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(7) ABSTRACT

A liquid crystal display is fabricated which has bus wires
disposed in a grid shape, switching elements coupled to the
bus wires, and pixel electrodes which are disposed on an
interlayer insulating film formed by coating and which are
coupled with the switching elements. In fabricating the liquid
crystal display, when a transparent conductive film is formed
on the interlayer insulating film which is formed by coating,
the temperature of the substrate is controlled to become 100°
C.-170° C. In another embodiment, when the transparent
conductive film is formed on the interlayer insulating film in
anon-heated condition, an oxygen flow rate ratio is set to 1%
or lower, and annealing is performed after forming the film.
Thereby, when etching the ITO film on the interlayer insulat-
ing film, etching residue is not produced. Further, contact
resistance between the ITO film and the lower layer metal can
be uniformly decreased, and display defects can be obviated.

6 Claims, 18 Drawing Sheets
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LIQUID CRYSTAL DISPLAY HAVING
TRANSPARENT CONDUCTIVE FILM ON
INTERLAYER INSULATING FILM FORMED
BY COATING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of application Ser. No.
10/107,578, filed Mar. 28, 2002 now abandoned, and based
on Japanese Patent Application No. 2001-096263, filed Mar.
29, 2001, by Shigeru KIMURA, Akitoshi MAEDA, Satoshi
DOI, and Takayuki ISHINO. This application claims only
subject matter disclosed in the parent application and there-
fore presents no new matter.

FIELD OF THE INVENTION

The present invention relates generally to a liquid crystal
display and a method of manufacturing the same. More par-
ticularly, the present invention relates to a liquid crystal dis-
play having a high resolution display panel in which an insu-
lating film formed by coating such as an organic film and the
like is used as an interlayer insulating film.

BACKGROUND OF THE INVENTION

Conventionally, a transmission type liquid crystal display
is widely used in which a thin film transistor (TFT) or a metal
insulator metal (MIM) device is used as a switching element
for driving and controlling each pixel electrode.

FIG. 22A is a partial enlarged plan view showing a pixel
portion of an active matrix substrate in a conventional trans-
mission type liquid crystal display which uses TFT’s and
which is disclosed in Japanese patent laid-open publication
No.9-152625. FIG. 22B is across sectional view taken along
the line B-B of FIG. 22A. In the active matrix substrate of this
transmission type liquid crystal display, a plurality of pixel
electrodes are formed in a matrix.

As shown in FIG. 224, around a pixel electrode 1, there are
disposed scanning lines 2a and signal lines 2b. The scanning
lines 2a are disposed parallel to each other and are used for
supplying scanning signals to the pixel electrodes 1. The
signal lines 26 are disposed parallel to each other and perpen-
dicular to the scanning lines 2a. The signal lines 25 are used
for supplying display signals to the pixel electrodes 1. The
scanning lines 2a and the signal lines 25 are disposed such
that a portion of each scanning line 2a and a portion of each
signal line 26 overlap the peripheral portion of the pixel
electrode 1. In the proximity of each of intersections between
the scanning lines 2« and the signal lines 25, there is disposed
a thin film transistor (TFT) 3 which is coupled with the pixel
electrode 1.

The gate electrode of the TFT 3 is coupled with the scan-
ning line 24, and the source electrode of the TFT 3 is coupled
with the signal line 25. The drain electrode of the TFT 3 is
coupled with the pixel electrode 1 via a connecting electrode
4a and further via a contact hole 5, and is also coupled with an
additional capacitance electrode 44 via the connecting elec-
trode 4a.

As shown in FIG. 22B, on a transparent insulating substrate
6, a gate electrode 3a, a gate insulating film 7a, and a semi-
conductor layer 8a are stacked in this order. On the central
portion of the semiconductor layer 84, a channel protection
layer 86 is provided. Further, there is provided an amorphous
silicon (n* a-Si) layer which covers the semiconductor layer

10

15

20

25

30

35

40

45

50

55

60

65

2

8a and which is segmented on the channel protection layer 85
into a source electrode 34 and a drain electrode 3c.

On an end portion of the source electrode 3b, there is
disposed the signal line 2b having a two layer structure com-
prising a transparent conductive film and a metal layer. Also,
on an end portion of the drain electrode 3¢, there are disposed
a transparent conductive film and a metal layer, and the trans-
parent conductive film is extended as the connecting elec-
trode 4a to couple the drain electrode 3¢ and the pixel elec-
trode 1 together. The connecting electrode 4a is also
connected to the additional capacitance electrode 45. Further,
aninterlayer insulating film (passivation film) 9 is provided to
cover the TFT 3, the scanning line 2a, the signal line 25, and
the connecting electrode 4a.

An explanation will now be made on a manufacturing
process of the active matrix substrate having the above-men-
tioned structure. First, on a transparent insulating substrate 6
made, for example, of glass and the like, a gate electrode 3a is
formed. On an area including the gate electrode 3a and the
like, a gate insulating film 7« and an amorphous silicon (a-Si)
layer are formed one after another in this order. The amor-
phous silicon (a-Si) layer is patterned to form a semiconduc-
tor layer 8a. Next, on the semiconductor layer 8a and over the
gate electrode 3a, a channel protection film 85 is formed. An
amorphous silicon (n* a-Si) layer is then formed to cover the
channel protection layer 85 and the semiconductor layer 8a,
and is patterned to form the source electrode 35 and the drain
electrode 3c.

On the source electrode 34 and the drain electrode 3¢, an
interlayer insulating film 9 comprising an organic film is
formed, and a contact hole 5 is opened in the interlayer
insulating film 9. Thereafter, an indium-tin-oxide (ITO) film
is formed to cover the interlayer insulating film 9 by sputter-
ing, and is patterned to form a plurality of transparent pixel
electrodes 1 made of ITO.

In the above-mentioned process, it is preferable that, after
forming the contact hole 5, the surface of the interlayer insu-
lating film 9 comprising an organic film is ashed by using
oxygen plasma. Thereby, it is possible to improve adhesion
between the ITO film and the organic film and to avoid defec-
tive coupling between the ITO film and the metal film of the
additional capacitance electrode.

The reason why the organic film having a lower relative
permittivity value than that of an inorganic film is used as the
interlayer insulating film 9 in place of the inorganic film
hitherto used is to reduce cross talk between the signal lines
and the pixel electrodes. That is, by using the organic film as
the interlayer insulating film 9, it is possible to reduce capaci-
tive coupling between the signal lines and the pixel electrodes
when the pixel electrodes and the signal lines are partially
overlapped to improve aperture ratio, and thereby it becomes
possible to reduce the cross talk.

Conventionally, when the ITO film is formed on the inter-
layer insulating film 9 comprising the organic film, a high
temperature sputtering method is used in which the transpar-
ent insulating substrate 6 is heated to improve patterning
characteristics of the ITO film.

An example of amethod of forming an ITO film which uses
the high temperature sputtering is disclosed in Japanese
patent No. 2520399. In this patent, it is described that a
condition for forming an ITO film having good quality with-
out causing deterioration of color filters is to set the tempera-
ture of a substrate between 180° C. and 250° C. In Japanese
patent laid-open publication No. 9-152625 mentioned before,
a condition of forming the ITO film is not described at all.

However, when the [TO film is formed by using the high
temperature sputtering, the ITO film deteriorates due to out-
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gassing from the organic insulating film, and patterning can
not be done well, due to the generation of etching residue.
This is especially prominent when wet etching is used.

In order to obviate such defects, it is conceivable to form
the ITO film on the organic insulating film by using a low
temperature sputtering or sputtering in a non-heated condi-
tion. However, when the low temperature sputtering is used,
contact resistance between the ITO film and the metal film of
the lower layer becomes large.

