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METHOD FOR MANUFACTURING ACTIVE
MATRIX TYPE LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a method for
manufacturing an active matrix type liquid crystal display
device that can suitably be employed in a portable telephone,
a portable information terminal and the like. More particu-
larly, it relates to a method for manufacturing an active
matrix type liquid crystal display device that is able to
prevent deterioration of images to be displayed thereon by
employing the method.

[0003]

[0004] An active matrix type liquid crystal display device
comprises, for example, a TFT substrate having a thin film
transistor (TFT) therein as a switching element formed in
each pixel, an opposing substrate adhered to the TFT sub-
strate and a liquid crystal layer interposed between the TFT
substrate and the opposing substrate.

[0005] FIG. 1 is a layout diagram illustrating a construc-
tion of a TFT substrate employed in a conventional liquid
crystal display device and FIG. 2 is a cross sectional view
indicating a positional relationship between the TFT sub-
strate and an opposing substrate of the conventional liquid
crystal display device. Note that the liquid crystal display
devices shown in FIGS. 1 and 2 are not the same one, but
are different from each other in, for example, the geometric
shape of a source electrode.

[0006] 1In a conventional liquid crystal display device, a
liquid crystal layer 33 is formed between transparent sub-
strates 1 and 21. Hereinafter, the sides of the transparent
substrates 1 and 21 on which the liquid crystal layer 33 is
disposed will be referred to as “inner side” and the sides
thereof on which the liquid crystal layer is not disposed will
be referred to as “outer side.”

[0007] On an inner side surface of the transparent sub-
strate 1 are formed a gate electrode 3 connected to a
scanning line 2 and a gate insulation film 4 covering the gate
electrode 3. A semiconductor layer 5 is formed on the gate
insulation film 4 so as to face the gate electrode 3 and
further, a drain e¢lectrode 7 and a source electrode 8 are
formed on the gate insulation film 4 interposing the semi-
conductor layer therebetween, thereby constituting a thin
film transistor (TFT) 10. Note that the drain electrode 7 is
connected to a data line 6 that extends in a direction
perpendicular to the scanning line 2.

[0008] A passivation film 9 and an overcoat layer 11 are
formed covering the above-described components. Further-
more, a contact hole 12 is formed in the passivation film 9
and the overcoat layer 11, and a pixel electrode 13 connected
to the source electrode 8 via the contact hole 12 in each pixel
is formed on the overcoat layer 11. In order to prevent
leakage of light through the peripheries of the pixel elec-
trode 13, the pixel electrode 13 is formed to overlap two
adjacent scanning lines 2, 2 and two adjacent data lines 6, 6
in its peripheral portions when viewing the substrate from a
position vertical to the transparent substrate 1, the two
adjacent scanning and two adjacent data lines surrounding

1. Technical Field of the Invention

2. Description of the Related Art
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the pixel corresponding to the pixel electrode 13. Moreover,
an alignment film (not shown) is formed on the pixel
electrode 13, thereby constituting a TFT substrate 31.

[0009] On the other hand, on an inner side surface of the
transparent substrate 21 are formed a color filters 22 corre-
sponding to each of colors to be displayed and a black matrix
212, and further, a common electrode 24 and an alignment
layer (not shown) are successively formed on the transparent
substrate 21 on an inner side with respect to the color filter
and the black matrix, thereby constituting an opposing
substrate 32.

[0010] Tt should be noted that in FIG. 2, the source
electrode 8 is formed to extend in the vicinity of a pixel
adjacent to the pixel containing the source electrode 8 and
the scanning line 2 is constructed such that a straight-line
portion of the scanning line extending in one direction and
another portion thereof projecting from the straight line
portion in a direction opposite to the direction in which the
gate electrode 3 projects from the straight-line portion and
overlapping the source electrode 8 via the gate insulation
film 4 are formed to constitute the scanning line. On the
other hand, in FIG. 2, the source electrode 8 is formed only
in the vicinity of the gate electrode 3 of the TFT 10. As
described above, the pixel constructions shown in FIGS. 1
and 2 are a little bit different from one another in terms of
structure of a source electrode. That is, a portion of the
scanning line 2, which overlaps the source electrode 8, is
formed to securely make capacitance between the source
electrode 8 and the scanning line 2 large enough to suppress
undesirable fluctuation of potential of the source electrode 8
followed by prevention of flickering of the image to be
displayed.

