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7) ABSTRACT

An in-plane switching mode active matrix type liquid crystal
display device includes a first substrate, a second substrate
located opposing the first substrate, and a liquid crystal layer
sandwiched between the first and second substrates. The first
substrate includes a thin film transistor, a pixel electrode, a
common electrode, a data line, a scanning line, and a
common electrode line. The scanning line and the common
electrode line are formed in a common layer in parallel with
each other. The common electrode overlaps the data line and
the scanning line with an interlayer insulating film existing
therebetween. The common electrode line is singly formed
at either side about the scanning line. The common electrode
is electrically connected to the common electrode line
through a contact hole formed throughout the interlayer
insulating film, and shields a gap formed between the
scanning line and the common electrode line.
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IN-PLANE SWITCHING MODE ACTIVE MATRIX
TYPE LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The invention relates to a liquid crystal display
device and a method of fabricating the same, and more
particularly to an in-plane switching mode active matrix
type liquid crystal display device and a method of fabricat-
ing the same.

[0003] 2. Description of the Related Art

[0004] Aliquid crystal display device may be grouped into
two types in one of which molecular axes of aligned liquid
crystal molecules are rotated in a plane perpendicular to a
substrate to display imaged, and in the other of which
molecular axes of aligned liquid crystal molecules are
rotated in a plane parallel with a substrate to display images.

[0005] A typical one in the former type is a twisted
nematic (TN) mode liquid crystal display device, and the
latter type is called an in-plane switching (IPS) mode liquid
crystal display device.

[0006] Since a viewer looks an IPS mode liquid crystal
display device only in a direction in which minor axes of
liquid crystal molecules extend, even if he/she moves his/her
eye point, how liquid crystal molecules stand is not depen-
dent on a viewing angle, and accordingly, an IPS liquid
crystal display device can present a broader viewing angle to
a newer than a TN mode liquid crystal display device.

[0007] Hence, an IPS mode liquid crystal display device
has been more popular these days than a TN mode liquid
crystal display device.

[0008] For instance, Japanese Patent Application Publica-
tion No. 2000-89240 (Japanese Patent No. 3125872), Japa-
nese Patent Application Publication No. 2000-81637 and
Japanese Patent No. 2973934 have suggested an in-plane
switching mode liquid crystal display device.

[0009] As a typical example of a conventional in-plane
switching mode liquid crystal display device, the liquid
crystal display device suggested in Japanese Patent Appli-
cation Publication No. 2000-89240 is illustrated in FIGS. 1
and 2. FIG. 1 is a plan view of the liquid crystal display
device, and FIG. 2 is a cross-sectional view taken along the
line II-IT in FIG. 1.

[0010] As illustrated in FIGS. 1 and 2, common elec-
trodes 103 and common electrode lines 105 exist above and
overlap scanning lines 101 and data lines 102.

[0011] In the conventional liquid crystal display device
illustrated in FIGS. 1 and 2, though the common electrodes
103 and the common electrode lines 105 shicld the scanning
lines 101 and the data lines 012, the common electrodes 103
are formed only on an interlayer insulating film 104, as
illustrated in FIG. 2. As a result, the conventional liquid
crystal display device illustrated in FIGS. 1 and 2 is
accompanied with the following problem.

[0012] If the common electrode line 105 is comprised of
an electrically conductive transparent film, the common
electrode line 105 would have a high wiring resistance,

1. Field of the Invention
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resulting in that a delay occurs in the common electrode line
105, and a crosstalk is also generated in a direction in which
the scanning lines 101 extend, in dependence on an image
pattern.

[0013] On the other hand, if the common electrode line
105 is comprised of an opaque metal film, liquid crystal
would make contact with the opaque metal film through an
alignment film, and hence, on application of a direct current
voltage to the common electrode line 105, the opaque metal
makes electrochemical reaction with liquid crystal, and
resultingly, is fused into a liquid crystal layer. This causes a
spot to be likely to be generated in a display screen.

SUMMARY OF THE INVENTION

[0014] In view of the above-mentioned problems in the
conventional in-plane switching mode liquid crystal display
device, it is an object of the present invention to provide an
in-plane switching mode liquid crystal display device which
is capable of arranging a low-resistive common electrode
line below an interlayer insulating film which is stable to
displaying images, and increasing an aperture ratio.

[0015] 1In one aspect of the present invention, there is
provided an in-plane switching mode active matrix type
liquid crystal display device including (2) a first substrate,
(b) a second substrate located opposing the first substrate,
and (c) a liquid crystal layer sandwiched between the first
and second substrates. The first substrate includes a thin film
transistor having a gate electrode, a drain electrode and a
source electrode, a pixel electrode each associated to a pixel
to be driven, a common electrode to which a reference
voltage is applied, a data line, a scanning line, and a common
electrode line. The gate electrode is electrically connected to
the scanning line, the drain electrode is electrically con-
nected to the data line, the source electrode is electrically
connected to the pixel electrode, and the common electrode
is electrically connected to the common electrode line.
Molecular axes of liquid crystal in the liquid crystal layer are
rotated in a plane parallel with the first substrate by an
electric field substantially parallel with a plane of the first
substrate and to be applied between the pixel electrode and
the common electrode, to thereby display images. The
scanning line and the common electrode line are formed in
a common layer in parallel with each other. The common
electrode overlaps the data line and the scanning line with an
interlayer insulating film existing therebetween. The com-
mon electrode line is singly formed at either side about the
scanning line. The common electrode is electrically con-
nected to the common electrode line through a contact hole
formed throughout the interlayer insulating film, and shields
a gap formed between the scanning line and the common
electrode line.

[0016] In the in-plane switching mode active matrix type
liquid crystal display device in accordance with the present
invention, the scanning and data lines are shielded by the
common electrode with an interlayer insulating film being
sandwiched therebetween. Thus, an electric field leaking out
of the scanning and data lines is shielded by the common
electrode, and as a result, it would be possible to expand a
display area controllable by the pixel electrode and the
common electrode. This is accompanied with an advantage
that an area the common electrode line occupies can be
reduced.
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[0017] In a conventional in-plane switching mode liquid
crystal display device, common electrode lines are arranged
at opposite sides about a scanning line in order to shield an
electric field leaking out of the scanning line. In contrast, in
the in-plane switching mode active matrix type liquid crystal
display device in accordance with the present invention,
since the, common electrode is designed to have a function
of shielding an electric field leaking out of the, scanning line,
it is possible to reduce the number of common electrode
lines which shield an electric field leaking out of the
scanning line, down to one.

[0018] In the in-plane switching mode active matrix type
liquid crystal display device in accordance with the present
invention, the pixel electrode and the common electrode are
formed in different layers from each other, ensuring that it is
possible to prevent the pixel and common electrodes from
short-circuiting with each other.

[0019] The common electrode is electrically connected to
the common electrode line through a contact hole formed
throughout the interlayer insulating film. Hence, it would be
possible to reduce a resistance of the common electrode, and
hence, reduce defectiveness in displaying images, such as
cross-talk caused by signal delay.

[0020] Since the common electrode is designed to shield a
gap formed between the scanning line and the common
electrode line, the common electrode can completely shield
a horizontal electric field generated between the scanning
line and the common electrode line.

[0021] When the present invention is applied to a single
domain type liquid crystal display device, it is preferable
that the contact hole is formed in the vicinity of one of two
corners defining a diagonal line thereacross which is
obtained, if a rubbing direction is given, by rotating in a plan
view of a pixel by an acute angle in the rubbing direction
with respect to a direction in which the data line extends.

[0022] By positioning the contact hole in the above-
mentioned way, if a reverse-rotation preventing structure is
formed at an end of a pixel for keeping alignment stable, an
electrode for preventing reverse rotation of the common
electrode would be formed at the contact hole. As a result,
it would be possible to efficiently arrange the contact hole
and the electrode for preventing reverse rotation of the
common electrode, ensuring an increase in an aperture ratio.

[0023] The active matrix type liquid crystal display device
in accordance with the present invention may be designed to
include a first sub pixel area to which a first electric field is
applied in parallel with a plane of the first substrate between
the pixel and common electrodes, and in which the molecu-
lar axes of liquid crystal rotate in a first direction in a plane
parallel with the first substrate, and a second sub pixel area
to which a second electric field is applied in parallel with a
plane of the first substrate between the pixel and common
electrodes, and in which the molecular axes of liquid crystal
rotate in a second direction in a plane parallel with the first
substrate, the second direction being different from the first
direction.

[0024] 1In other words, the present invention may be
applied not only to a single domain type liquid crystal
display device, but also to a multi-domain type liquid crystal
display device.
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[0025] When the present invention is applied to a multi-
domain type liquid crystal display device, it is preferable
that the contact hole is formed at any one of corners at which
an extension of the scanning line and an extension of the
common electrode form an angle of 90 degrees or greater in
a plan view of a pixel.

[0026] Tt would be possible to increase an aperture ratio by
positioning the contact hole in the above-mentioned way.

[0027] Tt is preferable that the common electrode extends
beyond the data line by at least 3 micrometers in a width-
wise direction thereof.

[0028] Tt is preferable that the common electrode extends
beyond the scanning line by at least 1 micrometer in a
width-wise direction thereof.

[0029] 1t is preferable that the common electrode is
formed in a layer closer to the liquid crystal layer than the
pixel electrode, and the common and pixel electrodes are
electrically insulated from each other by an interlayer insu-
lating film.

[0030] Ttis preferable that the pixel electrode and the data
line are formed in a common layer.

[0031] By forming the pixel electrode and the data line in
a common layer, it would be possible to form them in a
common pattern, preventing an increase in the number of
fabrication steps.

[0032] Ttis preferable that the pixel electrode is comprised
of a plurality of first portions, and a second portion con-
necting the first portions at ends thereof to one another, and
the second portion is located above the common electrode
line and cooperates with the common electrode line to form
an accumulation capacity therebetween.

[0033] Tt is preferable that the second portion is remote
from a scanning line in a next stage by 3 micrometers or
greater.

[0034] 1t is preferable that the common electrode is
formed in a layer closer to the liquid crystal layer than the
pixel electrode, and the common and pixel electrodes coop-
erate with each other to form an accumulation capacity
therebetween.

[0035] It is preferable that the common electrode and/or
the pixel electrode are(is) composed of electrically conduc-
tive transparent material such as indium tin oxide (ITO).

[0036] The use of electrically conductive transparent
material would increase an aperture ratio.

[0037] The interlayer insulating film may be comprised of
a film composed of organic material, a film composed of
transparent inorganic material, or a film having a two-
layered structure including a film composed of organic
material and a film composed of transparent inorganic
material.

[0038] It is preferable that the interlayer insulating film is
comprised of an organic film and an inorganic film, and the
organic film is formed above and in the vicinity of the
scanning line, the data line, the common electrode line and
the thin film transistor.

[0039] Tt is preferable that the interlayer insulating film is
comprised of an organic film and an inorganic film, and the
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organic film is formed above and in the vicinity of the
scanning line, the data line and the thin film transistor.

[0040] Tt is preferable that the interlayer insulating film is
comprised of an organic film and an inorganic film, and the
organic film is formed above and in the vicinity of the data
line and the thin film transistor.

[0041] Tt is preferable that the interlayer insulating film is
comprised of an organic film and an inorganic film, and the
organic film is formed above and in the vicinity of the data
line.

[0042] Tt is preferable that the above-mentioned organic
film is formed only inside of a pattern of the common
electrode.

[0043] This ensures reduction in a capacity formed
between wiring layers and enhancement in display quality
without reduction in an intensity of a horizontal electric field
which reduction is caused by the organic film.

[0044] Tt is preferable that the organic material is photo-
sensitive resin.
[0045] Ttispreferable that the thin film transistor is formed

at an intersection of the scanning and data lines, and the
drain electrode is formed directly of the data line.

[0046] Thus, it is no longer necessary to form an electrode
extended from a drain electrode, which was necessarily
formed in a conventional in-plane switching mode liquid
crystal display device. This ensures that an area a thin film
transistor in a pixel occupies is minimized. In addition, it is
possible to increase an aperture ratio to a degree correspond-
ing to an area of the above-mentioned electrode which is no
longer necessary to be formed in the present invention.

[0047] The in-plane switching mode active matrix type
liquid crystal display may further include a black matrix
layer formed in a matrix, in which case, it is preferable that
the black matrix layer is formed in an isolated pattern only
above the thin film transistor for overlapping the thin film
transistor.

[0048] Since the black matrix layer is formed in a mini-
mum area, it would be possible to increase an aperture ratio.

[0049] Tt is preferable that the black matrix layer has a
specific resistance of 1x10" Q-cm or greater.

[0050] The in-plane switching mode active matrix type
liquid crystal display device may further include a color
layer defining a color filter, the color layer having an edge
extending in parallel with the data line.

[0051] It would be possible to prevent an increase in
unnecessary light-shielded area by forming a color layer to
have an edge extending in parallel with the data line. This
ensures an increase in an aperture ratio.

[0052] Tt is preferable that the color layers are arranged in
such a manner that adjacent color layers are arranged
without a gap therebetween or partially overlap each other.