When the contact resistance becomes large, it becomes
impossible to realize sufficient uniformity of the contact
resistance in the substrate area. Insufficient uniformity of the
contact resistance causes vertical striped unevenness of an
image displayed on a display panel surface. The insufficient
uniformity of the contact resistance has a large influence on
the displayed image especially in a high resolution liquid
crystal display panel in which, because of a narrow space
between respective signal lines, signal terminals coupled with
the signal lines are disposed on opposite sides alternately or
disposed on opposite sides every plurality of signal terminals.

Also, when the contact resistance increases, a lateral cross
talk phenomenon occurs in a twisted nematic (TN) type liquid
crystal display panel having a common storage structure, or in
an in-plane switching (IPS) type liquid crystal display panel.

That is, in the TN type liquid crystal display panel having
the common storage structure, a common voltage potential is
applied to common wiring conductors for constituting stor-
age capacitors. Therefore, it is necessary to mutually couple
the common wiring conductors. When a TFT substrate struc-
ture is used in which the common wiring conductors are
mutually coupled by using an ITO film on an interlayer insu-
lating film (passivation film), the contact resistance becomes
high because the interlayer insulating film is made of an
organic insulating film. Therefore, it is inevitable that the
overall resistance of the common wiring conductors becomes
high.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to provide
a liquid crystal display and a method of manufacturing the
same in which, when an ITO film is formed on an interlayer
insulating film formed by coating, such as an organic insulat-
ing film, etching residue is not produced and the ITO film can
be formed and patterned appropriately.

It is another object of the present invention to provide a
liquid crystal display and a method of manufacturing the
same in which an ITO film is formed on an interlayer insu-
lating film formed by coating, such as an organic insulating
film and in which contact resistance between an ITO film and
a lower metal film can be reduced.

Tt is still another object of the present invention to provide
a liquid crystal display and a method of manufacturing the
same in which contact resistance between an ITO film and a
lower metal film can be reduced, thereby obviating display
defects of an image displayed in a liquid crystal display panel.

It is still another object of the present invention to provide
a liquid crystal display and a method of manufacturing the
same in which contact resistance between an ITO film and a
lower metal film can be reduced, thereby obviating vertical
striped unevenness of an image displayed in a liquid crystal
display panel.

Tt is still another object of the present invention to provide
a liquid crystal display and a method of manufacturing the
same in which contact resistance between an [TO film and a
lower metal film can be reduced, thereby obviating lateral
cross talk phenomenon in a liquid crystal display panel.
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Tt is still another object of the present invention to obviate
the disadvantages of the conventional liquid crystal display
and method of manufacturing the same.

According to an aspect of the present invention, there is
provided a method of manufacturing a liquid crystal display
which has bus wires disposed on a substrate in a grid shape,
switching elements coupled to the bus wires, and pixel elec-
trodes formed of a transparent conductive film disposed on an
interlayer insulating film formed by coating, the pixel elec-
trodes being coupled with the switching elements via contact
through holes formed through the interlayer insulating film,
said method comprising: controlling the temperature of the
substrate to 100-170° C., when the transparent conductive
film is formed on the interlayer insulating film.

In this case, it is preferable that the substrate is previously
heated in a heating chamber and then transferred to a chamber
for forming the transparent conductive film.

It is also preferable that the substrate is previously heated
and sputter etched in a heating chamber and then transferred
to a chamber for forming the transparent conductive film.

Tt is further preferable that heating of the substrate, sputter
etching after the heating, and forming the transparent con-
ductive film thereafter are performed in the same vacuum
condition.

Itis advantageous that the interlayer insulating film formed
by coating is an organic insulating film.

It is also advantageous that the liquid crystal display has a
metal film coupled with the transparent conductive film, the
transparent conductive film is made of ITO, and the metal film
coupled with the transparent conductive film is made of chro-
mium or an alloy containing chromium as the main constitu-
ent.

According to another aspect of the present invention, there
is provided a method of manufacturing a liquid crystal display
which has bus wires disposed on a substrate in a grid shape,
switching elements coupled to the bus wires, and pixel elec-
trodes formed of a transparent conductive film disposed on an
interlayer insulating film formed by coating, the pixel elec-
trodes being coupled with the switching elements via contact
through holes formed through the interlayer insulating film,
said method comprising: forming the transparent conductive
film on the interlayer insulating film in a non-heated condi-
tion and in a condition in which an oxygen flow rate ratio is
1% or smaller; and annealing after forming the transparent
conductive film.

In this case, it is preferable that the annealing is performed
at a temperature of 200-240° C.

It is also preferable that the interlayer insulating film
formed by coating is an organic insulating film.

It is further preferable that the liquid crystal display has a
metal film coupled with the transparent conductive film, the
transparent conductive film is made of ITO, and the metal film
coupled with the transparent conductive film is made of chro-
mium or an alloy containing chromium as the main constitu-
ent.

According to still another aspect of the present invention,
there 1s provided a method of manufacturing a liquid crystal
display which has bus wires disposed on a substrate in a grid
shape, switching elements coupled to the bus wires, and pixel
electrodes formed of a transparent conductive film disposed
on an interlayer insulating film formed by coating, the pixel
electrodes being coupled with the switching elements via
contact through holes formed through a passivation film and
the interlayer insulating film, said method comprising: when
forming the contact through holes formed through the passi-
vation film and the interlayer insulating film, forming open-
ings of the passivation film by plasma etching.
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In this case, it is preferable that the interlayer insulating
film formed by coating is an organic insulating film.

It is also preferable that the liquid crystal display has a
metal film coupled with the transparent conductive film, the
transparent conductive film is made of ITO, and the metal film
coupled with the transparent conductive film is made of chro-
mium or an alloy containing chromium as the main constitu-
ent.

According to still another aspect of the present invention,
there is provided a liquid crystal display comprising: a trans-
parent substrate; a plurality of parallel scanning lines dis-
posed on the transparent substrate; a plurality of parallel
signal lines which cross the plurality of parallel scanning
lines; switching elements coupled to the scanning lines and
the signal lines; and pixel electrodes formed from a transpar-
ent conductive film disposed on an interlayer insulating film
formed by coating, the pixel electrodes being coupled with
the switching elements via contact through holes formed
through the interlayer insulating film; wherein the transparent
conductive film formed on the interlayer insulating film has
portions contacting a lower layer metal film and the interlayer
insulating film has crystallinity at the portions contacting the
lower layer metal film.

In this case, it is preferable that the interlayer insulating
film formed by coating is an organic insulating film.

It is also preferable that the transparent conductive film is
made of ITO, and the lower layer metal film contacting the
transparent conductive film is made of chromium or an alloy
containing chromium as the main constituent.

According to still another aspect of the present invention,
there is provided a liquid crystal display comprising: a trans-
parent substrate; a plurality of parallel scanning lines dis-
posed on the transparent substrate; a plurality of parallel
signal lines which cross the plurality of parallel scanning
lines; switching elements coupled to the scanning lines and
the signal lines; pixel electrodes formed from a transparent
conductive film disposed on an interlayer insulating film
formed by coating, the pixel electrodes being coupled with
the switching elements via contact through holes formed
through the interlayer insulating film; and signal line termi-
nals each of which is coupled to one end of the respective
signallines and comprises a stacked portion of the transparent
conductive film and a lower layer metal film and which are
disposed on opposite sides of the substrate alternately or
every plurality of terminals; wherein contact resistance
between the transparent conductive film and the lower layer
metal film differs between the signal line terminals on oppo-
site sides of the substrate by a value of 1500€2 or smaller.