[0011] A method for manufacturing a conventional TFT
substrate will be explained below. FIGS. 3A to 3C and
FIGS. 4A, 4B are cross sectional views of a conventional
TFT substrate, illustrating a method for manufacturing the
conventional TFT substrate in order of process steps. Note
that a portion of a pixel shown in each of FIGS. 3A to 3C
and FIGS. 4A, 4B corresponds to the portion of a pixel
shown in FIG. 2.

[0012] As shown in FIG. 3A, first, on a transparent
substrate 1 are selectively formed a scanning line 2 (refer to
FIGS. 3 and 4) and a gate clectrode 3. Then, a gate
insulation film 4 is deposited using CVD on an entire surface
of the transparent substrate 1. Thereafter, on the gate insu-
lation film 4 is formed a semiconductor layer 5. Subse-
quently, on the gate insulation film 4 are formed a data line
6, a drain electrode 7 and a source electrode 8.

[0013] As shown in FIG. 3B, a passivation film 9 is
formed using plasma CVD on an entire surface of the
transparent substrate 1.

[0014] As shown in FIG. 3C, an opening 94 is formed in
the passivation film 9 so as to reach the source electrode 8.

[0015] As shown in FIG. 4A, an organic film as an
overcoat layer 11 having an opening 114 therein that reaches
the opening 9a is formed on the passivation film 9. The
openings 9a and 11a constitute a contact hole 12.

[0016] As shown in FIG. 4B, a pixel electrode 13 con-
nected to the source electrode 8 via the contact hole 12 is
formed on the overcoat layer 11.
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[0017] Thereafter, an alignment film (oot shown) is
formed covering the pixel electrode 13, thereby completing
formation of TFT substrate.

[0018] In general, when a TFT is heated, on-resistance of
the TFT is lowered while a ratio of off-resistance thereof
with respect to on-resistance thereof is lowered and there-
fore, heating of TFT has been avoided.

[0019] According to the above-described method for
manufacturing a conventional TFT substrate, although it is
possible to obtain an active matrix type liquid crystal display
device capable of displaying relatively high-quality images,
it has been found that there are problems associated with the
above-described display device. For example, non-unifor-
mity in a display is observed or contrast of a display
degrades after using the device over a long period of time.

SUMMARY OF THE INVENTION

[0020] An object of the present invention is to provide a
method for manufacturing an active matrix type liquid
crystal display device capable of achieving high quality of
images to be displayed over a long period of time.

[0021] A method for manufacturing an active matrix type
liquid crystal display device constructed in accordance with
one aspect of the present invention comprises the steps of:

[0022] forming a thin film transistor on a transparent
substrate;
[0023] forming a passivation film covering the thin

film transistor on the transparent substrate;

[0024] forming a first opening in the passivation film
so as to reach a source electrode of the thin film
transistor; and

[0025] forming a pixel electrode connected to the
source electrode via the first opening on the passi-
vation film. In the method, the passivation film is
annealed after the forming of the passivation film.

[0026] In this case, the annealing of the passivation film
may be performed after the forming the pixel electrode.

[0027] A method for manufacturing an active matrix type
liquid crystal display device constructed in accordance with
another aspect of the present invention comprises the steps
of:

[0028] forming a thin film transistor on a transparent
substrate;
[0029] forming a passivation film covering the thin

film transistor on the transparent substrate;

[0030] forming a first opening in the passivation film
$0 as to reach a source electrode of the thin film
transistor;

[0031]
film;

[0032] forming a second opening in the organic film
so as to be aligned with the first opening; and

[0033] forming a pixel electrode connected to the
source electrode via the first and second openings on
the organic film. In the method, the passivation film
is annealed after the forming of the passivation film.

forming an organic film on the passivation
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[0034] In this case, the annealing of the passivation film
may be performed between the forming of the first opening
and the forming of the organic film.

