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(54) [Title of the Invention] Method for Manufacturing Active Matrix Substrate and

Liquid Crystal Display Device

(57) [Abstract]

[Problem] To provide a method for manufacturing
an active matrix substrate able to flatten
unevenness and expose the short-circuit wiring
without increasing the number of steps even when
pixel electrodes and drain regions are electrically
connected via a drain electrode, an active matrix
substrate manufactured using this manufacturing
method, and a liquid crystal display device.
[Solution] In the method for manufacturing an
active matrix substrate, a cutting hole 4b for
exposing a portion of short-circuit wiring 3b to be
cut is formed at the same time as a first and
second contact hole 4a, 4d to expose the portion
in a first interlayer insulating film 4. A second
interlayer insulating film 7 is formed using an
insulating film 71 obtained by baking a coating film
of a composition containing a polysilazane, and
then a cutting hole 8b is formed in the second
interlayer insulating film 7 at the same time as a
third contact hole 8a to expose the portion of the
short-circuit wiring 3b to be cut.
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[Claims]

[Claim 1] A method for manufacturing an active
matrix substrate having thin-film transistors for
pixel switching connected to scan lines and data
lines, pixel electrodes connected to the thin-film
transistors, scan line drive circuits and data line
drive circuits for outputting signals to the scan
lines and said data lines, and a plurality of signal
lines for supplying signals to the drive circuits,
the thin film transistors including a gate
electrode, a source region electrically connected
to a data line via a first contact hole in a first
interlayer insulating film, and a drain region
electrically connected to the drain electrode via
a second contact hole in the first interlayer
insulating film, and a pixel electrode being
electrically connected to a drain electrode via a
third contact hole in a second interlayer
insulating film formed on the upper side of the
first interlayer insulating film,

the method comprising the steps of:

a step of forming short-circuit wiring for
electrically connecting at least one of the scan
lines and the data lines;

a step of forming a first cutting hole to expose
a predetermined portion of the short-circuit
wiring to be cut in the first interlayer insulating
film;

a step of forming the second interlayer
insulating film using an insulating film obtained
by baking a coating film of perhydropolysilazane
or a composition containing
perhydropolysilazane;

a step of forming a second cutting hole at a
position overlapping the first cutting hole in the
second interlayer insulating film to expose the
portion for the short-circuit wiring to be cut; and
a step of cutting the short-circuit wiring in the
predetermined portion to be cut via the second
cutting hole.

[Claim 2] The method for manufacturing an
active matrix substrate according to claim 1,
wherein in the step of forming the second
interlayer insulating film, the second interlayer
insulating film is formed using an insulating film
obtained by baking a coating a film of
perhydropolysilazane or a composition
containing  perhydropolysilazane, and an
insulating film formed on the surface of the
insulating film using the CVD method.

[Claim 3] The method for manufacturing an
active matrix substrate according to claim 1,
wherein short-circuit wiring for electrically
connecting at least one of the scan lines and the
data lines to each other is formed at the same
time as the scan lines.

[Claim 4] A method for manufacturing an active
matrix substrate, wherein the first cutting hole

to expose a predetermined portion of the short-
circuit wiring to be cut is formed in the first
interlayer insulating film at the same time as the
first and second contact holes.

[Claim 5] The method for manufacturing an
active matrix substrate according to claim 1,
wherein a second cutting hole is formed at a
position overlapping the first cutting hole in the
second interlayer insulating film at the same
time the third contact hole is formed to expose
the portion of the short-circuit wiring to be cut.
[Claim 6] An active matrix substrate
manufacturing using the manufacturing method
according to claims 1 to 5.

[Claim 7] A liquid crystal display device using
the active matrix substrate according to claim 6.
[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present
invention relates to a method for manufacturing
an active matrix substrate with built-in drive
circuits, and an active matrix substrate and a
liquid crystal display device manufactured using
this method. The present invention relates more
specifically to a technique for protecting drive
circuits from static electricity generated during
the manufacturing process for active matrix
substrates and from charges that have
accumulated on insulating substrate surfaces.
[0002]

[Prior Art] Among active matrix substrates used
in liquid crystal display devices, those with built-
in drive circuits have multiple pixel electrodes
(or “pixels”) arranged at the intersections of
multiple scan lines and multiple data lines on an
insulating substrate, and the region in which
these pixels are arranged is called the pixel
portion. Each pixel has a thin-film transistor
(“TFT") for pixel switching connected to the scan
line and data line. The outer region of the pixel
portion on the insulating substrate comprises a
data line drive circuit unit that supplies video
signals to each of the data lines, and scan line
drive circuits that supply scanning signals to
each of the scan lines.

[0003] In an active matrix substrate with this
configuration, TFTs are formed wusing a
semiconductor process. When performing these
steps, since an insulating substrate is used as
the base of the active matrix substrate,
malfunctions caused by static electricity are
more likely to occur. Therefore, short-circuit
wiring for electrically connecting scan lines, etc.
is formed using the step of forming scan lines,
and when ion implantation, etc. is performed,
charges and static electricity that has
accumulated on the surface of the insulating
substrate are diffused to the periphery of the
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substrate via the short-circuit wiring, thereby
preventing sudden excessive currents from
damaging the TFTs. However, since the short-
circuit wiring is not required after the active
matrix substrate is manufactured, cutting holes
are formed in the interlayer insulating film
covering the short-circuit wiring. The short-
circuit wiring is then cut at predetermined
positions (cutting locations) via these cutting
holes, thereby electrically separating the short-
circuit wiring from the scan lines.

[0004]

[Problem to Be Solved by the Invention] In
active matrix substrates, the pixel electrodes
are sometimes electrically connected to the
drain region via drain electrodes formed on the
surface of a first interlayer insulating film, rather
than being directly connected to the drain
region, in order to improve the connectivity of
pixel electrodes to the drain regions of TFTs.
[0005] In order to create this configuration, a
contact hole is formed in the first interlayer
insulating film covering the drain region, and
then the drain electrode is formed. Next, a
second interlayer insulating film is formed on
the surface of the drain electrode, and after
forming a contact hole in this second interlayer
insulating film, the pixel electrode is formed.
Therefore, the short-circuit wiring is also
covered by the first interlayer insulating film and
the second interlayer insulating film. However,
when a drain electrode is interposed between
the first interlayer insulating film and the second
interlayer insulating film on the TFT side, a
contact hole that penetrates both the first and
second interlayer insulating films is not formed,
resulting in the inability to form a cutting hole
that exposes the short-circuit wiring for cutting.
[0006] In addition, forming a drain electrode on
the surface of the first interlayer insulating film
causes unevenness, which can disrupt the
alignment of liquid crystals.