In this case, it is preferable that the interlayer insulating
film formed by coating is an organic insulating film.

It is also preferable that the transparent conductive film is
made of ITO, and the lower layer metal film coupled with the
transparent conductive film is made of chromium or an alloy
containing chromium as the main constituent.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, and advantages, of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompa-
nying drawings, in which like reference numerals designate
identical or corresponding parts throughout the figures, and in
which:

FIG. 1 is a schematic plan view illustrating a structure of a
TFT substrate in a transmission type liquid crystal display
according to the first embodiment of the present invention;
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FIG. 2 is a plan view showing a liquid crystal display panel
which uses the TFT substrate 10 of FIG. 1;

FIG. 3 is an enlarged plan view showing a portion of one
pixel of the TFT substrate of FIG. 1;

FIG. 4 includes a cross sectional view taken along the line
A-A of FIG. 2, and a cross sectional view taken along the line
B-B of FIG. 3;

FIGS. 5A-5D are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
liquid crystal display panel which uses the TFT substrate of
FIG. 1;

FIGS. 6E-6G are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
liquid crystal display panel which uses the TFT substrate of
FIG. 1 obtained after the structures shown in FIGS. 5A-5D;

FIGS. 7A-7C are cross sectional views each illustrating
structures of workpieces during a fabrication process of a
contact hole of a pixel portion shown in FIG. 4;

FIGS. 8D-8E are cross sectional views each illustrating
structures of workpieces during a fabrication process of a
contact hole of a pixel portion shown in FIG. 4 obtained after
the structures shown in FIGS. 7A-7C;

FIGS. 9A-9C are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
signal line terminal portion FIG. 4;

FIG. 10 is a schematic plan view illustrating a structure of
a TFT substrate 50 in a transmission type liquid crystal dis-
play according to the second embodiment of the present
invention;

FIG. 11 is an enlarged plan view showing a portion of one
pixel of the TFT substrate of FIG. 10;

FIGS. 12A-12D are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
TFT substrate of FIG. 10;

FIGS. 13E-13F are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
TFT substrate of FIG. 10 obtained after the structures shown
in FIGS. 12A-12D;

FIG. 14 is a cross sectional view illustrating a structure of
a workpiece during a manufacturing process of a TFT sub-
strate of F1G. 10 obtained after the structures shown in FIGS.
13E-13F,

FIG. 15 is a graph showing an example of a relationship
between a substrate temperature and a rate of occurrence of
vertical striped unevenness, when the ITO film was formed by
sputtering in accordance with the first embodiment;

FIG. 16 is a graph showing an example of a relationship
between a oxygen flow rate ratio and a layer resistance, when
the ITO film is formed by sputtering in a non-heated condi-
tion;

FIGS. 17A-17C are illustrations each showing an example
of distribution of layer resistance within a substrate, after
annealing at 200° C. after the sputtering of the ITO film in the
non-heated condition;

FIG. 18 is an illustration showing by a table a relationship
between the substrate temperature when the ITO film is sput-
tered and the condition of etching residue;

FIG. 19 is an illustration showing by a table a relationship
between annealing temperature and ITO line width unifor-
mity within the substrate and between annealing temperature
and coloring of the organic insulating film, after the sputter-
ing of the ITO film in the non-heated condition;

FIG. 20 is an illustration showing by a table a relationship
between a difference in contact resistance values of upside
and downside signal terminals and a condition of occurrence
of vertical striped unevenness, in the first embodiment;
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FIG. 21A and FIG. 21B are schematic illustrations show-
ing examples of observation result by the TEM of the cou-
pling portion between the transparent conductive film and the
lower layer metal film in the liquid crystal display fabricated
by the manufacturing method according to the present inven-
tion; and

FIG. 22A is a partial enlarged plan view showing a pixel
portion of an active matrix substrate in a conventional trans-
mission type liquid crystal display which uses TFT’s and
which is disclosed in Japanese patent laid-open publication
No. 9-152625; and

FIG. 22B is a cross sectional view taken along the line B-B
of FIG. 22A.

DESCRIPTION OF A PREFERRED
EMBODIMENT

With reference to the drawings, embodiments of the
present invention will be described in detail.

First Embodiment

FIG. 1 is a schematic plan view illustrating a structure of a
TFT substrate in a transmission type liquid crystal display
according to the first embodiment of the present invention.
The TFT substrate 10 shown in FIG. 1 is opposed to an
opposing substrate 17 mentioned later, and the gap between
the TFT substrate 10 and the opposing substrate 17 is filled
with liquid crystal material to form a liquid crystal display
panel of a liquid crystal display (see FIG. 2 and FIG. 4).

On the surface of the TFT substrate 10 on the side of the
opposing substrate 17, there are disposed a plurality of signal
lines 11 and a plurality of scanning lines 12 which intersect
the signal lines 11, in a grid shaped arrangement. In the
proximity of each intersection between one of the signal lines
11 and one of the scanning lines 12, a TFT 13 is formed.
Therefore, the TFT’s 13 are disposed in a matrix.

In this embodiment, the TFT 13 constitutes a high resolu-
tion liquid crystal display panel having a CF on TFT (color
filter on thin film transistor) structure in which color filters are
disposed on or over the TFT’s 13.

In a high resolution liquid crystal display panel, since the
space between adjacent signal lines 11 which are disposed
along vertical direction of the panel becomes narrow, signal
terminals 14 each of which is provided at one end of the signal
line 11 are located on the opposite sides of the TFT substrate
10 such that the signal terminals 14 are disposed on opposite
sides alternately or disposed on opposite sides every plurality
of signal lines 11. With respect to the scanning lines 12 which
are disposed along lateral direction of the panel, scanning line
terminals 15 each of which is provided at one end of the
scanning line 12 are disposed on one side of the TFT substrate
10.

Each of the signal lines 11 is coupled with the source
electrodes of the TFT’s 13 disposed in a corresponding col-
umn of the TFT matrix, and used for inputting a data signal to
the source electrodes. Each of the scanning lines 12 is coupled
with the gate electrodes of the TFT’s 13 disposed in a corre-
sponding row of the TFT 13 matrix. A scanning signal is
supplied from each of the scanning lines 12 to the correspond-
ing gates of the TFT’s 13. Thereby, each TFT 13 is driven and
the data signal is written into a pixel electrode coupled with
the drain electrode of the TFT 13.

FIG. 2 is a plan view showing a liquid crystal display panel
which uses the TFT substrate 10 of FIG. 1. FIG. 3 is an
enlarged plan view showing a portion of one pixel of the TFT
substrate of FI1G. 1. FIG. 4 includes a cross sectional view
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taken along the line A-A of FIG. 2, and a cross sectional view
taken along the line B-B of FI1G. 3.

As shown in FIG. 2 and FIG. 4, a liquid crystal display
panel 16 has the TFT substrate 10 and an opposing substrate
17 each of which comprises a transparent insulating substrate
made of glass and the like and each of which has a rectangular
shape. In the gap between the TFT substrate 10 and the
opposing substrate 17, liquid crystal material L (see FIG. 4) is
inserted to form the liquid crystal display panel 16.

On the upper surface of the TFT substrate 10, there is
formed a black matrix 18. The black matrix 18 has a plurality
of openings 19 (see FIG. 2) which correspond to pixel elec-
trodes 33 (see FIG. 4). The openings 19 comprise, for
example, openings 19R for red color filters, openings 19G for
green color filters and openings 19B for blue color filters,
which are repetitively disposed in order.