[0053] If there is a gap between adjacent color layers,
there is caused a problem that when a monotone color is to
be displayed, white is mixed with a certain color, and
accordingly, a range of color which can be displayed is
narrowed. In addition, if a user obliquely watches a liquid
crystal panel, displayed colors may be shifted in an oblique
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viewing angle, because a light having passed through a
certain pixel is observed as if it comes from an adjacent
pixel. These problems can be solved by arranging adjacent
color layers without a gap therebetween or by arranging
adjacent color layers such that they overlap each other.

[0054] The in-plane switching mode active matrix type
liquid crystal display device may further include a pillar-
shaped pattern formed between the scanning line and the
common electrode line for ensuring a gap between the first
and second substrates.

[0055] Since a pillar-shaped pattern having a uniform
height can be formed more readily than spacers having a
uniform diameter, it would become easier to keep a gap
between the first and second substrates constant by using the
pillar-shaped pattern.

[0056] The pillar-shaped pattern may be formed on either
the first substrate or the second substrate, or on both of the
first and second substrates.

[0057] Tt is preferable that liquid crystal in the liquid
crystal layer has diclectric constant anisotropy Ae of 9 or
greater.

[0058] Tt is preferable that liquid crystal in the liquid
crystal layer has dielectric constant anisotropy Ae of 11 or
greater.

[0059] Tt is preferable that liquid crystal in the liquid
crystal layer has an N/I point of 80 degrees centigrade or
higher.

[0060] It is preferable that the common electrode is
formed above a channel of the thin film transistor with an
opening having an end remote from an end of the channel by
a predetermined distance.

[0061] The opening causes the thin film transistor not to be
shielded by the common electrode. As a result, it is possible
to prevent characteristics of the thin film transistor from
being shifted due to variance in a voltage of the common
electrode. In particular, when the liquid crystal display
device is driven in accordance with a gate line inversion
process, it would be quite beneficial to form the common
electrode with the above-mentioned opening, because a
voltage of the common electrode significantly varies.

[0062] The in-plane switching mode active matrix type
liquid crystal display device may be designed to further
include a reverse-rotation preventing structure in a sub pixel
area in which all liquid crystal molecules are rotated in the
same direction, for preventing liquid crystal molecules from
rotating in a direction opposite to the same direction. The
reverse-rotation preventing structure includes an auxiliary
electrode to which a voltage equal to a voltage of at least one
of the pixel electrode and the common electrode is applied
such that a direction of a rubbing axis is identical in the sub
pixel area with a direction of an electric field generated in
the sub pixel area, if the rubbing axis rotates by an acute
angle.

[0063] The reverse-rotation preventing structure prevents
liquid crystal from rotating in the opposite direction. In other
words, the reverse-rotation preventing structure keeps liquid
crystal twisted in a fixed direction, ensuring enhanced reli-
ability in displaying images.
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[0064] Tt is preferable that the data line is electrically
connected around a display area to a first protection circuit
formed in the same layer as a layer in which the scanning
line is formed, through a contact hole formed throughout an
electrically insulating film, and the scanning line is electri-
cally connected around a display area to a second protection
circuit formed in the same layer as a layer in which the data
line is formed, through a contact hole formed throughout the
electrically insulating film.

[0065] Tt is preferable that the data line is electrically
connected around a display area to a first protection circuit
formed in the same layer as a layer in which the scanning
line is formed, through a contact hole formed throughout an
electrically insulating film and further through an electri-
cally conductive pattern formed on a layer formed on the
electrically insulating film, and the scanning line is electri-
cally connected around a display area to a second protection
circuit formed in the same layer as a layer in which the data
line is formed, through a contact hole formed throughout the
electrically insulating film and further through an electri-
cally conductive pattern formed on a layer formed on the
electrically insulating film.

[0066] The above-mentioned in-plane switching mode
active matrix type liquid crystal display device in accor-
dance with the present invention may be applied various
electronic devices such as a portable communication device
or a cellular phone.

[0067] By designing a liquid crystal panel in electronic
devices to include the in-plane switching mode active matrix
type liquid crystal display device in accordance with the
present invention, an aperture ratio can be enhanced in a
display screen, ensuring enhancement of brightness in the
display screen.

[0068] In another aspect of the present invention, there is
provided a method of fabricating an in-plane switching
mode active matrix type liquid crystal display device includ-
ing (a) a first substrate, (b) a second substrate located
opposing the first substrate, and (c) a liquid crystal layer
sandwiched between the first and-second substrates wherein
the first substrate includes (al) a thin film transistor having
a gate electrode, a drain electrode and a source electrode,
(a2) a pixel electrode each associated to a pixel to be driven,
(a3) a common electrode to which a reference voltage is
applied, (a4) a data line, (a5) a scanning line, and (ab) a
common electrode line, the gate electrode is electrically
connected to the scanning line, the drain electrode is elec-
trically connected to the data line, the source electrode is
electrically connected to the pixel electrode, and the com-
mon electrode is electrically connected to the common
electrode line, and molecular axes of liquid crystal in the
liquid crystal layer are rotated in a plane parallel with the
first substrate by an electric field substantially parallel with
a plane of the first substrate and to be applied between the
pixel electrode and the common electrode, to thereby dis-
play images. The method including the steps of (a) forming
the scanning line and the common electrode line in a
common layer in parallel with each other wherein the
common electrode line is singly formed at either side about
the scanning line, (b) forming an interlayer insulating film
over the data line and the scanning line, (¢) forming a contact
hole throughout the interlayer insulating film, and (d) form-
ing the common electrode on the interlayer insulating film
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such that the common electrode is electrically connected to
the common electrode line through the contact hole and the
common electrode shields a gap formed between the scan-
ning line and the common electrode line.

[0069] The method may further include the step of form-
ing the pixel electrode and the data line in a common layer.

[0070] The method may further include the step of form-
ing the pixel electrode comprised of a plurality of first
portions, and a second portion connecting the first portions
at ends thereof to one another, wherein the second portion is
located above the common electrode line and cooperates
with the common electrode line to form an accumulation
capacity therebetween.

[0071] The method may further include the step of form-
ing the interlayer insulating film so as to have a two-layered
structure including an organic film and an inorganic film.

[0072] The method may further include the step of form-
ing the interlayer insulating film so as to have a two-layered
structure including an organic film and an inorganic film
wherein and the organic film is formed above and in the
vicinity of the scanning line, the data line, the common
¢lectrode line and the thin film transistor.

[0073] The method may further include the step of form-
ing the interlayer insulating film so as to have a two-layered
structure including an organic film and an inorganic film
wherein and the organic film is formed above and in the
vicinity of the scanning line, the data line and the thin film
transistor.

[0074] The method may further include the step of form-
ing the interlayer insulating film so as to have a two-layered
structure including an organic film and an inorganic film
wherein and the organic film is formed above and in the
vicinity of the data line and the thin film transistor.

[0075] The method may further include the step of form-
ing the interlayer insulating film so as to have a two-layered
structure including an organic film and an inorganic film
wherein and the organic film is formed above and in the
vicinity of the data line.

[0076] The method may further include the step of form-
ing a black matrix layer in an isolated pattern only above the
thin film transistor for overlapping the thin film transistor.

[0077] The method may further include the step of form-
ing a color layer defining a color filter such that the color
layer has an edge extending in parallel with the data line.

[0078] The method may further include the step of form-
ing color layers defining a color filter such that the color
layers are arranged in such a manner that adjacent color
layers are arranged without a gap therebetween or partially
overlap each other.

[0079] The method may further include the step of form-
ing a pillar-shaped pattern on at least one of the first and
second substrates between the scanning line and the com-
mon electrode line for ensuring a gap between the first and
second substrates.

[0080] The method may further include the step of form-
ing the common electrode above a channel of the thin film
transistor with an opening having an end remote from an end
of the channel by a predetermined distance.
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[0081] The method may further include the step of elec-
trically connecting the data line around a display area to a
first protection circuit formed in the same layer as a layer in
which the scanning line is formed, through a contact hole
formed throughout an electrically insulating film, and fur-
ther electrically connecting the scanning line around a
display area to a second protection circuit formed in the
same layer as a layer in which the data line is formed,
through a contact hole formed throughout the electrically
insulating film.

[0082] The method may further include the step of elec-
trically connecting the data line around a display area to a
first protection circuit formed in the same layer as a layer in
which the scanning line is formed, through a contact hole
formed throughout an electrically insulating film and further
through an electrically conductive pattern formed on a layer
formed on the electrically insulating film, and further elec-
trically connecting the scanning line around a display area to
a second protection circuit formed in the same layer as a
layer in which the data line is formed, through a contact hole
formed throughout the electrically insulating film and fur-
ther through an electrically conductive pattern formed on a
layer formed on the electrically insulating film.

[0083] The advantages obtained by the aforementioned
present invention will be described hereinbelow.

[0084] In the in-plane switching mode active matrix type
liquid crystal display device in accordance with the present
invention, the scanning line and the common electrode line
are formed in a common layer in parallel with each other,
and the scanning and data lines are shielded by the common
electrode with an interlayer insulating film being sand-
wiched therebetween. The common electrode line is singly
formed at either side about the scanning line.

[0085] Since the scanning and data lines are shielded by
the common electrode, an electric field leaking out of the
scanning and data lines is shielded by the common electrode,
and as a result, it would be possible to expand a display area
controllable by the pixel electrode and the common elec-
trode.

[0086] This is accompanied with an advantage that an area
the common electrode line occupies can be reduced. In a
conventional in-plane switching mode liquid crystal display
device, common electrode lines are arranged at opposite
sides about a scanning line in order to shield an electric field
leaking out of the scanning line. In contrast, in in-plane
switching mode active matrix type liquid crystal display
device in accordance with the present invention, since the
common electrode is designed to have a function of shield-
ing an electric field leaking out of the scanning line, it is
possible to reduce the number of common electrode lines
which shield an electric field leaking out of the scanning
line, down to one.

[0087] In in-plane switching mode active matrix type
liquid crystal display device in accordance with the present
invention, the pixel electrode and the common electrode are
formed in different layers from each other, ensuring that it is
possible to prevent the pixel and common electrodes from
short-circuiting with each other. As a result, it is possible to
increase a yield at which the liquid crystal display device is
fabricated.

[0088] The number of fabrications steps to be carried out
for forming the pixel electrode and the common electrode in
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different layers from each other is not increased in compari-
son with the number of fabrications steps to be carried out
for forming the pixel electrode and the common electrode in
a common layer like a conventional in-plane switching
mode liquid crystal display device.

[0089] The above and other objects and advantageous
features of the present invention will be made apparent from
the following description made with reference to the accom-
panying drawings, in which like reference characters des-
ignate the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] FIG. 1 is a plan view of a conventional in-plane
switching mode liquid crystal display device.

[0091] FIG. 2 is a cross-sectional view taken along the
line II-II in FIG. 1.

[0092] FIG. 3 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the first embodiment of the present inven-
tion.

[0093] FIG. 4 is a cross-sectional view taken along the
line IV-IV in FIG. 3.

[0094] FIG. 5 is a circuit diagram of the liquid crystal
display device in accordance with the first embodiment of
the present invention.

[0095] FIG. 6 is a plan view of a first example of a
protection circuit.

[0096] FIG. 7 is a plan view of a second example of a
protection circuit.

[0097] FIG. 8 is a plan view of a first example of a shape
of the data line.
[0098] FIG. 9 is a plan view of a second example of a

shape of the data line.

[0099] FIG. 10 is a graph showing one of characteristics
of the liquid crystal display device in accordance with the
first embodiment of the present invention.

[0100] FIG. 11 is a graph showing one of characteristics
of the liquid crystal display device in accordance with the
first embodiment of the present invention.

[0101] FIG. 12 is a graph showing one of characteristics
of the liquid crystal display device in accordance with the
first embodiment of the present invention.

[0102] FIG. 13 is a graph showing one of characteristics
of the liquid crystal display device in accordance with the
first embodiment of the present invention.

[0103] FIG. 14 is a partial plan view of the liquid crystal
display device in accordance with the first embodiment of
the present invention.

[0104] FIG. 15 is a graph showing one of characteristics
of the liquid crystal display device in accordance with the
first embodiment of the present invention.

[0105] FIGS. 16A to 16G are cross-sectional views of the
liquid crystal display device in accordance with the first
embodiment of the present invention, illustrating respective
steps of a method of fabricating the same.
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[0106] FIG. 17 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the second embodiment of the
present invention.

[0107] FIGS. 18A to 18I are cross-sectional views of the
liquid crystal display device in accordance with the second
embodiment of the present invention, illustrating respective
steps of a method of fabricating the same.

[0108] FIG. 19 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the third embodiment of the
present invention.

[0109] FIG. 20 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the fourth embodiment of the
present invention.

[0110] FIG. 21 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the fifth embodiment of the
present invention.

[0111] FIG. 22 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the sixth embodiment of the
present invention.

[0112] FIG. 23 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the seventh embodiment of the
present invention.

[0113] FIG. 24 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the eighth embodiment of the present
invention.

[0114] FIG. 25 is a cross-sectional view taken along the
line XXV-XXV in FIG. 24.

[0115] FIG. 26 is a cross-sectional view of the liquid
crystal display device illustrated in FIG. 24.

[0116] FIG. 27 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the ninth embodiment of the present inven-
tion.

