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(7) ABSTRACT

A liquid crystal display device includes a first substrate
including a thin film transistor, a data line, a pixel electrode,
and a common electrode, a second substrate, and liquid crys-
tal sandwiched between the first and second substrates,
wherein an image signal is applied to the thin film transistor
through the data line to generate an electric field between the
pixel electrode receiving the image signal and the common
electrode such that the liquid crystal is rotated by the electric
field in a plane which is in parallel with the first substrate. The
first substrate includes an electrically insulating inorganic
film covering the data line therewith, a first island-shaped
electrically insulating organic film formed on the electrically
insulating inorganic film above the data line, and a shield
common electrode covering the first island-shaped electri-
cally insulating organic film therewith and overlapping the
data line when viewed vertically.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] This is a Divisional of U.S. application Ser. No.
11/519,865, filed Sep. 13, 2006, which is a Divisional of U.S.
application Ser. No. 10/802,843, filed Mar. 18, 2004, now
U.S. Pat. No. 7,142,274, which claims priority from prior
Japanese Application Nos. JP 2003-076169 and 2004-
070110. The complete disclosures of the prior applications
are incorporated into this application by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention relates to a liquid crystal display
device and a method of fabricating the same, and more par-
ticularly to an in-plane switching active matrix type liquid
crystal display device and a method of fabricating the same.
[0004] 2. Description of the Related Art

[0005] For instance, Japanese Patent Application Publica-
tions Nos. 11-119237 and 10-186407 suggest in-plane
switching active matrix type liquid crystal display devices in
which a common electrode is designed to overlap a data line
to shield an electric field generated at the data line in order to
prevent the electric field from reaching a pixel for achieving a
high numeral aperture and high accuracy.

[0006] However, the in-plane switching active matrix type
liquid crystal display devices are accompanied with a prob-
lem of an increase in parasitic capacity between a common
electrode and a data line. In order to reduce such parasitic
capacity, there is suggested a colorless transparent film hav-
ing alow dielectric constant, as an interlayer insulating film to
be formed between a common electrode and a data line. For
instance, such a colorless transparent film is comprised of a
silicon nitride (SiNx) film as an inorganic film or an acrylic
film as an organic film.

[0007] However, since a silicon nitride film is formed
slowly by chemical vapor deposition (CVD), it would take
much time to form a silicon nitride film having a thickness of
1 micrometer or greater. In addition, it is necessary to prepare
aphotolithography line including an expensive coating unitin
order to form an acrylic organic film.

[0008] FIGS. 1 and 2 illustrate a conventional in-plane
switching active matrix type liquid crystal display device.
FIG. 1is a plan view of a TFT substrate 100 on which a thin
film transistor (TFT) is fabricated, viewed from liquid crystal,
and FIG. 2 is a cross-sectional view taken along the line II-I1
in FIG. 1.

[0009]  As illustrated in FIG. 2, the liquid crystal display
device is comprised of a TFT substrate 100, a substrate 200
opposed to the TFT substrate 100, and a layer of liquid crystal
220 sandwiched between the TFT substrate 100 and the sub-
strate 200.

[0010] The TFT substrate 100 is comprised of a first trans-
parent substrate 101 composed of glass, a comb-shaped com-
mon electrode 127 formed on an upper surface of the first
transparent substrate 101 (hereinafter, a surface of a substrate
closer to the liquid crystal 220 is called an “upper” surface,
and a surface of a substrate remoter from the liquid crystal
220 is called a “lower” surface), a gate line 105 (see FIG. 1)
formed on an upper surface of the first transparent substrate
101, a first interlayer insulating inorganic film 106 formed on
an upper surface of the first transparent substrate 101, cover-
ing the common electrode 127 therewith, a data line 112
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formed on the first interlayer insulating inorganic film 106, a
comb-shaped pixel electrode formed on the first interlayer
insulating inorganic film 106, a second interlayer insulating
inorganic film (passivation film) 115 formed on the first inter-
layer insulating inorganic film 106, covering the dataline 112
and the pixel electrode 113 therewith, an alignment film 120
formed on the second interlayer insulating inorganic film 115,
a polarizer 130 formed on a lower surface of the first trans-
parent substrate 101, and a thin film transistor (notillustrated
in FIG. 2).

[0011] Thethin film transistor is comprised of an island 109
formed in the same layer as the common electrode 127, a
drain electrode 110 and a source electrode 111 both formed in
the same layer as the data line 112, and the above-mentioned
gate line 105.

[0012] The substrate 200 is comprised of a second trans-
parent substrate 201 composed of glass, a black matrix layer
202 formed partially on an upper surface of the second trans-
parent substrate 201, a color layer 203 formed partially on
both an upper surface of the second transparent substrate 201
and the black matrix layer 202, a planarized layer 204 cover-
ing the black matrix layer 202 the color layer 203 therewith,
an alignment film 120 formed on the planarized layer 204, an
electrically conductive layer 205 formed on a lower surface of
the second transparent substrate 201, and a polarizer 210
formed on the electrically conductive layer 205,

[0013] Spacers (not illustrated) are sandwiched between
the TFT substrate 100 and the substrate 200 to provide a layer
of the liquid crystal 220 with a constant thickness.

[0014] Seal (not illustrated) is sandwiched between the
TFT substrate 100 and the substrate 200 at their marginal
areas in order to prevent leakage of the liquid crystal 220.

[0015] In the liquid crystal display device illustrated in
FIGS. 1 and 2, the common electrode 127 located beside the
data line 112 was necessary to have a large area in order to
prevent electric lines of force derived from the data line 112
from entering the pixel electrode 113. As a result, the liquid
crystal display device illustrated in FIGS. 1 and 2 is accom-
panied with a problem that it is not possible to increase a
numerical aperture.

[0016] Inorder to increase a numerical aperture, the com-
mon electrode 127 may be formed in a layer closer to the
liquid crystal 220 than the data line 112 for shielding the data
line 112 with the common electrode 127, in which case, an
interlayer insulating organic film is formed between the data
line 112 and the common electrode 127 for reducing a cou-
pling capacity of the data line 112 and the common electrode
127.

[0017] Aninterlayer insulating organic film is formed gen-
erally by steps of coating photoresist, that is, liquid of organic
resin fluidized by solvent and having photosensitivity, onto a
film in a predetermined thickness by slit-coating or spin-
coating by means of a coating unit, applying photolithogra-
phy (exposure of the photoresist to light, development of the
photoresist, and baking the photoresist) to the photoresist,
and carrying out etching to the film with the photoresist being
used as a mask.

[0018] An interlayer insulating organic film is composed
usually of acrylic resin.

[0019] Acrylicresinhas anadvantage thata pixel in a liquid
crystal display device may be composed of acrylic resin,
because it is transparent, however, has disadvantages as fol-
lows.
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[0020] First, it is impossible to use a coating unit through
which novolak photoresist is coated onto a film, in a photoli-
thography step, for coating acrylic resin together with
novolak resin onto an object. Hence, it is necessary to prepare
a coating unit used only for coating acrylic resin onto an
object.

[0021] Second, since developing solutions used for acrylic
photoresist and novolak photoresist are different from each
other, it is not possible to develop acrylic photoresist together
with novolak photoresist in a photolithography step by means
ofa developing unit used for developing novolak photoresist.
Hence, it is necessary to prepare a developing unit used only
for developing acrylic photoresist.

[0022] Third, itis not possible to store acrylic photoresist at
room temperature. Hence, it is necessary to keep acrylic
photoresist cool.

[0023] Fourth, acrylic photoresist tends to increase its vis-
cosity with the lapse of time at room temperature.

[0024] Fifth, since acrylic photoresist is readily caked, it
would be unavoidable to frequently carry out maintenance to
a coating unit.

[0025] Sixth, acrylic photoresist is more expensive than
novolak photoresist.

[0026] Incontrast, novolak resinhas only one disadvantage
that since it is colored, it is impossible to compose a pixel in
a liquid crystal display device of novolak resin.

SUMMARY OF THE INVENTION

[0027] In view of the above-mentioned problems in the
prior art, it is an object of the present invention to provide an
in-plane switching active matrix type liquid crystal display
device and a method of fabricating the same both of which are
capable of preventing electric lines of force derived from a
data line from entering a pixel electrode, and presenting an
increased numerical aperture.

[0028] A further object of the present invention is to pro-
vide an in-plane switching active matrix type liquid crystal
display device and a method of fabricating the same both of
which are capable of avoiding a disadvantage of a novolak
organic film that it has a color, in order to make it possible to
use a novolak organic film which is generally used in a pho-
tolithography step as an interlayer insulating organic film.
[0029] 1In one aspect of the present invention, there is pro-
vided a liquid crystal display device. including (a) a first
substrate including a thin film transistor, a data line, a pixel
electrode, and a common electrode, (b) a second substrate,
and (c) liquid crystal sandwiched between the first and second
substrates, wherein an image signal is applied to the thin film
transistor through the data line to generate an electric field
between the pixel electrode receiving the image signal and the
common electrode such that the liquid crystal is rotated by the
electric field in a plane which is in parallel with the first
substrate, and the first substrate includes an electrically insu-
lating inorganic film covering the data line therewith, a first
island-shaped electrically insulating organic film formed on
the electrically insulating inorganic film above the data line,
and a shield common electrode covering the first island-
shaped electrically insulating organic film therewith and
overlapping the data line when viewed vertically.

[0030] The first substrate may further include a gate line
through which one of thin film transistors is selected, a gate
line terminal electrode to which the gate line is electrically
connected in a marginal area of the first substrate, a data line
terminal electrode to which the data line is electrically con-

Sep. 4, 2008

nected in the marginal area, a second island-shaped electri-
cally insulating organic film formed above the gate line ter-
minal electrode, the second island-shaped electrically
insulating organic film being formed concurrently with the
first island-shaped electrically insulating organic film, a third
island-shaped electrically insulating organic film formed
above the data line terminal electrode, the third island-shaped
electrically insulating organic film being formed concur-
rently with the first island-shaped electrically insulating
organic film, a gate terminal extension electrode formed con-
currently with the common electrode above the second
island-shaped electrically insulating organic film, the gate
line terminal electrode being electrically connected to the
gate terminal extension electrode, and a data terminal exten-
sion electrode formed concurrently with the common elec-
trode above the third island-shaped electrically insulating
organic film, the data line terminal electrode being electri-
cally connected to the data terminal extension electrode.
[0031] The first substrate may further include a gate line
terminal underlying electrode formed below the second
island-shaped electrically insulating organic film, and mak-
ing direct contact with the gate line terminal electrode, and a
data line terminal underlying electrode formed below the
third island-shaped electrically insulating organic film, and
making direct contact with the data line terminal electrode,
and wherein the second island-shaped electrically insulating
organic film is sandwiched between the gate line extension
electrode and the gate line terminal underlying electrode, and
the third island-shaped electrically insulating organic film is
sandwiched between the data line extension electrode and the
data line terminal underlying electrode.

[0032] The first substrate may further include a gate line
through which one of thin film transistors is selected, a gate
line terminal electrode to which the gate line is electrically
connected in a marginal area of the first substrate, a data line
terminal electrode to which the data line is electrically con-
nected in the marginal area, a gate terminal extension elec-
trode formed concurrently with the common electrode above
the electrically insulating inorganic film, the gate line termi-
nal electrode being electrically connected to the gate terminal
extension electrode, and a data terminal extension electrode
formed concurrently with the common electrode above the
electrically insulating inorganic film, the data line terminal
electrode being electrically connected to the data terminal
extension electrode.

[0033] The first substrate may further include a first elec-
trically conductive transparent layer formed between the gate
line terminal electrode and the gate terminal extension elec-
trode both of which are electrically connected to each other,
and a second electrically conductive transparent layer formed
between the data line terminal electrode and the data terminal
extension electrode both of which are electrically connected
to each other.

[0034] As an alternative, the first substrate may further
include a first electrically conductive opaque layer formed
between the gate line terminal electrode and the gate terminal
extension electrode both of which are electrically connected
to each other, and a second electrically conductive opaque
layer formed between the data line terminal electrode and the
data terminal extension electrode both of which are electri-
cally connected to each other.