[0007] In view of this problem, it is an object of
the present invention to provide a method for
manufacturing an active matrix substate in
which, even when a pixel electrode and a drain
region are electrically connected via a drain
electrode, short-circuit wiring can be exposed
from the first and second interlayer insulating
films without increasing the number of steps,
and unevenness caused by the drain electrode
can also be flattened, as well as to provide an
active matrix substrate and a liquid crystal

display device manufactured using this
manufacturing method.
[0008]

[Means for Solving the Problem] In order to
solve this problem, the present invention is a
method for manufacturing an active matrix

substrate having thin-film transistors for pixel
switching connected to scan lines and data lines,
pixel electrodes connected to the thin-film
transistors, scan line drive circuits and data line
drive circuits for outputting signals to the scan
lines and said data lines, and a plurality of signal
lines for supplying signals to the drive circuits,
the thin film transistors including a gate
electrode, a source region electrically connected
to a data line via a first contact hole in a first
interlayer insulating film, and a drain region
electrically connected to the drain electrode via
a second contact hole in the first interlayer
insulating film, and a pixel electrode being
electrically connected to a drain electrode via a
third contact hole in a second interlayer
insulating film formed on the upper side of the
first interlayer insulating film, the method
comprising the steps of: a step of forming short-
circuit wiring for electrically connecting at least
one of the scan lines and the data lines; a step
of forming a first cutting hole to expose a
predetermined portion of the short-circuit wiring
to be cut in the first interlayer insulating film; a
step of forming the second interlayer insulating
film using an insulating film obtained by baking
a coating film of perhydropolysilazane or a
composition containing perhydropolysilazane; a
step of forming a second cutting hole at a
position overlapping the first cutting hole in the
second interlayer insulating film to expose the
portion for the short-circuit wiring to be cut; and
a step of cutting the short-circuit wiring in the
predetermined portion to be cut via the second
cutting hole.

[0009] In the present invention, each step is
performed with signal wiring, scan lines, or data
lines, which are drawn from multiple terminals
to supply the signals needed to drive the data
line drive circuit and the scan line drive circuits,
electrically connected by short-circuit wiring.
Therefore, even if static electricity occurs or
charges accumulate on the surface of the
insulating substrate, the charges are diffused to
the outer periphery of the substrate via the
short-circuit wiring, preventing excessive
current from suddenly flowing to the data line
drive circuit and the scan line drive circuits. This
makes it possible to protect the data line drive
circuit and the scan line drive circuits. Short-
circuit wiring and cutting holes are formed in the
contact hole formation and patterning steps
performed during the TFT formation process. In
other words, the short-circuit wiring is formed
together with the scan lines and the gate
electrodes, the first cutting holes are formed
together with the first and second contact holes,
and the second cutting holes are formed
together with the third contact holes to expose
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the portions of the short-circuit wiring to be cut.
Therefore, even when the pixel electrode and
the drain region are electrically connected via
the drain electrode, it is possible to expose and
cut the short-circuit wiring from the first and
second interlayer insulating films during the TFT
manufacturing process, so the number of
manufacturing steps does not increase. Also,
even if drain electrodes are formed on the
surface of the first interlayer insulating film to
electrically connect pixel electrodes and drain
regions via drain electrodes, the second
interlayer insulating film is formed from an
insulating film made by applying a liquid
material suitable for planarization (an insulating
film formed by baking a coating film of
perhydropolysilazane or a composition
containing perhydropolysilazane) as the second
interlayer insulating film, thereby enabling the
unevenness caused by the drain electrodes to
be flattened. As a result, the alignment of the
liquid crystals can be properly controlled.

[0010] In the present invention, in the step of
forming the second interlayer insulating film,
the second interlayer insulating film s
preferably formed using an insulating film
obtained by baking a coating film of
perhydropolysilazane or a composition
containing perhydropolysilazane, and an
insulating film formed on the surface of the
insulating film using the CVD method. A coating
film of perhydropolysilazane or a composition
containing perhydropolysilazane (simply as
“polysilazane” below) forms extremely thin
layers on protruding portions in order to flatten
unevenness. Therefore, the polysilazane coating
film is prone to cracking in areas where stress
concentrates, such as stepped portions, and
high parasitic capacitance is formed between
the upper and lower electrodes. However, these
problems can be eliminated by laminating an
insulating film formed by CVD on the surface of
an insulating film made of polysilazane. In
addition, the insulating film formed using the
CVD method can be selected to some extent by
changing the formation conditions. For example,
if the gate insulating film is required to be more
dense and have higher dielectric strength, or if
the first interlayer insulating film is required to
have low stress and good stepped portion
coverage, these characteristics can be obtained
by changing the formation conditions
(deposition conditions). The necessary
conditions here are that the stress be lower than
that of the polysilazane insulating film and that
the etching rate be low. If an insulating film with
such characteristics is formed on top of an
insulating film using polysilazane, when contact
holes are formed, the contact holes will have an

upward sloping surface on the side of the
insulating film formed using the CVD method.
Therefore, electrical connections made through
these contact holes have the advantage of
improved reliability, as there is no risk of step
discontinuities.

[0011] In addition, a step of forming short-
circuit wiring for electrically connecting at least
one of the scan lines and data lines at the same
time as the scan lines or a step of forming first
cutting holes for exposing the predetermined
portions of short-circuit wiring to be cut in the
first interlayer insulating film at the same time
as the first and second contact holes, and a step
of forming second cutting holes at the same
time as the third contact holes at positions
overlapping the first cutting holes in the second
interlayer insulating film to expose the portions
of the short-circuit wiring to be cut can be used.
[0012]

[Embodiments of the Invention] Embodiments
of the present invention will now be described
with reference to the drawings.

[0013]

[Liquid Crystal Display Panel Configuration]
FIG. 1 (A) and FIG. 1 (B) are a plan view and
cross-sectional view, respectively, of a liquid
crystal panel used in a liquid crystal display
device.