The TFT substrate 10 and the opposing substrate 17 are
opposed to each other via a predetermined gap between them,
and are fixed to each other by a sealing material 20 which is
disposed along the peripheral portion of the substrates 10 and
17. On the outer peripheral portions of the TFT substrate 10
along three sides thereof, signal terminals are disposed. That
is, a plurality of horizontal (H) side terminals 21, i.e., signal
line terminals 14, are disposed along two of lateral edge
portions of the panel and extend in a vertical direction, and a
plurality of vertical (V) side terminals 22, i.e., scanning line
terminals 15, are disposed along one of vertical edge portions
ofthe panel and extend in lateral direction. The horizontal (H)
side terminals 21 and the vertical (V) side terminals 22 arenot
covered by the opposing substrate 17.

At aportion of the sealing material 20 on the side opposite
to the side along which the terminals 22 are disposed, there is
disposed an infusion inlet 23 for infusing the liquid crystal
material L into the gap between the TFT substrate 10 and the
opposing substrate 17. The infusion inlet 23 is sealed with a
sealing material or sealant 24, after infusing the liquid crystal
material L into the gap between the TFT substrate 10 and the
opposing substrate 17.

As shown in FIG. 3 and FIG. 4, on the TFT substrate 10, a
gate electrode 25 is formed, and, further, a gate insulating film
26 is formed so as to cover the gate electrode 25. On the gate
insulating film 26, a semiconductor layer 27 is formed such
that the semiconductor layer 27 overlaps the gate electrode 25
via the gate insulating film 26. Also, a source electrode 28 and
a drain electrode 29 are disposed which are separated via the
space on the central portion of the semiconductor layer 27 and
which are coupled with the semiconductor layer 27.

A passivation film 30 is formed to cover the semiconductor
layer 27, the source electrode 28, the drain electrode 29 and
the like. Thereby, a TFT 13 is formed.

On the passivation film 30, a black matrix 18 as a light
shield film is formed at portions corresponding to the TFT 13
and the like. Also, a picture frame black matrix 18« is shown
which is formed in the proximity of the H side terminals 21
and the V side terminals 22. Although not shown in detail in
the drawing, the picture frame light shield film 184 is formed
around the picture display area. Further, red color filters 31R,
blue color filters 31B and green color filters (not shown in the
drawing) are formed at portions corresponding to the pixel
areas.

Anovercoat film 32 is formed to cover these color filters 31
and the passivation film 30. A plurality of transparent pixel
electrodes 33 are disposed on the overcoat film 32. The pixel
electrodes 33 are made, for example, of an ITO film and are
disposed in a matrix.

When the above-mentioned TFT 13 is used as a switching
element, the drain electrode 29 functions as a lead electrode
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for coupling the pixel electrode 33 with the switching ele-
ment. The drain electrode 29 and the pixel electrode 33 are
coupled with each other via a contact through hole 34 which
is formed so as to penetrate the overcoat film 32 and the
passivation film 30.

The gate electrode 25 of the TFT 13 is coupled with the
scanning line 12, the source electrode 28 of the TFT 13 is
coupled with the signal line 11, and the drain electrode 29 is
coupled with the pixel electrode 33 via the contact through
hole 34. A switching signal is supplied to the gate electrode 25
of the TFT 13 via the scanning line 12, and an image signal is
supplied to the source electrode 28 of the TFT 13 via the
signal line 11, thereby electric charges are injected or written
to the pixel electrode 33.

The black matrix 18 and the color filter 31 are formed
without covering the portion of the contact through hole 34.

On the inner surface of the TFT substrate 10 having the
pixel electrodes 33 formed thereon, there is formed an align-
ment film 35 which covers the pixel electrodes 33. Also, on
the inner surface of the opposing substrate 17 which opposes
the alignment film 35 formed on the surface of the TFT
substrate 10, there is formed an alignment film 37. These TFT
substrate 10 and the opposing substrate 17 are opposed via the
liquid crystal material L, and, between the TFT substrate 10
and the opposing substrate 17, there are also disposed spacers
36 to keep the gap between both substrates 10 and 17 con-
stant.

The alignment film 37 on the opposing substrate 17 is
formed such that the alignment film 37 covers a transparent
common electrode 38 formed on the opposing substrate 17.
The transparent common electrode 38, each of the pixel elec-
trodes 33 and the liquid crystal material L. disposed therebe-
tween (see FIG. 4) constitute pixel capacitance.

Further, on the outside surfaces of the TFT substrate 10 and
the opposing substrate 17, that is, on the lower surface of the
TFT substrate 10 and the upper surface of the opposing sub-
strate 17, there are formed a TFT side polarizer film 39 and an
opposing substrate side polarizer film 40, respectively.

FIGS. 5A-5D and FIGS. 6E-6G are cross sectional views
each illustrating structures of workpieces during a manufac-
turing process of a liquid crystal display panel which uses the
TFT substrate of FIG. 1. Each of FIGS. 5A-5D and FIGS.
6E-6G includes a cross sectional view taken along the line
A-A of FIG. 2, a cross sectional view taken along the line B-B
of FIG. 3, and a cross sectional view taken along the line C-C
of FIG. 2. FIGS. 6E-6G illustrate manufacturing steps per-
formed after manufacturing steps illustrated by FIGS.
5A-5D.

As shown in FIGS. 5A-5D and FIGS. 6E-6G, first, a glass
substrate 10a which has a thickness of approximately 0.7 mm
and which 1s made of alkalifree glass is prepared. On the glass
substrate 10a, a conductive film made of Cr, Mo, Cr/Al
stacked film, Mo/Al stacked film and the like is formed to a
film thickness of approximately 100-300 nm by sputtering.
By using a photolithography method. the conductive film is
patterned to form gate electrodes 285, scanning lines (not
shown in the drawing) and V side terminals (not shown in the
drawing) which are terminals of the scanning lines.

Thereafter, by using a plasma CVD (chemical vapor depo-
sition) method, a gate insulating film 26 made of silicon
nitride (SiNx) is formed to a film thickness of approximately
300-500 nm. Further, a layer of amorphous silicon (a-Si) is
formed to a film thickness of approximately 150-300 nm, and
then a layer of phosphorus doped amorphous silicon (n™ a-Si)
is formed to a film thickness of approximately 30-50 nm. By
using a photolithography method, these layers are patterned
to form a semiconductor layer 27.
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A conductive film made of Cr, Mo, Cr/Al/Cr stacked film,
Mo/Al/Mo stacked film and the like is formed to a film thick-
ness of approximately 100-400 nm by sputtering. By using a
photolithography method, the conductive film is patterned to
form source electrodes 25, drain electrodes 29, signal lines
(not shown in the drawing) and H side terminals which are
terminals of the signal lines.

By using plasma CVD method, a passivation film 30 is
formed which is made of an inorganic film such as a silicon
nitride (SiNx) film and the like to a film thickness of approxi-
mately 100-200 nm (see FIG. 5A).

Next, a black matrix 18 and a picture-frame black matrix
18a are formed by using negative type acrylic photoresist in
which pigment is dispersed, or by using photoresist of carbon
system. The black matrix 18 and the picture-frame black
matrix 18a are formed to have a film thickness of approxi-
mately 1-3 um, an optical density (OD value) of 3 or larger,
and a sheet resistance value of 1x10"° Q/[Jor larger (see FIG.
5B).

Further, by using negative type acrylic photoresist in which
pigment is dispersed, red color filters 31R are formed which
have a film thickness of approximately 1.0-1.5 pm. Similarly
to the red color filters 31R, each color layer of blue color
filters 31B and green color filters (not shown in the drawing)
is formed (see FI1G. 5C).

Then, by using positive type novolac photoresist, an over-
coat film 32 which is an organic insulating film having a film
thickness of approximately 2.0-3.5 pm is formed and pat-
terned such that an opening is formed in each portion where a
contact through hole is to be formed.

