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ACTIVE MATRIX SUBSTRATE, LIQUID
CRYSTAL DISPLAY PANEL, AND METHOD
FOR MANUFACTURING LIQUID CRYSTAL

DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to an active matrix
substrate, and more particularly to an active matrix substrate
that includes oxide semiconductor TFTs. The present inven-
tion also relates to a liquid crystal display panel that includes
such an active matrix substrate, and a method of producing
the same.

BACKGROUND ART

[0002] Active matrix substrates that are used for liquid
crystal display devices or the like include a switching
element for each pixel, e.g., a thin film transistor (hereinafter
“TFT”). As such switching elements, TFTs whose active
layer is an amorphous silicon film (hereinafter “amorphous
silicon TFTs”) and TFTs whose active layer is a polycrys-
talline silicon film (hereinafter “polycrystalline silicon
TFTs”) have been widely used.

[0003] In the recent years, it has been proposed to use an
oxide semiconductor as the material of the active layers of
TFTs, instead of an amorphous silicon or a polycrystalline
silicon. These TFTs are called “oxide semiconductor TFTs”.
Patent Document 1 discloses an active matrix substrate in
which an In—Ga—Zn—O0 based semiconductor film is used
for the active layers of TFTs.

[0004] An oxide semiconductor provides a higher mobil-
ity than does an amorphous silicon. Therefore, oxide semi-
conductor TFTs can operate more rapidly than amorphous
silicon TFTs. Moreover, an oxide semiconductor film is
formed through a simple process as compared to a poly-
crystalline silicon film, and therefore is applicable to devices
which require a large geomeltric area.

[0005] Patent Document 2 discloses a construction where
an inorganic insulating layer covering a bottom-gate type
oxide semiconductor TFT has a multilayer structure. Spe-
cifically, this inorganic insulating layer includes a silicon
oxide layer on a lower layer side and a silicon nitride layer
on an upper layer side, such that the silicon nitride layer has
a thickness of 35 nm to 75 nm. Patent Document 2 states that
such construction will suppress insufficient operations of
oxide semiconductor TFTs which are disposed in the non-
displaying section.

[0006] Patent Document 2 also discloses a construction
where a gate insulating layer covering gate electrodes has a
multilayer structure. Specifically, a construction in which the
gate insulating layer includes a silicon nitride layer on a
lower layer side and a silicon oxide layer on an upper layer
side is disclosed.

CITATION LIST

Patent Literature
[0007] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2012-134475

[0008] [Patent Document 2] International Publication No.
2014/080826
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SUMMARY OF INVENTION

Technical Problem

[0009] However, it has been found through a study by the
inventor that, when an inorganic insulating layer and a gate
insulating layer have the aforementioned multilayer struc-
ture, variations in coloration may occur within the plane of
the mother substrate. This is because in-plane variations in
the thickness of the respective layer (insulating layer) con-
stituting each of the inorganic insulating layer and the gate
insulating layer are perceived as differences in interference
colors (due to optical interference among a plurality of
insulating layers). When actually providing a liquid crystal
display panel, it is very difficult to avoid variations in the
thickness of an insulating layer within the plane of the
mother substrate. In recent years, the mother glass (mother
substrate) has been increasing in size, this being in order to
increase the number of daughter substrates (i.e., the number
of substrates that are available from one mother glass piece).
The aforementioned variations in coloration will become
more noticeable as the size of the mother substrate increases.
[0010] A liquid crystal display panel which was produced
by cutting a mother substrate that had significant variation in
coloration within the plane will have significant variation in
coloration from panel to panel, and/or within the panel
plane. The thickness range (35 nm to 75 nm) of the silicon
nitride layer in the inorganic insulating layer as disclosed in
Patent Document 2 is chosen in favor of the electrical
properties of the oxide semiconductor TFT, and is not able
to suppress the aforementioned variations in coloration.
[0011] The present invention has been made in view of the
above problems, and an objective thereof is to suppress
variations in coloration when producing a liquid crystal
display panel that includes an active matrix substrate which
includes: oxide semiconductor TFTs; and a gate insulating
layer and an inorganic insulating layer each having a mul-
tilayer structure.

Solution to Problem

[0012] An active matrix substrate according to an embodi-
ment of the present invention is an active matrix substrate
comprising: a substrate; a plurality of thin film transistors
supported on the substrate; and an inorganic insulating layer
which covers the plurality of thin film transistors, wherein,
each of the plurality of thin film transistors includes a gate
electrode provided on the substrate, a gate insulating layer
which covers the gate electrode, an oxide semiconductor
layer being provided on the gate insulating layer and
opposed to the gate electrode via the gate insulating layer,
and a source electrode and a drain electrode which are
electrically connected to the oxide semiconductor layer; the
gate insulating layer includes a first silicon nitride layer and
a first silicon oxide layer which is provided on the first
silicon nitride layer; the inorganic insulating layer includes
a second silicon oxide layer and a second silicon nitride
layer which is provided on the second silicon oxide layer;
the first silicon nitride layer has a thickness which is not less
than 275 nm and not more than 400 nm; the first silicon
oxide layer has a thickness which is not less than 20 nm and
not more than 80 nm; the second silicon oxide layer has a
thickness which is not less than 200 nm and not more than
300 nm; and the second silicon nitride layer has a thickness
which is not less than 100 nm and not more than 200 nm.
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[0013] In one embodiment, the oxide semiconductor layer
comptises an In—Ga—7Zn—0 based semiconductor.
[0014] In one embodiment, the In—Ga—Z7Zn—O based
semiconductor includes a crystalline portion.

[0015] In one embodiment, the active matrix substrate
comprises a further thin film transistor that includes a
crystalline silicon semiconductor layer as an active layer.
[0016] In one embodiment, the further thin film transistor
includes: the crystalline silicon semiconductor layer pro-
vided on the substrate; a further gate insulating layer which
covers the crystalline silicon semiconductor layer; a further
gate electrode being provided on the further gate insulating
layer and opposed to the crystalline silicon semiconductor
layer via the further gate insulating layer; and a further
source electrode and a further drain electrode which are
electrically connected to the crystalline silicon semiconduc-
tor layer.

[0017] In one embodiment, the further gate electrode is
covered by the gate insulating layer; the further gate insu-
lating layer includes a third silicon nitride layer; and a total
of a thickness of the first silicon nitride layer of the gate
insulating layer and a thickness of the third silicon nitride
layer of the further gate insulating layer is not less than 275
nm and not more than 400 nm.

[0018] A liquid crystal display panel according to an
embodiment of the present invention comprises: an active
matrix substrate having the above construction; a counter
substrate opposed to the active matrix substrate; and a liquid
crystal layer provided between the active matrix substrate
and the counter substrate.