[0014] As shown in FIG. 1 (A) and FIG. 1 (B),
in a liquid crystal display device, an active
matrix substrate AM is bonded to an opposing
substrate OP with a sealing layer 110 to
maintain a predetermined cell gap, thus
constituting a liquid crystal display panel LP.
Here, since the sealing layer 110 is partially
interrupted, liquid crystals 120 are enclosed
inside the sealing layer 110 from there, and
then sealed with a sealing material 130. In this
state, the opposing substrate OP is smaller than
the active matrix substrate AM, and various
terminals 80, 81, 82, etc., to be described later,
as well as a data line drive circuit 60 and scan
line drive circuits 70, are formed on protruding
portions of the active matrix substrate AM.
Therefore, various terminals 80, 81, 82, etc.,
data line drive circuit 60, and scan line drive
circuits 70 are located to the outside of the
opposing substrate OP.

[0015] Here, in one example, the opposing
substrate OP is formed so as to be smaller than
the active matrix substrate AM, but substrates
of the same size may also be used. In this case,
the sealing layer 110 is formed in the region
overlapping with the drive circuits.

[0016]

[Overall Configuration of the Active Matrix
Substrate] FIG. 2 is a block diagram of the
active matrix substrate with built-in drive
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circuits used in the liquid crystal display panel,
and FIG. 3 is a plan view in which a corner
portion of the pixel portion of the active matrix
substrate has been enlarged.

[0017] As shown in Figure 2, in the active
matrix substrate AM with a built-in drive circuit
used in the liquid crystal display device of the
present invention, pixels 40 are arranged in a
matrix on an insulating substrate 10 and
connected to a plurality of scan lines 20 and
data lines 30 that intersect each other. The scan
lines 20 are composed of a tantalum film, an
aluminum film, or an aluminum alloy film, etc.,
and the data lines 30 are composed of an
aluminum film or an aluminum alloy film, etc.,
and each is formed as a single layer or a
laminate. The region in which these pixels 40
are formed is the pixel portion 11 (screen
display region).

[0018] A data line drive circuit 60 is configured
in the outer region (peripheral portion) of the
pixel portion 11 on the insulating substrate 10
to supply video signals to each of the data lines
30. In addition, scan line drive circuits 70 are
configured at the ends of each scan line 20 to
supply scan signals for pixel selection to each
scan line 20.

[0019] The data line drive circuit 60 comprises
an X-side shift register circuit, a sample hold
circuit S/H equipped with TFTs that function as
analog switches based on signals outputted
from the X-side shift register circuit, and six
video signal lines corresponding to each of the
video signals VD1 to VD6 expanded to six
phases. In this example, the data line drive
circuit 60 is configured with the X-side shift
register circuit in a four-phase configuration,
and start signal DX, clock signals CLX1 to CLX4,
and their inverted clock signals CLX1 bar to
CLX4 bar are supplied to the X-side shift register
circuit via terminals, and the data line drive
circuit 60 is driven by these signals. Therefore,
the sample hold circuit S/H causes each TFT to
operate based on the signal outputted from the
X-side shift register circuit, and enables video
signals VD1 to VD6 supplied via the video signal
line to be captured at a predetermined timing
and supplied to the data lines 30 and each pixel
40. Meanwhile, start signal DY, clock signal CLY,
and inverted clock signal CLY bar are supplied
from outside via terminals to the scan line drive
circuits 70, and the scan line drive circuits 70
are driven by these signals.

[0020] In the active matrix substrate AM of the
present embodiment, along the edges of the
insulating substrate 10, the edge portion on the
side with the data line drive circuit 60 includes
constant power supplies VDDX, VSSX, VDDY,

VSSY, and a plurality of terminals 80, 81, 82, etc.

composed of conductive films such as aluminum
film, metal silicide films or ITO films, to which
modulated video signals (image signals VD1 to
VD6), and various drive signals, etc. are
inputted. Multiple signal lines 74, 75 consisting
of a low-resistance metal film such as aluminum
film are drawn from these terminals 80, 81, 82,
etc. to drive the data line drive circuit 60 and
the scan line drive circuits 70. In addition,
electrostatic protection circuits 65, 75, to be
described later, are formed at intermediate
positions between signal lines 74, 75. Note that
the active matrix substrate AM and the opposing
substrate (not shown) are supplied with the
opposing electrode potential LCCOM inputted
from outside via upper and lower conductive
materials.

[0021]

[Pixel and TFT Structure] FIG. 3 is a plan view
in which a corner portion of the pixel portion of
the active matrix substrate shown in FIG. 2 has
been enlarged. FIG. 4 is an equivalent circuit
diagram of a pixel of the active matrix substrate
shown in FIG. 2. FIG. 5 (A) and FIG. 5 (B) are
cross-sectional views and enlarged views,
respectively, of the pixel TFT portion from A-A’
line in FIG. 3, the anti-static portion from B-B’
in FIG. 7, and the terminal portion from line C-
C’in FIG. 6.

[0022] As shown in FIG. 3 and FIG. 4, each pixel
40 has a TFT 50 for pixel switching connected to
a scan line 20 and data line 30. A capacitance
line 71 is also formed toward each pixel 40.
[0023] As shown in FIG. 5 (A) and FIG. 5 (B),
each TFT 50 has a gate electrode 3a formed at
the same time as the scan line 20, source
regions 1b, 1d electrically connected to a source
electrode 6a as part of the data line 30 via a first
contact hole 4a in the first interlayer insulating
film 4, and drain regions 1c, le electrically
connected to a drain electrode 6d composed of
an aluminum film formed at the same time as
the data line 30 via a second contact hole 4d in
the first interlayer insulating film 4. In addition,
a second interlayer insulating film 7 is formed
on the upper side of the first interlayer
insulating film 4, and the pixel electrode 9a is
electrically connected to the drain electrode 6d
via the third contact hole 8a formed in the
second interlayer insulating film 7.

[0024]

[Structure of the Second Interlayer Insulating
Film] In the present embodiment, the second
interlayer insulating film 7 has a two-layer
structure consisting of an insulating film 71
formed by baking a coating film of
perhydropolysilazane or a composition
containing perhydropolysilazane, and an
insulating film 72 composed of a silicon oxide
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film formed using, for example, the CVD method,

having a thickness of approximately
500 angstroms to approximately 15,000
angstroms.