Thereafter, plasma etching is performed by using a photo-
lithography process, and the passivation film 30 is dry etched
to form a contact through hole 34. In this case, simultaneously
with the formation of the contact through hole 34, the passi-
vation film 30 on the H side terminals 21, and the passivation
film 30 and the gate insulating film (not shown in the drawing)
on the V side terminals are also removed.

Here, in the plasma etching, a gas of fluorine system such
as SF, CF,, CHF; and the like is high frequency discharged,
and etching is performed by using radicals of these gases. In
this case, pressure of the gas, flow rate, discharge power and
the like are optimized to obtain desired preferable profile of
each contact through hole (see FIG. 5D).

Next, on the portion of the drain electrode 29 which is
exposed via the over coat film 32 and the contact through hole
34, a transparent conductive film made of an ITO film and
having a film thickness of approximately 40-120 nm is
formed by using sputtering mentioned later. The transparent
conductive film is patterned by a photolithography process to
form pixel electrodes 33. In this case, the transparent conduc-
tive film is also formed on the H side terminals 21 and the V
side terminals (not shown in the drawing), and patterned
simultaneously with the pixel electrodes 33 to form connect-
ing electrodes 41 coupled to the H side terminals 21 which are
terminals for the signal lines and connecting electrodes (not
shown in the drawing) coupled to the V side terminals which
are terminals for the scanning lines (see FIG. 6E).

On the TFT substrate 10, an alignment film 35 is formed
which is made of alignment material of polyimide system and
which has a film thickness of 30-60 nm, and aligning treat-
ment is performed. Thereafter, a sealing material 20 made of
adhesive of epoxy resin system is applied along the periphery
of the TFT substrate 10 (see FIG. 6F).

Similarly to the TFT substrate 10, in order to fabricate an
opposing substrate 17, first, a glass substrate which has a
thickness of approximately 0.7 mm and which is made of
alkalifree glass is prepared. On the glass substrate, a trans-
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parent conductive film is formed which is made of an ITO film
having a film thickness of approximately 80-150 nm and
which has a sheet resistance value of 20-40 Q/7, thereby a
transparent common electrode 36 on the opposing substrate
side is formed. Further, on the transparent common electrode
36, an alignment film 37 is formed which is made of align-
ment material of polyimide system and which has a film
thickness of 30-60 nm, and aligning treatment is performed.
Thereby, the opposing substrate 17 is fabricated.

Then, the TFT substrate 10 and the opposing substrate 17
are opposed and fixed via the sealing material 20 and spacers
(not shown in the drawing) therebetween. A liquid crystal
material [ comprising a compound of fluorine system is
infused from an infusing inlet 23 into the gap between the
TFT substrate 10 and the opposing substrate 17. Thereafter,
the infusing inlet 23 is sealed by using a sealing material 24
which is made of UV curable type resin of acrylate system.
Thereby, a liquid crystal display panel having a predeter-
mined gap between the TFT substrate 10 and the opposing
substrate 17 is obtained.

Finally, on the outside surfaces of the TFT substrate 10 and
the opposing substrate 17, that is, on the lower surface of the
TFT substrate 10 and the upper surface of the opposing sub-
strate 17, there are formed a TFT side polarizer film 39 com-
prising a polarizer film of iodine system and an opposing
substrate side polarizer film 40 comprising a polarizer film of
iodine system, respectively. Thereby, a liquid crystal display
panel 16 is fabricated which uses the TFT substrate 10 (see
FIG. 6G).

FIGS. 7A-7C and FIGS. 8D-8E are cross sectional views
each illustrating structures of workpieces during a fabrication
process of a contact hole of a pixel portion shown in FIG. 4.
Fach of FIGS. 7A-7C and FIGS. 8D-8E includes a cross
sectional view taken along the line perpendicular to the line
B-B of FIG. 3. FIGS. 8D-8E illustrate manufacturing steps
performed after manufacturing steps illustrated by FIGS.
7A-7C.

As shown in FIGS. 7A-7C and FIGS. 8D-8E, first, a glass
substrate 10a is prepared. On the glass substrate 10a, a gate
insulating film 26 is formed, and a drain electrode 29 is
formed thereon. Then, a passivation film 30 is formed to cover
the drain electrode 29 (see F1G. 7A).

Thereafter, a color layer comprising, for example, a blue
color filter 31B is formed on the passivation film 30 except the
central portion thereof on the drain electrode 29 (see FIG.
7B). Further, an overcoat film 32 is formed and patterned such
that the overcoat film 32 coats the color layer and has an
opening at the portion where a contact through hole is to be
formed (see FIG. 7C).

Thereafter, by using a photolithography process, the pas-
sivation film 30 is etched to form a contact through hole 34
through which the drain electrode 29 is exposed (see FIG.
8D).

Next, on the portion of the drain electrode 29 which is
exposed via the contact through hole 34, and on the overcoat
film 32, a transparent conductive film made of an [TO film is
formed by using a sputtering method. The transparent con-
ductive film is patterned by a photolithography process to
form pixel electrodes 33 (see FIG. 8E). Thereby, the drain
electrode 29 and the pixel electrode 33 is coupled with each
other via the contact through hole 34.

FIGS. 9A-9C are cross sectional views each illustrating
structures of workpieces during a manufacturing process ofa
signal line terminal portion FIG. 4. Each of FIGS. 9A-9C
includes a cross sectional view taken along the direction of a
short side of a signal line terminal.
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As shown in FIG. 9A, first, a glass substrate 10a is pre-
pared. On the glass substrate 10a, by using a plasma CVD
(chemical vapor deposition) method, a gate insulating film 26
is formed. Then, on the gate insulating film 26, an H side
terminal 21 which is a signal line terminal portion is formed.
Thereatter, a passivation film 30 is formed to cover the H side
terminal 21 (see FIG. 9A). In a process of forming the black
matrix and in a process of forming the color layer, the above-
mentioned layers are not formed.

Thereafter, by using a photolithography process, the pas-
sivation film 30 is etched to form a contact through hole 34
which exposes the H side terminal 21 (see FIG. 9B).

Next, on the H side terminal 21 which is exposed via the
contact through hole 34 and on the portion of the passivation
film 30 at the peripheral portion of the contact through hole
34, a transparent conductive film made of an ITO film is
formed by sputtering. The transparent conductive film is pat-
terned by a photolithography process to form a connecting
electrode 41 (see FIG. 9C). Thereby, the connecting electrode
41 is formed which is coupled, via the contact through hole
34, with the H side terminal 21 as the signal terminal portion.
Here, formation of the transparent conductive film of the
connecting electrode 41 is performed simultaneously with
formation of the transparent conductive film of the pixel
electrode 33.

When the transparent conductive film made of an ITO film
is formed on an organic interlayer insulating film, the TFT
substrate 10 is heated such that the temperature of the TFT
substrate 10 becomes approximately 100-170 degrees Cel-
sius (° C.). Also, when the transparent conductive film is
formed, the film can be formed in a non-heated condition and
an oxygen flow rate ratio (O,/Ar)is adjusted to approximately
1%orlower, preferably to 0.5% or lower, and more preferably
to 0.2% or lower. Further, after forming the film, an annealing
process is performed at a temperature of 200-240 degrees
Celsius.

Second Embodiment

FIG. 10 is a schematic plan view illustrating a structure of
a TFT substrate 50 in a transmission type liquid crystal dis-
play according to the second embodiment of the present
invention. As shown in FIG. 10, on the surface of the TFT
substrate 50 on the side of an opposing substrate not shown in
the drawing, there are disposed a plurality of signal lines 11
and a plurality of scanning lines 12 which intersect the signal
lines 11, in a grid shaped arrangement. In the proximity of an
intersection between one of the signal lines 11 and one of the
scanning lines 12, a TFT 13 is formed. Therefore, the TFT’s
13 are disposed in a matrix.