[0019] A method of producing a liquid crystal display
panel according to an embodiment of the present invention
is a method of producing a liquid crystal display panel that
includes an active matrix substrate having a substrate and a
plurality of thin film transistors supported on the substrate,
a counter substrate opposed to the active matrix substrate,
and a liquid crystal layer provided between the active matrix
substrate and the counter substrate, the method comprising:
step (A) of providing a first mother substrate including a
plurality of said active matrix substrates; step (B) of pro-
viding a second mother substrate including a plurality of
said counter substrates; step (C) of producing a mother panel
by attaching together the first mother substrate and the
second mother substrate, the mother panel including a
plurality of said liquid crystal display panels; and step (D) of
obtaining the liquid crystal display panel by cutting apart the
mother panel, wherein, step (A) of providing the first mother
substrate comprises step (a) of providing an electrically-
insulative substrate of a size accommodating a plurality of
said substrates, step (b) of forming gate electrodes on the
electrically-insulative substrate, for each region correspond-
ing to the substrate, step (¢) of forming a gate insulating
layer which covers the gate electrodes, step (d) of forming
an oxide semiconductor layer on the gate insulating layer,
the oxide semiconductor layer being opposed to the gate
electrodes via the gate insulating layer, step (e) of forming
source electrodes and drain electrodes which are electrically
connected to the oxide semiconductor layer, and step (f) of
forming an inorganic insulating layer which covers the oxide
semiconductor layer, the source electrodes, and the drain
electrodes; step (c) comprises step (c-1) of forming a first
silicon nitride layer which covers the gate electrodes, and
step (c-2) of forming a first silicon oxide layer on the first
silicon nitride layer; step (f) comprises step (f-1) of forming
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a second silicon oxide layer which covers the oxide semi-
conductor layer, the source electrodes, and the drain elec-
trodes, and step (f-2) of forming a second silicon nitride
layer on the second silicon oxide layer; the electrically-
insulative substrate to be provided in step (a) is sized so that
a length thereof along a longitudinal direction is 1800 mm
or more; and, when variation in chromaticity (u', v') within
a plane of the first mother substrate that is caused by an
interference of light associated with the first silicon nitride
layer, the first silicon oxide layer, the second silicon oxide
layer, and the second silicon nitride layer is expressed by a
difference du' between a largest u' and a smallest u' and a
difference dv' between a largest v' and a smallest v', steps
(c-1), (c-2), (f-1), and (f-2) are performed while setting
thicknesses of the first silicon nitride layer, the first silicon
oxide layer, the second silicon oxide layer, and the second
silicon nitride layer so that du'<0.008 and dv'<0.010.
[0020] In one embodiment, in step (c-1), the first silicon
nitride layer is formed with a thickness which is not less than
275 nm and not more than 400 nm; in step (¢-2), the first
silicon oxide layer is formed with a thickness which is not
less than 20 nm and not more than 80 nm; in step (f-1), the
second silicon oxide layer is formed with a thickness which
is not less than 200 nm and not more than 300 nm; and in
step (f-2), the second silicon nitride layer is formed with a
thickness which is not less than 100 nm and not more than
200 nm.

[0021] In one embodiment, the oxide semiconductor layer
comprises an In—Ga—Z7n—O based semiconductor.
[0022] In one embodiment, the In—Ga—Zn—O based
semiconductor includes a crystalline portion.

Advantageous Effects of Invention

[0023] According to an embodiment of the present inven-
tion, it is possible to suppress variations in coloration when
producing a liquid crystal display panel that includes an
active matrix substrate which includes: oxide semiconductor
TFTs; and a gate insulating layer and an inorganic insulating
layer each having a multilayer structure.

BRIEF DESCRIPTION OF DRAWINGS

[0024] [FIG. 1] A cross-sectional view schematically
showing an active matrix substrate 100 according to an
embodiment of the present invention.

[0025] [FIG. 2] A diagram showing how an insulating
layer 3 which is formed on a mother substrate 2M may have
variation in thickness.

[0026] [FIG. 3] A u'v' chromaticity diagram showing a
chromaticity distribution when a mother substrate according
to Comparative Example is observed from the frontal direc-
tion.

[0027] [FIG. 4] A u'v' chromaticity diagram showing a
chromaticity distribution when a mother substrate according
to Example is observed from the frontal direction.

[0028] [FIG.5](a)and (b) are graphs showing levels of du'
and dv' in grayscale, where a first silicon nitride layer 12a
fluctuates in thickness by +50 nm from 300 nm, the hori-
zontal axis representing the thickness of a second silicon
nitride layer 205 and the vertical axis representing the
thickness of a second silicon oxide layer 20a.

[0029] [FIG. 6](a) and (b) are graphs showing levels of du'
and dv' in grayscale, where the first silicon nitride layer 12a
fluctuates in thickness by +50 nm from 325 nm, the hori-
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zontal axis representing the thickness of the second silicon
nitride layer 205 and the vertical axis representing the
thickness of the second silicon oxide layer 20a.

[0030] [FIG. 7](a) and (b) are graphs showing levels of du'
and dv' in grayscale, where the first silicon nitride layer 124
fluctuates in thickness by +50 nm from 350 nm, the hori-
zontal axis representing the thickness of the second silicon
nitride layer 205 and the vertical axis representing the
thickness of the second silicon oxide layer 20a.

[0031] [FIG. 8](a) and (b) are graphs showing levels of du'
and dv' in grayscale, where the first silicon nitride layer 124
fluctuates in thickness by +50 nm from 375 nm, the hori-
zontal axis representing the thickness of the second silicon
nitride layer 205 and the vertical axis representing the
thickness of the second silicon oxide layer 20a.

[0032] [FIG. 9] A chromaticity diagram schematically
showing changes in interference colors associated with
fluctuations in the layer thicknesses of a gate insulating layer
and an inorganic insulating layer.

[0033] [FIG. 10] A cross-sectional view schematically
showing a liquid crystal display panel 300 that includes the
active matrix substrate 100 according to an embodiment of
the present invention.

[0034] [FIG. 11](a) and (b) are perspective views sche-
matically showing production steps of the liquid crystal
display panel 300.

[0035] [FIG. 12](e) and () are perspective views sche-
matically showing production steps of the liquid crystal
display panel 300.

[0036] [FIG. 13](a) through (e) are cross-sectional views
schematically showing production steps of the first mother
substrate 100M.

[0037] [FIG. 14](a) through (c) are cross-sectional views
schematically showing production steps of the first mother
substrate 100M.

[0038] [FIG. 15](a) and (b) are cross-sectional views
schematically showing production steps of the first mother
substrate 100,

[0039] [FIG. 16](a) and (b) are cross-sectional views
schematically showing production steps of the first mother
substrate 100M.

[0040] [FIG.17] A schematic plan view showing an exem-
plary planar structure of an active matrix substrate 700
according to an embodiment of the present invention.
[0041] [FIG. 18] A cross-sectional view of a crystalline
silicon TFT 710A and an oxide semiconductor TFT 710B in
an active matrix substrate 700.

DESCRIPTION OF EMBODIMENTS

[0042] Hereinafter, with reference to the drawings,
embodiments of the present invention will be described.
Note that the present invention is not limited to the following
embodiments.

Embodiment 1

[0043] With reference to FIG. 1, an active matrix substrate
100 according to the present embodiment will be described.
FIG. 1 is a cross-sectional view schematically showing the
active matrix substrate 100. The active matrix substrate 100
illustrated in FIG. 1 represents that which is used in a liquid
crystal display panel of the FFS (Fringe Field Switching)
mode.
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[0044] As shown in FIG. 1, the active matrix substrate 100
includes a substrate 1, a plurality of thin film transistors
(TFTs) 10 supported on the substrate 1, and an inorganic
insulating layer 20 covering the plurality of thin film tran-
sistors 10. FIG. 1 shows a region corresponding to one pixel
of the liquid crystal display panel, illustrating a TFT that is
provided in each pixel. The active matrix substrate 100
further includes an organic insulating layer 21, a common
electrode 22, a dielectric layer 23, and pixel electrodes 24.
[0045] The substrate 1 is a transparent substrate which is
electrically insulative. The substrate 1 may be a glass
substrate, for example.

[0046] Each of the plurality of TFTs 10 includes a gate
electrode 11, a gate insulating layer 12, an oxide semicon-
ductor layer 13, a source electrode 14, and a drain electrode
15. In other words, the TFT 10 is an oxide semiconductor
TFT.