[0035] The first substrate may further include a first multi-
layer comprised of an electrically conductive transparent
layer and an electrically conductive opaque layer, and formed
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between the gate line terminal electrode and the gate terminal
extension electrode both of which are electrically connected
to each other, and a second multi-layer comprised of an elec-
trically conductive transparent layer and an electrically con-
ductive opaque layer, and formed between the data line ter-
minal electrode and the data terminal extension electrode
both of which are electrically connected to each other.

[0036] It is preferable that the shield common electrode is
comprised of an electrically conductive transparent film.

[0037] Itispreferable that the shield common electrode has
amulti-layered structure comprised of an electrically conduc-
tive transparent layer and an electrically conductive opaque
layer

[0038] It is preferable that the pixel electrode extends in
parallel with the common electrode, and the pixel and com-
mon electrodes are formed in a common layer.

[0039] Tt is preferable that the pixel electrode extends in
parallel with the common electrode, and the pixel and com-
mon electrodes are formed in separate layers.

[0040] Tt is preferable that the pixel electrode extends in
parallel with the common electrode, each of the pixel and
common electrodes is comprised of a zigzag-shaped elec-
trode, and each of the data line and the first island-shaped
electrically insulating organic film is comprised of a zigzag-
shaped electrode extending in parallel with the zigzag-shaped
electrode of which each of the pixel and common electrodes
is comprised.

[0041] Tt is preferable that the pixel electrode extends in
parallel with the common electrode, each of the pixel and
common electrodes is comprised of a zigzag-shaped elec-
trode, and each of the data line and the first island-shaped
electrically insulating organic film is comprised of first por-
tions extending in almost parallel with the pixel and common
electrodes and second portions extending in almost parallel
with a rubbing direction.

[0042] Tt is preferable that the first island-shaped electri-
cally insulating organic film is formed further on an electri-
cally insulating inorganic film formed on the gate line, and is
covered with the shield common electrode.

[0043] Tt is preferable that the first island-shaped electri-
cally insulating organic film is formed further on an electri-
cally insulating inorganic film formed on the thin film tran-
sistor, and is covered with the shield common electrode.

[0044] 1t is preferable that the first island-shaped electri-
cally insulating organic film is formed further on an electri-
cally insulating inorganic film formed on the data line in an
area other than an area around the gate line, and is covered
with the shield common electrode.

[0045] Ttis preferable that the shield common electrodes in
pixels vertically adjacent to each other and controlled through
separate scanning lines are electrically connected to each
other through an electrically conductive layer of which the
shield common electrodes are comprised and which does not
overlap the data line.

[0046] Itis preferable that the electrically conductive layer
through which the shield common electrodes in pixels verti-
cally adjacent to each other are electrically connected to each
other overlaps the gate line by 60% or more in each of pixels
which gate line is not shielded by any other electrically con-
ductive layers.

[0047] 1t is preferable that the first island-shaped electri-
cally insulating organic film is composed of novolak resin.
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[0048] It is preferable that the first island-shaped electri-
cally insulating organic film is covered at its surface facing
the liquid crystal with the shield common electrode.

[0049] It is preferable that the second substrate includes a
black matrix layer, a color layer and a planarized layer cov-
ering the black matrix layer and the color layer therewith and
having a thickness equal to or greater than 1.5 micrometers.
[0050] 1t is preferable that the second substrate includes a
black matrix layer having a resistivity equal to or greater than
1E9 Q-cm.

[0051] Tt is preferable that the second substrate includes a
light-shielding film located facing the data line, the light-
shielding film having a multi-layered structure including two
color layers having colors different from each other.

[0052] In another aspect of the present invention, there is
provided a method of fabricating a liquid crystal display
device including a first substrate, a second substrate, and
liquid crystal sandwiched between the first and second sub-
strates, the first substrate including a gate line, a data line
intersecting with the gate line, a pixel electrode, a common
electrode extending in parallel with the pixel electrode, and a
plurality of thin film transistors located at intersections of the
gate line and the data line, the pixel electrode being fabricated
concurrently with a source electrode of each of the thin film
transistors, the method including the step of forming the
common electrode so as to be closer to the liquid crystal than
the data line, to overlap the data line, and to have a shield
common electrode which covers a first island-shaped electri-
cally insulating organic film formed on an electrically insu-
lating inorganic film formed above the data line.

[0053] It is preferable that the first island-shaped electri-
cally insulating organic film is covered at its surface facing
the liquid crystal with the shield common electrode.

[0054] It is preferable that the first island-shaped electri-
cally insulating organic film is composed of novolak resin,
and further including the step of baking the first island-shaped
electrically insulating organic film at a temperature in the
range of 200 to 270 degrees centigrade both inclusive for 30
to 120 minutes both inclusive.

[0055] The method may further include the step of ther-
mally annealing the first island-shaped electrically insulating
organic film at a temperature in the range of 100 to 150
degrees centigrade both inclusive for 30 seconds to 15 min-
utes both inclusive before the first island-shaped electrically
insulating organic film is baked.

[0056] It is preferable that the first island-shaped electri-
cally insulating organic film is baked at a temperature-raising
rate of 5 to 15 degrees per a minute both inclusive.

[0057] It is preferable that the first island-shaped electri-
cally insulating organic film is heated at a fixed temperature in
the range of 100 to 150 degrees centigrade both inclusive for
a certain period of time before the first island-shaped electri-
cally insulating organic film is baked at a temperature in the
range of 200 to 270 degrees centigrade both inclusive.
[0058] There is further provided a method of fabricating a
liquid crystal display device including a first substrate, a
second substrate, and liquid crystal sandwiched between the
first and second substrates, the first substrate including a gate
line, a data line intersecting with the gate line, a pixel elec-
trode being electrically connected to a source electrode of a
thin film transistor, a common electrode extending in parallel
with the pixel electrode, and a plurality of thin film transistors
located at intersections of the gate line and the data line, the
method including the steps of forming the common electrode
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s0 as to be closer to the liquid crystal than the data line, to
overlap the data line, and to have a shield common electrode
which covers a first island-shaped electrically insulating
organic film formed on an electrically insulating inorganic
film formed above the data line, and forming the pixel elec-
trode concurrently with the common electrode.

[0059] Tt is preferable that the first island-shaped electri-
cally insulating organic film is covered at its surface facing
the liquid crystal with the shield common electrode.

[0060] Tt is preferable that the first island-shaped electri-
cally insulating organic film is composed of novolak resin,
and further including the step of baking the first island-shaped
electrically insulating organic film at a temperature in the
range of 200 to 270 degrees centigrade both inclusive for 30
to 120 minutes both inclusive.

[0061] The method may further include the step of ther-
mally annealing the first island-shaped electrically insulating
organic film at a temperature in the range of 100 to 150
degrees centigrade both inclusive for 30 seconds to 15 min-
utes both inclusive before the first island-shaped electrically
insulating organic film is baked.

[0062] Tt is preferable that the first island-shaped electri-
cally insulating organic film is baked at a temperature-raising
rate of 5 to 15 degrees per a minute both inclusive.

[0063] Tt is preferable that the first island-shaped electri-
cally insulating organic film is heated at a fixed temperature in
the range of 100 to 150 degrees centigrade both inclusive for
a certain period of time before the first island-shaped electri-
cally insulating organic film is baked at a temperature in the
range of 200 to 270 degrees centigrade both inclusive.
[0064] The advantages obtained by the aforementioned
present invention will be described hereinbelow.

[0065] First, the common electrode is designed to be
located closer to liquid crystal than the data line and overlap
the data line, and further to include the shield common elec-
trode covering therewith the first island-shaped electrically
insulating organic film formed on an electrically insulating
inorganic film above the data line. This ensures that the shield
common electrode can terminate electric lines of force
derived from the data line. As a result, the pixel electrode can
be arranged close to the data line, ensuring an increase in a
numerical aperture.

[0066] Second, since an interlayer insulating film of a TFT
substrate is comprised of an organic film composed of
novolak resin or material analogous to novolak resin, it would
be possible to reduce a parasitic capacity between the data
line and the common electrode which shields the data line,
ensuring it possible to suppress signal delay and power con-
sumption.

[0067] When an interlayer insulating organic film com-
posed of novolak resin is formed above the gate line, and the
interlayer insulating organic film is shielded by the common
electrode, it would be possible to reduce a parasitic capacity
of the gate line, ensuring it possible to suppress flickers and
non-uniformity in applying signals into pixels both caused by
delay in the gate line.

[0068] Third, a TFT substrate can be fabricated cheaper
than a conventional one by using novolak photoresist cheaper
than acrylic photoresist.

[0069] Fourth, since an organic film as an interlayer insu-
lating film in a TFT substrate is designed to have a minimum
area, and the organic film is not formed in a pixel, it would be
possible to enhance film quality of a comb-shaped electrode
arranged in a pixel which comb-shaped electrode is com-
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prised of an electrically conductive transparent film. As a
result, it would be possible to form a comb-shaped electrode
pattern with high accuracy.

[0070] Fifth, since an electrode composed of metal, such as
molybdenum (Mo) and copper (Cu), which is corroded in
atmosphere is covered with an organic film, the electrode is
no longer exposed to atmosphere, and hence, have enhanced
resistance to atmospheric corrosion.

[0071] Sixth, since an electrode composed of metal such as
molybdenum (Mo) and copper (Cu) which are corroded in
atmosphere is covered with an electrically conductive trans-
parent film having two-layered structure, the electrode is no
longer exposed to atmosphere, and hence, have enhanced
resistance to atmospheric corrosion.

[0072] The above and other objects and advantageous fea-
tures of the present invention will be made apparent from the
following description made with reference to the accompa-
nying drawings, in which like reference characters designate
the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0073] FIG. 11isaplanview of a TFT substrate on which a
thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a conventional liquid crystal display device.
[0074] FIG. 2is a cross-sectional view taken along the line
II-1I in FIG. 1.

[0075] FIG. 3 is a plan view of a TFT substrate on which a
thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the first embodiment of the present invention.

[0076] FIG. 4is a cross-sectional view taken along the line
IV-IV in FIG. 3.

[0077] FIG. 5A is a plan view partially illustrating a data
line in a liquid crystal display device in accordance with the
first embodiment of the present invention.

[0078] FIG. 5B is an enlarge view of a rectangular area S
indicated with a broken line in FIG. 5A.

[0079] FIG. 5C is a plan view partially illustrating another
example of a data line in a liquid crystal display device in
accordance with the first embodiment of the present inven-
tion.

[0080] FIG. 6 is a plan view of a TFT substrate on which a
thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the second embodiment of the present invention.

[0081] FIG. 7is a cross-sectional view taken along the line
VII-VII in FIG. 6.

[0082] FIG. 8 is a plan view of a TFT substrate on which a
thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the third embodiment of the present invention.

[0083] FIG. 9is a cross-sectional view taken along the line
IX-IX in FIG. 8.

[0084] FIG. 10 is a plan view of a TFT substrate on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the fourth embodiment of the present invention.

[0085] FIG. 11 is across-sectional view taken along the line
XI-XI in FIG. 10.

[0086] FIG. 12 is a plan view of a TFT substrate on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the fifth embodiment of the present invention.
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[0087] FIG.13is across-sectional view taken along the line
XII-XMI in FIG. 12.

[0088] FIG. 14 is a plan view of a TFT substrate on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the sixth embodiment of the present invention.

[0089] FIG.15is across-sectional view taken along the line
XV-XV in FIG. 14.

[0090] FIGS. 16A to 16H are cross-sectional views of a
TFT substrate taken along the line IV-IV in FIG. 3 in a liquid
crystal display device in accordance with the first embodi-
ment of the present invention, illustrating respective steps of
fabricating the same, and specifically illustrate cross-sections
of a thin film transistor (TFT), a pixel, a contact of a common
electrode line, a data line terminal, a gate line terminal
together with a common line terminal, and a gate line.
[0091] FIG. 17A is a plan view of an example of a gate
terminal electrode.

[0092] FIG. 17B is a plan view of an example of a data line
terminal electrode.