[0035] Furthermore, in both the one and the another aspect
of the present invention, the method is further constructed
such that the annealing of the passivation film is performed
before the forming of the first opening, and in this case, the
extent to which the source electrode is oxidized can be kept
low.

[0036] Moreover, in the another aspect of the present
invention, the method further has a step for removing an
oxide film existing in a surface of the source electrode and
exposed through the second opening between the forming of
the second opening and the forming of the pixel electrode,
and in this case, contact resistance between the pixel elec-
trode and the source electrode can be made extremely low.

[0037] A method for manufacturing an active matrix type
liquid crystal display device constructed in accordance with
still another aspect of the present invention comprises the
steps of:

[0038] forming a thin film transistor on a transparent
substrate;
[0039] forming a passivation film covering the thin

film transistor on the transparent substrate;

[0040] forming an organic film on the passivation
film;
[0041] forming a second opening in the organic film

so as to be aligned with a source electrode of the thin
film transistor;

[0042] forming a first opening in the passivation film
s0 as to reach the source electrode of the thin film
transistor; and

[0043] forming a pixel electrode connected to the
source electrode via the first and second openings on
the organic film. In the method, the passivation film
is annealed after the forming of the passivation film.

[0044] The method may be further constructed such that
the annealing of the passivation film is performed before the
forming of the organic film and in this case, the source
electrode is rarely oxidized, thereby making contact resis-
tance between the pixel electrode and the source electrode
extremely low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a layout diagram illustrating a structure
of a TFT substrate of a conventional liquid crystal display
device;

[0046] FIG. 2 is a cross sectional view of the conventional
liquid crystal display device, illustrating a positional rela-
tionship between the TFT substrate and an opposing sub-
Strate;

[0047] FIGS. 3A through 3B are cross sectional views of
the TFT substrate, illustrating a method for manufacturing a
conventional TFT substrate in order of process steps;

[0048] FIGS. 4A and 4B also are cross sectional views of
the TFT substrate, illustrating process steps subsequent to
the process steps of FIGS. 3A through 3C in order of
process steps;
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[0049] FIGS. 5A through 5C are cross sectional views of
a TFT substrate, illustrating a method for manufacturing an
active matrix type liquid crystal display device constructed
in accordance with a first embodiment of the present inven-
tion in order of process steps;

[0050] FIGS. 6A and 6B also are cross sectional views of
the TFT substrate constructed in accordance with the first
embodiment of the present invention, illustrating process
steps subsequent to the process step of FIGS. 5C in order of
process steps;

[0051] FIGS. 7A and 7B are graphs indicating TFT
performance, in which axis of abscissas denotes a gate
voltage and axis of ordinate denotes a drain current;

[0052] FIGS. 8A through 8C are cross sectional views of
a TFT substrate, illustrating a method for manufacturing an
active matrix type liquid crystal display device constructed
in accordance with a second embodiment of the present
invention in order of process steps; and

[0053] FIGS. 9A and 9B also are cross sectional views of
the TFT substrate constructed in accordance with the second
embodiment of the present invention, illustrating process
steps subsequent to the process step of FIG. 8C in order of
process steps.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] A method for manufacturing an active matrix type
liquid crystal display device constructed in accordance with
embodiments of the present invention will be explained in
detail below with reference to the accompanying drawings.
FIGS. 5A to 5C and FIGS. 6A, 6B are cross sectional views
of an active matrix type liquid crystal display device con-
structed in accordance with a first embodiment of the present
invention, illustrating a method for manufacturing an active
matrix type liquid crystal display device in order of process
steps. Note that a portion of a pixel shown in each of FIGS.
5A to 5C and FIGS. 6A, 6B corresponds to the portion of
a pixel shown in FIG., 2.