[0047] The gate electrode 11 is provided on the substrate
1. The gate electrode 11 is electrically connected to a
scanning line (gate line) not shown, so that a scanning signal
(gate signal) is supplied thereto from the scanning line.
[0048] The gate insulating layer 12 covers the gate elec-
trode 11. In the present embodiment, the gate insulating
layer 12 includes a silicon nitride (SiN_) layer 12a and a
silicon oxide (Si0O,) layer 125 which is provided on the
silicon nitride layer 12a. In other words, the gate insulating
layer 12 has a multilayer structure in which the silicon
nitride layer 12a is provided in a lower layer and the silicon
oxide layer 125 is provided in an upper layer. By providing
the silicon oxide layer 125 at the upper layer side that is in
contact with the oxide semiconductor layer 13, oxygen
deficiencies in the oxide semiconductor layer 13 can be
prevented.

[0049] The oxide semiconductor layer 13 is provided on
the gate insulating layer 12. The oxide semiconductor layer
13 is opposed to the gate electrode 11 via the gate insulating
layer 12.

[0050] The source electrode 14 and the drain electrode 15
are electrically connected to the oxide semiconductor layer
13. The source electrode 14 is electrically connected to a
signal line (source line) not shown, so that a display signal
(source signal) is supplied thereto from the signal line.
Moreover, the drain electrode 15 is electrically connected to
the pixel electrode 24.

[0051] The inorganic insulating layer (passivation film)
covers the oxide semiconductor layer 13, the source elec-
trode 14, and the drain electrode 15. In the present embodi-
ment, the inorganic insulating layer 20 includes a silicon
oxide (Si0,) layer 20a and a silicon nitride (SiN_) layer 205
which is provided on the silicon oxide layer 20a. In other
words, the inorganic insulating layer 20 has a multilayer
structure in which the silicon oxide layer 20a is provided in
a lower layer and the silicon nitride layer 205 is provided in
an upper layer. By providing the silicon oxide layer 20a at
the lower layer side that is in contact with the oxide
semiconductor layer 13, oxygen deficiencies in the oxide
semiconductor layer 13 can be prevented.

[0052] The organic insulating layer (planarization film) 21
is provided on the inorganic insulating layer 20. The organic
insulating layer 21 may be made of a photosensitive resin
material, for example.

[0053] The common electrode 22 is provided on the
organic insulating layer 21. The common electrode 22 is a
single electrically conductive film that is formed across the
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entire display region, and is given a common potential
across the plurality of pixels. The common electrode 22 is
made of a transparent electrically conductive material (e.g.,
ITO or 1Z0).

[0054] The dielectric layer 23 is provided so as to cover
the common electrode 22. The dielectric layer 23 may be a
silicon nitride layer, for example.

[0055] On the dielectric layer 23, the pixel electrode 24 is
provided for each pixel. The pixel electrode 24 is made of a
transparent electrically conductive material (e.g., ITO or
170). In a contact hole CH that is made in the inorganic
insulating layer 20, in the organic insulating layer 21, and in
the dielectric layer 23, the pixel electrode 24 is connected to
the drain electrode 15 of the TFT 10. Although not shown
herein, at least one slit is made in the pixel electrode 24.
[0056] As described above, in the present embodiment, the
gate insulating layer 12 and the inorganic insulating layer
each have a multilayer structure. Hereinafter, the silicon
nitride layer 12a and the silicon oxide layer 125 of the gate
insulating layer 12 may respectively be referred to as the
“first silicon nitride layer” and the “first silicon oxide layer”,
whereas the silicon oxide layer 20a and the silicon nitride
layer 205 of the inorganic insulating layer 20 my respec-
tively be referred to as the “second silicon oxide layer” and
the “second silicon nitride layer”.

[0057] In the active matrix substrate 100 of the present
embodiment, the first silicon nitride layer 12a, the first
silicon oxide layer 125, the second silicon oxide layer 20q,
and the second silicon nitride layer 205 each have a thick-
ness within a specific range. Specifically, as shown in in
Table 1 below, the thickness of the first silicon nitride layer
12a is not less than 275 nm and not more than 400 nm, while
the thickness of the first silicon oxide layer 125 is not less
than 20 nm and not more than 80 nm. Moreover, the
thickness of the second silicon oxide layer 20a is not less
than 200 nm and not more than 300 nm, while the thickness
of the second silicon nitride layer 205 is not less than 100 nm
and not more than 200 nm.

TABLE 1
thickness
gate insulating first silicon not less than 275 nm
layer nitride layer & not more than 400 nm
first silicon not less than 20 nm

oxide layer

& not more than 80 nm

not less than 200 nm
& not more than 300 nm
not less than 100 nm
& not more than 200 nm

second silicon
insulating layer  oxide layer
(passivation second silicon
layer) nitride layer

inorganic

[0058] Inthe case where the thicknesses of the first silicon
nitride layer 12a and the first silicon oxide layer 126
constituting the gate insulating layer 12 are set in the ranges
indicated in Table 1, variations in coloration due to differ-
ences in interference colors can be suppressed by setting the
thicknesses of the second silicon oxide layer 20a and the
second silicon nitride layer 204 constituting the inorganic
insulating layer 20 in the ranges indicated in Table 1.
Hereinafter, the reason thereof will be described in more
detail.

[0059] Any insulating layer (a silicon nitride layer or a
silicon oxide layer) that is formed on a mother substrate by
CVD technique, sputtering technique, etc., will have some
variation in thickness within the plane of the mother sub-
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strate. Typically, as schematically shown in FIG. 2, the
thickness of the insulating layer 3 increases toward the outer
periphery and away from the center of the mother substrate
2M. Therefore, as the mother substrate 2M increases in size,
the in-plane variation in the thickness of the insulating layer
3 will increase. Therefore, as the mother substrate 2M
increases in size, the mother substrate 2M will have greater
variations in coloration within the plane. According to a
study by the inventor, specifically, variations in coloration
were noticeable when a longer side of the mother substrate
2M had a length (i.e., a length along its longitudinal direc-
tion) which was 1800 mm or greater.

[0060] FIG. 3 shows, regarding a mother substrate (Com-
parative Example) which was produced by setting the gate
insulating layer 12 and the inorganic insulating layer 20 to
thicknesses as indicated in Table 2 below, a chromaticity
distribution within the plane of the mother substrate. FIG. 3
shows chromaticity (u', v') in the case where the mother
substrate according to Comparative Example was observed
from the frontal direction.

TABLE 2

Comparative Example

thickness
gate insulating first silicon 325 nm
layer nitride layer
first silicon 50 nm
oxide layer
inorganic second silicon 335 nm
insulating layer oxide layer
(passivation second silicon 50 nm
layer) nitride layer
[0061] As shown in Table 2, in Comparative Example, the

thickness of the gate insulating layer 12 is within the range
indicated in Table 1, but the thickness of the inorganic
insulating layer 20 is not within the range indicated in Table
1. It can be seen from FIG. 3 that the mother substrate of
Comparative Example has significant variations in chroma-
ticity, with particularly noticeable variations occurring in v'.
[0062] FIG. 4 shows, regarding a mother substrate (Ex-
ample) which was produced by setting the gate insulating
layer 12 and the inorganic insulating layer 20 to thicknesses
as indicated in Table 3 below, a chromaticity distribution
within the plane of the mother substrate. FIG. 4 shows
chromaticity (u, v') in the case where the mother substrate
according to Example was observed from the frontal direc-
tion.

TABLE 3

Comparative Example

thickness
gate insulating first silicon 350 nm
layer nitride layer
first silicon 50 nm
oxide layer
inorganic second silicon 270 nm
insulating layer oxide layer
(passivation second silicon 150 nm
layer) nitride layer
[0063] As shown in Table 3, in Example, the thickness of

the gate insulating layer 12 is in the range indicated in Table
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1, and the thickness of the inorganic insulating layer 20 is
also in the range indicated in Table 1. It can be seen from
FIG. 4 that the mother substrate of Example has small
variations in chromaticity, such that variations in v' are
remarkably suppressed.