Also, there are disposed common wiring conductors, i.e.,
common lines, 51 between adjacent scanning lines 12. The
common wiring conductors 51 and the pixel electrodes form
storage capacitance in a common storage type liquid crystal
display.

The common wiring conductors 51 are mutually coupled to
apply a common voltage potential thereto. Therefore, there
are disposed common coupling wire lines 52 which extend in
vertical direction on both sides of the TFT substrate 50 shown
in FIG. 10. That is, one of the common coupling wire lines 52
is disposed along the left side of the TF T substrate 50, and the
other of the common coupling wire lines 52 is disposed along
the rightside of the TFT substrate 50. Both end portions of the
common wiring conductors 51 are respectively coupled to the
common coupling wire lines 52. The storage capacitance is
formed between the common wiring conductors 51 and the
pixel electrodes coupled with the drain electrodes of the
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TFT’s 13. Atone or both end portions of each of the common
coupling wire lines 52, there are provided common wiring
terminals 53.

FIG. 11 is an enlarged plan view showing a portion of one
pixel of the TFT substrate of FIG. 10. As shown in FIG. 11, in
an area on the TFT substrate 50 surrounded by the signal lines
11 and the scanning lines 12 which intersect the signal lines
11, there are disposed a comb shaped pixel electrode 54 and
acomb shaped common electrode 55 which are interdigitated
with each other.

The gate electrode 25 of the TFT 13 is formed by com-
monly using a portion of each scanning line 12. The drain
electrode 29 of the TFT 13 is coupled with the pixel electrode
54 via a contact through hole 56 for pixel electrode. The
common wiring conductors 51 are coupled with the common
electrode 55 via a contact through hole 57 for common elec-
trode. The source electrode 28 is coupled with the signal line
11.

In this TFT 13, a switching signal is supplied to the gate
electrode 25 via the scanning line 12, and an image signal is
supplied to the source electrode 28 via the signal line 11,
thereby electric charges are injected or written to the pixel
electrode 54.

FIGS. 12A-12D, FIGS. 13E-13F and FIG. 14 are cross
sectional views each illustrating structures of workpieces dur-
ing a manufacturing process of a TFT substrate of FIG. 10.
Each of FIGS. 12A-12D, FIGS. 13E-13F and FIG. 14
includes a cross sectional view taken along the line A-A of
FIG. 11, a cross sectional view taken along the line B-B of
FIG. 11, and a cross sectional view taken along the line C-C
of FIG. 11. In these drawings, the cross sectional view taken
along the line A-A shows a TFT portion, the cross sectional
view taken along the line B-B shows a pixel portion, and the
cross sectional view taken along the line C-C shows a contact
through hole portion for common electrode (ITO-COM por-
tion). FIGS. 13E-13F illustrate manufacturing steps per-
formed after manufacturing steps illustrated by FIGS. 12A-
12D. Also, F1G. 14 illustrates manufacturing steps performed
after manufacturing steps illustrated by FIGS. 13E-13F.

As shown in FIGS. 12A-12D, FIGS. 13E-13F and FIG. 14,
first, a glass substrate 104 is prepared. On the glass substrate
104, a conductive film made of Cr, Mo, Cr/Al stacked film,
Mo/Al stacked film and the like is formed to a film thickness
of approximately 100-300 nm by sputtering. By using a pho-
tolithography process, the conductive film is patterned to
form gate electrodes 25, scanning lines (not shown in the
drawing), the common wiring conductors 51, and scanning
line terminals (not shown in the drawing) (see FIG. 12A).

Thereafter, by using a plasma CVD (chemical vapor depo-
sition) process, a gate insulating film 26 made of silicon
nitride (SiNx) is formed to a film thickness of approximately
300-500 nm. Further, a layer of amorphous silicon (a-Si) is
formed to a film thickness of approximately 150-300 nm, and
then a layer of phosphorus doped amorphous silicon (n™ a-Si)
is formed to a film thickness of approximately 30-50 nm. By
using a photolithography process, these layers are patterned
to form a semiconductor layer 27 (see FIG. 12B).

A conductive film made of Cr, Mo, Cr/Al/Cr stacked film,
Mo/Al/Mo stacked film and the like is formed to a film thick-
ness of approximately 100-400 nm by sputtering. By using a
photolithography process, the conductive film is patterned to
form source electrodes 28, drain electrodes 29, pixel elec-
trodes of signal line layer 58, signal lines 11 which are adja-
cent to each other via the pixel electrode 58 therebetween, and
signal line terminals (not shown in the drawing) (see FIG.
120).
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By using a plasma CVD process, a passivation film 30 is
formed which is made of an inorganic film such as a silicon
nitride (SiNx) film and the like to a film thickness of approxi-
mately 100-300 nm (see FIG. 12D).

Then, by using positive type novolac photoresist, an
organic insulating film 59 having a film thickness of approxi-
mately 2.0-3.5 um is formed and patterned such that an open-
ing is formed in each portion where a contact through hole is
to be formed (see FIG. 13E).

Thereafter, plasma etching is performed by using a photo-
lithography process, and the passivation film 30 is dry etched
to form a contact through hole for pixel electrode 56 which
exposes the drain electrode 29, and a contact through hole
which exposes a signal line terminal portion (not shown in the
drawing). Also, the passivation film 30 and the gate insulating
film 26 are etched to form a contact through hole for common
wiring conductors 57 which exposes the common wiring
conductor 51, and a contact through hole which exposes a
signal line terminal portion (not shown in the drawing). Here,
plasma etching is performed in a manner similar to that of the
first embodiment (see FIG. 13F).

Next, on the contact through holes 56 and 57, and on the
organic insulating film 59, a transparent conductive film made
of an ITO film is formed by sputtering. The transparent con-
ductive film is patterned by a photolithography process to
form a pixel electrode 54, a common electrode 55, and con-
necting electrodes (not shown in the drawing) on the signal
line terminal and the scanning line terminal. In this case, the
pixel electrode 54 is located on the organic insulating film 59
corresponding to the location of the pixel electrode of the
signal line layer 58. Also, the common electrode 55 is located
on the organic insulating film 59 corresponding to the loca-
tion of the signal line 11 (see FIG. 14).

Thereby, a structure is obtained in which the pixel elec-
trode 54 is coupled with the source electrode 28 via the
contact through hole for pixel electrode 56, the common
electrode 55 is coupled with the common wiring conductors
51 via the contact through hole for common electrode 57, and
the connecting electrodes are coupled with the signal line
terminal and the scanning line terminal via the contact
through hole for signal line and the contact through hole for
scanning line, respectively.

When the transparent conductive film made of an ITO film
is formed on an organic interlayer insulating film, the TFT
substrate 50 is heated such that the temperature of the TFT
substrate 50 becomes approximately 100-170 degrees Cel-
sius, ina manner similar to the first embodiment. In other way,
when the transparent conductive film is formed, the film is
formed in a non-heated condition, i.e., at room temperature,
and an oxygen flow rate ratio (O,/Ar) is adjusted to approxi-
mately 1% or lower, preferably to 0.5% or lower, and more
preferably to 0.2% or lower. Further, after forming the film, an
annealing process is performed at a temperature of 200-240
degrees Celsius.

