film and said gate electrode, a source electrode, and a
drain electrode connected to one of said data lines;

pixel electrodes each connected to the source electrode of
said thin film transistor;

auxiliary capacitive electrodes each having an overlap
region that overlaps with said pixel electrodes and a
non-overlap region that does not overlap with said pixel
electrodes and forming an auxiliary capacitance with
said pixel electrodes;

a first insulating film arranged between said auxiliary
capacitive electrodes and said data lines; and

a second insulating film arranged between said pixel
electrodes and said auxiliary capacitive electrodes,

wherein said auxiliary capacitive electrodes include a
light-shielding metal film and a transparent conductive
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film having a larger width than the width of said
light-shielding metal film and overlapping said data
line via said first insulating film.

2. The liquid crystal display device according to claim 1,
wherein each of said auxiliary capacitive electrodes is of
laminated construction comprising said light-shielding
metal film and said transparent conductive film.

3. The liquid crystal display device according to claim 1,
wherein the gate electrode and said data lines are formed on
the same plane.

4. The liquid crystal display device according to claim 3,
wherein said first insulating film is formed on the gate
electrode and said data lines, and said scanning lines, the
source electrode, the drain electrode, and said auxiliary
capacitive electrodes are formed on said first insulating film.

5. The liquid crystal display device according to claim 1,
wherein said gate electrode and said data lines are formed on
the gate insulating film.

6. The liquid crystal display device according to claim 5,
wherein the drain electrode is formed on said first insulating
film, and connected to the semiconductor thin film through
a contact hole formed to the gate insulating film and said first
insulating film and connected to one of said data lines
through a contact hole formed to said first insulating film.

7. The liquid crystal display device according to claim 5,
wherein the source electrode is formed on said first insulat-
ing film, and connected to the semiconductor thin film
through a contact hole formed to the gate insulating film and
said first insulating film, and each of said pixel electrodes is
connected to the semiconductor thin film through a contact
hole formed to said second insulating film.

8. The liquid crystal display device according to claim 5,
wherein the gate electrode is formed on a lower layer of each
of said scanning lines.

9. The liquid crystal display device according to claim 8,
wherein a width of the gate electrode is larger than a width
of each of said scanning lines.

10. The liquid crystal display device according to claim 8,
wherein the gate electrode comprises multiple gate elec-
trodes which are arranged in a region of said semiconductor
film corresponding to a portion between the source electrode
and the drain electrode, and which are connected to each
other by a common connecting portion.

11. The liquid crystal display device according to claim §,
wherein the semiconductor thin film has a U shape, and the
gate electrode is formed to cross multiple portions of the
U-shaped semiconductor thin film.

12. The liquid crystal display device according to claim 5,
further comprising a second auxiliary capacitive electrode
formed on said gate insulating film to overlap with the
semiconductor thin film.

13. The liquid crystal display device according to claim 5,
further comprising a second auxiliary capacitive electrode
formed on said gate insulating film to overlap with the
source electrode.

14. The liquid crystal display device according to claim 5,
further comprising a second auxiliary capacitive electrode
formed on said gate insulating film to overlap with the
semiconductor thin film and the source electrode.

15. The liquid crystal display device according to claim
14, wherein said second insulating film is formed of resin.
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16. The liquid crystal display device according to claim 1,
wherein part of each of said pixel electrodes is overlapped
with said scanning lines adjacent to each of said pixel
electrodes.

17. The liquid crystal display device according to claim 1,
wherein said semiconductor thin film and said data lines are
formed on the gate insulating film,

the source electrode and the drain electrode are formed to
be laminated on said semiconductor thin film, and

said first insulating film is formed on said data lines, the
source electrode, the drain electrode, and on the gate
insulating film.

18. The liquid crystal display device according to claim 1,
wherein an extending portion that is at least partly over-
lapped with a gap between each of said pixel electrodes and
the gate electrode of said thin film transistor is extended
from each of said auxiliary capacitive electrodes.

19. The liquid crystal display device according to claim 1,
wherein an extending portion that is overlapped with a gap
between each of said pixel electrodes and each of said
scanning lines is extended from each of said auxiliary
capacitive electrodes.

20. The liquid crystal display device according to claim 1,
wherein a connecting portion is formed between said aux-
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iliary capacitive electrodes adjacent to each other, and said
auxiliary capacitive electrodes are arrayed in a lattice as a
whole.

21. The liquid crystal display device according to claim
20, wherein said connecting portion is formed in a region
including a gap between each of said pixel electrodes and
each of said scanning lines and a region corresponding to an
entirety of one of said scanning lines.

22. The liquid crystal display device according to claim
21, wherein said connecting portion is overlapped with the
semiconductor thin film of said thin film transistor.

23. The liquid crystal display device according to claim
20, wherein a first part of each of said scanning lines is
overlapped with the connecting portion of said auxiliary
capacitive electrodes and a second part is overlapped with an
adjacent pixel electrode instead of being overlapped with the
connecting portion.

24. The liquid crystal display device according to claim 1,
wherein each of said pixel electrodes is connected to the
source electrode via the contact hole of said first insulating
film and said second insulating film.
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