[0064] Now, with reference to FIG. 5 to FIG. 8, a simu-
lation result of studying a thickness of the inorganic insu-
lating layer 20 that allows variations in chromaticity to be
suppressed will be described. In the following description,
any variation in chromaticity (u', v') within the plane of the
mother substrate that is caused by an interference of light
associated with the first silicon nitride layer 12a, the first
silicon oxide layer 125, the second silicon oxide layer 20a,
and the second silicon nitride layer 205 is expressed by a
difference du' between a largest u' and a smallest u' and a
difference dv' between a largest v' and a smallest v'. In the
study, the refractive indices of the first silicon nitride layer
12a, the first silicon oxide layer 125, the second silicon
oxide layer 20a, and the second silicon nitride layer 205
were respectively about 1.9, about 1.4, about 1.4, and about
1.8.

[0065] FIGS. 5(a) and (b), FIGS. 6(a) and (), FIGS. 7(a)
and (), and FIGS. 8(a) and (b) are graphs showing levels of
du' and dv' in grayscale, where the horizontal axis represents
the thickness of the second silicon nitride layer 205 and the
vertical axis represents the thickness of the second silicon
oxide layer 20q. FIGS. 5(a) and () show du' and dv' in the
case where the first silicon nitride layer 12a fluctuates in
thickness by £50 nm from 300 nm, whereas FIGS. 6(a) and
(b) show du' and dv' in the case where the first silicon nitride
layer 12a fluctuates in thickness by +50 nm from 325 nm.
Moreover, FIGS. 7(a) and (b) show du' and dv' in the case
where the first silicon nitride layer 12a fluctuates in thick-
ness by +50 nm from 350 nm, whereas FIGS. 8(a) and ()
show du' and dv' in the case where the first silicon nitride
layer 12q fluctuates in thickness by £50 nm from 375 nm.
[0066] As shown in FIG. 5, FIG. 6, FIG. 7, and FIG. 8,
both of du' and dv' are relatively small within a range where
the thickness of the second silicon oxide layer 20a is not less
than 250 nm and not more than 300 nm and the thickness of
the second silicon nitride layer 204 is not less than 100 nm
and not more than 200 nm (i.e., a region surrounded by a
dotted line in the figures). It can be seen from this that, when
the thicknesses of the gate insulating layer 12 (i.e., the first
silicon nitride layer 12a and the first silicon oxide layer 124)
and the inorganic insulating layer (i.e., the second silicon
oxide layer 20a and the second silicon nitride layer 205) are
set in the ranges indicated in Table 1, variations in coloration
due to differences in interference colors can be suppressed.
[0067] The reason why variations in coloration are sup-
pressed may also be explained as follows. The inventor has
analyzed the change in interference colors associated with
fluctuations in layer thickness, thus finding that, as sche-
matically shown in FIG. 9, interference colors tend to
present an ellipse on the chromaticity diagram. For this
reason it can be said that the aforementioned effects are
being obtained by setting the thicknesses of the gate insu-
lating layer 12 and the inorganic insulating layer 20 so as to
correspond to a region where there is relatively little change
in interference colors associated with fluctuations in layer
thickness (e.g., region R2 in FIG. 9), rather than to a region
where there is large change in interference colors associated
with fluctuations in layer thickness (e.g., region R1 in FIG.
9).
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[0068] Thus, according to an embodiment of the present
invention, it is possible to suppress variations in coloration
when producing a liquid crystal display panel that includes
an active matrix substrate which includes: oxide semicon-
ductor TFTs; and a gate insulating layer and an inorganic
insulating layer each having a multilayer structure.

[0069] FIG. 1 illustrates an exemplary arrangement where
the pixel electrode 24 is disposed on the common electrode
22 via the dielectric layer 23. Contrary to this, the common
electrode 22 may be disposed on the pixel electrode 24 via
the dielectric layer 23. In that case, at least one slit is to be
formed in the common electrode 22.

[0070] Although the present embodiment illustrates an
active matrix substrate 100 for a liquid crystal display panel
of the FFS mode as an example, embodiments of the present
invention are also suitably used in active matrix substrates of
liquid crystal display panels of other display modes (e.g., TN
(Twisted Nematic) and VA (Vertical Alignment) modes).
[0071] [Liquid Crystal Display Panel and Method of Pro-
ducing the Same]

[0072] FIG. 10 shows a liquid crystal display panel 300
that includes an active matrix substrate 100 according to an
embodiment of the present invention. As shown in FIG. 10,
the liquid crystal display panel 300 includes: an active
matrix substrate 100, a counter substrate 200 which is
opposed to the active matrix substrate 100, and a liquid
crystal layer 80 provided between the active matrix substrate
100 and the counter substrate 200.

[0073] The active matrix substrate 100 may be adapted to
the FFS mode as illustrated above, or adapted to any other
display mode. The active matrix substrate 100 includes an
oxide semiconductor TFT 10 and a pixel electrode 24 that
are provided for each pixel. A gate insulating layer 12 of the
oxide semiconductor TFT 10 has a multilayer structure
including a first silicon nitride layer 124 and a first silicon
oxide layer 125. An inorganic insulating layer 20 covering
the oxide semiconductor TFT 10 has a multilayer structure
including a second silicon oxide layer 20¢ and a second
silicon nitride layer 205. The first silicon nitride layer 124,
the first silicon oxide layer 12, the second silicon oxide
layer 20a, and the second silicon nitride layer 205 have
thicknesses in the ranges indicated in Table 1. In the case of
the FFS mode, the active matrix substrate 100 further
includes a common electrode 22. In the case of the TN mode
or the VA mode, the active matrix substrate 100 does not
include a common electrode 22.

[0074] The counter substrate 200 typically includes a color
filter and a light shielding layer (black matrix). Therefore,
the counter substrate 200 may also be referred to as a “color
filter substrate”. In the case of the TN mode or the VA mode,
the counter substrate 200 includes a counter electrode (com-
mon electrode) which is opposed to the pixel electrode 24.
[0075] On the surface of each of the active matrix sub-
strate 100 and the counter substrate 200 that is closer to the
liquid crystal layer 80, an alignment film is provided. In the
case of the FFS mode and the TN mode, horizontal align-
ment films are to be provided. In the case of the VA mode,
vertical alignment films are to be provided.

[0076] With reference to FIG. 11 and FIG. 12, a method of
producing the liquid crystal display panel 300 will be
described.

[0077] First, as shown in FIG. 11(a), a mother substrate
(hereinafter referred to as a “first mother substrate”) 100M
including a plurality of active matrix substrates 100 is
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provided. A method of providing (producing) the first
mother substrate 100M will be described later.

[0078] Moreover, in addition to providing the first mother
substrate 100A, as shown in FIG. 11(b), a mother substrate
(hereinafter referred to as a “second mother substrate™)
200M including a plurality of counter substrates 200 is
provided. The counter substrate 200 can be produced by
various known methods for producing a color filter sub-
strate.

[0079] Next, as shown in FIG. 12(a), the first mother
substrate 100M and the second mother substrate 200M are
attached together, whereby a mother panel 300M including
the plurality of liquid crystal display panels 300 is produced.
The first mother substrate 100M and the second mother
substrate 200M are adhesively bonded and fixed by a sealing
portion (not shown) that is formed so as to surround the
display region of the liquid crystal display panel 300.
[0080] Thereafter, as shown in FIG. 12(5), the mother
panel 300M is cut into the respective liquid crystal display
panels 300. The liquid crystal layer 80 between the active
matrix substrate 100 and the counter substrate 200 can be
formed by one drop filling technique or vacuum injection
technique.