[0117] FIG. 28 is a cross-scctional view taken along the
line XXVIII-XXVIII in FIG. 27.

[0118] FIG. 29 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the tenth embodiment of the present inven-
tion.

[0119] FIG. 30 is a cross-sectional view taken along the
line XXX-XXX in FIG. 29.

[0120] FIG. 31 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the eleventh embodiment of the present
invention.

[0121] FIG. 32 is a cross-sectional view taken along the
line XXXII-XXXII in FIG. 31.

[0122] FIG. 33A is a plan view illustrating a first example
of a location at which the contact hole is to be formed.
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[0123] FIG. 33B is a plan view illustrating a second
example of a location at which the contact hole is to be
formed.

[0124] FIG. 34 is a plan view illustrating a third example
of a location at which the contact hole is to be formed.

[0125] FIG. 35 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the thirteenth embodiment of the
present invention.

[0126] FIG. 36 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device in accordance with the fourteenth embodiment of the
present invention.

[0127] FIG. 37 is a block diagram of a first example of an
electronic device in accordance with the sixteenth embodi-
ment of the present invention.

[0128] FIG. 38 is a block diagram of a second example of
an electronic device in accordance with the sixteenth
embodiment of the present invention

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0129] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with refer-
ence to drawings.

[0130] [First Embodiment]

[0131] FIGS. 3, 4 and 5 illustrate an in-plane switching
mode active matrix type liquid crystal display device in
accordance with the first embodiment of the present inven-
tion. FIG. 3 is a plan view of an active matrix type liquid
crystal display device 10 in accordance with the, first
embodiment, FIG. 4 is a cross-sectional view taken along
the line IV-IV in FIG. 3, and FIG. 5 is a circuit diagram of
a pixel of the liquid crystal display device 10 illustrated in
FIG. 3.

[0132] As illustrated in FIG. 4, the liquid crystal display
device 10 is comprised of an active device substrate 11, an
opposing substrate 12, and a liquid crystal layer 13 sand-
wiched between the active device substrate 11 and the
opposing substrate 12.

[0133] The opposing substrate 12 is comprised of an
electrically insulating transparent substrate 16, a black
matrix layer 17 formed on the electrically insulating trans-
parent substrate 16 in a matrix as a light-shielding film, a
color layer 18 formed on the electrically insulating trans-
parent substrate 16 such that it partially overlaps the black
matrix layer 17, and a transparent over-coating layer 19
covering the black matrix layer 17 and the color layer 18
therewith.

[0134] The opposing substrate 12 further includes an
electrically conductive transparent layer (not illustrated) on
an upper surface of the electrically insulating transparent
substrate 16 in order to prevent electric charges caused by
contact of a liquid crystal display panel with other materials,
from exerting electrical influence on the liquid crystal layer
13.

[0135] The color layer 18 is comprised of resin films
containing red (R), green (G) and blue (B) pigments therein.
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[0136] The active device substrate 11 is comprised of an
electrically insulating transparent substrate 22, a first metal
layer 40a formed on the electrically insulating transparent
substrate 22, and defining a gate electrode 30a (see FIG. 5)
and a common electrode line 21, a gate insulating film 23
formed on the electrically insulating transparent substrate
22, covering the first metal layer 40a therewith, an island-
shaped amorphous silicon film 30b formed on the gate
insulating film 23, a second metal layer 40b formed on the
gate insulating film 23 and defining a data line 24, a source
electrode 30c and a pixel electrode 25, an interlayer insu-
lating film 26 formed on the gate insulating film 23, covering
the second metal film 406 therewith, and a common elec-
trode 27 formed on the interlayer insulating film 26 and
composed of transparent material.

[0137] The island-shaped amorphous silicon film 305, the
data line 24 and the source electrode 30 cooperate with one
another to thereby define a thin film transistor (TET) 30.

[0138] In the specification, a layer located closer to the
liquid crystal layer 13 is called an “upper” layer and a layer
located remoter from the liquid crystal layer 13 is called a
“lower” layer in both the active device substrate 11 and the
opposing substrate 12.

[0139] The active device substrate 11 and the opposing
substrate 12 include alignment films (not illustrated), respec-
tively, both making contact with the liquid crystal layer 13.
The alignment films are rubbed such that the liquid crystal
layer 13 is homogeneously aligned in a direction L inclined
from a direction in which the common electrode 27 and the
pixel electrode 25 extend, by an angle in the range of 10 to
30 degrees, and then, adhered to the active device substrate
11 and the opposing substrate 12, respectively, such that they
face each other. The above-mentioned angle is called initial
alignment orientation of liquid crystal molecules.

[0140] The active device substrate 11 includes a polarizing
plate (not illustrated) adhered to a lower surface of the
electrically insulating transparent substrate 22, and simi-
larly, the opposing substrate 12 includes a polarizing plate
(not illustrated) adhered to the above-mentioned electrically
conductive layer formed on the electrically insulating trans-
parent substrate 16. The polarizing plate of the active device
substrate 11 is designed to have a polarizing axis perpen-
dicular to a rubbing axis, and the polarizing plate of the
opposing substrate 12 is designed to have a polarizing axis
parallel with the rubbing axis. That is, the polarizing axes of
the polarizing plates are perpendicular to each other.

[0141] Spacers 28 (only one of them is illustrated in FIG.
4) are sandwiched between the active device substrate 11
and the opposing substrate 12 to ensure a thickness of the
liquid crystal layer 13, and a seal (not illustrated) is formed
around the liquid crystal layer 13 between the active device
substrate 11 and the opposing substrate 12 for avoiding
leakage of liquid crystal molecules.

[0142] A data signal is transmitted to the data line 24, a
reference voltage is applied to the common electrode line 21
and the common electrode 27, and a scanning signal is
transmitted to the scanning line 20.

[0143] Asillustrated in FIG. 3, the thin film transistor 30
is fabricated for each of pixels at each of intersections at
which the scanning line 20 intersects with the data line 24.
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That 1s, the thin film transistor 30 is designed to make direct
electrical contact with the data line 24.

[0144] Specifically, the conventional in-plane switching
mode liquid crystal display device illustrated in FIG. 1 was
designed to include a drain electrode comprised of an
electrode extended from a data line. In contrast, the liquid
crystal display device 10 in accordance with the first
embodiment makes it no longer necessary to form such an
electrode, because the thin film transistor 30 is designed to
make direct electrical contact with the data line 24.

[0145] The gate electrode 30q, the drain electrode and the
source electrode 30a are electrically connected to the scan-
ning line 20, the data line 24 and the pixel electrode 25,
respectively.

[0146] The liquid crystal display device 10 n accordance
with the first embodiment may be designed to include a

protection circuit to protect the data line 24 and the scanning
line 20.

[0147] FIG. 6 is a plan view of a first example of the
protection circuit.

[0148] The data line 24 is electrically connected around a
display screen to a protection circuit 41 through a protection
circuit wiring 24A formed in the same layer as a layer in
which the data line 24 is formed, a contact hole 23a formed
throughout the gate insulating film 23 and a protection
circuit wiring 20A formed in the same layer as a layer in
which the scanning line 20 is formed.

[0149] Similarly, the scanning line 20 is electrically con-
nected around a display screen to a protection circuit 42
through a protection circuit wiring 20B formed in the same
layer as a layer in which the scanning line 20 is formed, a
contact hole 23¢ formed throughout the gate insulating film
23 and a protection circuit wiring 24B formed in the same
layer as a layer in which the data line 24 is formed.

[0150] FIG. 7 is a plan view of a second example of the
protection circuit.

[0151] The data line 24 is electrically connected around a
display screen to the protection circuit 41 through the
protection circuit wiring 24A formed in the same layer as a
layer in which the data line 24 is formed, a contact hole 26a
formed throughout the interlayer insulating film 26, an
electrically conductive pattern 43 formed on the interlayer
insulating film 26 and the protection circuit wiring 20A
formed in the same layer as a layer in which the scanning
line 20 is formed.

[0152] Similarly, the scanning line 20 is electrically con-
nected around a display screen to the protection circuit 42
through the protection circuit wiring 20B formed in the same
layer as a layer in which the scanning line 20 is formed, a
contact hole 265 formed throughout the interlayer insulating
film 26, an electrically conductive pattern 43 formed on the
interlayer insulating film 26 and the protection circuit wiring
24B formed in the same layer as a layer in which the data
line 24 is formed.

[0153] The protection circuits 41 and 42 provide an advan-
tage that even if an abnormal voltage is applied to the
scanning line 20 or the data line 24, the protection circuits
41 and 42 allow such an abnormal voltage to escape there-
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through, resulting in that a voltage at the scanning line 20 or
the data line 24 is kept stable.

[0154] In the in-plane switching mode active matrix type
liquid crystal display device 10 in accordance with the first
embodiment, as illustrated in FIGS. 3 and 4, the scanning
line 20 and the common electrode line 21 are formed in a
common layer in paralle]l with each other on the electrically
insulating transparent substrate 22.

[0155] The common electrode line 21 is singly formed at
a side about the scanning line 20, as illustrated in FIG. 4.

[0156] The common electrode 27 overlaps the data line 24
and the scanning line 20 with the gate insulating film 23 and
the interlayer insulating film 26 being sandwiched therebe-
tween, and shields a gap formed between the scanning line
20 and the common electrode line 21.

[0157] As illustrated in FIG. 3, the common electrode 27
is formed above a channel of the thin film transistor 30 with
an opening 27a (an area surrounded with a broken line)
through which the channel is exposed. The opening 274 has
an end located internally of the channel and remote from an
end of the channel by a predetermined distance. That is, the
opening 27a is analogous to the channel of the thin film
transistor 30.

[0158] Asillustrated in FIGS. 3 and 4, the opening 274 of
the common electrode 27 is covered with the black matrix
layer 17 (an area surrounded with a broken line), when
viewed from upward.

[0159] As illustrated in FIG. 3, the black matrix layer 17
is formed above the thin film transistor 30 to such a degree
that the black matrix layer 17 shields the thin film transistor
30. That is, the black matrix layer 17 has a minimum area
necessary for preventing a light from entering the thin film
transistor 30. In addition, the black matrix layer 17 does not
shield the scanning line 20 and the data line 24, and hence,
is formed only above the thin film transistor 30 as an isolated
pattern.

[0160] A contact hole 29 is formed throughout the gate
insulating film 23 and the interlayer insulating film 26. The
contact hole 29 is filled with electrically conductive mate-
rial. The common electrode 27 makes electrical contact with
the common electrode line 21 through the electrically con-
ductive material filling the contact hole 29 therewith.

[0161] Each of the color layers 18 is designed to have an
edge extending in parallel with the data line 24.

[0162] As illustrated in FIG. 8, the data line 24 may be
designed as a straight line. As an alternative, as illustrated in
FIG. 9, the data line 24 may be designed as a zigzag line.
In both cases, an edge of the color layer 18 is designed to
extend in parallel with the data line 24.

[0163] The common e¢lectrode 27 is composed of ITO
(Indium Tin Oxide) as one of electrically conductive trans-
parent materials.

[0164] In the in-plane switching mode active matrix type
liquid crystal display device 10 in accordance with the first
embodiment, an electric field is generated in parallel with
the electrically insulating substrates 16 and 22 between the
common electrode 27 and the pixel electrode 25 in a pixel
which is selected by a scanning signal transmitted through
the scanning line 20 and into which a data signal is intro-
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duced through the data line 24. Alignment direction of liquid
crystal molecules is rotated in a plane parallel with the
electrically insulating substrates 16 and 22 in accordance
with the thus generated electric field, thereby images are
displayed.

[0165] The in-plane switching mode active matrix type
liquid crystal display device 10 in accordance with the first
embodiment provides the following advantages.

[0166] In the in-plane switching mode active matrix type
liquid crystal display device 10 in accordance with the first
embodiment, the scanning and data lines 20 and 24 are
shiclded by the common electrode 27 with an interlayer
insulating film 26 being sandwiched therebetween. Thus, an
electric field leaking out of the scanning and data lines 20
and 24 is shielded by the common electrode 27, and as a
result, it would be possible to expand a display area con-
trollable by the pixel electrode 25 and the common electrode
27.

[0167] The common electrode 27 is electrically connected
to the common electrode line 21 through the contact hole 29
formed throughout the interlayer insulating film 26. Hence,
it would be possible to reduce a resistance of the common
electrode 27, and hence, reduce defectiveness in displaying
images, such as cross-talk caused by signal delay.

[0168] Since an electric field leaking out of the scanning
and data lines 20 and 24 can be shielded by the common
electrode 27 as mentioned above, an area the common
electrode line 21 occupies can be reduced.

[0169] In the conventional in-plane switching mode liquid
crystal display device, the common electrode lines 105 are
to be arranged at opposite sides about the scanning line 101
in order to shield an electric field leaking out of the scanning
line 101. In contrast, in the in-plane switching mode active
matrix type liquid crystal display device 10 in accordance
with the first embodiment, since the common electrode 27 is
designed to have a function of shielding an electric field
leaking out of the scanning line 20, it is possible to reduce
the number of the common electrode lines 21 which shield
an electric field leaking out of the scanning line 20, down to
one. Moreover, for the space between the common electrode
line 21 and the scanning line 20 is also shielded by the
common electrode 27, the shicld layer on the opposing
substrate for shielding the light leakage for this space is not
necessary. Thus, the aperture ratio can be made higher.