[0025] Here, perhydropolysilazane is a type of
inorganic polysilazane and is a coating material
that converts to a silicon oxide film when baked
in air. For example, the polysilazane produced
by Tonen Chemical Corporation is an inorganic
polymer with a -(SiH2NH)- unit that is soluble in
organic solvents such as xylene. When an
organic solvent solution of this inorganic
polymer (for example, a 20% xylene solution)
is applied as a coating solution using the spin
coating method (for example, at 2001 rpm for
20 seconds), and then baked at 450°C in air, it
reacts with moisture and oxygen to form an
amorphous silicon oxide film with a density
equal to or greater than that of a silicon oxide
film formed using the CVD method. Therefore,
the insulating film 71 (silicon oxide film) formed
using this method can be used as an interlayer
insulating film that also smooths out
unevenness caused by drain electrodes 6d. This
makes it possible to prevent the alignment of
the liquid crystals from being disturbed due to
unevenness.

[0026] Additionally, in the second interlayer
insulating film 7, an insulating film 72 formed
using, for example, the CVD method is
laminated on the surface of the insulating film
71, which is a baked film of a
perhydropolysilazane or a composition
containing perhydropolysilazane. The etching
rates of these insulating films 71, 72 are
different from one another. Specifically, the
etching rate of insulating film 72 is lower than
that of insulating film 71. Therefore, a second
contact hole 8a formed in the second interlayer
insulating film 7 is composed of a contact hole
71a formed in insulating film 71 at a high
etching rate, which is close to a straight hole,
and a contact hole 71a formed in insulating film
72 with a low etching rate, which is a tapered
hole. In this way, each pixel electrode 9a is
reliably connected electrically to the drain
electrode 6d without causing a step break, etc.
in the second contact hole 8a.

[0027]

[Terminal Structure] As shown in FIG. 6, FIG. 5
(A), and FIG. 5 (B), the terminals 80, 81, 82,
etc. have a structure in which first pad
underwiring 3c, a first interlayer insulating film
4 covering the surface thereof, and second pad
underwiring 6c electrically connected to the first
pad underwiring 3c via contact holes 4c in the
first interlayer insulating film 4 are laminated in
this order, and pads 9c are connected via
contact holes 8c in the second interlayer

insulating film 7 to this second pad underwiring
6c. Here, the first pad underwiring 3c is a
tantalum film formed at the same time as the
scan lines 20 and the gate electrodes 3a
between the gate insulating film 2 and the first
interlayer insulating film 4. The second pad
underwiring 6c¢ is an aluminum film formed at
the same time as the data lines 30 between the
first interlayer insulating film 4 and the second
interlayer insulating film 7. The pads 9c are an
ITO film formed at the same time as the pixel
electrodes 9a on the surface of the second
interlayer insulating film 7. Therefore, even
though the pads 9c are composed of a hard ITO
film, since there is a second pad underwiring 6¢
composed of an aluminum film in between,
there is no need to connect the pads 9c and the
first pad underwiring 3c via deep contact holes
that pass through the first interlayer insulating
film 4 and the second interlayer insulating film
7. As a result, the reliability of the electrical
connections between the pad 9c and the first
pad underwiring 3c is high.

[0028] Here, the second interlayer insulating
film 7 has a two-layer structure consisting of an
insulating film 71 formed by baking a coating
film of perhydropolysilazane or a composition
containing perhydropolysilazane, and an
insulating film 72 formed using, for example,
the CVD method. As a result, the contact holes
8c consist of contact holes 71c formed in
insulating film 71 at a high etching rate, which
are close to being straight holes, and contact
holes 72c formed in insulating film 72 at a low
etching rate, which are tapered holes. Therefore
the pads 9c are electrically connected to the
second pad underwiring 6c without any step
discontinuity.

[0029] Even though the terminal structure is
such that a first pad underwiring 3c made of a
tantalum film, a first interlayer insulating film 4,
and a second pad underwiring 6c made of an
aluminum film are laminated in this order, and
the pads 9c are connected to the second pad
underwiring 6c¢ in contact holes 8c in the second
interlayer insulating film 7, the pads 9c can be
formed flat in the second interlayer insulating
film 7, since the insulating film 71 using
polysilazane is flattened. Therefore, a flexible
wiring substrate, etc., can be connected to the
pads 9c (terminals) with a high degree of

reliability.
[0030]
[Static Electricity Countermeasures] In an
active matrix substrate AM with the

configuration described above, the TFTs 50,
wiring, data line drive circuit 60, and scan line
drive circuits 70 are formed using a
semiconductor process. Here, because an

I

IPR2025-01396
BOE EXHIBIT 1004
Page 20 of 31



insulating substrate 10 is used in the active
matrix substrate AM, malfunctions caused by
static electricity are likely to occur. Therefore, in
the present embodiment, the following static
electricity countermeasures are implemented.
[0031] First, in the present configuration, as
shown in FIG. 2, the step of forming the gate
electrodes of the scan lines 20 and TFTs 50 is
used to form first short-circuit wiring 91 that
electrically connects all signal wiring 74, 75.
Also, the step of forming the gate electrodes of
the scan lines 20 and the TFTs 50 is used to form
second short-circuit wiring 92 that electrically
connects all of the scan lines 20. In addition, the
step of forming the gate electrodes of the scan
lines 20 and TFTs 50 is used to form third short-
circuit wiring 93 that electrically connects all
data lines 30.

[0032] Here, the first, second, and third short-
circuit wiring 91, 92, and 93 are tantalum films
formed between the gate insulating film 2 and
the first interlayer insulating film 4, together
with the scan lines 20 and the gate electrodes
of the TFTs 50. In contrast, the signal lines 74,
75 and data lines 30 are aluminum films formed
between the first interlayer insulating film 4 and
the second interlayer insulating film 7.
Therefore, the first and third short-circuit wiring
91, 93 are located in layers different from the
signal wiring 74, 75 and the data lines 30 made
of aluminum film.

[0033] Therefore, as shown in FIG. 7 and FIG.5
(A), the first and third short-circuit wiring 91, 93
is electrically connected to the wiring 6e (signal
wiring 74, 75, and data lines 30) via contact
holes 4e formed in the first interlayer insulating
film 4.