[0093] FIG. 18 s a cross-sectional view showing positional
relation among an electrically insulating organic layer com-
posed of novolak resin, a gate line shield or a data line shield
covering the electrically insulating organic layer therewith,
and a gate line or a data line.

[0094] FIG. 19 is a plan view of a TFT substrate on which
a thin film transistor (TFT) 1s fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the eighth embodiment of the present invention.

[0095] FIG.20is across-sectional view taken along the line
XX-XX inFIG. 19.

[0096] FIG.21A isa graph showing a field-through voltage
difference defined as an average of voltages of pixel elec-
trodes in a panel in a direction in which a gate line or a
scanning line extends in a 19-inch-sized SXGA panel fabri-
cated as an sample.

[0097] FIG. 21B is a plan view showing points at which
field-through voltages were measured in the 19-inch-sized
SXGA panel.

[0098] FIG. 22 is a plan view of a TFT substrate on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in a liquid crystal display device in accordance with
the ninth embodiment of the present invention.

[0099] FIG. 23 is across-sectional view taken along the line
XXIII-XXII in FIG. 22.

[0100] FIG. 24 is a flow-chart showing steps of fabricating
an electrically insulating organic film composed of novolak
resi.

[0101] FIG. 25 is a flow-chart showing steps of fabricating
an electrically insulating organic film composed of acrylic
resirL.

[0102] FIG. 26 is a cross-sectional view of a first example
ofa TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0103] FIG. 27 is a cross-sectional view of a second
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device which is capable of
preventing corrosion of metal which is corroded in atmo-
sphere.

[0104] FIG. 28 is a cross-sectional view of a third example
ofa TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.
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[0105] FIG. 29 is across-sectional view ofa fourth example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0106] FIG. 30 is a cross-sectional view of a fifth example
ofa TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0107] FIG. 31 is a cross-sectional view of a sixth example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0108] FIG. 32 is a cross-sectional view of a seventh
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device which is capable of
preventing corrosion of metal which is corroded in atmo-
sphere.

[0109] FIG. 33 is a cross-sectional view of a first example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device including a line composed of
metal which is not corroded in atmosphere.

[0110] FIG. 34 is a cross-sectional view of a second
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device including a line
composed of metal which is not corroded in atmosphere.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0111] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with refer-
ence to drawings.

First Embodiment

[0112] FIGS. 3 and 4 illustrate an in-plane switching (IPS)
active matrix type liquid crystal display device 500 in accor-
dance with the first embodiment of the present invention.
FIG. 3 isa plan view of a TFT substrate 100A on which a thin
film transistor (TFT) is fabricated, viewed from liquid crystal,
in the liquid crystal display device 500, and FIG. 4 is a
cross-sectional view taken along the line IV-IV in FIG. 3.
[0113] As illustrated in FIG. 4, the liquid crystal display
device 500 is comprised of a TFT substrate 100A, a substrate
200A opposed to the TFT substrate 100A, and a layer of
liquid crystal 220 sandwiched between the TFT substrate
100A and the substrate 200A.

[0114] The TFT substrate 100A is comprised of a first
transparent substrate 1 composed of glass, a first interlayer
insulating inorganic film 6 formed on an upper surface of the
first transparent substrate 1, a data line 12 formed on the first
interlayer insulating inorganic film 6, a comb-shaped com-
mon electrode 13 formed on the first interlayer insulating
inorganic film 6, a second interlayer insulating inorganic film
(passivation film) 15 formed on the first interlayer insulating
inorganic film 6, covering the data line 12 and the pixel
electrode 13 therewith, a first island-shaped electrically insu-
lating organic film 21 composed of novolak and formed on the
second interlayer insulating inorganic film 15 above the data
line 12, a comb-shaped common electrode 27 formed on the
second interlayer insulating inorganic film 15 between combs
of the pixel electrode 13, a data line shield 26 formed on the
second interlayer insulating inorganic film 15 so as to cover
the first island-shaped electrically insulating organic film 21,
and formed in the same layer as the common electrode 27, an
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alignment film 120 covering the common electrode 27, the
data line shield 26 and the second interlayer insulating inor-
ganic film 15 therewith, a polarizer 110 formed on a lower
surface of the first transparent substrate 1, a gate line 5 formed
on an upper surface of the first transparent substrate 1 (see
FIG. 3), and a thin film transistor (not illustrated in F1G. 4).
[0115] As illustrated in FIG. 3, the thin film transistor is
comprised of an island 9, a drain electrode 10 and a source
electrode 11 both formed in the same layer as the data line 12,
and the above-mentioned gate line 5.

[0116] A specific thin film transistor 1s selected through the
gateline 5. The gate line 5 and the data line 12 are electrically
connected to a gate line terminal electrode 51 (see FIG. 26)
and a data line terminal electrode 53 (see FIG. 26), respec-
tively, at a marginal area of the TFT substrate 100A.

[0117] The substrate 200A is comprised of a second trans-
parent substrate 201 composed of glass, a black matrix layer
202 formed partially on an upper surface of the second trans-
parent substrate 201, a color layer 203 formed partially on
both an upper surface of the second transparent substrate 201
and the black matrix layer 202, a planarized layer 204 cover-
ing the black matrix layer 202 the color layer 203 therewith,
an alignment film 120 formed on the planarized layer 204, an
electrically conductive layer 205 formed on a lower surface of
the second transparent substrate 201, and a polarizer 210
formed on the electrically conductive layer 205.

[0118] That is, the substrate 200A has the same structure as
that of the substrate 200 illustrated in FIG. 2.

[0119] Spacers (not illustrated) are sandwiched between
the TFT substrate 100A and the substrate 200A to provide a
layer of the liquid crystal 220 with a constant thickness.
[0120] Seal (not illustrated) is sandwiched between the
TFT substrate 100A and the substrate 200A at their marginal
areas in order to prevent leakage of the liquid crystal 220.
[0121] In the liquid crystal display device in accordance
with the present embodiment, as illustrated in FIG. 4, the data
line shield 26 is formed above the data line 12 in the same
layer as the common electrode 27 with both of the second
interlayer insulating inorganic film 15 and the first island-
shaped electrically insulating organic film 21 being arranged
therebetween such that the data line shield 26 overlaps the
data line 12.

[0122] Hence, electric lines of force derived from the data
line 12 are terminated by the data line shield 26, resulting in
that it is possible to prevent the electric lines of force derived
from the data line 12, from entering the pixel electrode 13.
[0123] Ifthere is formed a high parasitic capacity between
the data line 12 and the data line shield 26 arranged just above
the data line 12, there would be caused problems of signal
delay and an increase in poser consumption. In order to solve
the problems, the first island-shaped electrically insulating
organic film 21 composed mainly of novolak resin is designed
to have a thickness greater than a thickness of the second
interlayer insulating film 15, ensuring reduction in the para-
sitic capacity.

[0124] In addition, by designing the data line shield 26 to
terminate the electric lines of force derived from the data line
12, itwould be possible to arrange the pixel electrode 13 in the
vicinity of the data line 12, ensuring an increase in a numeri-
cal aperture.

[0125] As illustrated in FIG. 3, the pixel electrode 13, the
common electrode 27 and the data line 12 rotate the liquid
crystal 220 in two directions symmetrical with each other
about a direction (rubbing direction) R in which the liquid
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crystal 220 is initially oriented, such that the liquid crystal
220 is parallel with one another in the direction R. In other
words, the liquid crystal display device 500 in accordance
with the present embodiment constitutes a multi-domain IPS.
Since domain rotating in one of the above-mentioned two
directions and domain rotating in the other direction compen-
sate for each other in a multi-domain IPS, it is possible to
enhance a viewing-angle characteristic.

[0126] The planarized film 204 covering the black matrix
layer 202 and the color layer 203 therewith preferably has a
thickness of 1.5 micrometers or greater. By designing the
planarized film 204 to have a thickness of 1.5 micrometers or
greater, it would be possible to have a sufficiently wide gap
between the black matrix layer 202 and the first island-shaped
electrically insulating organic film 21. This ensures that the
electric field is not interrupted by the black matrix layer 202,
and hence, display quality is enhanced.

[0127] The black matrix layer 202 preferably has a resis-
tivity equal to or greater than 159 (1x10°) Q-cm. This ensures
that the electric field is not interrupted by the black matrix
layer 202, and hence, display quality is enhanced.

[0128] The black matrix layer 202 may be replaced with a
light-shielding film having a multi-layered structure includ-
ing two or more color layers having colors different from one
another. The light-shielding film comprised of two or more
color layers has a function of sufficiently shielding excessive
light, and further has a high resistance. Hence, the light-
shielding film is less influenced by interruption of the electric
field than the black matrix layer 202 having a high resistivity,
ensuring enhanced display-quality.

[0129] FIG. 5Ais a plan view partially illustrating the data
line 12, and FIG. 5B is an enlarge view of a rectangular area
S indicated with a broken line in FIG. 5A.

[0130] Asillustrated in FIG. 5B, the data line 12 is designed
to have a zigzag or comb-shaped structure. By designing the
data line 12 to have a zigzag structure extending in parallel
with the pixel electrode 13 and the common electrode 27, it
would be possible for a display area in a pixel to have a
sufficient area through which a light can pass.

[0131] FIG. 5C is a plan view partially illustrating another
example of the data line 12.

[0132] As illustrated in FIG. 5C, the data line 12 may be
designed to be comprised of linear portions 124 extending in
parallel with the rubbing direction R and spaced away from
one another by a predetermined pitch in a direction perpen-
dicular to the rubbing direction R, and inclined portions 126
connecting the linear portions 124 to each other. The data line
12 illustrated in FIG. 5C does not reduce an efficiency by
which light is used.

[0133] The first island-shaped electrically insulating
organic film 21 extending in parallel with the data line 12 may
be patterned to extend in parallel with the rubbing direction R
in association with the linear portions 124 of the data line 12.
This ensures that a rubbing cloth is less influenced by the
pattern of the first island-shaped electrically insulating
organic film 21 in a rubbing step, and hence, the alignment
film 120 located close to the pattern of the first island-shaped
electrically insulating organic film 21 can be uniformly
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aligned. Thus, the liquid crystal 220 could be stably oriented
in a desired direction, and contrast in displaying images could
be enhanced.

Second Embodiment

[0134] FIGS. 6 and 7 illustrate an in-plane switching (IPS)
active matrix type liquid crystal display device 510 in accor-
dance with the second embodiment of the present invention.
FIG. 6 is a plan view of a TFT substrate 100A on which a thin
film transistor (TFT) is fabricated, viewed from liquid crystal,
in the liquid crystal display device 510, and FIG. 7 is a
cross-sectional view taken along the line VII-VII in FIG. 6.
[0135] In the liquid crystal display device 500 in accor-
dance with the first embodiment, the pixel electrode 13, the
common electrode 27 and the data line 12 are all in the zigzag
or comb-shaped form such that they are in parallel with the
rubbing direction R. Thus, they can generate horizontal elec-
tric fields in two directions, and resultingly. the liquid crystal
220 is rotated in two directions symmetrical with each other
about the rubbing direction R. Since domain rotating in one of
the above-mentioned two directions and domain rotating in
the other direction compensate for each other, itis possible to
enhance a viewing-angle characteristic.

[0136] Inother words, the liquid crystal display device 500
in accordance with the first embodiment, illustrated in FIGS.
3 and 4, constitutes a multi-domain IPS.

[0137] Incontrast with the liquid crystal display device 500
in accordance with the first embodiment, as is obvious in view
of comparison of FIG. 6 to FIG. 3, the data line 12, the pixel
electrode 13 and the common electrode 27 including the data
line shield 26 in the liquid crystal display device 510 in
accordance with the present embodiment are designed to
extend straight without being bent, in a direction perpendicu-
lar to the gate line 5.

[0138] That is, the liquid crystal display device 510 in
accordance with the present embodiment constitutes a single-
domain IPS. The first and second embodiments indicate that
the present invention can be applied to a single-domain IPS as
well as a multi-domain TPS.