[0170] In the in-plane switching mode active matrix type
liquid crystal display device 10 in accordance with the first
embodiment, the pixel electrode 25 and the common elec-
trode 27 are formed in different layers from each other,
ensuring that it is possible to prevent the pixel and common
electrodes 25 and 27 from short-circuiting with each other,
and hence, it is also possible to increase a yield at which the
liquid crystal display device 10 is fabricated.

[0171] Since the common electrode 27 is composed of
indium tin oxide (ITO), an electrically conductive transpar-
ent material, in the liquid crystal display device 10 in
accordance with the first embodiment, it is possible to
increase an aperture ratio.

[0172] In the liquid crystal display device 10 in accor-
dance with the first embodiment, the thin film transistor 30
is designed to make direct electrical contact with the data
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line 24. Thus, it is no longer necessary to form an electrode
extended from a drain electrode, which was necessarily
formed in the conventional in-plane switching mode liquid
crystal display device illustrated in FIG. 1. This ensures that
an area the thin film transistor 30 in a pixel occupies is
minimized. In addition, it is possible to increase an aperture
ratio to a degree corresponding to an area of the above-
mentioned electrode which is no longer necessary to be
formed in the liquid crystal display device 10.

[0173] In the liquid crystal display device 10 in accor-
dance with the first embodiment, as illustrated in FIG. 3, the
black matrix layer 17 is formed only above the thin film
transistor 30 to such a degree that the black matrix layer 17
shields the thin film transistor 30. That 1s, the black matrix
layer 17 is designed to have a minimum area necessary for
preventing a light from entering the thin film transistor 30,
ensuring an increase in an aperture ratio.

[0174] The color layers 18 are arranged in such a manner
that adjacent color layers are arranged without a gap ther-
ebetween or partially overlap each other. This ensures that a
range of color which can be displayed is prevented from
being narrowed, and hence, display quality can be enhanced.

[0175] In the liquid crystal display device 10 in accor-
dance with the first embodiment, each of the color layers 18
is designed to have an edge extending in parallel with the
data line 24, preventing an increase in unnecessary light-
shielding area and increasing an aperture ratio.

[0176] In the liquid crystal display device 10 in accor-
dance with the first embodiment, the common electrode 27
is formed above the thin film transistor 30 such that the
common electrode 27 overlaps the thin film transistor 30.
This ensures that the common electrode 27 prevents a
horizontal electric field from leaking out of the thin film
transistor 30.

[0177] As illustrated in FIG. 3, the common electrode 27
is formed above a channel of the thin film transistor 30 with
the opening 274 through which the channel is exposed. The
common electrode 27 minimizes leakage of a horizontal
clectric field out of the thin film transistor 30, and 1t is
possible to prevent characteristics of the thin film transistor
30 from being shifted due to variance in a voltage of the
common electrode 27. In particular, when the liquid crystal
display device 10 is driven in accordance with a gate line
inversion process, it would be quite beneficial to form the
common electrode 27 with the opening 27a, because a
voltage of the common electrode 27 significantly varies.

[0178] Tt should be noted that since the opening 27a is
shielded by the black matrix layer 17 as illustrated in FIGS.
3 and 4, the formation of the opening 27a does not reduce
an aperture ratio.

[0179] In the liquid crystal display device 10 in accor-
dance with the first embodiment, the black matrix layer 17
is formed above the thin film transistor 30 to such a degree
that the black matrix layer 17 shields the thin film transistor
30. That is, the black matrix layer 17 has a minimum area
necessary for preventing a light from entering the thin film
transistor 30. In addition, the black matrix layer 17 is formed
only above the thin film transistor 30 as an isolated pattern.
By forming the black matrix layer 17 in the above-men-
tioned manner, it is possible to increase an aperture ratio.
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[0180] Hereinbelow are explained numerical examples in
the liquid crystal display device 10 in accordance with the
first embodiment.

[0181] It is preferable that the common electrode 27
extends beyond the data line 24 by 3 micrometers or greater
in a width-wise direction thereof, when viewed from
upward.

[0182] The inventors conducted the experiments to find a
relation between a cross-talk level and an extension of the
common electrode 27 beyond the data line 24. The results
are shown in FIG. 10.

[0183] A visible level at which a viewer can see a cross-
talk is three (3).

[0184] Asillustrated in FIG. 10, a cross-talk level is equal
to three when an extension of the common electrode 27
beyond the data line 24 in a width-wise direction is equal to
about 2.5 micrometers, and a cross-talk level becomes
smaller than 3 as the extension is greater than 2.5 microme-
ters.

[0185] Accordingly, the extension of the common elec-
trode 27 beyond the data line 24 in a width-wise direction is
necessary to be equal to or smaller than 2.5 micrometers, and
if the extension is equal to or greater than 3 micrometers, it
is surely possible to keep a cross-talk level below a visible
level.

[0186] It is preferable that the common electrode 27
extends beyond the a scanning line 20 by 1 micrometer or
greater in a width-wise direction thereof, when viewed from
upward.

[0187] The inventors conducted the experiments to find a
relation between a cross-talk level and an extension of the
common electrode 27 beyond the scanning line 20. The
results are shown in FIG. 11.

[0188] Asillustrated in FIG. 11, a cross-talk level is equal
to three when an extension of the common electrode 27
beyond the data line 24 in a width-wise direction is equal to
about 1.0 micrometer, and a cross-talk level becomes
smaller than 3 as the extension is greater than 1.0 microme-
ter.

[0189] Accordingly, the extension of the common elec-
trode 27 beyond the scanning line 20 in a width-wise
direction is necessary to be equal to or greater than 1.0
micrometer, and if the extension is equal to or greater than
1.5 micrometers, for instance, it is surely possible to keep a
cross-talk level below a visible level.

[0190] In addition, by designing the extension of the
common electrode 27 beyond the scanning line 20 in a
width-wise direction to be equal to or greater than 1.0
micrometer, it would be possible to prevent an unnecessary
electric field from leaking out of the scanning line 20, and
hence, it would be also possible to prevent light leakage out
of and around the scanning line 20, when black is displayed
in a display screen.

[0191] Tt is preferable that the black matrix layer 17 is
composed of a material having a specific resistance of
1x10 Q-cm or greater.

[0192] The inventors conducted the experiments to find a
relation between a specific resistance of the black matrix
layer 17 and an increase in a luminance. The results are
shown in FIG. 12.
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[0193] A luminance level at which a viewer can recognize
an increase in a luminance is one (1). In other words, a
visible level is one.

[0194] Asillustrated in FIG. 12, when a material of which
the black matrix layer 17 is composed has a specific resis-
tance of 1x10°7 Q-cm, a luminance level becomes equal to
a visible level, that is, one, and as a specific resistance
becomes greater than 1x10°° Q-cm, a luminance level
becomes smaller than one (1).

[0195] Accordingly, a specific resistance of a material of
which the black matrix layer 17 is composed is necessary to
be equal to or greater than 1x10°° -cm, and if a specific
resistance is equal to or greater than 1x10'° Q-cm, it is
surely possible to keep a luminance level below a visible
level.

[0196] An example of a material having a specific resis-
tance of 1x10°® Q-cm or greater is titanium oxide as black
pigment containing resin scattered therein.

[0197] Liquid crystal in the liquid crystal layer 13 has
dielectric constant anisotropy Ae of preferably 9 or greater,
and more preferably, 11 or greater.

[0198] The inventors conducted the experiments to find a
relation between dielectric constant anisotropy Ae of the
liquid crystal and a V-T peak voltage. The results are shown
in FIG. 13. Herein, a V-T peak voltage indicates a voltage
applied across liquid crystal for presenting a maximum
transmissivity.

[0199] In general, a V-T peak voltage is set preferably
equal to or smaller than 6 V, and more preferably equal to or
smaller than 5.5 V 1in order to drive a liquid crystal display
device with an appropriate voltage. For instance, an effective
voltage between a pixel electrode and a common electrode
is generally 5 V.

[0200] As illustrated in FIG. 13, when dielectric constant
anisotropy Ae of the liquid crystal is equal to about 8.4, a
V-T peak voltage is equal to 6 V, and when dielectric
constant anisotropy Ae of the liquid crystal is equal to about
10.6, a V-T peak voltage is equal to 5.5 V.

[0201] Accordingly, dielectric constant anisotropy Ae of
the liquid crystal is necessary to be equal to or greater than
about 8.4, and hence, if dielectric constant anisotropy Ae of
the liquid crystal is equal to or greater than 9, it is possible
to keep a V-T voltage equal to or smaller than 6 V. Further-
more, if dielectric constant anisotropy Ae of the liquid
crystal is equal to or greater than 11, it is possible to keep a
V-T voltage smaller than 5.5 V, ensuring that the liquid
crystal display device could be driven relatively readily.

[0202] Liquid crystal constituting the liquid crystal layer
13 has an N/I point (clearing point) of preferably 80 degrees
centigrade or higher, and more preferably 90 degrees cen-
tigrade or higher.

[0203] By designing an N/I point in the above-mentioned
way, the liquid crystal display device 10 in accordance with
the first embodiment can be applied to a device having a
display unit, such as a cellular phone.

[0204] FIG. 14 is a plan view showing a positional
relation between the pixel electrode 27, the scanning line 20
and the common electrode line 21, when viewed from
upward.
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[0205] As illustrated in FIG. 14, the pixel electrode 27 is
comprised of a plurality of first portions 27b in the form of
a line, extending in parallel with one another, and a second
portion 27¢ extending perpendicularly to the first portions
27b and connecting the first portions 27b at their ends to one
another.

[0206] Tt is preferable that the second portion 27¢ overlap
the common electrode line 21, in which case, the second
portion 27¢ and the common electrode line 21 can form an
accumulation capacity 32 (see FIG. 5) therebetween.

[0207] When the pixel electrode 27 is designed to be
comprised of the first portions 27b and the second portion
27¢ as illustrated in FIG. 14, it is preferable that the second
portion 27c¢ is spaced away from a scanning line 20 in the
next stage by a distance D equal to or greater than 3
micrometers.

[0208] The inventors conducted the experiments to find a
relation between the distance D and a wiring capacity of the
scanning line 20. The results are shown in FIG. 15. An axis
of ordinate in FIG. 15 indicates a relative wiring capacity on
the assumption that a wiring capacity at which no problems
are caused in displaying images is ten (10).

[0209] If the scanning line 20 has a wiring capacity equal
to or smaller than 10, no problems are caused in displaying
images. If the scanning line 20 has a wiring capacity equal
to or smaller than 6, it would be possible to enhance display
quality.

[0210] As illustrated in FIG. 15, when the distance D is
equal to about 0.6 micrometers, the wiring capacity is equal
to about 10, and as the distance D becomes greater than
about 0.6 micrometers, the wiring capacity becomes smaller
than 10. When the distance D is equal to about 2.4 microme-
ters, the wiring capacity is equal to about 6, and as the
distance D becomes greater than about 2.4 micrometers, the
wiring capacity becomes smaller than 6.

[0211] Accordingly, the distance D is necessary to be
equal to or greater than 0.6 micrometers, and if the distance
D is equal to or greater than 1.0 micrometers, it would be
possible to avoid problems in displaying images. It is
preferable that the distance D is equal to or greater than 2.4
micrometers, and if the distance D is equal to or greater than
3 micrometers, it would be possible to display images in a
desired way.

[0212] The pixel electrode 26 cooperates with the second
portion 27¢ of the common electrode 27 and the common
electrode line 21 to define the accumulation capacity 32 (see
FIG. 6) therebetween.

[0213] Tt is preferable that the color layers 18 are arranged
in such a manner that adjacent color layers are arranged
without a gap.

[0214] If there is a gap between adjacent color layers 18,
there is caused a problem that when a monotone color is to
be displayed, white is mixed with a certain color, and
accordingly, a range of color which can be displayed is
narrowed. In addition, if a user obliquely watches a liquid
crystal panel, displayed colors may be shifted in an oblique
viewing angle, because a light having passed through a
certain pixel is observed as if it comes from an adjacent
pixel. These problems can be solved by arranging adjacent
color layers 18 without a gap therebetween.
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[0215] In order to arrange the adjacent color layers 18 so
as not to have a gap therebetween, they may be, arranged to
partially overlap each other. For instance, the adjacent color
layers 18 may be arranged to partially overlap each other by
3 micrometers or greater.

[0216] FIGS. 16A to 16G are cross-sectional views of the
active device substrate 11 of the liquid crystal display device
10 in accordance with the first embodiment, illustrating
respective steps of a method of fabricating the same. Each
of FIGS. 16A to 16G includes three drawings, that is, a
cross-sectional view of an area around a display screen, a
cross-sectional view of a pixel, and a plan view of a pixel
arranged in this order from the left.

[0217] Anexample of a method of fabricating the in-plane
switching mode active matrix type liquid crystal display
device 10 in accordance with the first embodiment is
explained hereinbelow with reference to FIGS. 16A to 16G.