Thereafter, similarly to the first embodiment, an alignment
film 35 is formed on the surface of the TFT substrate 50, and
aligning treatment is performed. Also, an opposing substrate
17 is prepared on which a black matrix 18, color filters 31 and
an alignment film 37 is formed and in which aligning treat-
ment is performed. Then, the TFT substrate 50 and the oppos-
ing substrate 17 are opposed and fixed via the sealing material
20 and spacers 36 therebetween. A liquid crystal material L is
infused from an infusing inlet into the gap between the TFT
substrate 50 and the opposing substrate 17. Thereafter, the
infusing inlet is sealed by using a sealing material. Thereby, a
liquid crystal display panel having a wide viewing angle and
a high aperture ratio is obtained.
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As mentioned above, in the first embodiment and the sec-
ond embodiment, it is important that, when the transparent
conductive film made of an ITO film is formed on an organic
interlayer insulating film, the TFT substrate is heated such
that the temperature of the TFT substrate becomes approxi-
mately 100-170 degrees Celsius. As another way, when the
transparent conductive film is formed, the film is formed in a
non-heated condition and an oxygen flow rate ratio (O,/Ar) is
adjusted to approximately 1% or lower, preferably to 0.5% or
lower, and more preferably to 0.2% or lower. Further, after
sputtering the film, an annealing process is performed at a
temperature of 200-240 degrees Celsius.

The above conditions were obtained based on the follow-
ing consideration on the relationship between substrate tem-
perature and a rate of occurrence of vertical striped uneven-
ness, the relationship between an oxygen flow rate ratio (O,/
Ar) and layer resistance, and the relationship of etching
residue and coloring of an organic insulating film, and the
like, when the transparent conductive film was sputtered.

FIG. 15 is a graph showing an example of a relationship
between a substrate temperature and a rate of occurrence of
vertical striped unevenness, when the ITO film was formed by
sputtering in accordance with the first embodiment. As shown
in FIG. 15, when the ITO film is sputtered while heating the
TFT substrate 10, and when the substrate temperature is
raised from a room temperature to 50° C., 100° C., 150° C.
and further to 200° C., the rate of occurrence of vertical
striped unevenness gradually becomes small. The rate of
occurrence of vertical striped unevenness was approximately
40% at the room temperature, but the rate of occurrence of
vertical striped unevenness became approximately 5% at
100° C., and became approximately zero at 150° C.

In this case, it is preferable that the heating of the substrate
was done previously in a heating chamber which is separate
from a chamber for forming the film such that the organic
insulating film is sufficiently outgassed. Also, in this case, in
order to keep the temperature of the substrate, heating of the
substrate in the chamber for forming the film may be or may
not be done.

FIG. 16 is a graph showing an example of a relationship
between a oxygen flow rate ratio and a layer resistance, when
the ITO film is formed by sputtering in a non-heated condi-
tion, 1.e., at room temperature. As shown in FIG. 16, when the
ITO film is sputtered, and when an oxygen flow rate ratio
(O,/Ar) 1s raised from approximately 0% to 2.5%, the layer
resistance value gradually increases. The layer resistance
value became approximately 65 Q/[7 at 0.5%, approximately
80 Q/[0 at 1%, and approximately 110 Q/J at 1.5%. At the
same time, dispersion 30 of the layer resistance value also
gradually increased, and became approximately 8 Q/[] at
0.5%, approximately 23 Q/] at 1%, and approximately 39
Q/ at 1.5%.

FIGS. 17A-17C are illustrations each showing an example
of distribution of layer resistance within a substrate, after
annealing at 200° C. after the sputtering ofthe ITO film in the
non-heated condition. As shown in FIGS. 17A-17C, when the
oxygen flow rate ratio (O,/Ar) at the sputtering of the ITO
film is raised from 0.05% to 0.8% and to 2.1%, the condition
of distribution of the layer resistance within the substrate
becomes worse in accordance with the increase in the layer
resistance.

FIG. 18 is an illustration showing by a table a relationship
between the substrate temperature when the ITO film is sput-
tered and the condition of etching residue. Here, the etching
of the ITO film was performed by using etchant of ferric
chloride system and of aqua regia system. As shown in FIG.
18, when the substrate temperature was 100° C., 150° C. and
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170° C., the condition of etching residue was quite satisfac-
tory or satisfactory. However, when the substrate temperature
was 200° C., quantity of etching residue of TTO became large
and it was impossible to perform etching of the ITO film.

This is because the ITO film is deteriorated or changes in
quality due to outgassing from the organic insulating film.
Therefore, it is preferable that the substrate temperature when
the ITO film is sputtered should be lower than or equal to 170°
C.

FIG. 19 is an illustration showing by a table a relationship
between annealing temperature and ITO line width unifor-
mity within the substrate and between annealing temperature
and coloring of the organic insulating film, after the sputter-
ing of the ITO film in the non-heated condition. As shown in
FIG. 19, with respect to the ITO line width uniformity, when
the annealing temperature is 150° C. in the second embodi-
ment, display condition became defective. With respect to the
coloring of the organic insulating film, when the annealing
temperature is 240° C., it is permissible, but when the anneal-
ing temperature is 250° C., transmittance is considerably
deteriorated.

This is because the photoresist material of the organic
insulating film is decomposed at a temperature of 240° C. or
higher. Therefore, it is preferable that the annealing tempera-
ture after the I'TO sputtering is in a range from 200° C. to 240°
C., and it is more preferable that the annealing temperature is
in a range from 200° C. to 230° C.

FIG. 20 is an illustration showing by a table a relationship
between a difference in contact resistance values at portions
of upside and downside signal terminals (FIG. 1) and a con-
dition of occurrence of vertical striped unevenness, in the first
embodiment. As shown in FIG. 20, when the difference in
contact resistance values between the upside and downside
signal terminal portions is 02 or 10009, vertical striped
unevenness is not observed. However, when the difference in
contact resistance values between the upside and downside
signal terminals is 15008, vertical striped unevenness is
slightly observed, and when the difference in contact resis-
tance values between the upside and downside signal termi-
nals is 300082, vertical striped unevenness is clearly observed.
Therefore, it is preferable that the difference in contact resis-
tance values between the upside and downside signal termi-
nals is 1500Q or smaller, and it is more preferable that the
difference is 1000%Q or smaller.

Also, in the liquid crystal display which is fabricated by the
manufacturing method mentioned above and in which pixel
electrodes are formed on the organic interlayer insulating
film, it is preferable that the transparent conductive film has
crystallinity at each coupling portion between the transparent
conductive film and the lower layer metal film. The reason for
this is as follows. That is, when it is possible to decide that a
portion of the transparent conductive film contacting the
lower layer metal film has crystallinity from the result of
observation by using transmission electron microscope
(TEM), it is deemed that defects such as the vertical striped
unevenness are not observed.

FIG. 21A and FIG. 21B are schematic illustrations show-
ing examples of observation result by the TEM of the cou-
pling portion between the transparent conductive film and the
lower layer metal film in the liquid crystal display fabricated
by the manufacturing method according to the present inven-
tion.

As shown in FIG. 21 A, when crystallinity is observed atthe
coupling portion between the transparent conductive film and
the lower layer metal film, that is, when atomic disposition
reaches the interface portion, lattice of ITO connects to Cr
portion and vertical striped unevenness does not occur. On the
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other hand, as shown in FIG. 21B, when crystallinity is hardly
observed at the coupling portion between the transparent
conductive film and the lower layer metal film, lattice of ITTO
does not connect to Cr portion and vertical striped unevenness
occurs. In this way, it is possible to judge whether the liquid
crystal display is a good product or a defective product, based
on the detailed structure at the ITO/Cr interface portion.

Therefore, it is preferable that the liquid crystal display
having pixel electrodes which are formed on the organic
interlayer insulating film and which are separated from the
scanning lines and the signal lines is fabricated on at least one
of the following various conditions.