[0139] The first island-shaped electrically insulating
organic film 21 and the data line shield (common electrode)
26 covering the first island-shaped electrically insulating
organic film 21 therewith, both formed on the second inter-
layer insulating inorganic film 15 may be formed so as to
entirely overlap the data line 12, as illustrated in FIG. 6. By
designing the first island-shaped electrically insulating
organic film 21 and the data line shield (common electrode)
26 to overlap the data line 12, it would be possible to prevent
etchant used for patterning the data line shield (common
electrode) 26, from penetrating a pinhole in the second inter-
layer insulating inorganic film 15 and further breaking the
data line 12.

Third Embodiment

[0140] FIGS. 8 and 9 illustrate an in-plane switching (IPS)
active matrix type liquid crystal display device 520 in accor-
dance with the third embodiment of the present invention.
FIG. 8 is a plan view of a TFT substrate 100A on which a thin
film transistor (TFT) is fabricated, viewed from liquid crystal,
in the liquid crystal display device 520, and FIG. 9 is a
cross-sectional view taken along the line IX-IX in FIG. 8.

[0141] The liquid crystal display device 520 in accordance
with the present embodiment is structurally different from the
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liquid crystal display device 500 in accordance with the first
embodiment, illustrated in FIGS. 3 and 4, in that a pixel
electrode has a two-layered structure. That is, a pixel elec-
trode in the liquid crystal display device 520 is comprised of
an upper-layer pixel electrode 313 and a lower-layer pixel
electrode 413.

[0142] Whereas the pixel electrode 13 in the liquid crystal
display device 500 in accordance with the first embodiment is
formed on the firstinterlayer insulating film 6, the lower-layer
pixel electrode 413 is formed on the first interlayer insulating
film 6, and the upper-layer pixel electrode 313 is formed on
the second interlayer insulating film (passivation film) 15,
that is, in an uppermost layer in the liquid crystal display
device 520 in accordance with the present embodiment. The
liquid crystal display device 520 in accordance with the
present embodiment has the same structure as that of the
liquid crystal display device 500 in accordance with the first
embodiment except a location of the upper-layer pixel elec-
trode 313.

[0143] The liquid crystal display device 520 in accordance
with the present embodiment provides the same advantages
as those provided by the liquid crystal display device 500 in
accordance with the first embodiment.

[0144] Similarly to the liquid crystal display device 510 in
accordance with the second embodiment, in the liquid crystal
display device 520 in accordance with the present embodi-
ment, the first island-shaped electrically insulating organic
film 21 and the data line shield (common electrode) 26 cov-
ering the first island-shaped electrically insulating organic
film 21 therewith, both formed on the second interlayer insu-
lating inorganic film 15 may be formed so as to entirely
overlap the data line 12, as illustrated in FIG. 8. By designing
the first island-shaped electrically insulating organic film 21
and the data line shield (common electrode) 26 to overlap the
data line 12, it would be possible to prevent etchant used for
patterning the data line shield (common electrode) 26, from
penetrating a pinhole in the second interlayer insulating inor-
ganic film 15 and further breaking the data line 12.

Fourth Embodiment

[0145] FIGS. 10 and 11 illustrate an in-plane switching
(IPS) active matrix type liquid crystal display device 530 in
accordance with the fourth embodiment of the present inven-
tion. FIG. 10 is a plan view of a TFT substrate 100 A on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in the liquid crystal display device 530, and FIG. 11 is
a cross-sectional view taken along the line XI-XI in FIG. 10.
[0146] Similarly to the pixel electrode in the liquid crystal
display device 520 in accordance with the third embodiment,
a pixel electrode in the liquid crystal display device 530 in
accordance with the present embodiment is comprised of an
upper-layer pixel electrode 313 and a lower-layer pixel elec-
trode 413. The lower-layer pixel electrode 413 is formed on
the first interlayer insulating film 6, and the upper-layer pixel
electrode 313 is formed on the second interlayer insulating
film (passivation film) 15, that is, in an uppermost layer. The
liquid crystal display device 530 in accordance with the
present embodiment has the same structure as that of the
liquid crystal display device 500 in accordance with the first
embodiment except a location of the upper-layer pixel elec-
trode 313.

[0147] The liquid crystal display device 530 in accordance
with the present embodiment provides the same advantages
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as those provided by the liquid crystal display device 500 in
accordance with the first embodiment.

[0148] In the liquid crystal display device 530 in accor-
dance with the present embodiment, as illustrated in FIG. 10,
the first island-shaped electrically insulating organic film 21
formed on the second interlayer insulating inorganic film 15
may be designed to entirely overlap the data line 12, and the
data line shield (common electrode) 26 covering the first
island-shaped electrically insulating organic film 21 there-
with may be formed only in an area in which images are
displayed.

[0149] Since the first island-shaped electrically insulating
organic film 21 overlaps the data line 12, the first island-
shaped electrically insulating organic film 21 and the data line
shield (common electrode) 26 in the present embodiment
make it possible to prevent etchant used for patterning the
data line shield (common electrode) 26, from penetrating a
pinhole in the second interlayer insulating inorganic film 15
and further breaking the data line 12.

[0150] Inaddition, since the data line shield (common elec-
trode) 26 is formed only in a minimum area, it would be
possible to prevent an increase in a capacity between the data
line 12 and the data line shield (common electrode) 26.

Fifth Embodiment

[0151] FIGS. 12 and 13 illustrate an in-plane switching
(IPS) active matrix type liquid crystal display device 540 in
accordance with the fifth embodiment of the present inven-
tion. FIG. 12 is a plan view of a TFT substrate 100A on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in the liquid crystal display device 540, and FIG. 13 is
a cross-sectional view taken along the line XIII-XIII in FIG.
12.

[0152] Similarly to the pixel electrode in the liquid crystal
display device 520 in accordance with the third embodiment,
a pixel electrode in the liquid crystal display device 540 in
accordance with the present embodiment is comprised of an
upper-layer pixel electrode 313 and a lower-layer pixel elec-
trode 413. The lower-layer pixel electrode 413 is formed on
the first interlayer insulating film 6, and the upper-layer pixel
electrode 313 is formed on the second interlayer insulating
film (passivation film) 15, that is, in an uppermost layer. The
liquid crystal display device 540 in accordance with the
present embodiment has the same structure as that of the
liquid crystal display device 500 in accordance with the first
embodiment except a location of the upper-layer pixel elec-
trode 313.

[0153] The liquid crystal display device 540 in accordance
with the present embodiment provides the same advantages
as those provided by the liquid crystal display device 500 in
accordance with the first embodiment.

[0154] In the liquid crystal display device 540 in accor-
dance with the present embodiment, as illustrated in FIG. 12,
the first island-shaped electrically insulating organic film 21
formed on the second interlayer insulating inorganic film 15
and the data line shield (common electrode) 26 covering the
first island-shaped electrically insulating organic film 21
therewith may be formed only in an area in which images are
displayed, and the first island-shaped electrically insulating
organic film 21 and the second interlayer insulating inorganic
film 15 and the data line shield (common electrode) 26 may
not be formed in the vicinity of an area in which the data line
12 and the gate line 5 intersect with each other.
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[0155] In the liquid crystal display device 500 in accor-
dance with the first embodiment (see FIG. 3), the liquid
crystal display device 510 in accordance with the second
embodiment (see FIG. 6), the liquid crystal display device
520 in accordance with the third embodiment (see FIG. 8),
and the liquid crystal display device 530 in accordance with
the fourth embodiment (see FIG. 10), the first island-shaped
electrically insulating organic film 21 exists as a wall to the
data line 12. Hence, there is caused a problem that it is
difficult to introduce the liquid crystal 220 into a panel. In
contrast, since the first island-shaped electrically insulating
organic film 21 is patterned so as to have openings in the
liquid crystal display device 540, such a problem can be
solved.

Sixth Embodiment

[0156] FIGS. 14 and 15 illustrate an in-plane switching
(IPS) active matrix type liquid crystal display device 550 in
accordance with the sixth embodiment of the present inven-
tion. FIG. 14 is a plan view of a TFT substrate 100A on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in the liquid crystal display device 550, and FIG. 15is
across-sectional view taken along the line XV-XV in FIG. 14.
[0157] The liquid crystal display device 520 in accordance
with the third embodiment, illustrated in FIGS. 8 and 9,
constitutes a multi-domain IPS.

[0158] As is obvious in view of the comparison of FIG. 14
with FIG. 8, the data line 12, the pixel electrode 13 and the
common electrode 27 including the data line shield 26 in the
liquid crystal display device 550 in accordance with the
present embodiment are all designed to extend straight with-
out being bent, in a direction perpendicular to the gate line 5
unlike the liquid crystal display device 520 in accordance
with the third embodiment, illustrated in FIGS. 8 and 9.
[0159] That is, the liquid crystal display device 550 in
accordance with the present embodiment constitutes a single-
domain IPS. Except that, the liquid crystal display device 550
in accordance with the present embodiment has the same
structure as that of the liquid crystal display device 520 in
accordance with the third embodiment.

[0160] As mentioned above, the liquid crystal display
device 520 in accordance with the third embodiment may be
fabricated as a single-domain IPS as well as a multi-domain
IPS. Similarly, the liquid crystal display device 530 in accor-
dance with the fourth embodiment and the liquid crystal
display device 540 in accordance with the fifth embodiment
may be fabricated as a single-domain IPS as well as a multi-
domain IPS.

Seventh Embodiment

[0161] FIGS. 16A to 16H are cross-sectional views of the
TFT substrate 100A taken along the line IV-IV inFIG. 3 in the
liquid crystal display device 500 in accordance with the first
embodiment, illustrating respective steps of fabricating the
same. Specifically, FIGS. 16A to 16H illustrate cross-sec-
tions of a thin film transistor (TFT), a pixel, a contact of a
common electrode line, a data line terminal, a gate line ter-
minal together with a common line terminal, and a gate line.
A method of fabricating the liquid crystal display device 500
in accordance with the first embodiment is explained herein-
below as the seventh embodiment of the present invention,
with reference to FIGS. 16A to 16H.
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[0162] First, as illustrated in FIG. 16 A, molybdenum (Mo)
is deposited on the first transparent substrate 1 by sputtering
by a thickness of 400 nanometers. Then, the molybdenum is
patterned by photolithography and etching into a gate elec-
trode 2, a common electrode line 3, a gate terminal electrode
4 and a gate line 5.

[0163] There may be used metal other than molybdenum.
For instance, there may be used chromium (Cr), aluminum
(Al), copper (Cu), silver (Ag), titanium (T1) or tungsten (W).
[0164] Then, as illustrated in FIG. 16B, a silicon dioxide
(5i0,) film is formed on the first transparent substrate 1 by
CVD by a thickness of 100 nanometers such that the silicon
dioxide film covers the gate electrode 2, the common elec-
trode line 3, the gate terminal electrode 4 and the gate line 5
therewith. Then, a silicon nitride (SiNx) film is formed on the
silicon dioxide (Si0,) film by CVD by a thickness of 300
nanometers. The thus formed silicon dioxide (SiO,) film and
silicon nitride (SiNx) film constitute the first interlayer insu-
lating film 6.

[0165] Then, an amorphous silicon (a-Si) film 7 is formed
on the silicon nitride film by CVD by a thickness of 215
nanometers, and a n+ amorphous silicon (a-Si) film 8 is
formed on the amorphous silicon film 7 by CVD by a thick-
ness of 50 nanometers.

[0166] Then, unnecessary portions of the amorphous sili-
con film 7 and the n+ amorphous silicon film 8 are removed by
photolithography and dry etching to thereby form anisland 9,
as illustrated in FIG. 16B.

[0167] Then, molybdenum (Mo) is deposited on the island
9 and the first interlayer insulating film 6 by sputtering by a
thickness of 210 nanometers. Then, unnecessary portions of
molybdenum is removed by photolithography and dry etch-
ing to thereby form a drain electrode 10 and a source electrode
11 of a thin film transistor, as illustrated in FIG. 16C.

[0168] Concurrently with the formation of the drain elec-
trode 10 and the source electrode 11, there are also formed a
data line 12, a pixel electrode 13 and a data line terminal
electrode 14 on the first interlayer insulating film 6.