[0034] When the first, second, and third short-
circuit wiring 91, 92, 93 is connected,
respectively, to the signal wiring 74, 75, scan
lines 20, and data lines 30 in this way, if static
electricity occurs during the steps performed
after these wiring structures are formed, the
charge diffuses to the outer periphery of the
substrate via the first, second, and third short-
circuit wiring 91, 92, 93, preventing sudden
excessive current from flowing to the scan lines
20, pixel portion 11, data line drive circuit 60,
sample hold circuit S/H, and scan line drive
circuits 70. As a result, all of these portions can
be protected from static electricity.

[0035] However, the first, second, and third
short-circuit wiring 91, 92, 93 is not required
after the manufacturing steps for the active
matrix substrate AM have been completed.
While details will be provided later, at the
positions marked with “x” in FIG. 2, cutting
holes 8b are formed in the first interlayer
insulating film 4 and the second interlayer

insulating film 7 as shown in FIG. 5 (A) and
FIG. 5 (B), and the short-circuit wiring 3b (first,
second, and third short-circuit wiring 91, 92,
93) are etched via these cutting holes 8b to
sever them. For this reason, the first, second,
and third short-circuit wiring 91, 92, 93 is
connected to signal wiring 74, 75, scan lines 20,
and data lines 30, respectively, in FIG. 2, during
the manufacturing process, but after etching via
the cutting holes, the signal lines 74, 75, scan
lines 20, and data lines 30 are electrically
separated from each other. Thus, after cutting
the first, second, and third short-circuit wiring
91, 92, 93 in the active matrix substrate AM,
there are no problems with electrical
characteristic inspections or operations after
manufacturing the liquid crystal display device.
[0036] Here, in order to expose the short-circuit
wiring 3b (first, second, and third short-circuit
wiring 91, 92, 93) from the first interlayer
insulating film 4 and the second interlayer
insulating film 7 and cut the wiring, the first
interlayer insulating film 4 has cutting holes 4b
(first cutting holes) formed in portions
corresponding to short-circuit wiring 3b, and the
second interlayer insulating film 7 has cutting
holes 8b (second cutting holes) formed in

portions corresponding to short-circuit wiring 3b.

The cutting holes 8b formed at positions
overlapping with the cutting holes 4b have an
inner diameter larger than that of the cutting
holes 4b. Here, the second interlayer insulating
film 7 has a two-layer structure consisting of an
insulating film 71 formed by baking a coating
film of perhydropolysilazane or a composition
containing  perhydropolysilazane, and an
insulating film 72 formed using, for example,
the CVD method. The cutting holes 8b consist of
cutting holes 71b formed at a high etching rate
in the insulating film 71, which are close to
being straight holes, and cutting holes 72b
formed at a low etching rate in the insulating
film 72, which are tapered holes.

[0037]

[Electrostatic Protection Circuit] Various circuits
can be used as the electrostatic protection
circuits 65, 75 shown in FIG. 2, but the ones
shown in FIG. 8 use a protective resistor 66 and
P-channel type TFT 67 and N-channel type TFT
68 arranged in a push-pull configuration, as well
as diodes formed between each of the positive
power supplies VDD and negative power
supplies VSS. In the present embodiment, the
first short-circuit wiring 91 must also be
connected to signal wiring 74 (or 75) between
the terminal 80 (or 81, 82) and the protective
resistor 66, thereby ensuring that static
electricity entering via the terminal 80 (or 81,
82) or the first short-circuit wiring 91 does not
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reach the data line drive circuit 60 and scan line
drive circuits 70 without passing through the
protective resistor 66 and the static electricity
protection circuit 65 (or 75). By using this
configuration, static electricity is reliably
absorbed by the static electricity protection
circuit 65 (or 75), which reliably protects the
data line drive circuit 60 and the scan line drive
circuits 70.

[0038]

[Manufacturing Method for Active Matrix
Substrate AM] The method for manufacturing
an active matrix substrate AM while
implementing such electrostatic protection
countermeasures will now be explained with
reference to FIG. 9 to FIG. 12. These figures are
cross-sectional views showing the steps in the
manufacturing method for the active matrix
substrate AM in the present embodiment. In
each of the figures, the left side shows a cross
section (cross section of the pixel TFT portion)
along line A-A’ in FIG. 3, the central portion
shows a cross section along line B-B’ in FIG. 7
(a cross-section of the electrostatic
countermeasure wiring portion where the short-
circuit wiring is cut (a portion marked with an
"x” in FIG. 1)), and the right side shows a cross
section along line C-C’ in FIG. 6 (a cross section
of the terminal portion in which terminals 80, 81,
82, etc. are formed).

[0039] First, as shown in FIG. 9 (A), a
semiconductor film 1 consisting of a polysilicon
film with a thickness of approximately
200 angstroms to approximately
2000 angstroms, preferably approximately
1000 angstroms, is formed using a method such
as the reduced-pressure CVD method on either
a transparent insulating substrate 10, such as a
glass substrate of, for example, alkali-free glass
or quartz, or on the entire surface of a substrate
protecting film (not shown) formed on the
surface of the insulating substrate 10, and then,
as shown in FIG. 9 (B), the semiconductor film
is patterned using a photolithographic technique
to form an island-shaped semiconductor film 1a
(active layer) on the pixel TFT side. Here, the
semiconductor film 1 is completely removed
from the static electricity countermeasure
wiring portion and the terminal portion. The
formation of the semiconductor film may be
performed by depositing an amorphous silicon
film, followed by thermal annealing at a
temperature of 500°C to 700°C for 1 hour to
72 hours, preferably 4 hours to 6 hours, to form
a polysilicon film, or by depositing a polysilicon
film, implanting silicon, amorphizing the film,
and then recrystallizing the film by thermal
annealing to form a polysilicon film.

[0040] Next, as shown in FIG. 9 (C), a gate
oxide film 2 consisting of a silicon oxide film with
a thickness of approximately 500 angstroms to
approximately 1500 angstroms is formed on the
surface of the semiconductor film 1a using, for
example, the CVD method. Alternatively, after
forming a thermal oxide film of approximately
50 angstroms to approximately 1000 angstroms,
preferably 300 angstroms, a silicon oxide film of
approximately 100 angstroms to approximately
1000 angstroms, preferably 500 angstroms,
may be deposited over the entire surface using,
for example, the CVD method to form a gate
insulating film 2. A silicon nitride film may also
be used as the gate insulating film 2.