[0218] Asillustrated in FIG. 16A, the first metal layer 40a
is formed on the electrically insulating transparent substrate
22. Then, the first metal layer 40q is patterned into the gate
electrode 304, the scanning line 20 and the common elec-
trode line 21. Thus, the gate electrode 30a, the scanning line
20 and the common electrode line 21 are simultaneously
formed.

[0219] Then, as illustrated in FIG. 16B, the gate insulating
film 23 is formed on the electrically insulating transparent
substrate 22, covering the gate electrode 30q, the scanning
line 20 and the common electrode line 21 therewith.

[0220] Then, an i-layer 35« into which no impurity is
doped is formed on the gate insulating film 23, and an
n-layer 35b into which n-type impurity is doped is formed on
the i-layer 35a.

[0221] Then, as illustrated in FIG. 16C, the i-layer 35a
and n-layer 35b are patterned into an island 36 which will be
a part of the thin film transistor 30.

[0222] Then, as illustrated in FIG. 16D, the second metal
layer 40b composed of chromium is formed on the gate
insulating film 23 and the island 36, and then, patterned into
the data line 24 and the source ¢lectrode 30c.

[0223] By patterning the second metal layer 40b, the pixel
electrode 25 is simultaneously formed, though not illus-
trated.

[0224] Then, as illustrated in FIG. 16E, the interlayer
insulating film 26 is formed on the gate insulating film 23,
covering the data line 24, the island 36 and the source
electrode 30c therewith.

[0225] Then, as illustrated in FIG. 16F, the contact hole 29
reaching the common electrode line 21 is formed throughout
the interlayer insulating film 26 and the gate insulating film
23, and simultaneously, the contact hole 37 reaching the data
line 24 is formed throughout the interlayer insulating film
26.

[0226] Then, as illustrated in FIG. 16G, an indium tin
oxide (ITO) film is formed on the interlayer insulating film
26 such that the contact holes 29 and 37 are filled with
indium tin oxide (ITO). Then, the indium tin oxide film is
patterned into the common electrode 27.
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[0227] Thus, there is completed the active device substrate
11 of the in-plane switching mode active matrix type liquid
crystal display device 10 in accordance with the first
embodiment.

[0228] Inthe liquid crystal display device 10, as illustrated
in FIG. 3, the common electrode 27 is designed to have an
oblique edge 27b as an auxiliary edge such that if a rubbing
direction or a liquid crystal alignment direction L defined by
rubbing rotates in a clockwise direction by an acute angle
from the liquid crystal alignment direction L, the liquid
crystal alignment direction L overlaps a direction of an
electric field applied across the pixel electrode 25, and the
common electrode 27 and the common electrode line 21
having the same voltage as a voltage of the common
electrode 27.

[0229] If there exists an area in which the liquid crystal
alignment direction would overlap the direction of the
electric field by rotating the liquid crystal alignment direc-
tion in a counter-clockwise direction by a certain acute
angle, the area would generate domain at an end of a pixel,
in which liquid crystal rotates in a direction opposite to a
desired direction, when an electric filed is applied across the
pixel electrode 27 and the common electrode 25. If there
exists such a domain as mentioned above, and disclination
is kept generated for a long time at a boundary between the
above-mentioned domain in, which liquid crystal molecules
rotate in a desired direction and a domain in which liquid
crystal molecules rotate in a direction opposite to a desired
direction, display quality would be lowered, and a condition
identical with the initial condition might not be obtained,
resulting in reduction in reliability of the liquid crystal
display device 10.

[0230] The above-mentioned reverse rotation of liquid
crystal molecules could be prevented by designing the
common electrode 27 to have the oblique edge 27b as a
reverse-rotation preventing structure. Herein, in the speci-
fication, a structure which twists liquid crystal molecules
only in a single direction by designing the common elec-
trode 27 to have the oblique edge 27b is called a reverse-
rotation preventing structure.

[0231]

[0232] FIG. 17 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 40 in accordance with the second embodiment of the
present invention.

[0233] In the liquid crystal display device 10 in accor-
dance with the above-mentioned first embodiment, only the
common electrode 27 is composed of indium tin oxide
(ITO), an electrically conductive transparent material. In the
liquid crystal display device 40 in accordance with the
second embodiment, not only the common electrode 27, but
also the pixel electrode 25 is composed of ITO. The liquid
crystal display device 40 in accordance with the second
embodiment has the same structure as the structure of the
liquid crystal display device 10 in accordance with the
above-mentioned first embodiment except that the pixel
electrode 25 is composed of ITO.

[0234] By composing not only the common electrode 27,
but also the pixel electrode 25 of ITO, an electrically
conductive transparent material, the liquid crystal display

[Second Embodiment]
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device 40 has an aperture ratio higher than the same of the
liquid crystal display device 10.

[0235] FIGS. 18A to 18I are cross-sectional views of the
active device substrate 11 of the liquid crystal display device
40 in accordance with the second embodiment, illustrating
respective steps of a method of fabricating the same. Each
of FIGS. 18A to 18I includes three drawings, that is, a
cross-sectional view of an area around a display screen, a
cross-sectional view of a pixel, and a plan view of a pixel
arranged 1in this order from the left, similarly to FIGS. 16A
to 16G.

[0236] Anexample of a method of fabricating the in-plane
switching mode active matrix type liquid crystal display
device 40 in accordance with the second embodiment is
explained hereinbelow with reference to FIGS. 18A to 18I.

[0237] Asillustrated in FIG. 18A, the first metal layer 40a
is formed on the electrically insulating transparent substrate
22. Then, the first metal layer 40q is patterned into the gate
electrode 30a, the scanning line 20 and the common elec-
trode line 21. Thus, the gate electrode 30a, the scanning line
20 and the common electrode line 21 are simultancously
formed.

[0238] Then, as illustrated in FIG. 18B, the gate insulating
film 23 is formed on the electrically insulating transparent
substrate 22, covering the gate electrode 30q, the scanning
line 20 and the common electrode line 21 therewith.

[0239] Then, an i-layer 354 into which no impurity is
doped is formed on the gate insulating film 23, and an
n-layer 35b into which n-type impurity is doped is formed on
the i-layer 35a.

[0240] Then, as illustrated in FIG. 18C, the i-layer 35a
and n-layer 35b are patterned into an island 36 which will be
a part of the thin film transistor 30.

[0241] Then, as illustrated in FIG. 18D, the contact hole
37 is formed throughout the gate insulating film 23 around
a pixel such that the contact hole 37 reaches the gate
electrode 30a.

[0242] Then, as illustrated in FIG. 18E, the second metal
layer 40b composed of chromium is formed on the gate
insulating film 23, and then, patterned by photolithography

and etching into the data line 24 and the source electrode
30c.

[0243] When the data line 24 is formed by patterning the
second metal layer 40b, the data line 24 is electrically
connected to a wiring layer of a protection a circuit (not
illustrated) which is formed in the same layer as a layer in
which the scanning line 20 is formed, through the second
metal layer 40b covering an inner surface of the contact hole
37 therewith. Then, the scanning line 20 is electrically
connected around a display screen to a wiring layer of a
protection circuit (not illustrated) which is formed in the
same layer as a layer in which the data line 24 is formed,
through a contact hole (not illustrated) formed throughout
the gate insulating film 23.

[0244] Thus, as illustrated in the center drawing in FIG.
18E, the data line 24 and the scanning line 20 are electrically
connected to each other around the scanning line 20. The
reason why the data line 24 and the scanning line 20 are
electrically connected to each other at this stage is that, if the
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data line 24 is formed by etching before the data line 24 and
the scanning line 20 are electrically connected to each other,
the data line 24 may be fused during etching.

[0245] Then, as illustrated in FIG. 18F, an indium tin
oxide (ITO) film is formed on the gate insulating film 23,
and then, patterned into the pixel electrode 25.

[0246] Then, as illustrated in FIG. 18G, the interlayer
insulating film 26 is formed on the gate insulating film 23,
covering the data line 24, the island 36, the source electrode
30c and the pixel electrode 25 therewith.

[0247] Then, as illustrated in FIG. 18H, the contact hole
29 reaching the common electrode line 21 is formed
throughout the interlayer insulating film 26 and the gate
insulating film 23.

[0248] Then, as illustrated in FIG. 18I, an indium tin
oxide (ITO) film is formed on the interlayer insulating film
26 such that the contact hole 29 is filled with indium tin
oxide (ITO). Then, the indium tin oxide film is patterned into
the common electrode 27.

[0249] Thus, there is completed the active device substrate
11 of the in-plane switching mode active matrix type liquid
crystal display device 40 in accordance with the second
embodiment.

[0250] [Third Embodiment]

[0251] FIG. 19 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 50 in accordance with the third embodiment of the
present invention.

[0252] In the liquid crystal display device 50 in accor-
dance with the third embodiment, the pixel electrode 25 is
composed of ITO similarly to the second embodiment, and
a transparent 25a covers the data line 24 therewith as a
protection layer. The liquid crystal display device 50 in
accordance with the third embodiment has the same struc-
ture as the structure of the liquid crystal display device 40 in
accordance with the above-mentioned second embodiment
except that the transparent 254 covers the data line 24
therewith.

[0253] The transparent electrode 25a is composed of ITO
similarly to the pixel electrode 25, and is formed concur-
rently with the pixel electrode 25. Since the transparent
electrode 254 can be formed by partially changing a pattern
in accordance with which the pixel electrode 25 is formed,
the number of steps for fabricating the liquid crystal display
device 50 is not increased in comparison with the number of
steps for fabricating the liquid crystal display device 40 in
accordance with the second embodiment.

[0254] By covering the data line 24 with the transparent
electrode 254, it would be possible 1o prevent the data line
24 from being fused by etching to be carried out when the
pixel electrode 25 is formed.

[0255] [Fourth Embodiment]

[0256] FIG. 20 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 60 in accordance with the fourth embodiment of the
present invention.

[0257] 1In the liquid crystal display device 10 in accor-
dance with the above-mentioned first embodiment, the black
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matrix layer 17 is formed as a part of the opposing substrate
12, as illustrated in FIG. 4. In contrast, a black matrix layer
17a in the liquid crystal display device 60 in accordance
with the fourth embodiment is formed as a part of the active
device substrate 11.

[0258] The black matrix layer 17a shields the opening 27a
of the common electrode 27, and is formed only above the
thin film transistor 30 to such a degree that the black matrix
layer 17a overlaps the thin film transistor 30, similarly to
first embodiment. That is, the black matrix layer 174 has a
minimum size necessary for preventing a light from entering
the thin film transistor 30. In addition, the black matrix layer
174 is not formed above the scanning line 20 and the data
line 24, and 1s formed-only above the thin film transistor 30
in an isolated pattern.

[0259] The liquid crystal display device 60 in accordance
with the fourth embodiment has the same structure as the
structure of the liquid crystal display device 10 in accor-
dance with the above-mentioned first embodiment except
that the black matrix layer 17a is a part of the active device
substrate 11.

[0260] Even if the black matrix layer 174 is formed as a
part of the active device substrate 11, the liquid crystal
display device 60 in accordance with the fourth embodiment
provides the same advantages as those obtained by the liquid
crystal display device 10 in accordance with the first
embodiment.

[0261] [Fifth Embodiment]

[0262] FIG. 21 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 70 in accordance with the fifth embodiment of the
present invention.

[0263] In the liquid crystal display device 10 in accor-
dance with the first embodiment, as illustrated in FIG. 4, the
spacers 28 are sandwiched between the active device sub-
strate 11 and the opposing substrate 12 to ensure a gap
therebetween.

[0264] The liquid crystal display device 70 in accordance
with the fifth embodiment includes pillar-shaped patterns 38
in place of the spacers 28 to ensure a gap between the active
device substrate 11 and the opposing substrate 12. The liquid
crystal display device 70 in accordance with the fifth
embodiment has the same structure as the structure of the
liquid crystal display device 10 in accordance with the
above-mentioned first embodiment except that the spacers
28 are replaced with the pillar-shaped patterns 38.

[0265] The pillar-shaped patterns 38 may be composed of
photosensitive resin, for instance, in which case, the pillar-
shaped patterns 38 can be formed by carrying out the steps
of coating photosensitive resin all over the active device
substrate 11, exposing an area in which the pillar-shaped
patterns 38 are to be formed (or an area in which the
pillar-shaped patterns 38 are not to be formed, in depen-
dence on characteristic of the photosensitive resin), to a
light, and carrying out etching to remove the photosensitive
resin existing in an area in which the pillar-shaped patterns
38 are not to be formed.

[0266] Since it is easier to form the pillar-shaped patterns
38 having a uniform height than to form the spacers 28
having a uniform diameter, it would be possible to shorten
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a time necessary for fabricating the liquid crystal display
device, by replacing the spacers 28 with the pillar-shaped
patterns 38.

[0267] The pillar-shaped patterns 38 axe formed above the
thin film transistors 30, that is, below the black matrix layer
17. Accordingly, an aperture ratio of the liquid crystal
display device 70 is not reduced regardless of whether the
pillar-shaped pattern 38 is composed of a light-permeable or
light-impermeable material.

[0268] In the fifth embodiment, the pillar-shaped pattern
38 is formed on the active device substrate 11. However, it
should be noted that the pillar-shaped patterns 38 may be
formed on the opposing substrate 12, or on both of the active
device substrate 11 and the opposing substrate 12.