[0169] The drain electrode 10, the source electrode 11, the
data line 12, the pixel electrode 13 and the data line terminal
electrode 14 may be composed of metal other than molybde-
num (Mo). For instance, they may be composed of chromium
(Cr), aluminum (Al), copper (Cu), silver (Ag), titanium (T1)
or tungsten (W).

[0170] Then, an unnecessary portion of the n+ amorphous
silicon (a-Si) film 8 in a back-channel of the thin film transis-
tor is removed by dry etching, as illustrated in FIG. 16C.
[0171] Then, a passivation film 15 composed of silicon
nitride (SiNx) and having a thickness of 300 nanometers is
formed by CVD on the resultant illustrated in FIG. 16C.
Then, the resultant is annealed at about 270 degrees centi-
grade. The annealing may be replaced with baking of a first
island-shaped electrically insulating organic film 21 later
formed.

[0172] Then, contact holes 16, 17 and 18 are formed
throughout the passivation film 15 and the first interlayer
insulating film 6 (only the passivation film 15 exists above the
data line terminal electrode 14) by photolithography and dry
etching or a wet/dry process including both etching in which
buffered hydrofluoric acid is used and dry etching, as illus-
trated in FIG. 16D. The contact hole 16 reaches the common
electrode line 3, the contact hole 17 reaches the data line
terminal electrode 14, and the contact hole 18 reaches the gate
terminal electrode 4.
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[0173] The formation of the contact holes 16, 17 and 18
prevents the electrodes from being damaged by resist-peeling
solution used when the first island-shaped electrically insu-
lating organic film 21 is patterned.

[0174] Then, first indium-tin oxide (ITO) is deposited on
the passivation film 15 by sputtering by a thickness of 40
nanometers. Then, the thus deposited indium-tin oxide is
patterned by photolithography and dry etching into interlayer
contacts 19, as illustrated in FIG. 16E.

[0175] Thus, there is fabricated a reverse-stagger type TFT.

[0176] Then, as illustrated in FIG. 16F, photosensitive and
heat-resistant novolak resist 20 is coated entirely over the
passivation film 15 and the interlayer contacts 19 such that the
novolak resist 20 will have a thickness of about 2 micrometers
after baked.

[0177] Then, the novolak resist 20 is partially removed by
photolithography and etching such that interlayer insulating
novolak organic layers 21, 22, 23, 24 and 25 remain only
above the data line 12, the common electrode line 3, the data
line terminal electrode 14, the gate terminal electrode 4 and
the gate line 5.

[0178] Then, the resultant is annealed at 140 degrees cen-
tigrade to thereby melt the interlayer insulating novolak
organic layers 21, 22, 23, 24 and 25. As a result, as illustrated
in FIG. 16G, the interlayer insulating novolak organic layers
21, 22,23, 24 and 25 have a reverse-U-shaped cross-section.
Then, the resultant is baked in a furnace at 240 degrees cen-
tigrade to be tightened.

[0179] Then, indium-tin oxide is deposited over the result-
ant illustrated in FIG. 16G by sputtering by a thickness of 40
nanometers. Then, the indium-tin oxide is patterned by pho-
tolithography and etching into a data line shield 26, a comb-
shaped electrode 27, an ITO film 28 for a common electrode,
an ITO film 29 for a data line terminal, and an I'TO film 30 for
a gate line terminal and a common line terminal.

[0180] Since the common electrode line 3, the data line
terminal 14 and the gate terminal electrode 4 all composed of
molybdenum (Mo) which is corroded in atmosphere are cov-
ered with the two layers, that is, the interlayer contact (first
1TO) 19 and the ITO film (second ITO) 28, the molybdenum
could have enhance corrosion-resistance.

[0181] FIG. 17A is a plan view of an example of the gate
terminal electrode 4, and FIG. 17B is a plan view of an
example of the data line terminal electrode 14.

[0182] The gate terminal electrode 4 composed of molyb-
denum (Mo) which is corroded in atmosphere makes contact
with the interlayer contact (first ITO) 19 covering therewith
an inner wall of the contact hole 18 formed throughout the
passivation film (SiNx) 15 and the first interlayer insulating
film 6. Furthermore, by covering the interlayer contact (first
ITO) 19 with the ITO film (second 1TO) 30, it would be
possible to enhance corrosion-resistance of the gate terminal
electrode 4.

[0183] FIG.181is a cross-sectional view showing positional
relation among the electrically insulating organic layer 25 (or
21) composed of novolak resin, a gate line shield 31 (or the
data line shield 26) covering the electrically insulating
organic layer 25 therewith, and the gate line 5 (or the data line
12).

[0184] As illustrated in FIG. 18, the electrically insulating
organic layer 25 horizontally extends beyond the gate line 5
by 0.5 to 4.0 micrometers, when vertically viewed from
above. Similarly, the electrically insulating organic layer 21
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horizontally extends beyond the data line 12 by 0.5 to 4.0
micrometers, when vertically viewed from above.

[0185] The gate line shield 31 (or the data line shield 26)
horizontally extends beyond the electrically insulating
organic layer 25 (or 21) by 0 to 3.0 micrometers, when ver-
tically viewed from above. By so designing the gate line
shield 31 (or the data line shield 26), it would be possible to
reduce variance in a parasitic capacity between the data line
12 and the data line shield 26 and a parasitic capacity between
the gate line 5 and the gate line shield 31, and to sufficiently
shield an electric filed leaking out of the data line 12 (or both
the data line 12 and the gate line 5).

[0186] In addition, since the electrically insulating organic
layer 25 (or 21) is entirely covered with the gate line shield
(ITO shield) 31 (or the data line shield 26), the electrically
insulating organic layer 25 (or 21) is no longer exposed to ITO
etchant and resist-peeling solution. This prevents the electri-
cally insulating organic layer 25 (or 21) from being degraded
by chemicals.

[0187] An electrically insulating organic layer composed
of novolak typically has a dielectric constant of about 4.2,
which is about two-thirds of a dielectric constant of a silicon
nitride (SiNXx) film. Hence, the electrically insulating organic
layer 25 (or 21) can reduce a parasitic capacity in a smaller
thickness than a thickness of a silicon nitride (SiNx) film.
[0188] Since the data line shield 26 composed of ITO and
constituting a common electrode is arranged just above the
data line 12 such that the data line shield 26 overlaps the data
line 12 with the second interlayer insulating film 15 and the
electrically insulating organic layer 21 being arranged ther-
ebetween, electric lines of force derived from the data line 12
can be terminated. Thus, it is possible to prevent electric lines
of force generated at the data line 12, from entering the pixel
electrode 13.

[0189] If there is formed a high parasitic capacity between
the data line 12 and the data line shield 26, there would be
caused problems of signal delay and an increase in power
consumption. By designing the electrically insulating organic
layer 21 composed mainly of novolak resin to have a greater
thickness than a thickness of the second interlayer insulating
film 15 for reducing the above-mentioned parasitic capacity,
those problems can be solved.

[0190] Sinceelectric lines of force generated at the data line
12 are terminated by the data line shield 26 arranged just
above the data line 12, it is possible to arrange the pixel
electrode 13 close to the data line 12, ensuring an increase in
a numerical aperture.

Eighth Embodiment

[0191] FIGS. 19 and 20 illustrate an in-plane switching
(IPS) active matrix type liquid crystal display device 560 in
accordance with the eighth embodiment of the present inven-
tion. FIG. 19 is a plan view of a TFT substrate 100A on which
a thin film transistor (TFT) 1s fabricated, viewed from liquid
crystal, in the liquid crystal display device 560, and F1G. 20 is
across-sectional view taken along the line XV-XV in FIG. 19.
[0192] The liquid crystal display device 560 in accordance
with the present embodiment is a variant of the liquid crystal
display device 540 in accordance with the fifth embodiment,
illustrated in FIGS. 12 and 13.

[0193] As mentioned earlier, in the liquid crystal display
device 540 in accordance with the fifth embodiment, illus-
trated in FIGS. 12 and 13, the electrically insulating organic
layer 21 composed of novolak resin exists only above the data
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line 12 except an area in which the gate line 5 and the data line
12 intersect with each other, in order to raise an efficiency at
which liquid crystal is introduced into a panel.

[0194] 1If the electrically insulating organic layer 21 is
formed in the above-mentioned way, it is not possible to
arrange the data line shield (common electrode) 26 above the
data line 12 in an area in which the gate line 5 and the data line
12 intersect with each other, in order to avoid an increase in a
capacity between the data line 12 and the data line shield
(common electrode) 26. Accordingly, the data line shield
(common electrode) 26 is formed independently for each of
the gate lines (scanning lines) 5 in the liquid crystal display
device 540 in accordance with the fifth embodiment.

[0195] In contrast, in the liquid crystal display device 560
in accordance with the present embodiment, the data line
shields (common electrodes) 26 in pixels vertically adjacent
to each other are electrically connected to each other such that
they do not overlap the data line 12, in an area in which the
gate line 5 and the data line 12 intersect with each other. That
is, the data line shields (common electrodes) 26 are designed
to extend above the data lines 12 so that the data line shields
(common electrodes) 26 do not overlap the data lines 12, and
the data line shields (common electrodes) 26 in pixels verti-
cally adjacent to each other are electrically connected to each
other through an electrically conductive layer formed in the
same layer as the data line shields (common electrodes) 26.
The liquid crystal display device 560 in accordance with the
present embodiment has the same structure as that of the
liquid crystal display device 540 in accordance with the fifth
embodiment except the above-mentioned structural differ-
ence.

[0196] The common electrode 27 is arranged so as not to
overlap the pixel electrode 313.

[0197] The liquid crystal display device 560 in accordance
with the present embodiment provides the following advan-
tages.

[0198] For instance in a large-scaled and highly accurate
panel such as a panel having a diagonal line of 18 inches or
more, it would be unavoidable to have a high time constant
defined by a resistance Re of the common electrode line 3 and
a capacity Cp formed between the pixel electrode 13 and the
common electrode 27 in each of pixels. As a result, in pixels
into which signals are written through a certain gate line
(scanning line) 5, voltages of the pixel electrodes 13 concur-
rently drop at a fall-down of a voltage of the certain gate line
(scanning line) 5 due to capacitive coupling with a capacity of
the gate line 5 (mainly, a parasitic capacity of a transistor).
When the voltages drop, a voltage of the common electrode
line 3 also drops due to the capacity Cp, resulting in that a
delay is caused in the common electrode line 3 in accordance
with a time constant proportional to a product of the resis-
tance Re and the capacity Cp.

[0199] Ifa delay is caused in the common electrode line 3,
a voltage of the pixel electrode 13 instantaneously drops to a
higher degree, resulting in a higher difference between a
voltage of the data line 12 and a voltage of the pixel electrode
13 at a fall-down of a voltage of the gate line (scanning line)
5.

[0200] Since a delay is caused also in the gate line (scan-
ning line) 5, if there is caused a difference between a voltage
of the data line 12 and a voltage of the pixel electrode 13,
electric charges run into the pixel electrode 13 from the data
line 12, namely, signals are rewritten into the pixel electrode
13 before the gate line (scanning line) 5 turns completely off.
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Due to reduction in a voltage of the common electrode 27
caused by the delay in the common electrode line 3, signals
are rewritten into the pixel electrode 13 to a high degree.
[0201] As a result, when a delay in the common electrode
line 3 restores to a designed delay in a certain period of time,
a voltage of the pixel electrode 13 becomes higher than an
initial voltage. Hence, an average voltage among the pixel
electrodes 13 is equal to a voltage of the common electrode 27
with a voltage of the common electrode 27 being high, and
thus, there is not generated a DC voltage between those volt-
ages. This ensures that flickers and after-images are sup-
pressed.

[0202] FIG.21A is a graph showing a field-through voltage
difference defined as an average of voltages of the pixel
electrodes 13 in a panel in a direction in which the gate line
(scanning line) 5 extends in a 19-inch-sized SXGA panel
having been fabricated as an sample, and FIG. 21B is a plan
view showing points at which field-through voltages were
measured in the 19-inch-sized SXGA panel.

[0203] A field-through voltage difference illustrated in
FIG. 21A indicates a variance of field-through voltages in a
panel as a profile of an average of voltages of pixel electrode
in positive and negative frames.