[0041] Next, as shown in FIG. 9 (D), a tantalum
film 3 is formed over the entire surface of the
insulating substrate 10 to form a gate electrode,
etc. Then, using a photolithographic technique,
the tantalum film 3 is patterned as shown in
FIG. 9 (E) to form a gate electrode 3a on the
pixel TFT side. As a result, the tantalum film is
left on the side of the static -electricity
countermeasure wiring portion and terminal
portion side as short-circuit wiring 3b
(corresponding to the first, second, and third
short-circuit wiring 91, 92, 93) and as first pad
underwiring 3c for the terminals 80, 81, 82, etc.
[0042] Next, as shown in FIG. 9 (F), low-
concentration impurity ions (phosphorus ions)
are implanted at a dose of approximately 0.1 x
1013/cm? to approximately 10 x 10'3/cm? using
the gate electrode 3a as a mask on the pixel TFT
portion side and the N-channel TFT portion side
of the drive circuit, and a self-aligning low-
concentration source region 1b and low-
concentration drain region 1c are formed for the
gate electrode 3a on the pixel TFT portion side.
Here, as it is located directly below the gate
electrode 3a, the channel region in which no
impurity ions have been introduced remains as
a semiconductor film 1a.

[0043] Next, as shown in FIG. 10 (A), a resist
mask RM1 wider than the gate electrode 3a is
formed in the pixel TFT portion, and a high-
concentration of impurity ions (phosphorus
ions) are implanted at a dose of approximately
0.1 x 10%'5/cm? to approximately 10 x 10%3/cm?
to form a high-concentration source region 1d
and drain region le.

[0044] Instead of these impurity introducing
steps, a resist mask RM1 wider than that gate
electrode 3a can be formed without introducing
low-concentration impurities, before introducing
a high-concentration of impurities (phosphorus
ions) to form source and drain regions with an
offset structure. Naturally, a source region and
drain region with a self-aligning structure can be
formed by implanting a high concentration of
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impurities (phosphorus ions) above the gate
electrode 3a.

[0045] Although not shown in the figure, in
order to form a P-channel TFT portion for the
peripheral drive circuit, the pixel portion and the
N-channel TFT portion are covered with a resist
for protection, and using the gate electrode as
a mask, boron ions are implanted at a dose of
approximately 0.1 x 1015/cm? to approximately
10 x 10%'5/cm? to form self-aligning P-channel
source and drain regions. Note that, as in
formation of the N-channel TFT region, a low
concentration of impurities (boron ions) may be
introduced at a dose of approximately 0.1 X
1013/cm? to approximately 10 x 10'3/cm? using
the gate electrode as a mask to form a low
concentration region in the polysilicon film,
before forming a mask wider than the gate
electrode and implanting a high-concentration
of impurities (boron ions) at a dose of
approximately 0.1 x 1015/cm? to approximately
10 x 10%5/cm? to form source and drain regions
with a lightly doped drain (LDD) structure.
Alternatively, a high-concentration of impurities
(phosphorus ions) may be implanted while
forming a mask wider than the gate electrode
instead of implanting a low-concentration of
impurities to form source and drain regions with
an offset structure. These ion implantation steps
enable CMOS conversion and integration of
peripheral drive circuits on the same substrate.
[0046] Next, as shown in FIG. 10 (B), a first
interlayer insulating film 4 consisting of a silicon
oxide film or an NSG film (a silicate glass film
free of boron or phosphorus) is formed using,
for example, the CVD method with a film
thickness of 3,000 angstroms to
15,000 angstroms on the surface with the gate
electrode 3a, short-circuit wiring 3b, and first
pad underwiring 3c.

[0047] Next, a resist mask RM2 is formed on
the first interlayer insulating film 4 using a
photolithographic technique to form contact
holes and cutting holes.

[0048] Next, as shown in FIG. 10 (C), contact
holes 4a, 4c, 4d, 4e and cutting holes 4b are
formed in the source region 1d and drain region
le corresponding to the first interlayer
insulating film 4 on the pixel TFT portion side, in
a portion of the first interlayer insulating film 4
corresponding to the short-circuit wiring 3b on
the static electricity countermeasure wiring
portion side, and in the portion of the first
interlayer insulating film 4 corresponding to the
first pad underwiring 3c on the terminal portion
side. As a result, the portions of the short-circuit
wiring 3b to be cut are exposed on the static
electricity countermeasure wiring portion side.
The resist mask RM2 is then removed.

[0049] Next, as shown in FIG. 10 (D), an
aluminum film 6 is formed on the surface with
the first interlayer insulating film 4 using, for
example, sputtering to form a source electrode.
[0050] Next, a resist mask RM3 is formed for
patterning the aluminum film 6 wusing a
photolithographic technique.

[0051] Next, as shown in FIG. 10 (E), the
aluminum film 6 is patterned to form, in the
pixel TFT portion, a source electrode 6a made of
an aluminum film that is electrically connected
via a first contact hole 4a to the source region
la as part of the data line 30, and a drain
electrode 6d electrically connected via a second
contact hole 4d to the drain region le. Also
formed on the terminal portion side is second
pad underwiring 6¢c made of an aluminum film
that is electrically connected to the first pad
underwiring 3c made of tantalum film via a
contact hole 4c in the first interlayer insulating
film 4. In the static electricity countermeasure
wiring portion, various types of wiring 6e (data
line 30, signal lines 74, 75) made of an
aluminum film are electrically connected to
short-circuit wiring 3b via contact holes 4e. In
this way, using the steps shown in FIG. 10 (C)
to FIG. 10 (E), the wiring connections are made
between the first and third short-circuit wiring
91, 93, the signal input lines 74, 75, and the
data line 30, as described with reference to
FIG. 7. Also, on the static electricity
countermeasure wiring portion side, the
portions of short-circuit wiring 3b to be cut are
exposed. The resist mask RM3 is then removed.
[0052] Next, as shown in FIG. 11 (A), an
insulating film 71 is formed by firing a coating
film of perhydropolysilazane or a composition
containing perhydropolysilazane on the surface
with the source electrode 6a, wiring 6e, and
second pad underwiring 6¢. An insulating film
72 consisting of a silicon oxide film with a
thickness of approximately 500 angstroms to
approximately 15,000 angstroms is formed on
the surface of the insulating film 71 using the
CVD method with TEOS under temperature
conditions of approximately 400°C. The second
interlayer insulating film 7 is formed using these
insulating films 71, 72.