1. Sputtering of the transparent conductive film is per-
formed at the substrate temperature of 100-170° C.

2. Before performing the sputtering of the transparent con-
ductive film, the substrate is heated in the same vacuum
condition and thereafter sputter etching is performed. That is,
the substrate is heated and outgassed previously in a heating
chamber, before transporting the substrate into a chamber for
forming a film. Further, by sputter etching, oxides and fluo-
rides on the surface of the lower layer metal film at each
contact through hole portion are removed.

3. The sputtering of the transparent conductive film is
performed in a non-heated condition, and an oxygen flow rate
ratio is set to 1% or lower. Further, annealing is performed
after the sputtering. In this case, annealing is performed at a
temperature in a range of 200-240° C.

These conditions are especially effective when the trans-
parent conductive film is the ITO film, and when the lower
layer metal is made of Cr or an alloy containing Cr as the main
constituent.

Etching of the contact through hole formed in the passiva-
tion film or the gate insulating film is usually performed by
using a gas of CF,, SF, and the like. In case the lower layer
metal is made of Cr or an alloy containing Cr as the main
constituent, when over-etching is performed, Cr or an alloy
containing Cr as the main constituent is not etched and fluo-
rine (F) elements remain on the surface of the metal layer,
thereby the contact resistance between the transparent con-
ductive film and the lower layer metal becomes large.

It is preferable that the above-mentioned etching of the
contact through hole is performed by plasma etching which
uses radicals having a low energy. The reactive ion etching
which is usually used for etching contact through holes and
which uses ions has a high etching energy and, as a result of
an analysis of the ITO/Cr interface, it was found that a large
amount of fluorine (F) elements remain on the surface of the
Cr film.

As mentioned above, by the experiment performed by the
inventors of the present invention, it has been confirmed that
the above-mentioned conditions according to the present
invention are quite effective as a way of suppressing an
increase in the contact resistance value.

In this way, according to the present invention, in a high
resolution liquid crystal display panel which has an organic
interlayer insulating film structure or in a liquid crystal dis-
play panel which has a common storage structure and the like,
the conditions of forming an ITO film which constitutes pixel
electrodes, for example, a heating temperature, a oxygen flow
rate ratio and the like are optimized.

That is, after previously performing outgassing of a sub-
strate by heating the substrate in a heating chamber, the sub-
strate is transported into a chamber for forming a film and the
substrate temperature at the ITO sputtering is controlled to
become 100-170° C. Also, the sputtering is done in a non-
heated condition such as room temperature, and an oxygen
flow rate ratio is set to 1% or lower. Further, annealing is
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performed after the sputtering. In this case, annealing is per-
formed at a temperature in a range of 200-240° C. Thereby, it
is possible to obtain a structure in which whole portion of the
ITO film on the lower layer metal at the contact through hole
portion has crystallinity.

Thereby, influence of outgassing from the organic inter-
layer insulating film can be obviated, and film quality of an
ITO film is improved such that it has crystallinity. Also,
contact resistance between the ITO film and the lower layer
metal can be decreased and uniformed, without causing an
increase in a contact resistance value and unevenness thereof
within a substrate surface.

As a result, it is possible to suppress vertical striped
unevenness in a high resolution liquid crystal display panel. It
is also possible to decrease lateral cross talk in a TN or IPS
type liquid crystal display panel having a common storage
structure.

In the above-mentioned embodiments, as an example, an
organic insulating film such as a photosensitive novolac type
photoresist film is used as an insulating film formed by coat-
ing. However, the present invention is not limited to such film.
It is of course possible to use polyimide resin, acrylic resin
and the like, and also to use inorganic resin material such as
silicon oxide, silicon nitride and the like. Also, it is possible to
use materials which are not photosensitive. In such case, it is
necessary to perform an etching process and a resist removing
process after development, in a manner similar to a usual
photolithography process.

Also, in the above-mentioned embodiments, a process of
forming an insulating film which is applied by coating and a
process of forming an opening in a passivation film use sepa-
rate photolithography processes. However, it is also possible
to use the same process to form such opening.

Further, in the above-mentioned embodiments, a liquid
crystal display is described which uses inverted staggered
channel etching type TFT’s. However, it is also possible to
use TFT’s of channel protection type or non-inverted stag-
gered type TFT’s. Further, it is also possible to apply the
present invention not only to TFT of staggered type but also to
coplanar type TFT’s. Also, the present invention can be
applied not only to amorphous silicon (a-Si) TFT’s but also to
polysilicon (p-Si) TFT’S. Still further, each of the switching
elements may be an MIM (metal-insulator-metal) type ele-
ment.

As mentioned above, according to the present invention,
there is provided a liquid crystal display which has bus wires
disposed in a matrix or in the shape of a grid, switching
elements coupled to the bus wires, and pixel electrodes which
are disposed on an interlayer insulating film formed by coat-
ing and which are coupled with the switching elements via
contact through holes formed via the interlayer insulating
film. In the process of fabricating the liquid crystal display,
when a transparent conductive film is formed on the interlayer
insulating film which is formed by coating, the temperature of
the substrate is controlled to become 100° C.-170° C. In other
way, when the transparent conductive film is formed on the
interlayer insulating film in a non-heated condition, an oxy-
gen flow rate ratio is set to 1% or lower, and annealing is
performed after forming the film.

Thereby, the ITO film on the lower layer metal at the
contact through hole portion has crystallinity. Also, when
etching the ITO film on the interlayer insulating film, etching
residue is not produced. Further, contact resistance between
the ITO film and the lower layer metal can be uniformly
decreased, and display defects on the display screen of the
liquid crystal display can be obviated.
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In the foregoing specification, the invention has been
described with reference to specific embodiments. However,
one of ordinary skill in the art appreciates that various modi-
fications and changes can be made without departing from the
scope of the present invention as set forth in the claims below.
Accordingly, the specification and figures are to be regarded
in an illustrative sense rather than a restrictive sense, and all
such modifications are to be included within the scope of the
present invention. Therefore, it is intended that this invention
encompasses all of the variations and modifications as falling
within the scope of the appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a transparent substrate;

a plurality of scanning lines disposed on the transparent
substrate;

a plurality of signal lines which cross the plurality of scan-
ning lines;

switching elements coupled to the scanning lines and the
signal lines; and

pixel electrodes formed from a transparent conductive film
made of ITO disposed on an interlayer insulating film
formed by coating, the pixel electrodes being coupled
with the switching elements via contact through holes
formed through the interlayer insulating film;

wherein the transparent conductive film formed on the
interlayer insulating film has portions contacting a lower
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layer metal film and the transparent conductive film has
sufficient crystallinity at the portions contacting the
lower layer metal film such that a lattice of the 1TO is
connected to the lower layer metal film.

2. The liquid crystal display as set forth in claim 1,

wherein the interlayer insulating film formed by coating is
an organic insulating film.

3. The liquid crystal display as set forth in claim 1,

wherein the lower layer metal film contacting the transpar-
ent conductive film is made of chromium or an alloy
containing chromium as the main constituent.

4. A liquid crystal display, comprising:

a metal film;

an insulating film: and

a transparent conductive film of ITO having portions in
contact with the metal film via contact through holes in
the insulating film, the transparent conductive film of
ITO having sufficient crystallinity at each place where
the transparent conductive film of ITO is in contact with
the metal film such that a lattice of the transparent con-
ductive film of ITO is connected to the metal film.

5. The liquid crystal display of claim 4, wherein the metal

film comprises chromium or an alloy containing chromium as
a main constituent.

6. The liquid crystal display of claim 4, wherein the insu-

lating film comprises an organic insulating film.
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