[0081] Next, with reference to FIG. 13, FIG. 14, and FIG.
15, a method of producing (providing) the first mother
substrate 100M will be described.

[0082] First, as shown in FIG. 13(a), an electrically-
insulative substrate 1M of a size accommodating a plurality
of substrates 1 is provided. The electrically-insulative sub-
strate 1M to be provided here is sized so that its longer sides
have a length (i.e., a length along the longitudinal direction)
of 1800 mm or more.

[0083] Next, as shown in FIG. 13(b). a gate electrode 11
is formed on the electrically-insulative substrate 1M for each
region, correspondingly to a substrate 1. Scanning lines are
also formed at the same time. For example, an electrically
conductive film may be deposited on the electrically-insu-
lative substrate 1M, and this electrically conductive film
may be patterned into a desired shape through a photoli-
thography process, thus forming the gate electrode 11 and
the scanning line. The gate electrode 11 and the scanning
line may have a multilayer structure in which a TaN layer
with a thickness of 30 nm and a W layer with a thickness of
300 nm are stacked in this order, for example.

[0084] Then, a gate insulating layer 12 covering the gate
electrode 11 and the scanning line is formed. Specifically,
first, as shown in FIG. 13(c¢), a first silicon nitride layer 12a
covering the gate electrode 12 and the scanning line is
formed by CVD technique, for example. Thereafter, as
shown in FIG. 13(d), a first silicon oxide layer 125 is formed
on the first silicon nitride layer 12a by CVD technique, for
example.

[0085] Next, as shown in FIG. 13(e), on the gate insulating
layer 12, an oxide semiconductor layer 13 which is opposed
to the gate electrode 11 via the gate insulating layer 12 is
formed. For example, an oxide semiconductor film may be
deposited on the gate insulating layer 12, and this oxide
semiconductor film may be patterned into a desired shape
through a photolithography process, thus forming the oxide
semiconductor layer 13. The oxide semiconductor layer 13
may be an In—Ga—7n—O0 based semiconductor layer with
a thickness of 50 nm, for example.

[0086] Then, as shown in FIG. 14(a), a source electrode 14
and a drain electrode 15 to be electrically connected to the
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oxide semiconductor layer 13 are formed. Signal lines are
also formed at the same time. For example, an electrically
conductive film may be deposited on the oxide semiconduc-
tor 13 and the gate insulating layer 12, and this electrically
conductive film may be patterned into a desired shape
through a photolithography process, thus forming the source
electrode 14, the drain electrode 15, and the signal line. The
source electrode 14, the drain electrode 15, and the signal
line may have a multilayer structure in which a Ti layer with
a thickness of 30 nm, an Al layer with a thickness of 200 nm,
and a Ti layer with a thickness of 100 nm are stacked in this
order, for example.

[0087] Next, an inorganic insulating layer 20 covering the
oxide semiconductor layer 13, the source electrode 14, the
drain electrode 15, and the signal line is formed. Specifi-
cally, first, as shown in FIG. 14(b), a second silicon oxide
layer 20a covering the oxide semiconductor layer 13 and the
like is formed by CVD technique, for example. Thereafter,
as shown in FI1G. 14(c), a second silicon nitride layer 206 is
formed on the second silicon oxide layer 20a by CVD
technique, for example. An opening is formed in a region of
the inorganic insulating layer 20 to later become a contact
hole CH.

[0088] Next, as shown in FIG. 15(a), an organic insulating
layer 21 is formed on the inorganic insulating layer 20. The
organic insulating layer 21 is made of a photosensitive resin
material, for example. An opening is made in a region of the
organic insulating layer 21 to later become the contact hole
CH.

[0089] Then, as shown in FIG. 15(b), a common electrode
22 1s formed on the organic insulating layer 21. For example,
a transparent electrically conductive film may be deposited
on the organic insulating layer 21, and this transparent
electrically conductive film may be patterned into a desired
shape through a photolithography process, thus forming the
commor electrode 22. The common electrode 22 may be an
1Z0 layer with a thickness of 100 nm, for example.

[0090] Next, as shown in FIG. 16(a), a dielectric layer 23
is formed so as to cover the common electrode 22. The
dielectric layer 23 may be a silicon nitride layer with a
thickness of 100 nm, for example. An opening is made in a
region of the dielectric layer 23 to later become the contact
hole CH.

[0091] Then, as shown in FIG. 16(b), a pixel electrode 24
is formed on the dielectric layer 23. For example, a trans-
parent electrically conductive film may be deposited on the
dielectric layer 23, and this transparent electrically conduc-
tive film may be patterned into a desired shape through a
photolithography process, thus forming the pixel electrode
24. The pixel electrode 14 may be an [ZO layer with a
thickness of 100 nm, for example. Thereafter, an alignment
film is formed across the entire surface so as to cover the
pixel electrode 24, whereby an active matrix substrate 100
is obtained.

[0092] In the steps described above, the step of forming
the first silicon nitride layer 12a, the step of forming the first
silicon oxide layer 12b, the step of forming the second
silicon oxide layer 20q, and the step of forming the second
silicon nitride layer 205 are performed while setting the
thicknesses of the first silicon nitride layer 12a, the first
silicon oxide layer 125, the second silicon oxide layer 20q,
and the second silicon nitride layer 205 so that du'<0.008
and dv'<0.010. Specifically, variations in chromaticity can
be made du'<0.008 and dv'<0.010 by, for example, setting
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the thicknesses of the first silicon nitride layer 12a, the first
silicon oxide layer 125, the second silicon oxide layer 20a,
and the second silicon nitride layer 205 in the ranges
indicated in Table 1.

[0093] With a production method according to the present
embodiment, variations in coloration due to differences in
interference colors can be suppressed. Therefore, according
to an embodiment of the present invention, while improving
the quality of a liquid crystal display panel, upsizing of the
mother substrate can be promoted.

[0094]

[0095] The oxide semiconductor that is contained in the
oxide semiconductor layer 13 may be an amorphous oxide
semiconductor film, or a crystalline oxide semiconductor
having a crystalline portion(s). Examples of crystalline
oxide semiconductors may include polycrystalline oxide
semiconductors, microcrystalline oxide semiconductors,
and crystalline oxide semiconductors whose ¢ axis is ori-
ented generally perpendicular to the layer plane.

[0096] The oxide semiconductor layer 13 may have a
multilayer structure of two or more layers. When the oxide
semiconductor layer 13 has a multilayer structure, the oxide
semiconductor layer 13 may include an amorphous oxide
semiconductor layer and a crystalline oxide semiconductor
layer. Alternatively, a plurality of crystalline oxide semicon-
ductor layers with different crystal structures may be
included. Moreover, a plurality of amorphous oxide semi-
conductor layers may be included. In the case where the
oxide semiconductor layer 13 has a two-layer structure
including an upper layer and a lower layer, it is preferable
that the oxide semiconductor that is contained in the upper
layer has an energy gap which is greater than the energy gap
of the oxide semiconductor that is contained in the lower
layer. However, when the difference between the energy
gaps of these layers is relatively small, the energy gap of the
oxide semiconductor of the lower layer may be greater than
the energy gap of the oxide semiconductor of the upper
layer.

[0097] Materials, structures, film formation methods, and
the like of amorphous oxide semiconductors and the afore-
mentioned crystalline oxide semiconductors, the construc-
tion of an oxide semiconductor layer having a multilayer
structure, and the like are described in Japanese Laid-Open
Patent Publication No. 2014-007399, for example. The
entire disclosure of Japanese Laid-Open Patent Publication
No. 2014-007399 is incorporated herein by reference.