[0204] When the data line shields (common electrodes) 26
in pixels vertically adjacent to each other are not electrically
connected to each other, for instance, in the liquid crystal
display device 540 in accordance with the fifth embodiment,
illustrated in FIGS. 12 and 13, an average voltage of the pixel
electrodes 13 much vary in a panel along the gate line (scan-
ning line) 5, as shown with plots “not vertically connected”.
Asaresult, it would be difficult to uniformly suppress flickers
in a panel.

[0205] In contrast, the data line shields (common elec-
trodes) 26 in pixels vertically adjacent to each other are elec-
trically connected to each other in the liquid crystal display
device 560 in accordance with the present embodiment.
Hence, the data line shields (common electrodes) 26 are
electrically connected to the common electrode line 3 which
is electrically connected to a pixel in which a voltage of the
gateline (scanning line) 5 does not fluctuate, ensuring that the
above-mentioned reduction in a voltage of the common elec-
trode line 3 is significantly suppressed.

[0206] The inventors conducted the experiment in which a
resistance observed when the data line shields (common elec-
trodes) 26 in pixels vertically adjacent to each other were
electrically connected to each other was changed as shown in
FIG. 21A, and an average voltage of the pixel electrodes 13
was measured. [t was found that if the resistance was equal to
or smaller than 750 kQ per a pixel, it was possible to signifi-
cantly suppress a variance of an average voltage of the pixel
electrodes 13 in a direction in which the gate line (scanning
line) 5 extends.

[0207] Thatis, it is understood in view of F1G. 21A that the
arrangement of the data line shield (common electrode) 26 in
a matrix reduces a variance of a field-through voltage in a
panel, and that such a variance can be reduced when a resis-
tance observed when the data line shields (common elec-
trodes) 26 in pixels vertically adjacent to each other are elec-
trically connected is equal to or smaller than 750 kQ per a
pixel.

[0208] By suppressing a delay in the common electrode 27,
it would be possible to suppress a delay in the common
electrode line 3 while the gate line (scanning line) 5 is on. This
ensures suppression of lateral cross-talk.
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[0209] Inthe liquid crystal display device 560, the data line
shields (common electrodes) 26 in pixels vertically adjacent
to each other are electrically connected to each other such that
they do not overlap the data line 12 in the vicinity of an area
in which the gate line 5 on which the electrically insulating
organic layer 21 is not formed and the data line 12 intersect
with each other. Hence, a capacity between the data line 12
and the data line shield (common electrode) 26 is not
increased. Accordingly, a delay in the data line 12 and a delay
in the common electrode line 3 are not increased, ensuring
high quality in displaying images.

Ninth Embodiment

[0210] FIGS. 22 and 23 illustrate an in-plane switching
(IPS) active matrix type liquid crystal display device 570 in
accordance with the ninth embodiment of the present inven-
tion. FIG. 22 is a plan view of a TFT substrate 100A on which
a thin film transistor (TFT) is fabricated, viewed from liquid
crystal, in the liquid crystal display device 570, and FIG. 23 is
a cross-sectional view taken along the line XXIII-XXIII in
FIG. 22.

[0211] In the liquid crystal display device 570 in accor-
dance with the present embodiment, similarly to the liquid
crystal display device 560 in accordance with the eighth
embodiment, the data line shields (common electrodes) 26 in
pixels vertically adjacent to each other are electrically con-
nected to each other such that they do not overlap the dataline
12. In addition, an area (hereinbelow, referred to as “connec-
tion area”™) in which the data line shields (common electrodes)
26 are electrically connected to each other is enlarged, and the
thus enlarged area overlap the gate line 5. The liquid crystal
display device 570 in accordance with the present embodi-
ment has the same structure as that of the liquid crystal dis-
play device 540 in accordance with the fifth embodiment
except the above-mentioned structural difference.

[0212] The liquid crystal display device 570 in accordance
with the present embodiment provides the following advan-
tages.

[0213] In the liquid crystal display device 570 in accor-
dance with the present embodiment, the data line shields
(common electrodes) 26 in pixels vertically adjacent to each
other are electrically connected to each other, and the con-
nection area having the same voltage as that of the data line
shield (common electrode) 26 overlaps the gate line 5.
[0214] Thus, it is possible to reduce a delay in the common
electrode line 3, and further reduce capacitive coupling
between the gate line 5 and the black matrix layer 202. As a
result, it is possible to prevent a voltage of the black matrix
layer 202 from being biased to a negative voltage due to a
negative voltage generated when the gate line 5 is off. Accord-
ingly, it is possible to solve a problem of after-images and so
on caused by fluctuation in a voltage of the black matrix layer
202 away from a voltage of the data line shield (common
electrode) 26.

[0215] According to the experiments the inventors con-
ducted, if the connection area having the same voltage as that
of the data line shield (common electrode) 26 overlaps the
gate line 5 not overlapped by other electrically conductive
layers, by 60% or more, there was obtained remarkable
advantages.

[0216] Since the data line shields (common electrodes) 26
in pixels vertically adjacent to each other are electrically
connected to each other such that they do not overlap the data
line 12, in the vicinity of an area in which the gate line 5 and



US 2008/0212013 Al

the data line 12 intersect with each other in the liquid crystal
display device 570 in accordance with the present embodi-
ment, it is possible to prevent an increase in a capacity
between the data line 12 and the data line shield (common
electrode) 26. Accordingly, a delay in the data line 12 and a
delay in the common electrode line 3 are not increased, ensur-
ing high quality in displaying images.

[0217] In the liquid crystal display devices 500, 510, 520,
530, 540, 550, 560 and 570 in accordance with the first to
sixth, eighth and ninth embodiments, an interlayer insulating
film is comprised of the electrically insulating organic layer
21 composed of novolak resin.

[0218] FIG. 24 is a flow-chart showing steps of fabricating
an electrically insulating organic film composed of novolak
resin, and F1G. 25 is a flow-chart showing steps of fabricating
an electrically insulating organic film composed of acrylic
resin.

[0219] Hereinbelow are explained advantages obtained by
an interlayer insulating film comprised of the electrically
insulating organic layer 21 composed of novolak resin, in
comparison with an interlayer insulating film comprised ofan
electrically insulating organic film composed of acrylic resin,
with reference to FIGS. 24 and 25.

[0220] As illustrated in FIGS. 24 and 25, a method of an
interlayer insulating film comprised of the electrically insu-
lating organic layer 21 composed of novolak resin and a
method of an interlayer insulating film comprised of an elec-
trically insulating organic film composed of acrylic resin have
common basic steps. First, the basic steps are explained here-
inbelow.

[0221] First, an objectis washed by means of a washing unit
315 before resist is coated onto the object, in step S1.
[0222] Then, resist is coated onto the object in step S2.
Resist is usually automatically coated onto the object by
means of an in-line type photolithography unit. An in-line
type photolithography unit usually has a first line through
which novolak resist used for photolithography is coated onto
anobject, and a second line through which novolak resistused
for forming an organic film is coated onto an object. When an
electrically insulating organic film composed of novolak
resin is to be formed, resist is coated onto an object through
the second line. When an electrically insulating organic film
composed of acrylic resin is to be formed, resist 309 having
been kept cool in a refrigerator 319 is seasoned, and then, the
resist 309 is coated onto an object.

[0223] Then, an object onto which resist was coated is
washed, in step S3. When the resist is coated onto an object
(step S2) and when an object onto which the resist was coated
is washed (step S3), foul solution 311 of resist results.
[0224] Then, theresistis dried in a reduced pressure, in step
S4.

[0225] Then, the resist is pre-baked, in step S5.

[0226] Coating the resist (step S2), washing an object (step
S3), drying the resist (step S4) and pre-baking the resist (step
S5) are all carried out by means of a resist-coating unit 316.
[0227] Then, the resist is exposed to light in a predeter-
mined pattern by means of an exposure unit 317, in step S6.
[0228] Then, the thus light-exposed resist is developed by
developing solution 312, in step S7. When the resist used for
forming an electrically insulating organic film composed of
novolak resin is developed, the developing solution 312 is
used as it is. In contrast, when the resist used for forming an
electrically insulating organic film composed of acrylic resin
is developed, the developing solution 312 is diluted by means
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of a developing-solution dilution unit 320, and the thus
diluted developing solution 313 is used for developing the
resist.

[0229] When the resist is developed, there results foul
developing solution 314.

[0230] Then, the developed resist is post-baked, in step S8.
Exposing the resist to light (step S7) and post-baking the
resist (step S8) are carried out by means of a developing unit
318.

[0231] As mentioned above, an electrically insulating
organic film is patterned by photolithography and etching in
the formation of both an electrically insulating organic film
composed of novolak resin and an electrically insulating
organic film composed of acrylic resin.

[0232] Resist composed of novolak resin is usually used in
photolithography. If novolak resist used for carrying out pho-
tolithography and acrylic resist used for forming an electri-
cally insulating organic film are mixed together, they may be
solidified. Hence, when an electrically insulating organic film
1s formed through the use of acrylic resist, coating resist (step
S2) and washing an object (step S3) have to be carried out
separately between novolak resist and acrylic resist, and the
foul solution 311 of novolak resist and the foul solution 311 of
acrylic resist have to be separated from each other.

[0233] In addition, since developing solution for develop-
ing novolak resist usually has a concentration different from
a concentration of developing solution for developing acrylic
resist, two developing solutions having different concentra-
tions from each other have to be prepared.

[0234] Furthermore, if foul developing solution derived
from development of acrylic resist and foul developing solu-
tion derived from development of novolak resist are mixed
with each other in the resist-developing step (step S7), they
may be solidified. Hence, when an electrically insulating
organic film is formed through the use of acrylic resist, devel-
oping resist has to be carried out separately between novolak
resist and acrylic resist, and the diluted developing solution
313 and the foul developing solution 314 both for novolak
resist have to be separated from those for acrylic resist.

[0235] On the other hand, since novolak resist used for
carrying out photolithography and novolak resist used for
forming an electrically insulating organic film are both com-
posed mainly of novolak resin, a photolithography unit can be
commonly used for carrying out photolithography and form-
ing an electrically insulating organic film. Hence, it is not
necessary to prepare an expensive photolithography unit used
for forming an electrically insulating organic film. A photo-
lithography unit used for carrying out photolithography may
be used also for forming an electrically insulating organic
film.

[0236] Inaddition, since acrylic resist is much degraded at
room temperature, specifically, viscosity of acrylic resist
raises at room temperature, it is necessary to prepare the
refrigerator 309 only for acrylic resist. In contrast, novolak
resist is not necessary to be kept in a refrigerator.

[0237] Furthermore, it is necessary to prepare a disposal
unit only for acrylic foul solution. Hence, disposal of acrylic
foul solution costs too much in comparison with disposal of
novolak foul solution.

[0238] As mentioned above, the use of an interlayer insu-
lating film comprised of an electrically insulating organic
film composed of novolak resin provides many advantages in
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comparison with an interlayer insulating film comprised ofan
electrically insulating organic film composed of acrylic resin.

Tenth Embodiment

[0239] Hereinbelow are explained examples ofa TFT sub-
strate which is capable of preventing metal from being cor-
roded in atmosphere in an active matrix type liquid crystal
display device including an interlayer insulating film com-
prised of an electrically insulating organic film composed of
novolak resin, and a layer formed below the interlayer insu-
lating film which layer is composed of metal, such as molyb-
denum (Mo), having a relatively low resistance and readily
being corroded in atmosphere.

First Example

[0240] FIG. 26 is a cross-sectional view of a first example
ofa TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0241] A thin film transistor (TFT) in the examples
explained hereinbelow is a reverse-stagger type TFT.

[0242] In the TFT substrate in accordance with the first
example, the data line 12 is comprised of an underlying ITO
film (first electrically conductive transparent film) 56 and an
overlapping metal film (drain metal film) 54. Above the data
line 12 is formed a first island-shaped electrically insulating
organic film 21 composed of novolak resin, which is shielded
by the data line shield (electrically conductive transparent
film) 26 constituting a common electrode.