[0055] Inthe embodiment, first, on a transparent substrate
1 consisting of, for example, a glass substrate or a transpar-
ent resin substrate is deposited a metal film such as an
aluminum (Al) film, a molybdenum (Mo) film or a chro-
mium (Cr) film by using, for example, a chemical vapor
deposition (CVD) method and then, the metal film is selec-
tively etched using photolithography to form a desired
pattern in the metal film, thereby forming a scanning line 2
(refer to FIGS. 3 and 4) and a gate electrode 3. In this case,
the scanning line 2 and the gate electrode 3 are formed to
have a film thickness of, for example, 100 to 400 nm. Then,
on an entire surface of the substrate is deposited a gate
insulation film 4 consisting of, for example, a silicon nitride
film by using, for example, a CVD method. The gate
insulation film 4 is formed to have a film thickness of, for
example, 100 to 200 nm. Thereafter, on the gate insulation
film 4 is deposited an amorphous silicon film and the
amorphous silicon film is selectively etched to form a
desired pattern in the amorphous silicon film, thereby form-
ing a semiconductor layer 5. The semiconductor layer 5 is
formed to have a film thickness of, for example, about 400
nm. Subsequently, on an entire surface of the substrate is
deposited a metal film such as an aluminum (Al) film, a
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molybdenum (Mo) film or a chromium (Cr) film by using,
for example, a sputtering method and then, the metal film is
selectively etched using photolithography to form a desired
pattern in the metal film, thereby forming a data line 6, a
drain electrode 7 and a source ¢lectrode 8. In this case, the
data line 6, the drain electrode 7 and the source electrode 8
are formed to have a film thickness of, for example, 100 to
400 nm. Finally, a thin film transistor (TFT) 10 is formed
through the above-described process steps.

[0056] As shown in FIG. 5B, a passivation film 9 is
deposited using plasma CVD on an entire surface of the
substrate. In this case, the passivation film 9 consists of a
non-organic film such as a SiNx film or a transparent resin
film such as an epoxy resin film or an acrylic resin film and
is deposited to have a film thickness of, for example, 100 to
200 nm. Subsequently, the passivation film 9 is annealed
such as in an air or an N, atmosphere. In this case, the
annealing is performed, for example, for about one hour at
a temperature of 250 to 270° C.

[0057] As shown in FIG. 5C, an opening 9« is formed in
the passivation film 9 so as to reach the source electrode 8.

[0058] Subsequently, for example, a photosensitive acrylic
resin film is coated on an entire surface of the substrate by
using a spin coat method and then, exposed and developed
to form a desired pattern in the photosensitive acrylic resin
film. Then, the resin film is cured at a temperature of about
200° C. to form an organic film as an overcoat layer 11
having an opening 114 therein so as to reach the opening 9a,
as shown in FIG. 6A. Thus, the openings 92 and 1la
constitute a contact hole 12.

[0059] As shown in FIG. 6B, a conductive film is depos-
ited using, for example, a sputtering method on the overcoat
layer and the conductive film is selectively etched using
photolithography to form a desired pattern in the conductive
film, thereby forming a pixel electrode 13 connected to the
source electrode 8 via the contact hole 12 in each pixel. In
a case of a transmissive liquid crystal display device, the
pixel electrode 13 consists of, for example, an Indium-Tin-
Oxide (ITO) film and in a case of a reflective liquid crystal
display device, the pixel electrode 13 consists of, for
example, an Al film, and further, in a case of a semi-
transmissive liquid crystal display device having a transmis-
sive display section and a reflective display section in each
pixel, the pixel electrode 13 consists of an ITO film and an
Al film partially overlapping each other. Note that the
conductive film is preferably deposited at a temperature of
100 to 150° C. The reason is that when the conductive film
is deposited at a temperature lower than 100° C., a contact
resistance between the conductive film and the source elec-
trode becomes high and when the conductive film is depos-
ited at a temperature higher than 150° C., oxygen diffuses
from the organic film, which constitutes the overcoat layer
11, into the conductive film and therefore, conductive film
etching becomes difficult.

[0060] Thereafter, an alignment film (oot shown) is
formed covering the pixel electrode 13 to thereby complete
formation of a TFT substrate.