[0098] The oxide semiconductor layer 13 may contain at
least one metallic element among In, Ga, and Zn, for
example. In the present embodiment, the oxide semiconduc-
tor layer 13 contains an In—Ga—7Zn—0 type semiconduc-
tor (e.g., indium gallium zinc oxide), for example. Herein,
the In—Ga—7n—0 type semiconductor is a ternary oxide
of In (indium), Ga (gallium), and Zn (zinc). The ratio
between In, Ga, and Zn (composition ratio) is not particu-
larly limited, and includes In:Ga:Zn=2:2:1, In:Ga:Zn=1:1:1,
In:Ga:Zn=1:1:2, and the like, for example. Such an oxide
semiconductor layer 13 may be made of an oxide semicon-
ductor film containing an In—Ga—Zn—O type semicon-
ductor.

[0099] The In—Ga—7n—O0 type semiconductor may be
amorphous or crystalline (i.e., including a crystalline portion
(). As a crystalline In—Ga—7n—0 type semiconductor, a

[Regarding Oxide Semiconductor]
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crystalline In—Ga—7n—O type semiconductor whose ¢
axis is oriented generally perpendicular to the layer plane is
preferable.

[0100] Note that the crystal structure of a crystalline
In—Ga—7n—0 type semiconductor is disclosed in, for
example, Japanese Laid-Open Patent Publication No. 2014-
007399, supra, Japanese Laid-Open Patent Publication No.
2012-134475, Japanese Laid-Open Patent Publication No.
2014-209727, and so on. The entire disclosure of Japanese
Laid-Open Patent Publication No. 2012-134475 and Japa-
nese Laid-Open Patent Publication No. 2014-209727 is
incorporated herein by reference. A TFT having an In—
Ga—7n—0 type semiconductor layer has a high mobility
(more than 20 times that of an a-Si TFT) and a low leak
current (less than Yoo of that of an a-Si TFT), and is suitably
used as a driving TFT (e.g., a TFT that is included in a
driving circuit which is provided around a displaying region
that includes a plurality of pixels and on the same substrate
as the displaying region) or a pixel TFT (a TFT which is
provided in a pixel).

[0101] The oxide semiconductor layer 13 may contain
other oxide semiconductors instead of an In—Ga—7n—0
type semiconductor. For example, it may contain an In—
Sn—Zn—O0 type semiconductor (e.g., In,0,—SnO,—7n0;
InSnZn0). An In—Sn—7n—0 type semiconductor is a
ternary oxide of In (indium), Sn (tin), and Zn (zinc).
Alternatively, the oxide semiconductor layer 13 may contain
an In—Al—7n—0 type semiconductor, an In—Al—Sn—
Zn—O0 type semiconductor, a Zn—O type semiconductor,
an In—7n—O type semiconductor, a Zn—Ti—O type semi-
conductor, a Cd—Ge—O type semiconductor, a
Cd—Pb—O type semiconductor, CdO (cadmium oxide), an
Mg—7n—0O type semiconductor, an In—Ga—Sn—O type
semiconductor, an In—Ga—O type semiconductor, a Zr—
In—7n—0 type semiconductor, an HF—In—7n—0 type
semiconductor, an Al—Ga—Zn—O type semiconductor, a
Ga—7n—0 type semiconductor, or the like.

Embodiment 2

[0102] Hereinafter, with reference to the drawings, an
active matrix substrate according to the present embodiment
will be described. The active matrix substrate according to
the present embodiment includes an oxide semiconductor
TFT and a crystalline silicon TFT that are formed on the
same substrate.

[0103] The active matrix substrate has a TFT (pixel TFT)
for each pixel. As the pixel TFT, an oxide semiconductor
TFT whose active layer is e.g. an In—Ga—Zn—0 type
semiconductor film is used.

[0104] In some cases, a part or a whole of a peripheral
driving circuit may be integrally formed on the same sub-
strate as the pixel TFTs. Such an active matrix substrate is
referred to as a driver-monolithic active matrix substrate. In
a driver-monolithic active matrix substrate, the peripheral
driving circuit is to be provided in a region (a non-display
region or a frame region) other than the region that contains
a plurality of pixels (display region). As the TFTs composing
the peripheral driving circuit (circuit TFTs), for example,
crystalline silicon TFTs whose active layer is a polycrystal-
line silicon film may be used. Thus, by using oxide semi-
conductor TFTs as the pixel TFTs and crystalline silicon
TFTs as the circuit TFTs, it becomes possible to reduce
power consumption in the displaying region and also reduce
the frame region in size.
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[0105] As the pixel TFTs, the TFTs which have been
described above with reference to FIG. 1 can be applied.
This point will be discussed later.

[0106] Next, a more specific construction for an active
matrix substrate according to the present embodiment will
be described with reference to the drawings.

[0107] FIG. 17 is a schematic plan view showing an
exemplary planar structure of an active matrix substrate 700
according to the present embodiment. FIG. 18 is a cross-
sectional view of a crystalline silicon TFT (hereinafter
referred to as the “first thin film transistor”) 710A and an
oxide semiconductor TFT (hereinafter referred to as the
“second thin film transistor”) 710B in the active matrix
substrate 700.

[0108] As shown in FIG. 17, the active matrix substrate
700 has a display region 702 including a plurality of pixels
and a region (non-display region) other than the display
region 702. The non-display region includes a driving circuit
forming region 701 in which driving circuitry is provided. In
the driving circuit forming region 701, gate driver circuits
740, a check circuit 770, and the like are provided, for
example. In the display region 702, a plurality of gate bus
lines (not shown) extending along the row direction and a
plurality of source bus lines S extending along the column
direction are formed. Although not shown, each pixel is
defined by the gate bus lines and the source bus lines S, for
example. The gate bus lines are respectively connected to
the terminals of the gate driver circuits. The source bus lines
S are respectively connected to the terminals of a driver IC
750 that is mounted on the active matrix substrate 700.
[0109] As shown in FIG. 18, in the active matrix substrate
700, a second thin film transistor 710B is formed as a pixel
TFT for each pixel in the display region 702, whereas first
thin film transistors 710A are formed as circuit TFTs in the
driving circuit forming region 701.

[0110] The active matrix substrate 700 includes a substrate
711, an underlying film 712 formed on the surface of the
substrate 711, a first thin film transistor 710A formed on the
underlying film 712, and a second thin film transistor 7108
formed on the underlying film 712. The first thin film
transistor 710A is a crystalline silicon TFT having an active
region that mainly contains crystalline silicon. The second
thin film transistor 710B is an oxide semiconductor TFT
having an active region that mainly contains an oxide
semiconductor. The first thin film transistor 710A and the
second thin film transistor 710B are fabricated in an integral
manner into the substrate 711. As used herein, within the
semiconductor layer to become an active layer of a TFT, an
“active region” refers to a region where a channel is to be
formed.