[0269] By replacing the spacers 28 with the pillar-shaped
patterns 38, the interlayer insulating film 26 may be com-
posed of photosensitive resin. The pillar-shaped patterns 38
may be formed by patterning the interlayer insulating film
26 in a predetermined pattern.

[0270]

[0271] FIG. 22 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 80 in accordance with the sixth embodiment of the
present invention.

[0272] 1In the above-mentioned first to fifth embodiments,
the interlayer insulating film 26 is comprised of a single-
layered film comprised of an organic film or a transparent
inorganic film.

[0273] In contrast, in the liquid crystal display device 80
in accordance with the sixth embodiment, the interlayer
insulating film 26 is designed to have a multi-layered
structure.

[0274] Specifically, as illustrated in FIG. 22, the interlayer
insulating film 26 is comprised of a first film 26a comprised
of an inorganic film, and a second film 265 comprised of an
organic film and formed on the first film 26a.

[0275] The sccond film 265 is composed of photosensitive
acrylic resin, for instance.

[0276] An organic film has a lower dielectric constant than
the same of an inorganic film. Hence, the interlayer insu-
lating film 26 designed to have such a multi-layered struc-
ture as mentioned above can have a lower dielectric constant
than the same of an interlayer insulating film comprised of
an inorganic film.

[Sixth Embodiment]

[0277] If the interlayer insulating film 26 is comprised
singly of a film, an interface between a semiconductor layer
of the thin film transistor 30 and the organic film would
become unstable, resulting in that if the liquid crystal display
device is driven under a high temperature, a current much
leaks out of the thin film transistor 30 with the result of
non-uniformity in displaying images. This problem can be
solved by designing the first film 26a which makes contact
with a semiconductor layer of the thin film transistor 30, to
be comprised of an inorganic film such as a silicon nitride
film, and arranging an organic film on the first film 264,
because an stable interface is formed between the first film
26a and the semiconductor layer by doing so.
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[0278]

[0279] FIG. 23 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 90 in accordance with the seventh embodiment of the
present invention.

[0280] In the above-mentioned first embodiment, the
interlayer insulating film 26 is formed all over a pixel area.
In the liquid-crystal display device 90 in accordance with the
seventh embodiment, the interlayer insulating film 26 is
designed to have a multi-layered structure including an
inorganic film 264 and an organic film 265, wherein the
organic film 26b is formed above and in the vicinity of the
scanning line 20, the data line 24, the common electrode line
21 and the thin film transistor 30 such that the organic film
26b covers the scanning line 20, the data line 24, the
common electrode line 21 and the thin film transistor 30
therewith, but does not cover a display area of the pixel
electrode 25 therewith.

[0281] The common electrode 27 overlapping the scan-
ning line 21, the data line 24 and the common electrode line
21 is formed on the organic film 26b.

[0282] If the organic film 265 is composed of photosen-
sitive acrylic resin, for instance, the organic film 265 would
have a dielectric constant in the range of 3 to 4. An inorganic
film such as a silicon nitride film has a dielectric constant in
the range of 6 to 7. Accordingly, the organic film 265 could
ensure a capacity formed between the data line 24 and the
common electrode 27 which capacity is equal to a capacity
ensured by an inorganic film having a thickness twice
greater than a thickness of the organic film 26b.

[0283] In the case that the interlayer insulating film 26 is
comprised of a thick inorganic film, if the interlayer insu-
lating film 26 is qualified, an expensive film-forming appa-
ratus has to be used, resulting in high fabrication cost. In
contrast, since the interlayer insulating film 26 comprised of
an organic film can be formed by coating organic material
onto the gate insulating film 23, the interlayer insulating film
26 can be formed at low fabrication cost.

[0284] In addition, since the interlayer insulating film 26
is comprised only of the inorganic film 26a between the
pixel electrode 25 and the common electrode 27, the inter-
layer insulating film 26 can be made thin. As a result, an
electric field generated between the pixel electrode 25 and
the common electrode 27 can be applied to the liquid crystal,
ensuring reduction in a drive voltage.

[0285] The organic film 26b has a thickness preferably in
the range of 5,000 to 10,000 angstroms both inclusive.

[0286] For instance, the inorganic film 26a may be
designed to have, a thickness of 3,000 angstroms, and the
organic film 265 may be designed to have a thickness of
6,000 angstroms.

[0287] If the inorganic film 26a is too thin, dielectric
breakdown may occur between the pixel electrode 25 and
the common electrode 27. Hence, it is preferable that the
inorganic film 26a has a thickness of 2,000 angstroms or
greater.

[0288] 1If the organic film 26 is too thick, foreign mate-
rials are stuck to a stepped portion of the organic film 26b
in a rubbing step, resulting in degradation in display quality.

[Seventh Embodiment]
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If the organic film 265 is too thin, a parasitic capacity
between the common electrode 27 and the data line 24 is
increased, resulting in reduction in display quality.

[0289] In the seventh embodiment, since a display area
between the pixel electrode 25 and the common electrode 27
is not covered with the organic film 265 having a low
dielectric constant, it would be possible to effectively gen-
erate horizontal electric field to be applied to the liquid
crystal, by virtue of a voltage difference between the pixel
¢lectrode 25 and the common e¢lectrode 27, and further, it
would be possible to prevent an increase in a parasitic
capacity to be formed between the common electrode 27 and
the data line 24.

[0290] [Eighth Embodiment]

[0291] FIG. 24 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device 91 in
accordance with the eighth embodiment of the present
invention. The liquid crystal display device 91 in accordance
with the eighth embodiment is a variant of the liquid crystal
display device 90 in accordance with the seventh embodi-
ment. FIG. 25 is a cross-sectional view taken along the line
XXV-XXV 1n FIG. 24, and FIG. 26 is a cross-sectional
view of the liquid crystal display device 91.

[0292] In the liquid crystal display device 91, the inter-
layer insulating film 26 is comprised of an inorganic film
26a, and an organic film 26b formed partially on the
inorganic film 264, as illustrated in FIGS. 25 and 26. The
organic film 26b is formed above and in the vicinity of the
scanning line 20, the data line 24, the common electrode line
21 and the thin film transistor 30 such that the organic film
26b covers the scanning line 20, the data line 24, the
common electrode line 21 and the thin film transistor 30
therewith, but does not cover a display area of the pixel
electrode 25 therewith.

[0293] The common electrode 27 is formed covering the
organic film 265 therewith. Thus, the organic film 265 is
formed inside of the common electrode 27 overlapping the
scanning line 20, the data line 24 and the common electrode
line 21.

[0294] In the eighth embodiment, since a display area
between the pixel electrode 25 and the common electrode 27
is not covered with the organic film 265 having a low
dielectric constant, it would be possible to effectively gen-
erate a horizontal electric field to be applied to the liquid
crystal, by virtue of a voltage difference between the pixel
¢lectrode 25 and the common e¢lectrode 27, and further, it
would be possible to prevent an increase in a parasitic
capacity to be formed between the common electrode 27 and
the data line 24.

[0295] [Ninth Embodiment]

[0296] FIG. 27 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device 92 in
accordance with the ninth embodiment of the present inven-
tion. The liquid crystal display device 92 in accordance with
the ninth embodiment is a variant of the liquid crystal
display device 91 in accordance with the eighth embodi-
ment. FIG. 28 is a cross-sectional view taken along the line
XXVII-XXVIII in FIG. 27.

[0297] In the liquid crystal display device 92, the inter-
layer insulating film 26 is comprised of an inorganic film
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26a, and an organic film 265 formed partially on the
inorganic film 264, as illustrated in FIG. 28. The organic
film 265 is formed above and in the vicinity of the scanning
line 20, the data line 24 and the thin film transistor 30 such
that the organic film 26b covers the scanning line 20, the
data line 24 and the thin film transistor 30 therewith, but
does not cover a display area of the pixel electrode 25
therewith.

[0298] In accordance with the ninth embodiment, it is
possible to shorten a distance between the pixel electrode 25
and the common electrode 27, ensuring an increase in a
capacity of the accumulation capacitor 32 (see FIG. 5)
formed between the pixel electrode 25 and the common
electrode 27. As a result, display quality can be enhanced.

[0299] A method of fabricating the active device substrate
11 of the liquid crystal display device 92 in accordance with
the ninth embodiment is explained hereinbelow.

[0300] The method further includes the step of forming the
organic film 26b in comparison with the method of fabri-
cating the active device substrate 11 of the liquid crystal
display device 10 in accordance with the first embodiment,
having been explained with reference to FIGS. 16A to 16F.

[0301] After the second metal layer 405 has been pat-
terned as illustrated in FIG. 16D, the n-layer 35b is etched
for removal, and then, the inorganic film 26« is formed on
the gate insulating film 23.

[0302] Then, photosensitive acrylic resin is coated onto
the inorganic film 26a. Then, the inorganic film 26a is
exposed to a light, and developed to thereby form the
organic film 26b. The organic film 265 is formed above and
in the vicinity of the scanning line 20, the data line 24 and
the thin film transistor 30.

[0303] Then, the contact hole 29 is formed throughout the
inorganic film 26a and the gate insulating film 23.

[0304] Then, an indium tin oxide (ITO) film is formed on
the organic film 265 and the inorganic film 264 such that the
contact hole 29 is filled with indium tin oxide. Then, the
indium tin oxide film is patterned into the common electrode
27.

[0305] The common electrode 27 makes electrical contact
with the common electrode line 21 through the contact hole
29 filled with indium tin oxide.

[0306] Thus, there is completed the active device substrate
11 of the liquid crystal display device 92.

[0307] In the above-mentioned method, it is preferable to
remove foreign materials absorbed onto a surface of the
common electrode line 21, by generating oxygen plasma,
after the contact hole 29 has been formed. This ensures that
a contact resistance in the contact hole 29 is reduced, and
hence, display quality can be enhanced.

[0308] In the above-mentioned method, it is preferable to
reform a surface of the organic film 26b by gencrating
helium or argon plasma after the organic film 265 has been
formed, but before the contact hole 29 is formed. This
enhances adhesion between the organic film 265 and the
common electrode 27, and an accuracy at which the com-
mon electrode 27 is patterned, resulting in reduction in
patterning defectiveness.
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[0309] A surface of the organic film 26b may be reformed
by generating helium or argon plasma after the contact hole
29 has been formed, however, it is not preferable, because
foreign materials are stuck again onto a surface of the
common electrode line 21 with the result in an increase in a
contact resistance of the contact hole 29.

[0310] [Tenth Embodiment]

[0311] FIG. 29 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device 93 in
accordance with the tenth embodiment of the present inven-
tion. The liquid crystal display device 93 in accordance with
the tenth embodiment is a variant of the liquid crystal
display device 92 in accordance with the ninth embodiment.
FIG. 30 is a cross-sectional view taken along the line
XXX-XXX in FIG. 29.

[0312] In the liquid crystal display device 93, the inter-
layer insulating film 26 is comprised of an inorganic film
26a, and an organic film 26b formed partially on the
inorganic film 264, as illustrated in FIG. 30. The organic
film 265 is formed above and in the vicinity of the data line
24 and the thin film transistor 30 such that the organic film
26b covers the data line 24 and the thin film transistor 30
therewith, but does not cover a display area of the pixel
electrode 25 therewith.

[0313] Inaccordance with the tenth embodiment, since the
organic film 26b is not formed above the scanning line 20,
it would be possible not to form a step portion standing at an
angle approximately perpendicular to the rubbing axis L (sce
FIG. 3). As a result, it is possible to reduce foreign materials
stuck to a step portion in the rubbing step, ensuring enhance-
ment in display quality.

[0314] [Eleventh Embodiment]

[0315] FIG. 31 is a plan view of an in-plane switching
mode active matrix type liquid crystal display device 94 in
accordance with the eleventh embodiment of the present
invention. The liquid crystal display device 94 in accordance
with the eleventh embodiment is a variant of the liquid
crystal display device 93 in accordance with the tenth
embodiment. FIG. 32 is a cross-sectional view taken along
the line XXXII-XXXII in FIG. 31.

[0316] In the liquid crystal display device 94, the inter-
layer insulating film 26 is comprised of an inorganic film
26a, and an organic film 26b formed partially on the
inorganic film 26a, as illustrated in FIG. 30. The organic
film 265 is formed above and in the vicinity of the data line
24 such that the organic film 265 covers the data line 24
therewith, but does not cover a display area of the pixel
¢lectrode 25 therewith.

[0317] Inaccordance with the eleventh embodiment, since
the organic film 26b is not formed above the scanning line
20 and the thin film transistor 30, it would be possible not
to form a step portion standing at an angle approximately
perpendicular to the rubbing axis L (see FIG. 3). As a result,
it is possible to reduce foreign materials stuck to a step
portion in the rubbing step, ensuring enhancement in display
quality.

[0318] In the liquid crystal display devices 90 to 94 in
accordance with the seventh to eleventh embodiments, the
organic film 260 may be transparent or opaque. If the
organic film 26b is composed of black organic material, the
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organic film 26b acts as the black matrix layer 17, ensuring
it is no longer necessary to form the black matrix layer 17.

[0319] [Twelfth Embodiment]

[0320] The liquid crystal display devices 10, 40, 50, 60,
70, 80, 90, 91, 92, 93 and 94 in accordance with the first to
eleventh embodiments is a single domain type liquid crystal
display device.