[0061] After completing the formation of the TFT sub-
strate, an opposing substrate having a color filter and a
common electrode formed therein and the TFT substrate are
adhered to each other and a liquid crystal is interposed
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therebetween to thereby complete formation of a liquid
crystal panel. Furthermore, chips such as a data driver chip
are provided together with the liquid crystal panel to com-
plete formation of an active matrix type liquid crystal
display device.

[0062] According to the first embodiment constructed as
described above, since the TFT 10 is annealed after forming
the passivation film 9 and before forming the opening 9a,
on-resistance of TFT is a little bit lowered while character-
istic of the TFT 10, particularly, a ratio of off-resistance of
TFT with respect to on-resistance thereof is advantageously
made stable after using the TFT over a long period of time.
For example, in a case where annealing is not carried out as
in the case of the conventional method for manufacturing a
liquid crystal panel, although a ratio of off-resistance of TFT
with respect to on-resistance thereof is of order about 6-digit
before burn-in testing (continuous drive), the ratio of off-
resistance of TFT with respect to on-resistance thereof gets
down to be of order about 3-digit after burn-in testing. On
the contrary, in a case where annealing is carried out as in the
case of the method constructed in accordance with the
embodiment, the ratio of off-resistance of TFT with respect
to on-resistance thereof is maintained to be of order about
6-digit after burn-in testing.

[0063] The reason is as follows. That is, the passivation
film 9 is formed to protect the TFT 10 and consists of a SiN_
film that is deposited by a plasma CVD method and locally
contains ions and radicals left therein. Accordingly, polar-
ization is observed in the passivation film 9 consisting of a
SiN_ film and the polarization affects back channel of the
TFT. As aresult, using TFT over a long period of time makes
TFT performance change. That is, the ratio of off-resistance
of TFT with respect to on-resistance thereof is lowered to a
large extent after burn-in testing. On the contrary, in a case
where the passivation film 9 is annealed, for example, for 1
to 3 hours at a temperature of 250 to 320° C., ions and
radicals contained in the passivation film are made diffused
to suppress polarization of the SiN_ film. As a result, TFT
performance is made stable and therefore, the ratio of
off-resistance of TFT with respect to on-resistance thereof is
rarely changed before and after burn-in testing.

[0064] FIGS. 7A and 7B are graphs of TFT performance,
in which axis of abscissas denotes a gate voltage and axis of
ordinate denotes a drain current. Note that FIG. 7A illus-
trates TFT performance before burn-in testing and FIG. 7B
illustrates the same after burn-in testing. In addition, a solid
line in FIGS. 7A and 7B represents performance of a TFT
annealed and a dashed line in FIGS. 7A and 7B represents
performance of a TFT not annealed. As shown in FIGS. 7A
and 7B, when measuring drain currents of a TFT at a fixed
turn-on voltage (Von) and a fixed turn-off voltage (Voff),
although performance of a TFT annealed (solid line) rarely
changes, performance of a TFT not annealed (dashed line)
changes to a large extent, in more detail, drain current
drastically decreases in accordance with the change of TFT
performance. This phenomenon means that on-resistance of
a TFT not annealed is being increased to a great extent.

[0065] A second embodiment of the present invention will
be explained below. FIGS. 8A to 8C and FIGS. 9A, 9B are
cross sectional views of an active matrix type liquid crystal
display device constructed in accordance with the second
embodiment of the present invention, illustrating a method

Jan. 9, 2003

for manufacturing an active matrix type liquid crystal dis-
play device in order of process steps. Note that a portion of
a pixel shown in FIGS. 8A to 8C and FIGS. 9A, 9B also
corresponds to the portion of a pixel shown in FIG. 2.

[0066] In the embodiment, first, as shown in FIG. 84, in
accordance with process steps similar to those employed in
the first embodiment, on a transparent substrate 1 are formed
a scanning line 2 (refer to FIGS. 3 and 4), a gate electrode
3, a gate insulation film 4, a semiconductor layer 5, a data
line 6, a drain electrode 7 and a source electrode 8 to thereby
form a TFT 10.