[0053] Next, a resist mask RM4 for the
formation of contact holes and cutting holes is
formed in the second interlayer insulating film 7
using a photolithographic technique.

[0054] Next, as shown in FIG. 11 (B), a third
contact hole 8a that consists of contact holes
71a and 72a corresponding to the drain
electrode 6d is formed in the insulating films 71,
72 constituting the second interlayer insulating
film 7.

IPR2025-01396
BOE EXHIBIT 1004
Page 23 of 31



[0055] Also, in the terminal portion, a third
contact hole 8c that consists of contact holes
71c and 72c corresponding to the second pad
underwiring 6c, is formed in the insulating films
71, 72 constituting the second interlayer
insulating film 7.

[0056] At this time, in the static electricity
countermeasure wiring portion, a cutting hole
8b consisting of cutting holes 71b and 72b is
formed in the insulating films 71, 72
constituting the second interlayer insulating film
7 in each of the portions of short-circuit wiring
3b (corresponding to the first, second, and third
short-circuit wiring 91, 92, 93) to be cut. This
exposes the portions of short-circuit wiring 3b
to be cut. The resist mask RM4 is then removed.
[0057] Next, as shown in FIG. 11 (C), an indium
tin oxide (ITO) film 9 with a thickness of
approximately 400 angstroms to approximately
2000 angstroms is formed on the surface with
the second interlayer insulating film 7 using, for
example, sputtering to create the drain
electrode.

[0058] Next, a resist mask RM5 is formed for
patterning the ITO film 9 using a
photolithographic technique.

[0059] The ITO film 9 is then patterned using a
resist mask RM5. As a result, as shown in FIG. 5,
a pixel electrode 9a is formed in the pixel TFT
portion, which is electrically connected to the
drain electrode 6d via a third contact hole 8a. In
the static electricity countermeasure wiring
portion, the ITO film 9 is completely removed.
In the terminal portion, a pad 9c consisting of
ITO film electrically connected to the second pad
underwiring 6c¢ via a contact hole 8c is formed.

[0060] In the present embodiment, when the
ITO film 9 is patterned, the portion of the short-
circuit wiring 3b to be cut is cut on the
electrostatic countermeasure wiring portion side,
and the wiring is separated in this cut portion.
Because the short-circuit wiring 3b is cut in the
final step of the manufacturing process, this
configuration is effective against static
electricity generated in any of the previous
steps.

[0061]

[Primary Effects of the Present Embodiment] As
explained above, in the present embodiment,
the signal lines 74, 75 (wiring 6e) drawn from
each of the terminals 80, 81, 82, etc. toward the
data line drive circuit 60 and the scan line drive
circuits 70 are electrically connected by the first
short-circuit wiring 91 (short-circuit wiring 6b)
during each step. Therefore, even if static
electricity is generated or charges accumulate
on the surface of the insulating substrate, the
charges are diffused to the outer periphery of
the substrate via the first short-circuit wiring 91,

so that excessive current does not suddenly flow
to the data line drive circuit 60 and the scan line
drive circuits 70. In this way, the data line drive
circuit 60 and the scan line drive circuits 70 can
be protected. Also, use of second short-circuit
wiring 92 (short-circuit wiring 6b) electrically
connected to each of the scan lines 20 makes it
possible to prevent excessive current from
suddenly flowing to the scan lines 20, thereby
protecting the scan lines 20 and the pixel
portions 11. In addition, use of third short-
circuit wiring 93 (short-circuit wiring 6b)
electrically connected to each of the data lines
30 (wiring 6e) makes it possible to prevent
excessive current flowing suddenly to the data
lines 30, thereby protecting the data lines 30,
the sample hold circuit S/H, and the pixel
portions 11.

[0062] The short-circuit wiring 3b is formed at
the same time as the scan lines 20, etc., the
cutting holes 4b are formed at the same time as
the first and second contact holes 4a, 4d in the
first interlayer insulating film 4, and the cutting
holes 8b are formed at the same time as the
third contact holes 8a in the second interlayer
insulating film 7. As a result, the short-circuit
wiring 3b can be exposed and cut from the first
and second interlayer insulating films 4 , 7
during manufacture of the TFTs, even when the
pixel electrode 9a and the drain region le are
electrically connected via the drain electrode 6d.
Also, because an insulating film 71 using
polysilazane is used as the second interlayer
insulating film 7, the unevenness caused by the
drain electrode 6d can be flattened, even when
the pixel electrode 9a and the drain region 1le
are electrically connected via the drain electrode
6d. As a result, the alignment of the liquid
crystals can be controlled properly.

[0063] In the case of insulating film 71 using
polysilazane, the more the unevenness is
flattened, the thinner the film becomes in the
protruding portions. Therefore, cracks are likely
to occur in the thin portions, and a high parasitic
capacitance is formed between the upper and
lower electrodes. However, in the present
embodiment, an insulating film 72 formed using
the CVD method is laminated on the surface of
insulating film 71 using polysilazane, thereby
eliminating such problems. Also, because the
insulating film 72 formed using the CVD method
has a lower etching rate than the insulating film
71 using polysilazane, when the insulating film
72 formed using the CVD method is provided on
top of the insulating film 71 using polysilazane
to form contact holes 8a, 8c, tapered holes are
formed on the side with the insulating film 72
formed using the CVD method. Therefore, the
electrical connections via the contact holes 8a,
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8c confer the advantage of improving reliability
because no step discontinuities occur.