[0321] Herein, a single domain type liquid crystal display
device indicates a liquid crystal display device in which an
electric field parallel with a plane defined by the active
device substrate 11 is applied across the pixel electrode 25
and the common electrode 27 to thereby rotate molecular
axes of liquid crystal existing in the liquid crystal layer 13,
in a plane parallel with the active device substrate 11.

[0322] The first to eleventh embodiments can be applied to
a multi-domain liquid crystal display device.

[0323] Herein, a multi-domain liquid crystal display
device indicates a liquid crystal display device defining a
first sub pixel area and a second sub pixel area wherein a first
electric field is applied to the first sub pixel area in parallel
with a plane of the active device substrate 11 between the
pixel electrode 25 and the common electrode 27, and the
molecular axes 13 of liquid crystal rotate in the first sub
pixel area in a first direction in a plane parallel with the
active device substrate 11, and wherein a second electric
field is applied to the second sub pixel area in parallel with
a plane of the active device substrate 11 between the pixel
electrode 25 and the common electrode 27, and the molecu-
lar axes 13 of liquid crystal rotate in the second sub pixel
area in a second direction which is different from the first
direction, in a plane parallel with the active device substrate
11.

[0324] The above-mentioned first to eleventh embodi-
ments may be applied not only to a single domain type liquid
crystal display device, but also to a multi-domain type liquid
crystal display device.

[0325] When the liquid crystal display devices in accor-
dance with the first to eleventh embodiments are fabricated
as a single-domain liquid crystal display device, it is pref-
erable that the contact hole 29 is formed in the vicinity of
one of two corners defining a diagonal line thereacross
which is obtained, if a rubbing direction L is given, by
rotating the axis in which the data line 24 extends towards
the rubbing direction L by an acute angle in a plan view of
the pixel, as illustrated in FIG. 33A.

[0326] By so positioning the contact hole 29, when a
reverse-rotation preventing structure is formed at an end of
a pixel for keeping alignment stable, an electrode for pre-
venting reverse-rotation for the common electrode 27 would
be formed at the contact hole 29. This ensures efficient
arrangement of the contact hole 29 and a reverse-rotation
preventing structure for the common electrode 27, thereby
an aperture ratio can be enhanced.

[0327] In contrast, if the contact hole 29 is formed in the
vicinity of one of two corners defining a diagonal line
thereacross which is obtained by rotating the axis in which
the data line 24 extends towards the rubbing direction L by
an acute, angle in a plan view of the pixel, as illustrated in
FIG. 33B, it would not be possible to form a reverse-rotation
structure as mentioned above.
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[0328] When the liquid crystal display devices in accor-
dance with the first to eleventh embodiments are fabricated
as a multi-domain type liquid crystal display device, as
illustrated in FIG. 34, it is preferable that the contact hole 29
is formed at any one of corners at which an extension of the
common electrode line 21 towards inside of the picture
element, and an extension of the common electrode 27
toward the center of the picture element from the common
electrode line 21 form an angle of 90 degrees or greater in
a plan view of a pixel.

[0329] It would be possible to reduce a resistance of the
common electrode 27 by electrically connecting the com-
mon electrode 27 to the common electrode line 21 through
the contact hole 29 in each of pixels.

[0330]

[0331] FIG. 35 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 100 in accordance with the thirteenth embodiment of
the present invention.

[0332] As illustrated in FIG. 35, in the liquid crystal
display device 100 in accordance with the thirteenth
embodiment, the contact hole 29 is formed by concurrently
patterning the gate insulating film 23 and the interlayer
insulating film 26, where the common electrode line 21

makes direct electrical contact with the common electrode
27.

[0333] Since the contact hole 29 is formed by concurrently
patterning the gate insulating film 23 and the interlayer
insulating film 26 in the thirteenth embodiment, it would be
possible for the contact hole 29 to have a greater diameter.

[0334]

[0335] FIG. 36 is a cross-sectional view of an in-plane
switching mode active matrix type liquid crystal display
device 110 in accordance with the fourteenth embodiment of
the present invention.

[0336] As illustrated in FIG. 36, in the liquid crystal
display device 110 in accordance with the fourteenth
embodiment, the contact hole 29 is comprised of a contact
hole 29a formed throughout the gate insulating film 23 and
a contact hole 29b formed throughout the interlayer insu-
lating film 26, and the common electrode line 21 and the
common electrode 27 are electrically connected to each
other through an electrode 29¢ formed between the gate
insulating film 23 and the interlayer insulating film 26.

[0337] In accordance with the fourteenth embodiment,
since the common electrode line 21 and the common elec-
trode 27 are electrically connected to each other through the
electrode 29c, the contact holes 294 and 295 would have a
shallow depth when etched for patterning, ensuring reduc-
tion in a contact resistance among the common electrode
line 21, the electrode 29c and the common electrode 27.

[0338] [Fifteenth Embodiment]

[0339] In the above-mentioned first to twelfth embodi-
ments, the black matrix layer 17 is formed only above the
thin film transistor 30 in an isolated pattern.

[0340] The black matrix layer 17 is not to be limited to
such a pattern, but it should be noted that the black matrix
layer 17 may be formed as follows.

[Thirteenth Embodiment]

[Fourteenth Embodiment]
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[0341] For instance, the black matrix layer 17 may be
formed to overlap the thin film transistor 30 and extend in a
matrix not only in a direction in which the data line 24
extends, but also in a direction in which the scanning line 20
extends.

[0342] The black matrix layer 17 formed in a matrix
prevents reflection of a light coming from the data line 24,
the scanning line 20 and the common electrode line 21, and
hence, enhances display quality.

[0343] As an alternative, the black matrix layer 17 may be
formed to overlap the thin film transistor 30 and further
shield a gap formed between the scanning line 20 and the
common electrode line 21.

[0344] By designing the black matrix layer 17 to shield a
gap formed between the scanning line 20 and the common
electrode line 21, it would be possible to hide alignment
non-uniformity of the liquid crystal layer 13 generated
between the scanning line 20 and the common electrode line
21, ensuring enhancement in display quality.

[0345] The black matrix layer 17 may be formed such that
an edge or a stepped portion of the black matrix layer 17 is
located inside of the scanning line 20, when viewed from
upward.

[0346] A stepped portion of the black matrix layer 17
causes non-uniformity in displaying images. Hence, by
locating a stepped portion of the black matrix layer 17 inside
of the scanning line 20, it is possible to hide non-uniformity
in displaying images, ensuring enhancement in display
quality.

[0347] The black matrix layer 17 having a stepped portion
located inside of the scanning line 20 would have a mini-
mum size.

[0348] The above-mentioned black matrix layers 17 are
described as one of embodiments in accordance with the
present invention, however, it should be noted that the
above-mentioned black matrix layers 17 may be applied not
only to an in-plane switching mode active matrix type liquid
crystal display device in accordance with the present inven-
tion, but also to a conventional in-plane switching mode
active matrix type liquid crystal display device.

[0349] For instance, the above-mentioned black matrix
layers 17 may be applied to liquid crystal display devices
suggested in the above-mentioned Japanese Patent Applica-
tion Publications Nos. 2000-89240 and 2000-81637, for
instance.

[0350] Inthe above-mentioned first to fourteenth embodi-
ments, the common electrode 27 is formed with the opening
274 through which a channel of the thin film transistor 30 is
exposed. The opening 27a ensures that even if a voltage of
the common electrode 27 is inverted with respect to a sign,
it would be possible to prevent the thin film transistor 30
from being influenced by such sign inversion.

[0351] Though the common electrode 27 as mentioned
above is described as one of embodiments in accordance
with the present invention in the specification, it should be
noted that the above-mentioned common electrode 27 may
be applied not only to an in-plane switching mode active
matrix type liquid crystal display device in accordance with
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the present invention, but also to a conventional in-plane
switching mode active matrix type liquid crystal display
device.

[0352] For instance, the above-mentioned common elec-
trode 27 may be applied to liquid crystal display devices
suggested in the above-mentioned Japanese Patent Applica-
tion Publications Nos. 2000-89240 and 2000-81637 or the
conventional IPS mode liquid crystal display device illus-
trated in FIG. 1, for instance.

[0353] When the common electrode 27 is applied to a
conventional in-plane switching mode active matrix type
liquid crystal display device, the common electrode 27 may
be composed of transparent or opaque material.

[0354]

[0355] The liquid crystal display device 10 in accordance
with the first embodiment, the liquid crystal display device
40 in accordance with the second embodiment, the liquid
crystal display device 50 in accordance with the third
embodiment, the liquid crystal display device 60 in accor-
dance with the fourth embodiment, the liquid crystal display
device 70 in accordance with the fifth embodiment, the
liquid crystal display device 80 in accordance with the sixth
embodiment, the liquid crystal display device 90 in accor-
dance with the seventh embodiment, the liquid crystal
display device 91 in accordance with the eighth embodi-
ment, the liquid crystal display device 92 in accordance with
the ninth embodiment, the liquid crystal display device 93 in
accordance with the tenth embodiment, the liquid crystal
display device 94 in accordance with the eleventh embodi-
ment, the liquid crystal display device in accordance with
the twelfth embodiment, the liquid crystal display device
100 in accordance with the thirteenth embodiment, the
liquid crystal display device 110 in accordance with the
fourteenth embodiment or the liquid crystal display device
in accordance with the fifteenth embodiment may be applied
an electronic device. Hereinbelow, some examples are
explained.

[0356] FIG. 37 is a block diagram of a portable commu-
nication device 250 to which one of the liquid crystal display
devices in accordance with the first to fifteenth is applied. In
the portable communication device 250, the liquid crystal
display devices in accordance with the above-mentioned
embodiments is used as a part of a later mentioned liquid
crystal panel 265.

[0357] The portable communication terminal 250 is com-
prised of a display unit 268 including a liquid crystal panel
265, a backlight emitter 266, and an image signal processor
267, a controller 269 controlling operation of the parts
constituting the portable communication terminal 250, a
memory 271 storing a program to be executed by the
controller 269 and various data, a communication unit 272
which makes data communication, an input device 273
comprised of a keyboard or a pointer, and a power source
274 supplying power to the above-mentioned parts consti-
tuting the portable communication terminal 250.

[0358] The liquid crystal panel 265 including the liquid
crystal display device in accordance with one of the above-
mentioned embodiments enhances an aperture ratio in the
display unit 268, and further enhances a brightness in the
display unit 268.

[Sixteenth Embodiment]
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[0359] The liquid crystal panel 265 including the liquid
crystal display device in accordance with one of the above-
mentioned embodiments may be applied to a monitor of a
portable personal computer, a note type personal computer,
or a desktop type personal computer.

[0360] FIG. 38 is a block diagram of a cellular phone 275
to which one of the liquid crystal display devices in accor-
dance with one of the above-mentioned embodiments is
applied.

[0361] The cellular phone 275 is comprised of a display
unit 276 including a liquid crystal panel 265, a backlight
emitter 266, and an image signal processor 267, a controller
277 controlling operation of the parts constituting the cel-
lular phone 275, a memory 278 storing a program to be
executed by the controller 277 and various data, a radio
signal receiver 279, a radio signal transmitter 281, an input
device 282 comprised of a keyboard or a pointer, and a
power source 283 supplying power to the above-mentioned
parts constituting the cellular phone 273.

[0362] The liquid crystal panel 265 including the liquid
crystal display device in accordance with one of the above-
mentioned embodiments enhances an aperture ratio in the
display unit 276, and further enhances brightness in the
display unit 276.

[0363] In the above-mentioned first to sixteenth embodi-
ments, the parts by which the present invention is charac-
terized are predominantly explained, and parts known to
those skilled in the art are not explained in detail. However,
it should be noted that the latter can be readily understood
to those skilled in the art without detailed explanation.

[0364] While the present invention has been described in
connection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modifi-
cations and equivalents as can be included within the spirit
and scope of the following claims.

[0365] The entire disclosure of Japanese Patent Applica-
tions Nos. 2002-103044, 2002-160508 and 2002-164681
filed on Apr. 4, 2002, May 31, 2002 and Jun. 5, 2002,
respectively, including specification, claims, drawings and
summary is incorporated herein by reference in its entirety.

What is claimed is:

1. An in-plane switching mode active matrix type liquid
crystal display device comprising;

() a first substrate;

(b) a second substrate located opposing said first sub-
strate; and

(c) a liquid crystal layer sandwiched between said first
and second substrates,

wherein said first substrate includes:

(al) a thin film transistor having a gate electrode, a
drain electrode and a source electrode;

(a2) a pixel electrode each associated to a pixel to be
driven;
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(a3) a common electrode to which a reference voltage
is applied;

(a4) a data line;
(a5) a scanning line; and
(a0) a common electrode line,

said gate electrode is electrically connected to said scan-
ning line, said drain electrode is electrically connected
to said data line, said source electrode is electrically
connected to said pixel electrode, and said common
electrode is electrically connected to said common
electrode line,

molecular axes of liquid crystal in said liquid crystal layer
are rotated in a plane parallel with said first substrate by
an electric field substantially parallel with a plane of
said first substrate and to be applied between said pixel
electrode and said common electrode, to thereby dis-
play images,

said scanning line and said common electrode line are
formed in a common layer in parallel with each other,

said common electrode overlaps said data line and said
scanning line with an interlayer insulating film existing
therebetween,

said common electrode line is singly formed at either side
about said scanning line,

said common electrode is electrically connected to said
common electrode line through a contact hole formed
throughout said interlayer insulating film, and

said common electrode shields a gap formed between said

scanning line and said common electrode line.

2. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
contact hole is formed in the vicinity of one of two corners
defining a diagonal line there across which is obtained, if a
rubbing direction is given, by rotating the axis in which the
data line extends towards the rubbing direction by an acute
angle in a plan view of the pixel.

3. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
liquid crystal display device defines a first sub pixel area to
which a first electric field is applied in parallel with a plane
of said first substrate between said pixel and common
electrodes, and in which said molecular axes of liquid crystal
rotate in a first direction in a plane parallel with said first
substrate, and a second sub pixel area to which a second
electric field is applied in parallel with a plane of said first
substrate between said pixel and common electrodes, and in
which said molecular axes of liquid crystal rotate in a second
direction in a plane parallel with said first substrate, said
second direction being different from said first direction.

4. The in-plane switching mode active matrix type liquid
crystal, display device as set forth in claim 3, wherein said
contact hole is formed at any one of corners at which an
extension of said common electrode line towards inside of
the picture element, and an extension of said common
electrode towards the center of the picture element from said
common electrode line form an angle of 90 degrees or
greater in a plan view of a pixel.

5. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
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common electrode extends beyond said data line by at least
3 micrometers in a width-wise direction thereof.

6. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
common electrode extends beyond said scanning line by at
least 1 micrometer in a width-wise direction thereof.

7. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
common electrode is formed in a layer closer to said liquid
crystal layer than said pixel electrode, and said common and
pixel electrodes are electrically insulated from each other by
an interlayer insulating film.

8. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 7, wherein said
pixel electrode and said data line are formed in a common
layer.

9. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
pixel electrode is comprised of a plurality of first portions,
and a second portion connecting said first portions at ends
thereof to one another, and said second portion is located
above said common electrode line and cooperates with said
common electrode line to form an accumulation capacity
therebetween.

10. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 9, wherein said
second portion is remote from a scanning line in a next stage
by 3 micrometers or greater.

11. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 7, wherein said
common electrode is formed in a layer closer to said liquid
crystal layer than said pixel electrode, and said common and
pixel electrodes cooperate with each other to form an
accumulation capacity therebetween.

12. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
common electrode is composed of electrically conductive
transparent material.

13. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
pixel electrode is composed of electrically conductive trans-
parent material.

14. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
interlayer insulating film is comprised of one of a film
composed of organic material, a film composed of transpar-
ent inorganic material, and a film having a two-layered
structure including a film composed of organic material and
a film composed of transparent inorganic material.

15. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
interlayer insulating film is comprised of an organic film and
an inorganic film, and said organic film is formed above and
in the vicinity of said scanning line, said data line, said
common electrode line and said thin film transistor.

16. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
interlayer insulating film is comprised of an organic film and
an inorganic film, and said organic film is formed above and
in the vicinity of said scanning line, said data line and said
thin film transistor.

17. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
interlayer insulating film is comprised of an organic film and
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an inorganic film, and said organic film is formed above and
in the vicinity of said data line and said thin film transistor.

18. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
interlayer insulating film is comprised of an organic film and
an inorganic film, and said organic film is formed above and
in the vicinity of said data line.

19. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 15, wherein said
organic film is formed only inside of a pattern of said
common electrode.

20. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 16, wherein said
organic film is formed only inside of a pattern of said
common electrode.

21. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 17, wherein said
organic film is formed only inside of a pattern of said
common electrode.

22.The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 18, wherein said
organic film is formed only inside of a pattern of said
common electrode.

23. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 14, wherein said
organic material is photosensitive resin.

24. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 15, wherein said
organic film is composed of photosensitive resin.

25. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 16, wherein said
organic film is composed of photosensitive resin.

26. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 17, wherein said
organic film is composed of photosensitive resin.

27. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 18, wherein said
organic film is composed of photosensitive resin.

28. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
thin film transistor is formed at an intersection of said
scanning and data lines, and said drain electrode is formed
directly of said data line.

29. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, further com-
prising a black matrix layer formed in a matrix.

30. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, further com-
prising a black matrix layer formed in an isolated pattern
only above said thin film transistor for overlapping said thin
film transistor.

31. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 29, wherein said
black matrix layer has a specific resistance of 1x10'° Q-cm
or greater.

32. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 30, wherein said
black matrix layer has a specific resistance of 1x10*° Q-cm
Or greater.

33. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, further com-
prising a color layer defining a color filter, said color layer
having an edge extending in parallel with said data line.
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34. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 33, further
comprising color layers defining a color filter, said color
layers being arranged in such a manner that adjacent color
layers are arranged without a gap therebetween or partially
overlap each other.

35. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, further com-
prising a pillar-shaped pattern formed between said scanning
line and said common electrode line for ensuring a gap
between said first and second substrates.

36. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein liquid
crystal-in said liquid crystal layer has dielectric constant
anisotropy Ae of 9 or greater.

37. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein liquid
crystal in said liquid crystal layer has dielectric constant
anisotropy Ae of 11 or greater.

38. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein liquid
crystal in said liquid crystal layer has an N/I point of 80
degrees centigrade or higher.

39. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
common electrode is formed above a channel of said thin
film transistor with an opening having an end remote from
an end of said channel by a predetermined distance.

40. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, further com-
prising a reverse-rotation preventing structure in a sub pixel
area in which all liquid crystal molecules are rotated in the
same direction, for preventing liquid crystal molecules from
rotating in a direction opposite to said same direction,

said reverse-rotation preventing structure including an
auxiliary electrode to which a voltage equal to a voltage
of at least one of said pixel electrode and said common
electrode is applied such that a direction of a rubbing
axis is identical in said sub pixel arca with a direction
of an electric field generated in said sub pixel area, if
said rubbing axis rotates by an acute angle.

41. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
data line is electrically connected around a display area to a
first protection circuit formed in the same layer as a layer in
which said scanning line is formed, through a contact hole
formed throughout an electrically insulating film, and said
scanning line is electrically connected around a display area
to a second protection circuit formed in the same layer as a
layer in which said data line is formed, through a contact
hole formed throughout said electrically insulating film.

42. The in-plane switching mode active matrix type liquid
crystal display device as set forth in claim 1, wherein said
data line is electrically connected around a display area to a
first protection circuit formed in the same layer as a layer in
which said scanning line is formed, through a contact bole
formed throughout an electrically insulating film and further
through an electrically conductive pattern formed on a layer
formed on said electrically insulating film, and said scanning
line is electrically connected around a display area to a
second protection circuit formed in the same layer as a layer
in which said data line is formed, through a contact hole
formed throughout said electrically insulating film and fur-
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ther through an electrically conductive pattern formed on a
layer formed on said electrically insulating film.

43. An electronic device including an in-plane switching
mode active matrix type liquid crystal display device com-
prising:

(2) a first substrate;

(b) a second substrate located opposing said first sub-
strate; and

(c) a liquid crystal layer sandwiched between said first
and second substrates,

wherein said first substrate includes:

(al) a thin film transistor having a gate electrode, a
drain electrode and a source electrode;

(a2) a pixel electrode each associated to a pixel to be
driven;

(a3) a common electrode to which a reference voltage
is applied;

(a4) a data line,
(a5) a scanning line; and
(a0) a common electrode line,

said gate electrode is electrically connected to said scan-
ning line, said drain electrode is electrically connected
to said data line, said source electrode is electrically
connected to said pixel electrode, and said common
electrode is electrically connected to said common
electrode line,

molecular axes of liquid crystal in said liquid crystal layer
are rotated in a plane parallel with said first substrate by
an electric fleld substantially parallel with a plane of
said first substrate and to be applied between said pixel
electrode and said common electrode, to thereby dis-
play images,

said scanning line and said common electrode line are
formed in a common layer in parallel with each other,

said common electrode overlaps said data line and said
scanning line with an interlayer insulating film existing
therebetween,

said common electrode line is singly formed at either side
about said scanning line,

said common electrode is electrically connected to said
common electrode line through a contact hole formed
throughout said interlayer insulating film, and

said common electrode shields a gap formed between said
scanning line and said common electrode line.

44. A method of fabricating an in-plane switching mode
active matrix type liquid crystal display device comprising:

(a) a first substrate;

(b) a second substrate located opposing said first sub-
strate; and

(c) a liquid crystal layer sandwiched between said first
and second substrates,
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wherein said first substrate includes:

(al) a thin film transistor having a gate electrode, a
drain electrode and a source electrode;

(a2) a pixel electrode each associated to a pixel to be
driven;

(a3) 2 common electrode to which a reference voltage
is applied;

(a4) a data line;
(a5) a scanning line; and
(a6) a common electrode line,

said gate electrode is electrically connected to said scan-
ning line, said drain electrode is electrically connected
to said data line, said source electrode is electrically
connected to said pixel electrode, and said common
electrode is electrically connected to said common
electrode line,

molecular axes of liquid crystal in said liquid crystal layer
are rotated in a plane parallel with said first substrate by
an electric field substantially parallel with a plane of
said first substrate and to be applied between said pixel
electrode and said common electrode, to thereby dis-
play images,

said method comprising the steps of:

(a) forming said scanning line and said common elec-
trode line in a common layer in parallel with each
other wherein said common electrode line is singly
formed at either side about said scanning line;

(b) forming an interlayer insulating firm over said data
line and said scanning line;

(c) forming a contact hole throughout said interlayer
insulating film; and

(d) forming said common electrode on said interlayer
insulating film such that said common electrode is
electrically connected to said common electrode line
through said contact hole and said common electrode
shields a gap formed between said scanning line and
said common electrode line.

45. The method as set forth in claim 44, further compris-
ing the step of forming said pixel electrode and said data line
in a common layer.

46. The method as set forth in claim 44, further compris-
ing the step of forming said pixel electrode comprised of a
plurality of first portions, and a second portion connecting
said first portions at ends thereof to one another, wherein
said second portion is located above said common electrode
line and cooperates with said common electrode line to form
an accumulation capacity therebetween.

47. The method as set forth in claim 44, further compris-
ing the step of forming said interlayer insulating film so as
to have a two-layered structure including an organic film and
an inorganic film.

48. The method as set forth in claim 44, further compris-
ing the step of forming said interlayer insulating film so as
to have a two-layered structure including an organic film and
an inorganic film wherein and said organic film is formed
above and in the vicinity of said scanning line, said data line,
said common electrode line and said thin film transistor.

49. The method as set forth in claim 44, further compris-
ing the step of forming said interlayer insulating film so as
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to have a two-layered structure including an organic film and
an inorganic film wherein and said organic film is formed
above and in the vicinity of said scanning line, said data line
and said thin film transistor.

50. The method as set forth in claim 44, further compris-
ing the step of forming said interlayer insulating film so as
to have a two-layered structure including an organic film and
an inorganic film wherein and said organic film is formed
above and in the vicinity of said data line and said thin film
transistor.

51. The method as set forth in claim 44, further compris-
ing the step of forming said interlayer insulating film so as
to have a two-layered structure including an organic film and
an inorganic film wherein and said organic film is formed
above and in the vicinity of said data line.

52. The method as set forth in claim 44, further compris-
ing the step of forming a black matrix layer in an isolated
pattern only above said thin film transistor for overlapping
said thin film transistor.

53. The method as set forth in claim 44, further compris-
ing the step of forming a color layer defining a color filter
such that said color layer has an edge extending in parallel
with said data line.

54. The method as set forth in claim 44, further compris-
ing the step of forming color layers defining a color filter
such that said color layers are arranged in such a manner that
adjacent color layers are arranged without a gap therebe-
tween or partially overlap each other.

55. The method as set forth in claim 44, further compris-
ing the step of forming a pillar-shaped pattern on at least one
of said first and second substrates between said scanning line
and said common electrode line for ensuring a gap between
said first and second substrates.

56. The method as set forth in claim 44, further compris-
ing the step of forming said common electrode above a
channel of said thin film transistor with an opening having
an end remote from an end of said channel by a predeter-
mined distance.

57. The method as set forth in claim 44, further compris-
ing the step of electrically connecting said data line around
a display area to a first protection circuit formed in the same
layer as a layer in which said scanning line is formed,
through a contact hole formed throughout an electrically
insulating film, and further electrically connecting said scan-
ning line around a display area to a second protection circuit
formed in the same layer as a layer in which said data line
is formed, through a contact hole formed throughout said
electrically insulating film.

58. The method as set forth in claim 44, further compris-
ing the step of electrically connecting said data line around
a display area to a first protection circuit formed in the same
layer as a layer in which said scanning line is formed,
through a contact hole formed throughout an electrically
insulating film and further through an electrically conductive
pattern formed on a layer formed on said electrically insu-
lating film, and further electrically connecting said scanning
line around a display area to a second protection circuit
formed in the same layer as a layer in which said data line
is formed, through a contact hole formed throughout said
electrically insulating film and further through an electri-
cally conductive pattern formed on a layer formed on said
electrically insulating film.
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