[0067] Thereafter, as shown in FIG. 8B, a passivation film
9 is formed using plasma CVD on an entire surface of the
transparent substrate 1 and then, the passivation film 9 is
annealed such as in an air or an N, atmosphere. In this case,
the annealing is performed, for example, for about one hour
at a temperature of 250 to 270° C.

[0068] Thereafter, as shown in FIG. 8C, an overcoat layer
11 having an opening 11a therein so as to make the opening
11a aligned with, in other words, overlap the source elec-
trode when viewing the substrate from a position vertical to

the transparent substrate 1 is formed on the passivation film
9.

[0069] As shown in FIG. 9A, an opening 94 reaching the
source electrode 8 is formed in a part of the passivation film
9, which part is exposed through the opening 11a. Thus, the
openings 9a and 11a constitute a contact hole 12.

[0070] As shown in FIG. 8B, in accordance with process
steps similar to those employed in the first embodiment, a
pixel electrode 13 connected to the source electrode 8 via the
contact hole 12 in each pixel is formed, for example, using
a spuitering method on an overcoat layer 11.

[0071] Thereafter, an alignment film (oot shown) is
formed covering the pixel electrode 13 to thereby complete
formation of a TFT substrate.

[0072] Then, an opposing substrate having a color filter, a
common electrode and the like therein and the TFT substrate
are adhered to each other, and further, a liquid crystal is
enclosed within a space therebetween to compete formation
of a liquid crystal panel. Furthermore, chips such as a data
driver chip are provided together with the liquid crystal
panel to complete formation of an active matrix type liquid
crystal display device.

[0073] Tt should be noted that process conditions for
depositing associated films and film thickness of associated
films employed in the second embodiment are the same as
those of the first embodiment.

[0074] Inthe second embodiment constructed as described
above, since the opening 9a is formed in the passivation film
9 after formation of the overcoat layer 11, the surface of the
source electrode 8 is rarely oxidized, allowing contact
resistance between the source electrode 8 and the pixel
electrode 13 to become extremely small. That is, in the first
embodiment, since heat treatment (curing) is carried out to
form the overcoat layer 11 after formation of the opening 9a,
the surface of the source electrode 8 is oxidized to a small
extent during the heat treatment. However, in the second
embodiment, such oxidation of the source electrode never
occurs, preventing increase in contact resistance.
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[0075] Tt should be noted that in the first and second
embodiments, although the overcoat layer 11 made of an
organic film is formed between the passivation film 9 and the
pixel electrode 13, it is not necessarily required to form the
overcoat layer 11 in the TFT substrate. As already described,
the pixel electrode 13 is formed to partially overlap the data
line 6 when viewing the substrate from a position vertical to
the substrate to suppress light leakage through peripheries of
the pixel electrode 13. For this reason, in a case where the
overcoat layer 11 is not formed in the TFT substrate, the
spacing between the pixel electrode 13 and the data line 6
becomes shorter followed by relatively large increase in
capacitance therebetween and therefore, quality of images to
be displayed deteriorates depending on the circumstances. In
order to avoid such undesirable phenomenon, the overcoat
layer 11 is formed so as to securely make the spacing
between the pixel electrode 13 and the data line 6 wide to
reduce capacitance therebetween. However, in a case where
such reduction of capacitance is not particularly required,
the pixel electrode 13 may be formed on the passivation film

9.

[0076] Additionally, in a case the overcoat layer 11 is not
formed in the TFT substrate as described above, the passi-
vation film 9 may be annealed after formation of the pixel
electrode 13. The reason is as follows. That is, in a case
where the overcoat layer 11 is formed in the TFT substrate,
since the overcoat layer 11 made of an organic film can keep
its desired performance at most at up to a temperature of
about 220° C., when the passivation film 9 is annealed at a
temperature of 250 to 320° C. after formation of the pixel
electrode 13, the overcoat layer 11 deteriorates, and on the
contrary, in a case where the overcoat layer 11 is not formed,
such deterioration of the overcoat layer never occurs.