[0243] A comb-shaped electrode in the common electrode
27 and a comb-shaped electrode in the pixel electrode 13 are
comprised of an electrically conductive transparent film.
[0244] A terminal contact 52 composed of molybdenum is
integral with a terminal ITO electrode (first electrically con-
ductive transparent film) 53 of a data line terminal which
terminal electrode extends from the terminal contact 52, and
is entirely covered with the inorganic passivation film 15.
[0245] The contact hole 17 is covered with a data terminal
ITOAilm (second electrically conductive transparent film) 29,
defining a data line terminal.

[0246] A gate terminal electrode 4 composed of molybde-
num is electrically connected to a terminal ITO electrode
(first electrically conductive transparent film) 51 of a gate line
terminal and a common line terminal through the contact hole
18.

[0247] A through-hole formed throughout the passivation
film 15 above the terminal ITO electrode (first electrically
conductive transparent film) 51 is covered at its inner wall
with an ITO film (second electrically conductive transparent
film) 30, thus defining a gate line terminal/common line ter-
minal. The terminal ITO electrode 53 and the terminal ITO
electrode 51 are formed in the same layer, specifically, in an
electrically conductive film formed below the data line 12.
[0248] The TFT substrate in accordance with the first
example can be fabricated by carrying out photolithography
eight times.

Second Example

[0249] FIG. 27 is a cross-sectional view of a second
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device which is capable of
preventing corrosion of metal which is corroded in atmo-
sphere.
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[0250] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0251] A comb-shaped electrode in the common electrode
27 and a comb-shaped electrode in the pixel electrode 13 are
comprised of an electrically conductive transparent film. The
data line shield (electrically conductive transparent film) 26
and the comb-shaped electrode may be comprised of a first
electrically conductive transparent film 19 or a second elec-
trically conductive transparent film 28 (or 29, 30). As an
alternative, the data line shield (electrically conductive trans-
parent film) 26 and the comb-shaped electrode may be com-
prised only of the second electrically conductive transparent
film 28 (or 29, 30).

[0252] The contact holes 17 and 18 reaching the data line
terminal electrode 14 and the gate terminal electrode 4,
respectively, are covered at their inner walls with the first
electrically conductive transparent film 19, which is covered
with the second electrically conductive transparent film 29 or
30. Thus, metal which is corroded in atmosphere can have
enhanced corrosion-resistance. The data terminal 1TO film
(second electrically conductive transparent film) 29 extends
from the data line 12 and acts as a terminal electrode of the
data line 12, and the gate line terminal/common line terminal
(second electrically conductive transparent film) 30 extends
from the gate line 5 and acts as a terminal electrode of the gate
line 5.

Third Example

[0253] FIG. 28 is a cross-sectional view of a third example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0254] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0255] A comb-shaped electrode ofthe pixel electrode 13 is
formed in the same layer as the data line 12, and hence, is
composed of the same metal as the metal of which the data
line 12 is composed. A comb-shaped electrode of the com-
mon electrode 27 is comprised of an electrically conductive
transparent film of which the data line shield 26 is comprised,
on the inorganic passivation film 15.

[0256] The contact holes 17 and 18 reaching the data line
terminal electrode 14 and the gate terminal electrode 4,
respectively, are covered at their inner walls with the first
electrically conductive transparent film 19, which is covered
with the second electrically conductive transparent film 29 or
30. Thus, metal which is corroded in atmosphere can have
enhanced corrosion-resistance.

Fourth Example

[0257] FIG. 29 is across-sectional view of a fourth example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.
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[0258] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0259] A comb-shaped electrode in the common electrode
27 and a comb-shaped electrode in the pixel electrode 13 are
comprised of an electrically conductive transparent film. The
data line shield (electrically conductive transparent film) 26
and the comb-shaped electrode are comprised only of the
second electrically conductive transparent film 28 (or 29, 30).
[0260] The contact hole 16 is formed throughout the first
interlayer insulating inorganic film 6 and the second inter-
layer insulating inorganic film 15, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. Then, the contact hole
16 covered by the first electrically conductive transparent film
19 is filled with an electrically insulating organic film 22
composed of novolak resin, which is covered with a second
electrically conductive transparent film 28.

[0261] At the gate line terminal, the contact hole 18 is
formed throughout the first interlayer insulating inorganic
film 6 and the second interlayer insulating inorganic film 15
above the gate terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 18 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 24 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 30.

[0262] At the data line terminal, the contact hole 17 is
formed throughout the inorganic passivation film 15 above
the data line terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 17 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 23 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 29.

[0263] Hereinbelow, the electrodes 19 comprised of the
first electrically conductive transparent film at the data line
terminal, the gate line terminal and the common electrode
terminal are called a data line terminal underlying electrode,
a gate line terminal underlying electrode, and a common
electrode terminal underlying electrode, respectively.

Fifth Example

[0264] FIG. 30 is a cross-sectional view of a fifth example
ofa TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0265] Inthe TET substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0266] A comb-shaped electrode in the common electrode
27 and a comb-shaped electrode in the pixel electrode 13 are
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comprised of an electrically conductive transparent film. The
data line shield (electrically conductive transparent film) 26
and the comb-shaped electrode are comprised only of the
second electrically conductive transparent film 28 (or 29, 30).
[0267] The contact hole 16 formed in association with a
common electrode is covered at its inner wall with the first
electrically conductive transparent film 19, which is covered
with a second electrically conductive transparent film 28.
[0268] At the gate line terminal, the contact hole 18 is
formed throughout the first interlayer insulating inorganic
film 6 and the second interlayer insulating inorganic film 15
above the gate terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 18 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 24 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 30.

[0269] At the data line terminal, the contact hole 17 is
formed throughout the inorganic passivation film 15 above
the data line terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 17 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 23 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 29.

Sixth Example

[0270] FIG. 31 is a cross-sectional view of a sixth example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device which is capable of preventing
corrosion of metal which is corroded in atmosphere.

[0271] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0272] A comb-shaped electrode ofthe pixel electrode 131is
formed in the same layer as the data line 12, and hence, is
composed of the same metal as the metal of which the data
line 12 is composed. A comb-shaped electrode of the com-
mon electrode 27 is comprised of an electrically conductive
transparent film of which the data line shield 26 is comprised,
on the inorganic passivation film 15.

[0273] The contact hole 16 is formed throughout the first
interlayer insulating inorganic film 6 and the second inter-
layer insulating inorganic film 15, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. Then, in order to
prevent metal such as molybdenum from being corroded in
atmosphere, the contact hole 16 covered by the first electri-
cally conductive transparent film 19 is filled with an electri-
cally insulating organic film 22 composed of novolak resin,
which is covered with a second electrically conductive trans-
parent film 28.

[0274] At the gate line terminal, the contact hole 18 is
formed throughout the first interlayer insulating inorganic
film 6 and the second interlayer insulating inorganic film 15
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above the gate terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 18 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 24 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 30.

[0275] At the data line terminal, the contact hole 17 is
formed throughout the inorganic passivation film 15 above
the data line terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 17 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 23 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 29.

Seventh Example

[0276] FIG. 32 is a cross-sectional view of a seventh
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device which is capable of
preventing corrosion of metal which is corroded in atmo-
sphere.

[0277] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0278] A comb-shaped electrode ofthe pixel electrode 13 is
formed in the same layer as the data line 12, and hence, is
composed of the same metal as the metal of which the data
line 12 is composed. A comb-shaped electrode of the com-
mon electrode 27 is comprised of an electrically conductive
transparent film of which the data line shield 26 is comprised,
on the inorganic passivation film 15.

[0279] The contact hole 16 is formed throughout the first
interlayer insulating inorganic film 6 and the second inter-
layer insulating inorganic film 15, and is covered at its inner
wall with the first electrically conductive transparent film 19
and the second electrically conductive transparent film 28.
[0280] At the gate line terminal, the contact hole 18 is
formed throughout the first interlayer insulating inorganic
film 6 and the second interlayer insulating inorganic film 15
above the gate terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 18 covered by the first electrically
conductive transparent film 19 is filled with an electrically
insulating organic film 24 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 30.

[0281] At the data line terminal, the contact hole 17 is
formed throughout the inorganic passivation film 15 above
the data line terminal electrode 4, and is covered at its inner
wall with the first electrically conductive transparent film 19
to thereby define an interlayer contact. In order to prevent
metal such as molybdenum from being corroded in atmo-
sphere, the contact hole 17 covered by the first electrically
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conductive transparent film 19 is filled with an electrically
insulating organic film 23 composed of novolak resin, which
is covered with a second electrically conductive transparent
film 29.

[0282] In the above-mentioned second to seventh
examples, the first electrically conductive transparent film 19
covering inner walls of the contact holes 16, 17 and 18 is
composed of metal which is corroded in atmosphere, such as
molybdenum. The first electrically conductive transparent
film 19 may be composed of metal such as chromium (Cr)
which is less corroded in atmosphere than molybdenum, in
which case, the first electrically conductive transparent film
19 could have a function of blocking atmospheric moisture,
and hence, have enhanced corrosion-resistance,

[0283] As an alternative, the first electrically conductive
transparent film 19 may be designed to have a multi-layered
structure including a layer composed of metal such as chro-
mium (Cr) which is less corroded in atmosphere than molyb-
denum, and a layer composed of metal such as indium-tin
oxide (ITO) which has high surface-contact characteristic.
The first electrically conductive transparent film 19 having
such a multi-layered structure could have a function of block-
ing atmospheric moisture and enhanced corrosion-resistance.
In addition, it would be possible to reduce a contact resistance
between the first electrically conductive transparent film 19
and the second electrically conductive transparent film 29,
and hence, reduce a resistance between a terminal and a line,
ensuring qualified images having no cross-talk.

[0284] In the above-mentioned second to seventh
examples, the data line shield 26 covering the electrically
insulating organic film 21 composed of novolak resin is com-
prised of the first or second electrically conductive transpar-
ent film. As an alternative, the data line shield 26 may be
designed to have a multi-layered structure including an
opaque film composed of, for instance, chromium (Cr), and a
transparent film. Such a multi-layered structure can shield a
light passing in the vicinity of the electrically insulating
organic film when a pixel is in dark (black) display, ensuring
that a brightness in dark display can be reduced, and hence,
contrast can be enhanced.

Eleventh Embodiment

[0285] Hereinbelow are explained examples of a TFT sub-
strate as a part of an active matrix type liquid crystal display
device including an interlayer insulating film comprised of an
electrically insulating organic film composed of novolak
resin, and a layer formed below the interlayer insulating film
which layer is composed of metal, such as chromium (Cr),
having a relatively high resistance and not corroded in atmo-
sphere.

First Example

[0286] FIG. 33 is a cross-sectional view of a first example
of a TFT substrate in an in-plane switching active matrix type
liquid crystal display device including a line composed of
metal which is not corroded in atmosphere.

[0287] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.
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[0288] A comb-shaped electrode in the common electrode
27 and a comb-shaped electrode in the pixel electrode 13 are
comprised of an electrically conductive transparent film.
[0289] The common electrode line 3, the data line terminal
electrode 14 and the gate terminal electrode 4 exposed
through the contact holes 16, 17 and 18, respectively, may be
covered with an electrically conductive transparent film, or
may be exposed to atmosphere.

[0290] In the first example, there are formed electrodes
extending from the common electrode line 3, the data line
terminal electrode 14 and the gate terminal electrode 4 which
electrodes are comprised of the first electrically conductive
transparent film 19 or the second electrically conductive
transparent film 28, 29 or 30.

Second Example

[0291] FIG. 34 is a cross-sectional view of a second
example of a TFT substrate in an in-plane switching active
matrix type liquid crystal display device including a line
composed of metal which is not corroded in atmosphere.
[0292] Inthe TFT substrate in accordance with the second
example, above the data line 12 is formed a first island-shaped
electrically insulating organic film 21 composed of novolak
resin, which is shielded by the data line shield (electrically
conductive transparent film) 26 constituting a common elec-
trode.

[0293] A comb-shaped electrode ofthe pixel electrode 13 is
formed in the same layer as the data line 12, and hence, is
composed of the same metal as the metal of which the data
line 12 is composed. A comb-shaped electrode of the com-
mon electrode 27 is comprised of an electrically conductive
transparent film of which the data line shield 26 is comprised,
on the inorganic passivation film 15.