[0111] The first thin film transistor 710A includes a crys-
talline silicon semiconductor layer (e.g., a low-temperature
polysilicon layer) 713 formed on the underlying film 712, a
first insulating layer 714 covering the crystalline silicon
semiconductor layer 713, and a gate electrode 715A pro-
vided on the first insulating layer 714. The portion of the first
insulating layer 714 that is located between the crystalline
silicon semiconductor layer 713 and the gate electrode 715A
functions as a gate insulating film of the first thin film
transistor 710A. The crystalline silicon semiconductor layer
713 has a region (active region) 713¢ in which a channel is
to be formed, and a source region 7135 and a drain region
713d respectively located on opposite sides of the active
region. In this example, a portion of the crystalline silicon
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semiconductor layer 713 that overlaps the gate electrode
715A via the first insulating layer 714 defines the active
region 713c¢. The first thin film transistor 710A also includes
a source electrode 7185A and a drain electrode 7184A which
are respectively connected to the source region 713s and the
drain region 713d. The source and drain electrodes 718sA
and 7184A may be provided on an interlayer insulating film
(which herein is a second insulating layer 716) covering the
gate electrode 715A and the crystalline silicon semiconduc-
tor layer 713, and connected to the crystalline silicon semi-
conductor layer 713 within contact holes which are formed
in the interlayer insulating film.

[0112] The second thin film transistor 710B includes a
gate electrode 715B provided on the underlying film 712, a
second insulating layer 716 covering the gate electrode
715B, and an oxide semiconductor layer 717 on the second
insulating layer 716. As shown in the figure, the first
insulating layer 714, which is the gate insulating film of the
first thin film transistor 710A, may extend to the region
where the second thin film transistor 710B is to be formed.
In this case, the oxide semiconductor layer 717 may be
formed on the first insulating layer 714. A portion of the
second insulating layer 716 that is located between the gate
electrode 715B and the oxide semiconductor layer 717
functions as a gate insulating film of the second thin film
transistor 710B. The oxide semiconductor layer 717 has a
region (active region) 717¢ in which a channel is to be
formed, and a source contact region 717s and a drain contact
region 717d respectively located on opposite sides of the
active region. In this example, a portion of the oxide
semiconductor layer 717 that overlaps the gate electrode
715B via the second insulating layer 716 defines the active
region 717¢. Moreover, the second thin film transistor 710B
further includes a source electrode 718sB and a drain
electrode 7184B which are respectively connected to the
source contact region 717s and the drain contact region
717d. Note that a construction in which no underlying film
712 is formed on the substrate 711 would also be possible.

[0113] The thin film transistors 710A and 710B are cov-
ered by a passivation film 719 and a planarization film 720.
In each second thin film transistor 710B functioning as a
pixel TFT, the gate electrode 715B is connected to a gate bus
line (not shown), the source electrode 718sB is connected to
a source bus line (not shown), and the drain electrode 7184B
is connected to the pixel electrode 23. In this example, the
drain electrode 7184B is connected to the corresponding
pixel electrode 23 within an opening which 1s formed in the
passivation film 719 and the planarization film 720. A video
signal is supplied to the source electrode 718sB via the
source bus line, and a necessary charge is written to the pixel
electrode 23 based on a gate signal from the gate bus line.

[0114] As shown in the figure, a transparent conductive
layer 721 may be formed as a common electrode on the
planarization film 720, and a third insulating layer 722 may
be formed between the transparent conductive layer (com-
mon electrode) 721 and the pixel electrodes 723. In this case,
the pixel electrodes 723 may have slit apertures. The active
matrix substrate 700 as such may be applicable to a display
device of an FFS mode, for example. An FFS mode is a
mode under the lateral field method, in which a pair of
electrodes are provided on one substrate and an electric field
is applied to liquid crystal molecules in a direction (lateral
direction) that is parallel to the substrate plane. In this
example, an electric field is created as represented by



US 2020/0124891 Al

electric lines of force which go out from the pixel electrode
723, pass through the liquid crystal layer (not shown), and
further through the slit apertures in the pixel electrode 723
to emerge on the common electrode 721. This electric field
includes a component in a lateral direction to the liquid
crystal layer. As a result, an electric field in the lateral
direction can be applied to the liquid crystal layer. In the
lateral field method, liquid crystal molecules do not erect
from the substrate, thus providing an advantage of being
able to provide a wider viewing angle than in the vertical
field method.

[0115] As the second thin film transistor 710B according
to the present embodiment, the TFT 10 according to
Embodiment 1 which was described above with reference to
FIG. 1 can be used. When the TFT 101 in FIG. 1 is applied,
the gate electrode 11, the gate insulating layer 12, the oxide
semiconductor layer 13, the source electrode 14, and the
drain electrode 15 of the TFT 10 correspond to, respectively,
the gate electrode 715B, the second insulating layer (gate
insulating layer) 716, the oxide semiconductor layer 717,
and the source and drain electrodes 718sB and 7184B shown
in FIG. 18. Moreover, the inorganic insulating layer 20, the
organic insulating layer 21, the common electrode 22, the
dielectric layer 23, and the pixel electrode 24 of the active
matrix substrate 100 in FIG. 1 correspond to the passivation
film 719, the planarization film 720, the transparent electri-
cally conductive layer 721, the third insulating layer 722,
and the pixel electrode 723 shown in FIG. 18.

[0116] Therefore, the gate insulating layer 716 includes a
silicon nitride (first silicon nitride) layer and a silicon oxide
layer (first silicon oxide) layer which is provided on the first
silicon nitride layer, whereas the passivation film 719
includes a silicon oxide layer (second silicon oxide layer)
and a silicon nitride layer (second silicon nitride layer)
which is provided on the second silicon oxide layer. More-
over, the first silicon nitride layer, the first silicon oxide
layer, the second silicon oxide layer, and the second silicon
nitride layer have thicknesses in the ranges indicated in
Table 1.

[0117] Note that, in the case where the first insulating layer
714 being is a gate insulating film of the first thin film
transistor 710A is a silicon nitride layer (hereinafter referred
to as a “third silicon nitride layer”), the first silicon nitride
layer of the gate insulating layer 716 of the second thin film
transistor 710B will be located on this third silicon nitride
layer. Therefore, it is preferable that a total of the thickness
of the first silicon nitride layer and the thickness of the third
silicon nitride layer is within the range indicated in Table 1
(not less than 275 nm and not more than 400 nm).

[0118] As a TFT (check TFT) in the check circuit 770
shown in FIG. 17, the thin film transistor 710B, which is an
oxide semiconductor TFT, may be used.

[0119] Although not shown, the check TFT(s) and the
check circuit may be formed in the region where the driver
1C 750 shown in FIG. 17 is mounted, for example. In this
case, the check TFT is interposed between the driver 1C 750
and the substrate 711.

[0120] In the example shown in the figure, the first thin
film transistor 710A has a top gate structure in which the
crystalline silicon semiconductor layer 713 is disposed
between the gate electrode 715A and the substrate 711 (the
underlying film 712). On the other hand, the second thin film
transistor 710B has a bottom gate structure in which the gate
electrode 715B is disposed between the oxide semiconduc-
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tor layer 717 and the substrate 711 (the underlying film 712).
By adopting such a structure, when forming the two types of
thin film transistors 710A and 710B in an integral manner on
the same substrate 711, it is possible to more effectively
suppress increase in the number of production steps and the
production cost.

[0121] The TFT structures of the first thin film transistor
710A and the second thin film transistor 710B are not limited
to the above. For example, the thin film transistors 710A and
710B may have the same TFT structure (bottom gate struc-
ture). In the case of a bottom gate structure, it may be of the
channel-etch type as is the thin film transistor 710B, or of the
etchstop type. Moreover, it may be of the bottom-contact
type, where the source electrode and the drain electrode
would be located below the semiconductor layer.

[0122] The second insulating layer 716, which is the gate
insulating film of the second thin film transistor 710B, may
be allowed to extend to the region where the first thin film
transistor 710A is formed, so as to function as an interlayer
insulating film covering the gate electrode 715A and the
crystalline silicon semiconductor layer 713 of the first thin
film transistor 710A.