[0077] Moreover, in the first embodiment, although
annealing is performed after formation of the passivation
film 9 and before formation of the opening 9a, even in a case
where annealing is performed after formation of the opening
9a and before formation of the overcoat layer 11, TFT
performance can be made stable. It should be noted that in
this case, since a part of the source electrode 8 is exposed to
the outside during process step for annealing the passivation
film 9, the exposed part of the source electrode 8 is oxidized
to form an oxide film therein during the annealing in
atmospheric air, increasing contact resistance of the source
electrode. In such a case, it is preferable to remove the oxide
film using, for example, reverse sputtering in Ar gas, dry
etching in oxygen gas or the like after formation of the
overcoat layer 11 having the opening 114 therein and before
formation of the pixel electrode 13. Although such removal
of the oxide film may be performed right after the annealing,
since an oxide film is formed to a small extent in the
associated part of the source electrode during formation of
the overcoat layer 11, it is preferable to perform removal of
the oxide film after formation of the overcoat layer 11. Also
in the first embodiment, since an oxide film is formed to a
small extent in the associated part of the source electrode
during formation of the overcoat layer 11, it is preferable to
perform removal of the oxide film after formation of the
overcoat layer 11 and before formation of the pixel electrode
13

[0078] In the first and second embodiments, although a
case where an active matrix type liquid crystal display
device in which a liquid crystal is made to rotate by an
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electric field generated between a common electrode formed
in an opposing substrate and a pixel electrode formed in a
TFT substrate is manufactured is exemplified, the present
invention can be applied not only to such construction of
liquid crystal display device but also to an active matrix type
liquid crystal display device in which a common electrode
and a pixel electrode are formed in a TFT substrate and a
liquid crystal is made to rotate by a lateral electric field
generated in parallel to the surface of the TFT substrate. In
addition, the liquid crystal display device of the present
invention may be constructed such that a color filter may be
formed in a TFT substrate instead of an opposing substrate.
Furthermore, a light emission performed in the present
invention may be subjected to any one of transmissive,
reflective and transmissive/reflective modes.

[0079] The inventors of the application manufactured
active matrix type liquid crystal display devices changing
process conditions as to, for example, which process step
among an entire process steps should be assigned to the
annealing and measured contact resistance between a pixel
electrode and a source electrode, obtaining the following
results.

[0080] The process conditions employed to manufacture
the device will be indicated in table 1 and the contact
resistance will be shown in table 2. Note that the source
electrode is formed of a Cr film and the pixel electrode is
formed of an Al-Mo alloy.

TABLE 1
Example Order of
No. process steps Position ~ Diameter

1 Form passivation Inside 12
film — Form opening
in passivation film
— Anneal —
Form overcoat layer

2 Form passivation Outside 12

film — Anneal —
Form opening in
passivation film —
Form overcoat layer
Form passivation Inside 12
film — Anneal —
Form opening in
passivation film —
Form overcoat layer
4 Form passivation Inside 12
film — Anneal —
Form overcoat layer
— Form opening in
overcoat layer —
Form opening in
passivation film

[

[0081] An item “Position” in the table 1 indicates a
positional relationship between an opening of a passivation
film and an opening of an overcoat layer, and an item
“outside (meaning one opening is located outside with
respect to the other opening)” indicates the opening of the
passivation film is larger than that of the overcoat layer, and
an item “inside” indicates the opening of the overcoat layer
is larger that that of the passivation film. In addition, an item
“diameter” indicates the diameter of the opening of the
passivation film.
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TABLE 2
Example No. Contact resistance
1 34.1 MQ
2 several 10 kQ to several MQ
3 4.4kQ
4 0.2kQ

[0082] As shown in table 2, the sample of example No. 4
corresponding to the second embodiment indicates a mini-
mum value of contact resistance among examples in the
table. Furthermore, since the sample of example No. 1 is
annealed in atmospheric air in a situation where the source
electrode is exposed to the outside, an oxide film thicker
than those formed in the samples of other examples is
formed in the surface of the source electrode of the sample
of example No. 1, thereby indicating a high value of contact
resistance in the sample of example No. 1. Moreover, as
indicated by the values corresponding to the samples of
examples No. 2 and No. 3, the sample having the opening of
the overcoat layer larger than that of the passivation film
indicates a value of contact resistance lower than that
obtained in a case where the dimensional relationship
between the above-stated two openings is inverted.