[0064] In addition, the terminals 80, 81, 82, etc.

have a structure in which a first pad underwiring
3c made of a tantalum film, a first interlayer
insulating film 4 covering this surface, and a
second pad underwiring 6¢c made of an
aluminum film and electrically connected to the
first pad underwiring 3c via a contact hole in the
first interlayer insulating film 4 are laminated in
this order, and the pads 9c made of ITO film are
connected to the second pad underwiring 6¢ in
contact holes 8c in the second interlayer
insulating film 7. Therefore, even though the
pads 9c are composed of a hard ITO film, there
is no need to connect the pads 9c and the first
pad underwiring 3c via deep contact holes that
pass through the first interlayer insulating film
4 and the second interlayer insulating film 7,
thereby increasing the reliability of the electrical
connections between the pad 9c and the first
pad underwiring 3c. In addition, since the
second interlayer insulating film 7 is flattened
using an insulating film 71 with polysilazane, the
pad 9c can be formed on a flat surface. Also,
terminals 80, 81, 82, etc., with such a structure
can be formed during the TFT manufacturing
process, so the number of manufacturing steps
does not increase.

[0065]

[Other Embodiments] In the first embodiment,
the first, second, and third short-circuit wiring
91, 92, 93 were connected to signal wiring 74,
75, a scan line 20, and a data line 30,
respectively. However, among the multiple
signal lines drawn from terminals 6¢ (80, 81, 82,
etc.) to supply signals to drive the data line
drive circuit 60 and scan line drive circuits 70,
the first short-circuit wiring 91 may be formed
only for signal wiring 74, 75 located on the
terminal 6¢ (80, 81, 82, etc.) side rather than
for signal wiring 74, 75 located on the terminal
65, 75 side. Also, the present invention can be
applied using different embodiments for the
short-circuit wiring configuration. For example,
the third short-circuit wiring 93 may be
eliminated, and the first short-circuit wiring 91
and the second short-circuit wiring 92 may be
formed only for the signal lines 74, 75 and scan
line 20 drawn from the multiple terminals (80,
81, 82, etc.) to the data line drive circuit 60 and
scan line drive circuits 70.

[0066] The present invention is not limited to
the embodiments described above, but may be
embodied in various ways within the scope of
the present invention. For example, the present
invention is not limited to the liquid crystal
display devices described above, and may be

applied to electroluminescence and plasma
display devices.

[0067]

[Effect of the Invention] In the manufacturing
method for an active matrix substrate in the
present invention, as described above, signal
lines, scan lines, and data lines are electrically
connected via short-circuit wiring, so that even
if static electricity is generated or charges
accumulate on the insulating substrate surface,
the charges are diffused to the periphery of the
substrate via the short-circuit wiring, preventing
excessive current from suddenly flowing into the
data line drive circuit and scan line drive circuits.
This makes it possible to protect the data line
drive circuit and the scan line drive circuits. The
short-circuit wiring is formed at the same time
as the scan lines, the first cutting holes are
formed at the same time as the first and second
contact holes, and the second cutting holes are
formed at the same time as the third contact
holes. In this way, even when the pixel
electrodes and drain regions are electrically
connected via the drain electrodes, the short-
circuit wiring can be exposed via the first and
second interlayer insulating films without
increasing the number of manufacturing steps.
In addition, by using an insulating film formed
by baking a coating film of perhydropolysilazane
or a composition containing
perhydropolysilazane as the second interlayer
insulating film, any unevenness caused by the
drain electrode can be flattened even when the
pixel electrode and the drain region are
electrically connected via the drain electrode.
[Brief Description of the Drawings]

[FIG. 1] FIG. 1 (A) and FIG. 1 (B) are a plan
view and a cross-sectional view, respectively, of
a liquid crystal panel used in a liquid crystal
display device.

[FIG. 2] FIG. 2 is a block diagram of the active
matrix substrate used in the liquid crystal
display panel shown in FIG. 1.

[FIG. 3] FIG. 3 is a plan view in which a corner
portion of the pixel portion of the active matrix
substrate shown in FIG. 2 has been enlarged.
[FIG. 4] FIG. 4 is an equivalent circuit diagram
of a pixel of the active matrix substrate shown
in FIG. 2.

[FIG. 5] FIG. 5 (A) and FIG. 5 (B) are cross-
sectional views and enlarged views, respectively,
of the pixel TFT portion from A-A’ line in FIG. 3,
the anti-static portion from B-B’ in FIG. 7, and
the terminal portion from line C-C’ in FIG. 6.
[FIG. 6] FIG. 6 is a plan view showing the
structure of terminals in the active matrix
substrate in FIG. 2.

[FIG. 7] FIG. 7 is a plan view showing the
connection structure between signal wiring and
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short-circuit wiring in the active matrix
substrate in FIG. 2.

[FIG. 8] FIG. 8 is a circuit diagram of the
electrostatic protection circuit configured on the
active matrix substrate in FIG. 2.

[FIG. 9] FIG. 9 shows cross-sectional views of
the manufacturing steps for the active matrix
substrate in FIG. 2.

[FIG. 10] FIG. 10 shows cross-sectional views

of each step performed following those in FIG. 9.

[FIG. 11] FIG. 11 shows cross-sectional views
of each step performed following those in
FIG. 10.

[Reference Numbers] 2: Gate insulating film
3a: Gate electrode

3b: Short-circuit wiring

3c: First pad underwiring

4: First interlayer insulating film

4a: First contact hole

4b: Cutting hole (first cutting hole)

4d: Second contact hole

5b, 8b: Cutting hole

6c: Second pad underwiring

6d: Drain electrode

Data Line (Source Line)

30

7: Second interlayer insulating film

8a: Third contact hole

8b: Cutting hole (second cutting hole)
8c: Contact hole in terminal portion

9a: Pixel electrode

9c: Pad

11: Pixel portion (screen display region)
20: Scan line

30: Data line

50: TFT

60: Data line drive circuit

65, 75: Electrostatic protection circuit
66: Protection resistance

70: Scan line drive circuit

71: Insulating film using a polysilazane
72: Insulating film formed by the CVD method
74, 75: Signal wiring

80, 81, 82: Terminal

91: First short-circuit wiring

92: Second short-circuit wiring

93: Third short-circuit wiring

AM: Active matrix substrate (TFT substrate)
MM: Mother board

71

TFT
50

&,

Capacitor Liquid Crystal

A
Pixel Switching f\./

n

Scan Line (Gate Line)
20

o
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[FIG. 1]
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[FIG. 2]
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[FIG. 7]
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[FIG. 9]
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[FIG. 8]

(Electrostatic Protection Circuit)
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[FIG. 10]

<Pixel TFT Portion> <Anti-Static Wiring Portion> <Terminal Portion>
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[FIG. 11]
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