[0123] The gate electrode 715A of the first thin film
transistor 710A and the gate electrode 715B of the second
thin film transistor 710B may be formed in the same layer.
Moreover, the source and drain electrodes 718sA and 7184A
of the first thin film transistor 710A and the source and drain
electrodes 718sB and 7184B of the second thin film tran-
sistor 710B may be formed in the same layer. Being “formed
in the same layer” means being formed by using the same
film (conductive film). As a result, increase in the number of
production steps and the production cost can be suppressed.

INDUSTRIAL APPLICABILITY

[0124] According to an embodiment of the present inven-
tion, it is possible to suppress variations in coloration when
producing a liquid crystal display panel that includes an
active matrix substrate which includes: oxide semiconductor
TFTs; and a gate insulating layer and an inorganic insulating
layer each having a multilayer structure.

REFERENCE SIGNS LIST

[0125] 1 substrate

[0126] 10 TFT (thin film transistor)
[0127] 11 gate electrode

[0128] 12 gate insulating layer

[0129] 12a first silicon nitride layer
[0130] 125 first silicon oxide layer
[0131] 13 oxide semiconductor layer
[0132] 14 source electrode

[0133] 15 drain electrode

[0134] 20 inorganic insulating layer (passivation film)
[0135] 20a second silicon oxide layer
[0136] 205 second silicon nitride layer
[0137] 21 organic insulating layer (planarization film)
[0138] 22 common electrode

[0139] 23 dielectric layer

[0140] 24 pixel electrode

[0141] 80 liquid crystal layer

[0142] 100 active matrix substrate
[0143] 100M first mother substrate
[0144] 200 counter substrate

[0145] 200M second mother substrate
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[0146] 300 liquid crystal display panel
[0147] 300M mother panel
[0148] CH contact hole

1. An active matrix substrate comprising:

a substrate;

a plurality of thin film transistors supported on the sub-
strate; and

an inorganic insulating layer which covers the plurality of
thin film transistors, wherein,

each of the plurality of thin film transistors includes

a gate electrode provided on the substrate,

a gate insulating layer which covers the gate electrode,

an oxide semiconductor layer being provided on the gate
insulating layer and opposed to the gate electrode via
the gate insulating layer, and

a source electrode and a drain electrode which are elec-
trically connected to the oxide semiconductor layer;

the gate insulating layer includes a first silicon nitride
layer and a first silicon oxide layer which is provided on
the first silicon nitride layer;

the inorganic insulating layer includes a second silicon
oxide layer and a second silicon nitride layer which is
provided on the second silicon oxide layer;

the first silicon nitride layer has a thickness which is not
less than 275 nm and not more than 400 nm;

the first silicon oxide layer has a thickness which is not
less than 20 nm and not more than 80 nm;

the second silicon oxide layer has a thickness which is not
less than 200 nm and not more than 300 nm; and

the second silicon nitride layer has a thickness which is
not less than 100 nm and not more than 200 nm.

2. The active matrix substrate of claim 1, wherein the
oxide semiconductor layer comprises an In—Ga—Zn—0
based semiconductor.

3. The active matrix substrate of claim 2, wherein the
In—Ga—7n—0 based semiconductor includes a crystalline
portion.

4. The active matrix substrate of claim 1, comprising a
further thin film transistor that includes a crystalline silicon
semiconductor layer as an active layer.

5. The active matrix substrate of claim 4, wherein the
further thin film transistor includes:

the crystalline silicon semiconductor layer provided on
the substrate;

a further gate insulating layer which covers the crystalline
silicon semiconductor layer;

a further gate electrode being provided on the further gate
insulating layer and opposed to the crystalline silicon
semiconductor layer via the further gate insulating
layer; and

a further source electrode and a further drain electrode
which are electrically connected to the crystalline sili-
con semiconductor layer.

6. The active matrix substrate of claim 5, wherein,

the further gate electrode is covered by the gate insulating
layer;

the further gate insulating layer includes a third silicon
nitride layer; and

atotal of a thickness of the first silicon nitride layer of the
gate insulating layer and a thickness of the third silicon
nitride layer of the further gate insulating layer is not
less than 275 nm and not more than 400 nm.
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7. A liquid crystal display panel comprising:
the active matrix substrate of claim 1 any of claims 1 to
6;

a counter substrate opposed to the active matrix substrate;

and

a liquid crystal layer provided between the active matrix

substrate and the counter substrate.

8. A method of producing a liquid crystal display panel
that includes an active matrix substrate having a substrate
and a plurality of thin film transistors supported on the
substrate, a counter substrate opposed to the active matrix
substrate, and a liquid crystal layer provided between the
active matrix substrate and the counter substrate, the method
comprising:

step (A) of providing a first mother substrate including a

plurality of said active matrix substrates;
step (B) of providing a second mother substrate including
a plurality of said counter substrates;

step (C) of producing a mother panel by attaching
together the first mother substrate and the second
mother substrate, the mother panel including a plurality
of said liquid crystal display panels; and

step (D) of obtaining the liquid crystal display panel by

cutting apart the mother panel, wherein,
step (A) of providing the first mother substrate comprises
step (a) of providing an electrically-insulative substrate of
a size accommodating a plurality of said substrates,

step (b) of forming gate electrodes on the electrically-
insulative substrate, for each region corresponding to
the substrate,

step (c) of forming a gate insulating layer which covers

the gate electrodes,

step (d) of forming an oxide semiconductor layer on the

gate insulating layer, the oxide semiconductor layer
being opposed to the gate electrodes via the gate
insulating layer,

step (e) of forming source electrodes and drain electrodes

which are electrically connected to the oxide semicon-
ductor layer, and

step (f) of forming an inorganic insulating layer which

covers the oxide semiconductor layer, the source elec-
trodes, and the drain electrodes;

step (c) comprises

step (c-1) of forming a first silicon nitride layer which

covers the gate electrodes, and

step (c-2) of forming a first silicon oxide layer on the first

silicon nitride layer;

step (f) comprises

step (f-1) of forming a second silicon oxide layer which

covers the oxide semiconductor layer, the source elec-
trodes, and the drain electrodes, and

step (f-2) of forming a second silicon nitride layer on the

second silicon oxide layer;

the electrically-insulative substrate to be provided in step

(a) is sized so that a length thereof along a longitudinal
direction is 1800 mm or more; and,

when variation in chromaticity (u', v') within a plane of

the first mother substrate that is caused by an interfer-
ence of light associated with the first silicon nitride
layer, the first silicon oxide layer, the second silicon
oxide layer, and the second silicon nitride layer is
expressed by a difference du' between a largest u' and
a smallest u' and a difference dv' between a largest v'
and a smallest V',
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steps (c-1), (c-2), (f-1), and (f-2) are performed while
setting thicknesses of the first silicon nitride layer, the
first silicon oxide layer, the second silicon oxide layer,
and the second silicon nitride layer so that du'<0.008
and dv'<0.010.

9. The method of producing of a liquid crystal display
panel of claim 8, wherein,

in step (c-1), the first silicon nitride layer is formed with

a thickness which is not less than 275 nm and not more
than 400 nm;

in step (c-2), the first silicon oxide layer is formed with a

thickness which is not less than 20 nm and not more
than 80 nm;

in step (f-1), the second silicon oxide layer is formed with

a thickness which is not less than 200 nm and not more
than 300 nm; and

in step (f-2), the second silicon nitride layer is formed

with a thickness which is not less than 100 nm and not
more than 200 nm.

10. The method of producing of a liquid crystal display
panel of claim 8, wherein the oxide semiconductor layer
comprises an In—Ga—Zn—O0 based semiconductor.

11. The method of producing of a liquid crystal display
panel of claim 10, wherein the In—Ga—Zn—O based
semiconductor includes a crystalline portion.

I I T T
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