[0083] As described in detail so far, according to the
present invention, annealing a passivation film prevents
polarization of the passivation film and makes TFT perfor-
mance stable. Therefore, high quality of images to be
displayed can be obtained over a long period of time. In
addition, in a case where annealing is performed in a process
step preferably selected from among an entire process steps,
oxidation of a source electrode can be suppressed, thereby
keeping contact resistance between a pixel electrode and a
source electrode low.

What is claimed is:
1. A method for manufacturing an active matrix type
liquid crystal display device, comprising the steps of:

forming a thin film transistor on a transparent substrate;

forming a passivation film covering said thin film tran-
sistor on said transparent substrate;

forming a first opening in said passivation film so as to
reach a source electrode of said thin film transistor; and

forming a pixel electrode connected to said source elec-
trode via said first opening on said passivation film,

said method being further comprising a step for annealing
said passivation film.
2. A method for manufacturing an active matrix type
liquid crystal display device, comprising the steps of:

forming a thin film transistor on a transparent substrate;

forming a passivation film covering said thin film tran-
sistor on said transparent substrate;

forming a first opening in said passivation film so as to
reach a source electrode of said thin film transistor;

forming an organic film on said passivation film;

forming a second opening in said organic film so as to be
aligned with said first opening; and
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forming a pixel electrode connected to said source elec-
trode via said first and second openings on said organic
film,

said method being further comprising a step for annealing

said passivation film.

3. The method for manufacturing an active matrix type
liquid crystal display device according to claim 1, wherein
said annealing of said passivation film is performed after
said forming of said pixel electrode.

4. The method for manufacturing an active matrix type
liquid crystal display device according to claim 1, wherein
said annealing of said passivation film is performed before
said forming of said first opening,

5. The method for manufacturing an active matrix type
liquid crystal display device according to claim 2, wherein
said annealing of said passivation film is performed before
said forming of said first opening,

6. The method for manufacturing an active matrix type
liquid crystal display device according to claim 2, wherein
said annealing of said passivation film is performed between
said forming of said first opening and said forming of said
organic film.

7. The method for manufacturing an active matrix type
liquid crystal display device according to claim 2, further
has a step for removing an oxide film existing in a surface
of said source electrode and exposed through said second
opening between said step for forming said second opening
and said step for forming said pixel electrode.

8. The method for manufacturing an active matrix type
liquid crystal display device according to claim 4, further
has a step for removing an oxide film existing in a surface
of said source electrode and exposed through said second
opening between said step for forming said second opening
and said step for forming said pixel electrode.

9. The method for manufacturing an active matrix type
liquid crystal display device according to claim 5, further
has a step for removing an oxide film existing in a surface
of said source electrode and exposed through said second
opening between said step for forming said second opening
and said step for forming said pixel electrode.

10. The method for manufacturing an active matrix type
liquid crystal display device according to claim 6, further
has a step for removing an oxide film existing in a surface
of said source electrode and exposed through said second
opening between said step for forming said second opening
and said step for forming said pixel electrode.

11. A method for manufacturing an active matrix type
liquid crystal display device, comprising the steps of:

forming a thin film transistor on a transparent substrate;

forming a passivation film covering said thin film tran-
sistor on said transparent substrate;

forming an organic film on said passivation film;

forming a second opening in said organic film so as to be
aligned with a source electrode of said thin film tran-
sistor;

forming a first opening in said passivation film so as to
reach said source electrode of said thin film transistor;
and

forming a pixel electrode connected to said source elec-
trode via said first and second openings on said organic
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film, said method being further comprising a step for said annealing of said passivation film is performed before
annealing said passivation film. said forming of said organic film.
12. The method for manufacturing an active matrix type
liquid crystal display device according to claim 11, wherein I
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