[0294] The common electrode line 3, the data line terminal
electrode 14 and the gate terminal electrode 4 exposed
through the contact holes 16, 17 and 18, respectively, may be
covered with an electrically conductive transparent film, or
may be exposed to atmosphere.

[0295] In the second example, there are formed electrodes
extending from the common electrode line 3, the data line
terminal electrode 14 and the gate terminal electrode 4 which
electrodes are comprised of the first electrically conductive
transparent film 19 or the second electrically conductive
transparent film 28, 29 or 30.

[0296] In the first to seventh examples in the tenth embodi-
ment and the first and second examples in the eleventh
embodiment, the electrically insulating organic film 21 com-
posed of novolak resin is formed only above the data line 12,
and is shielded with the data line shield (electrically conduc-
tive transparent film) 26 constituting a common electrode. As
illustrated in FIG. 34 with a broken line, the electrically
insulating organic film 21 may be formed not only above the
data line 12, but also above the gate line 5, in which case, the
electrically insulating organic film 21is shielded with the data
line shield (electrically conductive transparent film) 26.
[0297] As an alternative, the electrically insulating organic
film 21 shielded with the data line shield (electrically con-
ductive transparent film) 26 may be formed above a thin film
transistor. This ensures that an effective display area ina pixel
can be enlarged, and images can be displayed with a high
numerical aperture.

[0298] 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
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presentinvention is not to be limited to those specific embodi-
ments. On the contrary, it is intended for the subject matter of
the invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.

[0299] For instance, a terminal electrode composed of cor-
rosive metal may be comprised of two electrically conductive
transparent films electrically connected to each other. Such a
terminal electrode can be fabricated by carrying out photoli-
thography eight times.

[0300] Inaterminal, a through-hole reaching metal which
is corroded in atmosphere, such as molybdenum (Mo) or
copper (Cu), may be covered at its inner wall with a first
electrically conductive transparent film, and then, filled with
an electrically insulating organic film. Then, the electrically
insulating organic film is covered with a second electrically
conductive transparent film. Concurrently with formation of
the second electrically conductive transparent film, a comb-
shaped pixel electrode is formed. This structure can be fabri-
cated by carrying out photolithography seven or six times.
[0301] As an alternative, in a terminal exposed to atmo-
sphere, a through-hole reaching metal which is corroded in
atmosphere, such as molybdenum (Mo) or copper (Cu), may
be covered at its inner wall with a first electrically conductive
transparent film, and then, filled with an electrically insulat-
ing organic film. In contrast, a through-hole in a pixel, not
exposed to atmosphere, is not filled with an electrically insu-
lating organic film, but is covered with a second electrically
conductive transparent film. Concurrently with formation of
the second electrically conductive transparent film, a comb-
shaped pixel electrode is formed. This structure can be fabri-
cated by carrying out photolithography seven or six times.
[0302] As an alternative, in a terminal exposed to atmo-
sphere, a through-hole reaching metal which is corroded in
atmosphere, such as molybdenum (Mo) or copper (Cu), may
be covered at its inner wall with a first electrically conductive
transparent film, and then, the first electrically conductive
transparent film is covered with a second electrically conduc-
tive transparent film. Such a two-layered structure can block
corrosive metal from atmospheric moisture. Concurrently
with formation of the second electrically conductive trans-
parent film, a comb-shaped pixel electrode 1s formed. This
structure can be fabricated by carrying out photolithography
seven or six times.

[0303] The data line 12 may be designed to have a multi-
layered structure comprised of an inorganic layer and an
organic layer, in which case, the multi-layered structure is
covered with an electrically insulating film. The common
electrode is formed above the data line 12 so as to overlap the
data line 12. An electrically insulating organic film composed
mainly of novolak resin or analogous material is formed
above the data line 12, above the data line 12 and the gate line
5, or in the vicinity of the data line 12 and the gate line 5. The
common electrode may be formed so as to overlap the gate
line 5 as well as the data line 12.

[0304] As an alternative, the electrically insulating organic
film may be formed so as to overlap the data line 12 or both of
the data line 12 and the gate line 5, and the comb-shaped
common and pixel electrodes may be formed commonly in an
uppermost layer.

[0305] As an alternative, the electrically insulating organic
film may be formed so as to overlap the data line 12 or both of
the data line 12 and the gate line 5, and the comb-shaped
common and pixel electrodes may be formed to sandwich an
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electrically insulating inorganic film therebetween. The elec-
trically insulating inorganic film has such a thickness that
common and pixel electrodes are not short-circuited with
each other, and an appropriate electric field is applied to the
liquid crystal 220. Specifically, it is preferable for the electri-
cally insulating inorganic film to have a thickness in the range
of 100 to 600 nanometers both inclusive.

[0306] As an alternative, the electrically insulating organic
film may be formed so as to overlap the data line 12 or both of
the data line 12 and the gate line 5, in which case, it is
preferable that the electrically insulating organic film may
extend beyond the data line 12 or the gate line 5 by 0.5 to 4.0
micrometers, and the gate line shield may extend beyond the
electrically insulating organic film by 0.5 to 6.0 micrometers.

[0307] An areain which the data line 12 and the gate line 5
intersect with each other may be covered with an electrically
insulating film having a multi-layered structure comprised of
an inorganic film and an organic film. This structure prevents
chemicals from penetrating the area, protecting the data line
12 from breakage caused by chemicals.

[0308] As an alternative, the data line 12 may be covered
with an electrically insulating film having a multi-layered
structure comprised of an inorganic film and an organic film,
and may be shielded with a common electrode except an area
in which the data line 12 and the gate line 4 intersect with each
other. This ensures reduction in a capacity formed between
the data line 12 and the common electrode shield

[0309] As an alterative, the data line 12 and the gate line 4
may be covered with an electrically insulating film having a
multi-layered structure comprised of an inorganic film and an
organic film, and may be shielded with a common electrode
except an area in which the data line 12 and the gate line 4
intersect with each other. This ensures reduction in both a
capacity formed between the data line 12 and the common
electrode shield and a capacity formed between the gate line
5 and the common electrode shield.

[0310] By baking the electrically insulating organic film
composed of novolak resin, at 200 to 270 degrees centigrade
both inclusive for 30 to 120 minutes, the electrically insulat-
ing organic film could have enhanced resistant to alkali
chemicals, organic solvent and acid chemicals such as ITO
etchant, and would be stabilized in subsequent steps. For
instance, in a photolithography carried out, after formation of
the electrically insulating organic film composed of novolak
resin, for forming a common electrode, the electrically insu-
lating organic film would not be damaged. In a heating step
carried out after formation of the electrically insulating
organic film composed of novolak resin, forinstance, in a step
for baking an alignment film, it would be possible to prevent
the novolak resin from being decomposed to thereby generate
gas. Hence, it is possible to avoid impurity from being
absorbed into a liquid crystal panel. It is more preferable to
bake the electrically insulating organic film at 235 to 255
degrees centigrade both inclusive.

[0311] Ifacontactholeis formed throughout an electrically
insulating inorganic film after formation of an electrically
insulating organic film, when a resist pattern used for forming
the contact hole is peeled off, the electrically insulating
organic film may be exposed to resist-peeling solution, and
hence, degraded. However, since a contact hole in the present
invention is formed throughout an electrically insulating inor-
ganic film before formation of an electrically insulating
organic film, the electrically insulating organic film is not
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exposed to resist-peeling solution, ensuring maintaining a
shape of the electrically insulating organic film.

[0312] By annealing the electrically insulating organic film
composed of novolak resin, at about 100 to about 150 degrees
centigrade for 30 seconds to 15 minutes before baking, but
after development of the same, the electrically insulating
organic film would have a reverse-U-shaped cross-section
above the data line 12 and the gate line 5. This ensures that a
shape of the electrically insulating organic film exerts less
influence on liquid crystal alignment in a rubbing step, and
hence, more uniform homogeneous alignment can be
obtained.

[0313] As an alternative, the electrically insulating organic
film may be baked at a temperature-increasing rate of 5 to 15
degrees centigrade per a minute without being annealing
before being baked. As a result, the electrically insulating
organic film would have a reverse-U-shaped cross-section
above the data line 12 and the gate line 5. This ensures that a
shape of the electrically insulating organic film exerts less
influence on liquid crystal alignment in a rubbing step, and
hence, more uniform homogeneous alignment can be
obtained.

[0314] As an alternative, the electrically insulating organic
film may be kept heated at a fixed temperature in the range of
100 to 150 degrees centigrade in a certain period of time while
being baked, to thereby melt the electrically insulating
organic film, in which case, the electrically insulating organic
film is not annealed before being baked. Thereafter, the elec-
trically insulating organic film is heated and baked at 200
degrees centigrade or higher. For instance, the electrically
insulating organic film is baked at 200 to 270 degrees centi-
grade for 30 to 120 minutes. As a result, the electrically
insulating organic film would have a reverse-U-shaped cross-
section above the data line 12 and the gate line 5. This ensures
that a shape of the electrically insulating organic film exerts
less influence on liquid crystal alignment in a rubbing step,
and hence, more uniform homogeneous alignment can be
obtained.

[0315] Thestep of annealing TFT to be carried out after the
formation of the passivation (SiNx) film 15 may be omitted,
in which case, the step of baking the electrically insulating
organic film composed of novolak resin acts also as the step of
annealing TFT. This shortens steps to be carried out after the
annealing step.

[0316] The entire disclosure of Japanese Patent Applica-
tions Nos. 2003-76169 and 2004-70110 filed on Mar. 19,
2003 and Mar. 12, 2004, respectively, including specification,
claims, drawings and summary is incorporated herein by
reference in its entirety.

What is claimed is:

1. A method of fabricating a liquid crystal display device
including a first substrate, a second substrate, and liquid crys-
tal sandwiched between said first and second substrates, said
first substrate including a gate line, a data line intersecting
with said gate line, a pixel electrode, a common electrode
extending in parallel with said pixel electrode, and a plurality
ofthin film transistors located at intersections of said gate line
and said data line, said pixel electrode being fabricated con-
currently with a source electrode of each of said thin film
transistors,

said method including the step of:

forming said common electrode so as to be closer to said

liquid crystal than said data line, to overlap said data
line, and to have a shield common electrode which cov-
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ers a first island-shaped electrically insulating organic
film formed on an electrically insulating inorganic film
formed above said data line.

2. The method as set forth in claim 1, wherein said first
island-shaped electrically insulating organic film is covered
at its surface facing said liquid crystal with said shield com-
mon electrode.

3. The method as set forth in claim 2, wherein said first
island-shaped electrically insulating organic film is com-
posed of novolak resin, and further including the step of
baking said first island-shaped electrically insulating organic
film at a temperature in the range of 200 to 270 degrees
centigrade both inclusive for 30 to 120 minutes both inclu-
sive.

4. The method as set forth in claim 3, further including the
step of thermally annealing said first island-shaped electri-
cally insulating organic film at a temperature in the range of
100to 150 degrees centigrade both inclusive for 30 seconds to
15 minutes both inclusive before said first island-shaped elec-
trically insulating organic film is baked.
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5. The method as set forth in claim 3, wherein said first
island-shaped electrically insulating organic film is baked at a
temperature-raising rate of 5 to 15 degrees per a minute both
inclusive.

6. The method as set forth in claim 3, wherein said first
island-shaped electrically insulating organic film is heated at
a fixed temperature in the range of 100 to 150 degrees centi-
grade both inclusive for a certain period of time before said
first island-shaped electrically insulating organic film is
baked at a temperature in the range of 200 to 270 degrees
centigrade both inclusive.

7. The liquid crystal display device as set forth in claim 1,
wherein said pixel electrode extends in parallel with said
common electrode, each of said pixel and common electrodes
is comprised of a zigzag-shaped electrode, and each of said
data line and said first island-shaped electrically insulating
organic film is comprised of a zigzag-shaped electrode
extending in parallel with said zigzag-shaped electrode of
which each of said pixel and common electrodes is
comprised.
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